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SPZCIAL NOTIEC

A Drzft Final Report (Decemder 1982) and a Revised Draft Finzl Repe:t
(November 1933) previously developed for this project were prapared and
furaishad to U.S. Eavironmental Protection Agency, £fice of Solid Waste and
Ezerzeacy Raspornse (OSWER), Land Disposal Branmch, under Ceatract
No. 63-02-3153 (Technical Service Area 3, Assignment No. 82). Ms. Alice C.
Gaganon sazved as E?3 Projeect Q0fZicer and Dr. Seong T. Hwang of EPA/OSWER
sarved as Task 0fficer for these eflorts. On December 23, 1933, hazardous

wzsta trazsment, storaze, and disposal facility (TSDF) araa source emissions
rag:latory davelopment was transizasred f-sm OSWER to the Offics of Alr Qualit
Plzmaning and Standazds (0aQPS). Tals Final Raport was prepared under he
diracmion of EP2/0aA82S Task 0Ilicer, Xenl C. Hustvedr, in parzial Eulfiliment
62 Cam==zet No. 63-21-6371, Assignzmeal No. 37.
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SECTION 1

INTRODUCTION AND SUMMARY

INTRODUCTION

The hazardous waste prioritization presented in this report was designed
ro provide a first cut estimate of the inhalation health impact potential of
hazardous wastes currently being disposed in the United States. The primary
objective of this wastea prioritizaticn ranking was to identify a select group
of hazardous wastes for subsequent analvsis of air emissions under other
projects.

This report provides several ranking schemes to prioritize select RCRA
wastes based on potential health impacts from TSDF air emissions. The effort
presented herein is an expansion of a previous effort which ranked RCRA
chemicals on the basis of volatility and toxicity.l The revised ranking
relies on a more sophisticated definition of volatility, and addresses health
impacts oa the basis of both inhalation toxicity and carcinogenicity. The
revised prioritization presented in tais report was tailored to respond to
review comments received from the Land Disposal and Technology Branches of
0SW, the Office of Health and Environmental Assessment (OHEA) /Washington, the
fnvironmental Criteria Assessment OZfice (ECA0)/Cincinnati, and tne Carcinogen
Assessment Group (CaG)/Washington.

Revisions incorporated into the revised ranking in response to review
comments included the following.

° Development of separate prioritization rankings for toxic and
carcinogenic effects.

. Taclusion of data to permit the accounting of hazardous constituent
concentration in the wasties.

) Consideration of TSDF process category by segregating processes into
aqueous and nonagqueous tr/pes.

. Development of hazardous waste rankings based on: (1) waste tvpe;
and (2) chemical constituent.

The resulting waste ranking provides a numerical comparison of potential
2 [ TN

air emission nazard for a waste. It involves the computation of inhalation

toxicity and carcinogenicity hazard factors for each waste evaluated. These




factors are defined as the ratio of the equilibrium gas concentration for a
compound (Ceqi) to either the Threshold Limit Value (TLV) for the

calculation of toxicity hazard factors or the maximum allowable concentrarion
at the 1072 Risk Level (1073 RL) for carcinogenicity hazard factors.

These ratios allow for the relative comparison of air hazards associated with
the toxlclty or carcinogenicity of a waste.

The remainder of this section provides an overview of the project metho-
dology and the results of the hazardous waste air emissions prioritization.
Each element of the study is discussed in detail in the remaining sections of
the report. Hazardous waste volume determinations and characterization are
discussed in Sections 2 and 3, respectively. Section & presents the
assessment of chemical properties, toxic and carcinogenic effects. The hazard
factor development and ranking results are presented in detail in Section 5.

PRIJZCT METHODOLOGY

ur step procedure, illustrated in Figure 1, was employed for the
nt of the hazardous waste prioritization. The first step involved
¢ determinations and characterization of waste types. The initial
{ candidate wastes for the prioritization ranking was to a limiced
d on the preliminary waste volume results and the availabilitw of
ization data. Chemical and health effects properties (toxicity and
enicity) were assessed for the chemical compounds identified in the
tep of this ranking method. The third step involved the computation
gquedus and nonaqueous hazard factors for each waste type and chewical
ouad. The final step involved the weighting of hazard factors according
to waste volumes for the associated waste tvpes.

fHAZARDOUS WASTE PRIORITIZATION RANKING RESULTS

The hazardous waste prioritization ranking procedure described above
produced eight listings of hazardous waste types and chemical compounds.
Separate listings for toxic and carcinogenic effects represents the two major
categories of ranking lists provided. These two categories are addressed
separately since no common basis of comparison is currently available which is
acceptable to the scientific community. Subcategories within these two major
groupings include: (1) separate listings for aqueous and nonaqueocus TSDF
types; and (2) separate listings by hazardous waste type and chemical compound
trpe. Tadles 1 through 4 summarize these results for the top ten waste types
and chemical compounds in each category. Complete listings of hazard scores
for all data analyzed are presented latef in Section 5 of this report.

In general, the ranking scores for aqueous TSDF wastes were several

rders of maznitude greater than those for nonaqueous TSDF processes due to

2 hydrophobic nature of many of the hazardous constituents analyzed. The
ow solubility (water) of manv of these chemical compounds results in a high
czivity coefficient used in calculating the vapor phase equilibrium
tion Ifound in tae numerazor of the hazardous factor expression. This

e rand indicates that nonaqueous disposal processes such as landfarming
T landIills would tend to pose less of a relative air emissions nealsh impact
tnen aqueous T3DF processes.
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Note that ranking scores for the carcinogenicity hazard assessment tend
to be higher than these for the toxicity assessment. This is primarily
because the 1072 risk level concentrations selected as the carcinogenicity
indicator parameter tends to be very low concentrations, producing

correspondingly high hazard factor scores. The reader is cautioned that the
toxicity and carcinogenicity rankings presented in this report provide a basis
for relative comparison of wastes within each ranking list and cannot be
compared against each other. Simply stated, direct comparlson of toxicitv
hazard scores to carcinogenicity hazards scores presented in this report is
not advisable.

Table 1 presents the waste type toxicity ranking scores for the ten
highest scored waste types from aqueous and nonaqueous TSDF categories, Note
that the volume-weighted scores shown are greater for aqueous wastes in spirte
of larger nonaqueous waste volumes. Five waste types common to both lists
presented in Table 1 include:

'Y DJ0l - Ignitable wastes, not otherwise listed;

™ DOV2 - Corrosive wastes;

) KG2% - 1,1,1-TCE steam stripper waste;

™ FQOZ - Spent halogenated solvents; and

. U019 - 3Benzene, discarded off-specification wastes.

The gensric D-tvpe wastes were found in great volume (D001l also showed a very
high hazard factor). In general, the remaining wastes showed both high hazard
factors and larze waste volumes.

Table 2 presents the results of the toxicity ranking scores for the ten
highest scored chemical constituents. As expected, the chemical constituent
results follow trends similar to the waste type ranking. Seven waste
constituents common to both lists presented in Table 2 include:

»}

] UlZ2 - Formaldehyde;

. U043 - Vinyl chloride;

. U273 = 1,2-dichloroethylene; i
° U019 - Benzene;

° U195 - Pyridine;

. U23% = Xvliene; and

® U225 - 1,1,1-trichloroethane.




-.o of these wastes, xylene and 1,2-dichloroethylene, were among the eight
niznest contributors to TSDF coastituents jdentified in an earlier study? on
ai-ional emissions estimates from TSDFs.

Tasle 3 oresents the results of the carcinogenicity ranking scores

- the ten highest scored waste types from aqueous and nonaquoues TSDF
azegories. Final volume-weighted scores were approximately four orders of
saznitude greater for aqueous TSDFs, than for the nonaqueous category. Seven
>

sre types found in both categories include:

ve,

-

0

Wl

° K016 - Carbon tetrachloride production heavy ends;

. K073 - Chlorinated hydrocarbon wastes from chlorine production;
° FOO2 - Spent halogenated solvents;

° D003 - Reactive wastes, not otherwise listed;

° FOOl - Spent halogenated degreasing solvents;

. D00l - Ignitable wastes, not otherwise listed; and

° U019 - Benzene, off-specification discarded.

e top two K-type wastes (K016 aad KO073) are listed here primarily due to
;evv high hazard factors. The other generic F and D type wastes appear due to
s:oszanzial waste volumes.

Table 4 presents the waste type carcinogenicity ranking results by
cmemical constituent type for the top ten chemical compounds. Note that only
ren chemical compounds were included im this analysis because characterization
iata were not found for many of the carcinogens identified by CAG.

The prioritization rankings presented above provide a comparative
analysis for the potential health impacts associated with air emissions from
nazardous waste handling. Note that the scores presented are based on waste
volumes handled on a natiomal scale. Local conditions, including waste
voiumes handled and disposal practices, may affect the relative impact of air
enissions from one waste to another.

IN?UT DATA DEVELOPMENT

The following discussion briefly summarizes the development of input data
required to produce the hazardous waste prioritization ranking.

wWaste Volume and Distribution

GCA used RCRA Part A permit application data to estimate waste volumes

£ the waste ranking analysis. Initial Part A results which predicted &
1lion tonnes of waste clearly suggested the need for statistical screening

~enods to eliminate erroneous data resulting from reporting errors and
dundan: waste accountinz. GCA emploved a statistical outlier screening



methodology aided by information obtained from other data sources, including
the Westat telephone verification survey,3 the RIA site visit questionnaire
data, and other EPA-sponsored studies.4”7

The outlier screening analysis rejected 768 of the original 150,000 Part
A waste strteams, reducing the total waste volume to 107 million tonnes. The
Part A data were further screened to correct for the redundant accounting of
offsite waste disposal. The redundancy correction reduced the total estimated
hazardous waste annual quantity to 92 million tonnes.

Use of the statistically-cleaned Part A data was complicated by its
inherent vagueness with respect to wastes processed by two or more TSDFs.
Much of the Part A wastes were processed by more than one unit operation, and
no volume distribution among processes was provided. Consequently, several
assumptions wers required to distribute waste volumes among TSDF unit
processes as described in Section 2. While the assumptions may be completely
inadequate in some cases, it is felt that the method of redistribution 1is
reasonably representative of the entire waste population. Independent
comparisons of corrected Part A data waste volumes to Westat verification
data3 showed agreement to within 2 percent for volumes handled by four T3DF
uniz processes which could be compared.

t2 characterization data and chemical property information were

£5r input to the hazardous waste ranking. The goal was to ramx the
emissions risk potential for all selected chemicals based on their presence in
both the chemical-specific (U and P) waste codes, and the generic waste codes,
(X, D and F). Wnen it became clear tnat no comprenensive RCRA waste
characterization effort had been conducted for all TSDF types and waste codes,
GCA collected and compiled available data from several EPA programs. Waste
characterization data were summarized for 47 generic wasce codes and 54
chemical specific codes, representing almost 50 percent (30 million tonnes) of
the total waste volume reported in the statistically-screened Part A data for
the unit processes under studyv.

requlr

Data from multiple reference sources*~9 characterizing single waste
codes weres averaged using a volume weighting procedure. The weighted concen—
traticn data were converted to mole fractidns for use in the AERR models.
These data werzs combined with the screened Part A volume data to produce
constituent quaazity data for each TSDF unit process for emission estimaces.

Chemical Propercies and Health Effeacts Data

Chemical properties of the 54 hazardous constituents selected for study
were summarized for use in the waste ranking efforts. Upon examination oF
aporoximataly 95 percent of the total waste volume reported, Gla datermized
that 100 waste typas had data appropriate for the computation of a toxicity OF

cinmogenicity hazard factor. Many chemicals such as arsenic aad chromium
{ther nad no wapor pressure data available or had vapor pressures

w0

10



n:fLCr ;tly less than 1 mmi3 at 25°C. Chemicals lacking published vapor
yre data or necessary healtn properties data are not listed in this
Ltizazion report.

Similarly, sufficient carcinogenicity data were found for only 52
~izal compounds. The chemical, physical, and health properties data that

oy

chenl
.ore compiled are presented in Appendix A. Details on the chemical property
Gara estimation techniques employed and health effects data obtained are
iacluded with a summary of these data in Section 4 of this report.

11



SECTION 2
ESTIMATION OF TOTAL HAZARDOUS WASTE
QUANTITIES AND DISTRIBUTION

The quantity of hazardous waste handled by aqueous and nonaqueous TSDF
processes was estimated by a combination of the following data sourcCes:

° RCRA Part A permit application file (screened to remove outliers);
. part A verification data developed for OSW by Westat;3

. Land application data compiled for OSW by K. W. Brown, Inc;%

. Limired data from the land disposal and storage RIA program;

. EPA raports;5a6 and

® Other technical literature.

Devealopment of waste quantity estimates for the hazardous waste ranking was 3
difficult task, primarily due to conflicting data bases. Tnere was no
consensus between available data sources rezarding the actual volume of waste
handled at RCRA TSDFs. Consaquently, a derailed analysis of available
information was performed to establish waste quantities, as described below.

