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19. ABSTRACT (Cont’'d)

90 to 95‘2 {n water undar aerobic conditions),"and adsorption to organic
matter and mineral surfaces (50 percent of t sorption in <2 hr with
equilibrium reached in 3. days). .. .—

Hexachloroethane is slightly more toxic to freshwater fishes than to
freshwater invertebrates.™\Bluegill sunfish and rainbow trout are the most
sensitive species, with 96-kr LCsq values ranging from 0.86 to 1,18 mg/L,
and Daphnia pulex is the least sensitive species, with a 48-hr ECsg of
13.0 mg/L. The chronic-efféct level for fathead minnows is 0.54 mg/L,
based on observed reductions in survival, growth, and hatchability in the
embryo-larval stages. Froshwater algac are less sensitive to hexachloro-
ethane than other freshwater specias, with 96-hr ECs¢ values for Selanss-
trum capricornutum of 57 and 93 mg/L, based on chlorophyll g content and
cell number, respectively, Based on one steady-state bioconcentration
factor of 139 for .bluegill sunfish, haxachloroethane would be expected to
modnrately bioconcentrate and to rapidly depurate (half-l1ife < 1 day).

B(hod on acute data for 14 freshwater species, a freshwater Final
Acute Value of 0.8497 mg/L is calculated, resulting in a tentative
Criterion Maximum Concentration (CMC) of 0.42 mg/L for hexachlorosthane,
Ayailable data are insufficient to establish a freshwater Criterion
Continuous Concentration (CCC) for hexachloroethane,

> In general, saltwater species appear to he nore sensitive to hexa-
chloroethane than freshwater species.-.In static bioassays, the 96-hr LCsg
values for sheepshead minnow and mysid shrimp are 2.4 and 0.94 mg/L,
respectively, The 96-hr ECgg values for the saltwater algae Skeletonema
costatum are 8.57 and 7.75 mg/L, base? on chlorophyll g content and cell
number, respectively. Available data’are insufficient to establish either
a saltwater CMC or saltwater CCC for hexachlorosthane.

Hexachloroethane has low acute toxic effects, with oral LDgg values
ranging from >1,000 mg/kg (rabbits) to 7,690 mg/kg (rats). It is rapidly
absorbed from the gastrointestinal tract, and most is taken up by fat.
Hexachloroathane is metabolized in the liver, and the major metabolite is
tetrachloroethylene, Uptake of hexachloroethane by the kidney is sex
dependent, with more taken up by the male. The sex difference in uptake
is associated with a sex difference in severity of kidney damage, which is
the primary nonneoplastic lesion induced by acute, subchronic, and chronic
oral exposure. Hexachloroethane is not teratogenic.

‘* Hexachloroethane is not mutagenic in bacteria or in yeast, but it is
carcinogenic in B6C3IFl mice, inducing a significant increase in hepato-
cellular carcinomas in both mdles and females. Hexachloroethane; however,
is not carcinogenic in Osborne-Mendel rats. The USEPA guidelines were
used to derive a criterion baaed on the mouse carcinogenicity data. The
concentrations of hexachloroethgne in water (assoclated with ronsumpcion
nf water and fish) correspondiné to lifetime risks of 10‘5, 10-6 , and 107
are 13, 1.3, and 0.13 ug/L, respectively, and the concentrations asso-
ciated with the consumption of fish only (excludes the consumption of
water) are 58, 5.8, and 0.58 ug/L, respectively.
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" EXEQUTIVE SUMMARY

Hexachlorosthane is a saturated chlorinated ethane used by the
military in white smoke pyrotechnics produced at the Pine Bluff Arsenal
(PBA), Arkansas. It is considered a hazardous chemical and is listed by
the U.S. Environmental Protection Agency (USEPA) as one of its 126 -
Priority Pollutants. Evidence of the environmantal release of hexachloro-
ethane is substantial; it has been detected in fish tissues and in all
environmental media. However, since the installation of the Central Waste
Treatment Facilities at the PBA in 1980, hexachlorosthane has not been
detected in wastewater samples from the arsenal. Using USEPA guidelines,
water quality criteria are derived for the protection cf aquatic life and
its uses and of human health,

Hexachloroethane is thermodynamically stable when reivased into the
atmosphere, with the main sinks being the stratosphers and the oceans.
Experimental evidence indicates that hexachlorosthuns does not persist in
surface water and groundwater; however, the residence time in groundwater
(330 days) is substantially longer than in surface water. The tranaport
and transformation processes affecting its persistence in surface water,
groundwater, and soil are volatilization (half-life of 45 min at 23°C;
half-1ife o1 70 hr in a 180 cm-deep body of water), biclogical degrada-
tion, photooxidation (half-1ife of 93.7 hr &t 90 to 93°C in water under
aerobic conditions), and adsorption to organic matter and mineral cur-
faces. Hexachloroethane in water im microbially reduced to tetrachloro-
ethylene under both aerobic (100 percent within 7 days) and anaerobic (92
parcent within 14 days) conditions. 1In soil, hexachloroethans is more
rapidly degraded under anaerobic conditions (99 percent in 7 days) than
under aerobic conditions (99 percent in 4 weeks). Fifty percent of the
total sorption of hexachloroethane in aquifer materials occurs rapidly
(within 2 hr), followed by a gradual decline, with equilibrium reached in
) days.

In fish, hexachloroethane acts as a narcotlec, producing lethargy and
anesthesia. Ninety-six-hr LC5g values from acute dynamic bloassays with
freshwater fishes range from 0.86 to 1.18 mg/L for the most sensitive
species, bluegill sunfish and rainbow trout, to 1,52 to 2.36 mg/L for the
least sensitive species, channel catfish. Hexachloroethane appears to be
slightly less toxic in freshwater invertebrates than in fishes., In static
bloassays, the most sensitive species tested is Tanvtarsus dissimilis,
with 48-hr LCso values ranging from 1.23 to 1.70 mg/L, and the least
sensitive species is Daphnia pulex, with a 48-hr ECgp of 13.0 mg/L. Acute
data are avallable for 14 freshwater species, fulfilling 7 of the requlredn For
8 families as described in the USEPA guidelines. Therefore, a Final Acute ;-

Value of 0.8497 mg/L 1s calculated, resulting in a tentative freshwater Fﬁ

Criterion Maximum Concentration (CMC) of .42 mg/L for hexachloroethane. -4 f] ‘
In static bloassays with saltwater specles, the 96-hr LCsg for S —

sheepshead minnow is 2.4 mg/L, and the 96-hr LCsq for mysid shrimp (s 0.94

mg/L. Acute data are available for only two of the required eight .

families of saltwater species; therefore, a saltwater CMC cannot be teng

calculated, c+.nality Coden i

i jAvail end/or’
1 IDiat Special




The survival, growth, and hatchability of ambryo-larval fathead
minnows are adver-ely affected at concentrations of hexachloroethane as
low as 0.70 mg/L, with no effect observed at 0,41 mg/L. Therefore, the
chronic-effect level (maximum acceptable toxicant concentration) for this
species is 0.54 mg/L. According to the USEPa guidolines, chronic data ave
required for three species in order to calculate a Final Chronic Value
(FCV).

Freshwater algae are significantly °..: sensitive to hexachloroethane
than freshwater vertsbrate or invertebrate spocies. The 96-hr ECspy values
for Selepastrum capricornutum are 87 and 93 mg/L, hasad on chloruvphyll a
content and cell number, respectively. Therefore, the freshwater Final
Plant Value (FPV) is established as 87 mg/L, the lowest test result with a
freshwater algal apecies. Hezachloroethane is significantly more toxic to
saltwater algae than to freshwater algae. The 96-hr ECs5q values for

cogtatum are 8,57 and 7.75 mg/L, based on chlorophyll a
content and cell number, respectivuly. Therefore, the saltwater FPV is
established as 7.75 mg/L, the lowest test result with a saltwater algal
species,

S R

Based on one acceptable steady-state biloconcentration factor of 139
for bluegill sunfish, hexachloroethane would be expected to moderately
bioconcentrate and rapidly depurate (half-1ife < 1 day). Data from two
other studies indicate that bioconcentration may be greater in other
species and possibly correlated with ctotal lipid content., Additional
studies are needed to clearly define the bioconcentration potential of
hexachloroethane and to establish a maximum permissible tissue concentra-
tion. Therefore, a Final Residue Vclue (FRV) cannot be calculated.

According to the USEPA guidelines, the Criterion Continuous Concen-
tration (CCC) 1s equal to the lowest of the FCV, FPV, or FRV; conse-
quently, available data are insufficient to establish either a freshwater
or saltwater CCC for hexachloroethane.

Y e

IN'

:Q In mammallan systems, hexachloroethanoe is rapldly absorbed from the ;
s pastrointestinal tract. The majority 1s taken up by fat, but the uptake b
. by the kidney is sex dependent, with more taken up by the male. The sex -
" difference i{s reflected in a sex di ference in severity of kidney damage

induced by acute, subchronic, and .ronic oral expraure. Hexachloroethane
ls metabolized by reductive dechlorination reaction involving cytochrome

-

g P-450, the transfeor of two electrons, and the loss of a gecond chlorine

o ion by f-elimination to form tetrachloroethylene as the major metabolite.

¥

:f Hexachloroethane has low acute toxic effects; the oral LDgg values

3, are >1,000 mg/kg for rabbits, 4,970 mg/kg for guinea pigs, and 4,460 to 3
Qﬁ 7,690 mg/kg for rats. Acute clinical signa of toxicity include loss of f
o appetite, mild diarrhea, weakness, reeling, drowsiness, tremors, ataxia, !
QE convuleions, narcotization, prostration, and possibly death. The primary ]
N nonneoplastic target of hexachloroethane after acute, subchronic, and

» chronic oral exposure is the kidney. Kidney danage is more severas in

" males than Iin females, and has been observed in several animal apecies

- including cattle, rabblts, rats, and mice. The leslons are characterized
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by degeneration and necrosis of the renal tubules. Hexachlorosthane is L
g not teratogenic. . - T

Hexachlorosthane is not mutagenic in bacteria or in yeast, but it is
carcinogenic in B6CIF1l mice at doses of 590 and 1,179 mg/kg/day [time
a; weighted average (IWA) doses] administered by gavage 5 days per week for
78 weaks. The incidence of hepatocallular carcinomas is significantly in-
creased in both male and female mice. Hexachlorosthane; howsver, is not
gE carcinogenic in Osborne-Mendel rats tasted under similar conditions at
doses of 212 and 423 mg/kg/day (TWA doses). _

The USEPA guidelines were used to derive a criterion based on the
nou . clrcinogcniiity data. The animal carcinogenic potensy is 1.6404 x

(ng/k;/gay) , and the human carcinogenic potency is 2.1289 x 10°2
- (mg/kg/dny)' . The concentrations of hexachlorosthane in water (asso-
ﬁ? ciated with gonsungticn of water and fish) corresponding with lifetime
hﬁ risks of 1072, 10°°, and 10"/ are 13, 1.3, and 0.13 ug/L, respectively,

and the concentrations associated with consumption of fish only (excludes
e the consumption of water) are 58, 5.8, and 0.58 ug/L. These values are
different from those derived by the USEPA, (19, 1.9, and 0.19 ug/L
associated with consumption of water and fish and 87.4, 8.74, and 0.874
ug/L assoclated with consumption of fish only) because, to transform the
experimental doses to lifetime doses, the USEPA equated the value for the
duration of the study with lifespan of the animals. The transformed doses
were larger than those calculated for this report, and; consequently, the
USEPA cricerior was higher.
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1. INIRGDUCTION

Hexachloroethbane jis a saturated chlorinated aliphatic hydrocarbon
(chlorinsted ethane). It is used by the military in various pyrotechnics
to generate screening smoke. Upon cowbustion, hexachloroethane mixed with
zinc oxide and aluminum produces a dense, white smoke composed primarily
of zinc chloride (Kaye 1978, Katz et al, 1980). Zinc chloride is toxic in
both aquatic and wammaiian organisms (Hill and Wasti 1978); howevar, its
toxfcity will not be considered in this documsnt. According to the
National Institute for Occupational Safety snd Health (NIOSH) (1981), the
military use of hexachloroethans is the only confirmed domestic use for
this compound. Although hexachi)orosthaus is produced during the manufac-
ture of other chlorinated ethares, it iz usually not commercially distri.
buted from the plant site, but is recycled as feedstock (Santodonato et
al. 1985). Hexachloroathane is considared a hazardous chemical and {s
listed by the U.5. Environmental Protection Agency (USEPA) as one of its '
126 Priority Pollutants (USEPA 1987). )

The production of pyrotechuics containing hexachloroethane could
result in environmental release and exposure of humans. The use of thase
e, pyrotechnics in the field could result in limited exposure of humans to
- hexachloroethane, in environmental contamination, and i{n production and

environmental dispersion of zinc chloride. The objectives of this report

are (1) to review the available data regarding the environmental fate,

aquatic toxicity. and mammalian toxicity of hexachloroethane and (2) to

generate water quality criteria for the protection of aquatic life and its
. uses and of human health. These criteria are derived using current USEPA
Aot guidelines summarized in the appendixes.
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g 1.1 PHYSICAL AND CHEMICAL PROPERTIES

The physical and chemical propertiss of hexachloroethane are listed
as follows:

CAS Registry No,: 67-72-1
Chemical name: Hexachloroethane
Synonyms, trade names: 1,1,1,2,2 2 »h_oxachloédot:hnm , »:.éarbon. :hdu-

chloride, perchloroethane, ethane hexa-
chloride, athylene hexachloride, hexachloero-
ethylene, Avlothane, Distokal, Distopin,
Egitol, Falkitol, Fasciolin, NA 9037 (POT)

- (CHEMLINE 1987).
Ay

1:;: Structural formula: Cl Cl

R

¥ ¢1—C—-C—Cl
Sl .

'® |

a'\ 61 CI

Ji“'

Xl

f.;:'. Molecular formula: CoClg

LA )

',\‘

o Molecular weight: 236,74 (Weast et al. 1985)

. -y ’-.‘ -
< Al

Physical state: Colorless rhombic (up to 46°C) triclinic (4é-

,,|:. 71°C) or cubic (above 71°C) crystals (Archer

4:. 1979), with camphorlike odor (Hawley 1977, as

o cited in IARC 1979)

2’2 Melting point: 186-187°C (sealed tube) (Weast et al. 198S5)

Rn

AN Boiling point: 184,4°C (Dean 1979); 186.0°C (Archer 1979);

~'f.:\. 186.6°C (triple point) (Windholz et al. 1983)

2 "'-'

0 Density: 2.091 at 20°C (Weast et al. 1985)

E:, Vapor Density: 6.3 g/L at 186.8°C (Sax 1986)

f» Solubility: 50 mg/L Hy0 at 22°C (Dean 1979); 14 mg/L H20

K at 25°C (Spanggord et al. 1985); very soluble

9 in alcohol and ether (Dean 1979); soluble in

g benzene, chloroform, and oils (Windholz et al.

) 1983)

R Heat of sublimation 12.2 (Windholz et al. 1983)

X ': (kcal/mol):
' e .
g Specific heat, liquid at 0.728 (Archer 1979) : -
0 25°C (J/(g'°C): ‘
#.‘c: 10

P ‘L.

0

g
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Latent heat of vapor at
boiling point (J/g):

Heat of combustion
(k1/8):

Vapor pressure:
25.0°C
32.7°C (smolid)
73.5°C (aolid)
124,2°C (solid)
185.6°C (solid)

Henry's Constant:

Octanol:water partition
coefficient Koy

Soil sorption partition
coefficient (Kqe):

Soil/air partition
coefficient Kp:

Heat of vaporization
(cal/g):

Volatility at 25°C:

Reactivity:

194.1 (Archer 1979)

110.0 at 760 mm Hg and 20°C (Weast st al.
1985)

0.34 mm Hy (Spanggord et al. 1985)
1 mm Hg
10 mm Hg
100 mm Hg
760 mm Hg (Weast ot al. 1985)

6100 L-torr/mole (Spanggord et al, 198S3)

log P = 4,62 (Veith et al. 1983a, calculated
by fragmunt constant metliod of Hansch and Leo
1979)

Log P = 3,93 (Veith et al. 198la, measured
using moghod of Fujita et al, 1964)

8.9 X 10° (Spanggord et al. 198S5)

600 (Spanggord et al, 1985)
18 (Spanggord et al. 1985)

46.0 (Rhodia, Inc. 1978, as cited in Kitchens
et al. 1978)

770 ppm (Amoore and Hautala 1983)

Reacts violently with zinc powder in alcoholic
solutions; unreactive with aqueous alkalies
and acids at moderate temperatures; decnmposes
to oxalic acid when heated with solid caustics
above 200°C or alcoholic alkalies at 100°C
(Archer 1979)

Cd
o 1.2 MANUFACTURING AND ANALYTICAL TECHNIQUES
1.2.1 Manufacturing and Production
&‘.
-~ Hexachloroethane is produced by the chlorination of tetrachloro-
ethylene in the presence of ferric chloride at 100 to 140°C in a lead-
20 lined vessel (Archer 1979, NIOSH 1981). Dupont uses & method of photo-
F ) chemical chlorination of tetrachloroethylene under pressure and below 60°C
: (U.S. Pat 2,440,731 (May 4, 1948), J.S. Elliot and E.D., Edwards (to C.C
v, Wakefield and Co. Ltd.), as cited in Archer 1979]. Hexachloroethane is
0o
" 11
)
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also tormed when tetrachloroethylene is produced by pyrolysis of carbon

tetrachloride at 800 to 900°C (Noller 1965, as cited in Dacrc et al,
1979).

Hexachloroethane is no longer produced as an end product in the
United States and has only minor industrial uses; the domestic needs are
met by importation. Hexachloroethane is a by-product in the manufacture r
of other chloroethanes; it is not sold or distributed from the plant site,
but is recycled as feedstock or thermally oxidized (NIOSH 1981, San-
todonato et al, 1985). When hexachloroethane is in the gaseous phase at
400 to 500°C, it is thermally cracked, producing tetrachloroethylens,
carbon tetrachloride, and chlorine (Archer 1979). A list of producers and
importers of hexachlorovethane i{s presented in Table 1.

TABLE 1. MANUFACTURERS AND IMPORTERS OF REXACELOROETEANE IN 1077°%

Location 1977 Production
Hanutscturess
Dow Chemical Pittaburg, CA 0.1 to 1,0 million 1b, not distributed
Plaquemin, LA 1.0 to 10.0 million lb, not distributed
FPG Industries Lake Charles, LA 1.0 to 10.0 willion lb, not distributed
New Martinsville, WV 10 to 100 thousand 1b
Cupont Ingleside, TX Confidential, not distributed
lmeortexs

Hummel Chemicsl South Plainfield, MJ 10 to 100 thousand 1b

o

AR

;EEc; Rione-Poulena Freeport, TX 1 to 10 million 1b
wi
~ L]
n" ICI Americas Wilmington, DE 1 to 10 million 1b
el
'.\."f: a. Computer printout of non-confidential preduction data from TSCA inventory from
:ﬁi: USEPA in 1980, as cited in Santodonsto et al. 1685,
e,
“
%:J' Hexachloroethane is used by the military as a chlorine carrier in

screening or obscurant white smoke compositions. The compositions are
used in white smoke grenades and markers, which are produced at the P.ne
Bluff Arsenal, Arkansas (Kitchena et al, 1978). From 1966 to 1977, the
W average annual use of hexachlorcethane at the arsenal was 192,802 1b

oy (Fortner 1978, as cited in Kitchens et al. 1978). The full mobilization

° use rate of hexachloroethane at the arsenal could be 755,063 lb/month
(Kitchens et al. 197E&).
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The standard hexachlorosthane smoke composition used in AN-M8
grenades and MK 3 Mod 0 smoke pots is as follows: 43.53 parcent (by
weight) hexachloroethane, 46.47 percent zinc oxide, and 9 percent (may
vary from 3 to 10 percent) aluminum (McIntyre and Rindner 1980). Other
formulations used in screening smokes are as follows: (1) 45,5 percent
hexachlorosthane, 47.5 percent zinc oxide, and 7.0 percent aluminum (Katz
et al. 1980); (2) 46.5 percent hexachloroethane, 48.3 percent zinc oxide,
and 5.2 percent aluminum (Fatz et al. 1980); and (3) 46.5 percent hexa-
chloroethane, 38.3 percent zinc dust, 6.1 pexrcent ammonium perchlorate,
3.0 percent calcium chlorate, and 6.1 percent ammonium chlorides (float
smoke pot, MK 1) (NAVWEPS OP 2793, 1963). To prepare the formulation for
loading, hexachlorosthane and zinc oxide are roughly premixed, then mixed
to homogeneity in a hammermiil equipped with a discharge scresn. The
aluminum is added to the mixture and blended in a baffled tumbling aixer
(Katz et al. 1980), Other pyrotechnic units containing hexachlorosthane
include the M4A2, M1, and ABC-M5 smoke pots, M84A1l cartridge, and the
M116A1 projectile (Novak et al. 1985).

3

1.2.2 Analytical Methods

»
o

Methods for separating, analyzing, and identifying substances in
environmental and other media were not designed specifically for hexa-
chloroethane, but for classes of organic compounds, primarily those
chemicals on the USEPA Priority Pollutant list (USEPA 1987). Organic
chamicals are first isolated by a procedurs that quantitatively extracts
or absorbs them from their media. The extracts are usually passed over

",?f i

«

sodium sulfate to remove residual water and concsntrated in a Kuderna-
Danish apparatus. Sometimes a cleanup procedure is required to remove
interfering substances that are extracted along with the chemicals to ba
quantitated. The chemical(s) are then separated, identified, and quan-
titated. Table 2 summarizes the various techniques that have been used to
ident{fy and quantitate hexachlorocethane in environmental and other types
of ssmples. USEPA methods (USEPA 1985a,b,c) are not included in this
list, because these methods are based on classes of chemicals and not on
specific sources of the samples,

Procedures for extracting hexachloroethane and other organics from
various environmental matrices are modified depending on the character-
istic of the matrix (liquids such as wastewater from different sources,
semisolids such as municipal or industrial sludges and sediments, or
solids such as sand or soil)., A widely used extraction method for liquids
is liquid-liquid solvent extraction. Otson and Williams (198l) evaluated
several solvents that could be used in liquid-liquid extraction techni-
ques. They found that pentane gave the highest extraction efficiency,
followed by hexane, hexane saturated with methanol, isooctane, 15 percent
acetone in hexane, and benzene. Hexane was regarded as the best solvent
because pentane was too volatile. Nevertheless, methylene chloride is the
solvent most often used for extraction with and without alkaline and
acidic pH adjustments, as in USEPA Methods 612, 625, and 1625 (USEPA
1985a,b,c). Most organic compounds ars quantitatively extracted with this
solvent.

