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1.1 PURPOSE AND SCOPE 

1.0 

PROJECT DESCRIPTION 

This RFI Workplan (Workplan) details the field and laboratory procedures to be used and quality 

assurance (QA) requirements for activities associated with the Phase II RCRA facility 

investigation (RFI) of potential hazardous waste releases from Fire Training Area No. 4, Solid 

Waste Management Unit (SWMU) Nos. 109, 110, 111 and 112, at Cannon Air Force Base 

(Cannon AFB), Curry County, New Mexico. The Workplan was prepared by Harza 

Environmental Services, Inc. (Harza) under Delivery Order No. 006 to Contract DACW-45-94-

D-0044. The Workplan was modified from a Data Collection Quality Assurance Plan (DCQAP) 

prepared by Woodward-Clyde Consultants and provided to Harza by USACE for that purpose. 

Background information and other aspects of the Workplan are taken from that plan. 

The Workplan presents the purpose, organization, and standard operating procedures (SOPs) 

necessary to conduct the RFI activities in a manner consistent with specific quality goals of 

precision, accuracy, completeness, representativeness, and comparability. Implementation of 

the procedures described in this Workplan are required for the acquisition of data of known and 

sufficient quality. The SOPs included in Appendix A describe the methodologies commonly 

used, such as sampling, sample handling, decontamination, etc .. 

Work by Harza on this phase of the Cannon AFB Fire Training Area No. 4 project began in 

September 1995 and is projected to continue until January 1997. A project schedule is provided 

in Figure 1-1. 

1.2 INSTALLATION BACKGROUND 

Background information presented herein, including referenced materials, was taken from the 

prior DCQAP prepared by Woodward-Clyde Consultants (W-C, 1992) and provided to Harza 

by the USACE. 
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1.2.1 History of Cannon AFB 

Information on the history of Cannon AFB was obtained from the Installation Restoration 

Program Records Search document prepared by CH2M Hill for the United States Air Force 

(CH2M Hill, 1983) and from the Cannon AFB Area Joint Military Telephone Directory 

(American Publishers, 1991). 

Cannon AFB is located on approximately 4,320 acres of land in Curry County, New Mexico, 

approximately 7 miles west of the City of Clovis (Figures 1-2 and 1-3). The Melrose Bombing 

Range is an off-base facility located approximately 25 miles southwest of Cannon AFB. 

Cannon AFB dates from 1929, when Portair Field was established on the site. Portair Field was 

a civilian passenger terminal for early commercial transcontinental flights. In 1942, the Army 

Air Corps took control of the civilian airfield and it became known as the Clovis Army Air 

Base. In early 1945, the base was renamed Clovis Army Air Field. Flying, bombing, and 

gunnery classes continued through World War II. However, by mid-1946 the airfield was 

placed on a reduced operational status and flying activities decreased. The installation was 

deactivated in May 1947. The types of aircraft stationed at Cannon AFB from 1942 to 1947 

included B-17, B-24, and B-29 heavy bombers. 

The base was reassigned to the Tactical Air Command (TAC) in July 1951. The first unit, the 

140th Fighter-Bomber Wing, arrived in October of that year. The airfield was formally 

reactivated in November 1951 as Clovis Air Force Base. Between 1952 and 1957, the 50th and 

388th Fighter-Bomber Wings were activated, and, upon their transfer, were replaced by the 

312th and 474th Groups. Predominant aircraft stationed at Cannon AFB from 1951 to 1957 

included the P-51 "Mustang" fighter and the F-86 "Sabre" fighter jet. 

In June 1957, the base became a permanent installation and was renamed Cannon Air Force Base 

in honor of the late General John K. Cannon, a former TAC commander. In October 1957, the 

312th and 474th Fighter-Bomber Groups were redesignated tactical fighter wings and the 832nd 

Air Division was activated to oversee their activities. 
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ln 1959, the 312th Tactical Fighter Wing (TFW) was deactivated and replaced at Cannon AFB 

by the 27th TFW. In December 1965, the base's mission changed to that of a replacement 

training unit and the 27th TFW became the largest such unit in the TAC. The predominant 

aircraft stationed at Cannon AFB from 1957 to 1965 was the F-100 "Super Sabre" fighter jet. 

The 832nd Air Division was deactivated in July 1975, leaving the 27th TFW the principal Air 

Force unit at Cannon AFB. In early 1981, the 27th TFW was designated a Rapid Deployment 

Joint Task Force member. 

The primary mission of Cannon AFB has remained relatively unchanged since 1965: to develop 

and maintain an F-111 tactical fighter wing capable of day, night, and all-weather combat 

operations and to provide replacement training of combat aircrews for tactical organizations 

worldwide. Aircraft stationed at Cannon AFB since 1965 include the F-100 "Super Sabre" 

fighter jet (1957-1969), the F-111A (1969), the F-111E (1969-1971) and the F-111D 

(1971-present). 

Approximately 70 F-111D aircraft are assigned to Cannon AFB. The total work force on 

Cannon AFB is approximately 4,000, which includes 3,500 military and 450 civil service 

personnel. 

In 1992 Cannon AFB became part of the Air Combat Command (ACC) as the result of the 

overall realignment of Air Force Commands and the ongoing downsizing of the U.S. Military. 

1.2.2 Facility Characteristics 

Physical Geography. Cannon AFB is situated in the Southern High Plains Physiographic 

Province in the Llano Estacado subprovince. The Llano Estacado is a nearly flat plain sloping 

gently (10 to 15 feet per mile) to the east and southeast. In the vicinity of Cannon AFB, ground 

elevations range from 4,250 feet to 4,350 feet above mean sea level (msl). 

The most prominent geomorphic features in the vicinity of Cannon AFB are blowouts and broad, 

widely spaced valleys. Less common landforms are relict sand dunes located along the northern 
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side of the Portales Valley south of the base. Relict dunes are not found on or near Cannon 

AFB. 

Blowouts are broad shallow depressions which form as the result of soil erosion by wind. 

Blowouts commonly collect surface runoff from small to moderate sized drainage areas. During 

periods of rainfall, runoff collects in blowouts to form ephemeral playa lakes. Playas have no 

external surface drainage. Water is lost by infiltration to the soil and evaporation; without 

recharge, playa lakes persist for only a few days or weeks. Three playas are located within the 

base, and several more are found to the north and east of the base. 

Stream valleys tend to be fairly broad and widely spaced. Streams are ephemeral and drainages 

are poorly developed. No streams exist on or near Cannon AFB. Running Water Draw and 

Frio Draw, located about 10 and 20 miles, respectively, north of Cannon AFB, are the nearest 

streams. 

Land Use Near Cannon AFB. Cannon AFB is located just south of U.S. Highway 

60-84 in a farming and ranching area. The majority of the land surrounding Cannon AFB is 

productive irrigated farmland or grassland. The major crops are wheat, sorghum, sugar beets, 

com, cotton, alfalfa, barley, and peanuts. The land is also used for cattle grazing, both beef and 

dairy; and Clovis is considered the "Cattle Capital of the Southwest." There were 32,767 people 

living in Clovis in 1990, while the Cannon AFB population was estimated as 4,650 in 1990 

(USAF 1991). 

Climatology. The climate of east-central New Mexico is classified as tropical semi-arid, 

with summer temperature and precipitation maxima. Average monthly temperatures range from 

a January low of 39°F to a July high of 79°F. Extreme daily temperatures range from -11 oF 

to 106°F (Lee Wan and Associates 1990a). Average monthly precipitation ranges from 0.4 

inches in winter to 2. 7 inches in July (USAF 1990). The maximum recorded 24-hour rainfall 

is 4.7 inches, which occurred in August 1985 (Hale 1992). Rainfall occurs on eight or more 

days per month during the summer precipitation maximum. Mean annual precipitation is 

approximately 15 inches. The mean annual lake evaporation is 69 inches per year. Prevailing 

winds are from the west at an average of 8 mph during fall, winter, and spring (USAF 1990). 
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The atmosphere around Cannon AFB is generally well mixed. The seasonal and annual average 

mixing heights can vary from 400 meters in the morning to 4,000 meters in the afternoon. The 

afternoon mixing heights are typically greater during the spring and fall seasons. The morning 

mixing heights are usually low, due to nighttime ground heat loss producing surface-based 

temperature inversions. After sunrise, these inversions generally break up, and solar heating 

of the earth's surface causes vertical mixing in the atmosphere (USAF 1990). 

Dust is frequently entrained into the atmosphere in this region of the country because of gusty 

winds and the semiarid climate. The Texas Panhandle-eastern New Mexico area is considered 

the worst area in the United States for windblown dust. Occasionally, this windblown dust is 

of sufficient quantity to restrict visibility. Most of the seasonal dust storms occur in March and 

April, when the wind speeds are typically high. 

Geology. The near-surface stratigraphic units of interest at Cannon AFB are the Late 

Miocene-Late Pliocene age Ogallala Formation and the Early Triassic Dockum Group. 

The Dockum Group consists of three formations. The stratigraphically lowest unit is the Santa 

Rosa Sandstone. Overlying the Santa Rosa Sandstone are the Chinle and Redonda Formations. 

The Chinle and Redonda Formations are composed mainly of red shales with lesser interbedded 

sands and are known locally as "redbeds." The top of the Dockum Group is marked by an 

erosional unconformity having relief of up to several hundred feet (Lee Wan and Associates 

1990a). 

Overlying the Dockum Group redbeds is the Ogallala Formation. The Ogallala Formation 

extends from eastern New Mexico and Colorado into Texas, Oklahoma, Kansas, Nebraska, and 

South Dakota. Drillers logs from Cannon AFB indicate that the Ogallala Formation varies from 

360 feet to 415 feet in thickness. The incised upper surface of Triassic redbeds strongly 

influences Ogallala thickness. Stream valleys in the post-Triassic unconformity are deep and 

trend dominantly east to west. Ogallala thickness may thus vary significantly over short north 

to south distances. 

The Ogallala is erosionally truncated to the south along the abandoned Portales Valley, to the 

west along the Pecos River Valley, and to the north in a series of ephemeral stream valleys. 
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The Ogallala Formation extends more than 125 miles to the east before terminating as an 

escarpment in Briscoe County, Texas. Springs and seeps are common along the erosional 

margins of the Ogallala. 

The Ogallala dips gently and monoclinally to the southeast in the vicinity of Cannon AFB. As 

reported in Lee Wan and Associates (1990a), data suggest that some Quaternary warping may 

have occurred, but most of the structures recognized are well to the northwest and southwest of 

Cannon AFB. No faults or buried structural lineaments are known to exist in the vicinity of 

Cannon AFB. 

The Ogallala Formation is composed of unconsolidated poorly sorted gravel, sand, silts, and 

clays. The base of the Ogallala is generally marked by a gravel, cobble, and boulder deposit. 

This basal member contains sediments derived from igneous and sedimentary rocks transported 

from the mountains to the west. The Ogallala Formation was laid down by stream and overbank 

deposits formed within coalescing alluvial fans. These fans form a broad pediment along the 

eastern flank of the Rocky Mountains. As is typical of alluvial deposits, Ogallala internal 

stratigraphy varies vertically and horizontally over short distances. 

Except where strongly cemented by calcium carbonate (caliche), the sediments of the Ogallala 

are loose and friable. Authigenic and allogenic clays are found as a trace to abundant matrix 

mineral (Lee Wan and Associates 1990a). As reported by Lee Wan and Associates (1990a), five 

zones have been identified within the Ogallala of east central New Mexico on the basis of clay 

minerals. Smectites (montmorillonites) and attapulgite (with sepeolite) are the dominant clays 

throughout the Ogallala. Illite is a lesser, but persistent clay, as is kaolinite. Smectite is a 

swelling clay, causing deep cracks to form in dry surface soils. Smectite in particular and, to 

a lesser extent, attapulgite and illite, are clays with moderate to high cation exchange capacities 

(CEC). The formation as a whole should therefore have a relatively high CEC, which should 

inhibit the migration of charged contaminants, and especially ionic forms of metals. 

Caliche is a major feature of the Ogallala Formation, occurring as nearly continuous to 

discontinuous layers. Caliche is hard, white to pale tan on fresh surfaces, weathering to gray, 

and has a chalky appearance. Caliche forms as calcium carbonate, leached from overlying 

sediments and precipitated in the pore space of the host sediments. Precipitation is caused by 
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the evaporation of downward percolating water. The caliche may thus mark the position of 

ancient vadose zones. 

Caliche is relatively soluble in acidic water (pH< 7) or in waters containing dissolved C02• The 

top surface of the upper caliche in fresh outcrop shows solution etching. 

The Ogallala has numerous continuous to discontinuous caliche layers throughout its thickness. 

The uppermost caliche, termed the "climax" caliche, is pisolitic (Lee Wan and Associates 

1990a). As reported in Lee Wan and Associates (1990a), radiocarbon dates for the upper 

"climax" caliche range from approximately 27,000 years before present (B.P.) to approximately 

42,000 years B.P. The pisolites are thought to have formed as the caliche was repeatedly 

chemically-weathered and brecciated during Pleistocene pluvials and later recemented during 

drier intervals. This upper caliche outcrops around playas and the bounding escarpments of the 

Ogallala, and is locally termed "caprock." The "climax" caliche is typically 3 to 5 feet thick. 

Caliches which occur lower in the Ogallala are platy and harder. Caliche is likely thin or absent 

below playas. 

Hydrogeology. The lower portion of the Ogallala Formation is the primary regional 

aquifer for both potable and irrigation water. No deeper aquifers are used in the vicinity of 

Cannon AFB. The Ogallala aquifer is part of the High Plains Aquifer which extends 

continuously from Wyoming and South Dakota into New Mexico and Texas. In east central 

New Mexico, the Ogallala aquifer rests on Dockum Group redbeds, which serve as the basal 

confining layer (aquaclude). The Ogallala is a water table, or unconfined aquifer (Weeks and 

Gutentag 1981). The Ogallala aquifer has a southeasterly regional gradient of about 13 ft/mile. 

Well yields vary from less than one gallon per minute (gpm) in thin silts and sands up to 1,600 

gpm in thick sands and gravels. Water quality is generally good with dissolved solids ranging 

from 250 to 500 mg/L (Gutentag et al. 1984) and fluorides ranging from 2.2 to 2. 7 mg/L 

(William Matotan and Associates Inc. 1985). 

At Cannon AFB, the Ogallala aquifer has an average saturated thickness of 120 feet based on 

mid-1960's data. Saturated thickness ranges from 93 to 143 feet, and is influenced by the 

configuration of the erosional unconformity surface marking the top of the Dockum Group. The 

local groundwater gradient is southeasterly at 7 to 15 feet/mile (USAF 1990). Flow within the 
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saturated zone may be influenced by the configuration of the top of the Dockum Group. Yields 

in tests of Cannon AFB water wells have ranged from 205 gpm to 1,150 gpm. Specific 

capacities range from 11.4 gal/ft to 27.9 gal/ft (Lee Wan and Associates 1990b). 

Very rough estimates of hydraulic conductivity were made from well pump tests in water wells 

5 and 9 using the Theis equation. An estimate of hydraulic conductivity for water well 8 was 

based on water level recovery data using the Bouwer and Rice approach (Lee Wan and 

Associates 1990a). The data used in these calculations were obtained to evaluate pump rates, 

efficiency, and well yield, and were not intended for use in calculating aquifer properties. The 

results of these calculations should, therefore, be considered as first approximations. 

Hydraulic conductivity values for water wells 5 and 9 were approximately 2.0 x 10-3 em/sec. 

Calculations for water well 8 result in a hydraulic conductivity of 2.0 x w-2 em/sec. These 

estimates appear to be low when compared to published hydraulic conductivity data for sands 

and gravels (Freeze and Cherry 1979). As reported in Kearney (1987), a groundwater flow 

velocity of about 150 ft/yr has been estimated. This calculates out to a hydraulic conductivity 

of approximately 1.0 X IQ-l em/sec. 

The presence of interstitial clays may account for both the variability and low values of hydraulic 

conductivities. Boring logs from Cannon AFB IRP projects and published reports (Lee Wan and 

Associates 1990a) indicated that interstitial and interstratified clays are abundant in the Ogallala 

Formation. 

Recharge to the Ogallala is primarily through precipitation. Kearney (1987) indicated that the 

recharge rate may be as much as 1.0 in/yr. Due to the high evapotranspiration rate and low 

precipitation, recharge occurs only during heavy rainfall events in which the infiltration capacity 

of the soil is exceeded and runoff occurs, or during cool months when precipitation exceeds 

evapotranspiration. Excess runoff flows to playas and the presence of water in playas allows 

deep percolation to the aquifer. The occurrence of this process is evidenced by the presence of 

clay deposits in playas and the possibility that caliche is thin or absent directly below playas. 

Caliche is soluble in acidic rain waters and is leached over time to form percolation pathways. 
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Discharge from the Ogallala occurs through well pumping and springs along the eroded margins. 

Spring discharge does not occur on or near Cannon AFB. Domestic and irrigation water wells 

are common on and around the base, however. The rate of discharge exceeds recharge. Water 

levels in the Ogallala have declined steadily from the 1930s to the present. From the 1930s to 

1980, a decline of 50 to 100 feet has been observed in the area around Clovis, New Mexico. 

Luckey et al. (1981) states, "the largest area of water level decline exceeding 100ft occurs south 

of the Canadian River extending from Curry County, New Mexico to Crosby County, Texas." 

The dominant uses of groundwater in the Cannon AFB area are for potable and irrigation water. 

Numerous wells are found in the Cannon AFB area; most provide only irrigation water. 

The Ogallala will continue to be used as the primary source of potable and irrigation water for 

eastern New Mexico. The New Mexico State Engineer designated Curry County as a Water 

Basin in 1989. This designation allows for regulation of water rights, usage, and well drilling. 

Soils. Soils in the vicinity of Cannon AFB are classified as silty sand (SM) to clayey 

sand (SC) under the Unified Classification System, and as aridisols (calciorthids) under the 

United States Department of Agriculture - Soil Conservation Service Comprehensive Soil 

Classification System (USDA-SCS). The following summary is based on the Curry County Soil 

Survey (USDA 1958). Soil characteristics are briefly described in the following paragraphs. 

The most common soil type on the base is the Amarillo fine sandy loam, 0 to 2 percent slope 

phase (map symbol Ab). This soil consists of a thin sandy A horizon, well defined clayey B1_3 

horizons, with a calcic B3 horizon at depths below 40 inches. The calcic B3 horizon lies on a 

calcic C horizon, or on caliche. The color of the surface soil is brown (7.5 YR 515, dry) and 

subsurface soils are reddish-brown (5 YR 4/4, dry) to yellowish-red (15 YR 5/6, dry). The 

calcic C horizon underlying the Amarillo Fine Sandy loam is white in color. The Amarillo fine 

sandy loam soil type is present on all relatively flat surfaces at the base but is also found on 

slopes associated with playas (map symbol Ac). A small area of Amarillo loamy fine sandy 0 

to 2 percent slope phase (map symbol Ag) is mapped in the southeast comer of the base. 

Clovis fine sandy loams, 0-2 percent slope phase (map symbol Cb) and 2-5 percent slope phase 

(map symbol Cc), are similar to Amarillo fine sandy loams. Clovis soils are reddish-brown on 
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the surface and in the subsurface, with a white Calcic C horizon. In the Clovis soils, the depth 

to the calcic C horizon ranges from 28 to 56 inches. The depth to caliche exceeds 56 inches. 

Clovis and Amarillo fine sandy loams occur in close association. 

In a few limited areas, particularly along the steeper slopes around playas, Mausker fine sandy 

loam, 0 to 2 percent slope phase (map symbol Ma), and 2 to 5 percent phase (map symbol Mb) 

are found. Mausker fine sandy loams have no B horizons and are very calcareous. Mausker 

fine sandy loam soils are brown (10 YR 5/3, dry) to light brown (7.15 YR 6/4, dry) at the 

surface with a pink to reddish-yellow (7.5 YR 7/5, dry) calcic C horizon. Associated with the 

Mausker fine sandy loam soils around the base Playa Lake are Potter fine sandy loam soils, 0 

to 5 percent slope phase (map symbol Pa). This soil typically has a thin A horizon, grayish 

brown (10 YR 5/2, dry) in color, with noB horizon; similar to Mausker soils. Potter soils are 

shallow and strongly calcareous, and overlie hard consolidated caliche. The calcic C horizon 

is within two feet of the surface. 

The A and B horizons of Amarillo and Clovis fine sandy loams are rapidly to moderately 

permeable. Mausker fine sandy loam A and Ac horizons are rapidly permeable. Permeabilities 

in calcic Band C horizons are moderate (USDA 1958). 

Biological Resources. Land adjacent to Cannon AFB is primarily used for agriculture 

and little natural vegetation remains in the area. The wildlife species that are common to 

agricultural areas throughout the region include bobwhite quail and pheasant. The few playa 

lakes in the area are used by upland game for cover, by waterfowl for resting and feeding, and 

by wildlife in general for drinking. Nearby riverbeds also provide water sources during rainy 

seasons. During periods of low rainfall, the riverbeds are dry. 

The climate of the Base area is considered to be semiarid. The thin layer of topsoil in the 

vicinity of Cannon AFB is sandy loam, which is highly susceptible to wind erosion. The 

undisturbed natural vegetation is mostly shortgrass prairie, including blue grama grassland and 

mixed grama grassland vegetation types, which have moderately fast recovery rates. 

Much of the study area has been previously cleared for agricultural crops. The predominant 

land use of the region is rangeland, primarily for cattle grazing. In general, moderately grazed 
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rangeland areas of the types occurring in the project area are highly productive in terms of both 

forage quality and quantity. The rangeland in the vicinity may support up to 15 to 20 head of 

cattle per section, depending on the rainfall. Large trees do not uniformly exist in the vicinity 

of the range except where planted around buildings and other structures on the Base. Woodlands 

composed of large shrubs and small trees are confined to riparian areas and playa lakes in the 

vicinity. 

The following plants are candidate species for the Federal List of Endangered and Threatened 

Wildlife and Plants and are found within a 50-mile radius of Cannon AFB: chatterbox orchid 

(Epipactus gigantea), spiny aster (Aster harridus), Whittmans milkvetch (Asragalus witmanil), 

dune unicorn plant (Proboscidea sabulosa), and the tall plains spruce (Eupjorbia strictior). The 

dune unicorn plant is also on the state endangered plant species list. No federally protected 

endangered plants are known to grow on the Base (CH2M Hill 1982; USFWS 1987; USAF 

1990). 

The eastern New Mexico area contains many nongame wildlife species that are typical of the 

High Plains. Most of these species are distributed widely throughout the western United States. 

Species diversity is low in most habitats because of the low vegetation diversity. Most 

amphibian species are associated with riparian habitats and playa lakes. Reptiles are found in 

all terrestrial habitat types but are most abundant in scrub/grasslands. Nocturnal rodents are the 

most abundant members of the small mammal community. 

Grasslands on the High Plains support a variety of seed-eating sparrows and other ground

dwelling birds, both as residents and migrants. Raptors (hawks and owls) are relatively 

abundant in all habitats in the region. Insectivorous and tree-nesting species are most abundant 

in riparian areas. Shorebirds and waterbirds and migratory waterfowl in general use the rivers, 

playa lakes, and reservoirs of the region. 

Two National Wildlife Refuges (NWRs) are located on the periphery of the Base area. The 

Grulla and Muleshoe NWRs are within 30 miles of Cannon AFB. These areas provide 

high-quality habitat for migratory and breeding waterfowl. 
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Big-game species in the area include mule deer, white-tailed deer, pronghorn, and barbary 

sheep. Pronghorn are the most abundant game animal in the area. Several species of upland 

game such as quail, ring-necked pheasant, and turkey are common in the area. Reservoirs (Ute 

Lake, Conchas Lake, and Clayton Lake) and playa lakes are important waterfowl habitats in the 

region. Numerous species of native and introduced fish inhabit the rivers and perennial streams, 

and the reservoirs support recreational fishing of warm-water species such as walleye, crappie, 

channel catfish, largemouth bass, and bluegill. 

As determined by the regional office of the U.S. Fish and Wildlife Service, two federally listed 

endangered animal species, the bald eagle and peregrine falcon, are known to inhabit the area 

within a 50-mile radius of Cannon AFB. The New Mexico Department of Game and Fish also 

indicated that the state endangered Mississippi kite, Baird's sparrow, and the black-footed ferret 

may also occur in the vicinity of the Base. The federal- and state-protected species are listed 

in Table 1-1. 

Within Curry County, the state-protected bird that is most likely to occur is the Mississippi kite. 

In New Mexico, since the early 1960s, this kite summers regularly and breeds in the Clovis 

region. The birds frequent the golf course at Cannon AFB. Two other state-protected birds 

within Curry County that may occur, but not regularly in recent time, are the McCown's 

longspur and Baird's sparrow. No information is available on the McCown's longspur in New 

Mexico; however, Baird's sparrow occurs mainly in autumn during migration in the eastern 

plains and southern lowlands. Migrants appear as early as the first week of August and move 

further south by November. The species seems to have declined in abundance throughout its 

range in the Southwest due to the loss of shrubby shortgrass habitats. 

State-protected birds known to occur infrequently are the bald eagle and the peregrine falcon. 

The bald eagle migrates and winters from the northern border of New Mexico to the Gila, lower 

Rio Grande, middle Pecos, and Canadian valleys. It is seen occasionally in summer and as a 

breeding bird, with nests reported in the extreme northern and western parts of the state. Winter 

and migrant populations appear to have increased with reservoir construction. The peregrine 

falcon is widely distributed but population numbers are low. The American subspecies breeds 

statewide in New Mexico, but mainly west of the eastern plains. 
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1.3 FIRE TRAINING AREA No. 4 (SWMU Nos. 109, 110, 111, 112) 

1.3.1 Description 

Fire Training Area No. 4 is located in the southeast comer of Cannon AFB (Figure 1-3). Site 

features are shown on Figure 1-4. Cannon AFB has removed the mock-up aircraft, the 

decommissioned aircraft and automobiles from the site in anticipation of the investigation. This 

unit was reportedly used as a fuel truck cleaning area between 1961 and 1974. In 1974, it was 

activated as a fire training area. The site has had configuration changes over time such that 

former integral parts are also listed as SWMUs for this RFI. These include: 

• SWMU No. 109 - the Fire Training Area No. 4; 

• SWMU No. 110 - the Underground Waste Oil Tank #2336; 

• SWMU No. 111 - the Unlined Pit; and 

• SWMU No. 112 - the Oil/Water Separator #2336. 

Reportedly, fuel was introduced to the ground surface between 1961 and 1974. From 1974 to 

1975, co-mingled waste oils, solvents, and recovered JP-4 were burned at the site. Between 

1975 and 1995, only recovered JP-4 has reportedly been used as a fuel. During some, but not 

all training exercises, the ground was saturated with water. Runoff was initially directed to an 

unlined pit (SWMU No. 111) which was later replaced with the oil-water separator (SWMU No. 

112) in approximately the same location. 

The Fire Training Area (SWMU No. 109) encompasses the three other SWMUs comprising the 

investigation area and was active and frequently used until recently. The larger surface area that 

comprises the training area is circular in shape, about 400 feet in diameter and is unlined and 

ringed with a small berm and a security fence. A mock airplane was located roughly in the 

center of the area. Immediately below the mock airplane was a concrete "pan" which had 

internal drainage features such that excess fuel/water was drained to the oil-water separator 

(SWMU No. 112) in the northeast part of the area. The oil-water separator was activated in 

1985, allegedly on the site of the former unlined pit (SWMU No. 111) in the northeast part of 

the area. The unlined pit had been used to collect runoff from the general area and JP-4 left 

after fires were extinguished in training exercises. After 1985, during operation of the fire 
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training area, the oil-water separator was pumped out as needed by an outside contractor for off

site disposal. A 1994 sample analysis of the effluent from the oil-water separator is provided 

in Attachment 1-1. A later addition to the site was a decommissioned airplane located about 100 

feet northeast of the mock airplane. The underground waste oil tank (SWMU No. 110) on the 

west side of the area has been removed and soil from around the tank was being land farmed 

on a plot adjacent to the site access gate. To prevent downward migration of contaminants, the 

land farmed soil was placed on top of heavy gauge plastic. The underground waste oil tank 

#2336 was an underground 2,000 gallon storage tank used to store recovered JP-4 fuel prior to 

burning for fire training exercises. 

1.3.2 Potential Contaminants 

Information concerning potential contaminants at the Fire Training Area No. 4 was obtained 

from excerpted information provided by USACE. Previous boring and sample locations are 

shown on Figure 1-5. Attachment 1-2 provides copies of analytical summary tables contained 

in the previous RI Report. The previous investigations are summaried as follows: 

• In 1985, Radian Corporation (Radian, 1986) completed two deep soil boreholes; 

No. 9A, about 50 feet east of the mock airplane area, and 9B, about 100 feet 

south of the mock airplane area. Sample results from 9A indicated the presence 

of oil and grease up to 280 mg/kg and lead between 4.1 and 39.0 mg/kg at a 

depth of 10.5 to 11.5 feet. Results from 9B indicated 37 mg/kg oil and grease 

at a depth of 43 to 45 feet. No purgable organic compounds were detected in 

these borings. 

• In 1988, Walk, Haydel and Associates (Walk-Haydel, 1990) completed nine 

boreholes in the runoff (SWMU Nos. 1111112) and underground fuel storage 

(SWMU No. 110) areas, ranging in depth from 5 to 100 feet. Analytical results 

indicated the presence of JP-4 constituents ethylbenzene, benzene, toluene and 

xylene in soils from three borings (B-1, B-3 and B-10) near the underground tank. 

Concentrations above depths of 60 feet ranged from: 2,030 to 15,200 J.tg/kg 

benzene; 1,300 to 56,200 J.tg/kg ethylbenzene; 2,870 to 64,000 J.tg/kg toluene; 

and 6,880 to 66,200 J.tglkg xylene (total). Concentrations declined rapidly or 
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were non-detect between 60 and 100 feet. No organics were detected in the 

runoff area. Arsenic, selenium, barium, cadmium and silver were detected in the 

site soils but only arsenic in two borings (B-7, B-8) near SWMU No. 110 and 

one (B-9) near SWMU Nos. 111/112 and cadmium in one boring (B-5) exceeded 

concentrations typically found in soils. Arsenic concentrations which exceeded 

those typical of soils ranged from 86 to 152.5 mg/kg. Cadmium concentrations 

exceeding typical levels were 11.2 and 12.7 mg/kg. 

• In 1991, Woodward Clyde Consultants (Woodward-Clyde, 1992) collected four 

surface soil samples and completed four boreholes (Nos. 1091 through 1094). 

Analytical results indicated the presence of ethylbenzene and xylenes as well as 

total petroleum hydrocarbon (TPH) in the area of the mock airplane at SWMU 

No. 109. In boring 1094, just south of the pad, ethylbenzene was found at an 

estimated concentration of 19,000 ~-tglkg from a depth of 4 to 6 feet; xylenes 

between 6, 700 and 290,000 ~-tglkg from depths of 4 to 12 feet; and TPH, between 

46.7 and 13,600 ~-tglkg from the surface to depths of 22 feet. In boring 1093, 

just north of the pad, TPH was reported between 12,900 and 38,500 ~-tglkg from 

the upper 6 feet and between 203 and 215 ~-tglkg at a depth of 50 to 62 feet. No 

other organic detections were reported. One elevated lead level (estimated at 

19.6 mg/kg from the surface sample) also was detected in boring 1093. 

Based upon these results and historical uses of the area, potential contaminants may include 

constituents of JP-4, TPH and oil and grease, solvents and heavy metals. 

1.4 ANALYTICAL PARAMETERS AND METHODS 

Based on previous investigations and reported historical information, the chemicals of concern 

at Fire Training Area No. 4 fall into the general categories of fuels, solvents, and waste 

petroleum oil and lubricants (POL), specifically, the following: 
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• Inorganics 

- heavy metals, including lead and chromium 

• Organics 

- benzene, ethylbenzene, toluene, xylenes (BTEX) 

- waste petroleum oil, lubricants (POL) 

- polynuclear aromatic hydrocarbons (PARs) 

- trichlorethylene (TCE) and other volatile halogenated solvents 

Historic usage records indicate no evidence that Cannon AFB was used for activities involving 

uncommon hazardous constituents or industrial formulation. Rather, the activities likely to use 

or generate hazardous constituents at Fire Training Area No. 4 were related to fire training 

utilizing JP-4 and other appropriate materials generated by routine maintenance tasks such as 

cleaning engines, painting and repainting activities, paint stripping, and aircraft maintenance. 

The historic records indicate that one would not expect a wide spectrum of wastes to have been 

released. Therefore, the RFI is focused on the constituents that are likely to have been used. 

Based upon this information and assessment, samples collected under this Workplan, including 

ten (10) surface soil samples and one-hundred and twenty (120) subsurface soil samples from 

boreholes, will be analyzed for four categories of analytical parameters: (1) Volatile Organic 

Compounds, (2) Semi-volatile Organic Compounds, (3) Target Analyte List (TAL) Metals and 

Cyanide; and (4) total recoverable petroleum hydrocarbons (TRPH). Analytical methods to be 

used are as follows, with reference to USEPA-SW-846 (USEPA, 1994): 

• Volatile Organics (Method 8260) 

• Semi-Volatile Organics (Method 8270) 

• TAL Metals and Cyanide (Methods 60 I 0 and 7000) 

• TRPH (Method 90711418.1) 

Parameter lists to be analyzed associated with these groupings are provided in Tables 2-1, 2-2, 

and 2-3. The method detection and quantitation limits for all target analytes have been compared 

to the examples of concentrations meeting Risk Based Concentrations (RBCs) developed by 

USEPA, Region III. The target analyte method detection and quantitation limits in Tables 2-1 

through 2-3 were found to be lower than the RBC values. Data expected to be produced using 
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these analytical methods is considered to be of both known and sufficient quality to characterize 

hazardous waste [including hazardous constituents] that is likely to have been released from Fire 

Training Area No. 4 and to evaluate whether such releases pose an unacceptable risk to either 

human health or the environment. 

Geotechnical analyses for particle size and moisture content also be conducted in conformance 

with American Society of Testing Materials (ASTM) methods, as specified in Section 6.1. 

1.5 DEFINITIONS 

The following definitions apply to terms commonly used in the text of this document: 

Accuracy 

Analytical Batch 

Batch 

RFI WORK PLAN/CANNON AFB FTP#4 

Nearness of a measurement or the mean (x) of a set of 

measurements to the true value. Accuracy is evaluated by 

the percent recovery of sample spikes, analysis of 

laboratory control samples, and reference materials. 

The analytical batch is defined as 20 or fewer samples 

which are prepared and/or analyzed together with the 

same method sequence and the same lots of reagents and 

with the manipulations common to each sample within the 

same time period or in continuous sequential time periods. 

Samples in each analytical batch should be of similar 

matrix (e.g., groundwater, surface water, soil, sediment, 

sludge, etc.). 

Synonymous with Sample Delivery Group (SDG). 
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Calibration Blank 

Case 

Comparability 

Decontamination Water 

Completeness 

Duplicate 

RFI WORK PLAN/CANNON AFB FTP#4 

Usually an organic or aqueous solution that is as free of 

analyte as practical and prepared with the same volume of 

chemical reagents used in the preparation of the 

calibration standards and diluted to the appropriate volume 

with the same solvent (water or organic) used in the 

preparation of the calibration standard. The calibration 

blank is used to give the null reading for the instrument 

response versus concentration calibration curve. 

A finite, usually predetermined number of samples 

collected over a given time period from a particular site. 

For this Workplan, a Case will consist of all samples of 

similar matrix to be collected under this Workplan. 

A measure of the confidence with which one data set can 

be compared with another. 

A sample of water used for decontaminating field 

equipment. The source of this water can be the tanks 

used by contractors to transport the water to a site or a 

hydrant. 

A measure of the amount of valid sample data obtained 

from the measurement system compared to the amount of 

sample data that are requested. Valid results are those 

results which meet or exceed quality control criteria and 

satisfy quality assurance objectives. 

Duplicate samples are two samples taken and analyzed 

independently. In cases where homogenization would 

affect sample quality or representativeness, as in the case 

of volatiles, nonhomogenized samples must be taken for 

the duplicate analysis. 
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Environmental Samples 

Matrix Duplicate Sample 

Matrix Spike (MS) 

Matrix Spike Duplicate 

(MSD) 

MDL 

RFJ WORK PLAN/CANNON AFB FTP#4 

An environmental sample or field sample is a 

representative sample of any material (aqueous, 

nonaqueous, or multimedia) collected from any source for 

which evaluation of composition or contamination is 

requested or required. 

An aliquot of the homogenized sample which is prepared 

and analyzed identically to the original sample. Used in 

metals and cyanide analyses in place of the matrix spike 

duplicate to measure precision of laboratory preparation 

and analysis. 

A matrix spike is employed to provide a measure of 

accuracy for the method used in a given matrix. A matrix 

spike analysis is performed by adding a predetermined 

quantity of stock solutions of certain analytes to a sample 

matrix prior to sample extraction/digestion and analysis. 

A second matrix spike sample prepared identically to the 

matrix spike on a homogenized duplicate sample of the 

matrix. Used to measure precision of laboratory 

preparation and analysis. 

The method detection limit (MDL) is defined as the 

minimum concentration of a substance that can be 

measured and reported with 99 percent confidence that the 

analyte concentration is greater than zero and is 

determined from analysis of a sample in a given matrix 

containing the analyte (40CFR136, Appendix B). 
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Method Blank 

Performance Evaluation 

Sample 

Precision 

Reporting Limit 

Representativeness 

RPD 
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A sample matrix that is as free of anal yte as practical and 

contains all the reagents in the same volume as used in the 

processing of the samples. The method blank must be 

carried throughout the complete sample preparation 

procedure and contains the same reagent concentrations in 

the final solution as in the sample solution used for 

analysis. The blank is used to monitor for possible 

contamination resulting from the preparation or processing 

of the sample. 

A material of known composition that is analyzed 

concurrently with test samples during a measurement 

process. It is used to verify the performance of the 

analytical system. 

Precision is the agreement between a set of replicate 

measurements without assumption or knowledge of the 

true value. Precision is evaluated as the relative percent 

difference or relative standard deviation for replicate or 

split samples. 

The reporting limit is the lowest concentration that can be 

reliably measured within specified limits of precision and 

accuracy during routine laboratory operating conditions. 

The degree to which a single measurement is indicative of 

the characteristics of a larger sample or area or the degree 

to which data represents field conditions. 

Relative Percent Difference, calculated as 

RPD (%) I S-D I X 100 
(S+D)/2 

where S = first sample value (original) 

D = second sample value (duplicate) 
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I ,, 

SDG 

sow 
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Sample Delivery Group, defined as a group of 20 or 

fewer samples of similar matrix collected in a period of 

14 days or less. 

Statement of Work 
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TABLE 1-1 

FEDERAL- AND STATE-PROTECTED ANIMALS POTENTIALLY OCCURRING 
IN THE VICINITY OF CANNON AFB (CURRY COUNTY) 

Common Name 

Birds 

Barid' s sparrow 

Bald eagle 

Peregrine falcon 

Mammals 

Black-footed ferret 

Endangered (group 1): 

Endangered (group 2): 

Possibly Extinct: 

Source: 

Scientific Name 

Ammodramus baridii 

Haliaeetus leucocephalus 

Falco perigrinus 

Mustela nie:rioes 

Federal Status 

Endangered 

Endangered 

Endangered 

State Status 

Endangered (group 2) 

Endangered (group 2) 

Endangered (group 1) 

Possibly Extinct 

Species whose prospects of survival or recruitment within the state are in jeopardy. 

Species whose prospects of survival or recruitment within the state are likely to become jeopardized in 

the foreseeable future. 

Potentially no longer in existence in the state. 

Woodward-Clyde 1993. 
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ATTACHMENT 1-1 

ANALYSIS OF OIL-WATER SEPARATOR (SWMU 112) EFFLUENT 



07-15-1996 02:48PM FROM 27 CES/CEU CANNON AFB NM TO 973128313999 P.02 

Utility Operations. 

--n:jfei~~~VIcEuae-·...,-
------_,.,...------ · .. ,.~--------· .. .,._,. ______ _,__ __ 

Page 1 of 15 
' ·----- : • • ,, ... _..;..., •hi '' ·~--- ... ..:.•.,:.-..;.N• .... -..:..,.,._...:. •••'••••- -•••' o,• ' ' ' 

27CES/CEV 

TEST REPORT: 279291 

111 ~gineers Way 
Contri F2960594A0014 
Cannori AFB, NM 88103-5136 

Atten~ion: Bill Hamilton 

Sample Identification:Call ~135 C 

ColJ.e~ted By:DW 
Date & T~e Taken:09/l4/94 1440 

; 

BottJ.~ Data: 
#Ol - onprese~cd Glass 

#02 - Unpreserved Glass 

#Ol - TCLP Ex~rae~ for Me~als 

LO~: 000141 P~te: 09/13/94 

Lot: 000141 Dace: 05/13/94 

Clienc suppl:i.ed 

Derived in lob from: Ol (200 mll 

#04 - TCLP ~~rae~ for Me~als Clicn~ ~pplied 

Dc•:i.vcd. in lab from: Ol (25 nil) 

#05 - TCLP Ext•act for Me~als CHene supplied 

Derived in lab from: Ol (25 mll 

#07 - TCLP Extract for TVOA Cli•nt. supplied 

Derived in lab from: 01 (25 ml) 

#08 • ~P Extracc for TVOA Clionc supplied 

Derived in lab fr0111: 01 (25 mll 

#06 • TCLP Extracc for TABN Clien~ suppl~cd 

Derived in lab from, Ol ('750 1111) 

#09 - Mereury Digestion 

~rived in lab from: 03 (50 ml) 

•10 - Mercur,y Diges~ion 

Derived in l~b from: 03 (50 ml) 

ill - Mere~ry Digestion 

Oerived in lab from: 03 (SO mll 

112 - ICP Digescion 

Derived in lab from: 03 (5 mll 

tl3 - ICP 'Oigest.ion 

Derived in lab from: OJ (S ml) 

Sample Matrix: Aqueous Liquid 
I Date: ll/07/94 Received: 09/15/94 Client: Report 
i 

PARAMETQ RESULTS UNITS ANALYZED EQL METHOD 

Fh$h Point: (~g. Limit 140.0) lU Deg-ree., F 1430 09/l.,/9111 EPA l'let.hod :1.010 

i 

1.2-Dibromo~~ ND ug/l 0140 09/27/94 100 EPA Met:hod 8260 

Sromochl.oro"'Ei'cha.ne NO ug/1 0140 09/2'7/94 100 EPA Metllod 8260 

~.2,3-~i~hlq•opropace ND ug/l 0140 09/27/94 100 EPA Mcc.hod. 8260 

Continued 

CAFB 

BY 
DSH 

t)DM 

. DOM 

DDM 



07-15-1996 02:48PM FROM 27 CES/CEU CANNON AFB NM TO 973128313999 P.03 

Analytical Ch(?mistry • Utility .Operations '' ....... 
'~ 

.... -_ ....... -..:.:.·~ :;aw -' -·· j =.....! 

117fi~;f"~;~.E~~~:~.~.:. · ... .: . ....... --:····-" 2 7.929.1 . .continued ·Page ·2 ·Of ·15 
PARAMETER· RESULTS UNITS ANALYZED EQL METHOD BY 

earrosivi&y (Reg. Lil"llit. 6.4) ~ mmpy 1600 09/20/94 .1 SW-846 Ch. 7 7.2.2 OSR 

Elec&rical ~~r.ance 2600 Mic~s 2100 O<J/15/94 Soil Lccro MHO-Meeer TEO 

Reaccivicy with Water Non-R.eaceive 1545 09/16/94 OSR 

pit 7.2 so 2300 09/:1.5/!14 EPA Mechod 904SA WKC 

Jloerolein ND ug/1 0140 O'J/27/94 l.OOO EPA Met.hod 8260 D.tfol 

Ac:rylonitrile ND ug/1 Ol.40 09/27/!14 400 EPA Mechod &260 DDM 

:Benzene ND ug/1 0140 09/27/94 :1.00 EPA. Met::bod 8260 ODH 

Bromoform ND ug/1 0140 09/27/94 200 EPA Me!:.hod &260 DOM 

:SrOIIIClniet.bane ND '1.1g/l 0140 09/27/94 100· EPA. Met:.hoci 82 G 0 DDM 

Carbon Tcerach1oride NO ug/1 0140 09/27/94 100 EPA Met:hod 8260 DtlM 
, .. , 

' 
Cb.lorobeDzcnc ND ug/1 0140 09/27/94 100 EPA Method 8260 OJ.... 

CllloroeCha'!e ND ug/1 01.40 09/27/94 100 EPA Method. 8260 DDM 

2·Chloroethy1vinyl e~er ND ug/l 0140 09/27/94 100 :EPA Mccbod 82Ci0 DOM 

Chlo;r;-o;t;om NO ug/1 0140 O'J/27/94 100 EPA Meeho4 8260 D:DM 

~rOIIU!>I:.hane · NO ug/l 0140 09/'27/94 100 EPA Mel:.hod 8260 DDM 

Di.bromochlor0111e.chane ND ·· ug/l 0140 09/27/94 100 EPA Method 8260 DDM 

S:omodichlO;r;"O'Iilethane ND ug/1 0140 09/27/94 100 EPA Method 8260 D:DM 

1,1-Diehloroe~e NO ug/l 0140 0,/37/94 ;1.00 EPA Metbod. 8260 DDM 

1,2-Dichlo~oc~banc NO ~.~g/1 ouo 09/27/94 100 EPA l'le't:hod 82Ci0 t>DM 

1,l-Dichloroe2hene ND ug/1 0140 09/27/94 100 EPA Met.hod 8:oi60 D:oM 

r.rans-1.2-Dichloroethene NO us/1 0140 09/27/94 100 EPA Met;hod 8:360 DDM 

1,2•Dichloropropane Nt) ug/l 0140 O<J/"J7/94 100 EPA Met.hod 8260 DDH 

cis•l,3-Dicnlo:epropene ND ug/1 0140 09/27/'34 100 EPA Me~hod &260 
D~ 

·" 
Continued 
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07-15-1996 02=49PM FROM 27 CES/CEU CANNON AFB NM TO 973128313999 P.04 

Ut1liry Oper~iions 

279291 Continued Page·3 of_l5 
. ---- .. . ...... .. ~ ..... ··-··-- .... - ........... -· 

PARAMETER! RESULTS TJNITS ANALYZED EQL METHOD BY 

Ethyl benzene ! :no ug/1 0140 09/27/94 100 EPA Method 8260 DOH 

Mechylene Chl.O,~:ic1e NO ug/l 0140 09/'1.7/,4 :200 EPA Met:hod 8:360 D.Prl 

1,2,4-tximecnilQcn:ene 270 ug'/1 0140 

! 
09/27/94 100 EPA Method 8:2.60 DDM 

1,1,2,2-Tetradhloroc~~nc ND ug/1 0140 09/27/94. 100 EPA Method 8260 DDM 

i 
~etrachloroct~cne ND ~/l 0140 09/27/94 100 EPA Met.hod 8260 ODM 

: 
'l'olu.ene 880 ug/l Ol-40 09/27/94. 100 Ei'A Mct:.hQ~ 8260 DDM 

' 
1,1,1-Trichloioethane ND ug/l 0140 09/27/94 100 EPA Met:hod 8260 DDH 

i 
I 

1,1,2-Trichl~oethane ND ug/1 0140 09/27/94 100 :EPA Method 8260 DOM 

i 
txich1oroe~ NP ug/1 0140 09/:37/94 100 :EPA J<let:hod 8260 D.Prl. 

! 

Trichlorofluo~omct:haac ND ug/1 0140 

i 

09/27/94. 100 EPA Mcc.hoci 8260 DDM 

I 
nyl C'hlori~ 

"""'' . 

ND ug/l OHO 09/27/9'1 100 EPA Method 8260 DDM 

t~-1,3-Di~loropropene ND ug/1 014Q C/9/27/94 100 EPA Mo~hod 9260 OOM 

1 
' 

1,1,1,:2.-Tetracbloroethanc ND ug/1 0140 09/::J.7/94 100 EPA Met:hod 8260 DDM 

I 
I 
I ug/l 09/:37/94 2,2-Dichloroptopanc ND 0140 100 EPA Method 8260 DOH 

I 
I 

1,1·Dichlopepiopcnc ND ug/1 Ol40 09/:2.7/'ii4 100 EPA Het:hod 8260 DDM 

1,3-Dichloropfopane NP ug/1 0140 09/27/94 100 Bi'A Mc:t.hod s;;zso DDM 

i 
Styrene ND ug/1 0140 09/27/94 100 EPA Method 6260 DDM 

Isopropyl Bcnir.ene ND ug/1 0110 09/27/94 100 EPA Met:J:Iod 8260 DDM 
i 
i 

n-Propyl.ben.ze~ ND ug/l 0140 O'fi/27/'J4 100 EPA Met:hoa 8260 DDH 

! 
' 

Bromobenzene ~ ND l.ISiJ/1 0140 O'J/27/94 100 EPA Mct:hod 8260 I>DH 

1,3,5•Trime~~lbcnz~ lllD ug/1 0140 09/27/94 100 .EPA Met:hod 8260 DDM 

! 
2-0ll.oroto1ue:ile Nt) ug/1 0140 09/27/94. 100 EPA Met.hoci 8260 DDH 

11-Chlo:ceol~ ND 1J13/l 0140 09/27/94. 100 EPA Heth.oa 8260 DDM 

' i 
.:n-But.ylbenb:ene 

! 
m> ug/1 03,40 09/27/94 100 EPA Met.hoci 6260 DJ;Il<l 

Continued 



07-15-1996 02=49PM FROM 27 CES/CEU CANNON AFB NM TO 973128313999 P.05 

Utiliry Operations 
'"""'',.;,'<' 

.,. ......... _..-:- -~(--

·- .... ·: .. .279291.· Continued Page 4 of 15 

PARAME'l'E~ RESULTS UNITS ANALYZED EQL METHOD BY 

I 

scc-~utylbenz~ne l'iD ug/1 0110 09/2.7/94 100 EPA Het.bod 8260 DDI'I 

1 
p-rsoprcpy1~o~ucnc ND \ISJ/1 0140 09/27/94 100 EPA Method 6260 DDM 

1,3-D~chlor~~cnc ND \lg/1 0140 09/').7/94 100 EPA Mei:.hod 8260 DDM 

n-Butylbcnz~ ND ug/1 0140 09/27/94. 100 BPA Het;hoQ 82,0 DDM 

I 

1,2-Dichloro~nzene ND U<;J/l 0140 09/27/94 100 EPA Method 8::06.0 DDM 

l, 2-t>ibrolll0-3j-chlorop:ropene ND ug/1 0140 09/27/94 100 EPA Het.hod 8260 ODM 

' 
1,2,4.-TrichlQro~enzcnc ND ug/1 0140 0~/27/94 uo li:l'A Mcc;ho<! 8260 DDM 

i 
i 

Hexach1orobu~diene l5ID ug/1 0140 09/27/94 100 EPA Method 8260 DDM 

Napbl;ha1ene ND 
! 

ug/1 0140 09/27/'#4 l.OO EPA Method 9260 DDM 

1.2,3-~ichlo~oben;~ ND ug/1 014.0 09/J7/94 100 EPA Method 8260 
·~ 1 

; rilil(' 
Methyl lsobu~y1 Ketone ND ug/1 0140 09/2'7/94 100 EPA Method 8260 

' ; 

l'let:hy1 Ethyl ixet.one ND ug/1 014.0 09/27/94 1000 EPA Method 82&0 DDM 

' 
l.,4•Dichlor~en:ene ND ug/1 0140 0~/27/94 100 EPA Method 8260 DDM 

:xy1enes 990 ug/l 0140 09/27/'}4 100 EPA Mei:.hod 8260 DOH 

Dill:romcnnet~e ND ug/l 0140 ,O<J/27/<;4. 100 EPA Method 8460 DDI'I 

; 

Cis-1,2•0ich1oroet.henc ND ug/l 0140 O'J/27/'}4 100 EPA Method 8260 DDM 

Di~aro~fl~rometbane ND 
I 

USJ/1 0140 09/27/54 100 tPA Meehoc! 82100 DDM 

I 

i 
'rCLP Pyridin~ !R.eg. L1.mi.C 5) ND mg/l 1230 O'J/28/94 0.1 EPA Method S270•TCLP DI.S 

Raac~ivicy ~da !lU, 260) ND mq/k; 1500 0!1/23/94 10 EPA Meehod 7.3.3 iGMS 

i 
Reaeeivicy ~lfide (RL SOOl ND ttJ~Jik.g 1530 09/23/94 100 EPA l'let:hod 9030 DSH 

il.eaetivi:y i Non-reaee1.ve 1400 09/26/94 $W-84Ei SKL 

TCLP carbon ~ecrachloridc ( .5) ND mg/l 01.40 09/2?/'}4 O.l. EPA l'lethod 6260•TCLP DDM 

TCLP Chlorobj=.zene (Limit: l.OO) liiD 1115J/1 0140 09/27/94 O.l :SPA Meehed 8260-TCI.l' ·~ 

Continued 
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07-15-1996 02:50PM FROM 27 CES/CEU CANNON AFB NM TO 973128313999 P.06 

-. ····--
27929l Continued .Page 5 of l.S 

.. 

PARAMETER RESTJ'LTS UNITS ANALYZED EQL ME'l'HOD BY 
l Limit 6.0) !liD mg/l 01'10 09/27/94 0.1 EPA MeLhod 8260•TCLP TCLP CblorofofD' (Reg, Dm1 

'l'a.P 1, 4 tl~o~~ol;len:cne: RL 7. 5 ND mg/l 14130 09/2.8/94. 0.1 EPA Method. 8270-TCLP t)L$ 

i 
TCLP L,2-Di~oroeLhane (lU. • 51 ND 1119/1 0140 o<Jn7/94 0.1 EPA MeLhod 8260-TCLP DOM 

I 
TCLP L,1-Dich~oroechsne (.7) ND mg/l 0110 09/27/94 0.1 EPA Mcchod 8260-~P DDM 

TCLP 2,4•Dinit•oco1~cnc ( .ll) ND mg/l 12.30 09/2.8/94 0.1 EPA Method 8270-TCLP DLS 

'l'Cl.P H~ohJ.Q~ol)en:ene ( .13 I :tm mg/1 1230 09/28/94 0.1 EPA Mechod 8270-TCLP DLS 

TCLP HexachlorobucMdicnc (.5) ND mg/l 1230 09/28/94 0.1 :EP~ Method 8270-~ DLS 

I 
TCLP Hexachlo~ethane (Lim:i.~; 3) ND mg/l 1230 09/28/94 0.1 E'I'A Mc~;hcd 8270-'I'CLP OLS 

I 

TCLP NitrobenFene (Limit 21 ND mg/1 1230 09/29/94 0.1 EPA Method 82.70-TCLP DLS 

TCLP Pen~;achl~rophcnol (100) ND mg/l 1230 09/28/94 0.5 EPA Method 8270-TCLP OLS 
; 

i 
"LP Tetrac:hlbroethylene (. 7) ND mg/l 0140 O'J/417/94 0.1 EPA Hel:.hoc! 8260-TCLP DDM 

TCLP Trichlcrbethylene (.5} ND trq/l OHO 09/27/94 0.1 EPA Method 8260-TCLP OOM 

TCLP 2,4,6-Tr~chlorophenol (2) ND 1119'/l. 1230 09/28/94 0.1 EPA Hechod 8270-TCLP DLS 

TCLP Vinyl Ch~oride (.2) ND rtt~i/l 0140 09/27/94 0.2 EPA Method 8260-TCLP DOM 

TCLP 2,4,5-Trichlorophenol (4001 NO mg/1 12.30 09/28/94 0.1 &PA Methoo 82?0-TCLP DI.S 

TCLP Tota~ ~~£o1s 
I 

(Reg Lim 200) lilD mg/1 12l0 ogns/94 0,1 EPA Me~hod 8270-TCLP DLS 

TCLP MEK (Regf Lilllit 200) ND mg/l 0140 09/27/'ii4 2.0 EPA Hechod 8260-TCLP DDM 

1 

Total Pe~role\ml Hydrocarbon 12 mg/1 09illS ~0/0l/94 .7 EPA MCchod 418,1 WH5 

I 

'1'CLP Benz~c ;<Jteg. Limic 0.5) m> mg/l 0140 09/27/94 0.~ EPA Method 8260-TCLP POM 
; 

i 
TCLP Silve~ (Reg. ~imit 5.0) 

I 
ND lllg'/l 0901 10/05/94 .1 EPA Method 6010 .JDR 

'ICLP Arsenio ;(Reg. :t.imit 5. Ol NO mg/l 0901 10/05/94 :1. EPA Mechod 6010 .ma 

:rCl.P lila:l:'ium ~~~- I.:i.mic 100.01 ND mg/1 0901 10/05/94 1 EPA Method 6010 .JDR 

I 
TCLP cadmiUill )(Reg, Limit 1. 0) 

' 
NJ:) trq/1 0301 10/05/94 .1 EPA Met.bod 6010 J1)R 

;::I.i' QlrCID.i.~ (Reg. :t.imit 5.0) ND mg/l 0901 10/0S/94 .2 EPA Machod 6010 JDR. 

Continued 

TOTAL P.06 



ATTACHMENT 1-2 

ANALYTICAL SUMMARY TABLES FROM PREVIOUS INVESTIGATIONS 



I " 

Sample 
Number 

9A-1 

9A-2 

9A-2A1 

9B-1 

9B-2 

9B-3 

Ft-BGS 
mg/kg 
JLg/kg 
ND 

Consultants 

TABLE 13-1 

ANALYTICAL RESULTS OF SOIL SAMPLES COLLECI'ED BY 
RADIAN AT FIRE DEPARTME~'T TRAINING AREA NO. 4 

= 
= 
= 
= 

SWMU N0.109 
CANNON AFB, NEW :MEXICO 

Sample Oil and Purgeable Organic Compounds 
Depth Grease Lead (EPA 8010/8020) 

(Ft-BGS) (mg/kg) (mg/kg) (JLg/kg) 

5.5-7.0 ND 4.1 ND 

10.5-11.5 110 39.0 ND 

10.5-11.5 280 5.3 ND 

4.0-5.5 ND 4.5 ND 

9.0-10.5 ND 3.7 ND 

43.0-45.0 37 1.3 ND 

Feet below ground surface 
Milligrams per kilogram 
Micrograms per kilogram 
Not detected 

1 duplicate analysis of 9A-2 

Source: Final Report, IRP Phase II (Radian 1986) 

22792/89MC114W!R9T.l31 09-23-92(12:1Sam)!RPTn Sheet 1 of 1 



TABLE 13-2 

Woodward-Clyde 
Consultants 

VOLATILE ORGANIC COMPOUl'lrn CONCEI\rrRATIONS1 IN SOIL SA.l\1PLES 
COLLECTED BY WALK, HAYDEL Al'trn ASSOCIATES AT FIRE DEPARThiENT 

TRAINING AREA NO. 4 

SWMU NO. 109 
CANNON AFB, NEW :MEXICO 

Sample Depth Boring Number 
(Ft-BGS) Compound 

Bl B3 BlO 

0-1.5 Benzene NA NS 1,060 
Toluene NA NS 762 
Total Xylene NA NS 6,940 

2.5-4 Benzene 2,030 NS 2,140 
Ethylbenzene 1,790 NS 2,550 
Toluene 9,870 NS 14,600 
Xylene 10,900 NS 18,800 

5-6.5 Benzene 4,560 NS 4,860 
Ethylbenzene 14,200 NS 2,020 
Toluene 2,870 NS 18,700 
Xylene 12,300 NS 10,400 

7.5-9 Ethylbenzene NSR NS 2,150 
Toluene NSR NS 36,700 
Xylene NSR NS 6,880 

10-115 Benzene 4,400 2,700 4,810 
Ethylbenzene 6,690 1,300 7,400 
Toluene 39,100 54,000 38,400 
Xylene 18,400 57,000 17,300 

20-21.5 Benzene 15,200 NS NS 
Ethylbenzene 6,220 NS NS 
Toluene 64,000 NS NS 
Xylene 12,500 NS NS 

25-265 Benzene 2,670 NS NS 
Ethylbenzene 6,200 NS NS 
Toluene 15,300 NS NS 
Xylene 7,870 NS NS 

22792/89MCll4WIR9T.132 09-30.92(10:29am)/R.PTn Sheet 1 of 2 



Consultants 

TABLE 13-2 
(Concluded) 

Sample Depth Boring Number 
(Ft-BGS) Compound 

B1 B3 B10 

30-31.5 Benzene 3,130 4,200 5,740 
Ethylbenzene 9,340 14,000 8,740 
Toluene 22,200 57,000 38,700 
Xylene 19,000 17,000 11,200 

45-465 Benzene NS 2,800 5,890 
Ethylbenzene NS 11,000 24,400 
Toluene NS 48,000 32,200 
Xylene NS 10,000 66,200 

55-56.5 Ethylbenzene NS NS 56,200 
Toluene NS NS 51,200 
Xylene NS NS 173,000 

60-61.5 Benzene NS 4,200 NS 
Ethylbenzene NS 14,000 NS 
Toluene NS 51,000 NS 
Xylene NS 20,000 NS 

85-865 Ethylbenzene NS 620 NS 
Toluene NS 310 NS 
Xylene NS 1,700 NS 

100-101.5 Toluene NS 280 NS 
Xylene NS 1,500 NS 

Spent Mud Benzene NS 8,600 NS 
Ethylbenzene NS 3,500 NS 
Toluene NS 31,000 NS 
Total Xylene NS 93,800 NS 

Ft-BGS = Feet below ground surface 
NS = Sample not collected/ analyzed m accordance with Scope of 

Services/Sampling Plan 
NA = Sample not analyzed by laboratory 
NSR = No sample recovered from this interval. Split spoon contained only wood. 