HAZARDOUS WASTE QUANTITY DETERMINATION

Significant inconsistencies were found between hazardous waste quantities
reporzed by TSDFs (RCRA Part A) and those reported by waste generators ia all
major data sources GCa consulted for this project. The most recent estimate®
of hazardous waste generation in the U.S. is 41 million metric tomns per
year,- wnhereas the Part A dara indicate a much larger value. An accurate
intarprezation of these daca is difficult_due to the £0llowing observations:

° Hazardous waste facility operators did not consistently report
values for waste volume which reflect the actual quantity of
nwazardous species in the waste stream. RCRA regulatioms require an

*TpA updated this estimate Lo 150 million tomnes, 30 August 1983.



entire waste stream O be reported as hazardous regardless of the
quantity of hazardous material in that stream. Consequently,
facilities which combined nonhazardous streams with hazardous
streams prior to treatment, storage, OT disposal would frequently
report the combined volume as hazardous. For cases where hazardous
wastes are shipped to offsite facilities, the quantity of hazardous
waste is well defined; i.e. the quantity shipped or received. It is
also representative of the actual hazardous stream quantity since
transportation costs would preclude the unnecessary shipping of
nonhazardous material. However, since the ma jority of hazardous
waste is handled in onsite facilities, it is likely that significant
quantities of nonhazardous material are being reported as hazardous
in the form of combined process waste streams.

. Due to ambiguity im Part A application jastructions regarding waste
quantity reporting, 1t is likely certain wastes were reported under
multiple RCRaA nazardous waste codes. gpecifically, the instructions

dictate reporting wastes by all waste codes that could bde used Lo
define that particular waste stream. Thus, for waste streams
comprised of multiple codes, the entire waste volume may be reported
under each code. In addition, chemical constituents of waste
streams denoted by U and P waste codes may also be reported under
their generic counterparts (D, F and K waste cedes) .

° Erroneous data are reported which have not been yerified. FTor
instance, Part A data contained eight single waste streams at
specific facilities with annual quantities exceeding 10 million

metric tons. This is clearly an unrealistic quantity because total

U.S. hazardous waste generation is estimated as 41 million metric
tons, original EPA estimate; and 150 million toms, receat estimate.

) Statistical elimination of erroneously reported data is hindered by
the fact that someé large volume waste streams do, in fact, exist.
Thus, eliminating apparently erroneous data can result in a

substantially incorrect quantity, for a waste code oT process, and
in turn, an incorrect emissions estimate.

The following discussion reviews the procedures GCA employed to estimace
hazardous waste volumes for use in the weighted waste ranking methodoiozy. As
discussed earlier, information pertaining to nazardous constituent
charactarization is equally important.

Waste Stream Quantities

The Part A data tape received from EPA was found to contain data for
9,117 hazardous waste sites throughout the U.S. Each site listed waste
volumes for up to 493 separate waste codes. A total of 147,177 individual
wJaste streams wer? reported on rhe Part A tavpeé, averaging 16 waste types per
site. preliminary analvsis of these waste streams indicated that the volumes
reported wer?2 ofzan subjiesct O renorting, coding, and/or programming err2Ts-



Tae total anaual U.S. waste volume as reported on the Part A tape was
almost & billion metric tomns, a figure considerably at odds with independent
.scimates of 4l and 150 million metric toms. Examination of the largest
seported volumes iadicated that gross errors for a relatively small aumber of
~aste streams accounted for the majority of the errors in the data set. For
exanple, one waste volume for a site was reported at 1.8 billion metric tons
sindled annually. Volume data for other sites also appeared to be many orders
of magnitude greater than could reasonably be expected even for a very large
13pF. It was clear from this analysis that certain outlying, erroneous data
ooints accounted for the gross inaccuracy of the total annual volume reported
1a the Part A data.

In order to modify the original Part A data base so waste volume data
could be obtained for the hazardous waste ranking, the following procedure was
developed to eliminate outliers from the data:

. A1l unit waste volumes over 10 million metric tous were assumed to
be errors and the volumes for these waste streams were changed to
“missing". Eight waste volumes were affected by this step, reducing
the total volume reported from & billion to 541 million metric tons.

. Waste codes which did not report waste volumes and codes with
volumes reported as zero were excluded from the data set. These
codes accounted for 47.8 percent of the codes reported on the Part A
tape. Descriptive statistics, including estimation of the mean,
standard deviation, and sample size, were developed for the
remaining 76,347 waste streams hv waste code.

) Identification of outliers was performed by use of the ome-tailed
student's t-distribution at the X = 0.01 significance level.
Similar to the descriptive statistics developed previously, this was
also performed on an jndividual waste code basis to centrol for
differences in average waste stream volumes which exists between
different codes. The criteria for the acceptance/rejection decision
for each reported waste volume was:

If t;, > t(¥,, 0.01),
then reject that volume;

for

where,
T n

tiw = & statistic for observation "i" of waste "W,

ot 12

QNTy,, = volume reported for observation i" of waste "W,

14



QNT;, = mean volume for waste "w',

Sw = standard deviation of volume reported for waste "w'", and

p
|

sample size of volume reported for waste “w".

rejected by this procedure (4.2 percent of total waste streams reported). An

facilities had listed identical volumes for 40 to 100 different waste types.
Analysis of these rejected volumes found them in excess of the mean volume for
all reported wastes of that code by several orders of magnitude. In many
cases, the rejected data were several hundred standard deviatious above the
mean levels reported for all wastes in that respective code. These
observations confirm the suspicions of reporting errors developed during the
preliminary analysis. After the volume determined to be outliers were removed
from the data base, the total waste volume was reduced to 22.2 million metric
tons reported in 73,573 waste streams.

from the waste characterization study and the land disposal RIA site visit
questionnaires became available. GCA found that an excessive number of waste
streams reported in these sources would have been excluded in the outlier
analysis. Subsequent evaluation led to the selection of a much higher cutoff
point for outlier data on the Part A tape, corresponding to a confidence level
greater than 99.95 percent (type ! error less than .05 percent).

GCA felt that the above refinement to the outlier analysis was necessary
due to the tremendous impact these outlier volumes had on the total waste
volume determination. The selection of a higher outlier cutoff point added an
additional 2,505 waste steams Previously excluded from the data se:. Thus,
refined outlier analysis eliminated 768 or 1.0 percent of the 76,847 total
data entries in the original Part A data base. The final analysis resulted in
a total annual hazardous waste quantity estimate of 106.7 million metric tons
reported by all TSDFs that filed Part A permit applications. This figure does
not account for redundant waste quantities.

Redundant Waste Quantity Correction

The next step in the waste volume determination involved making
allowances for wastes that were disposed offsite and thus counted more than
once under the Part A reporting requirements. Under this corrective scheme,
all wastes that reported storage in tanks or containers onlv were assumed to
be 100 percent reported elsewhere as well. Waste stored only in surface
impoundments and waste Piles were assumed to be 50 percent reported elsewhere
(i.e., some degree of waste reduction through evaporation etc. was assumed to
occur). Making allowances for redundant quantities in this manner resulted in
an annual estimate 0f 91.7 million metric tons of hazardous waste. This
approacn suggests that 14 percent of hazardous wastes are disposed o i
nationally, which agrees well with data reported by the California Ai
Resources 3oard (15 parcent).?

15



- -5 7R13UTION OF WASTE BETWEEN TSDF UNIT PROCESSES

The next step in determining annual hazardous waste quantities involved
ro allocation among the TSDF processes. Unfortunately, this task was
.slicated because the Part A applications were extremely vague in this
. The main complication arises when a facility reported more than one
unit process for a given waste stream. Facilities were permitted to
ort as many as six TSDF processes for each waste code. Tne following
cussion presents methods developed to handle these Part A reporting
ble

GCA initially determined that estimating waste distribution between
processes would be best accomplished by extrapolating from waste streams
nandled by a single unit process. These single process streams accounted for
approximately &40 percent of the total waste streams reported, by frequency.
uswever, based on further analysis of other distribution schemes, GCA
concluded that the single process apportionment scheme did not adequately
cescribe the distribution of wastes among TSDF processes.

The following methodology was then developed for allocating waste
cuantities between processes:

° Waste streams reportedly handled by a single process would remain
allocated to that process;

° Waste streams reportedly handled oanly by storage processes would be
equally distributed among storage processes listed;

° waste streams reportedly handled oanly by treatment/disposal
processes would be evenly allocated among those treatment/disposal
processes; and

. Waste streams reportedly handled by storage and treatment/disposal
processes would first be evenly allocated among the storage
processes; i.e. GCA assumed all of the waste was stored in some
fashion. Secondly, all of the waste handled in storage containers
and tanks and 50 percent of the waste handled in storage impoundnents
and waste piles was assumed to then be evenly distributed among the
reported treatment/disposal processes. This assumption is similar
ro that used in the redundant waste quantity correction. 1t
attempts to account for the degree of waste volume reduction which
takes place when wastes are stored in open air processes.

A major limitation of the distributiom scheme selected for hazardous
waste ranking is that wastes are assumed O exhibit an equal distribution
between reported processes. It is highly likely that when site owners
reported multiple processes, there are several combinations which generally
have a disproportionate amount of waste going to one of the processes. For
ecample, when a disposal process (e.g., landfill) is listed in combination
wizh a treatment process (e.g., treatment tank), it is likely that more than
5) percent of the waste 1is handled in the treatment process. This follows
fogm the fact that wastes will likely be treated and then disposed rather than



the reverse. Another limitation of this distribution scheme is that wastes
re not distributed among processes in the same proportion in the Part A

data. Streams which contain a high liquid content will not be landfilled,
incinerated, or stored in a waste pile, to a significant extent.

RESULTS

The results of the Part A analysis with the corrected waste volumes are
presented in Table 5 wherein waste types or codes (as described in the Federal
Register®) are listed in order of decreasing disposal volume. Chemical
specific waste codes (U and P codes) and generic waste stream specific codes
(D, F and K codes) are defined in Appendix A, Tables A-1 and A-2,
respectively. The data in Table 5 indicate the total waste volume for each
code in metric tons, the percent of total U.S. volume and the cumulative
percent accounted for by the listed waste codes. The total U.S. volume, after

2-a corrections described previously, is 91.6 million metric tons. The
nizhest volume waste type is DOO2--nonlisted corrosive wastes—-—with an annual
disposal volume of about 25.6 million metric tonnes (MT) or 27.9 percent of
the total corected Part A volume. Other high volume wastes include DOO7
(chromium waste), DODO (any combination of arsenic, barium, cadmium, and
chromium westa), K062 (waste pickle liquor), and DOO3 (nonlisted reactive
wastes).

Tablas & anc 7 present similar data for aqueous and nonaqueous processes,

respectively. As part of thz revised ranking approach presented in this
reporz, GCaA toox into consideration influence of the TSDF process
subcatagory. TSJF processes wera divided into aqueous and nofnagqueous
categories as follows:
) Acueous Processes
- S04 - Storage Surface Impoundment
- T01 - Treatment Tank
- T02 - Treatmen: Surface Impoundment
- D23 - Disposal Surface Impoundment
] Nonaqueous Processes

~ §33 - Waste Piles
- D3J - Landfill
- D31 - Land Application

Nor=2 taat stora s (302) were origiaally included in the ranxing.
ranx emissions was found to be very low

c es.- Thus, storags tanks (802) were removed

or this study.

