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ABSTRACT 

During 1992 and 1993, the Bandelier Tuff and several soil profiles were 

sampled to determine background-elemental concentrations. Soils present on 

the Pajarito Plateau are extremely variable in physical and chemical properties, 

including particle size, percent calcium carbonate, clay mineralogy, iron oxides, 

and trace element chemistry. Soils have higher concentrations of AI, As, Ba, Ca. 

Cs, Co, Cr, and Fe than in the Bandelier Tuff samples. The Bandelier Tuff, 

however, has concentrations of Be, Pb, Na, K, Th, and U higher than the soils. 

Background concentrations of As and Be exceed screening action levels 

(SALs) Jor these elements. Therefore, background concentrations of As and Be 

should be used rather than SALs for these elements in evaluating if 

contamination exists in soil, sediment, and tuff samples. 

Background elemental concentrations on the Pajarito Plateau vary with 

parent material, the degree of soil development, and other factors, requiring that 

site-specific conditions be considered to select the most appropriate 

background samples. Well-developed soils have higher concentrations of trace 

elements than weakly developed soils found on the Pajarito Plateau. Clay 

minerals and iron oxides, which have relatively high surface areas, and occur 

within B horizons controlling trace-element distributions in soils. The B horizons 

contain higher concentrations of trace elements relative to A and C horizons. In 

addition, variations in soil-elemental concentrations are related to climate, 

topography, and to the parent materials, which include alluvial fans, sheet wash 
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matiEuu·:l·.r. ·. colluvit,~m, wind-blown sediment, El Cajete pumice, and the Bandelier 

''·~~"'1';'·~~:1\,iQuse of the limited number of Bandelier Tuff and soil samples 

is data set is not n.:;cessarily representative of the full suite of soils 
,~··::t:~ni'ftt.·.t~f.~r~:rc,:)(l,:.nt .• at the Laboratory, and may not include the full range of natural 

'i"t"~n~"·D:n:tr:~tions for all elements. 

·•t.;;J~tli:S~-ti:~rn-~in:iit"'g environmental impacts to surface waters, groundwaters, 

<=>t"'.rrn•=-n,·~::·.· and Bandelier Tuff at Los Alamos National Laboratory 

. ir~s knowledge of background-elemental chemistry of 

.;.r.,"i·''f'>~'~"~''"'logical media. Background media are defined as soils, 

surface waters ancl groundwaters unaffected by Laboratory 

i:'\S:tal.i$ti~ca .. l. and geochemicaJ.comparisons of background samples 

ntn~1~~d ()r .. non-hC1ck9iotmd samples are needed to identify and 

cont~mlnation. 

'T"''"''·'"'r""'OQ and 'surnm~r. of 1992 and 1993, the Bandelier Tuff 
' . ' 

were ¢~aracte~i~ed a.nd sampled to determine 

f.;.eieme.Jm. :a .. '· conc~htrk~ions (L~ngmire et al., 1993; Watt and 

Thirty-eighl samples Q.t the BandelierTuff and seventy-five 
••. >: . . 

~''vv·~rA· submitteq:f9tchemiea..! analyses. Because of the 

vatiabm. w· {)f soil$ ~~d.Ba:nth:~lie.rTuff and the limited number of 

i~hi7t:ili! this data set i~, not necessarily representative of the full 

Tuff pre~sent at the Laboratory, and may not 

()f natul'ttl coricenfrations for all elements . 
.. ~.,,on-\·r .... ~·~,··oharacteristi~·of soiJson the Pajarito Plateau vary 

retatefct to localvariations in parent material, topography, soil 

pr(:)'CSSSE~. climate, and vegetation. Sites of detailed soil 

• as part of the Laboratory-wide background 

. were chosen to provide a partial selection of 
:;rar1oe· of,soil-geomorphic settings occurring at the Laboratory. The 

l'li¢ settirf~· of each sample site was described to provide a better 

. of }the variations in soil characteristics. Eventually, it may be 

")he geochemical characteristics at a site to the geomorphic 

saitf!n!fi~~Jb>Wiing reasonable extrapolation of the soils data. 



This investigation is relevant to the Environmental Restoration (ER) 

Project, because background elemental concentrations are used in conjunction 

with screening action levels (SALs) in risk assessment calculations for different 

contaminants. These background-elemental data are also required to develop 

sampling and remediation strategies at sites, to understand processes 

controlling contaminant transport, and to distinguish between contaminated and 

non-contaminated media. These data may also be used to establish cleanup 

levels for sites to be ramediated. 

The goal of the ER Project Laboratory-background study, presented in 

this report, is to provide natural background-elemental data on soils and 

Bandelier Tuff at the Laboratory. To achieve this goal, this report (1) 

summarizes results of soil characterization conducted by Watt and McFadden 

{1992); (2) describes analytical and statistical methods used to define and 

characterize background chemical (analyte) dis:tributions in soils and Bandelier 

Tuff; (3) :discusses soil development (pedogenesis) and soil chemistry 

relation~hips; and (4) describes how these background data may be statistically 

compared to non-background or contaminant analytical data. 

Samples collected during this investigation represent background 

conditi6ns at the Laboratory. Fresh soil samples were collected within trenches, 

sides qt drainages, and along roadcuts exposed within and around the 

perimeter of the Laboratory I generally upwind from any potential air-borne 

contamiriation. Soil samples were collected at different depths within various 

soil horizons. Sites were selected within and around the perimeter of the 

Laboratory to provided the most representative sampling locations to establish 

LaboratoT"Y-specific background for soils. Fresh samples of Bandelier Tuff were 

collectep in Frijoles Canyon immediately south of the Laboratory, which 

provided an excellent location to collect Laboratory-specific background 

samples. 

SAMPLING SITES AND STRATEGY FOR SOILS AND BANDELIER TUFF 

The soil sample sites include mesa tops, canyon bottoms, and 

colluvial slopes, ranging from Ponderosa pine and fir forests in the wetter, 

western part of the Laboratory to pinon-juniper woodland in the drier, eastern 

part (Table 1 ). The parent materials for the soils include weathered and 

eroded Bandelier Tuff, alluvium partially derived from Tschicoma dacite in the 
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Iuble 1 
Summary of Sol! Sample SUes 

Technical Elevation Topographic 
Samole Site Area em Veaetatfon Settln:a . Sutf.Jcfal Material 

1. Lower Los Alamos Canyon T A-72 
2. EG&G gully TA· 73 
3. Upper Los Aiamos Canyon T A-62 
4. TwomlleMesa TA·69 
5. Water Tanks trench TA·16 
6. Frijoles Mesa TA-49 
7. Ancho Canyon mesa T A·39 
B. Fracture Fill T A-46 

:,;, 

6350 
6950 
7260 
7590 
7720 
6940 
6570 
6980 

·.·.:' .. · . .-··.:·· 

..... - ~·___....,-

pii'ioo·Jtiniper .. qanyon bottom lat~ Hoto~n~ fan (Jast 2800 years) 
pinoni~nlPE~r · ~}?P;~~: · 'H~.~,w~~~'f(t~$(a10oyea..s) 
fir . · ~'tlycm bQltQJi'l .. · · · !ate. Hotl)G.~~·9.01fuvluril·(last 3300 yr) 
PondQro$a pine· · ~sa:top · · .. · . . ple;t ~u~v.ar:~j.}osit !Pd~t-1 ~2 Ma) 
Pond~jv~ pine > .. ~~'9f $ca~:P Hti~ii~ #)116viQtn . · · 
Ponctelo,::iapioe m.~$8tbp·, EI'C.aJet~:pumiee(~ 6{ik'a) 
pinon-J~rnQ&i fn9$~nop pr~l¢1Jelte$oil{pf&.eo ka) 
pinon~Jtinliler mesa top pre-Et C;:ijete soil? 
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Sierra de los Valles, wind-blown dust, and El Cajete pumice. Six of the eight 

sample sites are within the soil mapping area of Nyhan et al. ( 1978), and 

includes five of their soil series, although the sample sites are not necessarily 

typical of soils within each series as described by Nyhan et al. (1978). 

Whole-rock samples of Bandelier Tuff include all stratigraphic units 

present within the Tshirege Member of the Bandelier Tuff in the central and 

eastern portions of the Laboratory, and the background concentrations are 

probably representative of tuff elsewhere in these units at the Laboratory. Fresh 

tuff material collected during this investigation consisted several kilogram 

samples. Mapping units of the Tshirege Member of the Bandelier Tuff used in 

this report follow the usage of Vaniman and Wohletz (1990) and Goff (1994). 

Figure 1 shows sampling locations for the Bandelier Tuff within Frijoles Canyon 

south of the Laboratory boundary in Bandelier National Monument (BNM). 

Additional higher stratigraphic units of the Tshirege Member, however, are 

present in the western portion of the Laboratory that have not yet been 

analyzed. Locations of the tuff samples within the sections are shown in Figures 

2 and 3. Samples were taken from surface exposure, but material from obvious 

weathering rinds was excluded. Sampling, to this stage, has been largely 

limited to the upper (Tshirege) member of the Bandelier Tuff, with only two 

samples from the lower (Otowi) member. 

Soil samples were collected from eight very different localities found 

geographically around the perimeter of the Laboratory. Sample sites include 

trenches, sides of drainage channels, and road cuts where soils are well 

exposed. Figure 4 shows the locations of soil sampling sites. Areas selected for 

detailed soil characterization include: Site 1, lower Los Alamos Canyon, north 

of Tsankawi ruins near State Route 4; Site 2, EG&G gully located immediately 

south of State Route 502 near EG&G; Site 3, upper Los Alamos Canyon, Los 

Alamos reservoir road; Site 4, Twomile Mesa within the central portion of TA-69; 

Site 5, Water Tanks Trench, West Jemez Road (State Route 501 ); Site 6, 

Frijoles Mesa, State Route 4; Site 7, Ancho Canyon mesas along State Route 4 
within TA-39; and Site 8, fracture fill in a fresh road cut in TA-46. These localities 

allow partial sampling of the varying degrees of soil development occurring on 

the Pajarito Plateau. At each location, soil samples were collected at different 

depths (0 to 300 em) corresponding to the different soil horizons.These sites 

were selected to sample soils influenced by a range of parent materials, 

topographic setting, local climate, and time. 

;· ;_.,,' 1<1' • 'l.;•" .,;. ·.;. ...... . . • ... ~ .·. .. ·.- ·., '. .; 



Figpre 1. Location map of Bandelier Tuff Samples Collected in Frijoles 
Canyon, Bandelier National Monument, New Mexico. 
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Figure 2. Location map of Bandelier Tuff Sampl~s Collected Within Section 
1, Bandelier National Monument, New Mexico. 
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The limited number of sample sites precluded coverage of all types of 

soil present at the Laboratory. 11 addition, because only one soil profile was 

sampled from each setting, the natural background variability in soils occurring 

at similar settings has not yet been evaluated. Because of these concerns, this 

data -set is not necessarily representative of the full suite of soils present at the 

Laborat¢ry, and may not include the full range of natural concentrations for all 

elements. 

The different soil horizons were classified and characterized according to 

their texture, consistence (wet/dry), particle-size distribution, color, clay-mineral 

conte-nt, calcium-carbonate content, organic-carbon content, soil pH, cation 

exchange capacity (CEC). and bulk density (Watt and McFadden, 1992). 

Soil samples were passed through a 20 mesh sieve to remove pebbles 

and -tWigs. Bandelier Tuff and soil samples were either air-dried or dried in a 

forced-air circulation oven at 60 C for 48 hours and then ground with a 

corundum mortar and pestle. Grinding of the Bandelier Tuff samples was more 

extensive than the soil samples, because of the indurated nature of the rock 

samp_~es. 

SAMPLE DIGESTION AND ANALYTICAL TECHNIQUES 

Ao~k and soil samples were analyzed for a suite of elements using EPA

S'/V84~'meHhods and other analytical techniques available at the Laboratory. 

The m~taf~ and nonmetals antimony (Sb), arsenic (As), barium (Ba), beryllium 

{Be), QJlrotnium {Cr), lead (Pb), mercury (Hg}, silver (Ag), thorium {Th), and 

t!~dniuriCc'U) are of primary concern to the ER Project, because numerous solid 

· wash~~;#.;anagement units (SWMUs) at the Laboratory potentially contain 
--.:-·. 

eleva~e.5if:concentrations of these elements. Elements of particular concern 

inc1od~~s· and Be because background concentrations exceed SALs for these 
·':. \·:·::}:·.: ··.:."< 

el¢rn$nts~ The SALs for all elements of concern are presented in Table 2. Other 

elemeHt$ .~nd co~pounds of secondary importance to the ER Project include 

afumin#r:Tl (AI), bromine (Br), cadmium (Cd), calcium (Ca), cesium (Cs), chlorine 

(01}. C!)balt{Co), copper (Cu), gallium (Ga), gold (Au), hafnium (Hf), indium (In), 

iodine.hj; lton (Fe), magnesium (Mg), manganese (Mn), potassium (K), rare 

e~rih ei~ments (REE), rubidium (Rb), scandium (Sc), selenium (Se), sodium 

(Na), st(6hti~m (Sr), sulfate (8042·), tantalum (Ta), thallium (TI), titanium (Ti), 

tungste·ri (W), vanadium (V), zinc (Zn), and zirconium (Zr). 



Element 

Se 
Ag 
Sr-90 
Tl 

·.'~00 
>A.OO 
':5.9 
::~6.4 
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DRAFT 
Following sample preparation, Bandelier Tuff and soil samples were 

$llbrnHfed to EES-1 for X ray fluorescence (XRF), to CST-15 (formerly INC-5) for 

instrurT)ental and delayed neutron activation analysis (INAA and ONAA), and to 

Cst~9 (-formerly EM-9) for EPA-SW 846 methods including inductively coupled 

pla~fl1-amass spectrometry (ICPMS) spectroscopy, inductively coupled plasma 

'e~~S,~j()n spectroscopy (ICPES), electrothermal vapor atomic absorption 

::(t;iW,.~), cold vapor atomic absorption spectroscopy (CVAA), and ion 

. chr%({i~Jbgraphy (IC} analyses. Table 3 provides a listing of each analyte and 

.·· -~: ~ .. :; ·c;:. :: ·:"w;· .. 

,,~PI:~f:iiP:t:iate analytical techniques. The procedures used for these analyses are 

tlei~flbed in detail in Gautier and Gladney (1 986), Gladney et al. (1 981 ), and 
,• . ··. . ~ .. _:. 

Quality assurance was provided by concurrent analysis of 

onallnstitute of Standards and Technology (NIST), United States 

hnvtn:c>nJneJmal _Protection Agency (USEPA), and United States Geological 

reference materials described by Gladney et al. (1 981 ), and 

sampfes submitted for ICPMS, ICPES, ETVAA, CVAA, and IC 

.,,.;_,, ... ,,,.z,;~· were either completelydigested using hydrofluoric acid (HF) or partly 

~-sing nitric acid (HNOs). The sample digestion-dissolution step 

· ·leaqhability and ultimately, the concentration of each analyte 

·. · EES-1, CST-9, and GST-15. Many trace and major elements, 

·. · Ba,.Na, K, U, and Th, are structurally incorporated within primary 

., .... :u~.'""'"' -and amorphous solids (primarily glass). Subsequently, HF 

a s~'rnple results in. high~r concentrations for some elements 

;,-_,.!<,Yi'''''-·OCC .. • 
•· par}Ie,l digestion using HNOa. Other trace elements, including As 

mainly concentrated on. surfaces of soil particles, consisting of clay 

fe-ftic oxyhydroxid~ferric hydroxide (termed iron oxides), through 

·prctce1sses. Under these circumstances. Hft and HNOa digestions 

anal~e concentrations. Therefore, digestion of environmental 

d!f,fE;!rent acids ·strongly influences analytical results. Consistent 

~®,na1te' -digestion procedures should be used to allow comparability of 

-~ 

.. · . 
·' .,.-_ 

?~~~~~\f~~~~#:il·:t(~;;~~~.~i~.;;~::~~iJ~i,ix~<; .•.. ~:i;'.'-~,;:i.:.~·.;.:,j(~~·· .. ~~:~tl;J~~i~1 
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TABLE 3. EPA-SW846 Analytical Technigues Used in Soil Investigation 

Element Technique Element Technique 

AI ICPES Mg ICPES 
As ETVAA Mn ICPES 
Ba ICPES Na ICPES 
Be ICPES Ni ICPES 

Ca ICPES Pb ICPES 
Cd ICPES Sb ICPES 
Cl IC Se ETVAA 
Co ICPES Si XRF 

Cr ICPES S04 IC 
Cu ICPES Ta ICPMS 
Fe ICPES Th ICPMS 
Hg CVAA Ti XRF 
K ICPES Tl ICPMS 

u ICPMS 
v ICPES 

ICPES, inductively coupled plasma emission spectroscopy 

ICPMS, inductively coupled plasma mass spectrometry 

IC, ion chromatography 
CV AA, cold vapor atomic absorption spectroscopy 
ETV AA, electrothermal vapor atomic absorption spectroscopy 
XRF, X ray fluorescence 
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PART I. CHARACTERIZATION OF BACKGROUND SOILS: 

AN OVERVIEW 

General Soil Parameters 

Part I of this report presents an overview of soil characterization studies 

reported by Watt and McFadden (1992) and Longmire et al. (1993). Part II 

presents detailed discussions on the geochemistry, geomorphology, pedology 

of each site. Results of these studies show that Laboratory soils have extreme 

~iversity and variability in soil properties and chemistry. Each soil profile 

described by Watt and McFadden (1992) has been separated into soil horizons, 

and each soil horizon has been characterized in the field by its structure, color, 

consistency, clay films, and pore and root content; and in the laboratory for pH, 

calciur:n carbonate content, cation exchange capacity (CEC), solid-organic 

carbon- content, particle-size distribution, bulk density, and iron content. 

Soil Horizons 

. Soil consists of a natural body containing layers or horizons of mineral 

attd/oriJrganic matter of variable thicknesses, which differ from the parent 

materiari in· their morphological, physical, chemical, and mineralogical 

propartf.~s and their biological characteristics (Joffe, 1949; Birkeland, 1984). 

Soil hp~izons described at the Laboratory generally are unconsolidated and 

consist ofO, A, B, K, C, and A horizons. An 0 horizon is characterized by 

surlace,~ceumulation of organic material overlying a mineral soil (Birkeland, 

1984).$everal 0 horizons were described by Watt and McFadden (1992) at . . . . . . 
Sit(3 4:, :Twomile Mesa. An A horizon accumulates humified organic matter mixed 

with amineral fraction and occurs at the surface or below an 0 horizon. A 

horizons are present at all soil profiles excluding Site 6, Frijoles Mesa, State 

Route 4 (Watt and McFadden, 1992). The B horizon underlies an 0 or A horizon 

and shows little or no evidence of the original rock structure (Birkeland, 1984). 

The 8 ·horizon contains clay minerals, iron oxides, organic coatings, and other 

geocheniically reactive phases that concentrate major and trace elements. 

Numerous 8 horizons were described at different soil profiles investigated 

during this study (Watt and McFadden, 1992). The K horizon is a subsurface 

horizon so impregnated with alkaline earth carbonate that its morphology is 



· ... 
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determined by the carbonate (Birkeland, 1984). Some well-developed soils at 

the eastern perimeter of the Laboratory contain K horizons at Site 4 and Site 7, 

Ancho Canyon mesas (Watt and McFadden, 1992). The C horizon is a 

subsurface horizon lacking properties of A and B horizons, but includes 

chemical weathering such as accumulation of silica and calcium carbonate, 

miner~! oxidation, and gleying (Birkeland, 1984). C horizons are ubiquitous at 

the Laboratory and are associated with parent materials (Watt and McFadden, 

1992). The R horizon consists of consolidated bedrock underlying soil horizons 

(Birkeland~ 1984). 

Concentration distributions, including minimum, arithmetic mean, and 

maximum, for several elements within A, B, C horizons are shown in Figures 5, 

6, and 7, respectively. Soil samples were digested using HNOa prior to 

chemical· analyses using EPA-SW846 analytical methods. Concentration units 

are ppm for most elements shown in these figures excluding AI and Fe, which 

are reported as wt %. The number of samples collected from each horizon 

varies and most samples were conected from Erhorizons (n=27). The same 

amount of samples were collected frqm both th~ A and C horizons(n=12). Most 

of the elements are log-normally distributed in the soil horizons, however, and 

the log:-:norfT\al mean is greater than the. arithmetic mean. Ranges in element 

distribution can exceed a factor of ten for mostof the elements plotted on 

. Figures$.,-6; and7. These figures can be usedto compare concentration of 

. ele~e~f-~~nges with site-specific soil· data, provided that the soil horizon(s) is 

known fri:>m. which ·toea! soil samples are colle¢ted. 

Figure 8 shpws mean-element concentr~tions within A, 8, and C 

horizon's:for Laboratory soils. In generat, the B horizons contain higher 

concentrations of most trace elements (AI, As, Ba, Be, Cr, Cu, Fe, Ni, Se, Th, Tl, 

and V) relative to A and C horizons. This trace-element enrichment within 8 

horizon~ is due to the presence of geochemlc~Uy-reactive phases, primarily 

clay minerals and iron oxides, and is discussed in more detail in the following 

sections;ofthis report. The A horizons sampled during this investigation contain 

higher concentrations of U and Zn relative to the 8 and C horizons, and the C 

horizons have higher concentrations.of Co relative to the A and 8 horizons. 
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Primary and Secondary Solid Phase!S and Parent Material 

Variations in soil-elemental concentrations are related both to chemical 

characteristics of a particular soil horizon and to parent material, the latter 

consisting of alluvial fans, sheet-wash material, colluvium, fallout pumice 

(EI Cajete), wind-blow sediment (loess), and the Bandelier Tuff. Mineralogical 

data have been collected the most on the Bandelier Tuff and the following 

discussion focuses on the Bandelier Tuff as one of initial sources of parent 

material for soils. Primary major minerals and solid phases found in the 

Bandelier Tuff include tridymite, quartz, feldspar, and glass (Broxton et al., 

1994). Minor and trace minerals consist of smectite, hornblende, mica, hematite, 

magnetite, kaolinite, and gypsum. Primary major minerals, secondary soil 

minerals, and solid organic matter occur within soil profiles sampled and 

characterized during this investigation. Secondary soil minerals include 

aluminum oxides, iron oxides, smectite, illite, kaolinite, calcite, gypsum, and 

manganese oxides. Some of the more important secondary soil phases and 

organio matter with their associated trace elements include: Fe and AI oxides 

(Be,~~ •. P,V, Mn, Ni, Zn, Mo, As, Se, U); Mn oxides (P, Fe, Co, Ni, Zn, Mo, As, Se, 

Pb);e~ICium carbonates (As, Se, P, V, Mn, Fe, Co, Cd, U); illites (B, V, Ni, Co, 

Cr, Cut;.z:n. Mo, As, Se, Pb); smectites (B, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Pb, 
I. > .. • 

U): and organic matter {AI, V, Cr, Mn, Fe, Ni, Cu, Zn, Cd, Pb, U) (Sposito, 1989). 

Thes~i,race elements are chemically associated with solid phases through 

a~bs'O;tPJiO:n and coprecipitation reactions. 
. -~:· ~ . ,. 

·: :j~~ origiri(s) of soils on the Pajarito Plateau is a complex question to 

fiddre$.~ because the parent material consists of a variety of geologic media 

fistecf~bo~h~; Some of the parent m~terial was initially derived from the 
. . ,, .. . . ~ 

Bandetfef_Tuff during the past 1.6 Ma. The Bandelier Tuff contains varying 

arhourti~of glass (17-88 wt%) (Broxton et at., 1994), which shows the feast 

. resist~_~p~;to chemical weathering and is of great importance as a parent 

materiiil_. the fine particle-size, glassy nature of the particles, and high porosity 

and permeability of the Bandelier Tuff and related sedimentary deposits 
·:·· . 

enhanc.e Weathering and physicochemical and biological interactions in soils. 

Unaltered:and altered glass is a major constituent observed in soils at the 

Labor~tiory. Rapid weathering of glass releases elements to solution faster than 
.-· ~-- . 

crystalline phases can form. Subsequently, soil solutions become oversaturated 

with respeCt to poorly ordered solid phases, including ferrihydrite, allophane, 
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and imogolite. Formation of noncrystalline or poorly crystalline iron 

oxyhydroxides is favored compared to crystalline forms in soils derived from 

volcanic ash (Shoji et al., 1993). Childs et al. (1991) showed that ferrihydrite 

(Fe1001s·9H20) was the dominant noncrystalline iron phase present in 

volcanic ash soils of Japan. The weathering conditions of glass in the Bandelier 

Tuff contribute to ferrihydrite precipitation in which high concentrations of silicic 

acid and iron are released to solution. 

If there is a pedogenic relationship between the Bandelier Tuff and soils. 

there should be similarities in major and trace-element chemistry between the 

two geologic media. Figure 9 shows the product index versus weathering 

potential index for two diverse soil profiles (Site 1, Lower Los Alamos Canyon, 

poorly developed and Site 7, Ancho Canyon mesas, well developed) and the 

Bandelier Tuff. The product index and weathering potential index are 

quantitative parameters that decrease as soil development proceeds due to 

increasing clay- mineral and iron-oxide content and silica remobilization. 

Titanium concentrations can also increase in soils over time due to the low 

solubility of resistate minerals, including rutile and anatase, which contribute to 

decreasing product and weathering potential indices. Elements that act as 

bases in soil solution, including Ca2+, Mg2+, Na+, and K+, can either be leached 

or concentrated in soils depending on specific dissolution-desorption (leaching) 

and precipitation-adsorption (concentrating) reactions. 

The Bandelier Tuff is characterized by a narrow weathering potential 

index (5.8 to 7.4) and a moderately narrow product index (88.9 to 92.4). 

Titanium concentrations are the highest in unit 4 (youngest) and are the lowest 

in unit 1 (oldest) of the Tshirege Member. Subsequently, unit 1 has the highest 

product index (92.4) and unit 4 has the lowest product index (88.9), with unit 3 

(89.0) less than unit 2 {91.0). The weathering potential index can be positive 

when water content is less than the summation of total bases, or it can be 

negative when the water content is greater than the summation of total bases. A 

negative weathering potential index occurs as hydrated minerals, including clay 

minerals and gypsum, accumulate in soils. Well-developed soils generally have 

a more negative weathering potential index relative to poorly-developed soils. 

Based on field observations, the poorly-developed soil at Site 1 is mainly 

derived from the Bandelier Tuff (primarily the Otowi Member) and accordingly, 

this site plots close to the Otowi Member and unit 2 of the Tshirege Member 

(Figure 9). Soils at site 7 are well-developed and subsequently, they have lower 





. ' . . 

.•• weather potential indices·relative.to the Bandelier Tuff and Site 1 

~t'~~~ 1 are not directly derived ·fro~ the Bandelier Tuff and probably 

l.nuniU!II::'- ~gur!=es of parent mateHal base·~; on field observations and 

~'~!~~;!~!lx~~J~};J~~~~,-p ·-t·r··,?Q.~l·~ index· and:wec.}t.heri~g p~tential index values shown in 
· ·other site.sat¥~xpedted·f6 plot between these two end-

._ ··on Figure 9. More-work is·r~quired to further understand the 

_- .ritf;Daterial for soils forming on'the Pajarito Plateau. 

of clay~rjch hori~ons are larly_ relevant to the fate 
us inorganic?:ana ,..· _· ..... ""'· . .-...,:... contaminants found at the 
.' .' · .... .... : ··'· .. , . 

·rocks 

•. ofclayminerals as . 
.,.,..,1-·"'"·. ~the smallest p~rticle 

~$;~~areaf£~wtiich i$.~rl impoJ1ant factor in 
•i:>J.ti,miilintc::··. Figure 10•illustrates this 

.~ .... .,..,.,,..,+,,.,,n:,nh't.abae~;:,t>t'·''As;:;\&rld ·Be to abunda~ees of elay

(Ancho Canyon mesas). 
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and Be are found in higher concentrations at Site 7 where the soil is 
'. 

ctu:~.rat3tB:.I rize~d by higher abundances of clay-size material concentrated within B 

hnlri:i(r'<r·i·e. · .. ·The T.A-39 soil is mo~t: developed relative to the lower Los Alamos 

and higher concentrations of trace elements can thus be expected 

.· strQhgly developed soils at the Laboratory. 

in the clay-size material can reflect variations in parent 

,rn~getJWit~j;:·age, t()pography, eolian input, and degree of chemical weathering 

nl"'<",a,~nn· 1984;· Sposito, 1989; and McBride, 1994). An increase in clay 

refl~t the presence of pedpgenic clays, or may be related to 
;o'lmnr.c~n .. ·•_r .n of the parent rTlaterial. 

· · '· ·1 'fits a bivariate plot of clay-size material versus AI203 content for 

·-nnrl7-t'ln~ samplec!during thi$.study, showing a fair positive 

betwe~n these•tw9 variables. Typical At203 

.. ,_,of"'nr"t'Qrt in WfO~)f.ound In cla.y minerals, including mean and 

. . . fdr~siuedttteslm.ontnioritlonites .. beidellites; 26.35 
.tn-;.,um·.::.·· ·c,·, 24.79 (1$J 734.SP) for mixed layer Hlite-montmoril-

1'_. .. ..,"7.•.·r.~r.·:.· (29.;:96-40.22) for kaorJnites(Weaver and Pollard, 1973) . 

. · . .· · shoiNI't''in F!gut~ 1 0 are lower than the cited values 

J:n:r:Oilfutilo·~·n ·. of clay~fMiheraJ a~uridance within the heterogeneous 

·•eor.:-·-·'-ant qiay~ful~eraJS f~vnd in aoils on the Pajarito Plateau 

'"""·''· "'""'" mixe91Jay$,r$tf'srri~~tite based on results of X-ray 
· ............... -n~r:t~. 199$; .P~tson~ corrnnuriication on September 

o~P,~~~~nt o"!~Eatth and Planetary Sciences, 

\Ne~w<M ... , ... .., .... J. str~(?tural~y dtko~red. ah.lminosllica~~s. including 

-·iRJo.tli::iHtie.· proq~biya:r.e ai~6,pr~sent in the clay-size fraction 

the &ari~elier Tuff. The B horizons contain highest 
. ~ ~ ··- . . 

. . . . .· materiatl' 
.··. . bivariate pJ(>(pf SiOa versus Ai20s for soi.l samples 

. . .. 

>-C."f"lnr•·'7nr"IC whJch ~hows an inverse relationship between these 

have lower Si62 concentrAtions than feldspars and 
... "'1.d•v..c•r. they gene,rally have ·nigher concentrattons of AI203 than 

:>osito:~:J9189: McBride, 1994), Enrichment of AI20s and depletion of 

.. n'~rals result from hydrolysis reactions involving glass and 
,.l,..l:I'I'Aco Chemical weathering of giass, represented by AI203-Si02, · 

. ne.(SiaAI4012·nH20) and imogolite {AI2SiOs(OH)4) are shown 

~ · .. 

·.+ 

.. ;~; 

'·--;: 

~~~~~~~~~~~~~~.; .. ,.~.·:.~.~.t;;~ .. ~-,-~.~~:;_~~(:~~;:~l,i~~ 
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~(AizO~Si02} + 2H20 = AI2Si03(0H)4. 

Feldspars may weather to smectite through hydrolysis: 

:,4KA1Si~6,8 + 0.5Ca2+ + 2H+ + 1 OH20 = 

K[Si7.sAio-.s]AI3.sCao.s02o(OH}4 + 4.5Si(OH)40 + 3K+. 

(eq. 1) 

(eq. 2) 

(eq. 3) 

~~~~;~~~;," ._EQ[t;Ja1:iC:. ·~· •• 3 iU::;:~~b;::~~=~~::!~~:~?!kE~;;;;~:;~r::~::::;:;: 
telid$~$i3..t ·s:·; ~Jri addition to hydrol~si~. niiile:;ti.~~s. clay minerals may also be 

rltt'<>to•if.·: ;·,., ·. 8 horizons .by tr~n~l~~ti,PIJ··9f:~ateriaJfrom overlying horizons. 

'. 13' is·a. bivariate pk~{ofclay~~izJ material versus Fe .content for all of 

B',trott~<lr!s:s;a·, . • · .· . during t'o.r~t~~~§~:~ 't~~'~prrelatior (r2 = 0. 72) between 

xvanat:11es. · . · ;good, su~-~~~,~~;{~~,l~~~ o~ides_pr~b~bly occur as 
r-rii:itirin~';-~f.w':l.-iinfi:~rri:Jr·r· iu· lfhci Wifh 'CJay·jtli'f.l~f:alSj;')~Y,flich iS COnSiStent With . 

'.'· ,.··:.:::~:~(·::<>.:)> ·:< ... ~ .;.\..i,:;;,.. . . : 
reported, by RPS~j{o (19.~§t)and.McB~ide (1994). The 

.-;:."'•'·"""''·u. · :phases o~p:~;i'tt!~-:~6.th~f::j}~ljarit9 Plateau ~oils probably 
> .: · ,.. :. ,·.: . .'~· ':t~··>.(:-: ~1.:• ~-.~?. r':,; .. ~:"'f.~·l:~·.·. . ... ~ ·. · 

j:l;,:;·;i.lti~~Jl~ft~i~~ji,!PP~H~ .. · · )s. go~ttiif~:·~~f;;t)@~. and h~rnatite ~-Fe20s), 
rnA: AXaGt·.· mineralogy ha~ h61'::b~~r.l: ~~~t~rrniried ftom XRO analyses. 

l?een report~~j~ nuft)er~~ sails ch;aracterized world wide 
· · and w~~tVl;S9d). · ·~ 

·• ·· </_'.C _>:: ~~~ratbry-determined soit:pH vat~es range trom s.2, tor a sample 

····~:;¢t?ta!h~>~t9.rJlC1~~0.:horizon at$ite:4~ Twomile:fv1esa (TA--69), to 8.2 for a sample 
· · · :/;;J:6r . ~ffir:n~;~tcarbonate-~rich ··zoi-r~·,at Site 5 ;~Water Tanks Trench, TA-16 (Watt 

. ·.: ···.::..:.·-- t . ,.>·~.'.: : .,·. _.:. ·. . ' ~ .. '( .: . ·. ·::· ·.'· ·. :·' ~!; 

.....•. ~nq:~:·?. --~'-en,-.1992). Solid organ!~: carbon ·isi'concentrated in 0 horizons 

•·•···•· /i~pnt~l~itfg;i¢?:~9xilic .addsthat deproton¥lte ~~de.r moderately acidic (4.5) 
.•• ~.\cbrfctl~f~1ft§~~;:fhi~·-(r~protonation resOitS in acidlo;,;pH conditions within 0 horizons. 

· · ... ; '' . ··. · · .. -~\;:;: .k'J::"!:: :·· :·~.:·. ; . : :. ·:·. . < • ,·· ·.·,.J .- . · . ,r,~· 

. :.- .:.··~r:iadditi~p•; ¢nhanced biological actiVIty in 0 horizons produces a high partial 
· .. ··· : /: ' ptes$tlf~~fC02 gas, which reacts with soil-pore water and thereby decreasing 

. ' . . .· ··~:~':-· . ::~·: : . . ·. . . . . ' . 
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soil pH. Poorly developed soils at the Laboratory tend to have lower pH values 

(5.4-6.5) in the absence of carbonate horizons, whereas well-developed soils 

have higher pH values (7.0-8.2) primarily attributed to presence of calcium 

ca.~. rmate~ (K) horizons. The 8 horizons at the Laboratory tend to show variability 

in pH values (5.4-7.9), but tend to be dominately characterized by alkaline pH 

values. ln the absence of 0 horizons, soil pH is controlled by calcium carbonate 
and partial pressure of C02 gas (Sposito, 1989; Orever, 1988). Soil pH is an 

importa!Jtparameter that controls precipitation-dissolution and adsorption

desorpti.()r;t reactions. Anion exchange and adsorption usually occurs under 

lower Mfconditions relative to cation exchange and adsorption. Contaminants 

found. in aqueous solutions at the Laboratory probably occur as both anions 
{U02(CQ3)22~. H2As04-, HAs042-, Cl·) and as cations (Ba2+, BeOH+, 3H+ as 

3H20);:b~~~d on speciation calculations using thermochemical data tabulated in 

Grenthe·et aJ .. (1992) and Rai and Zachara (1984). 

Calciurri•Cfirbonate Content 

·· GaiGium carbonate content of the soils is highly variable, ranging from 

Q;1wt% iri a CBt horizon at Site 4, Twomile Mesa to 100 wt% in a K horizon at .... · ... .;,, .. . .. 

. Sil~ i,A~~Cho Canyon mesas (Watt a~d McFaddEm, 1992). Most of the calcium 

carb6n'ate);f:6undin soils on the Pajarito. Ptatea~·probably originates from wind

blown bf:atmospheric sources (Watt.and McFadden, 1992). Carbonate 

che~j~t!}! .i~. lmportant in controlling soilpH; prclviding active adsorption sites for 

·.· · anio~ic ~hd c~tio~ic adsorbates; providing lig~nds for metal complexing, 

especi~tt9ior,utanyl (U(VI)); enhancing·the st<Ibility of smectite characterized by 

. a higW~a~km exchange capacity (CEC); and controlling hydraulic conductivity. 

Carbori~{e;rich horizons likely reflect climatic conditions that favor relatively 

high ar-nqupts~of e1.trnospheric dust available for deposition. Calcium carbonate 

is an important' adsorbent for cations (Cd2+, zn2+, Mn2+, Co2+, Ni2+, Ba2+) and 

anions (P043~ •. SeOa2·, and possibly U02(C03)22·), where solution pH and 

calcium carponate concentration are the most important factors controlling 

adsorpti()tl pr()c;esses (Zachara et al., 1993). Calcium carbonate content is 

discussed in more detail in specific soil profile sections. 
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cap~ city (CEO)· vari~s from 3 to 28.5 -rnilliequivalentsl 

. . • · ·• 00 g)1 ~hich is r~flective of the dif.terenHypes of clay 
'~ococrn_ in the soH$. figure .14 .. fs a bivariate plot of me.asurep CEC 

.· ~ .·. . .. m.a~~-rial, ~fls.>wi.~g :that C:6C geJleraJiy ·~ncreases with 

cla~w:c~:>nttem;•· E3~q~~~~-~ tJqrfzon$ .have the highesf\~lay mineral 
.,.,.,,,...,,..,.,..,,., the~hlgh$sf QEi~. Higher CEC vatu.es -~re asspciated 

·. . . h~#~~ft'lay~rs~!da.y ri)fuerals s.IJ.Ch a~ ~mectite or 

ICT'TJH· ..• "•·······~:~~t~~~&~l;:;t.'~~;~~::e1'~'• 
. ·a·re·'g~~~h~fr1ld~·uyrnore rsae~l~e (larger suiface area) 

"""' ... ~-·--". .· ~~:~~~s;·· .. . .· .. . .. . . . . 

',!: 

l.f¢.~lo~rboll{(~5~(~) clZ>ntl~nt ratfoes4iom· OJ>7 to 2~83 ~% for soil 
itiV:43stiJaatlbn.:::Wf:l·et:~sc:>.c oontelht· typlcally Is 
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As 
Ba 
Be 

Co 

Cr 
Cu 
Fe (wt.%) 
Ni 

Pb 

Se 
Th 
Tl 

72 
72 
72 
75 
72 

72 
67 
72 
70 

69 

41 
72 
40 

12.2 
6.6 
1.51 
10.3 

16.7 
b2B.36 
0.75 
7.1 
0.42 

0.~- 1_3~6 . 
24-730 
0.18- 4:00 
1.00-4.40 
5.5-34 

1.9-37.0 
o~6- 16.o 
0.33-3.60 
2.0-28.0 

4.0-37.0 
18.00- 56.00 
0.30-2.40 
0.6- 15.0 
0.20-0.90 

.umoer of 
&~@!,$.-

67 
75 

75 

74 

75 

75 

5.04 
459 

7.14 

34.74 

2.37 

16.06 

,,,· 

Range 

1.20-10.81 
125- 829 

0.44-23.35 

2.03-71.07 

1.09-4.86 

10.09- 27.30 

u 72 0.94 0.20- 2.40 75 . 3.41 1.54- 6.73 
v 72 26.6 4.0 - 56.0 72 48.95 11.54 - 113.1 0 

aoata are reported in parts per mitlion (ppm) unless otherwise noted. 
bHydrofluoric acid used in sample dissolution. 
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I and II. Soil digestion procedures consisted of HF (Be, Cd, and Pb} or HN03 
leaching prior to chemical analyses using EPA-SW846.methods including AA, 

ICPES, ICPMS, and IC and other available analytical techniques including 

INAA and DNAA. Arithmetic mean and ranges for analyte concentrations are 

also provided in Table 5. Generally, these data agree well with soil data 

reported from other sources summarized in Table 6, including Ferenbaugh et al. 

(1990) for Sigma Mesa on the Pajarito Plateau and Schacklette and Boerngen 

(1984} for many different locations in the United States. Samples collected by 

Ferenbaugh et al. (1990} consist of shallow (6 inches) grab samples on a 

portion of Sigma Mesa without specific reference to soil horizon{s) . Laboratory 

soils contain higher concentrations of Th and U relative to other soils listed in 

Table 6, which is a result of different parent material (sheet-wash material, 

colluvium, wind-blown sediment, El Cajete) derived from volcanic rocks on the 

Pajarito Plateau. Laboratory soils fall within the range of elemental 

concentrations reported elsewhere in the United States (Schacklette and 

Boemgen,1984, Table 6), although the mean values for Laboratory soils are 

higher for some elements. Table 7 provides brief descriptions of soil and rock 

samples collected at each soil profile in this study. 

Figure 15 shows concentration ranges for several analytes using 

different digestion procedures and analytical techniques. Delayed neutron 

activation analysis, INAA, and HF digestion with ICPES generally result in 

higher mean elemental concentrations, because INAA and DNAA techniques 

and HF digestion procedure with ICPES provide total elemental analysis. In 
contrast, HN03 provides partial sample digestion. Concentration distributions of 

As in background soils are similar for both INAA and HN03 digestion with 

ETV AA. This may result from complete dissolution of amorphous Fe(OH)3 or a 

related phase at pH < 1 with HN03 digestion. Figure 16 shows solubilities of 

several low temperature, Fe-bearing phases occurring in soils in which 
amorphous Fe(OH)3 is the most soluble phase over a wide range of pH values. 

Thermochemical data were taken from Lindsay ( 1979) to construct Figure 16. 

Other Fe-bearing phases potentially present have not completely dissolved 
during HN03 digestion as evidenced by a higher mean and larger range for this 

element using INAA (Table 5). These phases probably include magnetite, 

hematite, and structurally incorporated Fe occurring within primary silicate 

minerals such as hornblende and biotite. Partial dissolution of iron-rich clay 

35 

,. 
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TA~f;i 6. Elemental Conceotr :-.tjons in Soil 

'·: · Fjrenbaugh et al. (1 fl90) 
_ $,1gma :Mesa, Los Alamos 

-Ef~ntetiia Mean Range 
, ; .. ··J·.:.~_.r~~ ·. 

·. '/• .. 

5.8 
3.9 
410 
1.9 
1.~ 

1(0. 
· <·tpo 
' 2''1: 
.. 1 (l 

240 

.:;;*t·'·: . . · 

1.7 ·. 
18. 
StQ 
8;9'' 
24'' 

120· 

5.3-6.7 
1.3-6.7 
120- 810 
1.1 -3.3 
0.40-5.7 

30-520 

4.2;. 136 
2,0-18 
50- 390 

1.0-2.6 
7.0-29 
330-840 
1.6- 19 
8.0-98 

90- 160 

. 0.25 0.079- 0.49 

54 38-71 

Schacklette and Boerngen (1984) 
Random Locations, USA 
Mean Range 

5.8 
5.5 
580 
0.68 
0.52 

41 
21 
280 

2.1 
46 
380 
15 
17 

69 
9.1 
0.22 
2.5 
55 

0.5- >10 
<0.1 - 97 
70-5,000 
<1 - 15 
<0.5- 11 

3-2,000 
2-300 
<10- 1,900 

0.1- >10 
<10- 4,600 
30-5,000 
<5- 700 
<10- 700 

<20- 210 
2.4-31 
0.05-2.0 
0.68-7.9 
10-2,100 

· · :·c,:n:; ·i~~:t:wtfr:?: : ... _ _ :_:. · 
:fib!i:tta1:~fa~t~j:mrt~d in parts per million (ppm) unless otherwise noted. 
' . ... . . ··:.:,,' .-,~,.. . . 
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TABLE 7,· SOIL SA·M'P-LE LQCATI·QN AND SOIL HO·RIZON 
COLLECTED DUBlNG-· S'Cllb BAb;~<:G;R·OUND INVESTIGATION · · (cO.Nfr~··~w·'i:t:,~t!\1. · · · · · -;.': ··· .. :~'~\< 2 :· '·:.vi~ u.~' 

SOIL PROFILE SAMPLE NUMBER SAMPLE DATE SOIL HORIZON 
Ancho Canyon Mesa, T A-39 
State Road 4 2032 92 06 12 12 17 A1 

2053 92 06 12 12 34 A2 
2061 92 06 12 12 46 Bt 
2057 92 06 12 12 55 Bwkb, 2058 duplicate 
2046 92 06 12 13 30 Btkb, 2047 duplicate 
2034 92 06 12 13 14 Bwkb 
2060 92 06 12 13 50 2Cr 

Water Tanks Trench, TA-16 
State Route 4 2054 92 06 18 13 45 A 

2064 92 06 18 12 20 SA 
2051 92 06 18 12 20 2Bt1b 
2049 92 06 18 11 45 2Bt2b, 2041 duplicate 
2048 92 06 18 11 15 2Bt3b 
2063 92 06 18 11 00 2GB 
2001 92 06 24 10 12 Base Colluvium 
2006 92 06 24 09 50 CaC03 Zone 3, 2025 duplicate 

2007 92 06 24 09 16 CaC03 Zone 2 

2008 92 06 15 16 00 Oxidized Zone 
2009 92 06 15 15 45 Reduced Zone 
2030 92 06 18 14 00 CaC03 Zone 1 
2050 92 06 10 11 35 Organic Matter 

~--· .L-~ 
•' .... , __ ... 
1.-r· . ' ,,; ... ,.., .. 
:./' 
._:t1 
..... ) 

~~t ...... ~ !' ·Q!~~·'"'"""; .. !.:~~·-r.:~ .. .::.... ~ ::..,,· ~ ..... ,1::~ 

u u 



' ·>friJafe~·Mssa/TA ... 4:g· · 
· · · State :R~ute 4 · ·. · 

·.Notes~ 

2(}04 
:2005'. 
2002 
2b63 

Satitt~ller·itJff, tiesh sample 

· ·· .. -~.fflf~s!~~ .. f:it!"~ , ~o... 
_ : ~NietmiM";m.Ja <: 

llM~i, '8iu1:~;{::;e 

' ,,~~~~~l~ 
92 0&.24.14 tO 
:g~~·os 24 14 o2 

- ·FthtrFr:a~ture t=m (inner) .,, .. 

. avv.··· 
~wt< 
2CS 
A, Bandelier Tuff (weathered) 

c 
;v,,/:c 
);>. · .. .., 
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COMPARISON OF SAMPLE DIGESTION USING HN03 OR HF (Be, Pb) WITH 
ANALYTICAL TECHNIQUES (ICPES (Be, Cr, Pb), ICPMS {Th, U), AA (As), 
INAA (As, Cr, Th), AND DNAA (U), BACKGROUND SOILS, LOS ALAMOS . 
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minerals (nontronite) also occurs under the acidic conditions of HN03 digestion, 

which may release some additional Fe to solution. 

Different trace elements summarized in Table 5 are distributed in 

background soils by the following processes: (1) trace elements that are 

concentrated primarily on surfaces of soil particles through chemical 

weathering, for example As; (2) trace elements that remain concentrated within 

soil particle matrices consisting of primary minerals (silicates) and glass, for 

example Sa, Th, and U; and (3) trace elements that are distributed as a 

combination of processes (1) and (2), for example Be, Cr, Pb, and V. Process 

( 1) is due mainly to adsorption of trace elements onto surfaces of clay minerals, 

iron oxides, solid organic matter, and calcium carbonate, whereas process (2) is 

dominated by coprecipitation within primary minerals. Barium, Th, and U tend to 

show lessor amounts of leaching from primary silicate minerals and glass 

relative to As and Be, which have become concentrated on surfaces of soil 

particles through chemical weathering leading to element remobilization. 

Uranium (IV) probably is the dominant valence state within primary phases 

present in soil. This is based on significant differences observed between total 

element and HN03-digested fraction, suggesting some leaching of U has 

occurred. Uranium (VI), however, is characterized by greater amounts of 

leaching relative to U(IV), which is not observed. Factors controlling extent of 

element leaching from primary soil phases include solid-state diffusion, 

solubility of the host phase, dissolution kinetics, solution flux, pH, Eh, and 

speciation of the trace element. 

Examples of adsorption-dominated processes, involving Fe, As, and Be, 

occurring during pedogenesis are now considered. Figures 17 and 18 are 

bivariate plots of Fe versus As and Fe versus Be, respectively, for samples 

collected from A, B, and C horizons. Clay minerals and iron oxides are 

concentrated within B horizons, which result in adsorption processes occurring 

to a much greater extent in the B horizons relative to A and C horizons. 

Amorphous Fe(OH)3 has been experimentally shown to have a surface area of 

306 m2/g, whereas measured surface areas of lepidocrocite and hematite are 

45 and 1.8 m2fg, respectively (Stumm and Morgan, 1981 ). Other important 

properties of these sorbents include surface charge, speciated form of sorbate, 

and properties of electrical double layer, pH, and Eh. Amorphous Fe(OH)3 has 

a higher sorptive capacity for transition metals and metaloids, primarily due to 

its large surface area, relative to lepidocrocite and hematite based on results of 

. ·.: ·.: ···~..:.·~ ... ~.: 
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experimental data reported in ' .. lumm and Morgan (1981), Sposito (1984), 

McBride (1994), and Stumm (1992). 

Most specific adsorbents, including calcium carbonate, iron oxides, 

manganese oxides, and amorphous aluminosilicates, have a pH-dependent 

suriE!Pe charge. These phases are positively charged below their point of zero 

charge, termed PZC, and negatively charged at pH values above. At the point of 

zero 9harge, solid phases lack net surface charge corresponding to pHpzc· The 

PZC has a specific value for each adsorbent (Sposito, 1984: Stumm, 1992). 

Decrsasing soil-pore water pH or groundwater pH increases positive surface 

charge.. and enhances anion adsorption, whereas increasing pH favors cation 

adsoiptf<:m through increasing negative surface charge. 

' Cations, including Be, Cd, Pb, and Cu are both specifically adsorbed and 

undergo ion exchange; ion exchange becomes important when the specific 

adsorption capacity is exceeded (Sposito, 1984). For example Na+ and Ba2+ 

are ~efuoved from solution primarily through cation exchange. Increasing cation 

adsowt.!~n with Increasing pH results from hydrolysis of cations and decrease in 

positiv~:charge of amphoteric adsorbents. 

·••· '(lgands that form stable complexes with cations dissolved in soil-pore 
Wat~(bf groundwater decrease free cation activity and cation adsorption. 

Bica~n~te and possibly humate and fulvate probably are the most important 

ligaMc.f~;;jJ{ind in natural waters at the Laboratory, based on background water

quf1Jify.':i:thla collected in Los Alamos Canyon (Longmire, unpublished data). 

P:resen¢e of major cations such as Ca2+, Mg2+, K+, and Na+ and specifically 

adsof.b.ed;ions of U022+, Be2+, and Cd2+ in solution tend to limit adsorption 

through: competition for cation exchange sites and specific adsorption sites, 

respettively. 
,·gxyanions, including Mo042·, Se042·, Se032-, Cr042·, As042·, As032·, 

and sdk'2-~ are specifically adsorbed onto positively-charged solids (catcium 

carbon'ate, clay minerals, amorphous Fe(OH)3, and FeOOH) with maximum 

sorpttofroccurring under acidic conditions. Adsorption of oxyanions onto iron 

oxide~':and aluminum oxides decreases in the following order: As> Cr ?. Mo?. Se 

= S04 (Rai and Zachara, 1984). 
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STATISTICAL ANALYSIS OF BACKGROUND ELEMENTAL 

CONCENTRATIONS IN SOILS 

Comparisons of site data to background data are needed as part of the 

Resource Conservation and Recovery Act (RCRA) corrective action process 

developed by the EPA. The ER Project follows the general guidance provided in 

"Statistical Analysis of Ground-Water Monitoring Data" {EPA, 1989). Details of this 

approach are presented in the background comparison guidance document for 

the ER Project (Ryti, 1995). Two types of statistical comparisons to background 

data are presented in this guidance document. The first method is based on 

calculation of the upper tolerance limit {UTL) for background data. The UTL is 

equal to the mean plus the standard deviation multiplied by k-factors (one-sided 

normal tolerance factors), using the ggth percentile at 95% confidence. The UTL 

is a "hot measurement" test, which means that site data greater than the UTL

calculated threshold value are considered to exceed the normal maximum 

background concentration for a particular element. Values of UTL for naturally

occurring metals and nonmetals in soils, including A, B, and C horizons, at the 

Laboratory are presented in Table 8. These values are also presented for 

radioisotopes of K, Th, and U by assuming natural abundance of each isotope. 

The second type of background comparison is a "distribution shift" test, which 

determines if the mean of the site data is statistically greater than the mean of the 

background data. 

TRACE ELEMENT CHEMISTRY OF THE BANDELIER TUFF 

The Bandelier Tuff was derived from explosive volcanic eruptions in the 

Valles caldera, Jemez Mountains west of the Laboratory. The Bandelier Tuff 

consists of two members (bottom and top): 1. Otowi Member, consisting of 

primarily of nonwelded, lithic-rich, rhyolitic ignimbrite (1.61 Ma) and 2. Tshirege 

Member, composed of nonwelded to welded rhyolitic ignimbrite (1.22 Ma) 

{Smith and Bailey, 1966; Smith et al., 1970; Gardner et al., 1986). Goff (1994) 

subdivided the Tshirege Member into five subunits and a basal pyroclastic fall 

unit. Units 2 and 3 in the Tshirege Member are of the most relevance to Solid 

Waste Management Units (SWMUs) located on mesa tops. The Otowi Member 

is exposed along sides of major canyons, including Los Alamos, DP, and 

' ; ., 
•.: 



DRAFT 
· Tab,J$>8 •. , List of Upper Tolt:lrance Limits (UTL) for LANL (Laboratory) 

. . ~ .. Background Soil Data collected from A~ 8, and C Horizons . 
.. . . 

Mean • Standard UTL N N > DL 
~ .•,. d 

19000 13800 58900 47 45 
32 2.45 0.36 2.5 (MAX) 46 0 

Blflll%8 4.4 2.5 11.6 46 45 
. 5,600 161 129 1140 47 45 

~~l'jif~~- 1.15 0.75 3.31 47 45 $.,··t~W~""" . ,,~h*N.~ "'"'·'• oV. 