1 All concentrations are in micrograms per kilogram (ug/kg) 

Source: Final Report, IRP Phase IV (Walk, Haydel and Associates Inc. 1990) 

22792/!9MC114W!R9T.l32 09-31).92(10:29~m)!RPTn Sheet 2 of 2 



TABLE 13-3 
ARSENIC CONCENTRATIONS1 IN SOIL SAMPLES COLLECTED BY WALK, HAYDEL AND ASSOCIATES AT 

FIRE DEPARTMENT TRAINING AREA NO.4 
SWMU NO. 109 

CANNON AFB, NEW MEXICO 
Sample Depth Boring Number 

(Ft-BGS) Bl B3 B4 B5 B6 B7 BH 139 BIO 
0-1.5 NA NS 51.1 
2.5-4 NS NS NS NS 5-6.5 NS NS NS NS 
7.5-9 NSR NS NS NS NS (94.4) 10-11.5 NS NS NS NS (H6) 15-16.5 (114.5) (96.6) 50.7 20-21.5 NS NS NS NS NS NS 25-26.5 NS NS NS NS NS NS 30-31.5 53.3 (HB.l) (152.5) 45-46.5 NS NS NS 51.9 ISR 52.3 55-56.5 NS NS NS NS NS NS NS NS 60-61.5 NS NS NS AR 75-76.5 NS ISR NS NS ISR NS NS H5-86.5 NS NS NS NS NS NS NS NS 90-91.5 NS NS NS NS NS NS 100-101.5 NS ISR NS NS NS NS 

NS = No sample collected in accordance with Scope of Services/Sampling Plan ( ) = Above concentrations typical of soils 
NA = Sample not analyzed by laboratory 
NSR = No sample recovered from this interval. Split spoon contained only wood. ISR = Insufficient sample recovered for analysis. 
1\R = Auger refusal prevented completion at 60 feet. Collected sample at 55 feet. Ft-BGS = Feet helow ground surface 
1 All concentrations are in milligrams per kilogram (mg/kg) 
Source: Final Report, IRP Phase IV (Walk, Haydel and Associates Inc. 1990) 

22792/89MCJJ4W/R9T.J33 10 OJ-92(9:36ftm)/RPTI7 
Sheet I of I 
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TABLE 13-4 

UARIUM CONCENTRATIONS1 IN SOIL SAMPLES COLLECTED BY WALK, HAYDEL AND ASSOCIATES AT 
FIRE DEPARTMENT TRAINING AREA NO. 4 

SWMU NO. 109 
CANNON AFB, NEW MEXICO 

Sample Depth Boring Number 
(Ft-BGS) Bl B3 B4 B5 B6 B7 B8 B9 1310 

0-1.5 NA 
2.5-4 NS 676.9 NS NS NS 
5-6.5 NS NS NS NS 857.2 
7.5-9 NSR NS NS NS NS 

10-11.5 NS NS NS NS 
15-16.5 
20-21.5 NS NS NS NS NS NS 
25-26.5 NS NS NS NS NS NS 
30-31.5 1713.5 
45-46.5 NS NS NS 1074.4 ISR 
55-56.5 NS NS NS NS NS NS NS NS 
60-61.5 NS NS NS AR 
75-76.5 NS ISR NS NS ISR NS NS 
85-86.5 NS NS NS NS NS NS NS 
90-91.5 NS NS NS NS NS NS 

100-101.5 NS ISR NS NS NS NS 

NS = No sample collected in accordance with Scope of Services/Sampling Plan 
NA = Sample not analyzed by laboratory 
NSR = No sample recovered from this interval. Split spoon contained only wood. 
ISR = Insufficient sample recovered for analysis. 
AR = Auger refusal prevented completion at 60 feet. Collected sample at 55 feet. 
Ft-DGS = Feet below ground 
1 All concentrations are in milligrams per kilogram ( mg/kg) 
Source: Final Report, IRP Phase IV (Walk, Haydel and Associates Inc. 1990) 

22792/89MCII4W/R9T.IJ4 09 30-92(9:49•rn)/RPT/18 Sheet I of I 



TABLE 13·5 
CADMIUM CONCENTRATIONS1 IN SOIL SAMPLES COLLECTED BY WALK, HAYDEL AND ASSOCIATES AT 

FIRE DEPARTMENT TRAINING AREA NO.4 
SWMU NO. 109 

CANNON AFB, NEW MEXICO 
Sample Depth Boring Number 

(Ft-BGS) 01 B3 B4 B5 B6 B7 B8 B9 UIO 
0-1.5 NA 9 
2.5-4 7.8 NS NS NS NS 
5-6.5 8.2 NS 9.7 NS NS NS 9.1 7.5-9 NSR NS (11.2) NS NS NS 

10-11.5 NS 9 8.5 NS NS NS 
15-16.5 9.2 8.8 8.5 (12.7) 
20-21.5 NS 8 NS NS NS NS NS 25-26.5 NS 9.2 NS NS NS NS NS 30-31.5 

170.5 45-46.5 NS NS NS ISR 
55-56.5 NS NS NS NS NS NS NS NS 60-61.5 NS NS NS AR 75-76.5 NS ISR NS NS ISR NS NS 85-86.5 NS NS NS NS NS NS NS NS 90-91.5 NS NS NS NS NS NS 100-101.5 NS ISR NS NS NS NS 

NS = No sample collected in accordance with Scope of Services/Sampling Plan ( ) = Above concentrations typical of soils 
NA = Sample not analyzed by laboratory 
NSR = No sample recovered from this interval. Split spoon contained only wood. ISR = Insufficient sample recovered for analysis. 
AR = Auger refusal prevented completion at 60 feet. Collected sample at 55 feet. Ft-BGS = Feet below ground surface 
1 All concentrations are in milligrams per kilogram (mg/kg) 
Source: Final Report, IRP Phase IV (Walk, Haydel and Associates Inc. 1990) 

22792/89MCI14WIR9T.13S 09·30·92(9:S0am)IRPTI7 
Sheet I of I 
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TABLE 13-6 
SELENIUM CONCENTRATIONS' IN SOIL SAMPLES COLLECTED BY WALK, HAYDEL AND ASSOCIATES AT 

FIRE DEI)ARTMENT TRAINING AREA NO. 4 
SWMU NO. 109 

CANNON AFB, NEW MEXICO 

Sample Boring Number 
Depth B1 B3 B4 B5 B6 B7 B8 B9 1310 

(Ft-BGS) 
0-1.5 NA NS 85 67 
2.5-4 NS NS NS NS 
5-6.5 NS NS NS NS 
7.5-9 NSR NS NS NS NS 154.8 

10-11.5 NS NS NS NS 134.6 
15-16.5 166.8 193.6 151.4 
20-21.5 NS NS NS NS NS NS 
25-26.5 NS NS NS NS NS NS 
30-31.5 104.9 112.3 198.4 
45-46.5 NS NS NS 85 ISR 
55-56.5 NS NS NS NS NS NS NS NS 
60-61.5 NS NS NS 80.1 64.5 AR 
75-76.5 NS ISR NS NS ISR 57.7 NS NS 
85-86.5 NS NS NS NS NS NS NS NS 
90-91.5 NS NS NS NS 80.6 NS NS 

100-101.5 NS ISR NS NS 57.1 NS NS 

NS = No sample collected in accordance with Scope of Services/Sampling Plan 
NA = Sample not analyzed by laboratory 
NSR = No sample recovered from this interval. Split spoon contained only wood. 
ISR = Insufficient sample recovered for analysis. 
AR = Auger refusal prevented completion at 60 feet. Collected sample at 55 feet. 
Ft-BGS = Feet below ground surface 
1 All concentrations are in milligrams per kilogram (mg/kg) 
Source: Final Report, IRP Phase IV (Walk, Haydel and Associates Inc. 1990) 

22792/89MCII4W/R9T.IJ6 09-30-92(10:1 hm)/RPT/7 Sheet I of I 



TABLE 13-7 
SILVI~R CONCENTRATIONS' IN SOIL SAMPLES COLLECTED BY WALK, HAYDEL AND ASSOCIATgs AT 

FIRE I>EPARTMENT TRAINING AREA NO. 4 
SWMU NO. 109 

CANNON AFB, NEW MEXICO 

Sample Depth Boring Number 
(Ft-BGS) B1 B3 B4 BS B6 B7 BR B9 BIO 

0-1.5 NA NS 5.4 18.7 7.3 
2.5-4 6.7 NS 7.4 16.4 NS NS NS 
5-6.5 10.4 NS 20.7 17.4 NS NS NS 
7.5-9 NSR NS 13.3 13.6 NS NS NS 154.8 

10-11.5 10.1 NS 15.4 9 NS NS NS 134.6 
15-16.5 6.2 8.6 6.2 13.5 13.4 5.2 20-21.5 15.5 NS 10.1 18.5 NS NS NS NS NS 
25-26.5 16.1 NS 8.4 9.8 NS NS NS NS NS 
30-31.5 7.4 12.3 19.2 10.1 4.3 6.0 45-46.5 NS 4.1 NS NS 4.7 ISR 6.9 55-56.5 NS NS NS NS NS NS NS NS 5.7 60-61.5 NS NS NS 5.1 AR 75-76.5 NS ISR NS NS 5.1 ISR NS NS 85-86.5 NS NS NS NS NS NS NS NS 90-91.5 NS NS NS NS NS NS 100-101.5 NS ISR NS NS 13.7 NS NS 

NS = No sample collected in accordance with Scope of Services/Sampling Plan 
NA = Sample not analyzed by laboratory 
NSR = No sample recovered from this interval. Split spoon contained only wood. 
ISR = Insufficient sample recovered for analysis. 
AR = Auger refusal prevented completion at 60 feet. Collected sample at 55 feet. 
Ft-BGS = Feet below ground surface 
1 All_ concentrations are in milligrams per kilogram (mg/kg) 
Source: Final Report, IRP Phase IV (Walk, Haydel and Associates, Inc. 1990) 
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BORING 

NUMBER 

t08t 

(10116)' 

1002 

(1008)' 

t003 

(1007)" 

t004 

(tOIIW 

In 

Ft-809 

Ft-MSl 
SPT 
HSA 
HT 

NA 

NS 

TABLE t3-8 

BUMMARY OF BURFACE BOIL SAMPLING, BOREHOLE DRilliNG, AND BOREHOLE SAMPLING CONDUCTED BY WCC AT FIRE DEPARTMENT TRAINING AREA NO.4, 
BWMU NO. tOll , CANNON AFB, NEW MEXICO 

DRILLING/ DRill BOREHOLE DRILLING/ BOREHOLE 
SAMPLING RIO DIAMETER SAMPLING SAMPLING 
METHOD USED (In) DEPTH FREQUENCY 

INTERVALS 

(Ft-809) 

liT NA NA o toO.& NA 
HSA F-10 8.5 0 to22 Conllnuoue 

22to8t &'lntervtlt 

liS~ CME-7 8.o 0 lei 12 a' lnltrvile 
121081 10' lnttrvillt 

ItT NA NA 0 toO.& NA 
HBA F-10 8.6 0 to22 Contlnuoue 

22 toll2 6'1nttrvtlt 

HT NA NA 0100.5 NA 
H!lA 8-819 u 0 to 12 6'lnitrvale 

1210112 10' totervale 

HT NA NA 0 to0.6 NA 
HSA F-10 8.6 0 to22 Conllnuoue 

22 to82 6' Intervale 
112 to 82 6' Intervale 
82 to 100 10' lnltrvall 

HT N~ NA 0 to0.6 NA 
liM C:t.IE-7 e.o o to 12 6' lnttrvalii 

12 to 82 10' lnltrvaii 

HT NA NA Oto0.6 NA 
HSA F-tO 8.6 0 to22 Conllnuoua 

22toll2 6'1ntervalt 

112toll2 10' lnltrvalt 
Hr NA NA 0 to0.6 NA 

Inch II 8-53 
Fttt Below Oround Bur lace 8-8tA 
Fut Mean Sealevel 8-818 
Standard Pone I ration Teo I F-10 
Hollow Stem Augtr CME-76 
Hond Trowol, Burlact 9omplt OD 
Not Appllcablo, Surlact Sample ID 
Nol9tmpltd 

DATE(S) NUMBER OF NUMBER OF NUMBER OF NUMBER OF 
DRILLED/ ANALYTICAL ANALYTICAL BPT BOIL GRADATION 
SAMPlED BOll QA/QC SAMPLES ANALYSIS 

SAMPLES SAMPLES COllECTED SAMPLES 
COllECTED COllECTED COllECTED 

10-08-llt 1 1 NA 1 
10-08-llt 3 2 13 0 

10-08-llt to t0-011-111 4 1 10 1 
12..00·111 1 0 2 0 
12•011-111 5 " 5 0 

10-10-llt I 1 NA 0 
10-t0-111 3 0 11 I 
10-10-111 4 1 8 1 
12-GD-Ot 1 1 NA 0 
12..011-llt 2 0 2 0 .. 

12..00•Di 5 0 6 0 

t0-18-111 1 2 NA 0 
t0-16-111 3 1 11 1 
10-111-llt 4 0 8 I 

10-21-01 to 10-22-111 2 0 4 0 
10-22-llt 2 0 3 I 
t2-4l-llt I 0 NA 0 

' 1:i-G5·111 2 2 2 0 
1:i..05•IIIIo 12..08-01 3 0 7 0 

10-t6-0t 1 0 NA 0 
10-27-111 to 10-28-111 3 2 11 I 

10-28-tl 4 0 e I 
10-28-01 to 10-211-01 3 2 4 I 

12-18-111 I " NA 0 

Mobile B-53 Auger Drill Rig wllh e• 00 /3.76" ID Augtfl and 11.5" Bullet Bll 

Mobile 8-81 Augtr Drill Rig with II' 00 /3.76" ID Augtro and 11.6" or 11.25" Bullet Bit 

Mobile 8-81 Augtr Drill Rig with 7.26" OD I 4.26"1D Augtfl and 7.6" BulltiBit 
Falling F-10 Auger Drill Rig with 11.25" OD I 4.26" ID Augtrt and 8.6" Bullet Bit 

GROUND 

ElEVATION 
(Ft-MSl) 

4285.48 

~m.u 

42114.411 

4~.50 

4286.24 

4285.:13 

4286.26 

42116.01 

Ctnlrll Mint Equipment CME-7& Augtr Drill Rig with 7.76" OD I 4.26"ID Augtrt and 8.0" Buffo! Bit 
Outer Dlomottr 

Inner Dlanntltr 

TOTAl 

DEPTH 
OF 

BOREHOLE 

(Ft-BGS) 

111 

81 

82 

112 

100 

8a 

02 

0,5 

DATE 

BOREHOLE 
OAOUTED 

t0-011-111 

12..00·111 

10-11-111 

12-00-01 

t0-27-IIt 

t2-47-0t 

t0-20-01 

N~ 

( )' Tht borlngt thai art thadtd and In parenth1111 corrtopond to tlthtr a rtdrlll or aurlact rtoomplt ol the prtvlouo boring or ourloco oomplo duo to lotioralory mlootd holding llmto. Thou borlngo or 
ourloco r11ampl11 wore drilled or colloclod eppro.tmatoly t to 6 loet away from tho original boring or ourlact umplt locollon. 

l?2782A/88MCI 14WIR8T13-8.\W.1 01-0ct-112/RPT/1 I 
Bhttt I oil 
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Woodward-ctyde 
Consultants 

SUWMARY OF SURFACE SOIL SUBSURFACE SOIL AND QNQC SAMPLES cou.ECTED BY IMX AT FIRE DEPARTMENT TFWNING ~NO.4, 
~U NO. 109. CANNOH AFB. NEW MEXICO 

80RING DEPTH SAMPLE SAMPLE QAIQC SAMPLE DATE nt.IE OVA~ ANAL YTlCAL. 
jNut.tBER INTERVAL IOE)I1lFICA TIOH TVPE SAMPLES MATRIX SAMPLED SAMPLED SAMPLE PAAAMETERS 

(FI-6GSJ NUMBER (ppm) 

lOS! I 0.2610 0.5 CANtOSI-10$1~ A Soil 
·~· 

1500 0 VOC,TPH.Pb/Cr 
CANtOSI-t09t-t20t A MAD Soil 

·~· 
1545 0 VOC,TPH,Pb/Cr 

CANt OSI-10$1-4000 GA Soil ·~· 
1545 0 

0.26101.75 CANt OSI- t 091 -4000 SPT Soil ·~· 
1545 

1.7510 3.25 CANtOSI- t0$1 -4001 SPT Soil 10-0&-81 11500 
3.26 to4.75 CAN 1 OSI- t 091-4003 SPT Soil ·~· 

1610 
5107 CANt OSI-, OSit -ooo5 NSFT Soil 1~1 ISIS 0 VOC,TPH.Pb/Cr 

CAN10SI-109t-1271 A RB Waier 1~1 1835 VOC,TPH,Pb/Cr 
7108.5 CAN 10SI- t 0$1 -4007 SPT Soil 1~1 1520 

8.51010 CAN10SI-10111- SPT Soil 1~1 1626 
101012 CANtOSI-1091-0010 NSFT Soil 1~1 1700 0 VOC,TPH,Pb/Cr,TOC 
12 to 13.5 CAN10SI-1091~12 SPT Soil 1~1 1705 

13.5 to 15 CAN109-t0$t~t3 SPT Soil 1~1 1710 
151017 CAN109-t0Sit~t5 SPT Sool 1G-08-91 1715 
17 to 18.5 CAN10SI-10$1~17 SPT Soil 1~1 1720 

18.510 20 CANtOSI-10111~18 SPT Soil 1~1 17'30 
20to22 CANt OSI- t 091-0020 NSFT MSIUSO Soil 

·~· 
1755 6 VOC,TPH,Pb/Cr,TOC 

23.5to 26 CANtOSI-10111~ SPT Soil 1~1 1815 
28.5 to 30 CAN109-t011t~ SPT/GA Soil 1()..0$...81 0800 
301032 CANt 09-10$1 -®30 AISFT Soil 1~1 0820 0 VOC, TPH,Pb/Cr, TOC 

CAN109-109t-1261 A FO Soil 1()..0$...81 0840 0 VOC. TPH,Pb/Cr ,TOC 
33.5 to 35 CAN109-t09t -4033 SPT Soil 1()..0$...81 0&&5 
38.51040 CANt OSI-1091 -t038 SPT Sool 1G-09-91 1050 
401041 CAN1 OSI- t 091-0040 AISPT Soil 1~1 1115 22 VOC,TPH,Pb/Cr,TOC 
45 to46.5 CANtOSI-1091~ SPT Soil 1()..0$...81 1215 
50 10 51.5 CAN 1 OSI-1 0111-0050 AISPT Sool 10-()9....81 1230 74 VOC,TPH.Pb/Cr ,TOC 
5510 56.5 CAN10SI-10111~ SPT Sool 1()..0$...81 1305 
601061 CAN 1 05-1091-0060 AISPT Soil 10-()9....81 1400 0 VOC, TPH,Pb/Cr. TOC .·. (WSI6). S1D7 CANtOS!-~ SPT . ·.· Sail 12~1 01156 ~ 
101012 CAHtOS-1~10 A/SPT Soil 12..o5-81 01115 1) TOC 
.201C22 CANt09-t0115-0020 A/SPT MSIIot80 Soil 12..o5-81 09135 (t.S TOC ., 
301032 CANtOSI-10115-0030 AISFT Sail '12-c9-411 . 1010 4.2 'IIOC.TOC 

CANt!»-10&6-12116 A FO Soil 12..o5-81 1025 4.2 'IIOC,TOC 
CAN10SI-t011> 1Z!Z A "RB"" Walet 12~1 '040 VOC.TOC 

4010-41 . CAN TOSI-1095-0040 AISPT Soil 12-..et titS 2;S VOC,TOC 

' 
501<> 51.5 CAN I OSI-10115-0050 A/SPT Soil 12-..e1 1155 1.8 VOC;TOC 

CANtOSI-1011>1282 ... fNi Water 12..o5-81 1230 voc. 
601061 CAN10&-1090-0060 A/SPT Soil 12..o5-81 ~ :0 VOC,TOC 

10112 D to 0.5 CAN10SI-t092~ A Soil 11>--10-81 1345 0 VOC.TPH.Pb!Cr 
CANt 09-1092-1264 A FO Soil 11>--10-81 1400 0 VOC,TPH.Pb/Cr 

D to2 CANt09- 1092-4000 SFT Soil 11>--10-81 0930 
2104 CANtOSI-1092~ SPT/GA Soil 11>--10-81 01132 
4106 CANtOS-1092-ooo4 AISPT Soil 11>--10-81 1000 0 VOC,TPH,Pb/Cr 
6toa CANtOSI-1092-4006 SPT Soil 11>--10-81 1005 
a to 10 CANt09- t 092-4008 SFT Soil 11>--10-81 1010 
10 to 12 CANt09-t092-0010 AISFT Soil 11>--10-81 1015 0 VOC,TPH,Pb/Cr 
12 to 14 CANt09-1092~12 SPT Soil 11>--10-81 1020 
14 to 16 CANtOSI-1092~14 SFT Soil 11>--10-81 1025 
16 to 18 CANtOS-1092~16 SFT Soil 11>--10-81 1040 
18 to 20 CANtOS-1092~18 SFT Soil 11>--10-81 1050 
20to22 CANt 05- t 092-0020 AISPT Soil 11>--11>--111 1115 se VOC, TPH,Pb/Cr 
25 to 26.5 CANt09-t092~25 SPT Soil 11>--10-81 1130 
301032 CANtOS-1092-0030 AISPT Soil 11>--10-81 1200 0 VOC, TPH.Pb/Cr 
3510 37 CANtOS-1092~35 SFT/GA Soil 11>--10-81 1230 
401041.5 CANt09-1092-0040 AISFT Soil 11>--11>--111 1315 se VOC,TPH.Pb/Cr 
45 to47 CANtOS-1092~ SFT Soil 11>--10-81 1415 

22792A/89MC1 14W/R9T 13-9.~ 1 Ot -0<:1-92/RPT/1 1 ShHI 1013 
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TASl£ 13--e 

~lyde 
Consultants 

SUWWARY Of' SURFACE SOIL SUBSURFACE SOIL. AND QAJOC SAWPI..ES cou.ECTED BY WCC AT RAE DEPARTMENT~ N'£A NO.4. 

SWUU NO. 109. CANNON AFB. NEW MEXICO 

BORING DEPTH SAWPL.E SAMPLE QAJOC SAWPLE DATE TUooiE OVA ON ANAl YTlCAL. 

jNuuBER INTERVAL IOENT1FICATION TYPE SAWPI..ES MATRIX SAW~ SAW PLED SAAotPL.E PNWoiETERS 

(F1-80S) NUWBER (ppm) 

10112 &011062 CAN1 1»-1 0112-ooso AISPT Soil 1G-10-81 1516 • voc:. ll'ti,Pb/Cr 

CAN 11»-10112-1 2S 1 A NJ - 1G-10-81 1525 voc: 
561<>57 CAN1 1»-10112-4055 SPT Soil 1G-10-81 1535 

80110112 CAN11»-1082- AISYT Soil 1G-10-81 1830 2.1 VOC:.TPH.Pb/Cr 

(~· 011>0.6 CANtoe-1-...oooo A Sol 11~ woo cO voc 
CAHlO$-tOIIS-1287 A FD .. Soil 11-z..e1 1416 0 voc .111). CAHioe-108&-0004 AISFT 'Sail n..z..e1 ~ ~ 'IIOC 

10ic12 CAHtoe-'1-..olllD NSPT Sci 1t...zJ.-8! S505 ~ voc: 
201022 CAH10$-1DII&-OQ2D NSPi 

•••••••• 
Soli. 11-~1 1530 20 voc: 

31)1032 ~-1011&-4030 NfFT .. soa. H...zJ.-81 ~ 0 'IIOC 

.a 10.4t;S CAN109-1~ NSPT 
••••••• 

Soil. .Jl...zJ.-8! 17t5 10 voc .. 

501052. . CA.Nll»-1~50· NSPi Soil 
,, __ , 

05130 10 voc 

I .. 
eoto62. CANtoe-1-..- AISPT .·. Sell 1~1 1110 0 voc: 

109:3 01100.5 CAN 1 1»-10113-0000 A WS/t.ISO Soil 1G-1s-81 1150 35 voc:. TPH. PbiCr 

CAN109-1~1202 A MRD Soil IG-1>81 1150 35 VOC:.TPH.Pb/Cr 

01102 CAN11»-1~ SPT Soil 1G-1s-81 1700 35 

21104 CAN11»-1~ SPT Soil 1G-1s-81 1710 14 

4106 CAN11»-1~ AJSPT Soil 1G-1s-81 1745 10.5 voc:. TPH.PbiCr 

CAN 11»-1 093-1262 A FD Soil 1G-1s-81 1&00 10.5 voc:. TPH.Pb/Cr 

SID& CAN11»-1~ SPT Soil 1G-1s-81 1&00 12 

a"' 10 CAH11»-1~ SPT Soil 1G-1s-81 1805 17 

10,., 12 CAN 11»-1 0913-«) 10 AISPT Soil 1G-1s-81 1820 22 voc:. TPH. PI>ICt 

121.014 CAN11»-1~12 SPTIGA Soil 1G-1s-81 1830 a 
14110 16 CAN109-1~14 SPT Soil 1G-1s-81 1835 31 

1610 18 CAN11»-1~16 SPT Socl 1G-1s-81 1855 o.a 
18 1<>20 CAN11»-1~18 SPT Socl 1G-1s-81 1900 0.2 

201<>22 CAN 11»-1 09:3-0020 AJSPT Soil 1G-1s-81 1820 0 voc:. TPH. PI>ICt 

251027 CAN109-1~ SPT Soil 1G-16-81 0725 0 

3011032 CAN 1 1»-1 09G-«)33 AISPT Socl 1G-16-81 0755 0 VOC:.TPH.PI>ICt 

351.037 CAN11»-1~ SPT Soil 1G-16-81 0825 0 

401042 CAN1 09-1 09G-«)44 AISPT Socl 1G-16-81 0850 4.8 voc. ll'ti, PI>ICt 

451<>47 CAN109-1~ SPTGA Soil 1G-16-81 0915 0 

5011052 CAN 1 1»-109G--0050 AISPT Soil 1G-16-81 1000 1.1 VOC,TPH,Pb/Cr 

SSU> 56.5 CAN11»-1~55 SPT Soil 1G-16-81 1030 0 

801106:2 CAN11»-1~ AISPT Socl 1G-16-81 1100 o.a VOC.TPH.PbiCr 

S$10815 CAN 1 1»-1()SII3..4065 SPT Soil 1G-21-81 1825 7.1 

701072 CAN 11»-1 0913-«)70 AJSPT Socl 1G-21-81 1710 11 VOC,TPH,Pb/Cr 

7510 75.5 CAN11»-1~75 SPT Soil 1G-22-81 0835 0.2 

101082 CAN 1 1»-109G-«)10 AJSPT Soil 1G-22-81 0845 5.1 voc. TPH. PI>ICt 

801082 CAN1 09-1()93...()080 AISPT Soil 1G-22-81 1220 1.1 VOC.TPti,PI>ICt 

CAN11»-1~ SPTIGA Soil 1G-22-81 1220 1.1 

IllS 110 100 CAN109-1093-0098 AISPT Soil 1G-22-81 1320 0 voc. TPti,PI>ICt 

f)os7)· 01100..5 CAN1!»-1097- A Soil 12~1 1130 30 TPH 

41106 CAN11»-10117~ AISPT Sal 12~1 1200 16 voc: 
CAH10&-1097-12&2 A :NJ WaJ.r 12-4S-fl1 1210 voc 

101012. CANII»-1097...0010 AISPT Soil 12~1 1245 14 TPH 
CAN11»-10117-12151S A FD Soil 12-4!>-el l22S u TPH 

201022 CAN10&-10117 -oo20 AISPT Soil 12~>81 1345 0 TPH 

301032 CAN10&-1097~ SPT . Soil 12-06-81 1320 1.1 

.01042 CAN109-1097-oo40 AISPT SoiJ 12-06-81 1350 "' voc 
501052. CAN109-1097-4050 SPT Soil 12-06-81 1"55 8.2 

eo10s:z CANtl»-10117-4060 SPT Sail 12-06-81 1540 2.-4 

701072 CANt!»- 1097-4070 SPT 'Socl 12-06-81 1625 17 

101082 CAN109-1097..00&0 AISPT Soil 12-06-81 1710 1l.2 voc 
' 
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1 

TASI.E 1~ 

Woodward-clyde 
Consultants 

SUMMARY OF SURFACE SOIL. SUBSURFACE SOIL. AND QAIQC SANPI...ES cou..ECTED BY V.OC AT FIRE OEPARTVEHT TRAINING N'EA NO. •. S'MoiU NO. 1~. CNe'KlN AFB. NEW MEXICO 

80RIHO DEPTH SANPI...E SAMPI...E QNOC SAIIPI...E DATE TII.IE OVAOH NoW. V'T1CA1. 
NUMBER INTERIIAI.. IOENT1ACA TlON TYPE SAMPLES UATRX SAIIPLEO SAMPLED SAM PL.£ PARAMETERS 

(Ft-80S} NUMBER (ppm) 

loet 0 IC 0.6 CANte»-t--.oooo A Sol 10-15-81 1220 36 voc:. Tl'H,Pb/Cl 
0102 CANtl»-1~ SPT Soil 10-27-411 1546 20 
2tc• CANII»-1~ SPT Sol 10-27-411 1566 70 
•tel CAN11»-1~ AISPT Soil 10-27-411 1806 36 IIOC.TPH.Pb/Cl 
8108 CANtl»-1~ SPT Soil 10-27-411 1810 73 
a 1010 CAN11»-1~ SPT Soil 10-27-411 1825 82 
10 1C 12 CAN1 C»-1()8o&..()01 0 AISPT Soli 10-27-411 1640 110 voc:. TPH. Pb/C:. 
12101. CANIC»-1 ()M...o&O 12 SPT Soil 10-27-411 1850 32 
1.1018 CANt!»- t()M...o&O 1• SPT Soil 10-27-411 1866 24 
UIID 18 CANt 1»-t()M...o&018 SPT Soil 10-27-411 1710 3.8 
ta 10 20 CANt~ 1 ()So&.-'0 t 8 SPT/GA Soil 10-27-411 1720 24 
201022 CANt~ 1()8o&..()020 AISPT Soil 10-2&-81 ~ 3.3 voc:. Tl'H,Pb/C:. 

CANt~1094-1203 A WRO Soil 10-a--411 ~ 3.3 IIOC.TPH.Pb/Ct 
CANII»-1094-1263 A FD Soil 10-2&-81 0815 3.3 IIOC.TPH.Pb/Cr 

251027 CAN11»-t~ SPT Soil 10-2&-11 0816 0.2 
30 1C 31 CANIC»-1~ AISPT Soil 10-2&-81 0830 0.2 voc:. TPH.Pb/Cr 
361037 CAN11»-1~ SPT Soil 10-2&-81 1005 9 .a 10•1.5 CANIC»-1~ AISPT Soil 10-a--411 10.0 0 voc:. TPH. Pb/Cl 
"5 10 •7 CANIC»-1~ SPT Soil 10-2&-81 1130 a 
501052 CANt!»-tC!W-0050 AISPT Soil 10-2&-81 1210 2.8 IIOC,TPH.Pb/Ct 
551057 CANt~ I~ SPT/GA Sol 10-2&-81 1350 1.1 
801082 CAN 11»- toec-ooeo AISPT Soil 1CJ-a-81 ~~ 5.1 voc:. TPH. Pb/Ct 
701072 CAN tC»-1()8o&..()070 AISPT Soil 10-a--411 1525 6.2 voc. TPH.Pb/C:. 
8010 82 CAN 1 1»-1 ()8o&..()080 AISPT Soil 10-a--411 1700 7.8 IIOC.TPH.Pb/Cr 

CAN1~t094-1~ A WRO Soil 10-2&-81 1700 7.8 voc. TPH.Pb/Ct 
CANtl»-1~ GA. Soil 10-2&-81 1700 7.a 

101082 CAN 11»-1084-00110 AISI'T Soil 1~1 ~ 0 voc. Tl'H,Pb/Cr 
CAN 11»- t 094- 1281 A r:1N Walar 10-30-81 1000 IIOC 

(fOea)" llioO.S . CANll»-10118-0000 A loiSIUSI)" Scil 12-"18-81 1100 21 VOC.TPH 
CAN 10$-1011a-120T A WRD, Soi 12-16-411 1100 21 IIOC,TPH .... CAN10$-10SIS-1273 A .. RB ., ·Wa.r 12-t&-411 t1l5 \IOC.TPH 

Ft...aGS F.et Below Ground Sun- FO Foetd Duplicate sv SemiVolalile Organic Compounda OVA Organic Vapor NWy:zwr Reading MRD M-.ouri FWer o;v;.ion Duplicate .. Melaloi(TAI..) ppm !'ana per Million NJ AmtNent Blant TPH Tau! P.,oleum Hydroc:atbons A Analytical AS Rinute Blant 8TEX BenzerHt, Toluene, Ethy!benane, SPT Standard Penelraliotl Test r:NV De<:onlaminalion Water Slant XyleM 
GA Gradabori An .. TB Trip Slant Toe Tau! Organic Carbon L Lithclogy voc Volatile Or~Janic Compounds (TCL) Ol Organic lNd MSIMSO Ma%rix Spite /!.latrix Sp<te PC8 Polyclltorinated IIi phenols. Pesticides Pb/Cl l.aad I O~r""""m Duplicale TCL Target Compound L.Ct TAL Target~U.t 

( )" The borings thai are shaded and in parentheses ..,_d tc either a redriH "'suNoo::e resample of the prOYious boring"' aun- sample due 10 laboratory rn.ssed holding times. Theso borings e< sun- resamplec were drilled "' collected approximately 1 10 5 fHt away from the onginaJ bo<in 9 "' surface sample. 

22772AJ88MC1 t•WIR9Tt3-9. v.t:. 1 0 t -Cc!-82/RFT/11 
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Consultants 

TABLE 13-10 

TOTAL PETROLEUM HYDROCARBON, ETHYL BENZEl\.~ 
AND XYLENES CONCE~"TRATIONS IN SOIL SAMPLES COLLECTED BY WCC 

AT FIRE DEPARTMENT TRAINING AREA NO. 4 

SWMU NO. 109 
CANNON AFB, NEW :MEXICO 

Boring Number Sampling Depth TPH Xylenes Ethyl Benzene 
(Redrill Boring Number~ (Ft-BGS~ ~m~/kg) ~~~/kg2 {~g/kg2 

1091 0-0.5 273 2J 11 UJ 

(1095) 5-7 56.6 llU llU 

10-U 45.1 u 11U llU 

20-22 45.7 u 12U 12U 

30-32 44.5U (55 U) (55 U) 

40-42 463U (57 U) (57 U) 

50-52 43.9U (11 U) (11 U) 

60-62 42.6 u (11 U) (11 U) 

1092 0-60 Not detected (Not detected (Not detected 
(1096) above CRQL above CRQL) above CRQL) 

1093 0-0.5 (38500) 8J 19 u 
(1097) 4-6 U900 (4100) (1200 U) 

10-U (45 U) llU llU 

20-22 (46.6 U) 12U 12U 

30-32 44U llU llU 

40-42 45.6 u (11 U) (11 U) 

50-52 215 llU 11U 

60-62 203 10 u lOU 

70-72 42.8 u 11 UJ 11 UJ 

80-82 41.8 u (11 U) (11 U) 

90-92 40.6 u 10 UJ 10 UJ 

98-100 412 u 10 UJ 10 UJ 

22792A/89MC114W!lt9T ·13.10 09-30-92/R.PT/1 8 Sheet 1 of 2 



TABLE 13-10 
(Concluded) 

Boring Number Sampling Depth TPH 
(Redrill Boring Number) (Ft-BGS) 

Ft-BGS 
mg/kg 
ugjkg 
u 
J 

1094 0-0.5 

(1098) 4-6 

= 
= 

= 
= 

10-U 

20-22 

30-32 

40-42 

50-52 

60-62 

70-72 

80-82 

90-92 

Feet below ground surface 
Milligrams per kilogram 
Micrograms per kilogram 
Not detected 
Estimated value 

(mg/kg) 

(13600) 

8300 

1870 

46.7 

44U 

44.1 u 
42.7U 

43.2 u 
43U 

42.2 u 
42.1 u 

UJ = Estimated as non-detect at the CRQL 

Xylenes Ethyl Benzene 
(~-tg/kg) (~-tg/kg) 

(11 U) (11 U) 

290,000 19,000 J 

6,700 J 28,000 u 
uu uu 
llU llU 

llU llU 

10 u 10 u 
10 u 10 u 
llU llU 

llU llU 

llU 11U 

() = The values in parentheses are results from samples collected from the redrill borings due 
to laboratory missed holding times. 
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TABLE 13-11 

Woodward-Clyde 
ConsuHants 

CHROMIUM AND LEAD CONCEI'\TRATIONS 11\ SOIL SAMPLES 
COLLECTED BY WCC AT FIRE DEPARTMENT TRAII'\ING AREA NO. 4 

SWMU NO. 109 
CANNON AFB, NEW :MEXICO 

Boring Sample Depth Chromium Lead 
Number (Ft-BGS) (mg/kg) · (mg/kg) 

1091 0- 0.5 10 6.4 
5 6.4 4.8 
10 4.5 4.2 
20 8.8 6.6 
30 7.8 3.7 
40 6.6 2.2 
50 3.6 2.5 
60 6.1 2.3 

1092 0-0.5 93 6.8 
4 7.4 4.7 
10 7.5 4.7 
20 8.1 3.8 
30 7.7 3.0 
40 4.9 2.2 
50 4.5 2.3 
60 4.5 2.1 

1093 0-0.5 6.5 19.6 J 
4 7.3 63 
10 6.8 5.0 
20 6.6 2.6 
30 5.5 3.1 
40 6.8 2.1 
50 3.3 2.4 
60 42 1.9 
70 1.4 0.9 
80 2.6 1.5 
90 1.4 0.9 
98 l.lJ 0.87 
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TABLE 13-11 
(Concluded) 

Boring 
Number 

Sample Depth 
(Ft-BGS) 

Ft-BGS 
mg/kg 
J 

1094 0- 0.5 
4 
10 
20 
30 
40 
50 
60 
70 
80 
90 

= Feet below ground surface 
= Milligrams per kilogram 
= Estimated value 

Chromium 
(mg/kg) 

4.8 
5.8 
8.3 

10.5 
7.0 
7.4 
3.9 
4.1 
4.2 
9.1 
2.8 

Consultants 

Lead 
(mg/kg) 

2.5 
6.5 
6.4 
5.3 
2.1 
2.4 
1.5 
1.6 
1.8 
2.1 
0.98 

1 Background range for chromium is 2.97 to 9.31 mg/kg (see Table 2-7). 
2 Background range for lead is 17.6 to 8.64 mg/kg (see Table 2-7). 
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2.1 RESULTS OF DATA QUALITY OBJECTIVE PROCESS 

2.0 

QA OBJECTIVES 

The three-stage data quality objective process described in EPA guidance (USEPA 1987) was 
used to define the data objectives, specific task objectives, and quality assurance objectives for 

the RFI at Fire Training Area No. 4. This three-stage process includes identifying decision 

types (Stage 1), identifying data uses/needs (Stage 2), and designing the data collection program 

(Stage 3). Results of the data quality objective process are given below. 

Overall RFI objectives at Fire Training Area No. 4 are to obtain data of sufficient quality, type 

and quantity to identify the contaminants of concern, delineate the extent of contamination, 
conduct Health and Environmental Assessments (HEA), and complete Corrective Measures 

Studies (CMS) at the SWMUs included. Specific Data Quality Objectives (DQOs) for RFI of 
Fire Training Area No. 4 at Cannon AFB are as follows: 

• To sample and analyze soil gas and soils to determine which, if any, media have 

been impacted by contamination at the site. 

• To sample and analyze soil gas and soils to identify the vertical and lateral extent 

of contamination, if any. 

• To obtain a basic understanding of the geological framework of the site and to 

develop a conceptual model for the site using boring logs obtained in the field 

work. 

• To identify potential contaminant migration pathways for use in risk assessment 

and corrective measures studies, if necessary. 

The data quality requirements for risk assessment are more stringent than those for other 

potential data uses. Therefore, the use of data for risk assessment dictates the quality of 
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analytical data required. USEPA SW-846 (USEPA, 1986) analytical methods will be used for 

metals and cyanide, volatile and semivolatile organics, and TRPH, producing data of high 

quality which is suitable for use in risk assessment studies. These methods are characterized by 

rigorous QA/QC protocols and documentation providing qualitative and quantitative analytical 

data. This level of analytical laboratory analysis is acceptable for use in risk assessments 

(USEPA, 1987). 

2.2 QA OBJECTIVES FOR MEASUREMENT OF DATA 

2.2.1 General 

The overall QA objective for this RFI is to develop and implement procedures for sampling, 

laboratory analyses, field measurements, reporting, and data review that will provide data of a 

quality consistent with the intended use. The sample set, chemical analysis results, and 

interpretations must be based on data that meet or exceed quality assurance objectives established 

for the project. 

The data quality requirements for risk assessment data are more stringent than those for other 

uses of data governed by this Workplan. Since all project analytical data may be used for risk 

assessment, this use will determine the quality of analytical data required. The quality of 

analytical data generated by SW-846 methods, which will be used for all analyses, meet the 

QAOs and is suitable for use in risk assessment studies or any uses required by the RFI, as 

noted in Section 2.1. These methods are characterized by rigorous QA/QC protocols and 

documentation providing qualitative and quantitative analytical data. SW-846 methods will 

generate data of known quality using established methods. The addition of the full analytical 

data package (Section 6. 8) required for this project will further enhance the documentation and 

data quality of the SW-846 analytical packages. Data from these analyses using standard EPA

approved procedures which meet quality assurance objectives are acceptable for use in risk 

assessments (USEPA 1987). 

QAOs and procedures for field measurement systems are also important aspects of these 

investigations, The objectives and the quality assurance procedures for the acquisition of 
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nonchemical data are discussed in the appropriate SOPs. The following paragraphs discuss field 

and laboratory analytical measurements. 

QAOs are usually expressed in terms of accuracy or bias, preclSlon, completeness, 

representativeness, and comparability. Target ranges for these objectives are presented for 

analytical testing and field measurements. Variances from the quality assurance objectives will 

result in the implementation of appropriate corrective measures and an assessment of the impact 

on the useability of the data in the decision-making process. 

2.2.2 Required Level of Analysis and Review 

All analytical data to be collected will potentially be used in risk assessment modelling to meet 

RFI objectives. The data quality requirements for the risk assessment modelling are more 

stringent than those for other objectives for which these data will be used. In order to generate 

data of sufficient quality to be used in the risk assessment modelling, the following approach will 

be used: 

• USEPA SW-846 methods will be used to analyze soil samples for metals and 

cyanide, volatile and semivolatile compounds, and TRPH. Analytical methods 

for each procedure are specified in Table 4-1 in Section 4. 0. 

• Internal quality control samples and procedures to be used by the laboratory for 

analysis are specified in Section 6.0. 

• Full data documentation (including raw data) shall be obtained from the 

laboratories and shall be retained within the project files for a minimum of 10 

years from the time of receipt from the laboratory. 

• Either full data validation or a QC review, as defined in Section 6.0 and SOP 

#10, shall be completed on all data. As specified in Section 6.0, all samples 

defined as critical to the risk assessment or ten percent of samples, whichever is 

larger, will be subjected to a complete data validation. The remaining samples 

will be subject to the QC review process described in Section 6.0. Full analytical 
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data packages will be obtained from the laboratory, as noted above, and checked 

for completeness as part of the data validation and review process. Therefore, 

a complete data validation could be performed on these additional data packages 

if required in the future. 

• Five percent of samples will be split and sent to the USACE Missouri River 

Division Laboratory (MRDL) for analysis. 

2.2.3 QC Samples 

Field duplicates will be collected and submitted to the analytical laboratory to provide a means 

to assess the quality of the data resulting from the field sampling program. Field duplicate 

samples will be analyzed to check for sampling and laboratory reproducibility. Laboratory 

control samples will be analyzed to measure the accuracy of the analytical method. Matrix Spike 

samples will be analyzed in order to determine the matrix-specific accuracy of the analysis. 

Laboratory duplicates for inorganic analysis and matrix spike duplicates for organic analytes will 

be analyzed to evaluate laboratory reproducibility or precision. Specific QC sample descriptions 

are given in Section 6.5, Internal Quality Control Checks. The specific level of field QC effort 

is summarized in Section 5. 6. 

2.2.4 QA Objectives - Quantitative Limits 

Within this Workplan, quantitative limits are defined for reporting limits, accuracy, precision, 

and analytical completeness. Reporting limits are set by the analytical laboratory based on 

historical data and comparison to USEPA limits for CLP and other methods. Reporting limit 

requirements for this project are specified in Tables 2-1 through 2-3. Accuracy is defined as 

the degree of agreement of a measurement to an accepted reference or true value. Accuracy will 

be measured as the percent recovery (%R) of an analyte in a reference standard or spiked 

sample. The procedure for calculating percent recovery is specified in Section 6. 7 . Precision 

is defined as the agreement between a set of replicate measurements without assumption or 

knowledge of the true value. The procedures for calculating precision are specified in Section 

6. 7 . Analytical completeness is defined as the percentage of analytical results requested, which 
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are determined as valid through validation and review. The procedure for calculating analytical 

completeness is specified in Section 6. 7 . 

2.2.4.1 Reporting Limits 

Tables 2-1 through 2-3 list the project-required detection limits (reporting limits) for analyses 

to be conducted under this Workplan. These are the detection limits that the laboratory must 

be able to meet, based on analyses of matrix blanks using the analytical methods specified in 

Table 6-1. The detection limits for samples may be considerably higher depending on the 

sample matrix. 

2.2.4.2 Accuracy Limits 

Accuracy limits for matrix spike recoveries are specified in Table 2-5. Accuracy limits for 

surrogate spike recoveries are given in Tables 2-4. The limits specified in this table will be used 

during QC review or data validation as specified in Section 6.8. 

2.2.4.3 Precision Limits 

Precision limits for matrix spike recoveries are specified in Table 2-5. The limits specified in 

these tables will be used during QC review or data validation as specified in Section 6.8 . 

2.2.4.4 Completeness 

The overall analytical completeness goal for this project shall be 90 percent. 

2.2.5 QA Objectives - Qualitative Limits 

2.2.5.1 Representativeness 

Representativeness is the degree to which data accurately and precisely represent a characteristic 

of a population, parameter variations at a sampling point, or an environmental condition. 
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Representativeness will be maintained during the sampling effort by performing all sampling in 

compliance with the procedures described in Section 5.0 of this document and the respective 

SOPs. 

2.2.5.2 Comparability 

Comparability expresses the confidence with which one data set can be compared to another. 

Comparability can be related to accuracy and precision as these quantities are measures of data 

reliability. Data are comparable if siting considerations, collection techniques, and measurement 

procedures, methods, and reporting are equivalent for the samples within a sample set. A 

qualitative assessment of data comparability will be made of applicable data sets. 

2.3 PERFORMANCE AND SYSTEMS AUDITS 

Performance and systems audits may be conducted to verify documentation on implementation 

of the QA program, assess the effectiveness of the Workplan, identify any nonconformances, 

and verify correction of identified deficiencies. For this project, audits will be combined with 

other laboratory and field QA activities. The laboratory participating in the Cannon AFB project 

has undergone a validation procedure by the US ACE, Missouri River Division Laboratory, 

which includes performance evaluation, sample analysis and inspection. The Task Leader for 

field investigations will assure that field calibration of equipment are performed according to 

manufacturer's specifications and requirements of this Workplan and the SSHP. A field 

activities audit will examine sample labels, chain of custody records, and field notebooks for 

completeness and accuracy. 
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TABLE 2-1 
Reporting Limits for Volatile Organics in Soil by GC/MS (Method 8260) 

Reporting Reporting 

Limit Limit 

Compound (J.tglkg)' Compound (J.tglkg)' 

Acetone 100 1 ,3-Dichloropropane 5 

Benzene 5 2,2-Dichloropropane 5 

Bromo benzene 5 1 ,2-Dichloropropene 5 

Bromochlorome~e 5 Ethylbenzene 5 

Bromodichloromethane 5 Hexachlorobutadiene 5 

Bromoform 5 Isopropyl benzene 5 

2-Butanone 100 p-Isopropyltoluene 5 

Bromomethane 5 Methylene Chloride 5 

n-Butylbenzene 5 4-Methyl-2-pentanone 20 

Carbon Disulfide 10 Napthalene 5 

sec-Butylbenzene 5 n-Propylbenzene 5 

tert-Butylbenzene 5 Styrene 5 

Carbon Tetrachloride 5 1,1, 1,2-Tetrachloroethane 5 

Chlorobenzene 5 1,1 ,2,2-Tetrachloroethane 5 

Dibromochloromethane 5 Tetrachloroethene 5 

Chloroethane 5 Toluene 5 

Chloroform 5 1,2,3-Trichlorobenzene 5 

Chloromethane 5 1 ,2,4-Trichlorobenzene 5 

2-Chlofotoluene 5 1, 1,1-Trichloroethane 5 

4-Chlorotoluene 5 1,1 ,2-Trichloroethane 5 

1 ,2-Dibromo-3-chloropropane 10 Trichloroethene 5 

1,2-Dibromoe~e 5 Trichlorofluorome~e 5 

Dibromomethane 5 1 ,2,3-Trichloropropane 5 

1 ,2-Dichlorobenzene 5 1 ,2,4-Trimethylbenzene 5 

1,3-Dichlorobenzene 5 1,3 ,5-Trimethylbenzene 5 

1 ,4-Dichlorobenzene 5 Vinyl Chloride 5 

Dichlorodifluoromethane 5 o-Xylene 5 

1, 1-Dichloroethane 5 trans-1, 3-Dichloropropene 5 

1,2-Dichloroe~e 5 m &p-Xylene 5 

1, 1-Dichloroethene 5 cis-1 ,3-Dichloropropene 5 

cis-1, 2-Dichloroethene 5 4-Bromofluorobenzene 1 

2-Hexanone 20 Dibromofluoromethane 1 

trans-1 ,2-Dichloroethene 5 Toluene-d8 1 

1 ,2-Dichloropropane 5 

Method S1 ecific re ortm hmtts p p g p rovtded b• 1 y UJL. 



TABLE 2-2 (2 pages) 
Reporting Limits for Semivolatile Organics in Soil by GC/MS1 (Method 8270)2 

Compound Reporting Compound Reporting 

Limit Limit 

{Jtg/kg) {Jtg/kg) 

Phenol 330 Diethylphthalate 330 

bis(2-Chloroethyl)ether 330 4-Chlorophenylphenyl ether 330 

2-Chlorophenol 330 Flourene -
1 ,3-Dichlorobenzene 330 4-Nitroaniline 1600 

1 4-Dichlorobenzene 330 4 6-Dinotro-2-methxW_henol 1600 

Benzyl alcohol 330 N-nitrosodiphenylamine 330 

1 ,2-Dichlorobenzene 330 4-Bromophenylphenyl ether 330 

2-Methylphenol 330 Hexachlorobenzene 330 

bis( chloroisopropyl)ether 330 Pentachlorophenol 1600 

3/4-Methylphenol 330 Phenanthrene 330 

N-Nitroso-di-n-propylamine 330 Anthracene 330 

Hexachloroethane 330 Di-n-Butylphthalate 330 

Nitrobenzene 330 Flouranthene 330 

Isophorone 330 Pyrene 330 

2-Nitrophenol 330 Butvlbenzvlphthalate 330 

2,4-Dimethylphenol 330 3 ,3-Dichlorobenzidine 660 

bis(2-Chloroethoxy)methane 330 Benzo(a)anthracene 330 

2,4-Dichlorophenol 330 Chrysene 330 

1,2,4-Trichlorobenzene 330 bis(2-Ethylhexyl)phthalate 330 

Naphthalene 330 Di -n-octy}phthalate 330 

4-Chloroaniline 330 Benzo(b )fluoranthene 330 

Hexachlorobutadiene 330 Benzo(k)flouranthene 330 

4-Chloro-3-methylphenol 330 Benzo(a)pyrene 330 

2-Methylnaphthalene 330 Indeno(1 ,2,3-cd)pyrene 330 

Hexachlorocyclopentadiene 330 Dibenz(a,h)anthrancene 330 

2,4 6-Trichloroj)henol 330 Benzo(g, h i)perylene 330 

2,4,5-Trichlorophenol 1600 Acetophenone 330 

2-Chloronaphthalene 330 4-Aminobiphenyl 330 

2-Nitroaniline 1600 Aniline 330 

Dimethylphthalate 330 2,6-Dichlorophenol 330 

Acenaphthvlene 330 n-Dimetbvlaminoazobenzene 330 

2,6-Dinitrotoluene 330 7, 12-Dimethylbenz(a)anthracene 330 

3-Nitroaniline 1600 a,a-Dimethylphenethylamine 330 

Acenaphthene 330 Diphenylamine 330 

2,4-Dinitrophenol 1600 Ethyl methanesulfonate 330 

4-"" ~1 1"00 ~-MP.thvl-'- -'· •'- _330 



TABLE 2-2 (2 pages) 
Reporting Limits for Semivolatile Organics in Soil by GC/MS1 (Method 8270)2 

Compound Reporting Compound Reporting 

Limit Limit 

{Jtglkg) {Jtglkg) 

Dibenzofuran 330 Methyl methanesulfonate 330 

2,4-Dinitrotoluene 330 1-Naphthylamine 330 

2-Naphthylamine 330 1 ,4-Naphthoquinone 330 

N-Nitroso-di-n-butylamine 330 N-Nitrosodiethylamine 330 

N-Nitrosodimethvlamine 330 N-Nitrosomethvlethvlamine 330 

N-Nitrosopiperidine 330 N-Nitrosomorpholine 330 

Pentachlorobenzene 330 N-Nitrosopyrrolidine 330 

Pentachloronitrobenzene 1600 5-Nitro-o-toluidine 330 

Phenacetin 330 Parathion 1600 

2-Picoline 330 Pentachloroethane 330 

Pronamide 330 Ph orate 3300 

1 ,2,4,5-Tetrachlorobenzene 330 Pyridine 660 

2,3 ,4,6-Tetrachlorophenol 1600 Safrole 330 

2-Acetylaminofluorence 3300 Sulfotepp 1600 

Aramite 330 Thionazin 1600 

2-sec-Butyl-4,6-dinitrophenyl 330 2-Toluidine 330 

3,3 '-Dimethylbenzidine 330 0,0,0-Triethylphosphorothioate 330 

1 ,3-Dinitrobenzene 330 1,3 ,5-Trinitrobenzene 330 

Disulfoton 1600 Dimethoate 330 

Hexachloropropene 330 Famphur 330 

Isosafrole 660 Hexachlorophene 330 

Methapryrilene 330 4-Nitroquinoline-1-oxide 330 

MPthvl 11'>M <I._DI. 110 

1. Specific quantitation limits are highly matrix dependent. The quantitation limits listed herein are provided for 

guidance and may not always be achievable. Quantitation limits listed for soil/sediment are based on wet weight. 

2. SW-846, 3rd Edition, using a capillary column (Appendix IX compounds) 
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TABLE 2-3 
Reporting Limits for Metals, Cyanide and TRPH in Soil1 

Method/ 
Parameter Technique * 

Aluminum 6010- ICP/AES 

Antimony 6010 - ICP/AES 

Arsenic 7061/Borohydride-AA 

Barium 6010- ICP/AES 

Beryllium 6010- ICP/AES 

Cadmium 6010 - ICP/AES 

Calcium 6010- ICP/AES 

Chromium 6010- ICP/AES 

Cobalt 6010- ICP/AES 

Copper 6010- ICP/AES 

Iron 6010- ICP/AES 

Lead 7421- GFAA 

Magnesium 6010- ICP/AES 

Manganese 6010- ICP/AES 

Mercury 7470- CVAA 

Nickel 6010- ICP/AES 

Potassium 6010- ICP/AES 

Selenium 7741 - Borohydride/AA 

Silver 6010 - ICP/AES 

Sodium 6010- ICP/AES 

Thallium 7841- GFAA 

Vanadium 6010 - ICP/AES 

Zinc 6010- ICP/AES 

Cyanide 9012 - Colorimetric 

TRPH 9071/418.1 - IR 

Reporting limits are matrix dependant and may vary. 
Assuming 100% Total Solids 
ICP/AES = Inductively Coupled Plasma/Atomic Emission Spectroscopy 
GF AA = Graphite Furnace Atomic Absorption 
CV AA = Cold Vapor Atomic Absorption 
IR = Infrared Spectrometry 

Reporting Limit 
(mg/kg) 

5.0 

2.0 

0.05 2 

1.0 

0.1 

0.5 

10 

0.5 

0.5 

0.5 

5.0 

0.1 

10 

0.5 

0.08 

2.0 

150 

0.05 

0.5 

40 

0.1 

0.5 

0.5 

0.5 

10.0 



TABLE 2-4 
QC Evaluation Criteria for Surrogates 1 

Surrogate Percent 
Fraction Compound Recovery 

Volatiles2 1 ,2-Dichloroethane-d4 70-121 

Toluene-d8 84-138 

4-Bromofluorobenzene 59-113 

Dibromofluoroethane 80-120 

Semivolatiles1 2-Fluorobiphenyl 30-115 

Phenol-dS 24-113 

2,4,6-Tribromophenol 19-122 

Nitrobenzene-dS 23-120 

p-Terphenyl 18-137 

2-Fluorophenol 25-121 

Total Petroleum Hydrocarbons Not Required NA 

Metals Not Required NA 

Cyanide Not Required NA 

NOTES: From ARDL Standard Operating Procedures. 1. 
2. Based on interlaboratory study/Contract Laboratory Program protocol. 



TABLE 2-5 
QC Evaluation Criteria for Accuracy and Precision, 

Matrix Spikes and Matrix Spike Duplicates 

Soil 

Percent 
Fraction/Parameter Recovery 

Purgeable Volatiles1 
' ., .. ,.,.,. 

·,, ............... , .... , 
.':':>:.,,: .::. 

" . · <:<:::, . 

Benzene 66-142 

Chi oro benzene 60-133 

1, 1-Dichloroethene 59-172 

Toluene 59-139 

Trichloroethene 62-137 

Semivolatiles1.2 ... 

1 ,4-Dichlorobenzene 28-104 

Pyrene 52-115 

1 ,2,4-Trichlorobenzene 44-142 

2-Chlorophenol 25-102 

Phenol 26-112 

N-Nitroso-di-n-propylamine 41-126 

4-chloro-3-methylphenol 26-103 

Acenaphthene 47-137 

4-nitrophenol 11-114 

2,4-Dinitrotoluene 39-139 

Pentachlorophenol 17-109 

Metals 3 75-125 

Total Petroleum Hydrocarbons 2 80-120 

Cyanide 2 75-125 

1. Limits based on laboratory control samples and 25 mL purge. 
2. Limits based on EPA CLP SOW criteria. 
3. Limits based on laboratory established performance by ARDL. 

Relative 
Percent 

Difference 
/ 

.· . ·, ·., .. 