W)

compared to otaer

z2 t
Howevar, the impact

15
from the TSDT popula
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TABLE 5 (continued)
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TABLE 5 (continued)

(CCARECTED VOLLMIS)

WASTE VELUHEb FERCEMT (UMULLATIVE PERCE™T
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28slilen? Je T4 1€ C.2215
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300070457 0e 35815 3.3 242
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I54036.34 $.3282 SS.6c31
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TABLE 5 (continued)

(CORREZCT

wASTL VOLUM
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TABLE 5 (continued)

(CORRICTEL VOLUMES)

GES WASTE TYPia wASTI VOLUP“;’b FERCENT CUMULATIVE FPERCC'T
1Zs Uugr 204887,.,58 0. 0224 97.7c 16
128 U004l 27484427 Jel224 87.78325
21 Uila 274481455 fe0z24 97.86C£3
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TABLE 5 (continued)

(CIRRECTEC VILLMES)

. a b
«“ASTE TYPL #ASTEZ veLuME FIRCENT CUMULATIVE FIZRCENT
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TABLE 5 (continued)

VoLLMZIS)

wASTE yOLUME FERCENT CUMULATIVE FERCENT
9'547-70 Coalgl‘ 99-68‘01
SeS67436 e 104 SS9 .654S
94547410 [ 95,7055
F¢S4€ .82 Call30 5S5.7154
FeS46 482 03124 95.T2SA
I 9566041 0e 3104 S%.721%2
34545,38 el 53,7427
34546412 Te2104 59,7571
29545.74 e ZiCa $9,7¢ 7%
9¢520.75 C.C136 9%,7773
9418%.538 Ce 2190 €S,75879
S407Z.71 Ce 1059 85,7972
B 4h 4t a= D . 0097 SS.877¢
24721.06 CeC9E S2.£172
BeEEZ 23 0. 0095 S3.82¢%
8+235.16 e (091 95.833¢
T9ES4 .22 e"0B4 53,6425
TeEZ0et3 Ce 383 36.8522
€4€£35,30 0. 0072 €3,2524
£e2184026 0. 7068 S%.88cC
54373413 0e 0045 S3.87:7
SeTN7.74 fe 0247 9S, 8727
S4+358,84 L,J053 SS,=64¢
Tel6X 52 0.3C0%s 35.85%:%
4eERE G2 2. 0921 IS,835z2
4495365,08 fel252 $3.57:%
4494272,12 Ce 3048 @S ,gC832
4a13TR,5% Ce 247 85,9101
44212,25 0o 2047 EEPA-
449222,38 Te D &g $%,.51 5.
44032,87 Ce 2045 $%.97 ¢
2474042 fe C241 5349273
24130464 e 2734 95.92317
24713.62 CeC223n 35,7242
2620425 0. 0025 €3,8172
20649,87 CeZ027 55,2357
20449,4¢4 Cel227 99.94 2%
294483,44 Ce227 9c,9452
24219440 Co0C 24 75.306 7%
240224022 Cell22 5549498
19937.272 Cel222 3€.5°27
149556414 fe 022 ©5,.9%4z
14996.14 0.202¢C 96,9244
1493€¢414 ~ Ced222 99,93 3=
1956414 e 2222 33.9% 317
19995.14a tel222 9%9.9529
1+995.84 0.C322 93,9¢%:
1e9335.84 CelC22 9%.9572
19995 .84 fe3C22 9% .56 34
1453S.84 J.7222 ©%.57:4
1493%,.84 CeC322 SS,5734
1499%.R4 .2C22 92,9742
14335 .84 .CC2Z2 95,9752
1+39%,84 0s 2222 9549823
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TABLE 5 {(continued)

(CORRECTED VOLLMES)

Jes WAITE Tyre? LASTE voLoveD FERCENT CUMULATIVE FERCLMT
wo7 Ut 145554384 o022 as5,9g82:
455 Ui 14325.86 CeCR2z $3.9847
45 U17s 1,995,984 C.0522 9%.98455
45 9419 1,995, 34 0.0322 59,9057
45y £332 19395 .34 f.3i22 $5.9912
432 yzno 1,295,404 .2027 59.951¢
4q1 K104 513.55 £.n017 99.9944
4 e K123 511.83 €. 3017 $c.9%354
sgs K27 §27.48 te2210 55,3344
452 K171 507,43 0.2313 95.5574
437 <17% 537,48 0010 95,5334
6= K17z 9:7.48 C.nN10 c5.9¢54
433 $374 587 €7 G C30€E 1%,0000
g e LLL? 2,27 9. 2700 103.0237
5-y Lza 7 0.z27 Cet202 197.3717

a, .. s
See Appeadix A, Tables A-1 and A-2 for definition.
b

v
=

etric tons per year based on corrected Part A data.
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TA3SLE 6. PRELIMINARY SCREENING OF WASTE VOLUME IN AQUEOUS
PROCESSES BY WASTE TYPE

(S04sTCL1aTO24C82)

wASTEZ TYPES wASTE voLumr PERCCNT CUMULATIVE PERCENT

TOTAL 54 ¢y83745E64493 10C.000¢C .
J2Cz2 214773¢357.75 39.6938 19.5598
soc7 BelUSeB8344E° 14.781¢ 544814
J2CC¢ 6430334698455 11,4992 ES.9767
KD¢2 1¢929+4320.85 1.5365 5%.5132
SR 198144165472 1.2083 7248214
Foc7 197804572652 1.247¢ Te 2084
KT1ig 141629473 .2C ce1199 7%.1883
DIol 1¢0014215.71 1.82¢<¢ 8CaC14C
F2CE 998 ¢3C09 74 1.82°0C Bl.8345
2204 801e833 .24 1,822 83.2928
KaoC 2 5864975469 12528 8445494
<211 674926354 1. 225¢ 37722
Zols 5144364084 D.938° YN Y
FoCs 4544652468 2.30&¢C 874613
X 047 4729998.54 T 8627T £E£.4R1¢8
Kl&2 3829399416 2.£69¢8 £3.172¢S
FC01 3414082.CC D.€e5a¢ RS .RTZS
ztte 3734062648 e 682 52eS%37
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K287 114427%4%8 CeclRF GS.S838
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XxCTS2 1224286485 fel8ts 9% 418Z4
X244 E€£+312471 Te15€9 e ,2423
PRVREN 754045657 l.1287 9Ce4810
p217 734526453 Co 1242 FeeE122
Lt £Re583499 01271 SceTall
Flle £592206671 T.1270 9Le256170
¥2iA £5¢172.08 fel1277 S&e9817
cers 54952277 Te1177 27.2392
Fl3¢ £2¢27761° - Tellel 37.211%
F2ll 59 e 2n=etl 301277 97.2212
Kcel Jusf 72435 {«0997 S7.4209
ERVICRS £2+7515%0 T.039¢62 $7.5172
Pile fle720.70 TeC(%42 ST.6114
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RSN 424451465 TelT74 STe7722
0Ll 19152410 Tel714 STeBubc
21 I391°C e b3 le2R26 37.9142
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TABLE 6 (continued)

(5044 TC19T02408 )

wiSTE TYPE® wASTE VOLULMED FCRCENT CLMULATIVE FERCENT
u2lt 25¢2%8.3¢ . 0524 S3.2117
G4l 22472742 oLl 14 9L.25331
JOES 22968395 CeT414 SR.,25%E
u1lrs 22458C.91 CeCs 14 9E 3258
Ulsée 214379.21% (. 23538 98,3752
K0Za 21e46E402 TeC391 Ghes147
ugsld 23+82€.11 C.238&0 GELE2D
K014 224541428 e 0375 3LeuESH
FR2a 204507.87 T 3374 GteS5c72
Ulds 194154401 Le (349 §&,.,52 21
Kxoel 184143, 1€ L. 0321 9L.56558
FCil 184742.370 e 329 Fceslcl
<CQg1 164632.31 Ce2322 Q2 46T EY
0T12 1€+552.84 0. C30C2 GE.e387
KJ8¢z 154626485 Ce TCES Soel112
378 15579642 C.3283 R .T4ZE
J1%4 14906482 Le2271 FGedl7T
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TABLE 6 (continued)
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TABLE 6 (continued)
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TABLE 6 (continued)
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WASTE TYFES wASTEL VOLUMib FERCENT CUMULLATIVE PIRCENT
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SECTION 3

DEVELOPMENT OF WASTE CHARACTERIZATION DATA

Waste stream characterization was identified as a key input parameter to
the revised hazardous waste ranking of chemical compounds at TSDFs. GCA
consulted the literature and contacted OSW's Waste Characterization Branch to
obtain useable waste characterization data. When it became clear that no
single data base existed, EPA directed GCA to compile existing characterization
data for use in the national emissions estimates.

DATA SOURCE

In order to obtain waste characterization data on the multitude of
nazardous waste strezams handled at various TSDFs, GCA reviewed the following
references for useable waste stream characterization data:

° Mitre Corporation Working Paper WP83-00065, "Composition of
Ha-ardous Waste Streams Currently Incinerated", April 1933;°2
® Industrial Economics Corporation, Draft Report, "Interim Repor: on

Hazardous Waste Incinerationm Risk Analysis, August 1982;6

° ICT Incorporated, 'RCRA Risk/Cost Policy Model-Phase II Report",
August 1982;9

' RCRA background listing documents from the RCRA Docket;
® Waste code delisting informatiom from the RCRA Docket; and
. Waste stream data from the RIA data base.

The first four data sources listed above were the only sources readily
available for complete analysis and, although limited in many respects, they
represented the best available data om industrial wastes. RCRA delisting
informatiou was limited and provided incomplete analyses of constituents
likelv to be found in waste streams. The RIA data were not made available in
time for this review. In addition, GCA contacted OSW's Waste Characterization
group for access to the industry studies data. However, no data were receivad
from this source due to apparent problems with data confidentiality.
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GCA summarized existing characterization data for 99 RCRA waste codes, 52
of which were single constituent codes (U and P). These 99 codes represent
about 50 percent of the total waste volume reported in the screened RCRA
Parc A data base. Table 8 lists the generic waste codes identified in each of
of the primary waste characterization data sources. The term generic waste
code is defined herein as those wastes with the following EPA waste code
designations.

™ DXXX-waste codes identified in §261.21, §261.22 and §261.23 of the
Federal Register as nonlisted ignitable, corrosive, reactive or EP
toxlc wastes.

. FXXX-waste codes identified in §262.31 of the Federal Register as
hazardous wastes from nonspecific sources.

. KXXX-waste codes identified in §261.32 of the Federal Register as
hazardous wastes from specific sources.

A more complete listing of chemical specific and generic waste code
definitions is presented in Appendix A, Tables A-1 and A-2, respectively.

DATA SOURCE QUALITY

The following three limitations gemerally applied to the waste stream
characterization data base:

. laboratory of anmalytical techniques were frequently undocumented;

) errors were evident in estimation and extrapolation procedures used
in the reference;

® evidence of serious inconsistency within the same reference and
between references were noted.

A certain bias of the characterization data may be inherent with using
the Mitre and IEC data, since these two studies provided analysis of
potentially incinerable waste streams. It is anticipated that these data may
be biased towards higher volatile organic compound concentrations normally
found ia incinerated wastes. The following discussion presents salient
information about the three data sources which form the basis for the waste
characterization data compiled for the national emissions estimates.

Mitre Working Paver WP33-000657

The purpose of the Mitre study was to provide baseline information of
hazardous waste streams currently incinerated. Additionally, this repor:
provided an assessmen: of risks and benefits associated with altermate
approaches to incimeration.
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TABLE 8. EPA HAZARDOUS WASTE CODES FOR WHICH WASTE
CHARACTERIZATION DATA EXISTS

Waste Mitre?d IECb ICFC
code report report report
D0OO0l

D002 X

D003 X

FOOl X

F002 X X

FCO3 X

FOO4 X

FCO5 X

FOO06 X

FOLl7 X

L0061 X X
K009 X

RO1 X

KOL X X

K012 X

KOL3 X X

K014 X X

K015 X
KOlo X X
K017 X
K018 X X
K319

K020 -

K021 X
Ko22 X X
KJ2Z3 X X
Kulb X X

(continued)
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TABLE 8 (continued)

Waste Mitred IECP ICFC
code report report report
K027 X X X
K028 X

K029 X

K030 X
K043 X X

K049 X X

K050 X

K051 be X

K052 X

K033 X

X060 X
K070 X

K073 b X X
K033 X

K083 X X
K085 X

K087

K095 3
X090 X

K105 X
Total 29 22 19

a"Composition of Hazardous Waste Streams Currently
Incinerated,' Mitre Corporation, Working Paper WP83000653,
April 1933.

D"Iatarim Report on Hazardous Waste Incineration Risk
analysis," Industrial Economics, Inc., Drafc Report,
August 196l.

C"RCRA Ris«/ o

st Polity Model - Phase II Report, "
12, ILncorporal

2d, August 198Z.



This study identified 413 waste streams with 237 different chemical
constituents. However, not all waste streams were useable in GCA's
characterization, since individual waste streams were often comprised of a
mixture of two or more EPA waste codes as shown in the example provided ina
Table 9. For a waste stream such as the one shown in Table 9, determination
determination of the proper distribution of chemical constituents to
individual waste codes could not be determined. Thus, 36 waste streams of
this type could not be used in GCA's waste characterization data base.

In the Mitre report, 140 of the 237 constituents are listed in the
Federal Register as RCRA hazardous waste. The compounds reported in this
study are denoted by the RCRA K, F, D, U, and P codes waste type codes. The
remaining constituents included 85 specific compounds not listed in the
Federal Register that were denoted by a C code, and 13 nonspecific (e.g.,
“tars'") compounds denoted by a G code. For each constituent, data were
provided on the concentration and the total constituent quantity ia the waste.

Mitre data were obtained exclusively from industrial incinerators of
nazardous waste and thus, the study is limited in scope and the data should be
biased towards high Btu content wastes. The Mitre data may also be limited by
the accuracy of analytical techniques employed. Data were rounded off to the
nearest integer, tenth, or hundredth. This may have introduced an uncertainty
factor when the concentration quantities were later manipulated by GCaA.

Industrial Economics Corporation (IEC)®

The ITC presents data on incimerator facilities including operating
practices, identification of waste streams incinerated, waste toxicities, and
human population exposure. A calculational technique was provided to estimate
human health effects and to indicate potential risks expected across the
exposed population. Waste characterization data centers upon those wastes
which are "potentially incinerable.”

There are 102 waste streams identified in the IEC report, of which 48
are K waste codes, two are F waste codes and 52 are IEC codes. The IEC codes
contained no organic comstituents, thus they were eliminated from
consideration. Due to unavailable quantity or constituent concentration data
for most waste streams, only 22 streams were usable for characterization. A

total of 71 chemical constituents were identified in these streams.