13
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e Organic compounds in aqueous matrices can also be isolated by passing

water over resins that can adsorb the organic compounds. The organic com-

' pounds are then desorbed from the resins. Van Rossum and Webb (1978)
}E? tested XAD resins (XAD-2, -4, -7, -8, and -4/8) for their efficiency in
A adsorbing organic compounds from spiked distilled wator and found that the
) mixture XAD-4/8 was the most efficient, They reported that acetones
e followed by methylene chloride was an efficient eluant that was preferred
) over solvent systems containing chloroform, becauss methylene chloride is
X less toxic. XAD-2 and XAD-4/8 resins wers tested for thelr efficilencies
?ﬁﬁ in adsorbing organic compounds, including hexachloroethsne, from tapwater,
Qe Although both resins adsorbed hexachlorosthans, only 66 percent of the
;Q&b 4 hexachloroethane was rocovered from XAD-2 and 69 percent from XAD-4/8,
e Carbon adsorption and Soxhlet extraction were tested and judged to be less
7 effective than XAD-2 or XAD-4/8 resin, Van Rossum and Webb (1978)

RO concluded that, because tha XAD resins did not adsorb all materiala, the
,@b best system may be a combination of both carbon and XAD resins,

!ﬁl. X
%&i Organjc compounds can also be isolated by passing water samplas over
b Tenax-GC (35/60 mesh) columns at low temperatures, The compounds are then
) released from the resin by raising the temperaturs (thermal desorption)
Y (Pankow et al, 1982), The recovery of hexachloroothane from a 1-L water
fﬁr sample ranged from 62 to 75 percent, A Tenax-GC column can also be used
wa to trap organic compounds (purgeable or semivolatile) in aqueous matrices
e that are volatilized by bubbling gas through the sample contained in a
DY purging apparatus (purge-trap method) (Otson and Williams 1982).
k'q Warner et al, (1983) describad a dry neutral extraction procedure
=a} whereby the sample is extracted with methylsne chloride at pH 7,0 accom-
N panied by sonication to increase the contact of the solvent with waate
‘ﬁb particles. This procedure can be used to analyze all types of industrial
K1y wastes (water, oll, solvents emulsions, aqueous sludges, oily sludges,
"y tars, soils, and sediments). Lopez-Avila (1981, 1983) described a

- &

procedure by which samples, adjusted to a pH >11 then to a pH <2, are
serially extracted with methylene chloride to obtain a base/neutral (B/N)
and an acidic fraction, respectively, for analysis. This procedure was
used to analyze various municipal and industrial waste materials. The

Lo

.tk

ﬁ; extracts usually require a cleanup procedure involving Florisil or silica
‘ gel chromatography prlor to analysis by SE-54 coated-fused silica capil-

Q‘% lary column (FSCC) gas chromatography/mass spectrometry (GC/MS).
<

?'Q Harrold and Young (1982) described and evaluated procedures for

;ﬁ:ﬂ extracting aqueous environmental samples containing large amounts of
B solids., The first step in this procedure wus to separate the sample into

(N an aqueous and solid fraction by either centrifugation or filtration. The ]
N aqueous fraction was extracted by continuous liquid-liquid extraction for ]
@‘“ 24 hr using methylene chloride with pH adjustments of 1l and 2 to obtain

¥ﬁ. fractions of B/N and acidlc compounds, respectively, The efflclency of

%‘: the continuous 1liquid-liquid extraction procedure, tesLed by extracting

ip A distilled water spiked with organic pollutants at concentrations of 0,01,
@ 0.10, 1,00, 10.0, or 100.0 mg/L, wan 76, 67, 28, B3, and 97 parcent,

iﬂgﬁ respectively, The low efficiency of extracting the 1,00 mg/L of
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hexachloroethane was attributed to unknown systematic ortor' othor _ : .
compounds showed the same effect. 1

- The solid fraction was procosssd by Sohxlet oxtraction for 24 hr
using a solvent mixture containing hexane and methylens chloride, followed
by a separatory funnel extraction using hexane-methylens shloride at pH 11
and 2 to obtain B/N and acidic fractions, respsctively. The «ffects of
particle size, the solvent system, and tha length of time of extractien on
the efficlency of extrasction of organic compounds from solid matrices was
tested on orgenic pollutants (10 and 300 ug/g of solid) absorbed by
activated carbon, The efficienny of recovery of hexachloroethans from N
carbon particles 125 to 1,000 um in diameter was 82 to 86 percent, whereas
the efficiency of recovery from particles less than 100 um was only 43
percent, Tne efficiency of recovery of cther compounds from the smaller
particles was also reduced. The four solvent systems tested for Sohxlet B
extraction of organic compounds from carbon particles were hexans, : y
benzene, methylene chloride, and hexans-methylene chloride. Benzene vas N
most sfficient in extracting hexachloroethans, with an efficiency of 113 ’
percent, The efficiencies of methylene chloride, hexanas, and hexane-
mathylene chloride were 86, 71, aud 74 percent, respectively, Methylene
chloride, however, was chosen as the preferred solvent becuause benzene was i
conasidered to ba too toxic and a fire hazard, The optimunm time for
extracting hexachlorosthans from carbon particles by the Soxhlet procedurs
was 6 to 24 hr, The efficlensy of recovery was reduced when sxtrastion

=5

IR R

“ times uxcueded 24 hr (Harrold and Young 1982),
3 The methods by which extracted or isolated organic compounds are
; identiflied and quantitated are not dependent on the environmental or ;
lﬁﬁ blologlcal origin of the sample., Tho instrumentation for analysis include N
' gas chromatography (GC) and GC/MS. These systems vary depending on the 0
‘ type of the detection system (flane lonization detector, slectron capture o
,!% detector, electrolytic conductivity detector) and the type of chroma- i
' tography column used in the instruments, GC/MS using FSCC has been 3
’ evaluated and judged to be a supevior procedure over GC/MS using packed 0
{A columns for accurately identifying and quantitating EPA enviroumental .
'Eﬁ pollutants (Sauter et al. 1981, Eicholberger et al. 1983), 0
The USEPA established test procedures for quantitative and qualita- >
ﬁg tive determination of classes of organic compounds that include hexa- o
chloroethane (USEPA 1985d). These procedures include Method 612 for %
J chlorinated ethanes (USEPA 1985a), Method 625 for B/N and acid organic %
I@ﬂ compounds (USEPA 1985b), and Method 1623 for semivolatile organic com- :{
i pounds (USEPA 1985c), The extracting solvent, methylene chloride, is the A
; game for all procedures, but Method 612 uses serial extraction without pH ;
I\ adjustments. Method 625 uses serial or continuous extraction with pH 0
1 adjustments 211 and <2, and Method 1625 uses continuous extraction with df
* adjustment of pH simllar to those in Method 625, If cleanup of the )
‘ axtract ls necessary for better separation, then Floriasil column chromato- he
;Fw graphy 1s used (Method 612), The extracts are concentrated by use of a 1
1@ Kuderna-Danish apparatus and dried with anhydrous sodium sulfate.
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Using Method 612, the extracts are analyzed by packed or capillary -
column GC with electron capturs detection, the identity of substances i
detected by GC is confirmed by retention times, and the quantity of
substances {s determined by measurement of peak arca (USEPA 1985b). Using
Method 625, extracts are analyzed by packed or caplllary column GC/MS;
organic compounds are identified by retention time and relative abundance
of three characteristic masses (m/z) and quantitated by using internal
standards with a single characteristic m/z (USEPA 1985b), Using Method -
1625, extracts are analyzed by capillary column GC/MS; crganic compounds
are identified as reported for Method 625 and are quantitated by using

{sotopically labeled compounds (when available) as internal standards
(USEPA 1985¢).

Pae'n"e w v BLNE N

The retention time for hexachloroethane using Method 612 is 4.9 min
(1.8 mx 2 mm (1,4,) glass column packed with 100/120 mesh Supelcoport
coated with 1 percent SP-1000] or 8.3 min [1.8 m x 2 mm (1.d,) glass
column packed with 80/100 mesh Supelcoport coated with 1.5 percent 0OV.
1/2.4 percent OV-223]), ‘The method detection limit is 0.03 ug/L. For four
test measurements, the standard deviation for recovery at a test concen-
tration of 10 ug/L was 3.3 ug/L; the range for the average recovery was

2.4 to 12,3 ug/L; the range for the percent recovery was 8 to 139 percent
(USEPA 1985a).

The retention time for hexachlornethane using Method 623 is 8.4 min,
and the method detection limit is 1,6 ug/L. For four test measurements at -
a splke concentration of 100, the standard deviation was 24.5 ug/L, the w
range for the average recovery was 55,2 to 100 ug/L, and the range for the
percent recovery was 40 to 113 percent (USEPA 1985b), The retention for
hexachloroethane using Method 1625 is 13.7 min, and the method detection ag
1imit is 10 pug/L (USEPA 1985c).
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2. ENVIRONMENTAL EFFECTS AND FAIE

2.1 ABIOTIC ENVIRONMENTAL EFFECTS

No information was found in tha litsraturs concerning the ablotic
effacts of hexachlorosthans,

2.2 ENVIRONMENTAL FATE

2.2.1 Souxces and Ocourrances

From military uses, hexachlorosthans may be released into the
environment during manufacture of the chemical, during formulation and
loading of the white snoke grenades and markers, or during training and
testing oparations. Hexachlorosthane is also released into ths environ-
ment as an intermediate or by-product waste during the production of other
halogenated hydrocarbons; such as trichlorosthylene, perchlorosthylene, °
carbon tetrachloride, and fluorocarbons (USEPA 1981, Kitchens st al,

1978). Diffuse sources of release are ocean dumping, volatiliration, and
incineration and combuation of polyvinyl chloride wastes (Class and '
Ballachmiter 1986).

Evidence of the release of hexachloroathane is substantial; it has
been detected in fish tissues and in all environmental media: drinking
water, industrial and municipal effluents, surface waters, groundwater,
aquatic sediments, soils, and ailr,

Ritchens et al. (1978) reported that, during typical production of
pyrotechnic items at the Pine Bluff Arsenal, Arkansas, approximately l to
2 percent of the amoke formulation, or an estimated 150 to 300 lb of
hexachloroethane per month would be discharged into receiving waters
within the area of the arsenal. At full mobilization, 7,550 to 15,000 1b
of hexachlotroethane would ke released per month, Combustion products
resulting from detonation of the pyrotechnics can enter the aquatic
environment directly as fallout, by runoff, or by leaching from soils, but
the impact ig usually local in nature, within 10 to 15 km downwind of the
slite (Clchowicz and Wentsel 1983),

Four main aquatic syatems within the arsenal grounds that could
recaive pyrotechnic discharges drain into the Arkansas River, which fronts
the arsenal for approximately 6 miles. Three of the aquatic systems
originate on the installation, They are Triplett Creek, Yellow Creek
(with assoclated drainages), and McGregor Reach, The fourth, Eastwood
Bayou, originates off the installation. There is also a water table
aquifer within the arsenal grounds. The pyrotechnic complex is located
just southwest of Yellow Lake (Kitchens et al. 1978),

Prior to 1980, contamination from pyrotachnic residues and smoke
mixtures was reported in Yellow Lake ond within a munitions test area on
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ot the Arkansas River (Pinkham et al. 1977, us cited in Kitchens et al.
T 1978). At this time the estimated average wastestream concentration of
NN hexachloroethane was 168.0 mg/L (USAEHA 1973, 1974, as cited in Kitchens
%.3‘ et al. 1978).
o
Q}z The waste loading was reduced in 1980 with the installation of the
“utte Central Waste Treatment Faclilitios at the arsenal, Fortner et al. (1983)
~:)‘ reported that hexachlorosthans was not detected in wastewater samples from
R five areas of the pollution abatement facility (¢entral waste, filter ,
2-;-:-; backwash sludge, incinerator clearwell sludge, chain grate ash, and fuse
}ﬂf‘ ; residus from the rotary kiln). The wastewater is monitored chemically and
Wy biologically by static 96-hr bioassays with bluegill sunfish and by
AN continuous monltoring procedures, Modernization of the waste treatment ]
P facility is currently under way with the implementation of granular
‘Jqq activated carbon column treatment, which will control color, total organic
ﬁ%?v carbon, and aquatic toxicity of the effluent (Fortner et al, 1983),
)
ﬁkﬁ Shackelford and Keith (1976) reported the occurrence of haxachloro-
el sthane in eight samples of finished drinking water and in the effluent
[ @ from a chlorinated sawage treatment plant in the United States. Suffet
’Xﬁ% and Radzuil (1976) identified hexachloroethane in the Torresdale drinking
1) water for Philadelphia, which comes from the tidal portion of the Delawars
1$1 River, Hexachlorosthane has besen detectsd in drinking water in 4 of 13
*&7“ U.S, cities at concentrations of 0,03 to 4,3 ug/L (Keith et al, 1976, as
e cited in IARC 1979). Eurocop-Cost (1976, as cited in IARC 1979) reported
£ that hexachloroethane has been detected in river water and tap water at a
LY concentration of 4.4 ug/L and in the effluent from a U.,8, chemical plant
oy at 8.4 ug/L. Hexachloroethane was detected 16 times in 4,000 samples of
;M;; wastewater from industrial and publicly owned treatment works at con-
'Qh? centrations ranging from 0.89 to 1,405.62 ug/L (USEPA, ongoing study).
o Ewing et al, (1977) detected the chemical in two samples of surface waters
S collected from 2 of 204 sites near 14 heavily industrialized river basins
Moy in the United States: Hudson River, New Jersey, at 1.0-pug/L level from
h?- mid-channel at low slack tide and Fields Brook, Ohio, at 3.0 ug/L level
Sl from midstream. Hexachloroethane has been deteacted at levels <2.0 ug/L
/ }ﬁ in the Potomaec River (Hall et al. 1987). Kaith (1976) detected hexa-
et chloroethane in effluents from unbleached, treated Kraft paper mills at
® <1.0 pg/L.

Olivar and Kaiser (1986) reported concentrations of hexachloroethane
in large-volume water samples from the St. Clair River (United States and
Canada) ranglng from 0.02 to 1,700 ng/L. The sources of this contamina-

- e e e .
X
/3

X {i tion are effluents from Dow Chemical Company and from Sarnia’s Township
X Ditch, which drains one of Dow's waste disposal sites. Elevated con-
AN centrations persist for at least 25 km downstream. Low-level contami-
**? nation of the watershed is indicated by measurable concentrations in

tributaries entering the river. In suspended sediment samples from the
St. Clalr River, hexachlorvethans concentrations ranged from 1.4 te 530
ng/g (0liver and Kaiser 1986),

-
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Q:.,-\' Hexachinreoethane has heen detected in sediments from Liverpool Bay,
k:} England, at levels <1.0 ug/L (Pearson and McConnell 1975) and from Fields
P ~_‘-i.:(
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Brook, Ashtabula, Ohlic. The Fields Brook site was added to the Nacional
Priorities List in September 1983, For approximately 3.5 miles, the main
channel flows through an industrial area with one of the largest and most
diversifiead concentrations of chemical plants in Ohio (USEPA 1966).
Hexachloroethane was detected in composite fish samples (bluegill, brown
bullhead, yellow bullhead, and northern pike) from the Ashtabula River,
Ohio, at conccntrationl of 0.1 mg/kg (DaVault 1985),

Silkworth et al. (1984) found concentrations of 1.0 ug/g of hexa-
chloroethane in soils frow the Love Canal chemical dump site in Niagara
Falls, New York: In air samples collected from a cage containing wsoil
from Love Canel, the concentration of hexachlorogthane ranged from 0.3 to
49.0 ug/ms. The mean concentration was 8.0 ug/m® in fresh seil and 1.2
pg/m3 in week-0ld soil,

Hexachloroethane has been detected in the troposphers with the
primary sourca of release occurring from the production of chlorinated C-2 i
hydrocarbons in tha northern hemisphere (NH) (Singh et al. 1980, Class and E -
Ballschmiter 1986)., The estimated global emission rate is <l kton/yr, -
Class and Ballschmiter (1987) conducted studies to determine the tropo-
spheric burden of some halocarbons, including hexachloroethans. Air
samples were collected from sites in the North and South Atlantic Ocean
and the Indian Ocean, far from anthropogenic sources. The average
concentration of hexachloroethane in the NH was 0.17 + 0.05 pptv (parts
per trillion by volume), and the mean concentration in the southern
hemisphere (SH) was 0.25 £ 0.05 pptv.

2.2.2 Tranapott Procesges

2.2,.2,1 Atmespheric trangsport

Paarson and McConnell (1975) theorized that the presence of organo-
chlorine compounds in upland waters resulted from atmospheric transport
and the subsequent precipitation from the atmosphere by rainfall and
dewlike condensation., Callahan et al. (1979) stated that hexachloroethane
releasad into the atmosphare would be expected to behave as its analogue,
tetrachloromethane., Tetrachloromethane is stable in the troposphere
because there are no functlonal groups present on the compound to react
strongly with hydroxyl radicals.

Hexachloroethane 1s thermodynamically stable; therefore, the atmos-
pheric half-life 1s long enough to allow interhemispheric exchange (Class
and Ballschmiter 1986). Class and Ballschmiter (1987) reported an atmos-
pheric burden of 4.7 kton in the NH and 4.2 kton in the SH, with a net
flow from NH to SH of 0.45 kton/yr. No degradation by hydroxyl radicals
is expected; therefore, a very long tropospheric lifetime is expacted with
the main sinks being the stratosphere and the oceans. At a transfer rate
of 0.03/yr, transfer from the northern troposphere to the stratosphere

would be approximately 0.l4 kton/yr. Based on the water/air partition

coefficient, the maximum expected flux into northern oceans would be
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0.4 kton/yr. Therefore, the sum of the transport processes within the
atmosphere (0.45 kton/yr and 0,14 kton/yr) and betwesn the atmosphere and
the oceans (0.4 kton/yr) is approximately 1 kton/yr (Class and Ball-
schmiter 1987).

2.2.2,2 gurface water and groundwatex transpoxg

Dilling et al. (1975) conducted studies to destermine the evaporation
rates for several organic compounds, including hexachloroethane. The
experimental half-life of 1.0 mg/L of hexachloroethane in water was
datermined using the hollow fiber-mass spectroscopic method. The experi-
mental conditions were as follows: 200 mL of test solution at 25°C in a
sealed 250 mL Erlenmeyer flask, 200 rpm stirring, still air <0.2 mph.

Mass spectra were scanned after 1 min and periodically thereaftsr, The
evaporative half-lifc of hexachloruathane was 45 min, with removal of 90
percent requiring >120 min. Using the same method, Dilling (1977)
determined an average evaporative half-life of 40,7 min for 0.72 mg/L of
hexachloroethane in stirred water. The evaporation rate followed first-
order kinetics for the first two to five half-lives. This value is in
close agreement with the 38-min half-)ife predicted by the theoretical
model of Mackay and Leinonen (1975, as cited in Dilling 1977); however, it
is quite different from the 4-min half-1life determined by the model of
Mackay and Wolkoff (1973, as cited in Dilling 1977). This variation could
possibly be explained by differences in temperature or other experimental
variables, such as stirring rate or air currents,

Using the equation given below, Spanggord et al. (1985) determined a
volatilization rate constant (ky) for hexachloroethane based on the liquid
£ilm mass-transfer coefficient (ki) and depth in em (L), which equals che
liquid volume (F) divided by the interfacial area (A).

Spanggord et al. (1985) state that the ki for lakes and ponds is of the
order of 2 em/hr; therefore, for a water body that is 180 cm deep, the
first-order volatilization rate constant for hexachloroethane would be
0.01/hr with an estimated half-life of 70 hr.

Several Investigators from Stanford University, California, and the
University of Waterloo, Canada, conducted a large-scale field experiment
to study the groundwater transport of five halogenated organic chemicals,
including hexachloroethane, at a site in Borden, Ontarin, Canada (Mackay
et al, 1986), The site was a relatively uncontaminated portion of an
unconfined glaciofluvial sand aquifer located above an existing landfill
leachate plume. The groundwater was aerobic In some areas, but the
digssolved oxygen (DO) content varled throughout from 0.0 to 8.5 mg/lL.. The
organic carbon content (0.02 percent) of the groundwater was very low. An
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equal and uniform flow of 12 m3 of solution was injected into nine wells.
The soluticn comprised two inorganic solutes, 892.0 mg/L of c¢hloride fon
and 324.0 mg/L of bromide ion, which served as tracers, and five organic
solutes: 0.032 mg/L of bromoform, 0,031 mg/L of carbon tetrachloride,

0.030 mg/L of tetrachlornathylene, 0.332 mg/L of 1,2- dichlorobonzono. and
0.020 mg/L of hexachloroethane. The solutes migrated under the influence
of the natural hydraulic gradient, with an average linear groundwater
velocity of approximately 0.09 m/day. Hexachloroethane was the least
water soluble compound and was expscted to exhibit the lowezt mobility,
The solute plume was traced for approximately two years, and the solutes
were measured by ilon and gas chromatographic techniques, A dense, three-
dimensional network of multilevel sampling wells was established to obtain
"snapshots” of the spatial uistribution of concentrations of the chemicals
at particular points in time (synoptic sampiing). Time-series data were
aiso collected to determine solute concentration at a high caunpling
frequency for a few sampling points (breakthrough sampling). A total of
19,900 samples have been collected from 20 synoptic monitoring sessions
and time-series sampling from 12 sampling points (Mackay st al. 1986).