21 

21 

22 

21 

24 
·'· 

27 

25 

23 

29 

23 

38 

33 

19 

47 

22 

47 

20 

20 

20 



TABLE 2-6 
QC Evaluation Criteria for Laboratory Control Samples 

Soil 

Relative 
Percent Percent 

Fraction/Parameter Recovery Difference 

Purgeable Volatiles Not Applicable1 Not Applicable1 

Semi volatiles Not Applicable1 Not Applicable1 

Metals 75-125 20 

Total Petroleum Hydrocarbons 80-120 20 

Cyanide 75-125 20 

1 LCSs are not required for these parameters according to methods specified in SW-846. LCS requirements 
discussed in National Functional Guidelines for Organics (USEPA, 1991 and 1994a) are not applicable to soil 
matrices. 
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FIGURE 2-1 

NONCONFORMANCE AND CORRECTIVE ACTION REPORT (NCR) 

SUBMITTAL 

TO: Project Manager 
QA/QC Officer 

Description of Nonconformance and Cause: 

DATE: 
HARZA NCR NO: 

Proposed Corrective Action-----------------------

Submitted by _____ Location -------------------

Approved by Date--------------------

CORRECTIVE ACTION (by Project Manager or Designee) 

Implementation of Action Assigned to: ------------------

Actual Corrective Action: -----------------------

Implementation verbally approved by QA Officer on --------------
(Date) 

Action implemented on _____ _ 

(Date) 

(Signature) 

VERIFICATION (By QA/QC Officer or Designee) 
Corrective Action implementation reviewed and work inspected by ________ _ 

on ____ _ 

Corrective Action verified by ------------on --------
(Use additional sheet or memo if needed) 
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FIGURE 2-1 

NONCONFORMANCE AND CORRECTIVE ACTION REPORT (NCR) 

SUBMITTAL 

TO: Project Manager 

QA/QC Officer 

Description of Nonconformance and Cause: 

DATE: 

HARZA NCR NO: 

Proposed Corrective Action-----------------------

Submitted by _____ Location -------------------

Approved by Date-------------------

CORRECTIVE ACTION (by Project Manager or Designee) 

Implementation of Action Assigned to: ------------------

Actual Corrective Action: -----------------------

Implementation verbally approved by QA Officer on --------------
(Date) 

Action implemented on _____ _ 

(Date) 

(Signature) 

VERIFICATION (By QA/QC Officer or Designee) 

Corrective Action implementation reviewed and work inspected by ---------
on ____ _ 

Corrective Action verified by------------ on --------

(Use additional sheet or memo if needed) 
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3.0 
PROJECT ORGANIZATION AND RESPONSIBILITIES 

3.1 RESPONSIBILITIES OF KEY PERSONNEL 

The organizational structure, defined below and in Figure 3-1, is designed to assure adequate 

project control and proper quality assurance for site investigative activities at Cannon AFB. 

Ultimate responsibility for the conduct of this RFI program at Cannon AFB rests with the 

installation commander (27 FW/CC). Daily management of RFI activities is vested in the 27 

CSG/CEVR Branch of Civil Engineering. The U.S. Army Corps of Engineers (Omaha District) 

has been contracted to perform the RFI with Technical Management by Mr. Doug Mellema. 

The specific investigations described in this Workplan will be performed under contract with 

Harza. 

The following key Harza project personnel are described below: 

• 
• 
• 
• 

• 
• 

• 

Program Manager 

Project Manager 

QA/QC Officer 

Senior Technical Reviewers 

Health and Safety Manager 

Task Managers 

Project Field Staff 

J. R. Ghia, P.E . 

R. P. Kewer, P.G . 

K. V. Mayenkar, P.E . 

F. M. Mazhar, P.E . 

J. Meldrim, Ph.D. 

A. Fujii, Ph.D., CIH 

R. W. Suda (Field Investigations) 

S. Kumar, Ph.D. (Chemistry) 

S. Hempel (Data Management) 

D. Pott (Ecological Assessment) 

J. J. Pyrich, P.G . 

K. E. Garrett, Ph.D. 

R. A. Grippa 

Resumes of personnel planned to be involved in the project are provided in Appendix D. 
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3.1.1 Program Manager 

The Program Manager has overall responsibility to the USACE, Omaha District, for activities 

on the project and monitoring the Project Manager's activities. The Program Manager has 

overall responsibility for monitoring the quality of the technical and managerial aspects of the 

project and, where necessary, corrective measures. Mr. Jitendra Ghia of Harza is Program 

Manager for the Omaha Contract. 

3.1.2 Project Manager 

Mr. Robert Kewer of Harza will serve as the Project Manager for this project. The Project 

Manager has primary responsibility for the completion of all required activities. He is 

responsible to the Program Manager and USACE for the day-to-day control of planning, 

scheduling, cost control, and implementation of the project, and for the development of technical 

reports and other project documents. The Project Manager monitors all project personnel in 

planning, coordinating, and controlling all technical aspects of the tasks. 

3.1.3 QA/QC Officer 

Harza's QA/QC Officer will be responsible for seeing that QA procedures and QC checks are 

conducted and documented in accordance with this Workplan. Working with the Project 

Manager, he will designate qualified personnel to perform the required procedures. For this 

project, Mr. Krishna V. Mayenkar will serve as QA/QC Officer. Mr. Mayenkar is Head of 

Harza's Industrial and Government Services Department and has 26 years of experience in 

chemical engineering, process design, hazardous waste remediation and site investigations. 

3.1.4 Senior Technical Reviewers 

Senior Technical Reviewers serve in a lead QA role, being responsible for review of deliverables 

and consultation regarding technical aspects of the work. Senior Technical Reviewers are 

selected from Harza staff based upon the needs of the project and report to the Project Manager. 

For Cannon AFB, Senior Technical Reviewers are: Mr. Krishna V. Mayenkar (Chemical 

Engineering and Hazardous Waste Remediation-see above); Dr. John Meldrim (Environmental 
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Science); and Mr. Farrukh M. Mazhar (Solid Waste Management). Other individuals would be 

identified if required by the needs of the project. 

3.1.5 Health and Safety Manager 

Dr. Atsushi Fujii will serve as the Health and Safety Manager (HSM), reporting to the Program 

Manager and working directly with the Site Manager and other project personnel. The HSM 

has the responsibility to monitor and verify that the work is performed in accordance with the 

site-specific HSP. The HSM will advise the Project manager regarding health and safety issues 

but will function independently of the Project Manager. The HSM will also designate and 

oversee the activities of the Site Health and Safety Officer. 

3.1.6 Task Managers 

The Task Managers are responsible to the Project Manager for planning, scheduling, cost 

control, and completion of the activities covered in this plan. The Task Managers also are 

responsible for implementing the QA/QC program related to assigned tasks at Cannon AFB. 

Task Leaders for the following RFI tasks are: 

Robert Suda 

Surendra Kumar 

Steven Hempel 

David Pott 

Field Investigations 

Chemistry /Data Validation/Toxicology 

Data Management 

Ecological Assessment 

The Task Manager for Field Investigations also will serve as Site Safety and Health Officer 

(SSHO) as described in the Site Safety and Health Plan. The SSHO monitors all site activities 

and is responsible for the implementation of and compliance with the Project Health and Safety 

Plan. The SHSO reports directly to the Project Health and Safety Officer. 
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3.1.7 Project Field Staff 

Field staff during soil gas sampling and soil boring tasks will be led by the Task Manager for 

Field Investigations. Additional project staff will be assigned as needed for each task. Each 

member of the project staff is responsible to the Task Leader and/or Project Manager for 

completion of assigned project activities. Members of the project staff are responsible for 

understanding and implementing the QA/QC program as it applies to their project activities. 

Field staff anticipated to be assigned to the project include: Janusz Pyrich, Kevin Garrett, and 

Robert Grippa 

3.2 QUALIFICATIONS OF PERSONNEL 

All personnel assigned to the project, including consultants, will be qualified to perform the tasks 

to which they are assigned. Appraisal of the qualifications of technical personnel assigned to 

the project will be made by the Project Manager. The appraisal will include the comparison of 

the requirements of the job assignment with the relevant experience and training of the 

prospective assignee; it will also include a determination whether further training is required 

and, if required, by what method. On-the-job training is an acceptable method, provided such 

training is provided by a person qualified to perform the trainee's assignment and the results of 

that training are documented. All documents concerning qualification appraisal will be stored 

in the project administrative files. 

3.3 LABORATORY AND SUBCONTRACTOR ASSIGNMENT 

The commercial laboratory for this investigation will be Applied Research and Development 

Laboratory (ARDL) or Mt. Vernon, Illinois. ARDL has been validated by the U.S. Army 

Corps of Engineers, Missouri River Division Laboratory. A description of the laboratory, its 

qualifications and organization and a list of laboratory personnel are provided in Appendix B. 

Soil gas samples also will be analyzed by W. L. Gore and Associates (Gore). Information 

pertaining to Gore and the QA procedures they will follow are provided in Appendix C. Other 

subcontractors to be used on this project are as follows: 
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il ,, 

Alliance Environmental 

Rinchem 

HLA, Inc. 

3.4 PROJECT FILES 

Rotasonic drilling & sampling 

Hazardous waste disposal 

Field support 

A project file containing complete project documentation of all aspects of the activities associated 

with Cannon AFB site investigations will be maintained by the Project Manager. An outline of 

project file requirements follows: 

• Communications 

- Internal 

- External 

• Quality assurance/quality control 

- Procedures 

- Chain-of-custody 

- Audit reports 

- Laboratory quality control reports 

- Deviation notification forms 

- Nonconformance/corrective action reports 

• Technical information 

- Analytical data 

- Field data 

- Field logbooks 

- Graphic resources 

- Calculations/evaluations 

- Regulatory compliance 

• Management 

- Schedule 

- Budget 

• Health and Safety 

- Plans/procedures 

- Records 
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• Documents 

- Plans 

- Reports 

- Relevant publications (e.g., USGS, USEPA, etc.) 

Project documentation will be checked for completeness before being included in the file. Upon 

termination of the project, all records will be archived for at least 10 years from completion of 

work. The Project Manager will be responsible for ensuring that the quality assurance/quality 

control records are properly stored and retrievable. 
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QA/QC OFFICER 
K. Mayenkar, P. E. 

SENIOR REVIEWERS 
K. Mayenkar, P.E. 
F. Mazhar, P. E. 
J. Meldrim, PhD 

HARZA ENVIRONMENTAL SERVICES, INC. 

CANNON AFB/USACE 

PROGRAM MANAGER 
J. R. Ghia, P.E. 

SUBCONTRACTORS 
PROJECT MANAGER 

R. Kewer, P.G. 
1-------1 ARDL (Laboratory) 

W. L. Gore (Soil Gas Lab) 
Alliance (Drilling) 
Rinchem (IDW disposal) 
HLA (Field support) 

SAFElY & HEALTH MANAGER 
1---------~ A Fujii, PhD, CIH 

TASK MANAGERS 
R. Suda (Field Investigations) 
S. Kumar, PhD (Chemistry) 
S. Hempel (Data Management) 
D. Pott (Ecological Assessment) 

FIELD SUPPORT 

J. Pyrich, P.G. (Soil Gas Survey) 
K. Garrett, Ph.D. (Chemistry) 
R. Gripps (Field Technician) Figure 3-1 

PROJECT ORGANIZATION CHART 
Cannon Air Force Base 

Clovis, New Mexico 



4.1 FIELD EQUIPMENT, CONTAINERS, AND SUPPLIES 

4.0 
FIELD ACTIVITIES 

Lists of field equipment, sample screening equipment, and supplies for sampling soil gas, 

screening surface and subsurface soil samples, and surface/subsurface soil sampling are included 

in the Standard Operating Procedures in Appendix A of this Workplan. Recommended 

containers for soil samples to be collected are listed in Table 4-1. 

4.2 SAMPLING OBJECTIVES, FREQUENCY, AND LOCATIONS 

The RFI field investigation for Fire Training Area No. 4 (SWMUs 109, 110, 111 and 112) will 

include two primary investigation activities: 

• A passive soil gas survey to investigate areas of potential contamination by 

volatile and semi-volatile organic chemicals. 

• A subsurface drilling and sampling program to investigate the presence or absence 

of possible contamination from the Fire Training Area into native soils underlying 

the site. This work will assess the level of contamination, if present, in the soils 

if their presence is confirmed. 

4.2.1 Passive Soil Gas Survey 

Harza will perform a passive soil gas survey in the area of SWMU Nos. 109, 110, 111 and 112 

to determine the lateral extent of contamination. Forty ( 40) points will be sampled for 

identification of selected volatile and semivolatile organic chemicals. Results of the soil gas 

sampling will be reported in a preliminary report, which will include recommended boring 

locations. Results will be used to finalize locations of soil borings jointly with US ACE, Cannon 

AFB, USEPA, and NMED, as appropriate. The final report of results will be included in the 

RFI Report. Specific activities are as follows: 
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A) Location of Sampling Points. Harza will establish a sampling grid on 50 foot spacings 

across the Fire Training Area using tape and compass methods and available site 

landmarks. The grid will be used to identify sample and data collection points for the 

soil gas survey. The grid and planned soil gas sampling points are shown on Figure 4-1. 

The grid will be established in the field in accordance with procedures in SOP No. 3 in 

Appendix A. 

B) Soil Gas Sampling. Soil gas sampling will utilize the Gore-Sorber system in 

accordance with methods established by Gore. This system is designed to absorb a 

variety of volatile and semi-volatile organic contaminants. Gore-Sorber soil gas 

collection devices, free of contamination, will be provided to Harza by Gore prior to 

mobilization. Harza's field sampling team will install the collection devices at depths of 

approximately 3 feet at the required locations Hand augers and/or powered augers will 

be used for this purpose depending on site conditions. The devices will be field staked 

for identification purposes and left in place for 2 weeks. Harza's field sampling team 

then will remobilize and remove the devices, which will be shipped to the laboratory for 

analysis. Sampler installation and removal will be conducted in accordance with SOP 

No. 1 in Appendix A. 

C. Sample Analysis. Soil gas samples will be analyzed by Gore for listed volatile and 

semi-volatile organic constituents (Table 4-3). Laboratory analytical and QC procedures 

to be used by Gore are provided in Appendix C. 

D. Reporting. Results of the Passive Soil Gas Sampling program will be presented in a 

written report which will include, at a minimum, the following: 

• field observations and discrepancies 

• problems and corrective actions 

• data interpretation 

• isopleth maps and other appropriate graphics 

• back-up information (i.e. raw laboratory data and field methods and procedures) 

• documentation of field instrumentation and sample handling 

• proposed soil boring locations 

RFI WORK PLAN/CANNON AFB FTP#4 4-2 September 20, 1996/Rev. 3 



i! I I 

The report will be submitted in draft form and will be used as a basis for finalizing soil 

boring locations with USACE, Cannon AFB, USEPA and NMED. The final soil gas 

report, incorporating comments, will be included in the RFI Report, which also will 

include a data quality analysis comparing the soil gas sampling results with the results 

of laboratory analysis of soil samples and identify resultant data gaps, if any. 

4.2.2 Soil Sampling 

4.2.2.1 Sampling Objectives and Rationale 

The soil gas survey results will be interpreted and used to identify suitable boring and soil 

sampling locations. Borings and sample locations will target identified soil gas anomalies and 

other areas of potential concern based upon historical usage of the four SWMUs. The objective 

of this drilling and sampling is to evaluate the presence of hazardous contaminants in the 

subsurface soils, help determine the vertical and lateral extent of possible downward migration 

of any contamination, and provide data to assist in determining the need for future corrective 

action. Data generated will be of a sufficient quality to support HEA activities undertaken for 

Fire Training Area No. 4. 

Soil borings will be drilled with a truck-mounted drilling rig using Rotasonic equipment and 

methods. This method provides a continuous core sample of the soil which will be placed in 

plastic sleeves. The continuous soil samples will be screened using headspace and immunoassay 

screening methods. Screening results will be used to identify specific sampling intervals for 

laboratory chemical analysis. 

All drilling and sampling operations will be performed in accordance with all applicable SOPs, 

including but not limited to: 

• SOP No. 2, Headspace Screening of Soil Samples 

• SOP No. 3, Identification and Description of Field Sampling Sites 

• SOP No. 4, Equipment Decontamination 

• SOP No. 5, Surface Soil Sampling 

• SOP No. 6, Subsurface Drilling and Sampling 
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• SOP No. 7, Lithologic Description of Subsurface Samples 

• SOP No. 9, Sample Handling, Documentation, and Analysis 

• SOP No. 10, Data Validation and QC Review of Analytical Data Packages 

• SOP No. 12, Immunoassay Screening of Soil Samples 

4.2.2.2 Sample Locations and Frequencies 

Soil boring and sampling locations and depths will be determined jointly with USACE based 

upon soil gas results and historical site data. Locations will be recommended by Harza in the 

Soil Gas Results Report, and finalized jointly with USACE, Cannon AFB, USEPA and NMED. 

Approximately 1,200 linear feet of drilling is planned. Each boring will be completed to the 

depth at which two consecutive non-detect results are obtained in the immuno-assay screenings. 

The number of borings will be dependent upon the depth at which this occurs. For planning 

purposes, it has been assumed that 12 borings will be completed to a depth of 100 feet, each. 

Horizontally, the extent of contamination will be based on comparison of soil sample analytical 

results to RBC levels stipulated by U. S. EPA, Region III. 

Soil borings will be continuously sampled and logged to their full depth, using the Rotasonic 

method. Samples obtained using this method will be extruded into plastic sleeves. Preliminary 

("informal") headspace screening then will be performed at 1-foot intervals along the sample by 

inserting the PID probe through the plastic sleeve and recording readings on the boring log 

(column d), along with results of breathing zone screening. The 1-foot interval with the highest 

reading in each 10-foot interval will be selected for formal headspace screening and chemical 

analysis. Results of formal headspace screening will be recorded on the boring log (column h). 

All headspace screening will be conducted in accordance with SOP No. 2 in Appendix A. 

An immuno-assay analysis for Total Petroleum Hydrocarbons (TPH) will be conducted on each 

sample interval selected for chemical analysis (total of 120). Procedures to be used in 

Immunoassay screening are provided in SOP No. 12. The immunoassay kit to be used is 70430 

and uses Method 4030 approved by USEPA. The test has a minimum detection of 10 ppm for 

gasoline and 15 ppm for JP-4. Immunoassay screening results will be used to confirm that the 

planned bottom depth of each boring is not contaminated. The bottom depth of each soil boring 

will be defined as the depth at which two consecutive non-detect results for immunoassay 
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screening have been achieved. Immunoassay results will be recorded in the field notebook and 

on the boring log (column h). 

A total of 139 chemical samples will be collected and submitted to the laboratory for chemical 

analysis. These will include: 

• 12 surface samples (one at each boring location from the 0-2 foot depth interval 

beneath any pavement); 

• 120 subsurface samples (one every 10-foot vertical interval); and 

• 14 QC samples (including 7 submitted to MRDL). 

The samples will be analyzed and reported for the Chemicals of Interest, discussed in Section 

1.4.2 and shown in Tables 2-1 through 2-3. 

A total of 14 QA/QC sample sets will be submitted for analysis, including 7 duplicate samples 

for analysis by USACE Missouri River Division Laboratory (MRDL). The type and frequency 

of field QA/QC samples is specified in Section 6.0. MRDL will be notified in advance if 

samples are to be delivered on a Saturday to insure that personnel will be available to receive 

the samples. 

In addition to samples submitted for chemical analysis, a total of twelve (12) geotechnical 

samples will be submitted for grain size and moisture content analysis. Samples will be taken 

from the most highly contaminated interval of each boring and analyzed by ASTM procedures. 

During the drilling, a representative sample from each ten foot interval in the borings will be 

collected in appropriate containers and stored on-site until the drilling program is complete. At 

that time, based on the results of immuno-assay screening and headspace screening, the twelve 

samples to be tested will be selected to be representative of contaminated soil zones. A 

minimum of one sample will be selected for each of the various soil types encountered in the 

soil borings. These samples will be used to classify the various soils found underlying Fire 

Training Area No. 4 and to assist in site characterization and evaluation of potential corrective 

actions, if any. 
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4.2.2.3 Sampling and Preservation Procedures 

Procedures for and equipment to be used in soil sampling at Cannon AFB are detailed in SOP 

No. 5 and other referenced SOPs. Table 4-1 summarizes required sample containers, 

preservation methods and holding times for samples. Observations made during sample 

collection in the soil borings will be recorded primarily on the soil boring log and, as required, 

in the field notebook and field data sheet as specified in Section 4.5. 

4.2.2.4 Equipment Decontamination 

Equipment decontamination procedures are provided in SOP No. 4, Equipment Decontamination. 

Sampling equipment shall be decontaminated prior to beginning sampling and between each 

sample. Fluids used for decontamination will be placed in drums and transported to the storage 

area at Landfill No. 5. 

4.2.2.5 Instrument Calibration 

Electronic equipment used during the drilling program will include air monitoring instruments 

such as the PID and CGI. All instruments will be calibrated in accordance with the Site Safety 

and Health Plan (SSHP) and the manufacturer's instructions provided therein. The sampler shall 

verify that all instruments are working properly and are properly calibrated before mobilizing 

to the field and prior to use every day. Pre- and post-use calibration times and readings, as 

appropriate, will be recorded in a notebook to be kept by the field sampler. 

4.3 FIELD DOCUMENTATION 

Thorough documentation in the field is required to ensure proper labeling and tracking of 

samples, to identify potential sources of error, and to maintain accountability of field personnel. 

Additional field documentation may be required for specific field activities as detailed in the 

appropriate SOPs. 
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4.3.1 Written Documentation 

Requirements for written documentation of field activities includes the following primary 

elements: 

• Soil Boring Log 

• Field Logbook. 

• A-E Daily Quality Control Report (DQCR) 

• Sample Collection Field Sheet (SCFS) 

Soil Boring Logs. The Soil Boring Log is the primary vehicle for documentation of data 

and observations obtained during drilling and sampling in soil borings, including results of 

headspace screening. Soil Boring Logs will be prepared in accordance with USACE 

requirements on pre-printed forms, as specified in SOP #7. 

Field Logbook. The Field Logbook will be used to document observations and data 

acquired in the field, will provide information on the acquisition of samples, and will be a 

permanent record of field activities. The Field Logbook will be maintained and signed by field 

sampling personnel as described in SOP #9. Other field activities may have additional logbook 

requirements as described in the respective SOPs. Field personnel should be familiar with these 

requirements before start of field work. 

A-E Daily Quality Control Report. The DQCR will be completed by the Site Manager 

in accordance with SOP #9, to supplement the field logbook. DQCRs will document daily field 

activities and note any nonconformances and corrective actions taken at every sampling location. 

An example of the DQCR is provided in SOP #9. Copies of the DQCR will be forwarded to 

Harza's Project Manager for review and submitted to the USACE Technical Manager on a 

weekly basis. A copy will be hand delivered to the Cannon AFB CEV Office on the morning 

after each reported work day. If problem situations occur, the DQCR will be faxed to the 

USACE Technical Manager on a daily basis, until the problems are corrected. 

Sample Collection Field Sheet. The SCFS will be completed for each sample collected 

in the field investigation, as described in SOP #9. 
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4.3.2 Sample Designation 

The sample numbering system to be used is detailed in SOP #9. The sample designation system 

for all field (analytical and geotechnical) and QA/QC samples is a unique identification for each 

sample. All sample location numbers correspond to the specific soil boring or surface soil 

location. The soil sample identifier will represent the approximate beginning depth at which the 

sample was collected. All QA/QC samples will be identified as to the location where they were 

collected and assigned a unique identification number. 

4.4 FIELD PREVENTATIVE MAINTENANCE 

To ensure that analytical data generated for the Cannon AFB site investigations are of sufficient 

quality to meet quality assurance objectives, all equipment and instruments will have a prescribed 

routine maintenance which will be performed and documented by qualified project personnel. 

All field instrumentation, sampling equipment, and accessories will be maintained in accordance 

with the manufacturer's recommendations and specifications and established field practice. All 

maintenance will be performed by qualified project personnel and will be documented by the 

appointed equipment manager or designee under the direction of the equipment manager. 

The Task Leader (Field Investigations}, and Site Health and Safety Officer, if different, will 

review calibration and maintenance records on a regular basis to ensure that required 

maintenance is occurring. These activities will be recorded in the field logbook to document that 

established calibration and maintenance procedures have been followed. Field instruments will 

be checked and calibrated prior to their use on site, and batteries will be charged and checked 

daily where applicable. Non-operational field equipment will be removed from service and a 

replacement will be obtained. Field equipment will not be repaired in the field. 

All field instruments will be properly protected against inclement weather conditions during the 

field investigation. Each instrument is specially designed to maintain its operating integrity 

during variable temperature ranges that are representative of ranges that will be encountered 

during cold-weather working conditions. At the end of each working day, all field equipment 

will be taken out of the field and placed in a cool, dry room for overnight storage. 
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4.5 FIELD INTERNAL QUALITY CONTROL CHECKS 

Field quality control checks will include the review and approval of all field documentation by 

the Task Leader for field investigations or his/her designee. Signature or initial approval will 

indicate that the provisions outlined in the Workplan and SSHP have been appropriately 

implemented. Nonconformances will be corrected and immediately reported to the Project 

Manager and the USACE-TM orally, followed by a written memo for inclusion into the project 

file. In the event that a serious deficiency (nonconformance) is identified, the sampling team's 

prior work will also be reviewed. 

The specific field QC samples to be collected for each sampling site are listed in Table 4-2. 

Homogenized field duplicates will be submitted for analysis by all methods except volatile 

organics analysis. Non-homogenized collocated samples will be collected for volatile organics 

analysis. Field duplicate samples will be collected at a minimum frequency of 1 per 20 

environmental samples. Seven sets of duplicate samples will be collected in this category. 

For duplicate samples submitted to the US ACE QA laboratory, homogenized duplicates will be 

prepared for soil samples to be analyzed for all methods except volatile organics analysis. Non

homogenized collocated samples will be collected for the volatile organics analysis. Seven sets 

of duplicate samples will be collected in this category. 

Matrix spike/matrix duplicate (MS/MSD) (analysis for organics) and matrix spike/duplicate 

(MS/D) analytes (for inorganics) provide a measurement of long-term precision and accuracy 

of the analytical method on various matrices and demonstrate acceptable compound recovery by 

the laboratory on the site-specific matrix. For many analyses, extra sample volume must be 

collected in the field for the MS/MSD or MS/D analyses. MS/MSD and MS/D analyses will 

be analyzed at an overall frequency of 1 set per 20 or 5 percent of environmental samples for 

a total of 7 MS/MSD samples. 
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4.6 FIELD DATA REDUCTION 

The field and technical (non-laboratory) data that will be collected at Cannon AFB can generally 

be characterized as either objective or subjective data. Objective data include all direct 

measurements such as field screening/analytical parameters and water level measurements. 

Subjective data include certain descriptions and observations. 

4.6.1 Field and Technical Data Reduction 

As appropriate, field data will be recorded by field personnel on standard USACE Soil Boring 

Log forms, in bound field logbooks and on other required standard forms described previously, 

including the DQCR and SCFS forms. The Soil Boring Log will be used to record descriptions 

of all soil materials encountered in soil borings and other pertinent information obtained during 

drilling such as staining, odors, field screening results, working conditions, water levels, 

geotechnical data, and sample data. Completed standard forms will be submitted to the Task 

Leader who will maintain field log files. At the completion of a work shift, copies of all Soil 

Boring Logs, notebook pages, and standard forms will be returned to the contractor's field 

office. 

Upon completion of the field work, the validity of data in the field notes and on standard forms 

will be checked and designated project staff will reduce the data to tabular form, wherever 

possible, by entering the data in data files. Subjective data will be filed as hard copies for later 

review and for incorporation into technical reports, as appropriate. 

4.6.2 Field and Technical Data Validation 

Validation of objective field and technical data will be performed at two levels. On the first 

level, data will be validated at the time of collection by following standard procedures and 

quality control checks. At the second level, data will be validated by the Project Manager 

and/ or designee, who will review the data to ensure that the correct information has been 

included. After data reduction into tables or arrays, the data sets will be reviewed for 

anomalous values. Any inconsistencies or anomalies will be resolved immediately, if possible, 

by seeking clarification from the field personnel responsible for collecting the data. 
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4. 7 FIELD CORRECTIVE ACTION 

The Task Leader for field investigations will review the procedures being implemented in the 

field for consistency with the established protocols. Sample collection, preservation, and 

labeling, etc., will be checked for completeness. Where procedures are not strictly in 

compliance with the established protocol, the deviation will be field documented and reported 

on the DQCRs. Any nonconformances with the established QC procedures will be expeditiously 

identified and controlled and immediately reported orally to the project manager and USACE

TM. No additional work which is dependent on the nonconforming activity will be performed 

until the identified nonconformance is corrected. Corrective actions will be defined by the Field 

Task Leader, Project Manager, and QA/QC Officer and documented as appropriate. Upon 

implementation of corrective action, the Field Task Leader will provide the Project Manager 

with a written memo documenting field implementation. The memo will become part of the 

project file. 

The QA/QC Officer or designee will review the field and laboratory data generated for this 

project to ensure that all project QA objectives are met. If any nonconformances are found in 

the field procedures, sample collection procedures, or field documentation procedures, the 

impact of those nonconformances on the overall project QA objectives will be assessed. 

Appropriate actions, including resampling, reanalysis, etc., may be recommended so that the 

project objectives can be accomplished. 
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TABLE 4-1 
Analytical Methods, Sample Containers, Preservation, and Holding Times 

SW-846 Nmnber of Minimmn 
Method Parameter Containers/Sample Sample Size Preien'ation Holding Time 

82601 Volatiles 2 - 4oz glass VOA lOg 4°C 14 days 
jars with Teflon-
lined lid 

8270 Semi volatiles 1 - 4oz wide-mouth 30g 4°C Extract- 14 days 
glass jar with Analyze- 40 

Teflon-lined lid days 

9071/418.1 TRPH 1 - 4oz wide-mouth 30g 4°C 28 days 
glass jar with 
Teflon-lined lid 

6010/ Metals 1 - 8oz wide-mouth 200g 4°C 120 days 

7000 glass jar with 
Series3 Teflon-lined lid 

9010 Cyanide 1 - 8oz wide-mouth 200g 4°C 28 days 
polyethylene jar 

4030 TPH Screening 1 - 8oz wide-mouth 30g 4°C 14 days 

(immunoassay) glass jar with 
Teflon-lined lid 

1 Method 8260 using capillary column. 
3 Includes Methods 7061 (arsenic), 7421 (lead), 7470 (mercury), 7741 (selenium) and 7841 (thallium) 
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TABLE 4-2 
Summary of Analytical, Geotechnical and OA/OC Sampling 

Matrix/ No. Field No. A-E QC Samples No. MRDL QA Samples 
Parameter Samples 

Dups/ Sampler Trip Total Dups/ Sampler Trip Total 
Splits rinsates Blanks Splits Rinsates Blanks 

SOIL 

····•·•··· / ······•·· 

····•··•· ..•......•.•••••• < / .......• <·········· ·······.········ 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

. ... / 
••• 

... . ... . .. 

Volatiles 132 7 0 0 139 7 0 0 7 

Semi-Volatiles 132 7 0 0 139 7 0 0 7 

TAL Metals/Cyanide 132 7 0 0 139 7 0 0 7 

TRPH 132 7 0 0 139 7 0 0 7 

TPH Innumoassay 40 4 0 0 44 0 0 0 0 
Screening 1 

Geotechnical 2 12 0 0 0 12 0 0 0 0 

1. Field screening procedure. 
2. Geotechnical tests include sieve analysis and moisture content. 
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TABLE 4-3 
GORE-SORBER® SCREENING SURVEY STANDARD COMPOUNDS 

1. Methyl t-butyl ether 15. Ethyl benzene 
2. trans-1 ,2-Dichloroethene 16. m-Xylene 

3. 1, 1-Dichloroethane 17. o-Xylene 
4. cis-1, 2-Dichloroethene 18. 1 ,3,5-Trimethylbenzene 

5. Chloroform 19. Phenol 
6. 1, 1, 1-Trichloroethane 20. 1 ,2,4-Trimethylbenzene 

7. Benzene 21. 1 , 4-Dichlorobenzene 

8. Carbon tetrachloride 22. 2-Methyl phenol 
9. 1 ,2-Dichloroethane 23. Undecane 
10. Trichloroethylene 24. Naphthalene 
11. Toluene 25. Tridecane 
12. Octane 26. 2-Methyl naphthalene 

13. Tetrachloroethene 27 Pendadecane 
14. Chlorobenzene 
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5.0 

SAMPLE CHAIN OF CUSTODY, PACKING, AND TRANSPORTATION 

5.1 CHAIN-OF-CUSTODY PROTOCOL 

5.1.1 Field Protocol 

The field team members are responsible for the care and custody of collected samples until they 

are transferred to another party, dispatched to the laboratory, or disposed. The field team, 

under the direction of the Field Task Leader, is responsible for enforcing COC procedures 

during fieldwork. 

Each cooler containing samples sent to the analytical laboratory will be accompanied by a 

chain-of-custody (COC) form, in accordance with SOP No. 9, Sample Handling, Documentation 

and Analysis. An example COC form is attached to SOP #9. The primary purpose of the COC 

procedures is to document the possession of the samples from collection through storage and 

analysis to reporting. COC forms will become the permanent records of all sample handling and 

shipment. The Field Task Leader or designee will be responsible to the Project Manager for 

monitoring compliance with COC procedures as delineated in SOP #9. 

When transferring custody of the samples, the individual relinquishing custody of the samples 

will verify sample numbers and condition and will document the sample acquisition and transfer 

by signing and dating the COC. This process documents sample custody transfer from the 

sampler, usually through an express courier, to the analyst in the contracted analytical 

laboratory. A copy of each chain-of-custody form is retained by the sampling team for the 

project file and the original is sent with the samples. Bills of lading will also be retained as part 

of the documentation for the chain-of-custody records. 

5.1.2 Laboratory Protocol 

Upon receipt at the laboratory, the designated laboratory sample custodian shall sign the chain

of-custody form indicating receipt of the incoming field samples. The samples shall be checked 
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against the chain-of-custody form upon arrival at the laboratory. The receiving personnel will 

properly document the receipt of all arriving samples and note any problems or discrepancies 

between the sample and chain-of-custody forms and sample container and seal conditions and 

report them immediately to the field sampling coordinator. The samples shall be assigned a 

unique lab number for analysis or treatment which will be cross-referenced to the original field 

sample number, recorded in the laboratory notebook, and reported in the laboratory report. In 

conjunction with data reporting, a copy of the chain-of-custody form shall be returned to the 

Project Manager for inclusion in the central project file. The original shall be retained by the 

sample custodian. 

5.2 SAMPLE LABELING 

A sample numbering system will provide a tracking mechanism to allow retrieval of the sample 

and sample information and identification of the sampling locations. A unique sample number 

will be assigned to each sample. Procedures for this system are provided in Section 5.4.2 and 

in SOP No.9. 

5.3 SAMPLE HANDLING, PACKAGING, AND SHIPPING 

Samples collected and shipped for analysis as part of the investigation at Cannon AFB will be 

shipped according to appropriate DOT or lATA regulations for environmental samples. SOP 

#9 provides information regarding the use of appropriate packaging materials, shipping 

containers, and shipping labels. SOP # 9 will be the guideline for shipment of samples collected 

during the investigation at Cannon AFB. If Saturday sample delivery to MRDL is required, 

advance notice will be provided to insure that personnel will be available to accept delivery. 
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6.0 
LABORATORY ANALYTICAL PROCEDURES 

6.1 GEOTECHNICAL AND MATERIAL PROPERTY TESTING 

Twelve soil samples will be submitted to a testing laboratory for selected geotechnical tests 

including particle size analysis (ASTM D421 and D422) and moisture content (ASTM D2216). 

Geotechnical tests will be performed in a geotechnical laboratory setting in accordance with 

appropriate ASTM test methods. The laboratory used for this work will be capable of handling 

contaminated samples safely. 

6.2 ANALYTICAL LABORATORY PROCEDURES 

The analytical laboratory procedures to be used for site investigations at Cannon AFB are 

specified in Table 4-1. 

6.2.1 Volatile Organics 

Volatile organics (VOCs) will be analyzed using SW-846 Method 8260, as listed in Table 4-1. 

VOCs include compounds among varying classes such as halogenated organics, nonhalogenated 

organics, and aromatic organics. The first two classes generally contain contaminants associated 

with solvents, such as TCE, MEK, acetone, etc. The third class includes compounds associated 

with fuels, such as benzene, toluene, ethylbenzene, and xylene (BTEX). Method 8260 employs 

mass spectrometry (MS) for detection. This method is indicated where the volatile contaminants 

are not well defined. The power of GC/MS lies in the capacity for positive identification at 

relatively low detection limits. Reporting limits for Method 8260 are listed in Table 2-1. QC 

Evaluation criteria for surrogate spike recoveries are specified in Table 2-4 and for matrix 

spike/matrix spike duplicates in Table 2-5. 
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6.2.2 Semivolatile Organics 

Semi-volatile organics (SVOCs) will be analyzed using SW-846 Method 8270, as listed in 

Table 4-1. Method 8270 is a GC/MS method for determining extractable base/neutral and acid 

compounds in sample extracts. These procedures include the general classes of compounds, such 

as phenols, nitrosamines, polynuclear aromatic hydrocarbons (PAHs), phthalate esters, 

nitrotoluenes, etc.. Reporting limits for Method 8270 analyses are stated in Table 2-2. QC 

Evaluation criteria for surrogate spike recoveries are specified in Table 2-4 and for matrix 

spike/matrix spike duplicates in Table 2-5. 

6.2.3 Cyanide 

Total cyanide will be analyzed by USEPA Method 9012. This method employs a reflux

distillation operation, followed by colorimetric determination using a manual spectrophotometric 

unit. Reporting limits for Method 9012 analyses are stated in Table 2-3. QC Evaluation criteria 

for matrix spike/matrix spike duplicates are specified in Table 2-5 and for laboratory control 

samples in Table 2-6. 

6.2.4 Metals 

The methodology for metals analyses is provided in Table 2-3. Various factors influence the 

use of particular methods, including detection limits, interferences, and stability. Most metals, 

with a few exceptions, are detected at levels appropriate for Cannon AFB Task Objectives by 

inductively coupled plasma (ICP) emission spectroscopy. Atomic absorption (AA) methods, 

direct aspiration, will be used for mercury. Reporting limits for metals are stated in Table 2-3. 

Evaluation criteria for matrix spike/spike duplicates are specified in Table 2-5 and for laboratory 

control samples in Table 2-6. 

6.2.5 Total Recoverable Petroleum Hydrocarbons (TRPH) 

Petroleum hydrocarbon analysis is indicated where suspected or known releases or disposal of 

fuels, waste petroleum, oil, and lubricants (POL) have occurred. As specified in Table 4-1, 

samples for TRPH analysis will be extracted using oil and grease extraction method SW-846 

RFI WORK PLAN/CANNON AFB FTP#4 6-2 September 20, 1996/Rev. 3 



II,, 

9071A and analyzed using infrared spectrometric techniques by USEPA method 418.1. 

Reporting limits for TRPH are stated in Table 2-3. QC Evaluation criteria for matrix spike 

recoveries are specified in Table 2-5 and for laboratory control samples in Table 2-6. 

6.3 PREVENTATIVE MAINTENANCE 

The laboratory is responsible for the maintenance of its laboratory equipment. Preventive 

maintenance will be provided on a scheduled basis to minimize down time and the potential 

interruption of analytical work. All instruments will be maintained in accordance with 

manufacturer's recommendations and normal approved laboratory practice. 

Designated laboratory personnel will be trained in routine maintenance procedures for all major 

instrumentation. When repairs become necessary, they will be performed by either trained staff 

or trained service engineers/technicians employed by the instrument manufacturer. The 

laboratory shall have multiple instruments which will serve as backup to minimize the potential 

for down time. All maintenance will be documented and kept in permanent logs. These logs 

will be available for review by auditing personnel. 

Both scheduled maintenance and unscheduled maintenance required by operational failures will 

be recorded. The designated laboratory operations coordinator will review maintenance records 

on a regular basis to ensure that required maintenance is occurring. 

6.4 INSTRUMENT CALIBRATION AND FREQUENCY 

Calibration of all analytical instrumentation is required to ensure that the analytical system is 

operating correctly and functioning at the required sensitivity to meet project-specific data quality 

requirements. Each instrument will be calibrated with standard solutions appropriate to the 

instrument and analytical method in accordance with the methodology specified in the Functional 

Guidelines (USEPA, 1994a, b). The following paragraphs outline important concerns and 

provide specific information regarding calibration. 
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6.4.1 Standard/Reagent Preparation 

A critical element in the generation of quality data is the purity/quality and traceability of the 

standard solutions and reagents used in the analytical operations. To ensure the highest purity 

possible, all primary reference standards and standard solutions will be obtained from the 

National Institute of Standards and Technology, the US ACE, or other reliable commercial 

sources. All standards and standard solutions are logged into a data base that identifies the 

supplier, lot number, purity/ concentration, receipt/ preparation date, preparer's name, method 

of preparation, expiration date, and all other pertinent information. 

Standard solutions are validated prior to use. Validation procedures can range from a check for 

chromatographic purity to verification of the concentration of the standard using a standard 

prepared at a different time or obtained from a different source. Stock and working standards 

are checked regularly for signs of deterioration, such as discoloration, formation of precipitates, 

or change of concentration. Care is exercised in the proper storage and handing of standard 

solutions, and all containers are labeled as to compound, concentration, solvent, expiration date, 

and preparation data (initials of preparer/date of preparation). Reagents are examined for purity 

by subjecting an aliquot or subsample to the corresponding analytical method, as well. 

A data base is used to store essential information on specific standards or reagents. The system 

is designed to serve various functions (e.g., the system issues warnings on expiration dates and 

allows chemists to obtain a list of all working standard solutions prepared from the same stock 

solution). The program also facilitates the management and audit of reagents and standards. 

6.4.2 Gas Chromatography (GC) 

The field of gas chromatography involves a variety of instrumentation and detection systems. 

While calibration standards and acceptance criteria vary depending on the type of system and 

analytical methodology required for a specific analysis, the general principles of calibration 

apply uniformly. Each gas chromatographic system is calibrated prior to the performance of 

analyses. Initial calibration consists of determining the linear range, establishing limits of 

detection, establishing relative response factors, establishing calibration curves, and establishing 

retention time windows. The calibration is checked on the established frequency basis to ensure 
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that the system remains within specifications. The established criteria for initial and ongoing 

calibration of gas chromatography methods are based upon established US EPA methods or CLP 

Statements of Work. 

6.4.3 Gas Chromatography/Mass Spectrometry (GC/MS) 

Each day, prior to analysis of samples, the instrument is tuned with reagents such as 

bromofluorobenzene (BFB) for volatile compounds and decafluorotriphenylphosphine (DFTPP) 

for semivolatile compounds, and must meet the tuning criteria specified in the respective 

methods prior to conducting analyses. 

The instrument is calibrated for all target compounds. An initial calibration curve is produced, 

and certain key calibration compounds and continuing calibration compounds are evaluated on 

a daily basis to ensure that the system is within calibration criteria. 

6.4.4 Spectrophotometric Unit 

Each spectrophotometric unit is calibrated prior to analyses being conducted. A calibration 

curve is prepared with a minimum of a calibration blank and five standards. The calibration is 

verified on an ongoing basis with a midpoint calibration standard to ensure that the instrument 

meets established acceptance criteria. 

6.4.5 Metals 

Metals analysis basically involves two types of analytical instrumentation: inductively coupled 

argon plasma emission spectroscopy (ICP), and atomic absorption spectroscopy (AA). 

Each ICP unit is calibrated prior to the analyses being performed using criteria prescribed in the 

respective methods. The calibration is then verified using standards from an independent source. 

The linear range of the instrument is established using a linear range verification check standard. 

No values are reported above this upper concentration value without dilution. 
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A calibration curve is established daily by analyzing a minimum of two standards, one of which 

is a calibration blank. The calibration is monitored throughout the day by analyzing a continuing 

calibration blank and a continuing calibration verification standard. The standard must meet 

established criteria as described in the method. 

An interelement check standard is analyzed at the beginning of each analytical run to verify that 

interelement (between analyte metals) and background correction factors have remained constant. 

Results outside of the established criteria trigger reanalysis of samples. 

Each AA unit is calibrated prior to analyses being conducted. A calibration curve is prepared 

with a minimum of a calibration blank and two standards, and then verified with a standard that 

has been prepared from an independent source at a concentration near the middle of the 

calibration range. The calibration is verified on an ongoing basis with a midpoint calibration 

standard to ensure that the instrument meets established acceptance criteria. The method of 

standard additions is used when matrix interferences are present. 

6.4.6 Documentation 

Documentation of all calibration activities will be maintained by the laboratory and will also be 

submitted with the data packages. This information will become a part of the permanent project 

record and could be retrieved as necessary. 

6.5 INTERNAL QUALITY CONTROL CHECKS 

Two types of QA checks will be utilized to assess the production of analytical data of known and 

documented quality. These include: 

• Program quality assurance 

• Analytical method quality control 

6.5.1 Program Quality Assurance 

The stated objectives of the laboratory QA/QC Program are to: 
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• Ensure that all procedures are documented, including any changes m 

administrative and/or technical procedures 

• Ensure that all analytical procedures are conducted according to sound scientific 

principles and have been validated 

• Monitor the performance of the laboratory by a systematic inspection program 

and provide for corrective action as necessary 

• Collaborate with other laboratories in establishing quality levels, as appropriate 

• Ensure that all data are properly recorded and archived 

All laboratory procedures are documented in writing as either SOPs or method procedures 

(MPs), which are edited and controlled. Internal quality control procedures for analytical 

services will be conducted by the laboratory in accordance with their corporate quality assurance 

plan and SOPs. These specifications include the types of audits required (sample spikes, 

surrogate spikes, reference samples, controls, blanks), the frequency of each audit, the 

compounds to be used for sample spikes and surrogate spikes, and the quality control acceptance 

criteria for these audits. 

The laboratory will document, in each data package provided, that analytical QC functions have 

been met. Any samples analyzed in nonconformance with the QC criteria will be reanalyzed 

by the laboratory if the laboratory procedures were not in control as assessed by laboratory 

control samples and other data specific to the analysis, and if sufficient sample volume is 

available. It is expected that sufficient volume of samples will be collected for reanalysis. 

6.5.2 Analytical Method Quality Control 

The QC level of effort for analyses to be used for the Cannon AFB, Fire Training Area No. 4 

investigation is summarized in Table 6-1. 
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Matrix Spike. A matrix spike (MS) is an environmental sample to which known 

concentrations of analytes have been added. The matrix spike is taken through the entire 

analytical procedure and the recovery of the analytes calculated. Results are expressed as 

percent recovery of the known amount spiked. The matrix spike is used to evaluate the effect 

of the sample matrix on the accuracy of the analysis. Matrix spike analysis will be designated 

on the chain-of-custody by field sampling personnel. Extra sample volume will be collected for 

this purpose if necessary. A determination will be made in the field concerning representative 

matrices. 

Matrix Spike Duplicate. A matrix spike duplicate (MSD) is a split of the environmental 

sample utilized for the matrix spike which is spiked with known concentrations of analytes. The 

matrix spike and matrix spike duplicate are processed, separately but in identical fashion and the 

results compared to evaluate the precision and accuracy of the laboratory analysis. Results are 

expressed as percent recovery and as relative percent differences (RPD) between the MS and the 

MSD percent recoveries. MSD analysis will be designated on the chain of custody by field 

sampling personnel. 

Laboratory (or Matrix) Duplicate. A laboratory duplicate is a split of an environmental 

sample, which is prepared and analyzed in a manner identical to that of the original sample. The 

results are utilized to evaluate the precision of the laboratory analyses. Results are expressed 

in Relative Percent Difference between analytical results for the split and the original sample. 

Surrogate. A compound or compounds added to every blank, sample, matrix spike, 

matrix spike duplicate, and standard if specified in the analytical methodology. The results are 

utilized to evaluate the accuracy of analytical measurement on a sample-specific basis. 

Surrogates are generally brominated, fluorinated, or isotopically labeled compounds not expected 

to be detected in environmental media. Results are expressed in Percent Recovery of the 

surrogate spike. 

Internal Standards. Internal standards performance criteria ensure that GC/MS 

sensitivity and response are stable during every analytical run. Internal standards are added to 

every blank, sample, and duplicate, and analyzed to verify that all retention times and IS areas 

are within the required criteria. Appropriate, method-required internal standards will be used 
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to quantitate sample concentrations and to evaluate sensitivity and stability of the GC/MS 

system. 

Method or Preparation Blank. A method blank consists of analyte-free deionized water 

or Ottawa sand for organic analysis of solids. The method blank is carried through each step 

of the analytical method. The method blank data will be used to evaluate the laboratory 

contamination during analysis. 

Laboratory Control Samples (LCS). Laboratory control samples (LCS) are 

well-characterized, laboratory-generated samples used to monitor the laboratory's day-to-day 

performance of routine analytical methods. Certain LCS are used to monitor the precision and 

accuracy of the analytical process independent of matrix effects. Other LCS are used to identify 

any background interference or contamination of the analytical system which may lead to the 

reporting of elevated concentration levels or false positive data. 

The results of the LCS are compared to well-defined laboratory acceptance criteria (see Section 

3) to determine whether the laboratory system is "in control". Controlling lab operations with 

LCS (as opposed to MS/MSD samples) offers the advantage of being able to differentiate low 

recoveries due to procedural errors from those due to matrix effects. LCSs will be used for 

TRPH, metals and cyanide analyses. 

6.6 LABORATORY CORRECTIVE ACTION 

The laboratory QA/QC Officer or the officer's designee shall be responsible for initiating 

corrective action as necessary. Corrective action will be required if analyses of QC samples or 

laboratory conditions do not meet criteria specified in the respective methods, the laboratory 

quality assurance plan or the SOPs. 

The project QA/QC Officer will review the field and laboratory data generated for this project 

to ensure that all project quality assurance objectives are met. If any nonconformances are 

found in the laboratory analytical and documentation procedures and data assessment and 

validation procedures, the impact of those nonconformances on the overall project QA objectives 
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will be assessed. Appropriate actions, including resampling, reanalysis, etc., may be 

recommended to the Program Manager so that the project objectives can be accomplished. 

6.7 DATA ASSESSMENT PROCEDURES 

The reliability and credibility of analytical laboratory results are evaluated by the inclusion, as 

an integral part of any analytical procedure, of a program of randomly selected replicate 

analyses, and analysis of standards and spiked samples. 

Precision of analytical results will be evaluated as the relative percent difference or relative 

standard deviation from the mean of replicate analyses. Accuracy is reported as the percent 

recovery of a parameter from a sample of known value with a given analytical procedure and 

analyst. 

The procedures described herein are designed to ensure precise and accurate data for each 

analytical method and analyst. To ensure that reliable data continue to be produced, systematic 

checks must show that test results remain reproducible and that the methodology is actually 

measuring the quantity of analyte in each sample. Quality assurance must begin with sample 

collection and not end until the resulting data have been reported. 

Data assessment and review will be accomplished by the joint efforts of the Project QA/QC 

Officer and the QA/QC Coordinator. The QA/QC Coordinator or his/her designee will review 

the analytical results for compliance with the established QC criteria as described below. 

Problems arising during sample collection, packing, shipping, or analysis will be taken into 

consideration in the data assessment. 

The following procedures will be used to evaluate data precision, accuracy, and analytical 

completeness for the analyses conducted. 

RFI WORK PLAN/CANNON AFB FTP#4 6-10 September 20, 1996/Rev. 3 



I! I, 

6. 7.1 Accuracy 

Accuracy will be expressed as percent recovery for laboratory control samples as follows: 

where x 

T 

= 

= 

X 
Percent Recovery = - x 100 

T 

the observed value of measurement 

"true" value 

Recoveries will be compared with the applicable control limits (Section 3.0) and the data 

associated with outliers will be evaluated to determine its useability. The surrogate recoveries 

will also be calculated as above and compared against the limits shown in Section 3.0. If the 

surrogate percent recovery limits are exceeded, the data will be assessed to determine the 

potential effect of the poor surrogate recovery on the reported results. 

In addition, the matrix spike and matrix spike duplicate sample results will be used to calculate 

the percent recovery. 

where X 

s 
T 

Percent Recovery _ X -s 100 (for matrix spikes} - T x 

observed value after spike 

sample value 

amount spiked 

These matrix spike and matrix spike duplicate percent recoveries will be compared with the 

applicable control limits (Section 3.0) and the data associated with outliers will be assessed in 

conjunction with other QC data to determine if the sample matrix is potentially affecting the 

data adversely. 
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6. 7.2 Precision 

Precision will be expressed as RPD for duplicate environmental samples and for duplicate 

control samples, as follows: 

where S 

D 

= 

RPD (%) = IS-DI X 100 
(S+D)/2 

first sample value (original) 

second sample value (duplicate) 

The RPDs will be compared with the applicable control limits in Section 3.0, and the effect of 

inadequate precision on the associated sample data will be assessed. 

6. 7.3 Assessment Of Data For Completeness and Useability 

Following validation of the data packages, assessment of the data with respect to fulfillment of 

quality assurance objectives and useability will be accomplished by the joint efforts of the Project 

QA/QC Officer and the Project Manager. This assessment will include sample collection, 

sample handling, field data, consideration of blank values and field duplicate values, and 

additional flagging of qualifying data for use at each site. 

The analytical completeness will be calculated by the ratio of acceptable and estimated results 

to the total number of analytical results requested on samples submitted for analysis. 

% Completeness = Accepted Analytical Results + Estimated Analytical Results 
Total Number of Analytical Results Requested 

The percent completeness will be compared against the overall program goal of 90 percent, as 

stated in the sitewide Data Collection Quality Assurance Plan (Lee Wan and Associates, Inc. 

1990c). If the goal is not met, the Project QA/QC Officer and the Project Manager will decide 

if the data are sufficient for the site characterization or other types of data uses. If it is judged 

that the data are inadequate, additional field samples will be collected to accomplish the project 
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goals. Decisions to repeat sample collection and analysis may be made by the Project Manager 

and the Project QA/QC Officer based on the extent of the deficiencies and their importance in 

the overall context of the project. 

6.8 DATA REDUCTION, VALIDATION, AND DOCUMENTATION 

The analytical data generated by the laboratory will be reviewed for accuracy, precision, 

completeness, representativeness, and comparability. The data validation process for this project 

will consist of data generation, reduction, and two levels of review, the first by the analytical 

laboratory and the second through an independent data review. 

6.8.1 Analytical Laboratory Data Review and Reporting 

The first level of review, which may contain multiple sublevels, will be conducted by the 

analytical laboratory Data Reviewer who has the initial responsibility for the correctness and 

completeness of the data. All data are generated and reduced in accordance with protocols 

specified in the analytical methodology. The laboratory Data Reviewer will evaluate the quality 

of the work based on an established set of laboratory guidelines and this Workplan. This person 

will review the data package to ensure that: 

• Sample preparation information is correct and complete. 

• Analysis information is correct and complete. 

• Appropriate methods have been followed. 

• Analytical results are correct and complete. 

• QC samples are within appropriate QC limits. 

• Special sample preparation and analytical requirements have been met. 

• Documentation is complete (all anomalies in the preparation and analysis have 

been documented; out-of-control forms, if required, are complete; holding times 

are documented). 

The laboratory will perform the in-house analytical data reduction and QA review under the 

direction of the laboratory Data Review Supervisor. The laboratory Program Administrator 

(PA) is responsible for assessing data quality and advising the Project Manager of any data 
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which were rated "preliminary" or "unacceptable", or other notations which would caution the 

data user of possible unreliability. Data reduction, QA review, and reporting by the laboratory 

will be conducted as follows: 

• Raw data produced by the analyst is processed and reviewed for attainment of 

quality control criteria as outlined in this Workplan and/or established USEPA 

methods and for overall reasonableness. 

• After entry into the Laboratory Information Management System (LIMS), a 

computerized report is generated and sent to the laboratory Data Reviewer. 

• The Data Reviewer will decide whether any sample reanalysis is required. 

• Upon acceptance of the preliminary reports by the Data Reviewer, final reports 

will be generated. 

Laboratory data reduction procedures will be those specified in the respective USEPA SW-846 

Methods, 3rd Edition, and those described in the laboratory SOPs. 

The laboratory will prepare and retain full analytical and QC documentation. For SW-846 and 

other analytical methods, the following reporting requirements shall be met. The laboratory will 

report the data as a group of 20 samples or less, along with QC supporting data. The laboratory 

will provide the following hard copy information in each analytical data package submitted in 

accordance with QA objectives for Cannon AFB: 

• Chain-of-custody forms 

• Cover sheet listing the samples included in the report and narrative comments 

describing problems encountered in analysis 

• Tabulated results of inorganic and organic compounds identified and quantified 

and reporting limits for all analytes 
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• Analytical results for QC sample spikes, sample duplicates, initial and continuing 

calibration verifications of standards and blanks, standard procedural blanks, 

laboratory control samples, and ICP interference check samples 

• Tabulation of reporting limits related to the sample 

• Raw data system printouts (or legible photocopies) identifying date of reported 

analysis, analyst, parameters analyzed, calibration curve, calibration verifications, 

method blanks, any reported sample dilutions, sample duplicates, spikes, and 

control samples; sample spiking levels, preparation/extraction logs and run logs 

For organic analyses, the data packages will include matrix spikes, matrix spike duplicates, 

surrogate spike recoveries, chromatograms, GC/MS spectra, and computer printouts for reported 

analyses and associated QC data. 

For the VOC and SVOC analyses, the data packages will include, at a minimum, the following: 

• Analysis Data Sheet 

• Confirmation Analysis Data Sheet if applicable 

• Initial Calibration Response Factors 

• Initial Calibration Ion Abundance Ratios 

• Calibration Verification 

The narrative accompanying the data package will include the identification of samples not 

meeting total QC criteria as specified in the analytical method and the laboratory data quality 

review SOPs. 

The data reduction and the QC review steps will be documented, signed, and dated by the 

analyst. 

Laboratory qualifiers will include: 
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• Concentration below required reporting limit 

• Concentration of chemical also found in laboratory blank 

The narrative accompanying the data package will include cautions regarding nonquantitative use 

or unuseability due to out-of-control QC results. 

6.8.2 Independent Data Review Process 

Harza will perform independent review and validation of the analytical data package in 

accordance with details provided in SOP #10 (Appendix A). All critical data or ten percent of 

sample data, whichever is larger, will be subjected to a complete data validation using guidance 

from USEPA functional guidelines for data validation. OSWER directive "Guidance for Data 

Useability in Risk Assessment" (US EPA 1990a) has been used in determining the level of 

independent data review required for sample analyses to be used in risk assessment modeling. 

In accordance with this OSWER directive, critical data are those data considered to be crucial 

for the purposes of the risk assessment. A minimum of one sample per source, per sample 

medium, per exposure pathway will be considered critical for those analytes to be used in the 

risk assessment. 

Laboratory analytical data packages will receive a second level of review by a designee of the 

QA/QC Officer. Laboratory results will be reviewed and data qualified, if required. Sample 

data. may be qualified as "J" (estimated), "UJ" (not detected - estimated), or may be rejected 

"R". The qualifier "U" is normally used for analytes not detected by the laboratory. Rejected 

data are not usable for any purpose. Infrequently detected chemicals may be identified as 

"outliers" in accordance with Risk Assessment Guidance for Suveifund. Volume I. Human Health 

Evaluation Manual (Part AJ (USEPA, 1989). For this investigation, a chemical may be 

identified as an "outlier" if it is detected in less than five percent (5%) of the soil samples, is 

not detected at high concentrations, and there is no reason to believe that it may be present based 

upon past operations at FT A #4. 

In addition, approximately five percent of all soil samples will be split and sent to a separate 

quality assurance laboratory for analysis. The QA laboratory for this project is the USACE 

MRD laboratory (MRDL). Comparison will be made between the analytical results for the 
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samples split between the contract and USACE laboratories. These interlaboratory results will 

then be used in the Overall Assessment of Data for a Case for each of the analyte groupings. 
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TABLE 6-1 
Quality Control Level of Effort for Analytical Testing 

QC Minimum 
Parameter Measure Frequency 

Metals and Cyanide Calibration Blank Each calibration, beginning and 
end of each run; 10% frequency 

Initial Calibration Verification Daily for each instrument setup 

Continuing Calibration Beginning and end of each run; 
Verification 10% frequency 

Preparation Blank One per analytical batch 

Laboratory Duplicate One per analytical batch 

Matrix Spike Analysis One per analytical batch 

Laboratory Control Sample One per analytical batch 
Analysis 

Analytical Spike (AA-Fumace) Each sample (at least a single 
analytical spike will be performed 
to determine if the method of 
standard additions is required) 

Serial Dilution (ICP) One per sample delivery group 

Interference Check Sample (ICP) Beginning and end of each run 

Volatiles, Semivolatiles, TRPH Laboratory Blank One per analytical batch 
Continuing Calibration Daily for each instrument setup 

Laboratory Control Sample One per analytical batch, where 
applicable 

Matrix Spike Analysis One per analytical batch 

Matrix Spike Duplicate Analysis One per analytical batch 

Surrogate Spike 1 Each sample 

1. Surrogate spikes not required for TRPH. 



7.0 
DELIVERABLES 

Deliverables required for the field investigation at Cannon AFB are included in the Document 

Submittal Schedule on Table 7-1. Copies of deliverables to USEPA and NMED will be 

forwarded by Cannon AFB in accordance with Table 7-1. Deliverables include the following: 

Daily Quality Control Report. The DQCR is described in Section 5.0. For any non

routine occurrences, the DQCR will identify problems identified, corrective actions, and 

verbal/written instructions for sampling or reanalysis. 