For many waste streams, only partial information was provided. Various
chemical constituents were identified as present in a waste stream, although
no concenfration data were available. Many of the waste quantitites were based
upon "professional judgment,' wnile in some cases the numbers were based upon
actual sampling data. Thus, the accuracy of the numbers may vary widely. A
measure of this variability was not identified by the authors. Additionally,
many constituentis were identified incousistently; several constituents
appeared under different synonyms for different streams (i.e., Perchloroethy-
lene and Tetrachloroethylene were used interchangeably) and several comstitu-
ents were identified under general classifications (i.e., Tetrachloroethanes).



TABLE 9.

EXAMPLE OF MITRE

[PPSR S S W ST TR TRV M

Ash

content,
pueleent

cont et

Water
cont ent,
pricent

Wiasle Waste
SLrean LA bhazardous auonnt ,
1 waste code t/ycar
i DOOL 181.00
FOUL 1, 988. 00
FOO3 1, 814,00

[OTAL 3, 58)

w
(U]

S

dS0urce:  Relerence 5.

be fycar = metric tons/year.

.00

e ™

e zos

4

REPORT DATA:

FACILTTY 1084

Heat ing

Constituent

Amount of

value, Constituent concentration, constituent,

Bta/lb code percent t/ycarb

10000 Ho02 1.0 s6. 00
U220 8.0 IBT.00
u2lo 3.0 1U8. 00
228 3.0 108, 00
2139 12.0 430,00
C049 2.0 72,00
cu6Y 5.0 179,00
sy 30, 0 1,075, 00
U226 2.0 72.00



1CF, Incorporatedd

The purpose of this study was to provide a description of the
characteristics of waste streams from industrial and several nonlndustrxal
>ources. From these data a model was developed to generate "risk scores" for
szardous waste streams and their constituents.

There were 83 waste streams from industrial and nonindustrial (i.e., PCB
vastes) sources identified in this report. Of the 83 waste streams, 35 did
not have an applicable EPA waste code number. Eighteen waste streams were
aixtures identified by more than one EPA waste code. Thus, chemical
constituents which corresponded to individual waste codes could not be
segregated for these waste streams. Of the remaining waste streams, two were
identified by the same EPA code (F00l) and were subsequently combined as one
stream. Ten of the remaining waste streams contained only inorganic
constituents and were not considered in the analysis. The remaining 19 waste
streams, which were appropriate for characterization contained 29 chemical
constituents. All of these constituents were noted as hazardous (RCRA).

Analytical data were reportedly based upon varying degrees of
approximation. The resultant uncertainty factors included in the report
ranged from *15 to +40 percent for each waste stream. Several of the waste

streams were def;ned by using “highly approximate, artificial
characteristics.'" In addition, there was uncertainty as to whether all
cnemical constituents were actually listed in the ICF tables, as the ICF
report typically identified less chemical constituents for waste codes than
were identified in the other two characterizationm reports.

CHARACTERIZATION METHODOLOGY

Each waste characterization study contained tabulated data including the
foilowing information:

D) identification of each waste stream by one or more EPA hazardous
waste codes;

® total waste stream quantity generated on an annual basis;

. chemical constituent codes identified within a particular waste2
stream; and

) the concentration of each chemical constituent on a weight perceant
basis.

Using the data provided in each waste characterization report, volume weighted
average chemical constituent concentrations were determined for each waste
code. However, this analysis was only possible where a waste stream was
identified by a single EPA hazardous waste code. Waste streams with multiple
waste code listings did not provide a complete breakdown matching each
chemical coustituent to its respective waste code. In this latter case, all
chemical constituents were grouped together for the entire waste stream, and
thase data ware not useful.
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Volume or mass-weighting of the concentration data was employed in
averaging data from different data sources. This weighting method places

greater conlidence in conceantration data taken from larger waste stream
volumes.

In addition to the generic waste types discussed above, GCA also analyzed
U and P waste codes, which represent commercial chemical product wastes
identified as acute hazardous and toxic wastes, respectively. The Mitre
report characterized these wastes as pure compounds containing 100 percent
(106 ppm concentrations) of the "U" code constituent type. While the Mitre
data may be accurate for incineration, it is unlikely that pure volatile
organic compounds are disposed as free liquids or solids. GCA assumed for the
purposes of this characterization that these compounds would be found in
one (1) percent concentrations by weight (104 ppm concentrations). This
concentration is considered to be reasonable since this estimate may represent
either a nonrecoverable concentration, or a waste concentration fixed by a
sorbent. This waste dilution assumption should have minor impact on the
chemical prioritization ranking. However, the impact of this assumption may
be substantial with respect to the waste code ranking results.

Once the average constituent concentrations were developed for each waste
code, the weight-based concentrations were converted to mole fractions. The
mole fraction of constituent i in waste type k, is expressed as the weight
fraction of i, divided by the molecular weight of i, multiplied by the average
molecular weight of waste type k:

ka
ME. =C —
ik i,k M4,
i
where MFi o = mole fraction of constituent i in waste type k;
’i
Ci K " weight concentration of constituent i in waste type k;
b
Mwi = molecular weight of compound 1; and
MW .= average molecular weight of waste type k.
g

The average molecular weight of waste type k (MWy) was estimated by taking
the weignted average of all constituents in waste type k. Note that the
molecular weight of unknown constituents labeled "others" (MWgphers) was
assumed to be equal to the average of all known constituents excluding water.
The weight fraction of all unknown constituents is defined as one (1) minus
the weight fraction of all known constituents (including water).

CHARACTERIZATION RESULTS

The results of the waste characterization effort for 47 generic waste
codes ars presented in Table 10. he waste codes are listed in the left hand
vertical column of Table 10 and the waste constituents are listed across the

55



top of the table. Because of the large number of waste constituents (53)

listed for each code, the constituents for each waste code are listed on
savaral pazes. Single constituent waste mole fractions for selected "U" co
wastes are presented in the bottom row of Table 10. As noted earlier, these
gle constituent weight fractions of

de

mole fractions are based on sin
one (1) percent by weight.

56



TABLE 10, WASTE CHARACTERIZATION RESULTS
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SECTION 4

COMPILATION OF CHEMICAL PROPERTIES
AND HEALTH EFFECTS DATA

Tnis section briefly summarizes the data compiled on the chemical
constituents identified in the waste characterization portion of this report.
Tso types of data were identified and compiled: (1) the chemical and/or
saysical properties:

) molecular weight

. vapor pressure

® solubility

. Henry's Law Constant
° acctivity coefficient

and, (2) the toxic and carcinogenic effects:

. Threshold Limit Value (TLV)

° maximum allowable concentration at the 10-5 Risk Level.
C3TMICAL AND PHYSICAL PROPERTIES DATA

Chemical and physical properties data are particularly important to the
waste ranking, since the hazard factor calculation, based on chemical
equillibria, requires knowledze of these properties. Specifically, the
solecular weight, vapor pressure, solubility, and activity coefficients
associated with each chemical compound were employed to assess the gas phase
ecuilibrium concentrations used in the ranking procedure. Additional detalls
on the hazard factor calculation are provided in Sectiom 5 of this report.

All chemical property data were compiled for a temperature of 25°C. The
izerature provided calculational techniques to estimate these data when not
readily availaole in tabular form. Table 1l summarizes the key data used 1n
tne development of the hazardous waste ranking. Following discussions
{acicate how the data were manipulated into the desired form.

ol



SUMMARY OF PERTINE

PROPERTY DATA
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volecular Weight and Vapor Pressure

Molecular weights were obtained from the published literature,10,12
wnile approximately 60 percent of the vapor pressure data were also
available. Vapor pressure data not found in the published literature ware
calculated in one of two ways. Where vapor pressure data were available at
several known temperatures, the Clausius—-Clapeyron equation13 was employed.
ror those compounds for which these data were not available, the Antione

coefficients and equation were used.lé

Tae Clausius-Clapeyron equation provides an approximate relationship
between vapor pressure and absolute temperature:

-AH

1n P° = RTV + B

where: P° = vapor pressure (mmHg);

14, = latent heat of evaporation;

R = the gas constant;
T = absolute temperature (°K); and
3 = a compound specific coastant.

According to this equation, a plot of ln P° versus 1/T would yielcd a
straiznt line with slope - H/R and intercept B. Thus, if two vapor pressures
are known (P°y, P?p) along with their corresponding temperatures (Ty,
Tr), a third vapor pressure at it's corresponding temperature can be
determinad by solving for -lH,/R and B as follows:

—;Hv T.T. 1n (P 2/? 1)

.12 3
R _
(Tl Tz)
AH
= o v
B =1n P 1 + i?;

The validity of this estimation technique is dependent upon the
assumptzion that )H, does not vary with temperature. While this assumption
is fraquently invalid, the equation provides reasonably good results if used
to interpolate vapor pressure over & relatively small temperature range.13,14
Multiple vapor pressure values for a number of compounds at various

temperatures were available in the Chemical Engineer's Handbook. 13

Antoine's equation is a three comstant vapor pressure correlation
reoresented as follows:

log P° = a -




where: P° = vapor pressure (mmHg)

t = temperature (°C)

a, b, ¢ = Antoines coefficients, chemical specific.
The Antoine coefficients were mainly obtained from Lange's Handbook of
Chemistry.ll For vapor pressure values ranging from 10 to 760 mmHg, there
is an estimation error of approximately 3 percent. For low volatility

compounds (1073 to 10 mmHg), the error can be as high as 86 percen:.l4

Solubilitv in Water

Approximately 60 percent of the solubility data were directly obtained
from published literature sources. The remaining data were calculated from
the following equation:

Log 1/8 = 1.214 log K,, - 0.85

124

where X, = octanol water partition coefficient

S solubility, mg/l at 25°C

Although tnis equation is subject to several data limitations,}™ it provides
approximatelv two-thirds of the estimates within a factor of 10.

Vasor Phase Eguilibrium Calculation

The simplest approach for determining vapor-liquid equilibrium is to
assume an ideal liquid with an ideal gas. From Raoult's Law, phase

equilibrium is determined by the partial pressure of a component in the vapor

pnase:
¢ = . o,
Pl = XiP?§
where P; = partial pressure of compound 1
X, = mole fraction of compound i in the liquid phase
P°. = =~ ¥ .
{ = true vapor pressure of compound i

However, this equation is of limited use since the assumption of an ideal
solution is generally unrealistic. The ideal solution assumption is only
approximately valid if the solution is comprised of species of similar
molecular weight and chemical structure.

To correct for deviations from Raoult's law, it is necessary to includs
tne activity coefficient such that:

D. = - .v.p%,
1 11 1



,- the purposes of this task, the activity coefficient becomes a key

yrameter in determination of vapor-liquid equilibrium particularly inm the

1se of agueous mixtures. Thus, the use of activity coefficients is essential
;- the following storage, treatment and disposal processes where the

(samption of dilute aqueous solution holds:

.00 of ® S04 - Storage Surface Impoundments
g, there
eility ° TOl - Treatment Tank
:edt,14
. TOZ - Treatment Surface Impoundment
. o D83 - Disposal Surface Impoundment

-1y obtained
~ulated from r the remaining processes, it is assumed that waste mixtures are generally

similar chemical nature and not dilute aqueous mixtures, thus, Yj is
proximately unity.

rivitv Coefficient

Several methods for the estimation of activity coefficients are presented
-he Handbook of Chemical Property Estimatiom Methods.l%

it orovides ALl activity coefficients were estimated using the infinite dilution
v coefficient correlation shown below: 14

g
tivic

- 2
log v, = / + B, N./N. + C, /N, +D (N, =N + F_/N
3V T A ot By NN ¢ G/ Ny - Ny) 2/
y)rium 1s to
shase re: subscript 1 refers to solute and 2 refers to solvent, and

1t in the vapo Al,2 = coefficient which depends on the nature of solute and

solvent functional groups;

By = coefficient which depends only on nature of solvent functiomal
group;

Cy = coefficient which depends only on solute functional group;
D = coefficient independent of solute and solvent functional group;

Fy = coefficient which essentially depends only on nature of scolvent
5f ana 1ideal functional group; _
ion 1is only
similar Ni, No = number of carbon atoms in solute and solvent, respectively.

- s correlation requires xnowledge of the molacular structure of the compound
i3 - : N . Y . . 1T T - ’3 fad -
arv to inclad2zn was obtained from the literature.l0, 17722 For the case of water as a
vant, the above equation simplifies to:

= + B, N, +C,/N
310 T B Ny 6N,

uq
[ Sl



This equation serves as the basic equatlon which varies slightly
accordlng to which chemical class a compound is aSSLgned. Once a compound was
categorized into one of the chemical classes shown in Table 12, Table 13
indicates which of tha nine equation modifications will be incorporated into
the basic equation. Table 14 presents correction factors which had to be
taken into consideration for each compound.