80 0.39 0.54 2.7 (MAX) 47 3 
5790 12500 54400 47 45 
11.7 7.8 34.2 47 45 
15.2 7.6 51.1 47 45 
5.3 3.6 15.7 47 43 

14500 7320 35600 47 45 
15;0 8.3 39.0 47 42 

2920 2150 16100 47 45 
343 238 1030 47 45 

24 0.05 0.01 0.1 (MAX) 48 1 

400 NA NA NA NA NA 
. .1 600 9.7 5.9 26.7 47 43 

~~*~-· 2420 1304 6180 50 50 . '· .·:: .. ,~~ •. <: ' ••.. 

400 0.43 0.41 1.7 (MAX) 46 22 
4·00 ·• NA NA NA NA 

····~-~~~-- 577 453 1880 47 45 . .,·_~,··.:'a 
48,000 NA NA NA NA NA 

6.4 0.27• 0.24 0.9 (MAX} 45 20 
160 0;86 0.43 2.09 46 45 
560 25 14 G.S 47 45 

2;4,000 41 21 101 47 45 .. >_ 21.$ 5.07 36.1 50 50 , .. : . !i!}l. < .. ... ..... .. ... 

5 1.71 0.34 2.68 50 50 
86 1.21 0.29 2.03 50 50 

50 
50 

alue4st.eoo .. !1ed. rather than the UTJ.. 
·elemental concentrations reported in the LANL background report 

.: !!:~ . ~·. '. 
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Pueblo canyons, and this member is important for SWMUs located in these 

canyons. 

In Los Alamos and DP canyons, the Otowi Member consists of white, 

massive, nonwelded, rhyolitic ignimbrite containing approximately 5% pumice 

clasts >2 em in diameter and about 5% clasts of pre-Bandelier Tuff lithologies of 

sand to cobble size (Goff, 1994). The ignimbrite matrix consists of poorly-sorted 

ash, pumice, crystal, and lithic fragments. Phenocrysts in pumice consist of 20 

% quartz and 80% sanidine (Goff, 1994). The Otowi Member is characterized by 

a smaller range of glass content (66-71 wt%) relative to the Tshirege Member 

(17-88 wt%) (Broxton et al., 1994). 

The Tshirege Member is exposed throughout the Pajarito Plateau, and is 

characterized by variations in welding, devitrification textures, and in distribution 

of flow and cooling units (Baltz et al., 1963; Weir and Purtymun, 1963; Vaniman 

and Wohletz, 1990 and 1991). Detailed descriptions of the Tshirege Member at 

TA-21 are presented in Broxton et al. (1994) and Goff (1994), and these 

descr-iptions are representative of much of the Bandelier Tuff in the central and 

western portions of the Laboratory. 

Trace elements found in the Bandelier Tuff, which are of importance to 

the ER Project and exceed SALs (Table 2) include As (SAL of 0.4 ppm) and Be 

(SAL of 0.16 ppm). Uranium and Th distributions in the Bandelier Tuff fall below 

the 238U SAL (59 pCi/g, 177 ppm) and 232Th SAL (5 pCi/g, 46 ppm}. 

Background concentrations of many elements of concern vary between different 

stratigraphic layers within the Bandelier, Tuff. For example, Be, Cs, Th, and U all 

show trends of decreasing concentration with increasing height in the Tshirege 

Member, with specific stratigraphic layers typically displaying less internal 

variation than is present between adjacent layers. There is some overlap of 

elemental distributions, however, between the units where the tuff samples 

were taken near unit contacts. Trace-element distributions in the Bandelier Tuff 

are controlled by trace-element fractionation occurring during magma genesis 

and eruptive history. Elemental distributions for U, Th, Sa, Be, and Cs are 

shown in Figures 19 through 28. Sample locations for Bandelier Tuff are shown 

in Figures 1, 2, and 3. Results of chemical analyses of Bandelier Tuff samples 

(reported FS 1000 numbers) are listed in Appendix II using INAA and DNAA, 

which provide total element concentrations. Typical U values decrease from 

approximately 8 ppm in unit 1 g to about 3 ppm in unit 4 (Figures 19 and 20) and 

Th values decrease from 30 ppm to 15 ppm (Figures 21 and 22). Uranium and 

·,., ... · ., .• ,.,,_ -~~·~· •. ·.:···. ~:,.~;.;,_._·,.-!·:.--~·· ........ 

.. 



TI~i~_.r.; .. ~0~f~~~wr:\r;,~m~f;;e?;· -<·;·~ .. ,,,. , .. , 
,.;.··,-

. ~::r::~. 

" 

Frijoles Canyon Section 1 

100 I I I I 

3 
1-i 

00 ~----------------------~ 1-i 
. ~ 2 

-------------~---------
........ 60 E - 1--f -
~ 

E·· ~ 

·"0>. .. 1v ~s-. I--t 

:r: . 40 f-
~ 

-
~ 

~ 

2:0 ~-------------~-------
~ 

1g 
t--f 

<0 I I I I ._ I 

0 2 4 6 8 10 12 

U (ppm) 

· Ftg .• 19. Concentration of uranium in Frijoles Canyon Section 1. 
. . Bandelier Tuff units are labelled. 

,.,:.: 

:>reo 
1$0 

l40 
··: .. ~··,. 

··120. 

10P 

~;\.6p 
:r: . 

40 

20 

0 
0 

Frijoles Canyon Section 2 

- - .. - _t-eeR - - - - - .... - - - - - - - - - - 4 

----------------------1-i 

r-t 

~ 

I-! 

1--f 

-~----------~---------

----------, t-i 1--f 
1-i - - - _,....._ - - ~- -

Otowi Lrsankawi 

2 4 6 8 10 12 

U (ppm) 

.Concentra1ion of uranium in Frijoles Canyon Section 2. 
. . r Tuff units are labelled. · 

.· .u\ 



100 

80 
............ 

;-g.·. 60 
............... 

.;.;;,.~~ ·. . 
·_c· 
.. 0) 
·a; 

. ·:c 

: ..... : :~'::' 
:-<~: i{. 

40 

Frijoles Canyon Section 1 

- - ---- - --.. -- -· -~ ....... -

-----------"'--"- -_,::...::r-

1g 

,, ... :.>:)-·· ()'·: ...,__.._ _______ ....,..~~~~----a;:;:;:l.----

;:;' f,i.~;t ,,,... . .. 40 

··. ·)¥,~:.,:?1.·:-:~oncentratio!l· o tltl:Q!'il.itn;•n .. ·l'•rttr•tl:!~ Canyon Section 1. ' ,·, · .< · \ · · · E?~ndelier Tuff I:IO.i~St~l~e.;Jiapl~l! 
,.-,:•",c .·.:.·.-··,.·,,;-:: 

. .: ... ~;_·} ·:· ::~-~ 
· .. ' ---~ : ...... 

- ~·-""""" 

-· -- - ... : ... -- - -- --

------------- ----
~ 

·- --- .l:--::1 - - - - ,_. -· 
LTsankawi Otowi 

10 





Frijc>les Canyon Section 1 

100 I I I 

1-1 
80 F - - - - ~- - - - - - - - - - - - - - - - - -::. 

2 
1-
~---------~------------ 60 1- ~ -E -..... ~ .J::. 1-

0) 
1v "Q) ............ 

J: 40 ;_ -
1----1 . 

~ 

20 F - - - ,;;,. - - - - - - - - - .. ,........... - ~ - - .= 

............ 
1g 

t---1 

0 
I I I I I 

0 2 4 6 8 10 
Cs (ppm) 

Fig. 25. Concentration of cesium. in Frijoles Canyon Section 1. 
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Th probably occur in glass and in trace phases including allanite ((Y, Ce,Ca)2-

(AI, Fe)s(Si04)sOH), perrierite ((Ca,Ce,Y, Th)4- (Fe, Mg)2(Ti,Fe)sSi4022) and 

chevkinite ((Ca,Ce,Th)4(Fe, Mg)2(Ti,Fe)3Si4022). The ionic radius of U (IV) in 

VIII coordination is 1.00 angstroms, which substitutes for Ca (II) with an ionic 

radius of 1.04 angstroms (Shannon and Prewitt, 1969). 

Distributions of Ba, Be, and Cs in the Tshirege Member are shown in 

Figures 23 and 24, 25 and 26, and 27 and 28, respectively. Barium 

concentrations fluctuate with height from unit 1g (80-131 ppm) to unit 2 (113-

150 ppm) and increase in unit 3 ( 113-192) and unit 4 {414 ppm) (Figures 23 

and 24). Beryllium (Figures 25 and 26) and Cs (Figures 27 and 28) 

concentrations dcrease from approximately 6 ppm to about 2 ppm with 

increasing height. Although a few samples of the Otowi member were obtained 

in this study, concentrations of U, Th, Be, and Cs within the Otowi member fall 

between the minimum and maximum observed within the Tshirege Member. 

Average concentrations obtained from the Otowi member for U is about 5 ppm, 

forTh is about 18 ppm, for Be is about 5 ppm, and for Cs is about 4 ppm. 

The Bandelier Tuff generally shows less variation in trace-element 

chemistry than do soils. Beryllium, Th, and U; however, are found in higher 

concentrations in the Bandelier Tuff than in soils. These differences are 

believed to occur because the Bandelier Tuff is considered to be the primary 

parent material for only a small percentage of the soils on the Pajarito Plateau. 

SUMMARY OF GENERAL SOIL AND BANDELIER TUFF 

CHARACTERfSTICS 

Soils present on the Pajarito Plateau are extremely variable in physical 

and chemical properties, including particle size, percent calcium carbonate, 

clay mineralogy, iron oxides, and trace-element chemistry. Soils have higher 

concentrations of AI, As, Ba, Ca, Cs, Co, Cr, and Fe relative to Bandelier Tuff 

samples. The Bandelier Tuff, however, is characterized by higher 

concentrations of Be, Pb, Na, K, Th, and U than in soils. Background 

concentrations of As and Be exceed SALs for these elements. Therefore, 

background concentrations of As and Be should be used rather than SALs for 

these elements in evaluating whether soil, sediment, and tuff samples are 

contaminated. In addition, because of the dependence of As and Be on soil 
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deyelop~ent, the selection of t:;..>propriate background samples for a specific 

site should include a consideration of local soil characteristics. 

Well-developed soils have higher concentrations of trace elements 
'!! 

relative).o weakly developed soils found on the Pajarito Plateau. The 8 horizons 

are h.19h~r in trace elements relative to A and C horizons. High abundances of 

clay~h)iryerals and iron oxides, characterized by relatively high surface areas, 

-~ithin'B horizons control trace-element concentrations in soils. In addition, 

vari~ilgnsin soil-elemental concentrations are related to chemical 
·.·~. ··:· . ,":·.~~-~ .... ·:: .. 
chai'.citfe'ristics of a particular soil horizon and to the parent material, which 

includ'&s:.of alluvial fans, sheet-wash material, colluvium, wind-blown sediment, 
~nd lh~ .;B.andelier Tuff. 

:;·· 
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degf:e~:pf<chemicalweathering, and hydrology. This study generally focuses on As, 

. #~,, Jh,·i:l~d U distributions in e;;•l'h soil profile. Background concentrations of As 
~- . . . : 

and_ Bandelier Tuff exceed SALs for As (SAL of 0.40 ppm} and Be (SAL 

· Gene.ral discussions of the geochemical characteristics of As, Be, Fe, Th, 

rP.>nl't:lvU:tea below to provide a context for understanding their likely behavior 

ental pH conditions (5-9) encountered in most soils, dissolved 

species or oxyanions in +3 (HsAsOsO, H2AsOs-} or +5 (H2Aso4-, 

r~·J.;tll.~1~;!tN<J· ·;:Jj•~~c~. Studies: of As adsorption onto adsorbent surfaces show that 

ttninecl'l_o a large degree by the-content of extractable Fe and AI hydrous 

asi:~rno.rphous or CrYptocrystalline phases (Jacobs et al., 1979; 

L~esey and H~a.ng,: 1981). Arsenic adsorption is largely controlled 

-adsorb.~nl:i·;aQ~:-e'~eritoental studies have shown that 
·· · (F~rg~~onanq.Anderson, 1974; Anderson et al., 

_ a_.P~Cpen, 1~78; Leckie et al., 1980; Wangen et 

gtli~NlSot;pt'i\te c~P,~ditie~·r:eJiJivta to lattite silicates (Frost and Griffin, 
7.'8}it:~t~$Qlrpti<m qf;:AS:c.(V) (~04*'l onto Fe oxides is similar to P04 3-

:l'i•.F-,ltfffL.e!t.:al , 1$tSJi"iwh~rea$ A$.(Hl) retention is considerably less 
gut;;on···-., w. ·._.u• · ~nd~r~on" 1'974; Holm et al., 1979). Both As{lll) 

'Statbte in 'soii;porewaters at the different sites 
;fati~t)ita110nild~S'$C>JUt~··,·n ··. reactions of As in soils have not been 

,,,. .... H ...... ·• !3fat$AnclilcfingAsS, A52S3, FeAs04 are 

s.ni-L·r.t,n·n:lni"'l,nc:·, however, several investigators 

.··•· . ·. . · ·· ... · · precipjtatfon reactions involving As 
P:nntit'lm1~nt of A~;:lrf soil qorrelat~s ·with soil development, specifically 

nt;;rnz<m··~s· contairi"ing,'irqn'oxides, clay minerals, and solid organic 

aJ:)~iirhl:)o)l:ant eJ~m~nt ~t the Laboratory because of its used in 
complexes (BeOH+, 8e(OH)20, and 

. ; 1;9~); There are very little data available on 

eci;Dit~Ulon/u.I::>::>IJiu·l,llJH.· r~actltms of Be .. Available thermochemical 
is rno;d~r~te.ly hi~oluf:;le and this phase precipitates 

. art,d Zachara~ ··19.$4). There is some evidence that Be 

cli'hlrfot~oc: (iron oxides ~nd.play· minerals) is pH dependent. Column 

itic1tEteJ•:ov·Aiesii ef~l. {1~8()) and Korte et at. (1976) show that Be was 

n were Zn, Cd, Ni, andHg. These investigators report that 

. ., ... 

. . • . ·: l •:. ~ . ~ i: • ·~ 

i' 
; 

~., 
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only Cu and Pb showed less mobility than Be. Korte et at. (1976) suggest that 

calcareous soils high in clay minerals appear to be effective in Be retention. 

Calcareous, clay mineral-rich soils are found at Site 7, Ancho Canyon mesas, and at 

other locations at the Laboratory, and these experimental studies may have relevance 

to this investigation. 

Iron, in the forms of iron oxide, amorphous ferric hydroxide, and ferric 

oxyhydroxide, is an important soil constituent. Arsenic, Be, Ni, and other trace elements 

correlate well with Fe in the soil profiles characterized in this investigation. Iron forms 
free species (Fe2+ and Fe3+) and hydroxo complexes (Fe(OH)2+, Fe(OH)30, and 

Fe(OH)4-) above pH 6 (Rai and Zachara, 1984). Iron forms several sparingly soluble 

phases in soil, including Fe3(0H)a. amorphous Fe(OH)3. and FeOOH, under different 

oxidation-reduction conditions. These solids are important adsorbents for many 

transition metals found at the Laboratory and elsewhere. 

Thorium and U are important actinide elements that occur naturally in the 

Bandelier Tuff and soils on the Pajarito Plateau, and these elements also occur above 

background concentrations resulting from Laboratory activities. An understanding of 

background elemental distributions of Th and U will provide constraints on the fate and 

transport of anthropogenic actinides. Under relatively oxidizing conditions, U(VI) forms 

stable carbonate complexes {U02C030, U02(C03)22·, and UOz(C03)34·) above pH 6 

(langmuir, 1978; Brookins, 1989). These carbonate complexes adsorb onto suriaces 

of iron oxides and clay minerals; however, desorption of these complexes under 

alkaline pH conditions has been experimentally investigated (Tripathy, 1988; Hsi and 

Langmuir, 1985) and confirmed in the field at uranium-mill tailings impoundments 

(Longmire, 1991). Thorium is stable in the 4+ valence state and forms hydroxo 
complexes (Th(OH)3+ and Th(OH)40) above pH 4 in organic-free solution (Langmuir 

and Herman, 1980). Thorium hydroxo species strongly adsorbed onto iron oxides and 

clay minerals. 

Soil samples were analyzed for total-element concentrations using INAA, for Fe, 

As, Th, and other elements, and DNAA for U. The same samples were digested using 
concentrated HN03 and were analyzed for the same elements using EPA-SW846 

methods, including ICPES, ICPMS, IC, and ETVAA. In most instances, element 
concentrations from HN03 digestion are less than the total-element concentrations 

determined from INAA and DNAA. Element leaching from soils is evaluated by 
comparing analytical results from HN03 digestion to those obtained from INAA and 

DNAA. Large diHerences in concentrations of the total element and HN03-digested 

samples suggest that minimal leaching has occurred and most of the element is 

_)I 



ere- "'iccifly bound or tied up within the silicate mineral. Small differences in element 

ct., .mtrations between HN03-dige"':ed samples and total-element analyses suggest 

that elements have been mobilized and concentrated on surfaces and/or 

c:opreoipitat~d with acid-soluble phases including ferric hydroxide, ferric oxyhydroxide, 

calcium carbonate, and clay minerals such as smectite and kaolinite. 

Site t, LQwer Los Alamos Canyon, near Tsankawi 

L.ocatiori~nd Geomorphic Setting 
:·:-:· 

Th:~ soil sampling site in lower Los Alamos Canyon is located on the outside of 
. . .:··.,:. ~-;·· . ·:. : ' 

a bencl ihJtJe stream channel, where the stream has eroded the bank and exposed a 
.' .. ·,.·. ·-

2-m·thici(,~~~itnentary section (Flgure 29). The exposure is of the lower end of a fan 

derlvedf~fn~~~rosion of non-welded units of the Bandelier Tuff, predominantly the 

Otowt~M·~tjiG~r.and the lowest part of the Tshirege Member. Sediments of the Puye 

Formatio&.thfoit underlie the Otowi Member also contribute some material to the fan. 

T1_e fan 'ffi{~diately overlies Los Alamos Canyon stream gravels (Figure 30) and 
>· ___ · ;,. ··:./ .. ';,~·:: .. ._;<'·: -~" . . 

·ecor9s:Jfl~i;bprial of a gravel bar by progradation of the fan, presumably during a 

:>eriod}of,~~~i~ erosion of the adjacent slopes. This site may be r€presentative of 

:le , .. :s.~~~d from non-welded parts of the Bandelier Tuff that have had minimal 

ime~f?j{~prre~~veloprnent. 
J·;T~d{fCl.,(fiocar6.on dates were obtained from this exposure: from detrital charcoal 

~cmtalbl~<~t~ith.ln the basal fan sediments and from a burned stump that was rooted in 

he-~ft~'~i'hX~vels (J=igure 30, Table 9). These dates are statistically indistinguishable 

1t abciUf~i.~.;~lii.(cafib.~ated .. (cal) calender age of about 2.8 Ka, Table 1 0), and indicate 
:- ·. ·.:· < ·)i~~·5_' · .. ~-.· .... ~ 

hat'tb(:l··soit(>yerlyingthis fan developed during a period of less than 2800 years. The 

lates:'atsq\~~~]Jtnent'that the stream channel was near its present level about 2800 

·ears agd;'::ftfaddition, these dates document that extensive erosion of these slopes 

,ccurred befor~ arrival of homesteaders and Anasazi Indians, although the period of 

:r Jsion in,1¢wer Los Alamos Canyon was later than that recorded at the EG&G gully 

:s is discu~sed later. 

.:~-, ·' ... 'i ...• :,_..·-1: .... : .; ; •. ~\.,.\ 



0 

.. . -· 
; .............. ,.; ~.. ... 

0 
0 
C\1 
en 
0 
1.{) 

meters 

State p.ou\e 4 

150 

Fig. 29. Map of sample site 1 in lower Los Alamos Canyon. Obt is Tshirege 
Member, Bandelier Tuff; Qbo is Otowi Member; Qbog is Guaje Pumice Bed; 
OTp is Puye Formation. Topographic base, with 2-foot contours, from FIMAD. 
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Laboratory 14·C Date 
Number * (yr B.p.l C!Ulnattd ('ge *·* . Noles 

EG&G Gully, shallow valley fill on to:w~.~~t~me~t\ 

Beta:5~2 
Bela-59677 
Beta-55626 

8050±.130**" 
7875±85 
3970±80 

89~l·~~!s~.rit~~7:~9~:?:2t .. 2.4$~:5/to di:igp;~¢o~r~~-~ediments below buried soil . 
esao.~(aR,c(8~~7~~2I)Q)· . . . s:ss,;rrr~eer?; ()~~ m-B.l?Pve~b~>:{ETH·1P060) 
44~~~~;~P.·:~~~~!%~l · · · ;.,;,:iJ;;y~~B·~~:~w~~P.;_;h~~--i~9~r. ·. · 

Upper Los Alamos Canyon, 7255' streJ:w.elev~; $.ctU ~-~n.~~ttiti(fpre~t 
-: : ... :··· _.,_ ...... . 
•• .. . ":·. "'"'~.... • •• C::;...;,· ;_;~-.. :~::~~:tz·: ' : n~fK>£~:Hm· 

:Low~r t,os Alafl'los CaJ\ypn. ()'34S~'stream~~~~v.i.;;pU,lfii~ 

Beta"'95623 
Beta~Ss624 

282o±ad .... 

2520±60 

Water Tanks Trench; West Je.mez Road.•••• · 

1120±ao··· · 
§640±90 

·() 



Jpple lQ 
Avergged Badiocarbon Ages 

Averaged 

14-C Age •• ~-mQI~t1 8 p 1• Co!Jbrg,ted Age (yr I I ·' §ample Site · 

Lower Los Alamos Canyon 2629 ± 97 

EG&G gully, basal unit 7937 ± 144 

2750 cal BP (2373.-2930) 

· 867~8710:caf SP (8405·9221) 

Beta-55623, Beta-55624 

S:eta-.55622,·· eeta~59677 

Notes: . . >. .. . . . . .· . 

• Averaged radlor;ru:bon ages we.reobt~ltu~dusingCAJ;If:l;~:o·(~tqi~ran~.~mer, 1 003) ~~n· et'fQf 'rmJ!tiplier pt 2~0 fonne 
origin~;tHmaly$es. 'Av~rage iii9~S w$re.on!Y Ob~n~:irrom·ilie;~O:Je'ohiojac~t~its 'iifa ~;;iie where to~re 1s no 
s.tatisticaJiy signlflqant differenee betw.een~thple ages. • •.... ·. . .. · -, · •.•. · J :· •••• ·. . . • •.· • ·.. . . .• , .· • · •·· · • . . • 

•• Calibrated ages Were obtaine~.Uslng CALJ~;aio;{Stuht~r:andltiilmer,1~}; ~lli~~iu~clioty. A~sln( ra.re2(J range. 
. . : . ·. ' . :. . . . ~ ~ . . .• . . . . . 

•. 



ow.sa1motes· -collected from the lower Los Alamos Canyon site are listed in 
able::1raJnO?f.~>01ts:o1 ~hemical analyses:;~re proviq~d in Appendices I and II. This site 

___ -. - ._ - ped soil char~cterized by:~A. C, and 2Cb horizons {Watt and 
.. ·1)li6knesses ofthes~ h9ti~o,ns:.·-~i~ A {0·10 em), C (10-22 em), and. 

. . . .·. : . :, ''· . . . . .. ;·.;;·;..-~~- <~-- ::~·{~ .. ~:'·:·t·:y: . . 
o::r;;~~t:.;.cr;r:lJ ""' ... "'"'' · rbpn vai_U€1!?/Ja~g~yfrom:(~~pg to 2.66 wt%,_ where the highest 

.... ,.,.,,_-~.,.,..- .. · _ .. - _ _--_This ~QiFptpfil~ 1¢ontains some clay enrichment, 

;:iSi'l;rt,·c:lav"-'sl:l~e- .mat~riEi.":·v~~biJ§rd~f~"~O 7.4 ~%. Sand-$ize material 
5£1ti:'B~~24;:wtcv., indicatingi~fi:~t1liJs-.~.t~~profile has a relatively high 

· 9T)t§~l~y~t:i~~:;~~~s found· em the Pajar!tc:> Plateau 
~from'i!J:O:-_ to 1 crt{t$ec)?'~jft~siz~';~lerial ran9e~ from 14;2 to 20.6 

· .. · .·.:··· . 
· ... 

by anapidi9c pH (5.4), po~sibly· 

to o.sa-:wt% 
)l$'-tfistJribCttic:))~'fs'.1;ugge~st tHat most 

;)t913el1,l;.t,~'l'le•, .. rn,·•r. '"-. -bltrace 
'""""'""''!=''''.- -·· .. tht~ :Lnd~v~l9Ped . 
,,~:::.,...~_._~;:~ ___ •_~::: aboh;dances: ti clay-: 

:.O,xides. 
sJ{:Jwi!·r·t:nc~stmt~~·-eleme~.ts. :excluding. Th .and u, 

;;;:t;:i'~g~;;~:~~.:,. .. .,-~ 1 al (()towi Member} relative to 
~ne:sttJttwo eleiiil~rtts·probably are 

, ..... "'"'""···_ DistribJJtions of lh and 
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BACKGROUND SOIL, SITE 1. LOWER LOS ALAMOS CANYON. 
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depth, and these two elements are enriched in the 2Cb horizon. There are larger 

differences between total element and acid-digested concentrations of Th relative to U. 

Thorium. appears to be less leachaL,e than U, although Th is more abundant in soils 

and Bandelier Tuff than U. It ex1ensive leaching had occurred, a narrower range 

between total element and the acid-digested fraction would be observed. In mildly 

acidic, organic-free aqueous solutions, Th forms insoluble hydrolysis species, for 

example Th(OH)40 (Langmuir and Herman, 1980), whereas as U in the U(VI) oxidation 

state forms Soluble complexes with C032- ligands including U02C030, U02(C03)22-, 

and U02(C03)34· (Brookins, 1988; Langmuir, 1978). 

Fi~ure 33 shows distributions of As and Be versus depth. Beryllium is higher in 

the C and 2Cb horizons, whereas As shows higher concentrations in the A and 2Cb 

horizons. (~igure 33). Total Be and As concentrations range from 3.2 to 4.4 ppm and 

from 1.2.0 to 1.68 ppm, respectively. Acid-digested Be comprises 7 to 10% of total Be 

present in tp~ soil at this site. Distributions of acid-digestable As range from 48 to 58% 

of total A~. Arsenic is possibly associated with eolian dust, Tschicoma Formation 

. '·· dacites, volc~nic glass, and trace amounts of primary sulfide minerals possibly present 

h1 thE:l Otowf Member. Arsenic distributions in soils are controlled by adsorption and 

copr~cip~~J?£1 reactions involving illite and oxides-hydroxides of AI, Fe, and Mn 

.· (Sposito •.. ;}989). Natural leaching of these two elements from primary silicate and 

·. · ,po~si~ty sVtntt~e phases probably has not occurred to a significant extent, because the 

HNO$-dig#~ted fraction is considerable less than total-element concentrations. 

·~·. Bety!Jium: ap~ars to be less leachable than As, based on larger concentration 

+: dlffereftc~ observed between total element and the acid-digested fraction. Beryllium 

··: is.prkr~arilY~nriched in feldspars replacing silicon (Si} within tetrahedral sites (Sues, 

\ : 1961.); Jorilc:,tadii of Be2+ and Si4+ are 0.27 and 0.26 angstroms, respectively, for IV 

'coordirytdl~f\(.Shannon and Prewitt, 1969). Sues (1961} reports that 85 to 98% of the 

total Be rn~y be bound in the feldspar structure prior to hydrolysis leading to formation 

c·~ of.ctay·.miri~f:als; Background concentrations of As and Be exceed soil SALs for these 

· · · ..... 1:"two ~lemeri~· (Table 2), although the soil is poorly developed at this site. 
·_'· .. 

' -~ 

Site 2 •. EG..~G Gully, ~ast Road 

~·Location ~r,d Geomorphic Setting 

"EG&G gully" (informal name) is located on the south side of East Road (State 

:Route S02) near the EG&G building (Figure 34). The gully is incised 3 to 4 minto a 
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Fig. 34. Map of EG&G gully sample site 2. Topographic base, with 2-foot contours, from FIMAD. 
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Fig. 35. Grpss section. of EG&G guf!Y' at soil $pmpie sjte 2, $howing,,stratigraphy of deposit within shallow mesa-tap 
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sedimentary deposit that partially fills a shallow mesa-top valley (Figure 35). This 

valley hE~ads about 300 m (1 000 ft) ·,J the west, and is cut into unit 3 of the Tshirege 

Member of the Bandelier Tuff. draining over a waterfall into Pueblo Canyon to the east. 

The sot(r<;e for the valley fill is material eroded off the mesa to the west, probably 

inctugin~f~ combination of weathered tuff and soils previously developed on the mesa 

top;ine latter probably includes components of wind-blown dust deposited on the 

:Pai.4~~t:O·~~~teau. ~xtensive areas of bedrock occur on the surrounding slopes, 

pre~rl}~·qfY ~xposed by erosion· as the valley fill was deposit~d. The sample site is 

majijied<a.J·part of the Hackroy soil series by Nhyan et al. (1978), although soils here 

. , ar.e:~4~{~!¢t<er than typical for the soil series and may, in part, represent 

. red~pos~ii~~Bt eroded Hackroy soils. The source and composition of the sediments in 

··.·.·. : thii9.~tf~~;WtLtnay be'representative of similar settings where sediment eroded from 
··., . " . : ..... ; .'"' .. · ... :··· ~~::-':''· ... · 
· · t~e,.rl),:e~:@~ is deposited, although the age and soil development of such deposits 

· ffiay{~a~:~~· };l1fk~antty. 
. . : · "':(?:/'::'"' , ·ay fif(is composed of two units separated by a buried soil that 

<: repr~#~!~"~riod:{lf stability of the .valley (Figure 'E). The lower unit includes weakly 
' '. . ·.' ' ;..;. '..J"": , .. ' -';1·~:!·-~ .... -:~ ~- .· .: 

: ··, ·' ~~-'slfait,fi~if,~~n·~sand;;silty sands overlain by stratified layers with abundant fine gravels, 
. . :: ·.:.-~-.o~: _:~ ;:;,, :.;;·:::~<~ .·. · ..... ;· ~.~.'·.:>··1t:_.-:-:· /,7:!;?·~':'-::.:...-.... ~. ·: .·. :· . .' 

,: '>··;:;;}1:);'prob~~-rY!' ., ·'·;$ited ·by intermittel'1t stream flow. Radiocarbon dates obtained from 

.;,~'i:'<:f}}~~:d~lrt':)rf.' ij1 coriected from bQth the upper and lower parts of the tower unit at the 

. =··<;{;\.~~:':';:,,:;:,. ·- sah)~~e site are indistinguishable at about 7.9 to 8.0 ka (8.7 cal ka, 
. · .. <·:·::c<:TabJ~:g · ). These dated samples are ~separated by 1 m, and their similarity 

; ·-,~···\:·, .. :;: ...... ; •' J:· :::_;:.~-~i/~. ·':-_ ......... ...,t., 1 ~ :'.' ~ ... 

. . ' ,~ j·sti:g~$ttr ·· tJoeposition of this lower unit was very rapid. The upper unit consists of 
· · -- -·tJri~f. ia.S,.=and ~ands probably deposited by shallow overland flow. A 

\~~1[1f t;n:: ~~~:::::~:~:::::::~~;d:~~::~~::::;::~:: . 
. ;: .•• :.::>.J~}!(~~~J~~~ ~·ct4A¢al ka), andthat.the uppermost soil similarly formed over a 

-i~::(J~···:·~}~!~~if),~~f :::~~ears or less (post·4.4 cal ka). These dates also indicate that 

;>y;,~,;,;:::t~{driit~~ij:· ,,,, ;$16n of,'inesa-top soits in this area occurred before arrival of 

> : J,:,;'jJ1om.~$.i$a~/~;i~nd Anasazi Indians, presumably induced by local or regional climatic 

.. <:e~~ry.f~-~.:;·. ::·5 ... :,··.:.:.;.:\·:·_. ·. · ·.: 
: .. :~:. ·::.:·. . •.. ,;,~;·. -- .. 

· .. •.-.· 

... ·,_$oil s~mp}~g~bollected at the EG&G site are listed in Table 7 and results of chemical 

• · analy~e~.~r~;ptovided in Appendices I and II. Soil at this site consists of the following 
:- ·. .,_ ': . ' ... -~ •·. 
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horizons with associated depths and thicknesses (in em): A (0-15), Bw (15-42), Bt (42-

70), CB (70-133), C (133-186), Bwb (186-300}, and CBb (300+) (Watt and McFadden, 

1992}. This soil profile contains some clay enrichment, and clay-size material varies 

from 4.1 to 14.6 wt%. Sand-size material varies from 20.4 to 65.6 wt%, indicating that 

this soil profile may have a moderate range of hydraulic conductivities (Table 4, K 

values range from 1 Q·5 to 1 o-2 em/sec). Silt-size material ranges from 22.8 to 70.1 wt% 

at this soil site. Solid organic carbon values range from 0.2 to 0.3 wt%, and the highest 

value is associated with the Bw horizon. 

Soil Chemistry 

A neutral pH value (7.0) in this soil profile is associated with the A horizon, 

whereas the most alkaline pH value (8.0) is associated with the Bwb horizon (Watt and 

McFadden, 1992). The horizons underlying the A horizon are more alkaline, indicating 

that the minor amounts of CaC03 provide some buffering capacity. Calcium carbonate 

concentrations are relatively low within the soil horizons at this site, varying from 0.7 to 

1.6 wt% (Watt and McFadden, 1992). 

Total Fe concentrations range from 1.80 to 2.20 wt% (Figure 36). Acid-digested 

Fe concentrations range from 0.54 to 1.50 wt% comprising 30 to 68% of total Fe. 

These concentration distributions suggest that Fe occurs both in refractory phases 

such as hornblende, magnetite, and biotite and in HN03-digested Fe phases including 

iron oxide. Adsorption processes involving iron oxides and clay minerals may control 

trace-element enrichment to some extent in this weakly developed soil profile due to 

presence of 8 horizons containing clay-size material consisting of framework silicates, 

clay minerals, iron oxides, organic matter, and glass. 

This weakly developed soil is also low in most trace elements, excluding Th and 

U (Appendices I and II). Distributions of Th and U versus depth are shown in Figures 

37 and 38, respectively. Thorium is highest in the Bt and Bwb horizons, whereas U is 

highest in the CBb horizon (Figures 37 and 38). Total Th and U concentrations 

fluctuate in depth; however, there are larger differences between total element and the 

acid-digested concentrations of U relative to Th. Acid- digested Th and U comprise 37 

to 49 wt% and 11 to 24 wt% of total-element distributions, respectively. Acid-digested 

Th is associated with the silt-size fraction (Figure 37), which mainly consists of primary 
silicates. A general association between % sand-size particle and % CaC03 and U is 

present (Figure 39). Surface complexation of U onto CaC03, however, is not likely 

because HN03-digested U does not strongly correlate with carbonate at this site 
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r~"~mpare Figures 38 and 39). Uranium is dominantly concentrated within matrices of 

.1ary silicate phases, which are cated by CaC03. This suggests that U adsorption 

onto clay minerals and iron oxides is minimal at this stage of soil development. 

Adsorption processes involving U, however, may become more important as chemical 

weathering proceeds. 

Figure 40 shows distributions of clay-size material, As, Be, and Fe (HN03-

digested samples) versus depth. These elements show a strong association with clay

size material suggesting that adsorption of As and Be onto iron oxides and/or clay 

minerals may partially control trace-element enrichment at this site. Total Be 

concentrations range from 2.4 to 3.4 ppm, whereas acid-digested Be concentrations 

range from 0.69 to 1.30 ppm (Figure 41 ). Acid-digested Be comprises 29 to 46% of the 

total Be, which suggests that Be is distributed both within primary silicate phases and 

secondary soil minerals. Distributions of acid-digested As and total As were not 

calculated, because As concentrations in some of the acid-digested samples exceed 

the total element concentration and analytical error in the INAA data is suspected. 

Background concentrations of As and Be exceed soil SALs for these two elements 

(Table 2), although the soil is poorly developed at this site. 

Site 3. Upper Los Alamos Canyon, Los Alamos Reservoir Road 

LO'cation and Geomorphic Setting 

The soil sampling site in upper Los Alamos Canyon is a road-cut exposure on 

the south side of the canyon, at the base of a steep, forested, north-facing slope 

mantled with colluvium (Figun3s 42 and 43). The slope extends 55 vertical m {180 ft) 

above the sample site, and the colluvium probably includes Bandelier Tuff derived 

from several cooling units within the Tshirege Member. A series of discrete rocky 

colluvial layers is present here, in part separated by buried soils, and the colluvium 

grades onto the canyon floor. The colluvium contains abundant angular clasts of tuff, 

and the buried soils indicate episodic deposition of colluvium at this site. The 

exposure also includes layers of well-sorted sand and silty sand probably deposited 

from floods in Los Alamos Canyon. The sample site is mapped as part of the "Rock 

Outcrop-Colle-Painted Cave Complex" by Nyhan et al. (1978), and may be 

representative of many canyon-bottom locations in the western part of the Laboratory. 

Two radiocarbon dates were obtained on detrital charcoal collected from two of 

1he colluvial units: 2.2 ka and 3.1 ka from depths of 0.85 and 1.35 m, respectively 
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(Figure 44, Table 9). These dates indicate that the uppermost organic-rich soil 

developed within a period of less than 2000 years, and suggest that the canyon floor 

has been near its present level here for at least several thousand years, as also 

indicated in lower Los Alamos Canyon. 

Soil Description 

Soil samples collected from the upper Los Alamos canyon site are listed in 

Table 7 and results of chemical analyses are listed in Appendices I and II. Soil forming 

at this site is within a backslope to footslope transition zone containing thick vegetation 

(Watt and McFadden, 1992). This soil is cumulic and is characterized by organic-rich 

horizons dominated by humic substances (humic and fulvic acids). The soil profile 

exposed at this site consists of the following horizons with associated depths and 

thicknesses (in em): A 1 (0-6), A2. (6-47), BA (47-60), Bw (60-82), BAb (82-84}, Bwb 

{84-108), C (108-162), and Ab2 (162+) (Watt and McFadden, 1992). The poorly 

developed BA horizon probably has developed from oxidation or leaching of the 

cumulic A horizon. Most of the parent material for this soil is colluvial, and many large 

Bandelier Tuff clasts are present within most of the horizons. 

This soil profile contains moderate clay concentrations, and abundance of clay

size material varies from 7.9 to 18.3 wt% (Watt and McFadden, 1992). Sand-size 

material varies from 32.2 to 59.0 wt%, indicating that this soil profile may have a 

moderate range of hydraulic conductivities (Table 4, K values ranging from 1Q-4 to 10 

em/sec). Silt-size material ranges from 35.3 to 50.1 wt%. Solid organic carbon values 

range from 0.2 to 2.8 wt%, and the highest value is associated with the A2. horizon. 

This soil is very high in solid organic carbon relative to other soil profiles characterized 

in this study related to the thick forest cover and the north-facing slope aspect. 

Soil Chemistry 

This soil is partially characterized by neutral to near-neutral pH values ranging 

from 7.0 to 7.7, with pH increasing with depth. The lowest pH value in this soil profile is 

associated with the A 1 horizon, whereas the highest pH value is associated with the 

Cb horizon (Watt and McFadden, 1992). Calcium carbonate abundances are relatively 

low at this site, varying from 0.3 to 3.4 wt% (Watt and McFadden, 1992). 

Total Fe concentrations range from 1.20 to 1.62 wt% (Figure 45). The acid

digested-fraction of Fe is enriched in the A2 and BA2 horizons. Acid-digested Fe 
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concentrations range from 0.62 to 1.10 wt%, comprising 41 to 79% of total Fe. These 

concentration distributions suggest that Fe occurs both in refractory phases such as 

hornblende, magnetite, and biotite and in HN03-digested Fe phases including ferric 

oxyhydroxide, amorphous ferric hydroxide, and ferrihydrite associated with solid 

organic carbon. Adsorption processes involving iron oxides and clay minerals partially 

control trace-element distributions in this organic-rich soil profile. 

Distribution of elemental Th versus depth is shown in Figure 46, and total Th 

concentrations range from 12.24 to 14.00 ppm. Concentrations of acid-digested Th 

range from 4.00 to 5.00 ppm, comprising 37 to 49% of total Th at this soil profile. 

Thorium generally is associated in part with the silt-size fraction (Figure 46), which 

mainly consists of primary silicates. 

Distributions of total U, acid-digested U, and solid organic carbon fluctuate with 

depth (Figure 47). Total U is highest in the A 1 and Ab2 horizons in this soil profile. 

Total concentrations of U range from 3.65 to 4.26 ppm and HN03-digested U 

concentrations range from 0.30 to 2.41 ppm. Acid-digested U comprises 17 to 56% of 

total U (Figure 47). Nitric acid-digested U correlates well with the clay-size fraction anc 

to a lessor extent with the silt-size fraction (Figure 48). Uranyl undergoes ligand 

exchange reactions with humic acids (HA), predominantly with carboxylic acids below 

pH 8, shown by the following: 

U022+ + HACOQHO = HACOOU02+ + H+ and 

Log 6'1 = 4.11 ± 0.02 (Shanbhag and Choppin, 1981) 

HACOQHO + HACOOU02+ = (HAC00)2U020 + H+. 

Log6'2 = 8.94 + 0.03 (Shanbhag and Choppin, 1981) 

(eq. 4) 

(eq. 5) 

Most of the U at this soil site, however, is concentrated in primary phases including 

glass, based on distributions of total and HN03-digested U (Figure 48). 

Figure 49 shows distributions of As, Be, and Fe versus depth. These elements 

are strongly associated with each other suggesting that adsorption of As and Be cnto 

surfaces of iron oxide and/or clay minerals control distributions of trace elements at 

this site. Arsenic, Be, and Fe are enriched within the A2, BAb, and Ab2 horizons 

{Figure 49). Total Be concentrations range from 1 .8 to 2.4 ppm, and HN03-digested Be 

concentrations range from 0.4 to 0.8 ppm (Figure 50). Acid-digested Be comprises 28 

to 44% of total Be, which suggests that most of the Be is distributed within primary 

phases with some associated with secondary soil minerals. Figure 51 shows 

'- . •'~ . 
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distributions of HN03·digested As, total As, and HN03-digested Fe versus depth. Total 

As concentrations range from 2.03 to 3.98 ppm, and HN03·digested As concentrations 

range from 1.0 to 2.5 ppm (Figure 51). The acid-digested fraction of As comprises 45 to 

81% of total As. Background concentrations of As and Be exceed soil SALs for these 

two elements (Table 2). 

Site 4, Twomile Mesa, T A-69 

Location and Geomorphic Setting 

The soil sampling site is on a mesa top near Twomile Canyon, in a 1-m deep 

trench that was excavated by EES-15 for field studies of runoff and infiltration (Figure 

52). The trench exposed a soil, up to 0.9 m thick, that overlies unit 4 of the Tshirege 

Member of the Bandelier Tuff. Within the soil are scattered stream-rounded cobbles of 

Tschicoma dacite that record the presence of a stream flowing across Twomile Mesa. 

Deposits of similar old alluvial gravels are widespread on this mesa (Figure 52). 

These gravels were deposited by a stream draining the Sierra de los Valles at this 

location before the major canyons were cut, perhaps as part of a broad alluvial fan. 

Twomile Canyon has since incised 18 m (60 ft) below the mesa. The age of these 

gravels is not known, but they presumably date from early in the post-1.2 Ma history of 

the Pajarito Plateau. The presence of these sediments suggest that little net erosion of 

bedrock has occurred at this mesa-top location since before the canyons incised into 

the tuff. The sample site is mapped as "Typic Eutroboralfs" by Nyhan et al. (1978). 

The well-developed soils found here may be similar to soils developed on old alluvial 

deposits elsewhere on the western part of the Pajarito Plateau. 

Soil description 

Soil samples collected from the Twomile Mesa site are listed in Table 7 and 

results of chemical analyses are listed in Appendices I and II. Two soil profiles were 

described in a single trench at this site, because the soil exhibited considerable 

variation in degree of development, color, texture, and horizon thickness from one end 

of the trench to the other (Watt and McFadden, 1992). Soil present at the north end of 

the trenct.· is more developed relative to soil at the south end. Near the middle of the 

trench, the soil is thinner and an A horizon overlies a bedrock high. This A horizon is 

present along the entire length of the trench, forming a calcareous loess cap (Watt and 
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McFadden, 1992). This loess cap may represent eolian material deposited af1er the 

end of the last glaciation (late Wisconsian). Fractures are commonly present at this 

site, which are lined with calcite and filled with organic matter mixed with reddish clay 

minerals. Some of the calcite-fracture lining may be of loess origin, with water having 

transported this material from the land surface downward into fractures. Laboratory 

optical petrography studies suggest that the clay filling has been translocated from the 

overlying B horizons to depths of 70 em or greater (Watt and McFadden, 1992). Soil 

forming at this site is developed in part on alluvium overlying Bandelier Tuff. 

The soil profile exposed in the north end of the trench consists of the following 

horizons with associated depths and thicknesses (in em): A (0-14), Bw {14-19), 2Bt1b 

(19-50), 2Bt2b (50-64), 2Bt3b (64-75), and R (75+) (Watt and McFadden, 1992). This 

soil profile contains moderately high clay content, and clay-size material varies from 

7.6 to 52.8 wt%. Sand-size material varies from 21.6 to 37.8 wt%, indicating that this 

soil profile at the north end of the trench may have a relatively low hydraulic 

conductivity (Table 4, K values ranging from 1 o-6 to 10 em/sec), although both open 

and filled fractures are present. Silt-size material ranges from 25.0 to 63.3 wt%. Solid 

organic carbon values range from 0.2 to 1.2 wt%, and the highest value is associated 

with the A horizon. 

Soil exposed in the south end of the trench consists of the following horizons 

with associated depths and thicknesses (in em): A (0-9), Bw (9-20), 2Bt1 b (20-30), 

2Bt2b (30-43), CBt (43-58), and R (70+) (Watt and McFadden, 1992). This soil profile 

contains moderate clay contents, and clay-size material varies from 8.2 to 34.2 wt%. 

Sand-size material varies from 17.5 to 29.2 wt%, indicating that this soil profile at the 

south end of the trench also has a higher hydraulic conductivity relative to the north 

end of the trench. Silt-size material ranges from 48.3 to 63.7 wt%. Solid organic 

carbon values range from 0.2 to 1.0 wt%, and the highest value is associated with the 

A horizon. 

Soil Chemistry 

The well-developed soil investigated at the Twomile Mesa site has formed from 

chemical leaching and precipitation and remobilization of clay minerals, calcium 

carbonate, and iron oxides. This soil is developed to a much greater extent than 

background soil Sites 1, 2, and 3. Soil samples collected from the north end of the 

trench are characterized by acidic to near-neutral pH values ranging from 5.1 to 7 .4. 

which increase with depth. The lowest pH value measured in the north soil profile is 
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associated with an 0 horizon, whereas the highest pH value is associated with a 

28t3b horizon (Watt and McFadden, 1992). Calcium carbonate abundances vary from 

0.4 to 1.0 wt% at the north end of tilt' trench (Watt and McFadden, 1992). 

Soil samples collected from the south end of the trench are characterized by 

acidic pH values ranging from 5.6 to 6.4, which vary with depth. The lowest pH value 

measured in the south soil profile is associated with an A horizon, whereas the highest 

pH value is associated with a 28t2b horizon (Watt and McFadden, 1992}. Calcium 

carbonate abundances range from 0.1 to 1.0 wt% at the south end of the trench (Watt 

and McFadden, 1992). 

Total Fe concentrations in soil at the north end of the trench range from 1.74 to 

3.4 wt% (Figure 53}. Concentrations of acid-digested Fe range from 1.2 to 2.7 wt% 

comprising 65 to 83% of total Fe. Total Fe concentrations at the south end of the trench 

range from 1.8 to 3.2 wt% (Figure 54). Concentrations of acid-digested Fe at the south 

end of the trench range from 0.9 to 2.2 wt% comprising 48 to 74% of total Fe. These 
concentration distributions show that in some horizons most of the Fe occurs in HN03· 

digested Fe phases including ferric oxyhydroxide and ferrihydrite. Some of the Fe also 

occurs in refractory phases such as magnetite, hornblende, and biotite. Adsorption 

processes involving iron oxides may account for trace element enrichment in this Fe

rich soil profile due to presence of buried 8 horizons characterized by clay-size 

material consisting of framework silicates, solid organic carbon, clay minerals, iron 

oxides, and glass. In both profiles, Fe content is strongly correlated with clay content 

(Figures 53 and 54). 

Distribution of Th versus depth at the north end of the trench is shown in Figure 

55. Total Th concentrations range from 12.7 to 18.1 ppm and generally increase with 

depth. Concentrations of acid-digested Th range from 4 to 11 ppm and comprise 23 to 

61% of total Th at the north end of the trench. Total This correlated with the clay-size 

fraction, which mainly consists of clay minerals, primary silicates, organic matter, and 

iron oxides (Figure 55). Distribution of Th versus depth at the south end of the trench is 

shown in Figure 56, where total Th concentrations range from 13.31 to 14.62 ppm. 

Concentrations of Th vary with depth at the south end of the trench. Concentrations of 

acid-digested Th range from 6.00 to 9.00 ppm, which comprise 52 to 62% of total That 

the south end of 1he trench. Total Th is correlated with the clay-size fraction {Figure 

56), suggesting that adsorption of Th onto clay minerals and iron oxides is an 

important enrichment process occurring at this site. 

Distributions of total U, acid-digested U, and solid organic carbon versus depth 

at the north and south ends of the trench are shown in Figures 57 and 58, respectively. 
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Some of the U present in the Twomile Mesa soil has been leached from the primary 

phase(s) and redistributed in secondary soil phases. Uranium distributions vary with 

depth at this soil site. Concentrations of total U at the north end of the trench range 

from 2.36 to 3.45 ppm, whereas concentrations of acid-digested U range from 0.4 to 

1.4 ppm. Acid-digested U comprises 25 to 44% of total U at the north end of the trench. 

Concentrations of total U at the south end of the trench range from 2.96 to 3.84 ppm, 

whereas concentrations of acid-digested U range from 0.8 to 1.5 ppm. The acid

digested U comprises 25 to 46% of total U at the south end of the trench. Acid-digested 

U correlates with clay-size fraction within both soil profiles (Figures 57 and 58). Based 

on distributions of AI, Fe, and solid organic carbon, clay minerals present in the soil 

are coated with iron oxides and solid organic carbon. Total U correlates well 

(r2 = 0.86) with solid organic carbon (Figure 59). Uranyl has been experimentally 

shown to undergo ligand exchange reactions with humic acids, where carboxylic acids 

provide active binding sites (Longmire, 1991; Shanbhag and Choppin, 1981). 

Figures 60 and 61 show distributions of As, Be, and Fe versus depth at the north 

and south ends of the trench, respectively. Arsenic and Be are highest within Bw, 

2Bt1b, 2Bt2b, and 2Bt3b horizons (Figures 60 and 61}. These elements show a strong 

correlation with each other (r2 = 0.81 for As and Fe and r2 = 0.79 for Be and Fe} 

(Figures 62 and 63). This correlation suggests that adsorption of As and Be onto 

surfaces of iron oxide and/or clay minerals is an important process for controlling trace 

element distributions at the Twomile Mesa site. At the north end of the trench, total Be 

concentrations in soil range from 1.55 to 3.1 ppm, and HN03-digested Be 

concentrations range from 0.67 to 2.20 ppm. Acid-digested Be comprises 42 to 95% of 

total Be at the north end of the trench. At the south end of the trench, total Be 
concentrations range from 1.00 to 2.20 ppm, and HN03-Ieach Be concentrations 

range from 0.54 to 1.40 ppm. Acid-digested Be comprises 34 to 75% of total Be. These 

distributions suggest that in some soil horizons Be is mainly is distributed within 

secondary soil phases and minor amounts are associated with primary phases at the 

Twomile Mesa site. 
Figure 64 shows distributions of HN03-digested As and total As (above 50 em 

depth) at the north end of the trench. Total As concentrations range from 3.71 to 7.30 
ppm, and HN03-digested As concentrations range from 4.70 to 9.30 ppm. The acid

digested fraction of As comprises 45 to 81% of total As. Figure 65 shows distributions 

of HN03-digested As and total As at the south end of the trench. Total As 

concentrations range from 5.14 to 8.76 ppm, and HN03-digested As concentrations 

range from 3.9 to 7.0 ppm. The acid-digested fraction of As in this well-developed soi~ 

/03 



h,9~A. ~ S'l BACKGROUND SOIL, SITE 4. TWOMILE MESA. 

1.0 
• 

0.9 • TOTAL URANIUM (DNAA) 

...... 0.8 y = - 1.1707 + 0.54206x AA2 = 0.657 

*' • 
r-
~ 0.7 -z 
0 
co 0.6 
a: 
<( 
0 

.< () 0.5 
z 
<( 
(!) 0.4 a: 
0 
0 0.3 
::J r ./ • 
0 
en 

0.2 
r 

• ./ 

·;.. 
1- :/' 

0.1 



~ 
~' 

~ n 
!a.i:'~t~~t"'t • ::r-~~c;.:J ......... .-::c~ 4· ~"'t-r---, 

-:E 
a. 
a. 
a: 
0 

0 
~ 

1-
~ -z 
0 
j:: 
<{ 
a: 
1-
z 
w 
0 
z 
0 
0 

F--jw'l. e. 60 BACKGROUND SOIL, SITE 4. TWOMILE MESA-NORTH. 

10 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I •• I j I I I • I I I j I I I • j I I I I I j I] 

9 
ARSENIC (H003 DIGESTION, ElVAA. PPM) r·-·-·-·-----·-----L ____________ _ 
BERYlliUM (HN03 DIGESTION, ICPES, PPM) 

8 IRON (HN03 OIGESTlON,ICPES, WT %) I -
I 
f f••-·--•-•-•-•••n•••••-·-·-•-n•-••••••--•-•••••••••••••••u•••n•••••••••••••••••••••••n•n_. 

l 
i 7 
! 
' i 

6 l 
! 

·-···-.. ····-·-···-···-·-·-·····--···~ i 
s ~ ! I 

i .... _ .... -.-... J 

4 

3 

l 
2 ! ·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·~·-·-·-·-·-·-·-·-·-·-·--~ 

1 I ! 
. -. -· -·-·-·-·-·-. -·-.-·-·-.-. -·-' 

0 I I I I I I I 
1

' I I I I I I I I I I • I I I !' I I 1 'I' I I I I I I I I 1 I I I " I' 'I 'I I I I I I'-. I' " I ' -1' I I I I 1: ,• I J I ' I i 'I 'I,-,''' I I i i I • I I I ,_) 

0 10 20 30 40 50 60 70 80 

•:_ ;_.: 

() 



-~ 
a.. 
a.. 
a: 
0 

'*' t-
3: -z 
0 
;::: 
< a: 
tz 
w 
(J 
z 
0 
(J 

r:-:~•ute 6/ 
BACKGROUND SOIL, SITE 4. TWOMILE MESA-SOUTH. 