Analytical Data Package. The analytical data package will be submitted to Harza by 

the contract laboratory in accordance with Section 6.8.1. The laboratory maintains detailed 

procedures for laboratory recordkeeping in order to support the validity of all analytical work. 

Each data set report submitted to Harza will contain the laboratory's written certification that 

the requested analytical method was run and that all analytical method QA/QC controls were 

within the established control limits. The laboratory QA Director will provide Harza with QA 

reports of external audits conducted by the EPA for the CLP program and by the USACE upon 

request. 

The QA laboratory for this project is the USACE Missouri River Division Laboratory (MRDL). 

The shipping address for the laboratory is given at the end of this section. The QA laboratory 

will be notified approximately one week before any QA sample shipments are shipped to the 

laboratory. Advance notice also will be provided for any Saturday deliveries to MRDL to insure 

that personnel will be available to receive the samples. Analytical data results from the 

laboratory will be submitted to the MRDL for data validation and comparison purposes as soon 

as they are available. Harza will conduct an independent QC review of analytical data, as 

outlined in Section 6.8 of the Workplan and discussed in SOP No. 10. The submittals of 

analytical results to the MRDL will include all sample, blank, and internal quality control results 

such as spike and surrogate recoveries and agreement between replicate analyses. The data 

report to the QA laboratory shall include a tabular presentation matching contract laboratory 

sample identification numbers to laboratory sample identification numbers. Field duplicates and 
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field blanks shall be identified as such and matched with their corresponding field samples where 

applicable. Harza will submit copies of the original chain of custody forms from the contract 

laboratory to serve as cooler receipt forms. These chain of custody forms will document any 

problems in sample packing, chain of custody, and sample preservation. 

Quality Control Summary Report. After the fieldwork has been completed and the 

final analyses are completed and checked, a draft quality control summary report (QCSR) will 

be prepared by Harza. The report will summarize the Daily Quality Control Reports and the 

quality assurance/quality control and audit information, indicating all data that have been 

compromised and the effect on data objectives, any corrective actions taken, and the overall 

results of Workplan compliance. The draft QCSR is scheduled to be submitted to the USACE 

Technical Manager within 30 days of the receipt of final laboratory deliverables. 

Monthly Progress Reports and Schedule Updates. Harza's Project Manager will 

prepare monthly progress reports with attached confirmation notices and schedule updates for 

submission to the USACE TM, Cannon AFB personnel and ACC. The reports summarize work 

completed during the period and anticipated in the next period and provide explanation of 

deviations from the work plan or schedule. 

Soil Gas Results Report. The Soil Gas Results Report will be submitted following 

completion of analysis of soil gas samples and will include recommended boring locations. 

Based upon the soil gas results and discussion with USACE and Cannon AFB personnel, the 

boring locations will be finalized. 

RFI Report. Pre-draft, draft and final RFI Reports will be submitted following 

completion of the investigation and laboratory investigations. The RFI Report will present, 

summarize and document all methods and results of the investigations. 

Meetings. Meetings to discuss the progress of the Cannon AFB site investigation will 

be held as requested in accordance with the USACE Scope of Services. Concerns which arise 

during the course of the work that may require changes to the scope of work or deviations from 

the established protocols specified in the approved project plans will be discussed and resolved 

at these meetings. Harza will prepare meeting minutes for distribution to attendees. 
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A. 

B. 

TABLE 7-1 

DOCUMENT SUBMITTAL SCHEDULE 

No. OF COPIES TO 

DOCUMENT RECIPIENT1 

A B c D 

Pre-Draft Work Plans 4 5 2 -

Draft Work Plans 3 4 5 2 -

Final Work Plans 3 5 5 2 1 

Monthly Progress Reports 1 1 1 -

Daily Quality Control Reports 2 1 - -

Quality Control Summary Reports 4 5 1 1 

Soil Gas Results Report 3 4 5 1 0 

Pre-Draft RFI Report 4 5 2 -

Draft RFI Report 3 4 5 2 1 

Final RFI Report 3 4 5 2 1 

Field Well Construction Logs 2 1 - -
.. 

Letter (A,B,C ... ) md1cates addresses shown below. 

Also, 1 set of IBM compatible 3.5 inch disk Word Perfect 5.1/5.2 files. 

Copies submitted to U.S. EPA and NMED by Cannon AFB staff. 

U.S. Army Corps of Engineers 
Omaha District 
Attn: Doug Mellema, CEMRO-ED-EC 
215 North 17th Street 
Omaha, Nebraska 
68102-4978 

Cannon Air Force Base 

Attn: 27 CES/CEV (Mr. John Constantine) 

111 Engineers Way, Bldg. 250 

Cannon AFB, New Mexico 88103-5136 

c. 

D. 

ACC CES/ESVW 

Attn: Ms. Margaret Calvert 

129 Andrews Street, Suite 102 

Langley AFB, Virginia 23665-2769 

U.S. Army Corps of Engineers 

Missouri River Division Laboratory 

Department of the Army 

Attn: CEMRD-EP-LC 

420 South 18th Street 

Omaha, NE 68102-2586 

(For QA Sample Shipment, add "Attention: Sample 

Custodian") 
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8.1 GENERAL 

8.0 
PRELIMINARY ARARS 

Preliminary identification of applicable and relevant and appropriate requirements (ARARS) 
pertaining to Fire Training Area No. 4 at Cannon AFB are outlined herein based upon those 

generated by Woodward-Clyde Consultants for the previous (1992) investigation work plan for 

Landfill No.5. Information on the identified ARARs will be updated to reflect major regulatory 

changes and/or identify revisions when the investigation results are available, in support of 

health and environmental assessments. Included are preliminary chemical-specific and location

specific ARARs and "To be considered" requirements. Identification of action-specific ARARs 
can only be addressed once remedial alternatives are developed. 

8.2 CHEMICAL-SPECIFIC ARARS 

Chemical-specific ARARs and other criteria or guidelines to be considered are presented in 

Tables 8-1 and 8-2. Chemical-specific requirements are based on health or risk-based 

concentration limits of discharge limitations in environmental media (i.e., water, soil) for 

specific hazardous chemicals. These requirements may be used to set cleanup levels for the 

chemicals of concern in the designated media, or to set a safe level of discharge (e.g. , water, 

air, etc.) that may occur as part of the remedial activity. 

8.3 TO BE CONSIDERED MATERIALS 

"To be considered" materials {TBCs) are nonpromulgated advisories, proposed rules, criteria, 

or guidance documents issued by federal or state governments that do not have the status of 

potential ARARs. However, these advisories and guidance are to be considered when 

determining protective cleanup levels where no ARARs exist, or where ARARs are not 

sufficiently protective of human health and the environment. In these circumstances, TBC 

values are used to establish cleanup targets. TBC screening values are provided Table 8-3. 
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8.4 WCATION-SPECIFIC ARARs 

Location-specific ARARs are restrictions placed on the types of activities that may occur in 

particular locations. Potential location-specific ARARs for Cannon AFB are presented in 

Table 8-4 with an explanation as to whether the regulation is applicable or relevant and 

appropriate and why. The location of a site may be an important characteristic in determining 

its impact on human health and the environment; thus, individual states may establish location

specific ARARs. These may restrict or preclude certain remedial actions or may apply only 

to certain portions of a site. Examples of location-specific ARARs include federal and state 

requirements for preservation of historic landmarks, endangered species and wetlands protection, 

and the restrictions on management of hazardous waste in floodplain areas. 
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TABLE 8-1 

SUMMARY OF POTENTIAL CHEMICAL-SPECIFIC ARARS/TBCs 
CANNON AFB - FIRE TRAINING AREA No. 4 

Standard, Requirement, or Criteria 

FEDERAL 

Safe Drinking Water Act (40 USC Sect. 300) 

National Primary Drinking Water Standards 
[40 CFR Parts 141, 142, (1990, 1991) 

National Secondary Drinking Water Standards 
(40 CFR Part 143) 

Maximum Contaminants Level Goals 
(MCLGs) [PL No. 99-339, 100 Stat. 642 
(1986), (1990, 1991); 40 CFR 141,142] 

Resource, Conservation, and Recovery Act (RCRA) 

Releases from Solid Waste Management Units 
(40 CFR Part 264) 

RCRA Facility Investigation 
Guidance (EPA, 1989) 

Description 

Establishes maximum contaminant levels 
(M CLs) for specific contaminants which are 
health-based standards for public drinking water 
systems. 

Establishes secondary maximum contaminant 
levels (SMCLs) which are nonenforceable 
guidelines for public drinking water systems to 
protect the aesthetic quality of the water. 

Establishes drinking water quality goals at a 
level at which no adverse health effects may 
occur with an adequate margin of safety. 

Subpart F (264.94) gives concentration limits in 
groundwater for hazardous constituents from a 
regulated unit. 

Guidance levels for cleanup of contaminated 
soils based on EPA-derived chronic exposure 
assumptions; intended as screening levels at 
RCRA facilities to determine if a more detailed 
health-risk evaluation is warranted. 
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Comment 

MCLs are applicable for drinking water at the 
tap. MCLs are relevant and appropriate for 
organic and inorganic contamination of 
groundwater that is or may be used for drinking. 

SMCLs may be "to be considered" if 
groundwater is used as a drinking water source. 

M CLGs set above zero levels are relevant and 
appropriate for existing or potential sources of 
drinking water. MCLGs may be relevant and 
appropriate if the risk posed by multiple 
contaminants or pathways is in excess of 104

• 

Applicable if organic and inorganic contamination 
of groundwater is found at a RCRA regulated 
unit. 

To be considered if contaminated soils are found. 



TABLE 8-1 
SUMMARY OF POTENTIAL CHEMICAL-SPECIFIC ARARS/TBCs 

CANNON AFB, FIRE TRAINING AREA No. 4 

Standard, Requirement, or Criteria 

STATE 

Proposed RCRA Action Levels (55 FR 30798, 
27 July 1990) 

New Mexico Water Quality Act, 1978 

New Mexico Drinking Water Regulations 
(4/16/91)(New Mexico Water Supply 
Regulations, Sections 202 to 203) 

New Mexico Water Quality Regulations, 
amended through August 17, 1991 (WQCCR 
Part 3, Sections 100 through 103) 

New Mexico Water Quality Regulations, 
amended through August, 1991 (WQCCR 
Part1, Section 101. UU) 

New Mexico Hazardous Waste Act 1978 

New Mexico Underground Storage Tank 
Regulations, amended through July 18, 1991, 
Section 1209 

Description Comment 

Risk-based action levels for contaminants in soil To be considered if contaminated soils are found. 
which, if exceeded, would trigger the need for a 
Corrective Measures Study. 

Establishes MCLs and standards for sources of 
drinking water. 

Establishes human health, domestic water 
supply, and irrigation use standards for ground 
water protection. 

Establishes defmition of toxic pollutant based on 
effects to human health and the environment. 
Requires a determination of health and 
environmental risk due to the presence of the 
contaminant. 

Sets cleanup levels for soils contaminated with 
benzene, aromatic hydrocarbons, or petroleum 
products. 
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State MCLs are applicable or relevant and 
appropriate to contaminated water if the state 
MCL is more stringent than federal requirements. 

Applicable if remedial activities include 
discharges onto or below the surface of the 
ground. 

Applicable if groundwater related to the source 
area contains any of the contaminants listed in the 
definition of toxic pollutants. 

May be "to be considered" if soils are 
contaminated with benzene, aromatic 
hydrocarbons, or petroleum products. 



TABLE 8-1 
SUMMARY OF POTENTIAL CHEMICAL-SPECIFIC ARARSITBCs 

CANNON AFB, FIRE TRAINING AREA No. 4 

Standard, Requirement, or Criteria 

New Mexico Solid Waste Regulations 

New Mexico Special Waste Requirements 
Regulations, adopted effective January 30, 
1992, Part VII 

Description 

Sets disposal levels for soils contaminated with 
BTEX compounds and total petroleum 
hydrocarbons. Also sets disposal standards for 
asbestos waste. 
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Comment 

May be "to be considered" if soils are 
contaminated with petroleum hydro
carbons and are removed and placed 
elsewhere. 



Parameter Type 

pH Field Parameter 

Total Dissolved Solids Indicator 

Carbonate Anion 

Chloride Anion 

Fluoride Anion 

N as Nitrate Anion 

N as Nitrate+ Nitrite Anion 

N as Nitrite Anion 

Potassium Anion 

Sulfate Anion 

Aluminum Metal 

Antimony Metal 

Arsenic Metal 

Barium Metal 

Beryllium Metal 

Boron Metal 

Cadmium Metal 

Calcium Metal 

Chromium Metal 

Cobalt Metal 

TABLE 8-2 

POTENTIAL SITE-WIDE CHEMICAL-SPECIFIC ARARs/TBCs 
GROUNDWATER QUALITY STANDARDS 

CANNON AFB, FIRE TRAINING AREA No. 4 

STATE STANDARDS 

FEDERAL STANDARDS NMWQCC Groundwater Quality Standards (g) 

SOW A Maximum 
Contaminant Level RCRA Subpart F Community Other Standards 

SDWA Maximum Goal (a) Concentration Limit Water Supply Human for Domestic 

Contaminant Level (a) ARARsffBCs (40 CFR 264.94) (b) System (h) Health Water Supply Irrigation Use 

6.5-8.5" 6.0-9.0 6.0-9.0 

500,000 ug/1" 1,000,000 ug/1 1,000,000 ug/1 

250,000 ug/1" 250,000 ug/1 250,000 ug/1 

4,000 ug/1, 2,000 ug/1" 4,000 ug/1 4,000 ug/1 1,600 ug/1 1,600 ug/1 

10,000 ug/1 10,000 ugll(c) 10,000 ug/1 10,000 ug/1 10,000 ug/1 

10,000 ug/l(c) 10,000 ugll(c) 

1,000 ugll(c) 1,000 ugll(c) 

250,000 ug/1* I 
600,000 ug/1 600,000 ug/1 

0.5 to 200 ugll*(c) 5,000 ug/1 

6 ugll(d) 6 ugll(d) 

50 ug/1 50 ug/1 50 ug/1 100 ug/1 100 ug/1 

2,000 ugll(e) 2,000 ugll(e) 1,000 ug/1 1,000 ug/1 1,000 ug/1 1,000 ug/1 

4.0 ugll(d) 4 ugll(d) 

750 ug/1 

5 ugll(c) 5 ugll(c) 10 ug/1 10 ug/1 10 ug/1 10 ug/1 

100 ugll(c) 100 ugll(c) 50 ug/1 50 ug/1 50 ug/1 50 ug/1 

50 ug/1 
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Parameter Type 

Copper Metal 

Cyanide Metal 

Iron Metal 

Lead Metal 

Magnesium Metal 

Manganese Metal 

Mercury Metal 

Molybdenum Metal 

Nickel Metal 

Selenium Metal 

Silver Metal 

Sodium Metal 

Thallium Metal 

Tin Metal 

Titanium Metal 

Tungsten Metal 

Vanadium Metal 

Zinc Metal 

Gross Alpha Radionuclide 

TABLE 8-2 
POTENTIAL SITE-WIDE CHEMICAL-SPECIFIC ARARs/TBCs 

GROUNDWATER QUALITY STANDARDS 
CANNON AFB, FIRE TRAINING AREA No. 4 

STATE STANDARDS 

FEDERAL STANDARDS NMWQCC Groundwater Quality Standards (g) 

SOW A Maximum 
Contaminant Level RCRA Subpart F Community Other Standards 

SOW A Maximum Goal (a) Concentration Limit Water Supply Human for Domestic 

Contaminant Level (a) ARARsffBCs (40 CFR 264.94) (b) System (h) Health Water Supply Irrigation Use 

1,000 ug/1* I ,300 ug/l(f) 1,000 ug/1 1,000 ug/1 

1,300 ug/1 ... 

200 ug/l(d) 200 ug/l(d) 200 ug/1 200 ug/1 

300 ug/1* 1,000 ug/1 1,000 ug/1 

50 ug/1 O(t) 50 ug/1 50 ug/1 50 ug/1 50 ug/1 

15 ug/1 ... 

50 ug/1* 200 ug/1 200 ug/1 

2 ug/1 2 ug/l(c) 2 ug/1 2 ug/1 2 ug/1 2 ug/1 

1,000 ug/1 

100 ug/l(d) 100 ug/l(d) 200 ug/1 

50 ug/l(c) 50 ug/l(c) 10 ug/1 10 ug/1 50 ug/1 50 ug/1 

100 ug/l*(c) 50 ug/1 50 ug/1 50 ug/1 50 ug/1 

2 ug/l(d) 0.5 ug/l(d) 

5,000 ug/1* I 
10,000 ug/1 10,000 ug/1 

15 pCi/1 15 pCi/1 
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Parameter Type 

Gross Beta Radionuclide 

Radium 226 + 228 Radionuclide 

Strontium 90 Radionuclide 

Tritium Radionuclide 

Uranium (total) Radionuclide 

1, 1-Dichloroethane Volatile 

1, 1-Dichloroethene Volatile 

1, 1, 1-Trichloroethane Volatile 

1, 1 ,2,2-Tetrachloroethane Volatile 

1,1 ,2,2-Tetrachloroethene Volatile 

l, I ,2-Trichloroethane Volatile 

1, 1 ,2-Trichloroethene Volatile 

1 ,2-Dichloroethane Volatile 

1 ,2-Dichloroethene Volatile 

1, 2-Dichloropropane Volatile 

4-Methyl-2-pentanone Volatile 

Acetone Volatile 

Benzene Volatile 

Bromodichloromethane Volatile 

Bromoform Volatile 

TABLE 8-2 
POTENTIAL SITE-WIDE CHEMICAL-SPECIFIC ARARs/TBCs 

GROUNDWATER QUALITY STANDARDS 
CANNON AFB, FIRE TRAINING AREA No. 4 

STATE STANDARDS 

FEDERAL STANDARDS NMWQCC Groundwater Quality Standards (g) 

SOW A Maximum 
Contaminant Level (a) 

4 mrem/yr 

5 pCi/1 

8 pCi/1 

20,000 pCi/1 

7 ug/1 

200 ug/1 

5 ug/l(d) 

5 ug/1 

5 ug/l(c) 

5 ug/1 

Tot THM• 
< 100 ug/1 

SDWA Maximum 
Contaminant Level RCRA Subpart F 

Goal (a) Concentration Limit 
ARARs/TBCs (40 CFR 264.94) (b) 

7 ug/1 

200 ug/1 

3 ug/l(d) 

0 ug/1 

0 ug/l(c) 

0 ug/1 
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Community 
Water Supply 

System (h) 

5 pCi/1 

8 pCi/1 

20,000 pCi/1 

7 ug/1 

200 ug/1 

5 ug/1 

5 ug/1 

Human 
Health 

30 pCi/1 

5,000 ug/1 

25 ug/1 

5 ug/1 

60 ug/1 

10 ug/1 

20 ug/1 

10 ug/1 

100 ug/1 

10 ug/1 

10 ug/1 

Other Standards 
for Domestic 
Water Supply Irrigation Use 

30 pCi/1 

5,000 ug/1 

25 ug/1 

5 ug/1 

60 ug/1 

10 ug/1 

20 ug/1 

10 ug/1 

100 ug/1 

10 ug/1 

10 ug/1 



Parameter Type 

Bromomethane Volatile 

Carbon Tetrachloride Volatile 

Chlorobenzene (mono) Volatile 

Chlorobenzilate Volatile 

Chloroethane Volatile 

Chloroform Volatile 

Chloroprene Volatile 

Chloromethane Volatile 

Cis-1 ,2-Dichloroethene Volatile 

Cis-1 ,3-Dichloropropene Volatile 

Dibromochloromethane Volatile 

Ethyl Benzene Volatile 

Methylene Chloride Volatile 

Styrene Volatile 

Tetrachloroethanes Volatile 

Tetrachloroethene Volatile 

Toluene Volatile 

Total Trihalomethanes Volatile 

Total Xylenes Volatile 

Trans-1, 2-Dichloroethene Volatile 

TABLE 8-2 
POTENTIAL SITE-WIDE CHEMICAL-SPECIFIC ARARs/TBCs 

GROUNDWATER QUALITY STANDARDS 
CANNON AFB, FIRE TRAINING AREA No. 4 

STATE STANDARDS 

FEDERAL STANDARDS NMWQCC Groundwater Quality Standards (g) 

SOW A Maximum 
Contaminant Level (a) 

5 ug/1 

100 ug/l(c) 

TotTHM
< 100 ug/1 

70 ug/l(c) 

Tot THM"" 
<100 ug/1 

700 ug/l(c) 

5 ug/l(d) 

100 ug/l(c) 

5 ug/l(c) 

1,000 ug/l(c) 

100 ug/1 

10,000 ug/l(c) 

100 ug/l(c) 

SOW A Maximum 
Contaminant Level RCRA Subpart F 

Goal (a) Concentration Limit 
ARARsffBCs (40 CFR 264.94) (b) 

0 ug/1 

100 ug/l(c) 

70 ug/l(c) 

700 ug/l(c) 

0 ug/l(d) 

100 ug/l(c) 

0 ug/l(c) 

1,000 ug/l(c) 

10,000 ug/l(c) 

100 ug/l(c) 
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Community 
Water Supply 

System (h) 

5 ug/1 

TotTHM-
100 ug/1 

Human 
Health 

10 ug/1 

100 ug/1 

750 ug/1 

100 ug/1 

750 ug/1 

620 ug/1 

Other Standards 
for Domestic 
Water Supply Irrigation Use 

10 ug/1 

100 ug/1 

750 ug/1 

100 ug/1 

620 ug/1 



Parameter 

Trans-1 ,3-Dichloropropene 

Trichloroethanes 

Trichloroethene 

Vinyl Acetate 

Vinyl Chloride 

1,2-Dichlorobenzene (ortho) 

1 ,3-Dichlorobenzene (meta) 

1 ,4-Dichlorobenzene (para) 

1 ,2,4-Trichlorobenzene 

2-Chloronaphthalene 

2-Chlorophenol 

2-Methylnaphthalene 

2-Nitroaniline 

2-Nitrophenol 

2,3, 7 ,8-Tetrachlorodibenzo-p
dioxin 

2,4-Dichlorophenol 

2,4-Dichlorophenoxyacetic 
Acid (2,4-D) 

2,4-Dimethylphenol 

2,4-Dinitrophenol 

2,4-Dinitrotoluene 

Type 

Volatile 

Volatile 

Volatile 

Volatile 

Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile (H) 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

TABLE 8-2 
POTENTIAL SITE-WIDE CHEMICAL-SPECIFIC ARARs/TBCs 

GROUNDWATER QUALITY STANDARDS 
CANNON AFB, FIRE TRAINING AREA No. 4 

STATE STANDARDS 

FEDERAL STANDARDS NMWQCC Groundwater Quality Standards (g) 

SOW A Maximum 
Contaminant Level (a) 

5 ug/1 

2 ug/1 

600 ug/l(c) 

600 ug/1 

75 ug/1 

70 ug/l(d) 

3x10-"(d) 

70 ug/l(c) 

SDWA Maximum 
Contaminant Level 

Goal (a) 
ARARsffBCs 

0 ug/1 

0 ug/1 

600 ug/l(c) 

600 ug/1 

75 ug/1 

70 ug/l(d) 

0 ug/l(d) 

70 ug/l(c) 

RCRA Subpart F 
Concentration Limit 
(40 CFR 264.94) (b) 

100 ug/1 
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Community 
Water Supply 

System (b) 

5 ug/1 

2 ug/1 

75 ug/1 

100 ug/1 

Human 
Health 

1ug/l 

Other Standards 
for Domestic 
Water Supply Irrigation Use 

1 ug/1 



Parameter 

2,4,5-TP Silvex 

2,4,6-Trichlorophenol 

3-N itroaniline 

4-Bromophenyl Phenylether 

4-Chloroaniline 

4-Chlorophenyl Phenyl Ether 

4-Chloro-3-methylphenol 

4-Nitroaniline 

4,6-Dinitro-2-methylphenol 

Acenaphthalene 

Acrylonitrile 

Alachlor 

Aldicarb 

Aldicarb Sulfone 

Aldicarb Sulfoxide 

Aldrin 

Aniline 

Anthracene 

Atrazine 

Benzo(a)anthracene 

Benzo(a)pyrene 

Type 

Semi-Volatile (H) 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile (P) 

Semi-Volatile (P) 

Semi-Volatile (P) 

Semi-Volatile (P) 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

TABLE 8-2 
POTENTIAL SITE-WIDE CHEMICAL-SPECIFIC ARARs/TBCs 

GROUNDWATER QUALITY STANDARDS 
CANNON AFB, FIRE TRAINING AREA No. 4 

STATE STANDARDS 

FEDERAL STANDARDS NMWQCC Groundwater Quality Standards (g) 

SDW A Maximum 
Contaminant Level (a) 

50 ug/l(c) 

2 ug/1 

3 ug/l(e) 

2 ug/1 

4 ug/1 

3 ug/l(c) 

0.2 ug/l(d) 

SDW A Maximum 
Contaminant Level RCRA Subpart F 

Goal (a) Concentration Limit 

ARARsffBCs (40 CFR 264.94) (b) 

50 ug/l(c) 

0 ug/1 

I ug/l(e) 

I ug/1 

I ug/1 

3 ug/l(c) 

0 ug/l(d) 
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10 ug/1 

Community 
Water Supply 

System (b) 

10 ug/1 

Human 
Health 

0.7 ug/1 

Other Standards 
for Domestic 
Water Supply Irrigation Use 

0.7 ug/1 



Parameter Type 

Benzo(b )fluoranthene Semi-Volatile 

Benzo(g,h,i)perylene Semi-Volatile 

Benzo(k)fluoranthene Semi-Volatile 

Benzyl Alcohol Semi-Volatile 

Bis(2-Chloroethoxy)methane Semi-Volatile 

Bis(2-Chloroethyl)ether Semi-Volatile 

Bis(2-Chloroisopropyl)ether Semi-Volatile 

Bis(2-Ethylhexyl)phthalate Semi-Volatile 

Butyl Benzylphthalate Semi-Volatile 

Carbofuran Semi-Volatile (P) 

Carbon Disulfide Semi-Volatile 

Chlordane Semi-Volatile (P) 

Chlorophenol Semi-Volatile 

DDT Semi-Volatile (P) 

DDT metabolite (ODE) Semi-Volatile (P) 

DDT metabolite (ODD) Semi-Volatile (P) 

Dalapon Semi-Volatile (P) 

Diallite Semi-Volatile 

Dibenzofuran Semi-Volatile 

Dibenz(a,h)anthracene Semi-Volatile 

Dibromochloropropane Semi-Volatile (P) 

TABLE 8-2 
POTENTIAL SITE-WIDE CHEMICAL-SPECIFIC ARARs/TBCs 

GROUNDWATER QUALITY STANDARDS 
CANNON AFB, FIRE TRAINING AREA No. 4 

STATE STANDARDS 

FEDERAL STANDARDS NMWQCC Groundwater Quality Standards (g) 

SOW A Maximum 
Contaminant Level (a) 

40 ugll(c) 

2 ugll(c) 

200 ugll(d) 

0.2 ug/1 

SDWA Maximum 
Contaminant Level 

Goal (a) 
ARARsffBCs 

40 ugll(c) 

0 ugll(c) 

200 ugll(d) 

0 ug/1 

RCRA Subpart F 
Concentration Limit 
(40 CFR 264.94) (b) 
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Community 
Water Supply 

System (h) 

Human 
Health 

Other Standards 
for Domestic 
Water Supply Irrigation Use 



Parameter Type 

Dichlorobenzene Semi-Volatile 

Dichlorobenzidine Semi-Volatile 

Dieldrin Semi-Volatile (P) 

Di(2-ethylhexyl)adipate Semi-Volatile (P) 

Diethylphthalate Semi-Volatile 

Di(2-ethylhexyl)phthalate Semi-Volatile 

Dimethoate Semi-Volatile 

Dimethylphthalate Semi-Volatile 

Dinitrotoluene Semi-Volatile 

Dinoseb Semi-Volatile(H) 

Di-n-octylphthalate Semi-Volatile 

Diquat Semi-Volatile(P) 

Endosulfan I Semi-Volatile (P) 

Endosulfan II Semi-Volatile (P) 

Endosulfan Sulfate Semi-Volatile (P) 

Endothall Semi-Volatile (P) 

Endrin Semi-Volatile (P) 

Ethylene Dibromide Semi-Volatile 

Fluoranthene Semi-Volatile 

Fluorene Semi-Volatile 

Glyphosate Semi-Volatile(P) 

\ 

TABLE 8-2 
POTENTIAL SITE-WIDE CHEMICAL-SPECIFIC ARARsffBCs 

GROUNDWATER QUALITY STANDARDS 
CANNON AFB, FIRE TRAINING AREA No. 4 

STATE STANDARDS 

FEDERAL STANDARDS NMWQCC Groundwater Quality Standards (g) 

SOW A Maximum 
Contaminant Level (a) 

400 ug/l(d) 

6.0 ug/l(d) 

7 ug/l(d) 

20 ug/l(d) 

100 ug/1 

2.0 ug/l(d) 

0.05 ug/l(c) 

700 ug/l(d) 

SDWA Maximum 
Contaminant Level RCRA Subpart F 

Goal (a) Concentration Limit 
ARARs/TBCs (40 CFR 264.94) (b) 

400 ug/l(d) 

0 ug/l(d) 

7 ug/l(d) 

20 ug/l(d) 

100 ug/1 

2.0 ug/l(d) 

0 ug/l(c) 

700 ug/l(d) 
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0.2 ug/1 

Community 
Water Supply 

System (h) 

0.2 ug/1 

Human 
Health 

0.1 ug/1 

Other Standards 
for Domestic 
Water Supply Irrigation Use 

0.1 ug/1 



Parameter 

Heptachlor 

Heptachlor Epoxide 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclohexane, Alpha 

Hexachlorocyclohexane, Beta 

Hexachlorocyclohexane, 
(Lindane) 

Hexachlorocyclohexane, 
Technical 

Hexachlorocyclopentadiene 

Hexachloroethane 

Indeno(l ,2,3-cd)pyrene 

Methoxychlor 

Naphthalene 

Nitrobenzene 

Nitrophenols 

Nitrosodibutylamine 

Nitrosodiethylamine 

Nitrosodimethylamine 

Nitrosopyrrolidine 

N-Nitrosodiphenylamine 

Type 

Semi-Volatile (P) 

Semi-Volatile (P) 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile (P) 

Semi-Volatile (P) 

Semi-Volatile (P) 

Semi-Volatile (P) 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile (P) 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

Semi-Volatile 

TABLE 8-2 

POTENTIAL SITE-WIDE CHEMICAL-SPECIFIC ARARs/TBCs 

GROUNDWATER QUALITY STANDARDS 

CANNON AFB, FIRE TRAINING AREA No. 4 

STATE STANDARDS 

FEDERAL STANDARDS NMWQCC Groundwater Quality Standards (g) 

SDWA Maximum 
Contaminant Level (a) 

0.4 ug/l(c) 

0.2 ug/l(c) 

1.0 ug/l(d) 

0.2 ug/l(c) 

50 ugll(d) 

40 ug/1 

SOW A Maximum 
Contaminant Level 

Goal (a) 
ARARsffBCs 

0 ug/l(c) 

0 ug/l(c) 

0 ug/l(d) 

0.2 ug/l(c) 

50 ug/l(d) 

40 ugll(c) 

RCRA Subpart F 
Concentration Limit 
(40 CFR 264.94) (b) 

4 ug/1 

100 ug/1 
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Community 
Water Supply 

System (h) 

4 ug/1 

100 ug/1 

Human 
Health 

Other Standards 
for Domestic 
Water Supply Irrigation Use 



Parameter Type 

N-Nitroso-di-n-dipropylamine Semi-Volatile 

Oxamyl Semi-Volatile{P) 

PCBs PCBs 

Pentachlorinated Ethanes Semi-Volatile 

Pentachlorophenol Semi-Volatile 

Phenanthrene Semi-Volatile 

Phenol Semi-Volatile 

Picloram Semi-Volatile (H) 

Polynuclear Aromatic Semi-Volatile 
Hydrocarbons 

(total PAH) 

Pyrene Semi-Volatile 

Simazine Semi-Volatile{P) 

Trans- I ,2-Dich1oroethene Semi-Volatile 

Toxaphene Semi-Volatile (P) 

TABLE 8-2 
POTENTIAL SITE-WIDE CHEMICAL-SPECIFIC ARARs/TBCs 

GROUNDWATER QUALITY STANDARDS 
CANNON AFB, FIRE TRAINING AREA No. 4 

STATE STANDARDS 

FEDERAL STANDARDS NMWQCC Groundwater Quality Standards (g) 

SOW A Maximum 
Contaminant Level RCRA Subpart F Community Other Standards 

SOW A Maximum Goal (a) Concentration Limit Water Supply Human for Domestic 

Contaminant Level (a) ARARsrrBCs (40 CFR 264.94) (b) System (h) Health Water Supply Irrigation Use 

200 ug/l(d) 200 ug/l(d) 

0.5 ug/l(c) 0 ug/l(c) I l ug/1 1 ug/1 

I ug/l(c) 0 ug/l(e) 

5 ug/1 5 ug/1 5 ug/1 

500 ug/1 500 ug/1 

30 ug/1 30 ug/1 30 ug/1 

4 ug/1(d) 4 ugll(d) 

100 ug/1 100 ug/1 

3 ug/1(c) 0 ug/l(c) 5 ug/1 I 5 ug/1 
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TABLE 8-2 
POTENTIAL SITE-WIDE CHEMICAL-SPECIFIC ARARs/TBCs 

GROUNDWATER QUALITY STANDARDS 
CANNON AFB, FIRE TRAINING AREA No. 4 

EXPLANATION OF TABLE 

(P) Pesticide (H) Herbicide 

• = secondary maximum contaminant level (fBCs) 

- = total trihalomethanes: chloroform, bromoform, bromodichloromethane, dibromochloromethane 

- = action levels in no more than 10% of tap samples, 56 FR 26460, 617/91, effective 1217/92 

NMWQCC = New Mexico Water Quality Control Commission 

RCRA = Resource Conservation and Recovery Act 

SDW A = Safe Drinking Water Act 

(a) EPA National Primary and Secondary Drinking Water Regulations, 40 CFR 141 and 40 CFR 143 (as of 5/1990) 

(b) NCP, 40 CFR 300; NCP Preamble 55 FR 8764; CERCLA Compliance with Other Laws Manual EPA/540/G-89/006, August 1988 

(c) EPA National Primary and Secondary Drinking Water Regulations, 40 CFR Parts 141, 142, 143, Final Rule, Effective July 30, 1992 (56 Federal Register 3526; 1/30/91) 

(d) EPA National Primary Drinking Water Regulations, 40 CFR 141 and 40 CFR 142, Final Rule (57FR 31776, 7/17/92); Effective date is January 17. 1994, (therefore TBCs) except for endrin, which is effective 8/17/92. 

(e) EPA National Primary and Secondary Drinking Water Regulations, 40 CFR Parts 141, 142, 143, Final Rule, Effective January 1, 1993 (56 FR 30266, 7/01/91) 

(t) EPA Maximum Contaminant Level Goals and National Primary Drinking Water Regulations for Lead and Copper, 40 CFR 141 and 142; effective December 7, 1992 (56 FR 26460, 617/91) 

(g) NM Water Quality Control Commission, NM Water Quality Regulations, Part 3, Section 3-103, 11/16/1967 amended through August 17, 1991 

(h) New Mexico Drinking Water/Water Supply Regulations, adopted April 16, 1991 

If no values are shown for a possible contaminant, there are no standards at this time. 
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TABLE 8-3 

POTENTIAL SCREENING CONCENTRATIONS FOR INORGANIC COMPOUNDS IN SOIL 
(TO BE CONSIDERED) 

CANNON AFB, FIRE TRAINING AREA No. 4 

-
Proposed RCRA Proposed Average Range of 

Action Level Level RCRA Action Other Background Background 
RFI Guidance TBCs• TBCsb Level TBCsc TBCsd Concentratione Concentrationse.r 

Compound (mg/kg) (mg!kg) (mglkg) (mglkg) (mglkg) (mglkg) 

aluminum - - - - 5700 860- 10,540 

antimony 30 30 32 - 6.75 1.33- 12.2 

arsenic* - 80 0.39 - 3.5 0- 15.5 

barium 4000 4000 5600 166 0-642 

beryllium* 0.14 0.2 0.16 0.41 0.09- 0.73 

cadmium - 40 80 - 1.1 0-2.9 

calcium - - - - 69,200 0- 186,400 

chromium III 80000 (for CrVI) 400 80000 - 6.98 1.42- 12.5 

cobalt - - - - 2.5 0.5-4.5 

copper - - - - 5.4 0- 13.0 

iron - - - - 4,780 840- 8,720 

lead - - - 500- 1000 7.12 0-25.8 

magnesium - - - - 4,650 0- 11,790 

manganese - - 8000 - 72 0- 164 

mercury - 20 24 - 0.11 0.9-0.13 

nickel 2000 2000 1600 5.0 1.0 - 9.0 

potassium - - - - 1360 148- 2,572 

selenium - - 400 8.23 0- 56.6 

silver 200 200 400 1.2 0.2- 2.2 

sodium - - - - 514 0- 1,042 

thallium** 30 6 5.6 - 0.50 0- 1.2 

vanadium - - 560 - 14.9 4.50- 25.3 
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Compound 

zmc 

TABLE 8-3 
POTENTIAL SCREENING CONCENTRATIONS FOR INORGANIC COMPOUNDS IN SOIL 

(TO BE CONSIDERED) 
CANNON AFB, FIRE TRAINING AREA No. 4 

Proposed RCRA Proposed Average 
Action Level Level RCRA Action Other Background 

RFI Guidance TBCs• TBCsb Level TBCsc TBCs<i Concentratione 
(mg/kg) (mg/kg) (mg/kg) (mglkg) (mg/kg) 

- - 16000 - 11.3 

Range of 
Background 

Concentrations"·r 
(mg/kg) 

0.72-21.9 

• RCRA Facility Investigation Guidance (EPA 1989a); human health-based criteria for systemic toxicants representing an estimate of the daily exposure an individual 
can experience without appreciable risk of health effects during a lifetime. 

b Source: Corrective Action for SWMUs at Hazardous Waste Management Facilities (55 FR 30798, 27 July 1990). These risk-based levels trigger the need for a 
corrective action measure study. 

c Human Health proposed action levels using calculations in 55 FR 30798. Sources of toxicity factors used in calculations include: (1) Integrated Risk Information 
System (IRIS) and (2) Health Effects Assessment Summary Tables (HEAST) FY1992. 

d Source: Interim Guidance on Establishing Soil Lead Cleanup Levels at Superfund Sites (USEPA, OSWER Directive 9355.4-02, 1990). 
e Source: Woodward-Clyde Consultants, 1993. 
r Average ± 2 standard deviations 
* Carcinogen 
** Values reported are for thallic oxide. 
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TABLE 8-4 

SUMMARY OF POTENTIAL LOCATION-SPECIFIC ARARs 
CANNON AFB, FIRE TRAINING AREA No. 4 

Requirement 

Resource Conservation and Recovery Act (RCRA) 

1. New facilities where treatment, storage or disposal of 
hazardous waste will be conducted is prohibited within 61 
meters (200 feet) of a fault displaced in Holocene time [40 
CFR 264.18(a)]* 

2. New facilities where treatment, storage or disposal of 
hazardous waste will be conducted is prohibited within the 
100-year floodplain. [40 CFR 264.18(b)]* 

3. Prohibits noncontainerized or bulk liquid hazardous waste 
placement in salt domes, salt bed formations, and 
underground mines or caves. [40 CFR 264.18(c)]* 

E.O. 11988 Protection of Floodplains 

Potentially 
Applicable? 

No 

No 

No 

4. Limits activities in floodplain. Floodplain is defmed as "the No 
lowland and relatively flat areas adjoining inland and coastal 
waters including flood prone areas of off-shore islands, 
including at a minimum, that area subject to a one percent or 
greater chance of flooding in any given year." [40 CFR 6, 
Appendix A and 40 CRF 6.302] 

Potentially 
Relevant and 
Appropriate? 

No 

No 

No 

No 

Comments 

Treatment, storage and disposal of waste will 
not be conducted within 61 meters of a fault 
displaced in Holocene time. 

Treatment, storage and disposal of waste will 
not be conducted within the 100-year floodplain 
of adjacent rivers. 

No action which would place waste in a salt 
dome or salt bed formation, underground mine 
or cave is anticipated at this site. 

Remedial activities will not be conducted within 
any floodplains. 

*Adopted by the State of New Mexico and incorporated within Part V of the New Mexico Hazardous Waste Management Regulations. 
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TABLE 8-4 
SUMMARY OF POTENTIAL WCATION-SPECIFIC ARARs 

CANNON AFB, FIRE TRAINING AREA No. 4 

Requirement 

E.O. 11990 Protection of Wetlands 

5. Minimizes impacts on areas designated as wetlands. 
[40 CRF 6, Appendix A] 

Clean Water Act Section 404 

6. Action to prohibit discharge of dredged or fill material into 
waters of U.S. without permit. [33 USC 1251; 40 CFR 230; 
33 CFR 320-330] 

7. Requires Federal agencies to avoid, to the extent possible, 
adverse impacts associated with destruction or loss of 
wetlands 

Potentially 
Applicable? 

No 

No 

No 

Page 2 of 6 

Potentially 
Relevant and 
Appropriate? 

No 

No 

No 

Comments 

Although playas are considered wetlands by the 
U.S. Fish and Wildlife Service, regulations are 
applicable only if the remedial activities impact 
the wetland areas. No impacts to the wetland 
areas are anticipated at this time. 

Dredge and fill permit requirements will not 
apply as no waters of the U.S. will be impacted 
by remedial activities on the site. 

As described above, although wetlands are 
considered by the U.S. Fish and Wildlife 
Service to occur on the base in the form of 
playas, regulations are applicable only if the 
remedial activities impact the wetland area. 



TABLE 8-4 
SUMMARY OF POTENTIAL WCATION-SPECIFIC ARARs 

CANNON AFB, FIRE TRAINING AREA No. 4 

Requirement 

Endangered Species Act 

8. Protects endangered species and threatened species and 
preserves their habitat. [16 USC 1531 et sequence; 
50 CFR 200, 50 CFR 402] 

Bald Eagle Protection Act 

Potentially 
Applicable? 

Yes 

9. Protects all eagle species and restricts activities that may Yes 
threaten or adversely affect their habitat (16 USC Section 688 

~ 

Migratory Bird Treaty Act 

10. Protects migratory, resident, or range habitat of migratory 
birds including raptors and waterfowl. (16 USC Section 703 

~. 

Yes 

Page 3 of 6 

Potentially 
Relevant and 
Appropriate? 

Comments 

Although Walk, Haydel & Associates report in 
their Remedial Investigation that there are no 
critical habitats in the immediate vicinity of the 
site (according to the Wildlife Management Plan 
for the base), two federally listed endangered 
species are known to inhabit the area within a 
50-mile radius of the site (Lee Wan & 
Associates, Inc., 6/90). 

If eagle species are found to occur on the base, 
special protection provisions will need to be 
coordinated with US Fish and Wildlife Service. 
Bald eagles are known to inhabit the area within 
a 50-mile radius of the site (Lee Wan & 
Associates, Inc., 6/90). 

Remedial actions cannot threaten or adversely 
affect the habitats of migratory waterfowl or 
rap tors. 



TABLE 8-4 
SUMMARY OF POTENTIAL LOCATION-SPECIFIC ARARs 

CANNON AFB, FIRE TRAINING AREA No. 4 

Requirement 

Wilderness Act 

Potentially 
Applicable? 

11. Limits activities within an area designed as a wilderness area. No 
[16 USC 1311 ~ ~; 50CFR 53.1 ~ ~.] 

12. Limits the type of activities permitted in an area designated as No 
a National Wildlife Refuge system [16 USC 668 ~ ~.; 
50 CFR Part 27] 

Fish and Wildlife Coordination Act 

13. Prohibits activities affecting/modifying streams or bodies of 
water if the activity has a negative impact on fish or wildlife. 
[16 USC 661 ~ ~.; 33 CFR Parts 320-330; 40 CFR 6.302] 

Wild and Scenic Rivers Act 

14. Protects rivers that are designated as wild, scenic or 
recreational. [16 USC 1271; 40 CFR 6.302(e)] 

No 

No 
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Potentially 
Relevant and 
Appropriate? 

No 

No 

No 

No 

Comments 

The site is not within a federally-owned area 
designated as a wilderness area. 

The site is not in an area designated as part of 
the National Wildlife Refuge System (the closest 
NWRS are over 25 miles from the site). 

As described above, no streams, rivers, or 
playas will be impacted by remedial activities. 

No rivers designated as wild, scenic or 
recreational will be affected by remedial 
activities. 



TABLE 8-4 
SUMMARY OF POTENTIAL WCATION-SPECIFIC ARARs 

CANNON AFB, FIRE TRAINING AREA No. 4 

Requirement 

National Historic Preservation Act (NHPA) 

Potentially 
Applicable? 

15. Requires the preservation of historic properties included in or Yes 
eligible for the National Register of Historic Places and to 
minimize harm to National Historic Landmarks. [16 USC 470 
~ ~.; 7 CFR 650; 36 CFR Part 65, Part 800] 

The Historic and Archaeological Data Preservation Act of 1974 

16. Establishes procedures to provide for preservation of historical Yes 
and archaeological data which might be destroyed through 
alteration of terrain as a result of a federal construction 
project or a federally licensed activity program (16 USC 469, 
40 CFR 6.301(c)) 

The Archaeological Resource Protection Act of 1979 

17. Requires a permit for any excavation or removal of Yes 

archaeological resources form public or Indian lands (16 USC 
470aa-47011) 
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Potentially 
Relevant and 
Appropriate? 

Comments 

Pursuant to Section 106 of NHPA, proposed 
federal undertaking in any state shall take into 
consideration the effect of the undertaking on 
any site, building, structure, or object that is 
included or eligible for inclusion in the National 
Register; nothing has been placed on the register 
to date, but surveys are ongoing. Also 
applicable if historical sites are discovered 
during a remedial action or if known historical 
sites exist near a remedial action site. 

May be available if remedial activities affect 
historical and/or undiscovered archaeological 
data of the site. 

May be applicable if any remedial activity 
involves removal of archaeological resources; 
substantive requirements need to be met. 



TABLE 8-4 
SUMMARY OF POTENTIAL WCATION-SPECIFIC ARARs 

CANNON AFB, FIRE TRAINING AREA No. 4 

Requirement 

Coastal Zone Management Act 

Potentially 
Applicable? 

18. Limits activities affecting the coastal zone, including lands No 
thereunder and adjacent shorelands. [16 USC Section 1451 ~ 
sequence] 

State Regulations 

Endangered Species Act (New Mexico Regulation 682) 

19. Requires coordination with the Department of Game and Fish Yes 
if activities impact on endangered/ threatened species or their 
habitat. 

1978 New Mexico State Cultural Properties Act (Sections 18-6-1 
through 18-6-17 NMSA 1978) 

20. Provides for the preservation, protection, and enhancement of Yes 
structures, sites, and objects of historical significance within 
the State. 
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Potentially 
Relevant and 
Appropriate? 

No 

Comments 

The site is not located in the coastal zone 
management area. 

As stated above, although Walk, Haydel & 
Associates report in their Remedial Investigation 
that there are no significant habitats in the 
immediate vicinity of the site, state listed 
threatened/ endangered species have been 
identified at or near the base. 

Although the Cannon AFB site, including its 
properties/buildings are not listed on the State 
Register of Historic Places, coordination with 
the State Historic Preservation Office is ongoing 
with respect to the historical and archaeological 
surveys that have been conducted at the base; 
State laws closely follow the federal laws. 
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2.0 

INTRODUCTION 

This Site Safety and Health Plan complies with Occupational Safety and Health Administration (OSHA) 

requirements contained in 29 CFR 1910.20. The Site Safety and Health Plan (SSHP) establishes 

guidelines and requirements for the health and safety of field personnel during field activities associated 

with U.S. Army Corps of Engineers Contract No. DACW-45-94-D-0044, Delivery Order No. 0006 at 

Cannon Air Force Base (CAFB) in Clovis, New Mexico. The specific activities addressed by this plan 

are defined in Section 6.0. All Harza on-site personnel and Harza subcontractors are required to read 

this plan and agree to abide by the provisions of this plan by signing the attached Employee Health and 

Safety Compliance Agreement provided in Appendix A. On-site personnel must also comply with the 

Harza written Health and Safety Program and the U.S Army Corps of Engineers, Safety and Health 

Requirements Manual EM 385-1-1. Copies of these manuals will be kept on site for reference by field 

personnel. 

The health and safety guidelines and requirements presented are based on a review of available 

information and an evaluation of potential hazards. This plan outlines the health and safety procedures 

and equipment required for activities at this site to minimize the potential for exposures of field 

personnel. This plan may be modified by the Project Manager or the Health and Safety Manager (HSM) 

in response to additional information obtained regarding the potential hazards to field investigative 

personnel. 
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3.0 

STAFF ORGANIZATION, QUALIFICATIONS, AND RESPONSIBILITIES 

Project personnel include the following: 

USACE: 

CAFB: 

Harza: 

Technical Manager 

CES/CEV 

Program Manager 

Project Manager 

Site Manager/Site Safety Officer 

Health & Safety Manager (consulting) 

Doug Mellema 

John Constantine 

Jitendra R. Ghia 

Robert P. Kewer 

Robert W. Sud a 

Atsushi Fujii 

Responsibilities and qualifications of Harza health and safety positions are outlined below: 

Health and Safety Mana,er. The HSM is a certified industrial hygienist (CIH) with experience in 

hazardous waste site operations. He is responsible for the development, implementation, oversight of the 

Health and Safety Program and the Site Safety and Health Plan and is available to the field team should 

problems arise in these areas. 

Site Safety Officer. The Site Safety Officer (SSO) will implement and continually enforce the Health 

and Safety Program and specific plan elements on site. He has specific training, knowledge, experience 

necessary to implement the plan and verify compliance with applicable health and safety requirements. 

The SSO will give the initial site health and safety briefing prior to beginning site work and subsequent 

onsite health and safety briefings as necessary. The SSO has the authority to stop field activities if 

conditions become unsafe. 

Other Field Personnel. Other field personnel will have received applicable health and safety training 

and will be responsible for observing requirements of the Site Safety and Health Plan while on site and 

assisting the HSM in enforcing the plan. The SSO may delegate the responsibility for monitoring or 

calibration of instruments to other field personnel. Other field personnel will be required to attend the 

initial health and safety briefing given by the SSO prior to beginning their site work. 
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4.1 Basic Off-Site Training 

4.0 
TRAINING 

Forty hours of off-site training or equivalent is required for all field personnel including subcontractor 

personnel. Training meets the requirements of 29 CFR 1910.120 (e). Topics include: 

• Safety, health, and other hazards associated with the site work. 

• Bloodborn diseases. 

• Use of personnel protective equipment, including necessary use of respirators. 

• Work practices to minimize risk. 

• Safe use of engineering controls and equipment. 

• Medical surveillance requirements, including recognition of symptoms and signs 

indicating overexposure to hazards. 

• Site control measures. 

• Decontamination procedures. 

• Emergency response plan and emergency equipment. 

• Confined space entry procedures. 

4.2 Field Training 

Three days of actual field experience under the direct supervision of trained, experienced supervisor are 

required for all field personnel. 

4.3 Refresher Training 

Eight hours of annual refresher training are required for all field personnel. This training must occur 

within 12 months of the basic training course or the last refresher course. 

4.4 Management Training 

Eight hours of training is mandatory for onsite managers and supervisors who are directly responsible 

for employees engaged in hazardous waste operations. 

As a minimum, the SSO will be currently certified in First Aid/CPR by American Red Cross or 

equivalent agency and will be present on site during site operations. All site personnel will attend a 
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health and safety briefing given by the SSO prior to beginning site work. The SSO has the authority to 

stop field activities if conditions become unsafe. 

SITE SAFETY & HEALTH PLANCAFB!FTP#4 5 September 20, 1996/Rev. 3 



I' 

5.0 

SITE DESCRIPTION AND CONTAMINATION CHARACTERISTICS 

5.1 Overall Site 

CAFB is located about 7 miles west of Clovis, New Mexico in Curry County, New Mexico (Figure 1). 

Since 1971, the primary mission of CAFB has been to develop and maintain an F 111 D tactical fighter 

wing, capable of day, night and all-weather combat operations and to provide replacement training of 

combat aircrews for tactical organizations worldwide. Currently, there are approximately 70 Fll1D 

aircraft assigned to CAFB (USAF, 1990). 

5.2 Fire Training Area No.4 (SWMU Nos. 109, 110, 111, 112) 

Fire Training Area No. 4 is located in the southeast corner of CAFB, as shown on Figure 1. Site 

features are shown on Figure 2. 

This unit was reportedly used as a fuel truck cleaning area between 1961 and 1974. In 1974, it was 

activated as a fire training area. The site has had configuration changes over time such that former 

integral parts are also listed as SWMUs for this RCRA Facility Investigation (RFI). These include: 

• SWMU No. 109- the Fire Training Area No. 4; 

• SWMU No. 110 - the Underground Waste Oil Tank #2336; 

• SWMU No. 111 - the Unlined Pit; and 

• SWMU No. 112 -the Oil/Water Separator #2336. 

Reportedly, fuel was introduced to the ground surface between 1961 and 1974. From 1974 to 1975, co

mingled waste oils, solvents, and recovered JP-4 were burned at the site. Between 1975 and 1995, only 

recovered JP-4 has reportedly been used as a fuel. During some, but not all training exercises, the 

ground was saturated with water. Runoff was initially directed to an unlined pit which was later replaced 

with the oil-water separator in approximately the same location. 

The Fire Training Area (SWMU No. 109) encompasses the three other SWMUs comprising the 

investigation area and is active and frequently used. The larger surface area that comprises the training 

area is circular in shape, about 400 feet in diameter and is unlined and ringed with a small berm and a 

security fence. A mock airplane is located roughly in the center of the area. Immediately below the 

mock airplane is a concrete "pan" which has internal drainage features such that excess fuel/water is 

drained to the oil-water separator (SWMU No. 112) in the northeast part of the area. A more recent 
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addition to the site is a decommissioned airplane located about 100 feet northeast of the mock airplane. 

The oil-water separator was activated in 1985, allegedly on the site of the former unlined pit (SWMU No. 

111) in the northeast part of the area. The unlined pit was used to collect runoff from the general area 

and JP-4left after fires were extinguished in training exercises. The underground waste oil tank (SWMU 

No. 110) on the west side of the area has been removed and soil from around the tank was being land 

farmed on a plot adjacent to the site access gate. To prevent downward migration of contaminants, the 

land farmed soil was placed on top of heavy gauge plastic. The underground waste oil tank #2336 was 

an underground 2,000 gallon storage tank used to store recovered JP-4 fuel prior to burning for fire 

training exercises. 

Previous investigations have detected the presence of contaminants in site soils. Based on data reported 

by Woodward- Clyde Consultants, Inc. (W-C), contaminants have included the following: 

• Inorganics 

Heavy metals, including arsenic, barium, lead and chromium 

• Organics 

Benzene, ethylbenzene, toluene, xylene (BETX) 

Total petroleum hydrocarbons (TPH) 

Oil and grease 

Highest concentrations reported from surface soil samples in the previous investigations included: 

benzene (1 ,060 JLg/kg); toluene (762 JLg/kg); total xylene (6,940 JLglkg); TPH (38,500 mg/kg); chromium 

(10 mg/kg); and lead (6.8 mg/kg). Highest concentrations reported from subsurface soil samples 

included: benzene (15,200 JLg/kg); toluene (64,000 JLg/kg); xylene (173,000 JLg/kg); ethylbenzene (56,200 

JLg/kg); arsenic (152 mg/kg); cadmium (1,713.5 mg/kg); chromium (10.5 mg/kg); lead (39 mg/kg); and 

TPH (8,300 mg/kg). 

Physical properties and health hazard characteristics of chemicals which may be encountered during the 

site investigations are provided in Table 1. 
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SCOPE OF WORK 

The generalized scope of work for the Fire Training Area No.4 (SWMU Nos. 109, 110, 111, 112) 

RCRA Facility Investigation (RFI) includes: 

• A 40 point passive soil gas survey - Harza personnel will bore 1 to 3 foot deep holes 

using a manually operated slide hammer. Soil gas collector devices provided by the 

supplier will be installed in the holes and left in place for 2 to 3 weeks, then retrieved 

manually by Harza and shipped to the laboratory. 

• A drilling program consisting of approximately twelve 100-foot deep borings, drilled by 

subcontractor using Rotasonic methods. Harza activities during drilling will include 

collection of approximately 139 soil samples for chemical analysis from the retrieved 

cores, and headspace screening and immunoassay screening of soil samples. 

The objective of the work is to identify and quantify contaminants which may be present in surface and 

subsurface soils within Fire Training Area No. 4 and the individual SWMUs included therein. 
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7.1 Chemical Hazards 

7.0 

HAZARD ASSESSMENT 

Chemical hazards expected to be encountered at this site include co-mingled waste oils, solvents, and 

JP-4 fuel. Physical properties and health hazard characteristics of chemicals which may be encountered 

at the site are shown in Table 1. Abbreviations for Symptoms of Exposure and Target Organs is 

provided in Table 2. Material Safety Data Sheets for these materials are included in Appendix B. 

The passive soil gas survey will require intrusive work to a depth of approximately 1 to 3 feet. A steel 

rod approximately 3/4" in diameter is driven into the ground and retracted to make a hole to place the 

soil gas sampler into. Soil is not removed from the hole. The potential routes of exposure to chemical 

hazards for this activity include inhalation, ingestion and dermal contact. The potential for exposure via 

all routes is expected to be low as the amount of contaminated soil exposed will be limited. 

The greatest risk of chemical exposure is likely to occur during drilling activities. The potential routes 

of exposure include inhalation, dermal contact, and ingestion. 

Compounds with a high vapor pressure may enter the borehole during drilling activities. However, in 

general the concentration of contaminants in air decreases quickly after exiting the borehole. Personnel 

should not be exposed to high concentrations of contaminants in their breathing zone. However, 

monitoring equipment will be used to protect personnel from these hazards. Without using monitoring 

equipment, the risk of chemical exposure via inhalation is expected to be moderate during drilling 

operations. 

Some solvents and fuels can be absorbed through the skin. However, it is anticipated that personnel will 

not come into contact with significant amounts of contaminated materials due to the nature of the field 

activities to be conducted during drilling and sampling. The potential for exposure to chemicals of 

concern is expected to be low. There is a possibility that airborne particulates contaminated with residual 

surfactants may be generated during dusty conditions. 

The potential for exposure to chemicals of concern by ingestion of contaminated materials is expected to 

be low. Personnel on site are expected to utilize good personal hygiene practices. In addition, specific 

procedures have been developed to prevent personnel from ingestion exposures. 
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7.2 Physical Hazards 

7 .2.1 Drilling 

The hazards involved with the use of drill rigs are significant and include the hazards of pinch points; 

entrapment in machinery; impact from moving parts; fatigue; electrocution from lightning, overhead 

wires, or buried utilities; and improper operations. Use of hand tools, moving the rig, and conducting 

required repairs can increase physical risks. Excessive noise may be generated from drilling rigs. 

Working with and around a drill rig can involve a high risk of serious injury or death. 

Work around heavy equipment can always be dangerous. Workers must be careful to communicate with 

heavy equipment operators regarding their location and should maintain a safe distance from operating 

equipment at all times. 

7 .2.2 Personal Protective Equipment 

Personal protective equipment (PPE) which may be required for some activities places a physical strain 

on the wearer and may increase the risk of heat stress. In addition, PPE such as gloves and protective 

clothing limits manual dexterity and physical movement. 

7 .2.3 Noise Exposure 

Work at this site will be conducted near drill rigs which may expose personnel to high noise levels. In 

addition, workers may be exposed to noise from jet engines on nearby taxiways. 

7 .2.4 Slips, Trips, and Falls 

Some sampling may be completed in areas with steep slopes, muddy or slippery surfaces and uneven 

ground. Workers in these areas risk injury by slips, trips, and falls. 

7.2.5 Heat Related Hazards 

Work may be performed in periods of hot/humid weather. Working during hot and humid weather may 

cause heat exhaustion, heat stress or heat stroke. 
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7 .2.6 Cold Related Hazards 

Work may be performed in periods of cold weather. Working during cold weather may cause 

hypothermia or frost bite. 

7.3 Biological Hazards 

7 .3.1 Insects 

During field work at this site, personnel may encounter a wide variety of insects including bees, 

mosquitos, biting flies, ticks, and spiders. Field personnel are encouraged to use insect repellent when 

mosquitos or biting flies are present. 