In order to understand the long-term bohavior of the orgenic solutes
during transport, Roberts et al. (1986) determined mass balances and
retardation estimates for the chemicals. Moment calculations were used to
estimate the mass in solution and the position of tha center of the mass.
Concentrations of hexachloroethane decreased below the detection limit by
330 days, the eighth sampling time. The center of mass of hexachloro-
ethane moved a total of 1,35 m from the center of the injection zone. The
position of the center of mass could be quantified only up to 85 days due
to the disappearance of hexachloroethane from solution. The disappearances
was approximated as a first-order rate process with a rate constant oi
0.02/day. 'This temporal decline in total mass was interpreted as evidence
of the transformation of hexachloroethane. The retardation factor (the
average travel time relative to that of chloride), which ranged from 1,2
to 4.4 for hexachloroethane, indicated that hexachloroethane was the most
strongly retarded compound during the comparable time period 16 < t < 85
days. 1In this study, the greatest retardation factors werc otsarved for
the two most hydrophobic compounds, 1,2-dichlorobenzene and hexachloro-
ethane. The authors suggested that the observed retardation was caused by
gorption, The transtormation and sorption of hexachloroethane in Borden
aquifer material were further investigated by Criddle at al. (1986) and
Curtis et al. (1986), respectively (see Sects. 2.2.3 and 2.2.5).

2.2.3 Biological Depradation

Tabak et al. (1981) conducted studies to determi-w. the biodegrada-
bility of USEPA-designated nrganic priority pollutanus, including hexa-
chloroethane. The sctatic-culture, flask-screening method was used, in
which BOD water containing 5 and 10 mg/L concentrations of hexachloro-
ethane was inoculated with 5 mg/L of yeast extracr and 10 ml. of settled
domestic wastewater. The cultures were incubatec in the dark at 25°C for
a 7-day static period, followed by three weekly subcultures giving a
total of 28 days of incubation. The samples were analyzed for degradation
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products by GC using a flame ionization detector; total organic carbon was
annlyzed to determine loss of substrate from volatilization. At both
concentrations, 100 percent of the hexachloroethane was dsgraded within 7
days in the original culture and in each of the three subcultures, with 0
percent loss from volatilfzation in 10 days under refrigeration at 25°C.
Therefore, hexachloroethane exhibitsd significant degradative activity
with rapid adaptation of the microbiota.

Criddle et al. (1986) conducted two laboratory experiments to
evaluate the biotransformation of hexachlorosthane in groundwater at the
Borden site, Ontaric, Canada. 1In the first experiment, a standard
biological oxygen demand (BOD) microcosm study, BOD dilution water was
inoculated with settled municipal wastevater seed, aeraced to a DO of 8.3
mg/L, and spiked with €.5 upg/L of hexachlorosthane in methanol., Tripli-
cate samples were analyzed on days 0, 10, and 20, and duplicate samples
were analyzed on days 30, 40, and 60 by GC using an electron capture
detector. In the second experiment, Borden aquifer material (1.5 to 3 m
depth) was used instead of wastewater for the microbial source, and Borden
site groundwatar was used instsad of BOD water. The groundwater was
spiked with approximately 50 ug/L of hexachloroethane in methamnol.

Aercbic conditions were not guaranteed. Samples were analyzed on days 10,
17, 24, 38, 52, and 66 by GC using an electron capture detector. In both
experiments, bottles were stored upside down in the dark at 20°C. Results
of the BOD microcosm study indicated that tetrachloroethylene was formed
as hexachloroethane disappeared; therefore, microbial reduction under
aerobic conditions was occurring. The authoxs stated that the reaction
was a classic example of co-metabolism where the product is structurally
similar to the reactant and is brought about by enzymes of broad specifi-
city,

In the Borden microcosm study (Criddle et al. 1986), hexachloroethane
was converted to tetrachloroethylene in some samples and not in others, :
which may be related to the heterogcnecus distribution of the active :
agents in the aquifer material, [n all of the samples, the sum of
hexachloroethane and tetrachlorocethylene decreased over time, probably due §
to the slow increase in sorption with time (consistent with Roberts et al. A
1986). Although tetrachloroethylene was one of the five contaminants
injected into the aquifer, Roherts et al. (1986) did observe a statisti-
cally significant excess mass of this chemical that would be consistent

N with the transformation of hexachloroethane to tetrachloroethylene. The -

o authors concluded that hexachloroethane was transformed (enzymatically

Es ol mediated) under aercbic conditions by microorganisms. Hexachloroethane in

O the presence of Bor-len aquifer ~iterials was transformed by microbes
® and/or abiotic agents. Both aeroblc and anoxic conditions existed in the

%Tﬁ materials, indicating the possible occurrence of anaerobic transformation, ’

¥ ?

.¢i: Spanggord et al. (1985) conducted studies to investigate the biode-

o pradation of hexachloroethane in natural surface waters under aerobic and .
e anaerobic conditions. The natural waters used in these studies were "
® collected from Searsville Pond, Wondside, California and Coyote Creek, San

K ﬂ Jose, California. 1In the aerobic study, hexachloroethane (50 mg/mL) was

Ry added to bottles containing the natural water with either bottom sediment
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or yeast extract plus glucose (nonsterile} and incubated in the dark at
25°C. The bottles containing pond water wera not sealed or shaken;
whereas, the bottles containing creek water wers sealed and shaken. For
the anaerobic study, the solutions were placed in Teflon-lined, screw-
capped bottles and incubated in an anzerobic chamber. Autoclaved pond or
creek water was used as sterile controls.

In both sterile and nonsterile asrobic waters, Spanggord et al,
(1985) determined that 80 to 95 percent of the hexachlornethano was lost :
in 6 days {n the non-sealed bottles, indicating that volatiliization was L
probably a competitive process. In the sealed bottles containing aerobic
weters with yeast extract plus glucose, 60 percent of the hexachlorosthane
was lost after 14 days; whereus, 38 percent was lost in the sterile
waters, indicating that volatilization was still a significant factor. In
the anaerobic studies, hexachloroethane was not lost in tha sterile
waters, indicating that volatilization was not occurring., However, in the
nonsterile waters with either sediment or yeast extract plus glucose, 90
percent of the hexachloroethane was lost in 18 days in the pond water and
92 percent was lost in 14 days in the creek water. The metabolites were
tentatively identified by GC as pentachloroethane, tetrachlorosthylene,
and trichloroethylene,

To confirm the microbial transformation of hexachloroethane in
natural waters, Spanggord et al. (1985) inoculatnd media containing 10 ppm
of hexachloroethane, glucose, and yeast extract with pond microorganisms
under both aerobic and anaerobic cenditions. Under both conditions,
metabolites were chserved as hexachlorrethane concentrations decreased
from; to, thereby confirming the initial results., Spanggord et al, (1985)
concluded that the aquatic biotransformation of hexachloroethane is
nutrient-dependent, faster under anaerobic than aerobic conditions, and
competitive with volatilization under aerobic conditions.

A _ =

¥

“panggord et al., (1985) also studied the biodegradation of hexa-
chlorvethane in soil under aerobic and anaerobjc conditions, For each
test, hexachlorvethane was added to 20 g of either autoclaved uvr non-
sterile soil to obtain a final concentration of 5 ppm of hexachloroethane,
The aerobic studies were performed in both nonsealed and sealed flasks.

In the anaerobic study, the test tubes were incubated in an anaerobic

== 1

Sa chamber. 1In the nonsealed aerobic flasks, 80 parcent of the hexachlecro-
e ethane was lost from the nonsterile soil and 64 percent was lost from the

sterile soil after 7 days. In the sealed aerovbic flasks, 99 percent of
the hexachloroethane in the nonsterile soii was lost after 4 weeks of
incubation and 17 percent was lost i{n the sterile sofl after 4 weeks of
incubation. After 7 days under anaerobic conditions, 99 percent of the
hexachloroethane was lost from the nonsterile soil and 34 percent was lost
Far from the sterile soil. Consequently, Spanggord et al., (1985) concluded

' that hexachloroethane is biotransformed rapidly in soils under anaerobic
conditions and moderately fast under aerotic conditions without requiring
< an additional nutrient source.

Jafvert and Wolfe (1987) also observed the degradation of hexachloro-
ethane in anoxlc sediment suspenszions, fractlionated (by particle size)
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sediment suspensions, and rnconstituted sediment suspensions (driud USEFA
16 sediment resuspended in deionized water, seeded with anoxic sediment
and incubated under a nitrogen stmcsphere for two weeks).

2.2.4 Chemicsl and Physical Transformation

The chemical transformation of hexachlorcethane is insignificant in
detarmining the fate of the chemical in the environment (Spanggord et al.
1985), Hydrolysis by the hydroxyl radical is extremsly slow with a rate
constant of 6.3 x 10°6/M/sec at pH 7 and 25°C (Taylor and Ward 1934, as
clted in Spanggord et al. 1985),

Knoevenagel and Himmelreich (1976) studled the degradation of organic
compounds by photooxidation (ultraviolet light) in the presence of watar,
The degradation was estimated by the quantitative determination of carbon
dioxide formed. Water-insoluble chemicals, including hexachloroethane,
were tesuted in a dispersed state, The half-life of 237.0 mg of hexa-
chloroethane suspended in 900 mL of water at 90 to 95°C was 93.7 hr,
Twenty-five percent was degraded in 25,2 hr, and 75 percant was degraded
in 172.0 hr, Thes authors concluded that the two carbon atoms in hexa-
chloroethane were completely transformed to carbon dioxide and that the
degradation velccity depended on how finely the compound was dispersed in
water, the temperature, and the wavelength of light. The degradation
velocity was slightly delayed by the addition of 69.0 mL of 0.1 N hydro-
chloric acid, introduced as a catalyst. The half-1ife for hexachloro-
ethans increased to 111.5 hr, 25 percent was degraded in 29.7 hr, and 75
percent was degraded in 190,3 hr,

Using the free radical spin trapping technique, Davies and Slater
(1986) studied the photolysis of hexachloroethane in either toluene or
water at room temperature under anacrobic conditions to determine if
cleavage of the carbon-carbon bond would occur to give two 'CCl3 radicals.
Ultraviolet irradlation of hexachloroathane in toluene in the presence of
N-tert-butyl-a-phenylnitrone (PBN} rosulted in three radicals. Two of the
signals indicated that substantial cleavage of the C-Cl bonds occurred;
the third sigral could have been assigned to either ‘CCl or ‘CClpCCljy
adducts. A further study wes conducted to confirm tha identity of the
radicals by uaing 2-methyl-2-nitrosopropane in the spin trap. Results
indicated that the PBN-photolysis product was most likely the 'CCl2CCliy
adduct, indicating that C-Cl rather than C-C bond cleavage was observed.
Single radical species were not detected In aqueous hexachloroethane
solutions in the presence of PBN. This is probably attributed to the
lower concentration of the subutrate and the shorter lifetime of the spin-
adducts because of their limited aqueous sclubility.

2.2.5 Sorption Processesy
Baned on a calculated soil/air partitioning coefficient (Ky) of 18

and a measured octanol/water partition coeffilcient (Kg,) of 8.9 x 107,
Spanggord et 1l. (1985) determined that hLexachloroethane rleposited on the
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surface of soil would readily volatilize back to the atmosphere. HNHowever,
L1f the chemical is allowed to penetrats significantly below the soil
surface, approximately 95 percent would bind to soil, 2 percent would
remain in the soil-water phase, and 3 percent would occur in the soil-air
phase (Spanggord et al. 1985).

Curtis et al. (1986) conducted sorption equilibrium, desorption, and
mass balance laboratory experiments to determine if the observed field
Eé retardation of the organic solutes, including hexachlorocethans, in the
Borden aquifer site could be attributed to sorption. The uptake behavior
for all five solutes was characterized by an initial rapid sorption step
Eg in <2 hr accounting for approximately 50 percent of the total .sorption,
followed by a gradually declining rate. After 5 days it became difficult
to differentiate between sorption or losses from the system, which wers
/ attributed through mass balance studies to volatilization. An equilibra-
EE tion time of 3 days was determined for hexachloroethans. The sorption and
desorption isotherms were linear and reversible for hexachlorosthane for
2 concentrations ranging from 1 to 50 ug/L, indicating that partitioning
§§ into the organic matter was the observed mechanism of sorption. This was
tested by comparing the organic carbon partition coefficients (Ky¢)
obtained in this study with estimates based on octanol-water partition
Ei coefficients. The observed Koo valus for hexachloroethans sxcesdsd the
estimated valus by a factor of 1.7, This difference can be attributed to
adsorption to mineral surfaces, which would be expected due to the low
ii organic carbon content (0.02 percent) of the Borden aquifer materials.

2.3 SUMMARY

Hexachloroethane may be released into the environment from its
military use in white smoke grenades and markers, from the industrial
'! production of other halogenated hydrocarbons, or from diffuse sources such
g as the incineration of polyvinyl chloride wastes. Evidence of the release
of hexachloroethane 1s substantial; it has been detected in all environ-
X mental media and in fish tissues.

The Arkansas River and associated drainages are the primary aquatic
system receiving wastewater discharges from the production of white smoke
%3 pyrotechnics at the Pine Bluff Arsenal, Arkansas, Prior to the instal.
we lation of the Central Waste Treatment Facilities in 1980, the estimated
average wastestream concentration of hexachlorcethane was 168.0 mg/L.
. However, since treatment has begun, hexachloroethane has not baen detected
u in wastewater samples from the arsenal,

Hexachloroethane has been detected in drinking water at concentra-

=S tions ranging from 0.03 to 4.4 ug/L; in surface waters at concentrations

- ranging from 1.0 to 8.4 ug/L; in wastewater from industrial and publicly
owned treatment works at concentrations ranging from 0.88 to 1,405.62

b pg/L: in industrial effluents at concentrations ranging from <1.0 to 4.4

‘ pg/L: in suspended sediments at concentrations as high as 0.33 ug/L; in

aquatlc sediments at concentrations <1.0 ug/L; in soils at concentrations
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Tyt of 1,0 ug/g; in air samples at concentrations as high as 0,25 £ 0.05 pptv;
"y and in fish tissues at concentrations of 0.1 mg/kg.
e .
$$$ Hexachloroethane is thermodynamically stable when released into the
atey atmosphers; no degradation by hydroxyl radicals is expected. Therefore, a
_ﬁb& very long tropospheric lifetime is expectad, with the main sinks being the
iy stratosphere and the oceans. The sum of the transport processes within
) the atmosphere and between the atmosphere and the oceans is approximately
;ﬁﬁ: 1 kton/yr,
foh
ﬁ%&' Expsrimental evidence indicates that hexachloroethans does not
@ﬁﬁ persist in surface water and groundwater; however, the residence time in
A groundwater is substantially longer than in surface water. Hexachloro-
H sthane (0.02 mg/L) injected i{nto a glaciofluvial sand aquifer disappeared
L from groundwater by 330 days following a first-order rate process with a
Al rate constant of 0,02/day, The center of the mass of hexachlozoethans
Mgs' moved only 1.35 m from the center of the injection zone.
"cr' U
&ﬁh The transport and transformation processes affecting the persistence
o of hexachlorosthane in surface water, groundwater, and soil are volatili.
St zation, bilological degradation, photooxidation, and adsorption to organic
gg matter and mineral surfaces.
?l ‘(
giii The evaporative half-1ife of 1.0 mg/L of hexachlorosthane in water is
Ml 45 min at 25°C, with removal of 90 percent requiring >120 min, The
T evaporation rate follows first-oxder kinetics for the first two to five
B half-lives. The first order volatilization rate constant for hexachloro-
¢~1 ethane 1is lakes and ponds 1s on the order of 2em/hr; consequently, for a
:--5 water body that is 180 cm deep, the rate constant would be 0,01/hr, with
:vj an estimated half 1life of 70 hr,
"
A
i} Hexachloroethane in surface water is microbially reduced to tetra-
v chloroethylene under both aerobic and anaerobie conditions. The reaction
ZHQ? i{s a classic example of cometabolism where the product is structurally
3&4 similar to the reactant and is brought about by enzymes of broad specifi.
i city. 1In static culture BOD studies under aerobic conditions, 100 percent
e of hexachloroethane at concentrations of 5 and 10 mg/L was degraded in 7
days with rapld adaptation of the microbiota. Under anaeroble conditions
R in natural surface water, 90 percent of hexachloroethane at a concentra-
::ﬁj tion of 50 mg/mL was degraded in 18 days in pond water and 92 percent was
i degraded in 14 days in creek water,
Y
A BOD microcosm studies using aquifer materials indicate that hexa-
k@ chloroethane in groundwater {s converted to tetrachloroethylene (under
T aerobic and possible anaerobic conditions) by microbes and/or abiotic
"étj agents which are nonuniformly distributed in the aquifer materials.
NN
e Hexachloroethane is more rapidly biodegraded in soil under anaerobic
o conditions than under aerobic conditions. Ninety-nine percent of hexa-
® chloroethane at a concentration of 5 ppm was degraded in 7 days under
;:f: anaerobic conditions and in 4 weeks under aerobic conditions in sealed
3{% flasks,
W
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Aercbiec solutions of hexachloroethane in water (237.0 mg in 900 mL of
water) are photooxidized with complete transformation of the two carben
atoms to carbon dioxide. The half-1life at 90 to 95°C is 93.7 hr, with 25
percent degraded in 25.2 hr and 75 percent degraded in 172,0 hr. The
degradation velocity depends on how finely the compound is dispersed in
. water, the temperature, and the wavelength of light., Anaerobic solutions
W of hexachlorosthans are photolyzed, with cleavage occurring at the C-Cl
bond,

== I3

Fifty percent of the total sorption of hexachlorosthans in aquifer
materials occurs in <2 hr in a rapid initial step, followed by a gradually
declining rate with equilibrium reached in 3 days. The sorption and
desorption isotherms for concentrations of hexachlorosthane ranging from
1 to 50 ug/L are linear and reversible, indicating that hexachlorosthane
is partitioning into organic mattar, Howsver, becauss the observed Koo
value exceeds the esstimated value by a factor of 1,7, adsorption to
R0 mineral surfaces is also occurring. Based on a calculated soil/alr
partitioning coefficient of 18 and a measursd octanol/water partition
coafficient of 8.9 x 107, 95 percent of hexachloroathanes which psnetrates
below the soil surface would bind to soil,
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3. AQUATIC TOXICOLOGX

3.1 ACUTE TOXICITY IN AQUATIC ANIMALS
3.1.1 Aquatic Vartebxates

3.1.1.1 Freshwater fishas

Thurston et al. (1983) determined the acuts toxicity of hexachloro-
sthane in six specles of freshwater fishes, including: Salpe galrdnexi
(rainbow trout). Lapomis masxachizus (bluegill sunfish), Blmaghales
promelas (fathead minnow), Gambusia affinis (mosquitofish), lotaluxua

punctatus (channel catfish), and Carassius auratus (goldfish). Ninety-
six-hour flow-through teats were conducted with six measured concen-

trations and a control. Dilution water was obtained from a groundwater
spring. Chemical paranmeters remainad relatively constant during testing
with only slight seasonal variations in temperature, pH, alkalinity, and
hardness., These parameters, along with DO and conductivity, were measured
during testing. LCgg (lethal concentration causing 50 percent mortality)
values, determined by the trimmed Spearman-Karber method, ranged from 0.86
mg/L for bluegill, the most sensitive species tested, to 2,36 mg/L for
channel catfish (weighing 3.48 g), the least sensitive species tested
(Table 3),

LA

=2

¢ S BB S B T

Phipps and Holcombe (1983) conducted multiple-speclec acute toxleity
tests for hexachloroethans in which seven spescies were simultaneously
tested in a single flow-through compartmentalized exposure tank, The five
fish species tested were rainbow trout, bluegill, fathead minnow, channel
catfish, and goldfish. The flow-through system comprised twe 2-L
proportional diluters (dilution factor of 0,6) with a flow rate of 130
mg/min and 90 percent replacement every & hr, Lake Suparior water with a
mean temperature of 17.3 & 0,6°C was used in all tests. Ranges of water
chemistry parumeters were as follows: pH, 7.1 to 7,8; DO, 4.7 to 10.0
ppm; total hardness, 40,7 to 46.6 mg/L as CaCO3, and alkalinity, 42.3 to
| 57.0 mg/L as CaCO3. Because of its low water solubility, hexachloroethane
was dissolved in dimethylformamide (DMF). Fish (20 per treatment) were
exposad to the following five measured concentrations and a control (in
duplicatu): 0,290 % 0,050, 0,410 + 0,060, 0.730 £ 0,010, 1.28 £ 0.17, or
2,10 £ 0,39 mg/L. The nominal concentration of DMF uscd in the highaat
concentration test tank was 327 mg/L,

- BRI IR F X )N
e oy IR 5T

| i

Phipps and Holcombe (1985) calculated the 96-hr LCgp valuer, with 95
y £3 percent confidence intervals, using the trimmed Spearman-Karber method.
' The results are presented in Table 3, The two most senaltive specias
: tested were rainbow trout and bluegill, each with an LCsg of 0.970 mg/L.
ol The least sensitive species tested was the goldfish, with an LC5p greater
a than the highest test concentration of 2,10 mg/L. The 96-hr LCgg values
(Table 3) for the specles tested in this study are similar to those
E& obtained by other investigators conducting single-species flow-through
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tests, with the possible exception of the discrepancy in values for the.
goldfish, which is probably attributed to differences in size (1l tv 4 g
compared with 8.4 g). The LCsp values of 1.51 mg/L and 1,30 mg/L for
fathead minnows (Table 3) obtained in single-species acute tests conducted
by Walbridge et al, 1983 and Veith et al. 1983b, respectively, at the
USEPA Environmental Research Laboratory in Duluth, Minnesota, are very
similar to the valus obtained in this study (1.23 mg/L) using the
multiple-upecies testing approach, The authors concluded that conducting
acute toxicity tests on severnl species in different chambers of the same
oxposure tanks allows sasy determinaiion of the most sensitive species and
allows all species to ba subjscted to the name stresses (i.s., changes in
chemical characteristics of test watsr).