8~~~~~~~~~~~~~~~~~~~~~~~~~~ 

7 

6 

5 

4 

3 

2 

1 
. -·,;,. -·-.- ·- ·.-.- , ...... 1 j 

'!'••o•o•oououooouoo••OoHooooooouooOo•••••u: 

-·-···-·-· 

l 
! 
! : 
i 
£••••••-•••••n•ouoooo ... uo••••••••-•nn ... u,oo•-•••••-': 

i 

: 
f 
1 ......... - ........................................................... . 

ARSENIC (HN03 DIGESTION, trvM, PPM) 

BERvWUM (HNo3 DIGESTioN, ICPES, PPM) 

IRON (HN03 DIGESTION,ICPES. WT %) 

·-·-r-·-·-·-'-·~-~-----J. ·-.;. ,.;. ., ~' .. .-
~-; : .• ~: . . :: ,: . .' ·: ~ ;r. .: · .• , 



""' " I 
.. A.\~: ... ·,._.,.\~- ····'·"-·;.·· .. -.. :~·\r· :-,:"~·\ ~;~·=· -IrK :-... ~ ·. : ..... -~·s)t· . )·,, -i:·:· .:·· ... + . -.. - ... ,., .. :.-··· ... ·.. . (.;~: ::·:;::'!:' -.~i,::· _;; .. &,:: ~- ..... --! :" ~-'!:', 

~;:~ .;""'""'~' • :!~:·.'l;;;lr~:;-~·· :.;.;:; .. ..,.'"'!;:::(; 
~· 

~: 
fi 
~.; 

r 
"' ' t r 
f 
~: 
~ 
il-

' 
f.~. 
~'-
i;:;\ 
~~~ 

t-.. · 
~:? 

~·· tt rl 

1
~-·~· . -

';, e:. 
'.~ ;.. :2 ;... a. 

~v (.) 
~~~··· ffi 
!;~. (/) 
i::"'-' a: ,<;J· <t: 
~--

~; 
~·· R· 
~~;; 