Stings of bees and wasps may cause serious allergic reactions in certain individuals. The SSO should 

identify all personnel with known insect allergies or sensitivities before field work begins. 

Spider bites can be extremely serious, e.g., those of the black widow or brown recluse. Others are 

unpleasant or uncomfortable, resulting in rashes, itching, and possible infection. The possibility of 

allergies greatly increases the danger since people are not usually aware of such allergies until they have 

been bitten. Therefore, spiders should be regarded as potentially hazardous. 

Ticks are parasites that feed on the blood of an animal/human host and can carry several severe diseases, 

the least bringing several days of fever and pain and the worst causing brain damage. This hazard is 

discussed in greater detail in Appendix C. 

7 .3.2 Other Animals 

Chipmunks, ground squirrels, rats, and other mammals have been known to harbor fleas carrying bubonic 

plague. Their bites can also transmit rabies and other infections. Chipmunk-like animals pose a special 

problem because people tend to try to feed them or pet them, increasing contact and bringing greater 

possibility of danger. Wildlife should be avoided when possible. 

Poisonous snakes may also be encountered on site. Personnel should check for snakes before walking 

through grassy or debris-strewn areas. Care should be taken when lifting possible habitats of snakes and 

spiders such as debris and cover. 
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8.1 Personnel Clearance 

8.0 

GENERAL HEALTH AND SAFETY REQUIREMENTS 

Harza employees must obtain health and safety clearances before beginning field work at the CAFB. 

Harza employees assigned to field operation must have (1) been certified by a Harza physician as being 

physically fit and able to perform their assigned field work, (2) successfully completed a 40-hour basic 

health and safety training course (Level C) for field personnel or the equivalent and subsequent 8-hour 

refresher courses, and (3) passed a respirator fit test with isoamyl acetate and/or irritant smoke as 

indicators. Site managers and supervisors must have successfully completed an 8-hour manager's health 

and safety course in addition to all other clearance requirements. The SSO must have current certification 

in CPR and First Aid in addition to requirements for field personnel. 

Harza subcontractor employees must also provide documentation of similar medical, training, and 

respirator fit clearances and will be required to provide proof of clearance before beginning work. 

8.2 Safety Briefings 

Before field work begins, all field personnel must be briefed by the SSO on their work assignments and 

safety procedures contained in this document. Each person must be provided with and read a copy of 

this SSHP. At the end of the meeting, attendees should be informally quizzed to assess their 

understanding of the health and safety requirements, and should sign a safety compliance agreement form 

stating that they have read, understand, and agree to comply with the provisions of this plan. Individuals 

refusing to sign the agreement will be prohibited from conducting field work during this investigation. 

8.3 Visitor Clearance 

Visitors entering a contamination reduction zone and exclusion zone at Fire Training Area No. 4 will be 

required to read and verify compliance with the provisions of this SSHP. In addition, visitors will be 

expected to comply with relevant OSHA requirements such as medical monitoring and training. Visitors 

will also be expected to provide their own protective equipment. For government visitors, four extra sets 

of PPE (not including respirators, prescription safety glasses, or safety boots) shall be maintained on site. 

In the event that a visitor does not adhere to the provisions of the SSHP, he/she will be requested to leave 

the work area. All non-conformance incidents will be recorded in the site log. 
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8.4 Distribution of Health and Safety Plan 

Before field work begins, a copy of this SSHP must be provided to each Harza and subcontractor 

employee assigned to field work on the project as well as to an authorized representative of each firm 

contracted by Harza to perform work on site. The SSO is responsible for ensuring that a copy of the plan 

is available whenever work is in progress. 

8.5 Accident/Incident Reporting 

In the event of an accident or incident, the SSO will immediately notify the Harza Project Manager and 

HSM. Types of accidents or incidents that are considered reportable are: 

• Illness resulting from chemical exposure or unknown causes, 

• Physical injury, including an injury that does not require medical attention, 

• Fire, explosions, and flashes resulting from activities performed by Harza and its 

subcontractors, 

• Infractions of safety rules and requirements, or 

• Unexpected chemical exposures. 

Work will be suspended to correct the cause of the accident/incident and to modify this plan as necessary. 

Minor accidents/incidents will be noted on the Daily Safety Inspection Report. For a major 

accident/incident, an Accident Investigation Report (ENG FORM 3394, Appendix D) must be submitted 

to the USACE Technical Manager within two working days and to the PM and HSM. 

8.6 Heat/Cold Stress Monitoring 

The site is located in eastern New Mexico which is subject to severe cold and wind conditions in the 

winter and hot conditions in the spring, summer and fall. Field work is expected to take place in winter 

and spring. A field trailer provided with temperature control will be located near the site. 

Cold stress monitoring will be implemented at any time the ambient temperature or the wind chill factor 

is 32° F or less. A wind chill table (cooling power of wind on exposed flesh, expressed as equivalent 

temperatures) is provided in Table 3. Cold stress monitoring will include recognizing warning symptoms, 

such as reduced coordination, drowsiness, impaired judgement, fatigue, or numbing of toes and fingers. 

Frequent breaks will be taken in warm areas to relieve workers from the cold. 

Heat stress monitoring will be implemented at any time temperatures are 70° F, or above. The heat stress 

monitoring program will include recognizing warning symptoms such as rashes, cramps, discomfort and 
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drowsiness, and impaired functional ability. Frequent breaks will be taken in cool areas to relieve 

workers from heat and to provide them with liquids. The monitoring program will also include the 

following physiological measurements: heart rate; oral temperature; skin temperature; and if possible, 

body weight. 

8. 7 Safety Reports 

The SSO will prepare Daily Safety Inspection Reports (Appendix E). The daily safety report will 

document health and safety-related matters. Information recorded will include weather conditions, 

monitoring instrument readings, records of initial and subsequent health and safety briefings, wind 

direction, levels of protection worn, upgrades/downgrades in level of protection, and records of site safety 

inspections by the HSM. The daily safety inspection report will be submitted to US ACE as part of the 

Daily QC Reports for this project. Any significant deviations from the HSP or Harza health and safety 

policy will be reported by the SSO to the HSM. The SSO will also report any stop-work situations and 

incidents to the Harza project manager, the HSM and the USACE project manager. 

8.8 Work Zones 

Work zones will be required for drilling and soil-gas surveys. For these activities the following 

procedures are mandatory. Three work zones will be established around each sampling location: the 

exclusion zone (EZ), the contamination reduction zone (CRZ), and the support zone (SZ). An EZ is an 

area where contamination could or does occur. The EZ will be demarcated using orange cones and/or 

flagging. All Harza or subcontractor personnel who enter the EZ must be cleared by the SSO, have 

signed a safety compliance agreement form, and wear the level of protective equipment specified in 

Section 9.0 of this plan. 

The CRZ is located immediately outside the exclusion zone. This zone is designed to limit the migration 

of contaminants from potentially contaminated areas to non-contaminated areas. Decontamination is 

conducted in this area near individual work locations. 

The support zone is an uncontaminated area. Supporting equipment and facilities will be located in this 

area upwind of the EZ and CRZ. 
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8.9 Laboratory Considerations 

Analysis of all samples collected during the investigation from the site will be handled by the contract 

laboratory. The laboratory director shall be informed that the samples may contain hazardous levels of 

contaminants that would require special handling procedures to prevent risks to the health and safety of 

laboratory personnel. 
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9.1 Personal Protective Equipment 

9.0 

SITE-SPECIFIC HEALTH AND SAFETY REQUIREMENTS 

Personnel on site must comply with the levels of protection outlined below and in Sections 9.1.1 and 

9.1.2. Clothing and respirators must be stored properly to prevent damage or malfunction due to 

exposure to dust, moisture, sunlight, damaging chemicals, extreme temperatures, and impact. Prior to 

use, PPE clothing should be visually inspected for imperfect seams, non-uniform coatings and tears, 

malfunctioning closures, punctures or discoloration. Respirators should be checked before each use for 

cleanliness, deterioration, pliability, and distortion. Cartridges or canisters should be checked to insure 

that they have not been used previously, that they contain the proper sorbents, and that the expiration date 

has not passed. Face shields should be checked for cracks and fogginess. Attachment 1 provides 

information on field respirator pressure tests and general procedures for respiratory care and cleaning. 

9.1.1 Hearing Protection 

Noise levels in excess of 85 dBA, 8 hour time weighted average will require hearing protection. Such 

levels may be associated with drilling operations and overhead air traffic. Hearing protection is required 

during this investigation for exposures of greater than 90 dB A for any length of time. In the absence of 

instrumentation, an appropriate rule of thumb is that when normal conversation is difficult at a distance 

of two to three feet, hearing protection is required. Harza personnel and their subcontractors shall have 

hearing protection on site for use by their employees. 

9.1.2 Personal Protection Levels 

Levels of personal protection are as follows: 

Level D: 

• Hard Hat (when working around heavy equipment and when overhead hazards exist) 

• Steel Toe and Shank Boots (when working around heavy equipment) 

• Safety Glasses with side shields or goggles (as required by OSHA) 

• Hearing Protection 
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Modified Level D: 

• Uncoated Tyvek coveralls taped at ankles and wrists 

• Hard Hat (when working around heavy equipment overhead hazards exist) 

• Steel Toe and Shank Boots (when working around heavy equipment) 

• Boot Covers 

• Safety Glasses with side shields or goggles (as required by OSHA) 

• Nitrile Gloves (when handling soils within the exclusion zone) 

• Latex or Nitrile Inner Gloves (when handling soils within the EZ) 

• Hearing Protection 

Level C: 

• Full face respirator with combination organic vapor/particulate filter 

cartridges 

• Saranex coated Tyvek coveralls taped at ankles and wrists 

• Hard Hat (when overhead hazards exist) 

• Steel Toe and Shank Boots (when working around heavy equipment) 

• Boot Covers (except for work in boats or on floating platforms) 

• Safety Glasses with side shields or goggles (as required by OSHA) 

• Nitrile Gloves (when handling soils within the exclusion zone) 

• Latex or Nitrile Inner Gloves (when handling soils within the exclusion 

zone) 

• Hearing Protection 

9.1.3 Initial Levels of Protection 

Level D will be the initial level of protection for the soil gas survey. Drilling and soil sampling will 

require level D Modified for personnel who will perform sampling and sampling equipment 

decontamination. Upgrades in the initial levels of protection for each activity will be made, if necessary, 

based on air monitoring results and/or field observations in accordance with Section 9.3 of this SSHP. 

9.2 Air Monitoring Requirements 

9.2.1 Exposure Monitoring/Air Sampling Program 

Air monitoring will be conducted during all drilling and sampling procedures. Air monitoring will be 

accomplished with an HNu photo ionization meter with an 11.7 e V probe at the beginning of each work 
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day, at each time a soil sample is recovered, at least hourly while work is underway, and at any other 

time the SSO deems necessary. If jet aircraft activity is taking place in close proximity to the work, the 

HNu will be used to monitor the presence of organics such as jet fuel. An MSA Model 360 H2S/ 

Combustible Gas Meter with an oxygen alarm also will be used continuously during drilling activities in 

the alarm mode with readings taken hourly. Available site conditions do not indicate the need for 

personal exposure monitoring. 

The HNu will be calibrated before field work begins each day. The Combustible Gas Meter will be 

calibrated at least weekly using calibration gases provided by the equipment manufacturer. Manuals for 

the HNu and Combustible Gas Meter will be available on site at all times for reference during calibration 

and maintenance. Model 360 H2S response to interferants and conversion factors for the HNu are 

provided in Attachment 2, along with calibration instructions. 

9.2.2 Recordkeeping 

A summarization of daily monitoring results will be kept in the field log book and on the Daily Safety 

Inspection Reports. 

9.3 Action Levels 

Based on air monitoring and field observations, the following action levels are identified for the field 

investigations: 

MONITORING SAMPLING ACTION 

EQUIPMENT RESULT 

PID Any breathing zone readings over 5 Upgrade to Level C PPE. Initiate 

ppm (sustained for 1 minute or monitoring at minimum 15 minute 

more). intervals. 

PID Any breathing zone readings over Stop work and Contact the HSM. 

25 ppm (sustained for 1 minute or 

more). 

CGI > 10 percent LEL Initiate continuous monitoring. 
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CGI 

Observation 

> 20 percent LEL 

Unusual odors are detected or 

symptoms of possible exposure 

occur in any individual while on the 

job (See MSD sheets in Appendix B 

for symptoms). 

Stop work. Work may be 

resumed when concentrations drop 

to 10 percent LEL. Continuous 

monitoring required for the 

borehole. 

Stop work and Contact the HSM. 

If site conditions require a higher personal protection level than level C, then all persons must leave the 

site area. As discussed in Section 9 .2.1, elevated levels of organic chemicals, such as jet fuel, may occur 

associated with nearby aircraft operations. The above action levels were developed with consideration 

of such possible occurrences and are based upon instrument readings in the worker's breathing zone 

whether due to contamination at the work site or ambient conditions. 

9.4 Decontamination 

9.4.1 Personnel Hygiene and Decontamination 

All personnel, clothing, and samples leaving the Exclusion Zone must be decontaminated. 

Decontamination equipment shall be present on site. A temporary decontamination line will be set up 

at each boring location and decontamination conducted should personnel have contact with grossly 

contaminated material. 

The temporary decontamination line should provide sufficient space to wash and rinse boots, gloves and 

all sampling equipment prior to placing equipment into a vehicle, as well as a place to discard of used 

disposable items such as gloves and tyvek. Personnel are advised to shower as soon as possible after 

leaving the site. 

9.4.2 Equipment Decontamination 

A temporary equipment decontamination pad will be set up on site at a location designated by CAFB 

personnel. Heavy equipment will be decontaminated with a steam or high pressure sprayer prior to 

leaving the site. Decontamination water will be contained or allowed to evaporate. 
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9.5 Work Practices 

9.5.1 Personnel Precautions 

• Eating, drinking, chewing gum or tobacco, smoking, or any practice that increases the 

probability of hand-to-mouth transfer and ingestion of material is prohibited in the 

exclusion zone and the contamination reduction zone. The drinking of water, Gatorade, 

or equivalent fluids may occur in the CRZ at the discretion of the SSO after personnel 

have washed their hands and face. 

• Smoking, carrying lighters and/or matches is prohibited in the exclusion zone and the 

contamination reduction zone. 

• No jewelry may be worn by personnel engaged in field work, except for watches, which 

will be disposed of if they become contaminated. 

• No facial hair which interferes with a satisfactory fit of the mask-to-face seal is allowed 

on personnel required to wear respirators or self-contained breathing apparatus (SCBAs). 

• When respirators are worn, personnel will check the mask seal by positive and negative 

pressure tests daily. Respirator cartridges will be changed immediately upon odor 

breakthrough of airborne chemicals, or daily at a minimum. There will be no sharing 

of respirators between personnel. 

• Contact lenses will be forbidden in Exclusion Zones and Support Zones. 

• Medicine and alcohol can enhance the effects from exposure to toxic chemicals. 

Prescribed drugs should not be taken by personnel on operations where the potential for 

absorption, inhalation, or ingestion oftoxic substances exists unless specifically approved 

by a qualified physician. Alcoholic beverage intake will not be allowed during working 

hours or breaks. 

• No person will enter an exclusion zone alone. 

• No one will approach or enter areas or spaces where toxic of explosive concentrations 

of gases or dust may exist without proper equipment available to enable safety entry. 

• Entry into trenches or confined spaces will not be permitted. 

• Field personnel should remain aware of wind direction during field activities. Equipment 

set-up and sampling efforts should be directed so that workers remain upwind of potential 

sources of exposure. 

• No drilling activities will be permitted during periods of thunderstorms and lightning. 

• Personnel will avoid areas where there is obvious discoloration of soil or water. 

• All personnel must adhere to the information contained in the site Safety and Health Plan. 
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9.5.2 Drilling 

Working with and around a drill rig can involve a high risk of serious injury or death. In order to reduce 

the risk, proper safety precautions must be observed at all times. Drill rig safety rules will be observed 

in accordance with the Contractor's Health and Safety Program. As a minimum, the following will 

apply: 

• When working around a drill rig, personnel are required to wear hard hats. In addition, 

no loose fitting clothing is allowed in the vicinity of the drill rig as it may get tangled in 

augers, cathead and other equipment. 

• All cables and ropes should be in good condition with no frays or damaged sections. All 

hooks used on ropes or cables should be moused or have protective doges to prevent 

them from jumping off the items which they are hoisting. 

• All hoisting plugs shall be in good repair. Hoisting plugs with worn threads or damaged 

bearing shall not be used. 

• Closed faced hoisting plates shall not be used when the drill rod does not extend at least 

5 feet above the derrick. 

• Personnel shall not be allowed to shovel cuttings away from the auger when it is 

spinning. 

• All kill switches on the drill rig must be operable. To ensure operability, they should 

be checked daily. 

• Drill rig personnel must be trained in the safe and effective operation of the drill rig and 

be familiar with its safety devices. 

• No drill rig equipment should be allowed to operate within 15 feet of the overhead power 

lines as a potential for electricity arcing to the derrick exists. 

9.5.3 Buddy System 

The "buddy system" will be used during all field work requiring the use of disposable coveralls and/or 

work around drill rigs or other heavy equipment. At no time will an individual enter or leave an 

exclusion zone alone. Before entering an exclusion zone, each individual will identify his/her "buddy." 

9.5.4 Confined Space Entry Procedures 

No confined space entry will be required or permitted during these field activities. 
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9.5.5 Spill Containment Program 

Due to the nature of the work at this site, a spill containment program will not be required. 

9.5.6 Excavation Safety 

No excavations will be required or permitted during these field activities. 

9.5.7 Material Handling Procedures 

All soils and decontamination water will be placed in 55-gallon drums and stored at the temporary drum 

storage area designated by appropriate CAFB personnel, until results of laboratory analysis have been 

completed. The 55-gallon drum will be marked identifying Fire Training Area No. 4, SWMU No. 109, 

the boring numbers, the date collected, contractor identification, and the telephone number for the 27 SG 

CEV office. The drums will also be labeled "contents waiting testing." 

9.5.8 Machine Guarding 

Machine guarding requirements are not required at this site. 

9.5.9 Fall Protection 

Work at elevated locations is not anticipated for this project, with the possible exception of repair work 

on a piece of drilling equipment. Any personnel conducting work at an elevated location will use fall 

protection as provided in 29 CFR 1926.104, with a lifeline or lanyard to prevent the worker from falling 

more than six feet. 

9.5.10 Illumination 

No night work will be allowed during this investigation. 

9.5.11 Sanitation 

Shower facilities will not be required during this investigation. Potable water and toilet facilities which 

comply with 29 CFR 1910.120(n) are located in the airport facilities that are available for worker use. 
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9.5.12 Communications 

9.5.12.1 On-Site Communications. Due to the limited field work and number of personnel 

required for this project, on-site communications systems will not be utilized. The "buddy system" will 

be employed at this site, and personnel will be within site of the SSO during all field activities. 

9.5.12.2 Off-Site Communications. The SSO will have access to a phone in the project vehicle 

during drilling activities. 
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10.1 Emergency Services 

10.1.1 Emergency Phone Numbers 

All Emergencies: From a commercial phone: 

From a base phone: 

Security Police: 

911 

4117 

784-2667 

10.0 

EMERGENCY RESPONSE 

Fire Department: 784-3117 - Report Only 

784-4852 - All others 

Hospital: 

Other: 

Life threatening injury/illness 

Cannon Air Force Base Hospital 

Building 1400 

784-4033 (Ambulance) 

784-4852 (All others) 

Non-life threatening injury/illness 

Clovis High Plains Hospital 

2100 N. Thomas 

769-2141 

Poison Control 

ESDA (Emergency Service and Disaster) 

10.1.2 Hospital Route 

(800)952-0 123 

(800)782-7862 

Hospital route maps are included as Figures 3 and 4. Hospitals were contacted by telephone for 

preparation of this SSHP. Both hospitals indicated the ability to accept potentially contaminated patients. 

Cannon AFB Hospital. The base hospital is located in Building 1400 on Casablanca Avenue on 

the northwest corner of the base. 

Clovis High Plains Hospital. Exit CAFB and turn left on 7th Street (at the 1st light) then turn 

north (left) on Thomas (at the second light). The hospital is on the west side of the road. 
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10.1.3 Harza Contacts 

• Robert P. Kewer, Project Manager (312-831-3812) 

• Atushi Fujii, Health and Safety Manager, (312-984-5055) 

10.2 Emergency Response Procedures 

The Site Manager, with assistance from the SSO, has responsibility and authority for coordinating all 

emergency response activities until proper authorities arrive and assume control. 

10.2.1 Emergency Medical Treatment 

If an employee working in a contaminated area is physically injured, Red Cross first aid procedures will 

be followed. Depending on the severity of the injury, emergency medical response may be sought. If 

the employee can be moved, he/she will be taken to the edge of the work area where contaminated 

clothing will be removed (if possible) and emergency first aid administered, and then they will be 

transported to the hospital. 

10.2.1.1 Emergency Medical Procedures. For severe injuries, illnesses, or overexposures: 

• Remove the injured or exposed person(s) from immediate danger. 

• If possible, at least partial decontamination should be completed. Wash, rinse, and/or 

cut off protective clothing and equipment and redress the victim in clean coveralls. 

• If decontamination cannot be done, wrap the victim in blankets or plastic sheeting to 

reduce contamination of other personnel. 

• Render emergency first aid and call an ambulance for transport to local hospital 

immediately. Notify emergency personnel of contaminants on-site. This information, 

which is included in Appendix A and Section 4.0, should be sent with the victim to the 

hospital. 

• Evacuate other personnel on site to a safe place until the SSO determines that it is safe 

to resume work. 

• Report the accident to the PM and HSM immediately and complete an incident report. 
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For minor injuries or illnesses: 

• Complete a full decontamination. 

• Administer first aid. Minor injuries may be treated on site, but all injuries will be 

examined by trained medical personnel. Victims of serious bites or stings will be taken 

to a medical center. 

• Notify the PM and HSM immediately. 

10.2.1.2 First Aid- Chemical Injury. If the injury to the worker is chemical in nature (e.g., 

overexposure), the following first aid procedures are to be instituted as soon as possible: 

Eye Exposure 

Skin Exposure 

If contaminated solid or liquid gets into the eyes, wash eyes immediately 

with sterile saline solution lifting the lower and upper lids occasionally. 

Continue eye wash for 15 minutes. Cover the eye with a dry pad and 

obtain medical attention immediately. (Contact lenses are not permitted 

in the exclusion zone.) 

If contaminated solid or liquid gets on the skin, promptly wash 

contaminated skin for 15 minutes using soap or mild detergent and water. 

If solids or liquid penetrate through the clothing, remove the clothing 

immediately and wash the skin using soap or mild detergent and water. 

Obtain medical attention immediately if symptoms warrant. 

10.2.1.3 First Aid - Physical Injury. 

Animal Bites 

Burns (minor) 

Burns (severe) 

Thoroughly wash the wound with soap and water. Flush the area with 

running water and apply a sterile dressing. Immobilize affected part 

until the victim has been attended by a physician. See that the animal is 

kept alive and in quarantine. Obtain name and address of the owner of 

the animal. Report all animal bites to Military Public Health at 784-

4053. 

Do not apply vaseline or grease of any kind. Apply cold water 

applications until pain subsides. Cover with a wet sterile gauze dressing. 

Do not break blisters or remove tissue. Seek medical attention. 

Do not remove adhered particles of clothing. Do not apply ice or 

immerse in cold water. Do not apply ointment, grease or vaseline. 

Cover burns with thick sterile dressings. Keep burned feet or legs 

elevated. Seek medical attention immediately. 
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Cramps 

Cuts 

Eyes 

Fainting 

Fracture 

Frostbite 

Heat exhaustion 

Heat stroke 

Hypothermia 

Have the victim rest in a cool place. Give cool water or commercial 

sports drink. Lightly stretch the muscle and gently massage the area. 

Apply pressure with sterile gauze dressing, and elevate the area until 

bleeding stops. Apply a bandage and seek medical attention. 

Keep the victim from rubbing the eye. Flush the eye with (foreign 

objects) water. If flushing fails to remove the object, apply a dry, 

protective dressing and consult a physician. 

Keep the victim lying down with feet elevated. Loosen tight clothing. 

If victim vomits, roll him onto his side or turn his head to the side. If 

necessary wipe out his mouth. Maintain an open airway. Bathe his face 

gently with cool water. Unless recovery is prompt, seek medical 

attention. 

Deformity of an injured part usually means a fracture. If fracture is 

suspected, splint the part as it lies. Do not attempt to move the injured 

part of the person. Seek medical attention immediately. 

The symptoms of frost bite include lack of feeling in the infected area 

and skin appears waxy and cold to the touch, or is discolored. Handle 

the area gently. Do not rub the area. Warm the area by soaking the 

affected part in water no warmer than 105° F. Keep the frostbitten part 

in the water until it looks red and feels warm. Loosely bandage the area 

with dry, sterile dressing. Seek medical attention as soon as possible. 

Signals indicating heat exhaustion include cool, moist, pale or flushed 

skin, headache, nausea, dizziness, weakness, and exhaustion. Loosen 

any tight clothing, apply cool wet clothes, such as towels. If the victim 

is conscious, give cool water to drink. Let the victim rest in a 

comfortable position, and watch carefully for changes in his or her 

condition. The victim should not resume normal activities the same day. 

Refusing water, vomiting and changes in consciousness mean the victim's 

condition is getting worse. Seek medical attention immediately. 

It occurs most often when people ignore the symptoms of heat 

exhaustion. The signals of heat stroke include red, hot, dry skin; 

changes in consciousness; rapid weak pulse; and rapid shallow breathing. 

Immediate action must be taken to cool the body before serious injury 

and death occur. Seek medical attention immediately. 

Signals of hypothermia include shivering, numbness, glassy stare, 

apathy, and loss of consciousness. Remove any wet clothing and dry the 

victim. Warm the victim gradually by wrapping the body in blankets 
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Snake Bites 

Insect Bites 

Puncture Wounds 

Sprains 

Unconsciousness 

10.2.2 Fire/Explosion 

and moving him or her to a warm place. If the victim is alert give warm 

liquids to drink. 

Keep the bite area as low as possible. Transport the victim immediately 

to a medical facility. 

Remove "stinger" if present. Keep affected part down below the level 

of the heart. Apply ice bag. For minor bites and stings apply soothing 

lotions, such as calamine. 

If puncture wound is deeper than skin surface, seek medical attention. 

Serious infection can arise unless proper treatment is received. 

Elevate injured part and apply ice bag or cold packs. Do not soak in hot 

water. If pain and swelling persists, seek medical attention. 

Never attempt to give anything by mouth. Keep victim flat, maintain an 

open airway. If victim is not breathing, provide artificial respiration by 

mouth to mouth breathing and call for an ambulance immediately. 

In the event of a fire or explosion, the local fire department should be summoned immediately. Upon 

their arrival, the SSO or designated alternate will advise the fire commander of the location, nature, and 

identification of the hazardous materials on-site. 

If it is safe to do so, site personnel may: 

• Use fire fighting equipment available on site to control or extinguish the fire; and, 

• Remove or isolate flammable or other hazardous materials which may contribute to the 

fire. 

Otherwise, immediate evacuation of the area is indicated. In the event of an explosion, all personnel shall 

be evacuated and the fire department notified. No one shall re-enter the area until it has been cleared by 

explosives safety personnel. 

10.2.3 Natural Disasters 

Natural disasters may occur at the site due to weather. These include lightning and high winds. 

• Lightning - Persons should not work in open areas, near trees or other equipment outside 

during lightning storms. Stop work until the storm passes. If possible, clear the site 

until the storm passes. 
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• High Winds - If high winds are forecast, then the site should be cleared before the winds 

become hazardous. Workers should be instructed to go to an appropriate shelter. 

• In the event evacuation is necessary, account for all persons before leaving the site, 

proceed to the site access road and go to a pre-arranged meeting place. A car should be 

parked facing the access road as close as possible to sampling locations. 

• Notify the PM of any work stoppage due to lightening and high winds. 

10.3 Emergency Equipment and First Aid Requirements 

This equipment will be stored at appropriate locations selected during site mobilization. Emergency 

response equipment may be moved from one location to another based on changing locations of 

construction activities. Emergency equipment and first aid supplies will be kept upwind of the work in 

the decontamination zone. The equipment will include drinking water, ice, portable telephone, whistle 

or horn, first aid kit, blanket, fire extinguisher and eyewash kit. Spill containment equipment such as 

absorbents and oil booms, if applicable, will also be kept upwind in the decontamination zone. 

• Fire Extinguisher: At least one 20-lb-type ABC fire extinguisher will be located at the 

entrance to the exclusion zone. 

• Emergency Eye Wash: A box containing 10 bottles (12 oz each) of sterile saline solution 

will be part of the first aid kit. Eyes will be flushed with sterile solution for 15 minutes. 

The bottles will be replaced if they have been used. 

• First Aid Kit: At least one industrial first aid kit and stretcher will be provided and 

maintained fully stocked in the CRZ. First aid kit locations will be specially marked and 

provided with adequate water and other supplies necessary to cleanse and decontaminate 

burns, wounds, or lesions. 

• Gatorade or the equivalent. 

• Extra full set of PPE. 
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TABLES 



CHEMICAL 

Arsenic (inorganic 
compounds) 

Barium (soluble compounds) 

Cadmium 

Chromium VI 

Lead 

TABLE 1 
Physical Properties and Health Hazard Characteristics of Chemicals 

Which May be Encountered at Cannon Air Force Base 

PHYSICAL PROPERTIES PEL or HEALm HAZARDS 
TLV4 

(pi LEV Vpl (care.') SYMPfOMS TARGET 
ORGANS 

NA NA Omm 0.010 mg/m3 Ulceration of nasal Liver, kidneys, skin, 
(A) septum, derm, Gl lungs, lymphatic sys. 

disturbances, perineur, 
resp irrit, hyperpig of 
skin' care. (AI) 

-- NA Low 0.5 mg/m3 Upper resp irrit; Heart, CNS, skin, 
(D) gastroenteritis; muse resp sys, eyes 

spasm; slow pulse; extra-
systoles; hypokalemia; 
irrit eyes; skin; skin 
bums; care (A2) 

NA NA Omm 0.2 mg/m3 Pulm edma, dysp, cough, Resp sys, kidneys, 
(Bl) chest tight, subs pain; prostate, blood 

head; chills, muse aches; 
nau, vomit, diarr; anos, 
emphy, prot, mild anemia 

NA NA Omm 0.05 mg/m3 Wheezing/coughing upon Resp sys 
(A) acute exposure, 

headache, nasal itch and 
soreness, liver injury, 
chronic exposure 
increases risk of lung 
cancer. 

NA NA Omm 0.100 mg/m3 Weak, lass, insom; facial Gl tract, CNS, 
(B2) pallor; pal eye, anor, low kidneys, blood, 

wgt, malnut; constip, gingiual tissue 
abdom pain, colic, 
anemia; gingiual lead 
line; tremor; irrit eyes; · 
care (A3) 

ROUTE OF 
ENTRY' 

Inh, abs, con, ing. 

Inh, abs, con 

Inh,ing 

lnh, ing 

Inh, ing, con 



CHEMICAL 

Hexane (typ. Petroleum 
Hydrocarbon) 

Cyclohexane (typ. Petroleum 
Hydrocarbon) 

Benzene 

Ethylbenzene 

Toluene 

Xylene o-

TABLE 1 
Physical Properties and Health Hazard Characteristics of Chemicals 

Which May be Encountered at Cannon Air Force Base 

PHYSICAL PROPERTIES PEL or HEALTH HAZARDS 
TLV4 

(pl LEV VP' (care.') SYMPTOMS TARGET 
ORGANS 

10.18 1.1 150 mm 50 mg/m3 Li-head; nau, head; numb CNS, skin, resp sys 
(D) extremities, muse weak; 

irrit eyes, nose; derrn; 
chemical pneu; gidd 

9.88 1.3 98mm 300mg/m3 Irrit eyes, resp sys; Eyes, resp sys, skin, 
(D) drow; derrn; narco, coma CNS 

9.24 1.3 75mm 0.1 ppm Upper resp irrit; Heart, CNS, skin, 
(A) gastroenteritis; muse resp sys, eyes 

spasm; slow pulse, 
extrasys-toles; 
hypokalemia; irrit eyes., 
skin; skin bums; 
suspected human 
carcinogen (A2). 

8.76 1.0 IOmm 100 ppm lrrit eyes, muc meb; Eyes, upper resp sys, 
(D) head; derrn; narco, coma. skin, CNS 

8.82 1.2 20mm 100 ppm Ftg. weak; conf, euph, CNS, liver, kidneys, 
(D) dizz, head; dilated pupils; skin 

lac; ner, muse ftg, 
insomnia, derm 

8.56 1.1 7mm 100 ppm Dizz, excitement, drow, CNS, eyes, Gl tract, 
(D) inco, staggering gait; irrit blood, liver, kidneys, 

eyes, nose, throat; skin 
corneal vacuolization, 
anor, nau, vomit, abdom 
pain; derm 

ROUTE OF 
ENTRY' 

Inh, ing, con 

Inh, ing, con 

Inh, abs, con 

Eye, Skin, Breath 
Swallow 

Inh, abs, ing, con 

Inh, abs, ing, con 



TABLE 1 
Physical Properties and Health Hazard Characteristics of Chemicals 

Which May be Encountered at Cannon Air Force Base 

I. IP = Ionization Potential (eV), Guide to Chemical Hazards 
2. LEL = Lower Explosive Limit in Air(% by volume at room temperature) 
3. VP = Vapor pressure at 68°F (mg Hg) 
4. PEL = Permissible Exposure Limit (mg/m3

). TLV = Threshold Limit Values (mg/m3
). 

5. Inh = Inhalation; Abs = Skin absorption; Ing = Ingestion; Con = Skin and/or eye contact 
6. (A) = Human carcinogen; (B1)(B2) = Probable human carcinogen; (C) = Possible human carcinogen; (D) = Not classifiable as human carcinogen. 

Sourcess: U. S. EPA, 1993, Health Effects Summary Table, EPA/540-R-93-058 and U. S. EPA, 1996, On-line Integrated Risk Information System (IRIS), OSWER, 
Cincinnatti, OH. 

-- = Not listed 
NA = Not applicable 
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Table 2 
ABBREVIATIONS FOR SYMPTOMS 

OF EXPOSURE AND TARGET ORGANS 
CANNON AIR FORCE BASE 

Clovis, New Mexico 
Abbreviation Symptom/organ 

abdom . . . . . . . . . . . . . . . . . Abdominal 
album . . . . . . . . . . • . . . . . . . Albuminuria 
anes . . • . . . • . . • . . . . . . . . . Anesthesia 
anor . • • . . . • . . . . . . . . . . . . Anorexia 
anos . . • . • • • . . • • . . . . . . . . Anosmia 
appre . . . . • • • • • . . . . . . . . . Apprehension 
anhy . . . • . . . . . . . . . . . . . . . Arrhythmias 
asphy . . . . . . . . . . . . . . . . . . Asphyxia 
BP . . . . • • . • . . . • . . . . . . . . . Blood pressure 
breath . . . . • . . . • . . . . . . . . . Breathing 
bron . . . . . . . . . . . . . . . . . . . Bronchitis 
broncopneu . . . • . . . . . . . . . Bronchopneumonia 
bronspas . . . . . . . . . . . . . . . Bronchospasm 
BUN . . . . . . . . . . . . . . . . . . . Blood urea nitrogen 
(care) . . . . . . . . . . . . . . . . . . Carcinogen 
card . . . .. . . . . .. . . .. .. .. Cardiac 
chol . . . . . . . . . . . . . . . . .. . . Cholinesterase 
cirr .. . . . . . . . . . • . . . . . . . . . Cirrhosis 
CNS . . . . . . . . . . . . . . . . . . . Central nervous system 
coni .. .. . .. .. . . . • . . .. .. . Confusion 
conj .. . . . . . . . . . . . . .. . .. . Conjunctivitis 
constip . . . . . . . . .. . .. . . .. Constipation 
constric .. .. . . . . . . . .. .. . Constriction 

Abbreviation Symptom/organ 

Gl . .. .. .. . .. .. . .. .. .. .. Gastrointestinal 
gidd .. .. . . .. .. .. .. .. .. .. Giddiness 
halu . . . . . . . . . . . . . . . . . . . . Hallucinations 
head .. .. . .. . .. .. .. .. .. . Headache 
hemato . . . . . . . . . . .. .. .. . Hematopoietic 
hemog . .. . .. .. .. .. . .. .. Hemoglobinuria 
hemorr . .. . .. . .. . .. .. .. . Hemorrhege 
hypox . . . . . . . . .. . . . . . .. . Hypoxemia 
incr .. .. .. . .. . .. .. .. .. .. lncrease(d) 
ic:t ..................... Icterus 
inco . . . . . . . . . . . . . . . . . . . . Incoordination 
inflamm .. .. .. .. .. .. .. . . Inflammation 
inj ..................... Injury 
insom .. .. .. . .. .. .. .. .. . Insomnia 
irreg . .. .. . . .. .. .. .. . .. . Irregular 
irrit .. .. .. .. .. .. .. .. .. .. . Irritation 
irrity .. .. .. .. . .. .. .. .. .. Irritability 
jaun . .. .. .. .. . .. .. .. . .. . Jaundice 
kera .. .. .. .. . . . .. . . .. . . KeratitiS 
lac . .. .. . .. .. .. .. . .. . .. . Lacrimation 
lar . .. . .. .. . .. .. .. . .. .. . Laryngeal 
lass .. . .. .. .. . .. .. .. . . .. Lassitude 
leucyt .. .. .. .. .. .. .. . .. . Leukocytosis 

Abbreviation Symptom/organ 

pig .. .. .. .. .. .. .. .. .. . .. Pigmentation 
pneu . .. .. .. .. .. .. .. .. .. Pneumonia 
pneuitis ................ Pneumonitis 
PNS . . . . . . . . . . . . . . . . . . . Peripheral nervous system 
polyneur . . . . . . . . . . . . . . . . Polyneuropathy 
prot .. .. .. .. .. .. .. .. .. .. Proteinuria 
pulm ................... Pulmonary 
ABC .. .. . .. .. .. .. . .. . .. Red blood cell 
resp ................... Respiratory 
retster . . . . .. . . . .. . .. .. .. Retrostemal 
min . . . . .. . . . . .. . . . . . .. . Rhinorrhea 
salv . .. .. . .. . .. .. .. .. . .. Salivation 
sens . .. • .. . . .. • .. .. .. .. Sensitization 
sez .. . . .. .. .. .. . • .. .. .. Seizure 
som . . . . . . . . . . . . . . . . . . . . Somnolence 

REFERENCE: NIOSH Pocl<et Guide to Chemical Hazards, June 1990. 

Abbreviation Symptom/organ 

convuls . . . . . . • • . . . • . . . . ConvulSions 
CVS . • . . . . . • . . . . . . . . . . . Cardiovascular system 
cyan . . • . • . . . . .. • . . . . . . . Cyanosis 
depres . . • . • • . • . • . . • . . . . DepressanVdepression 
derrn . . . . . . . . . . . • . • . . . . . Dermatitis 
diarr . . . . . . . . . . . . . . . . . . . Diarrhea 
dial . . . . . . . . . • . . . . . . . . .. Disturbance 
dizz .. . .. . .. . . . . . . .. . . . . Dizziness 
drow . . . . . . . . .. . . . . • . . . . Drowsiness 
dysp . . .. . . .. . . . • . . • . .. . Dyspnea 
emphy • . • . . • . . . • . . . . . . . Emphysema 
~n . • . . .. . • .. . .. • . .. . . Eosinophilia 
epis .. . .. . .. . .. . .. . . .. .. Epistaxis 
equi .. .. . . .. . .. . .. .. . .. . Equilibrium 
eryt .. • .. .. .. .. .. .. • .. .. Erythema 
euph ................... Euphoria 
fail . .. . . .. .. .. . .. . .. . • .. Failure 
lase .................... Fasiculation 
FEV . . .. .. .. .. .. .. . .. . . Forced expiratory volume 
fib . . . . . . . . . . . . . . • . . . . • . Fibrosis 
fibrl .. .. • .. . .. .. .. . • .. .. Fibrillation 
ftg ..................... Fatigue 
func . . . . • . . . . . . . . . . . . . . . Function 

Abbreviation Symptom/organ 

leupen .. .. . .. .. .. .. . . .. Leukopenia 
li-head . . . . . . . . . . . . . . . . . Ughtheadedness 
low-wgt . .. .. .. . .. .. .. .. Weight loss 
mal .. .. .. .. . .. . .. .. .. .. Malaise 
malnut .. .. .. .. .. . .. .. .. Malnutrition 
monocy .. .. .. .. .. . . .. . . Monocytosis 
muc memb . . . . . . . . . . . . . Mucous membrane 
muse .. .. .. . .. . .. . . .. . . . Muscle 
narco .. .. .. .. .. . .. .. .. . Narcosis 
nau .................... Nausea 
nee .. .. . .. . .. .. . . . .. .. . Necrosis 
neph .. .. .. .. .. .. .. . .. .. Nephritis 
ner .. .. .. . .. . .. .. . .. .. . Nervousness 
numb . . .. .. . .. . .. .. .. .. Numbness 
opac .. .. .. .. .. .. . . . . .. . Opacity 
palp . . . . . . . . . . . . . . . . . . . . Palpitations 
para . . .. .. . .. . . .. .. .. .. Paralysis 
pares . . . . . . .. . . .. . . . . . . Paresthesia 
perf . . . . . . . . .. . .. . . . .. . . Perforation 
peri neur . . . . . . . . . . . . . . . Peripheral neuropathy 
periorb . .. .. .. . .. .. .. .. . Periorbital 
pilar . . .. .. .. .. . .. . .. .. . Pharyngeal 
photo . .. .. . .. .. . . . . .. .. Photophobia 

Abbreviation Symptom/organ 

subs . .. .. .. .. .. . . .. .. .. Substernal 
sweat . .. .. .. . .. .. .. .. .. Sweating 
swell . . .. . .. . .. .. . . . . . . . Swelling 
sys ......... :.. .. . .. .. . System 
tacar . .. . . . . . . . . . .. . . . . . Tachycardoa 
tend .. .. .. .. .. . . . .. . .. . Tenderness 
trachbronc . . . . . . . . . . . . . . Tracheobronchitis 
venfib . . . . . . . . . . . . . . . . . . Ventricular fibrillation 
verti . .. .. .. .. . . .. . .. .. .. Vertigo 
vesic .. .. .. .. .. .. .. .. .. . Vesiculation 
vis dist .. .. .. .. .. .. .. .. . Vosual disturbance 
vomit .. .. . .. .. .. .. . .. .. . Vomiting 
weak . .. .. .. .. .. .. . .. .. . Weakness 
wheez . .. . . . . .. . . . . .. . . . Wheezing 
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APPENDIX A 
EMPLOYEE HEALTH AND SAFETY COMPLIANCE 

AGREEMENT 



I' 

EMPLOYEE HEALTH AND SAFETY COMPLIANCE AGREEMENT 

I, undersigned, have received a copy of the Site Safety and Health Plan identified below. I have 
read the plan, understand it, and agree to comply with all of the health and safety directives. 
I have attended a site briefing given by the Site Safety Officer or Health and Safety Officer. I 
understand that I may be prohibited from working on the project for violation any of the 
directives. 

Project No. 5644H 

Site Name Cannon Air Force Base, Fire Training Area #4 

Employee Name 

Firm 

Signature Date 



-----------------------------·---··· I! I' 
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR 

INORGANIC ARSENIC AND ITS COMPOUNDS (as As) 

POTENTIAL HUMAN CARCINOGEN 

INTRODUCTION 

.. Inorganic arsenic" is defined as elemental arsenic and all 

of its inorganic compounds except arsine (see guideline for 

arsine). This guideline summarizes pertinent information 

about inorganic arsenic for workers, employers, and occupa

tional safety and health professionals who may need such in

formation to conduct effective occupational safety and health 

programs. Recommendations may be superseded by new de

velopments in these fields; therefore, readers are advised to 

regard these recommendations as general guidelines. 

SUBSTANCE IDENTIFICATION 

Data in the following section are presented for elemental 

arsenic. 

• Formula: As 

• Synonyms: Arsenic black, arsenic-75, arsenic solid, arsenic 

metallic, arsenicals, grey arsenic 

• Identifiers: CAS 7440-38-2; RTECS CG0525000; Dar 

1558, label required: "Poison" 

• Appearance and odor: Gray metal with an odor like garlic 

when heated 

CHEMICAL AND PHYSICAL PROPERTIES 

Data in the following section are presented for elemental 

arsenic. 

• Physical data 
1. Molecular weight: 74.92 

2. Boiling point (at 760 mmHg): 6130C (1,135°F), sublimes 

3. Specific gravity (water = 1): 5.73 

4. Vapor density (air = 1 at sublimation point of arsenic): 2.6 

5. Melting point: Sublimes at 613°C (1,135°F) 

6. Insoluble in water 

• Reactivity 

I. Incompatibilities: Oxidizing agents and heat 

2. Hazardous decomposition products: Toxic gases and vapors 

or fumes (e.g., arsenic oxide fume) may be released in a fire 

involving arsenic. 

3. Caution: Hydrogen gas can react with inorganic arsenic 

to form arsine. 

• Flammability 
l. Extinguishant: All firefighting agents, except soda-acid 

2. Caution: Arsenic is combustible in powder form or by 

chemical reaction with powerful oxidizers such as bromates, 

chlorates, iodates, and peroxides. 

• Warning properties 

Evaluation of warning properties for respirator selection: 

Warning properties are not considered in recommending 

respirators for use with carcinogens. 

EXPOSURE LIMITS 

The current Occupational Safety and Health Administration 

(OSHA) permissible exposure limit (PEL) for inorganic 

arsenic (except arsine) is 0.01 milligrams of arsenic per cubic 

meter of air (mg/m3) as a time-weighted average (TWA) over 

an 8-hour workshift. The National Institute for Occupational 

Safety and Health (NIOSH) recommends that arsenic and all 

its inorganic compounds be controlled and handled as poten

tial human carcinogens in the workplace and that exposure 

be minimized to the lowest feasible limit. The NIOSH recom

mended exposure limit (REL) for arsenic and all its inorganic 

compounds is 0.002 mg/m3 as a ceiling concentration deter

mined in any 15-minute sampling period. The American Con

ference of Governmental Industrial Hygienists (ACGIH) 

threshold limit value (TLV®) for soluble arsenic compounds 

is 0.2 mg/m3 as a TWA for a normal 8-hour workday and 

a 40-hour workweek. The ACGIH has designated arsenic tri

oxide production as A2 (suspected human carcinogen) without 

having sufficient evidence to assign a TLV® (Table 1). 

HEALTH HAZARD INFORMATION 

• Routes of e~posure 

Inorganic arsenic compounds may cause adverse health effects 

following exposure via inhalation, ingestion, or dermal or eye 

contact. 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 

Public Health Service Centers for Disease Control 

National Institute for Occupational Safety and Health 

Division of Standards Development and Technology Transfer 

1988 Inorganic Arsenic 1 



Table I.-Occupational exposure 
limits for inorganic arsenic and 

its compounds (as ~) 

Arsenic 
and its 

inorganic 
compounds 

mg/m' 

OSHA PEL 1WA 0.01 
NIOSH REL (Ca)• 

Ceiling (15 min) 
ACGIH TLVS (1WA) 

0.002 

Arsenic 
compounds, 

soluble 

mg/m3 

0.2 

Arsenic 
trioxide 

production 

mg/m3 

(A2)t 

* (Ca): NIOSH recommends treating as a potential human 
carcinogen. 
t (A2): Suspected human carcinogen. 

• Summary or toxicology 
I. Effects on animals: Chronic ingestion or inhalation of in
organic .arsenic by rats caused marked enlargement of the 
common bile duct and fatty degeneration of the liver. Injec
tion of arsenic in pregnant rats, mice, and hamsters caused 
malformations of the offspring. 
2. Effects on humans: Inhalation, ingestion, or dermal 
exposure of workers to inorganic arsenic has caused periph
eral nerve inflammation (neuritis) and degeneration (neuro
pathy), reduced peripheral circulation, anemia, increas~d 
mortality due to cardiovascular failure, and cancers of the 
skin, lungs, and lymphatic system. 

• Signs and symptoms or exposure 
I. Shon-tenn (acute): Exposure to inorganic arsenic can cause 
nausea, vomiting, diarrhea, weakness, loss of appetite, cough, 
chest pain, giddiness, headache, and breathing difficulty 
(dyspnea). 
2. Long-tenn (chronic): Exposure to inorganic arsenic can 
cause weakness, nausea, vomiting, diarrhea, skin and eye ir
ritation, hyperpigmentation, thickening of the palms and soles 
(hyperkeratosis), contact dermatitis, skin sensitization, warts, 
ulceration and perforation of the nasal septum, and numb
ness and weakness in the legs and feet. 

RECOMMENDED MEDICAL PRACTICES 
• Medical surveillance program 
Workers with potential exposures to chemical hazards should 
be monitored in a systematic program of medical surveillance 
intended to prevent or control occupational injury and dis
ease. The program should include education of employers 
and workers about work-related hazards, placement of 
workers in jobs that do not jeopardize their safety and health, 
earliest possible detection of adverse health effects, and 
referral of workers for diagnostic confirmation and treatment. 
The occurrence of disease (a "sentinel health event," SHE) 
or other work-related adverse health effects should prompt 
immediate evaluation of primary preventive measures (e.g., 
industrial hygiene monitoring, engineering controls, and per-

2 Inorganic Arsenic 

sonal protective equipment). A medical surveillance program 
is intended to supplement, not replace, such measures. 

A medical surveillance program should include systematic 
collection and epidemiologic analysis of relevent environmen
tal and biologic monitoring, medical screening, morbidity, 
and mortality data. This analysis may provide information 
about the relatedness of adverse health effects and occupa
tional exposure that cannot be discerned from results in in
dividual workers. Sensitivity, specificity, and predictive values 
of biologic monitoring and medical Screening tests should be 
evaluated on an industry-wide basis prior to application in 
any given worker group. Intrinsic to a surveillance program 

- is the dissemination of summary data to those who need to 
know, including employers, occupational health profession
als, potentially exposed workers, and regulatory and public 
health agencies. 

• Preplacement medical evaluation 
Prior to placing a worker in a job with a potential for ex
posure to inorganic arsenic, the physician should evaluate and 
document the worker's baseline health status with thorough 
medical, environmental, and occupational histories, a phys
ical examination, and physiologic and laboratory tests appro
priate for the anticipated occupational risks. These should 
concentrate on the function and integrity of the skin, periph
eral nervous system, liver, lymphatic and hematopoietic 
(blood cell forming) systems, and respiratory tract. Medical 
surveillance for respiratory disease should be conducted by 
using the principles and methods recommended by NIOSH 
and the American Thoracic Society (ATS). 

A preplacement medical evaluation is recommended in order 
to detect and assess preexisting or concurrent conditions 
which may be aggravated or result in increased risk when 
a worker is exposed to inorganic arsenic and its compounds 
at or below the NIOSH REL. The examining physician should 
consider the probable frequency, intensity, and duration of 
exposure, as well as the nature and degree of the condition, 
in placing such a worker. Such conditions, which should not 
be regarded as absolute contraindications to job placement, 
include concurrent dermatitis or peripheral neuropathy, a his
tory and other findings consistent with chronic disease of the 
skin or nervous system, and significant breathing impairment 
due to preexisting chronic lung disease. 

• Periodic medical screening and/or biologic monitoring 
Occupational health interviews and physical examinations 
should be performed at regular intervals. Additional exami
nations may be necessary should a worker develop symptoms 
that may be attributed to exposure to inorganic arsenic. The 
interviews, examinations, and appropriate medical screening 
and/or biologic monitoring tests should be directed at iden
tifying an excessive decrease or adverse trend in the physio
logic function of the skin, blood, lymphatic system, peripheral 
nervous system, liver, and respiratory tract as compared to 
the baseline status of the individual worker or to expected 
values for a suitable reference population. The following tests 
should be used and interpreted according to standardized 
procedures and evaluation criteria recommended by NIOSH 
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and ATS: standardized questionnaires and tests of lung 

function. 

• Medical practices recommended at the time of job trans
fer or termination 
The medical, environmental, and occupational history inter

views, the physical examination. and selected physiologic or 

laboratory tests which were conducted at the time of place

ment should be repeated at the time of job transfer or termi

nation. Any changes in the worker's health status should be 

compared to those expected for a suitable reference popula

tion. Because occupational exposure to inorganic arsenic and 

its compounds may Cl!use diseases of prolonged induction
latency. the need for medical surveillance may extend well 

beyond termination of employment. 

• Sentinel health events 
Delayed-onset SHE's include: Inflammatory and toxic neu

ropathy, agranulocytosis or neutropenia (absense or a severe 

decrease in the number of certain white blood cells), and 

cancers of the liver and respiratory tract. 

MONITORING AND MEASUREMENT 
PROCEDURES 

• Ceiling concentration evaluation 
Measurements to determine worker exposure should be taken 

during periods of maximum expected airborne concentrations 

of inorganic arsenic. Each measurement to determine the 

NIOSH REL (ceiling exposure) in the worker's breathing zone 

(air that most nearly represents that inhaled by the worker) 

should consist of a .15-minute sample or a series of consecu

tive samples that total 15 minutes. A minimum of three mea

surements should be taken during one workshift, and the 

highest of all measurements taken is an estimate of the 
worker's exposure. If the periods of maximum exposure are 

not clearly defined, a statistical procedure which can be used 

as a peak exposure detection strategy is given in the Occupa

tional Exposure Sampling Strategy Manual. 

• Method 
Sampling and analysis may be performed by collecting par

ticulate inorganic arsenic with cellulose membrane filters fol

lowed by digestion with acid and analysis by atomic 

absorption with flame arsine generation. A detailed sampling 

and analytical method may be found in the NIOSH Manual 
of Analytical Methods (method number 7900). 

PERSONAL PROTECTIVE EQUIPMENT 

Chemical protective clothing (CPC) should be selected after 

utilizing available performance data, consulting with the 

manufacturer. and then evaluating the clothing under actual 

use conditions. 

Workers should be provided with and required to use CPC, 

gloves, and other appropriate protective clothing necessary 

to prevent skin contact with inorganic arsenic. 

SANITATION 
Clothing which is contaminated with inorganic arsenic should 

be removed immediately and placed in sealed containers for 

1988 

storage until it can be discarded or until provision is made 

for the removal of inorganic arsenic from the clothing. If the 

clothing is to be laundered or cleaned, the person perform

ing the operation should be informed of inorganic arsenic's 

hazardous properties. Reusable clothing and equipment 

should be checked for residual contamination before reuse 

or storage. 

A change room with showers, washing facilities, and lockers 

that permit separation of street and work clothes should be 

provided. 

Workers should be required to shower following a workshift 

and prior to putting on street clothes. Clean work clothes 

should be provided daily. 

Skin that becomes contaminated with inorganic arsenic should 

be promptly washed with soap and water. 

The storage, preparation, dispensing, or consumption of food 

or beverages, the storage or application of cosmetics, the 

storage or smoking of tobacco or other smoking materials, 

and the storage or use of products for chewing should be pro

hibited in work areas. 

Workers who handle inorganic arsenic should wash their 

faces, hands, and forearms thoroughly with soap and water 

before eating, smoking, or using toilet facilities. 

COMMON OPERATIONS AND CONTROLS 

Common operations in which exposure to inorganic arsenic 

may occur and control methods which may be effective in 

each case are listed in Table 2. 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, remove the victim from fur

ther exposure, send for medical assistance, and initiate emer

gency procedures. 

• Eye exposure 
Where there is any possibility of a worker's eyes being ex
posed to inorganic arsenic, an eyewash fountain should be 

provided within the immediate work area for emergency use. 

If inorganic arsenic gets into the eyes, flush them immedi

ately with large amounts of water for 15 minutes, lifting the 

lower and upper lids occasionally. Get medical attention as 

soon as possible. Contact lenses should not be worn when 

working with this chemical. 

• Skin exposure 
Where there is any possibility of a worker's body being ex

posed to inorganic arsenic, facilities for quick drenching of 

the body should be provided within the immediate work area 

for ~mergency use. 

If inorganic arsenic gets on the skin, wash it immediately with 

soap and water. If inorganic arsenic penetrates the clothing, 

remove the clothing promptly and wash the skin with soap 

and water. Get medical attention promptly. 

Inorganic Arsenic 3 



'Thble 2.-0perations and methods of 
control for inorganic arsenic 

Operations 

During the manufacture of 
insecticides, weed killers 
and fungicides; during use 
as a wood preservative 

During use in the manu
facture and handling of 
calcium arsenate; during use 
in the ~nufacture of 
electrical semiconductors, 
diodes, and solar batteries 

During use as a bronzing 
or decolorizing addition 
in glass manufacturing; 
during use in the production 
of opal glass and enamels 

During use as an addition 
to alloys to increase harden
ing and heat resistance 

During smelting of ores 

• Rescue 

Controls 

Process enclosure, local 
exhaust ventilation, per
sonal protective equipment 

Process enclosure, local 
exhaust ventilation, per
sonal protective equipment 

Process enclosure, local 
exhaust ventilation, per
sonal protective equipment 

Process enclosure, local 
exhaust ventilation, per
sonal protective equipment 

Local exhaust ventilation, 
personal protective 
equipment 

If a worker has been incapacitated, move the affected worker 
from the hazardous exposure. Put into effect the established 
emergency rescue procedures. Do not become a casualty. 
Understand the facility's emergency rescue procedures and 
know the locations of rescue equipment before the need arises. 

SPILLS AND LEAKS 

Workers not wearing protective equipment and clothing 
should be restricted from areas of spills or leaks until cleanup 
has been completed. 

If inorganic arsenic or its compounds are spilled, the follow
ing steps should be taken: 

1. Remove all ignition sources. 
2. Ventilate area of spill. 
3. For small quantities of liquids containing inorganic arsenic, 
absorb on paper towels and place in an appropriate container. 
4. Large quantities of liquids containing inorganic arsenic may 
be absorbed in vermiculite, dry sand, earth, or a similar 
material and placed in an appropriate container. 
5. Inorganic arsenic dust may be collected by vacuuming with 
an appropriate high-efficiency titration system. If a vacuum 
system is used, there should be no sources of ignition in the 
vicinity of the spill, and flashback prevention devices should 
be provided. 
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WASTE REMOVAL AND DISPOSAL 

U.S. Environmental Protection Agency, Department of Trans
portation, and/or state and local regulations shall be followed 
to assure that removal, transport, and disposal are in accord
ance with existing regulations. 

RESPIRATORY PROTECTION 

It must be stressed that the use of respirators is the least 
preferred method of controlling worker exposure and should 
not normally be used as the only means of preventing or 
minimizing exposure during routine operations. However, 

-there are some exceptions for which respirators may be used 
to control exposure: when engineering and work practice con
trols are not technically feasible, when engineering controls 
are in the process of being installed, or during emergencies 
and certain maintenance operations including those requir
ing confined-space entry (Table 3). 

In addition to respirator selection, a complete respiratory pro
tection program should be instituted which as a minimum 
complies with the requirements found in the OSHA Safety 
and Health Standards 29 CFR 1910.134. A respiratory pro
tection program should include as a minimum an evaluation 
of the worker's ability to perform the work while wearing 
a respirator, the regular training of personnel, fit testing, 
periodic environmental monitoring, maintenance, inspection, 
and cleaning. The implementation of an adequate respiratory 
protection program, including selection of the correct respira
tors, requires that a knowledgeable person be in charge of 
the program and that the program be evaluated regularly. 

Only respirators that have been approved by the Mine Safety 
and Health Administration (MSHA, formerly Mining En
forcement and Safety Administration) and by NIOSH should 
be used. Remember! Air-purifying respirators will not 
protect from oxygen-deficient atmospheres. 
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Thble 3.-Respiratory protection for inorganic arsenic 

Condition 

Any detectable 
concentration 

Planned or emergency entry 
into environments containing 
unknown or any detectable 
concentration 

Firefighting 

Escape only 

Minimum respiratory protection* 

Any self-contained breathing apparatus with a full facepiece and operated in a 
pressure-demand or other positive pressure mode 

Any supplied-air respirator with a full facepiece and operated in a pressure-demand or 
other positive pressure mode in combination with an auxiliary self-contained breathing 
apparatus operated in a pressure-demand or other positive pressure mode 

Any self-contained breathing apparatus with a full facepiece and operated in a 
pressure-demand or other positive pressure mode 

-
Any supplied-air respirator with a full facepiece and operated in a pressure-demand or 
other positive pressure mode in combination with an auxiliary self-contained breathing 
apparatus operated in a pressure-demand or other positive pressure mode 

Any self-contained breathing apparatus with a full facepiece and operated in a pressure
demand or other positive pressure mode 

Any air-purifying full facepiece respirator (gas mask) with a chin-style or front- or 
back-mounted acid gas canister having a high-efficiency particulate filter 

Any appropriate escape-type self-contained breathing apparatus 

* Only NIOSH/MSHA-approved equipment should be used. 
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Occupational Health Guideline for 
Soluble Barium Compounds {as Barium) 

INTRODUCTION 

This guideline is intended as a source of information for 
employees, employers, physicians, industrial hygienists, 
and other occupational health professionals who may 

have a need for such information. It does not attempt to 
present all data; rather, it presents pertinent information 

and data in summary form. 