T = I

! Buccafusco et al, (1981) determined the toxicity of hexachloroethane
in bluegill (weighing 0.32 to 1.2 g). Ninety-sixz-hour static acute
toxicity tects (nominal concentrations) following USEPA (1973) procedures
were conducted in 19,6-1L widemouth glass jars, which were capped to
control volatilization. Ten fish wers randomly selected from the test
population and added to the test chamber 30 min prior to the addition of
the test solution. With the exception of DO, the chamical characteristics
of the test solution remained relatively conatant: temperature, 22 + 1°C;
pH, 6.5 to 7.9; total hardness, 32 to 48 mg/l. as CaCO3; total alkalinity,
28 to 34 mg/L ax CaCO03j; and specific conductance, 93 to 190 umhos/cm, The
DO decreased from 9.7 mg/L at time O to 0,3 mg/L at 96 hr, Buccafusco et
al. (19€1) reported a 96-hr LCsg of 0,38 mg/L (Tuble 3); however, they
also reported that this value may be high, because a precipitate formed in
the test solution, indicating thut hexschloroethane was tested abovs the
_ solubility limit. For the group of chloroethanes tested in this study,
%? toxicity was pomiti{vely correlated (P < 0,01) with the degree of chlorine
substitution with 96-hr LCsy values ranging from 550 mg/L for 1,2-di-

chloroethane to 0.98 mg/L for hexachloroethane,

Acute tuxieity two orders of magnitude lower for 1,2-dichloroethane
1 !! than for hexachloroethane was observed in cests conducted by the USEPA
' (1980a, as cited in USEPA 1980b) with faiLhead minnows. In flow-through

= X B 59

e tests using measured concentrations., the $6-hr LCsg values ranged from
&ﬂ 118 mg/L for 1,2-dichloroethane to 1.53 mg/L for hexachloroethane (ilable
I 2t 3). Flow-through tests with rainbow trout using measured concentrations

were also conducted in this study; the 96-hr LCs0 for hexachlorvethane was
§§ 0.98 mg/L (Table 3),

Walbridge at al. (1982) observed the same relationship in 96-hr flow-
0 through toxicity tests with fathead minnows., Tests were conducted
4 following USEPA (1975) methods using two 2-L/cycle proportional diluters
to deliver the toxicant to randomly arranged axposure chambers (41-L all-
glass aquaria). Fish (50 per treatment) were randomly assigned to the

i chambers and exposed to five measured concentrations and a control, in

o duplicate. Chemical charucteristics of the dilution water (Lake Superior
water supply) were measured during testing. The temperature was held at

o 25 &+ 2°C, pH ranged from 6.7 to 7.6, DO ranged from 7.6 to 9.2 mg/L,

; hardness ranged from 45.0 to 45.5 mg/L as CaCOj3, and alkalinity ranged
from 35.6 to 43.4 mg/L as CaCO3. The 96-hr LCgp, calculated by the
trimmed Spearman-Karber method, was 1,51 mg/L (Table 3). The narcotlc
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effect of hexachloroethane produced lethargy and anesthesia in the exposed
fathead minnows.

Using 96-hr flow-through toxicity tests, Veith et al. (1983b) deter-
mined LC5p values for fathead minnows exposed to various industrial
chenmicals, including hexachloroethane, that are all known to produce
narcosis. Tests were coriducted following USEPA (1975) methods with five
measured concentrations and a control, in duplicate (25 £ish/exposure).
Lake Superior water was used in all tests and maintained at 25 t 1°C.
Mean measurements of other chemical parameters were as follows: pH, 7.5;
DO, >60% saturation; hardness, 56.3 mg/L as CaCO3; and alkalinity, 42.2
mg/L as CaCO3. The LCs5p for hexachloroethane, calculated by the trimmed
Spearman-Karber method, was 1.5 mg/L (Table 3).

3.1.1.2 Sgltwater fishes

Heitmuller et al. (1981) conducted 96-hr static acute tests following

USEPA (1975) methods to determine the toxicity of hexachloroethane in W
variegatus (sheepshead minnow, juveniles). Nominal test -

concentrations (which were not specified) were determined from range- :
finding tests and were prepared in natural seawater of ambient salinity 10 &
to 31°/se (per thousand) at 25 to 31°C., DO and pH were monitored during e
testing, The 96-hr LC5p was 2.4 ppm (Table 4) and the no-observable-
effect-concentration (NOEC) was 1.0 ppm., In this study, tests with five "
chlorinated ethanes were conducted; the LCsg values for this saltwater e
fish did not correlate as well with increased chlorination as did the
acute values for bluoglill (Buccafusco et al. 198l) and fathead minnows .
(USEPA 1980a, as cited in USEPA 1980b). The 96-hr LCspn values for the ?
other chloroethanes were as follows: >130 and <230 for 1,2-
dichloroethane, 71 for 1,1,l-trichloroethane, 12 for 1,1,2,2-tatra-
chloroethane, and 116 for 1,1,1,2,2-pentachloroethane, =4

e e WL L -

-

3.1.1.3 Qthex vertebrate species "
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Thurston et al. (1985) studled the toxicity of hexachlorovethane in r
E Rana catecbiang (bullfrog) tadpoles (2 to 5 g) in 96-hr flow-through acute
0 tests, Tests were conducted Iin the same manner as those tests described o
. in Sect., 3.1.1.1 for fish with six concentrations and a control. This 0
: amphibian species was the least sensitive of any vertebrate or inverte-
- brate species tested by Thurston et al, (1985) with 96-hr LCsy values of .
{ 3.18 mg/L for tadpoles weighing 4,12 g and 2.44 mg/L for tadpoles weighing .%
] 4,21 g (Table 3).
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R 3.1.2 Aguatic Invextebrates
-
% 3.1.2.1 [Freshwqter javertebrates
'!
Qé Thurston et al. (1985) studied the toxicity of hexachloroethene in
U Daphnia magna (water flea, nounates <24 hr old) and in Tanytarsus dissim-
» 1lis (midge, 3xrd to 4th instar) in 48-hr static acute tosts, and in
ity Orconecies immunuis (crayfish) in a 96-hr flow-through acute teat. The
'i} test containers for the static tests, soft-glass Ball canniag jars, were
By seuled with aluminun foil between the covers and jar rims to reduce
0 volatilization. Twenty individuals of each species were used for controls
;# and for testing at each of five to seven concentrations. Test concentra-
; tions were measured at the beginning and end of each test. Conductivity,
o alkalinity, hardness, pH, and DO were neasured on combined camples from
%. each concentration at the conclusion of the tests; temrarature was
A monitored during testing. The flow-through test for crayfish followed
X procedures as deascribed for the acute tusts for fish parformed by Thurston
) et al. (Sect., 3.1.1.1), except that the test tanks were divided into 10
- @ individuul compartments to pcevent cannibalism. LCsg values for these
gs invertebrates were 1.23 mg/L for 1. dissimilis, 1.36 mg/L for D. magna,
b and 2.7C amg/L for Q. immupis (Tahle 3). In & 48-hr static acute test
* using mrasured concentrations, USEPA (1980a, «s citad in USEPA 1.980b)
o obtained an LCsg of 1.70 mg ‘L for I. dissimilis (Table 3).
A
4 Phipps and Holcombe (1985) also determined the acute toxicity of
hexachloroethane in two invertcbrate spacies, Q. immunl- and Aplexa
% hypnerum (snail), using the multiple-species test procedures described for
) the fish species tested in this study (Sect. 3,1.1.1), Crayfish were
W4 placed in an individual compartment that was ccvered with a stainless-
A steel screen to prevent their escape, and snails were placed in 10 x 3 cm
diam stainless-steel screen cylinders, which were randomly distributed in
ﬁﬁ an individual compartment. The invertebrate species (10 crayfish/treat-

R ment; 20 snalls/treatment) were exposed to the same serlies of measured

~§ concentrations; 0.290 & 0.050, 0.410 % 0.060, 0,730 £+ 0,010, 1.28 %+ 0.i7,
» or 2.10 + 0,39 mg/L. Hexachloroethane was less toxic in both invartebrate
. species than in the fish species tested; the 96-hr LC5g values, calculated

® using the trimmed Spearman-Karber method, were higher than the highest
K. test concentration; therefore, the LCgg values were reported as >2.10 mg/L
?: (Table 3). Welsh and Gordon (1947, as cited in Dacre et al. 1979)
N reported that 5 to 10 mg/L of hexachloroethane applied to the imolated
f: chela of another crayfish species, Cambarus virilis, ccused multiple
N discharge nerve axon response,
@
f:‘ Elnabarawy ec al, (1986) conducted 48-hr static acute tests with
o unfed D. magna, Daphnia pulex, and Ceriodaphnia reticulaty to determine
o their relative sensitivities to hexachloroethane. The dilution water was
< unchlorinated, carbon-filtered well water with a total hardness of 240 £
-’ 10 mg/L as CaCO3, total alkalinity of 230 * 10 mg/L as CaCOy, and specific
® conductance of 360 + 10 pmhos/cmz. Temperature (23 + 1°C), pH (8.0 *
;, 0.3), and DO (maintained at >5.0 mg/L) remained relatively constant from
i the beginning to the end of testiug. Ten lst-instar daphnids (<24 hr old)
.
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of each species were exposed to at least five nominal conceritrations and a
control, in duplicate. ECs0 (median effective concentration causing -
complete immobilization) values were calculated using the moving average
angle method., . reticulata appeared to be the most sensitive of the
three species with a 48-hr ECsp of 6.8 mg/L; D. magna was lese sensitive
with a value of 10 mg/L; and D. pulex was the least sensitive with a value
of 13 mg/L (Table 3).

Mount and Norberg (1984) compared the sensitivities of four clado-
ceran species (D. pagna., D. pulex, £. raticulata, and
yetulus) to 13 substances, including hexachloroethane, in 48-hr static
tests using nominal concentrations. Dilution water was Lake Superior
water with the following chemical characteristics; pH, 7.2 to 7.4;
hardness, 45 mg/L as CaCOj; alkalinity, 43 to 45 mg/L as CaCO3. The water
contained 50,000 to 100,000 bacterisl cells/mL; therefore, the test
organisms were provided with a food source during testing. Two replicates
of five animals each were exposed to the test concentrations; control
mortality was at <20 percont in every test. D. pulex, with a 48-hr LCsg
of >10.0 mg/L, was less sensitive to hexachlorcethanes than the other three
cladoceran spenies tested (Table 3). D. magna was the most sensitive to
hexachloroethane with a 48-ht 1Csg of 2.7 mg/L, followad by . ratigulata
with a 48-hr LCsg of 3.3 mg/L, and §. yetylus with a 48-hr LCgp of
5.8 mg/L (Table 3).

Richter et al, (1983) conducted static bioassays following American
Society for Testing and Materials (ASTM) (1980) methods to determine the
acute toxicity of hexachloroethano in fed (trout chow and yeast mixture,
20 mg/L dry wt) and unfed D. magna. Four replicates of five animals each
were exposed to six toxicant concentrations (each concentration was ~60
percent of the next higher one) and a control. Lake Superior water,
maintained at 20 + 1°C, was used in all tests. Measured chemical
characteristics were as follows: hardness, 43.5 to 47.5 mg/L as CaCOjy;
alkalinity, 37 O to 45.5 mg/L as CaCO3; DO, 7.9 to 9.9 mg/L in unfed tests
and 4.1 to 8.4 mg/L in fed tests; and pH, 7.1 to 7.7 in unfed tests and
7.0 to 7.5 in fed vests. Forty-eight-hour EC5g9 values and 48-hr LCsg
valuzs (based on cessation of heart beat and gut movement) were calculated
using probit, moving average, or binomial formulas. The ECyp values, 2.1
mg/L for unfed daphnids and 1.8 mg/L for fed daphuids, were lower than the
LCyp values of 2.9 mg/L for unfed daphnids and 2.4 mg/L for fed daphnids
(Table 3). Fed and unfed values were not significantly different. The
authors tested a series of chlorinated ethanes in this study and observed
the same relationship as Buccafusco et al. (1981) observed in 96-hr static
tests with bluegill and as USEPA (1980a, as cited in USEPA 1980b) observed
in 96-hr flow-through tests with fathead minnows. The chlorinated ethanes
increased in acute toxicity by about two orders of magnitude in relation-
ship to the degree of chlorination; LCgq values ranged from 268 mg/L for
1,2-dichisroethane to 2.9 mg/L for hexachloroethane,

LeBlanc (1980) did not observe a trend between toxicity and degree of
chlorination for the chloroethanes tested in 48-hr static tests with D.
magna (<24 hr olc). Following USEPA (1975) methods, 15 individuals pex
treatment were exposed to at least five nominal concentrations of each
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chemical. The diluent water used in the tests was deionized reconstituted
well water maintained at a temperature of 22 1 1°C and a mean hardness of
72 mg/L as CaCO3. Water quality characteristics wers measured at the
beginning and end of each test in the high-, middle-, and low-concentra-
tion test chambers and in the controls, DO ranged from 6.5 to 8.1 mz/L,
and pH ranged from 6.7 to 8.1. The 48-hr LCs5¢ value for hexachloroethane,
calculated using the moving average angle method, was 8.1 mg/L (Table 3),
and the no-discernible-effect-concentration was 0.28 mg/L. The 48-hr LCyq
values for the other chloroethanes teated were as follows: 218.0 mg/L for
1,2-dichloroethane, 18.0 mg/L for 1,1,2-trishloroethane, 23.9 mg/L for
1,1,1,2-tetrachloroethane, 9.32 mg/L for 1,1,2,2-tetrachloroethane, and
62.9 mg/l. for pentachloroethane.

3.1.2.2 Saltwatexr ir rortehrates

USEPA (1978) determined the toxicity of a series of chlorinated
ethanes, including hexachloroethano, in the mysid shrimp Mysidopsis bahia
in 96-hr staric acute tests using nominal concentrations. An increase¢ in
toxicity was observed with an increase in the degree of chlorination, 96-
hr LC50 values ranged from 113 rg/L for 1,2-dichloroethane to 0.94 mg/L
for hexachloroethane (Table 4). This saltwater invertebrate species
appears to be more sensitive to hexachloroethane than the freshwater
invertebrate species tested in this study and by other investigators.

Jackim and Nacci (1984) developed a critical life-stage toxicity
assay (post-fertilization exposure) using labeled thymidine incourporation
in Arbacia punctuleta (sea urchin) embryos as a rapid means of determining
the potential toxicity of eight compounds, including hexachlorcethane.

The assay is based on the principle that inhibition of thymidine
incorporation is proportional te inhibition of DNA synthesls and, conse-
quently, retardation of cell division. The increaiing incorporation of
thymidine during the test period should reflect growth of the embryo from
the 4- to 32-cell stage. The tests were conducted in autoclaved and
filtered seawater at 20.0 t 1°/¢. and 20 + 1°C. One hour <fter fertiliza-
tion, 1 mL of washed embryo suspensior. (10,000 eggs/mL) was added to 99 mL
of seawater ir 70- x 50-mm culture dishes containing the test solutlors

_ (final density was 100 embryos/nlL). ‘lwo hours after fertilization, 10 mL
S of the embryo suspension (containing 1,000 embryos) from each of the test
A solutlons was alded to 20-mL glass vials contnining 1.52 uCi [3H]thymidine
f (20 Ci/mmol) in 1 mL reawater /final activicy 0.138 uCi/mi). Two hours

3

-

after incorporation of the rabeled thymidine, the embryu solution was
filtered and analyzed hy srintillzation spectroumetry. Morphological data
were also ohtained by determining the parcentage of original eggs that

" devaloped into normal larvae (plutei) 48 hr after fertilizstion. The data
by were analvzad using linear regression, and ECyq values were calculated as
t the effective (nominal) concentration that induced 50 percent inhibition
~

~

compared to contrcl values. The biochemicaily derived ECg5g, with 95
percent confidence intervals, for bexachloroethane i1 this study was 9.32
mg/L (8.29 to 10.60) and 8.51 mg/L {7.43 to 9.19) (Table 4) in duplicate
exreciments,
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Nacei and Jackim (1985) continued this study using the thymidine
incorporation assay to determine the toxic effects of the eight compounds,
including hexachloroethane, to additional life stages of 4. punctulata.
Tests were conducted in duplicate with five nomirial concentrations aud a
control using the same basic procedure as described by Jackim and Nacoi
(1984}, with the exception of ths additional exposure regimes. In the
pre-fertilization test, eggs were added to the toxicant 1 hr basfors the
sperm; in the at-fertilization test, eggs and sperm were added simul-
taneously to tha toxicant; and in the post-fertilization teat [as de-
scribed in Jackim ard Nacci (1984) above)], eggs were fertilized in uncen-
taminated seawater and the toxicant was added to the embryo suspension
1 hr after fertilization. Test concentrations, detarmined ir preliminary
testing, were approximately equal to the ECyp (effective concentration
causing 20 percant inhibition of thymidine incorporation), EC,p (effective
concentration causing 40 percont inhibition of thymidine incorporation),
ECgp (effentive concentration causing 60 percent inhibition of thymidine
incorporation), ECgg (effective concentration causing 80 percent inhibi-
tion of thymidine incorporation), or EC1gp (effective concentration
causing 100 percent inhibition of thymidine incorporation) for each:
compound. The ECg5q values, with 95 percent confidence intervals, for each
exposure regime for hexachloroethans, calculated using linear regression,
were as follows: pre-fertilization, 6,05 mg/L (4.67 to 7.60); at-fertili-
zation, 4 .97 mg/L (4.04 to 5.91); and post-fertilization, 8.3) mg/L (5.80
to 12.93) (Table 4). The authors compared these values with LCsg values
obtained by Thurston et al, (1985) in standard aquatic biocassays with
fathead minnows (96-hr flow-through tests) and D. magna (48-hr static-
renewal tests). An analysis of covaxiance revealed that the results from
the Arbacia and fathead minnow tescs were statistically equivalent, The
Raphuis test was slightly more sensitive than, but highly correlated with,
the Arbacla test. ‘

Nacci et al. (1986) conducted another rapid bioassay, the sperm cell
toxicity test, to measure the toxicity of the eight compounds in A.
punctulata. A sperm suspension (100 uL containing 1 x 106 sperm/mL) was
added to 10 mL of test solution in glass vials and exposed for 1 hr at
20°C. One milliliter of egg suspension (1,000 eggs/mL) was added to sach
vial so that the final sperm:egg ratios were 1,000:1, After 20 min,
buffered formalin was added, and fertilization (presence of fertilizacion
membranes) was determined by microscopic observation. The ECsg and 95
percent confidence interval for hexachloroethane were 29,1 mg/L (27.6 to
30.8) (Table 4),

3.2 CHRONIC TOXICITY TO AQUATIC ANIMALS

USEPA (1978) conducted early life-astage toxicity tests with fathead
minnows to determine the effects of hexachloroethane on survival, growth,
and hatchability. The tests were conducted under flow-through conditions
with the embryo-larval stages exposed for 31 to 33 days. The highest NOEC
wag 0.41 mg/L, and the lowest-observable-eotffect-concentration (LOEC) was
0.70 mg/L. Therefore, the maximum acceptable toxicant concentration
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(MATC) for fathead minnows exposed to hexachloroethans, derived as the
geometric mean of the NOEC and LOEC, is 0.54 mg/L (P = 0.05).

DeFoe (unpublished data, as cited in Walbridge et al. 1983) reported
a MATC for hexachloroethane of 0.069 to 0,207 mg/L for embryo-larval
fathead minnows.

3.3 TOXICITY TO MICROORGANISMS AND PLANTS

3.3.1 [Freshwater Algas

USEPA (1978) « :"ducted 96-hr acute tests to determine the toxicity of
a series of chlorinated ethanes, including hexachloroethans, to the green
alga Selepastrum capricornutun. ECsg values, based on chlorophyll
content and cell number, were 87 mg/L and 93 mg/L, respectively (Tuble 5).
Freshwater algae appear to be less sensitive to hexachloroethane than any
freshwater fish or invertebrate species that has been tasted, Only a
slight increase in toxlcity was observed with increased chlorination for
this species. ECsqy values, based on chlorophyll g content, for other
chloroethanes were as follows: >433 mg/L for 1,2-dichlorocethane, >669
mg/L for 1,1,l-trichloroethane, 136 mg/L for 1,1,2,2-tetrachloroethans,
and 121 mg/L for pentachloroethane (USEPA 1978),

TABLE 5. TOXICITY OF HEXACHLOROETHANE IN FRESHWATER
AND SALTWATER ALCAL SPECIES

—ECs0.(mg/L)
Test
Specles Duration Chlorophyll g Cell number
Freshwater
(CHLOROPHYTA
Chlorococcaceae
Selenastrum capticornutum 96 hr 87.0 93.0
Saltwater
CHRYSOPHYTA
Skeletonema costatum 96 hr 8.57 7.75
a. Data from USEPA 1978.
42
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3.3.2 Saltwater Algas

The USEPA (1978) also tested the toxicity of hexachloroethane in the salt-
water alga Skeletorama gostatum in 96-hr acute toxicity tests, The 96-hr
ECsg values for growth, based on chlorophyll g content and csll count,
were 8,57 mg/L and 7.75 mg/L, respectively (Table 5). Hexachloroethane
appears to be more toxic to saltwater algae than to freshwater algae.

3.3.3 Marine Bacteria

Curtis et al. (1982) conducted bacterial bioassays using the Microtox
toxicity analyzer, which measursd the decrease in natural light emisaion
the luminescent bacterium Photobacterium phosphoreum in response to
exposure to hexachloroethane. The S5-min ECsg (measured concentration that
effects a 50 percent reduction in light output) for hexachlorosthane was
0.14 mg/L (Table 4). The authors compared the bacterial ECsg values with
96-hr LCsxg values for fathead minnows and determined that a statistically
significant relationship exists betwsen the two end points, such that this
bioassay could be used to predict order of magnitudes of fish LCsg values
and rank organic chemicals as to their potential toxicity.