I 
(~:: 

~~~t;·· 
?.:·:~· " 

~[;; 

h._f COl C fS !< 
BACKGROUND SOIL, SITE 4. TWOMILE MESA. 

10 
y = 1.8936 + 2.4223x AA2 = 0.812 

• 
9 • SOIL SAMPLE 

• 
8 

• 
7 

6 • 

• • 
5 

4 

3~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

0 1 2 3 

n 



BERYLLIUM (PPM) 

1\) ~ 
t' 

" 1'0 

~ 
'< 
II 

• 0 .... 
~ t 

tD 8 • ;= :t> 
~ 

+ (") 
0 

~ "'0 :...z 
G') r- '.J m .(XJ 

::0 g .. 
)( 0 

c 
:0 z 
~ 0 
II en 
p 0 
"" -(XJ r 
"" en 

=i 
m 
~ . 
-f 
~ 
0 

·:>•·:- s: -r • • m 
s: 
m en 
:t> 

' 



~-:·. 

n n 
~··'- ' . .. . ; ........ 

-:;,:: 
a. 
a. 

z 
0 
t
<{ 
a: 
t
z 
LU 
0 
z 
0 
0 

. 
,c/,yv.lle 67' 

BACKGROUND SOIL, SITE 4. TWOMILE MESA-NORTH. 

10 f I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I j I j I I I I j j j I I j j I I I I I I j I j I I j I I I j j j I I I I I j I I I j I j ~ 
I 

9 

8 

7 

6 

5 

4 

3 

2 

1 1-

: 

~ 
! 
! 

r·····--·-··-····-···---·· ... ····-···-···- ··-·····-·····- ·····-···--

' 
f 

i ............... J 

TOTAL ARSENIC (INAA) 

ARSENIC (HN03 DIGESTION, ETVAA) 

0 I I I I I • I I I I I I I I I I I I I I I I I I I I I I I. I I I. I I I I I I I I I I I I I I I. I I • I I I I •• I I I I I I I' ' • I I I I I. I I I • I 1 
0 1 0 20 30 40 50 60 70 80 

DEPTH (CM) 

n 
':'~' 

-~ 

()... 

~ 

'-:t 

j 

~J 

'\! 

.~ 

~j 

iJ 
·_,:•.i 
4 

:~ 
.· .. ~ 

·",; 

.. ,..:;t~ 



,.::.· 

:~: 

:;.,. 

,_".i;~ .:r 
:~ 

L 

........ 
~ 
a. 
n. 

z 
0 
t= 
< a: 
1-z 
UJ 
() 
z 
0 
(.) 

hj ... 4 ~ 6S BACKGROUND SOIL, SITE 4. TWOMILE MESA-SOUTH. 

10~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

9 1-

8 

··- ....... -.-.-.-.-.-. -·-.- .. . . 
' ' . . 
I I . . 
I I 

i ; . . 
I I . . 
~ t·-·---·-·-·-·~---~·-·-·-·-·-·-·-r·-·-·-·-·-·-·-·-·-·-·-·---·-·-·-·-·-·· 

71-

6 

,- --. ....l 
·.·::·:::·:::·:::·:::·:::·:::·:::·:::·:::·:::; i ·································································· 

I I 

r·-·-·-·-·-·-·-·-·-·-·-·---·1 I i '"·-·----···-- -·- - - -·-5 

4 

3 

21-

1 

: i 
i ~ 
......................................................... 1 

TOTAL ARSENIC (INM) 

ARSENIC (HN03 LEACH, ETVM) 

-

0 1 1 I 1 1 1 1 I 1 • 1 1 I I 1 I • I I I ' I 1· I •• , I ; • 1 r , :I I , I I I I ·, 1 , ·
1 1 

I. I • ·~ • 1 1 I I , I I I I I I j 
0 10 20 30 40 50 60 

DEPTH (~M). 

,··. • ·, •J ' J ~~· .·~;':.. ·"";• ,. I "r" ' .,,{ o. • ' .:·-: > :. •'\ ·,. • 

~ 

"' 

,,.;.lj 
··:·.-.~--~&~~ 

:~1 
·r~\i~~il 



•• ...!11! ..... \. .. 

; I ! 

comprises 62 to 74% of total As at the· sout~. end of the trench. Adsorption processes 

involving iron oxide may account for f.~s enrichment within the Bw and other horizons 

at this site. Background concentrations of As and Be exceed soil SALs for these two 

elements (Table 2). 

Site 5. Water Tanks Trench, West Jemez Road 

Location and Geomorphic Setting 

The Water Tanks soil sampling site was within a trench that was excavated 

between Canon de Valle and Water Canyon, west of West Jemez Road near T A-16, as 

part of the Seismic Hazards Investigation Program (Wong et al., 1993) (Figure 66). 

The trench exposed a sequence of colluvial deposits that occur at the base of a steep 

forested slope, which represents the main scarp of the Pajarito fault zone (Gardner 

and House, 1987; Wong et al., 1993). Also exposed in the trench is a pure layer of El 

Cajete pumice, up to 1.2 m thick (Figure 66). The upper part of the El Cajete pumice 

has been heavily disrupted by bioturbation and the overlying colluvial soil, 0.5 to 1.3 m 

thick, includes abundant pumice in addition to some Bandelier Tuff clasts. Holocene 

radiocarbon dates of about 1.1 and 5.8 ka have been obtained from the colluvium 

above the El Cajete pumice (Figure 67, Table 9). The colluvial deposits below the 

pumice layer contain no El Cajete pumice, although they contain abundant angular 

clasts of Bandelier Tuff (Tshirege Member), and are thus presumably older than about 

60 ka. The soils at this site are mapped as part of the "Rock Outcrop-Pines-Tentrock 

Complex" by Nyhan et al. (1978), and may be representative of other sites along the 

base of the fault scarp at the western edge of the Laboratory. 

The present source for the colluvium extends 35 m (1 00 vertical ft) up the slope, 

which represents about 40% of the total scarp height. The slope at and above the 

sample site is slightly convex-out, causing divergence of colluvium transported down 

the slope. Upslope of the sample site, net erosion of the slope has occurred since 

about 60 ka, resulting in complete stripping of the El Cajete pumice 40 m (130 ft) to the 

west. The relatively small amount of material deposited on top of the El Cajete pumice 

at this site may be related to this divergence of colluvium. 
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Fig. 66. Map of sample site 5 at Water Tanks Trench. Topographic base, with 2-foot contours, from FIMAD. 
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Soil Description 

Soil samples collected from the Water Tanks trench site are listed in Table 7 

and results of chemical analyses are provided in Appendices I and II. The soil 

described in the trench is formed in sheet wash, alluvium, colluvium, and loess that 

overlie reworked El Cajete pumice. The soil is well deveioped and contains clay-rich 

horizons {Watt and McFadden, 1992). The soil profile at this site consists of the 

following horizons with associated depths and thicknesses (in em): A (0-6), BA 

(6-18), 2Bt1b (18-35), 2Bt2b (35-53}, 2Bt3b (53-64), and 3CB (64+}. In addition, three 

discontinuous CaC03 zones occur at the following depths (in em): K1 {42-64). K2 (64-

76), and K3 (70-80) (Watt and McFadden, 1992). The origin of these CaC03 zones. 

however, is not well understood, although they may be associated with root systems or 

fungal hyphae based on field observations. Oxidation and reduction zones also occur 

in the soil profile, particular immediately beneath the El Cajete pumice (3CB horizon), 

and may be related to perching of water within the vadose or unsaturated zone. 

The A horizon is well developed and contains variable amounts of organic 

carbon. Organic carbon values range from 0.27 to 2.54 wt%, and the highest 

abundance is associated with lenses of organic matter. This soil profile contains 

moderately high clay content; abundances of clay-size material vary from 13.8 to 25.9 

wt% (Watt and McFadden, 1992). Sand-size material ranges from 26.6 to 77.1 wt%, 

indicating thatthis soil profile may have a moderately high hydraulic conductivity 

(Table 4, K values ranging from 1 o-s to 1 o-2 em/sec) in comparision to clay-rich soils 

found at other areas on the Pajarito Plateau. Silt-size material varies from 6.6 to 49.5 

wt% at this soil site. 

Soil Chemistry 

This soH is characterized by acidic to alkaline pH values ranging from 6.0 to 8.2 

that increase with depth.The lowest pH value in this soil profile is associated with the 

BA horizon·, whereas the highest pH value is associated with the CaC03 rich-zones 

(Watt and McFadden, 1992). Calcium carbonate abundances vary from 0.5 to 19.6 

wt% (Watt and McFadden, 1992). 

Distributions of total Fe, HN03 digested Fe, and clay-size material versus depth 

are shown in Figure 68. Total Fe concentrations range from 2.1 to 3.2 wt% and Fe 

content is generally correlated with clay content (Figure 68). Acid-soluble Fe 

concentrations range from 0.9 to 2.6 wt% comprising 37 to 81% of total Fe. These 
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concentration distributions sugge~;t that Fe occurs both in refractory phases such as 

hornblende, magnetite, and biotitP :=J.nd in HN03-digested Fe phases including ferric 

oxyhydroxide and ferrihydrite. Adsorption of trace elements onto ca:cium carbonate, 

iron oxides, and clay minerals is likely to control trace-element distributions in this 

organic-rich soil profile containing several B horizons. 

Distributions of total Th, acid-digested Th, and clay-size material vary with depth 

(Figure 69). Total Th concentrations range from 17.20 to 19.96 ppm (Figure 69). Acid

digested Th concentrations range from 4.00 to 8.00 ppm, which comprises 20 to 51% 

of total Th. The acid-digested fraction of Th does not correlate with clay-size material 

(Figure 69). It appears that most of the Th has not leached from primary silicate phases 

based on percentage distributions of acid- digested and total Th. 

Distributions of total U, acid-digested U, and solid organic carbon vary with 

depth (Figure 70). Concentrations of total U range from 3.07 to 3.96 ppm (Figure 70). 

Concentrations of acid-digested U range from 0.70 to 2.00 ppm and this fraction 

comprises 20 to 51% of total U. Acid-digested U correlates with solid organic carbon 

(Figure 70). Uranyl undergoes ligand exchange with humic acids, predominantly with 

carboxylic acids (Longmire, 1991; Shanbhag and Choppin, 1981). Overall, most of the 

U present in this soil has not been leached from the primary silicate phase(s). 

Figure 71 shows distributions of As, Be, and Fe versus depth at the soil site. 

Beryllium is associated with Fe in several soil horizons at this site. Arsenic is enriched 

within the A and 2Bt2b horizons, whereas Be and Fe are enriched within the 2Bt1b 

horizon (Figure 71 ). Concentrations of total Be range from 2.0 to 3.3 ppm, whereas 
concentrations of HN03-digested Be range from 0.77 to 2.60 ppm. Acid-digested Be 

comprises 35 to 81% of total Be {Figure 72}, which suggests that in some soil horizons 

Be is dominantly distributed within secondary soil minerals and solid phases and 

some Be is distributed within primary silicate phases. 

Adsorption reactions with calcium carbonate may be the dominant process 

controlling As enrichment at this site. Figure 73 shows distributions of HN03-digested 

As and calcium carbonate versus depth. Arsenic shows a strong correlation (r2 = 0.82) 

with calcium carbonate (Figure 74). Results of experimental investigations conducted 
by Zachara et al. (1993) show that maximum adsorption of PQ43- and Se032- onto 

calcite occurs below pH 7.0, whereas Cd2+, Zn2+, and Mn2+ essentially show 

maximum adsorption below or at pH 8.5. Recent studies using a streaming potential 
method suggest that Ca2+ and C032- are the dominant surface species and that other 

species, including H+ and OH·, have no significant effect on the surface charge 

(Thompson et al., 1989). Calcite carries a positive charge below pH 9.0 in saturated 
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calcium carbonate solutions in contact with atmospheric PC02 (10·3 5 atm) (Foxall et 

al., 1979). These studies may have relevance to understanding A.s distributions at this 

site, because adsorption characteristics of As033· and As043· onto iron oxides and 

other adsorbents are similar to P043·, selenite (IV)), and selenate (VI)) species (Leckie 

et at., 1980). Similar trends between As and calcium carbonate, however, were not as 

strongly observed at other soil profiles characterized during this investigation. Iron 

oxides probably are stronger adsorbents than calcium carbonate, based on surface 

area measurements (Stumm and Morgan, 1981 ), which control trace-element 

enrichment at the other sites. Background concentrations of As and Be exceed soil 

SALs for these two elements (Table 2) at this site. 

Several oxidation-reduction zones are present at the Water Tanks Trench site 

below the El Cajete pumice. Figure 75 shows element and species concentrations in 

oxidized and reduced zones normalized to the underlying colluvium, which is the 

parent material at this soil site. Values greater than 100 indicate enrichment of an 

element or species within the oxidation-reduction zone relative to base colluvium. 

Conversely, values less than 1 00 indicate depletion of an element or species within 

the oxidation-reduction zone relative to the colluvium. Arsenic, Co, Cr, Fe, Mn, Ni, and 

U are enriched in the oxidized material, whereas Cr and U are enriched in the reduced 

material relative to colluvium (Figure 75). Manganese shows the most enrichment, by 

a factor of 2.85, within the oxidized material, which is possibly due to adsorption onto 

iron oxide and/or precipitation of Mn02 or MnOOH. Adsorption of As, Be, Co, Cr, Ni 

and U onto iron oxide may account for trace element enrichment under relatively 
oxidizing conditions. Arsenic, Be, Cl, Co, Fe, Mn, Ni, and S04 are depleted in the 

reduced material relative to the colluvium. Under relatively reducing conditions, iron 

and manganese oxides are soluble and subsequently, desorption of As, Co, and Ni 

may occur and the soils become depleted in these trace elements. Lead appears to be 

insensitive to redox processes at this site and may be concentrated in primary silicate 

minerals. 

Figure 76 shows element and species concentrations in solid organic matter 

normalized to the base colluvium. Arsenic, Be, Co, Cr, Fe, Mn, Ni, Pb, and U are higher 

in the solid organic matter, whereas Cl is lower in the solid organic matter (Figure 76). 

Ligand exchange reactions involving carboxylate anion with cations, including Be, Co, 

Cr. Ni, Pb, and U, enhance trace element enrichment within soil horizons containing 

solid organic matter. 

Figure 77 shows element and species concentrations in calcium carbonate 
zone 1 normalized to the underlying colluvium. Arsenic, Ba, Be, Cl. Cr, SO,t, and U are 
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enriched by varying amounts in the calcium carbonate zone, whereas Co, Fe, Ni, and 

Pb are higher in the base colluvium (Figu~e 77). Sulfate shows the most enrichment, 

by a factor of 4.1, which suggest presence of gypsum as a component of eolian dust 

within calcium carbonate zones. Beryllium, Cl, and Cr show little enrichment (Figure 

77). Formation of uranyl carbonate complexes may have resulted in remobilization of 

U within the soil profile. Uranium, specifically (U(VI), may have adsorbed onto/or 

coprecipitated with calcium carbonate. Uranyl carbonate complexes may undergo 

surface-exchange reactions with C03 surface groups present on calcite shown by: 

(eq. 6) 

The calcite sorbent surface is represented by X in eq. 4. Sorption of U02(C03)22-

should parallel increasing positive charge on the calcite sorbent and decreasing 

solution concentrations of HC03· and C032-, based on concepts discussed by 

Zachara et al. {1993). Sorption of uranyl carbonate complexes onto calcium carbonate 

is maximum below pHpzc value of 9, where a net-postive surface charge prevails. This 

soil is characterized by pH values ranging from 6.0 to 8.2. Barium enrichment may 

result from adsorption onto calcium carbonate and/or precipitation of barium 

carbonate. 

Site 6. Frijoles Mesa, State Route 4, El Cajete Pumice 

Location and Geomorphic Setting 

The soil sampling site is at a shallow excavation on Frijoles Mesa beneath a 

Ponderosa pine forest, on the boundary between the Laboratory and Bandelier 

National Monument, where a culvert discharges on the south side of State Route 4 

(Figure 78). The excavation exposed a layer of pure El Cajete pumice, 0.3-0.8 m thick, 

that overlies a buried soil and underlies a pumice-rich surface soil that is 0.4-0.9 m 

thick. The buried soil is about 1.2 m deep, and although not exposed here, unit 4 of 

the Tshirege Member underlies the buried soil (S. Reneau, unpublished mapping). 

The upper part of the El Cajete pumice bed has been heavily disrupted by 

bioturbation, as was seen at the Water Tanks site (Site 5), causing large local 

variations in thickness. Soils at this site are mapped as part of the Frijoles soil series 

by Nyhan et al. {1978), and may be representative of other mesa-top locations in the 

Ponderosa pine belt that are covered by El Cajete pumice. 
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Fig. 78. Map showing sample site 6 on Frijoles Mesa, along Stale Route 4, and nearby borrow pit. 
Topographic base, with 2-foot contours, from FIMAD. 
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The modern soil is developed on the upper part of the El Cajete pumice, and 

probably contains a mixture of weathered pumice and wind-blown dust deposited 

since emplacement of the pumice bed. The site is about 10 m northeast of the axis of 

a shallow mesa-top drainage. There is evidence for recent erosion of the soil by 

surface runoff, and an unknown thickness of soil has been eroded from this site. In a 

nearby borrow pit 225 m to the east (Figure 78), the El Cajete pumice reaches 2.2 m in 

thickness and is overlain by 0.35 m of soil. The significantly greater thickness of El 

Cajete pumice at the borrow pit relative to the sample site suggests that 1 m or more of 

pumice and soil has been eroded at the sample site since about 60 ka. However, the 

presence of the pumice bed here demonstrates that the mesa top is relatively stable, 

and that no erosion of the tuff bedrock occurred at this site since about 60 ka. 

Soil Description 

Soil samples collected from the Frijoles Mesa site are listed in Table 7 and 

results of chemical analyses are given in Appendices I and II. The soil at this site is 

poorly developed (Watt and McFadden, 1992), and consists of the following horizons 

with associated depths and thicknesses (in em): A (0-5), Bw (5-22), Bwk (22-53), and 

2CBk (53+). Organic carbon values range from 0.2 to 0.4 wt%, and the highest 

abundance is associated with the 2CB horizon. This soil profile contains some clay 

enrichment; abundances of clay-size material range from 6.6 to 16.9 wt% (Watt and 

McFadden, 1992). Sand-size material varies from 35.2 to 54.8 wt%, indicating that this 

soil profile may have a moderate range of hydraulic conductivities (Table 4, K values 

ranging from 1 o-s to 1 o-1 em/sec). Silt-size material ranges from 33.9 to 58.1 wt% at 

this soil site. 

Soil Chemistry 

This soil is characterized by alkaline pH values ranging from 7.5 to 8.9, which 

increase with depth.The lowest pH value in this soil profile is associated with the A 

horizon, whereas the highest pH value is associated with the 2CBk horizon (Watt and 

McFadden, 1992). Calcium carbonate abundances vary from 0.5 to 3.9 wt% (Watt and 

McFadden, 1992). 
Concentrations of total Fe, HN03 digested Fe, and clay-size material versus 

depth are shown in Figure 79. Total Fe concentrations range from 2.53 to 2.98 wt% 

(Figure 79). Acid-soluble Fe concentrations range from 1.4. to 1.9 wt% comprising 55 to 
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64% of total Fe. Iron generally does correlate with clay-size material (Figure 79), which 

suggests that Fe has been moderately remobilized and concentrated in the clay-size 

material. Some of the Fe probably occurs both in refractory phases such as 
hornblende, magnetite, and biotite and in HN03-digested Fe phases including ferric 

oxyhydroxide and ferrihydrite associated with solid organic carbon and clay minerals 

(Figure 80). 

Concentrations of total Th, acid-digested Th, and clay-size material vary with 

depth (Figure 81 ). Concentrations of total Th range from 13.7 to 22.5 ppm (Figure 72), 

and concentrations of acid-digested Th range from 6.0 to 8.0 ppm. Acid-digested Th 

comprises 36 to 58% of total Th. This fraction does correlate with clay-size material 

(Figure 81 ), suggesting that Th may have redistributed within the clay-size fraction 

possibly through adsorption processes. In the Bwk horizon, most of the Th may have 

leached from primary phases, based on percentage distributions of acid digested and 

total Th. 

Concentrations of total U, acid-digested U, and solid organic carbon vary with 

depth (Figure 82). Total U concentrations range from 3.1 to 3.9 ppm, and acid

digested U concentrations range from 0.6 to 1.6 ppm (Figure 82). Acid-digested U 

comprises 15 to 41% of total U, and this fraction is associated with solid organic 
carbon (Figure 82) and CaC03 (Figure 83) in the 2Cbk horizon. Figure 83 implies that 

some of the U is associated with CaC03 coatings mantling sand-size particles. 

Surface complexation of U onto CaC03 is likely at this site, because HN03-digested U 

does correlate with CaC03 in the 2Cbk horizon (Figure 83). In addition, uranyl also 

undergoes ligand exchange with humic acids, predominantly with carboxylic acids 

(Longmire, 1991; Shanbhag and Choppin, 1981}, which accounts for the U-organic 

carbon correlation observed in the 2CBk horizon (Figure 82). Subsequently, from 

these relationships, solid organic carbon and calcium carbonate correlate well with 

each other (compare Figures 82 and 83). This correlation may be the result of similar 

sources for the two materials and/or oxidation of organic matter to calcium carbonate 

through biological respiration. Most of the U present in this soil, however, has not been 

leached from the primary silicate phase(s). 

Figure 84 shows distributions of As, Be, and Fe versus depth at the soil site. 

Beryllium and As show a strong correlation with Fe, and these elements are highest 

within the 2CBk horizon. Total Be concentrations range from 2.0 to 2.5 ppm, whereas 

HN03-digested Be concentrations range from 1.2 to 1.7 ppm. Acid-digested Be 

comprises 49 to 85% of total Be (Figure 85), which suggests that in the A horizon Be is 

mainly distributed within secondary soil minerals. 

/31 

·-
f· 

i 

1t 

> • ·'~' ...... ,:~.~- ~.~··, \; 



i'f) 

;c;.7~.c. e 80 
BACKGROUND SOIL, SITE 6. FRIJOLES MESA. 

3 ~ I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I ' I I I I I I I I I I I I I I I I I I I I ' I I I ' I I 

-fl. 
1-
3= -z 
0 
i= 
~ 
a.: 
1-
z 
w 
0 

2 

z 1 
0 
(.) 

.. · .o 
·,<,;0: 

-------- .. 
I 

IRON {HN03 DJGESTION, ICPES) 

TOTAL lAON (INAA) 

SOUO ORGANIC CARBON (WT %) 

;-- .. ___ ,.. ____ -.... __ -- .... ----- -·- ..... ~.,-,.; 

· ~-t~ --... ~ --~ ";' ~ ~ • --"':';""·:-.~ ~-~~-·;"!~.+.~-~ -~ ~f~·'Pt"~~~·r~'L~ ·> -~·· 

' .. ~·- ·,. 

.,.....,..\ 



.. ,,'-<t:'itt'..;.frllg 3 "ftfltill Mt 
':,;;~~~ 

.a ::res~-.:~ ,. f'-.-

-:E 
·Q_ 

Q_ 

r{ju~t. ~ 8/ BACKGROUND SOIL, SITE 6. FRIJOLES MESA. 

30 IiI iII I I I I I I I I I I I I I I ' I I I I ••• I •• 

THORIUM {HN03 DIGESTION, ICPMS, PPM) 

TOTAL THORIUM (INAA, PPM) 

CLAY-SIZE MATERIAL (WT %) 

i I i I I I i i I I I I I I I I I I I I I I I I ' I ' I I I 

a: 
0 20 

fl. 
I-
S= -z 
0 
1-
<t 
a: 
1-
z 
w 
() 
z 
0 
() 

10 

--------. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
-------------------------------, I 

' I 
I 
I 
I 

....................... ": :.-.... -................................................................................... _ ................................................ . 
; I 

1.. ........................................................... - ....... r------ --·---------------------------------------------- -· 

0 • . , · ... , , , 1 • , •••• , •• r , , '. , ,·. 1 ·r .' ., • , I i . I , .• « 1 1 .• , } . , • 1 •• , •• , • I •• I • J 

0 10 20 30 40 50 60 

p:e.~T~k;.(q~r 
: .: . ';:··· .. · """··"·:· . '7~:~.: .. :,·,;· ~· .. ; .. ;.;~ .... 

,f'·.- . '~: ' 

.~ '•. 



OJ 
)> 
(') 
::::-\ 
C) 
::0 
0 
c: 
z 
0 
CJ) 

~ ~ c: 0 
~ ::tJ r r:: > 

0 )> z ~ 

) 0 r E CJ) 
:0 c 3:: -
··~ ~ - -i 

£; :X: m 
5 -~ ~ en .. 

'• 9 
(.) -· t:1 ··o "TJ 

.. 

~ 
z i5 ::XJ 
~ m 

(I) c... . .. :j 

·~ 
"t) 0 0 -o ?! r ii: 

~ - 0 m 

~ 
CJ) 

.(1) 3: 
.:g m 

CJ) 
!!:: > - . 

,) 



' ... '. ,, iJ. ~··· •:;: •• ':.": ';l~~ . '•· . · ..• 

-~ 
a. 
a. 
a: 
0 

~ 
1-
~ -
z 
0 
1-
<{ 
a: 
1-
z 
UJ 
0 
z 
0 
0 

r;..J"'-< e. a :s 
BACKGROUND SOIL, SITE 6. FRIJOLES MESA. 

4 ~ 1 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I 1 1 1 I I I 1 1 1 1 I 1 1 j 1 1 1 1 I I 1 1 I J 

3 

2 

1 

URANIUM (HN03 DIGESTION, ICPMS, PPM) 

TOTAL URANIUM (DNAA, PPM) 

CaC03 (WT %) 

iouoooooo•••••••••••••••••••••••••••••••••••·•••••••••••oouo•••••oooooooo•ooou•ooooooooooooooooo•oooo•OO•oo••••••••••••••••••••••••ooo•ooooooo 

! 
~ 
l 
! 
: 
j 
: 

................................................................................................... 1 

--------l ______________________________ r---------------------------------------------------------· 

oo~~~~~.~-~~~~~~~-~~~~~~~~~~~~~~~~ 
1 u 20 30 40 50 60 

DEPTH (CM) 

,,.}_~· -· ·~~ .. ~.,;~ .:·:;.~ .~. . .... 

., 
' 

·:{~j 

\,J) ·' 
~-

' 



-~ 
a. 
a. 
cr: 
0 

"#. 
1-;;: -z 
0 
1-
<l: 
a: 
1-z 
w 
(.) 
z 
0 
() 

r{y'-l;e.~ 8'1 
BACKGROUND SOIL, SITE 6. FRIJOLES MESA. 

10~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ARSENIC (HN03 DIGESTION, ETVAA, PPM) 

BERYLLIUM (HN03 DIGESTION, ICPES, PPM) 

IRON (HN03 DIGESTION, ICPES, Wf %) 

·-·-·-·-·-·~ ~--·-·-·-·-·-·---~---·-·-·-·-·-·-·-···-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-················-·····i i 
~. -·- ·- ·-·-.-. -·-·-. -·- ·-. -· -·-· -·-· •• -·-·!""""''""'""''"""""'""'""'""""'''"""""""""'""'""""""""'"""'"""''"''"'"'""""'"""'""""'"'"'''' ................................... -..................... -................. _ ....... .: 

0 I I I I I I ' ' ' ' I 1. ' I • ' ' ' ' 1: I I I I ' '. ' I I I '·'I ' I I I ' I I I ,. '·:.:.-I ··• ..• '., '.I .!· I I I I I ., I ' ' I 

0 1 0 20 30 40 50 60 

DEPTH (CM) 



-~ 
a. 
a. -
z 
0 
t-
<t 
a: 
t-
z 
w 
u 
z 
0 
u 

. 
.F'(y'-Oi. e s>s BACKGROUND SOIL, SITE 6. FRIJOLES MESA. 

4 ~ l 

BERYLLIUM {HN03 iJIGESTION, ICPES) 

----- TOTAL BERYLLIUM (HF DIGESTION, ICPES) 

3 

r------------------, 
I 
I 
I 
I 
I 

2 f----- -• 

1 
0 1 0 

'. •''J'' .• •. ' . ,, 

., 

~ ' 

I 
I 
I 
I 
I 

L-----------------------------------~ 

i i 

20 '3Q,' 40 50 

~ 

. 

60 



'· 
/ 
}:· 

,., ,. 
~; 

Figure 86 shows distributions of HN03-digested As and solid organic carbon, 

and As concentrations range from 4.8 to 5.9 ppm. Distributions of acid-digested As and 

total As were not calculated, because some of the digested fraction samples exceeded 

the total fraction and analytical error in the INAA data is suspected. In spite of this 

analytical uncertainty, adsorption of As onto solid organic matter, through ligand

exchange reactions, may account for As enrichment within the 2CBk horizon at this 

site (Figure 86). Background concentrations of As and Be exceed soil SALs for these 

two elements (Table 2). 

Site 7. Ancho Canyon Mesas (T A-39), State Route 4 

Location and Geomorphic: Setting 

The background-soil sampling site is in a roadcut along State Route 4 between 

tributaries of Ancho Canyon (Figure 87). under a sparse pinon-juniper woodland, 

where about 0.6 m of soil overlies unit.3 of the Tshirege Member (S. Reneau, 

unpublished mapping). The soil is fine-textured, and probably includes a significant 

component of wind-blown material in addition to eroded tuff. There is abundant 

evidence of recent surface erosion in this area, including exposure of roots of pinon 

pines and juniper trees. Locally, the soils have been completely stripped to bedrock. 

In addition, deposits of pure El Cajete pumice occur on the sloping shoulders of the 

mesa here, and these deposits originally overlay the sampled soil (Figure 88). The 

soil is thus formed in material deposited betore about 60 ka. Similar surface 

characteristics are widespread in this area, including exposure of pre-EI Cajete soils 

by erosion, and the soil sample site may be representative of many mesa top locations 

in the eastern part of Laboratory. The sample site is mapped as part of the Hackroy 

soil series by Nyhan et al. {1978), and this !>eries seems to represent old mesa-top 

soils that were buried by the El Cajete pumice and later exposed by erosion (see also 

Reneau et al., 1994). 

Soil Description 

Soil samples collected from the TA-39 site are listed in Table 7 and results of 

chemical analyses are provided in Appendices I and II. The soil at this site is well 

developed, and consists of the following horizons with associated depths and 

thicknesses (in em): A 1 (0-6), A2 (6-13), Bt (13-20), Bwkb (20-44), Btkb (44-54), K (54· 
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1. 

62), and 2R (62+)(Watt and McFadden, 1992). Organic carbon values rangf~ tram 0.15 

to 0.52 wt%, and the highest concentration is associated with the A 1 horizon. This soil 

profile contains a significant amount of clay enrichment; abundances of clay-size 

material range from 11.6 to 53.6 wt% (Watt and McFadden, 1992). Sand-size material 

varies from 12.7 to 36.9 wt%, indicating that this soil profile may have a moderate 

range of low hydraulic conductivities (Table 4, K values ranging from 1 o·S to 1 o·3 

em/sec) in comparision to coarser-grained soils found at other areas on the Pajarito 

Plateau. Silt-size material ranges from 33.7 to 54.0 wt% at this soil site. 

Soil Chemistry 

This soil is characterized by acidic to alkaline pH values ranging from 6.5 to 8.1, 

and pH increases with depth. The lowest pH value in this soil profile is associated with 

the A 1 horizon, whereas the highest pH value is associated with the K horizon (Watt 

and McFadden, 1992). Calcium-carbonate abundances vary from 1.0 wt% in the A 1 

horizon to 100 wt% in the K horizon (Watt and McFadden, 1992). Some of the calcium 

carbonate in this soil is derived from leaching of the overlying loess cap, and depth to 

calcium carbonate-rich horizons represent present and/or past depths of the wetting 

front (Birkeland, 1984 ). Calcium-carbonate enrichment in this soil profile begins at a 

depth of 20 em, with another increase in CaC03 content at 54 em. The K horizon 

occurs immediately above the Bandelier Tuff bedrock, and may represent precipitation 

of CaC03 at a major permeability or hydraulic conductivity boundary. 

Distributions of total Fe and HN03-digested Fe versus depth are shown in 

Figure 89. Total Fe concentrations range from 2.0 to 4.0 wt% (Figure 89). Acid-soluble 

Fe concentrations range from 1.3 to 3.6 wt % comprising 58 to 89% of total Fe. Iron is 

highest in the Bt and Btkb horizons at this site, which suggests that Fe has been 

remobilized and concentrated in the clay-size material. These concentration 

distributions suggest that in most soil horizons at this site Fe mainly occurs in HN03-

digested Fe phases including ferric oxyhydroxide and ferrihydrite. 

Distributions of total Th, acid-digested Th, clay-size material with depth are 

shown in Figure 90. Concentrations of total Th range from 11.8 to 19.9 ppm (Figure 

90), and concentrations of acid-digested Th range from 7.0 to 11.0 ppm. Acid-digested 

Th comprises 47 to 76% of total Th. This fraction correlates with clay-size material 

(Figure 90), suggesting that Th may have been redistributed within the soil, possibly 

through leaching and subsequent adsorption. In the Btkb horizon, most of the Th has 
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been leached from primary phases, based on percentage distributions of acid

digested and total Th. 

Distributions of total U, acid-digested U, calcium carbonate, and solid organic 

carbon versus depth are shown in Figure 91. Total U concentrations range from 2.2 to 

3.7 ppm , and acid-digested U concentrations range from 0.9 to 1.5 ppm (Figure 91 ). 

Acid-leach U comprises 27 to 50% of total U, and this fraction correlates with solid 

organic carbon in all of the soil horizons and with CaC03 in the K horizon. The data in 

Figure 91 implies that some of the U is associated with CaC03 coatings mantling 

sand-size particles. Surface complexation of U onto CaC03 is likely at this site, 

because HN03-digested U does correlate with CaC03 in the K horizon {Figure 91). In 

addition, uranyl undergoes ligand exchange with humic acids, predominantly with 

carboxylic acids (Longmire, 1991; Shanbhag and Choppin, 1981), which accounts for 

the U-organic carbon correlation observed in all of the horizons (Figure 91 ). A 

moderate amount of U present in this soil has been leached from the primary silicate 

phase(s}. 

Figure 92 shows distributions of As, Be, ~e. and clay-size material versus depth 

at the soil site. Beryllium and As show a strong correlation with both Fe and clay 

content, and these elements are enriched within the Bt and Btkb horizons (Figure 92). 

Total Be concentrations range from 1.6 to 3.9 ppm, whereas HN03-digested Be 

concentrations range from 0.8 to 4.0 ppm. Distributions of acid-digested As and total 

As were not calculated, because in some instances the digested fraction exceeded 

total fraction and analytical error in the INAA data is suspected. In spite of this 

analytical uncertainty, adsorption of As onto iron oxide, calcium carbonate, and clay 

minerals may account for As enrichment within the Bt and Btkb horizons at this site 

(Figure 92). Acid-digested Be comprises 44 to almost 100% of total Be (Figure 93), 

which suggests that Be in the Bt and Btkb horizons is mainly distributed within 

secondary soil minerals. Background concentrations of As and Be exceed soil SALs 

for these two elements (Table 2). 

Site 8. Fracture Fill (TA-46) 

Fractures within the Bandelier Tuff represent a potential pathway for 

contaminant migration and material filling fractures can provide useful data for 

understanding movement of water, minerals, and solutes within the fractures. Sampl£•s 

of soil, fresh Bandelier Tuff, and fracture fill were collected from TA-46 (Site 8) 
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(Figure 4) are listed in Table 7. Results of chemical analyses are given in Append1ces I 

and II. The soil overlying one of tne fractures consists of loess associated with a 

weakly developed A horizon containing organic matter. The fracture fill contains clay 

minerals, calcium carbonate, iron oxides, manganese oxides, and solid organic matter 

mixed with fragments of Bandelier Tuft. Other fractures within the Bandelier Tuff at this 

site are open and devoid of fill material. These open fractures do not contain 

geochemically-reactive phases and, consequently, migration of contaminants could be 

significant. Conversely, the filled fractures contain clay-size material, indicating that 

this type of fracture may have a relatively low hydraulic conductivity (Table 4, K values 

ranging from 1 o-6 to 1 o-3 em/sec) in comparision to open fractures. Translocation of 

clay minerals from overlying soil through fractures has been described by Davenport 

(1993), suggesting that the fracture fills at TA-54 are developed at least partially, from 

overlying soils. Movement of the wetting front controls the rate of translocated fracture 

fill material. This fracture fill at T A-46 has a high adsorption capacity for potential 

contaminants, although bulk movement of this material occurs along fractures. 

The fracture sampled at T A-46 is characterized by an outer, coarse-grained 

zone consisting of weathered Bandelier Tuff containing iron oxide coatings. The inner, 

fine-grained fracture fill contains clay minerals, calcium carbonate, solid organic 

matter, and iron oxides. Both sides of the inner fracture fill show a sharp transition to 

outer fracture material. Figure 94 shows element and spedes concentrations in 

fracture fill material normalized to the overlying soil, consisting of an A horizon with 

solid organic matter, which may represent the parent material at this site. Values 

greater than 1 00 indicate higher concentrations of an element or species within the 

fracture fill (outer and inner) relative to the overlying soil. Conversely, values less than 

1 00 indicate that an element or species is higher within the soil relative to the fracture 

fill. The outer zone of the fracture is enriched in Cl, Ni, and S04 relative to the 

overlying soil (Figure 94), and this zone is lower in AI, As, Cr, Fe, Mn, Th, and U by 

varying amounts relative to the soil. Beryllium is evenly distributed between the outer 

fracture zone and overlying soil. Extensive leaching in the outer zone probably has 

occurred resulting in depletion of trace elements. The inner zone of the fracture is 

higher in AI, As, Be, Ca, Cl, Cr, Fe, Mn, Ni, Pb, S04, Th, and U relative to the soil 

(Figure 94). Chlorine and S04 show the most enrichment within the fracture 

Enrichment of S04 and Ca suggests the presence of gypsum as a component of 

eolian dust within the fracture fill. Adsorption of As, Be, Cr, Ni, Pb, Th and U onto iron 

oxide, calcium carbonate, manganese oxide, solid organic matter. and/or clay 

minerals may account for trace-element enrichment in the inner fracture zone. 
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CONCLUSIONS 

Soils present on the Pajarito Plateau are extremely variable in physical and 

chemical properties, such as particle-size distribution, percent calcium carbonate, clay 

mineralogy, iron oxides, and trace-element chemistry. Variations in background-soil 

elemental concentrations are related to climate, topography, parent material, soil age, 

sutiicial processes, and vegetation. Parent materials consist of alluvial fans, sheet wash 

material, colluvium, El Cajete pumice, and in some instances the Bandelier Tuff. The age 

of the sampled deposits range from several thousand years (Site 1, Lower Los Alamos 

Canyon) to perhaps as old as one million years (Site 4, Twomile Mesa). 

Lower Los Alamos Canyon represents a poorly developed soil characterized by A, 

C, and 2Cb horizons. This soil profile contains some clay enrichment, where abundances 
of clay-size material varies from 2.4 to 7.4 wt%. At Site 1, HNOs-digested Be and As 

concentrations range from 0.31 to 0.42 ppm and from 0.7 to 0.9 ppm, respectively. 

Conversely, soil described at the Ancho Canyon mesas (Site 7) is well developed and 

consists of the following horizons: A 1, A2, Bt, Bwkb, Btkb, and K. This soil profile contains 
a significant amount of clay and CaC03 enrichment; abundances of clay-size material 

range from 11.6 to 53.6 wt%. At Site 7, HN03-digested As and Be concentrations range 

from 0.8 to 4.0 ppm and from 3.0 to 11.2 ppm, respectively. 

Well-developed soils are enriched with trace elements relative to weakly 

developed soils found on the Pajarito Plateau, and the B horizons are enriched in trace 

elements relative to A and C horizons. High abundances of clay minerals and iron 

oxides, characterized by relatively high surface areas, within B horizons control trace

element enrichment in soils. Soils are higher in AI, As, Ba, Ca, Cs, Co, Cr, and Fe relative 

to the Bandelier Tuff samples. The Bandelier Tuff, however,· is higher in Be, Pb, Na, K, Th, 

and U relative to soils. Background concentrations of As and Be exceed SALs for these 

elements. Therefore, background concentrations of As and Be should be used rather 

than SALs for these elements in evaluating non- contaminated with contaminated soil, 

sediment, and Bandelier Tuff samples. 

Different trace elements are distributed in background soils by the following 

processes: (1} trace elements that are concentrated primarily on surfaces of soil particles 

through chemical weathering, for example As; (2) trace elements that remain 

concentrated within soil-particle matrices consisting of primary minerals (silicates) and 

glass, for example Sa, Th, and U; and (3) trace elements that are distributed as a 

combination of processes (1) and (2), for example Be, Cr, Pb, and V. Process (1) is dLe 

mainly to adsorption of trace elements onto sutiaces of clay minerals, iron oxides, soltd 
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organic matter, and calcium carbonate, whereas process (2) is dominated by 

coprecipitation of trace elements within primary minerals. Barium, Th, and U tend to show 

lesser amounts of leaching from primary silicate minerals and glass relative to As and Be, 

which have become concentrated on surfaces of soil particles through chemical 

weathering leading to element remobilization. Uranium (IV) probably is the dominant 

valence state within primary phases present in soil. This is based on significant 
differences observed between total element and HN03-digested fraction, suggesting 

some leaching of U has occurred in poorly developed soils at the Laboratory. 

Because of the limited number of Bandelier Tuff and soil samples collected, this 

data set may not be representative of the full suite of soils and Bandelier Tuff present 

at the Laboratory, and may not include the full range of natural concentrations for all 

elements. The available data and information, however, have defined many of the 

geochemical interactions that exist in the Pajarito Plateau soils, and provide a guide 

for interpreting analyses obtained from potentially contaminated sites. By comparing 

the geomqrphic setting and soil-profile characteristics of sites of concern with these 

background soils, better site-specific constraints on geochemical or natural 

backgrounds will be possible. 
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Na Standard Hg Standard Al Standard Cl Standard K Standard Ca Standard 

Deviation Deviation Deviation Deviation Deviation Deviation 

FS-1001 33930.00 1164.36 <2340.00 66130.00 1868.44 1111.00 140.38 40660.00 2642.90 2304.00 329.41 

FS-1002 30280.00 1332.32 <2729.00 64340.00 1801.52 1369.00 104.04 36350.00 2399.10 <2070.00 

·."· 
FS-1003 25000.00 1115 .oo <3122 .oo 50600.00 1467.40 889.00 82.68 28160.00 2415.84 <2056.00 

FS-1004 33090.00 1153.11 <2360.00 68090.00 1906.52 531.90 46.81 40150.00 2609.75 2255.00 331.48 

~~· FS-1005 29620.00 1213.66 <2742 .00 64690.00 1811.04 168.90 62.49 36640.00 2418.24 10070.00 135.11 

FS-1006 31445.00 1446.47 <3867.00 65590.00 1868.61 720.30 10.53 36440.00 2816.18 5450.00 541.58 

FS-1007 33940.00 1164.88 <2252.00 66990.00 1815.72 849.60 11.31 39010.00 2769.11 <2078.00 

i~' 
FS-1008 31440.00 1351.92 <2716.00 66640.00 1865.92 172.30 31.53 31380.00 2467.08 <1972.00 

FS-1009 32960.00 1549.12 <4173.00 66720.00 1934.88 111.90 61.22 36140.00 2421.38 <2055.00 

'!•: FS-1010 36230.00 1920.19 <2395.00 69930.00 1958.04 413.00 4 3.04 39410.00 2565.55 5277.00 20~2.75 

\~· FS-1011 31970.00 1314.71 <2669. 00 65950.00 1846.60 434.90 39.58 36400.00 2534.40 <1988.00 

FS-1012 34755.00 1123.19 <3141.50 65940.00 1878.84 273.15 32.38 38915.00 3807.29 3473.00 430.65 

FS-1013 36220.00 1883.44 <2237.00 68590.00 1920.52 360.30 63.41 39900.00 3351.60 28H .00 353.00 

.<· FS-1014 31150.00 1339.45 <2520.00 65280.00 1827.84 134.30 19.14 38130.00 2516.58 3289.00 371.66 

,_ FS-1015 32130.00 1510.11 <3595.00 65440.00 1832.32 <173.40 35400.00 2336.40 <2043. 00 

t FS-1016 34330.00 1919.49 <2143.00 66900.00 1813.20 <119.50 41360.00 2129.76 <1807.00 

FS-1017 30790.00 1323.97 <2588.00 65000.00 1820.00 204.80 36.25 38090.00 2513.94 <1842.00 

FS-1018 31590.00 1484.13 <3811.00 66370.00 1858.36 318.40 41.25 38200.00 2521.20 2472.00 411. n 

·~~ FS-1019 27300.00 1446.90 6511.00 122.81 73210.00 2049.89 411.10 55.59 31110.00 2453.22 11110.00 2901.19 

FS-1020 21580.00 1195.94 3291.00 711. so 73820.00 2066.96 338.30 49.13 35850.00 2366.10 9139.00 639. 13 

_,, FS-1021 24310.00 1142.51 <3134 .00 55930.00 1621.91 1632.00 124.03 33830.00 2266.61 <2530.00 

~::: FS-1022 ~1610.00 1675.33 <2408.00 68090.00 1906.52 1883.00 139.34 42500.00 2932.50 <1929.00 

~- rs-1023 26890.00 1156.27 <2549.00 63120.00 1784.16 1239.00 102.84 41140.00 3613.12 <1811.00 

M: 
r.~ FS-1024 13960.00 610.08 <3054.00 63640.00 1781.92 289.80 30.43 29210.00 2132.33 16960.00 1000.64 ; •.. 

FS-1025 30030.00 1561.56 <2359.00 68030.00 1904.84 565.50 49.20 41920.00 3162.12 <1956.00 '···· 

~ FS-1026 28180.00 1225.71 <2644 .00 69195.00 1937.46 402.10 U.73 41900.00 3757.45 <1899.00 r-:;·; 

FS-1027 31860.00 1529.28 <4116.00 68200.00 1917.80 500.10 48.51 31810.00 408!1.96 <2142.00 ,.-:.-

I FS-1028 31230.00 1592.13 <2257.00 65740.00 1840.72 259.20 28.17 39560.00 2610.96 <18C9 .00 ~.. ... -~ 

............ FS-1029 30890.00 1359.16 <2511.00 63870.00 1788.36 208.60 37.34 36430.00 2659.39 <1915.00 I k 

FS-1030 32570.00 1530.19 <3178.00 66260.00 1855.28 342.40 36.64 36220.00 4962.14 <1717.00 ·-~ 
FS-1031 34420.00 1189.84 <2150.00 61630.00 1893.64 102.60 26.06 31UO.OO 2805.15 <1843.00 

FS-1032 32110.00 1380.73 <2378.00 64830.00 1815.24 <101.50 40410.00 3642.30 <1798.00 

FS-1033 31690.00 1521.12 <3395.00 66700.00 2668.00 <162 .20 36280.00 2684.72 <1957.00 

FS-1034 33820.00 1826.28 <2060.00 64990.00 1819.72 <115.00 36050.00 2703.75 <1978.00 

FS-1035 . 31900.00 1339.80 <2456.00 66630.00 1865.64 <104.40 36230.00 2970.86 1745.00 305.38 

FS-1036 31320.00 1440.72 <3512 .50 661C5 .00 1868.86 <170. 55 36125.00 2126.60 <2301. 50 

FS-1031 33090.00 1153.71 <2160.00 68530.00 1918.84 120.50 30.00 40310.00 2982.94 2183.00 329.63 

FS-1036 34303.33 1621.29 3035.00 664.66 76531.66 2142.89 <133.65 39430.00 3031.54 5800.61 545.86 

l.l' -. ··~ ·.• .... 
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1.17 0.0~ <52~1.00 
1.10 .. ();Of. -~d'f:ot..OO 
1. 36 O~()it <4131. 00 
1.34 0.07 <60.55.00 
1. 63 o ,og <306 .oo 
1.45 0.08 <4103.00 
1.57 ~.08 <6076.00 
5.59 0,30 1943.00 
4.08 0.22 1505.00 
1.01 o.qs <6524.00 
0.!11 o.os <4051.00 
0.88 0.06 <4304.00 
0.!13 0.05 <6017.00 
t.l!l o.oB d02o:oo 
1.18 0.08 <4507.50 
1.17 0.06 <7024. 00 
1.17 0.06 721.00 
1.36 0.07 <41jii,OO 
1.14 0.06 <6129.00 
1,36 0.07 <3610.00 
1.69 0.09 <3831.00 
1.25 0.07 <5561.00 
1.31 0.07 <3365.00 
1.63 0.09 <3873.00 
1.92 0.11 1068.00 
1.86 0.10 <3622.00 
3.81 o.a1 1528.33 

318.65 
290.46 

186.02 

243.50 

285.13 

v 

<6:.74 
. -i('i\ 6 7 
(7.84' 

standU·d 
oel;ia1liQn 

,:~:U;;_\ 
.. <.6.34 

<-?.25 
<10.37 

<6,.96 
<7.21 

:<8,24 
<11.23 
<6~66 
<!1.05 
<5.90 
<6.53 
<9.19 
42.25 
21.50 
<9.58 
<7 .10 
<1.01 
<8 .62 
<6.93 
<7.42 

<10.49 
<6.60 
<6.92 
<9 .28 
<6.24 
d.U 
<8.45 
<5. 79 
<6.26 
<8.40 
<6.17 

9.63 

2.75 
2.17 

1.83 

Cr 

2,39 
<1.:82 

4'.52 
~1.54 

. -·.4 .9!> 
... -3.:85· 

3.13 
4.35 
4. 27 
5.90 
4. 76 
4.54 
1. 97 
4.80 
2.38 

<1.31 
3.61 
2.U 

49.85 
12.00 

2,86 
<0.91 
2.70 

<2.66 
<1.68 
3.94 
3.72 
1. 79 
3.12 
3.84 
5.94 
5.08 
1.63 

<2.08 
1.17 
2.07 
5.80 
9.90 
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Standard 
Deviation 

().,59 

0.62 

o·.65 
0~56 
.0.;60 
0.53 
0.68 
0.75 
0,57 
0.60 
0.51 
0.55 
0.48 

0.~1 
0.52 
3.14 
0.89 
1.33 

0.52 

0.63 
0.61 
0.48 
0.59 
0.51 
0.65 
0.63 
0.37 

0.46 
O.fl 
0.&7 
0.93 

Hn 

552.:60 .. 
598 .. oo· 
444.50 

. 667060 
S4l~OO 

·ssLIIO 
su ;so 
553.30 
581.70 
683.70 
53!1.80 
637.!15 
525.80 
518.10 
574.90 
459.70 
428.90 
465,70 
834.50 
465.80 
558.70 
626.90 
574.40 
639.70 
589.80 
581.30 
663.10 
663.40 
514.60 
558.20 
590.00 
510.10 
502.10 
482.00 
360.40 
382.75 
449.20 
558.48 

Standard 
Deviation 

Fe 

24.31 11100,00 
2L92 11550.00 
18.22 8818.00 

. 3'3. •38/ 11170 .• oo 
21' .• &4·_ !o&oo;·oo 
22.1!1'' 10136;50 
25. s1 t'i6o~o. oo 
24.35 10690.00 
22.69 10680.00 
36.92 12440.00 
22.67 10250.00 
25.98 11645.00 
30.50 10710.00 
21.76 10650.00 
24.72 11080.00 
20.69 11080.00 
16.73 10490.00 
18.63 10310.00 
37.55 22850.00 
19.56 17080.00 
21.79 9777 .oo 
29.46 11470.00 
22.40 10020.00 
24.95 10560.00 
28.90 11480.00 
23.87 11475.00 
25.86 11490.00 
33. 17 11260. 00 
22.13 10750.00 
22.33 10750.00 
26.55 11390.00 
20.91 11300.00 
19.58 10770.00 
25.06 10220.00 
14.42 10740.00 
15.49 10890.00 
21.56 11570.00 
24.02 17843.33 

Standard 
Dev1al:ion 

599.40 
716.10 
458.54 
659.03 
540.60 
531.47 
640.32 
641.40 
544.68 
684.20 
533.00 
624.48 
610.47 
660.30 
565.08 
709.12 
597.93 
525.81 

1462.40 
888.16 
518.18 
699.67 
591.18 
538.56 
619.92 
618.80 
620.46 
641.82 
612.75 
806.25 
580.89 
745.80 
710.82 
541.66 
579.96 
796.05 
590.07 

1015.54 
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Co Standard Cu Standard Zn Standard Ga Standard As Standard Se Standard 

Deviation Deviation Deviation Deviation Deviation Oeviatlou 

FS-1001 0.83 0.11 <322.90 115.80 15.75 29.86 5.08 1. 68 0.40 <2. 21 

FS-1002 <0 .31 <301,60 95.66 31.95 24.22 4.77 <2.63 <3.85 

FS-1003 0.71 0.06 <333.30 63.26 8.60 <28.45 <3.46 <3.62 

FS-1004 1. 21 0.11 <322.00 110.50 15.03 25.40 5.82 3.04 0.53 <2.28 

FS-1005 0.55 0.21 <301.60 83.97 32.08 <23.85 1.80 0.46 <4 .11 

FS-1006 0.66 0.14 <413 .90 96.83 21.66 32.61 5.84 1.39 0.43 <4 .04 

FS-1007 1. 22 0.09 <309 .40 88.49 12.30 <24 .54 1.00 0.31 <2.13 

FS-1008 0.49 0.19 <300. 40 78.40 29.56 <24.46 <2.57 <3.81 

FS-1009 0.83 0.08 <437.10 79.85 10.94 <40. 36 2.03 0.50 <4.92 

FS-1010 1.13 0.09 <322.90 100.50 13.67 14.53 4.40 1.38 0.38 <2 .1) 

FS-1011 <0.35 <298.80 78.09 28.58 <24. 65 1.68 0.40 <3.81 

FS-1012 0.81 0.10 <370.35 84.23 11.32 26.22 5.30 <3.47 <3.84 

FS-1013 0.12 0.08 <309.50 89.34 12.24 <25.61 <2.37 <1. 93 

FS-1 014 0.83 0.16 <283.90 56.88 24.86 <23.89 <2.43 <3.21 

FS-1015 0.77 0.06 <385. eo 62.76 8.54 <36.56 <4.03 <3.68 

FS-1016 1.11 0.09 <288.60 71.19 9.90 15.10 4.70 <2. 29 <1.85 

FS-1 011 0. 51 0,18 <281. 70 <43.50 <25.37 <2.55 <3. 43 

FS-1018 1.04 0.08 <403,00 41.34 6.12 <39.67 <4.24 <3.86 

FS-1019 8.88 0.48 <299 .40 112.40 15.17 33.70 5.59 1. 47 0. 34 <2.59 

FS-1020 3.98 0.27 <267 .10 <46.20 <23.63 <2.30 <3.97 ;;,:J 
FS-1021 0.78 0.08 <399.60 86.31 11.74 <38.01 2.31 0. 47 <4 .15 

FS-1022 0.10 0.09 <326.10 130.90 11.61 34.21 6.53 3.15 0.52 <1.14 

FS-1023 <0.29 <284.00 83.24 29.55 <25.60 0.94 0.28 <3.58 ····a ~ ~ 

FS-1024 0.15 0.07 <313. 40 101.00 13.53 30.35 4.83 <3.02 <4.58 
, .. ~· 

FS-1025 1.18 0.11 <323.40 131.30 17.86 <29 .12 1. 99 0. 44 <2.38 '! ,·:;..1 

FS-1026 0.92 0.15 <299.25 98.65 23.48 <35.28 2.13 0. 47 <3.14 , __ r;P ::1 

FS-1021 0.86 0.08 <444.40 86.79 11.72 <45.53 <4.55 <4 .17 ..... n ··~~" 

FS-1028 1.18 0.18 <306.30 87.37 12.06 <27.12 <2.34 <2 .10 , .. 

FS-1029 0.98 0.08 <280.60 76.66 10.66 <38.26 <2.61 <1. 97 ...-1 
FS-1030 0. 54 0.11 <401.10 59.45 25.50 <58.83 <4.35 <3. 66 

FS-1031 1.04 0.08 <302.50 73.05 9.86 <39.68 1.70 0. 41 <4.35 

FS-1032 1. 38 0.10 <260.80 80.09 10.89 <37.87 <2.52 <1. 86 

FS-1033 o. 76 0.15 <363. 20 50.21 22.90 <55.89 <4 .00 <3.11 

FS-1034 1. 34 0.09 <284.80 54.13 7.58 <40. 44 <2.40 <3.93 

FS-1035 1.07 0.09 <274. 40 53.52 7.81 <41.37 <2.66 <1.85 

FS-1036 0. 64 0.11 <374 .10 <6.42 <62.06 <4.31 <3.24 

FS-1031 1.39 0.10 <29'1.80 39.85 5.94 <43.18 <2.52 <3.69 

FS-1036 3.14 0.20 <335.42 62.79 9.09 <53.58 2.62 0.55 <3. 50 

... ,, .·.- .... ~:- ~ :_'1'.,: ·' · .. '·. "·"-•• j 
~~':' 

. ~'·· . .., 



<3:81 
2.03 0.50 <4.92 
1.38 0.38 <2.13 

: c:-: · .. \'s'jo ···· · · · .J::~ 0.40 <l.81 
<3:&4 

. . <.2.3'7 <1.93 
0.81 0 .u <2'113.~90 .... . 51.88 n n · <13 ·99 <2.43 <3.27 
0.17 a;o~>: 1;JQ:,5,80' · ·.(;2 .• :?6. t(S4 <l6:5s <4.03 <3.68 

toi7 
1.11 .· 0.09-·' :<11t8':tb .. ,t;t;·. 9.90 1'5.10 ... 70 <2.29 <1.85 
o. !11 0,18 <281.70 <43.50 <25.37 <2.55 <3.43 

FS-1018 1.04 0.08 <403.00 41.34 6.12 <39. 67 <4.2~ <3.86 
FS-1019 8.88 0.48 <299.40 112 •• 0 15~17 33.70 5.59 1.47 0.34 <2.59 
FS-1020 3.98 0. 2.7 . <-261.;10 <46';:2tt.' .... :<23 .• "63 <2.30 <3.97 
FS-1021 0~78 o ;or. <'lt,,;·to 86-'>)'1X? . u.l4 <38 .01 2.31 0.47 <4 .15 

. ts-1022 0.7() CL09 ;<_3i~~10• · l]O;.t6.• 17.67. , ,34,21 6.53 3.15 0.52 <1.14 
FS-1023 <0.29 .. dtfc.oo · a.hn · n.:s·s · ds;·6o ~.94 0.28 <3.58 ~.: .. ,...: .. 
FS-1024 0.75 0.0.1 <;31:3:.40, 161 ;oo· : . . 13'->·53 1o:. 3'5 4.83 <3.02 <4.58 t :: 

. FS~l.O.:U 1.18 o;li ~23;40. t3L3o .. ; iit;afi <29 •. 12 1.99 0.44 <2.38 •".:.;-r 

.rs-io26 0.92 0.15 <2!W.u·· 9tt.f5· · U~48. <35;;28 2.13 0.41 <3.14 '-·,1':-...-
FS-1027 0.86 o.os .<U4.f0 ~;:,;: -'· ··U;8!'· . ~If.:U <.4.55 <C.l7 ;.·'...._; 

F~"'ltl2·1 1. 78. o.t8 <3:0&,an <2.:u <2 .10 :t~ Fli'-102J 0.98 . o.i>a <iao~6o· 16'~66 .10.66. . <38.26 <2.61 <1.!17 
rs-lo3o 0.54 o.u dOl;lO 5t.45 25,50 <58;83 <4.35 <3.66 

~ FS-1031 1.04 0.08 g~::~ n•oi! 9.86- <39.68 1.10 0.41 <4.35 
FS-1032 L38 0.10 ao';ot' .·· 10.8'!1 <31.87 <2.52 <1.86 ~ ts-1033 0.16 0.15 <3'6:3.20 50.21 22.90 <55.89 <4.00 <3.11 
rs-HJ34 1.34 0.08 <284.80 54.13 7.58 do.u <2.40 <3.9J 
FS-1035 1.07 o.o!J <274 .• 40 53.52 ').81 <41.31 <2.66 <1.85 
rs-lOlli 0.6t It~ 17 ~314 .10 <&.n <U.06 <4.31 <3.24 
FS-1037 1.39 0.10 dJ7.80 39.8S 5.94 <43.18 <2.52 <3.69 
FS-1036 3.14 0.·20 <335.U 62.19 i.09 <53'. sa 2.62 0.55 <3.50 
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''·:···; 

Sb standard I Standard Cs Standard Sa Standaz-d La Starodard Co Stand.Hd 

Deviation Deviation l)aviatlon Ooviation Deviation Deviation 

FS-1001 <0.45 <16.20 7.06 0,42 131.40 28.65 56.09 2.92 113.70 5.00 

FS-1002 <0.40 <19 .20 7.01 0 •. 42 <67.45 56.71 2.89 117.00 5.26 

FS-1003 <0.52 <23.52 5.02 0.30 128.30 17.83 42.71 2.52 87.99 3.87 

FS-1004 <0.24 <17 .07 6.63 0.41 <13. 70 54.03 3.13 113.60 5.00 

FS-1005 <0.39 <18.57 8.10 0.46 97.65 33.79 51.72 2.90 106.80 4.70 

FS-1006 <0.55 <29.05 7.11 0.41 114.10 22.56 52.05 2.84 105.06 4.12 

FS-1007 <0.43 <15.75 4.65 0.44 116.60 25.30 54.19 3.14 117.20 5.16 

FS-1008 <0.38 <18.28 2.47 0.15 122.00 24.40 51.10 3.07 102.40 4. 61 

FS-1009 <0.67 <30.98 5.20 0.30 133.90 48.61 59.32 3.68 121.20 5.33 

FS-1010 <0.43 <17.00 3.96 0.37 <120.80 57.05 3.14 116.70 5.13 

FS-1011 <0.37 <18. 39 4.80 0.28 122.70 20.25 59.08 3.19 111.20 5.00 

FS-1012 <0.47 <23.70 4.75 0.28 129.50 29.28 57.96 3.31 117.65 5.18 

FS-1013 <0.41 <15.22 4.53 0.32 <48.02 59.05 3. 42. 107.80 4.14 

FS-1014 <0.34 <17.17 3.12 0.18 !44.50 32.22 56.87 3.30 111.00 4.99 

FS-1015 <0.57 <27.65 2.81 0.18 124.90 35.22 66.14 3.97 122.20 5.38 

FS-1016 <0.39 <14. 23 2.31 0.21 113.10 54.63 69.80 3.10 120.50 5.30 

FS-1017 <0.35 <16.89 2.90 0.17 <100.50 68.29 4.03 110.20 4.96 

FS-1018 <0.59 <27.80 2.09 0.12 180.60 21.31 57.99 3.42 107.90 4.H 

FS-1019 <0. 36 <17.12 3.99 0.30 <300.40 45.47 2.36 84.40 3.11 

FS-1020 <0.32 <16.19 3.34 0.20 348.30 27.52 45.85 2.75 81.11 3.76 

FS-1021 <0.55 <28,96 6.58 0.38 79.85 38.73 45.09 2.57 91.00 1.00 

f'S-1022 0.70 0.13 <17 .27 7.87 0.46 <91.32 62.81 3.52 124.60 5 48 

FS-1023 <0.33 <18.12 7.28 0.41 <73 .65 53.43 2.94 99.75 4. 59 

FS-1024 <0.42 <26.42 5.09 0.31 <339.60 48.49 2.86 102.20 4.50 

f'S-1025 <0.40 <16.70 6.52 0.44 <79.56 59.04 3.07 112.!0 I. 93 

FS-1026 0.24 0.01 <18. 51 6.18 0.38 <144. 75 57.24 3.06 114.10 !> .15 

FS-1027 <0.61 <32.05 2.61 0.17 158.30 25.49 57.16 3.20 121. so 5.35 

FS-1028 <0.37 <16. 54 3.70 0.24 <85.81 55.29 2.93 122.50 5.39 

FS-1029 <0.28 <11.11 3.46 0.22 118.40 26.05 52.80 3.01 103.80 4.57 

FS-1030 <0.41 <27.92 4.41 0.25 <103.00 55.53 3.33 109.60 4.93 

FS-1031 <O.ll <15.23 l. 40 0.29 149 .so 24.81 67.29 3.77 131.80 5.80 

FS-1032 <0.21 <15.68 3.95 0.26 <97.88 75.35 4.29 157.10 6.91 

FS-1033 <0.42 <25.23 2.84 0.20 99.62 17.04 47.36 2.70 102.60 4.62 

FS-1034 <0.30 <14. 27 2.66 0.16 150.10 19.21 59.45 3.15 133.30 5.87 

FS-1035 <0.28 <15.81 2.06 0.15 113.10 49.88 54.95 3.08 105.40 4.64 

FS-1036 <0.44 <24 .15 2.20 0.17 145.60 16.69 62.40 3.49 103.60 4.66 

FS-1037 <0.31 <14. 53 1.79 0.11 192.30 19.04 61.81 3.34 120.50 5.30 

FS-1036 <0.34 <19.82 1.82 0.13 413.70 45.33 75.94 4.06 134.38 5.96 

·.!("Cl ~ ~x~- --· ::~:'.~!~)_.:,:.:~ -~ 



'-"' 

FS,.l017 
FS-1018 
FS.;.lOU 

, FS..;lO:ZO 
· ·t$,.,1Q~~ 

FS.;..lOU 
rs;.:tozl 
I'S•l024·:. 
r,s;..i«lzs 

-~~~ait 
'"t~0::1b2t 
ts::..Jon 
rs~tolo rs,..-toat 
rs-io3z 
FS.;;1033 
FS .. 10.H 
FS,;10l5 
FS .. lo34 
rs .... 1o31 
f"$•1036 

SJ ... ss-.n. 
4'9.80 
60.14 
51.08 
32.67 
.t~.-~6 
n.a-. 
34.27 
5!h11 
u.-u 

·•·33.U 
.t.f.U 
$4.36 
~1,;01 
4o.23 
58.42 
11.-58 
H.!Jl 
38.79 
52.58 
36.65 
52.14 
U.76 
n.22 

••• .f,S:l 
L53 
4.99 
4.2$1 
3.99 . ~sn. 
j./f!i4 
!LU 
f:;;111 
J;.il 
4~15 
5.02 

· ... ·l-Otl· 
3.90 
. .f.U 
5 .~i'S 
4.26 
3.34 
.f .:27 
3.Si 
4. 2.& 
4.08 
-5.02 

10.47 
9.61 
7 •. 56 

. ,.·;4.6 
l'o;(O 
13.01 
•9~:n 

if:·:~ 
to;:6a 

. 1..1-.21 
.lO\U'c 

;.41· 
t} .• os 
13~05 
11;:27 

7.84 
8.06 
6.00 
9.40 
7 . .5~ 
8;71 

. o.so 
'::~:3:tU:r· .. ·· .. · 

.o·.sf 
0.40 
0'.·51 
0.49 
0.48 
0.43 
0.36 
0.30 
·(1;50 
0,60 
o.cs 
0,0, 
0.5$ 
o.Sl) 

. c).fl 
c;so 
0.43 
0.56 
0,60 
0.51 
0.37 
0.37 
0.31 
0.44 
0.36 
0.41 

0 
0 •. 
0.26 
0.24 
0.38 
o.s.J. 
0.52 

<o.u 
0~08, .. 

<0,1:t, .. · o,41 ·· 
o.n o.u g:u{:- . 
o.u 
0 .• 17 
0.18 
0.28 o.u 
0.28 
0.31 
0.31 
0.40 
0.84 

0.01 
o.oa. 
·:g~.g(L 
o:ci8 
0.0'1 
0.06 
0.06 
0.04 
0.02. 
0.06. 
·o~ol 

0.01 

o.u 
o . .oa 
0.08 
o.oi 
o~ds 
o.os 
0.:0~ 
o.oz 
o.os 
o.os 
0.11 
b.os 
0.04 
0.04 
0.05 

2. 
2 
2.11 • .. 
~~%9''· .. 
2.26 
2.12 
1.85 
1.94 
1.60 
1.79 
1.37 
1r22 
1 .. 14 
l.!i-9 
z..;·n 
2.27· 
1.98 
2.21 
2.40 
2,34 
2.04 
2.02 
2.50 
2.45 
1.ts 
1.18 
1.61 
1.11 
1.26 
1.27 
1.19 

3 
0•22 

.Q •. a .. 
'·1ki0 
0.20 
o.u 
0.18 
0.17 
0.14 
0.16 
0.12 
0.16 
O;ll 
0.18 
0;2f 
0.21 
() .18 
0.22 
0.22 
0 •. 21 
o.u 
0.18 
0.23 
0.24 
0.18 
0.11 
0.14 
o.u 
0.12 
o.u 
o.u 

13;'34 
13.65 
12.06 
1~/06 
12.31 
12.64 

9.05 
10.15 

8. 71 
9.26 
8.11 
6.18 
4.61 

12.17 
15.47 
14.13 
11.14 
13.62 
U.19 
l3,;34 
12.08 
11.72 
12.89 
U.03 
11.65 

6.56 
7.73 
6.66 
6.22 
6.38 
5.80 

J, . 
0.99 
1.33 
1.08 

t~l 
1.03 
1.07 
0.79 
1. 48 
0.70 
0.79 
0.8f 
0.54 
0.51 
1.06 
1.25 
1.26 
1.18 
1.05 
l.U 
1.11 
1.06 
1.77 
1.24 
1.19 
1.36 
0.60 
0.66 
0.63 
0.54 
0.54 
0.65 

", '8.46'· 
. '7.75 