Large percentage errors can be tolerated in estimating activity
coefficients. For example, a +10 percent variation in Y® does not effect
predictions of vapor-liquid equlllbrla. In general, this method is capable of
predicting Y® to within +25 percent of the true value. Pierotti et al.23
gave an overall average deviation of 8 percent in Y¥, although in isolated
instances errors as high as 350 percent were shown. 1In three instances,
values were not obtained for Y and assumed to be equal to 1.

Henrv's Law-Constant

Some of tﬁe Henry's Law Constants (Hj) were taken directly from the
literature.<3"2% For the majority of compounds, the following equation was

used:
o 1 atm
B = i (mmHgz) 76O3mmHg x M
S. (g/m7)
i
where: P°; = vapor pressure of compound 1

S, = solubility for compound 1

M~; = molecular weight of compound i.

When the above equation is used, the data must be for the same temperature
(25°C) and physical state of the compound. Appendix A, Table A-3, contains a
summary of the chemical and/or physical properties compiled for the chemicals
identified in this report.

HEALTH PROPERTIES DATA

As part of GCA's revised ranking approach, it was determined that the
wastes should be evaluated based on both carcinogenicity and toxicity.
Thresnold Limit Value (TLV) data was used for the evaluation of toxic effects
while maximum allowable concentrations at_the 1073 Risk Level were used for
assessing the impact of carcinogenicity.

Toxlcitv Threshold Limit Values

Threshold Limit Values for several chemicals were compiled for previous
cnemical ranking efforts conducted by GCA.l Other TLV data were available
from daca published annually bv the American Conferance of Governmental
Industrial Hv3 i2nrscs.27 The TLV refers £o maximum airberne concentrations

all workers mav be repeataedly exposed (8 hr/day, 40 hr/weex,
i ,

S whign near l pe
re . In zeneral, TLV data are w21l documented and Dased on

.
LS
wiltaout aj

e}
t O

60



ABLE 12. CORRELATING CONSTANTS FOR ACTIVITY COSFFICIENTS AT INFINITZ
DILUTION, HOMOLOGOUS SERIES OF SOLUTES AND SOLVENTS2

Solute Saolvent Temp. A B, c, D F, Basic Equatipn
8] (2) {°c) Modification

n-Acids Water 28 -1.00 0.622 0.490 0 [¢] a

50 -0 8¢ 0.590 0.290 0 o] a

100 -0.620 0517 0.140 0 o] a

n-Primary aicohols Water 25 -0.9385 0622 0558 0 o] a

60 -0.755 0.583 0.460 4] 0 a

100 -0.420 0517 0.230 Q ¢ £l

Secondary alcohols Water 25 -1.220 0.622 0.170 0 ¢} b

60 -1.022 .0.583 0.252 o] 0 b

100 —0.870 0.517 0.400 1] 0 b

Tertiary alcohols Water 25 -1.740 0.622 070 0 0 c

60 -1.477 0583 0.252 0 o] c

1C3 -1291 0517 0400 0 o} c

Alcchols, general - Viater 25 —0525 0622 0475 o] [¢] d

60 -0.23 0.583 0.29 o] 0 d

100 -0.15 0517 034 0 0 d

n-Ally! aicohols Water 25 -1.180 0622 0.558 0 0 a

(o] -0929 0.583 0.4€0 0 0 a

1¢0 —¢ 650 0.517 0.230 ¢} 0 a

n-Aldenydes Water 25 -0780 0.822 0320 o] 0 F

60 -0.400 0.583 0.210 0 0 a

100 0.3 0517 O 0 o] a

n-Aicenc aldenvces Water 25 0720 0822 0.320 o] o] a

60 -0 a0 0.583 0.210 0 0 a

1038 0288 0517 O o] 0 a

n-Keiwones Water 25 -1475 0.622 0.500 0 0 b

60 -1.04C 0583 0320 o] 0 b

100 —0.52%7 0517 0.200 #] 0 b

n-Acetais Water g -2.555 0.622 0.486 0 o] e

60 -2.184 05383 0.4s1 [¢] 0 e

10C -1.780 0517 0.426 0 0 e

n-tthers Water 20 -0.770  0.830 0.18% 0 0 b
n-Nitriles Viater 25 —0537 08522 0.760 0 o]
60 -0.268 05383 0.413 0 0
. 100 0095 0517 0 o] 0

n-Alcene nitries Water 25 Q520 €622 0760 Q 0 3

1] -9323 0583 0413 0 0 a

1CQ -g074 0517 0 o] Q a

/Canrmuedl



TABLE 12 (continued)

Solute Solvent Temp. A2 B, C, D F: Basic Equatipn
i (2 e Modification
n-Esters Water 20 —0830 0640 0.260 O 0 b
n-Formates Water 20 -0.585 0640 0.260 O o] a
n-Monoaiky( chierides  Water 20 1.265 0643 CO072 O o] F
n-Paraffins Watar 16 0.668 0.642 0 4] o] a
n-Alkylbenzeres Water 25 3.554 06220468 O o] f
Alcohols, general Paraffins ~ 25 1980 0O 0.475 -0.00049 o] d
60 1460 O 0.390 -0.00057 c d
100 1.07¢ 0 0.320 -0.00061 0 a
n-Ketones Paraffins 25 0.0877 0 0757 -0.00043 O b
60 0.016 0 0.680 -0.00057 O b
100 -0.087 0O 0.605 -0.00061 0 b
Water . n-Alcohols 25 0760 © 0 o -0.630
60 0680 0 0 0 ~0.440
100. 0617 0 o] o] -0.280
Water sec-Alcohols 80 1208 O [} 0 -0.£50 c
Water n-Ketones 25 1857 0 0 0 -1.019 ¢
60 1483 0 0 Q -0.73 c
100 1231 0 o] "] —0.557 ¢
Ketones n-Alcohols 25 -0.088 0.176 0.0 -000043 —0630 q
60 -0.035 0.128 033 -0.00057 -0.440 g
100 —0.035 0112 0.20 -0.00081 -0.280 q
Aldehydes n-Alcohofs 25 -0.701 0.176 0.320 -0.00049 —0830
60 -0.229 0.138 0.210 -Q.C0057 -0.440
Esters n-Alcchols 25 0.212 0.176 0.260 -0.00049 -0.630 [
60 0.055 0.138 0.240 -000057 -0.440 g
<100 o} 0.112 0.220 -0.0C061 —C.280 g
Acetals n-Alconois 60 -1.10 0.138 0.451 -0.00057 -0.440 h
Paratfing Ketanes 25 o] 0.18210 —0.00049 0.402 !
60 Q 0.11450 ~0 00057 0.402 |
S0 0 0.0746 0 -0 0CC61 0.402 i
Paraffins’ n-Alechols 25 .87 0.176 0 -0.00043 -0,630
60 0.80 0.133 0 -000057 -0.440
100 0.72 0.112 © -0 00061 —0.280
Water! Paratfins 25 255 O 0 0 3.88
Water! n-Alkyibenzenes 25 304 ~0 ] o] -3.14
dSourcze Raference 14%.
bicdificazions to the basic infinite dilution equation are shown
in Table 13.



TASLE 13. MODIFICATION OF TIRMS IN THE BASIC ACTIVITY
COEFFICIENT £QUATIONE

Modification of terms

a. BN

1 1
i F,l — - —
AN N

N,, N. = total numoer of caroon atoms in molecuies 1 and 2, respectively.
N’ N, N'" = number of carbon atoms «n respective branches of branched compounds, counting the
polar grouping; thus. for t-butanol, N =N'"=N"=2

| Entries contributed Dy che author of tms chapter.

d5ource: Reference l=.
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TABLE 1%, CORRECTION FACTORSD FOR LOG Yi. PER GROUPa

b

Group A Group A
F 0.14 NH; © —=1.35
Ci 0.70 NO,
Br 0.92 (hydrocarbons) 0.15
{m-, p-phenols) 0.30
! 1.40 .
(m-, p-anilines) 1.00
OH CH, (N, >8) -0.25
(alcokols! -1.80
{phenols) —1.70 C=C (in sice chain) -0.30
COOH C=C (in side chain) -0.48
{in side chain) —1.70 Polycyclic hydrocarbons —1.11 per addi-
(op ring) -0.70 {naphthenes and biphenyls) tiona! ring

4Groups are attached to ring unless otherwise specified.

PSource: Referencs 1%,



«-ensive experimental data. However, one valid argument agaianst the use of
s in a health impact ranking such as we are presenting, is that the adverse
effect endpoints may vary considerably in impact on the quality of life. For
sqaaple, tae TLY adverse effect may be permanent impairmen: for on2 compound
cersus minor skin irritation for another.

v L

carcinozealcity - 10~5 Risk Level

Unit risk estimates define in quantitative terms, the impact of an agent
as a carcinogen. Tnis unit risk estimate for an air pollutant is defined as
the lifetime cancer risk occuring in a hypothetical population in which all
i~dividuals are exposed coatinuously from birth throughout their lifetimes to
a concentration of 1 vg/m3 of the agent in the air that they breathe.

The maximum allowable concentrations at 10-5 Risk Level were calculated
f-om potency slope data based on ingestion experimental data. The probability
o increased cancer risk is defined as:

p =1 - exp (qi*d)

%
o)
W
"
®
.0
+
3,

I}

potency slope derived from experimental data

[a¥)
W

dose rate (mg/day)

nJ
1}

propability of increased cancer cases

Assuming, a human bodvy weignt of 70 kg with a daily human inhalation
volume o 20 m3/day and 2i-hour/day exposure, the equivalent inhalation dose
rare, (d) can be expressed in terms of pollutant concentration, cl.g/m3) as
snowd oalow!

4 = (2.857 x 107%) ¢

™is metanod of comverting ingestion data toO air inhalation dose rates assumes
137 percent absorption of the chemical compound. Inserting the above
expression into the £irst equation and setting the probable risk to 1/100,000,
trne 10-3 Risk Level concentration can be shown to be:

3.5 x 102

C = —
q1”

Tablie 15 provides a summary of the allowable concentrations at 1073
Ris% Level for 52 compounds for which the Carcinogen Assessment Group (CAG)
nas assessad. Tne issue of nealth risk endpoint is not a problem for the
carcinogenicity data; since it is generally perceived that cancer results in
aveactual death. However, the experimental data base for carcinogenicity dala
13 very limized o7 {analation data. In fact, the data presented in this
report wer2 dased om inzestion carcinogani

b
city data and converted. <Tne data
~3ole 15 is limized by avatiladle carcinogenicizy study results.

’
J



TA3LE 15. MAXIMUM ALLOWABLE CONCENTRATIONS AT 10-5 RISK LEVEL

Compound C
Acrylonitrile 146
Aflatoxin By 1.2 x 107°
Aldria (dimethanonaphthalene) 3.1 x 10_3
Allvl chloride (3-chloropropene) 2.94
Arsenic 2.5 x 10_3
B [a] P 3.0 x 107°
Benzene .673
Benzidine 1.5 % 10-4
Beryllium 7.2 x 10-3
Cadaium (dust) 5.2 x 10_3
Carbon tetrachloride L2093
Chlordane 2.2 x 10—2
Chlorinated ethanes

1,2-dichloroetnane .507
1,1,2-trichloroethane . 611
1,1,Z,Z—tetrachloroethane 175
Hexachloroethane 2.L46
Chlorofom .318
Chromium 8.5 x 10—4
DDT 4.2 x 107°
Dichlorobenzidine (3,3'-) 2.1 x 10_2
1,1-dichloroethylene (vinylidene chloride) .238
Dieldrin 1.2 x 107°
Dinitrotoluene (2,%4-) i 113
Dipheaylhydrazine (1, 2-) (hydrazobenzene) 4.5 % 10.-2
Epicnlorohydrin 3.54
Bis{2-chloroetayllether 3.1 x IO_2
Bis(chlorometnyllether 3.8 x 107°
(continued)



TABLE 15 (continued)

Compound C
Ethylene dibromide (ED3) 4.1 x 10—3
Ethylene oxide 5.6 % 10._2
Formaldehyde 1.64
Heptachlor 1.0 x ].O_2
Hexachlorobenzene 2.1 x 10-2
Hexachlorobutadiene 260.74
Hexachlorocyclohexane
Technical grade 7.4 x 10—3
Alpha iscmer 3.1 x lO“3
Beta isomer 1.9 x 10—2
Gamma lsomer 2.6 x 10-2
Nickel 3.0 x 10°°
Nitrosamines
Dimethylintrosamine 1.4 x 10_3
Diethylnitrosamine 8.0 x ].O—4
Dibutvlnitrosamine 6.4 x 10“3
N~nitrosopyrrolidine 1.6 x 10-2
N-aitroso-N-ethylurea 1.1 x 10—3
N-nitroso-N-methylurea 1.2 x lO_i
N-nitroso-diphenylamine 7.11
PC3s 8.1 x 10°°
Pnenols (2,4,6-trichlorophenol) 1.76
Tectrachlorodioxin 8.2 x 10—3
Tetrachloroethylene . .55%
Toxaphene 3.1 x 10—2
Trichlorcethylene 2.78
Vinvl chlorice 2.0

~1
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SECTION 5

HAZARDOUS WASTE RANKING METHODOLOGY

The hazardous waste prioritization methodology described below was
designed to provide a first cut estimate of the inhalation health impact
potential of various hazardous wastes currently being disposed in the United
States. Previous prioritization efforts,l designed to screen hazardous
wastes for air emissions study, were determined to be inadequate in scopa.
The revised prioritization approach described below was based upon
consutltation with EPA's Office of Solid Waste, Office of Health and
Eavironmental Assessment (OHEA)/Washington, Environmental Criteria Assessment
Office (ECAO)/Cincinatti, and Carcinogen Assessment Group (CAG)/Washington.
Changes implemented with the revised ranking methodology included: (1) the
davelopment of seoarate prioritization systems for toxic and carcinogenic
effects: (2) the inclusion of data for consideration of a hazardous
constituent concentration; and (3) counsideration of TSDF disposal practices.