Nacci et al, (1986) conducted the Microtox bioassay with P. phos-
phoxeum and exposed aliquots of the bacteria to small volumes of hexa- ‘
chloroethane for 15 min at 15°C. Luminescence was measured using a
photometer; an ECsg of 8.3 mg/L (7.1 to 9.7) (Table 4) was obtained,

3.4 BIOACCUMULATION

Barrows et al. (1980) studied the bioconcentration and slimination of
several chemicals, including hexachloroethane, by bluegill sunfish exposed
in a flow-through system to sublethal concentrations of the carbon 14-
labeled compounds. The bluegill were maintained for 30 days prior to
testing and had mean wet weights ranging from 0.37 to 0.94 g and mean
standard lengths ranging from 7?5 to 32 mm, The total lipid content for
bluegill usually ranges from 2 to 4 percent. Fish were fed a dry pelleted
food ad libitum throughout the study. Water and fish (five individuals/
tank) samples were collected from each control and teat tank on days O, 1,
2, 4, 7, 10, 14, 21, and 28 of the exposure period until a steady-state
equilibrium between concentrations in whole-body fish tissue and exposure
water was observed, At the end of the 2B-day exposure period, the
remaining fish were transferred to pollutant-free water in flow-through
tanks for a 7-day depuration perlod, in order to destermine the rate of
elimination of chemical residues, Fisn tissues were sampled on days 1, 2,
4, and 7 to determine the half-1ife of chemical residues in the tissues.
Temperature, DO, and pH were monitored throughout the exposure and
depuration periods. The mean temperature was 16 t 1°C, DO ranged from 5.9
to 8.6 mg/L, and pH ranged from 6.3 to 7.9, A steady-state bioconcentra-
tion factor (BCF) was calculated as the quotient of the mean concentration
of hexachloroethane in whole-body fish tissues during equilibrium and the :
mean measured concentration in test water during the entire exposure X




period. The mean test water concentration during the exposure period was oo
6.17 £ 1.95 ug/L. A relatively low BCF of 139 was calculated for hexa- !i
chloroethane. A short half-life of <1 day for hexachloroethane indicated

that when expossed fish were transferred to clean water, 50 percent of the "
‘ chemical residues in tissuas vas eliminated within 24 hr., A series of N

chlorinated ethanes were tested in this study, and it appeared that the "

bioconcentration potential was unaffected by the degree of chlorination up :
to and inecluding 1,1,2,2-tetrachlorosthane (BCF of 8), However, with the B
addition of the fifth chlorine atom in pentachloroethane (BCF of 67), the ,
BCF increased by 7 times from i,l,l1-trichlozroethane (BCF of 9) and by 33

times from 1,2-dichlorocethane (BCF of 2), The bioconcentration potential -
then doubles with the addition of the sixth chlorine atom in i
hexachlorosthane (BCF of 139), |
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Veith (1981, as cited in USEPA 198l) reported a measured BCF of 703 (N
] for fathead minnows with a total lipid contunt of about 8 percent, A "
\ description of the teat procedure was not given, and it is unknown whether
™ this factor repressnts a steady-state value,
L]

P

4 Oliver and Niimi (1983) conducted flow-through tests to determine the
) bioconcentration of 10 chlorinated benzenes, 1,1,2,3,4,4<-hexachlore-1,3- ;
] butadiene, and hexachloroethans in rainbow trout, The fish were exposed Ei
b to a mixture of the chemicals at twc exposure levels, low and high, based

' on environmental concentrations in Lake Ontarlioc, The low-exposure test

concentration for hexachloroethans was 0,12 % 0,08 ng/L and the high- Es
axposure test concentration was 7.1 £ 2.1 ng/L. The rainbow trout, with ;
an average weight of 250 g, weres maintained in Lake Ontario water at 15 &
1°C for 30 deys prior to testing. The total lipid content of rainbow 1
trout can range from about 14 percent to as high as 50 percent, Fish 0
samples (six fish per sample) were taken from the control tank on days 10,
A 34, 63, and 119; from the low-exposure tank on days 8, 39, 69, 99, and
119; and from the high-exposure tank on days 7, 22, 43, 63, and 105. Fish :
" expused to hexachloroethane at both levels attained equilibrium by the "
b first sample interval., BCFs for whole fish were estimated after sub- '
» tractiug mean residue levels of the control fish (0.03 * C.01 ng/g fer Ny
) hexachloroethans), The BCF for rainbow trout exposed to the low level of V.
hexachlovoethane was 510 + 96, and the BCF at the higl exposure level was
@ 1200 + 450, These data, however, are questionahle due to the possible .
\ synerglatic e«ffects of exposure to a mixtura of chemlcals, X,

b 3.5 SUMMARY N

'g Hexachloroethane acts as a narcotic, producing lethargy and

P, anasthesta in fish, Results uf acuce dynamic bloassays with freshwater
i: fishes indicate that bluegill sunfish and rainbow trout are the two most )
; sensitive species, with 96-hr LCsp values ranging from 0,86 to 0.97 mg/L

X and 0,97 to 1,18 mg/L, respectively. The least sensitive fish specles is J
‘ channel catfish, with flow-through 96 hr LCsg values ranging from 1,352 to iy
L @ 2.36 mg/1., Results of static acute tests with the only saltwater fish
specles testad, sheepshaad mitmow, with a 96-ht LCgp of 2.4 mg/L, indicata
| that thils species is not quite as sensitive to hexachloroethane as the
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freshwater fish species, The NOEC for this species is 1.0 mg/L, Of all"
vertebrate species testad, the bullfrog (tadpoles) was the least sensi-
tive, with 96-hr LCsg valuss in dynamic assays ranging from 2.44 to

3.18 mg/L.

Hexachloroethane appears to be less toxic in general in freshvater
invertebrates than in either freshwater or saltwater fishes, Tha wost
sensitive species is Tanytaxaus dissimilis, with 48-hr LCsp values in
static tests ranging from 1.23 to 1.70 mg/L. The least sensitive species
is D. pulex, with a 48-hr ECso in static tests of 13.0 mg/L. Of four
cladoceran speciss tested, three can be clearly rankel according to their
sensitivity to hexechloroerhane: Dapbnis pulax < Simcacaphalus yatulus <

Caxiodaphnia peticilata. The data from static bioassays for
are more scatterad, with 48-hr ECsp values ranging from 1.8 to 10.0 mg/L

Eg and 48-hr LCsg va'ues ranging from 1.36 to 8,1 mg/L. The no-discernible-
effect-concentretion for D. magna is 0.28 mg/L. The saltwater inver-
tebrate Mysidopsis bahls appears to bs more ssnsitive to hexashlorosthane
. than the freshwater invertebrates, with a 96-hr LCyg of 0.94 mg/L in
e static tests,

20l e A

e

, In critical life-stage toxicity sssays based on the inhibition of ]
HE thymidine incorporation in sea urchine, the sensitivities of life stages '
A} to hexachlorcethane can be ranked as follows!: at-fertilization stags (egg

and sperm) > pre-fertilization (egg) > post-fertilization (embryo). The
A biochemically derived ECsg values are 4,97 mg/L for the egg and asperm,
ii 6.05 mg/L for the egg, and 8,31 to 9.32 mg/L for tha embryo, The sperm

cell is the most tolerant, with an 80-min ECsg of 29.1 mg/L.

Bk The survival, growth, and hatchability of embryo-larval fathead
minnows are adversely affected at concentrations as low as 0,70 mg/L of
hexachlorcethane, No effect was observed at 0,41 mg/L; therefore, the
’ MATC was calculated as 0,54 mg/L,

Frashwater algae (Selenagtrum capricornutum) are less sensitive to

hexachloroethane than freshwater vertebrate and invertebrate species, with
96-hr ECs50 valuas of 87 mg/L and 93 mg/L, based on chlorophyll g content
and cell number, respectively, However, hexachloroethane is more toxic

to saltwater algae (Skeletonema costatum), with 96-hr ECsy values of 8,57
mg/L and 7,75 mg/L, based on chlorophyll g content and cell number,
respectively.

o 55

The steady-state BCF for bluegill sunfish is 139, which indicates
that hexachloroethane modevately bioconcentrates in fish tisnues,
Depuration in blueglll is rapid, with a half-1ife of <1 day. Three other
BCF values have been reported, 703 for fathead minnows, 510 % 96 for
rainbow trout exposed to 0,32 t 0.08 ng/L, and 1200 % 450 tor rainbow
trout exposed to 7,1 % 2,1 ng/l. The elevated bloconcentratior. factors
for these specles could be related to higher 1ipid eonntent.

Ky

v
. & x

) For chloroethanes as a group, the severity »f ctoxicity i. positively
correlated with the degree of chlorine substitution. Hexachloroethane is
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"ty two orders of magnitude more toxic than 1,2-dichlorosthane in flow-

) through tests with fathead minnows and in static tests with D. magna.

O In static acute tests with bluegill, 96-hr LCso valuas range from 530 mg/L
a;e:.g for 1,2-dichlorosthane to 0,98 mg/L for hexachlorcethane, This same

BN relationship is observed for saltwater invertebrates, but not for salt- :
1 vater fishes. Ninety-six-hour LCsg values for Mysidopsis bahia (mysid \
“&;’? shrimp) range from 113 mg/L for 1,2-dichloroethane to 0.94 mg/L for hexa- ]
\ chlorosthans. It appears that the bioconcentration potential of chloro- ‘
o ethanes is unaffected by the degree of chlorination up to and including B
A 1,1,2,2-tetrachlorethans; however, the BCF increases by a factor of 7

- (1,1,1-txichloroethans) to 33 (1,2-dichlorosthans) with the addition of

el the fifth chlorine atom and even doubles from that value for

Sate hexachlorosthans,
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4. MAMMALIAN 10XICOLOGY

4,1 PHARMACOKINETICS

4.1.1 gbsoxption, Digtribution. and Excretion

The efficiency (percent) of absorption of hexachloroethane from the
gastrointestinal tract has not been datermined. Fowler (1969) showed -
that, in slieep given a dose of 0.5 g/kg, hexachloroathana appeared very
rapldly in the venous blood, where it was first detected 27 min after
dosing, but it was detected in bile 15 min after dosing. The peak blood
level was reached within 24 hr; the level daclined slowly up to 96 hr and
rapldly atter 96 hxr, At the end of day 3, the blood level was almost nil.
The average 24-hr blood level of hexachloroethane and metabolites was
about 24 ug/ml,

Gorzinaki et al, (1985) described the tissue distribution and
clearance after subchronic exposurs of Fisher 344 rats tc dietary hexa-
chlorosthane. Table 6 shows the tissue concentrations of hexachlorvethane
after exposure of male snd femalo rats to hexachlorosthane at doses of
1.0, 15, or 62 mg/kg/day for 16 wacks. The data showed that, at all
doses, the highest concentrations of hexachloroethune were found in the
fat., A significent sex difference was found in the concentrations in
kildney, which were 4, 35, and 47 times greatar in males than in females at
the low-, medium- and high.duse levels, respsctively, Gorzinski et al,
(1985) also showed that udverse effuctm observed in the kidney wsre more
sovere in male rats than in female rats (see Sect. 4.3). A study con-
ducted by the National Cancer Instituce (NCI) (1978) alsc showed that
kidney lesions occurred with a higher frequency in male rats treated
chronically with a low dose (212 mg/kg/day) of hexachlorcethans, but not
in rats treuted with a higher dose (423 mg/kg/day). The sex difference in
the uptake of hexachlorcethane into the kidney could affect incidence and
saverity of kidney lesions,

The rate of clearance of hexachloroethane from tissues was determined
by feeding an additional group of animals the highest dose of hexachloro-
ethane (62 mg/kg/day) for 8 weeks., The animals were then placed on a
control diet, and three to four rats (per time point) were killed after 3,
6, 13, 22, and 31 days on the control diet. Blond, liver, kidney, and fat
were analyzed for hexachlorcethane content, At the end of the 8-week
treatment period, the concentration of hexachloroothans in ocach tismue was
different, but the rates of clearance frum the tlssues were similar.
Clearance from all tissues was first-order; the half-time of cleuarance was
2.7 days for fat and kidney, 2.3 days for liver, and 2.5 days for blood,
Fowler (1969) also reported that tlie concentratlons of hexachlorowthane
and metabolites were higher in fat than in liver, kidney, brain, and
muscle (see Table 7, Sect, 4.1.2),
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e TABLE 6. TISSUE DISTRIBUTION OF HEXACHLOROETHANE IN RATS FED

,.:’.,‘, HEXACHLOROETHANE IN THE DIET FOR 16 WEEKS®:DP

i -

oy Sex Dose® — d

o Blood Liver Kidney Fat

At

- —

Qe M 1 0.079+0.057 0,291 0,213 1.3% & 0,29 3,15 % 0,37
3¥Q 15 0.596 £ 0.653 1.736 £ 1,100 24,33 %+ 5,73 37.90 £ 6.10
e 62 0.742 £ 0,111 0,713 £ 0,343 95,12 % 11.56 176.1 % 14.50
A

e X

r F 1 0.067 %0,039% 0,260 £ 0.035¢ 0.369 % 0,51 2.5 % 0.72
i 15 0.162 + 0,0494 0,472 £ 0,204 0,688 £ 0,17 43,27 £ 11,33
f?w% 62 0.613 £ 0,231 0.631 + 0.262 2,10 + 0.66 162.1 % 7.10
3 l. .

?AH a. Reprinted from Gorzinski et al. 1985, pp. 166, by courtesy of Marcel

s L Dekker, Inc.

POC) b, Valuas are mean % S.D.; HCE = hexachloroathane,

rfL. c. Dose in mg/kg/day.

q&' d, Blood samples from 3 animals, liver from 2, and all other from 4,

b

R

Apr‘ lioxachloroethana is excrated into feces, urine, and expired air,

é”‘ Fowler (1969) showed that sheep glven hexachlorosthans at a doss of

:*v' 0.5 g/kg excreted almost all of the parent compound and metabolites into
A feces; the quantity excreted into urine was less than 10 percent of that
WY excreted into feces, Excfztion was almost completed by 24 hr. Jondorf et 1
' ' al, (1957) administered [**C)]-hexachloroethane orally n rabbits at a dose !
" of 0.5 g/kg and observed that only 5 percent of the radiocactivity appeared

Aol in the urine within 3 days; 14 to 24 percent was exhaled, The fate of the
' remainder of the radloactivity wam not reported,

)
u'l ¥ ‘
}'qﬂ Mitoma et al, (19835) gave Oshorne-Mendel rats and B6C3Fl mice hexa- |
;f*: chloroethane (dissolved In corn oil) by gavage, The dose in rats was 500 |
@}E: mg/kg (2.11 mmol/kg) [the maximum tolerated dose (MID)] or one-fourth the
SR MTD, and the dose In mlce was 1,000 mg/kg (4.22 mmol/kyg) (MTD) or one-
.. - fourth the MTD, The animals wera dosed 5 days/week for 4 weeks. The
;jk animals were then given u single dose of (1,2-'%C)-hexachloroethane at
b 3.6 uC1/200 g body welght (rats) ot 3.5 uCi/20 g body weight (mice) and
hh) placed in metabolism cages for 48 hr, 1n ratas, 64,55 percent of the
,iﬁ: adminletered radloactivity wan recovered in expired aly, 2,37 percent was
e recovared as COg, 6,31 percent was in excreta (urine and feves), 20,02
,g . percent was recovered in the carcass, and 6.73 percent was not recovered,
R In mice 71,51 percent of the administered radiocactivity was recovered in
S oxpired air, 1,84 percent was recovetred as 00y, 16,21 percent was in
AR excreta, 3,90 percent was racoversd In the carcass, and 4,34 parcent was
s not revovered, Mitoma et al., (1985) reported that the sum of radlo-
P activity in explred COp, excretn. and the carcass was the total parcentage
* X of the dose metabolized, Because no data were presented on the identity
b5 of metabolites, only the radionctivity recovered in expired €Oy should be
L represented as metabolized hexdachloroethane.
o
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4.1.2 Metabolism

4.1.2,1 Jdentity and distribution of metabolites

Hexachloroethane is a saturated chlo.osthane that can be mstabolized :
Eg by dechlorination or by other transformation reactions., Jondorf et al,
(1957) usod chromatographic and isotope-dilution mnfbodl to identify the S
metabolites in urine of rabbits given 0.5 g/kg of [**C]-hexachlorosthane
ﬁﬂ orally, The metabolites and the percentages of the administered dose were
as follows: trichlorosthanol, 1.3; trichloroacetic acid, 1.3; dichloro«
acetic acid, 0.8; monochloroncncic acid, 0.7; dichlorosthanol, 0.4} and
oxalic acid, 0.1. The metabolites oxpirod 1n air (without pnrcuntl;ol)
were (09, totrnchloronchylcnc. and 1,1,2,2-tetrachlorosthane, Hexachloro-
sthane was also identified in oxptrad nir Because of the limitation of
techniques, volatile metabolites were not identified.

e

=

Fowler (1969) identified metabolites in several tissues (liver,
kidney, brain, fat, and muscle), urine, feces, and bile taken from sheep ‘
administered hexachloroethano orally at 0.5 g/kg. Tetrachlorcethylene was
identified as the only major metabolite, and pentachloroethane was iden-
tified as a minor metabolite, The concentration of metabolites and parent
compound in blood 24 hr after dosing ranged from 0.6 to 1,1 ug/mL for
tetrachlorosthylene, 0,06 to 0.50 ug/mL for pentachlorosthans, and 10 to
28 ug/mlL for hexachloroethans., The level of tetrachlorvethylens increased
rapidly and reached a maximum in about 3 hr; the levels remained constant
for 4 days and declined rapidly during day 3. The blood levels of
pentachloroechane increased rapidly and peaked at 24 hr; the concentration
declined rapidly between 24 and 48 hr and declined more slowly thereafter,
The concentration of haxachloroethans in blood 24 hr after dosing ranged
from 10 to 28 ug/mL and declined over the next 4 days. The distribution
of metabolites in tissues excised from two sheep killed B.5 hr after
o administratlon of 0.5 g/kg of hexachloroethans orally is presented in

f
5ﬁ Table 7. The concentration of tetrachloroethylens was alwost always
' higher than the concentration of the parent compound, Tetrachloroethylens
. was also the major metahnlite when fresh liver slicos were incubated with
k. hexachloroethans in vitro (Fowler 1969),

The metabolites were also found in higher concentrations in feces
o than in urine, During the first 24 hr, 854 ug of tetrachlorosthylene was
W detected in feces of one sheep, and 1,300 ug in another, whereas only 25

and 29 up, respectively, were detected in urine, Pentachloroethane was
. detected only in trace quantities in the feces of one sheep and 468 ug in
ﬁ: the other, whetreas 20 and 25 ug, respsctively, were datected in urine.

o After 24 hr, the quantity of metabolites declinad significantly in feces
‘ and urina, and the level of tetrachloroethylens approximated that of the
N parent compound, Tetrachloroathylene (0,3 ug/g) was also found in bile 4

hr after dosing (Fowler 1969).

v
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:é. TABLE 7, CONCENTRATIONS OF HEXACHLOROETHANE AND METABOLITES

. IN TISSUES FROM TWO SHEEP ADMINISTERED :

;} 0.5 g HEXACHLOROETHANE ORALLY#®: -
i

g{ Tissue Concentration (ug/g)°

o)

R Tiasues HCE PCE TCE '
ﬂi |

ig Fat 1.1/trace 0.02/nil 2,.1/0.6

,I

és Kidney 0.1/trace trace/trace 1,2/0.6

e T
g" Liver 0.2/tracs 0.01/tzrace 0.9/2.8 3
%ﬂ Muscle 0.04/trace 0.01/trace 0,01/trace '

%

N Brain 0.2/trace 0.02/trace 0.9/trace =

a, Adapted from Fowler 1969,
b, HCE = hexachloroethane, PCE = pentachloroethans,
! TCE = tetrachloroethylens,
k) c. Value for sheep No. 27/value for sheep No. 28, 8.5 hr . ¥
after dosing.

¥

R 4.1,2,2, Mechanian of dechlorination

N

- The means by which hexachloroethane is metabolized (dechlorinated) to '
o tetrachloroethylene as the major metabolite rather than pentachloroethane ;
o or tetrachloroethane ham received considerable attention, These studias

) were usually conducted using in vitro systems consisting of hepatic micro- .
Jﬂ somes prepared from animals pretreated with phenobarbital. A
?J: According to Heppel and Porterfield (1948, as reported by Van Dyke ;
Ny ’

20 and Wineman 1971), dechlorination (cleavage of the carbon-chlorine bond) ',
W in mammallian systems 1s an enzymatle process, Bray et al. (1952) measured

[ ] the release of chloride ione released into the medium after incubating

0 tabblt liver extracts with hexachloroethane and other chlorinated organic 8
Lo compounds and reported that the factor responsible for dechlorination was ¢
p& heat stable and for the most part nondialyzable, They suggested that
A dechlorination was not due to an enzyme, but to an interaction between the
'4u chlorinated compound and sulfhydryl compounds in the extract, An enzyme a
o called alkyl-S-transferuse was reported to catalyze the subatitution of a
L halogen (chloride) on a halogenated aliphatic by glutathione through the

L sulfhydryl group, which causes release of the hulide (chloride) and the )
o formation of mercapturic acid (Barnsley 1966, as cited in Van Dyke and 3
?i: Wineman 1971). ]

I at
@ Van Dyke and Wineman (1971) measured the release of inorganic 4
v chloride from hexachloroethanes In a system containing the following

% components: rat liver microsomes (105,000-g pellet from a 9,000-g ‘

5()
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supernatant), NADPH generating system (NADPY, 51uconc-6-phonph;t!6
glucose-6-phosphate dehydrogenase), 105,000-g supernatant, and [“°Cl}
hexachloroathane. They reported that only 3.9 percent of the chloride was
released enzymatically. Because a substantial amount of dechlorination
took place in the absence of the NADPH generating system, they concluded
that some dechlorination occurred by a nonenzymstic mechanism. A later
report by Van Dyke (1977), however, stated that the 3.9 percent dechlor-
ination thought to be enzymatic was in fact nonenzymatic and was dus to
the instability of hexachloroethane in aqueous systems.

