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ABSTRACT 

Test Mptbqds fpr £ya1yattna Solid Waste. Physfcal/Chemtcal Methods (SW-
846) provides test procedures and gu1dance which are recommended for use in 
conducting the evaluations and measurements needed to comply wtth the Resource 
Conservation al'd Recovery Act (RCRA), Publ ie Law 94·580. These methods are 
approved by tna ti.S. Env1ronmental Protection Agency for obt•intng data to 
satisfy the ~equtrt~nts of 40 CFR Parts 122 through 270. This manual presents 
the state-of-the-art tn routine analytical testing adapted for the RCRA program. 
It contains procedures for field and laboratory quality control, sampling, 
determining ha~~rdous constituents tn wastes; determfntng the hazardous 
characteristics o~wastas (toxicity, tgnftibilfty, reactivity, and corrosivity, 
and for deten~1n1n~ Ph.)'sica1 properties of wastes.. It also contains guidance 
on how to select ap,ropr1ate methods. 

The hazardous waste regulations under Subtitle C of the Resource 
Conservation and Recovery Act (RCRA) t'equire that spectffc testing methods , 
described in this manual be employed for certain applications. The following 
sections of 40 CFR require the use of SW-846 methods: 

Z60.22(d)(1)(1) · Submission of data in support of petitions to exclude 
a wasta produced at a particular facility (delist1ng petitions). 

261.Z2(a) • Evaluation of wastes against the Corrosivtty Characteristic 
(corrosivity). 

261.24(a) • Evaluation of wastes aga1nst the Toxicity Characteristic 
(mobility of toxic spec1es). 

264.314(c) and 265.314(d) - Evaluat1on of wastes to determine 1f fne 
liquid is a component of the waste (free liquid).· 

270.62(b)(2)(i)(C) - Analysis of wastes prior to conducting a trial burn 
1n support of an appltcat1on for a hazardous waste incineration permit 
{incinerator pe~1t). 
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Dmla1mn 
Mer.tion of trade names or conmarcial products dots not constitute 

endorsement or rec0111118ndat f on for use by the U.S. Envt ro11111nta 1 Pl-otett 1 on 
Agency. 

SW-84& methods are destgned to be used with equ1pmtnt fr011 any 111nufacturer 
that results 1n suitable method performance (as assessed by accuracy, precision, 
detectton lt•tts and Matrix compatibility). In several SW-846 method5, 
equipment speciftcattons and settings are gtven for the sptctftc instrument used 
during method developaent, or subsequently approved for use tn the method. These 
references are .ade to provide the best possible guidance to laboratories ustng 
this manual. Equipment not specified in the method aay be u&ed as long as the 
laboratory achieves equivalent or superior method performance. If alternate 
equtpment is used, the laboratory must follow the manufacturer's 1nstruct1cns 
for the1r particular instrument. 

DISCLAIMER - 1 



For many RCRA-requlated constituents, action levels intended for 
the above purpose have been recommended in the proposed RCRA 
Subpart s requlations. ~1ese action levels were adopted from 
appropriate regulatory limits on contaminant concentrations in 
environmental media (e.g., maximum contaminant levels, MCLB) or 
were derived using conservative exposure assumptions and a health 
protective goal of no deleterious effects over a lifetime from 
exposure to systemic toxicants. For known and probable human 
carcinogens (Class A and B), the health orotective goal for 
individual constituents is less than 10·~ excess lifetime cancer 
risk1 and the goal is less than 10·5 excess lifetime cancer risk 
tor possible human carcinogens (Class C). 

Because radioactive materials are not regulated under RCRA, the 
proposed Subpart s does not address radioactive constituents, and 
action levels for radionuclides are not provided. There is no 
equivalent guidance regarding action levels for most 
radionuclides in the existing radiation protection regulations 
and standards. Thus, difficulties may arise for a number of 
facilities owned by the Department of Energy (including LANL), 
which need to deal with radioactive constituents within the 
context of ongoing RCRA investigations and integrate RCRA and 
CERCLA requirements (DOE 1990) • To simplify the RFI process in . 
addressing radiological issues, action levels similar to those 
recommended in proposed Subpart s needed to be developed for 
radioactive constituents. 

•ropose4 approach for Ba4ioactive constituents 

BaliS 

In developing action levels for radioactive constituents it is 
necessary to consider all relevant and applicable standards for 
the protection of human health. In addition, other factors 
specific to radioactive constituents must also be considered, 
which warrants that the procedure for derivation of action levels 
for radioactive constituents differ somewhat from the Subpart s 
procedure for non-radioactive constituents. considerations that 
influence the development of action levels for radioactive 
constituents are the following: 

Dose vs. Risk Ltait Most current radiation protection standards 
(e.g., EPA 1977, EPA 1991a,b) are based on 
dose limits rather than on risk limits as are 
the Subpart s values for non-radioactive 
constituents. 