APPLICABILITY 

The general guidelines contained in this document 
apply to all soluble barium compounds. Physical and 

chemical properties of several specific compounds are 
provided for illustrative purposes. 

SUBSTANCE IDENTIFICATION 

Barium nitrate 

• Formula: Ba(NOa)s 
• Synonyms: None 
• Appearance and odor: Odorless white solid. 

Barium oxide 

• Formula: BaO 
• Synonyms: None 
• Appearance and odor: Odorless white solid. 

Barium carbonate 

• Formula: BaCO. 
• Synonyms: None 
• Appearance and odor: Odorless white solid. 

Barium chloride 

• Formula: BaCt. 
• Synonyms: None 
• Appearance and odor: Odorless white solid. 

PERMISSIBLE EXPOSURE LIMIT (PEL} 

The current OSHA standard for soluble barium com

pounds is 0.5 milligram of soluble barium compounds 
per cubic meter of air (mg!m•) averaged over an eight
hour work shift. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Soluble barium compounds can affect the body if they 

are inhaled or if they come in contact with the eyes or 
skin. They can also affect the body if they are swal

lowed. 
• Effects of overexposure 
1. Short-term Exposure: Soluble barium compounds may 

cause local irritation of the eyes, nose, throat, bronchial 

tubes, and skin. Soluble barium compounds may also 
cause severe stomach pains, slow pulse rate, irregular 

heart beat, ringing of the ears, dizziness, convulsions, 

and muscle spasms. Death may occur. 
2. Long-term Exposure: None known 
3. Reporting Signs and Symptoms: A physician should be 

contacted if anyone develops any signs or symptoms 

and suspects that they are caused by exposure to soluble 

barium compounds. 
• Recommended medical surveillance 
The following medical procedures should be made 

available to each employee who is exposed to soluble 

barium compounds at potentially hazardous levels: 
1. Initial Medical Examination: · 

-A complete history and physical examination: The 

purpose is to detect pre-exist~g conditions that might 

place the exposed employee at increased risk, and to 

establish a baseline for future health monitoring. Exami

nation of the heart, lungs, and nervous system should be 

stressed. The skin should be examined for evidence of 

chronic disorders. 
-14" x 17" chest roentgenogram: Soluble barium 

compounds cause human lung damage. Surveillance of 

the lungs is indicated. 

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will 

assist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliance 

with all requirements of OSHA regulation~. 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 

Public Health Service Centers for Disease Control 

National Institute for Occupational Safety and Health 

September 1171 

U.S. DEPARTMENT OF LABOR 
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-FVC and FEV (1 sec): Soluble barium compounds 

are respiratory irritants. Persons with impaired pulmon

ary function may be at increased risk from exposure. 

Periodic surveillance is indicated. 
-Electrocardiogram: Barium compounds may cause 

cardiac arrhythmias and may have a direct effect on the 

cardiac muscle. Periodic surveillance of the heart is 

indicated. 
2. Periodic Medical Examination: The aforementioned 

medical examinations should be repeated on an annual 

basis, except that an x-ray is necessary only when 

indicated by the results of pulmonary function testing, 

or by signs and symptoms of respiratory disease. 

• SUDU1l81')' of toxicology 
Soluble barium salts cause severe gastroenteritis and 

systemic effects by ingestion. Intravenous injection of 

barium compounds in animals causes a strong, pro

longed stimulation of muscle resulting in hyperperistal

sis, bladder contraction, vasoconstriction, and irregular 

contraction of the heart followed by arrest in systole. 

Animals ~so exhibit stimulation of the central nervous 

system followed by paralysis. Ingestion of barium car

bonate by humans causes gastroenteritis, muscular pa

ralysis, slow pulse rate, extrasystoles, and hypokalemia. 

Heavy industrial exposure to dusts of barium sulfate or 

barium oxides may produce a benign pneumoconiosis, 

termed baritosis. It results in no impairment of ventila

tory function, although signs of mild bronchial irritation 

may occur. Characteristic x-ray changes are those of 

small, dense, circumscribed nodules evenly distributed 

throughout the lung fields, reflecting the radio-opacity 

of the barium dust. Bronchial irritation has been report

ed from the inhalation of barium carbonate dust. Barium 

hydroxide and barium oxide are strongly alkaline in 

aqueous solution, causing severe burns of the eye and 

irritation of the skin. 

CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data-Barium nitrate 
1. Molecular weight: 261.4 
2. Boiling point (760 mm Hg): Greater than 592 C 

(greater than 1098 F) (decomposes) 
3. Specific gravity (water = 1): 3.24 
4. Vapor density (air = 1 at boiling point of barium 

nitrate): Not applicable 
S. Melting point: 592 C (1098 F) 
6. Vapor pressure at 20 C (68 F): Essentially zero 

7. Solubility in water, g/100 g water at 20 C (68 F): 

9.2 
8. Evaporation rate (butyl acetate= 1): Not applica

ble 
• Physical data-Barium oxide 

1. Molecular weight: 153.3 
2. Boiling point (760 mm Hg): 2000 C (3632 F) 

3. Specific gravity (water= 1): 5.72 

4. Vapor density (air = 1 at boiling point of barium 

oxide): Not applicable 
S. Melting point: 1921 C (3490 F) 

2 Soluble Barium Compound• (aa Barium) 

6. Vapor pressure at 20 C (68 F): Essentially zero 

7. Solubility in water, g/100 g water at 20 C (68 F): 

Reacts 
8. Evaporation rate (butyl acetate = 1): Not applica

ble 
• Physical data-Barium carbonate 

1. Molecular weight: 197.3 
2. Boiling point (760 mm Hg): 1300 C (2372 F) 

(decomposes) 
3. Specific gravity (water = 1): 4.25 
4. Vapor density (air = 1 at boiling point of barium 

carbonate): Not applicable 
- 5. Melting point: Decomposes at 1300 C (2372 F) 

6. Vapor pressure at 20 C (68 F): Essentially zero 

7. Solubility in water, g/100 g water at 20 C (68 F): 

0.0022 
8. Evaporation rate (butyl acetate = 1): Not applica

ble 
• Physical data-Barium chloride 

1. Molecular weight: 208.3 
2. Boiling point (760 mm Hg): 1560 C (2840 F) 

3. Specific gravity (water= 1): 3.86 
4. Vapor density (air = 1 at boiling point of barium 

chloride): Not applicable 
5. Melting point: 963 C (1765 F) 
6. Vapor pressure at 20 C (68 F): Essentially zero 

7. Solubility in water, g/100 g water at 20 C (68 F): 

36 
8. Evaporation rate (butyl acetate = 1): Not applica

ble 
• Reactivity 

1. Conditions contributing to instability: For barium 

nitrate, elevated temperatures may cause melting and 

decomposition; for the other compounds, none hazard

ous. 
2. Incompatibilities: Contact of barium oxide with 

water, carbon dioxide, or hydrogen sulfide may cause 

fires and explosions. Contact of barium carbonate with 

acids causes formation of carbon dioxide gas that may 

cause suffocation in enclosed spaces. Contact of barium 

nitrate with organic matter and combustible materials 

may cause fires and explosions. 
3. Hazardous decomposition products: Toxic gases 

and vapors (such as oxides of nitrogen and carbon 

monoxide) may be released in a fire involving barium 

nitrate. 
4. Special precautions: None 

• Flammability 
1. Flash point: Not applicable 
2. Autoignition temperature: For barium nitrate, data 

not available; for the the other compounds, not applica

ble. 
3. Flammable limits in air, % by volume: Not appli

cable 
4. Extinguishant: Large amounts of water should be 

used on adjacent fires. 
• Warning properties 
According to Grant, barium chloride causes "consider

able iritis, which subsides in a few days" when "tested 
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in neutral 0.08 to 0.1 M solution on rabbit eyes by 

injection into the cornea or by dropping for 10 minutes 

on the eye after the corneal epithelium was removed to 

facilitate penetration." Grant states that .. both the oxide 

and hydroxide are capable of causing severe alkali bums 

of the eye, similar to those produced by calcium hy

droxide." 

MONITORING AND MEASUREMENT 
PROCEDURES 

• General 
Measurements to determine employee exposure are best 

taken so that the average eight-hour exposure is based 

on a single eight-hour sample or on two four-hour 

samples. Several short-time interval samples (up to 30 

minutes) may also be used to determine the average 

exposure level. Air samples should be taken in the 

employee's breathing zone (air that would most nearly 

represent that inhaled by the employee). 
• Method 
Sampling and analyses may be performed by collection 

on a cellulose membrane filter followed by leaching in 

hot water, solution of sample in acid, and analysis in an 

atomic absorption spectrophotometer. An analytical 

method for soluble barium compounds is in the NIOSH 

Manual of Analytical Methods. 2nd Ed., Vol. 3, 1977, 

available from the Government Printing Office, Wash

ington, D.C. 20402 (GPO No. 017-033-00261-4). 

RESPIRATORS 

• Good industrial hygiene practices recommend that 

engineering controls be used to reduce environmental 

concentrations to the permissible exposure level. How

ever, there are some exceptions where respirators may 

be used to control exposure. Respirators may be used 

when engineering and work practice controls are not 

technically feasible, when such controls are in the 

process of being installed, or when they fail and need to 

be supplemented. Respirators may also be used for 

operations which require entry into tanks or closed 

vessels, and in emergency situations. If the use of 

respirators is necessary, the only respirators permitted 

are those that have been approved by the Mine Safety 

and Health Administration (formerly Mining Enforce

ment and Safety Administration) or by the Nation~!_} 

Institute for Occupational Safety and Health. 

• In addition to respirator selection, a complete respira

tory protection program should be instituted which 

includes regular training, maintenance, inspection, 

cleaning, and evaluation. 

PERSONAL PROTECTIVE EQUIPMENT 

• Employees should be provided with and required to 

use impervious clothing, gloves, face shields (eight-inch 

minimum), and other appropriate protective clothing 
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necessary to prevent repeated or prolonged skin contact 

with barium carbonate, barium chloride, barium nitrate, 

or liquids containing these compounds. 
• Employees should be provided with and required to 

use impervious clothing, gloves, face shields (eight-inch 

minimum), and other appropriate protective clothing 

necessary to prevent skin contact with barium oxide or 

liquids containing barium oxide, where skin contact 

may occur. 
• If employees' clothing bas had any possibility of 

being contaminated with barium carbonate, barium 

chloride, barium nitrate, barium oxide, or liquids con

taining these compounds, employees should change into 

uncontaminated clothing before leaving the work prem

ises. 
• Clothing contaminated with barium carbonate, 

barium chloride, barium nitrate, or barium oxide should 

be placed in closed containers for storage until it can be 

discarded or until provision is made for the removal of 

contaminant from the clothing. If the clothing is to be 

laundered or otherwise cleaned to remove the contami

nant, the person performing the operation should be 

informed of contaminant's hazardous properties. 

• Where exposure of an employee's body to barium 

oxide or liquids containing barium oxide may occur, 

facilities for quick drenching of the body should be 

provided within the immediate work area for emergen

cy use. 
• Non-impervious clothing which becomes contami

nated with barium carbonate, barium chloride, barium 

nitrate, or barium oxide should be removed promptly 

and not rewom until the contaminant is removed from 

the clothing. 
• Employees should be provided with and required to 

use dust- and splash-proof safety goggles where there is 

any possibility of barium oxide or liquids containing 

barium oxide contacting the eyes. 
• Employees should be provided with and required to 

use dust- and splash-proof safety goggles where barium 

carbonate, barium chloride, barium nitrate, or liquids 

containing these compounds may contact the eyes. 

• Where there is any possibility that employees' eyes 

may be exposed to barium oxide or liquids containing 

barium oxide, an eye-wash fountain should be provided 

within the immediate work area for emergency use. 

SANITATION 

• Workers subject to skin contact with barium oxide or 

liquids contaiqing barium oxide should wash any areas 

of the body which may have contacted barium oxide at 

the end of each work day. 

• Skin that becomes contaminated with barium carbon

ate, barium chloride, or barium nitrate should be 

promptly washed or showered to remove any contami

nant. In the case of barium carbonate, employees should 

use soap or mild detergent and water for washing 

purposes. 
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• Skin that becomes contaminated with barium oxide 
should be promptly washed or showered to remove any 
barium oxide from the skin after all obvious amounts of 
barium oxide have been removed by other means (e.g., 
by use of oil or vaseline). Employees who are being 
burned by barium oxide should immediately utilize 
quick drenching facilities without first removing barium 
oxide by other means. 
• Eating and smoking should not be permitted in areas 
where solid barium carbonate, barium chloride, barium 
nitrate. or barium oxide, or liquids containing these 
compounds are handled, processed, or stored. 
• Employees who handle barium carbonate, barium 
chloride, barium nitrate, barium oxide, or liquids con
taining these compounds should wash their hands thor
oughly before eating, smoking, or using toilet facilities. 
In the case of barium carbonate, employees should use 
soap or mild detergent and water for washing purposes. 

COMMON OPERATIONS AND CONTROLS 

The following list includes some common operations in 
which exposure to soluble barium compounds may 
occur and control methods which may be effective in 
each case: 

Operation 

Manufacture and 
disVibution of soluble 
barium compounds 

Use in manufacture of 
pressed and blown 
glasssware and flint and 
crown optical glass; 
manufacture of ceramic 
products; use in 
electronics industry in 
manufacture of 
magnets, vacuum 
tubes, cathodes, x-ray 
fluorescent screens, TV 
picture tubes, and dry 
ceJI depolarizers 

Use in manufacture of 
photographic papers, 
dyes. and chemicals 

Use as pesticides, 
rodenticides, and 
disinfectants; use in 
manufacture of 
explosives, matches, 
and pyrotechnics as 
igniter compositions 
and fireworks 

Controls 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 
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Operation 

Use as an additive in 
manufacture of grease, 
and manufacture of 
lubricating oils; use In 
refining of vegetable 
and animal oils 

Use in case-hardening 
of steel in metallurgy; in 
welding aluminum; in 
electroplating; and in 
-aluminum and sodium 
refining 

Use in water treatment 
and boiler compounds 
for softening water; use 
as catalysts, analytical 
reagents, and purifying 
agents 

Use for treatment of 
textiles, leather, and 
rubber; use in 
manufacture of paper 
and cellulose as a 
bleaching agent; use in 
manufacture of 
pigments, colors, and 
lakes 

Use as a depilatory in 
processing of hides; as 
a fire-proof and 
extinguishing agent; in 
embalming; in sugar 
refining; in gas and 
solvent drying; in 
marble substitutes; in 
valve manufacture; and 
as a smoke 
suppressant in diesel 
fuels 

Use in manufacture of 
pigments, paints, 
enamels, and printing 
inks 

Controls 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, institute first aid proce
dures and send .for first aid or medical assistance. 
• Eye Exposure 
If solutions of barium compounds get into the eyes, 
wash eyes immediately with large amounts of water, 
lifting the lower and upper lids occasionally. Get medi
cal atiention immediately. Contact lenses should not be 
worn when working with these chemicals. 
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• SkiD Exposure 
If solutions of barium compounds get on the skin, 

immediately flush the contaminated skin with water. If 

solutions of barium compounds soak through the cloth

ing, remove the clothing immediately and flush the skin 

with water. If irritation persists after washing, get 

medical attention. 
• Breathing 
If a person breathes in large amounts of soluble barium 

compounds, move the exposed person to fresh air at 

once. If breathing has stopped, perform artificial respi

ration. Keep the afTepted person warm and at rest. Get 

medical attention as soon as possible. 
• Swallowing 
When soluble barium compounds have been swallowed 

and the person is conscious, give the person large 

quantities of water immediately. After the water has 

been swallowed, try to get the person to vomit by 

having him touch the back of his throat with his fmger. 

Do not make an unconscious person vomit. Get medical 

attention immediately. 
• Rescue 
Move the affected person from the hazardous exposure. 

If the exposed person has been overcome, notify some

one else and put into effect the established emergency 

rescue procedures. Do not become a casualty. Under

stand the facility's emergency rescue procedures and 

know the locations of rescue equipment before the need 

arises. 

SPILL AND DISPOSAL PROCEDURES 

• Persons not wearing protective equipment and cloth

ing should be restricted from areas of spills until cleanup 

has been completed. 
• If soluble barium compounds are spilled, the follow

ing steps should be taken: 
1. Ventilate area of spill. 
2. Collect spilled material in the most convenient and 

safe manner and deposit in sealed containers for recla

mation or for disposal in a secured sanitary landfill. 

Liquids containing soluble barium compounds should 

be absorbed in vermiculite, dry sand, earth, or a similar 

material. 
• Waste disposal method: 
Soluble barium compounds may be disposed of in sealed 

containers in a secured sanitary landrJJI. 
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RESPIRATORY PROTECTION FOR SOLUBLE BARIUM COMPOUNDS (AS BARIUM) 

Condition . 

Particulate Concentration 

2.5 mg/m• or less 

5 mg/m• or less 

25 mg/m• or less 

250 mg/m• or tess 

Greater than 250 mg/m• or 
entry and escape from 
unknown concentrations 

Fire Fighting 

Escape 

Minimum Respiratory Protection• 
Required Above 0.5 mg/m1 

Any dust and mist respirator, except single-use.** 

Any dust and mist respirator, except single-use or quarter-mask respirator. 

Any fume respirator or higtrefficiency particulate filter respirator. 

Any supplied-air respirator. 

Any self-contained breathing apparatus. 

A high efficiency particulate filter respirator with a full facepiece. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

A Type C supplied-air respirator operated in pressure-demand or other positive 
pressure mode or with a full facepiece, helmet, or hood operated in continuous
flow mode. 

A powered air-purifying respirator with a high efficiency particulate filter. 

Self-contained breathing apparatus with a full facepiece operated in pressure
demand or other positive pressure mode. 

A combination respirator which includes a Type C supplied-air respirator with a 
. full facepiece operated in pressure-demand or other positive pressure or continu

ous-flow mode and an auxiliary self-contained breathing apparatus operated in 
pressure-demand or other positive pressure mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure
demand or other positive pressure mode. 

A high efficiency particulate filter respirator. 

Any escape self-contained breathing apparatus. 

*Only NIOSH-approved or MSHA-approved equipment should be used. 

**If eye irritation occurs, full-facepiece respiratory protective equipment should be used. 
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR 

BENZENE 

POTENTIAL HUMAN CARCINOGEN 

INTRODUCTION 

This guideline summarizes pertinent information about ben
zene for workers, employers, and occupational safety and 
health professionals who may need such information to con
duct effective occupational safety and health programs. Recom
mendations may be superseded by new developments in these 
fields; therefore, readers are advised to regard these recom
mendations as general guidelines. 

SUBSTANCE IDENTIFICATION 

• Structure: 

0 
• Synonyms: Benzol, benzole, benzolene, bicarburet of hydro
gen, carbon oil, coal naphtha 
• Identifiers: CAS 71-43-2; RTECS CYI400000; Oaf 1114, 
label required: "Flammable Liquid" 
• Appearance and odor: Colorless liquid with an aromatic 
odor 

CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data 
1. Molecular weight: 78.12 
2. Boiling point (at 760 mmHg): 80.1°C (176°F) 
3. Specific gravity (water = 1): 0.88 
4. Vapor density (air = I at boiling point of benzene): 2.7 
5. Melting point: 5.5"C (42°F) 
6. Vapor pressure at 20"C (68 °F): 75 mmHg 
7. Solubility in water, g/100 g water at 20"C (68°F): 0.06 
8. Evaporation rate (butyl acetate = 1): 5.1 
9. Saturation concentration in air (approximate) at 25°C_ 
(77°F): 12.5% (125,000 ppm) 
10. Ionization potential: 9.25 eV 
• Reactivity 
Incompatibilities: Benzene reacts with strong oxidizers includ
ing chlorine, oxygen, and bromine with iron. 

2. Hazardous decomposition products: Toxic vapors and gases 
(e.g., carbon monoxide) may be released in a fire involving 
benzene. 
3. Caution: Benzene will attack some forms of plastics, coat
ings, and rubber. 

• Flammability 
l. Flash point: -ll.l"C (lrF) (closed cup) 
2. Autoignition temperature: 498 "C (928 °F) 
3. Flammable limits in air, % by volume: Lower, 1.4; upper, 7.1 
4. Extinguishant: Alcohol foam, carbon dioxide, and dry 
chemical extinguishants are effective. Water may be an ineffec
tive extinguishant but may be used to cool fire-exposed con
tainers. 
5. Class IB Flammable Liquid (29 CFR 1910.106), Flamma
bility Rating 3 (NFPA) 
6. Unusual fire and explosion hazards: Benzene liquid is flam
mable, and its vapors can easily form explosive mixtures. 
Flashbacks may occur along a vapor trail. 
• Warning properties 
I. Odor threshold: 12 ppm 
2. Eye irritation levels: 3,000 ppm for 0.5-l hour 
3. Other information: 3,000 ppm may irritate nose and respira
tory tract. 
4. Evaluation of warning properties for respirator selection: 
Warning properties are not considered in recommending respi
rators for use with carcinogens. 

EXPOSURE LIMITS 

The current Occupational Safety and Health Administration 
(OSHA) permissible exposure limit (PEL) for benzene is l part 
of benzene per million parts of air (PPM) as a time-weighted 
average (TWA) concentration over an 8-hour workshift; the 
short-term exposure limit is 5 ppm in any 15-minute sampling 
period. The National Institute for Occupational Safety and 
Health (NIOSH) recommends that benzene be controlled and 
handled as a potential human carcinogen in the workplace and 
that exposure be reduced to the lowest feasible limit. The 
NIOSH recommended exposure limit (REL) is 0.1 ppm [0.32 
milligrams of benzene per cubic meter of air (mg/m3)] as an 
8-hour TWA and 1 ppm (3.2 mg/m3) as a ceiling in any 
15-minute sampling period. The NIOSH REL is the lowest con-

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 
Public Health Service Centers for Disease Control 
National Institute for Occupational Safety and Health 

Division of Standards Development and Technology Transfer 
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centration detectable by current NIOSH-validated sampling 

and analytical methods. The American Conference of Govern
mental Industrial Hygienists (ACGIH) has designated benzene 

as an A2 substance (suspected human carcinogen) having an 

assigned threshold limit value (TLV®) of 10 ppm (30 mg/m3) 

as a TWA for a normal 8-hour workday and a 40-hour 

workweek. 

'Thble I.-Occupational exposure limits 
for benzene 

OSHA PEL TWA 
Short-term exposure 
limit (15 min) 

NIOSH REL (Ca)* TWA 
Ceiling (15 min) 

ACGIH" TLV® TWA (A2)t 

Exposure limits 
ppm mg/m3 

5 
0.1 
1 

10 

0.32 
3.2 

30 

• (Ca): NIOSH recommends treating as a potential human car

cinogen. 
t(A2): Suspected human carcinogen. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Benzene may cause adverse health effects following exposure 

via inhalation, ingestion, or dermal or eye contact. 

• Summary of toxicology 
1. FJfects on animals: Acute inhalation ofbenzene by rats, mice, 

or rabbits caused narcosis, spontaneous heart contractions 
(ventricular fibrillation), and death due to respiratory paraly

sis. Subchronic inhalation of benzene by rats produced 

decreased white blood cell counts, decreased bone marrow cell 

activity, increased red blood cell activity, and cataracts. In rats, 

chronic inhalation or oral administration of benzene produced 
cancers of the liver, mouth, and Zymbal gland. Inhalation of 

benzene by pregnant rats caused retardation of fetal develop

ment and increased fetal mortality. 
2. Effects on humans: Acute inhalation exposure of benzene 

has caused nerve inflammation (polyneuritis), central nervous 

system depression, and cardiac sensitization. Chronic exposure 

to benzene has produced anorexia and irreversible injury to the 

blood-forming organs; effects include aplastic anemia and 
leukemia. 

• Signs and symptoms of exposure 
I. Short-tenn (acute): Exposure to benzene can cause dizzi

ness, euphoria, giddiness, headache, nausea, staggering gait, 

weakness, drowsiness, respiratory irritation, pulmonary ede
ma and pneumonia, gastrointestinal irritation, convulsions, and 

paralysis. Benzene can also cause irritation to the skin, eyes, 
and mucous membranes. 
2. Long-tenn (chronic): Exposure to benzene can cause fatigue, 

nervousness. irritability, blurred vision, and labored breath-

2 Benzene 

ing. Repeated skin contact can cause redness, blistering, and 
dry, scaly dermatitis. 

RECOMMENDED MEDICAL PRACTICES 

• Medical surveillance program 
Workers with potential exposures to chemical hazards should 

be monitored in a systematic program of medical surveillance 
intended to prevent or control occupational injury and disease. 

_The program should include education of employers and work
ers about work-related hazards, placement of workers in jobs 

that do not jeopardize their safety and health, earliest possi
ble detection of adverse health effects, and referral of workers 
for diagnostic confirmation and treatment. The occurrence of 

disease (a "sentinel health event," SHE) or other work-related 

adverse health effects should prompt immediate evaluation of 
primary preventive measures (e.g., industrial hygiene monitor

ing, engineering controls, and personal protective equipment). 
A medical surveillance program is intended to supplement, not 
replace, such measures. 

A medical surveillance program should include systematic col

lection and epidemiologic analysis of relevant environmental 

and biologic monitoring, medical screening, morbidity, and 
mortality data. This analysis may provide information about 

the relatedness of adverse health effects and occupational ex

posure that cannot be discerned from results in individual 

workers. Sensitivity, specificity, and predictive values of bio

logic monitoring and medical screening tests should be evalu
ated on an industry-wide basis prior to application in any given 

worker group. Intrinsic to a surveillance program is the dis

semination of summary data to those who need to know, in

cluding employers, occupational health professionals, 

potentially exposed workers, and regulatory and public health 
agencies. 
• Preplacement medical evaluation 
Prior to placing a worker in a job with a potential for exposure 

to benzene, the physician should evaluate and document the 
worker's baseline health status with thorough medical, environ

mental, and occupational histories, a physical examination, and 
physiologic and laboratory tests appropriate for the anticipa

ted occupational risks. These should concentrate on the func

tion and integrity of the eyes, skin, liver, and respiratory, 

nervous, and hematopoietic (blood-cell-forming) systems. The 

physician should obtain baseline values for the complete blood 
count and a stained differential count of all blood cell types. 

Medical surveillance for respiratory disease should be conduct

ed by using the principles and methods recommended by 

NIOSH and the American Thoracic Society (ATS). 

A preplacement medical evaluation is recommended in order 

to detect and assess preexisting or concurrent conditions which 

may be aggravated or result in increased risk when a worker 

is exposed to benzene at or below the NIOSH REL. The ex

amining physician should consider the probable frequency, in
tensity, and duration of exposure, as well as the nature and 
degree of the condition, in placing such a worker. Such con

ditions, which should not be regarded as absolute contraindi-
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cations to job placement, include a history of chronic skin 
disease, concurrent dermatitis, or mild non-hemolytic anemia 
(e.g., mild iron-deficiency anemia). 
• Periodic medical screening and/or biologic monitoring 
Occupational health interviews and physical examinations 
should be performed at regular intervals. Additional examina
tions may be necessary should a worker report symptoms that 
may be attributed to exposure to benzene. The interviews, ex
aminations, and appropriate medical screening and/or biologic 
monitoring tests should be directed at identifying an excessive 
decrease or adverse trend in the integrity and physiologic func
tion of the skin, liver, and respiratory, nervous, and hema
topoietic (blood-cell-forming) systems as compared to the 
baseline status of the individual worker or to expected values 
for a suitable reference population. The following tests should 
be used and interpreted according to standardized procedures 
and evaluation criteria recommended by NIOSH and the ATS: 
standardized questionnaires and tests of lung function. 
• Medical practices recommended at the time of job trans
fer or termination. 
The medical, environmental, and occupational history inter
views, the physical examination, and selected physiologic and 
laboratory tests which were conducted at the time of placement 
should be repeated at the time of job transfer or termination. 
Any changes in the worker's health status should be compared 
to those expected for a suitable reference population. Because 
occupational exposure to benzene may cause diseases of 
prolonged induction-latency, the need for medical surveillance 
may extend well beyond termination of employment. 
• Sentinel health events 
I. Acute SHE's include: Acute myeloid leukemia and contact 
and/or allergic dermatitis. 
2. Delayed-onset SHE's include: Decrease in the number (neu
tropenia) or absence (agranulocytosis) of certain white blood 
cells in the peripheral circulation and/or in the bone marrow 
(aplastic anemia) and cancer of the red blood cells (erythro
leukemia). 

MONITORING AND MEASUREMENT 
PROCEDURES 

• TWA exposure evaluation 
Measurements to determine worker exposure to benzene 
should be taken so that the TWA exposure is based on a single 
entire workshift sample or an appropriate number of consecu
tive samples collected during the entire workshift. Under cer
tain conditions, it may be appropriate to collect several _ 
short-term interval samples (up to 30 minutes each) to deter
mine the average exposure level. Air samples should be taken 
in the worker's breathing zone (air that most nearly represents 
that inhaled by the worker). 
• Ceiling concentration evaluation 
Measurements to determine worker exposure should be taken 
during periods of maximum expected airborne concentrations 
of benzene. Each measurement to determine the NIOSH REL 
(ceiling exposure) in the worker's breathing zone (air that most 
nearly represents that inhaled by the worker) should consist 
of a IS-minute sample. A minimum of three measurements 
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should be taken during one workshift, and the highest of all 
measurements taken is an estimate of the worker's exposure. 
If the periods of maximum exposure are not clearly defined, 
a statistical procedure which can be used as a peak exposure 
detection strategy is given in the Occupational Exposure Sam
pling Strategy Manual. 
• Method 
Sampling and analysis may be performed by collecting ben
zene vapors with charcoal tubes followed by desorption with 
carbon disulfide and analysis by gas chromatography. Direct
reading devices calibrated to measure benzene may also be used 
if available. A detailed sampling and analytical method for ben
zene may be found in the NIOSH Manual of Analytical Methods 
(method number 1500). 

PERSONAL PROTECTIVE EQUIPMENT 

Chemical protective clothing (CPC) should be selected after 
utilizing available performance data, consulting with the 
manufacturer, and then evaluating the clothing under actual use 
conditions. 

Workers should be provided with and required to use CPC, 
gloves, and other appropriate protective clothing necessary to 
prevent skin contact with benzene. 

SANITATION 

Clothing which is contaminated with benzene should be re
moved immediately and placed in sealed containers for storage 
until it can be discarded or until provision is made for the 
removal of benzene from the clothing. If the clothing is to be 
laundered or cleaned, the person performing the operation 
should be informed of benzene's hazardous properties. Reus
able clothing and equipment should be checked for residual 
contamination before reuse or storage. 

A change room with showers, washing facilities, and lockers 
that permit separation of street and work clothes should be 
provided. 

Workers should be required to shower following a workshift 
and prior to putting on street clothes. Clean work clothes should 
be provided daily. 

Skin that becomes contaminated with benzene should be 
promptly washed with soap and water. 

Workers who handle benzene should wash their faces, hands, 
and forearms thoroughly with soap and water before eating, 
smoking, or using toilet facilities. 

The storage, preparation, dispensing, or consumption of food 
or beverages, the storage or application of cosmetics, the 
storage or use of smoking materials, or the storage or use of 
products for chewing should be prohibited in work areas. 

COMMON OPERATIONS AND CONTROLS 

Common operations in which exposure to benzene may occur 
and control methods which may be effective in each case are 
listed in Table 2. 
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Table 2.-0perations and methods of 
control for benzene 

Operations 

During the manufacture and 
processing of benzene; dur
ing use as a raw material in 
the production of aromatic 
compounds and derivatives 

During the use of chemicals 
in which benzene may be an 
impurity (e.g., naphthas, 
toluene, xylene) 

During the manufacture and 
use of motor fuel blends in 
which benzene is used as an 
ingredient; during use as an 
extracting solvent 

During the preparation and 
use of paint and varnish 
removers, rubber cements, 
and lacquers 

Controls 

Process enclosure, local ex
haust ventilation, personal 
protective equipment 

Process enclosure, local ex
haust ventilation, personal 
protective c!quipment 

Process enclosure (when 
possible), local exhaust ven
tilation, personal protective 
equipment, material substi
tution 

Process enclosure (when 
possible), local exhaust ven
tilation, personal protective 
equipment, material substi
tution 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, remove the victim from further 

exposure, send for medical assistance, and initiate emergen

cy procedures. 

• Eye exposure 
Where there is any possibility of a worker's eyes being exposed 

to benzene, an eye-wash fountain should be provided within 

the immediate work area for emergency use. 

lfbenzene gets into the eyes, flush them immediately with large 

amounts of water for 15 minutes, lifting the lower and upper 

lids occasionally. Get medical attention as soon as possible. 

Contact lenses should not be worn when working with this 

chemical. 

• Skin exposure 
Where there is any possibility of a'tlorker's body being exposed 

to benzene, facilities for quick drenching of the body should 

be provided within the immediate work area for emergency use. 

lfbenzene gets on the skin, wash it immediately with soap and 

water. If benzene penetrates the clothing, remove the clothing 

immediately and wash the skin with soap and water. Get med

ical attention promptly. 

• Rescue 
If a worker has been incapacitated, move the affected worker 

from the hazardous exposure. Put into effect the established 

emergency rescue procedures. Do not become a casualty. Un

derstand the facility's emergency rescue procedures and know 

the locations of rescue equipment before the need arises. 

4 Benezene 

SPILLS AND LEAKS 

Workers not wearing protective equipment and clothing should 

be restricted from areas of spills or leaks until cleanup has been 

completed. 

If benzene is spilled or leaked, the following steps should be 

taken: 

1. Remove all ignition sources. 
2. Ventilate area of spill or leak. 
3. For small quantities of liquids containing benzene, absorb 

-on paper towels and place in an appropriate container. 

4. Large quantities of liquids containing benzene may be ab

sorbed in vermiculite, dry sand, earth, or a similar material 

and placed in an appropriate container. 

5. Liquids containing benzene may be collected by vacuum

ing with an appropriate system. If a vacuum system is used, 

there should be no sources of ignition in the vicinity of the spill, 

and flashback prevention devices should be provided. 

WASTE REMOVAL AND DISPOSAL 

U.S. Environmental Protection Agency, Department of Trans

portation, and/or state and local regulations shall be followed 

to assure that removal, transport, and disposal are in accord

ance with existing regulations. 

RESPIRATORY PROTECTION 

It must be stressed that the use of respirators is the least 

preferred method of controlling worker exposure and should 

not normally be used as the only means of preventing or 

minimizing exposure during routine operations. However, 

there are some exceptions for which respirators may be used 

to control exposure: when engineering and work practice con

trols are not technically feasible, when engineering controls 

are in the process of being installed, or during emergencies and 

certain maintenance operations including those requiring 

confined-space entry (Table 3). 

In addition to respirator selection, a complete respiratory pro

tection program should be instituted which as a minimum com

plies with the requirements found in the OSHA Safety and 

Health Standards, 29 CFR 1910.134. A respiratory protection 

program should include as a minimum an evaluation of the 

worker's ability to perform the work while wearing a respira

tor, the regular trai~ing of personnel, fit testing, periodic en

vironmental monitoring, maintenance, inspection, and 

cleaning. The implementation of an adequate respiratory pro

tection program, including selection of the correct respirators, 

requires that a knowledgeable person be in charge of the pro

gram and that the program be evaluated regularly. 

Only respirators that have been approved by the Mine Safety 

and Health Administration (MSHA, formerly Mining Enforce

ment and Safety Administration) and by NIOSH should be 

used. Remember! Air-purifying respirators will not pro

tect from oxygen-deficient atmospheres. 
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Roogonl .........•.... 119 + ... 

1.2 Storogo T_...n: Cl!>on 
U 1,... A- No roquiremont 

U Venting: Prossur........., 

10. HAZMD ASSESSMENT COO£ .----· A·T..U.Y·W 

II. I 

11.2 

IU 

12. 

12.1 

12.2 
12.3 

12.4 

12.5 

12.8 

12.7 

12.1 

IU 

12.10 

12.11 

12.12 

12.13 

12.1. 
12.15 
12.11 
12.25 
12.28 
12.27 

11. HAZMD CIASSII'ICATIONS 

Co*oi-......F--
HAS - 11o11ng 1ot - w-T-c:.togory ltotlng 

Fire ..............•... -Vapor lmtant ....•... 

Liquid or s- -.,, . . . 1 

-. ..................... 3 

wa..- Polutlon 

Humon ToliiCily .............. . 

AquobCToiUCIIy .............. . 

-Effoc:l .... . 
RooctMty 

Olhor~---
Water ... 

SoiiR.-. 
NFPA-~Iklfl, 

1 

0 

Cot_., ~ 
HoatlhHozard(Biuol .. 

Flommoboto1y (Redl . 

Roac:!Mty (YOI-1 ..... . 

PHYSICAL AND CHEMICAL PROPERTIES 

Phyolcol SIOto ot IS'C ond I otm: 

Liquid 

-Wolghl:78.11 
--. Polnl .. I otm: 

H&'F - eo. 1 ·c • 353.3"K 

F-Iling-
•2.o·F - 5.5"C - 278. rK 

c..-T-. 
552.0"F • 288.t'C • 562. I "K 

c..--
710 psaa • -'8.3 atm • .•. 88 MNim• 

SpocHic Grovlty: 

0.879 ot 20'C ._, 

Uqutd Surf-T-
28.9 dynes/em • 0.0289 Nlm ot 20'C 

Uquld Wotor lntOt'foc:tol Tonolon: 

35.0 dynes/em • 0.035 Nlm ot 20'C v- (Gool SpocHic Grovlty: 2.7 

Rollo of SpocHic HooiO 01 v- (Goo~ 

1.061 
Utont Hoot o1 v~ 

169 Bw/lb - 114.1 callg • 
3.1M X 10' J/kg 

Hoot o1 ~aan: -17,480 Stull> 

- -9698 callg - ~-0 x 10' Jlkg 

llootoi~Nol-

Hootof-Nol,..._,t 

-of Poly-lloo< Nol porllnonl 

_, o1 F..- 30.•5 callg 

Un!lllng v- 0010 not ov-

ROid v--3.22,... 

NOTES 

JUNE 1985 



BENZENE 

12.17 12.18 12.19 12.20 
SATURATED LIQUID DENSITY LIQUID HEAT CAPACITY LIQUID THERMAL CONDUCTIVITY LIQUID VISCOSITY 

Temperature Pounds per cubic Temperature British thermal unit Temperature British thermal Temperature unit-inch per hour- Centipoise 
(degrees F) foot (degrees F) per pound-F (degrees F) square foot-F (degrees F) 

55 55.330 45 .394 75 .988 55 .724 
60 55.140 50 .396 80 .981 60 .693 
65 54.960 55 .398 85 .975 65 .665 
70 54.770 , 60 .400 90 .969 70 .638 
75 54.580 65 .403 - 95 .962 75 .612 
80 54.400 70 .405 100 .956 80 .588 
85 54.210 75 .407 105 .950 85 .566 
90 54.030 80 .409 110 .944 90 .544 
95 53.840 85 .411 115 .937 95 .524 

100 53.660 90 .414 120 .931 100 .505 
105 53.470 95 .416 125 .925 105 .487 
110 53.290 100 .418 130 .919 110 .470 
115 53.100 135 .912 115 .453 
120 52.920 140 .906 120 .438 
125 52.730 145 .900 
130 52.540 150 .893 
135 52.360 155 .887 
140 52.170 160 .881 
145 51.990 165 .875 
150 51.800 170 .868 
155 51.620 
160 51.430 
165 51.250 
170 51.060 
175 50.870 

12.21 12-22 12.23 12.24 
SOLUBILITY IN WATER SATURATED VAPOR PRESSURE SATURATED VAPOR DENSITY IDEAL GAS HEAT CAPACITY 

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit 
(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per pound-F 

n.o2 .180 50 .881 50 .01258 0 .204 
60 1.171 60 .01639 25 .219 
70 1.535 70 .02109 50 .234 
80 1.989 80 .02681 75 .248 
90 2.547 90 .03371 100 .261 

100 3.227 100 .04196 125 .275 
110 4.049 110 .05172 150 .288 
120 5.033 120 .06317 175 .301 
130 6.201 130 .07652 200 .313 
140 7.577 140 .09194 225 .325 
150 9.187 150 .10960 250 .337 
160 11.060 160 .12980 275 .349 
170 13.220 170 .15270 300 .360 
180 15.700 180 .17850 325 .371 
190 18.520 190 .20750 350 .381 
200 21.740 200 .23970 375 .392 
210 25.360 210 .27560 400 .402 

425 .412 
450 .421 
475 .431 
500 .440 
525 .449 
550 .457 
575 .465 
600 .474 
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Table 3.-Respiratory protection for benzene 

Condition Minimum respiratory protection* 

Any detectable concentration Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand 

or other positive pressure mode 

Planned or emergency entry 
into environments containing 
unknown or any detectable 
concentration 

Firefighting 

Escape only 

Any supplied-air respirator with a full facepiece and operated in a pressure-demand or other 

positive pressure mode in combination with an auxiliary self-contained breathing apparatus oper

ated in a pressure-demand or other positive pressure mode 

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand 

or other positive pressure mode. 

Any supplied-air respirator with a full facepiece and operated in a pressure-demand or other 

positive pressure mode in combination with an auxiliary self-contained breathing apparatus oper

ated in a pressure-demand or other positive pressure mode 

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand 

or other positive pressure mode 

Any air-purifying full facepiece respirator (gas mask) with a chin-style or front- or back-mounted 

organic canister 

Any appropriate escape-type self-contained breathing apparatus 

*Only NIOSH/MSHA-approved equipment should be used. 

6 Benzene 
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Occupational Health Guideline for 
Ethyl Benzene 

INTRODUCTION 

This guideline is intended as a source of information for 
employees, employers, physicians, industrial hygienists, 
and other occupational health professionals who may 
have a need for such information. It does not attempt to 
present all data; rather, it presents pertinent information 
and data in summary form. 

SUBSTANCE IDENTIFICATION 

• Formula: CaHac.H. 
• Synonyms: Phenylethane; ethylbenzol 
• Appearance and odor: Colorless liquid with an aro
matic odor. 

PERMISSIBLE EXPOSURE LIMIT (PEL) 

The current 0SHA standard for ethyl benzene is 100 
parts of ethyl benzene per million parts of air (ppm) 
averaged over an eight-hour work shift. This may also 
be expressed as 435 milligrams of ethyl benzene per 
cubic meter of air (mglm1). 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Ethyl benzene can affect the body if it is inhaled, is 
swallowed, or comes in contact with the eyes or skin. 
• Effects of overexposure 
1. Short-term Exposure: Ethyl benzene causes irritation 
of the eyes, nose,· throat, and skin. With exposure to 
high concentrations, irritating effects are more pro
nounced, and a person may begin to feel weak, dizzy, 
drowsy, and become unconscious. 
2. Long-term Exposure: Prolonged or repeated ethyl 
benzene exposure of the skin may casue skin rash. 
3. Reporting Signs and Symptoms: A physician should be 
contacted if anyone develops any signs or symptoms. 
and suspects that they are caused by exposure to ethyl 
benzene. 

• Recommended medical suneillanc:e 
The following medical procedures should be made 
available to each employee who is exposed to ethyl 
benzene at potentially hazardous levels: 
1. Initial Medical Scrwning: Employees should be 
screened for history of certain medical conditions 
(listed below) which might place the employee at 
increased risk from ethyl benzene exposure. 

-Chronic respiratory disease: In persons with im
paired pulmonary function, especially those with ob
structive airway diseases, the breathing of ethyl ben

zene might cause exacerbation of symptoms due to its 
irritant properties or psychic reflex bronchospasm. 

-Kidney disease: Although ethyl benzene is not 
known as a kidney toxin in humans, the importance of 
this organ in the elimination of toxic substances justifies 
special consideration in those with possible impairment 
of renal function. 

-Liver disease: Although ethyl benzene is not 
known as a liver toxin in humans, the importance of this 
organ in the biotransformation and detoxification of 
foreign substances should be considered before expos
ing persons with impaired liver function. 

-Skin disease: Ethyl benzene is a defatting agent and 
can cause dermatitis on prolonged exposure. Persons 
with pre-existing skin disorders may be more suscepti
ble to the effects of this agent. 

2. Periodic Medical Examination: Any employee devel
oping the above-listed conditions should be referred for 
further medical examination. 
• Summary of toxicology 
Ethyl benzene is primarily an irritant of skin and, to 
some degree, of eyes and upper respiratory tract. Sys
temic absorption causes depression of the central ner
vous system with narcosis at very high concentrations. 
Aspiration of small amounts causes extensive edema and 
hemorrhage of lung tissue. It is readily metabolized and 
excreted chiefly as mandelic acid in the urine. 

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will 
assist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliance 

with all requirements of OSHA regulations. 

U.S. DEPARTMENT OF H~AL TH AND HUMAN SERVICES 

Public Health Service Centers for Disease Control 

National Institute for Occupational Safety and Health 

September 1978 

U.S. DEPARTMENT OF LABOR 
Occupational Safety and Health Administration 

1 



CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data 
1. Molecular weight: 106 
2. Boiling point (760 mm Hg): 136 C (277 F) 
3. Specific gravity (water = 1): 0.865 
4. Vapor density (air = 1 at boiling point of ethyl 

benzene): 3.66 
S. Melting point: -95 C (- 139 F) 
6. Vapor pressure at 20 C (68 F): 7.1 mm Hg 
7. Solubility in water, g/100 g water at 20 C (68 F): 

0.015 
8. Evaporation rate {butyl acetate = 1): Less than 1 

• Reactivity 
I. Conditions contributing to instability: Heat 
2. Incompatibilities: Contact with strong oxidizing 

agents may cause fires and explosions. 
3. Hazardous decomposition products: Toxic gases 

and vapors (such as carbon monoxide) may be released 
in a fire involving ethyl benzene. 

4. Special precautions: None 
• Flammability 

1. Flash point: 15 C (59 F) (closed cup) 
2. Autoignition temperature: 432 C (810 F) 
3. Flammable limits in air, % by volume: Lower: 1.0; 

Upper:6.7 
4. Extinguisbant: Dry chemical, foam, or carbon 

dioxide 
• Warning properties 

1. Odor Threshold: According to the Department of 
Transportation's CHRIS Hazardous Chemical Data., 
ethyl benzene bas an odor threshold of 140 ppm. 

2. Eye Irritation Level: According to the AIHA 
Hygienic Guide, "the vapor caused a noticeable eye 
irritation in humans at concentrations of 200 ppm." 

3. Evaluation of Warning Properties: Through its 
odor and irritant effects, ethyl benzene can be detected 
at a concentration less than twice the permissible expo
sure limit. Therefore, for the purposes of this guideline, 
ethyl benzene is treated as a material with adequate 
warning properties. 

MONITORING AND MEASUREMENT 
PROCEDURES 

• General 
Measurements to determine employee exposure are best 
taken so that the average eight-hour exposure is based 
on a single eight-hour sample or on two four-hour 
samples. Several short-time interval samples (up to 30 
minutes) may also be used to determine the average 
exposure level. Air samples should be taken in the 
employee's breathing zone (air that would most nearly 
represent that inhaled by the employee). 
• Method 
Sampling and analyses may be performed by collection 
of ethyl benzene vapors using an adsorption tube with 
subsequent desorption with carbon disulfide and gas 
chromatographic analysis. Also, detector tubes certified 

2 Ethyl Benzene 

by NIOSH under 42 CFR Part 84 or other direct
reading devices calibrated to measure ethyl benzene 
may be used. An analytical method for ethyl benzene is 
in the NIOSH Manual of Analytical Methods. 2nd Ed., 
Vol. 2, 1977, available from the Government Printing 
Office, Washington, D.C. 20402 (GPO No. 017-033-
00260-6). 

RESPIRATORS 

• Good industrial hygiene practices recommend that 
-engineering controls be used to reduce environmental 
concentrations to the permissible exposure level. How
ever, there are some exceptions where respirators may 
be used to control exposure. Respirators may be used 
when engineering and work practice controls are not 
technically feasible, when such controls are in the 
process of being installed, or when they fail and need to 
be supplemented. Respirators may also be used for 
operations which require entry into tanks or closed 
vessels, and in emergency situations. If the use of 
respirators is necessary, the only respirators permitted 
are those that have been approved by the Mine Safety 
and Health Administration (formerly Mining Enforce
ment and Safety Administration) or by the National 
Institute for Occupational Safety and Health. 
• In addition to respirator selection, a complete respira
tory protection program should be instituted which 
includes regular training, maintenance, inspection, 
cleaning, and evaluation. 

PERSONAL PROTECTIVE EQUIPMENT 

• Employees should be provided with and required to 
use impervious clothing, gloves, face shields (eight-inch 
minimum), and other appropriate protective clothing 
necessary to prevent repeated or prolonged skin contact 
with liquid ethyl benzene. 
• Clothing wet with liquid ethyl benzene should be 
placed in closed containers for storage until it can be 
discarded or until provision is made for the removal of 
ethyl benzene from the clothing. If the clothing is to be 
laundered or otherwise cleaned to remove the ethyl 
benzene, the person performing the operation should be 
informed of ethyl benzene's hazardous properties. 
• Non-impervious clothing which becomes contami
nated with liquid ~thyl benzene should be removed 
promptly and not reworn until the ethyl benzene is 
removed from the clothing. 
• Any clothing which becomes wet with liquid ethyl 
benzene should be removed immediately and not 
reworn until the ethyl benzene is removed from the 
clothing. 
• Employees should be provided with and required to 
use splash-proof safety goggles where liquid ethyl ben
zene may contact the eyes. 
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SANITATION 

• Skin that becomes contaminated with liquid ethyl 

benzene should be promptly washed or showered with 

soap or mild detergent and water to remove any ethyl 

benzene. 

COMMON OPERATIONS AND CONTROLS 

The following list includes some common operations in 

which exposure to ethyl benzene may occur and control 

methods which may be effective in each case: 

Operation 

liberation during 
manufacture of styrene 
monomer 

Use during spray 
application of vinyl resin 
surface coating 

Liberation during 
manufacture of paints, 
varnishes, and other 
surface coatings 

Use in manufacture and 
application of rubber 
adhesives 

Use during 
electroplating of 
aluminum on copper or 
steel 

Liberation during oven 
baking and drying of 
surface coatings 

Liberation during 
application of surface 
coatings by dipping, 
flow coatings, and roller 
coating 

Liberation during use as 
an intermediate in dye 
manufacture 

Use as a heat-transfer 
medium; use as a 
dielectric 

Liberation during 
production of 
acetophenone by 
oxidation of ethyl 
benzene 
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Controls 

Local exhaust 
ventilation 

Local exhaust 
ventilation; personal 
protective equipment 

Local exhaust 
ventilation; general 
dilution ventilation 

General dilution 
ventilation; local 
exhaust ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation for open
surface tanks 

Local exhaust 
ventilation for ovens 

Local exhaust 
ventilation 

General dilution 
ventilation 

General dilution 
ventilation; personal 
protective equipment 

General dilution 
ventilation 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, institute fint aid proce

dures and send for fint aid or medical assistance. 

• Eye Exposure 
If ethyl benzene gets into the eyes, wash eyes immedi

ately with large amounts of water, lifting the lower and 

upper lids Occasionally. Get medical attention as soon as 

possible. Contact lenses should not be worn when 

working with this chemical. 
• Skin Exposure 
If ethyl benzene gets on the skin, promptly flush the 

contaminated skin with water. If ethyl benzene soab 

through the clothing, remove the clothing immediately 

and flush the skin with water. When there is skin 

irritation, get medical attention. 
• BreathiDg 
If a person breathes in large amounts of ethyl benzene, 

move the exposed person to fresh air at once. If 

breathing has stopped, perform artificial respiration. 

Keep the affected person warm and at rest. Get medical 

attention as soon as possible. 
• Swallowing 
If ethyl benzene has been swallowed, do not induce 

vomiting. Get medical attention immediately. 

• Rescue 
Move the affected person from the hazardous exposure. 

If the exposed person has been overcome, notify some

one else and put into effect the established emergency 

rescue procedures. Do not become a casualty. Under

stand the facility's emergency rescue procedures and 

know the locations of rescue equipment before the need 

arises. 

SPILL, LEAK, AND DISPOSAL 
PROCEDURES 

• Persons not wearing protective equipment and cloth

ing should be restricted from areas of spills or leaks until 

cleanup has been completed. 
• If ethyl benzene is spilled or leaked, the following 

steps should be taken: 
1. Remove all ignition sources. 

2. Ventilate area ofspill or leak. 
3. For small quantities, absorb on paper towels. Evapo

rate in a safe place (such as a fume hood). Allow 

sufficient time for evaporating vapors to completely 

clear the hood ductwork. Bum the paper in a suitable 

location away from combustible materials. Large quan

tities can be collected and atomized in a suitable com

bustion chamber. Combustion may be improved by 

mixing with a more flammable liquid. Ethyl benzene 

should not be allowed to enter a confmed space, such as 

a sewer, because of the p<)ssibUity of an explosion. 

• Waste disposal methods: 
Ethyl benzene may be disposed of: 

1. By absorbing it in vermiculite, dry sand, earth or a 

similar material and disposing in a secured sanitary 

landfill. 
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2. By atomizing in a suitable combustion chamber. 
Combustion may be improved by mixing with a more 
flammable liquid. 

• Dutkiewicz, T., and Tyras, H.: "A Study of Skin 
Absorption of Ethylbenzene in Man," British Journal of 
Industrial Medicine. 24:330..332, 1967. 
• Grant, W. M.: Toxicology of the Eye (2nd ed.), C. C. 
Thomas, Springfield, Illinois, 1974. REFERENCES 

• American Conference of Governmental Industrial 
Hygienists: "Ethyl Benzene," Documentation of the 
Threshold Limit Values for Substances in Workroom Air 
(3rd ed., 2nd printing), Cincinnati, 1974. 

• International Labour Office: Encyclopedia of Occupa
tional Health and Safety, McGraw-Hill, New York, 
1971. 
• Patty, F. A. (ed.): Toxicology, Vol. II of Industrial 
Hygiene and Toxicology (2nd ed. rev.), Interscience, 
New York, 1963. 

• American Industrial Hygiene Association: "Ethyl 
Benzene," Hygienic Guide Series, Detroit, Michigan, 
1957. 

• Union Carbide Corporation, Industrial Medicine and 
Toxicology Department: Toxicology Studies - Ethyl 

Benzene, New York, 1967. 
• Browning, E.: Toxicity and Metabolism of Industrial 
Solvents, Elsevier, New York, 1965. 

• Wolf, M.A., et al.: "Toxicological Studies of Certain 
Aklylated Benzenes and Benzene," AMA Archives of 
Industrial Health, 14:4, pp. 387-399,1956. • Department of Transportation: CHRIS Hazardous 

Chemical Data. CG-446-2, U.S. Government Printing 
Office, Washington, January 1974. 

RESPIRATORY PROTECTION FOR ETHYL BENZENE 

Condition 

Vapor Concentration 

1000 ppm or less 

2000 ppm or less 

Greater than 2000 ppm or 
entry and escape from 
unknown concentrations 

Fire Fighting 

Escape 

Minimum Respiratory Protection* 
Required Above 100 ppm 

A chell'lical cartridge respirator with a full facepiece and an organic vapor 
cartridge(s). 

A gas mask with a chin-style or a front- or back-mounted organic vapor canister. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

Self-contained breathing apparatus with a full facepiece operated in pressure
demand or other positive pressure mode. 

A combination respirator which includes a Type C supplied-air respirator. with a 
full facepiece operated in pressure-demand or other positive pressure or continu
ous-flow mode and an auxiliary self-contained breathing apparatus operated in 
pressure-demand or other positive pressure mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure
demand or other positive pressure mode. 

Any gas mask providing protection against organic vapors. 

Any escape self-contained breathing apparatus. 

•only NIOSH-approved or MSHA-approved equipment should be used. 
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ETHYLBENZENE I ETB 

-~ --on-.-· irrila1ing -ilpocU:ed. 

Exposure· 

Water 
Pollution 

CALL FOR MEDICAL AID. 

y~ 
lmiOIJngto ___ _ 
H-.wOI--ordilficuft-llling. 
Move to fresh.., 
H breathing has stoppecl, gnte artri'IOIII resprabOn 
11 breathing .a dltftcult, g~Ve orygen 

LIQUID 

Wdl bum okin ond -· 
Hormful~-· 
Remove contam•nated c~ and shoes. 
Aush atteeted 111eas wrth plenty of water 
IF IN EYES. hOld eyelids open and flush wrth ptenty of water. 
IF SWALLOWED and VICtim 11 CONSCIOUS, have VICtim dnnk Wll8f "'-00 NOT INDUCE VOMITING. 

HARMFUL TO AOllATIC UFE IN VERY LOW CONCENTRATIONS. 

Foulong 10 -· Mliy be dangerOUI if it .,..,.. ...... irdakft. 

Notify toe.! health and Wtldhfe ottoats. 
Notify eperatofs of nearby water tntakes. 

1. RESPONSE TO DISCHARG£ 2. WEI 
(IMR ___ ) 

2.1 ~ Flammable liquid 

2.2 Claac3 Mechenicel c:ontannenl -... ...-cnom;c:ao and phylical ,_ 

3. CHEMICAl DESIGNATIONS 

2.1 CG~c-.:-
hydroc:aotoon 

U F~ C.H,CH.CHs 
2.2 1110/UH Daalgnallon: 3.311175 

U DOT 10 11o.: 1175 
U CAB llaglltry No~ 101).41-4 

4. OBSERVABL£ CHARACTERISnCS 

•• 1 ,.,_ ·-·-.........., L;qu;d 
4.2 Coa:~ 

u Odor."'-tic 

5. HEALTH HAZAJmS 

5.1 --~ SaH- tnallling _. .. , aat.tygogglao. 

U I,._ F~ E-lnllalation may- inffdonol noae, -.~. 
-ala-- ol aye with_...,.,..,.-.-- ond may--

U T-of~ INHALATION: l.- occur,...,_ wic;tim to- ril. "-him 
warm and QUia1. ond gat medical help .,..,..,ay; I braatl1ing ltapl, give - owopntion. 

INGESTION: - YOmiting only ._. ~·o -al; ma.- in lung may -

chemiCal_....,_. SKIN AND EYES: poompay llulh with- ol water {15 -·for-~ 

and gat medical a-;,.,_ and wut: contammatod clottoing bofora -· 

U -L.ImltV-100ppm 

u - r ..... - 1..11n11o: 200 ppm tor 30 min. 
1.1 Toalclty by ln{IHtJon: ~ 2; LOoo • 0.5 to 5 g/kg {raQ 

1.7 Lato Toalclty: Dala not..-
U V-{0..)- Choo-lo- Vopcn- moclo<ate -- """"thot poooonnol wOI 

lind high -- unplouant. Tho oltoct il tompclrlry. 

u Uquld or- 1n1tant c--Couooo omal1ing ol tho - ond first-dogroo buml on 
ahorto_.; may couse -.lory buml on long_.. 

1.10 Odor-1.00ppm 
1.11 IDI.H v-: 2.000 ppm 

5. FIRE IIAlAIDS 

L1 ,_, -IO"F O.C.; 58"F C.C. 

u - LJmlto In All: 1.0%.e.7 ... 
U FIN Eodlngulolllng Aeonta: F...,{-

olfac:Wo) ..... too.-- f1l 
Gy-. 

L• FIN Eodlngulolllng ........ - .. llo 
I**Nol-

u ........ -of~ 

--.na---~ --lad. 
U -In FIN: Vopor il- thon ri1 

-----to tho-olig~Wtionondllaahboc*. 

1.7 ..,_ T-IIO"F 

u --Nol-
1.1 ....... -5.1mm/-. 

1.10--T--
OolaNotA-

7. CHEMICAl REACTIVITY 

7.1 -...ny Willi Water: No,_ 

7.2 _....,-eon..-- No -7.2 -,During T..._t-
1A --.g ........ forAdMMCI 

~Nol-
7 .5 ,..,.,__. Not portinont 

7.1 tnhlbltor of PoiJIMrtutlon: 
Nol portinont 

7.7 - - {IIMcl8nl,.. 
Pnocluct~OolaNotA-

7.1 _....,~32 

l WATER POUUTIOJI 

1.1 Aquotlc Tollclty: 
211 ppm/116 hrlbluogii/TL_/- woter 

u Wotorlowl Tollclty: Cola not-
u ._...., Olyvon- (IOD~ 

u ... C"-·1· 5 doyo ... _c-. ___ 

Nono 

I. SHIPPING INFORMATION 

1.1 -of Purity: R-gr-: 
88.116 ... ; puregr-: 88.5 ... ;-
grade: 88.0 ... 