Other studies have shown that dechlorination of hexachlorcethane is
indeed an enzymatic process initiated by the binding of hexachloroethane
to cytochrome P-450 (Town and Leibman 1979, 1984, Nastainczyk et al.
1982a, Salmon et al. 1985). The binding of hexachloroethane with cyto-
chrome P-450 is indicated by a shift in the spectra (Type I spectral
change) of hepatic microsomes incubatud with hexachloroethane (Pelkonen
and Vainio 1975). A spectral shift, which is the difference batween the
wavelength at maximum and minimum absorbance, results when hexachloro-
ethane ur other chlorinated hydrocarbons interact specifically with cyto-
chrome P-4350, As the number of chlurine atoms on the carbon skeleton
increases, the magnitude of the Type I spectral change also increases;
consaequently, the chloroethane causing the groatest spectral change is
hexachloroethane. A double-reciprocal plot of the magnitude of Type 1
spectral changes against the concentration of microsomal cytochrome P-450
shows that, as the number of chlorine atoms increases, the valus of the
spectral dissociation constant decreases, indicating that compounds with
the largest number of chlorine atoms have the highest affinity for cyto-
chrome P-450, Therefore, of the chlorinated ethanes atudied, hexachloro-
ethane has the highest affinity for cytochrome P-450 (Pelkonen and Vainio
1975). Pelkonen and Vainio (1975) alsc showed that the double-reciprocal
plots for hexachloroethane, pentachloroethane, and tetrachloroethylens are
biphasic. This observation was interpreted as evidence for two binding
sites with different affinities (high and low). The spectral dissoclation
constants for the high- and low-affinity binding sites for hexachloro-
ethane were 8 uM and 48 uM, respectively,

Several investigators conducted in vitro studies to characterize the
dechlorination reaction by hepatic microsomal enzymes. As in the in vive
studies, the major metabolite of hexachloroethane identified in the in
vitro studies was also tetrachlorocethylene; pentachloroethane and tri-
chloroethylene were miner metabolites (Town and Leibman 1979, 1984;
Nastainczyk et al. 1982a; Salmon et al. 1985). The reactions were guan-
titated by (1) identifying and measuring the volatile metabolites released
into the headspace using gas chromatographic techniques (Town and Leibman
1979, 1984, Salmon et al, 1985), (2) identifying and measuring the
metabolites in the extract of the reactlon mixture using gas chromato-
graphic techniques (Nastainczyk et al. 1982a,b), (3) measuring the
oxidation of NADPH spectrophotometrically (Nastainczyk et al. 1982a,b;
Salmon et al. 1985), or (4) measuring the amount of inorganic chloride
released into the reaction mixture.
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7 Town and Leibman (1979) used a 9,000-g supernatant from livers

y obtained from rats pretreated with phenobarbital to characterize the

R dechlorination of several chlorinated ethanes. The reacction, normally

e, conducted under anaerobic conditions, was completely inhibited by pure 03
K and partially inhibited by air. Complete removal of 09, however, was no~
t required for maximum activity. The pH optimum vanged from 7.25 to 8.5,
Usirg a 105,00-g microsomal pellet, parametaors of the recaction kinetics
were as follows: Ky = 5.7 uM (Kp imr the Michaelis-Menten constant, which
ie the substrate concentration at one-half the maximum velocity),

Vmax = 29.7 pM/min/mg of microsomal protein (Vpax is the maximum velocity
when the cubstrate saturates all binding sitcs on the enzyma).

PP

; In a more detailed report, Town and Leibman (1984) used hepatlic

: microsomes from male Holtzman rats, New Zealand white rabbits, and ICR
b mice. The rats and mice were pretreated with phenobarbital at 75 Eg
' mg/kg/day (i.p.), and the rabbits with 15 mg/kg/day (i.p.) for 3 days.

The incubation system was the same as that described by Town and Leibman

(1979) and consisted of a 9,000-g supernata:: or a 105,000-g microsomal Eg

poy

pellet and a NADPH generating system. The metabolites (primarily tetra-
chloroethylene) released into the headspace were measured by GC, In-
organic chloride was also measured in the reaction mixture using a éﬁ

A
T -
i

Buchler-Cotlove chloridometer.

o ] -

Almost all of the enzymati~ activity was localized in the microsomes;
a small, but insignificant, amount was iocalized in the cytosol. Towu and
Leibman (1984) found that phenobarbita: induced the maximum level of
enzymatic activity in the microsomes relative t> distilled water, cotton-
seed oil, o 3-methylcholanthrene, which did not induce the snzymatic
1 activity, The formation of tetrachloronthylene was linear up to about 10
min, and the pH optimum ranged from ;. to 7.5, If any part of the NADPH
w generating system was omitted, the formation ¢! tetrachloroethylene was
‘ decreased by at least 90 prrcent. In the presence of Ny and plucose-
k7> glucose oxidase to remove vesidual 0p, 50.2 * 0.45 nmol of tetrachloro-
2 ethylene/min/mg of microsomal protein (mean t SD) was formed; air in-
hiblted the reacticn by 97.5 percent, and pure 09 by 100 percent.
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Inhibitors of microsomal enzymes inhibited the formation of tetra-

h: chloroethylene --100 perceut carbon monoxide by 100 percent, SKF 525-A by
o 18.3 percent (1 mM) or 52.1 parcent (4 mM), and metyrapone (4 mM) by 58.4 ga
b, percent., According to Town and Leibman (1984) the localization oi the -
Q) enzymatic activity in microsomes, inhibition of enzyme activity by carbou
b, monoxide, SKF 525-A, and metyrapone, and the dependence of enzyme activity ﬂ
g on the NADPH generating system suggest that the activity is madiated by :
_: cytochrome P-450., These data confirm the Interaction of hexachloroethane
i with cytochrrnuwe P-450 indicated by Type 1 spectral changes as described by »
:E Pelkonen and Vainio (1975). b&
T The kinetics for the formation of tetrachloroethylene using rat livecr ,
o microsomes was 1.20 mM for the Ky and 52.0 nmol/min/mg of microsomal xﬂ
4 protein for the Vp,x. Using mouse liver micrnsomes, the kinetics for the .
!N fo mation of tetrachloroethylene was 3.34 mM for the Ky and 30.2
I umol/min/mg of microsomal protein for the Vyzx. The formation of @
‘ {
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tetrachloxoethylene using rabbit liver microsomes couid not be measured
(Town and Leibman (1984). Salmun et al. (1981) reported a similar K;; of
2.37 mM, but a different Vp,y of 0.91 nmol/min/mg of rat microsomal
protein (from phenobarbital-induced) for the relesase of radioactive
chlorine from hexachloroethane. For uninduced rat liver microsomes the K,
was 6.0 uM, and tha Vp,, was 3.35 nmol (NADPH)/min/mg of microsomal
protein (or 2.41 nmol (NADPH)/min/nmol of cytochrome P-450) (Salmon et al.
1985).

Salmon et &l. (1985), using hepati- microsomrs from rats and rabbits,
also showed that tetrachloroethylene war the major mctabolite under bHoth
aerobic and snaocrobic conditions; trichloroethylens was formed under
aerobic conditions in small quantities an« in l.rger quantities under
anaerobic conditions. Pentachlorvethane was also formed under anaerochic
conditions.

Salmon at al. (1985) proposed that the dechlorinaticn of hexachloto-

ethane, based on the effects of inhibitors snd the nature of the proaucts,

is a reductive dichlorination traaction dependdent an cytechrome P-43) and
anot an oxidative dechlorination zea:tion. Reductive dechlerination is
less susceptible tio thie inhibit:vas :har oxidative dechlorination (Towr and
Le'bman 1984). Nastainczyk at al. {1982a) stated that hexachloroethans
cannot be metabolized uxidatively dum to its lack ol hydroxylatable C-H
bonds. Unlike the radictive dechlorination of carben tetrachloride in
which the direct relecase of a chloxride ion leads to the formation of a
carbon-centerad radlasl that is relacsed from the enzyme, the intermediate
radical product of hexachlcisathane is immediately subjected to a sscond
reductive dechlorination, and another chloride ion is released (Nastain-
czyk et al, 1982a, Salmci et al. 198Y),

A nechanism for the reductive netabolism of haxachlorosthane (and
other halogenatod alkanes) Ly ilver ialcrosomal cytochroms P-450 was
presented by Nastainczyk et al. (198Za), These authors showed _‘hat the
rate of oxidation of NADPH correlated with the rate of formation of
metabolites of hexachloroethane. The maan of three microsomal prepara-
tinne from phenobharbital-.inducad rat livers was 1.07 + 0.2 nmol of tetra-
chlo. .thylene per umol of NADPH. According to Nastainczyk et al, (1982a)
this observation indicated that two electrons are requirced for the forma-
tion of one olefin (tetrachloroethylene) molecule. The stolchiometric
eyuation for the oxidation of NADPH and the fornation of tetrachloro-
ethylene 1s as follows:

NADPH + HT o+ CCly-Cll, —=> NADP" 4+ CCly=CCl, + 2HCL .

The oxidation of NADPH {s inhibited by carbon monoxide and high
concentrations of metyrapone end «-naphthoflavone, whizh suggest that the
reductive metabolism is depeudent on cytochrome P-450. NADH, which could
act synergistically with NADPH, also supported a small amount of
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dechlorination. Nastainczyk et al. (1782a) suggested that the second
alectron could also be transferred by cytochrome bs to cytochrome P-450.

Nastainczyk et al. (1982a) further proposed that, as hexachloroethane
accepts an electron from cytochrome P-450 under anaerobic conditions, a
chloride 103 leaves the mulecule to form a radical ferric cytochrome
complax (Fe *-0612-C013), which is not released from the enzyme. The

. radical ferric cytochrome complex accepts a second slectron from

;%%: cyugchrouo P-450 or irom cytochrome bs to form a carbanion complex

;g&; (Fe2*-1CC13-CCl3). Nastainczyk et al. (1982a) suggested several alterna-
jﬁﬁA tives for the next step, depending on the products formed. Furmation of
et pentachloroethans would suggest that the carbanion iz protonated, and

Haghs formation of a carbene complex would suggest that the second chloride is

loct by «-elimination. Pentachlorosthane was detected only in small

A amounts, and a carbene complex was not detected, but tetrachloroethylene
g@ﬂA was formed stoichiometrically. Therefore, the authors concluded that a
;ﬁgk: second chloride ion is lost by R-elimination (Nastainczyk et al. 1982a,b).
;:'4“6 ‘

gl ' , _

jb‘ 4.2 ACUTE TOXICITY

R

RIXK 4.2.1 poimal Data

oy A
o Hexachloroethane was first tested as an anthelminthic in dogs by Hall
p”ij and Cram (1925, 48 cited in Olsen 1947). It was firs: used as a fascioli-
S cide in cattle by Thienel (1926, as cited in Olsen 1947), and Visnelle
ﬁq* (1937, as citad in Olsen 1947) noted that a dose of 1.42 g/kg was well
o tolerated by cattle. Auotlier report stated that a single dose of 200 g of
gak. hexachloroethane suspended in bentonfite and water did not cause adverse
xkﬁ effects in cattle in average condition, but 100 g caused adverse affacts
Yy in debilitated cattle (Olsen 1944), Bywater (1955) reported that debili-
A tated animals are particularly susceptible to hexachloroethane and may die
i after only one-half the therapeutic dose. He also noted that deaths

2:,: appeared to occur most often in susceptible herds, which were on a low
N nutrition diet and had been fasted 15 tc 20 hr prior to dosing. Nervous
;*f; symptoms and death occurred 1.5 to 20 hr after the second therapeutic

' dosc. The death rate in these cattie was 12 par 1,000 cattle,

,_\" A

lu»: Clinical asigns of coxicity associated with the administration of

;&F& hexachloroethane to livestock include: tenporary loss of appetite, mild

, isrrhea, weakness, reoeling, drowsiness, prostration, narcotization, and
a;i: death. Microscopic lesions include dilatation of the renal proximal

'@ convoluted tubules and degeneration and desquamation of the epithelial
RN lining of the distal portions 5f the proximal convoluted tubules,

? q Microscopic lesions were not found in the liver (Olsen 1947),

’ ]

;f§ﬁ A summary of the lethality data for laboratory animals is presented
x.‘} in Table 8, Additional information i{s presented below,.

Anesthetized dogs or rabbits were administered hexachloroethane
(dissolved in olive oil) by elther gavage, intravenous injection (i.v.),
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TABLE 8. LETHALITY OF HEXACHLOROETHANE®

Specles Route Dose Remarks®

(mg/kg)

5,160 LDso, male, cornm oil
diluent

7,690 LDy, male, methyl
cellulose diluent

4,460 LDgg, female, corn
: oil diluent

7,080 LDyg, female, methyl
cellulose diluent

Guinea Oral 4,970 LDsg, mals, corn oil
rig diluent

Rabbit Oral >1,000 ALD, male, methyl
cellulose diluent

Rabbit Dermal 32,00v bgo, male, water
paste

Rat i.p. 2,900 ALD, male, corn oil
dilusnt

a. From Weeks et al. 1979,
L. ALD = approximate lethal dose; LDsp = lethal dose
causing 50U% mortality.

or subcutaneous injection (Barsoum and Saad 1934). The i.v. doses given
to dogs ranged from 0.68 to 350 mg/kz. Doses =300 mg/kg did not cause
death, whereas doses of 325 snd 350 mg/kg caused death within 30 min., The
minimum lethal dose (MLD) was 325 mg/ky. Another group of dogs were
administered hexachloruvethane by gavage at doses ranging from 1.0 to 6.0
g/kg; all animals were alive after 7 days. Because there were no deaths,
an MLD could not be determined. A group of rabbits were subcutansnusly
injected with 1 to 4 g/kg of hexachloroethane, Although one animal died
after 5 days, Barsoum and Saad (1934) concluded that an MLD could not be
determined.

Male Sprague-Dawlay rats (6 animals per dose) were administered hexa-
chloroethane (dissolved in corn oil) by gavage (Weeks and Thonasino 1978).
The animals were given doseus of 2,510, 3,160, 3,980, 5,010, 6,310, 7,940,
or 10,000 mg/kg and observed for 14 days. Toxic symptoms included
tramors, ataxia, and convulsions at doses 25,010 mg/kg. A red exudate was

55

BAYPAYN. SO, (4 X NI T R LY ML MO RN B VLKA D S R VMR N S AN SRS



observed around the eyes throughout the observation period. All animals {
exposed to 2,510 or 3,980 mg/kg survived, two animals administered 3,160

and 5,010 mg/kp died, five animals administered 6,310 and 7,980 mg/kg

died, and all animals administered 10,000 mg/kg died (Weeks and Thomasino

1978). The LD5o was reported as 5,160 mg/kg (Table 8) (Weeks et al.

1979). Rats administered hexachloroethans by intrapsritonsal injection

exhibited the same symptoms as those administered the compound by gavage.

Male New Zealand rabbits (flve per dose) were administered 100, 320,
or 1,000 mg/kg (dissolved in methyl cellulose) of hexachloroethane by
gavags (Weeks et al. 1979)., The animals were treated daily for 12 days,
weights were taken daily, and blood chemistry testa were performed on days
1, 4, 8, and 12 after initiation of treatment and day 4 after termination
of treatment, The survivors were killed 4 days after termination of
treatment, organs were weighed, and histopathological evaluations were
performed,

Aninals administered 1,000 mg/kg (high dose) showed a significant
reductiun in welght gain starting with day 7, whereas animals administered
320 mg/kg (medium dose) showed a significant reduction in weight gain
starting with day 10, and animals administered 100 mg/kg (low dose) showed
no gross toxic effects. The relative liver and kidney weights in the
high-dose animala were increased significantly. Blood potassium and |
glucose levels were significantly reduced it medium- and high-dose i
unimals; serum glutamic oxaloacetic transaminase (SGOT), alkaline phospha-
tase, and bilirubin levels were increased but not significantly (Weeks et
al. 1979),

The histopathology evaluation showed hepatic and renal lesions in |
high- and medium-dose animals but not in low-dose animals or controls. ‘
The hepatic lesions were dose related as well as treatment related. Renal
lesions, which did not increase in severity in high-dose animals, were
treatment related but not dose related, The hepatic lasions consisted of
degeneration and necrosis characterized by fatty degeneration, coagulation
necrosis, hemorrhage, ballooning degeneration, eosinophilic changes, and
hemosiderin-containing macrophages and glant cells., The trenal lesions
consisted of toxiec tubular nephrosis involving the convoluted tubules in
the corticomedullary reglon and minimal tubular nephrocalcinosis (Weeks el
al. 1979).

In an acute ithalation study, six male rats per dose ware exposed to
260 ppm (2.5 mg/L) of hexachloroethane for 8 hr, 5,900 ppm (57 mg/L) for 8
hr, or 1,000 ppm (17 mg/L) for 6 hr (Weeks and Thomasino 1978, Weeks et
al, 1979). All animals were observed for 14 days for signs of toxicity
and killed at the end of the obsgervation period for gross necropsy and
histopathological evaluation. Rats exposed to 260 ppm of hexachloroethane
for 8 hr showed no effecty related to exposure, and a staggered galt in
two of six rats was the only effect observed in rats exposed to 1,000 ppm
for 6 hr, In rats exposed to 5,900 ppm for 8 hr, one showed a staggered
gait at 6 hr, two were dead by 8 hr, and body weight gain was reduced in
the survivors. The histopathological examination revealed minimal to
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moderate subacute interstitial pneumonitis with associated vascular
congestion in two of the four survivors,

Studies to evaluate hexachloroesthane for dermal and eye irritation in
rabbits showed that 0.5 g of dry crystalline hexachloroethane was not
irritating to either abraded or intact rabbit skin; 0.5 g of hexachioro-
ethane in a water paste caused a slight transient redness; 0.1 g placed on
the cornea caused transient irritation consisting of moderate corneal
opacity, iritis, severe swelling, and severs dischargs, which lasted for
72 hr in five of six rabbits. 1In dermal sensitization studies, guinea
pigs treated with 0.1 psrcent hexachlorocethane for induction and challenge
showed no recognizable signs of sensitization (Weeks and Thomasine 1978,
Weeks ot al. 1979).

4.2.2 Hunan Data

Hexachloroethane causes neurologic effects manifusted by the in-
ability to close the eyelids. It also causes sye irritation, tearing,
inflammation of the delicate membrane lining of the eye, and visual
intolerance to light (photophobia) (NIOSH 1978).

4.3 SUBCHRONIC AND CHRONIC TOXICITY
4.3.1 Animal Data

4.3.1,1 Qral exposure

In a subchronic toxicity study, Gorzinski et al. (1983) administered
hexachloroethane (99.4 percent purity) in the diet of male and female
Fischer 344 rats (10/sex/dose). The animals were kept on the diets for
approximately 15 hr/day for 16 weeks (112 days). The doses estimated from
measurements of food consumption and analysis of hexachloroethane in the
food were 0, 1, 15, and 62 mg/kg/day, Body weights were measursd weekly
and food consumption was measured biweekly on nonconsecutive days. Urine
and hematology analyses were performed during week 13, and serum chem-
istry, gross necropsy, and histopathology examination of major organs were
performed when treatment was terminated,

The results showed no gross clinical signs of toxicity; body weight
gain, food consumption, serum chemistry, and hematology and urine analyses
were not altered due to treatment, Relative liver weights were increased
by 4.5 percent and 4.9 percent in high-dose male and female rats, respec-
tively; relative kidney weights were increased by 5.5 percent in high-dose
males (Gorzinskli et al., 1985)., The increases were statistically signi-
ficant but were probably not physiologically significant due to the small
magnitude of the increase,

Gross and histopathological examination of the major organs showed
significant damage only in the liver and kidneys. Lesions in other organs
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wera judged not to be treatment related. In male rats, nephrotoxic
offocts were manifested as slight hypertrophy and dilation of the renal
proximal convoluted tubules; tha incidence of this lasion was as follows:
0/0 (controls), 1/10 (low dose), 7/10 (medium dose), and 10/10 (high
dose). Another renal lesion in male rats, described as slight atrophy and
degeneration of the renal tubules with peritubular fibrosis, had the
following incidence: 1/10 (controls), 2/10 (low dose), 7/10 (medium dose),
ard 10/10 (high dosa). In female rats, nephrotoxic effects wers less
severe, and the only sign of toxicity was a very slight atrophy and
degeneration of the renal tubules. The incidence of this lesion in femals
rats was as follows: 1/10 (controlas), 1/10 (luw dose), 2/10 (medium dose),
and 6/10 (high dose) (Gorzinski et al. 1985). The more severe sffects of
hexachlorosthane in male rats are cunsistent with the higher levels of
hexuchlorosthdarnie and metabolites found in the kidneys of male rats. The
hepatoroxic effects of hexactlorosthane were manifested as slight swelling
2f hepatocytes in male rats, The incidence was as followa: 4/10 (con-
trols), 3/10 (low dose), 6/10 (medium dose), and 8/10 (high dose). No
hepatotoxic effects wiare observed in female rats,

In a 6-wesek range-finding test to establish the MTD for a carcino-
genicity study, Osborne-Mendel rats and B6C3Fl mice were administerad
hexachloroethane (dissolved in corn oll) by gavage, Five male and five
female rats per dose group wuve given 178, 316, %62, 1,000, or 1,780
mg/kg/day, 5 days/week for 6 weeks, The same number of mice were given
316, 562, 1,000, 1,780, or 3,160 mg/kg/day for the same length of time.
The survivors were observed for an additional Z weeks (NCI 1978). Doses
of 562 mg/kg/day or less were not lethal to any of the rats, a dose of
1,000 mg/kg/day killed some of the rats, and a doss 1,780 mg/kg/day ¥Filled
all the rats. Mean body weights were reducud by 38 percent in male rats
and 18 percent in female rats given 1,000 mg/kg/day. The estimated MID in
rats was established as 500 mg/kg/day (NCI 1978)., Doses of 1,000
mg/kg/day or less were not lethal in male mice, und doses of 1,780
mg/kg/day were not lothal in female mice, but a dose of 3,160 mg/kg/day
killed 4/5 male and 3/5 female mica, Mean body weight gain was substan-
tially reduced in both male and female mice given 3,160 mg/kg/day. The
MTD was established as 1,000 mg/kg/day ir male and female mice (NCI 1978).

The MID's from the 6-week range-finding test were used as the high-
dose level in a long-term study in mice and rats (NCI 1978). This study
evaluated both the chronic toxicity and carcinogenicity of hexachloro-
ethane in both specles, Mice were given 0, 500 (incrcased to 600), or
1,000 mg/kg/day (increased to 1,200), and rats were given 0, 250, or 500
mg/kg/day, After week 22, the rats were treated in cycles of 4 weeaks
treatment followed by 1 week without treatment, The anlmals were dosed by
gavage 5 days/weak for 66 weeks (rats) or for 78 weeks (mice), Detailed
protocols along with time-weighted-average (TWA) doses are presented in
Sect. 4.6, All animals were examined daily for mortality. BRody welghts,
food consumption, signs of clinical toxiecity, and location, size, and
incidence of tissue masses were recorded weekly for 10 weeks and monthly
thereafter, Gross necropsies were performed on all animals whether they
died during the test, were killad when moribund, or were killed at the end
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of the test. Al) major organs and tissues were subjected to histopatho-
logical examinations when possible.