·.·-~;J:~,t': 
.;r:go· 

.- .• !;';2~· 
6.;9 
7.19 

10.63 
6.93 
6.85 
8.19 
6.71 
5.03 
7.41 
4.20 
4.48 
4.47 
3.89 
2.96 
8.66 
9.86 
9.00 

10.14 
8. 44 
8.32 
9.95 
6. 73 
7.13 
9.07 
7. 73 
6.10 
5.62 
4.60 
3.34 
4.58 
3. 64 
3.65 

0.41 
0.95 
0.62 
O.Jg 
o.7S 
0.52 
0.39 
0.45 
0.45 
0.27 
0.55 
0.34 
0.26 
O.JO 
0.49 
0.53 
0.49 
0.55 
0.47 
0.60 
0.56 
0.38 
0. 71 
0.50 
0.48 
0.57 
0.50 
0.27 
0.40 
0.29 
0.29 
0.37 



·.:-:,,_:·,' 

.}/ 

.~=. 

( Lu Standard Hf Standard 'l'a St•ndard w Stand•rd Au Standard Hg Standard 

Devilltion Deviation Deviation OQviatton Oevlatlon oevtation 

FS-1001 1. 22 0.06 10.53 0.88 8.16 0.55 4.53 0.87 <0.02 <0.44 

FS-1002 1.22 0.06 10.75 0.59 8.17 0.51 7.18 3.03 <0.02 <0.63 

FS-1003 0.93 0.04 , .43 0.42 5.66 0.36 3.31 0.11 <0.02 <0.53 

FS-1004 1.10 0.05 10.38 o.so 7.70 0.48 3.30 1. 42 <0.02 <0. 44 

FS-1005 1.08 0.05 9.60 0.46 7.23 0.54 2.21 0.61 <0.02 <0.61 

FS-1006 1.05 0.05 9.07 0.51 6.89 0.42 4. 31 1.12 <0.02 <0.60 

FS-1007 1.06 o.os 10.64 0.61 7.12 0.51 4. 37 0.87 <0.02 <O.t2 

FS-1008 1.02 0.05 9.78 0.48 7.02 0.41 3.12 1.13 <0.02 <0.56 

FS-1009 1.18 0.06 9.65 0.50 7.33 0.44 3.87 0.83 <0.02 <0.69 

FS-1010 1.02 0.05 9.21 0.69 6.33 0.40 3.85 0.88 <0.02 <0.41 

I~·F . 
FS-1 011 1.07 0.05 9.48 0.56 6.60 0. 41 <5.60 <0.02 <0.55 

FS-1012 1.12 0.05 9.12 0. 48 6.70 0.42 19.13 4. 85 <0.02 <0.63 

'i:' FS-1013 1.01 0.05 8.65 0.44 6.12 0.39 <6.23 <0.02 <0.38 

FS-1014 o. 71 0.04 7.69 0. 48 4. 76 0.29 <5.24 <0.02 <0.49 

FS-1015 0.89 0.04 1. 77 0.50 4.55 0.30 <9.04 <0.02 <0.54 

FS-1016 0. 71 0.04 7.99 0. 46 3.98 0.31 <3.59 <0.02 <0.37 

FS-1 017 o. 72 0.04 7.84 0,52 3.92 0.24 <5.51 <0.02 <0.51 

FS-1018 0.66 0.03 6.99 0.39 3.33 0.21 <9.53 <0.02 <0.56 

FS-1019 0.65 0.04 6.34 0.35 4.92 0.42 2.04 0. 77 <0.01 <0.53 

FS-1020 0.58 0.03 6.34 o. 49 4.10 0.29 <5.05 <0.01 <0.62 ·, .. 

FS-1021 1.15 0.06 9.29 0.45 7.57 0.52 5.89 1. 09 <0.02 <0.68 

FS-1022 1.40 0.07 12.13 0.75 9.70 0.56 5.41 0.97 <0.02 <0. 48 ~-' 

FS-1023 1. 22 0.06 10.25 0.63 8.03 0.59 3.41 1.66 <0.01 <0.58 

FS-1024 1.16 0.06 10.33 0.48 8.44 0.55 <3.10 <0.02 <0.67 .. 

~ FS-1025 1. 21 0.06 9.74 0.65 7.10 0.45 4.78 1.14 <0.02 <0. 47 ..: J 

FS-1026 1 .1 5 0.06 9.78 0.58 7.38 0.51 2.59 0.13 <0.01 <0.52 .._ .... ~.} ,. 

FS-1027 1.18 0.06 10.52 0.56 7.75 0.49 5.40 1. 91 <0.02 <0.68 . 
---l FS-1028 1.07 0.05 9.25 0.40 6.88 0.43 3.86 1.17 <0.02 <0. 41 

FS-1029 0.93 0,05 9.03 0.71 6.15 0.40 3.43 1.19 <0.01 <0.39 

FS-1030 1.02 0.05 9.58 0.56 5.!10 0.43 2.68 0.82 <0.02 <0.53 ):1 

FS-1031 1.12 0.05 9.45 0.45 7.03 0.45 <6.62 <0.01 <0.61 
<l' 

FS-1032 0.83 0.04 9.07 0.41 4.55 0.31 <5.85 <0.01 <0.36 

FS-1033 0.58 0.03 8.16 0.51 4. 57 0.31 <9.62 <0.02 <0. 46 

FS-1034 0.72 0.04 7.86 0.41 4.58 0.29 <6.64 <0.01 <0.55 

FS-1035 0.53 0,03 7.45 0.41 2.95 0.24 <6.16 <0.01 <0.35 

FS-1036 0. 51 0.03 7.31 0.41 3.10 0.22 18.87 2.60 <0.02 <0.48 

FS-1037 0.58 0.03 7.33 0.37 3.16 0.25 <6.98 <0.01 <0.51 

FS-1036 0.55 0.03 9.111 0.59 2.66 0.20 20.03 3. 61 <0.01 <0.58 

-f:. .,,~ 1 
' 



ts-101' 
FS-1017 
FS-1018 
FS-1019 
FS-1020 
FS-1021 
tS:..,1022 
FS,;.,l023 
rs-·1o2c 
FB-1025 
FS-102'i 
FS'-10.27 
F.S-1028 
rs-1021 
rs-to:Jo 
FS-1031 
FS-103.2' 
F~-1033 
FS,-1034 
FS-103!1 
FS-1036 
FS-1037 
FS-1036 

27.'30 
24.54 
u .. o·~ 
JS':~j· 
16;25 
19~67 
u:ss 
U.J2 
1,. 43 
19.94 
15.62 
27.13 
37 ;06 
27:17 
29.39 
i9.76 
28.U 
29.53 
29.87 
26.31 
22.10 
27.64 
21.50 
19.14 
20.53 
15.05 
12.90 
15.05 
14.50 

o. 98 
· l.U. 
. Lo! 

2;08 
0.19 
o.ao 
0.67 
0.63 
0.96 
0.61 
1.09 
i.52 
1.09 
1.26 
1.22 
1.3:3 
1.18 
1.28 
1.05 
2.83 
1.11 
0.90 
0.77 
0.82 
0. 71 
0.80 
0.62 
0.64 

'7._ 
7 .30' 
7.41 

·;~~~,,· 
5.05. 
4.73 
Co.32 
4.37 
3.28 
s.u 
s.oa 
1.80· 

10.13 
8.33 
6:65 
7.75 
6.93 
7.41 
7.14 
6.58 
7.27 
6,98 
4.11 
4.82 
4.45 
3,18 
3.40 
3.17 
,2.88 

• 26 
0,2.~ 

t'U" 
0.18 
0.11 
0.16 
0.16 
0.12 
0.20 
0.18 
0.27 
0.35 
0.29 
0.24 
0.28 
0.24 
0 •. 26 
0.25 
0.2:3 
0.25 
0.24 
0.16 
0.17 
0.16 
0.12 
0.12 
0.12 
0.11 

5; 
6 . 
5 .• 95 

·.IJ·.,oo 
6.io 
4,00 
f.60 
3.50 
2.90 
2.70 
5.00 
4.!10 
6.40 
0.72 
7.50 
5.70 
6.12 
6.30 
5.40 
5.·~0 
5.70 
5.60 
6.00 
3.90 
3.90 
3.50 
0.42 
1.40 
2.50 
2.05 

. . . Stilild41r(! 
, • .. . · ... . Devi:at.ioll :: :~~;~~~> . , , . . . 
·•· <LQ'o 

.. .. _.·t1fl"'' 
;tO 
.20 

1.20 
·1.~20. 
1.20 
0.80 
o,:,o 
0.70 
0.60 
0.50 
1.00 
1.00 
1.30 
0.10 
1.50 
1.10 
1.20 
1.00 
1.00 
1.00 
1.00 
1.10 
1.00 
o.8o 
0.80 
0.70 
0.10 
0.80 
0.50 
0.40 

<i .ciO 
<1.00 
<1.00 <t .• oo 
oe;1.oo 
<i.oo 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.011 
<1.00 
<1 .. 00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 

Pb · Standard 
. ,. ·. . .·llavtat.ie)n 
'·,57.00::. 6 •. 00. 
<U.oo·· 
.. 4~.00 .. 

}tg~;~:_.: 

<'lt~&· 
54.oo 
52.00 
39.00 
32.50 
30.90 
27.00 
19.00 
25.00 

<14.00 
22.00 
27.00 
31.00 
32.00 
n.oo 

<14 .oo 
51.30 
45.60 
39.30 
45.90 
36.00 
40.40 
31.00 
51.00 
24.00 
26.00 
29.70 
22.00 

<14 .00 
18.00 
21.00 
36.00 

•. oo 
,~.:OO· 
4.00 
4.20 
3.00 
5.00 
5.00 
4.00 
4.00 
3.00 
3.00 
4.00 
2.00 

2.00 
J.OO 
3.00 
3.00 
5.00 

5.10 
4.60 
4.00 
4.40 
3.60 
4.00 
3.10 
5.10 
2.00 
3.00 
3.00 
2.00 

4.00 
2.00 
4.00 
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Na Standard Hg Standard Al Standard Cl Standard K Standard ca Standard 

Deviat.ion Deviation Deviation Devlation Deviation Deviation 

FS-2000 27380.00 1259.48 <3815.00 69530.00 1946.84 <117. 30 32050.00 2531.95 5988.00 562.81 

FS-2000F 25130.00 1331.89 <2667.00 66160.00 1918.64 <134. 10 33890.00 2611.31 6415.00 SB 2. 1S 

FS-2001 14110.00 620.34 4949 .oo 608.13 64430.00 1804.04 <71.85 25280.00 1971.84 4691.00 394.04 

FS-2002 23530.00 1105.91 8239.00 1128.14 87080.00 2525.32 854.10 '18. 58 31780.00 2164.86 14190.00 1001.49 

FS-2003 14600.00 144.60 5543.00 598.64 66990.00 1875.12 <19 .98 23240.00 1905.68 3434.00 326.23 

FS-2004 15990.00 611.58 6648.00 784.46 88760.00 2485.28 111.20 15.46 19860.00 1827.12 12430.00 770.66 

FS-2005 19270.00 905.69 6870.00 858.75 85100.00 2382.80 325.20 63.74 26710.00 2543.15 18940.00 1174 . 28 
FS-2006 16665.00 815.03 6119.00 645.95 89265.00 2499.42 129.00 22.06 24 210.00 2529.73 9609.50 6 33.91 
FS-2001 19020.00 811.86 5634.00 111.4 9 88020.00 2464.56 208.90 23.40 23140.00 2013.18 14370.00 28~0.89 

FS-2008 19310.00 868.95 <3767.00 69380.00 1942.64 <162.80 26430.00 2220.12 3278.00 406.41 
FS-2009 18180.00 927.18 4434.00 576.42 61190.00 1898.12 <78.61 24040.00 1971.28 2914.00 294.31 
FS-2010 20280.00 872.04 3237.00 702.43 15150.00 2104.20 152.60 21.91 32330.00 2974.36 5410.00 1920.S5 
FS-2011 22750.00 978.25 4271.00 151.70 68240.00 1910.72 104. 10 48.82 29660.00 2402.46 3675.00 369.55 
FS-2012 22460.00 1033.16 5153.00 811.11 71800.00 2010.40 193.90 24 .2·4 31860.00 2516.94 4882.00 468.67 
FS-2013 23840.00 1263.52 3032.00 551 ."82 73520.00 2058.56 158.30 21.05 31980.00 2462.46 5598.00 453.44 

FS-2014F 21320.00 916.76 <3027.00 60360.00 1750.44 <131.20 29610.00 2694.51 1)870.00 957 OJ 
FS-201SF 27580.00 1323.84 <3219 .00 66310.00 1856.68 <152.60 35760.00 2860 80 3368.00 399.78 
FS-2016F 28530.00 1540.62 <1971.00 67540.00 1891.12 <104.90 36210.00 2860.59 1911.00 328. 69 

FS-2017F 20140.00 866.02 3400.00 110.60 59970.00 1739.13 <124.70 21790.00 2010.05 18670.00 1138.87 

FS-2018F 20490.00 963.03 <4325.00 59110.00 1731.59 <198.20 27610.00 2434.96 13850.00 997.20 

FS-2019F 26180.00 1256.64 1807.00 495.12 70850.00 1983.80 <111.30 34900.00 3036.30 5836.00 501.90 

FS-2020F 21050.00 1204.01 <2906.00 67255.00 1883.14 <128.35 29150.00 2539.21 6687.00 550 53 

FS-2021 2 4 540.00 1153.38 <3287.00 67100.00 1895.60 203.90 34.05 31960.00 2620.12 4238.00 436 ~I 
:...:) 

FS-2022 19420.00 1009.84 3607.00 59S.16 71290.00 1996.12 202.50 23.08 28340.00 2380.56 6782.00 522. 21 
0.: • 

FS-·2023 22950.00 963.90 4099.00 705.03 13390.00 2054.92 198.20 35.48 29480.00 2505.80 7088.00 545 76 ( -· 
FS-2026 18860.00 810.98 6084.00 148.33 104900.00 2931.20 239.60 24.44 21460.00 2103.08 5921.00 413 .1>8 ' r·-
FS-2027 13530.00 676.50 <2693.00 58090.00 1626.52 <119.10 22260.00 1958.88 4454.00 400.86 I 

~ FS-2028 12210.00 625.77 6441.00 513.25 91170.00 2461.59 69.12 15.76 21030.00 1916.82 5156.00 391.86 
I 

FS-2029 3392.00 149.25 13410.00 871.65 113600.00 3067.20 127.60 20.93 13040.00 1441.44 9127.00 2418.66 '-I .l 

FS-2030 17090.00 769.05 8150.00 986.15 77800.00 2178.40 241.60 34.79 23010.00 2324.01 37070.00 1890.57 I 

"-0. FS-2031 15150.00 818.10 3490.00 411.15 68400.00 1915.20 <80.92 26180.00 2853.62 2010.00 245.22 
I . . ~ 

F"S-2032 15020.00 630.84 5029.00 663.83 60890.00 1704.92 <83.99 21740.00 2114.00 6351.00 410.42 

FS-2033 10120.00 495.88 10610.00 870.02 109200.00 2948.40 <110.00 11160.00 1767.48 8148.00 586 17 

FS-2034 16040.00 802.00 5828.00 582.80 71260.00 1995.28 <79.81 20410.00 1796.08 10230.00 613.80 

FS-2035 1414 5. 00 662.82 1785.00 442.68 51680.00 1472.84 <114.57 23130.00 2090.34 3956.50 39563 

FS-2037 15560.00 811. 36 2341.00 4 24.81 55360.00 1550.08 c.79 .86 20780.00 2057.22 1932.00 245.36 

FS-2038 10300.00 4 63. 50 6404.00 627.59 19110.00 2215.08 <18.04 15090.00 1690.08 12000.00 732.00 

FS-2039 26860.00 1262.42 <3670.00 81180.00 2273.04 855.60 68.4 5 42000.00 4116.00 <3002.00 

FS-2040 22090.00 1148.68 5070.00 633.75 92220.00 2582.16 939.50 72. J4 26880.00 3118.08 5365.00 456.02 

FS-2041 14180.00 650.32 7443.00 826.11 94120.00 2635.36 123.40 18.51 20640.00 2621.28 7821.00 570.93 

FS-2042 13430.00 604.35 <2631. 00 49680.00 1391.04 <114.80 22420.00 2354.10 3543.00 35 4 30 

FS-2043 16880.00 725.84 5652.00 678.24 99'100.00 2791.60 573.10 50.49 21880.00 1666.96 5142.00 453.e2 

FS-2044 10850.00 509.95 6106.00 622.81 19360.00 2222.08 <100.80 19350.00 1296.45 5520.00 447.17 

FS-2045 14740.00 781.22 <1597.00 54510.00 1526.28 <79.37 23090.00 1547.03 5468.00 4 21 . c 4 

t"S-204 6 8286.00 368.41 \2710.00 913.74 100470.00 2762.26 85.10 16.63 18630.00 1369.10 l 34 2 5. 00 712. 2 2 

FS-2048 16960.00 898.88 6956.00 681.69 88720.00 2484.16 159. 50 19.94 25760.00 1151.68 8316.00 590. 4 4 

FS-2049 14720.00 632.96 5112.00 636.16 81870.00 2460.36 110.60 49.00 23960.00 1605.32 6299.00 466. I J 

FS-2050 10710.00 492.66 5470.00 672.81 69440.00 1944.32 <107.00 18800.00 1391.20 8071.00 564 '17 

FS-2051 13880.00 707.88 6732.00 605.88 93850.00 2533.95 114. 30 16. 4 6 21480.00 1460.64 135"1.00 529 "10 

FS-2052 15010.00 648.01 1787.00 427.09 ~2940.00 1482.32 <76.91 23010.00 1541.61 3605 00 342.49 

FS-2053 14190.00 652.14 4123.00 560.13 59180.00 1657.04 <115.80 21950.00 1492.60 6453.00 490 0 

FS-2054 17740.00 940.22 3995.00 547.32 76830.00 2151.24 162.30 20.4~ 24110.00 1709.13 9582.00 6 )2 41 

FS-2055 13420.00 577.06 4405.00 512.65 50290.00 1458.12 c:85. 43 18860.00 I JJ9. 06 6581 00 520 )) 

FS-2056 11990 00 563.53 6625.00 689.00 85930.00 2406.04 <102.90 21460.00 1459.28 6174 GO 4"10 ~~ 

FS·2057 \3580.00 645.86 5508.00 614.71 69245.00 1938.86 <81.01 22935.00 1559SB 1 J1 so no 7 ~" ~' 



Na Standard Hg Standard Al standard Cl Standard J( Standard Ca Standard 

Oeviatlon Deviation Deviation Deviation Deviation Deviation 

FS-2059 25140.00 1181.58 <34110.00 80410.00 2251.48 966.90 16.39 36040.00 2450.12 4271 .oo 436.25 

FS-2060 1080().00 540.00 10670.00 146.90 14310.00 11132.06 187.30 20.60 16270.00 1236.52 80380.00 3295.58 

FS-2061 20090.00 843.78 <198,.00 69310.00 1802.06 624.90 88.74 26840.00 1851.96 6911.00 2165.02 

FS-2062 12560.00 615.44 9748.00 857.82 96630.00 2512.38 <131.80 241190.00 1749.30 !1449.00 610.88 

rs-2Q63 11400.00 904.80 5101.00 632.52 73740.00 191'1.24 256.80 24.91 22210.00 1516.91 7837.00 2431.31 

FS-2064 21300.00 !)31.20 <2349 .00 16oio.oo 1976.26 <102.40 26680.00 1861.60 6384.00 C97 .95 

FS-2065 12860.00 604.42 1725.00 710.10 111100.00 2888.60 350.40 32.24 20620.00 1484.64 8155.00 510.85 

rs-2066 14920.00 175.84 3624.00 507.36 57940.00 1506.44 <11 .SI4 231So.OO 2031.20 4063.00 381.92 

FS-2061 9185.00 H4.95 6641.00 651.46 94UO.OO 339;.u <66.63 20920.00 14U • .f8 5911.00 455.15 

FS-2068 10805.00 535.68 6233.00 604.16 84100.00 2623.05 <88.05 uus.oo 1351.04 5155.50 424.18 

FS-2010 32560.00 1400.08 <2-498.00 61450.00 1821.15 124.90 29.35 41100.00 2194.80 <1918.00 

rs-2011 2100.00 121.50 167!10.00 1040.98 101400.00 2636.40 <16.!12 10390.00 841.59 14180.00 893.34 

rs-2012 3211.00 160.28 15190.00 911.40 108300.00 2815.80 <51.79 11540.00 877.04 10770.00 100.05 

FS-2013 21090.00 885.78 1331.00 412.61 76120.00 1919.12 <!11. 98 30720.00 2119.68 4116.00 314.56 

FS-2014 31380.00 1414.86 <3612 .00 67110.00 1811.97 212.70 27.65 31350.00 2988.00 <1848.00 

FS-2015 30630.00 1654.02 <3410.00 81960.00 2622.12 696.90 18.15 32120.00 2248.40 3472.00 614.54 

FS-2016 14540.00 63!1.16 8993.00 1217.01 105800.00 2750.80 50.10 86.85 19120.00 1412.24 5094.00 662.22 

FS-2011 25950.00 1193.70 <2288.00 63930.00 1190.04 372.20 33.50 31070.00 2821.37 4491.00 445.20 

FS-2018 28160.00 1492.48 <3493.00 67570.00 1891. !Ill 711.60 62.50 35510.00 2667.15 4988.00 468.81 

FS-2079 21170.00 1168.31 <2167 .00 <1524.00 <118.40 32930.00 2469.15 <1114. 00 

~~ 
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Sc Standard Ti Standard v Standard Cr Standard Hn St&ndard Fe Standard 
Deviation Deviation Deviation Deviation Deviation Deviation 

FS-2000 2.98 0.16 1284.00 296.6{) 18.94 2.48 10.90 0.82 1161.00 45.28 15320.00 1026.44 
FS-2000F 3.88 0.22 1951.00 360.93 20.61 2.82 22.54 1.60 1552.00 74.50 16030.00 811.53 
FS-2001 6. 74 0.36 3688.00 505.26 59·. 4o 2.97 f5.25 2.85 507.30 20.80 22260.00 1491.42 
FS-2002 5.88 0.31 2119.00 453.91 36.54 2.92 19.42 1. 48 480.10 19.69 21150.00 1457.25 
FS-2003 8.09 0.44 4102.00 537.36 6.0.50 2.90 57.41 3.56 641.70 28.50 27230.00 1410.42 

·~: 

FS-2004 7.76 0.41 2975.00 H8.40 66.69 3.47 45.51 3.00 503.50 24.17 29820.00 1997.94 
~r 

FS-2005 6.70 0.37 3226.00 474.22 49.35 3.31 32.29 2.10 513.10 20.52 25320.00 1291.32 
FS-2006 7.90 0.43 3471..00 468.58 59.56 3.04 46.53 2.95 545.80 24.84 28545.00 1498.56 
FS-2007 6.81 0.36 3157.00 467.24 56.57 3.17 34.55 2.31 486.90 19.96 26470.00 1508.79 
FS-2008 6.36 0.35 3585.00 526.99 51.85 3.37 29.2. 1.90 1329.00 51.83 23830.00 1691.93 
FS-2009 6.79 0.37 3374 .oo 441.99 41.55 2.24 41.13 2.96 185.70 9.17 15900.00 810.90 

'· FS-2010 5.94 0.31 2507.00 363.52 34.94 2.38 30.36 2.06 413 .oo 23.65 21730.00 1260.34 

£. FS-2011 4.29 0.23 1783.00 285.28 24.61 1.94 20.00 1. 42 400.80 17.64 18300.00 1152.90 
FS-2012 4.82 0.26 1970.00 311.26 31.13 2.44 20.11 1.37 478.00 19.12 19730.00 1302.19 
FS-2013 4.91 0.26 2298.00 324.02 34.25 2.16 31.34 2.04 483.40 23.69 21830.00 1266.14 
FS-2014F 3.42 0.18 2066.00 382. 2L 25.17 2. 71 14.72 1. 31 772.80 36.32 14070.00 759.78 

! FS-2015F 2.29 0.12 1205.00 219.31 16.25 1.84 9.08 0. 72 396.00 15.84 11920.00 703.28 
FS-2016F 2.80 0.15 1802.00 292.91 14.62 1. 78 18.51 1. 28 451.70 21.68 1040.00 131.34 
FS-2017F 3. 97 0.21 1571.00 391.18 26.25 2. 91 20.12 1. 51 1449.00 56.51 16020.00 965.08 
FS-2018F 3.75 0.21 2323.00 448.34 23.17 2.90 19.11 1.40 1323.00 51.60 14940.00 761.94 
FS-2019f' 3.83 0.21 1922.00 313.29 22.62 2.06 22.61 1. 54 574.70 24.71 16150.00 823.65 
FS-2020F 3.02 0.16 1524.00 273.50 15.24 1.96 13.83 1.03 499.90 21.90 14865.00 877.49 ),.:-'<... 

~-. 
FS-2021 3.70 o. 20 2472.00 385.63 21.09 2.13 16.75 1.17 501.40 19.55 17870.00 1304.51 (_ 
FS-2022 5.86 0.33 2912.00 402.12 40.95 2.50 39.25 2.51 494.40 26.70 20820.00 1499.04 .... 

~- FS-2023 5.00 0.27 1606.00 281.47 24.42 2.20 24.60 1.72 429.20 19.03 19520.00 1112.64 . . 
f'S-2026 7.12 0.38 2372.00 379.52 47.93 2.92 32.40 2.24 404.10 17.78 29270.00 1931.82 
FS-2027 5.46 0.29 4648.00 613.54 57.66 3.11 39.03 2.46 530.10 20.67 17430.00 1167.81 

~ FS-2028 9. 53 0.54 3985.00 501.17 76.79 3.38 60.04 3.72 251.80 10.83 34390.00 3129.49 
FS-2029 13.80 0.13 2310.00 328.02 84.23 3.79 58.35 3. 79 194.30 9. 72 43370.00 2558.83 

I FS-2030 5.79 0. 32 2634.00 395.10 46.73 3.04 24.04 l. 68 472.60 19.85 22390.00 1567.30 
.......... FS-2031 6.15 0.35 4070.00 533.17 60.41 2.90 49.86 3.09 703.30 31.65 25580.00 2199.88 -.... FS-2032 5.44 0.29 3707.00 511.57 54.22 2.82 43.13 2.76 557.40 21.74 19590.00 1038.27 

FS-2033 11.32 0.61 3647.00 498.70 72.70 3.42 43.94 2.17 205.90 8.23 40310.00 2015.50 
FS-2034 7.09 0.39 3672.00 481.03 55.46 2.17 50.29 3.12 468.00 20.59 23680.00 1586.56 

FS-2035 4.57 0. 24 3743.00 528.16 61.42 3.22 39.93 2.51 1053.55 42.14 21365.00 1173.13 

FS-2037 5.12 0.28 4553.00 587.34 50.32 2.52 46.10 2.90 454.60 21.37 15680.00 799.68 

FS-2038 8.01 0.42 1617.00 245.78 48.36 2.56 29.16 2.10 189.30 8.33 25110.00 1456.38 

FS-2039 4.25 0.23 1434.00 285.37 18.87 2.25 10.86 0.91 326.20 13.37 19110.00 1303.56 

FS-2040 7.10 0.42 1645.00 254.99 34.64 2.32 26.H 1.85 232.20 9.98 27010.00 1566.58 
~ .. 

rs..:2ou 1. 64 0.41 3025.00 432.58 57.61 3.11 35.65 2.42 438.30 20.16 28090.00 1685.40 
. ·~ ~ 

FS-2042 4.74 0.26 4413.00 600.17 45.34 2.68 37.61 2.33 658.80 26.35 15580.00 810.16 

FS-2043 8.39 0.44 1815.00 284.95 47.35 2.65 30.95 2.14 227.20 11.91 30920.00 2195.32 

FS-2044 8.41 0.45 5029.00 658.80 79.45 3.50 46.85 2.90 412.80 16.92 29750.00 1636.25 

FS-2045 5.34 0.29 4454.00 579.02 44.54 2.45 52.12 3.18 586.60 25.91 18000.00 918.00 

FS-2046 12.41 0.67 2969.00 408.90 83.44 3.75 57.29 3.58 375.70 16.16 40255.00 2310.73 

FS-2048 7.59 0.42 2854.00 385.29 52.88 2.75 41.83 2.68 393.00 17.69 28090.00 1460.68 

FS-2049 7.44 0.41 2982.00 420.46 62.17 3.11 41.57 2.70 446.20 19.63 26890.00 1532.73 

FS-2050 7.18 0.39 4492.00 597.44 68.78 3.30 42.57 2.64 440.60 17.62 25620.00 1639.68 

FS-2051 8. 71 0.49 3285.00 433,62 62.38 2.93 49.69 J .13 483.50 20.31 32120.00 1670.24 

FS-2052 4 .42 0.23 4557.00 606.08 55.74 2.19 36.78 2.32 689.80 28.93 15490.00 882.93 

FS-2053 5.94 0.32 4386.00 578.95 56.66 2.89 43.97 2.68 615.50 25.24 20850.00 1063.35 

FS-2054 6.19 0. 34 2904.00 400,75 45.16 2. 62 35.99 2.30 493.00 23.17 23710.00 1849.38 

FS-2055 4.46 0.24 4193.00 574.44 43.46 2.56 37.38 2.43 531.80 21.80 15110.00 831.05 

FS-2056 8.95 0.48 4009.00 525.05 76.78 3.38 45.50 2.92 246.40 10.35 32650.00 1697.80 

FS-2057 7.33 0.40 3797 .so 509.52 62.10 3.04 49.33 3.10 543.85 22.58 23935.00 1411.04 



.·.-.• .. . ' < ~. :' '·~ 

Sc Standard Ti Standard v Standard cr Standard Hn Standard Fe Standard \; 

Deviation Deviation DciVlation Deviation .Deviation Deviation 

FS-2059 4.75 0.26 1981.00 309.04 18.88 1.96 11.43 0.96 345.00 14.15 19940.00 1036.88 

FS-2060 8.75 0.49 2016.00 280.22 58.23 2.74 46.71 2.99 298.80 11.95 29220.00 1986.96 

FS-2061 4. 31 0.23 1531.00 251.08 22.94 1.81 13.16 1. 08 223.60 8.50 17360.00 1215.20 

FS-2062 12.04 0,65 5438.00 111.82 96.99 4.36 61.51 3.81 733.50 28.61 38890.00 2022.28 

FS-2063 5.33 0.30 2035.00 293.04 36.64 2.115 22.35 1.511 301.10 15.39 20960.00 1278.56 trp 
FS-2064 5.09 0.27 2937.00 428.80 35.84 2.62 2iL31 J. 93 539.60 21.04 21050.00 1199.85 

FS-2065 10.38 0.56 3214.00 437.10 59.91 3.06 40.08 2.53 231.00 11.09 31490.00 1911.99 

FS-2066 5.69 0.31 4112 .oo 612.56 52.69 2.58 49.02 3.04 536.90 23.62 19060.00 1124.54 

FS-2067 10.07 0.53 3816.00 511.34 81.81 3.78 57.51 3.62 395.70 11.81 35940.00 2192.34 

FS-2068 8.95 0.48 4638.50 605.44 82.68 3.60 56.07 3.45 491.55 20.40 32865.00 1758.07 

FS-2070 1.29 0.07 <3844.00 <6.40 2.03 o. 41 361.90 16.29 10860.00 608.16 

FS-2071 17.90 0.97 2280.00 323.76 113.10 4.86 60.18 3. 79 203.00 8.53 46230.00 2496.42 

FS-2072 18.80 1.03 2380.00 321.30 101.30 4.15 71.07 4.48 208.60 8.76 48640.00 2626.56 

FS-2073 5.23 0.28 2079.00 313.93 42.37 2. 42 28.22 1. 92 322.90 12.92 11690.00 1409.85 

FS-2074 1. 45 0.08 <5780.00 <8.84 <1.60 316.90 14.32 11240.00 513. 24 

FS-2075 6.16 0.33 2163.00 324.45 23.56 2.00 19.96 1.44 310.80 14.30 24190.00 1499.78 

FS-2076 15.73 0.83 1659.00 313.55 15.41 3.85 42.93 2.88 624.90 25.00 39310.00 2555.15 

FS-2071 2.42 0.13 1185.00 237.00 13.47 1.95 9.93 0.78 403.90 16.16 13060.00 679.12 

FS-2078 2.32 0.13 1188.00 256.61 11.54 2.00 9.28 0.82 433.40 17.34 11410.00 635.97 

FS-2079 2.13 0.11 <3607.00 <6.41 9.26 0.90 474. so 18.98 11310.00 116. 31 
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FS•2Q15F 
rs-1our 
FS-2017F 
FS-2018F 
FS.,-20l9F 
F's•z.otor 
FS-2021 
rs .. 2Q22 
FS-2023 
FS-2026 
FS•2Q~7 
FS-'2028 
rs-2ou 
FS-'2030 
tS-2031 
rs-to32. 
FS-2(l33 
FS-2034 
FS-2035 
rS-2037 
FS-2039 
rs-20:!11 
rs-zoco 
FS'-2041. 
rs-2ou 
FS•2043 
FS-2044 
FS-2045 
FS-2046 
FS-2048 
tS-2049 
FS-2050 
FS-2051 
FS-2'052 
tS-2053 
FS-2054 
FS-2055 
rs-2056 
FS-2057 

4.00 
6.61 
t·;:21 
L87 
5.94 
4.12 
1.95 
3.04 
4.83 
3.87 
4 _.01 
3.03 
3.81 
6.78 
5.29 
9.31 

10.91 
7.39 
6.82 
6. 92 

12.32 
8.29 
7.12 
9.75 

13.73 
22.53 
•• 19 
1.72 
4-.28 
7.54 
7.29 
5.24 
8.19 
8.22 

10.95 
7.24 
7.75 
7.91 
9.02 

H .65 
9.41 
6.56 
7.06 
7.00 
9.16 

;u. 

:g-!fi :'' '' 
0.31 <245.20 
0.24 <321.90 
o.n <34~Lso 
0.11 <266.90 
0.28 <330.20 
0.33 <4SJ.70 
0.23 <2U . .-30 
0.20 <30~>8!) 
0.26 <344.5() 
o. 37 .. <2,$~~ 00 
0.30 '<258.10 
0.53 <245.10 
0.59 <276,50 
0.39 <186.40 
0. ca- - <lSIJ. JO 
o.u <367.50 
o. u <216_.-50 
0.45 <20!1.11l' 
0.41 <2$0.50 
0.52 <207.40-
0.73 <273.30 
1.19 <201.80 
0.39 <180.50 
0.22 <384:.20 
o. 24. <tsa~,zo 
o.n <23i.4-o 
0.41 <271.40 
0.29 <220.40 
0.45 <249.70 
0.48 <208 •. 50 
0.60 <216.35 
0.39 <229.30 
0.42 <212.00 
0. 4 5 <261.30 
0.48 <208.70 
0.79 <199.20 
0.52 <271.10 
0.35 <242.20 
0.39 <212.30 
0.40 <244.20 
0.4!1 <207.50 

.--:·. 

<20· •. 3.6 
.1o:u 
:s7•:tt -

<35;21 
45.16 
6·4 .31 

<23.40 
41.60 

146.20 
94.92 
45.38 
60.89 

<32.04 
<20.27 

61.44 
65~90 
<8.09 

<21.10 
1~.70 
<15.23 
<HL69 

49.72 
60.~0 
65.70 
<1. 78 

<16.24 
65..97 

<34.34 
<20043 
<10.28 
<10.22 

76.30 
<23.06 
<16. 77 

62.80 
<21.55 

<8.99 
<13.52 
<21.89 

19.97 
<21.93 
<20.14 
u.n 

<37.68 
<14. 39 

.lo.u
·lf.34 

6.~. 
10.03 

6.07 
19.59 
39. 01. 

6.76 
8.7.1 

9.09 
9.75 

14.83 

7. 51 
25.97 
9.20 

9.71 

10.91 

25.75 

4.23 

7.03 

6 
<63.24 
<40.80 

·. <41l,·~ 
•·<4L'28 
<63;77 <42 ;02 
<55.96 
<'66.71 
<46.54 
<50.69 
<78.60 

. <50. 46 
<61.2.8 
<7G.ll 
<47. 78 
<51.55 
<51.54 
<60.63 
<42.!13 
<H.2j 
<83.28 
<11.49 
<U . .f8 
<69.66 
<44.25 
<54.17 
<45.99 
<4!1. 31 
<99.75 
<61.53 
<71.07 
<80.74 
<20.15 

17.68 
<16 .54 

20.13 
<20.33 
<18.67 
<25.08 

13.99 
<17. 55 
<26.60 
<21.64 
<20.12 
17.06 

7.81 

..... 

3.34 

3.51 

3.72 

3. 75 
2.35 

-'_A•-
-<-3.98 --.,,' 

1*63 0.4.3, 
'4. 38 ,o ,_56 
.4.1~, ' ,' .0 •. 88 ... 

-:;h~~-- .·' _.;~·~!-". 
: '4 ;:86 · · o,8o .. 

s,33 o.O'· 
3. 73 o.6o 
7.36 0.91 
1.42 0.32 
2.06 0.39 
i.53 0.33 
2.53 0.54 
2.51 0.45 

<3.23 
2.13 
2.03 

<2.94 
3.78 

<2.58 
<3.43 

2.80 
4.99 
3.64 
4.91 
7.56 
8.51 

10.30 
4.95 
7.64 
2.99 
8.23 
4.21 
7.58 
5.25 
3.26 

<5.21 
4.90 
3.90 
5.68 
3.71 
7.33 
5.35 
8.27 
4.45 
4.58 
7.26 
5.36 
5.11 
5.04 
3.36 
3.91 
9.80 
5.12 

0.51 
0.46 

0.70 

0.58 
0.67 
0.62 
0.69 
0.92 
0.96 
1.54 
0.75 
0.88 
0.47 
0.96 
0.58 
0.93 
0.65 
0.52 

0.69 
0.63 
0.75 
0.51 
0.83 
0.60 
0.91 
0.56 
0.58 
0.82 
0.63 
0.61 
0.63 
0.67 
0.51 
1.08 
0.61 

Sa 

<3.44 
<4;:u 
<2;58 
-~;~-~~J .; ' 
'<3~:05' 

• <5~:1}. 
. <5.59 
<2.99 
<4.67 
<4.98 
<2. 7!1 
<2.24 
<4.22 
<4.76 
<2.93 
<3.24 
<3.86 
<2.71 
<4.62 
<4.52 
<2.78 
<3.85 
<5.37 
<2.56 
<2.88 
<4 .13 
<5.57 
<3.53 
<5.00 
<4.67 
<2. 48 
<5. 45 
<4.89 
<3.19 
<4.81 
<2.71 
<4.37 
<5.31 
<3.06 
<3.96 
<2.82 
<4.62 
<4.69 
<4.32 
<5.39 
<2.64 
<4.65 
<5.43 
<2.20 
<4.28 
<5.18 
<2.56 
<4.86 
<3.89 
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Co Standard Cu Standard Zn Standard Ga Standard '" Standard se Standard 

Deviation Deviation Deviation Deviation Deviation Deviation 

FS-2059 1. 72 0.21 <363.30 <42.04 <41.89 2.93 0.53 <4- 37 

FS-2060 7.37 o. 40 <202.00 <23.76 <20. 74 4.92 0.58 <5.89 

FS-2061 2.51 0.15 <209. 40 60.87 8.58 <22.88 3.12 0.41 <2.03 

FS-2062 12.63 0. 68 <320.50 63.70 28.09 37.39 6.02 9.33 1.06 <5.88 

rs-2063 5.09 0.28 <229.00 <18 .09 <23.00 2.00 0.33 <4.66 

FS-2064 7.30 0.39 <246.70 51.78 7.87 <25.89 3.86 0. 54 <2.49 

FS-2065 6.58 0.39 <271. 60 52.16 25.92 26.40 4.30 6.78 0.81 <5.13 

FS-2066 9.73 0.52 <203.80 <16.57 <20 .10 5.14 0.60 <4.68 

FS-2067 16.56 0.88 <197.60 68.53 10.07 <19.42 8.93 0.97 <3.01 

FS-2068 9.49 0. 51 <226.75 <24.55 15.03 3. 41 8.76 0.97 <4.90 

FS-2070 1.05 0.08 <214.80 39.92 6.19 <32.25 <2.58 <1. 71 

FS-2011 6.13 0. 42 <232.30 <71. 93 32.14 11.80 10.81 1.19 <6.96 

f'S-2012 7.30 0.39 <111.80 <35.18 23.38 4.51 9.73 1.05 <7 .12 

FS-2073 6.95 0. 39 <227.20 43.97 6.90 <27.34 3.05 0.44 <2.37 

FS-2074 0. 44 0.17 <392.40 <5.32 <50. 40 3.49 0.67 <3.08 

FS-2075 3. 42 0.19 <296.30 132.30 17.20 <31.13 2.86 0.46 <4. 48 

FS-2076 23.35 1. 31 <288.60 92.97 13.20 <28.20 10.12 1.34 <3. 45 

FS-2077 2.26 0.19 <247.20 <42.39 <50.54 <3.36 <3. 23 

FS-2078 2.04 0.13 <365.00 41.08 6.87 <37.44 1. 20 0.33 <4.20 

FS-2079 2.11 0.14 <291.40 79.40 11.27 <40.48 1. 59 0. 39 <2. 14 
'i 
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Br Standard Rb Standard sr standard zr Standatd Ag Standard In Standard 
Deviation Deviation Deviation Deviation Deviation Deviation 

FS-2000 6.52 o. 18 113.90 5.81 <49.8.80 293.00 49.81 <2. 46 <0. 37 
FS-2000F 11.69 1.26 103.110 5.,61 <lfl0.90 314 .so 42.'11 <3.62 <0.27 
FS-2001 <2.36 108.10 5.95 <236.00 399.20 53.49 <2.75 <0.21 
FS-2002 4. 90 0.71 151.00 8,1 s <~cu.:, 71) 174.00 3!1. 50 <4. 73 <0.41 
FS-2003 <2.02 .13 •• 40 G. as· .• < .U,2!l 485.20 98.98 <4.25 <0.11 ; ~ 

FS-2004 7.35 0.85 128.90 '.!U~ <278:.30 225.00 42.53 <3.44 <0.25 
FS-2005 11.62 1.30 131.10 7.51 <455.~0 319·.30 60.99 <4 .62 <0.31 
FS•2006 2.43 0.45 143.15 7.44 <231.65 279.70 59.59 <4.66 <0.19 
FS-2007 1. 45 0.42 ll2. 40 1.28 <291.10 246.50 56.20 <3.36 <0. 26 
FS-2008 <3.79 119.10 6.19 <526.20 439.80 71.40 <3.67 <0.36 
FS-2009 1.91 0.41 121.50 6.20 <170. 50 441.00 53.80 <3.88 <0.15 
FS-2010 3.10 0.55 131.10 7.08 <2H.30 290.70 41.!17 <3.07 <0. 26 

\':. FS-2011 1.61 0.41 122.40 6.36 <241.20 265.10 31.64 <2.34 <0.23 
~:. FS-2012 6.14 0. 98 124.80 6. 49 <365.20 392.70 50.27 <3.17 <0.30 
"" FS-2013 2.12 0.34 120.50 6.27 <219.40 317. so 41.19 <3.54 <0.19 

FS-2014F 9.79 1. 31 101.50 5.99 <383.90 203.70 66.41 <2.92 <0.33 
FS-2015F 2.54 0.42 106.00 5.41 <356.00 273.20 63.38 <2.27 <0. 31 
FS-2016F 2.39 0. 46 104.00 5.30 <229.50 327.80 45.89 <2.89 <0. 20 
F'S-2017F 12.13 1.37 93.13 5.17 <444. 70 238.10 37.14 <2.83 <0. 34 
FS-2018F 6.26 0.81 104.60 5.75 <609.90 332.40 41.53 <3.52 <0.42 

f 
FS-2019F 3.05 0.42 111.40 5.90 <255.50 323.10 41.68 <3.42 <0.21 
FS-2020F 3.08 o. 49 88.79 c. 79 <328.95 296.15 48.10 <2.34 <0.29 

~.: FS-2021 <3.93 109.80 5. 71 <373.10 456.00 54.72 <2.85 <0.31 
FS-2022 2.10 0.61 136.10 7.08 <236.00 432.00 78.19 <4.24 <0.20 -- ..1. .. 

FS-2023 7.74 1.26 130.70 6.93 <271.50 226.00 70.29 <2.75 <0.26 . ) 
FS-2026 2.79 0.43 93.07 5.96 <255.90 281.00 44.96 <3.23 <0. 25 . ··) 

FS-2027 2. 74 0.10 90.69 5.17 <339.80 585.90 69.72 <3.20 <0.25 

~-
FS-2028 9.28 1.18 110.70 6.20 <164.90 488.90 58.67 <4.60 0.07 0.03 

-t;: FS-2029 9.34 1.17 104.80 6.92 <185. 90 <175.70 <4 .41 <0.17 
I FS-2030 8.90 1.01 122.90 6.76 <417.30 282.90 67.61 <4.05 <0.33 

' FS-2031 4 .14 0.56 105.90 5.82 <221.20 522.20 60.05 <3. 72 <0.17 

:;,:, v' FS-2032 2.73 0.60 90.73 5.17 <250.70 449.10 70.60 <2 .57 <0.21 
FS-2033 10.29 1.15 112.30 6.63 <270.00 344.30 54.06 <4.70 <0.23 
FS-2034 7.24 0.81 114.30 6.17 <198.80 344.20 77.45 <3.95 <0.16 
FS-2035 1. 58 0. 39 89.81 5.21 <370 .15 620.55 74.15 <2. 70 <0.26 
FS-2037 2.03 0. 29 87.75 5.09 <196.60 636.70 78.31 <3.66 <0.16 
FS-2038 4. 61 0.65 64.97 4. 68 <191.90 <128.40 <3.22 <0.19 
FS-2039 <4.67 98.15 s.so <383.20 336.40 45.75 <3.25 <0.34 
FS-2040 4.86 0. 57 107.80 6.14 <199.90 277.10 41.10 <4.46 <0.19 
FS-2041 2.66 0.58 122.60 7.11 <261.20 lU.SO 29.66 <3.36 <0.24 
FS-2J42 <3.23 83.60 4.60 <351.30 666.80 76.02 <2.89 <0.25 

FS-2043 5.06 0.78 87.40 5.42 <216.80 27!1. 80 49.24 <2.59 <0.22 

FS-2044 3.97 0.48 114 .10 5.96 <295 .10 440.20 88.48 <3.82 <0. 23 

FS-2045 <1. 71 87.68 4.82 170.40 55.55 704.30 78.18 <3.47 <0.16 

FS-2046 12.26 1.40 111.00 6.49 <259.05 247.00 47.42 1. 61 0.51 <0.21 

FS-2048 2.89 0.52 139.80 7.27 <213.40 260.20 66.09 <4.53 <0 .18 

FS-2049 1.71 0. 66 121.20 6. 54 <235.60 192.90 61.92 <2.97 <0.21 

FS-2050 9.14 0.99 104. 30 5.63 <317 .eo 400.40 52.45 <3.74 <0.24 

FS-2051 3. 71 0.44 139.80 7.27 <204.80 276.70 50.36 <4.63 <0 .16 

FS-2052 <2.21 87.68 5.00 <247. 50 445.90 71.59 <2.24 <0.21 

FS-2053 4.59 0. 61 102.00 5. 41 <339.00 670.00 76.38 <3.21 <0. 25 

FS-2054 2.53 0.35 118.30 6.39 <223.10 288.70 49.37 <4.17 <0 .18 

FS-2055 2.53 0.41 '13. 69 4.50 <257.00 438.30 53.91 <2.62 <0.22 

FS-2056 9.80 1.08 104.50 5.75 <267.60 435.50 59.23 <3.99 <0. 22 

FS-2057 18.91 2.05 99.21 5.55 <224.10 417.75 52.54 <3.53 <0 .18 
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Br Standard Rb Standard Sr Standard Zr Standard Aq Standard In Standard 
Deviation Deviation Deviation Deviation Deviation Deviation 

FS-2059 2.08 0.47 95.18 5. 43 <372.50 431.70 53.96 <3.38 <0.32 
FS-2060 16.24 1. 77 90.24 5.59 <189.70 270.30 44.60 <5.01 <0.15 
FS-2061 2.60 0.90 70.87 4.18 <202.50 163.00 33.58 <2.23 <0.21 
FS-2062 25.55 2. 7l 134.00 1.31 <411.10 492.10 66.93 <5.07 <0.30 
FS-2063 2.42 0.36 109.50 5.91 <194.90 148.00 68.08 <3.85 <0.17 
FS-2064 1.61 0. 48 110.40 6.18 <274.50 351.70 72.10 <2. 64 <0. 25 
FS-2065 10.81 1. 21 113.90 6. 61 <292.00 390.60 55.47 <4.53 <0. 25 
FS-2066 1.99 0.32 89.97 5.0~ <205.30 522.60 76.30 <3. 61 <0.16 
FS-2067 8.50 0.97 118.20 6. 74 <215.10 239.30 48.34 <3.46 <0.19 
FS-2068 4.39 0.55 120.10 6. 42 <251.65 405.10 66.60 <4 .11 <0.19 
FS-2010 <3. 31 100.10 5.31 <267.30 189.30 26.12 <1.59 <0.27 
FS-2071 1.96 0.97 92.22 6.73 <284.30 <311. 90 <6.66 0.17 0.04 
FS-2012 6.52 0. 71 97.09 6.41 242.20 63.46 <316. 30 <7.52 0.13 0.04 
FS-2013 3.83 0.59 108.80 5.98 <227.90 282.70 69.911 <2. 56 <:0.23 
FS-2014 <:4.49 108.40 5.53 <394.90 251.50 33.99 <2 .11 <0.35 
FS-2075 9.23 1.01 43.95 3.21 <567 .70 198.10 32.39 <3.14 <0. 49 
FS-2076 46.88 5.25 65.38 4.90 <746.10 <144 .60 <4 .19 <0.69 
FS-2071 <3.38 113.70 5.68 <252.20 215.90 31.52 <2.29 <O.H 
FS-2018 1. 50 0.60 159.00 1.19 <389.80 239.00 36.57 <2.84 <0.33 
FS-2079 1. 38 0.42 148.20 1.56 <249.00 190.40 33.99 <2.09 <0.22 
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Sb Standard I Standard Cs Standard Ba Standard La Standard Ce Standartl 
Deviation Deviation Deviation Deviation Deviation Deviation 

FS-2000 <0.38 <32.98 3. 1S 0.18 314.20 68.50 4 9. !>2 2.82 91.17 4 .1 0 

FS-2000f 0.46 0.08 <22.70 3.57 o. 23 516.70 34.10 4 9. 25 2.66 93.69 4 .12 

FS-2001 0. 46 0.07 <13.83 4.01 0.35 479.60 146.4$ 44.25 2.49 91.94 4.05 

FS-2002 0.47 0.13 <32.97 5.09 0.32 629.00 42.77 42.11 2.32 8$.66 4.03 

FS-2003 1.05 0.10 <12.97 6.29 0.38 745.10 43.96 75.92 3.81 94.88 3.90 

'~· 
FS-2004 0.28 0.01 <16.62 6.04 0.35 553.20 138.85 43.29 2.42 81.92 3.69 

FS-2005 0. 43 0.09 <30. 49 5.67 0,36 697.50 43.94 41.40 2.40 78.10 3.67 
FS-2006 0.62 0.09 <13.85 6.73 0.39 768.15 53.54 48.12 2.45 88.25 4.06 
FS-2007 <0. 25 7.06 2.18 5.32 0.45 471 .1 0 39. 12 44.05 2.51 88.07 3.96 
FS-2008 0.53 0.09 <34.89 5.35 0.34 587.00 36.98 48.76 2.83 101.30 4.56 
FS-2009 0. 52 0.08 <9. 93 4.86 0.29 635.00 45.08 56.42 2.82 70.37 3.10 
FS-2010 0.27 0.09 <16.37 5.31 0.35 258.60 72.41 47.H 2.64 93.72 4.12 
FS-2011 0.31 0.07 <H.l1 3.13 0.23 230.50 88.97 54.42 2.89 105.90 4.66 
FS-2012 0.$4 0.11 <24.48 4.29 0.27 31!1.10 26.80 51.47 3.04 95.81 4. 31 

FS-2013 0. 45 0.08 <12.98 4 .12 0.26 387 .10 36.00 55.78 2.68 105.10 4. 73 
FS-2014F <0.30 <22.55 3.27 0.20 296.90 48.39 43.98 2.55 84.55 3.80 
f'S-2015F <0.38 <23.60 2.87 0.18 206.30 20.63 41.81 2.34 82.01 3.69 

FS-2016f <0.27 <13. 56 2.76 0.17 288.30 23.93 48.68 2.48 97.4 2 4.29 
f'S-2017F <0.27 <26.59 2. 91 0.20 343.20 97.13 45.65 2.42 85.68 3.86 

FS-2018F 0.43 0.10 <40.59 3.23 0.22 493.00 56.69 43.06 2.37 81.71 3.84 

rs-2019F 0.34 0.09 <15.01 3.61 0. 21 416.90 29.60 55.04 2.70 103.30 4. 55 

FS-2020f' <0. 31 <20. 74 2.68 0.22 339.85 25.76 4 5. 33 2.38 84.33 3. 79 

FS-2021 0.37 0.08 <24. 17 3.51 0.20 279.90 51. so 55.88 3.07 100.90 4. 54 

FS-2022 0. 71 0.09 <13.80 5.12 0. 30 542.50 37.43 48.58 2. 57 99.60 4. 58 \ ·."!.·· 

FS-2023 0.27 0.07 <I 5. 87 4.38 0.32 386.20 4 5. 19 52.65 2.79 101.70 4. 41 ...... 
f'S-2026 0.52 0.08 <15. 59 5.19 o. 49 434.60 102.57 53.74 2.90 132.90 5.85 

rs-2021 0.97 0.10 <22.15 3.70 0. 21 587.80 122.85 36.69 2.05 76.51 3.52 

~ f'S-2028 1.01 0.09 6.52 ]. 56 7.23 0.41 634.50 4 5.05 66.27 3.38 117.30 5. 40 
.....::. FS-2029 1.27 0.11 6.89 1. 56 8.65 0.61 183.80 39.33 41.48 2.32 66.65 3.07 

FS-2030 0.40 0.09 29.42 4.06 4.97 0.30 828.90 51.39 37.61 2.26 72 07 3.39 

.......... FS-2031 1.11 0.10 <13.13 4.65 0. 26 764.00 45.08 4 2. 94 2.10 99.55 4.58 

~ FS-2032 0. 47 0.07 <14. 93 3.14 0.24 463.70 112.68 39.56 2.22 70.72 3. 18 

FS-2033 0.73 0.10 <18.58 7.86 0. 45 524.70 86.58 4 9. 04 3.14 93.92 4.32 

FS-2034 0.60 0.08 <11. 85 5.31 0.30 610.80 39.70 40.17 1.93 76.08 3.50 

FS-2035 0. 81 0.08 <23.57 2.79 0.22 528.00 74.75 37.73 2.0S 73.51 3.35 

FS-2037 0.75 0.08 <11. 68 3. 41 0.20 690.00 43.47 39.89 1. q~ 100.30 4.61 

FS-2038 1 . 15 0.10 6.36 1.81 4.97 0.34 288.00 34.85 36.49 1. 82 82.35 3. 7! 

FS-2039 <0. 43 <25.62 3.24 0.20 374. so 83.51 70.87 4.11 116.80 5.26 

FS-2040 0.64 0. 10 <12 .14 5.10 0.29 558.70 43.02 53.99 2.81 107.50 4.95 

FS-2041 0.29 0.07 <15.49 5.87 0.44 560.00 45.36 47.98 2.49 80.56 3.63 

FS-2042 1.08 0.09 <23.28 2.86 0.18 609.90 45.13 35.32 2.05 68.96 3. I 1 

FS-2043 0.53 0.10 <13.26 5.59 0.37 356.20 82.99 51.35 2.77 102.90 4.53 

FS-2044 0.72 0.09 <19.95 6.35 0.36 543.60 48.92 37.70 2. I I 67.78 3.12 

f'S-2045 0.88 0.10 <12.42 3.33 0.20 614.90 36.89 36.52 1.90 71. 59 3 IS 

FS-2046 0. 72 0.09 <16. 77 8.26 0. 61 371.50 45.32 4 2. 03 2. 39 99.81 4. 54 

FS-2048 0. 47 0.10 <12.49 6,03 0.36 723.70 44.15 4 4. 67 2.28 84.82 3.90 

rs-2049 0.46 o.oe <13.70 5.97 0.39 508.80 138.39 47.55 2. 41 79.84 3.59 

FS-2050 1.00 0.11 <20. 70 5. 45 0.32 493.90 46.43 39.86 2.15 61.55 2.89 

fS-2051 0.59 0.08 <12.16 7.11 0.48 648.10 4!>. 37 42.89 2.27 81.82 3. 7 6 

FS-2052 0.61 0.09 <14.73 2.49 0.18 548.80 35. 12 37.10 I. 97 74.64 3.28 

fS-2053 <0. 34 <22.38 3.54 0.25 502.10 33.64 )'). ll 2.20 81.09 3. 7) 

f'S-2054 0. 52 0. I I <13.41 4. 79 0.28 579.70 38.26 39.32 2. I 2 87.41 4 . 11 

FS-2055 0.89 0.10 <15.12 2.66 0.22 415.30 33.22 32.95 1.98 58. 19 2 62 

f'S-2056 1.03 0.10 <17. 94 6.36 0.36 511 . 20 11.06 54.60 3. 06 104.40 1 70 

f"S-2057 0.60 0.09 5.64 2.07 5.09 0.39 631.40 80.83 40.70 2. ]4 74. 56 ) .19 
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Sb Standard I Standard Cs Standard Ba Standard I .a Standard Ce Stilndanl 

Deviation Deviation Deviation Deviation Deviation Deviation 

FS-2059 <0. 51 <24 .51 2.90 0.22 282.20 28.22 74.77 4.11 121.10 5.45 

FS-2060 0.66 0.10 11.78 2.20 6.02 o. 42 624.10 273.36 93.50 4.58 81.49 3.83 

rs-2061 <0.25 <11.99 2.85 0.23 291.70 43.76 50.51 2.83 78.52 3.45 

rs-2062 1.10 0.12 <28.19 8.14 0.54 640.60 49.97 52.40 3.04 99.30 4.57 

FS-2063 <0.21 <11.31 4.03 0.30 618. so 40.20 31.70 1.87 72.68 3.42 

rs-2ou 0.65 0.11 <lfi.16 4.00 0.21 349.30 66.37 46.21 2.40 78.98 3.55 

FS-2065 0.84 0.10 12.18 2.13 7.22 0.41 335.70 33.91 54.85 3.13 102.60 4.12 

FS-2066 0.75 0.09 <12.25 3.57 0.21 651 .10 39.07 38.08 1. 94 69.18 3.21 

FS-2061 0.94 0.09 <13.00 6.78 0.47 292.30 76.29 46.34 2.36 128.80 5.61 

FS-2068 0.91 0.011 <16. 56 6.84 0.41 596.30 40.15 31.01 1. 92 12.10 3.32 

rs-2010 <0.30 <15. 17 2.19 0.16 124.80 24.84 56.91 3.07 99.36 4. 37 

rs-2011 1. 59 0.12 <18.59 10.08 0.65 396.30 52.11 32.58 1.86 63.16 3.16 

FS-2072 1.44 0.11 4.05 1.39 10.11 0.61 317.20 50.92 33.50 1. 94 79.26 3.88 

FS-2073 0.32 0.08 <13.90 4.14 0.40 254.30 112.65 50.96 2.85 92.79 4.08 

FS-2074 <0.48 <25.82 2.61 0.16 126.00 19.66 51.18 3.02 99.11 4.46 

rs-2075 <0.31 <27.51 3.26 0.20 414.10 54.25 43.21 2.29 73.80 3.39 

FS-2076 0.65 0.09 <36.97 8.72 0.66 1311.80 32.01 78.22 4.22 161.80 7.12 

FS-2017 <0.34 <U.91 2.110 0.18 163.90 61.46 36.53 2.30 611.09 3.18 

FS-2078 <0.25 <25.68 4.27 0.29 234.60 29.09 44.92 2.34 90.41 4.16 

FS-2019 <0.25 <14 .13 4.08 0.32 235.10 35.03 4!;.96 2.67 82.45 3.63 
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56.91 
. 71·· 32.5& 

···. _, .. SCbt2"~ · 3j;;o:. 
1-i'hd 50~96 

1!1. 66 51.18 
54.25 43.21 

o;og d6.97 8;72 0.66 13!1'.80 3~.01 78.22 
61.46 36.53 
29.09 44.!1,2 
35.03 45.96 

1.!12. 72 .1()' 
3.07 99.36 
1.8'6 63.16 

. ,lc;,!l4· 79:26 
2.85 92.79 
3.02 99.17 
2.2!1 73.80 
4.22 161.80 
2.30 69.0!1 
2.34 90.41 
2.67 82.45 

·s;n 
3.32 
f.37 
3.16 
3.88 
4.08 
4.46 
3.39 
7.12 
3.18 
4.16 
3.63 
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FS-2059 
FS-2060 
FS-2061 
FS-2062 
FS-2063 
FS-2064 
FS-2065 
FS-2066 
FS-2067 
FS-2068 
FS-2070 
FS-2011 
FS-2012 
FS-2013 
FS-2014 
FS-2075 
FS-2076 
FS-2017 
FS-2078 
FS-2079 

: .. · ~: . 

Nd Standard 
Deviation 

61.31 5.27 
71.68 6.02 
31.27 3.35 
42.69 4.35 
23.11 2.77 
6.68 1.50 

39.12 3.99 
28.14 2.93 
35.50 4.33 
26.41 2. 71 
45.47 4.37 
21.85 2.73 
23.54 3.60 
55.81 5.13 
43.43 3.91 
35.22 3.31 
54.48 5.12 
33.59 3.22 
44.49 4.00 
34.85 4.32 

Sm Standard Eu Standard 
Deviation Deviation 

11.28 o. 52 0.19 0.05 
12.55 0.58 2.15 0.09 
5.47 0.25 0.51 0.04 
9.19 0.-45 1. 45 0.08 
3.64 0.11 0.68 0.04 
5.24 0.24 0,17 0.06 
6.30 0.30 0.94 0.05 
5.13 0.25 1.08 0.07 
6.02 0.28 1.06 0.06 
5.56 0.26 1.04 0.06 
6.18 0.28 0.25 0.05 
4. 57 0.22 0.10 0.06 
3.93 0.19 0.61 0.05 
5.70 0.26 0.62 0.04 
8.09 0.38 0.24 0.02 
4.92 0. 22 0.95 0.06 

10.66 0.50 1.00 0.07 
6.38 0. 30 0.30 0.04 
6.61 0.32 0.37 0.05 
6.85 0.32 0.28 0.05 

u· 

Tb Stand<Jrd Dy Standard 'tb Standard 
Deviation Deviation Deviation 

1. 35 0.14 6.88 0.70 4.88 0.35 
1.!16 0.18 10.38 0.79 5.14 0. 29 
0.72 0.07 4.24 0.39 2.13 0.45 
1. 25 0.12 7.26 0.89 5.87 0. 35 
0.54 0.05 3.21 0.30 2.22 0.11 ·_;., 

0.68 0.08 2.68 0.38 3.52 0.68 
0.68 0.08 4.20 0.38 2.84 0.22 
0.76 0.07 4. 64 0.14 3.08 0.25 
0.82 0.10 4.71 0.46 3.19 0. 27 
0.10 0.01 4.25 0. 42 3.31 o. 20 
0.99 0.09 4.96 0.51 3.65 0.35 
0.59 0.08 3.H 0.37 3.02 0.20 
0. 67 0.08 3.59 0.31 2.59 0.28 
0.17 0.08 5.33 0.50 3.29 0. 57 
1.07 0.10 5.89 0.51 4.38 0.31 
o. 57 0.07 3.38 0.55 1.33 0. 21 
1.16 0.11 4.29 0. 85 3.15 0.58 
0.96 0.09 3.40 0.38 3. 76 0.23 
1. 37 0.16 7.30 1.12 4.36 0. 25 
1.45 0.15 8.72 1. 79 5.08 0.62 

.!) 
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Lu Standard Hf Stand<lrd Til Standard w SL.andard Au Standard Hg Standard ,"\"' 

Deviation Deviation Deviation Deviation Deviation Deviation 
FS-2000 0.47 0.03 8.42 0.45 3.13 0.21 13.74 2.84 <0.01 <0.54 

:~ 

rs--2ooor 0.45 0.03 8.19 0.43 2.34 0.15 <6. 95 <0.01 <0. 74 
FS-2001 0.59 0.04 13.73 0.91 1. so 0.10 <4.71 <0.01 <0.51 
FS-2002 0.45 0.03 5;43 o.s~ 3 .ttl: 0.20 <13.21 <0.02 <0.93 
FS'-2003 0.67 0.0'4 13.28 0·.91 L~9 0.13 <5.57 <0.01 <0.84 
FS-2004 0.48 0.03 .. 9.40 0.63 2.13 0.20 <5 .76 <0.01 <0.63 
FS-2005 0.47 0.03 6.10 0.43 2.98 0.19 <11.86 <0.02 <0.92 
FS-2006 0.54 0.03 8.88 0.53 3.01 0.23 6.25 1. 94 <0.01 <0. 90 
FS-2007 0.42 0.03 7.68 0.40 2.87 0.24 <1.47 <0.01 <0.61 
FS-2008 0.51 0.03 10.60 0.18 2.24 0.15 <9.56 <0.01 <0. 75 
FS-2009 0.55 0.03 11.80 0.68 1.86 0,16 <5.92 <0.01 <0.78 

... FS-2010 0.56 0.04 8.93 o.u 3.17 0.21 <6.23 <0.01 <0.57 
. f..~, FS-2011 0.51 0.03 !1. 74 0.67 3.37 0.24 13.26 5.69 <0.01 <0. 45 
'~· 

FS-2012 0.56 0.03 9.60 0.62 3.13 0.19 <9.70 <0.01 <0.67 
%" FS-20-13 0.64 0.03 11.09 0.98 3.12 0.19 <6.20 <0.01 <0.72 
l~-; FS-2014F 0.30 0.03 1.45 0.31 2.26 0.15 <7.41 <0.01 <0.57 

FS-2015F 0.42 0.02 7.60 0.51 2.84 0.17 <9.97 <0.01 <0.50 
,. rs-2016F 0.42 0.02 8.68 0.52 2.49 0.15 <6.62 <0.01 <0.60 
:K_ rs-2011r 0.33 0.03 1.72 0.35 2.00 0.17 <6.62 <0.01 <0.54 
:; FS-2018F 0.49 0.03 8.26 0.63 2.41 0.18 12.99 3.68 <0.02 <0. '14 

FS-2019F 0. 48 0.03 9.23 0.36 2.46 0.16 8.72 2.18 <0.01 <0.11 
FS-2020F 0. 42 0.03 8.82 0.57 2.27 0.16 <8.17 <0.01 <0. 48 
rs-2021 0.57 0.03 10.85 o. 74 3.02 0.20 <10.26 <0.01 <0.60 
FS-2022 0.66 0.04 ll.U o. 73 3.15 0.21 5.47 2.08 <0.01 <0.85 
FS-2023 0.64 0.04 9.13 0.68 3.06 0.24 <6.54 <0.01 <0. 52 

~ FS-2026 0. 30 0.03 10.22 0.76 2. 46 0.22 <6.39 <0 .01 <0.60 
FS-2027 0. 47 0.03 14.60 1.05 1.69 0.12 <8. 43 <0. 01 <0.70 

I FS-2028 0.58 0.04 11.94 0.69 2.06 0.17 <6.02 <0.01 <0.91 

~ FS-2029 0.22 0.04 5.76 0.33 1.91 0.13 <5.80 <0.01 <0. 78 . ····= 
~ FS-2030 0.45 0.03 6.98 0.38 2.78 0.17 6.28 2.29 <0.01 <0.85 4 

f:~ 
FS-2031 0.48 0.03 13.02 0.82 1.87 0.14 2.82 0.87 <0.01 <0. 75 
FS-2032 0.41 0.03 13.72 1. 26 1.50 0.14 <5.36 <0.01 <0.50 "\ 

FS-2033 o. 44 0.03 9.59 0.62 2.66 0.17 <9.68 <0.01 <0.93 
... .J 

FS-2034 0. 58 0.03 11.69 0.78 2.02 0.12 <5.89 0.02 <0.79 

FS-2035 0.50 0.03 15.90 1.19 1. 53 0.13 <7.21 <0.01 <0.56 

;;.-: FS-2037 0.57 0.04 15.71 1.04 1.11 0.12 <5.92 0.04 <0. 76 

FS-2038 0. ~7 0.03 5.06 0.31 1. 51 0.11 <5.67 <0.01 <0.58 

FS-2039 0.57 0.04 8.40 o. 71 2.53 0.17 <13.06 <0.01 <0.70 
"~ FS-2040 0.44 0.03 8.40 0.46 2.84 0.20 <7.75 <0.01 <0. 87 

FS-2041 o. 45 0.04 7.30 0.39 2. 74 0.19 <5.72 <0.01 <0.63 

FS-2042 0. 51 0.03 15.93 1.55 1. 53 0.10 <10.34 <0.01 <0.65 

FS-2043 0.30 0.03 7.47 0.38 2.33 0.20 7.23 1.21 <0.01 <0.59 

FS-2044 0.44 0.03 11.03 0.84 2.06 0.13 2 .13 0.51 <0.01 <0.75 

FS-2045 0.58 0.03 18.56 1.02 1.62 0.11 8.53 2.58 <0.01 <0.73 

FS-2046 0.39 0.03 7.93 0.39 2.26 0.17 2.96 0.73 <0.01 <0. 81 

FS-2048 0.46 0.03 7.49 0.49 2. 94 o.u 2.02 0.66 <0.01 <0.87 

FS-2049 0.41 0.03 \1.50 0.37 2.56 0.22 <3.91 <0.01 <0.54 

FS-2050 0.46 0.03 11.18 0.79 1.86 0.12 <5.83 <0.01 <0.76 

FS-2051 0. 50 0.03 8.12 0.50 2.89 0.21 3.19 0.69 <0.01 <0.87 

FS-2052 0. 46 0.03 1f .97 1.30 1.58 0.13 <3. 6l <0.01 <0. 44 

FS-2053 0.57 0.03 16.79 1. 23 1. 78 0.11 <6.08 <0 .01 <0.68 

FS-2054 0. 49 0.03 8.48 0.47 2.59 0.18 2.22 0.64 <0.01 <0.83 

FS-2055 0.29 0.02 13.69 0. 79 1. 27 0.09 <3.98 <0. 01 <0.50 

FS-2056 0. 54 0.03 11.32 0.80 1. 93 0.13 <6. 41 <0.01 <0.80 

FS-2057 0. 51 0.03 11.03 0.63 1. 96 0.14 <4.01 <0.01 <0.67 



Lu Standard HC Standard Ta Standard w Stand.trd Au Standard llg Stand.trd 

Deviation Deviation Deviation Deviation Deviation Deviation 

FS-2059 0.52 0.03 10.35 o. 72 2.83 0.19 11.07 2.34 <0.02 <0. 70 

FS-2060 0. 75 0.04 6.40 0.39 1.88 0.15 <4.61 <0.01 <0.96 

FS-2061 0.38 0.03 6.32 0.38 1.84 0.16 <4.32 0.04 <0.41 

FS-2062 0.68 0.04 13.73 0.80 2.48 0.16 <7.30 <0.01 <1.01 

FS-2063 0.36 0.02 1.16 0.21 2.51 0.16 <4.15 <0.01 <0.14 

FS-2064 0.31 0.03 10.06 0.64 2.23 0.19 <4.80 <0.01 <0. !11 

FS-2065 0. 42 0.03 9.6« 0.54 2.93 0.21 3.99 1. 88 <0.01 <0.89 

FS-2066 0.55 0.03 15.45 1.00 1. 75 0.12 <4.13 <0.01 <0.73 

FS-2067 0.32 0.03 10.04 0.54 1. 91 0.15 1. 62 0. 50 <0.01 <0.6) 

FS-2068 0.46 0.03 10.29 0.62 2.25 0.15 <4. 91 <0.01 <0.82 

FS-2070 0.49 0.03 7.64 0.41 3.23 0.23 <5.11 <0.01 <0. 34 

FS-2071 0.36 0.01 5.17 o. 64 1. 92 0.16 2.51 0. 48 <0.01 <1. 26 

FS-2072 0.43 0.04 5.93 0.46 1.95 0.14 2.89 1. 01 <0.01 <1. 37 

FS-2013 0.47 0.03 9.80 0.59 2.50 0.24 <4.87 <0.01 <0. 49 

FS-2074 0. 51 0.03 7.29 0.39 3.41 0.20 <9.91 <0.02 <0.50 

FS-2015 0.23 0.02 6. 74 0.42 1.55 0.12 <5.81 <0.01 <0. 72 

FS-2076 0.31 0.03 7.33 0.31 1.17 0.16 2.42 0.69 0.02 <0.15 

FS-2071 0.47 0.03 6.21 0.39 3.55 0.22 <7.99 <0.01 <0.50 

FS-2078 0.68 0.04 7.49 0.41 5.42 0.35 <5.75 <0.01 <0.62 

FS-2079 {'1,64 0.04 7.65 0.39 5.61 0.39 2.81 0. 67 <0.01 <0. 44 
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Th Standard u Standard Be Standard Cd Standard Pb Standard 
Deviation Deviation Deviation Deviation Deviation 

FS-2000 14.00 0.74 3. 61. 0.13 2.10 0.40 <1.00 26.50 2.00 --~-

FS-20()0F 13.30 0.64 3.26 0,12 2.10 o. 40 <1.00 26.50 2.00 
FS-2001 15.08 0.65 3.33 0.12 2.00 0.40 <1.00 25.00 2.00 
FS-2002 23.23 1. 72 4..91 0.19. 2.85 .0.50 <1.00 215.00 3.00 
FS•2003 13.68 lf.~7. 3.92 0.14 2 ;{10 0.40 <l.i>O 27.00 3.00 ... 
rs.;.·uio4· 22.35 1.30 3.10 0 ~ 12 2.00 0~30 <1.00 24.50 2.00 
FS-2005 18.39 0.72 l-.90 0.15 2.45 0.50 <1.00 26.150 2.70 
FS-2006 19.42 0.81 3;93 0.15 2.fi0 0.50 1.70 0.80 25.90 2.50 
FS-2007 22.21 0.87 4.36 0.16 2.40 0.40 <1.00 28.00 3.00 
FS-2008 16.23 0.63 3.H 0.13 2.10 0.40 <1.00 22.00 2.00 
FS-2009 14.12 0.59 3.21 0.12 2.70 0.50 <1.00 32.00 3.00 
FS-2010 19.64 0.84 3.55 0.13 2.70 o.so <1.00 32.00 3.00 

-~· 
FS-2011 18.87 1.04 3.56 0.13 1.00 0.20 <1.00 <14 .oo 
FS-2012 16.46 0.64 3.51 0.13 2.60 0.50 <1.00 26.00 3.00 
FS-2013 17.64 o. 72 3.49 0.13 2.40 0.50 <1.00 25.00 2.00 
FS-2014F 13.17 0.63 2.94 0.12 l. 80 0.40 <1.00 22.00 2.00 
FS-2015f' 12.24 0. 48 3.30 0.12 2.30 0.40 <1 .oo 24.00 2.00 
f'S-2016f' 12.62 0.53 2.84 0.10 2.10 0.40 <1.00 28.00 3.00 
t·s-zol7r 12.95 0.53 2.65 0.10 2.30 0. 40 <1.00 25.00 2.00 
f'S-2018f 12.48 0.50 4.25 0.16 2.40 o. 40 <1.00 56.00 6.00 

'•' FS-2019F 13.85 0.58 3.05 0.11 1.90 0.40 <1.00 28.00 3.00 
f'S-2020F 12.20 0.53 2.81 0.10 1. 80 0.40 1.60 0.80 26.00 2.00 
rs-2021 15.06 0.59 3.66 0.13 2.60 0.50 <1.00 21.00 2.00 

~ 
FS-2022 17.38 0.82 4.20 0.16 2.70 0.50 <1.00 26.00 3.00 
FS-2023 18.81 0.81 J. 77 0.14 3.40 0.60 <1.00 29.00 3.00 

t~ FS-2026 16.77 0.69 2.54 0.10 2.50 0.50 <1.00 29.00 3.00 
F'S-2027 13.66 1. 60 3.45 0.13 1. 60 0.30 <1.00 30.00 3.00 

-~: )...) FS-2028 17.96 0.77 3.19 0.12 2.30 0. 40 <1.00 33.00 3.00 ~-- .... 

~ F'S-2029 17.18 0.69 '2 .17 0.09 3.30 o. 70 <1.00 23.00 2.00 ,.··t ... ' 
FS-2030 16.34 0.64 4.79 0.18 2.40 0.50 <1.00 26.00 3.00 '-

FS-2031 14.62 0.66 2.96 0.11 1. 70 0.30 <1.00 25.00 2.00 
FS-2032 13.03 0.52 3.46 0.13 1.80 0.40 <1.00 25.00 2.00 ----
FS-2033 17.16 0.67 2.19 0.08 3.00 0.60 <1.00 29.00 3.00 

... 
I 

FS-2034 15.56 0. 61 3.09 0.11 2.00 0.40 <1.00 30.00 3.00 
FS-2035 12.74 0. 51 3. 43 0.12 1.55 0.30 <1.00 26.50 3.00 
FS-2037 13.84 0.58 3.59 0.13 1.50 0.30 <1.00 25.00 2.00 
FS-2038 12.40 0.50 3.41 0.13 2.20 0.40 <1.00 21.00 2.00 
FS-2039 13.14 0;57 2.92 0.11 2.10 0.40 <1.00 26.00 3.00 
FS-2040 16.84 0.67 2. 74 0.10 2.30 0.40 <1.00 28.00 3.00 

rs-2041 20.04 0.88 3.51 0.13 2.80 0.60 <1.00 25.00 2.00 

FS-20-'2 11.05 0.70 3.57 0.13 1.40 0.30 <1.00 <14 .00 

FS-2043 18.10 1.00 2.36 0.09 3.10 0.60 <1.00 34.00 3.00 

FS-2044 U.J5 0.56 3.21 0.12 2.20 0.40 <1.00 28.00 3.00 

FS-2045 13.53 0.57 3.84 0.14 1.00 0.20 <1.00 20.00 2.00 

rs-2046 19.91 0.82 2.52 0.09 3.90 0. 70 1. 20 0.80 35,00 3.00 

FS-2048 19.96 0.78 3.57 0.13 2.95 0.60 <1.00 25.50 2.50 

FS-2049 19.27 0.81 3.64 0.13 3.00 0.60 <1.00 32.00 3.00 

FS-2050 12.72 0.50 3.28 0.12 1. 90 0.40 <1.00 26.00 3.00 

FS-2051 19.93 0.78 3.48 0.13 3.20 0.60 <1.00 30.00 3.00 

FS-2052 12.52 0.55 3.81 0.13 1.40 0.30 <1.00 25.00 2.00 

rs-2053 12.80 0.50 3.67 0.13 1. 60 0.30 <1.00 23.00 2.00 

FS-2054 17.20 0.67 3.96 0.14 2.00 0.40 <1.00 4 4. 00 4.00 

f'S-2055 10.46 0.42 3.56 0.13 1.10 0.20 <1. 00 33.00 3.00 

FS-2056 14.82 0.58 2.89 0.10 2.10 0. 40 <1.00 30.00 3.00 

f'S- 2057 15.28 0.68 3.12 0.12 1. 95 0.40 <1.00 27.00 2.00 



-~ . 
So 
~ 

\ 

FS-2059 
FS-2060 
FS-2061 
FS-2062 
FS-2063 
FS-2064 
FS-2065 
FS-2066 
FS-2067 
rs-2068 
FS-2010 
FS-2011 
FS-2012 
FS-2013 
FS-2014 
FS-2015 
FS-2016 
FS-2071 
FS-2078 
FS-2019 

.{~.:. .. ,~~~·~rr~··._ ,'·:· 

< 

Th Standard 
Peviatlon 

13.56 1.30 
14.19 0.64 
11.19 0.46 
18.01 0.14 
11.56 0.68 
15. '16 0.88 
1'1.91 0.10 
13.31 0.52 
18.29 0.80 
15.52 0.61 
15.22 0.61 
11.03 0.66 
19.26 0.1!1 
1'1. 99 0. '11 
14.58 0. 71 
10.09 0.39 
21.30 1.06 
14.11 0.55 
20.88 0.88 
23.01 1.08 

: ., :,,: . ': ....: ., 1-: ~ -. ·: ... . • ...... ...... • ;. ;! • ~ _ .. 

u Standard Be 
Deviation 

3.14 0.12 2.30 
2.99 0.11 2.60 
2.18 o.o8 2.20 
3.12 0.14 2.10 
3.01 0.11 3.30 
3.10 0.14 2.20 
2.28 0.09 1.95 
3.58 0.13 1.60 
3.41 0.13 3.00 
3.29 0.12 2.20 
3 • .., 0.13 2.40 
2.50 0.10 2.00 
2.62 0.10 4.30 
3.85 0.14 2.30 
3.51 0.13 2.20 
1. 54 0.06 1.60 
3.21 0.12 3.90 
4. 34 0.15 3.20 
s. 77 0.20 4.30 
6.13 0.24 4.40 

'~ 

·:.· . . ~·.;..,;.. 

J'l 
. ·:t 
<-~ ·~.,i 

"'' -~~~ 

Standard Cd Standard Pb Standard 
Deviation Deviation .Deviation 

0.50 <1.00 29.00 3.00 
o.so <1.00 23.00 2.00 
0.40 <1.00 24.00 2.00 
().SO <1.00 32.00 3.00 
0.60 <1.00 29.00 3.00 
0.40 <1.00 21.50 2.00 
0.40 <1.00 28.50 3.00 
0.30 <1.00 25.00 2.00 
0.60 <1.00 38.00 4.00 
0.40 <1.00 35.00 4.00 
0.50 <1.00 18.00 2.00 
0.40 <1.00 20.00 2.00 
0.!10 <1.00 41.00 4.00 
o.so <1.00 26.00 3.00 
0.40 <1.00 19.00 2.00 
0.30 <1.00 21.00 3.00 
o.8o <1.00 42.00 4.00 
0.60 <1.00 34.00 3.00 
0.90 <1.00 30.00 3.00 
0.90 <1.00 56.00 6.00 

:~· 

.... '"" ....,.)..:- ~ ~!t'' ... , .... !.)' 't ·--r:-:. ,...!... ' 

. :_~ 
:.~~'':"!., .. ~~?--· ~1 

'--' 



1.26 
11.!19 
14.58 
10.09 
27.30 
14.11' 

·. 2(1, 8IJ 
23.01 

~1.00 
d.OO 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 
<1.00 

.i 
28.;50 

-~:;,~' 
J5.oo 
18.00 
20.00 
41.00 
26.00 
19.00 
21.00 
42.00 
34.00 
30.00 
56.00 

J:' 
2.00 
3.00 

.·· '2.00 
4.00 
4.00 
2.00 
2.00 
4.00 
3.00 
2.00 
3.00 
4.00 
3.00 
3.00 
6.00 

) .. , 
:'\.; 

:1 
·-· 
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REPORT NUMBER: 22tz5 

•.....••.• EH·9 ~N~LYTIC~L REPORT ............ 

Prrpared by: MICOBY on 8·Feb·1994 

REQUEST NUMBER: 15463 MATRIX: S$ ANALYST: MET PROCRAM CCOE: M702 

OUNER: Pat A. Lonvmire CROJP: CST •10 

NOTEBOOK: R8149 PAGE: 259 

CUSTCHER SAMPLES: 

CUSTCf4EI! 
HUM 

FS2000 
fS2000 
FS2000 
FS~OO 

FSiOOO 
F$2000 
F$2000 
FS200() . 
FS2000 
FS2000 
FS2000 
FS2000 
FSZOOO 
FS2000 
FS2000 
fS2000 
FS2000 
FSzOOo 
FS2000 
FS2000 
FS2000 
f$2000 
FS2000 
FS2000 
f$2000 
FS2000 
FS2000 
FS2001 
FS2001 
FS2001 
F$2001 
FS2001 
FS2001 
f52001 
f$2001 
FS2001 
f$2001 

SAMPLE 
IIUH 

ANALYTICAL 
ANALYSIS TECHNIQUE 

93.16~7 ~l 

93.16797 AS 
.93.16797 BA 
93.16797 BE 
93.~ 16797 CA 
93.16797 en 
93.16797 CL 
93.16797 co 
93.16797 CR 
~.16797 cu 
~. 16797 FE 

93.16797 IIG 
93.16797 lC 

93.16797 MG 
93.16797 Hll 
93.16797 NA 
93.16797 Ill 

93 .• 16797 PB 
93.16797 sa 
93.16797 SE 
93.16797 S04 
93.16797 TA 
93.:16797 Til 
93.16797 Tl 
93.16797 u 
93.16797 v 
93.16797 ZN 

. 93.16798 Al 
93.16798 AS 
93.16798 BA 
93.16798 BE 
93.16798 CA 
93.16798 en 
93.16798 CL 
93.16798 co 
93.16798 CR 
93.16798 cu 

lCPES 
ETVM 

ICPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
CVM 
JCPES 
JCPES 
ICPES 
ICPES 
ICPES 
lCPES 
ICPES 
ETVM 
IC 
ICPMS 
lCPHS 
ICPMS 
ICPHS 
ICPES 
ICP£5 
ICPES 
ETVM 

ICPES 
lCPES 
ICPES 
lCPES 
lC 
ICPES 
JCPES 
lCPES 

HAIL·STOP: . C346 PHON£: 5·6493 

ANALYTICAL 
RESULT 

6500. 
1.8 

160. 
0.69 

4500. 
< 0.4 
17.6 
10. 
4.6 
5.5 

9300. 
< 0.1 

1300. 
1200. 
1100, 

200. 
5.6 

12. 
< 5. 
< 0.3 
23. 

< 0.2 
5. 

< 0.2 
0.6 

10. 
58. 

12000. 
5.1 

150. 
0.93 

2100. 
< 0.4 
16.3 
15. 
10. 
8.3 

ANALYTICAL 
UNCERTAINTY 

650. 
0.4 

16. 
0.07 

450. 

1.8 
1. 
0.5 
0.6 

930. 

130. 
120. 
110. 
20. 

0.6 
2. 

2.3 

0.3 

0.2 
1. 
6. 

1200. 
1. 

15. 
0.09 

210. 

1.6 
2. 

1. 

0.8 

UNITS 

UG/Ci 
UG/G 
UG/Ci 
UG/G 
UG/G 
UG/G 
UCi/G 
UG/G 
UG/G 
UG/G 
UG/Ci 
UG/G 
UG/G 
UG/Ci 
UG/G 
UG/G 
UG/G 
UG/G 
UG/Ci 
UG/Ci 
Uli/G 
UG/Ci 
Uli/G 
UG/G 
UC/G 
Uli/Ci 
UG/C 
UG/G 
Uli/Ci 
UG/Ci 
UG/G 
Uli/Ci 
UG/G 
Uli/G 
UG/G 
UG/Ci 
UG/G 

Ca4PLETI ON 
OATE COVIEIIT 

9/09/93 08275HA 
9107193 
9/09/93 08275NA 
9/09/93 0827511A 
9/09/93 0827511A 
9/09/93 0827511A 
9/10/93 
9/09/93 08275HA 
9/09/93 08275MA 
9/09/93 0827511A 
9/09/93 08275HA 
8/27/93 
9!09/93 08275NA 
9/09/93 0827511A 
9!09!93 08275KA 
9!09!93 0827511A 
9/09/93 08275HA 
9/09/93 08275HA 
9!09/93 08275HA 
9!07!93 

11/19/93 
10/19/93 08275LA 
10/19/93 08275LA 
10/19/93 08275LA 
10/19/93 08275LA 
9/09/93 08215HA 
9/09/93 oa275NA 
9/09/93 08275HA 
9!07!93 
9/09/93 08275MA 
9/09/93 0827511A 
9/09/93 08275KA 
9/09/93 08275HA 
9/10/93 
9/09/93 08275MA 
9/09!93 08275HA 
9/09/93 08275KA 



93. 167911 MG 
. 93.16798 Mil 
93.16798 NA 

fS~J)C)f< . ' 93. 167911 II I 
ts2oor ''··93 1679& ,, 

·',iicio{;·. ~.··93:16798 sa 
. FS~t.i ··. 9l.t679e S£ 

... t$200(;(:_ .. 93.1679$$04 
;,,~¥ni!.~Y-~: · :- '_93. 167911 .. r" 

, .··1':~001. ; , ·•; 93.16198' TH 
· · ,· 93,1679$ n. 

: ·'!:93.16'198 u 
. · ... :'·93. 167911 v 

.• .,..,.,.. ... , .. · .. ·,·· .• ··~:·:-?,3. t6791lM 
.• 16199AI. 

ICPES 
CVM 

IC'PES 
ICPES 

ICPES 
ICJ'£5 

ICPES 

ICPES 
ICJ'ES 
ETVM 

IC 

ICPKS 
ICPHS 

ICJ'KS 
JCPMS 

ICP£5 

JCPES 

JCPES 

EfVM 

ICPES 

JCPES 
ICPES 

ICPES 

IC 

ICPES 

ICPES 

ICPES 
ICPES 

CVM 

ICPES 

JCPES 

ICPES 
ICPES 

ICPE$ 
ICPES 
ICPES 
ETVM 

JC 
JCPHS 

JCPMS 

ICPHS 

JCPHS 
ICPES 

ICPES 

JCPES 
EfVM 

JCPES 

JCPES 
ICPES 
JCPES 

It 

ICPES 

ICPES 

ICPES 

JCPES 

CVM 

ICPES 

ICPES 
ICPES 

JCPES 

f4000. 
c 0.1 

2400. 
2700. 
400. 
3.50. 

10. 
13. 

< 5. 
< 0.3 
32. 

< 0.2 
8. 
0.2 
0.8 

26. 
48. 

13000. 
3.1 

120. 
0,8 

2800. 
c 0.4 
303. 
22. 
8. 
3. 

8400. 
c 0.1 

2200. 
1800. 

tOO. 
1700. 

8. 
< 4, 

< 5. 
c 0.3 
444. 
< 0.2 

5. 
< 0.2 

0.6 
17. 
21. 

21000. 
5.9 

220. 
1.5 

2200. 
< 0.4 
17.6 

11. 
17. 

11. 

19000. 
< 0.1 

3600. 
3600. 
460. 
520. 

1400. 

240. 
Z70. 
40. 
35. 

1. 
4. 

3.2 

1. 
0.2 
0.2 
3. 
5. 

1300. 
0.6 

12. 
0.08 

280. 

30. 
2. 
0.8 
0.3 

840. 

220. 
180. 
10. 

170. 
1. 

45. 

0.2 

0.2 
2. 
2. 

2100. 
1.1 

22. 
0.2 

220. 

1.8 
1. 
2. 
1. 

1900. 

360. 
360. 
46. 
52. 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UGIG 

UG/G 
UG/G 
UG/G 
UG/G 
UG/0 
UG/G 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

UGIG 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

UGIG 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

9109193 08275HA 
8127193 
9!09/93 08275HA 
9/09193 08275HA 
9/09/93 08275HA 
9109193 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09193 08275HA 
9/07/93 

11/19/93 
10/19/93 08275LA 
10/19/93 08275LA 
10/19193 08275LA 
10/19/93 08275LA 
9/09/93 08275HA 
9/09/93 08275HA 
9!09/93 08275HA 
9/07193 
9/09/93 082751\A 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275KA 
9/10/93 
9!f19193 082751\A 
9/09/93 08275KA 
9/09/93 08275HA 
9/(f!i/93 082751\A 
8/27/93 
9/09!93 08275KA 
9/09/93 08275HA 
9!09193 08275HA 
9/09/93 08275HA 
9!09193 08ZT5KA 
9/09/93 08275HA 
9/09193 08275LA 
9/0T/93 

11!19/93 
10/19/93 08275lA 
10/19/93 08275lA 
10/19/93 08275LA 
10/19/93 08275LA 
9!09193 08275HA 
9109/93 08275HA 
9!09!93 08275HA 
9/01!93 
9/fJ9/93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/10/93 
9/09/93 08275HA 
9109193 08275KA 
9/09/93 08275KA 
9109193 08275HA 
8/27/93 
9/09/93 08ZT5HA 
9/09/93 082751\A 
9/09/93 08275HA 
9/09!93 0827SHA 



fS2003 
fS2003 
fS2003 
FS2003 
FS2003 
FS2003 

FS2003 
FS2003 
FS2003 
fS2003 
FS2003 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
fS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2004 
FS2005 
FS2005 
FS2005 
FS2005 
FS2005 
FS2005 
FS2005 
FS2005 
FS2005 
FS2005 
FS201J5 
FS2005 
FS2005 
FS2005 
FS2005 
FS2005 
FS2005 
FS2005 
FS2005 

FS2005 
FS2005 
FSZOOS 

93.16$00 Nl 
93.16$00 PB 
93. 16aOO sa 
93. 16aOO se 
93. 16a00 504 
93. 16a00 TA 

93. 16a00 TH 
93. 16a00 TL 
93.16a00 u 
93.16$00 v 
93.16$00 ZH 

93. 16a01 Al 
93.16801 AS 
93.16a01 BA 

93. 16a01 BE 
93.16801 CA 

93. 16801 Cl) 

93.16801 CL 
93.16801 co 
93.16801 CR 
93.16801 cu 
93.16801 fE 

93.16801 HG 
93.16801 1: 

93.16801 MG 
93.16801 MH 

93.16801 NA 
93.16801 Nl 

93.16801 PB 
93.16801 sa 
93.16801 SE 

93.16801 S04 
93.16801 TA 
93.16801 TH 
93.16801 TL 
93.16801 u 
93.16801 v 
93.16801 2N 

93.16802 Al 
93.16802 AS 
93.16802 IIA 
93.16802 BE 
93.16802 CA 

93. 16802 Cl) 

93.16802 CL 
93.16802 co 
93.16802 CR 
93.16802 cu 
93.16802 FE 
93.16802 HG 
93.16802 1: 

93. 16a02 MG 
93.16802 MN 
93.16802 NA 
93.16802 HI 

93.16802 PB 
93.16802 SB 

93.16802 SE 

93. 16802 S04 
93.16802 TA 

lCPES 
ICPES 
ICPES 
ETVAA 
I C 

ICPHS 
ICPMS 
ICPMS 
ICPMS 
ICPES 
ICPES 
ICPES 
ETYAA 
ICPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
CVAA 

ICPES 
I CPE'S 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVAA 
IC 
JCPHS 
ICPHS 
ICPHS 
ICPHS 
JCPES 
ICPES 

ICPES 
ETYAA 
JCPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
CVAA 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

ETYAA 
IC 
ICPMS 

14. 
15. 

< 5. 

0.36 
52. 

< 0.2 
6. 
0.4 
1.6 

36. 
46, 

30000. 
5.7 

290. 
1.7 

4200. 
< 0.4 
30.4 
14. 
16. 
5.4 

19000. 
< 0.1 

3700. 
3400. 
310. 
520. 

13. 
20. 

< 5. 
0.8 

51.. 
< 0.2 

8. 
0.2 
0.6 

36. 
42. 

23000. 
4.8 

250. 
L2 

7500. 
< 0.4 

56.5 
19. 
12. 
3.6 

11.000. 
< o. i 

2900. 
2700. 

210. 
1000. 

11. 

10. 
< 5. 

0.5 
143. 
< 0.2 

.b,' ;J 
-c) 

1. 

4. 

0.3 
5.2 

0.2 
0.2 
0.3 
4, 

5. 
3000. 

1. I 

29. 
0.2 

420. 

3. 
1. 
2. 
0.5 

1900. 

370. 
340. 

3L 
52. 

1. 

4. 

0.3 
5.4 

0.4 
0.2 
0.2 
l,, 

4. 

2300. 
1. 

25. 
0.1 

750. 

5.6 
2. 
1. 

0.4 
ll.OO. 

290. 
27CO. 

21. 
100. 

1. 

2. 

0.3 
11.. 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/C 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/C 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/Ii 
UG/G 
UG/G 
UG/C 
UG/C 
UC/G 
UC/C 
UG/G 
UG/G 
UG/G 
UG/G 
UG/C 

9/09/'13 0827';•~ 

9/0?/93 0827';M~ 

9/09/93 08275M• 
9/07/93 

11119/93 
10/19/93 08275l~ 

10/19/93 G8275LA 
10/19/93 08275LA 
10/19/93 08275LA 
9/09/93 062T5HA 
9/09!93 08275~A 

9!09!93 0827';HJ. 

9/07/93 
9/09/93 082T5HA 
9/09!93 082T5HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/10/93 
9/09/93 082T5HA 
9/09/93 08275HA 
9/09/93 08275HA 

9!09!93 08275HA 
8/27/93 
9!09!93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275KA 
9/09/93 08275HA 
9/09/93 06275KA 
9/09/93 08275HA 
9/07/93 

11/19/93 
10/19/93 08275LA 