1.2 --T--
u lnofl AtmooplloN: No raquir-.t ... VOiding: Open {flame .,_, or 

-vacuum 

11. HAZARD ASSESSMENT CODE (liM---· A·T.U 

11. HAZARD CWSIFICATIONS 

11.1 c-. of-.....,.._ 
Flarnmabloloquld 

11.2 liAS-..-.. tor- wT,......._, 
c:atevorY -.. 

Fn ................................................... 3 -Vopor-............................... 2 

~orSolod- ................ 2 -. ....................................... . 
Water Polubon 

Human TOIIidty .......................... . 

Aquatic TOXK:Ity ........................ .. 

Aolthotic:Efloc:t ......................... . 

Roac:tMty 
()thor Chomicolo ........................ 1 

Walef ........................................... 0 

SaHRooc:tion ............................ .. 
11.2 NFPAHalard-

c:atevorY ~ 
Hoalth Hazard {Blue)..................... 2 

Flornrnability {Rod) ........................ . 

Reoctivoly {Y ollow) ........................ . 

12. I'HYSICAL AND CHEMICAL PROPERTIES 

12.1 Phyolcal -· ot 15'C Wid 1-
L;qu;d 

12.2 -Wolgltt:106.17 
12.3 -.-011-

277.2"F • 1362"C • .OOU"K 
1U Froozlng-.t:" 

-13t"F - -es·c • 171"K 
12.1 -T-

es1.0"F • ,.u·c • e11.1"K 
12.1 --523 ptia - 35.& atrn • 3.81 MN/m• 

12.7 llpecltlc ar..tty: 
0.8117 ot 20'C {liquid) 

11.1 Liquid lurteco T-
2112 dynoo/c:m • 0.02112 N/m at zo·c 

12.1 Liquid Watar lnt-T-
35.48 dynes/em - 0.03~ N/m at 
zo·c 

12.10 y- {0..) llpecltlc ar..tty: 
Nol portinont 

12.11 -of Spec:lllc - of v- co.~ 
1.071 

12.12 ...__of¥_..._ 
144 Btullb • 10. t callg • 

3.35 X 10' J/kg 

12.13 - ol ~ -17,710 Btu/lb 

• -11877 cal/g • --413.5 X 10' J/kg 

12.1. - ol -.,...nnoo< Nol portinont 
12.15 - of-.aon: Nol portinont 
12.11 - of Pot,..,..,..llol< No1 portinont 
12.25 -ofF- Cola NolA-
12.21 Llntlllno y- Oota Not ... _ 

12.27 -y--0.4 poia 

&. FIRE HAZARDS (Continued) 

1.11 -trtclollrlofuoi-OolaNotA-

L12 -T--OolaNotA-
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ETHYLBENZENE 

12.17 12.18 12.11 12.20 
SATURATED LIQUID DENSITY LIQUID HEAT CAPACITY LIQUID THERMAL CONDUCTIVITY LIQUID VISCOSITY 

Temperatln Pounds .J: cubic Temperature British thermal unit Temperature British thermal Temperature unit-inch per hour- Centipoise 
(degrees f) (degrees f) per pound-F (degrees f) square foot-F (degrees f) 

"" 54.990 40 .402 -90 1.065 40 .835 
50 54.680 50 .404 -80 1.056 50 .774 
60 54.370 60 .407 -70 1.047 60 .719 

' 70 54.060 70 .409 -60 1.037 70 .670 
80 53.750 80 .412 - -50 1.028 80 .626 
90 53.430 90 .414 -40 1.018 90 .586 

100 53.120 100 .417 -30 1.009 100 .550 
110 52.810 110 .419 -20 1.000 110 .518 
120 52.500 120 .421 -10 .990 120 .488 
130 52.190 130 .424 0 .981 130 .461 
140 51.870 140 .426 10 .971 140 .436 
150 51.560 150 .429 20 .962 150 .414 
160 51.250 160 .431 30 .953 160 .393 
170 50.940 170 .434 40 .943 170 .374 
180 50.620 180 .436 50 .934 180 .356 
190 50.310 190 .439 60 .924 190 .340 
200. 50.000 200 .441 70 .915 200 .325 
210 49.690 210 .443 80 .906 210 .311 

90 .896 
100 .887 
110 .877 
120 .868 
130 .859 
140 .849 
150 .840 
160 .830 

12.21 12.22 12.23 12.24 
SOLUBILITY IN WATER SATURATED VAPOR PRESSURE SATURATED VAPOR DENSITY IDEAL GAS HEAT CAPACITY 

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit 
(degrees f) pounds of water (degrees f) inch (degrees f) foot (degrees f) per pound-F 

68.02 .020 60 .202 80 .00370 -400 -.007 
100 .370 100 .00654 -350 .026 
120 .644 120 .ot099 -300 .060 
140 1.071 140 .01767 -250 .093 
160 1.713 160 .02734 -200 .125 
180 2.643 180 .04087 -150 .157 
200 3.953 200 .05926 -100 .187 
220 5.747 220 .08363 -50 .217 
240 8.147 240 .11520 0 .246 
260 11.290 260 .15510 50 .274 
280 15.320 280 .20490 100 .301 
300 20.410 300 .26570 150 .327 
320 26.730 320 .33910 200 .353 
340 34.460 340 .42620 250 .377 
360 43.800 360 .52850 300 .401 
380 54.950 380 .64720 350 .424 

400 .446 
450 .467 
500 .487 
550 .507 
600 .525 



Occupational Health Guideline for 

Petroleum Distillates {Naphtha) 

INTRODUCTION 

This guideline is intended as a source of information for 

employees, employers, physicians, industrial hygienists, 

and other occupational health professionals who may 

have a need for such information. It does not attempt to 

present all data; rather, it presents pertinent information 

and data in summary form. 

SUBSTANCE IDENTIFICATION 

• Formula: CaHu- C,H,.- Ca~11 

• Synonyms: Petroleum naphtha; aliphatic petroleum 

naphtha; petroleum ether (95 to 115 C); naphtha, petro

leum 
• Appearance and odor: Colorless liquid with an odor 

like gasoline and kerosene. 

PERMISSIBLE EXPOSURE LIMIT (PEL) 

The current OSHA standard for petroleum distillates is 

500 parts of petroleum distillates per million parts of air 

(ppm) averaged over an eight-hour work shift. This 

may also be expressed as 2000 milligrams of petroleum 

distillates per cubic meter of air (mg/m3). NIOSH has 

recommended that the permissible exposure limit be 

reduced to 350 mg/m3 averaged over a work shift of up 

to 10 hours per day. 40 hours per week. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Petroleum distillates can affect the body if they are 

inhaled, come in contact with the eyes or skin, or are 

swallowed. 
• Effects of overexposure 
1. Short-term Exposure: Overexposure to petroleum dis

tillates may cause dizziness, drowsiness, headache, and 

nausea. They may also cause irritation of the eyes, 

throat, and skin. -

2. Long-term Exposure: Prolonged overexposure may 

cause drying and cracking of the skin. 

3. Reporting Signs and Symptoms: A physician should be 

contacted if anyone develops any signs or symptoms 

and suspects that they are caused by exposure to 

petroleum distillates. 
• Recommended medical surveillance 
The following medical procedures should be made 

available to each employee who is exposed to petro

leum distillates at potentially hazardous levels: 
1. Initial Medical Screening: Employees should be 

screened for history of certain medical conditions 

(listed below) which might place the employee at 

increased risk from petroleum distillates exposure. 

-Skin disease: Petroleum distillates are skin defatting 

agents and can cause dermatitis on prolonged exposure. 

Persons with pre-existing skin disorders may be more 

susceptible to the effects of these agents. 
-Chronic respiratory disease: In persons with im

paired pulmonary function, especially those with ob

structive airway diseases, the breathing of petroleum 

distillates might cause exacerbation of symptoms due to 

their irritant properties. 
-Liver disease: Although petroleum distillates are 

not known as liver toxins in humans, the importance of 

this organ in the biotransformation and detoxification of 

foreign substances should be considered before expos

ing persons with impaired liver function. 
-Kidney disease: Although petroleum distillates are 

not known as kidney toxins in humans, the importance 

of this organ in the elimination of toxic substances 

justifies special consideration in those with impaired 

renal function. 
2. Periodic Medical Examination: Any employee devel

oping the above-listed conditions should be referred for 

further medical examination. 
• Summary of toxicology 
The vapors of petroleum distillates are mild narcotics 

and mucous membrane irritants. There have been few 

toxicologic studies, either on animals or man. While 

4000 to 7000 ppm are tolerated for 1 hour by human 

subjects, symptoms of narcosis, such as dizziness and 

drowsiness, occur at those concentrations. Continuing 

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will 

assist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliance 

with all requirements of OSHA regulations. 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 

Public Health Service Centers for Disease Control 

National Institute for Occupational Safety and Health 

september 1978 

U.S. DEPARTMENT OF LABOR 

Occupational Safety and Health Administration 
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exposure may produce signs of inebriation, followed by 
headache or nausea. Exposure at 10,000 to 20,000 ppm 
is regarded as immediately hazardous to life. The higher 
boiling fractions may produce irritation of the eyes, 
nose, and throat in addition to symptoms of mild 
narcosis. The liquid is a defatting agent, and repeated or 
prolonged skin contact results in drying and cracking of 
the skin. No chronic systemic effects have been report
ed from widespread industrial use. If benzene is present 
in the distillate, however, the hazard of both acute and 
chronic poisoning is increased; the presence of elevated 
phenol in the urine is indicative of benzene exposure. 

CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data 
1. Molecular weight: 100 (approximately) 
2. Boiling point (760 mm Hg): 30 to 127 C (86 to 260 

F) 
3. Specific gravity (water= 1): 0.74 
4. Vapor density (air = 1 at boiling point of petro

leum distillates): 3.4 (approximately) 
5. Melting point: Data not available 
6. Vapor pressure at 20 C (68 F): 40 mm Hg (ap

proximately) 
7. Solubility in water, g/100 g water at 20 C (68 F): 

0.04 (approximately) 
8. Evaporation rate (butyl acetate = 1): io (approxi

mately) 
• Reactivity 

1. Conditions contributing to instability: Heat 
2. Incompatibilities: Contact with strong oxidizing 

agents may cause tires and explosions. 
3. Hazardous decomposition products: Toxic gases 

and vapors (such as carbon monoxide) may be released 
in a tire involving petroleum distillates. 

4. Special precautions: Petroleum distillates will 
attack some forms of plastics, rubber, and coatings. 
• Flammability 

1- Flash point: -40 to 20 C ( -40 to 68 F) (closed 
cup) 

2. Autoignition temperature: 232 to 260 C (450 to 500 
F) 

3. Flammable limits in air, %by volume: Lower: 1; 
Upper:6 

4. Extinguishant: Foam, carbon dioxide, dry chemi
cal 
• Warning properties 

1. Odor Threshold: The odor thresholds of the main 
constituents of petroleum naphtha (i. e., heptane, 
octane, pentane, etc.) are below the individual permissi
ble exposure limits. 

2. Eye Irritation Level: According to Gafafer, the 
naphthas irritate the conjunctiva. The American Petro
leum Institute states that irritation of the conjunctiva 
may occur "when the eyes are exposed to high vapor 
concentrations (of petroleum naphtha) in air. The irrita
tion is mild and transitory." No quantitative information 
is available concerning the threshold of eye irritation, 

2 Petroleum Distillates (Naphtha) 

however. 
3. Evaluation of Warning Properties: Since the odor 

of each of the main constituents of petroleum naphtha is 
detectable at concentrations below the respective per
missible exposure limits, petroleum naphtha is treated as 
a material with adequate warning properties. 

MONITORING AND MEASUREMENT 
PROCEDURES 

• General 
Measurements to determine employee exposure are best 

-taken so that the average eight-hour exposure is based 
on a single eight-hour sample or on two four-hour 
samples. Several short-time interval samples (up to 30 
minutes) may also be used to determine the average 
exposure level. Air samples should be taken in the 
employee's breathing zone (air that would most nearly 
represent that inhaled by the employee). 
• Method 
Sampling and analyses may be performed by collection 
of petroleum distillates vapors using an adsorption tube 
with subsequent desorption with carbon disulfide and 
gas chromatographic analysis. Also, detector tubes cer
tified by NIOSH under 42 CFR Part 84 or other direct
reading devices calibrated to measure petroleum distil
lates may be used. An analytical method for petroleum 
distillates is in the NIOSH Manual of Analytical Meth
ods, 2nd Ed., Vol. 3, 1977, available from the Govern
ment Printing Office, Washington, D.C. 20402 (GPO 
No. 017-033-00261-4). 

RESPIRATORS 

• Good industrial hygiene practices recommend that 
engineering controls be used to reduce environmental 
concentrations to the permissible exposure level. How
ever, there are some exceptions where respirators may 
be used to control exposure. Respirators may be used 
when engineering and work practice controls are not 
technically feasible, when such controls are in the 
process of being installed, or when they fail and need to 
be supplemented. Respirators may also be used for 
operations which require entry into tanks or closed 
vessels, and in emergency situations. If the use of 
respirators is necessary, the only respirators permitted 
are those that have been approved by the Mine Safety 
and Health Administration (formerly Mining Enforce
ment and Safety Administration) or by the National 
Institute for Occupational Safety and Health. 
• In addition to respirator selection, a complete respira
tory protection program should be instituted which 
includes regular training, maintenance, inspection, 
cleaning, and evaluation. 

PERSONAL PROTECTIVE EQUIPMENT 

• Employees should be provided with and required to 
use impervious clothing, gloves, face shields (eight-inch 
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minimum), and other appropriate protective clothing 

necessary to prevent repeak.'"<i or prolonged skin contact 

with liquid petroleum distillates. 

• Clothing wet with liquid petroleum distillates should 

be placed in closed containers for storage until it can be 

discarded or until provision is made for the removal of 

petroleum distillates from the clothing. If the clothing is 

to be laundered or otherwise cleaned to remove the 

petroleum distillates, the person performing the oper

ation should be informed of petroleum distillates' haz-

ardous properties. _ 

• Any clothing which becomes wet with liquid petro

leum distillates should be removed immediately and not 

rewom until the petroleum distillates are removed from 

the clothing. 

• Employees should be provided with and required to 

use splash-proof safety goggles where liquid petroleum 

distillates may contact the eyes. 

SANITATION 

• Skin that becomes wet with liquid petroleum distil

lates should be promptly washed or showered with soap 

or mild detergent and water to remove any petroleum 

distillates. 

COMMON OPERATIONS AND CONTROLS 

The following list includes some common operations in 

which exposure to petroleum distillates may occur and 

control methods which may be effective in each case: 

Operation 

Liberation during 
degreasing operations 

Use as solvents in 
rubber industry during 
manufacture of water
proof cloth, shoe 
adhesives, and rubber 
tires 

Use as extractants; use 
in preparation of paint, 
varnish, and lacquer as 
solvents, diluents, or 
thinners; use as 
solvents in pesticides 

Use during dry cleaning 
operations 

September 1978 

Controls 

General dilution 
ventilation; local 
exhaust ventilation; 
personal protective 
equipment 

General dilution 
ventilation; local 
exhaust ventilation; 
personal protective 
equipment 

General dilution 
ventilation; local 
exhaust ventilation; 
personal protective 
equipment 

General dilution 
ventilation; local 
exhaust ventilation; 
personal protective 
equipment 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, institute first aid proce

dures and send for first aid or medical assistance. 

• Eye Exposure 
If petroleum distillates get into the eyes, wash eyes 

immediately with large amounts of water, lifting the 

lower and upper lids occasionally. If irritation persists 

after washing, get medical attention. Contact lenses 

should not be worn when working with these chemi

cals .. 
• Skin Exposure 
If petroleum distillates get on the skin, promptly wash 

the contaminated skin usirg soap or mild detergent and 

water. If petroleum distillates soak through the cloth

ing, remove the clothing immediately and wash the skin 

using soap or mild detergent and water. If irritation 

persists after washing, get medical attention. 

• Breathing 
If a person breathes ·in large amounts of petroleum 

distillates, move the exposed person to fresh air at once. 

If breathing bas stopped, perform artificial respiration. 

Keep the affected person warm and at rest. Get medical 

attention as soon as possible. 

• Swallowing 
If petroleum distillates have been swallowed, do not 

induce vomiting. Get medical attention immediately. 

• Rescue 
Move the affected person from the hazardous exposure. 

If the exposed person bas been overcome, notify some

one else and put into effect the established emergency 

rescue procedures. Do not become a casualty. Under

stand the facility's emergency rescue procedures and 

know the locations of rescue equipment before the need 

arises. 

SPILL, LEAK, AND DISPOSAL 

PROCEDURES 

• Persons not wearing protective equipment and cloth

ing should be restricted from areas of spills or leaks until 

cleanup bas been completed. 

• If petroleum distillates are . spilled or leaked, the 

following steps should be taken: 

I. Remove all ignition sources. 

2. Ventilate area of spill or leak. 

3. For small quantities, absorb on paper towels. Evapo

rate in a safe place (such as a fume hood). Allow 

sufficient time for evaporating vapors to completely 

clear the hood ductwork. Bum the paper in a suitable 

location away from combustible materials. Large quan

tities can be collected and atomized in a suitable com

bustion chamber. Petroleum distillates should not be 

allowed to enter a confined space, such as a sewer, 

because of the possibility of an explosion. 

• Waste disposal method: 

Petroleum distillates may be disposed of by atomizing in 

a suitable combustion chamber. 
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RESPIRATORY PROTECTION FOR PETROLEUM DISTILLATES (NAPHTHA) 

Condition 

Vapor Concentration 

1000 ppm or less 

5000 ppm or less 

10,000 ppm or less 

Greater than 10,000 ppm or 
entry and escape from 
unknown concentrations 

Fire Fighting 

Escape 

Minimum Respiratory Protection* 
Required Above 500 ppm 

A chemical cartridge respirator with a full facepiece and an organic vapor 
cartridge(s). 

A gas mask with a chin-style organic vapor canister. 

A gas mask with a front- or back-mounted organic vapor canister. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

Self-contained breathing apparatus with a full facepiece operated in pressure
demand or other positive pressure mode. 

A combination respirator which includes a Type C supplied-air respirator with a 
full facepiece operated in pressure-demand or other positive pressure or continu
ous-flow mode and an auxiliary self-contained breathing apparatus operated in 
pressure-demand or other positive pressure mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure
demand or other positive pressure mode. 

Any gas mask providing protection against organic vapors. 

Any escape self-contained breathing apparatus. 

•only NIOSH-approved or MSHA-approved equipment should be used. 
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I ' 

Occupational Health Guideline for 
Toluene 

INTRODUCTION 

This guideline is intended as a source of information for 
employees, employers, physicians, industrial hygienists, 
and other occupational health professionals who may 
have a need for such information. It does not attempt to 
present all data; rather, it presents pertinent information 
and data in summary form. 

SUBSTANCE IDENTIFICATION 

• Formula: C.HsCH1 
• Synonyms: Toluol; phenylmethane; methylbenzene 
• Appearance and odor: Colorless liquid with an aro
matic odor, like benzene. 

PERMISSIBLE EXPOSURE LIMIT (PEL) 

The current OSHA standard for toluene is 200 parts of 
toluene per million parts of air (ppm) averaged over an 
eight-hour work shift, and during any such work shift, 
300 ppm toluene may not be exceeded except that a 
peak of 500 ppm toluene is permitted for 10 minutes 
during the eight-hour work shift. NIOSH has recom
mended that the permissible exposure limit be reduced 
to 100 ppm toluene averaged over an eight-hour work 
shift with a ceiling level of 200 ppm averaged over a 
ten-minute period. The NIOSH Criteria Document for 
Toluene should be consulted for more detailed informa
tion. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Toluene can affect the body if it is inhaled, if it comes in 
contact with the eyes or skin, or if it is swallowed. It 
may enter the body through the skin. 
• Effects of overexposure 

. 1. Short-term Exposure: Toluene may cause irritation of 
the eyes, respiratory tract, and skin. It may also cause
fatigue, weakness, confusion, headache, dizziness, and 
drowsiness. Peculiar skin sensation may be produced 

such as a "pins and needles feeling" or numbness. Very 
high concentrations may cause unconsciousness and 
death. The liquid splashed in the eye may cause irrita
tion and temporary damage. Inhalation may also cause 
difficulty in seeing in bright light. If liquid toluene is 
splashed in the eyes, it will cause temporary irritation. 
2. Long-term Exposure: Repeated or prolonged expo
sure to liquid toluene may cause drying and cracking of 
the skin. 
3. Reporting Signs and Symptoms: A physician should be 
contacted if anyone develops any signs or symptoms 
and suspects that they are caused by exposure to 
toluene. 
• Recommended medical suneillance 
The following medical procedures should be made 
available to each employee who is exposed to toluene at 
potentially hazardous levels: 
1. Initial Medical Examination: 

-A complete history and physical examination: The 
purpose is to detect pre-existing conditions that might 
place the exposed employee at increased risk, and to 
establish a baseline for future health monitoring. Exami
nation of the central nervous system, liver and kidneys 
should be stressed. The skin should be examined for 
evidence of chronic disorders. 

-Urinalysis: Since proper kidney function is neces
sary for biologic monitoring, a urinalysis should be 
obtained to include at a minimum specific gravity, 
albumin, glucose, and a microscopic on centrifuged 
sediment. The urine should be analyzed for hippuric 
acid to obtain a background level. 
2. Periodic Medical Examination: The aforementioned 
medical examinations should be repeated on an annual 
basis. Hippuric acid level in urine may be an indicator of 
the level of toluene exposure. 
• Summary of toxicology 
Toluene vapor causes narcosis. Controlled exposure of 
human subjects to 200 ppm for 8 hours produced mild 
fatigue, weakness, confusion, lacrimation, and paresthe
sia; at 600 ppm for 8 hours there were also euphoria, 
headache, dizziness, dilated pupils and nausea; at 800 

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will 
assist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliance 

with all requirements of OSHA regulations. 
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ppm for 8 hours, symptoms were more pronounced, and 

after-effects included nervousness, muscular fatigue, 

and insomnia persisting for several days. Severe but 

reversible liver and kidney injury occurred in a person 

who was a glue-sniffer for 3 years; the chief component 

of the inhaled solvent was toluene (80% V IV); other 

ingredients were not listed. In workers exposed for 

many years to concentrations in the range of 80 to 300 

ppm, there was no clinical or laboratory evidence of 

altered liver function. Toluene exposure does not result 

in the hematopoietic effects caused by benzene; the 

myelotoxic effects previously attributed to toluene are 

judged by more recent investigations to be the result of 

concurrent exposure to benzene present as a contami

nant in the commercial toluene used. Most of the 

toluene absorbed from inhalation is metabolized to 

benzoic acid, conjugated with glycine in the liver to 

form hippuric acid, and excreted in the urine; the 

average amount of hippuric acid excreted in the urine 

by individuals not exposed to toluene is approximately 

0. 7 to 1.0 g/1 of urine. The liquid splashed in the eyes of 

two workers caused transient corneal damage and con

junctival irritation; complete recovery occurred within 

48 hours. Repeated or prolonged skin contact with 

liquid toluene has a defatting action, causing drying, 

fissuring, and dermatitis. 

CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data 
1. Molecular weight: 92.1 
2. Boiling point (760 mm Hg): 111 C (231 F) 

3. Specific gravity (water= 1): 0.86 

4. Vapor density (air = 1 at boiling point of toluene): 

3.14 
S. Melting point: -95 C ( -139 F) 
6. Vapor pressure at 20 C (68 F): 22 mm Hg 
7. Solubility in water, g/100 g water at 20 C (68 F): 

o.os 
8. Evaporation rate (butyl acetate = 1 ): 2.24 

• Reactivity 
1. Conditions contributing to instability: Containers 

may burst at elevated temperatures. 
2. Incompatibilities: Contact with strong oxidizers 

may cause fires and explosions. 
3. Hazardous decomposition products: Toxic gases 

and vapors (such as carbon dioxide and carbon monox

ide) may be released in a fire involving toluene. 

4. Special precautions: Toluene will attack some 

forms of plastics, rubber, and coatings. 
• Flammability 

1. Flash point: 4 C (40 F) (closed cup) 
2. Autoignition temperature: 480 C (896 F) 

3. Flammable limits in air, % by volume: Lower: 

1.27; Upper: 7.1 
4. Extinguishant: Carbon dioxide, dry chemical, 

foam 
• Warning properties 

1. Odor Threshold: The American National Stand-

2 Toluene 

ards Institute (ANSI) states that "the odor of toluene is 

detectable by most people at concentrations in the range 

of 10 to 15 ppm. The odor has little value as a warning 

property." 
Patty points out that olfactory fatigue occurs rapidly 

upon exposure to toluene. 
2. Eye Irritation Level: Grant states that "the vapors 

of toluene cause noticeable sensation of irritation to 

human eyes at 300 to 400 ppm in air, but even at 800 

ppm irritation is slight." 
ANSI reports that "irritation of eyes, mucous mem

branes, and upper respiratory tract may occur while 

-workers are exposed to low concentrations of toluene. 

There is a considerable range of variation (100 to 500 

ppm) between individuals, some finding any concentra

tion of toluene objectionable. Commercial grades of 

toluene vary in irritant properties." 
3. Evaluation of Warning Properties: Because of its 

irritant effects, toluene is judged to have good warning 

properties. 

MONITORING AND MEASUREMENT 
PROCEDURES 

• Eight-Hour Exposure Evaluation 
Measurements to determine employee exposure are best 

taken so that the average eight-hour exposure is based 

on a single eight-hour sample or on two four-hour 

samples. Several short-time interval samples (up to 30 

minutes) may also be used to determine the average 

exposure level. Air samples should be taken in the 

employee's breathing zone (air that would most nearly 

represent that inhaled by the employee). 
• Ceiling Evaluation 
Measurements to determine employee ceiling exposure 

are best taken during periods of maximum expected 

airborne concentrations of toluene. Each measurement 

should consist of a ten (10) minute sample or series of 

consecutive samples totalling ten (10) minutes in the 

employee's breathing zone (air that would most nearly 

represent that inhaled by the employee). A minimum of 

three (3) measurements should be taken on one work 

shift and the highest of all measurements taken is an 

estimate of the employee's exposure. 
• Peak Above Ceiling Evaluation 
Measurements to determine employee peak exposure 

should be taken during periods of maximum expected 

airborne concentration of toluene. Each measurement 

should consist of a tO-minute sample or a series of 

consecutive samples totalling 10 minutes in the employ

ee's breathing zone (air that would most nearly repre

sent that inhaled by the employee). A minimum ofthree 

measurements should be taken on one work shift and 

the highest of all measurements taken is an estimate of 

the employee's exposure. 
• Method 
Sampling and analyses may be performed by collection 

of vapors using an adsorption tube with a subsequent 

desorption of toluene with carbon disulfide and gas 
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chromatographic analysis. Also, detector tubes certified 

by NIOSH under 42 CFR Part 84 or other direct

reading devices calibrated to measure toluene may be 

used. An analytical method for toluene is in the NIOSH 

Manual of Analytical Methods, 2nd Ed., Vol. 3, 1977, 

available from the Government Printing Office, Wash

ington, D.C. 20402 (GPO No. 017-033-00261-4). 

Methods for Set V" (order number PB 262 524). 

RESPIRATORS 

• Good industrial_ hygiene practices recommend that 

engineering controls be used to reduce environmental 

concentrations to the permissible exposure level. How

ever, there are some exceptions where respirators may 

be used to control exposure. Respirators may be used 

when engineering and work practice controls are not 

technically feasible, when such controls are in the 

process of being installed, or when they fail and need to 

be supplemented. Respirators may also be used for 

operations which require entry into tanks or closed 

vessels, and in emergency situations. If the use of 

respirators is necessary, the only respirators permitted 

are those that have been approved by the Mine Safety 

and Health Administration (formerly Mining Enforce

ment and Safety Administration) or by the National 

Institute for Occupational Safety and Health. 

• In addition to respirator selection, a complete respira

tory protection program should be instituted which 

includes regular training, maintenance, inspection, 

cleaning, and evaluation. 

PERSONAL PROTECTIVE EQUIPMENT 

• Employees should be provided with and required to 

use impervious clothing, gloves, face shields (eight-inch 

minimum), and other appropriate protective clothing 

necessary to prevent repeated or prolonged skin contact 

with liquid toluene. 

• Any clothing which becomes wet with liquid toluene 

should be removed immediately and not reworn until 

the toluene is removed from the clothing. 

• Clothing wet with toluene should be placed in closed 

containers for storage until it can be discarded or until 

provision is made for the removal of toluene from the 

clothing. If the clothing is to be laundered or otherwise_ 

cleaned to remove the toluene, the person performing 

the operation should be informed of toluene's hazardous 

properties. 
• Employees should be provided with and required to 

use splash-proof safety goggles where liquid toluene 

may contact the eyes. 

• Where there is any possibility that employees' eyes 

may be exposed to toluene, an eye-wash fountain should 

be provided within the immediate work area for emer

gency use. 
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SANITATION 

• Skin that becomes wet with liquid toluene should be 

promptly washed or showered with soap or mild deter

gent and water to remove any toluene. 
• Employees who handle liquid toluene should wash 

their hands thoroughly with soap or mild detergent and 

water before eating or smoking. 

COMMON OPERATIONS AND CONTROLS 

The following list includes some common operations in 

which exposure to toluene may occur and control 

methods which may be effective in each case: 

Operation 

Use as a solvent in 
pharmaceutical, 
chemical, rubber, and 
plastics industries; as a 
thinner for paints, 
lacquer, coatings, and 
dyes; as a paint 
remover; insecticides 

Use as starting material 
and intermediate in 
organic chemical and 
chemical synthesis 
industries 

Use in manufacture of 
artificial leather; fabric 
and paper coatings; 
photogravure ink 
production; spray 
surface coating; as a 
diluent (cellulose ester 
lacquers) 

Use as constituent in 
formulation of 
automotive and aviation 
fuels 

Controls 

Process enclosure; 
general dilution 
ventilation; local 
exhaust ventilation; 
personal protective 
equipment 

Process enclosure; 
general dilution 
ventilation; local 
exhaust ventilation; 
personal protective 
equipment 

Process enclosure; 
general dilution 
ventilation; local 
exhaust ventilation; 
personal protective 
equipment 

Process enclosure; 
general dilution 
ventilation; local 
exhaust ventilation; 
personal protective 
equipment 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, institute first aid proce

dures and sen~ for first aid or medical assistance. 

• Eye Exposure 
If liquid toluene gets into the eyes, wash eyes immedi

ately with large amounts of water, lifting the lower and 

upper lids occasionally. If irritation is present after 

washing, get medical attention. Contact lenses should 

not be worn when working with this chemical. 
• Skin Exposure 
If liquid toluene gets on the skin, promptly wash the 

contaminated skin using soap or mild detergent and 
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water. If liquid toluene soaks through the clothing, 
remove the clothing immediately and wash the skin 
using soap or mild detergent and water. If irritation 
persists after washing, get medical attention. 
• Breathing 
If a person breathes in large amounts of toluene, move 
the exposed person to fresh air at once. If breathing has 
stopped, perform artificial respiration. Keep the affect
ed person warm and at rest. Get medical attention as 
soon ·as possible. 
• Swallowing 
When toluene has been-swallowed, get medical atten
tion immediately. Do not attempt to make the exposed 
person vomit. 
• Rescue 
Move the affected person from the hazardous exposure. 
If the exposed person has been overcome, notify some
one else and put into effect the established emergency 
rescue procedures. Do not become a casualty. Under
stand the facility's emergency rescue procedures and 
know ~e locations of rescue equipment before the need 
arises. 

SPILL, LEAK, AND DISPOSAL 
PROCEDURES 

• Persons not wearing protective equipment and cloth
ing should be restricted from areas of spills or leaks until 
cleanup has been completed. 
• If toluene is spilled or leaked, the following steps 
should be taken: 
1. Remove all ignition sources. 
2. Ventilate area of spill or leak. 
3. For small quantities, absorb on paper towels. Evapo
rate in a safe place (such as a fume hood). Allow 
sufficient time for evaporating vapors to completely 
clear the hood ductwork. Burn the paper in a suitable 
location away from combustible materials. Large quan
tities can be reclaimed or collected and atomized in a 
suitable combustion chamber. Toluene should not be 
allowed to enter a confined space, such as a sewer, 
because of the possibility of an explosion. Sewers de
signed to preclude the formation of explosive concen
trations of toluene vapors are permitted. 
• Waste disposal method: 
Toluene may be disposed of by atomizing in a suitable 
combustion chamber. 

ADDITIONAL INFORMATION 

To find additional information on toluene, look up 
toluene in the following documents: 
• Medical Surveillance for Chemical Hazards 
• Respiratory Protection for Chemical Hazards 
• Personal Protection and Sanitation for Chemical 
Hazards 
• NIOSH Criteria Document for Toluene (July 1973) 

4 Toluene 

These documents are available through the NIOSH 
Division of Technical Services, 4676 Columbia Park
way, Cincinnati, Ohio 4S226. 
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Condition 

Vapor Concentration 

500 ppm or less 

1 ooo ppm or less 

2000 ppm or less 

Greater than 2000 ppm or 
entry and escape from 
unknown concentrations 

Fire Fighting 

Escape 

RESPIRATORY PROTECTION FOR TOLUENE 

Minimum Respiratory Protection• 
Required Above 200 ppm 

Any chemical cartridge respirator with an organic vapor cartridge(s). 

Any supplied-air respirator. 

Any self-contained breathing apparatus. 

A chemical cartridge respirator with a full facepiece and an organic vapor 

cartridge(s). 

A gas mask with a chin-style or a front- or back-mounted organic vapor canister. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

Self-contained breathing apparatus with a full facepiece operated in pressure

demand or other positive pressure mode. 

A combination respirator which includes a Type C supplied-air respirator with a 

full facepiece operated in pressure-demand or other positive pressure or continu

ous-flow mode and an auxiliary self-contained breathing apparatus operated in 

pressure-demand or other positive pressure mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure

demand or other positive pressure mode. 

Any gas mask providing protection against organic vapors. 

Any escape self-contained breathing apparatus. 

*Only NIOSH-approved or MSHA-approved equipment should be used. 
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I' 

Occupational Health Guideline for 
Xylene 

INTRODUCTION 

This guideline is intended as a source of information for 
employees, employers, physicians, industrial hygienists, 
and other occupational health professionals who may 
have a need for such information. It does not attempt to 
present all data; rather, it presents pertinent information 
and data in summary form. 

SUBSTANCE IDENTIFICATION 

• Formula: C.H4(CHa)J 
• Synonyms: Commercial xylene (xylol) is a mixture, 
mostly the meta-isomer. 1)-0-xylene, ortho-xylene, 1,2-
dimethylbenzene; 2) m-xylene, meta-xylene, 1,3-dimeth
ylbenzene; 3) p-xylene, para-xylene, 1,4-dimethylben
zene 
• Appearance and odor: Colorless liquids with aroma
tic odors (pure p-xylene is a solid below 12.7 C (SS F)). 

PERMISSIBLE EXPOSURE LIMIT (PEL) 

The current OSHA standard for xylene is 100 parts of 
xylene per million parts of air (ppm) averaged over an 
eight-hour work shift. This may also be expressed as 435 
milligrams of xylene per cubic meter of air (mglm1). 

NIOSH has recommended that the permissible expo
sure limit be changed to 100 ppm averaged over a work 
shift of up to ten hours per day, forty hours per week, 
with an acceptable ceiling level of 200 ppm averaged 
over a tO-minute period. The NIOSH Criteria Docu
ment for Xylene should be consulted for more detailed 
information. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Xylene can affect the body if it is inhaled, if it comes in 
contact with the eyes or skin, or if it is swallowed. It 
may enter the body through the skin. 

• Effects of overexposure 
1. Short-term Exposure: Xylene vapor may cause irrita
tion of the eyes, nose, and throat. At high concentra· 
tions, xylene vapor may cause severe breathing difficul
ties which may be delayed in onset. At high concentra
tions, it may also cause dizziness, staggering, drowsi
ness, and unconsciousness. In addition, breathing high 
concentrations may cause loss of appetite, nausea, vom
iting, and abdominal pain. Liquid xylene may be irritat· 
ing to the eyes and skin. Exposure to high concentra
tions of xylene vapor may cause reversible damage to 
the kidneys and liver. 
2. Long-term Exposure: Repeated or prolonged expo
sure to xylene may cause a skin rash. Repeated exposure 
of the eyes to high concentrations of xylene vapor may 
cause reversible eye damage. 
3. Reporting Signs and Symptoms: A physician should be 
contacted if anyone develops any signs or symptoms 
and suspects that they are caused by exposure to xylene. 
• Recommended medical sun'eiUance 
The following medical procedures should be made 
available to each employee who is exposed to xylene at 
potentially hazardous levels: 
1. Initial Medical Examination: 

-A complete history and physical examination: The 
purpose is to detect pre-existing conditions that might 
place the exposed employee at increased risk, and to 
establish a baseline for future health monitoring. Exami
nation of the central nervous system, eyes, gastrointesti
nal tract, blood, liver, and kidneys should be stressed. 
The skin should be examined for evidence of chronic 
disorders. 

-A complete blood count: Xylene has been shown 
to cause reversible hematopoietic depression in animals. 
A complete blood count should be performed, includ
ing a red cell count, a white cell count, a differential 
count of a stained smear, as well as hemoglobin and 
hematocrit. 

-Liver function tests: Since liver damage has been 
observed in humans exposed to xylene, a proflle of liver 

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will 
assist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliance 

with all requirements of OSHA regulations. 
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function should be obtained by using a medically ac
ceptable array ofbiochemical tests. 

-Urinalysis: Since kidney damage has been observed 
in humans exposed to xylene, a urinalysis should be 
obtained to include at a minimum specific gravity, 
albumin, glucose, and a microscopic on centrifuged 
sediment. 
2. Periodic Medical Examination: The aforementioned 
medical examinations should be repeated on a biannual 
basis. 
• Summary of toxicology 
Xylene vapor irritates- the eyes, mucous membranes, 
and skin; at high concentrations it causes narcosis. In 
animals, xylene causes blood changes reflecting mild 
toxicity to the hematopoietic system. Repeated expo
sure of rabbits to 1150 ppm of a mixture of isomers of 
xylene for 40 to SS days caused a reversible decrease in 
red and white cell count and an increase in thrombo
cytes; exposure to 690 ppm for the same time period 
caused only a slight decrease in the white cell count. 
Three . painters working in a confined space of a fuel 
tank were overcome by xylene vapors estimated to be 
10,000 ppm; they were not found until 18.5 hours after 
entering the tank, and one died from pulmonary edema 
shortly thereafter; the other two recovered completely 
in 2 days; both had temporary hepatic impairment 
(inferred from elevated serum transaminase levels) and 
one of them had evidence of temporary renal impair
ment (increased blood urea and reduced creatinine 
clearance). In humans, exposure to undetermined but 
high concentrations caused dizziness, excitement, 
drowsiness, incoordination and a staggering gait. Work
ers exposed to concentrations above 200 ppm complain 
of anorexia, nausea, vomiting, and abdominal pain. Brief 
exposure of humans to 200 ppm caused irritation of the 
eyes, nose, and throat. There are reports of reversible 
corneal vacuolation in workers exposed to xylene, or to 
xylene plus other volatile solvents. The liquid is a skin 
irritant and causes erythema, dryness, and defatting; 
prolonged contact may cause the formation of vesicles. 

CHEMICAL AND PHYSICAL PROPERTIES 

Data in the following section are presented for xylene's 
three isomers: 1) ortho, 2) meta, and 3) para. 
• Physical data 

1. Molecular weight: 106.2 
2. Boiling point (760 mm Hg): 1) 144.4 C (292 F); 2) 

138.9 c (282 F); 3) 138.3 c (281 F) 
3. Specific gravity (water = 1): I) 0.88; 2) 0.86; 3) 

0.86 
4. Vapor density (air = 1 at boiling point of xylene): 

3.7 
S. Melting point: 1) -25 C ( -12 F); 2) -48 C (-54 

F); 3) 13 C (SS F) 
6. Vapor pressure at 20 C (68 F): I) 7 mm Hg; 2) 9 

mmHg;3)9mmHg 
7. Solubility in water, g/100 g water at 20 C (68 F): 

I) 0.00003; 2) 0.00003; 3) 0.00003 

2 Xylene 

8. Evaporation rate (butylacetate = 1): 1) 0.7; 2) 0.7; 
3)0.7 
• Reactivity 

1. Conditions contributing to instability: Elevated 
temperatures may cause containers to burst. 

2. Incompatibilities: Contact with strong oxidizers 
may cause fires and explosions. 

3. Hazardous decomposition products: Toxic gases 
and vapors (such as carbon monoxide) may be released 
in a fire involving xylene. 

4. Special precautions: Xylene will attack some 
forms of plastics, rubber, and coatings. 

- • Flammability 
1. Flash point: 1) 32 C (90 F) (closed cup); 2) 28.9 C 

(84 F); 3) 27.2 c (81 F) 
2. Autoignition temperature: 1) 465 C (869 F); 2) 530 

c (986 F); 3) 530 c (986 F) 
3. Flammable limits in air, %by volume: Lower: 1) 

1.0; 2) 1.1; 3) 1.1; Upper: 1) 6.0; 2) 7.0; 3) 7.0 
4. Extinguishant: Foam, carbon dioxide, dry chemi

cal 
• Warning properties 

1. Odor Threshold: Patty states that "the initial odor 
of 200 ppm has an intensity of approximately 3 and an 
irritation value of 1. As in most other instances, olfac
tory fatigue occurs rapidly and the odor is no longer 
detected at this concentration." 

2. Eye Irritation Level: The AIHA Hygienic Guide 
states that "exposure to vapors at 200 ppm caused eye 
irritation in most of the persons tested. Lesions in the 
form of fine vacuoles in the cornea of cats exposed to 
commercial xylene vapors have been observed." 

3. Other Information: The Handbook of Industrial 
Organic Chemicals states that xylene "may be irritating 
to eyes, nose and throat as exposure exceeds threshold 
limit." The Hygienic Guide notes that 200 ppm causes 
irritation of the nose and throat. 

4. Evaluation of Warning Properties: Through its 
irritant effects, xylene can be detected within three 
times the permissible exposure limit. For the purposes 
of this guideline, therefore, xylene is treated as a materi
al with good warning properties. 

MONITORING AND MEASUREMENT 
PROCEDURES 

• Eight-Hour Exposure Evaluation 
Measurements to determine employee exposure are best 
taken so that the average eight-hour exposure is based 
on a single eight-hour sample or on two four-hour 
samples. Several short-time interval samples (up to 30 
minutes) may alsri be used to determine the average 
exposure level. Air samples should be taken in the 
employee's breathing zone (air that would most nearly 
represent that inhaled by the employee). 
• Ceiling Evaluation 
Measurements to determine employee ceiling exposure ' 
are best taken during periods of maximum expected 
airborne concentrations of xylene. Each measurement 
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should consist of a ten (10) minute sample or series of 

consecutive samples totalling ten (10) minutes in the 

employee's breathing zone (air that would most nearly 

represent that inhaled by the employee). A minimum of 

three {3) measurements should be taken on one work 

shift and the highest of all measurements taken is an 

estimate of the employee's exposure. 

• Method 
Sampling and analyses may be performed by collection 

of vapors using an adsorption tube with subsequent 

desorption with carbon disulfide and gas chromatogra

phic analysis. Also, _detector tubes certified by NIOSH 

under 42 CFR Part 84 or other direct-reading devices 

calibrated to measure xylene may be used. An analytical 

method for xylene is in the NIOSH Manual of Analytict..l 

Methods. 2nd Ed., Vol. 3, 1977, available from the 

Government Printing Office, Washington, D.C. 20402 

(GPO No. 017-033-00261-4). 

RESPIRATORS 

• Good industrial hygiene practices recommend that 

engineering controls be used to reduce environmental 

concentrations to the permissible exposure level. How

ever, there are some exceptions where respirators may 

be used to control exposure. Respirators may ·be used 

when engineering and work practice controls are not 

technically feasible, when such controls are in the 

process of being installed, or when they fail and need to 

be supplemented. Respirators may also be used for 

operations which require entry into tanks or closed 

vessels, and in emergency situations. If the use of 

respirators is necessary, the only respirators permitted 

are those that have been approved by the Mine Safety 

and Health Administration (formerly Mining Enforce

ment and Safety Administration) or by the National 

Institute for Occupat.ional Safety and Health. 

• In addition to respirator selection, a complete respira

tory protection program should be instituted which 

includes regular training, maintenance, inspection, 

cleaning, and evaluation. 

PERSONAL PROTECTIVE EQUIPMENT 

• Employees should be provided with and required to 

use impervious clothing, gloves, face shields (eight-inch 

minimum), and other appropriate protective clothing _ 

necessary to prevent repeated or prolonged skin contact 

with liquid or solid xylene. 
• Clothing contaminated with xylene should be placed 

in closed containers for storage until it can be discarded 

or until provision is made for the removal of xylene 

from the clothing. If the clothing is to be laundered or 

otherwise cleaned to remove the xylene, the person 

performing the operation should be informed of xy

lene's hazardous properties. 
• Any clothing which becomes wet with liquid xylene 

should be removed immediately and non-impervious 
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clothing which becomes contaminated with xylene 

should be removed promptly and not reworn until the 

xylene is removed from the clothing. 

• Employees should be provided with and required to 

use splash-proof safety goggles where liquid or solid 

xylene may contact the eyes. 

SANITATION 

• Skin that becomes contaminated with xylene should 

be promptly washed or showered with soap or mild 

detergent and water to remove any xylene. 

• Employees who handle liquid or solid xylene should 

wash their hands thoroughly with soap or mild deter

gent and water before eating, smoking, or using toilet 

facilities. 

COMMON OPERATIONS AND CONTROLS 

The following list includes some common operations in 

which exposure to xylene may occur and control meth

ods which may be effective in each case: 

Operation 

Use as an intermediate 
during manufacture of 
plastics, synthetic 
fibers, and mixed/pure 
isomers 

Use as diluent or 
solvent in surface 
coatings, printing 
operations, and 
manufacture of rubber; 
degreasing agent in 
plastics and electronics 
manufacture; in organic 
synthesis reactions and 
manufacture of epoxy 
resins 

Use in formulation of 
insecticides 

Use in manufacture of 
xylene-formaldehyde 
resins; pharmaceuticals, 
vitamins, leather; and 
as a sterilizing agent for 
cat-gut and in 
microscopy 

Controls 

Process enclosure; 
local exhaust 
ventilation; general 
mechanical ventilation; 
personal protective 
equipment 

Process enclosure; 
local exhaust 
ventilation; general 
mechanical ventilation; 
personal protective 
equipment 

Process enclosure; 
local exhaust 
ventilation; general 
mechanical ventilation; 
personal protective 
equipment 

Process enclosure; 
local exhaust 
ventilation; general 
mechanical ventilation; 
personal protective 
equipment 
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Operation 

Use during blending of 
motor and aviation fuels 

Controls 

Process enclosure; 
local exhaust 
ventilation; general 
mechanical ventilation; 
personal protective 
equipment 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, institute fJISt aid proce
dures and send for first aid or medical assistance. 
• Eye Exposure · 
If liquid or solid xylene gets into the eyes, wash eyes 
immediately with large amounts of water, lifting the 
lower and upper lids occasionally. Get medical atten
tion immediately. Contact lenses should not be worn 
when working with this chemical. 
• Skin Exposure 
If liquid or solid xylene gets on the skin, promptly wash 
the contaminated skin using soap or mild detergent and 
water. if liquid or solid xylene penetrates through the 
clothing, remove the clothing immediately and wash 
the skin using soap or mild detergent and water. If 
irritation is present after washing, get medical attention. 
• Breathing 
If a person breathes in large amounts of xylene, move 
the exposed person to fresh air at once. If breathing has 
stopped, perform artificial respiration. Keep the affect
ed person warm and at rest. Get medical attention as 
soon as possible. 
• Swallowing 
When xylene has been swallowed, do not induce vomit
ing. Get medical attention immediately. 
• Rescue 
Move the affected person from the hazardous exposure. 
If the exposed person has been overcome, notify some
one else and put into effect the established emergency 
rescue procedures~ Do not become a casualty. Under
stand the facility's emergency rescue procedures and 
know the locations of rescue equipment before the need 
arises. 

SPILL, LEAK, AND DISPOSAL 
PROCEDURES 

• Persons not wearing protective equipment and cloth
ing should be restricted from areas of spills or leaks until 
cleanup has been completed. 
• If xylene is spilled or leaked, the following steps 
should be taken: 
1. Remove all ignition sources. 
2. Ventilate area of spill or leak. 
3. For small quantities, absorb on paper towels. Evapo
rate in a safe place (such as a fume hood). Allow 
sufficient time for evaporating vapors to completely 
clear the hood ductwork. Bum the paper in a suitable 
location away from combustible materials. Large quan
tities can be reclaimed or collected and atomized in a 
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suitable combustion chamber. Xylene should not be 
allowed to enter a confined space, such as a sewer, 
because of the possibility of an explosion. Sewers de
signed to preclude the formation of explosive concen
trations of xylene vapors are permitted. 
4. If the solid form, allow to melt and treat as in (3) 
above. 
• Waste disposal method: 
Xylene may be disposed of by atomizing in a suitable 
combustion chamber. 
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RESPIRATORY PROTECTION FOR XYLENE (XYLOL) 

Condition 

Vapor Concentration 

1000 ppm or less 

5000 ppm or less · 

10,000 ppm or less 

Greater than 10,000 ppm or 
entry and escape from 
unknown concentrations 

Fire Fighting 

Escape 

Minimum Respiratory Protection• 

Required Above 100 ppm 

A chemical cartridge respirator with a full facepiece and an organic vapor 

cartridge(s) . 

. A gas mask with a chin-style or a front- or back-mounted organic vapor canister. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

A Type C supplied-air respirator with a full facepiece operated in pressure

demand or other positive pressure mode or with a full facepiece, helmet, or hood 

operated in continuous-flow mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure

demand or other positive pressure mode. 

A combination respirator which includes a Type C supplied-air respirator with a 

full facepiece operated in pressure-demand or other positive pressure or continu

ous-flow mode and an auxiliary self-contained breathing apparatus operated in 

pressure-demand or other positive pressure mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure

demand or other positive pressure mode. 

Any gas mask providing protection against organic vapors. 

Any escape self-contained breathing apparatus. 

*Only NIOSH-approved or MSHA-approved equipment should be used. 
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TICKS AND TICK-BORNE DISEASES 

Field personnel should be aware of an increased occurrence of tick-borne Lyme disease in the United 

States. All field personnel should take proper precautions to limit exposure to ticks and tick-borne 

diseases. These include: 

• Cinching and taping clothing at the ankles and wrists, especially the ankles. Ticks 

lie low on grass blades and shrubs. They encounter your feet, ankles or lower legs 

and then crawl upward; 

• Wear light-colored clothing to facilitate spotting the ticks, and check your clothing 

periodically. Be especially careful in terrain with tall grass, bushes or woods; 

• Use a tick repellant on skin or clothing. Always read the labels before using. 

Clothing repellents should never be used on the skin; and 

• Recognize the signs of a bite or an infection. It takes several hours for a tick to 

attach and feed; removing it promptly lessens the chance of being infected. 

Pregnant women should be particularly careful since the effects of Lyme disease upon the fetus is 

unknown. 

If a tick is discovered on the skin, it is important to remove the entire insect as soon as possible. The 

most effective method is to grasp the tick as close as possible to the mouth with tweezers or thin, 

curved forceps. Then, without jerking, pull it upward steadily (a small amount of skin may be 

removed in the process). 

After removing the tick, disinfect the bite with rubbing alcohol plus Adolph's Meat Tenderizer (meat 

protein, not artificial) or povidone iodine (Betadine). Do not handle the tick; spirochetes could enter 

the body through breaks in the skin. Dispose of it in alcohol or flush it down the drain. And check 

the bite occasionally for at least 3 weeks to see if a rash forms. If it does, you have been infected 

and should seek medical treatment promptly. 

The rash generally appears at the bite location from about 2 days to 2 weeks after the bite. It usually 

starts as a small red spot that expands as the spirochetes spread beyond the bite. Most commonly, 



the rash develops into a reddish circle or oval about 2 to 3 inches in diameter. It fades with or 

without treatment after a few weeks. 

Much larger rashes -anywhere from 6 to 20 inches in diameter also occur, especially on the back. 

Despite their size, large rashes may be easy to miss because they are often very faint. 

Other variants include a rash with a red perimeter and a clear center and the so-called bull's-eye rash, 

which consists of several concentric red rings. Rashes may vary in shape, depending on where they 

occur on the body. Frequent sites are the thigh, groin, and armpits. People often develop a rash in 

more than one place. 

Early symptoms may include profound fatigue, a stiff neck, and flu-like symptoms such as headache, 

chills, fever, and muscle aches. Since tick bites do not always produce a rash, those symptoms alone 

may warrant a medical check for possible Lyme infection- especially if they occur in summer and 

you live or work in an area that is endemic for Lyme disease. 

Without treatment, the spirochetes usually multiply and the disease progressively worsens. The 

second stage, occurring within weeks to months of the bite, may affect the heart and nervous system. 

The third state is the chronic arthritic stage, which begins up to a year or more after the bite. 
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INSTRUCTIONS FOR SECT10N 1 - ACCIDENT 

CLASSIF1CA nON. (Matt AI bes T'Mr An .App~Qbie.J 

a. GOVERNMENT. Maril "CIVIl.IAH" boa il accident inYOIYed 

gcNemment c:Miian ernp~oyN; IIW1I "MILITARY"' b01 it accacMnt 

irlvoiYIId u.s. ~ry pei'IOMel 

(1) JNJURYIIUNESSIFATAUTY-Mart il accident resulted in any 

pemment cMiian e"'I)IOyet ~.illness. 01 fataliry !hat 

~ INI SUOmasslon ol OWCP Forms CA·t (1'\f\MY). 

CA·2 Illness). 01 CA-6 lla~Mtrl 10 OWCP; 11W* if 

-=cident resulted ., tniWiry pers::rmellost-..-nt 01 lar.l 

~ 01 IllneSS. 

(2) PROPERTY DAMAGE-~ lhe approQtiate bOa if acodent 

l'e$Jited in any damage ol S1Cl00 01 more to government 

property (including mo101 vellides). 

(3) VEHIClE JNVOL VEO - Ma~ if aCCident involved a motOr 

vehicle. regarc:tless o1 wl'lefler •tNJURYIILLNE~ATAUTY" 

01 "PROPERTY OAMAGE" are marked. 

(~) DIVING ACTIVITY- Marl! d 11\e aa:iclent involved an in-nou:e 

USACE diving actrvrty. 

b. CONTRACTOR. 

(1) JNJURYIILl.NESSIFATAUTY-Mat*: if accident resulted in any 

c:an!ractor IOsl·time injlrytlllness 01latalily. 

(2) PROPERTY DAMAGE-~ IN awopnate bOa if aociclent 

~ed in any damage ol S1000 or more 10 contradOr 

prcperty ('nduding moiOI vft:les). 

(3) VEHICl..E JNVOL VEO- Malt il acodlnt nvo/Yed a motOr 

Yehde. r~rclless ol wtleht "INJUFWIILLNE~ATAUTY" 

01 "PROPERTY DAMAGE• ate martLed. 

j~) OMNG ACTMTY- Maril IItle aa:ldent involved a USACE: 

ConlraaOr diving IC!Mty. 

c. PUBUC. 
(1) INJURYIILl.NESSIFATAUTY-Ma~ if aa:ident resulted in 

public la1aldy 01 permanent tu1 dlsabilly. (TI'Ie "OTHER" bOX 

Wll be marked wflen ~ by lt'e FOA 1C repon an ~ 
non-latal pubic ac:odenllllt CCUiO reut., ClaimS~ lhe 

~ 01 as Oll'lerwlle dWected by 1tle FOA Convnander). 

(2) VOIO SPACE-Make no tnfly. 

(3) VEHICl.E JNVOL VEO-~ lacocllnt ruulled in a fatality 10 

a memtlef d IN public and in¥olvtd I moiOI vehide, 

reQardleu o1 wheU. "INJURYALL.NE~ATAUTY• •IMRed. 

(~) VOID SPACE-Make no nry. 

INSTRUCTIONS FOR SECTION 2-PERSONAL 

DATA 

a. NAME- (MANDATORY FOR GOVERNMENT ACCIDENTS. 

OPT10NAL. AT THE OISCRE'TlON OF THE FOA COMMANDER 

FOR CONTRACTOR AND PIA.IC ACCIDENTS). Enter lest 

name. firs1 name. middle initial o1 person ir'lllotved. 

b. AGE-Enter ~~ge. 

c. SEX- Marte appropnate box. 

d. SOCIAl SECURITY NUMBER-{FOR GOVERNMENT 

PERSONNEL ONLY) E.nllr lhl sooat MC:Unty number {or OCher 

personal identfficatJOn runblr 1 no 10011 MCUMty numoer issued). 

e. GRADE- (FOR GOVERNMENT PERSONNEL ONLY) Enter pay 

grade. Example: 0-6: E·7: W~: W$-12; GS-t1; etc. 

I. JOe SERIESIT'TTI.E -Few p.,_nt ~~~ ·~Inlet 1l'le 

pay plan, u ...,., runblr. ancs ;oo IItle. e.; GS-o81o.<:Mi 

Eng.neer. For trllliUI'y ~enter IN DM\Iry "*-Y 

ocr::upaUONI ~ (Pt.IOSl. e.g .. tSA30 01 t1G50 Fot 

COI'Itracttl' ~ INif h jOO IItle ~ 1C IPII 1'\JU'Id 

Plf'IQf'1. e.;. UfPitllll'. latlorer. ~- n: .. 

g. DUTY STATUS-.._ lhe IPC)t'Opnate bOL 

( 1) ON 0UTY- PlfiOtl Wll II Cluty laban OUrlt'IQ <My P10ur1 01 

pet'Wl was away from tMy sta~~en dunn; cMy PIOurl biA on 

olficiCI buSineSS II .,_ 01 She ac:cident. 

(2) TOY· PW1011wat on otlc:&al busness. -.y 1rtwn I'll duty 

11&11011 and Wlfl raw~~ 1111me OIIICCidenC. ~-OJIY 

~liOn~ 
(31 OFF OCJT'Y • P.-.:n was noc on olloa buslneslattrne ol 

ai:Cident 

h. EMPL.DYMENT STATUS-(F~ GOVERNMENT PERSONNEL. 

ONLY) MAtil ,. .. rr1011 appropriate lXII. 11 -oTMeR· .. marud. 

lj)eCity 1l'le ~ status ollhe l)lfSOn. 

INSTRUCT10N FOR SECTION 3-GENERAL 

IN FORMA T10N 

a. OA TE OF ACCIOENT-Etur IN month. day, and year ol 

accident 

b. TIME OF ACCIOENT- Enter 11'11 toc:.al lime ol aeodlnl in tni!Mry 

time. Example: 1Ql l'lrs (not2:.30 p.m.). 

c. EXACT LOCATION OF ACCIOENT- Enter facts nHCIId to toc:.ate 

tl'le aCCident scene. [I'\Stllatio~Vproj~ct name. building number. 

strHl. dirlctiOn and cistlncllrom closest landmartt. etc.,). 

d. CONTRACTOR NAME 
{1) PRIME-Enter lhl Pac:t name {title ol firm) o1 the prime 

ccntrKICf. 

(2) SUBCONTRACTOR-Enter the name ol any sutx:onlractor 

lm'OI'oold in IN accidlnt. 

e. CONTRACT NUMBER-MaB IN ~ bOa to identify if 

contrac:! s c:M wonts. miltaty. 01 OCMr: II "OTHER" i1 tnll'ked, 

spec:;ty c:cr4l"ld ~ on line proW:lld. Enter complete 

ccntract numcer ol s:nne ~e.g .• OAC:W 09-45-C-0100. 

I. TYPE OF CONTRACT -t.tatil awropriltl boa. AlE means 

~r. I "OTHER· i1 ~. specify IYI)I o1 contract 

on line prow:lld. 

g. HAZ.AROOUSITOXIC MSTE ACTIVITY (HTW)- M1B 1t1e lXII 10 

iOentity t!'ll HTW tciMry being per1oc med at 11'11 t1m1 oliN 

ace10ent For Supel1\n1. OERP. and InStallation Reaoration 

Program (IRP) HTW ldMtils include accidents IN! OCCUtTed 

CIUrV'og ~- preoesq~. des.gn. ana ccnsti'\ICtiOI\ For 1t1e 

purpose ol aCCident reporUng. OERP Formerty Ulld OoO Site 

(FUOS) aaivltlls and IRP activities wil be treated separately. FOI 

Civ~ V'tbncs O&M HlW IICIMtill maR IN -oTHER" boL 

INSTRUCT10NS FOR SECTION 4-CONSTRUCTION 

ACTIVmES 

a. CONSTRUCTION N::TMT'Y-SMc:l the most approprvte 

constt\ICIIOII ICtMI)' being pet1orrnld II lime ol acodent from IN 

liSt belOw. Entlf lhlldivity name and plaCe IN COtTts;lOIIding 

COOl nuiTIOer identified in IN box. 