The follewing section discusses the hazard factor assessment emploved in
daveloping the hazardous waste air emission prioritization. The basic
elements of the ranking metnodciogy, as previously illustrated in Figure 1,
include the following:

™ hazardous waste quantity and distribution determination;

® hazardous waste characterization;

. chemical propercies and health effects data compilation;

. hazard factor development; and

) quantity—weiznted nazardous waste ranking.

The following discussion presents the reasoning behind the evolution of the
nazard factor. The closingz portion of this section presents the results of
the hazardous waste ranking efiorts.

selactea approacn towards a numerical comparison of potential hazaraz
stes invoives the calculation of toxicity and carcinogenicity hazard
rs. These factors were obtained by combining the health effects
ation anc vapor prase concentration data for individual chemical
n=3 of each waste code. The toxicity hazard factor is defined as the



ratio of the gas phase equilibrium coancentration to the Threshold Limit Value
(TLV) for a given substance. The carcinogenicity hazard factor is similarly

defined as the ratio of the gas phase equilibrium concentration to the maximum

aliowadble concentration at the 10-5 Risk Level (10-5 RL). These ratios,

which bear analogy to a risk assessment procedure, yield unitless numbers that
are useful in comparing wastes on the same basis in a relative manner. In
general, lower ratios correspond to lower potential hazard.

Gas Phase Equilibrium Concentration (qu)i

Since the emission rate is somewhat proportional to the equilibrium gas
concentration, the downwind concentration can be assumed proportional to the
equilibrium gas concentration. The gas phase equilibrium concentration
(Ceq)i for a compound is defined as follows:

S S S
).

(Ceq 1 RT

where: ¥ = mole fraction of compound i in waste mixture (based on waste
characterization data);

it = activity coefficient of compound i;
Do = - .
2y = vapor pressure o compound 1i;

M = molecuiar weizn:t of compound 1

R = universal gas conszant;

- = temperature.

After computation of the molar gas volume at 25°C (24.45 l/mole), writing the
expression for R in the desired units, and converting from mg/m3 to ppm, the
equation reduces to:

(C. ), = (X, ¥.) (P°, mmHg) (1.3158 x 10°)
1 1 1

eq’1i

In the initial ranking scheme proposed by GCA, a chemical's vapor aquilibrium
concentration was calculated. Afrer conversion to units of ppm and ppb, the
equation recduced to:

(P°, mmHz) (1.3158 x 103)

Concentration (pom)

Concentration (ppb) (P°, mmHg) (1.3158 x 105)

ine revised ranking calculation of gas phase equilibrium concentration is an
extension oI tne vapor equilibrium concentration in that it considers X:
mole fraction data and considers vi, activity coefficient daca.

~1
tn



The key differences between aqueous and nonaqueous mixtures was in the
activity coefficient (Y). Tne activity coefficient will be of primary
importance in aqueous waste mixtures. For nonaqueous waste mixturas, iL.e.,
landfills and landfarms, the activity coefficient will be unity (Y = 1.0),
assuming pure hydrocarbon mixtures.

vdgzard Factor Calculation

Once the gas phase equilibrium concentrations were computed, the health
effects information and vapor phase concentration data were combined to
develop a relative hazard factor for individual chemical constituents of each
waste code. In addition, individual chemical constituent hazard factors were
summed to produce an overall hazard factor for each waste code by TSDF process
category (aqueous and nonaqueous) .

The hazard factor computation bears analogy to a risk assessment
srocedure. Assuming tnat the equilibrium gas concentration, (Ceq)i is

p:oporcional to a downwind concantration, the hazard factors shown below
provide risk indexes for toxicity and carcinogenicity.

mnreshold Limit Values and maximum allowable concentrations at 1075
Risk Level ware obrained from the literature or calculated as described
earlier. The health effects properties and vapor phase concentration data
were combined to develop hazard factors that provide risk jndexes for toxicity

and carcinogenicity. The calculations are as follows:
TOXTCITY HAZARD FACTOR = (C .
eq 1
TLV.
1
CARCINOGENICITY HAZARD FACTOR = (Ceq)i
ep————————— e
C -
(107°RL),
i
where: (Cgno)i = tne equilibrium gas concentration of compound 1
b
TLV; = the Tahreshold Limit Value of compound 1
C(1p-3aL); ~ the maximum allowable concentration at the 1073

Risk Level for compound 1 (1079 Risk Level is the
level at wnich omne additional cancer deathd will
occur in one huadred thousand).

The toxicity and carcinogenicity hazard factors represent an appropriate
method for comparing relative nazards for wastes. For example, 1f judged on
the basis of TLV alone, Methyl Ethyl Ketone, with a TLV of 200 ppm, mignht be
deemed less harmful than Metnyl Chloride, with a TLV of 50 ppm. When the 233
phase equilibrium concantration is taken into account, it is apparent that o2
Methvl Chloride hazard factor of H.1 x 103, represents more of a potential
air nazardé than Metavi geavl Ketone, with a toxicity hazard factor of 95.12.



Upon examination of approximately 95 percent of the total waste volume
identified in Table 7, data appropriate for computation of the toxicity and
carcinogenicity hazard factors were found for approximately 100 waste types.
Chemicals such as arsenic, chromium, and cadmium as well as many others either
had no published vapor pressures or values significantly less than one mmig at
25°C. Summaries of the chemical specific and generic waste types evaluated by
the aforemzntioned analysis are provided in Appendix A, Tables A-1 and A-2.

Waste Volume Weighting

To azcount for a given wastes disposal volume, the toxicity and
carcinogenicity hazard factors were multiplied by the wastes' aqueous and
nonaqueous disposal volume (as presented in Tables 6 and 7, respectively) to
yield a waste volume-weighted prioritization ranking. This number accounts
for all specified criteria; constituent concentration, gas phase equilibrium
concentration, healtn effscts properties (toxicity and carcinogenicity), and
reported agueous and nonaqueous waste volume. The Part A waste volumes were
divided into aqueous and nonaqueous (i.e., TSDF type) categories, so that the
relative risk for a waste mav pe evaluated based on disposal method.

HAZARDQUS WASTE PRICRITIZATION RANKINHG RESULTS

Table 16 presents the waste type toxiclty ranking scores for the &3 waste
tvoes wita sufficient data. The toxicity hazard factor and volume-weigihzed
toxlcity nazard scoraes are snown in Table 16 for both aguecus and nonaguedus
TSDF catesgories. Note that the volume-weighted aqueous TSP scoras are
generally greater tnan tae nonagueous scoeras in spite of larzer ncnaguaous
waste volumes (shown earlier in Table 7). This general trend is mostly due to
greater volatilicy aad toxicity shown by the aqueous wastes as indicatad dy
the significantly higher hazard factors for these waste types. This
demonstrates the importance of consideration of the activity coeificient in
these calculations. The following five waste types were found in the top ten
hazard scores for both TSDF catezories:

. DOOLl - Ignitable wastes, not otherwise listed;
. D002 - Corrosive wastes, not otherwise listad;
® FO02 - Spent halogenated solvents;

. FOU3 - Spent non-nalogenatad s?lvents;

] V043 - Vinyl chloride

aneric D-tyoe wastes were found in
very hizh hazard facrtor. In general, th
d facrtors and largze waste volumes.

maining wastes snowed both nigh

graater volume and DOCI also hac a
e rema
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TABLE 16. WASTE TYPE TOXICITY RAMNNING SCORES FOR AQUEOUS
AND NON-AQUEOUS TSDF CATEGORIESA

Toxicity Volume-weighted Toxicity Volume-weighted
hazard factor toxicity hazard hazard factor toxicity hazard
for for for for
non-lqu%oul non-gquecus agqueous aqueOul

Waste type TSDFs, TSDFs, © TSDFs, 9 TSDFs, ©

code (Ceq)NA/TLY VNa(Ceq)Na/TLV (CeqlaQ/TLV VAQ(Ceq)AqlTLV
000l 46552.04 1.6046E50 3.4183E 3.620E!4
D62 1902.00S 1.4852E7 27007035, 5.£80E13
Duo3 421.9719 1.632023 S03017.3 g.216EL1L
F0O! 8939.512 4, 15S54E8 2333825, 1.081E12
Fa02 33341.35 2.061227 2.0727E3 1.298E:3
FOU3 39431,39 1.4741E% S.346SES £.634E1L3
FoCs 436.9573 16435027 1231309, 2.525E:0
FOOS 3747 ,482 2.7€01E3 7062227, $.720E11
FOOL 1306.320 5.4200E3 13tet 1SR {1.813E13
FO17 13336.45 L.4166ES .S39sES 6.,221EL2
KOQ! 26,4257 210053.9 1892795 2,1S0E10
Ko1C 1420.601 30835173 1217.37 2.5038E3
Kottt 2.1491%7 104729.3 45,83457 414617544
X012 417.3716 37720.82 4545.177 4545.177
Xo1e 10.439L9 409323294 113,119¢ 32231387
rata 33€.5851 11226465 d4376861.2 9,94t435c27
KO1LS 2113.97S {.23278ES8 1518101 1.033E19
ko1 £859.744 5.3294E3 633L¢76. 7.943E12
Kot17 9.391032 240420.7 252.90674 234670.6
KGig 7653.91% Z.S1S1ES 2223101, 1.933EL L
L QU 55S1.017 S.7SSTES 3120440 2,02STE?
Y022 89£3.82° 5.567T1ES 2373740, 2.2827ES
KaZt 62.011e7 1218818 30552.14 £3003%5.
K022 ,0438394% 4712.036 LAS7S5201L 4%544.753
K023 L0121371 551.2%4%0 1.32408%5S €33.,24601!
Kd2e 139.55379 5782170 225220.4 78131679
Koz2e 171335.2 4,7318E% 654502¢9 1.5<8E11L
KO4sS .0045843 1740.745 L0ei2322 19705.33
KG49 9,451E-4 283.3793 L01274¢%1 1871.409

2 aqueous TSOF categories include treatment tank and treatment, storage, and
dlespowal surfdce {mpoundment. Non-aqueous TSDF categories include landfill, land
application, and waste pile.
bEgaed on non-squeous activity coeificient (1.0).

CWeighted by non~aqueous waste code volume (metric tons/yt).

dBased on aqueous activitly coefficient estimated by infinite dilution procedure.

€le gnted Dy aqueous waste code volume (metric tons/yT).

(continued)
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TABLE 16 (continued)

Toxicity Volume-weighted Toxicity Volume-weighted
hazard factor toxicity hazard hazard factor toxicity hazard
for for for for

non—aqueous non-aqueous aqueous aqueous
waste type TSOFa,® TSDFs,? TSDFs,C TSDFs,d

code (Ceq)na/TLY Vya(Ceqdna/TLV (Ceqlaq/TLV VaQ(Ceqlaq/TLV
K031 1.1146E-4 34.6%5334 ,0015053 467.48871
X033 7.524771 $997.242 670.4315S 2676450,
K060 9.163E-5 4.48%5362 L0012361 15.80579
KQ73 20241.75% 3.0806E8 6958203, 5.3274E°
K083 1.850711 31010.52 107.30¢7 60397.71
Koes 19.31010 331303.4 40316.04% 12528973
K08e 215.0%5%58 3894876, 24516.37 2.8407E8
Kog7 L 4472925 $6253.30 £.032976 £90550.6
K096 40663.14 %.0723E8 15532320 ¢
K10 183.9972 2%0420.2 3€40790. 0
uoo: 4%%00 3.3330E9 709800 1.3S2ELL
yooz 3%.883 136%%973, $32.643 tuSesTio
L0031 141,2 2241268, 1537.668 37657435,
yao? 13.7% 452978.8 45,4625 23423.13
ucos 1.%9 $5988.78 17.013 75314.61
uoos 16200 3.5147E8 408000 1.0C?3E9
yoiz 90.5% 3214732 8507 81459135
uscte 50900 2.2098ES9 1.2792E 1.¢07E12
F028 4780 75%38340 10903520 2,5011E3
TER: Lo, 41 308715, 1 §32.637 2034221,
Usil 27580 4.3313E3 2188800 1.95CEL L
uo4s 36% 1.3670E . 0 0
Go3- 3653 1_318723 144759 {15281
Uoes 8200 s.2732F8 223047T9 1.253E19
Lo~ . e 3.72L3E% 3.2322812
N 1:0.4 3913680 150544 55472262
uo7¢ 2350 85146440 S Taps . lseiin
uaTe bR 1.2272ES 8.156211
< 9¢1.6 32225790 1h233200 3.10%80 1
uazs 2340 83102760 P lgi5s nees
Uosy . 618,73 9715749 397830 5.2005E9
: 169, 17200.4 722316.8

Ui 9069 i

50.33 1906937, 6355.65 48679154

Apcueous TSDF categories {nclude treatment tank and treatment, storage, aad
disposal gurface lmpoundment. Non-aqueous TSDF categories include landfill, land

spplication, and waste plle.

bugsed on non-aqueous sctivity coefficient (1.0).