10/19/93 06275lA 
10/19/93 08Z75LA 
10/19/93 08275LA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9!07!93 

9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 06275HA 
9/10/93 
9/09/93 08275HA 
9!09/93 08275~A 

9/09/93 08275HA 
9/09/93 06275HA 
6!21!93 
9/09/93 08275HA 
9!09!93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA. 
9/09/93 08275HA 
9/09/93 08275HA 
9!09/93 08275HA 

9!01!93 

11/19/93 
10!19/93 08275l' 



FS2005 
.F.$2005 
FSZOOS 
FS2006 
FS2006 
FS2006 
F$2006 
F$2004 
FS2004 
152006 
F$2006 
ES2006 
FS2006 
.1s2006 
F.szoot 
FSZ006 

. FS.200l! 

93,16802 TH 

93.16802 TL 
93.16802 u 
93.16802 v 
93.10802 ZN 
93.16803 AL 
93.16803 AS 

93.16803 8A 
93.16803 BE 
93.16803 CA 

93.16803 co 
93.16803 CL 
93.16803 co 
93. 16$)3 Clt 

93.16803 cu 
93.16803 IE 
93.16803 HG 

93.16803" 
93.16803 f4G 

' 93.16803 HN 

· FSzo06 . 93.16803 NA 
:f'SZ~ 93.16803 Ill 

FS2006 93.16803 .PB 

rs2~ ::.?3·1~sB 

;~=t,;:·:: )::·::,~= ~ 
'f.S20~> . 93. 168Gl' TA 

··i~r··~~ii~t 
. 't$.~or ,,,; : .. ~~ .16804. At 

,$21)01 ; ' .9l.16804 A$ 

r!ll.'Offl'· ,., , .. ; '9l 16804 " 
.. ,si&r: (/. ~: 16804 MQ 

i~~dQ:,·: . . ' :';"· 16804. Mtf 

.. · >1;.:,~~11~ ~ 
J~r .· ·. ~~ 16804 TH. 
FS%00.7 · . ·; • ; "· 181104. TL 

':ji,,(i~~ 

JCPMS 

!CPU 

ICPES 

ICPES 

ETVM 

ICPES 
ICP£$ 

JCPES 

ICPES 

IC 

ICPES 

ICPES 

ICPES 

ICP£5 

CVM 
JCPES 

JCPES 
ICPES 

ICPES 

ICPES 

ICPES 

JCPES 

EfVM 
lC 
JCPf(S 

lCPHS 

ICPHS 

ICPMS 
ICPES 
ICP£5 

ICPES 
ETVM 

ICP£1 
ICPES 

JCPES 
JCPES 

IC 
ICPES 
ICPES 

ICPES 

ICPES 
CVM 

ICPES 

ICPES 

ICPES 
ICPES 

ICPES 

ICPES 
ICPES 
ETVM 

IC 

ICP!iS 

ICPHS 

ICPKS 

ICPKS 

ICP£5 

ICPES 
ICPI!S 

< 0.2 
0.6 

30. 
32. 

31000. 
5.9 

340. 

1.6 
3800. 

< 0.4 
13.3 
11. 
15. 
6.4 

19000. 
< 0.1 

3300. 
4000. 
300. 
470. 

12. 
14. 

< 5. 
0.9 

79. 
< 0.2 

9. 
0.2 
1.4 

34. 
42. 

29000. 
4.8 

220. 
1.3 

7800. 
< 0.4 
16.6 
16. 

. 13. 
4.7 

16000. 
< 0.1 

3000. 
3400. 

220. 
m. 

12. 
10. 

< 5. 
0.4 

117. 
< 0.2 

6. 

< 0.2 
t.J 

31. 
36. 

16000. 

0.3 

0.2 
3. 
3. 

3100. 
1.2 

34. 
0.2 

380. 

1.3 
1. 

2. 
0.6 

1900. 

330. 
400. 
30. 
47. 

1. 

3. 

0.3 
8. 

0., 
0.2 
0.3 
3. 
4. 

2900. 
1. 

22. 
o. 1 

780. 

1.7 
2. 
1. 

o.s 
1600. 

300. 
340. 

22. 
99. 
t. 
3. 

0.3 
12. 

0.3 

O.J 
3. 
4. 

1600. 

UCi/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

UG/G 
UG/G 
UG/G 
UC/C 
UG/G 
UG/G 
UG/C 
UG/C 
UG/G 
UG/G 
UG/G 
"'/G 
UC/G 
UG/G 
UG/C 

"'IG 
UG/C 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
U(l/G 
UC/G 

"'IG 
UG/G 
UG/G 

"'/G 

"'IG 
UG/C 
UG/C 
UC/G 
UG/G 

"'IG 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/\i 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 

10/19/93 082~lA 

10/19/93 082~LA 

10/19/93 082~LA 

9109!93 082~HA 

9!09/93 08275HA 
9/09/93 08275HA 
9/07/93 
9/09/93 D8275HA 
9109!93 08275HA 
9!09/93 08275HA 
9!09193 082T5HA 
9/10/93 
9/09/93 082T5HA 
9/09/93 082T5HA 
9/09/93 08275HA 
9/09/93 ~T5HA 

li/27/9J 
9109/93 08275HA 
9109/93 08275HA 
9!09/93 08275HA 
9/09/93 08215HA 
9/09/93 08215HA 
9/09(93 08275HA 
9/09/93 08275HA 
9/07/93 

11/19/93 
10/19/93 08215LA 
10/l9/93 082T5LA 
10/l9/93 082T5LA 
l0/19/93 082T5LA 
9109/93 08215HA 
9/09/93 082T5HA 
9109/93 08215HA 
9/07/93 
9!09193 08275NA 
9!09193 08Z75HA 
9/09/93 08275HA 
9!09!93 08215HA 
9/10/93 
9/09/93 08275HA 
9(09/93 08215HA 
9/09/93 Oli2T5HA 
9/09(93 0827SHA 
BIZT/93 
9/09(93 08275HA 
9/09/93 08215HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9!09/93 0827SHA 
9/09/93 0827SHA 
9!07/93 

11/t9/9J 
10/19/93 08275LA 
10/19(93 08275LA 
10(19/93 08275LA 
10/19/93 08275LA 
9/09/93 0827SHA 
9/09193 08275HA 
9!09!93 08215HA 



I 

FS2008 
FS2008 
FS2008 
FS2008 
FS2008 

FS2008 
FS2008 
FS2008 
FS2008 
FS2008 
FS2008 
FS2008 
fS2008 
FS2008 
FS2008 
fSZ008 
FS2008 
fS2008 
fS2008 
FS2008 
FS2008 
FS2008 
FS2008 
FS2008 
FS2008 
FS2008 
FS2009 
fS2009 
FS2009 
FS2009 
fS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FSZ009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2009 
FS2010 

FS2010 
FS2010 

FS2010 

FS2010 

FS2010 
FS2010 

93.16805 AS 
93.16805 8A 

9'3. 16805 DE 

9'3. 16805 CA 

93.16805 co 
93.16805 Cl 
93.16805 co 
93.16805 CR 

93. 16805 C\J 

93. 16805 FE 

93.16805 HG 
93.16805 r: 
93.16805 HG 
93.16805 liN 

93.16805 NA 
93.16805 Nl 
93.16805 PI 

93.16805 sa 
93.16805 SE 
93. 1 6805 504 

93.16805 TA 

93.16805 TH 
93.16805 n 
93.16805 u 
93.16805 v 
93.16805 ZN 

93.16806 Al 
93.16806 AS 
93.16806 BA 
93.16806 BE 
93.16806 CA 

93.16806 CD 

93.16806 CL 
93.16806 co 
93.16806 CR 
93.16806 C\J 

93.16806 FE 
93.16806 liC 

93.16806 ( 
93.16806 MC 
93.16806 MN 

93.16806 NA 
93.16806 Nl 

93.16806 PB 

93.16806 sa 
93.16806 SE 
93. 16806 S04 

93.16806 TA 
93.16806 TK 
93.16806 ll 
93.16806 u 
93.16806 v 
93.16806 ZN 

93.16807 Al 

93.16807 AS 
93.16807 BA 
93.16807 BE 

93.16807 CA 

93.16807 co 
93.16807 Cl 

ETVAA 
ICPES 
ICPES 
ICPES 
ICPES 
IC 
\CPES 
ICPES 
IC:PES 
ICPES 
CVM 
\CPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
E TV.V. 
IC 
JCPMS 
ICPMS 
ICPMS 
ICPMS 
ICPES 
ICPES 
ICPES 
ETVM 
ICPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
lCPES 
CVM 
ICPES 
ICPES 
!CPES 
ICPES 
lCPES 
ICPES 
ICPES 
ElVM 
It 

ICPMS 
lCPMS 
lCPMS 
ICPMS 
ICPES 
ICPES 
ICPES 
ETVM 
ICPES 
ICPES 
ICPES 
ICPES 
IC 

7.7 
200. 

1.2 
1900. 
( 0.4 

12. I 
21. 

11. 

7.4 
16000. 

< 0. 1 

2700. 
2400. 

1100. 
410. 

12. 
13. 

< 5. 
( 0.3 
u. 

< o.z 
9. 
0.5 
0.9 

33. 
45. 

14000. 
0.5 

120. 
0.9 

1900. 
< 0.4 
12.2 

8.7 
12. 
9.4 

10000. 
< 0.1 

2800. 
2700. 
110. 
220. 

6.5 
n. 

( 5. 
( 0.3 
16. 

< 0.2 
0.6 

( 0.2 

0.3 
17. 
39. 

19000. 

5. 
140. 

1.3 

3200. 
< 0.4 

12.8 

1.5 
20. 
0.1 

1.2 

2. 
1. 

0.7 
1600. 

270. 
240. 
110. 
4\. 

I. 
3. 

2.3 

0.5 
0.2 
0.2 

3. 
5. 

1400. 

0.3 
12. 
0.09 

190. 

1.2 

0.9 
1. 

0.9 
1000. 

280. 
270. 
ll. 

22. 
0.7 

6. 

1.6 

0.2 

0.2 
2. 
4. 

1900. 

I. 

14. 
0.1 

320. 

1.3 

UC/C 
UG/G 
UG/C 

UG/G 

UC/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UC/G 
UC/G 
UG/G 
UC/C 
UC/C 
UG/G 
UC/C 
UC/G 
UG/G 
UG/G 
UG/C 
UC/G 
UC/G 

UCi/G 

UC/G 
UC/C 
UG/C 
UG/C 
UG/C 
UG/G 
UC/C 
UG/C 

UC/C 
UG/G 
UG/G 
UG/G 

UC/G 
UG/C 

UG/C 
UC/C 
UC/C 
UG/G 
UC/C 
UC/G 
UG/G 
UC/C 
UC/C 
UC/G 
UG/C 
UC/C 

UC/C 
UC/C 
UC/C 

UG/C 
UG/C 
UC/G 

UC/G 
UC/C 
UC/G 

9!07/93 
9/09/93 0827';HA 
9/09/93 08275HA 
9/09/93 0827';HA 

9!09/93 08275HA 
9/10/93 
9/09/93 08275KA 
9!09!93 0827';MA 
9!09!93 08275HA 
9/09/93 0827';HA 
8/27/93 
9!09!93 08275HA 
9/09/93 0827';HA 
9/09/93 0827';HA 
9/09/93 08275HA 
9!09!93 082T5HA 
9/09/93 082T5HA 
9/09/93 082T5MA 
9!07!93 

11/19/93 
10/19/93 0~75lA 

10/19/93 08275LA 
10/19/93 08275LA 
10/19/93 082T5LA 
9/09/93 08275HA 
9/09/93 08275KA 
9/09/93 0827511A 
9/07/93 
9/09/93 08275KA 
9109!93 08275HA 
9/09/93 082T5HA 
9/09/93 08275MA 
9/10!93 
9/09/93 08275KA 
9/09/93 08275KA 

9/09/93 08275MA 
9/09/93 082T5KA 
8/27/93 
9/09/93 08275KA 
9/09/93 08275KA 
9/09/93 08275KA 
9/09/93 08275HA 
9/09/93 082T5HA 
9/09/93 08ZT5MA 
9/09/9'3 082T5HA 
9/07/9'3 

11/19/93 
10/19/93 08275LA 
10/19!93 08275LA 
10/19/93 08275LA 
10/19/93 08275LA 

9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 

9/07/93 
9/09/93 08275HA 
9/09/93 08275HA 

9/09/93 08275K' 
9tr'J9/9l 08275H' 
9110!93 

l~ . ..-...·~~.._ _____________ ........._ ___ ~.£;...;. ....... - -...... 5........_ _____________ _ 
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FSZ0'10 ·. 
FS2010, 
f$2010 
FS2010 
FS2010 
FS2010 
FSU)IO 
FS2010 
152010 
FS2010 
FS2010 . 
FS2010 
1$2010 
f$2010 
FS2010 
FS2010 
f$2010. 
FS2010: 
F~OIO 

f.$2010 
fS~011 .. 

it2011 
F:S2011 
FS2011 
rs20tt 

FS2011 · · 
F.$20H .. 

93.16807 co 
93.16807 CR 
93. 16807 C1l 

93.16807 FE 

93.16807 KG 

93.16807 I( 

93.16807 MG 
93.16807 MN 

93.16807 NA 
93.16807 HI 

93.16807 PB 

93.16807 SB 

93.16a07 SE 

'13. 16807 504 

93.16807 TA 
93.16807 TH 
93.16807 TL 
93.16a07 u 
93.16807 y 

93.16807 ZN 

93.16808 AL 
93.16808 AS 

93.16808 SA 
93. 16l!08 BE 

93.16808 CA 

93.16808 tD 

93.16808 CL 

~.161108 co 
F.$11., . 93.16808 CR 

ls2o11~: . ' 93,16808 t:u 

.::~::~>' ::~::.:: 
isiou .. 9'3. 16808 , 
i$2'811 '•. . 93;16808 HG 
.~,~~.*s'··.~.· .. • .. t

11
t ,/ 93.16808 HN 

"" .. · ~.16808 ItA 
r.~~oh ,.9J.t6808 Nt 

. ~;Sf9.11 <93'-o16808 PB 
· rstp~:1 :93, 16808 sa 
· #'sw·t 93. 1oeoa se 
i~J. '' ;9}.16808 s04 

' f~1 . >93;t6808 TA 
. ft~\t ~.16808 JH 

· tis2*11 .· , . · 93.16808 ·n 

!!;r~~l§~ 
··r$20'12 ··~.:: . · -9;$,16809 AS 

.. ,f'st~tz / . · ~·16809 lA 
. F~b12 > ·., ~.16809 liE 
;~2dt.2. :: . ·.· ;3,16809 CA 

.,, :j.~A12• (:: :_\13.16809 CD 

'tt~z · ~.16809 6. 
FS~i2 •:'93: 16809 CO 

.. ,~~612 ~ 91.16809 Cll 
~tiOn . ::. 93,-.-16809 eu 

· ;~~012· :·93.16809 FE 
FS20i2 .. 93.16809 HG 

93.16809 K 
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ICPES 
ICPES 
ICPES 

ICPES 

CYM 

ICPES 

ICPES 

ICPES 

ICPES 

ICPES 

ICPES 

ICPES 

ETVM 
IC 
ICPMS 

ICPHS 

ICPMS 

ICPMS 
ICPES 

ICPES 

ICPES 
ETYM 
ICPES 
ICPES 

ICPES 

ICPES 

IC 
ICPES 

ICPES 

ICPES 

ICPES 

CYM 
ICPES 

ICPES 

ICPES 

ICPES 

ICPES 
ICPES 

ICPES 

ETYAA 
IC 
ICPM$ 

ICPM$ 

ICPM$ 

ICPHS 

ICPES 

ICPES 

ICPES 

ETVM 
ICPES 
ICPES 

ICPES 

ICPES 

IC 

ICPES 

ICPES 

ICPES 

ICPES 

CVAA 
ICPES 

19. 
11. 

5.5 
15000. 

< 0.1 
Z800. 
Z900. 
380. 
430. 

9. 
13. 

< 5. 
0.3 

36. 
< 0.2 

9. 

0.2 
0.9 

23. 
57. 

15000. 
3.3 

85. 
1.1 

1900. 
< 0.4 

17.3 

22. 
9. 
3. 

12000. 
< 0.1 

2000. 
2100. 
320. 
240. 

6. 
10. 

< 5. 
< 0.3 
32. 

< 0.2 
7. 

< 0.2 
0.7 

17. 

42. 
16000. 

3.8 
93. 

1.2 
2700. 

< 0.4 
19.7 

20. 
10. 
3.6 

14000. 
< 0.1 

2300. 

2. 
I, 

0.6 
1500. 

280. 
290. 
38. 
43. 

2. 
2. 

0.3 
3.6 

0.4 
0.2 
0.2 
2. 
6. 

1500. 
0.7 
9. 
0.1 

190. 

1.7 
2. 
1. 
0.3 

1200. 

200. 
2l0. 
32. 
24. 
0.6 
1. 

3.2 

0.3 

0.2 
2. 
4. 

1600. 
0.8 
9. 
0.1 

270. 

2. 
2. 
1. 

0.4 
1400. 

230. 

UG/C 
UG/C 
UG/C 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/C 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UC/G 
UG/G 
UG/G 
UC/G 
UGIG 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/C 
UG/C 
UG/G 
UC/G 
UG/C 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/C 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/C 
UG/G 
UC/G 

9!09!93 0827iHA 
9/09/93 01\l7iHA 
9/09!93 0827iHA 
9/09/93 01\l7iHA 
8/27/93 
9/09/93 0827iHA 
9109!93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09!93 0827SHA 
9/07/93 

11119/93 
10/19/93 08275LA 
10/19/93 08275LA 
10/19/93 08275LA 
10/19/93 08275LA 
9/09!93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9107!93 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/10;93 
9109193 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
8127/93 
9/09/93 08275HA 
9/09/93 08275HA 
9109!93 08275HA 
9/09/93 08275HA 
9/09/93 08275MA 
9/09/93 08275HA 
9/09/9] D8275HA 
9/07/93 

11/19/93 
10/19/93 08275LA 
10/19/93 08275LA 
10/19/93 08275LA 
10/19/93 08275LA 
9/09/93 08275HA 
9/09/93 08275KA 
9/09/93 08275HA 
9107193 
9/09/93 08~75HA 

9/09193 08275HA 
9109!93 08275HA 
9/09/93 08275HA 
9/10/93 
9/09/93 08275HA 
9/09/93 08275HA 
9109!93 08275MA 
9/09/93 08275HA 
8/27/93 
9/09/93 08275HA 



FS2012 

fS2012 

fS2012 

fS2012 

FS2012 

FS2012 

FS2012 

fS2012 

FS2012 

FS2012 

FS2012 

FS2012 

FS2012 

FS2012 

FS2013 

FS2013 

FS2013 

FS2013 

fS2013 

FS2013 

FS2013 

FS2013 

FS2013 

fS2013 

FS2013 

fS2013 

FS2013 

fS2013 

FS2013 

FS2013 

FS2013 

FS2013 

FS2013 

fS2013 

FS2013 

FS2013 

F$2013 

FS2013 

FS2013 

FS2013 

FS2013 

F$2014 

FS2014 

FS2014 

FS2014 

fS2014 

FS2014 

FS2014 

FS2014 

FS2014 

FS2014 

FS2014 

FS2014 

FS2014 

FS2014 

FS2014 

FS2014 

FS2014 

FS2014 

FS2J14 

93.16809 MC 

93.16809 MN 

93.16809 NA 

93.16809 Nl 

93.16809 P8 

93.16809 SB 

93.16809 SE 

93. 16809 S04 

93.16809 TA 

93.16809 TH 

93.16809 TL 

93.16809 u 
93.16809 v 
93.16809 lN 

93.16810 AL 

93.16810 AS 

93.16810 BA 

93.16810 BE 

93.16810 CA 

93.16810 en 
93.16810 CL 

93.16810 co 
93.16810 CR 

93.16810 cu 
93.16810 FE 

93.16810 HC 

93.16810 K 

93.16810 NG 

93.16810 MN 

93.16810 NA 

93.16810 Nl 

93.16810 PB 

93.16810 sa 
93.16810 SE 
93.16810 S04 

93. 16810 TA 

93.16810 TH 

93.16810 TL 

93.16810 u 
93.16810 v 
93.16810 ZN 

93.16811 AL 

93.16811 AS 

93.168\1 SA 

93.16811 BE 

93.16811 CA 

93.16811 en 
93.16811 CL 

93.16811 co 
93.16811 CR 

93.16811 cu 
93.16811 FE 
93.16811 HC 

93.16811 X: 

93.16811 MC 

93.16811 MN 

93.16811 N.l. 

93.16811 Nl 

93.16811 PB 

93.16811 sa 

ICPEs; 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETV.U 

IC 
ICPMS 
ICPMS 
ICPMS 
ICPMS 
ICPES 
ICPES 
ICPES 
ETV.U 

ICPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
lCPES 
CVM 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVM 
IC 
ICPHS 
ICPHS 
ICPHS 
ICPHS 
ICPES 
ICPES 
ICPES 
ETVM 
ICPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
cv.u 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

2400. 

330. 

liD. 

9. 
11. 

< 5. 
( o. 3 
82. 

( 0.2 

8. 
( 0.2 

0.7 

18. 

43. 

17000. 

3.9 

110. 

1.2 
2000. 

• 0.4 

14.6 

13. 
11. 

2.9 

15000. 

• 0.1 

2100. 

2200. 

370. 
250. 

10. 

10. 

• 5. 
• 0.3 

30. 

• 0.2 

7. 
• 0.2 

0.7 

22. 
45. 

9500, 

2.5 

110. 

0.79 

8500. 

• 0.4 

0.0 
41. 

6.7 

6.1 

11000. 
• 0.1 

1900, 

1800, 

660. 

420. 
12. 

9. 

• 5. 

.if-7 

240. UC/C 

33. UC/C 

31. UG/C 

2. UC/C 

3. liG/G 

UG/G 

UG/G 

8.2 UC/C 

UG/G 

0.4 UG/G 

UG/G 

0.2 UC/C 

2. UC/C 

4, UG/G 

1700. UG/G 

0.8 UC!G 

11. UG/G 

0.1 UG/C 

200. UG/G 

UG/G 

1. 5 UG/G 

1. UG/G 

1. UG/C 

0.3 UG/G 

1500. UG/C 

UG/G 

210. UC/G 

220. UG/C 

37. UC/G 

25. UG/C 

1. UC/G 

3. UG/C 

UG/G 

UG/G 

3. UG/G 

UG!C 

0.4 UC!G 

UC!C · 

0. Z UC/C 

2. UC/C 

5, UC/C 

950. UG/G 

0.5 UC/G 

11. UG/C 

0.08 UG/G 

850. UG/G 

UC/C 

UG/C 

4. UG/G 

0.7 UC/C 

0.6 UC/G 

1100. UG/:; 

UC/C 

190. UG/G 

180. UG/G 

66. UC/C 

42, UC/C 

1. UG/G 

4, UCIG 

UG/G 

9/09/93 06275•A 

9/09/93 06275HA 

9/09/93 C8275HA 

9tO'U93 C8275HA 

9/09/93 08275HA 

9/09/?3 08275H.l 

9t07t9l 

11/19/93 

10/19/93 08275LA 

10/19/93 08275lA 

10/19/93 08275lA 

10/19/93 08275lA 

9/09/93 08275HA 

9/09/93 08275HA 

9/09/93 08275HA 

9!07/93 

9/09/93 08275HA 

9/09/93 08275MA 

9/09/93 08275HA 

9/09/93 08275MA 

9/10/93 

9/09/93 08275HA 

9/09/93 08275HA 

9/09/93 08275MA 

9/09/93 08275HA 

8!27/93 

9/09/93 08275HA 

9/09/93 08275HA 

9!09193 08275HA 

9/09/93 08275HA 

9/09/93 08275H.I. 

9/09/93 082751\A 

9/09/93 08275HA 

9/07/93 

11/19/93 

10/19/93 08275LA 

10/19/93 08275LA 

10/19/93 08275l.l. 

10/19/93 08275LA 

9/09/93 08275HA 

9/09/93 08275HA 

9/09/93 08275HA 

9/07/93 

9/09/93 08275HA 

9/09/93 08275HA 

9/09/93 08275H.I. 

9/09/93 08275HA 

9/10/93 NO SAMPLE 

9/09/93 08275H.I. 

9/09/93 08275KA 

9/09/93 08275HA 

9!09!93 08275HA 

8/27/93 

9!09!93 08275HA 

9/09/93 08275H.I. 

9/09/93 08275HA 

9/09!93 08275H.I. 

9t09t9l 08275HA 

9t09t93 08275HA 

9/09/93 08275HA 



ts2014 
JS2Q1+ 
FS2014 
152014 
.FS2014 . 
FS2014 
FS20l4 
F$2014. 
FS201S 

· FS201$ 
F~2015 

FS201~ 

FS201S 
·FS201l 
f~2015 

93.16411 SE 
93.16411 $04 

93.16811 TA 
93.16411 TN 
93.16811 TL 
93.16811 u 
93.16411 v 
93.16811 Zll 
93.16812 AL 
93.16812 AS 
93.16812 SA 
93.16812 BE 
93.16812 CA 

. 93.16812 CD 

93.16812 CL 

· F$2015 93.16812 CO 
FS2015 . 93.16812 CR 

·:f$2015 <· 93.16812 QJ 

iszots·:'' 93.168fHE 

~::~:, -:-._- . ·.· :!~ ~=~r:G 

. tL,~!itE~~ 
:rf'$20,5:•"'0:::~' nl:9l.16812'.;$1 

: .· ··· 'nao-tcs •• ····· ·· ' 9.l168t3 AL 

.. 

~¥~0~6 " :. ;93-,t~J !il 
1:5~6 ti.16813 PB 

1~~;4 . . .9J; 16813 sa 
F$)t~ . 93.16813 SE 
Fs20i6 .. · 93~ 16813 S04 
FHlit6 .. 93.16813 TA 
Fszof6 : ':,: 93~ 16813 TH 

Fsiel6 ~.16813 TL 
1Sz016 · · 9.i.t6813 u 

ETVAA 
IC 

ICPH$ 

ICPHS 

ICPHS 
ICPHS 

ICPES 

ICPES 
ICPES 

I!TVAA 
JCPES 
ICPES 
ICPI!$ 

JCPES 
JC 
ICPES 
ICPES 
ICP£$ 
ICPES 

cv~ 

ICPES 

ICPES 

ICPES 
ICPES 
ICPiS 
ICPI!S 

JCP!S 
ETVM 
IC 
I ePICS 

ICPHS 
ICPMS 
JCPMS. 
ICPES 
ICPES 

ICPES 
ETVM 
ICPES 

ICPES 
JCPE$ 
ICPES 
IC 
ICPES 

ICPES 

ICPES 
ICPES 
CVM 
ICPI!S 
ICPES 
ICPES 
ICPES 
ICPES 

ICPES 

ICPES 
ETVM 

IC 

ICPHS 

ICPHS 
ICPHS 
ICPHS 

< 0.2 
4, 

c 0.2 
0.6 

14, 
60, 

5900. 

1.6 
40. 
0.64 

1500. 
< 0.4 
17.2 
28. 
4. 

1.6 
7900. 
< 0.1 

1100. 

890. 
340. 
330. 

3. 
a. 

< 5. 
<C 0.3 
23. 

< 0.2 
4. 

'( 0.2 
0.4 
8.3 

42. 
511)1). 

1.5 
34. 

0.52 
1300. 
< 0.4 
14.1 
24. 
3.7 
1.2 

8500. 
< 0.1 
no. 
780. 
310. 
190. 

5. 
13. 

< 5. 
< 0.3 
16. 

< o.z 
4. 

c 0.2 
o.3 

0.2 

0.2 
1. 
6. 

590. 
O.J 
4, 

0.06 
150. 

1.7 
J. 

0.4 
0.2 

790. 

110. 
90. 
34. 
33. 

1. 
0.8 

2.3 

0.2 

0.2 
0.8 
4. 

510. 
0.3 
3. 
0.05 

130. 

1.4 
2. 
0.4 
0.1 

850. 

n. 
78. 
31. 
19. 
1. 
2. 

1.6 

0.2 

0.2 

UC/C 
UC/C 
UC/G 
UC/G 
UC/C 
UG/C 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UGIG 
UG/G 
UG/G 
UG/G 
UGIG 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
IJG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UGIG 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

9!01!93 
11/19/93 NO SAMPLE 

10/19/93 08275LA 
10/19/93 08275LA 
10/19/93 08275LA 
10/19/93 08275LA 
9/09/93 08275HA 
9!09!93 08275HA 
9/09/93 08275HA 
9/07/93 
9!09!93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9!10/93 
9/09/9] 08275NA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08215HA 
8n7!93 
9/09/93 082T5NA 
9/09/93 08275HA 
9!09/9] 08275HA 
9!09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275NA 
9/09/93 0827511A 
9/07/93 

11/19/93 
10/19/93 08215LA 
10/19/9] 08275LA 
10!19/93 08275lA 
10/19/93 08275LA 
9!09193 08275HA 
9/09/93 08275HA 
9/09!93 08275HA 
9/07/93 
9/09/93 08275HA 
9/09/93 08275KA 
li/09/9] 08275HA 
9/09/93 08275HA 
9/10/93 
9109/93 08275HA 
9!09193 0827511A 
9/09/93 082T5HA 
9!09!93 08275HA 
8131/93 
9/09/93 08275HA 
9/09/93 08275NA 
9!09/93 08275HA 
9!09!93 08275NA 
9/09/93 08215H4 
9/09/93 08275HA 
9/09/93 08215HA 
9/07/93 

11/19/93 
10/19/93 08275lA 
10/19/93 082T5LA 
10/19/93 08275lA 
10/19/93 08275lA 



FS2016 

FS2016 

FS2017 

FS2017 

F S2017 

FS2017 

FS2017 

FS2017 

FSZOH 

FS2017 

f$2017 

FS2017 

FS2017 

f 52017 

FS2017 

FS2017 

fS2017 

FS2017 

FS2017 

FS2017 

FS2017 

FSZOH 

FS2017 

FS2017 

FS2017 

fS2017 

FS2017 

FS2017 

FS2017 

FS2018 

FS2018 

FS2018 

FS2018 

FS2018 

FS2018 

FS2018 

FS2018 

FS2018 

fS2018 

FS2018 

FS2018 

FS2018 

FS2018 

FS2018 

FS2018 

FS2018 

FS2018 

FS2018 
FS2018 

fS2018 

fS2018 

fS2018 

FS2018 

FS2018 

FS2018 

FS2018 

FS2019 

FS2019 

FS2019 

FS2019 

93.16813 v 
93.16813 2N 

93. 16814 Al 

93.16814 AS 

93. 16814 BA 

93.16814 BE 

93.16814 CA 

93.16814 co 
93.16814 Cl 

93.16814 co 
93.16814 CR 

93.16814 cu 
93.16814 FE 

93.16814 HG 

93.16814 J: 

93.16814 MG 

93.16814 MN 

93.16814 NA 

93.16814 Nl 

93.16814 P8 

93.16814 sa 
93.16814 SE 

93.16814 504 

93.16814 TA 

93.16814 TH 

93.16814 TL 

93.16814 u 
93.16814 v 
93.16814 ZN 

93.16815 AL 

93.16815 AS 

93.16815 8A 

93.16815 BE 

93.16815 CA 

93.16815 co 
93.16815 CL 

93.16815 co 
93.16815 CR 

93.16815 cu 
93.16815 FE 

93.16815 HG 

93.16815 J: 

93.16815 HG 

93.16815 HN 

93.16815 MA 

93.16815 Nl 

93.16815 PI 

93.16815 58 

93.16815 SE 

93.16815 504 

93.16815 TA 

93.16815 TK 

93.16815 TL 

93.16815 u 
93.16815 v 
93.16815 ZM 

93.16816 AL 

93.16816 AS 

93.16816 8A 

93.16816 BE 

ICPES 
ICPES 
ICPES 

E TV4.l 

ICPES 
ICPES 
ICPES 
ICPES 
It 

ICPES 
ICPES 
ICPES 
ICPES 
CVAA 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVAA 
IC 
ICPHS 
ICPHS 
ICPMS 
ICPHS 
ICPES 
ICPES 
ICPES 
ETVAA 

ICPES 
ICPES 
ICPES 
ICPES 
It 

ICPES 
ICPES 
ICPES 
ICPES 
CVAA 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVAA 
It 

ICPHS 
ICPHS 
ICPHS 
ICPKS 
ICPES 
ICPES 
ICPES 
ETV4.l 

ICPES 
ICPES 

9. 
39. 

8600. 

2.4 
180. 

0.8 

10000. 

( 0.4 

16.1 

14. 

6. 

8.6 
11000. 

< 0. I 
1800. 

1600. 

1000. 

230. 

8. 
9. 

< 5. 
0.65 

32. 

< 0.2 

5. 
< 0.2 

0.6 

12. 

120. 

8400. 

2.5 

220. 

0.67 

9900. 
< 0.4 

39.4 

15. 

6.9 

9.5 

10000. 

< 0.1 

2000. 

1800. 

1100. 
350. 

6. 

38. 
< 5. 

0.5 

sz. 
• 0.2 

5. 
( 0.2 

2.4 
14. 

100. 

5800. 

1.2 
57. 

0. ~5 

d]-1 

1. 

4. 

860. 

0.5 

18. 

0.08 

1000. 

1.6 

1. 
0.6 

0.9 

1100. 

180. 
160. 

100. 

23. 

2. 
3. 

0.3 

3.2 

0.3 

0.2 

1. 

12. 

840. 

0.5 

22. 

0.07 

990. 

3.9 

2. 
0.7 

1. 

100. 

200. 
180. 

110. 

35. 

I. 

4. 

0.2 

5.2 

0.5 

0.3 

1. 

10. 

580. 
0.2 

6. 

0.06 

UG/G 

UG/G 
UC/C 

UG/C 

UG/G 

UG/G 

UC/C 

UC/C 

UG/G 

UG/G 
UC/C 
UG/C 
UG/G 
UG/G 
UC/G 
UG/G 

UC/G 
UC/C 
UG/G 

UG/G 

UG/C 
UG/G 
UC/G 
UG/G 
UG/G 

UG/G 
UG/G 
UG/G 
UG/G 
UC/G 

UC/G 

UG/C 

UG/G 

UC/G 
UC/C 

UG/C 

UC/C 
UC/C 
UG/G 
UC/C 

UG/C 
UC/G 
UG/C 
UG/G 
UG/G 
UC/G 

UG/G 
UG/G 
UG/::; 
UG/G 
UG/G 
UG/G 
UG/G 

UG/G 

UG/G 
UG/G 
UG/G 

UG/G 
UG/G 
IJG/C 

9/09!93 08275~A 

9/09/93 C8Z7)~~ 

9/09!93 0827'5~• 

9/07/93 

9/09!93 082~WA 

9!09!93 082~HA 

9/09/93 082~HA 

9/09/93 082~HA 

9/10/93 

9/09!93 08275HA 

9!09!93 08275~A 

9/09/93 08275HA 

9/09/93 08275HA 

8/31/93 

9!09!93 08275HA 

9/09/93 08.l75HA 

9/09/93 08275HA 

9/09/93 08275HA 

9/09/93 08275HA 

9/09/93 08275HA 

9/09/93 08275HA 

9/07/93 

11119!93 

10/19/93 082T5LA 

10/19/93 08275LA 

10/19/93 082T5LA 

10/19/93 08275lA 

9/09/93 08275MA 

9/09!93 08275HA 

9!09!93 08275KA 

9/08/93 

9/09/93 08275KA 

9!09!93 08275HA 

9/09/93 08275HA 

9/09/93 08275HA 

9!10/93 

9!09!93 08275HA 

9/09!93 08275HA 

9/09/93 08275HA 

9!09!93 08275HA 

8131/93 

9/09/93 08275KA 

9!09!93 08275HA 

9/09/93 08275HA 

9/09/93 08275HA 

9/09/93 08275HA 

9/09/93 08275HA 

10!19/93 08315HA 
9/08/93 

11!19/93 

9!23/93 08315LA 

9/23/93 08315lA 

9t23t93 08315LA 

9/23/93 0831SLA 

9/09/93 08275HA 

9/09/93 08275HA 

9!09!93 08315H.\ 

9!08/93 

9/09!93 08315H.t. 

9/09/91 08315HA 



·~ 

-~ .. 

F$2(119, , 

FSZ01t 
, ~Sl!Ol9; 

~=s2ot~ 
-FS20t~ -
FSZ(If~ 

:tsl(ltJ 
FszojJ~,,zor., 

93.168.16 CA 
93.16816 CD 

93.16816 CL 

93.16816 co 
93,16816 CR 
93.16816 cu 
93.16816 FE 
93.16816 HG 
93.16816 K 

- 93.16816 MG 

- .93. 16816 Mil 

- - 93.16816 NA 

93.16816 Ill 
- l'i$201f; --- 93.16816 PI 

l~IJt'f. -93.16816 sa 
:nzo19· 93.16816 u 
isz(u9 93.16816 S04 

'ift,> ~~lE~ i~ 
. ~~ . - 93.16816. v 

"~Pii~:i§!§ 
:AV ~93 .t68tr.to 
>:~:) 93. 16817:;~~ 
. t, ·.93. 168t?.cp 

.,_~,: -93.16811dt 

#:?.i~{·~}~:~-=~~-~ 
/ t,.'9J, 16817. llti 
~"'·'~-.-1~1'1'-'.IC 
~t~#_.:·t6817';tU; 
~i(~;;j~ ·16811 HI! 

--93.16818 AS 
· ·f.;J.16818 IIA 

}'S~zt,;~.,:;_} ~)~16818 IE 
F.S2~~ <:.: :,_~.16818 CA 

FS~~~~ ;?\'~ti_-)i.168l8 _to 
1SN21 .,-;-_ ~>Y 93.16818 CL 
FsiQ-21 . ·9J.1681S CQ 
F$~021 . •ljj, 16818 at 
FS20tt· 

ICPES 

ICPES 
IC 
ICPES 
ICPES 
ICPES 

ICPES 
CVIIA 

ICPES 
ICPES 
ICPES 

ICPES 
ICPES 
ICPES 
ICPES 
ETVM 
IC 
ICPHS 

ICPHS 

ICPHS 
ICPHS 
ICPES 
ICPES 
ICPES 
ETVM 
ICPES 

ICPES 

ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
CVM 

ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVM 
IC 
ICPHS 
ICPHS 
ICI'tiS 
ICPMS 
ICPES 
ICPES 
ltl•es 
ETVM 
ICPES 
ICPES 
ICPES 

ICPES 
IC 
ICPES 
ICPES 
ICPES 

2100. 
c 0.4 
16.7 

11. 
3.7 
1.6 

7200. 
< 0.1 

1200. 
1000. 
400. 
240. 

3.2 
6. 

< 5. 
c 0.2 
22. 

c 0.2 

4. 
< 0.2 

0.4 
9. 

32. 
4100. 

1. 

56. 
0.41 

Z300. 
< 0.4 
15.9 
18. 
3. 
2. 

6100. 
< 0.1 
930. 
680. 
380. 
240. 

2. 
10. 

< s. 
< 0.2 
17. 

< 0.2 
4. 

< 0.2 
0.4 
7. 

29. 
6700. 

1.4 
58. 
0.69 

1300. 
< 0.4 

14. 
10. 
4.4 
3.3 

210. 

1.7 

'· 0.4 
0.8 

720. 

120. 
100. 
40. 
24. 
0.9 
2. 

2.2 

o.z 

o.z 
1. 
3. 

410. 
o.z 
6. 
0.04 

230. 

1.6 
2. 
0,3 
1. 

610. 

93. 
68. 
38. 
24. 
0.2 
4. 

1.7 

0.4 

0.2 
0.7 
3. 

670. 
0.3 
6. 
0.07 

130. 

1.4 
1. 
0.4 
0.3 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

UG/G 
UG/G 
UG/C 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
tHUG 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

9109193 08315HA 
9!09!93 08315HA 
9/10/93 
9/09193 083tSHA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
8/31/93 

9/09/93 08315HA 
9109193 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 

10/19/93 08315HA 
9/08/93 

11/19/93 
9/Zl/93 08315LA 
9/23/93 08315LA 
9/23/93 08315LA 
9/23/93 08315LA 
9!09193 0831511A 
9/09/93 08315HA 
9/09193 08315HA 
9/08/93 
9/09/93 08315HA 
9109193 08315HA 

9!09!93 08315HA 
9109193 08315HA 
9/10/93 
9/09/93 08315HA 
9!09!93 08a15HA 
9109193 08315HA 
9109193 0831511A 
8/31/93 
9!09193 08315HA 
9/09/93 08315KA 
9/09/93 08315HA 
9109193 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 

10/19/93 08315HA 
9108193 

11119/93 
9/23/93 08315LA 
9/23/93 08315LA 
9/23/93 08315LA 
9/23/93 08315LA 
9109/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/08/93 
9109193 08315HA 
9!09!93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/10/93 
9/09/93 08315HA 
9/09/93 08315HA 
9109193 08315HA 



FS2021 
FS2021 
f520Z1 
FS2021 
FS2021 
FS2021 
FS2021 
FSZOZ1 
FS2021 
FS2021 
FS2021 
FS2021 
FS2021 
FS2021 
FS2021 

FS2021 
FS2021 
FS2022 
FS2022 
FS2022 
FS2022 
FS2022 
f$2022 
FS2022 
FS2022 
FS2022 
FS2022 
FS2022 
FS2022 
f$2022 
FS2022 
FS2022 
FS2022 
FS2022 
FS2022 
FS~022 

FSI022 
FS2022 
FS2022 
FS2022 
FS2022 
FS2022 
FS2022 
FS2022 
FS2023 
FS2023 
FS2023 
FS2023 
FS2023 
FS2023 
FS2023 
FS2023 
FS2023 
FS2023 
FS2023 
FS2023 
FS2023 
FS2023 
FS(023 
FS<023 

93.16818 FE 

93.16811! "" 
93.16818 X: 

93.16818 HG 
93. 16818 MN 

93. 16818 NA 

93.16818 Nl 
93. 16818 PB 

93.16818 sa 
93.16818 SE 
93.16818 504 

93.16818 TA 

93. 16811! TH 
93. 16811! TL 
93. 16811! u 
93.16818 v 
93.16818 ZN 
93.16819 AL 
93.16819 AS 
93.16819 8A 

93.16819 BE 
93.16819 tA 

93.16819 CD 

93.16819 Cl 
93.16819 CD 

93.16819 CR 
93.16819 cu 
93.16819 Ff 
93.16819 HG 
93.16819 X: 

93.16819 I<G 
93.16819 HN 
93.16819 NA 
93.161119 Nl 
93.16819 PB 
93.16819 SB 
93.16819 SE 
93.16819 504 

93.16819 TA 
93.16819 TH 
93.16819 Tl 
93.16819 u 
93.16819 v 
93.16819 ZN 
93.16820 AL 
93.16820 AS 
93.16820 BA 
93.16820 BE 
93.16820 tA 

93.16820 CO 
93.16820 CL 
93.16820 co 
93.16820 CR 
93.16820 cu 
93.16820 FE 
93.16820 HG 
93.16820 I( 

93.16820 PIG 
93.16820 HN 
93.16820 NA 

ICPES 
CVAA 

I CPES 
ICPES 
ICPES 
I CPES 
ICPES 
ICPES 
ICPES 
ETVA.A 
IC 
ICPMS 
ICPHS 
ICPHS 
ICPMS 
ICPES 
ICPES 
ICPES 
ETVA.A 
ICPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
Ct/A.A 
IC:PES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVA.A 
IC 
ICPHS 
ICPHS 
ICPHS 
ICPMS 
ICPES 
ICPES 
ICPES 
ETVA.A 
ICPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
CVAA 

ICPES 
ICOES 
ICPES 
ICPES 

5400. 

< 0.1 

1200. 
1100. 

200. 
140. 

4.8 
7. 

< 5. 
( 0.2 

30. 
< 0.2 

5. 
( 0.2 

0.5 
9.3 

26. 
12000. 

3.8 
140. 

1. 

2500. 
< 0.4 
44.7 

12. 
8. 

4.3 
10000. 

< 0.1 
2200. 
2200. 
300. 
680. 

8.2 
12. 

< 5. 
0.3 

116. 

< 0.2 
8. 

< 0.2 
1. 

18. 
35. 

14000. 
2.7 

120. 
1. 

3700. 
< 0.4 

38.3 
n. 
8.4 
3.7 

1COOO. 
< 0., 

2300. 
2200. 

240. 
330. 

,;t;-/ I 

540. 

120. 
110. 
20. 
14. 
0.5 
4. 

3. 

0.2 

0.2 
0.9 
3. 

\200. 
0.8 

14. 

0.1 

250. 

4.5 
1. 
0.8 
0.4 

1000. 

220. 
220. 
30. 
68. 
0.8 
3. 

0.2 
12. 

3. 

0.2 
2. 
4. 

1400. 
0.5 

12. 
0.1 

370. 

3.8 

0.8 
o.:. 

1000. 

230. 
220. 

24. 

33. 

UC/C 

UG/G 

i,;C/C. 

UG/C 
UG/G 
UG/G 
UG/G 
UG/G 
UGtc; 

UG/G 

UG/C 

UG/G 
UG/G 
UG/C 
UG/C 

UG/C. 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/C 
UG/Ci 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UCi/G 
UG/G 
UCi/G 
UG/C 

UG/G 
UG/G 
UC/~ 

UC/G 

UG/C 

UC.IG 

UG/G 

UG/G 
UG/G 

UCi/G 

UC/G 

UG/G 

UG.'G 
UC/G 

UC/~ 

9/09/93 0831~-~ 

8/~1/93 

9/09/9} 08315H~ 

9/C?/93 08J15HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/91 08315HA 
9/09/93 08315HA 

10/19/93 0831SMA 
9/08/93 

11/19/93 
9/23/93 08315lA 
9/23/93 08315lA 
9123/93 08315LA 
9/23/93 W1SlA 
9/09/93 OMISHA 
9/09/93 08315HA 
9/09/93 08315HA 
9/08/93 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315NA 
9110/93 
9/09/93 08315HA 
9/09/93 0831SHA 
9/09/93 08315MA 
9/09/93 08315MA 
1!/31/93 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 0831SHA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315MA 

10/19/93 08315MA 
9/08/93 

11!19/93 
9/23/93 08315lA 
9/Z3/93 08315LA 
9/23/93 08315lA 
9/23/93 08315LA 
9/09/93 08315HA 
9/09/93 08315MA 
9/09/93 08J15HA 
9/08/'ill 
9/09/93 08J15HA 
9/09/93 08315MA 
9/09/93 08J15HA 
9/09/93 08315HA 
9/\0/93 
9/09/93 08J15HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
8/31/93 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09{93 08315HA 



:.:., 

FS2023 93.1~0 Nl 
f$2023 93.1~0 PB 

nzo23 93.1~0 sa 
FS2QZ3 93.16&20 SE 
FS2023 93.16820 S04 
FS2023 93.16820 TA 
FS20Zl 93.16820 TK 
fS20?3 93.16820 TL 
FS2023 93.16820 U 
FS2023 93.16820 V 

.fS20~ 93.16820 ZN 
. f.S20~, 93.1~1 AL 
oF$2026 93.16821 AS 
f$20~6: 93.1~1 BA 

FS2026. 93.16821 BE 
'FS20Z6 93.16821 CA 

:a.:; ::::: ~ 
FS~~ 93.16821 CR 

F$2~... 93.16821 CU 

'hztl26> 93.16821 fE 
fS20~;:>. ~ · · 93,16821 HG 

Fs2oz6.: 93.16821 1: 

f.~.· .. 93.16821 MG 

~$~: .93.16821 HN 

: .~i: ;":.:· ·: .... 9]. 16821. NA 

':93.16822 n 
·.93.16822 JIG 

Fsmi: ·. 93.16822 sa 
Fsi_ot/. '~';/ 93. 1~22 .SE 
F'szQ27· ,.::;:: • :93.16822 504 
'rs2~7 '· · 9.3.16822 TA 

~ \. ,;· . :~· .· 

ICPES 
ICPES 
ICPES 
ETVM 
IC 
ICPHS 

JCPHS 
ICPHS 
ICPHS 
ICPES 
JCPES 
ICPES 
ETVM 
ICPES 
ICPES 
ICPES 

ICPES 
IC 

ICPES 
ICPES 
ICPES 
ICPES 
CVM 

ICPES 
ICPES 
JCPES 

ICPES 
ICPES 
ICPES 
JCPES 
ETVM 
JC 
JCPHS 
JCPHS 
ICPHS 
ICPHS 
ICPES 
JCPES 
JCPES 
ETVM 
JCPES 
ICPES 

ICPES 
JCPES 
JC 
ICPES 
JCPES 
JCPES 
ICPES 
CVM 

ICPES 
JCPES 
JCPES 
JCPES 
ICPES 

ICPES 
JCPES 
ETVM 
JC 
JCPHS 

I , . J '• '' ·l :;·.r .· !l. '·"' !j ;:._, ~~-~ .r-~ ~ j 

II. 
11. 

• 5. 
< 0.2 
403. 
< 0.2 

8. 
( 0.2 

0.7 
15. 
35. 

37000. 
5.4 

190. 
1.7 

noo. 
< 0.4 
47.8 
12. 
16. 

3.9 
22000. 

< 0.1 
21100. 
4000. 

240. 
710. 

13. 
20. 

.. 5. 
1.2 

196. 
< 0.2 

9. 
0.7 
0.11 

31. 

48. 
13000. 

4.7 
100. 

0.68 
1600. 

< 0.4 
17.1 
111. 
11. 

3. 
12000. 

< 0.1 
2000. 
1800. 
350. 
320. 

7. 
20. 

< 5. 
0.4 

26. 
< 0.2 

1. 

4. 

40. 

0.4 

0.2 
2. 
4. 

3700. 
1.1 

19. 
0.2 

330. 

4.11 
1. 
2. 
0.4 

2200. 

280. 
400. 

24. 
71. 
1. 
4. 

0.2 
20. 

1. 

0.2 
0.2 
3. 
5. 

1300. 
0.9 

10. 
0.07 

160. 

1.7 
2. 
1. 
0.3 

1200. 

200. 
180. 
35. 
32. 

1. 

2. 

0.2 
2.6 

UG/C 
UG/G 
UC/G 
UC/G 
UC/C 
UG/C 
UC/C 
UG/G 
UC/C 
UC/G 
UG/C 
UG/Ci 
UG/G 
UG/G 
UG/G 
UC/C 
UC/C 
UC/C 
UC/G 
UC/G 
UC/C 
UC/C 
UG/G 
UG/G 
UC/G 
UG/G 
UC/C 
UG/C 
UG/G 
UC/C 
UG/G 
UC/G 
UG/G 
UG/G 
UC/G 
UC/C 
UC/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UC/G 
UC/G 
UG/G 
UC/G 
UG/G 
UG/G 
UC/C 
UC/C 
UC/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UC/G 
UC/G 
UC/G 

9/09/93 0831~HA 

9/09/93 08ll~HA 

10/19/93 08315HA 
'9/08/93 
11!19/93 
9/23/93 08315lA 
9/23/93 08315lA 
9/23/93 08315LA 
9/Zl/93 08315LA 
9!09!93 0831511A 
9/09/93 08315HA 
9/09/93 08315HA 
9/08/93 
9/09/93 08315HA 
9!09!93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/10/93 
9!09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9!09/93 08315HA 
8/31/93 
9/09/93 08515HA 
9/09/93 08315HA 
9!09!93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 

10/19/93 08315HA 
9/08/93 

11119/93 
9/23/93 08315LA 
9/23/93 08315lA 
9/23/93 08315LA 
9/23/93 08315LA 
9/09/93 08315HA 
9109/93 08315HA 
9/09/93 08315HA 
9/08/93 
9109!93 08315Ho\ 
9!09!93 08315Ko\ 
9/09/93 08315HA 
9(09!93 08315HA 
9110/93 
9/09/93 08315HA 
9(09/93 08315HA 
9/09/93 08315HA 
9(09/93 08315HA 
8(31/93 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315KA 
9/09/93 08315HA 
9/09/93 08315HA 

10/19/93 08315HA 
9/08/93 

11/19/93 
9/23/93 08315LA 



FS2027 
FS2027 
FS2027 

FS2027 
FS2027 

~52028 

fS2028 
FS2028 
FS2028 
fS2028 
FS2028 
FS2028 
FS2028 
FS2028 
FS2028 
FS20211 
f$2028 

FS2028 
FS2028 

fS2028 
fS2028 
FSZ028 
fS2028 
fS2028 
FS2028 
FS2028 

FS2028 
fS2028 
FS2028 
FS2028 
FS2028 
FS2028 
FS2029 
fS2029 
FS2029 
fSZOZ9 
FS2029 
FSZOZ9 
FS20Z9 
FS2029 
FS2029 
FS20Z9 
fS2029 
FS2029 
FS20Z9 
FS2029 

fS2029 
FS20Z9 
FS2029 
FS2029 
fS20Z9 
FS20Z9 
FS2029 
FS2029 
fS2029 

FS2029 
FS2029 
F$2029 

FS2029 
F$2030 

93.16822 lH 
93. 16822 1L 

93.16822 u 
93.16822 II 

93.16822 2N 

93. 16823 Al 

93. 16823 AS 

93.16823 &A 

93. 16823 BE 

93.16823 CA 
93.16823 CD 

93. 16823 Cl 
93.16823 co 
93.16823 CR 

93. 16823 C\.1 

93. 16823 FE 

93.16823 HG 
93.16823 K 

93.16823 MG 

93.16823 1111 

93.16823 NA 

93.16823 NJ 

93.16823 P8 

93.16823 sa 
93.16823 se 
93. 16823 $04 

93.16823 TA 
93.16823 TH 
93.168.23 Tl 

93.16823 u 
93.16823 v 
93.16823 211 

93.16824 Al 
93.16824 AS 

93.16824 BA 
93.16824 BE 
93.16824 CA 

93.16824 CD 

93.1~4 CL 

93.16824 co 
93.1~4 CR 
93.1~4 OJ 

93.1~4 FE 
93.1~4 HC 
93.16824 I( 

93.1~4 MG 
93.168241411 
93.16824 NA 
93.16824 Nl 
93.16824 PB 
93.16824 SB 
93.16824 SE 
93. 16824 SOl. 
93.16824 TA 
B.16824 TH 

93.16824 TL 
93.16824 u 
93.16824 v 

93.16824 z~ 

93. 16825 Ill 

!CPMS 
ICPHS 
ICPMS 
ICPES 
!CPES 
ICPES 
ETV.V. 
!CPES 
ICPES 
ICPES 
ICP£$ 
!C 
ICPES 
ICPES 
ICPES 
ICPES 
cv.v. 
JCPES 
ICP£5 
JCPES 
lCPES 
ICPES 
!CPES 
ICPES 
ETV.V. 
IC 
lCPIIS 
ICPMS 
IC:PMS 
ICPMS 
ICPES 
ICPES 
ICPES 
ETV..V. 

ICPES 
ICPES 
IC:PES 

lCPES 
IC 

IC:PES 
ICPES 
JCPES 
ICPES 
CVM 

JCPES 
JCPES 
ICPE$ 
JCPES 
JCPES 
ICPES 
ICPES 

ETV..V. 

IC 
ICPMS 
IC:PMS 
ICPHS 
ICPMS 
JC:PES 
!CPES 
ICPES 

5. 
0.} 
1. 

31. 

21. 
39000. 

9.~ 

ao. 
1.8 

4100. 
< 0.4 
S9. S 
8. I 

21. 
8.2 

25000. 
< 0.1 

3700. 
4700. 

190. 

600. 
16. 

zo. 
< s. 

1.2 
98. 

< 0.2 
1L 
0.7 
1.4 

1.5. 

60. 
43000. 

6.2 
150. 

2. 
4200. 

< 0.4 
103. 

8.5 
23. 
B.S 

26000. 
0.2 

4100. 
5000. 

200. 
510. 

16. 

26. 
< 5. 

1.1 
199. 

< 0.2 
11. 

0.7 
1.(, 

50. 
S2. 

((.COO. 

z. 
0.2 
0.2 
3. 
2. 

3900. 

1.9 

14. 
0.2 

410. 

5.9 
0.8 
2. 
0.11 

2500. 

370. 
470. 
19. 
60. 
2. 
3. 

0.2 
10. 

1. 

0.2 
0.2 
5. 
6. 

4300. 

1.2 

15. 
0.2 

420. 

10. 
0.9 

2. 
0.9 

2600. 

0.' 
410. 

soo. 
20. 
51. 
z. 
3. 

0.2 
20. 

2. 

0.2 
0.3 
5. 
5. 

2400. 

UC/G 
UC/C 
UC/C 

UG/C 

UC/G 
UG/C 

UC/C 

UG/G 

UC/C 
UG/C 
IJC/G 

UC/C 
UC/C 
UC/G 
UC/G 

UC/G 
UC/G 

UC/G 
U<O/C 
UC/G 
UG/G 
IJC/C 
UC/C 

IJC/C 
UG/G 

IJG/G 
UC/G 

UC/G 
UG/G 
UC/G 
UG/G 
UG/C 

UG/C 
UG/G 

UG/G 
UG/G 
UG/G 

UG/G 
UC/C 
UG/G 
UG/G 
UC/G 
UG!G 

UG/C 
UC/G 
UG/G 

UG/G 
UG/G 

UG/C 

UG/G 

IJG/G 

UC.tG 

UG/G 
UG/G 
UG/G 

UC/C 
UC/G 

UC/G 
UG/G 

UG/C 

9/23/93 C8~1~lA 

v/23/93 C8.31Slll 
9!23!93 08315U 
9/09/93 08J15HA 

9!09!93 08315HA 
9!09/93 08J1SIIA 
9/09/93 

9t09/9l C831SKII 
9/09/93 08.315HII 
9!09!93 083151111 
9/09/93 08315HA 
9/l0/93 
9/09{93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 083151111 
8/31/93 

9/09/93 08315HA 
9/09/93 0~15HII 

9/09/93 08J15HA 
9/09/93 0831SIIA 
9/09/93 08315HA 
9/09/93 08J15HA 

10/19/93 08J15MA 
9/08/93 

11/19!93 

9/23/93 08315LA 
9/23/93 0831SLA 
9/23/93 08J15lA 
9/23/93 08Jl5lll 
9/09/93 08315HA 
9/09/93 08l15KA 
9/09/93 08l1SMA 
9/08/93 
9!09/93 083 1511A 
9/09/93 OSJISHA 
9/09/93 083151111 

9/09/93 08315HA 
9/\0/93 
9/09/93 08J15HII 
9{09/93 08J15HA 
9/09/93 0831SIIA 
9!09!93 08315MA 
8/31/93 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08Jl5HA 
9/09/93 08315HA 
9/09/93 0831511A 
9!09/93 08315HA 

10/19/93 08315HA 
9/08/93 

11/19/93 

9123/93 08315lA 

9/23/93 08315LII 
9/23/93 08315LA 
9/23/93 08315LA 
9/09/93 0831511.1. 
9/09/93 08315HA 
9/09/93 0831S~A 
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··~{.; 
,._.:: 

FS20lQ 
FS203Q 

FS2030 
F.SZOlO· 
fSZO~ 
fS20lO. 
fS2030 . 

FS203Q 
FS2~

fSZOlo··. 
fS203\l 
FS203Q 
Fs203o , 
FS2030",!;. 

F.S~OlO 
F~2030 
Fizo3o 
IS2o30 . ........ 

93.1~5 AS 
93.16825 84 
93.16825 BE 
93.16825 tA 

93.16825 CD 
93.16825 Ct. 

93.16825 co 
93.16825 CR 

93.16825 tu 
93.16825 fE 
93.1~ KG 
93.16825 1: 

93.16825 HG 
93.16825 HM 

93 • 16825 IIA 

93.16825 Nl 

93.16825 PB 

93.16825 sa 

!CPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 

ICPES 

CVM 

ICPES 
ICPES 
ICPES 
ICPES 

ICPES 
ICPES 
ICPES 
ETVM 
JC 

JCPHS 

ICPHS 

ICPHS 

ICPHS 

JCPES 
ICPES 

ICPES 

ETVM 
ICPES 

ICPES 
ICPES 

ICPES 

IC 

ICPES 

ICPES 

ICPES 
ICPES 
CVM 
ICPES 

ICPES 

ICPES 
ICPES 

ICPES 
ICPES 
ICPES 

ETVM 
IC 

ICPHS 

ICPHS 

ICPHS 
ICPHS 
ICPES 

ICPES 
ICPES 

ETVM 
ICPES 
ICPES 

ICPES 

ICPES 
IC 

430. 
1.1 

26000. 
< 0.4 
17.8 
8.4 

11. 
3.8 

13000. 
< 0.1 

3200. 
3800. 

200. 
1200. 

9. 
12. 

< 5. 
0.6 

130. 
c 0.2 

8. 
0.2 
z. 

28. 
26. 

20000. 
5.4 

220. 
1. 

1800. 
< 0.4 
16.7 
11. 
13. 
4.8 

16000. 
c 0.1 

2200. 
2800. 
350. 
360. 

8. 
16. 

c s. 
0.6 

70. 
< 0.2 

9. 
c o.z 

0.8 
32. 
31. 

14000. 
4.2 

130. 
0.8 

2000. 
< 0.4 
14.6 

1.3 
43. 
0.1 

26000. 

1.8 

0.8 
1. 
0.4 

1300. 

320. 
380. 

20. 
120. 

1. 
1. 

o.z 
13. 

1. 
o.z 
1. 

3. 
3. 

2000. 
1.1 

22. 
0.1 

180. 

1.7 
1. 
I. 
0.5 

1600. 

220. 
280. 
35. 
36. 

1. 

5. 

0.2 
7. 

2. 

0.2 
3. 
3. 

1400. 
0.8 

13. 
0.08 

200. 

1.5 

Uli/G 
UC/G 
UG/G 
UC/Ii 
Uli/G 
UG/C 
UG/G 
Uli/G 
UG/G 
UC/C 
UG/G 
UC/G 
UG/G 
UG/C 
UG/G 
UG/G 
UG/G 
UC/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
Uti/G 
UG/G 
Uti/C 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
Uti/G 
UG/G 
UG/G 
Uti/G 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

9/08/93 
9/09/93 08315HA 
9/09/93 08315HA 
9!09!93 08315HA 
9/09/93 08315HA 
9/10/93 
9109/93 08315HA 
9/09/93 08315HA 
9/09/93 08315KA 
9/09/93 08315KA 
8/31/93 
9/09/93 08315HA 
9/09!93 08315HA 
9/09/93 0831SHA 
9109193 08315HA 
9/09/93 08315KA 
9/09/93 08315HA 

10119/93 08315HA 
9/08/93 

11/19/93 
9/23/93 08315LA 
9123193 08315LA 
9/23/93 08315LA 
9/23/93 08315LA 
9!09/93 08315HA 
9!09!93 08315HA 
9/09/93 0831511A 
9108193 
9!09/93 08315KA 
9!09!93 08315HA 
9!09!93 08315HA 
9109!93 08315HA 
9110/93 
9/09/93 08315KA 
9/09/93 0831511A 
9/09/93 ~15HA 

9/09/93 08315KA 
8/31/93 
9/09/93 08l15HA 
9/09/93 08315HA 
9109!93 08315HA 
9!09!93 08l15HA 
9/09/93 08315KA 
9/09/93 08315HA 

10/19/93 08l15HA 
9/08/93 

11/19/93 
9/23/93 083151.A 
9/23/93 083151.A 
9/23193 083151.4 
9/23/93 08315LA 
9/09/93 08315HA 
9/09/93 08315HA 
9109193 08315HA 
9/08/93 
9/09/93 08315HA 
9!09!93 08315HA 
9/09/93 08315HA 
9/09/93 08l15HA 
9/10/93 



FS2032 

FS2032 
FS2032 
FS2032 

FS2032 

FS2032 

FS2032 
FS2032 

FS2032 
FS2032 
FS2032 
FS2032 
FS2032 
FS2032 
FS2032 
FS2032 
FS2032 
FS2032 
FS2032 
FS2032 
FS2033 
FS2033 
FS2033 
fS2033 
FS2033 
FS2033 
FS2033 

fS2033 
FS2033 
FS2033 
FS2033 
FS2033 
FS2033 
FS2033 
FS2033 
FS2033 
FS2033 
FS2033 
FS2033 
FS2033 
FS2033 
FS2033 
FS2033 

FS2033 
FS2033 
FS2033 
FS2033 
FS2034 
FS2034 
FS2034 
FS20:S4 
FS2034 
FS2034 
FS2034 

FS2034 
FS2034 
FS2034 

FS2034 

FS2034 
FS2034 

93.16827 co 
93.16827 CR 
93.16827 cu 
93.16827 FE 

93.16827 MG 

93.16827 1: 

93.16827 HG 
93.16827 MN 

93.16827 NA 
93.16827 Nl 

93.16827 PB 
93.16827 sa 
93.16827 SE 
93. 1 6827 S04 
93.16827 TA 
93.16827 TH 
93.16827 n 
93.16827 u 
93.16827 v 
93.16827 ZN 
93.16828 Al 
93.16828 AS 
93.16828 BA 
93.16828 BE 
93.16828 CA 
93.16828 en 
93.16828 CL 
93.16828 co 
93.16828 CR 
93.16828 cu 
93.16828 FE 
93.16828 MG 
93.16828 K 
93.16828 MG 
93.16828 MN 
93.16828 NA 
93.16828 Nl 

93.16828 PB 
93.16828 S8 

93.16828 SE 
93. 16828 S04 
93.16828 TA 
93.16828 TH 
93.16828 TL 
93.16828 u 
93.16828 v 
93.16828 ZN 
93.16829 Al 
93.16829 AS 
93.16829 BA 
93.16829 BE 
93.16829 CA 
93.16829 en 
93.16829 CL 
93.16829 co 
93.16829 CR 

93.16829 cu 
93.16829 FE 
93.16829 HG 
93. 16829 K 

ICPES 
ICPES 
ICPES 

ICPES 

CIIAA 

i CPE~ 

ICPES 
ICPES 

ICPES 
ICPES 
ICPES 
ICPES 
ETVAA 

IC 
ICPMS 
ICPMS 
ICPMS 
ICPMS 
ICPES 
ICPES 
ICPES 
ETVAA 
ICPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 

ICPES 
CVAA 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
iCPES 
ICPES 
ETVAA 
IC 
ICPMS 
ICPMS 
ICPHS 
ICPMS 
ICPES 
ICPES 
ICPES 
ETVAA 
ICPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
CVAA 
ICPES 

12. 

12. 
5. 5 

l3CCO. 

< 0. 1 

2900. 

2500. 
420. 

270. 
6.7 

20. 
< s. 
< 0.2 

26. 
< 0.2 

a. 
0.2 
1.1 

28. 
36. 

52000. 
IO.B 

360. 
2.5 

5700. 
< 0.4 

99.8 
8.7 

21. 
a.a 

28000. 
< 0.1 

1.600. 

6300. 

120. 
590. 

20. 
23. 

< 5. 
1.5 

189. 

< 0.2 
11.. 

0.9 

0.9 
38. 
58. 

20000. 
4.5 

230. 
1.2 

6400. 
< 0.1. 

15.2 
9.3 

11.. 

5. 
:sooo. 

< 0. 1 

zeoo. 

I. 

I. 
0.6 

nco. 

290. 

250. 
42. 

27. 
0.9 

5. 

2.6 

1. 

0.2 
0.2 
3. 
4. 

5200. 
2.2 

36. 

0.3 
570. 

10. 
0.9 
2. 
0.9 

2800. 

460. 

630. 

12. 
59. 

2. 
2. 

0.3 
19. 

z. 
0.2 
0.6 

4. 

6. 
2000. 

0.9 
23. 

0.1 

640. 

1.5 

0.9 

o.s 
15CO. 

2eo. 

UC/C. 

UC/C 
UG/C 

UG/C 

UG!C. 
UC/C 

UC/C 

UC.!C. 
UG/G 

UC/G 
UC/C 

UG/C 
UC/C 

UC/G 
UC.IC 
UG/G 
UG/G 
UG!G 
UG/G 
UG!G 
UG/G 
UG/Ci 
UG!Ci 
UC/G 
UGIG 
UG/G 

UG/G 
UG/G 

UG/G 
UCIG 
UG/G 
UG/C 
UG/Ci 
UG/G 
UG/G 
UG/G 

UGIG 
UC/G 
UG!G 
UG/G 
UC/G 

UG/C 
UG/G 
UC/Ci 

UG/C 
UG/Ci 

UG/G 
UG/C 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

UG/G 

UC/G 
UC/G 

UC/G 
UG/G 
UG/C 

UC/C. 

<i/09/9l Oe.l1S~A 

<1!09!93 0!31 SM~ 
9/09/93 0831S•A 
9/09!93 0831S~A 

!/l1t9l 

9!09/93 08315~~ 

9{09{93 08!1SWA 

9{09/93 08315MA 

9/09/?J 08315~A 

9{09/93 04315~ ... 
9/09/93 08315~l 

10{19/93 08315"" 
9!08/93 

, 119/93 

9/23/93 08J15LA 
9/Z:S/93 08315LA 
9/23/93 0831SLA 
9/ZJ/93 0831 SLA 
9/09/93 Oal15MA 
9/09/93 08315HA 
9/09/93 Oal1511A 
9/09/93 
9/09/93 Oal15HA 
9/09/93 Oal15KA 
9{09/93 Oal15HA 
9/09/93 Oal15MA 
9/10/93 
9/09/93 08315HA 
9!09!93 08315HA 
9/09/93 08315MA 
9!09!93 08315HA 
8/31/93 
9!09/93 08315HA 
9/09/93 08315MA 
9/09/93 08J15HA 
9109/93 Oal15HA 
9/09{93 Oal15HA 
9/09/93 08315HA 

10{19{93 08J15HA 
9/08/93 

11!19/93 

9/23/93 Oal15llo 
9!23!93 08l15LA 
9/23/93 08315LA 
9!23/93 08315LA 
9/09{93 08315HA 
9{09{93 08315HA 
9{09/93 083151'A 
9/08{93 

9/09/93 06315114 
9!09!93 08315MA 
9/09/93 08315MA 
9/09/93 08315MA 
9/10/93 

9/09/93 08315HA 
9/09/93 0831SMA 
9!09{93 08J15HA 
9/09{93 08315MA 
8/31/93 
9/09/9J 083\5Hl 

' 

L.~--~------------------------~----------------------~ 



F$2034 
n20Y. 
F$2034 
F$2034 
FS2034 
FS2034 
F$2034, 
152034' 

FS2034 
F$2034 

9J • 16829 "' 
93.16829 1411 
93.16829 NA 

93.16829 "' 
93.16829 PB 

93.16829 sa 
93.16829 SE 
93. 16829 S04 
93.16829 TA 
93.16529 Til 

93.16829 TL 
93.16829 u 
93.16829 v 

FS2Q34 93. 16829 2N 
FS2035 93.16830 Al 
FS203S 93.16830 AS 
f$2~ 93.16830 BA 

f.szo~s ··•• 93.16830 BE 
, 152035'. . 93.16830 CA 

FS2c#Si: 93.16830 CD 

. J~S:·: 93.16830 Cl 
FS20l5:.. 93.16530 CD 

,szo35.·: 93.16830 a 
: ·,$20~5' '· 93.16830 Ql 

f'IS2o;s5 . 93.161130 FE 
.. f$203$ ; . 93 .1d HG 
· ;:$2o3.5'''. 93.16830 r 
}s,z03S ~ 93. 16830 MG 

, ·.... Bl"~,§:!~~ 
' iFSlOJSC: ' •... ·· ' ' 93.16830 S04 

!~:t"~; ... !:~:~,: 
. f'$2'P31;;,:. · . 93.16831 NA 

,&2~ .s~:·> · :~JJ .16a:s1 "' 
rs2o:Sr:'· 
f:~037'·' 

TCPES 
ICPES 
I CPU 

I CPU 

JCPES 

JCPES 

ETVAA 

IC 
JCPHS 

ICPHS 

ICPHS 

ICPMS 

ICPES 

ICPES 

ICPES 

ETVAA 
JCPES 

ICPES 
ICPES 

ICPES 

IC 
ICPES 

ICPES 

ICPES 

ICPES 

CVAA 

ICPES 

ICPES 

ICPES 

ICPES 

ICP£5 

ICPES 

ICPES 

ETVAA 

IC 

ICPMS 

ICPHS 
ICPHS 

ICPHS 

ICPES 

ICPES 

ICPES 

ETVAA 

ICPES 

ICPES 

ICPES 

ICPES 

IC 

ICPES 

ICPES 

ICPES 

ICPES 

CVM 

ICPES 

ICPES 

ICPES 

ICPES 

ICP!S 

ICPES 
ICPES 

3700. 
350. 
640. 

11. 
15. 

< 5. 
0.4 

53. 
< 0.2 
II. 

0.4 
0.9 

30. 
35. 

9400. 
5.3 

100. 
0.67 

1200. 
< 0.4 
16.8 
24. 
10. 

< 0.5 
14000. 

< 0.1 
1600. 
1300. 

770. 
zso. 

6. 
18. 

< 5. 
< 0.2 
63. 

c o.z 
8. 

< 0.2 
0.9 

37. 
17. 

9700. 
4.1 

73. 
0.68 

1200. 
c 0.4 
17.7 
26. 
9. 
3.4 

10000. 

< o. 1 
1400. 
1500. 
410. 
230. 

4.6 
19. 

< 5. 

370. 
35. 
64. 

1. 
z. 

o.z 
5.3 

2. 
0.2 
0.2 
3. 
4. 

940. 
1.1 

10. 
0.07 

120. 

1.7 
z. 
1. 

1400. 

160. ' 
130. 
n. 
25. 

1. 
3. 

6.3 

1. 

0.3 
4. 
z. 

970. 
o.a 
7. 
0.07 

120. 

1.8 
3. 
0.9 
0.3 

1000. 

140. 
150. 

41. 
23. 
0.5 
2. 

UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9!09!93 0831SHA 
9/09/93 08315HA 

10/19/93 08315HA 
9/08/93 

11/19/93 
9/23/93 08315LA 
9/23/93 08315LA 
9/23/93 08315LA 
9/23/93 08315LA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/08/93 
9/09/93 08315HA 
9/09/93 08315HA 
9109/93 08315HA 
9/09/93 08315HA 
9/10/93 
9/09/93 08315HA 
9109193 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
8/31/93 
9/09/93 OB315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93· 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 

10/19/93 08315HA 
9/08/93 

11/19/93 
9/23/93 08315LA 
9/23/93 08315LA 
9/23/93 08315LA 
9/23/93 08315LA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/08/93 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/10/93 
9/09/93 ~15HA 

9/09/9] 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
8/31!93 
9/09/9] 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9{09!93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 

10/19/93 08315HA 



fS2037 
FS2037 

FS2037 

fS2037 
f$2037 
FS2037 
FSZ037 
FS2037 
F$2038 
FS2038 
FS2038 
F$2038 
FS2038 
FS20~ 

F$2038 
FS2038 
FS2038 

FS2038 
FS2038 
FS2038 
fS2038 
FS2038 
FS2038 
FS2038 
fS2038 
FS2038 
FS2038 
fS20~ 

FS2038 
fS2038 
FS2038 
f$2038 
FS2038 
FS2038 
fS2038 
FS2039 
FS2039 
FS2039 
fS2039 
FS2039 
fS2039 
FS2039 
FS2039 
FS2039 
FS2039 
FS2039 
FS2039 
FS2039 
FS2039 
FS2039 

FS2039 
FS2039 
FS2039 

FS203~ 

FS2039 
FS2039 

FS2039 
FS2039 

fS2039 
FS2039 

93. \ball SE 
93.16831 504 

93. 16831 To\ 

93.16831 TH 
93. 16a31 TL 
93.1b331U 
93.16831 v 
93 .16a31 ZN 

93.16832 Al 

93. 16a32 AS 
93. 16a32 BA 
93.16832 BE 
93.16832 CA 
93. 16a32 co 
93. 168.32 Cl 
93. 16a32 co 
93. 168.32 CR 

93. 16a32 cu 
93.16832 FE 
93.16832 HC 
93.16832 K 

93.16832 HC 
93.168.32 HN 
93.16a32 NA 
93.16a32 Nl 

93.168.32 PB 
93. 168.32 sa 
93.168.32 SE 
93. 168.32 S04 

93.16832 TA 
93.16832 TH 
93. 168.32 Tl 
93.16832 u 
93.16832 v 
93.168.32 ZN 
93.16833 Al 
93. 168.33 AS 
93.168.33 SA 
93.16833 BE 
93.16833 CA 

93.16833 co 
93.168.33 Cl 
93.16833 co 
93. 168.33 CR 
93.16833 CtJ 

93. 16a33 FE 
93.16833 HC 
93.16833 I( 

93. 16a33 MC 
93.16833 MN 

93.168.33 NA 
93.16833 Nl 

93.16833 PB 

93.16833 sa 
93.16833 SE 
93.16833 SC4 
93.16833 TA 
93.16833 TH 

93.16833 Tl 

93.16833 u 

E TV.V. 

IC 
ICPHS 
ICPMS 
ICPMS 
ICPMS 
ICP£5 
ICPES 
ICPES 
ETVAA 

tCPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
CVA.A 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVA.A 
IC 
ICPHS 
!CPHS 
ICPHS 
ICPHS 
ICPES 
ICPES 
ICPES 
ETVA.A 
ICPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
CVM 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVM 
IC 
ICPHS 
ICPHS 
ICPHS 
ICPHS 

f-'\-: ·~ 
. I 

( 0.2 
24. 

< 0.2 

8. 

0.2 
1. 

28. 
11>. 

37000. 
i' .9 

28C. 
1. 5 

8500. 
< 0.~ 

40.6 
12. 
17. 

5. 
20000. 

0.1 
3900. 
5600. 

110. 
1000. 

14. 
16. 

< 5. 
0.8 

217. 

< 0.2 
9. 
0.9 

'· 
30. 
47. 

12000. 

2.4 
35. 
0.9 

1700. 
< 0.4 

20. 
11. 

5.7 
0.6 

12000. 
< 0.1 

1900. 
1400. 

81. 
1200. 

3.3 
4. 

< 5. 

< 0.2 
32. 

< 0.2 

3. 
< 0.2 

0.5 

.$-17 

2.4 

1. 

0.2 
0.2 

3. 
2. 

l7CO. 

1.6 

28. 
0.2 

650. 

4.1 
1. 

2. 
0.5 

2000. 
0.1 

390. 
560. 

11. 

100. 
1. 

4. 

0.2 
22. 

2. 
0.2 
0.2 
3. 
5. 

1200. 
0.5 
4. 

0.09 
170. 

2. 
1. 

0.6 

0.2 
1200. 

190. 
140. 

8. 
120. 

0.4 
2. 

3.2 

0.2 

0.2 

UG/C 
UC/C 

U!i/C 

UC/G 
UG/G 
UC./C 
UC/C. 

UC/C. 
UC/C 
UG/C 
UC.tC 

UC/C 
UG/G 
UC/C 
UC/G 
UC/G 
UC/C 

UG/G 
UC/C 
UC/G 
UG/C 
UC/Ci 
UC/C 
UG/C 
UG/G 
UC/C 
UG/C 
UC/C 
UG/G 
UC/G 
UG/G 
UC/C 
UC/C 
UC/G 
UG/G 
UG/C 
UG/C 
UC/C' 
UC/C 
UC/C 

UG/C 
UG/C 
UC/G 
UG/G 

UC/G 
UG/C 
UG/C 
UC/C 
UC/C 
UG/C 
UC/C 
UG/C 
UC/G 

UG/G 

UC/C 
UC/C 
UG/!j 

UG/!i 

UC!C 

U!i/G 

9{08/93 
11 il9t9l 

9/23/93 08315lA 

9/23/93 08315l~ 

9/23/9~ 06315lA 
9/23/93 08315lA 
9/09/93 08315HA 
9/09/9] 08J15HA 
9/09!93 08315HA 
9/09/93 
9/09/93 08JI5HA 
9/09t93 08315HA 
9/09/93 08315HA 
9/09/9] 08]15H~ 

9/10/93 
9/09/93 08315HA 
9/09/93 08315HA 

9/09/93 08315HA 
9/09/93 08315HA 
8/31/93 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315MA 
9/09/93 0631SHA 
9/09/93 08315MA 
9/09/93 08315HA 

10/19/93 08315KA 
9/28/93 

11/19/93 

9/23/93 0831SlA 
9/23/93 08315LA 
9/23/93 0831SlA 
9/23/93 0831SLA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9110/93 
9/09/93 08J15H~ 

9/09/93 0831SHA 
9/09/93 08315HA 

9/09/93 08315HA 
9/10/93 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
8/31/93 
9/09/93 08315HA 
9!09/93 0831SHA 
9/09/93 08315HA 

9/09/93 08315HA 
9/09/93 0831SHA 
9!09!93 0831SHA 

10/19/93 08315HA 
9/10/93 

11/19/93 

10/15/93 09025L 

10/15/93 09025L 
10/15/93 09025L 

10/15/93 09025L 
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14. 
19. 

< 5. 
0.6. 

65. 
< ·o.2 

·7·. 

0.4 
0.9 

3.2. 
. 35. 

~ooo. 

5.1 
270. 

2• 
.2800. 

3.6 
12.;6 
9. 

17. 
9.4 

20000. 
< 0.1 

3000. 
3800. 
280. 
280. 
16. 
20 • 

< 5. 
0.6 

45. 
< 0.2 

3. 
3. 

0.2 
20. 

1. 
0.2 
0.2 
6. 
7. 

3200. 
0.9 

30. 
0.2 

290. 
1. 
2.7 
2. 
2. 
0.8 

2000. 

310. 
400. 
26. 
63. 
1. 
5. 

0.2 
6.5 

1. 
0.2 
0.2 
3. 
4 . 

3200. 
1. 

27. 
0.2 

280. 
0.8 
1.3 
1. 
2. 
0.9 

2000. 

300. 
380. 
28. 
28. 
2. 
2. 

0.2 
4.5 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
-UG/G 
UG/G 
UCIG 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
.UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UGIG 
UGIG 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

9/24/93 
9!21,/93 

10/19/93 
9/10/93 

11119/93 
10!15/93 0902_5L 
10/15/93 0902SL 
10/15/93 09025L 
10/15193 09025L 
9124/93 
9/24/93 
9/29/93 
9/10/93 
9/29}93 
9/29/93 
9/29/93 
9/29/93 
9/10/93 
9/29/93 
9/7.9/93 
9/29/93 
9/29/93 
8/31/93 
9129/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 

11)/19/93 
9/10/93 

11/19/93 
10/15/93 0902-SL 
10/15/93 09025L 
10/15/93 09025l 
10/15/93 09025l 
9/29/93 
9/29/93 
9/.29/93 
9/10/93 
9/.29/93 
9/291.93 
9{29/93 
9{29/93 
9/10/93 
9/291.93 
9/29/93 
91.Z9/93 
91291.93 
8/31/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 

10/19/93 
9!10/93 

11/19/93 
10/15/93 09025L 



fS2049. 

F$2049 

152049 
FSZ049 
FS2Q49 
FSlOSO 
FS205il 
F$2050 

FS20SO 
FS2050. 

. FS20SD. 
1'$.2050 
FS20SO 
FS2050. 

FS20SO 
FSZOSO 
1t2050. 
FS205Q 
FS2oSO. 

F$2050 
FS205<i•. 
FS20SO 

· rnaso · 
;s.zoso · · 
FS2050 
f$2050 
FS2D50 
FS2050 
F$,2050 
FS20SO 
F$.2050~. 

Fs20so 
Fs2o51 • 
fS20S1 . 

FS2tl51 ... 
;.szost 
most 
F'SZOS1 
152051 
FSl051-
f520S1 
F$2051 
FS2051 

; FS20S1 
Fs2051 
F~1 

FS20S1 
fS2051 
FS2051 
f$2051 
FS2051 
FS2051 
f$2051 
FS2051 
FS2051 
F$2051 
FS20S1 
f$2051 
F$2051 
f$2052 

93.16842 TH 
93.16842 Tl 
93.16842 u 
93.16842 v 
93.16842 211 

93.16843 AL 
93.16843 AS 

93.16843 BA 

93.16843 BE 

93.16843 CA 
93.16843 CD 

93.16843 CL 
93.16843 co 
93.16843 CR 
93.16843 QJ 

93.16843 FE 
93.16843 HG 

93.16843 K 

93.16843 MG 

93.16843 lUI 

93.16843 NA 

93.16843 Nl 

·93.16843 PB 

93.16843 S8 

93.16843 SE 

93.16843 S04 

_ 93. 16843 TA 
93.16843 TH 

93.16843 TL 

93.16843 u 
' i)l. 16843 v 

93.16843 211 
93.16844 AL 

93.16844 AS 

93.16844 8A 

93.16844 IE 

93.16844 CA 

93.16844 CD 

93. 16844 Cl. 

93.16844 co 
-93. t6844 CR 
93.16844 cu 
93.16844 FE 
93.16844 HG 

93.16844 K 
93.16844 NG 

93 • 16844 lUI 

93.16844 lUI 

93.16844 Ill 

93.16844 PB 

93.16844 SB 

93.16844 SE 
93. 16844 S04 
93.16844 TA 

93.16844 TH 
93.16844 Tl 
93.16844 u 
93.16844 v 
93.16844 211 

93.16845 AL 

.·_·· .. · 

.. -. :. ~- ' . 

ICPMS 
ICPMS 
ICPHS 
ICPES 
ICPES 
!CPES 
ETVAA 

ICPES 
ICPES 
ICPES 
ICPES 
rc 
ICPES 
1CPES 
1CPES 
ICPES 
CVAA 

ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVM 

IC 
ICPMS 
ICPHS 

ICPMS 
ICPMS 
ICPE$ 
ICPES 
!CPES 
ETVAA 

ICPES 
JCPES 
ICPES 
JCPES 
IC 
ICPES 
ICPES 
JCPES 
ICPES 
CVAA 
!CPES 
ICPES 
ICPES 
ICPES 
!CPES 
I CPU 
ICPES 
ETVAA 
IC 
ICPHS 
ICPMS 
ICPMS 
ICPHS 
ICPES 
ICPES 
!CPES 

r1r·; .. 
--8~ ... 

0.2 
1. 

34. 
37. 

21000. 
6.5 

180. 
1.3 

6000. 
2. 

18.1 
23. 
17. 

10. 
18000. 

< 0.1 
2500. 
3300. 
430. 
280. 
12. 
16. 

< 5. 
0.3 

32. 
< 0.2 

7. 
0.4 
1. 

40. 
27. 

48000. 
3.6 

300. 
2.6 

3700. 
< 2. 
22.1 
11. 

23. 
12. 

26000. 
< 0.1 

4300. 
5300. 
300. 
330. 

19. 
22. 

< 5. 
0.3 

57. 
< 0.2 

4. 
< 0.2 

0.7 
42. 
so. 

9500. 

1. 
0.2 
0.2 
3. 

'· 2100. 
1.3 

18. 
0.1 

600. 
1. 

1.8 
2. 
2. 
1. 

1800. 

250. 
330. 
43. 
28. 
I. 

2. 

0.2 
3.2 

1. 
0.2 
0.2 
4. 

3. 
4800. 

0.7 
30. 
0.3 

370. 

2.2 
1. 

2. 
1. 

2600. 

430. 
530. 
30. 
33. 

2. 
9. 

0.2 
6. 

0.5 

0.2 
4. 
s. 

950. 

UG/G 
UC/C 
UC/C 
UC/C 
UC/C 
UC/C 

UG/G 
UC/G 
UG/C 
UC/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/C 
UG/G 
UG/G 
UG/G 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

UG/G 
UG/G 
UG/G 
UG/C 
UG/G 

UC/G 
UG/G 
UG/C 
UC/C . 

UC/C 
UG/G 
UC/G 

UC/C 
UG/C 
UC/G 
UC/C 
UC/C 
UG/G 
UC/C 
UC/C 
UG/C 

UG/C 
UG/G 
UG/G 
UG/C 

UC/G 
UG/G 
UG/G 

UC/G 
UG/G 
UC/C 

10/15/93 09025l 
10/15/93 09025l 
10/15/93 09025l 
9/29/93 
9/29/93 
9/29/93 
9/10/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
9/10/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
8/31/93 
9129!93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 

10/19/93 
9/10/93 

11/19/93 
10/15/93 09925L 
10/15/93 09025L 
10115/93 09025L 
10/15/93 09025L 
9/29/93 
9/29/93 
9/29/93 
9/10/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
9/10/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
8/31/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
9!29!93 

10/19/93 
9/10/93 

11/19/93 
10/15/93 09025L 
10/15/93 09025L 
10!15/93 09025L 
10/15/93 09025L 
9/29/93 
9/29/93 
9/29/93 

, ... ; .. ,. ·' 



.,:.··;. 

.. ·>:· 

·. ·. F$2052 

FS2052 
FS2052 
FS2052 
fS2052 
fS2052 

. fS2052 
fS205~ 

FS2Q52 
FS2052·. 
fS2052 
Fs2052 
FS2052 
F$2052 
152052~' 

fS2051 
fS2052 .. 
'fS2052 
F.siOsi 
fSZ052 
·FS2052': 

93.16845 CA 
93.\6845 co. 
93.16845 Cl 

93.16845 co 
93 ~ 16845 CR 

93.l6845 cu 
93.16845 FE 

· .93.16645 HG 
· '93 •. 1w.s K 

93. ;6845 KG 

''~12:2' 
.. ~ .l681i5 PB 

··>93,~~~5·sa 
.::-..93.16845 S'E 

,'~~~~r 
. £5,205.2 : ~:.1W.5 l1. 

·.· . Fs(05,2 · ·· -~Aw.s u 
· · f's2~z ~--;:,~ v 

·.· ,s~OS2 · · 9p't6845 211· 

;:;~···: . /~:~:::: ~~ 
-,.s#*r: .· '·· ·9,~}AA'•~ 
·:,~= . :~. :: ... !.·~···~J:' . 

· :Fs2ll5l ,.,~ ,.,....., -
f$:20~ . ,. ::9t.t~ CL 

!i!I·••:,~i: 
1'$2053 -~·1684~ FE 
FSC()53 -~· 93.16846 KG 
ts~o~: : ':9i16846-~: 
fs2o's3' . ·• ... :•_:_!33·;·-~~~. MHCN· 

'.f$2053·· . .., ,_..., 

FS?OS3 :'·<ri~f~·HA 
:~52053, >(;13·, 16846 ll'l 

lfE ,:i!~£ 
FS2053 93L,6846 u. 
FS205'3 . ·. ·;i 16e.46 TH .. 
F$20~:,l• . :.·e-1)'3'~ 1~ TL 

· fS20S3·. 
FS2053 . 
Fsio53 
FS2054 
F$2054 
Fs20"s4 
FS2054 
FS2054 
FS2054 
fS20S4· 

> 93.1'681.6 u 
,,~-.. 1681.6 v 

-93 .16846 ZM 
•·. 93~ 16847 Al. 

.··.··.•·?3.16847 AS 

·: 93.t-684p.t. 
' 93 .• 16647 BE 

93.16847 CA 
93.16647 co 
93. 1W.7 CL 

ETVM 
ICPES 
ICPES 
ICPES 
ICPES 
It 
ICPES 
ICPES 

ICPES 

ICPES 
CVM 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

ICPES 
ETVM 
IC 
ICPHS 
ICPHS 
ICPHS 
ICPHS 

ICPES 
lCPES 
ICPES 
ETVM 
tCPES 
ICPES 
ICPES 
ICPES 
IC 

JCPES 
ICPES 
ICPES 
ICPES 
CVM 
ICPES 
ICPES 
ICPES 
ICPES 

ICPES 
ICPES 
JCPES 
ETVM 
l.C 
ICPHS 
ICPHS 
ICPHS 
ICPHS 
ICPES 

ICPES 
IC!'ES 
ETVM 
ICPES 
ICPES 
ICPES 
ICPES 
IC 

5.3 
100. 

o.n 
1300. 

1.4 
14.3 
27. 
12. 
3. 

13000. 
< 0.1 

1400. 
1500. 
590. 
260. 

7. 
18. 

< 5. 
< 0.2 
44. 

< 0.2 
6. 
0.2 
1. 

35. 
14. 

15000. 
3.9 

130. 
1. 

' 2200. 
< 0.4 
12.9 
15. 
16. 
8. 

16000. 
< 0.1 

2500. 
2800; 
500. 
270. 
12. 
16. 

<·5. 
< 0,2 
30. 

< 0.2 
7. 
0.2 
L 

35. 
33. 

23000, 
5.2 

190. 
1.2 

3000. 
< 0,4 
18.6 

1.1 
10. 
0.08 

130. 
0.8 
1.4 
3. 
1. 

0.3 
1300. 

140. 
150. 
59. 
26. 
3. 
4. 

4.4 

0.4 
0.2 
0.2 
4. 
1. 

1500. 
0.8 

1]. 

0.1 
220. 

1.3 
2. 
2. 
0.8 

1600. 

250. 
280. 
500. 

27. 
3. 
2. 

3. 

1. 

0.2 
0.2 
4. 
3. 

2300. 
1. 

19. 
0.1 

300. 

1.9 

UC/Ci 
UC/Ci 
UCi/G 
UCi/G 
UCi/G 
UG/G 
UCi/Ci 
UCi/G 
UG/Ci 
UG/G 
UG/G 
UG/G 
UG/G 
UG/Ci 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/Ci 
UG/G 
UG/G 
UG/G 
UG/G' 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/C 

9/10/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
9/10/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
8/31/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 
9/29/93 

10/19/93 
9/10/93 

11/19/93 
10/15/93 09025L 
10/15/93 09025L 
10/15/93 09025L 
10/15193 09025L 
9/29/93 
9/29/93 
9/29/93 
9/10/93 
9/29/93 
9/29/93 
91Z9i93 
9/29/93 
9/10/93 
9/29/93 
9/29/93 
9/29/93 
9/29{93 
B/31/93 
9/29/93 
9/29/93 
9!29/93 
9/29/93 
9/29/93 
9/29{93 

10/19/93 09025L 
9/10/93 

11/19/93 
,0/15!93 090~5L 

10/15/93 09025L 
10/15/93 090Z5L 
10/15/93 09025L 
9/29/93 
9/~9/93 

9/24/93 
9/10/93 
9/24/93 
9/24/93 
9/24/93 
9/24/93 
9/10/93 



FS2P54 
FS20S4 
FS2054 
FS20S4 
FS2054 
FS2054 
FS2054 
FS2054 
FS2054 
FS2054 
.FS20S4 
FS20Si. 
fS2Q54 
FS20S4 

FS2054 
FS2Q54 
f'stQSI. 
F$2054 
f$2054 

· FS2t)'~ 
~~~5 
f$2055 