. The results showed a significant doss-related ducrease in weight gain
throughout the test in male rats., In female rats, weight gain was de-
creased up to 80 weeks, but at termination the weights of females wers
similar to the weights of control females, During the firat year of
treatment, the incidence of tha following clinizal symptoms was increased!:
hunched appearance; reddensd, squinted, or lacrinating eyes; and abdominal
urine stains. The effects wers treatment related but not dose related,
During the second year the incidence of thess symptoms was decreased to
the control levels,

The mortality rate and the incidence of significant nonneoplastic
lasions in rats are presented in Table 9, The mortality rate includes the
number of animals that died due to treatusnt as well as thoss that were
killed in the moribund state, were killed on schedule, were accidentally X
killed, or were missing. In males, accelerated mortality was signifi- :
cantly associated with increased dosages (R < 0.001, Tarone test); only 8
of 50 low-dose males and 10 of 50 high-doss males survived to termination,
Mortality in treated female rats was significantly higher than in con-
trols; 27 of 50 low-dose females and 24 of 50 high-dose females survived
to termination.

ey

Histopathological evaluation revealed that toxic tubular nephropathy
was the only treatment-related and dose-related lesion observed in rats "
(Table 9). Thias lasion appeared more frequently in low-dose male rats :
than in low-dose female rats, but in high-dosme vats the incidence was
similar, indicating a sex difference in the incidence only at the low
dose. Toxic tubular nephropathy was characterired by degeneration,
necrosis, and the appearance of large hypsrchromatic regenerativse spithe- |
lial cells in the kidney, A similur lesion was found in Fischer 344 rats T
administered hexachloroethane in theit dists at doses of 1 to 62 mg/kg/day ¢
for 16 weeks (Gorzinski et al. 1985), in rabblits administered hexachloro- )
athane by gavage at 320 or 1,000 mg/kg/day for 12 days (Weeks et al, k
1979), and in cattle administsred hexachlorosthane therapeutically (Clsen )
1947), but not in rats exposed by inhalation (Weeks et al, 1979),

Therefore, kidney lesions appuar to be common to animals exposed to hexa- X

chlotoethane orally. The identity and incidence of neoplastic lesions g

will be discussed in Sect. 4.6, f

i

1& In mice treated with hexachloroethane, mean body weight gain was not s

significantly affected in either malss or females, Clinical toxicity was
not eignificant, except that after week 38 a hunched or thin appearance
O was observed more frequently in treated mice than in controls. The
E mortality rate and incidence of nonneoplastic lesions in mice are pre-
sented In Table 9. Mortality in female mice was much lower than in male
mice, and neither sex exhibited significant positive dose-related trends
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TABLE 9. MORTALITY AND INOIDENCE OF NONNEOPLASTIC LESIONS IN RATS.

'hﬁ; AND MICE GIVEN HEXACHLOROETHANE BY GAVAGE®
t:‘e .
g Dose®
o "
e Parameters Controls Low Dose High Dose
2y . M F M F M F
’e.’l. ) "
e ' ————
?:"‘u
;,,:::, Rata
L Mortality 12/20 6/20 42/%0  23/30 40/50  26/%0
31“; (608) (308) (84n) (468) (80%) (528)
)
)
,::::' Toxie nephropathy 0/20 0/20 22/4) 9/49 33/50 29/49
Py (0%)  (O%)  (45%)  (18%)  (6ER)  (39%)
*:::::! m
’
§$ Mortallty 15/20 420 43/50  10/%0  21/50  16/%0
ﬁb! (75%) (208) (86s) (20%) (42%) (32%)
'};. Toxlc nephropathy 0/20 0/20 49/50 50/50 47/49 45/49
e (0%) (0%) (98%)  (1008)  (96%)  (928)
L , , —
B a. Adapted from NCI 1978,
oy b. TWA doses in rats were 212 mg/kg/day (low dose) and 423 mg/kg/day (high
N dose) for 66 wesks; TWA doses in mice ware 590 mg/kg/day (low dose) and
’k‘-:.'l'} 1,179 mg/kg/day for 78 weeks.
2
o Toxic tubular nephropathy was found in morc than 90 percent of
:' . treated male and female mice, but in O percent of the control mice
] (Table 9). This lesion was characterized by degeneration of the con-
RN voluted tubules in the corticomsdullary region. The identity and in-
AT, cidence of neuplastic lesions in mice treated with hexachloroethane will
) be presented in Sect., 4.6,
il
e
P 4.3.1.2 Inhalation toxioity
s
& Three mammalian species, rats (25 each sex per cdose), guinea pigs (10
,..J.. males), and dogs (4 males) were exposed to hexachloroethane at concentra-
o tions of 15 £ 4 (mean £ 8.D.), 48 % 15, or 260 % 49 ppm 6 hr/day, 5
\fr._‘z days/week for 6 weeks (Weeks et al., 1979). Gross necropsy and histopatho-
“‘-} logical evaluatiions were performed immediately after termination of
P \'i-;\ exposure and after a 12-week recovery period. The animals were observed
;‘ daily for clinical toxicity and were weighed weekly., Additional tests for
i behavioral abnormallties, pulmonary function, oxygen consumption, blood
_’r". chemistry, and hematology were performed on selaected snimals.
8
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Dogs sxposed to the highest concentration showed signs of clinical
toxicity conaisting of tremors, ataxia, hypersalivation, severe hoad
bobbing, and facial muscular fasciculation, Tlese effects disappeared
during the night and reappsared when the animals received the next
exposurs. Over the 6-wesk sxposure pariod, body weights were normal,
blood chemistry was unchanged, and resistance and compliance tests for
pulmonary function were normal. One animal convulsed and died after the
first axposure. In male guinea pigs, body weight was reduced from week 2
through termination, and relative liver weight was significantly in-
creased. Two animals died, one each during weeks 4 and 5, Dermal
sensitization tests performed on guinea pigs challenged with 0.1 pesroent
hexachloroethane wers negative (Weeks et al. 1979),

In young male and female rats sxposed to hexachlorosthans, one male
and one female diad during week 4. Symptoms of clinical toxicity observed
in all animals included tremors, ruffled pelt, and the pressnce of a red {
exuduto around the eyes. Body weight gain was reduced in males, but not '
in fumales, Relative kidney, spleen, and testes weights in males and
relative liver weights in females wore increassed, Oxygen consumption,
measured after termination of treatmsnt as a general assessment of metabo- ]
lism, was significantly decreased in rats uxposed to the highest concan- :
tration, Histopathological findings included mucopurulent exudate from
the nose, pneumonitis sometimes associatad with bronchiectasis, and
lymphoid hyperplasia in the lamina propria of the trachea in rats exposed
only to 260 ppm. These lesions were not chbaexrved after the 12-week
trecovery period. Older male rats (12 to 14 wesks of age) exposed to hexa-
chloroethane showsd significantly lowsr absoluts body walghts starting at
week 4 in animals exposed to 260 ppm than in control rats, Relative
liver, lung, kidney, and testes weights were increased. Behavioral tests,
which included avoidance performance und spontaneous motor activity,
showed that hexachloroathane had no effect on bshavior (Weeks et al,
1979).

5%

Overall, the subchronic inhalation study by Weeks et al, (1979)

e showed that dogs and guinea plgs may be more susceptible to hexachloro-
'ﬂ@ ethane exposure than rats, In addition, the results indicated that
exposure to hexachloroethane up te 260 ppm has only mild tonic effectu,
I with the exception of nervous system stimulation in dogs. These studias
R§ also showed that, unlike oral exposure, microscopic lesionk are not
induced in systemic organs after inhalation expuosure to hexachloroethane.
L 4.3.2 Human Data
i No data were available on chronlc toxicity in humans,
!
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4.4 GENOTOXICITY

4.4.1 Animal Daty

Salmonalla syphimurium streins TAL535, TA1537, TA1338, TA98, and
TA100 and the yeast Saccharomvoas soravisise strain D4 were used to test
hexachloroethane for mutagentc activity (Veeks and Thomasino 1978, Weeks
et al, 1979). Hexachloroat: na ;hp disgolved in DM30 (dimochyllulfoxldo)
and used at concentrations o~ | 1.0, 10, 100, ‘and 300 ug/plate, with
and without 89 metabolir R\leltLOH. oxnohloronthano did not exhibit

mutagenic activity in ei\'.r Salmonalla or Sacgcharomyces, with or without

metabolic activation.

A study performed by Simmon and Kauhanen (1978) also showed that
hexachloroethane is not mutageric in the Salmonella reversion assay or in
the yeast mitotic recombination assay, Mutagenisity tests were performed
with Salmonella tvphimurium strains TAL335, TA1537, TA1338, TA98, and
TA100, Haxachlorcsthane was dissolved in DMSO and tested at concen-
trations of 10, 50, 100, 500, 1,000, and 5,000 ug/plate, with and without
S9 activation, Because hexachloroethans was not mutagenic or toxic at
these concentrations, the compound was again tested at concentrations of
500, 1,000, 2,500, 5,000, 7,500, and 10,000 ug/plate, Hexachlorosthane
was slightly toxic at the highest concentration, but it was not mutagenic.
Posillve controls were tested with sodium azide, 9-aminocacridine, 2-nitro.
fluorene, or 2-anthramina. The mitotic reconbination assay was performed
with Sagcharomvaes cerevisiae strain D3, Hexachloroethane was tested at
concentrations of 0.1, 0.5, 1,0, and 5.0 percent (w/v or v/v, dissolved in
DMSO) with and without 89 activation, Hexachlorocthans was not mutagenic
in yeast, The positive cuntrol was tested with 1,2,3,4-dlespoxybutans
(Simmon and Kauhanen 1978), These tests showed that hexachlorosthane 1s

slightly toxie, but it i{s not mutagenic in Salmonella or Saccharomyqes.

4.64.2 Human Data

No data were avallable on genotoxicity in humans.

4.5 DEVELOPMENTAL/REPRODUCTIVE TOXICITY

4.5.1 Animal Data

Hexachiloroethane administered orally (gavage) or by inhalation was
tested in rats for maternal and fetal toxieity (Weeks et al. 1979), Each
dose group consisted of 22 animals. Oral doses were 50, 100, and 500
mg/kg/day, aand inhalatlion doses were 15, 4B, and 260 ppm, 6 hr/day. The
animals were exposed from day 6 to day 16 and killed on day 20 of gesta-
tion., All animals were weighed and observed daily for signs of clinical
toxlcity. Maternal effects included reduced body weight gain starting on
day 8 of gestatlion in animals exposed to the high dose by gavage or
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inhalation and on day 14 of gestation in animals exposed to the medium
dose by inhalation. Toxic sffects included moderate tremors and respira-
tory irritation in 70 percent and subclinical pneumonitis in 20 percent of
Lthe rats exposed orally to the high dose. The incidence of respiratory
frritation and subclinical pneumonitis was only 10 percent in control
rats, Additional effects in rats expossd by inhalation included moderate
tremors and an 85 psrcent incidence of mucopurulent nasal exudate in
medium-cdose animals and a 100 percent incidence in high-doss animals., No
significant soft tissue or skeletal maliormations were observed in fetuses
from rats exposed sither by gavage or by inhalation. The gestation index
was lower, fewer live fetuses por female were produced, and the resorption
rate was higher in rats exposed to the high dose by gavage (data not
presented),

4.5.2 Humao Data

No data wors availabla on developmental and fnproduccivo toxicity in
humans , . N

4.6 ONCOGENIGCITY

4.6.1 Animal Data ' -.

Male ond female Osborne-Mendel rats and male and female B6C3Fl mice
wers used to test hexachlorcethane for carcinogenic activity (NCI 1978).
Groups of 50 animals were given hexachloroethans (dissolved in corn oil) :
by gavage. A veshicle control was glven corn oil only, and another control *
was untreated, Protocols for the tests in rats and nl-e are presented in :
Tables 10 and 11, respectively., Additional information on the selection ]
of dose levels from a 6-week range-finding test and data on nonneoplastic- ‘
effects were presented in Sect. 4.3. Mortality data were presanted in
Table 9,

ey e TR W

Statistical analysis included the one-taliled Fisher exact test (Cox,
1970, as cited in NCI 1978), which compared the tumor incidence in control

S with the incidence in treated animals at sach dose level. The Cochran-

L Armltage test for linear trend in propcrtions with continuity correction N
: (Armitage 1971, as cited In NCI 1978) was used to determine if the slope i
s of the dose-response curve was wignificantly different from zero, Early 4
M deaths that were not assoclated with neoplastic lesions were excluded by b
\ basing the tumor incidence on the number of animals that survived 52 3
o weeks, Data were analyzed using both matched vehicle controls and pooled e

-k vehicle controls, y

Data on the Incidence of neoplastic lesions in rats are presented in
A Table 12; the tuwnor incidence 1s based on the total number of animals or 5
: " the total number of specific sites examined. According to the NCI (1978),
| the survival rate of treated male rats was too low for the appearance of
Lﬂ late-daveloping lesions., Therefore, in males the statistical analysis was
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TABLE 10. PROTOCOL FOR HEXACHLOROETHANE CARCINOGENICITY
EXPERIMENT IN OSBORNE-MENDEL RATS®

TWA

Treatment Group Dose? Treated Untreated Dose®
Size (mg/kg) (weaks) (weeks) (mg/kg)
Males
Untreated control 20 0 0 112 0 .
Vehicle control 20 0 78 33 .0 3
Low dose : 50 250 22 0 212 :
2504 44 12 ;
0 34 ]
High doae 50 500 22 0 423
5004 bb 12
0 34
Female
Untrested control 20 0 0 112 0
Vehicle control 20 0 78 3 0
Low dote 50 250 22 0 212
2504 b4 12
0 34
High dose 50 500 22 0 423
" 5004 44 12
) n: 0 3“
e j
. a. NCI 1978,
Bﬁ- b. Hexachloroethane was dissolved in corn oil and administered by gavags,
%g§ 5 days/week. Vehicle controls received corn oil only. |
. - . .. &.(dosage X weaks recolved). |
N ¢. TWA = time-welghted average dosage 78 waeks %
!,ﬁ d. These doses were cyclically administered with a pattern of 1 dose-frem ?
o week followed by 4 weeks of dosing at the indicated levels. The number !
?fyj of weeks treatoed does not include the dose-free weeks. é
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TABLE 11. PROTOCOL FOR HEXACHLOROETHANE CARCINOGENICITY
EXPERIMENT IN B6C3F1 MICE®

Group —Qbasxvation Pexied _ WA
Treatment Size Dose® Treated  Untreated Dose®
(mg/kg) (weaks) ;| (weeks) (mg/kg)

Males

Untreated control 0
Vehicle control 0

Low dose 500
' 600
0

High dose 1,000
1,200
: 0

Female

Untreated control 0

Vehicle control . 0

Low dose 500
600
0

High dose 1,000
1,200
0 13

. NCI 1978,
. Hexachloroethane was dissolved in corn oil and administered by gavage,
5 days/week. Vehicle controls received corn oil only,

. TWA = time-welghted average dosage =

Z (dogage X veeks )
¥ (weeks receiving HCE)
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TABLE 12. INCIDENCE OF TUMORS IN RATS GIVEN HEXACHLOROETHANE BY GAVAGE &.P

~ — _Males Lemale
Tumor Control Low High Control Low High
Pituitary adenoma/
carcinoma
2/19 4742 0/44 - 7/20 15/50 6/46
Thyroid adenonma or
carcinoma
2/20 3/48 5/48 2/20 /a7 3747
Mammary
fibroadenonas
0/20 0/49 0/:50 6/20 13/50 9/50
Kidney tubular
cell adenoma
: 0/20 4/49 0/50 0/20 0/50 3/49¢
Testis/ovarian
0/20 0/48 3/50 0/20 4/48 0/49 i
a, NCI 1978, ]
b. Incidencn = number of animals witii tumors per number of animals

examined histologically at that site or where appropriate, the number
of animals grossly examined.

¢. Hamartoma - considered to he a benign form of malignant mixed tumor of
the kidrey consisting of proliferative lipocytes, tubular structures,
fibroblasts, and vascular spaces in varying r-oportions.

based on the numher of auimals that survived 52 weeks: 18 vehicle control,
36 low-dose, and 2Y high-dose male rats. The Cochran-Armitage test

(P < 0,048) indicated that the incidance of interstitial cell tumurs oif
the testls was significantly assoclated with dose, but the Fisher exact
test indicated no significance. The incidence of kidney tumors and tumors
at other sites was not significant in either sex. Therefore, according to
the Jata presented by the NCI (1978), hexachloroethane was not carcino-
genic¢ in rats under these test conditions.

Data on the incidence of neoplastic lesions in mice given hexachloro-
ethane by gavage are presented in Table 13. Although very few male mice
in the untreated-control, treated-control, and low-dose groups survived
until the end of the experiment, adequate numbevs of animals survived long
enough for late-developing lesions to appear and to make statistical
analyses meaningful, The incldence of hepacocellular carcivomas was
significantly increased {n both male and female mice treated with hexa-
chloroethane (P < 0.008, Fisher exact test; P < 0.001, Cochran-Armitage
test). The latency was decreased in male mice (55 weeks for controls, 53
waeks for low-dose males, and 41 waeky for high-dose males), but not in
femzles. The ‘ncidence of lung adcnomas/carcinomas and malignant lympho-
mas was also increasged, but not aignificantly. Therefore, under the
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TABLE 13. INCIDENCE OF TUMORS IN MICE GIVEN HEXACHLORORTHANE BY GAVAGE: 8:b =

Males Fepale _ .
Tumor Control Low High Control Low Righ
Hepatocellular 3720 15/50 31749  2/20°  20/%0 - 15/49
carcinoma® (6/60) - (2/60) ]
Lung adenoma/ 0/20 2/50  3/49 1720 1/30 4/49
carcinoma (0/60) (2/60) K
Malignant lymphoma  0/20 0/50 0/49 4/20  12/50 9/49
(8/60)
a, NCI 1978,

b. Incidence = number of animals with a tumer per number of animals
examined grossly or histologically at that site. Numbers in paren-
thesis are incidences in pooled vehicle contvols. S

c. Statistics: Cochran-Armitage test, P < 0.001 for males and females vs
pooled controls, and males only vs matched coutrols;

Fisher exact test, P < 0.012 for high-dose males and low-doss females
va matched controls; P < 0,008 for all groups vs pooled controls,

conditions of this test, hexachloroethane was carcinogenic in mice,
inducing an increase in the incidence of hepatocellular carcinomas in both
males and females,

The microscopic appearance of the hapatocellular carcinomas varied
somewhat. These lesione were described as follows: "Some contained well-
differentiated hepatic cells that had a relatively uniform arrangemunt of
the cords and others had very anaplastic liver cells with large hyper-
chromatic nuclel, often with inclusion bodies and with vacuolated pale
cytoplasm, Arrangement of the neoplastic liver cells varied from short,
stubby cords to nests of hepatic cells and occasionally pseudo-acinar
formation. Mitotic figures were often present." The lesions in cont:ol
mice were not differenc from those in treated mice (NCI 1978),

4.6.2 Human Datg

No data were avallable on oncogenicity in humans.

4.7 SUMMARY

The efficlency of absorption of hexachloroethane has not bsen deter-
mined, but it is absorbed very rapldly from the gastrointestinal tract.
It appears in bile within 15 min and in blood within 27 min after oral
dosing. The distribution of hexachloroethane shows the highest uptake in
fat, but the uptake by kidney is sex-dependent. The concentration in male
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kidneys is 4 to 47 times higher than in female kidneys, depending on the
dose. The sex difterence in the uptake of hexachloroethane by the kidney

R reflects the difference in the severity of toxic effects in this organ,

Qiﬁ The primary route of excretion of orally administered hexachloroethans in

NN sheep 1s the feces with less excreted into urine, but more hexachloro-

?h: ethane is excrated in expired air than into urine. In mice and rats, the g

otk primary route of excretion may be expired alr, : :
|

A0 - Many metabolites of hexachlorcethane have besou identified, but the

ﬁg best designad experiments have shown that tetrachloroethylemne is the major

A metabolite, Depending on the conditions, pentachloroethane and trichloro-

ggﬁ' ethane are minor metabolites. Hexachlorosthane is metabolized in the

1% liver by enzymatic dechlorination involving microsomal cytochrome P-450.

The microsomal activity is induced in liver by phenobarbital, but not by
methylcholanthrene. Maximum activity requires a NADPH-generating system ]
and anserobic conditions; the activity can be inhibited by alr or 02. The o
activity is also inhibited by carbon monoxide and high concentrations of ©
SKF 525-A and metyrapone. Metabolism of hexachloroethana involves a two-
electron-reductive dachlorination reaction, rather than an oxidative
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f.ﬁ In humans. hexachloroethane causes neurologic effects and irritation

ﬁ“; and inflammation of the eyes. Clinical signs of toxlicity in animals ziven

.3§ hexachloroethane include temporary loss of appetite, mild diarrhea,

ZQ_ weakness, reeling, drowsiness, prostration, narcotlization, tremors,

f ataxia, convulsions, and possibly death, Microscopic lesions in livestock

Y were found in the kidney, but not in the liver., The oral LDsps range from

) 4,460 mg/kg to 7,690 mg/kg depending on species and vehicle used to

2}’ administer the compound. The ALD in rats given hexachlorcethane by i.p.

injection i{s 2,900 mg/kg, and the MLD in dogs by {.v, injection is 325
mg/kg. The dermal LDsy in rabbits is >32,000 mg/kg.

o
-

Oral exposures in rabbits at doses between 100 and 1,000 mg/kg/day
for 12 days cause a significant decrease in weight gain, increase in
relative liver and kidney wefghts, and 'legonerative changes in the liver
and kidney at medium- and high- dose levels., Single inhalation exposures
of rats from 260 ppm (2,500 mg/m?) to 5,900 ppm (57,000 mg/m3) for 6 to
8 hr cause no effect at the lower dose, central nervous system (CNS)
effects at the medium doses, and CNS effects, respiratnry irritation, and
33.3 percent mortality at the higher doses.