Cweignted dy non-nqueéun waste code volume (metric tona/yr).

diased on squeocus acCivity coeificient estimated by infinite dilutiom pr?cedure.

Suwe i gnzed by agueous waste code volume (metric tons/yr).

(continued)



TABLE 16 (continued)

Toxicity Volume—weighted Toxicity Volume-veighted
hazard factor toxicity hazard hazard factor toxicity hazard
for for for for
non-aqueous non-aqueous aqueous aqueous
Weste Cype TSDFs,® TSDFs,? TSDFs, ¢ TSDFs,d
code (Ceq)na/TLV VnalCeq)ya/TLV (Ceq)aQ/TLV vaQ{Ceqlpzq/TLV
U113 7910 6.0091E8 3574740 2.246E10
ur17 933 15228425 112873 5080165
amy o -
uo77 755 26895456 288792 2.290E10
291%5.2 3.1538E8
U122 20100 6.3323E8 : 3o 2o
U123 $6.13 463970.6 72,4077 592626.¢€
U140 33.28 541498.9 143:.04 3023f229
Ui47 119.89 377054.1 iz 216281.6
Urss 6.48 396232.6 7:9144 147585.8
uoas 5109 36917200 37986 1.3975E83
uLss 96.12 1674026, 337%.90 £4507822
Utol 284 025548 215478 1.5259E9
voes 2,49 158553.2 235.8594 1594294,
. ; 216202.2 ¢.7433ES
[ w e s 33D
Utes 3.08 52803.36 S037760 1.2128E9
Uls9 1720 27563000 :
31.4317 673592 .1
ui1es 2.33 64829.92 342395 i
U190 129 489039 3ae 3794730
. 31791200 7.SS7210
U9k 196093 3.1209E8 73310 e
U219 208 3552490 7231 L.0134E9
U220 83,63 3229120 to103.82 }.2655E3
- & . - - . Q [ oFe]
228 240 5150950 S188y 7.790ES
477500 3.965%E9
U229 1259 26823750 . cmcam:
ucaa 753000 6.121EL0 RN £.023E12
UeT8 €100 2.0039E9 siviiacy t.95rEld
uzse 2919 $3292%30 52177020 4.4SiE01

8 queous TSDF categories include treatment tank and treatment, storage, and
disposal surface impoundment. Non-aquecus TSDF categories include landfill, land

spplication, and waste pile.
b3asad on non-aqueous activity coefficient (1.0).

CWeixhted Dy non-sGueous waste code volume (metric tone/yr).

dBaged on aqueous activity coefficient estimated by infinite dilution procedure.

ewe.ghZed Dy aqueous waste code volume (metric tona/yr).

(continued)



Table 17 preseats the results of the toxicity making scores by chemical

tituent.

H(br—‘

As expacted,
as did th=2 waste type
orders of magnitude
d ranklng scores were
for the aqueous TSDF

A review of the top ten

results.
higher

the chemical constituent results follow
Aqueous hazard factors were
than nonaqueous hazard factors.

the same
generally
The volume

generally three to four orders of magnitude
catagory.

waste constituents listed in each TSDF category
shows that the following five waste constituents appear in both categories:

. UD19 - Benzene

° U043 - Vinyvl chloride

™ U196 - Pyridine

. U211 - Carbon tetrachloride

. U232 - Xvlene
411 oI these wastes exnibit relatively nlgﬂ toxicity hazard factors. Most of
2 ligted chemicals have low ThVs, while 1,2-dichlorcethylene and vinvl
ciloride were particularly volatils, YNote that xylene showed a low solubility
i1 wazer and high activitv coefiicient, thus contributing to its high hazard
Zactorz,

Ta3i2 1o presents tae wasIe type carcinogenicity ranxing results for the
3% waste tvoes with suflicient data, As noted earller, the higher aqueous
7apor phase egquilibirum coacentration C,, tands to produce higher ranxing
scores for the aqueous TSDF catazory wastes. In general, the aqueous hazard
faczors were two tu th~ae orders of magnitude greater than the nonaqueous.
The final volume welzhted scores were approximately four orders of magnitude
greater for the aqueous wastos.

A review of the top ten waste codes in each TSDF category shows that the
f3llowing seven waste types are Iound both categories:

® K216 = Carson tetrachloride production heavy ends;

) X373 = Chlorinated hydrocarbon wastes from chlorine preduction;

< T002 - 3pent halogenated solvents;

® DCO3 - Reactiwve wastes, not otherwise listed;

3 FCOl - Spent haloganated degreasing solvents;



TABLE 17. CHEMICAL CONSTITUENT TOXICITY RANKING SCORES FOR
AQUEOUS AXD NON-AQUEOUS TSDF CATEGORIES?

Toxicity Volume-weighted Toxicity Volume-weighted
hazard factor toxicity hazard hazard factor toxicity hazard
for for for for
(hemical non-aquecus non-aqueous aqueous aqueous
constituent TSDFs, TSDFs,© TSDFs, ¢ TSDFs,®

code (Ceq)Na/TLV VNa(Ceq)na/TLV (Ceqlag/TLY VaQ{Ceqlaq/TLV
U0t 47066.75 3.410G359 734242.8 1.3745E11
Looz 3112.341 1L.721523 T6503.50 1.20751?
uoa3 2317.33¢ 5,0703ES 25235.73 1.824219
Uoo7 12.75 49729573.2 402, 442% 23322,13
yoose t . 447576 74C51.40 17.625¢C4 6946127.5
ysee tiz21t.12 2.61952E3 40810?.6 1.03-€E7
012 100.9943 3229243, 9193.51 2.3925E3
uol 71293.C% £.822CEF 1.4°5‘ES 2.2Z27E15
PO2E 47%9,31¢Q 75549643 10043495y 2.5254ES
usa: 30.856%2 771746.4 1313,192 §1Suttsd
uzil 45263.12 1.5<SSES 255154658 ?.128E12
resz2 22.23066 gLi%43.0 £550,65¢ 95412027
Uoad {0d81.24 S 4237C3 1463719 1.202511
uQc7 2479642 1.496025 2.54%9E3 1.281E13
U¢eSs 8260 §.2732E8 2.7222E3 2.322212
tos7 125.9€27 ASI0T1L. 3.625.12 7.4602Z3
Uo7o PRIPRVINE R 956517950 1,34%%E3 1.411EL2
Uo7z 921.7531 32263117 23402139 2,107ELL
o779 20il23.9 S.T421E7F TH3L0201 4,507E1L
Uo4t £23.0717 9954209, 17465.37 ?590%7.4
Uii2 29%.7841 6L 504523 21977.33 2.854El0
Ulil 77.0 6. 007 ES 2274740 2.236E05
cats b0l 1.2527E8S 2.56037E3 1.305EL03
U.17 1$25,308 377942%0 125045.5 CL2071E9
ulzz 750 26395456 2887392 Z.290E1C
uilz 261156,23 2.7LP4E9 37920.77 {1,0S7ELC
Ui23 60,9277 2122303, 73 60921 6733051,
U140 AS. 0495 32¢88%a, 2726.131 2.301%E8
Uidy 205. 3855 {.020028 10597.90 1.224E11

‘AqueOu- TSDF categories include treatment tank and treatment, storage, and

{sposal surface impoundment. Non~aqueous TSDF categories include laadfill, land
application, and waste pile.
P3ased on non-agueous activity coefficient (1.0).
Cwerghted by non-aqueous waste volumes for all wastes containing that chemical constituent.
digsed on aqueous activity coefficient estimatea by infinite dilution procedure.

€Jeightrd by aqueous voiumes containing that chemical conatituent.

(continued)
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TABLE 17 (continued)

Toxicity Volume-weighted Toxicity Volume-weighted ;

hazard factor toxicity hazard hazard factor toxicity hazard !

for for for for :

Chemical non-aqueocus non-aqueous aqueous aquecus .

constituent TSDFs,® TSOFs,b TSDFPs, ¢ TSDFs,d {

Lode (CPq)NA/TLV VNA(Ceq)NA/TLV (Ceq)AQ/TLV VAQ(CCQ)AQ/TLV ,

3
Uis3 189,243% 34C29712 191.6481 4,524L5EQ
Uo4s 6276.53% S200114¢ S9L047.4 Z.4573E7
utise 1441.701 928307812 33612.6¢ S.4347ES
Utst 703.1418 34383736 $S52224.3 4,6123E10
Uogo 7583.001 5.26302Z3 72C840.¢ 1.754E11L
- Utss 72.34232 15327036 5172770. 3.094EL2
utLes 2134.¢491 422038001 631441¢, 2.4647Z10
ulies 4.1901¢5 - 41239z, £6.8253% 12432554
uiso 277.8%2¢2 1.1373E22 734833, % 8.451E12
Ulss 26CT7 .18 1.8% ; A2TLAT 3 7.170E:2
uzio 235T.9%50 1.34 c 9343:52.7 b.122880
uz29 1052.7%2 7414 S 1296458, 2 2.362E19
Uz2e 34639.73 1.807ZES 1322237% LL703ELY
r2zs 18175.32 7.7420E8 6944120, 1.039E12
AGSS 450.,2137 26973222 729057.9 4§.5%2:E¢
yos4z3 75933%.4 6.234EL0 2.701.E8 1.805213
G078 5400 2.0¢3%E? 218348060 1.911211
Uzz»? 70224.93 $.5C52ES 1.066627 4.473E1 3
SUN 1473742 1.025E18 2.8067E9 S.4%4214

8 iquecus TSDF categories incliude treatment tank and treatment, storage, and
taposal surface impoundmentc. Non-sgqueoug TSOF categories lnclude landfiil, land
application, and waste pile.
bBased on non-aqueous activity coefficient (1.0).
Cweighted by non-agueous waste voluces for all wastes containing that chemical coanstituent.
YBase¢ on aquecus activity coefficient estimated by infinite dilution procedure.

®4eighted by aqueous volumes containing that chemical constituent.

(continued)
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Waste Lype
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for
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TABLE 18 (cont inued)

Volume-werphtoed
carc inopgentc ity
hazard tor
NOBTAGIEOU S
IR

Conle (Ceqdy ) /1072 11nk) (Vg (Ce@dga/ T 1)
Hote 1L U9 1RE 1.077E14
ol 313406 S.07GLT
{HRE 5.6u43ER LL007ELS
Hody 1313203, 2.077E1w
Uy, Jutiuiln? F.875H1
Ule $99h ., 80 7.1024FR
Y.ty .o IvES 15311 ¢
Hud s 4.3454L° 3.913014
Hu’3g v, 40b0L 7 3.347014

g o 48D

Focatepnries i dude treatment

and t1e itmeat, stotape, and

Lo tede Landtald, Land application, and waste pric.

Liieed on pon-aqueosus activity coctticieat (1.0).

(5]
wn

dio et on agueous activity cocfticient

+

Cldetghted by non-aqueous waste code volame (wetric tons/y1).

cstimated by sntainite didutyon procedure.

Cden, hited by aqueous waste code volume {(metiic Ltons/yr).

O el

Card fangenlelty
hazatd tactor
for
(I(lllL‘ll“‘f
qunt s, d
(eq) ag/ ! 1072 1isk)

Lounsl12

5.32¢¢4Ftu
LT A 7685
4378375
34473960 ¢
d.u.6L10
1.851E12
3.993E1

Vo lume —we i ghted
carcinogenlclty
hacord lor
ayueous
15Dls, v

(Vag) (Ceq) g/ (1072 11810

7.627E14
2.233E14
1.769L1 ¢4
1.5443E7
3.729E11
7.4312E7
5.219E14
3.857E14
3.187E1x

deposal sart we fmpoundment .

Non—aqueous TSDF categories



. DOOL - Iznitable wastes, not otherwise listed; and
° U019 - Benzene, discarded off specification wastes.

The top two K-type wastes (K016 and KO73) are listed here primarily due to
very high hazard factors. The other generic F and D type wastes showed
substantial waste volumes.

Table 19 presents the waste type carcinogenicity ranking results by
chemical coanstituent type for only ten chemical compounds. As expected the

agueous category showad notably higher ranking scores than did the nonaqueous
category.