F$~~~ 
f$20$5 
FstOSS · 
Fszoss 
1$2055 .. 
F.S2~S 
,SZOS5 

. F'S20$5 
f.$205$ 
FS205~ 
I'S20$S 
FSZOSS . 
FS205S 
FSZOSS 
FS20S5 
I $lOSS 
fS20SS· 
f$2055 
FS20SS 
f$2055 
F$2055 
f$2055 
FS2055 
FS2055 
FS2055~. 
FS20'S6 
FS2056 

F$2056' 

FS2056 
FS20S6. 

I'S20S6 
F$2056" 
FS2056 
FS2056 
F$2056 
F$2056 
FS2056 
FS20S6 

93.16347 co 
93.16347 CR 
93.16347 cu 
93.16847 FE 
93.16847 HC 

93.16847 X 

93 . 16847 lUi 

93.16847 1111 

93.16847 HA 

93.16&47 Nl 

93.16847 i>B 

93.16847 SB 

93.16847 SE 
93.16847 S04 

93.16847 TA 
93.16847 TH 

93.16847 TL 
93.16847 u 
93.16847 v 
93.16847 ZN 
93.1684! AL 

93.16848 AS 

93. 161!48 BA 

93.16848 BE 
93.16848 CA 

93.16848 co 
93.16848 CL 

93.16848 co 
93.1684& CR 

93.16848 cu 
93.16848 FE 

93.16848 HG 
93.16848 X 

93.16848 HG 
93.16848 MH 

93.16848 NA 

93.16848 Nl 

93.16844 PB 

93.16848 SB 

93.16848 se 
93.16844 sot. 
93.16848 TA 
93.16848 TH 

93.16848 TL 
93.16848 u 
93.16848 v 
93.16&48 ZN 
93.16849 AL 
93.16849 AS 

. 93.16849 8A 

93.16849 BE 
93.16849 CA 
93.16849 CD 

93.16849 CL 
93.16849 co 
93.16849 CR 

93.16849 cu 
93.16849 FE 

93.16849 HG 
93.16849 X 

ICPES 
ICPES 
ICPES 
ICPES 
CVAA 

ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVM 
IC 
ICPHS 
ICPMS 
ICPHS 
ICPHS 

ICPES 
ICP£5 
ICPES 
ETVM 
ICP£5 
JCPES 
ICPES 
ICP£5 
IC 
ICPES 
ICP£5 
ICPES 
ICPES 
CVM 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVM 
IC 
ICPHS 
ICPMS 
ICPHS 
ICPHS 
ICPES 
ICPES 
ICPES 
ETVM 
ICPES 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
CVAA 

ICPES 

.j. ·, .; ,; .:, :,..~ I 

'-a/ ..... .;-...... a! 
1Z. 
13. 
6. 

14000. 
< o. 1 

2700. 
2600. 
300. 
660. 

9. 
37. 

< s. 
< 0.2 
44. 

< 0.2 
7. 

0.2 
2. 

29. 
40. 

11000. 
4.6 

140. 
0.7 

3100. 
0.5 

18.9 
34. 
10. 
9.4 

11000. 
< 0.1 

1900. 
1800. 

450. 
zoo. 

5.5 
26. 

< 5. 
< 0.2 
60. 

< 0.2 
5. 
0.2 
2. 

25. 
31. 

43000. 
7.3 

130. 
2. 

4500. 
< 0.4 
27.3 
10. 
26. 
9. 

27000. 
< 0.1 

4000. 

1. 

1. 

0.6 
1400. 

270. 
260. 
30. 
66. 
0.9 
4. 

4.4 

0.5 
0.2 
0.2 
3. 
4, 

1100. 

0.9 
14. 
0.07 

310. 
0.1 
1.9 
3. 
1. 

0.9 
1100. 

190. 
180. 
45. 
20. 
0.6 
s. 

6. 

0.2 
0.2 
0.2 
3. 
3. 

4300. 
1.5 

13. 
0.2 

450. 

2.7 
1. 

3. 
0.9 

2700. 

400. 

UC/C 
UC/C 
UC/C 

UG/G 
UC/C 
UC/C 
U.C/C 
UC/G 
UC/C 
UC/C 
UG/G 
UG/C 

UC/G 
UCi/G 
UC/G 
UG/G 

UG/G 
UC/G 
UG/G 

UG/G 
UG/G 
UC/G . 

UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/C 
UG/G 
UG/G 
UG/G 

UC/G 
UG/C 
UC/C 
UC/G 
UG/G 

UG/G 
UG/G 
UG/G 
UG/G 

UG/G 
UG/G 
UG/C 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/C 

9/24/93 
9/24/93 
9124/93 
9/24193 
8/31/93 
9124/93 
9/24/93 
9/24193 
9/24/93 
9124/93 
9/Z4!93 

10/19/93 0902SL 
9/10/93 

11/19/93 
10/15/93 09025l 
10!15/93 09025l 
10/15/93 09025l 
10/15/93 09025L 
9/24/93 
9/24/93 
9/24/93 
9/10/93 
9/24/93 
9/24/93 
9/24/93 
9/24/93 
9/10/93 
9/24193 
9/24/93 
9/24/93 
9/2fo/9l 
8/31/93 
9/24193 
9/24/93 
9/24/93 
9/24/93 
9/24/93 
9/24193 

10/19/93 
9/10/93 

1f/19/93 
10/15/93 09025l 
10/15/93 09025l 
10/15/93 09025L 
10/15/93 09025L 
9/24/93 
9/24193 
9/Z4/93 
9/10/93 
9/24/93 
9/24/93 
9/24/93 
9/24/93 
9/10/93 
9/24/93 
9/24/93 
9/24/93 
9/24/93 
8/31/93 
9/24/93 

. i ~ 

.. )
" 



UG/G 9/24/93 
ICPES UG/G 9/24/93 
ICPES UG/G 9/24/93 
ICPES 19. 2. UG/G 9/24/93 

. ··- PB ICPES 25. 3. UG/G 9/Z4/93 
.16849 SB ICPES < 5. UG/G 10/19/93 

93.1W.'9 SE ETVM 0.7 0.2 UG/G 9/10/93 
93',1684~ S04 IC 35. 3.5 UG/G 11119/93 .. 

F~~p.5~ . '93,16849 TA ICPMS 0.2 UG/G 10/15/93 09025l < 

·"·\ FS2056 ;~3 .. 16849 Tl! ICPHS 8. 1. UG/G 10/15/93 0902SL '· 
... 

F6ZOS6 . 93.16849 ·;~ .. Tl ICPHS 0.7 0.2 UG/G 10115/93 0902SL .. 

•. ·-.~· 
fS2Q56 93.16849 u JCPMS 1. 0.2 UG/G 10/15/93 09025L 
FS2056 '· 9:}<16849 v ICPES 55. 6. UG/G 9/24/93 
f$205~ 93•)6849 ZN ICPES 55. 6. UG/G 9/24/93 
1'52057 9~~:1~50 AL ICPES 25000. 2500. UG/G 9/24/93 
f$205.7 9~.1(!850 AS ETVM 4.9 I. UG/G 9/10/93 
Fs2oF 93.16850 BA ICPES 370. 37. UG/G 9/24/93 

; <i"~;i~> ···.· -152057'····· · .:93:.:l~O:BE ICPES 1.3 0.1 UG/G 9/24/93 ::_;",'>:·-·.: 
f52Q57. 