1. MOBIUZATlON 
2. SITE PREJ'AAATlON 
3. EXCAW.TIONITRENCHHl 
~-GAAOING~ 

5. PIPINGtVTLITIES 
•. ~TlON 
7. FORMING 

•· COf'Cii'rn I"'.ACaaENT 
I. S'TCEl. ~CTION 

10. IIIOOFING 
11. FAAMING 
12.~ 

13. CARPENTRY 

1~. El.!CTRICAl 

15.~ 

11. MECHANICAL 
17. PUlrN3 
11. ECUIPWENT~ 

11. TUNNEI.JNG 
20. WlAEHOUSINGISTOAAGE 
21. ,_.VING 

22.. F£NCING 
23. SIGHING 
2~. I..'HOSCAPI~RIGATIOH 

25. IP$MT10N 
2t. oa.tOUTION 

-- -· -------------



1:' 

tt. TYPE OF CONSTRUCTION EOUIPUEKT- s.ct fie equc,ment 

~ 1ft 1M ~~ trom ,. list c.~Dw. Enw ,. rwne and 

p&ace h corTHQOndir'og CIOde numblr ~ in fie I:IOL I 

IIQUIQment IS not lftduded below, UN eodl2~. "OTHER". llld wnll 

1ft IPICiflc: type ol IQUIC)tMnt. 

CONSTRUCTION EOUIPWEKT 

1. GAAOEA 
2.D~ 

~ CANE ION V£~AGE) 

•· CRAfcE ('T'AACl(EDJ 
5. CRANE (AU88EFI TIAE) 

a. CRANE (VEHICL.E WOUN'TEDJ 
7. CRANE (TOVIeAI 
a. SHOIIU .. ~ .. 

10- PIMP TRUO< ICONCIIE'm 
11. T'AUO< (CONCA~ 

WCERJ 
12. DUMP TRUO< (HIGHWAY) . 

13.. ~ 'T1IIUCJ( !OF' HIGHWAY) 

1•. TlU:X IOTHEAI 
1 s. JIOAICl.FT 
1&. 1A0CH0E 
17. FRCWT'-END LOADER 
1&. ""-E DAIV£A 
1 I. TMCTOA (UTl.IT'Y) 

20. MAH-JFT 
21.DOZEA 
22. DAUAIG 
2l. C:O.VOACTOfW18AA TORY 

AOUJ!R 
,._ OTl1EA 

INSTRUC"nONS FOR SECnON 5-INJURY11LLNESS 

INFORMAnON 

a. SEVERITY OF INJURY /IU...NfSS · Reteterce para 2·10 o1 USACf 

Suc;~P 1 10 AA 385_.0 and eruer cede and ~ trom U1 Delow. 

NOI NO INJURY 
FAT FATAliTY 
PTL PERMANENT TOTAl OISASIU'TY 
PPR PERMANENT PAATlAl OISA8IUTY 
LWO LOST WORKDAY CASE INVOLVING DAYS AWAY 

FROM WORK 
Nl. W RECORDABLE CASE WliliOUT LOST WORKDAYS 

RFA RECORDABLE FIRST AID CASE 
NRI NON·RECORDABLE INJURY 

b. ESTIMATED DAYS L.OST- Enler Ill estimated number ol 

wonu:says ll'le person will 1oM trom work. 

c.." ESTIMATED OA YS HOSPIT AL.lZEO- Enter 11'11 1$bmated number 

of worttdays the person wil be l'lospitaiZed. 

d. ESTIMATED DAYS RESTRICTED DVTY-Enter ll'le estimated 

numoer ol workdays 1t1e person. as 1 result olll'le ac:ooent. WIU not 

be able to per1orm a1 o1 lhelr regular ~ 

e. BOOY PAAT AFFECTED-Seiec:llhl most appropriate pmwy 

and 'fllhen applicable. seconcary boay panatlected from lie list 

b4tlow. Enter body part name on lint and place 1t11 c:orriSI)Onding 

code letter$ identily11~g that bOdy Plfl in fie box. 

TAUNK. EXTERNAL 
MUSCUU.TURE 

coot 
AS 
AS ., 
82 
13 

"' lA 
IC 
IL 
IP 
IS 
IU 
IW 
IZ 

C1 
C2 
C3 
C& 
Cl 
cc 
CD 
CJ 
Q. 
CM 

800'1' 'Afff NAME 

A1W AHO WRIST 
AIWOAWAIST 

SINGLE IREAST 
80TH BREASTS 
SINGLE TEsnc:u 
80TH TESTICUS 
AIOOMEN 
CHEST 
~lACK 

P£NIS 
$IDE 
uPPER BACK 
WAIST 
T'NJNKO'nEA 

~ EAA INTERNAl. 
ICm4 EARS INTEANAL. 
SINGLE EYE INTERNAL 
ICm4 EYtS INTEANAl. 
MA.W 
CFI.AHW.. lONES 
~ 
JAW 

1'HAOA T. L.AR't'NX 
IIIOI.m4 

oc NOS( 

01 l'HAOAT. onER 
CT TONGUE 
cz HEAD onEA INTE"NAA. 

El.80W 0 IOTl1 ELIOWS 
ES SIHGUELIOW 

FINGER 
,, 'f'ST'WGER 
n IOTl1 ~ fiNGERS 
F3 SECOND FINGER ,. 101ll SECOND FINGERS 
A THIRD FINGVI ,. 10n4 1l41FIO fiNGERS 
F7 FOURn4 FINGER ,. lOTH FOUFm4 FINGERS 

TOE G1 GAEATTOE 
G2 IOn4 GAEA T TOES 
G3 TOE OTHER 
Gl TOES OTHER 

HEAD. EXTERNAL H1 EYE EXTERNAl 
H2 IOn4 EYtS EXTEFINAI. 
IG EAA~ 

"' IOn4 EARS EXTERNAL 
IC CHIN 
HF 'ACE 
I« NECKIT)ojROAT 
Hill loiOI.TTH.UPS 
HN NOSE 
HS SCALP 

KNEE ICI 10n4 KNEES 
1($ KNEE 

LEG. MIP. ANKLE. 1..1 IO'f'loc L.EGSMIPSI 

IVTTOCX ANI<l..ESIWTTOCI<S 
LS SINGLE LEGMIP 

~OCI< 

~0 .. 1Cm4MANOS 
11115 $I<G.l MANO 

FOOT 
,. IOn4 FUT 
II'S SINGLE FOOT 

T'RUNI<. BONES 
,., PIGI.£ cou.AA BONE 
R2 IOn4 COUAA BONES 
~ SI<IUI.DER II..AOE 

"' 101l! SHO.JI.DEA Bl.AOES 
AI Ae 
AS STERNUM (BREAST liONEl 
JtV VEATEIAA£ ($PINE: OfSC) 

RZ 'mUHK BONES On4ER 

SHOUU>ER 58 IOn4 SHOU\.DERS 
ss SINGLE SHOU\.OER 

THUMB Tl 10TH THIJMIS 
TS SINGLE THUMB 

TRUNK. HTERNAL ()AGANS Y1 LaiG. SINGLE 
Y2 ~.101l! 

Y3 KOEY. SIHGi.f 
Y• IOOHEYS. 101l4 
YH "WEAAT 
Yl LIVER 
YA REPAOOUCTM ORGANS 
YS Sl'OMACM 
VY INTESTINES 
vz 'mUNK. INTERNAL; OTHER 

f. NATVRE OF INJURYALUESS • Selec:l fie mos1 ~· na~ 

ol -..v I ilness trom fie ill below. Ths l\lll.n 01 ~ I ~ 
.... COli aspolld 10 fie pmwy ~ ~ lelec:llld ., 5e. abc:M!. 

En~er !he nature ol ~ 1 .._ name on fie line and place lhe 

~ cooe lenerJtn"' 1:1o1 ~ 



I ! 

• i'?1e inturY 0t ccndrbOn seleCted below must be caused l:l'f a apeerflc: 

~n: 01 .-..m wnsch occurred ~ a !!!:.'91:! WOit d!Y 01 Sl'llfl 

GEHEIIAL NATURE NA T\IAI 01 WJURY 

""AT'EGORY CODE NAME 

.UI,IMA TIC INJURY 0A TA AMPVTATION 

OISASIUTY T8 lAO< S'mliN. 
TC CONl\JSIOff: IAUISE. 

APASIOH 
TO DISlOCATION 
TF FIUC'T\.IA£ 
~ HERNIA 
Tl( CONCUSSION 

Tl. I.ACEAATION. CUT 

'"' PVNCT\IRE 
TS STRAIH. MUl TWU 
TU IURN. SCALD. SUNBURN 
T1 TR.WMATIC SI<IN OISV.SESI 

CONOmONS 
INCLUOING OEJIIMATmS 

TR TRAUMA TIC AESPIRA TORY 
DISEASE 

TO TRAUMA TIC FOOO POISON..O 
TW TRAUMATIC TV8EACUlOSIS 
TX TRAUMATIC VIROLOGICAIJ 

INFECTIV£,i>AAASIT1C OISE.ASE 

T1 TRAUMATIC CEAEBAAL VASCULAFI 

CONcrTIONISTROKE 
T2 TRAUMATIC HEARING LOSS 
T3 TRAUMA TIC HEART CONDITION 

n TAAUIU.TIC ~.!ENTAL OlSOFIOER; 

STRESS: NERVOUS CONDITION 

Ta TRAUMATIC IMJURY- O~ER 

(EXCEl'T OIS£ASE. UNESS) 

-A nonnumaiiC pl'lysiOiogical harm or loss of caoacrtY produced l:l'f 
systemec infe<:110n; conanued or repeated stTKS 01 IO'VI; u:posyre 10 

toxrns. I)Oisons. fumes. etc.; or Qttler eotlinued and !!P!IIed 

!!5P2!ures 10 condibot'IS of !tie wor1t envronment OYef' a !Q!:Ig))!nod of 

lime. Fot prac:ocal purpous. an ClCO.IQaaonal rllneutdisease or 
CiS~ is arry reponeo condrbOn wtlldl doseS no1 meet tr\41 definrbOn 

of lr&Um&lic inJury Of' di$abtlity IS descri:led ~boW. 

GENERAL NATURE 

CATEGORY 

NA TUM OIIUURY 

CODE NAME 

""'!!IIC)N-~UMATIC ll.LNESStOISEASE OA OISA811./TY 

AESPIRA TORY OISE.ASE RA ASSESTOSIS 
FIB IAONCHITlS 
FIE EJ.IPWYSEWA 
RP PNELiotOCONIOSIS 
FIS SIUCOSIS 
R8 FIESI'IV.TOfiY DISEASE. O~ER 

YR:llOGICAL. INFCC'TlVE VB !FIIJCS I ()SIS 

& PARASITIC DISEASES VC ~ 
VF F000 fJilQcSOHING 

VM HEPATTTlS 
VM loo!AI.MIA 
vs STAPM't\.OC:OC:CUS 
VT ~ 
V8 VIAO..OGJCAVHtiCT1VEI 

PAAASI'TlC-~ 

OISASIUTY, OCCUPATIONAL CA AFITIRTlS.IUASmS 
CB 8ACX ~ lACK SPRAIN 
OC CEREBRAL VASCI.l.NI CONOfTION; 

STAOKE 
CO e.tiEMJC DISEASE IO'nEJI 

nwc COO£ TYP£5 MSl 
CE EFFiCT OF EIMAONa.tENTAI. 

~ 
OH HEARING LOSS 
OK HEI«r COHDcTIOH 
OM WEHr AL OISOROEJt EMOTlONAL. 
~ NEAVOUS CONOmON 

DA AADIATION 
OS ST'AoVt MUl TIP\..E 
cu \A..C!]I! 

OV cmEJI! VASCVLAA CONOfT10NS 
Dt OCSAIIUTY, 0~ 

GENERAL NA TUAI 

CATEGOI'Y 

11A T\IRI OIIH.IUR Y 

COOl MAMI 

SKIN DISUSE sa -=-.ooiCAI. 
OA C()HOIT10N SC CHEMICAl. 

St CiliUM Tm$, UNCI.ASS"I£0 

g. TYPE ANO SOURCE Of ~Y~ESS (CAUS~) • TyS~e ..._, 5ourc» 
Codes we used 10 oes::ra wNl Quad rw i'lc::lclenL The T yS~e 

Code Nl'ldS tor an ACTION ..._, lie SourC8 Code far an OBJECT 

0t SUBSTANCE. TOQecr.. twy lonna bnel ~ ol I'IQW lie 

II"CJOenl OCQired. wr.r. ,...,. .. two diffwetliOUtC:eS, COde .. 

INII&llng toute8 ol nt ~ ( .. ~ 1, belOw). ~ 

(1) An emQjOyee nppec~ 01\ ca"p~t n MD hil hud on a desk. 

TYPE. 210 (fell on same leW!) SOURCE: 0110 (w~ 
-..rtacel 

NOTE. n.. tsamQie WOUld NC1T'bt ~ 120 C.-uc~!IOUWI) 81111 owe (fumollnl. 

121 A Pane RanQer ccncrK!ed dermalitis trom ~ will'l pocson p.,yt 
oak. 

TYPE: 510 (ccntactl SOURCE: 0920 (plant) 

(3) A lOck and dam rnectlanic I)UnCUed hil ftnger will'l a metal .,., 

wflrle gnndif"o9 1 IIJttllnl !Ude. 
TYPE: •10 (pundl.nd by) SOURCE: 0830 (metal) 

<•l An emplOyee was drNng a gcMtM18111 vei'IICie wt1en 11 was SII'I.ICi 

by anotroer vet\de .. 
TYPE: 800 (tta~ rn) SOURCE: 0421 (govemment~ 

vehrde..as ~I 

NOTE. Tht Type Codt 800. "Tr~ In" is cilltrtnt from IN OCIIef type~ on 

11'\at rts fl<nc:llon os noc to ~ ~ ~ 10 IN,.,., Otlatallty, tiUI ra~r~er 

to coa.a Clata on ll'la type al--"'~ wu ~Of trawling on a1 

IN!Imaa/IN~ 

Select 1M most &pproprlate T"'fPE n SOURCE identifier from ll'le ist 

belOw and enter ll'le name 01\ 1M inl and 1M c:orrtsporoding code in 

tr\41 apprOC)I'Iate bOx. 

CODE TYPE Of INJURY 11AM1 

STRUCK 
0110 STRUCK IY 
01 11 STFIUCK IY FAU,.NG ~ 

0120 STRUCK AGAINST 

FEU.. SUPPED. TRIPPED 
0210 F£U.. ON SAME LEVEL 
0220 F£U.. ON OIFF£~ENT LEVEl. 
0230 SUPP£0. T'RIPP£0 (NO fAL.U 

CAUGHT 
0310 CAUGHT ON 
0320 CAUGHT IN 
CWO CAUGHT BETWEEN 

PUNC"T'UR£0.l.ACV\ATt0 
~10 ~·y 
0420 CUT BY 
0430 ST\JNG BY 
~ llTTtN!Y 

CONT~ 
0510 CONT~ ~ (NJR£0 PVt50N WOVN:i) 

0520 CONTACTED IY (OIJECT WAS MOVING) 

EXERTED 
01110 UFT(O, $TR.UED BY ($1NG1£ ACTION) 

0120 STRESSED BY CREPEA TEO ACTION) 

EXPOSED 
0710 INHAlED 
07'20 INGESTEO 
0730 ABSOA8ED 
07"l EXPOSED TO 

oeoo TAAVEl.JIIG .. 

coot SOURCl Of IM.IIMY IWIE 

OHIO BUIL.OING OA WOFIIONG AREA 
0110 W~SUAFACE 

(FlOOft STREET. SIOEWAIJ(S. ETC) 

0120 STAIRS. STEPS 
0130 ~ 
01.a FURNITURE. F\.JRNISHINGS. OFF1C( EQUIPMENT 

0150 BOILER. PRESSVFIE VISSEl 
0180 EOUIPWENT LAYOJT (£AGONOtootiCJ 

0110 W1N00WS. DOORS 
o 1 eo El..aC'TAICITY 



COOl 

0200 
0210 
OZ20 
02lO 
02~ 

0250 
02eO 
0270 
0271 
0280 
02510 

0300 
~10 

0320 
0330 
Q3.IO 

0350 
03110 
~70 

0310 

0100 
Ool1 1 
Ool12 
Ool21 
Ool22 
0430 
Qoi.60 

0450 

0500 
0510 
0520 
05.30 
()5.10 

0550 
0$51 

0560 

0&00 
0&10 
0620 
0821 
0530 
0631 
06o&O 
()&.61 

oe.so 
0700 
0711 
0712 
0713 
071~ 

0121 
0122 
0723 
0724 
rmo 
01~ 

one 
0100 
0110 
0120 
0130 
0131 
0&-'0 
oe.so 
0160 
0170 
0180 

0800 
0811 
0812 
0820 
0130 
1»'0 
0850 
()teO 

~CI Of' INJURY NAME 

EPMAONMENT AL CONOITION 

~MPERATURE EXTREME 1~1 

WEATHER (ICE. RAIN. 1'1EAT. E'TC.) 
FIRE. FLNo1E. SMOI<£ (NOT TOBACCO! 

NOISE 
AAOIATl()H 
LIGHT 
VE~TION 

T06ACCO SMOKE 

STRESS !EMOTIONAl) 
CONFINED SPACE 

MACHINE OA TOOl. 

HANO TOOL. (POWERED· SAW. GRINOER. ETC.) 

HANO TOOL. (NONPOWERECl 

M£04-'NICAL. POWER T'RAHSMISSION APPARATUS 

GUARO. SHIEI..O IFIXEC. ~.INTERLOCK) 

VIDEO 0~ Y TERMINAL 
PUMP. c;ot.IPRESSOA. AIR PRESSURE TOOl 

H£AT1NQ EQUIPMENT 
WE1..01NG EOUIPMENT 

VEHICLE 
AS DRIVER OF PRIVATELY OWNEC~ENTAL VEHICLE 

AS PASSENGER OF PRIVATELY OWNEC~ENTAL VEHICLE 

ORNER OF GOVERNMENT V£1'11CLE 

PASSENGER OF GOVERNMENT VEHICLE 

COMMCIN CARRIER IAIRUNE. BUS. ETC.) 

AIRCRAFT (NOT COMMERCIAL) 

BOAT, SHIP, BARGE 

MATERIAL. HANDUNG EOUIPME.NT 

E.ARTHMOVER (TRACTOR. B.ACI<MOE. ETC.) 

CONVEYOR (FOR MATERIAL AND EQUIPMENT) 

ELEVATOR. ESCAI..ATOR. PERSONNEL MOIST 

MOIST. SUNG CHAIN, JACK 
CRANE 
FOAIQIFT 

HAND mucK. OOU. Y 

OUST. VAPOA. ETC. 
OUST (SIUCA. COAL E'TC J 
FIBERS 
ASBESTOS 
GASES 
CARBON MONOXIDE 
MIST. STEAM. VAPOR. FUME 

WEI..OING FUMES 
PAI'mCLES (UNIOENTIFIECJ 

CHEMICAL. PV.STIC. ETC. 
DRY CHEMICAL-CORROSIVE 

CRY CHEMICAL-TOXIC 

DRY CHEMICAL-EXPlOSIVE 

DRY 04EMICAL-FLAMMA8LE 

UOUID CHEMICAL-CORROSIVE 

UOUIO CHEMICAL-TOXIC 
UOUtO CHEMICAL-EXPLOSIVE 

UOUIO CHEMICAL-FUMiooCIA.E 

PL.ASTlC 
WATER 
MEDICINE 

INANIMATE OBJECT 
BOX. BARREL ETC. 
PAPER 
METAL ITEM. MINERAL 
NEEDLE 
GLASS 
SCRAP. TRASH 

WOOD 
r:ooo 
CLOTH~. APPAREL SHOES 

ANIMATE OBJECT 
OOG 
OTHER ANIMAL 

PlANT 
INSECT 
HUMAN (VIOLENCE! 
HUMAN (COMMUNICABLE DISEASE) 

BACTERIA V1RUS INO'T HUW.N CONTACT) 

COOl SOU.-c:E "' INJURY NAME 

1000 "RSOHAL II'AOTECTIVt EQUIPMENT 

1010 ~AO'TECTlV£ ClOTHING. SHOES. GLASSES. GOGGW 

1020 AE$PIRATOA.IU.SK 

1021 OfVING EOUIPWfNT 

I~ SAFETY BELT. MAAAES$ 

10ol0 ~AAACHVTE 

INSTRUCTIONS FOR SECT10N 6 - PUBLIC 

FATALITY 

L ACTMTY AT TIME OF ACCIDENT _-Selec11N ICIMty being 

pertormed al IN lime at 1M ICCident from IN list below. Enter trle 

ICIMty name on IN line and IN con-esponding nu~T~t»r ., 1M bOx. 

If tr1e actMty performed is no« identified on tne list. seled from the 

trt0$1 ~te pnmary actMty area (water rel&ltd, notl·water 

related or other aetMty). IN COde runblr lor ~. and wrrte .n 

ll'le ICtMty bemg perlomwd at 1M lime oliN ~ 

WATER REI.ATEO RECREATION 

1. SUng I. Sw'""""~~-

2. loallng-~ 10. ~-
3. loallng-~ 11. ~ ICIMMI (Sian diw'IQ, 

4. w- Slain; ~CWL eec.) 

5. F.rw.g frcm bOat 12. Wldirl9 

e. FIIIW>g trcm l:lank 00c:1< or ~ 1 3. AllemQiecl rescu. 

7. FIIIW!g ~ waGing 14. HuN1n; ~ -' 

a. s~.,.. ts. 01rwr 

NON·WATER RELATED RECREATION 

16. Hikng &f'd wablg 

17. ~ (ge,.,..,) 

11. ~ &l.lll'lonUd -1t.~~ed 
23. ~ (baUoal. loolbd. 

etc.) 

24. Sponslwvut (sUng. lieodong. 

IIIOWITIOC>*f lg IC.) 

2!. C,.cing (bcycle. m"'IOIOI""""rt1'""1'Cie""lil, 

- ICOOCel) 

20. ~ a:.n ze. Glidin9 
21 . Jolr.nnQ 21. P..-.::tlullng 

22. ~ ~ ze. 01roer _..., re~~nec~ 

OTHER ACTMTIES 

Zi. ~ aas Cfi9t'G. !lOIS. 

vanoallsm. etC.) 

30.Fooo~ 

31 . FOOO QDI'ISutTipiiCl 

32..~ 

33 $leepng 
:S.C. Pedalnan IlNdt by~ 

35. ~ CIIIWr Kll 

36.$i.ode 
31. "'rret" ICIMIIel 

b. PERSONAL. FlOTATION DEVICE USED -If fatafrty was wat&r· 

rewed was the w:11m weanng a person tlota11011 device? Marie tr1e 

ll'QI'opl'\&11 bolt. 

INSTRUCTIONS FOR SECT10N 7- MOTOR VEHICLE 

ACCIOENT 

L TYPE OF VEHICLE- Maril aporOQI'iatt bOx for Ud'l vehiCle 

inYol-..ed. If more ltlan one vel'llde of the Wtnl type IS II"'YOI\Itd. 

tn11k bOth t\aiYes of IN appropnale box. USACE vehlele(s) 

inYoi'Yed sNJ be marked in ltlt 1'1&11 of appropriate box. 

b. TYPE OF COLUSION -MarX ~~~ box. 

c. SEAT BELT-Marti appropriate box'. 

INSTRUCTlONS FOR SECTlON 8- PROPERTY/ 

MATERIAL INVOLVED 

L NAME OF ITEM- Describe aU property II'IYOived in acddent. 

Proc»rtylmatenaJ ~ means material which is damaged or 

whose use 01 miSuse c:ontTibUied 10 IN aCCident Include tr11 

name. type. model: alSO ll"'duue IN NabonaJ Stock Number (NSN) 

w!'lenever applicable. 

b. OWNERSHIP- Enlef ownerslli;l lor eac:tt item listed. (Enter ont of 

tl"oe toaowmg: USACE. C!TkER GOVERNMENT. CO~CTOR. 

P'fi\14T'E} 

c. S AMOUNT OF DAMAGE- Enter tr\1 total estimated dOllar amovnt 

01 ~ (pans and taoor). if arry 



I' 

INSTRUCTIONS FOR SECTlON 9-VESSEU 

~LOA TlNG PLANT ACCIDENT 

L TYPE OF VESSEL/FLOATING P\.ANT -Seled lie most 

~opnate vesselflloab"9 l)lantlrom list betow. Enter name and 

place corresponding nurnoer .n ben. If item as nollisted belOw. 

enter Item numtlef 101' "OTHER" and wnte .n IP8Qfic type of vessel/ 

lloating plant 

VESSELJFLOA TlNG PlANTS 

1. ROWBOAT 
2. SAilBOAT 
3.. MOTOA BOAT 

•· IAAGE 
5. OREOGEIMOPPEA 
L DREDGE/SlOE CASTING 

1. OFIEOG~R 

&. OREOGE.O..AMSMEU. I!IUCKET 
t. OREOGEIPIP£ UNE 

10. OREOGE:'OUST PA/>4 

11. TUG BOAT 
1~ OTHEA 

b. COLUSIONIMISHAP- Selec11rom ll'le &st below ll'le object(S) that 

contnbuted 10 ll'le acodent or ~ damag4d in 1M ac:cident 

1. COUJSION W~Tl-IEA 
vessa 

2. UPf'ER GUICE WAU. 

3.. uPPER LOCI< GATES 

•· I.OCK WAll. 
5. LOWER LOCI< GATES 
L LOWER GUICE WAU. 

COWSIOtWISHAP 

1. HAI.A.AGE UNIT 
I. BREAKING TOW 
t. TC!W I!IREAAING uP 

10. SWEPT CONN ON OAA.t 
11. BUOYtOOI.J'Mu«:al. 

12. WHARF OR COCK 

13. OTHER 

INSTRUCTIONS FOR SECTJON 10-ACCIOENT 

DESCRIPTION 

DESCRIBE ACCIDENT- Fully descra the ICCident GiW tne 

seQuence of eventS tl'lat descnbe what haPpened lnding Ul) 10 and 

includit'og 1t1e acc:ident. Fully Identify perSOMelll'od equ.pment imloiYed 

and lt\etr role ( s) 1n ttle acodenl Ensu-e ll'lat relationst\ipS between 

~~ and eQuipment are clearl'f specn'ied. Concinue on blaM 

sheets II necessary and attactl 10 this report. 

INSTRUCTIONS FOR SECTION 11 -CAUSAL 

FACTORS 

a. ReVIeW tnorougl'lly. Answer each question by markin9 ll'le 

appropnate blodt. If any answer • yes. exl)llll'l , Item 13 be4ow. 

Con~. as a rmnimum. ll'le lollowVlg: 

( 1) DESIGN- Did inadequaaes auociated Mtl'lll'le buildi"9 or 
wont srte play a role? Would an improved design or layout of 

ll'le eQu•pment or lac:riities reduce ll'le ~kelihood of samilar 

aCCidents'? Were trle toolS or oct1er equipm«<t de$1C}ned and 

ll'llended 101' tl'le task II hand'? 

( 2} INSPECTlONIMAINTENANCE- Oid inadeQuately or 

improperty I'Tialntained equipment, toots. ~lace. etc. create 

or worsen any haZardS thai CIOI'IITibuted 10 ll'le accident? Would 

better eQUif)ment facility. watt site or wot1c activity inspedionS 

have helped avoid ll'le ac:c:ideiW? 

( 3) PERSON'S PHYSICAL CONDITlON-Oo yoJ IMI ll'lallhe 

accident would probaely not ~ ocx:utT'ed ilthe employee 

was in "tpad" pnysal condition? It 1he person involved in !he 

acoden1 had been in better physical condition. would !he 

accident 1\ave been less ....,.,. or avooded altogell\er'? Wu 

over exertion a tadDr? 

( £) OPERATING PROCEDURES-Did alack ot or inadequacy 

Within established operabng jlt()Cedures c:cntnbute to !he 

accident? Oid any asoec:t ot tie procedures inlroduce any 

hazard 10. or increase ll'le risk assoaaled wiltlll'le wonc 
procea? Would establishmlft or rnpCMmel'lt ol operating 

I)I"C)Cedures reduce the likelihood of similar leddenla? 

( 5) JOB PRACTICES- Wert ll'f olll'le prtMSIOnS olll'le Safety 

and Htaltt\ RequirementS MIRlal (EM 385-1·1)11iolaled? Wu 

the t&Sit being aa;otnCllisl\ed in a manner Yt'hidl was not in 

compliance Wlttl an established job hazard analysis or adiYily 

hazard analysis'? Oid IffY establi$lle(l job prw;bCe (includin; 

EM 385-1·1) fill 10 adeQuaWy address the task or wen 
process? Would better job 11¥!JCH mprow the safety of !he 

la$1(? 

( 8) HUMAN FACTOAS-Wu 1he person under~ SO'tSS 

(..,., .,.,.. « e.rtefNI to ll'le fOCI I 1 Old me tas11 .,_, toward 

ovel10ading N capaCtlitles of the per10n: 1.1 .• did.,. ,oc 
reoure nclal'li1 end reKtang 10 many el1lmal inclutl ~ u 

discU)'$. a1atm1. or SIQNII? Oid !he~ o1 t1e 

workplace tend 10 intetfere wilrl efllcient ~ perfOmlarc.e? Oid 

ll'le task requn rudl. strenq~t~. endufat'IC8. agility, etc.. at or 

beyond ll'le c:ao&ldilleS oliN e"'P''yee? wu ll'le wen 
envwonment •ldapled 10 ll'le person? Old !he person need 

more lrarnang, ~nenc:e, or praaice in doing ll'le lUll? wu 
!he person iMdeQuatety rested to petform safety? 

( 7) ENVIRONMENTAL. FACTOflS-Oid IffY t.aors suc:n u 

moiSture. llumidlly. lVI, snow. Sleet. hall, ice. tog, cold. hUt. 

sun. ~ll.n c:hanges. wind. !ides. floods, curr.nts. dust. 
mud. ~. preuure cl'langes. lightning, etc .• play a part .., ll'le 

ICCident? 

( 8) CHEMICAl. AKJ PHYSICAl. AGENT FACTORS-Did 

8XPON't 10 c:hemic:ll agentS (either single Shift exposurw or 

long-term exposure) IUCtl u dust&. fibers ( a.sbe$101. etc.). 

Silica. gases (catt:IOn l'nOI'IOJddl, cHorine. etc.,), nwsu. steam, 

vapors, bNs. lmOQ, octw partic:Uates, liQuid or ~ 
Chemicals that n CCI"'''Siw, toxiC.. ex;llosivl or llatnmable. by· 

produc:ts of ccmbuslion or physical egems suc:n u norse. 
iOnizing radialion. non-ioniZing rwiallon (UV radiation created 

during welding, etc.) con~ 10 1he ac:ddentMc::lde 

( i) OFFICE FACTORS- Oid !he faa thatll'le aCCident occurred in 

an office selling or 10 ., otrice wor1ter nave a bNting on itS 

eauu? For e.utnple, office W'OtXera r.nc:1 to have less 

expenence and training in perlotming taskS IUdl u lifting 

office tummn. Oicl physical h&Z.anSa within !he otfic:e 
erMrcnment c:ontributl 10 .,. ll&urd? 

(10) SUPPORT FACTOAS-Wu the person using an ~r 

1001101' !he job? Wu inadequate liml available or UCilized to 

safety accotT'IC)Iish !he ~? Were less than adeQu&lt 

personnel r8SCU'eeS [., terms of employee skills. nurnoer of 

werilet$, and adequate ~~ avUable 10 get the job 

dOne ~ny? Wu lunclng avaiable. utilized. and adequate 

10 provide ~ tools. equipment. ~. site prepatiDOn, 

ete? 

( 1 1) PERSONAL PROTECTIVE EOUIPMENT- Oid ll'le ~ fail 

10 use appropriate personal protldive equipment (glcMs, eye 

proteC!ion, l\arO-toed sl'loes. respira10t, eu:.) tor ll'le task or 

enwonment? Oid protective equipment provided or worn tail 10 

provide adequase pi"'OeCtion from IN hazard(s)? Did ladl of or 

iNideQI.Iate ~ ol protedivt gear c:ontributll 10 ll'le 

acoden(? 

(12) DAUGSIALCOHOt..-IS lherw any reason to be1iewe the 

penon's mental or physical cap&Oililies. judgement. etc .. were 
impaired or altered by !he use of 01'\JqS or alcohol? Consider 

ll'le effects at prescription mediCine and over 1M counter 

medic.ations u wei u ilic:it drug use. Consider ll'le eflect of 

dn.lg or aJconol iR3I.Qd ~-

b. WRITTEN JOBIACTfVfTY HAZAAD ANALYSIS- Was a wntten 

Jol:NAdivity Hu.ard Analysis Cl:lfT'CIINd lor lhl ~ beng 

performed at !he lime of lhl accident? Mat1t !he ~ bcx. If 

one was t*form«S. MtliCh a c:opy d ll'le ~ 10 11e ~ 

INSTRUCTlONS FOR SECTlON 12-TRAJNING 

L WAS PERSON TRAINED TO PERFORM ACTlvrTYITA.SK?-For 

ll'le purpose at this sec:liOtl "hined' means !he ~ has been 

provided the necessar r inlotmatiOn (eilhef formal rd/or on-a.;ot~ 

(OJT) training) to cornpeWrlty petform ll'le adivity~ in a sale 

and l'leallhfU maMer. 

b. TYPE OF TRAINING -Marti tl'le ~te bOx that best 

indicates tne type ot nri"og; (dassroom or orHhe-jot)) flat ll'le 

injured person rec:eMtCt before ll'le .::cident ~-

c. OA TC OF MOST RECENT TRAINING- Enter IN man#\, dly. and 

year of !he last fonnal nining completed that covered 1M at'IIVI!y

task being performed al ll'le lime at lhl ac:odent 
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INSTRUCTlONS FOR SECTlON 13-CAUSES 

a. DIFIECT CAUSES- The direct cause IS lf'lat Single factor wfiiCt1 

mos1 direcuy lead co en. ace•dent S.. examctes belOW. 

b. INOIRECT CAUSES -ltldirect causes art Cf'IOse taciors wt1c11 

comnbuted to l:l\Jt d1d not directly II'IJbate lt'le occurrenc:. ot tl'le 

acodent. 

Examples for secnon 13: 

a. ~ was dismantl~ scatloid and ten 12 teet trom unguarded 

~ng. 

O.r.a ca~: failure to provide fall protec:Don at elevation. 

lndirtH:I ca~s: failure to enlorce USACE s&fety,reqUJrements: 

improper tra~n~ngtmoavalion of employee (posSibility !Nt empiOyH 

was not knowledgeable of USACE fall protectiOn reqUJI'ements or 

was lax .n t.s altitude towaros safety); f&llure 1.0 ensure proYISIOn ot 
posrtl\lt tall protecoon whenever elevated: fa.iurt to addresS fall 

protecnon dunng scaffold dismantling in phase haZard anllysls. 

b. Pnvate citizen had stopped his vetucte at interSection lor red light 

when vetucte was stnldt in rear by USACE vehicle. (noce USACE 

vehiCle was .n proper/safe wonong conditiOn). 

Oir«t cau~. failure ot USACE driver to rTWntain contrOl ot and 

stoo USACE vehiCle with1n sate distance. 

lndir«t cause: Failure of employee 10 pay aaention to driwlg 

(defensNe dnvmg). 

INSTRUCTIONS FOR SECTION 14-ACTlON TO 

ELIMINATE CAUSE(S) 

OESCRIPTION- Fully deSCTlbe allltle actions taJcen. antiCipated. and 

rec:ommended 1.0 elim•,ate the causetSI and prevent reoccurTence of 

Similar acooentslillnesses. Conunue on blank sneets ot ~ rt 
necessary 1.0 tully expla•n ano anacn to tne comoleted report form. 

INSTRUCTIONS FOR SECTION 15-0ATES FOR 

ACTlON 

&. BEGIN DATE- Enter lhe date when the correctiVe ac:oon(s) 

identified in SectiOn 14 w111 begin. 

b. COMPLETE DATE- Enter the oate when the correcnve ldiOn(S) 

icenafied in Section 14 will be completed. 

c.. TIT'..E AND SIGNA r JRE- Enter the IItie and signature of 

suoemsor comptenng the acCident re()Oit. For a GOVERNMENT 

emplOyee aCCJOenVillness Cf'le mmeo1ate SupetVISOr will Q)IT!Qiete 

and sign Cf'le reoon. For PUBUC acodeniS the USACE Protect 
MBM9er/Area E..,gmeer resOOilSible lor tl'le USACE prope11y where 

the ac:odent hacpened shaH complete and 51gn the report For 

CONTRACTOR aCCidents the Conuaetor's pro,ec:t matiiQ8f snatl 

complete and stgn tnt report and prOVIde to en. USACE SUI)8MSOI' 

respons•ble tor ~ht of that contradOI' acVvity. This USACE 

$uperviSOt' shall also 519n the rtQOrt. Upon entenng en. information 

rtQutred in 1S.d. 15.1 and 15.1 belOW. the responsd)le USACE 

~rvisor snail forward tl'le repon tor management rtVIIW u 

indiCated in S6ctJon 16. 

d. DATE SIGNED-Enter the monlf'l. day, and year thai en. report 

was Signed by the responSible supervisor. 

e. ORGANIZATION NAME- For GOVERNMENT employee accidents 

enter the USACE orgar:.zauon name (DiviSIOn. Branctl. Sedion. 

elt:.) of the injured employee. For PUBUC aeddeniS enter en. 
USACE organ1zat10n name for the person identified in tllodt 1S.c. 

For CONTRACTOR acooents enter the USACE orgarn.ation name 

lor tne USACE office responU»e for provtding eontrad 

administration overSigl'lt. 

I. OFFICE SYli.IBOL-Enrer IN latest comoilll USACE Offic:e 

Sym001 tor ltle USACE organ•zatJOn JdenllfiCICI ., block JS.e 

INSTRUCTlONS FOR SECTION 16-MANAGEMENT 

REVIEW (1st) 

tST REVIEW- Eactl USACE FOA sNJ1 detenrww whO wll l)rOVICe 

1 Sl rnat\aQement rtVIe'l¥. The responsible USACE SUQtMSOf 1t1 

section 1S.c sti&JI fonnrd tne complet.cl r~ to en. USACE ot!'a 

deSJ9Nted as tne 1st Reviewer by en. F~ Upon recttl)l. ltle 

Chief ot tne Oflic:e st\al revtew IN completed report. mane tl'le 

~lAte box. prOVIde substani!Vt comments. 1q1. dart. and 

lorwarc to tne FOA St&tf Ch1ef (2nd review) for rt'lltw and 

comment 

INSTRUCTIONS FOR SECTION 17-MANAGEMENT 

REVIEW (2nd) 

2NO REVIEW- The FOA Stat! Chief (i.e .• FOA Chief of Constrvc:IC1'!. 

Operations. Eng1neenng, Plann•ng, ttc.) shaU martt 1t1e ~proonate 

box. r8VItw the completed repott. provide subsW1M CIOI'Titnlnts. ~· 

date. and return to the FOA Safety and OccupauonaJ Health Otfa. 

INSTRUCTIONS FOR SECTION 18-SAFETY AND 

OCCUPATIONAL HEALTH REVIEW 

3RO REVIEW- The FOA Safety and Occucauonal Healtl'l Office srw1 

reVIew the completed repon. mane tl'le approonate box. ensure Nt 

lt'ly ll'laoeQuaCJes. discrepancies. etc. are rectified by the respons.::.e 

sucei'VISOI' and mana~emenl reVIe-rs. provide substantJVt 

comments. stgn, dale and forward to the FOA Ccmmander lor r,.,.,.... 

comment and stgnature. 

INSTRUCTION FOR SECTION 19-COMMANO 

APPROVAL 

•TH REVIEW- The FOA Commander snaJI (to .nctude the perscr. 

des.gnated Acting Commander in his atlsence) rtv~ew ltle COITIOie:!'.: 

recort comment 1f re(lUU'ed. sign. date. and torward the report :c C">e 

FOA Safety and OecupatJonal Healtl'l Office. Signature authonty SI".V 

not be delegated. 
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Sears Tower 
Fax: (312) 831-3999 

Consulting Engineers and Scientists 

233 South Wacker Drive 
Telephone: (312) 831-3800 

Chicago, Illinois 60606-6392 U.S.A. 
Telex: 25-3540 HARZENG CGO 

DAILY SAFETY INSPECTION REPORT 

PROJECT No.: 5644L 
PROJECT: CANNON AFB, FIRE TRAINING AREA # 4 
CLIENT: USAGE 
DATE:: 
REPORT No.: 

Weather Sunny 

Temp to 32°F 

Wind Calm 

Humidity Low 

DAILY HEALTH AND SAFETY BRIEFINGISI: 

MONITORING INSTRUMENT READINGS: 

LEVELISI OF PROTECTION: 

SITE SAFETY INSPECTIONS: 

OTHER: 

Clear 

32-50°F 

Moderate 

Moderate 

NAME: SIGNATURE: 

Overcast Rain Snow 

50-70°F 70-85°F Other 

High 

Humid 

TITLE: SITE HSO 
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FIELD RESPIRATOR PRESSURE TESTS AND GENERAL PROCEDURES 

FOR RESPIRATOR CARE AND CLEANING 

1. Fll'IING 

Place the respirator over the face and draw the straps securely. The mask should not be so tight 

as to cause discomfort or a headache. Secure bottom straps first. 

2. NEGATIVE PRESSURE TEST 

This test (and the positive pressure test) should be used only as a very gross determination of fit. 

The wearer should use this test just before entering the hazardous atmosphere. In this test, the 

user closes off the inlet of the canister, cartridge(s), or filter(s) by covering with the palm(s) or 

squeezing the breathing tube so that it does not pass air; inhales gently so that the facepiece 

collapses slightly; and holds breath for about 10 seconds. 

If the facepiece remains slightly collapsed and no inward leakage is detected, the respirator is 

probably tight enough. This test, of course, can only be used on respirators with tight-fitting 

facepieces. 

Although this test is simple, it bas severe drawbacks; primarily that the wearer must handle the 

respirator after it has supposedly been positioned on his face. This handling can modify the 

facepiece seal. 

3. POSITIVE PRESSURE TEST 

This test, similar to the negative pressure test, is conducted by closing off the exhalation valve 

and exhaling gently into the facepiece. The fit is considered satisfactory if slight positive 

pressure can be built up inside the facepiece without any evidence of outward leakage. For some 

respirators, this method requires that the wearer remove the exhalation valve cover; this often 

disturbs the respirator fit even more than does the negative pressure test. Therefore, this test 

should be used sparingly if it requires removing and replacing a valve cover. The test is easy 

for respirators whose valve cover has a single small port that can be closed by the palm or a 

finger. 

4. INSPECI'ION 

On air-purifying respirators, thoroughly check all connections for easkets and ·o· rings and for 

proper tightness. Check the condition of the facepiece and all its parts, connecting air tube, and 

headbands. Inspect rubber elastomer parts for pliability and sign of deterioration. 

Maintain a record for each respirator inspection, including date, inspectors, and any unusual 

conditions or findings. 

S. CLEANING AND DISINFECTION 

• Remove all cartridges, canisters, and filters, plus gaskets or seals not affixed to their 

seats. 
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• 
• 
• 
• 
• 

• 
• 
• 

NOTE: 

Remove elastic headbands . 

Remove exhalation cover . 

Remove speaking diaphragm or speaking diaphragm-exhalation valve assembly . 

Remove inhalation valves . 

Wash facepiece and breathing tube in cleaner/sanitizer powder mixed with warm water, 
preferably at 120° to l40°F. Wash components separately from the facemask, as 
necessary. Remove heavy soil from surfaces with a band brush. 

Remove all parts from the wash water and rinse twice in clean warm water . 

Air dry parts in a designated clean area . 

Wipe facepieces, valves, and seats with a damp lint-free cloth to remove any remaining 
soap or other foreign materials. 

Most respirator manufacturers market their own cleaners/sanitizers as dry mixtures of a 
bactericidal agent and a mild detergent. One~unce packets for individual use and bulk 
packages for quantity use are usually available. 

6. REPAIRS 

OnJy a trained person with proper tools and replacement parts should work on respirators. No 
one should ever attempt to replace components or to make adjustments or repairs beyond the 
manufacturer's recommendations. It may be necessary to send high-pressure-side components 
of SCBA's to an authorized facility for repairs. 

Malee repairs as follows: 

• Replace all faulty or questionable parts or assemblies. Use parts only specifically 
designed for the particular respirator. 

• Reassemble the entire respirator and visually inspect the completed assembly. 

• Insert new filters, cartridges, or canisters, as required. Make sure that gaskets or seals 
are in place and tightly sealed. 

7. STORAGE 

Follow manufacturers' storage instructions, which are always furnished with new respirators or 
affixed to the lid of the carrying case. In addition, these general instructions may be helpful: 

• After respirators have been inspected, cleaned, and repaired, store them so to protect 
against dust, excessive moisture, damaging chemicals, extreme temperatures and direct 
sunlight. 

HESA:~ 



• Do DOt store respirators in clothes lockers, bench drawers, or tool boxes. Place them in 
wall compartments at work stations or in a wort area designated for emergency 
equipment. Store them in the original canon or carrying case. 

• Draw clean respirators from storage for each use. Each unit can be sealed in a plastic 
bag, placed in a separate box, and tagged for immediate use. 

UMITATIONS 

Following is a partial list of gaseous materials for which chemical cartridge respirators should DOt 
be used for respiratory protection regardless of concentration or time of exposure; this far-from
complete list is offered only as a guide to proper evaluation of the many contaminants found in 
industry. Contact MSA for further information on other specific materials. 

Acrolein Hydrogen Sulfide Ozone 

Aniline Methanol Phosgene 

Arsine Methyl Bromide Phosphine 

Bromine Methyl Chloride Phosphorous 

Carbon Monoxide Methylene Chloride Trichloride 

Dimethylaniline Nickel Carbonyl Stibine 

Dimethyl Sulfate Nitro Compounds: Sulfur Chloride 

Hydrogen Cyanide Nitrobenzene Toluene 

Hydrogen Fluoride Nitrogen Oxides Diisocyanate 

Hydrogen Selenide Nitroglycerin Vinyl Chloride 

Nitormethane 

Reference: 8-Hour Refresher Program for Hazardous Waste Site Personnel, Version II, StudenJ 
Handbook, Midwest Consoniumfor Hazardous Waste Worker Training, June I989. 
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HNtl PHOTOIONIZATION nrrr~T(IR PI-l(ll 

CALIDRATION 

3.1 1NTRODIJCT10~ 

The PI 101 Analyzer is d~sisned for trace gas analysis in 

amb1cnt air and is calibrated at HNU w1th certified standards of 

benzene, vinyl chloride and isobutylene. Other optional 

caUbr;Hions are available (e.~ •• al:lmonia, ethylene oXld~ • .H2S, 

etc.). Calibration data is ~iven in the data sheet. If a 

special calibration has been done, the data is given in the 

Application Data Sheet, ~hich notes the sample source, type of 

calibration (see Section R, Appe~dix), and other peJtinent 

inform~tion. · 
C.oorl instrumentation practice calls for calibration on the 

srecics to be measured in the concentration range to be used. 

This procedure assure5 the .op~rator that the analyzer is 

operating properly and will generate reliable data. 

Some Reneral po1nts to consider ~hen calibrating the PI 101 

~re that the analyzer is des1gned for operation at ambient 

conditions and therefore the gas standarrls used (or calibration 

should be delivered to the analyzer at ambient temperatures and 

pressure ~~d at the proper flo~ rates. 

\.!AR~ING: 

The PI !01 is a non-destructive analyzer; calibrations using 

tox1c or hazardous gases must be done ~~ a hood. 

The frequency of calibrat1on sho~~~ be dlctated··by ;~e 

usage of the analyzer and the toxiclt~ of the spcc1es. measured. 

If the analyzer has been serviced or repaired, calibration 

should be done tO verify operation anc performance. It is 

recomnended that calibration be checkec fre~uently at first 

(daily or every o~her day) and then re~~~arly based on the 

conf1dcnce level ~eveloped. 

The normal ~eter scaleplate is 0 to 20. If the scaleplate 

is d1ffcrent. refer to the Applicatior. Data Sheet. If there are 

quest1ons, consult the llt\U representat1vc before proceeding '"·ith 

calibr~tion check. 
An accurate and reliable method of calibration check is to 

use an analyzed gas cylinder in a test setup as sho~n in Figure 

J-1 and describe~ below. Additional ~aterial on calibration is 

given in Section 8, Appendix. 

3.2 ANALYZED GAS CYLINDER 

a. Concentration - The calibration gas cylinder is to 

contain the species of interest made up in an air matrix 

at or near the concentration to be analyzed. If the 

component is unstable in air, another aatrix is to be 

used. The final calibration mixture should be siailar 

to the sample the PI 101 will,analyze. If the expected 

concentration is not known then a concentration should 

be chosen that vill cause a scale displacement of 50 to 

80% on the 110 range. Calibration oo XlO range will 

provide accurate Yalues on the Xl range as vell. 

1 



For use on the 0-2000 range, a t~o-standard 
calibration is preferred: one at 70 to ~5% of the 
linear range and the other at 2) to ~5~ of the l1ncar 
range. With the linear ran,e of ~pproximately t00 ppm 
for most compound~ these points would lie between !.10 tC"J 
510 ppm and 150 to 210 ppm, re5pectively. 

b. Stability- The calibration gas must be stable within 
the cylinder during the period of use. If the 
calibration is req.uired in the field, then use of a 
small cylinder is recommended .• In addition, the cho1ce 
of cylinder ~aterial in contact ~ith the ~as must ~c 
considered (steel, aluminum or teflon). If there arc 
any questions, the operator should request stabillty and 
usage information from the sas supplier. 

WAR~ING 

Extre~e care must be taken in the handling 
of gas cylinders. Contents are under high 
p r e s s u r e . I n so me c a s e s , t h e c o ro t e n t s m a y 
be hazardous. ~1any ~as suppliers .. 111 
prov1de data s~eets for the rn1~tures upon 
request. 

c. Delivery- The cylinder containing the calibr~tion 
m1xture must be connected to a proper regulator. 

\-'AR!-II~G 

Never open the valve on a gas cyl1nder 
co~tainer ~ithout a regulator attached. 

Leak test all tank/regulator connect1ons as well as the 
main cylinder valve to prevent toxic or hazardous 
materials from leaking into the ~ork area. Care must be 
taken that the materials of construction of the 
regulator will not interact -ith the calibration ~as. 

One method of sampling the calibration gas is 
illustrated in Figure 3-1. Connect the cylinder to one 
leg of the tee, a flow meter to the opposite leg, and 
the probe to the third leg. The flow meter does not 
require a valve. If there is a~valve, it must be left 
wide open. the flow•eter is only to indicate excess 
flow. Adjust the flow from the retulator such th8t only 
a little excess flow is recistered at the flowoeter. 

2 
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This insures that the PI 1n1 sees th~ calibration g~s at 

~trnosrheric pres~ure ~nd ~nh1cnl tcnpcraturc. 

rl. Us~~c- Ccnerally, a gas cylinder should not be used 

below 200-300 psi as pressure effects could cause 

concentration variations. The cylinder should not be 

used past the recommended age of the contents as 

indicated by the manufacturer. I~ case of difficulty, 

verify the contents aftd concentration of the gas 

cylinder. 

c. Altern~te ~cans of callbration are possibl~. For 

more in(orrn~tion contAct the HNU Service Department. 

J.J rr.of\r. 

a. Identify the probe by the lamp li'lbel. If a question 

exists, disass~mblc the prohe and inspect the lamp. The 

energ~ of the lamp is etched into the ~lass envelope. 

b. Connect the probe to 'th~ readout asse;.,bly, r.~aking sur(' 

the red 1ntcr!ock s~ltch lS deprcs~ed by the ring on the 

connector. 

c. Set the SP.A~ pot to the proper value for the probe being 

calibrated. Refer to the calibration acmo accompanying 

the p·r o be. 

d. Check the Ionization Potential (IP) of the calibration 

gJs to be used. The lP of the cal1bration gas must be 

at or belo-..- the JP cf the lamp. 

e. Proceed ~1th the calibration as described in Section 

J.L. Check the calibration memo for speci!lc data. 

If any questions develop, call the HNU representative. 

f. t;OTE: The 11.7eV lamp has a special cleaning compounc. 

Do not use ~ater or any other cleaning compound with the 

11.7 ~v lamp. Do not interchange ion chambers, 

amplifier boards or lamps between probes. (See Section 

5. 2) . 

3.1. PROCEDURE 

~. Battery check- Turn the function switch to BATT. 

The needle should be in the green region. If not, 

recharge the battery. 

. 3 
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b. Zero set - Turn the function svitch to STANDBY. 
In this position the la~p is orr and no signal is 
cenerated. Set the zero point vith the ZlP.O set 
control. The zero can also bt set with the function 
svitch on the XI position and using 1 "llydrocarbon-rr~~" 
air. In this case "neGative" readings are possible d 
the analyzer measures a cleaner sample when in serv1cc. 

c. 0-20 or 0-200 range - For calibrating on the 0-20 or 
0-200 range only one cas standard is· required. Turn the 
function svitch to the ranse position and note the ~~tcr 
readin&. Adjust the SPA~ control settin~ as required to 
read the ppm concentration of the standard. Recheck the 
zero setting (step b.). If readjustn~ent is needed, 
repeat step c. This gives a two-point calibration; zero 
and the gas standard point. Additional calibration 
points can be generated by dilution of the standard ~ith 
zero air if des1rcd (see Sectlon A). 

d. 0-2000 range- For calibrating on the 1)-2000 r:!nJ;C, usc 
of two standards is recommended as cited in Section 

. 3.2a. First cal1brate with the higher standard usin~ 
the SPAN control for setti.ng. Then calibrate with the 
lower standard using the ZERO adjust~ent. Repeat these 
several ti~es to ensure that a good calibration !s 
o b t a i n e d • ih e a n a 1 y z c r "'" i 1 1 b e a p p o x i m a t e 1 y 1 i n c :1 r t o 
better than 600 pprr., (see figure 3-2). If the analy;:cr 
is subsequently to be used on the 0-20 or 0-200 range, 
it must be recal1bratc~ as described in steps b. and c. 
above. 

e. Lacp cleaning- If the span sctcins resulting from 
calibration is 0.0 or if calibr~tion tannot be achic~cd, 
then the laT.p h-USt be cleancc (sec Sectlon 5.2). 

f. Lamp replacement - If the lam;> output is too lo ... · or 1 f 
the laep has fa1led. it must be rcplacec (see Sectior. 
5. 3}. 

·.5 CALIBRATIOI\ ClfECKI~C 

Rapid calibration checking in the field can be accomplished 
by use of a small disposable cylinder containing isobutylene. 
Immediately after a calibration has been completed, a reading is 
taken on a special isobutylene standard. This provides a 
reference concentration m~asurement for later checking in the 
field. This can be done at any time with a portable cylinder 
containing this same special standard, using this reference 
reading as a check, and makinc adjust•ents to the analyzer if 
necessary. In effect, this is an indifect •ethod of 
calibration, oae •aintaining the calibration to give direct 
readings for the original cas mixture, but using the portable 
isobutylene cylinder. Details are given in Section 8.2 of the 
Appendix. 
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FIGURE 3·1 
CALIBRATION TEST SET UP 
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FIGURE 3·2 
TYPICAL CALIBRATION CURVES (10.2 eV) 
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MSA M011i:l 361 
IIYDROGE~ SULFIDE, CO~U5T18lf. CAS, AND O>."'t'(':ES ALAR.I1 

Figure 11. Model 360 or 361 with Calibration Equipment 
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11. Connect the adapter-hose fitting to the inlet of the 

instrument: after approximately 2 ~inutes, the TOX readout 

should stabilize and indicate between 275 and 325 ppm. If 

the indication is not in the correct range, re~ove the right 

end of the indicator and adjust the TOX SPAN control to 

obtain 300ppm. 

12. Disconnect the adapter-hose fitting from the instru~ent. 

13. Close the flow control valve. 

14. Re~ove the adapter-hose from the flow control. 

15. Remove the flow control from the calibration gas tank. 

MODEL 361 CALIBRATION 

(USING MODEL RP CALIBRATION CHECK KIT, FIGURE 11) 

1. Attach the flow control to the . 75\ penta~e/15\ oxygen 

calibration sas tank. 

2. Connect the adapter-hose to the flow control. 

3. Open the flow control valve. 

4. Connect the adapter-hose fittins to the 1nlet of the 

instrument; within 30 seconds, the LEL meter should stabilize 

and indicate between 47 and 55\. If the ir.dication is not in -

the correct range, re~nove the right end of the indicator and 

adjust the LEL SPAN control to obtain SO\ 

5. Verify the oxygen reading; it should be betwe~n 13 and 17\. 

6. Disconnect the adapter-hose fitting from the instru~nent. 

7. Close the flow control valve. 
•. 
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8. Remo·;e the flow control from the calibration 9as tank. 

9. Attach the flow control to the 10 ppm nydrv9en sulf1de 

calibration 9as tank (40 ppm 9as may be used; the choice of 

H2s calibrat1on 9as will depend upon concentr~tions 

anticipated 1n the workplace). 

10. Open the flow control valve. 

11. Connect the adapter-hose fittin9 to the inlet of the instru~ent: 

after approximately l minute, the TOX readout should stabilize 

and indicate be:ween 7 to 13 ppm (35 to 45 pp: !or 40 ppm H2S). 

If the indication is not in the correct ran9e, remove the ri9ht 

end of the i:1c1cator and adjust the TOX SPAt~ control to obtain 10 

ppm (~0 P?~ !or 40 ppm H2S). 

12. Disconnec: the adapter-hose fitting fro~ the ir.stru~ent. 

13. Close the flolo' control valve. 

14. Remove the e:ar:er-hose from the flow controL. 

l S . R ern o v e the f l o... con t r o 1 f r om t he c a 1 i b r a t i on g a s t a n k . 

CAUTION 

Calibratlon 9as tank contents are under pressure. 

Do not use oil, 9rease or flammable solvents on 

the flow conttol or the calibration 9as tank. Do 

not store calibration 9as tank near heat or fire, 

nor in rooms used for habitat ion. Do not throw 

in fire, incinerate or puncture. Keep out of the 

reach of children. It is ille9al and hazardous 

to refill this tank. Do not attach any 9as tank 

other than MSA calibration tanks to the flow 

control. 
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MODEL 361 H2S RESPONSE TO INTERFERANTS 

Interferant Interferant Concentratloa Sensor Response 
(PPM} (PPM} 

Ammonia 100 0 

Benzene 17.7 0 

Carbon Dioxide sooo 0 

Carbon Disulfide 14.5 0 
Carbon Monoxide 100 0 

Chlorine s 0 

Dimethyl Sulfide 4.5 0 

Ethylene so 0 

Freon 12 1000 0 

Hexane 500 0 

Hydrogen soo 1 

Hydrogen Cyanide 42 0 

Hydrogen Sulfide 40 40 

Isopropanol so 0 

Mercaptan 

Ethyl 44 3 

Methyl s s 
Methane 50,000 0 

Methanol so 0 

Nitric Oxide 100 2 

Nitrogen Dioxide 100 ·8 
Sulfur Dioxide 150 s 
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CONVERSION FACTORS 

Chemical Con version Factor 

Acetone 1.0 
Acetylene 0.8 
Benzene 1.1 

!so-Butane 1.0 
n-Butane 1.0 
Butadiene 0.8 

Butene-1 1.0 

Carbon Monoxide 0.6 
Ethane 0.7 

Ethyl Acetate 1.1 
Ethyl Alcohol 1.0 

Ethylene 0.8 

Ethylene Oxide 0.9 
Ethyl Ether 1.1 

Gasoline 1.0 

Heptane 1.1 
Hexane 1.3 

Hydrogen 0.6 

Methane 0.6 

Methyl Alcohol 0.7 

Methyl Ethyl Ketone 1.6 

Pentane 1.0 

Propane 0.9 

Propylene 1.0 

Propylene Oxide 1.0 

Iso Propyl Alcohol 1.1 

Tetrahydrofuran 0.8 

Toluene 1.2 

EXAMPLE: 

When a Model 360 or Model 361, calibraltd on PentaM, is wtd to test for 
propaM, IM conversion factor is 0. 9. If tM meter reads 50% LEL, IM true 
pro~ COrtU.11lralion is: 

(SO% z 0.9) 01' 45% LEL 