CONCLUSIONS

The foregoingz analysis has provided a means of comparlno specific
”Heﬂica1 with each other with respect to the degree of air hazard. The
Joxicity and Carcinogenicity Hazard Factors are useful tools for relative
risons, especiallv on a national level. However, other factors inc ludiag
SD -specific criteria and exposed populations would also have to be welghed
prior to any decisions regarding chemicals to be sampled, etc. Although we
have evaluated approximately 100 waste types, this analysis may omit specifiz

nemicals that are equally or more hazardous than those listed in this
r2p0rt. In addition, it is noted that site specific hazards due to local
cisposal patterns and volumes mav differ substantially from the results
sresented in this study.
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APPENDIX A

WASTE TYPE DESCRIPTIONS AND PROPERTIES



TA3LZ A-1. SUMMARY OF SPECIFIC WASTE TYPES SELECTED FOR ANALYSIS

Waste Code Stream Description
001 Acetaldehyde
vgoz Acetone
U003 Acetonitrile
’ U007 Acrylamide
U008 Acrylic acid
. U00¢g Acrylonitrile
vol2 Aniline
uolie Benzene
P0OZ8 Benzvl chloride
U031 Butanol
P22 Carpbon disulfiaz
Uuzil Carbon tetracnloride
uGs2 Cresols
; Uls— Chloroform
| U054 Cresylic acid
057 Chlorobenzene
U355 Cumene
U037 Cyclohexanone
ﬁ Uo7 o—dichlorobenzene
f U072 p-dichloroethane
i ud79 1,2~-dichloroethans
U092 Dimethylamine
; : C0-1 Epicnlorohydrin
| ' U1l Echyl acetate
| CLli3 Echyl acrylate
c049 Etnyl benzene
§ U177 Ethyl ether
) coTT Ethylene dicnloride
.2z Formaldeahyde

{conrtiaued)



TABLE A-1

(continued)

Waste Code

Stream Description

Ul23
PGo3
U134
U135
Ul40
Ul&7

Formic acid
Hydrocyanic acid
Hydrecfluoric acid
Hydrogen sulfide
Isobutanol

Maleic anhydride
Methanol

Methyl chloride
Methyl ethyl ketomne
tlethyl isobutyl ketone
Metnylene chloride
Napnthalene
Nitrobenzenea

Phenol

Phchalic anhydride
Pyridine
Tetrachloroethylene
Toluene

Toluene diisocyanate
1,1,1-trichlorcethane
Trichloroethylene
Trichlorotrifluoroetnane
1,2, 3-trichloropropane
Vinyl chloride
Vinylidene chlorida

Xy1lene

R —



TABLE A-2. GENERIC WASTE TYPES SELECTED FOR ANALYSIS

waste Code Stream Description

DCOL A solid waste exhibiting the characteristics of ignitability,
but 1s not listed as a hazardous waste in Subpart D.

pco2 A solid waste exhibiting the characteristics of corrosivity,
but is not listed as a hazardous waste in Subpart D.

D003 A solid waste exhibiting the characteristics of reactivity, but
is not listed as a hazardous waste in Subpart D,

rTy
o
[y}
Pat

The spent halogenated solvents usad in degreasing,
te:rachloroeth'lene, t*l;nloroethylene, methylene cnloride,
1,1,1-trichloroethane, carbon tetrachloride, and the

cn;orlna*ed ‘luorocaroons, and sludges from the recovery of
tnese solvents in degreasing operations.

Foo2 The spent halogenated solvents, tetrachloroethylene, mechvlenes
chxorlae, trichloroethylene, 1, l,1~trichloroethane,
calorobenzene, 1,1, 2-trichloro- -1, 2,2-crifluoroethane,
o-dLLnLo*oasnge1e, trlcn10“ofluorometnane and the still bot:toms
from the recovery of these solvents.

F0o3 The spent non-halogenates solvents, Xylene, acetone, ethyl
acatate, ethyl benzene, ethyl ether n-butyl alconol,
cyclohexanone, and the still bottoms from the recovery of thsss
solvents.

FCO& The spent non-halogenated solvents, cresol and cresylic acid,

nitrobenzene, and the still bottoms from the recovery oi taose
solvents.

Ty
<
(@
U

The spent non-halogenatee solvents, mechanol, toluene, metny
ethyl ketone, methyl lsobutyl ketone, carbon didulfids,
isooutancl, pyridine and the still bottoms from the recovery of
these solvents.

[2%1
(@)
(@)
(@]

Wastewater treatment sludzes from electroplating operatcions.

1y
C
<
~1

Paint residues or sludges from industrial painting in the
mecnanical and electrical products industry.

X001 Bottom sediment sludgze from the treatment of wastewatesrs froo
WOCC preserving processes that use crz2osote and/or
pentachlorophenol.

(continued)

93



TABLE A-2 {(continued)

waste Code

Stream Description

XG0S

K010

er g
Xoll

,
(@)
[u
(¥

<o
t.
wh

Distillation bottoms from the production of acetaldehvde from
ethylene.

Distillation side cuts from the production of acetaldehyde from
ethvlene.

Bottom stream from the wastewater stripper in the production of
acryleonitrile.

Still botteoms from thne final purification of acrylonicrile in
tne production of acrylonitrile.

raam from the acetonitrile column in the procduciion of
rile

I"(T

cm s
asryloni

Bettoms from the acetronitrile purificaction column in the
procduction of acrylonitrile.

Still bottoms from tne acetronitrile purification column in tae
production of acryloncrile.

feavy enas of distillation residues from the productisa of
cardon tetrachloride.

Heavy ends (still bottoms) frem the purification column in the
production of epichlorohydrin.

Heavy ends from fractionation in ethyl chloride proauction,

Heavy ends from the distillation ot ethylene dichlorids i=
etnylene dichloride production.

Heavy ends from the distillation of vinyl chloride moncmar
production.

Aquédus spent antimony catalyst waste from fluoromethanes
production.

o
+
U

tillation bottom tars from the production of phenol/azazons
froo cumene.

Discillation bottoms from the production of nitrobenzzne o5 fao
n 1 oI benzene.

cormsrm i o



TABLE A-2 (coantinued)

wasta Code Strzam Description

K026 Stripping still tails from the production of methyl ethyl
pyridines.

K027 Centrifuge residue from toluene diisocyanate production.

K029 Waste from the product stream stopper in the production of
1,1,1-trichloroethans.

K039 Column bottoms or heavy ends from the combined production of
trichloroethylene and perchloroethylene.

K08 Dissolvec air flotation (DAF) float from the petroleum ra2fining
l..\.ustry.

K04S Stop o1l emission solids from the petroleum refining industry.

RKG31 API separator sludze from the petroleum refining industry.

K033 Chrome (olue) trimminzs generatad by subcategories of tne
leatner tanning and finishing industry (deleted by &3 FR 72033,
October 30, 1930).

X0sC Ammonia still tims sludge from coking operations.

K073 Chlorinated hydrocarbon wastes from the purlrlcatlon step of
the diaphragm call process using graphitce anodes in chlorine
production.

K083 Distillation bottoms from aniline produccion.

X035 Distillation of fractionating column bottems from the
production of chlorobenzenes.

K085 Siudze from treatment of process wastawatear and/or acid plant
blowcdown from primary zlnc production.

K037 Decancer tank tar sludge from coking operations.

KOS%6 Heavy ends from the heavy ends column from the production of
1,1,l-trichlorosthane.

K102 Separated aquaous strezam from the react r product washing step
in the production of chlorobenzene.

i



TABLE A-73.  SUMMARY OF CHEMICAT, PROPERTY DATA TFOR EPA CONSTITUENT CODES
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TABLE A-3 (cont inued)
Constituont Vi 2nte D,y DIy, 5 H,
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Acvty L chilorvde /8.5 2K7.8 Y. 876x10 ‘ l.l‘ﬂ.xlUAj 0. 8%4 7221 Reacts - 5. 08 -
Actobiin 40,07 246.2 1. 051x 10 L. 2texao”? -- -- 220% 5,66 x105 (0. 70 L
Adipre acid o th 225 x16] o 582107 Y boysxio ® - - Laao® 509 w107t 651 -
Aityl atcohol 58,08 23,324 U, 204 1.4 x]()“) 5.60 LOBY 00 -~ 1.45 2
o Amtnoplieny b 10y, 12 - 7700078 Ben xi0™® - .- 1. 7xiu4 - 1.87 -
b Amnophi ny L 109,12 -- ek b 2omaxe ® -- -- 1. 1x104 -- 1.8/ -
Ao V.03 1473.255 2w’ b wasaan? 0.9 31U Hoix104 3.28 x107" -- 25
Ayl acetate 130,18 5,422 b.39sx10 1 19wa0 -- -- 0106 4.6k x107 -- oo
Arseule ]‘0.9‘) 1‘3 XI“‘IJ - - o - - - - -
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Bus(? chioroethy Dether 1430 u. 71 b 90910 % 753107 ° - -~ Lomid® 13 ™ 96. 6 --
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1, } butadiene %4, 09 2095. 045 0. 249 L0Hx10° 0,026 214 xo” 0.05x10% 1,42 x107! - 1000
Crotoualde hyde ’ 0. 09 1.0 g 0210 % Lozwio”? . -- 1Bx10Y 15311070 61.37 2
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71 e gy w0 " 1les 91} 16 . 192 144 i
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39 027 H. 6 xlll‘b .99 1,051 7.8 xlUL‘ b.b xlU_ 16l 100
10.4 L01h 9 0" 204 L, 004 - - 2181 --
720 L09l 9.6 x10 % 1.68 94t Misc. - 123 2
- hind ol - - - - 6Y70 10
.00} 073 8 x107 8 20 1129 1 xto} s w1077 91,4 --
L0036 - - -- - 1.3 xr0t? o x10”}? 3 -
L124 i oot x107" 20y 1, 129 540 3. 94x107> -- --
L0046 Y, 6.3 %1078 26y 1,434 . 208 73 xi0”) b ox10” -
4.4 R Lo L 1,238 55 2.1 x107? 132130 -
00099 0% 6.l 0" Ly e 14 2.8 x107° - .5
- YLV - 2.6Y —-= 7 xlll) - - -—
1, 194 J1u8 Liaxat™ 142 807 1,052 71 1.3 1
- . 064 6.8 x107% 249 1,329 7 x10° - 4,3 -~
-- L0 -- 1.08 -- -- -- 204 --
42.8 LUYs Lo’ 156 H6Y -- -- 9.68 -
-~ L102 L1axio™® 150 791 2 x10° -- 15.6 -
- RIE! Luslu 1.6s 880 00 -- -- -
-- L32 - 4.78 - 1.9 xlU“ -- - -
-- Lu/8 L87x107°0 1,96 1, 260 8.3 x10% -- .84 10
7.3 L0J71 8 x107% 2.1 1,129 300 3.3 w1073 24071 100
<.001 12 N ) 580 Misc. - - -
13.9 Lo 7.9 <1078 206 1,44 236 .o13 382 -
6.5 Lo e x107% 2016 1,144 701 . 002 382 -
72.10 T ook 1,56 860 L4 x10> 4.9 x107° sce sheet 200
145 07 - 1.43 - 7.1 xtobd -- 7.28 -
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Constituent VP 2970 iy 1“‘“ n S h
Leuout Name MW mim Hy cwd s em’ [Bec SCan Scyy,0 ppm, wg/1 wl-atm/mole Yy, 25° 11V, PPM
1,2, turchlorobutune 161,46 4o 3M LU6b 7.2 xl()_l‘ 232 1,299 - - 6970 -=
L1 b oruprapane, NOS .4 3.1 001 7.0 x107% 206 1,144 213 2.8 x1072 1619 --
Mea (carbamde, catbonyl dramide) 60.06 - L1122 . llxl()vs 1.25 Yat i x|06 - 6. 24 -
Urethane (urethan, cdrbamic acid) 89,09 - .BEY l.()(mll)‘s .72 1,090 9.6 )(l()b -— - -
-6 4 ~4
Vinvl acetate {acetic acid) 86.09 109 085 g2 x10° 0 1.80 48) 2 x10" 6.2 107" - --
1,1, -trachlorapropane 1al.43 .42 .07t 1.9 )(Il)g(l 2.16 1, Va4 214 .029 1619 -
t, 1, l-trichioropropane 147,43 - L0t 1.9 xl()»b 2,16 1,144 213 L0y 1619 -
1,1, l-trichloropropane 147.43 3l L0t 7.4 x1070 2.10 1,144 213 029 ibl9 50
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TA3LE B-5. WASTE TYPE CARCINOGENICITY HAZARD FACTORS BY WASTE CONSTITUENT
FOR AQUEOUS TSDF CATEGORIES™
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TABLE B-6.

WASTE TYPE CARCINOGENICITY HAZARD FACTORS BY WASTE

FOR NON-AQUEOUS TSDF CATEGORIES*
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TABLE B-8. WASTE TYPE VOLUME WEIGHTED CARCINOGENICITY HAZARD BY WASTE
CONSTITUENT FOR NON-AQUEOUS TSDF CATEGORIES*
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