·~·)~?~=~:: ICPES 9700. 970. UG/G 9/24/93 > •• ·, ... 
. '. --~-.-:.:,'. _,- . :.fszns:r .. ICPES 0.6 0.3 UG/G 9/24/93 ' '1··J~!:~';-t· . ·;·. < ~:~ ~~-~·;: ·- . ·. :~,. ;.:,· 

.. ~3·.168$(1 Ct o FS205J IC 39.1 3.9 UG/G 9/10/93 
.:· -\~-~ .. - 152057 ··.·. :~:~~;_168~.Q co ICPES 15. 2. UG/G 9/24/93 

.-~~~~;hL:·:J!~!~· ,,93~:1.6850 ·Cit JCPES 18. 2. UG/G 9/24/93 ... 
ICPES 8. 0.8 UG/G 9/24/93 ... ·:--

· ·.FS2057.·· ICPES 18000. 1800. UG/G 9/24/93 ,'' ·_-.·_;:_._ 

FS20.~ · CVAA < 0 .• 1 UG/G 8/31193 
ICPES 3300. 330. UG/G 9/24/93 

'! "'' ICI'E$ 449Q. 4~. UG/G 9/24/93 
ICPES 4'90. 49. UG/G 9/24/93 
ICPES 570. 57. UG/G 9/24/93 
ICPES 13. 1. UG/G 9/24/93 
!CI'ES 17 •. 5. UG/G 9/24./93 
ICPES < 5. UG/G 10/19/93 
ETVM < 0.2 UG/G 9/t0/93 
IC 74. 7.4 UG/G 11/19./93 
ICPHS < 0.2 UG/G 10/lS/93 ()9'025l 
I Cl>MS 8. 1. UG/G 10/15/93 090251.. 
JCP-HS o.s 0.2 UG/G 10/15./93 090251.. 
.!CPKS 0.9 0.2 UG/G 10/15/93 09025L 
ICPES i.o. 4. UG/G '9/24/93 
ICPES 39, 4. UG/G 9/24/93 
ICPES i4000. 1400. UG/G 9/24193 
ETVM 2.9 0.6 UG/G 9/14/93 

''. F$2059 •. ICI'~.S 30. 3. UC/G 9/24/93 

' ~:i~~:'\ ICPES 0.9 0.09 UG/G 9/24/93 
ICPES 200Q. 200. UC/G 9/24/93 

.. ~ ... 'FS~S9.·.· ICI'ES < 0.4 UC/G 9/24/93 
.. ::_: .. ,.. F$'205~ IC 18.2 1.8 UG/G 9/10/93 

··SL::/. fS20S9 ICPES 9. 0.9 UG/G 9{24/93 
Fiios9;. ICPES 7.3 0.7 UG/G 9/'24/93 

ICPES 1.3 0.1 UG/G 9/24/93 
fS2QS9' . . 16ss'1 1£ ICPES 1'3000. 1300. UG/G 9/24/93 

·.i FS'ZQ~~ .·:93;1~1 JIG CVM < 0.1 UG/G B/31/93 
.f$205~' ; ·9~~t*.q: ICPES 1900. 190. UG/G 9/24/93 

~~~~·'~(:: }~::i~l.:: ICPES 1800. 180. UG/G 9/24/93 
ICPES 76. 8. UG/G 9/24/93 

.Fszo59 . 93. 16851: ~" ICPES 1200. 120. UG/G 9/24/93 

·-~. f$20$9 ; 93.16Sstitl JCPES 6.5 0.6 UG/G 9/24/93 
93. t6is.t PS lCPES < 4. UG/G 9/24/93 

.... 93~·1MS1 sa ICPES < s. UG/G 10/19/93 
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f$20$~ 
fSZOSf 
Fi20S9 
FS20S9 . 
FSZ059. 
FS205,9. 

rs20S9 

FS20S9 
f$2060 

FS20QO 
F$2060 

f£2060 
fsZO!SQ 
1$2060. 

F$2060 
FS2060 
fSZ060 . 
FS206Q 

~Si060 
f$2069 

fS.2060 
FS2060 
FSZ060 

F~~ 
f"S2060 
fS2060 .. 
FS2060·. 

FSZ060 
F$z0.6o 
fS2.060. 

FS2060 · 

f$2060 
FSZ060 .. 

fS~: 
FS'2Q60 

FS20o1 
f$2061'· 

FS2961 .· 
f~t..:;· 

FS206~·· 

F~D6, . 
FS20~1 

FS?Q61. 
·; .. 

FSi061 
F$2061 
FS2061 

fS~G61 
FS2fl6l 
F$2061 ·. 

FS2061 

F$2061 

FS2061 
FS2061 
FS2061 

FS2061 

FS2061 
FS2061 

FS2061 
FS2061 
FS2061 

93.16851 SE 
93.16851 504 

93.16851 TA 

93.16851 TH 
93.168$1 TL 

93.16851 u 
93.16851 v 
93.16851 ZM 
93.16852 AL 

93.16852 AS 

93.16852 BA 

93.16852 BE 
93.16852 CA 

93.16852 CD 

93.16852 CL 

93.16852 co 
93.16852 c. 
93.16852 OJ 

93.16852 FE 

93.16852 HG 

93.16852 1:: 

93.16852 MG 

93.16852 HH 

93.16852 NA 

93.16852 Nl 

9~.16852 PI 
93.16852 ss 

93.16852 SE 
. 93.16852 S04 

93.16852 TA 
93.16852 TH 
93.16852 Tl 

93.16852 u 
93.16852 v 
93. 16852 ZN 

.93.16853 Al 

.93.16853 AS 
,' '93. 16853 8A 

'93. 16853 liE 
93.16853 CA 

. 93. 16853 CD 

93.1685.3 CL 
93.16853 CD 
93.16853 CR 

9.3.16853 OJ 

93. i6853 FE 

9J.16853 HG 

93·16853 I(' 

93.16853 KG 

9J. 16853 MN 
9].16853 NA 
93.1685.3 Nl 

93.16853 PI 

93.16853 Sl 

93.16853 SE 

93~ 16853 S04 

9!. 16853 TA 

93.16853 TH 

93.16853 Tl 

93.16853 u 

ETVM 
IC 
ICPMS 
ICPMS 
ICPMS 
ICPMS 
ICPES 
ICPES 
ICPES 
ETVM 
ICPE$ 
ICPES 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
CVM 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPMS 
ICPES 
ETVM 
IC 
ICPHS 
ICPHS 
ICPH$ 
ICPHS 
ICPES 
ICPES 
ICPES 
ETVM 
ICPES 
ICPES 
ICPES 

ICPES 

IC 
ICPES 
ICPES 
ICPES 

ICPES 
CVM 

ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVM 
lC 

ICPHS 
ICPMS 

ICPHS 
ICPIIS 

- • ~; .'';,;:< _-,:, •. '"."' ··.:.' { ;. • ~- ... ··~ •• -~ ·"·'" .. " 

0 !"; ;" .. : 
I! . ~-#: '-; ; 

0.2' J ~. 

25. 2.5 
< 0.2 

J. 0.2 
< 0.2 

~.4 0.2 

14. I. 

31. 3. 

33000. 

6.7 
410. 

1.5 
87000. 

< 0.4 

168. 
7.2 

15. 
6.8 

17000. 

< 0.1 

4200. 

7400. 

160. 

1600. 

15. 

12. 
< 5. 

1.7 

1.2 
< 0.2 

7. 
0.6 
1.5 

29. 
57. 

30000. 

5.2 

a to. 
1.6 

4000. 

< 0.4 

13.6 

13. 
21. 

9.8 

22000. 

< 0.1 

3800. 
5400. 

480. 

410. 
17. 

16. 

< 5. 
0.5 

30. 

< 0.2 

9. 
0.2 
0.9 

3300. 

1.3 
41. 

0.2 
8700. 

17. 
0.7 

2. 
0.7 

1700. 

420. 
740. 

16. 

1. 

2. 
1. 

0.3 

o. 1 

1. 

0.2 
0.5 

3. 
6. 

3000. 

1. 
21. 
0.2 

400. 

1.4 , . 
2. 
0.9 

2200. 

380. 
51.0. 

48. 

41. 

2. 
3. 

0.2 

3. 

1. 

0.2 

0.2 

UG/G 
UG/G 
UG/G 

UG/G 
UG/G 
UG/G 
UC/G 
UC/G 

UC/G 
UC/G 
UG/G 
UC/G 
UG/G 
UC/G 
UG/C 
UG/C 
UC/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/C 
60/G 
60/C 
UG/G 
UC/G 
UC/G 
IIC/G 
UC/G 
UG/G 
UG/C 
UG/G 
UC/C 
UG/G 
UC/C 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UGIG 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UGIG 
UG/G 
UG/G 

UGIG 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 

UG/G 
UG/G 

9/14/93 

11/19/93 

10/15/93 BATCH 09085l 

10/15/93 BATCH 09085l 

10/15/93 BATCH 09085L 
10/15;93 BATCH 09085L 

9/24/9.3 

9/24/93 

9/24/93 

9/14/93 

1/10/94 

1!10/94 
1/10/94 
1/10/94 

9!10/93 
1/10/94 
1/10/94 

1/10/94 

1/10/94 

8/31/9.3 

1/10/94 

1/10/94 

1/10/94 

1/10/94 

1/10/94 

10/15/93 8AiCH 09085L 

10115/9.3 

9/14/93 

11/19/93 

10/19/9.3 BATCH 09085L 
10/15/93 BATCH 09085l 

10/15/9.3 BATCH 09085L 
10/15/93 BATCH 09085L 

1110/94 
1/10/94 

9/24/93 

9114/93 

9/24/93 
9/24/93 
9/24/9.3 

9/24193 

9/i0/93 
9124/93 

9/24/93 

9!24/93 

9/24/93 

8/.3119.3 
9/24/93 
9/2/,/9.3 

9/24/93 
9/24/93 

9/'Z/,/93 

9/2/,/93 

10/19/93 

9/1/,/93 

11/19/93 

10/15/93 BATCH 09085L 

10/15/93 BATCH 09085L 

10/15!93 BATCH 09085L 

10/15/93 BATCH 09085L 

.•• . -1 ~" 



·- ---~ 

'.:.-

fS2062 
FS2062 
fS2062 

. FS2062 
fS2062 
FS2062 
H2062 
FS2062 .· . 
fS2062 

.· FS20(>~~- . 
f!i2064!'· 
'FS2062 
F~2062-

FS2~2 
--~--- ~-~~~--· 

•. ; . . · fS~6i!! . 

.··... . 

.93. 1685.4 AS 
93.16854 BA 
93.16854 BE 
93.16854 tA 

.. 93.16854 co 
93~ 16854 Cl 
.93.16854 co 
93.16854 CR 

93.16854 cu 
93· 16854 FE 
9l.l6854 HG 
:.93. 1(1854 I( 

9~; t685~ we 
· .. ,93..1~54 MN 

:93~ 1_6554 11A 
. ;, ·~:~,1~54 .HI 

·· .'4·,1:6854 PB 
:~:~16854 .SB 

, ,.. · FS206Z . ·93•.·16854 SE 

• ~ f$~062 ~-'~J6&54 S04 
· .. ;. ·-FS2062:· . ·. · . ..: :9j_'·. 16854 TA 

·'·:r:~~, · !·:~::· , .:;:i:;::t i~ . 
·fS206Z:,... ~3;t6854lt 
fSt062, 

Hi~~ ,( .'?:~1:1.6$Ss eo 
'F-si~ ;, ,>"93; }6855 ·CR 

. . . :::,::111~ 
FS2063 '•')~~d~S Ji;. 

.+ ls2o'o3 . .:· ·· :tJ3~168SS. Ill 
,;;' ;:~:~: . ·~-}~:;;;: 

_i's2'o63 ,,,.J9~;~1~5S. se 
.. .F.S2Q63.. ·-i.9J;:.1685~ S04 

· fS2063 . '93.1685'5 TA 
mo63 
FS2063 

'fS2063 
FS'2063 
FS20(>3 
f$2064 
fS2064 
FS2064 
FS2064 

9J.I6855 Ttt 
·, in•.168S5 T~ 

~xL168ss u 
. 9~'. t68~~ v 
. 93.16855 ZN 

'93.16856 Al 
93,16856 AS 

' 93 .• 16856 BA 
93.16856 BE 

ICPES 
ICPES 
ETVM 
ICPES 
ICPES' 
ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
CVM 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ltPMS 
ICPES 
ETVM 
IC 
ICPHS 
ICPHS 
ICPHS 
ICPHS 
ICPES 
ltPES 
ICPES 
ETVM 
IC:PES 
ICP!S 
ICPES 
1CPES 
It 

ICPES 
lcPES 

JCPES 
ICPES 
CVM 

ICPES 
ICpES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVM 
It 
ICPHS 
!CPHS 
ICPHS 
!CPHS 
!CPES 
ICPES 
ICPES 
ETVM 
ICPES 
ICPES 

8000. 
3.5 

270. 
0.76 

3200. 
< 0.4 
46.2 
9.1 
4.4 

< o.s 
7100. 
( o., 

1100. 
1600. 

54. 
500. 

4.4 

s. 
( 5. 
< 0.2 
95 .• 

< 0.2 
4. 
0.2 
'().4 
9. 

17. 
J9000. 

4.8 
t80. 

I .1 

2100. 
: ~ '0 .• 4· 

15.8 
14. 
8.7 
2. 

12000. 
< O.f 

2200. 
2500. 

120:. 
830. 

7.7 
13. 

< 5. 
o.a 

80. 
< 0.2 

7. 
< 0.2 

o:1 
20. 
23. 

10000. 
4.1 

140. 
o.n 

800. 
0.7 

27. 
0.08 

320. 

4.6 
0.9 
0.5 

710. 

uo. 
160. 

s. 
so. 
0.4 
1. 

10. 

0.2 
0.2 
0.2 
1. 
.2. 

1900. 
1. 

18. 
0.1 

210. 

1.6 

1. 
0.9 
0.4 

1200. 

220. 
250. 

12. 
83. 
0.8 
6. 

0.2 
B. 

0.4 

0.2 
2. 
2. 

1000. 
0.8 

14. 
0.08 

UG/G 9/24/93 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/Ci 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

UG/G 
UC/G 
UG/G 
UG/G 
UG/C 
UG/G 
UG/G 
UG/G. 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/Ci 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

9/24/93 
10/15/93 
9!14/93 

10/15/93 
10/15/93 
10!15/93 
10/15/93 
9!10193 

10/15/93 
10/15/93 
10/15/93 
10115/93 
8/31/93 

10/15/93 
10/15/93 
10/15/93 
10/15/93 
10/15/93 
10/15/93 BATCH 09085L 
10{19/93 09085HA·2 
9/14/93 

11/19/93 
10115/93 BATCN 09085l 
I0/15/93 8ATCH 0908$l 
10/15/93 BATCH 09085l 
10(15/93 BATCH 09085l 
10115/93 
10/15/93 
10/15/93 
9/14/93 

10/15/93 
10/15/93 
10/15/93 
10/IS/93 
9/10/93 

10/15/93 
10/15/93 
10!15/93 
10/15/93 
8/31/93 

10/15/93 
10/15/93 
10/15/93 
10!15/93 
10!15/93 
10/15/93 
10/19/93 09085HA·2 
9/14/93 

11/19/93 
10/15/93 BATCH 09085l 
10/15/93 BATCH 09085l 
10/15/93 BAtCH 09085l 
10/15/93 BATCH 09085l 
10!15/93 
10!15/93 
10!15/93 
9!14/93 

10115/93 
10!15/93 



FS2064 
FS2064 
FS2064 
FS2064 
FSZQ64 
FSZ064 
l'S2064 
FS2064 
FS2064 
F$2064 
152064 
F$2064 
FS2064 
FS2064 
FS2064 
FS2064 

. FS2064 
FS2064. · 
FS2064 
F~064 

FS2064 
FS2064. 

FS2064 
FS206S. 
FS2065 
FS2065 
152065 
f$2065 
FS2<16~ 
.·112065 
FS2065 
Fs206S 

F52Q6S 
n2o6s· 
F.S2065 
FS206S 

·FS2065 
F~ll65 

1~065 

FS2065 
152065. 
FS2065 
FS20.65 

152065 
FS2a6S .· 

FS2065 
FS2065 
FS2065 
FS2065 
FS2065 
FS2066 
FS2066 
FS2C66 
FS2066 
FS2066 
FS2066 
FS2066 

f$2066 
FS2066 
FS2066 

·~.:. ' ··'. ~~·'· ,.·· .. 

93.16856 CA 
93 . 16856 CD 
93.16856 CL 
93.16856 co 
93.16856 CR 

93. 16856 cv 
93.168.56 FE 
93. 16856 HC 
93.16856 ( 
93.16856 MC 
93.16856 HN 

93.16856 NA 

93.16856 HI 

93.16856 PB 

93.16856 SB 

93.16856 se 
93.16856 S04 

93.16&56 TA 
93.16856 TH 
93.16856 TL 
93.16856 u 
93.16856 y 

93.1~ ZN 
93.16857 AI. 

93.1685., AS 
93,168$7 SA 

93.16857 BE 

93.16857 CA 

93.16857 co 
93.16857 CL 
93.16857 co 

· 93.16857 a 
93.16857 cu 
93.16857 FE 
93.16857 HC 
93.16857 K 

93.16857 HC 
93. 16857 Mil 
93.16857 NA 

·. 93.16857 Ill 

93.16857 PB 
93.16857 SB 

93.16857 SE 
93.16857 504 

93.16857 TA 
93.16857 TH 
93.16857 TL 
93.16857 u 
93.16857 v 
93.16857 ZN 
93.16858 Al 
93.16858 AS 
93.16858 BA 
93.16858 BE 

93.16858 CA 

93.16858 CD 

93.16858 CL 

93.16858 co 
93.16858 CR 
93.16858 cv 

ICPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
CVM 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVM 
IC 
ICPHS 
ICPHS 
ICPHS 
ICPHS 
ICPES 
ICPES 
ICPES 
ETVAA 
ICPES 
ICPES 
ICPES 
ICPES 
JC 

ICPES 
ICPES 
ICPES 
ICPES 
CVAA 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
JCPES 

ICPES 
ETVAA 
!C 
ICPHS 
ICPHS 
ICPHS 
ICPHS 
ICPES 
ICPES 
!CPES 
ETVM 
ICPES 
ICPES 
!CPES 
ICPES 
IC 
ICPES 
ICPES 
!CPES 

r\ ;-, 7', rr 
w i~'~o':·\ r .190. 

• 0.4 

16.8 1.7 
11. 1. 

6.1 0.6 
< 0.5 

9300. 930. 

1500. 
1600. 
280. 
220. 

5. 
14. 

< 5. 
0.6 

31. 
< 0.2 

8. 
0.2 
1.5 

17. 

21. 
24000. 

6.9 
140. 

1.4 

5600. 
< 0.4 

168. 
5.5 
9.5 
3.8 

15000. 
< 0.1 

2000. 
3700. 

76. 
610. 

9. 
19. 

< 5. 
1.1 

324. 
< 0.2 
10. 
0.7 
0.9 

21. 
28. 

7000. 
3.9 

84. 
0.54 

1300. 
< 0.4 

12.3 

6.6 
6.6 
2.7 

150. 
160. 
28. 
22. 
3. 
t. 

0.2 
3 • 

1. 
0.2 
0.5 
2. 
z. 

2400. 
1.4 
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FSi!OfS 93.16866 Al mrn 93. 16866 As 
FS20i5.. 93.16866 SA 
~,SlC75 93.16866 SE 
~$2075 ·. · 93. 16866 CA 

r$2075 93. 16866 co 
FS20i5 93.16866 CL 
.i~o7$. 91.16&66 co 
fS20rS.; 93.16866 CR 

JS2.oi{< ... · 93.16866 cu 
FS~Ci$ •· · 93.16866 FE 
:F$2trJS· ' . 93. 16866 ·HG 

,~o?i' · 91.16866 a: 
ESZ07$ 93.16866 MG 
F$2075. 93.16866 HH 

. ·: 

152075' 
.isao1f· · 
1'52075 
FS2075 
FS2075. 
FSi075 . 
FS207S · 

f.$'2075 
FS2075 .· 
Fs<075. 
FS2075 
FS2075 \. 
FS2076 
F$2076 
FS2076 
I'S2076 
FS2076 
F$2076 
F$2076 

.93.16866 HA 
93.16866 Nl 

93.16866 PB 
91.16866 SB 
93.16866 se 
-93.16866 S04 

93.16866 TA 

93.16866 TN 
93.16866 Tl 
93.16866 u 
93.16866 v 
93.16866 ZN 

~.16867 AL 
93.16867 AS 
93.16867 SA 
93.16867 BE 
93.16867 CA 

93.16867 CD 
93.16867 CL 

ETVAA 
ICPES 
!CPES 
lCPES 
ICPES 
rc 
ICPES 
lCPES 
ICPES 
lCPES 
CVAA 
lCPES 
ICPES 
ICPES 
I CPU 
ICPES 
ICPHS 
lCPES 
ETV.V. 
IC 
ICPNS 
ICPHS 
ICPHS 
ICPHS 
ICPES 
ICPES 
ICPES 
EiVM 

ICPES 
ICPES 
ICPES 
ICPES 
IC 
ICPfS 
ICPES 
ICPES 
ICPES 
cv.v. 
ICPES 
ICPES 
ICPES 
ICPES 
lCPES 
JCPES 
I CPU 
ETVAA 
IC 
ICPMS 
ICPHS 
JCPHS 
ICPHS 
ICPES 
ICPES 
lCPES 
ETV.V. 
ICPES 
JCPES 
ICPES 
ICPES 
IC 

1.5 
4.8 
0.29 

200. 
( 0.4 
31.7 

46. 
< 0.5 
c 0.5 

5400. 
( 0.1 
970. 
ISO. 
180. 

810. 
< 2. 

3. 
< 5. 
< 0.2 
19. 

< 0.2 
5. 

( 0.2 
0.9 
2.8 

26. 
14000. 

3.9 

24. 
0.86 

1700. 
< 0.4 
574. 
21. 
6. 

3.9 

11000. 
< 0.1 

1200. 

2200. 
88. 

670. 
7. 

13. 
< 5. 

0.3 
342. 
< 0.2 

5. 
< 0.2 

0.6 
14. 
43. 

56000. 
13.6 
89. 

3.4 
6200. 

< 0.4 
724. 

0.3 UC/G 
0.5 UG/G 
0.03 UG/G 

20. UG/G 
UG/G 

3.2 UG/G 
5. UC/G 

UG/G 
UGIG 

540. UC/G 
UG/G 

97. UG/G 

18. UG/G 
18. UC/G 
81. UG/G 

UG/G 
0.4 UG/G 

UG/G 
UG/G 

2. UG/G 
UG/G 

0.4 UG/G 
· UG/C 

0.2 UG/G 
0.3 UG/G 
3. UC/G 

1400. UG/G 
0.8 UC/G 
2. UG/G 
0.09 UG/G 

170. 

57. 
2. 
0.9 
0.4 

1100. 

120. 
220. 

9. 
67. 
3. 
4. 

0.2 
34. 

0.5 

0.2 
1. 
4. 

5600. 
2.7 
9. 
0.3 

620. 

n. 

UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G · 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/C 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

9/14/93 
10/18/93 
10/18/93 
10!18/93 
1/10/94 
9/10/93 
1/10/94 
1/10/94 
1/10/94 
1/10/94 
8/31/93 
1!10/94 
1!10/94 
1/10/94 
1/10/94 
1!10/94 

10/15/93 BATCH 09085L 
10!15/93 
9/14/93 

11/19/93 
10/15/93 BATCH 09085l 
10/15/93 BATCH 09085l 
10/15/93 BATCH 09085l 
10/15/93 BATCH 09085L 
1/10/94 
1110/94 

10/18/93 0908511A 
9/14/93 

10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
9/10/93 

10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085NA 
10/18/93 09085HA 
8/31/93 

10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/15/93 09085HA 
10/15/93 09085HA·2 
9/14/93 

11/19/93 
10/15/93 BATCH 09085L 
10/15/93 BATCH 09085L 
10/15/93 BATCH 09085L 
10/15/93 BATCII 09085L 
10{18/93 09085HA 
10!18/93 09085HA 
10/18/93 0908SHA 
9114/93 

10/18/93 09085HA 
10/18/93 0908SHA 
10/18/93 0908511A 
10/18/93 09085HA 
9/10/93 

~. ·, 



('• 

r·: 

FS2076 
FS2076 
fS2076 
fS2076 

FS2076 
FS2076 
FS2076 

FS2076 
FS2076 
FS2076 
FS2076 
FS2076 
FS2076 
FS2076 
FS2076 
FS2076 
FS2076 
FS2076 
FS2076 
FS2076 
F$2077 
FS2077 
FS2077 
F$2077 
FS2077 
FS2077 
FS2077 
FS2077 
FS2077 
FS2077 
FS2077 
FS2077 
FS2077 
FS2077 
fS2077 
FS2077 
FS2077 
FS2077 
FS2077 
FS2077 
f52077 
fS2077 
FS2077 
FS2077 
FS2077 
FS2077 
FS2077 
FS2078 
FS2078 
FS2078 
FS2078 
FS2078 
FS2078 
FS2078 
FS2078 
FS2078 
fS2078 

FS2078 
FS2078 
FS2078 

93.16867 co 
93.16867 CR 
93.16867 cu 
93.16867 FE 
93.16867 HC 
93.16867 I: 

93.16867 ll(i 

93.16867 liN 

93.16867 NA 
93.16867 Nl 

93.16867 PB 

93.16867 SB 
93.16867 SE 
93.16867 504 

93.16867 TA 
93.16867 TK 
93.16867 TL 
93.16867 u 
93.16867 v 
93.16867 Zll 
93.16868 AL 
93.16868 AS 
93.16868 BA 
93.16868 BE 
93.16868 CA 

93.16868 co 
93.16868 CL 
93.16868 co 
93.16868 CR 

93.16868 cu 
93.16868 FE 

93.16868 HG 
93.16868 K 

93.16868 HG 
93.16868 liN 

93.16868 NA 
93.16868 HI 

93.16868 PB 
93.16868 SB 
93.16868 SE 
93. 16868 504 
93.16868 TA 
93.16868 TH 
93.16868 TL 
93.16868 u 
93.16868 v 
93.16868 ZN 
93.16869 Al 
93.16869 AS 
93.16869 BA 
93.16869 BE 
93.16869 CA 
93.16869 CD 

93.16869 Cl 
93.16869 co 
93.16869 CR 
93.16869 cu 
93.16869 FE 
93.16869 HG 
93.16869 K 

ICPE!. 
ICPES 
ICPES 
ICPES 
CVM 
ICPES 
ICPES 
ICPES 
lCPES 
ICPES 
ICPES 
ICPES 
ETVM 
IC 
ICPHS 
ICPHS 
ICPHS 
ICPHS 
ICPES 
ICPES 
ICPES 
ETVM 
ICPES 
ICP!S 
ICPES 
ICPES 
JC 
ICPES 
ICPES 
ICPES 
ICPES 
CVM 
ICPES 
JCPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVAA 
IC 
ICPHS 
ICPIIS 
ICPHS 
ICPHS 
ICPES 
JCPES 
ICPES 
ETVM 
ICPES 
ICPES 
ICPES 
ICPES 
JC 
ICPES 
ICPES 
ICPES 
ICPES 
CVM 

ICPES 

27. 
24. 
15. 

30000. 

0.1 
4600. 
7000. 

520. 
2000. 

25. 
31. 

< 5. 
2.lo 

462. 
< 0.2 
15. 
0.7 
2. 

47. 
66. 

3500. 
0.8 

27. 
0.31 

1100. 
< 0.4 

16.4 
29. 
1.9 

< 0.5 
3300. 

< 0.1 
750. 
sao. 
140. 
660. 
< 2. 
< 4. 

< 5. 
< 0.2 
20. 

< 0.2 
2. 

< 0.2 
0.2 
4.6 

14. 
4400. 

0.7 
31. 

0.4Z 
900. 
< 0.4 
58.9 
34. 

2.1 
< 0.5 

3300. 
< 0.1 

1100. 

3. 
2. 
3. 

3000. 
0.1 

1.60. 
700. 

52. 
200. 

3. 
8. 

0.5 
46. 

2. 
o.z 
0.5 
5. 
6. 

350. 
0.2 
3. 
0.03 

110. 

1.6 

3. 
0.8 

330. 

84. 

sa. 
14. 
66. 

2. 

0.2 

o.z 
o.s 
1. 

1.1.0. 

0.2 
3. 
0.04 

90. 

5.9 
3. 
0.2 

330. 

110. 

UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UC/G 
UG/G 

UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/C 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/0 
UG/G 
UO/G 
UC/G 
UG/G 
UG/G 
UG/0 
UC/G 
UC/G 
UG/G 
UG/G 
UG/0 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/C 

10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
8/31/93 

10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/15/93 09085HA 
10/15/93 09085HA·2 
9/14/93 

11/19/93 
10/15/93 BATCH 09085L 
10/15/93 BATCH 09085L 
10/15/93 BATCH 09085L 
10/15/93 BATCH 09085L 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
9/14/93 

10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
9/10/93 

10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
8/31/93 

10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/15/93 09085HA 
10/15/93 09085HA·2 
9/14/93 

11/19/93 
10/15/93 BATCH 09085L 
10/15/93 BATCH C9085l 
10/15/93 BAtCH 09085L 
10/15/93 BATCH 09085L 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
12/17/93 
10/18/93 09085MA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085MA 
9/10/93 

10/18/93 09085HA 
10/18/93 09085MA 
10/18/93 09085HA 
10/18/93 09085HA 
8/31/93 

10/18/93 09085HA 

.. 



;.• .. 

FS2070' 
Fsi07~ 

FS2078 
FS2o'78 
FS2078 
FS2078 

FSZ078 
fSZ078 
FSZ078 
fS2078 
FS2078 
FS2078 
FS2079 

15207? 
FS2079 
·15201'9 
FS20('9. 
rno79· 
FS21i79 
FS2079. 
FS2079 
:Fsz~· 

FS.2079. 
FS2079 
1'$2079 
FSZ079 
f$21)79 
F$207'9 

FS2079 
fS2079 
f52079 
f52079 
f$2079 
FS2079 
FS2079 
15207'9 
FS207'9. 
FS207'9 
f$2079 

93.16869 HG 
93.16869 Hll 
93.16869 NA 
93,16869 Nl 
93.16869 PB 
93.16869 SE 
93.16869 504 

93.16869 TA 
93.16869 TH 

93.16.869 u 
93.16869 ,. 
93.16869 ZH 

93.16870 AL 
93.16870 AS 
93.16870 BA 
93.16870 BE 

93.16870 CA 

93.16870 Q) 

93.16870 CL 
93.16870 co 
93.16870 CR 

93. 1681Q cu 
93.16870 FE 
93.16870 HG 
93.16870 K 
93.16870 HG 
93.16870 Hll 
93.16870 NA 
93.16870 HI 

93.16870 PB 
93.16870 sa 
9!.16870 SE 
93.16870 $04 

93.16870 TA 
93.16870 TH 
93.16870 Tl 
93.16870 u 
93.16&70 v 
93.16870 2N 

ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ETVAA 
!C 
ICPHS 
!CPHS 
ICPHS 
ltPES 
ICPES 
ltPES 
ETVAA 
ICPES 
ICPES 
JCPES 
ICPES 
IC 
ICPES 
ICPES 
ICPES 
ICPES 
CVAA 
ICPES 
ICPES 
ICPES 
ICPES 
ICPfS 
ICPES 
ltPfS 
ETVAA 
IC 
ICPHS 
ICPHS 
ICPHS 
ICPHS 
ICPES 
ICPES 

CUSTOMER SIJ1f'L£ DUPLICATES: 

CUSTOMER 
HUH 

FS2000 
FS2000 
F$2001 
152001 
FS2002 
F$2002 
f$2003 
FS2003 
FS2003 
F$2003 
FS2003 
F$2003 
FS2003 
fS2003 

SAMPLE ANALYTICA~ 

HUH ANA~YSIS TECHNIOUE 

93.16797 HG 
93,16797 HG 
93.16798 .HG 
93.16798 NG 
93.16799 HG 

93.16799 HG 
93.16800 AS 
93.16800 HG 
93.16800 HG 
93.16800 sa 
93.16800 SE 
93.16800 TA 
93.16&00 TH 
93.16800 Tl 

CVAA 
CVAA 
CVAA 
CVAA 
CVAA 
CVAA 
ETVAA 
CVAA 
CVAA 
ICPHS 
ETVAA 
ICPHS 
ICPHS 
ICPHS 

~ ... - \ ·.• .... 
900. 
140. 
770. 

< 2. 
7. 

< 0.2 
16. 

< 0.12 
3.4 
0.4 
4.4 

19. 
3700. 

0.9 
35. 

0.32 
1500. 

< 0.4 
15.7 
24. 
2. 
3.1 

3800. 
< 0.1 

1100. 
910. 
150. 
830. 

6. 
24. 

< 5. 
< 0.2 
19. 

< 0.125 
2.5 

< o. 125 
0.6 
4. 

21. 

AHALYTICAL 
RESULT 

< 0.1 

< 0.1 

< 0. I 

< o. 1 

< 0.1 
< 0.1 

6.4 
< 0.1 

< 0.1 
< 0.2 

0.34 
< 0.2 

8. 
0.4 

,£-31 

··:;···· 

90. UG/G 
14. UG/G 
77. UG/G 

UC/C 
2. UC/C 

UG/C 
1.6 UG/G 

UG/C 
0.2 UG/G 
0.04 UG/G 
0.4 UG/G 
2. UC/G 

370. UC/G 
0.2 UG/G 
4. UG/C 
0.03 UG/C 

150. UG/G 

1.6 

z. 
0.3 
2.7 

380. 

110. 
91. 
15. 
83. 

3. 
12. 

2. 

0.2 

0.04 
1. 
2. 

· UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UC/G 
UG/G 
UC/G 
UC/G 
UG/G 
UG/C 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 

ANALYTICAL 
UNCERTAINTY UNITS 

1.3 

0.3 

0.2 
0.2 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UC/G 
UG/G 
UG/C 
UCi/C 
UG/G 
UG/G 
UC/G 

10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
12/17/93 
11/19/93 
1/13/94 
ltl3/94 
1/13/94 

10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
12/17/93 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
9110/93 

10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085MA 
10/18/93 09085HA 
8/31/93 

10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
10/18/93 09085HA 
11/01/93 09085HA·2 
12/17/93 
11/19/93 
1/13/94 
1/13/94 
1/13/94 
1/13/94 

10/18/93 09085HA 
10/18/93 09085HA 

COMPLETION 
DATE 

8/27/93 
8/27/93 
8/27/93 
8/27/93 
8/27/93 
8127/93 
9107193 

8127/93 
8/27/93 

COAAENT 

10/19/93 082T5LA 
9/07/93 

10/19/93 08275LA 
10/19/93 082T5LA 
10/19/93 08275tA 

. ,;;!-' .. · .. _ ... ,_ .• ·.. ·.).-...:..• 
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,fS2009 

FS20.~ '·. 

CVM 
CVM 
CVM 
CVM 
CVM 
CVM 
CVM 
CVM 
CVM 
CVM 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
CVM 
CVM 
ICPES. 
ICP~S 

ICPE$ 
lcPES 

ICP'ES 
lCPES 
ICPES 
ICPES 
l.CPES 
CVM 
CVM 
CVAJ, 
CVM 
CVM 
CVM 

CfJM 
CVM 

.CVAA 
tyM 
CVM 
CVM 
CVM 
·CVM. 

CVM' 
~iA 
ETVAA 
.CVM 
CVAA 
lCPHS 
ETVM 
ICPHS 
ICPH$ 
ICPHS 
ICPHS 
ICPES 
ICI'.ES 

< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 
< o., 
< 0.1 
< 0.1 

14000. 
no. 

0;92 
1&00. 

( 0.4 
8.3 

12. 
8.8 

9600. 
< 0.1' 
< 0.1 

2$00. 
2700. 
100. 
220. 

·~·5. 
1o; 

< ·s. 
17. 
38; 

'< o. 1. 
.• tl,1 

'< 0.1 
< O.l 
•Jl>l 
< tl,1 
< ';0~1 

< 0.1 
< 0.1 
< ();f 

< 0.1 
<. !k1 

< o. 1 
< o., 
c·o., 
< 0.1 

2.5 
•<· .. o, 1 

< 0.1 
<O.Z 

0.5 
c'o.z 

5. 
·< 0.2 

2.4 
7600. 

{,t .• 
0.53; 

2200. 

1400. 
11. 
0.09 

1!0. 

0.8 
1 • 

0.9 
960. 

280. 
270. 
10. 
22. 
o.r 
3. 

2. 
4. 

0.5 

0.2 

o.s 

0.3 
760. 

6. 
0.05 

220. 

UG/G 
UG/C 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/C 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/4 
UG/G 
UG/G 
UG/G 
UG/C 
~i:i/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G · 
UG/G 
UG/G 
1JG/G 
UG/G 
UG/G 
UG/C> 
UGIG 
UG/4 
UG/G 
OG/G 
UG/G 
UGJG 
lJll/G 
UG/C 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/Ci 
UG/{i 
UG/G 
UG/G 
UG/G 
UG/C 

Hi/19/93 082'15lA 
8/27/93 
B/27/93 
8127/9'5 
8127/93 
8/27/93 
8127/93 
8127/9'5 
8/27/93 
8127/93 
8127/93 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 08275HA 
9/09/93 0827SKA 
9/09/93 08,~7511A 
9/09/93 08275MA · 
9/09/93 0az75KA 
9109193·. 082'15HA 
9/09/93 08275HA 
8/27/93 
8/27/93 
9/09/93 0827SHA 
9/09/93 tJSUSMA 
9/09/93 :o&.2tSKA· 
9109/93 ~tsMA 
9/09/93 ·o~z1stl,.·: 
9!09/93 ·~~· 9109193 oe'~n·IIA .. 
9/09/93 qafulik 
9/09/93 oaii'Si!A··· 
8/27/93 
'8/27/93 
8/27/93 
8121/93 
8127/93 
'f>/2.7/93 
8/27/93 
8/27/93 
8127/93 
8/27/93 
8/27~3 

8127/93 
8131/93 
ai.Jt/93 
8/Jtr93 
8/31/93 
9108/93 
8/31193' 
8/31/93 

10/19/93 !l8J15l.A 
9/08/93 
9/"/,3/f/3 08315LA 
9/23(93 ·08l15\iA 
9/23/93 oal.t5iiA 
9/23/93 0831~.l'A 
9/09/93 n831sii.A. 
9/09/93 .0~3f5HA• 
9/09/93 083\5HA 
9/09/93 0831~1\ ... ~: 



.. 

·~52~19. 93.16816 FE 

E~20l9 ''. 93.16816 HG . ·,es ·;:j~J~ 
FSltli9 .. 93.16816 IIA 

, r@u;:'::.: ·· ; 93.16816: 111 

· 93.16816 .ZII 
·93~ 16817 IIG 

;~l'l~OlZQi{\'<:. J',93.16817·.HG 
.'~3.1681Jl. !IG 

93. 168J8':JrG 

·93~ 16819. JIG 

ICPfS 
ICPES 

ICPES 

JCPES 
ICPES 
CVM 
CVM 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

ICPES 

ICPES 

ICPES 
ICPES 
CVM 
CVM 
CVAA 
CVAA 
CVM 
CVM 
CVM 
CVM 
CVM 
CVAA 
CVAA 
CVM 
CYM 

CVM 
CVM 
CVM 
CVM 
CVM 
CVM· 
CVM 
CVM 
CVM 
CVM 
CVM 

CVM 
CVAA 
CVM 
CVM 
CVM 
CVM 
CVM 
CVM. 
CVM 
CVM 
CVM 
CVM 
CVM 
CVAA 
CVM 
CVM 
CVM 
CVM 
CVAA 
CVAA 

r·-~ :· 
. ~· ~ 0.4 

11. 
5. 
1. 

8900. 
< 0.1 
< 0.1 

1500. 
1200. 
430. 
310. 

4.7 
< 4. 
< 5. 

1C!. 
38. 

< 0.1 
< 0.1 
< 0.1 
< 0.1 

< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 

0.2 
0.2 

< 0.1 
< 0.1 

< 0.1 

< 0.1 
< 0.1 
< 0,1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0,1 

< 0.1 
< 0.1 
< 0.1 

0.1 
0.1 

< 0.1 

< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0. t 
< 0.1 
< 0.1 
< 0.1 
< O.t 
c 0.1 

< 0.1 

1. 

0.5 
0.1 

890. 

150. 

120. 
43. 
31. 
0.6 

1. 

4. 

0.1 
0.1 

0.1 
0.1 

UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/G 
UG/G 
UG/G 
UG/G 
UC/G 
UG/C 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

UG/C 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 
UG/G 

9/09/93 08315HA 
9/09/93. 08315HA 
9/09/93 0831SHA 
9!09!93 08315HA 
9/09/93 08315HA 
8/31/93 
8/31/93 
9/09/93 08315HA 
9109!93 08315HA 
9!09!93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/1:19/93 Oal15HA 
9/09/93 08315HA 
9/09/93 08315HA 
9/09/93 08315HA 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/ll/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8131/93 
8131!93 
8/31/93 
8/3l/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
11/31!93 
8/31/93 
11/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/9) 

) 



CVM UG/G 8/31/93 
CVM < 0.1 UG/G 8/31/93 
ICPES 62000. 6200. UG/G 9/24/93 FS2_oi,o. ETVM 5.7 1.1 UG/G . 9/10/93 FS2046 93.16840 8A ICPES 320. 32. UG/G 9/29/93 f$2()46 9~ • 16840 BE ICPES 3.9 0.4 UG/G 9/24/93 FS2046 93.16840 CA ICPES 14000. 1400. UG/G 9/24/93 FS2046 93.16840 co ICPES 2.5 0.3 UG/G 9/24/93 FS2046 93.16840 co ICPES 12. 1. UG/G 9/24/93 FS2046 93.16840 CR 1CPES 36. 4. UG/G 9/24/93 FS2046 93 • , 6840 cu ICPES 16. 2. UG/G 9/24/93 FS2046 93.l6840 F£ ICPES 36000. 3600. UG/G 9/24/93 ... FS2046. 93 • 1 (;840 HG CVM < 0.1 UG/G 8/31/93 :" . .';:. 

FS2046 93.16840 HG CVM < 0.1 UG/G 8/31/93 
.'.:· 

FS2046 :'93 ~ 16840· r: ICPES 6900. 690. UG/G 9/24/93 
,. F-52046. 93.16840 MG 1CPES 10000. 1000. UG/G 9/24/93 rs2o46- 93.16840 HN ICPES 290. 29. UG/G 9/Z4/93 FS2046 ·93 • 1684() NA ICPES 1800. 180. UG/G 9!24/93 

FS204~. 93.16840 Nl ICPES 30. 3. UG/G 9/24/93 
FS2o46 93.16840 PB ICPES 26. 7. UG/C 9/24/93 
FS204~·· 93,.16840' :!8 ICPMS < 0.1 UG/C 10/19/93. 0902SL 

., 152046 93 .• 16840 SE ETVM 0.8 0.2 UG/C 9/10/93 . .· ~ 
FS2046 9]~l6840 TA ICPMS < 0.2 UG/G 10/15/93 b9025L 
FS2046 93.16840 TH ICPMS 10; 1. UG/G 10/15/93 09025L FS2oi.6 · 93.16840 Tl ICPMS 0.7 0.2 UG/G 10/15/93 09025L 
F$2046 93.16840 u ICPMS 1. 0.2 UG/G 10115/93 09025L 152046 .· ·. 93.:16840 y ICPES 57. 6. UG/G 9/24/93 
FS2fl46· .93,1~0 Zll tCPES 76. 8. UG/G 9/24/93 

. FS204S. );3.16841 HG CVM < 0.1 UG/G at31/93 FS2048. 0 93.16841 HG CVM < 0.1 UG/G 8/31/93 
J$2()49 .. ' .:·93~16842 HG CVM < 0.1 UG/G 8/31/93 ·•.t"' .. '; .· ..• 

FS2.049 ··93~ 16842 KG. CVM < 0.1 UG/G 8/31/93 
FS2050 -~~~~3 HC CVM < 0., UG/G 8/31/93 
FS2050• 93.t68i.3 HG CVM < 0.1 UG/G 8/31/93 
FS2051 93.16844 HG CVM < 0.1 UG/G 8/31/93 

'.rs2.os1 ·: 93.i6844 HG CVM < 0.1 UG/G 8/31!93 
l'szils~ . 93;;168i.~ . KG CVM < 0.1 UG/G 8/31/93 
nio52. -~3~16845 KG CVM < 0.1 UG/G· 8/31/93 
'f.$2053 . ;~~~-;~ HG. CVM < o., UG/G 8/31193 
rsiosi. .···.·,·.93. 1ti$46 l!G CVM < 0.1 UG/G 8!31/93 

C.fS2054· . .. : · ~~ '¥'i ·KG CVM .. 0.1 UG/G 8!31!93 

. :~~;~ ~::·~~iY~:~:: ~: CVM < 0.1 UG/G 8/31/93 
CVM < 0.1 UG/G 8/31!93 

FS205S·. · :·.}~~ 16648 HG CVM < 0.1 UG/G 8!31/93 
'1Sf056.o~1 •. ; f~~~1~9 111i CVM < 0.1 UG/G 8/31/93 

~S':,:~i!!~ 
CVM < 0.1 UG/G 8/31/93 
CVM < 0_, T UG/G 8/31/93 
CVM < 0.1 UG/G 8/31/93 
CVM < 0., UG/G 8/31/93 . fSZ\lS9 .·. · '93.168si HG CVM < 0.1 UG/G 8/31/93 

·Fs2o6~ . :. ·93.168'52 He· CVM 0.1 0.1 UG/G 8/31/93 
FSZ~o 9l.l68521!G CVM 0.1 0.1 UG/G 8/31/93 
f's2C6l. ·?3::1~:t·lici CVM < 0.1 UG/G 8131/93 
fSZo6·1·· · .. . . tj~ ;l6$5l ·'HG CVAA < 0.1 UG/G 813\/93 
152062' ' . 93.16854 'IIG CVM < 0.1 UG/G 8/31!93 
FS2062 93'; 16854 HG CVM < 0.1 UG/G 8/31/93 ·.·. 
tst063• 93~16855 liG CVAA 0,1 UC/G 8/31/93 < 
F$2063 -93.16855 HG CVM < 0.1 UG/G 8/31/93 
FS2004 93.16856 'i!G CVM < 0.1 UG/G 8/31/93 
fSZo64 93.1baS6 !IG CVM < 0.1 UG/G 8/31/93 



'···'" ··..-: 
•. ·"1'' 

·.'"::~-~r, 
:,~~ ·· .. ~:~~r~ 
FS~ 
FSztl68;;' 
Fsz068' · 
fS~061· 

fS2068 
FS2068 
15206!1 
FS~:· 

F$2061S 
FS2ooa\ 
FS~07Q 

9.3.1~7 HG 

93.1~.57 fiG 

9J.1oSS8 NG 

93. 16.858 fiG 
93.16859 NG 

93.16859. IIG 
93.16860 AS 

93.16860 NG 

93.1~ NG 

93.1~ SB 
93.16860 SE 
93.1686() TA 
93.16860 TH 

93. 16860 TL 

93.16860 u 
93.16861 HG 

. F$.207!) ~,. 93. 16S{>l IIG 

::;:)~:: ;; .:~: ::::.: 
F~2(1'*··/; 93.1~ HG 

.·a~} t:: :::.: 
;;;1;:;s;:::E: 

. F!iZ075~· : .· ;;93.16866· HG 

-~~l6.'i2;•''> · 93.16867 ·'fiG 

:~::,;};t;. ::~:::: 
~~~on::>··.> .~,93.t~;~a 

. F$20'78 .... ~.16869. NG 

'~07'8 ·: 93, 16869 IIG 

f~~~79' 
·FstiJ?? 

MATRIX SPliCES! 

t]. 16870 HG 

93.16870 ,JIG 

CVAA 
CVAA 
CVAA 
CVAA 
CVAA 
CVM 
ETVAA 
CVM 
CVM 
ICPMS 
£TVAA 
ICPHS 
ICPM$ 
ICPMS 
ICPHS 

CVAA 
CVM 
CVM 
CVM 
CVM 
CVM 
CVM 
CVAA 
CVM 
CVA.\ 
CVM 
CVAA 
CVAA. 
CVM 
CVAA 
CVM 
CVM 
CVM 
CVM 
CVM 

eusr~~ 
. ·.•~~~.»~:::}. 

ANALTTICAL 
·ANALYSIS TECHNIQUE 

ETVM 
ETVM 
ETVM 
ETVM 
ETVM 
ETVM 
ETVM 

~ 
-*11"5-' ... 

< 0.1 
c 0.1 
< 0,1 

< 0.1 

c 0.1 
< 0.1 

1.1 
< 0.1 

< 0.1 
< 0.2 

1. 
< 0.2 

8. 
0.4 
1.5 

< 0.1 

< 0.1 

0.2 
0.2 
0.1 
0.1 

< 0.1 
< 0.1 

< 0.1 
< 0.1 

< 0.1 
< 0.1 

0.1 
0.1 

< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 

AHCli!IT 

SPIJCEO 

10. 
10. 

10. 
10. ,, . 
10. 

10. 

..: .. 

1.5 

0.2 

1. 

0.2 
0.2 

0.1 
0.1 
0.1 
0.1 

0.1 
0.1 

AHCliNT 

RECOVER EO 

7.9 
9.9 
6. 
7. 
3. 
9.9 

2.6 

UG/G 
UC/C 
UG/G 
UC/G 
UC/G 
UC/C 
UG/G 

UG/G 

UG/G 
UC/G 
UG/G 
UC/G 
UG/C 
UG/C 
UC/C 
UC/C 
UG/G 
UG/C 

UC/G 
UC/G 
UC/C 
UG/G 
UG/C 
UG/G 
UG/G 
UG/G 
UG/G 

UG/G 
UC/C 
UC:/G 
UG/C 
UG/G 
UC/C 
UC/G 
UC/G 

UNITS 

UC/l 
UC/l 
UG/l 
UG/l 
UC/l 
UC/l 
UC/l 

8/31/93 
8/31/93 
8/31/93 
8/.31/93 
8/31/93 
8/31/93 
9/14/93 
8/31/93 
8/31/93 

10/19/93 0908SL 
9/14/93 

10/15/93 BATCH 09085L 
10/15/93 BATCH 090B5L 
10/15/93 BATCH 09085L 
10/15/93 BATCH 09085L 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31!93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31/93 
8/31193 
8/31/93 
8/31/93 

CCI1PLETION 
OAT£ 

9!07!93 

9/07/93 
9/08/93 
9/08/93 

9/10/93 
9/1'/93 

9/14/93 

CC!1MENT 

.. -~' :- ................ ~ ... 'lli1'··~·-·· .. •·· .... ····*'*·· .. ····• .. ··········•··•·····•······•••••·••····•·•·······••· .. ····················· 
;;.,::.::.......~ ....... ~--~------------------------------,·,_.· 
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REPORT NUMBER: 22n5 (Continued) 

............ EH·9 QUALITY ASSURANCE REPORT ........... 

Prepared by: MKO&Y on 8·Feb·1994 

REQUEST NUMBER: 15463 MATRIX: SS .NAL YST: MET 

~NER: Pat A. LonQmire GROJP: CST·10 MAIL·STOP: C346 PHONE: 5·6493 

NOTEBOOK: R8149 PAGE: 259 

$UHHARY OF CONTRQl STATUS OF OPEN !NON·BLINO) QC SAMPLES RUN ~!TH THIS BATCH 

SA!-IPLE ANALYTICAL ANALYTICAL oc oc 
NUM ANALYSIS RESULT UNCERTAINTY UNITS VALUE UNCERTAINTY 

Oo.00594 AS 4.1 0.8 UG/Ci 2. 0.2 
0(). 00598 AS 3.43 0.69 UG/G 2.51 0.13 
-00.00598 AS 2.7 0.5 UG/G 2.51 0.13 
-oo.oo598 AS 2.3 0.5 UG/G 2.51 0.13 

00.00598 PB 8.3 1.6 UG/G 14. 3. 
·00.00598 TL 94. 38. NC/G 180. 

00.23669 C\. 47. 5. HC/L 51.4 1.85 
00.23669 S04 18. 2. HG/L 20. 1.42 

00.28602 AS 66. 13. UG/L 70. 3. 
00;28602 AS 71.6 14.3 UG/L 70. 3. 
00~2&602 AS 64. 13. UG/L 70. 3. 
00.28602 SE 48.8 9.8 UG/L so. 2. 
oo;~2 se 49. 10. UG/L 50. 2. 

_ oo. 2.8602 se 50. 10. UC/1. so. 2. 

SuHHARY OF CQNTROl STATUS Of BliNO QC SAMPLES RUN WITH THIS BATCH 

SAMPLE ANALYTICAL ANALYTICAL QC oc 
NUH ANALYSIS RESULT UNCERTAINTY UNITS VALUE UNCERTAINTY 

93,16880 Al < 0.1 MG/l o.o 
93.16880 BA o.a 0.08 MG/L 0.8 0.03 

93.16880 BE 1.1 0.1 KC/L 1.13 0.05 

93.l6880 CA 10. 1. MC/l 10.02 0.43 

93.16880 co 0.17 0.02 KG/L 0.2 0.01 

93.16880 co 3.4 0.3 MG/L 3.76 0.16 

93.16880 CR 0.34 0.03 KG/L 0.37 0.02 

93.16880 CU- 0.006 0.001 HG/L 0.0 

93.16880 FE 2.6 0.3 HC/L 2.68 0.12 

93.16880 I( 1. 0.7 HG/L 1. 0.04 

PROCRAH COOE: M702 

CetiPLETION 
DATE COMMENT 

9/09/93 WARNitiG 2·3 SIG 
9/07/93 UNDER CONTROL 
9/10/93 UNDER CONTROL 
9/14/93 UNDER CONTROL 

11/18/93 UNDER CONTROl 
11/18/93 \lARKING 2·3 SIC 
9/10/93 UNDER CONTROL 

11/19/93 UNDER CONTROL 
9/10/93 UIIOER CONTROL 
9/07193 UHOER CONTROL 
9/08/93 UNDER CONTROL 
9/07/93 UNDER CONTROL 
9/10/93 UNDER CONTROL 
9/08/93 UNDER CONTROL 

CetiPLETION 
DATE COHHEHT 

9/09/93 UNDER CONTROL 
9!09!93 UNDER CONTROL 
9/09/93 UNDER CONTROL 
9/09/93 UNDER CONTROL 
9/09/93 UNDER CONTROL 
9/09/93 UNDER CONTROL 
9/09/93 UNDER CONTROL 
9/09/93 OJT Of CONUOl 
9/09/93 UNOF.R CONTROL 
9/09/93 UNOI;R CONUCL 

" " ; 

f: 



93.16B80 ..a 
93.16880 Hll 
93.16880 IIA 

93.16880 Nt 

93.16880 Pi 

93.16880 sa 
93.16680 v 
93.16880 211 

93.16882 AL 

93.16882 SA 
93.16882 BE 
93.16882 CA 

93.16882 CD 

93.16882 co 
93.16882 CR 

93.16882 cv 
93.16882 fl! 
93.16882 JC 

93.1~2 Met 
93.16882 MH 

93.16882 NA 
93.16882 Ill 

93.16882 Pi 

93.16882 SB 

93.16882 v 
93.16882 ZN 

93.16887 .Al 
93.16887 9A 
93.16887 aE 

93.16887 C.A 

93.16887 CD 

93. ~6887 co 
93.1.6887 Cit 
93.16887 ClJ 

93.1~ FE 

9.3.16887 K 
93.16887 HG 
93.16887 MN 
93.16887 HA 

93.16887 Ill 
93.16887 1'8 

93.16887 sa 
93.16887 v 
93.16887 ZN 
93.168?2 AL 

93.16892 SA 

93.16892 a£ 

93.16892 CA 
. 93.16892 co 

93.16892 co 
93.16892 CR 
93.16892 cu 
93.16892 FE 
93.16892 K 
93.16892 HG 
93.16892 HH 

93.16892 .NA 
93.16892 HI · 

93. 16&92 P8 
93.16&92 sa 

10. 
4.3 
1.1 

2.2 
1. 

< 0.04 

o.z 
0.3 
1. 
0.1 
0.46 

42. 
< 0.003 
< 0.004 

0.11 
3.3 
0.29 
3.5 
4.5 
2.9 
5.4 
o.n 
3.1 
0.36 
2.4 
1. 

73. 
7.5 

< 0.001 
z. 
2. 
0.37 
4.1 
3.2 
4.2 

zo. 
2.5 

< 0.002 
5. 
0.11 
3.9 
0.22 
1.3 
I. 

35. 
< 0.001 

0.055 
2.1 
I. 
0.067 
2. 
1.8 
1.2 
2.1 
0.38 
l.S 
2.1 
2.9 
1.4 

1.1 

.... · .. 
1. HG/~ 

D.4 !IG/l 

0.1 I'IC/L 

0.2 HC/l 
0.1 IIC/l 

IIG/l 

0.02 MC/l 
0.03 HC/l 

0.1 IIC/l 

0.01 HC/l 

O.OS HC/l 

4. HG/l 
HG/l 

HG/1. 

0.01 HC/l 

0.3 HC/L 

0.03 HG/L 
0.4 HC/l 

0.5 HC/L 

0.3 HC/l 

0.5 HC/L 

0.08 HC/l 

0.3 HG/L 

0.04 HC/l 
0.2 HC/l 

0. I HC/L 

7. HG/l 

0.8 HG/L 

HG/L 

0.2 HC/l 

0.2 MG/L 

0.04 MC/L 

0.4 Hti/l 

0.3 HC/L 

0.4 MC/l 

2. HG/l 
0,3 MG/l 

MC/l 

0.5 MC/L 

0.01 MG/l 

0.4 HG/l 
0.02 MG/L 

0.1 HG/L 

0.1 HG/L 
4, HC/l 

MG/L 

0.006 HC/L 
0.2 MG/L 

0.1 MC/L 

0.007 HC/L 

0.2 HC/L 
0.2 MC/L 

0.1 MC/L 

1. 7 HG/L 

0.04 HC/L 
0.2 HC/l 

0.2 HC/l 

0.3 MG/L 

0.1 HC/l 

0.1 HC/L 

dl-t.fc 

ID.03 
4.4 

1. 
2.1 
1.01 
0.0 
0.2 
0.2 

1. 

0.1 
D.S 

5D.12 
0.0 
0.0 
0.12 
3.51 
0.2 
3.99 
4.82 
3.3 
4. 
0.8 
3.52 
0.4 
2.7 
1.1 

74,68 
7.02 
O.D 

2. 
1.74 
0.38 
3.99 
3.01 
4.18 

19.95 
2.41 
o.o 
4.5 
0.1 

4.53 
0.2 
1.3 

0.95 
49.92 
0.0 
0.08 
2.51 
1.49 
0.1 
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9/29/93 UNDER CONTROl 
9/29/93 UNDER CONTROl 
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