The generally accepted radiation dose limit 
for the individual in the general public who 
receives the maximum exposure is 100 mrem/yr 
over background (DOE 1990, ICRP 1991, 
NCRP 1988). The 100-mrem/yr limit applies to 
all radioactive contaminants and pathways, 
and lower limits apply to specific pathways, 
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radionuclides, and exposure sources. 
Radiation dose to the public is further 
limited to 25 mremjyr from individual 
facilities or sources (e.g., EPA 1977, DOE 
1988a). · 

Multiple va. 8iD9le Many of the dose limits apply to cumulative 
BXpoaure Pathway exposure from multiple radioactive 

constituents through multiple pathways. 
Subpart s values are derived for a single 
contaminant via a single exposure pathway. 

Relatively lliqll 
Ba0k9roUDcl 
aacliation 

&I r&D 
couiclerationa 

Radiation dose to humans from background 
radiation (approximately 338 mremjyr at Los 
Alamos, see Table 1) is much higher than 
limits established in radiation protection 
standards for the public. Most of the non
radioactive constituents listed in Subpart s 
have small or no background values in the 
environment. 

There is a requirement to follow the ALARA 
(as low as reasonably achievable) principle. 
(DOE 1990) to maintain all radiation 
exposures to levels as low as reasonably 
achievable. Because radiological cancer risk 
to humans has not been determined to have a 
threshold at low doses, the ALARA provision 
is an important factor in maintaining low 
radiation levels with reasonably achievable 
means. Acute toxic effects, for which 
thresholds do apply, are possible only at .. 
levels of exposure much greater than th 
oseencountered in environmental restoration 
activities. 

In addition, limitations of conventional radiation detection 
instrumentation should also be considered. Action levels should 
be high enough to allow discrimination between areas of manmade 
contamination and uncontaminated areas. Limitations of current 
instruments for discriminating between background and above
background levels of ionizing radiation must be recognized. 

Prq?ost4 Approacb 

Prom the above considerations, it seems reasonable to set the 
dose limit for a sinqle radioactive constituent at some fraction 
of the 100-mrem/yr and 25-mrem/yr limits that may apply to 
exposure from multiple constituents. An annual dose of 10 
mrem/yr from a single radioactive constituent via all pathways is 
proposed here as the basic limit for derivinq action levels for 
radionuclides that do not have 11edia concentration limits (e.g., 
MCLs) stipulated in regulations: in cases where concentration 
limits have been specified in regulations, these limits take 
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precedence as the action levels. 

Tbe proposed limit has the following characteristics: 

• The proposed don limit of 10 mremjyr is a fraction of the 
currant generally applicable radiation protection limits of 
100 area/yr and 25 mremjyr for melllbers ot the public. 

• The propoaed close limit ot 10 mra/yr is specitied in 
DOE Order 5400.5 (DOE 1990) as a reportin9 level tor doses to 
tbe vaneral public resulting tram activities con4ucted under 
DOE PZ'091'-· 

• 'l'he proposed close limit is compatible with the detection 
liaita (about 1 "R/hr) for current instruments d•i9Md to 
detect direct g...a radiation in the field. A lower dose 
value .. y not be discernible from background radiation, wbicb 
averages about 300 mrn/yr (including radon exposure) in the 
u.s. 

• The proposed dose limit ot 10 mremjyr represents an 
incr-..tal dose of only 3t of the natural background dose. 

Tile proposed 10 ara/yr limit, however, will not a illplemantad • 
eatira1y as tbe Subpart s action levels tor non-radiological 
COJIIItituents are iaplementecl. 1f-ly, charact-..erization of 
radioactive constituents would require considoration ot DOE • a 
u.aRA ncpd.r-ts in reaching an BFA decision, even if the 
oant .. iaation l~ela were below derived action levels. 'l'hia 
at&Utiemal ccmcUtlon would furt!ler ensure protection of bUJian 
laultb ·. aD4 ~ety. Also, the doiltas ot detected radioactive 
COJUitit.Qenta voald be IIUIIed to insure that total dose froa 
lltlltiple COIUttituanta don not exc:aecl 10 mrea/yr. As noted 
above, radionacliclea for which media-specific concentration 
l.bdta are specified in regulations are considered independently~ 

Becaue of theM nquiraents in addition to tbe Subpart s 
nquire.ents, tbe levels derived from tbe proposed 10 aramjyr 
dose limit would be tenaed •screening action levels,• in that 
they aarY"e U. a praliainary screen tor potential radioactive 
contaaination in tile enviroiUilent. In situations where 
ndioactiv• constituents at a site are determined to exceed the 
.areening aetian levels, a more rigorous evaluation of dose and 
risk baaed on site-specific exposure conditions is required to 
dataJ:'JI!De tile naacl for corrective action. 

aatloaale fo~ tile •npose&1 approaola 

fta derived screening action levels tor the raclioactive 
canatitaenta represent a fraction of the existing radiation 
protection atandarcla, which are largely basecS on dose lillits 
(except for a few radionuclides, for which MCLs are deemed as the 
appropriate actian levels per propoaed Subpart S) • They are 
therefore considered conservative in protecting.human haalth. 
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Further, since additional evaluation measures are proposed 
according to the DOE ALARA guidance, precautions are assured 
before an NFA decision for a site can be made. Thus, the 
proposed dose limit is considered an appropriate basis for 
determining the screening action levels for radioactive 
constituents. The use of ~lese screening action levels can 
result in significant reductions in resource expenditures for 
site investigations by screening out sites that present 
negligible radiological risk and focusing investigations on the 
significant risks. 

Derlvatloa ot screeDia9 aotioa Levels 

Preliminary screening action levels have been derived for several 
radionuclides that may be encountered in contaminated soils at 
LANL (see Table 2). The following methodology and assumptions 
were used in deriving the screening action levels: 

• The RESRAD computer code (Gilbert et al. 1989), version 4.6, 
was used in the computations. This code is referenced in DOE 
Order 5400.5 as the methodoloqy required in the derivation of 
radionuclide soil guidelines (cleanup criteria) at DOE sites. 

• A residential scenario was used in deri·ving conservative 
screening action levels. This scenario includes the 
following pathways: external exposure from gamma emitters in 
soil, inhalation of contaminated dust and radon gas, and 
ingestion of contaminated soil and plants grown on site. The 
residential scenario assumes consumption of uncontaminated 
water from a municipal supply due to the great depth of the 
.ain aquifer. Other scenarios, such as industrial or 
recreational uses, are likely to result in higher (less 
conservative) screening action levels. 

• The input data used in the RESRAD calculations typify the 
range of values encountered in the mesa top environment at 
LAKL. The contaminated soil is assumed to extend down to 3 m 
froa the surface and cover an area of 500 m2 • When site
specific data (Dorries 1992-1993) were not available, 
recommended values in Gilbert et al. (1989) for the LANL soil' 
types as well as default values based on national averages · 
were used. 

As their nama implies, screening action levels are to be used for 
screening assessments only and are not meant to be used in 
baseline risk assessments or as cleanup criteria in a corrective 
aeasures study/implementation. If required based on the results 
of the screening assessment, more detailed site (ST~) specific 
data and analyses may be required. 
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Table 1. PUbliahe4 u.s. average Bffeotive Doae z~valeDt 
aates aa4 Batiaatea for the Loa Alaaoa area froa aataral 
aaok~UD4 Ra4iatioD 

Radiation Source u.s. Averaqe Loll Alamo• 
(U'U/YJ:') (lU'D/YJ:') 

cosmic Raya 27 58 

cosmogenic Radiation 1 1 

External Terrestrial 28 39 

Radionuclides in Body 40 40 

Inhaled Radionuclides 200 200 

Rounded Total 300 338 

NOTES: 
1. The u.S. average data is trom 'l'al:»le 9. 7, page 148, 

NCRP Report 94. 
2. With tbe exception ot the cosJilOC)enic source, the Los 

Alamos data are trom the report •EnviroJ'Dilental 
surveillance at Loa Alamos during 1990.• T-be cosmic 
and extemal terrestrial coaponenta were based on 
measurements 1 the balance ot hte values in the report 
ware taken from NCRP 94 • 
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~able a. Derived Soil 8creeDiD9 AatioD LeVel~ 

Nuclide Screening Action Level (pCi/g 
d~~ soil) 8 

H-3b 1.5 X 107 

C-14 4.7 X 105 

Na-22 1.3 

Kn-54 3.4 

C0-57 4.0 X 101 

CG-60 9.0 x 1o·1 

sr-90 8.9 

Ru-106 1.5 X 101 

I-129 4.1 X 101 

Cs-134 1.9 

ca-137 4.0 
Ra-226c 7.3 x 1o·' 
'l'h-232c a.8 x 1o·1 

U-233 8.6 X 101 

U-235 1.8 X 101 

U-238 5.9 X 101 

PD-238 2.7 X 101 

PD-239 2.4 X 101 

AID-241 2.2 X 101 

• Basad on 10 JIJ.r8J'4/yr dose limit. Input data are 
representative of mesa top environment at LANL. 

b Whtm B-3 is measured in pCi/DlL of soil moisture, the 
B-3 SAL in pCi/IIL is a function of soil moisture: 
15(1-M)/11, vbere M is tbe moisture traction (CJ 
water/v total sample). 

c Generic limits tor Ra-226 and 'l'h-232 are set in DOE 
5400.5 (DOB 1990) at 5 pCi/g averaged over tba first 
15 ca of soil and 15 pCi/g averaged over eacb 
additional 15 em interval. 'l'he mora conservative 
derived screening action levels are to be used for 
screening purposes only. 
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REMEDY SELECTION 
- Select risk or ARAR based media 
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