REER
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ey Hexachloroethane placed on the skin as a dry powder is not irritating
f;; to rabbits, but hexachloroethane placed on the skin as a paste is tran-
® siently irritating. Hexachloroethane introduced into the eyes of rabbits
RO is transiently irritating, causing corneal opacity, iritis, sevare
_742 swelling, and severe discharge. Hexachloroethane does not sensitize the
b skin of guinea pigs.
}ﬁj The primary nonneoplastic target of hexachloroethane administerad
® orally in an acute, subchronic, or chronic protocol iz the kidney.
s Nephrotoxic effects (toxic tubular nephropathy) were observed in almost
;' all animal species tested. In rats exposed to hexachloroethane in their
e 68
1' "l
[ @
o
] ‘.“-

T " T AT S ) DIV
22 - :‘ .,-‘ i :&"‘\.‘ LG T e w“\\ ) "‘«" LT 'g_gd!cﬂ:nt.l'.".b'.m:.lﬁ.d: Yo lelufeuly” -




i diets at dOICI from 1 to 62 mg/kg/day for 16 week, renal lesions are
) gs characterized by hypertrophy and dilation of the proxinll convoluted
: tubules and atrophv and degeneration of the renal tubules with peritubular
. ' fibrosis. This lesion iz more severe in male than in female rats and may
Bﬁ ba due to the significantly higher quantities of hexachloroethans and
v metabolites distributed to the kidusys in male rats. In mice, renal
lesions are fcund in almost 100 percent of both male and female mice
a& treated with 550 or 1,179 mg/kg/day for 78 weeks. The lack of a sex
difference in mice may have been dus to tha magnituds.of the low dose.
The lesion is characterized by degeneration of the proximal convoluted
s, tubules in the corticomedullary region. The nonneoplastic hepatotoxic ,
e; effects in animals expcsed to hexachlorosthans in their dists are mild and o
are characterized by siight swelling of hepatocytes.

Kg Subchronic_inhalation exposure of dogs, guinea pigs, and rats to 15,"
K 48, or 26C mg/m3, 6 hr/day, 3 days/week for 6 weeks causes only mild toxic
effects in laboratory animals. These effects include respiratory tract
b o ivritation, (NS effects, changes in body weight gain, and increases in
.ﬁi relative organ weights, but no histopathological effects. Thus, nephro-
toxic effocts, so prevalent in animals exposed orally, are not found in
animals exposad by inhalation.

L

PRI

n'.i
: E& Hexachloroethane is not mutageniec in hacteiria up to 10,000 ug per
‘ plate or in yeast up to 0.5 percent (w/v or v/v) with or without §9
p ii activation. Carcinogenicity tests in rats given hexachlorosthane at doses
M ol 212 or 423 mg/kg/day (TWA doses) and in mice at doses of 590 or

1,179 mg/kg/day (TWA doses) by gavage showed that the compound induces an
incroase in hepatocellular carcinomas in mice, but not in rats. Pitultary
; gk adenomas and carcinomas, thyroid adenomas or carciav..s, mammary fibro-
B adenomas, kidney adenomas or humartomas, and testicular (or ovarjan)
) tumors were observed in rata; the incidence of these leslons was not
!! significantly related to exposurs, Lung adenomas, lung carcinomas, and
e malignant lymphomas were induced in mice, but the incidence was not
significantly related to exposure.

T T P - SN L P Tr THPF-1

K EE Tests for reproductive and developmental effects showed that hexa-

' chloroethane given either orally or by inhalation causes respiratory tract
“ lrritation in the mothers, but no soft tissue or skeletal malformation in

N the fetuses. A lover gestation index, fewer live fetuses per female, and

a higher resorption rate were observed.
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5. GRITERION FORMULATION

5.1 EXISTING GUIDELINES AND STANDARDS

Table 14 summarizes the guidelines, standards, and regulations
enacted to protect individuals from sxcessive sxposure to hexachloroethans
in the workplace and in the environmsnt.

5.2 OCCUPATIONA]. EXPOSURE

Standards and guidelines related to occupational exposure to hexa-
chloroethane are listad in Table 14, The latest figures on the number of
workers estimuted to be exposed to hexachloroethans were cbtained from a
survey conducted by NIOSH during 1972-74, which showed that approximately
1,500 workers were at risk for exposure (NIOSH 1978). The principal
routes of exposure to hexachloroethane would be inhalation and dermal and
ocular contact., In an industrial setting, an excessive amount of hexa.
chlorcethane dust was reported to cause irritation. The dust vas assigned
a moderate hazard rating, involving both reversible and irreversible
changes, but not severs enough to cause permanent injury or death. Fumes
of hexuchlorosthane were zeported to be moderatsly irritating to the skin
and mucous membranes (RTECS 1977, as cited in Cichowicz et al. 1983).

Sy -

Plet (1982) determined a vapor hazard index, which is a measure of
the amount of a substance in a saturated atmosphers relative to the
threshold limit value (TLV). Large values imply greatsr danger. The
vapor hazard index for hexachloroethans was 0.3 at 20°C, According to
Pitt (1982), values between 0 and 1 would represent low danger requiring
only ‘"ordinary ventilation and good practice." Amoore and Hautala
(1683) estimated the concentration in a saturated atmosphers as 770 ppm at
25°C, and usiug a TLV of 10 ppm and the formula proposed by Pitt (1982),
the vapor hazard index would be 0.77, low enough to still be classified as
low danger via inhalation.

e

F

=53

Workers most likely to be exposed to hexachloroethane would be those
involved in formulating and loading pyrotechnic agents (smoke grenades)
containing hexachloroethane. Military personnel who use smoke grenades in
the field would experience only limited exposure because, upon combustion,
most of the hexachloroethane i{s consumed when the zinc chloride cloud is
produced, or it is converted to other substances (carbon monoxide,
hydrogen chloride, the highly toxic phosgenes gas, and other chlorinated
hydrocarbons) (Katz et al. 1980).
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TABLE 14. SUMMARY OF GUIDELINES, STANDARDS, AND REGULATIONS®

Agency/Source Guidelines/Standards/Ragulations Reference
USOSHA 1 ppm, 10 mg/m3 (skin) (PEL, USOSHA 1986
8-hr TWA)
NIOSH Lowest feasible limit, treat as USDHHS 1983
carcinogen;
300 ppm (IDLH)
ACGIH.TLV 10 ppm, 100 mg/m® (TWA) ACGIH 1986-87
1L0 3 ppm, 30 mg/m® (STEL, ACGIH) 110 1980
USSR 10 ug/L (RMCl) Tugarinova et al,
1962
USEPA Listed as toxic pollutant USEPA 1985s
designated pursuant to section
307(a)(1l) of the Clean Water Act
USEPA Listed as chemical substance USEPA 1985f
regulated pursuant to section
3(2) of TSCA
USEPA Listed as acute hazardous waste Clansky 1986
to be managed pursuant to
Section 3001 of RCRA
USEPA Listed as hazardous substance to USEPA 1985g

be managed pursuant to Section
102(a) of CERCLA, with final RQ
of 1 1b (0.454 kg) subject to
change when asgessment of
potential carcinogenicity and/or
chronic toxicity is completed

a, ACGIH = American Conference of Governmental Industrial Hyglenists;
CERCLA = Comprehensive Environmental Response, Compensation, and
Liability Act; IDIH = Immediately dangerous to life or health;

ILO = International Labor Organization; NIOSH = National Institute for
Occupational Safety and Health; PEL = Permissible exposure limit;

RCRA = Resource Conservation and Recovery Act; RMCL = Recommended
maximum contaminant level; RQ = Reportable quantity; STEL = Short term
exposure limit (15 min); TLV = Threshold limit value; TSCA = Toxic
Substance Control Act; TWA = Time weighted average; USEPA = U.S,
Environmental Protection Agency; USOSHA = U.8 Occupational Safety and

Health Administration; USSR = Soviet Union,
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5.3 PREVIOUSLY CALCULATED CRITERIA

The USEPA (1979a) recommended freshwater and saltwater aquatic
criteria for hexachlorosthane using procedurss other than the guidelines.
The criteria were based on inferences from toxicity data for pentachloro-
ethane and saltwater organisms. In a lifacycle test with mysid shrimp
expored to pentachloroethans, the Final Acute Value (FAV) was less than
the Final Chronic Value (FCV) by a factor of 0.44; thersfore; the criteria
for the other chlorinated sthanes are estimated as 0,44 times the FAVs for
sach chemical. Consequently, the freshwater oriterion for hexachloro-
ethane was calculatad as 0.44 times the final fish acute value of 140
#g/L, and the saltwater oriterion was calculated as 0,44 times the final
invertebrate acute value of 16 ug/L. The criteria were stated as follows:
for freshwater aquatic life, the 24-hr averags concentration is recom-
mended as 62 ug/L, with the concentration not sxceeding 140 ug/L at any
time; the criterion for saltwater aquatic life is 7.0 ug/L as & 24-hr
averags, with the concentration not exceeding 16 ug/L at any time,

The USEPA (1979a, 1980b) derived two human criteria for hexachloro-
ethane based on the same carcinogenicity data (data from NCI 1978) used in
this report, The methodology used to calculate the original criteria was
based on a modified "ono hit" extrapolation model used to estimate the
eonconttatiog of 8xnohloroo hane corresponding to lifetime incremental
risks of 10°Y, and 10°/ (USEPA 1979b, as cited in USEPA 1979a). The
concentrations onloulatod to keep lifetime risk below the targets were
5.9, 0.59, and 0.059 ug/L, respectively, assuming individuals consumed
both contaminated dtinking water and contaminated fish, The concentra-
tions associated with the consumption of contaminated f£ish only were 7.9,
0.79, and 0.079 ug/L (USEPA 1979a). In calculating this criterion, the
authors assumed that the duration of the study was equal to the life span
of the experimental animals, Because all surviving animals were killed at
4 specified time after initiating treatment, this assumption would lead to
a life span for B6C3Fl mice of only 9) weeks (637 days) and transformed
doses of 421 and B42 mg/kg/day. According to Goodman at al. (1983), 75 to
80 percent of B6C3Fl mice are expected to survive 2 yr,

The human health criterion was recaleculatsd (USEPA 1980b) using the
"linearized" multistage extrapolation model developed by Crump (1984,
cited am Crump 1980 in USEPA 1980c) in which the extra risk was calculated
using the computer program GLOBAL 79 developed by Crump and Watson (1979).
The concentrations of hexachloroethane corresponding to lifetime risks of
10‘5. 10'6. and 1077 were estimated as 19, 1.9, and 0,19 ug/L for consump-
tion of both water and fish and 87.4, 8,74, and 0,874 ug/L for consumption
of fish only (USEPA 1980b,d). Again the authors assumed that the life
span of the animals was equal to the duration of the study (91 weeks).
Consequently, the higher transformed doses (421 and 842 mg/kg/day)
resulted in a higher criterion than that reported in Sect. 5.5,
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I 5.4 AQUATIC CRITERIA
j@?- A brief description of the methodology proposed by USEPA for the
iy estimation of water quality criteria for the protection of aquatic life
§§%} and its uses is presented in Appendix A. The aquatic criteria consist of
ﬂ&ﬂ{ two values, a Criterion Maximum Concentration (CMC) and a Critarion

Fadyy Continuous Concentration (CCC) (Stephan et al. 1985). The CMC is equal to
‘M)w one-half the FAV, whereas the CCC is equal to the lowest of the FCV cho
,}§¥ Final Plant anuo (FPV), or eho Final Residue Value (FRV),

it

ﬁgﬁ‘ Acute data are availatle for fourteen freshwater apecies, fulfilling
;¢¢f seven of the required eight families as described in the guidelines, Even
NS though acute data are currently unavailable for the eighth required family
1 i (another family in any order of insect or another phylum not already
PR represented), a tentative freshwater FAV can be estimated, Using Genus
!yk_ Mean Acute Values (GMAV) for 13 genera (N = 13), the frashwater FAV ia
}ﬁb} 0.8497 mg/L (Table 15), Acute data are available for only two of the

an vequired eight families of saltwater species; therefore, a saltwater CMC
f%if cannot be calculated at this time,
;5?¢ Only one acceptable chronic study, an early life-stage bioassay with
ﬁﬁr embryo-larval fathead minnows, is available, The data indicate that

§MQ survival, growth, and hatchability ars adversely affected at concentra-
1(5- tions as low as 0.70 mg/L, with no effects ocbserved at 0,41 mg/L. There-
}:lm tore, the chronic-effect level, MATC, is calculated as 0.54 mg/L. It
o should be noted that this value is higher than the CMC (given below),

Ay indicating that further research is necessary to clearly define a true
e chronic-effect level, Because chronic data are not available for the

] other two required sapecies (an invertebrate and a sensitive freshwater
sg‘ﬂ species), a FCV cannot be calculated at this timae.

.) W,
ZJJ An acceptable 96-hr toxicity test with the freashwater alga Selenas-
e trum capricornutum is available, with ECgp values of 87 and 93 mg/L, based

o on chlorophyll a content and cell number, respectively. Therefore, the
Ko freshwater FPV ls established as the lowest test result, or 87 mg/l. An
\;i{ﬁ acceptable 96-hr toxicity test with the saltwater alga Skeletonema

(N costatum ls available, with ECgg values of 8.57 and 7.75 mg/L, based on

L3 chlotophyll g content and cell number, respectively, Therefore, the
:-ﬁﬁ saltwater FPV is eatablished as the lowest test result, or 7.75 mg/L.

AN\

g.f} One adequate steady-state BCF {s available, 139 for bluegill sunfish;
% n% however, data from two other studies indicate that bioconcentration may be

greater in other speclies, possibly correlated to total lipid content, In
addition, a maximum perinissible tissue concentration has not been estab-
lished for hexachlorrnethane; therefore, a FRV cannot be calculated at this
time.

It conclusion, the tentatlve freshwater CMC of 0,42 mg/L for hexa-
chloroethane is calculated from the avallable data; however, f{t should be

X noted that data for one of the required eight families are missing. Even
e
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TABLE 15. CALCULATIONS OF FINAL ACUTE VALUE (FAV)
FOR HEXACHLOROETHANE

Rank GMAV  1n GMAV  (1ln GMAV)? P /F A
(R) (R/(N41)) ~ ]
4 - 1,38  0.3221  0.1038 0.2857 -+ 0.5345
3 1.37  0.3148  0.0991 0,2143  0.4629
2 1.06  0.0392  0.0015 0.1429  0.3780
1 0.9¢  :0.0619  0.0038 00714 0.2622
™ 06142 02082  0.7143 1. 6426

GMAV = Genus Mean Acute Value in mg/L.
In GMAV = natural log of GMAV,

N - 13:

P = Probability for each GMAV,

R = Rank of four lowest GMAV's,

2 _  0.2082 - (0.6162)%s

2
0.7143 - (1.6426) /4

S - 2,8618; 8 ~ 1,6917

L = (0,642 - (1,6917)(1.6426))/4 = -0.5412
A = (1.6917)(/0.05) + (-0.5412) = -0,1629

FAV - @0'1629 0.8497 mg/L; CMC = 0.42 mg/L

¢ . Ltn oy . ((Tain amavy)?se)
BB) - (LB /)
L = (J(ln GMAV) - S(T(/P)))/4

A = S(UDS +1L
A
FAV « @
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e though a freshwater FPV is established, data are insufticient to calculate
o the FCV and FRV; therefors, a CCC cannot be detormined for hexachloro-

ﬁ{ﬁ ethane at the present time.

’::::e:

A

:5;’; 5.5 HUMAN HEALTH CRITERIA

ﬂél No data were retriaved on the chronic toxicity or carcinogenicity of
gw? hexachlorosthane in humans; therefore, a oriterion cannot be derived from
oy human data,

2"‘!"

%ﬁ? Hexachloroethans was tested in Osborne-Mendel rats and B6CIFl mice,
il but was carcinogenic only in mice (NCI 1978). The protocols and results

! for the tests wers presented in detail in Sect. 4.6 and will be stated

agﬁ only briefly in this section,

Ry

Iﬁﬁz The mice wera administersd hexachlorvethans by gavage 5 days/week at
Wl TWA dose of 0, 590, and 1,179 mg/kg for 78 weeks. Although mortality in
e control and low-dose male mice was high, adequate numbers of animals did
® survive long enough for late-developing lesions to appear. Statistical
$ﬁf analysis showed that the incidence of hepatocellular carcinomas was

HQ?Q significantly increassd in both dose groups in both saxes when compared
ﬁyﬁb with the pooled vehicle controls (Fisher exact test), When compared with
ol the matched vehicle controls, both low- and high-dose males and orly the
O low-dose females showed a significant increase in hepatosellular carci-
i nomas. The data from the atudy in male mice wars judged to be adequate
ot for deriving a criterion; standard protocols were followed with respect to
Iﬁ' sex and specles used, numbers of animals per group, route of administra-
RN tion, duration of treatment, and duration of atudy. The treatment

a ; protocol (the dose was increased during treatment period) was unorthodox,
WA but it was judged to be adequate. Statistical analysis showed that the
Y overall quality of the data was adequate.

¢
-&i\: There are currently no methods available for derermining a threshold
Jﬁ?u for carcinogenic effacts; consequently, a "safe" level cannot be esti- |
f* . mated. Therefore, the recommended concentration for maximum protection of j
LHUN human health is "zero" (USEPA 1980e). Because it is usually not feasible |
g to attain this concentration, USEPA (1980c,e) presented a range of

i:lé concentrations corrasponding to incremental cancer risks of 10°%, 106, ;
a_i? and 10°7, For example, a risk of 10°7 indicates that one additional case |

A of cancer may occur for every 100,000 people exposed. The USEPA (1980c¢)
WS adopted the "linearized" multistage model of Crump (1984, cited as Crump
AR 1980 In USEPA 1980c), which used the computer program GLOBAL 79 develouped
‘z ) by Crump and Watson (1979) and revised (GLOBAL 82) by Howe and Crump

! i' (1982), The USEPA (1380n) methodology for deriving wator quality criteria
%&' for the protection of human health is summarized in Appendix B,
AN
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The pertinent data used to estimate the lifetime risk are summarised -
in Table 16. Pertinent formulas ussd to calculate the lifetime risk are
listed below:

3
q,*(A) _ _23% uppax confidance interval ,‘(EE_ '
. e

MLE
0\ 03233
RO R A .
1 1 x\9
A
¢ -3
A = TqF(R)(Z + 0.0085 BCF)
c 7 -5 .

20 X 10
q*(H) (0,0065 BCF)

Whare ql*(A) is the animal carcinogenic potency; ql*(H)»Ln the human
carcinogenic potency; Cp is the concentration of hexachloro-
ethgne in water that will keep the average lifetime risk below
10°2; Co is the concentration of hexachloroethane in fish
only, calculated to keep the average lifetime risk below 1073,

The other definitions are listed in Table 1l6.

The concentrations of hexachloroethane, derived for the cgnnumpgion
of water and fish, corresponding to extra lifetime risks of 1077, 10°°,
and 10"/ are 13 pg/L, 1.3 pg/L, and 0.13 ug/L, respectively. The concen-
trations derived for the consumption of fish only are 58 ug/i, ..8 ug/L,
and 0,58 ug/L, vespectively. Thess values are different from those
caleulatod (USEPA 1980b) and published by USEPA (1980d) (see {ect. 5,3).
Because Goodman et al. (1985) reported that 75 to 80 percent oi B6C3Fl
mice survive an average of 2 yr, we assumed that the life span of the
animals was 730 days, whereas USEPA (1980b) assumed the life apan of the
animals was equal to the duration of the study (637 days or 91 weeks).
Because all surviving animals were killed 91 weeks after the study was
initlated and did not live out their entire life span, the life span
should not have been equated to the duration of the study, The lower
valus: for life span resulted in higher values for transformed doses,
conseyuently, higher criteria values,

77



&l
::.
,i‘“.
)
ol
l"f_‘:'* , .
s TABLE 16, SUMMARY OF PERTINENT DATA FOR CALCULATING A CRITERION
" FROM HEXACHLOROETHANE CARCINOGENICITY DATA
L) :
:f::: Reference NCI 1978
B
Qi;::;‘: Exposure route Oral (gavage)
7‘3% Species Mice
g Strain B6CIFL
2
PO Sex Male
W .
;;'.‘::: | Vehicle or physical state Corn oil
;‘E"‘ Average body weight of mouse (W) 0.032 kg
.}ﬁ.;', Duration of treatment (lg) 78 weeaks
.'i;“‘tz Duration of study (L,) 91 weaks
:'::.::" Life span of animal (L) 104,3 weeks (730 days)®
) Target organ. Liver
;. Tumor type Hepatocellular carcinoma
i Experimental doses 0 590 1,179
;::‘.'; (mg/kg/day)
-';: Transformed dosos® 0 361 722
o (mg/kg/day)
N Tumor incidence 3/20 15/50 31/49
'
i': Tumor percentage 15% 30% 63
“ 95% Upper confidence limit 0.27207 x 10-2
;'*)}' Maximum likelihood estimate (MLE) 2.49619
R (mg/kg/day)
:: ) Bloconcentration factor (BCF) 86.9¢
.‘;2: ) Anjmal potengy [q1%(A) ] 1.6404 x 10-3
W (mg/kg/day) "
° hverage body weight of human (Wy) 70 kg
b )
:.:-2 Human potenc¥ [ql*(H)] 92,1289 x 10°2
\{: (mg/kg/day) "
B Lifetime risk oF 1073 (C4) 13 pg/L
(consumption of water and fish)
. Lifetime risk of 10°5) (Co) 58 ug/L
., (consumption of fish only)
",:|
¥ ': a. Life span aysumed for mice (Goodman et al. 1985).
1 < b. Experimental doses given 5 days/week, 78 weeks adjurted for 7 days/week
'® for 104,3 weeks,
o c¢. From Barrows et al, (1980) and adjusced for the percent lipid in
;;j'f. ingested fish (3%) and the percent lipid in bluegill (4.8%) (USEPA
o 1980c) .
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3.6 RESEARCH RECOMMENDATIONS

In order to meet ths requirements established by the USEPA for
deriving water quality criteria, the following research studies are
recommended to fill gapas in the existing data,

1.  Anute toxicity tests, which follow ASTM procedures, should be
conducted for a family in any insect order (e.g., Ephemezoptera -
Hexagenia sp.) or phylum not already represented (e.g., Annelida -
Lunbriculus variegatus '

2, Chronic flow-through tests should bs conductsd using measured con-
centrations for an invertebrate species (o.g., 21-day life cycle test
with Daphnia magna) and a sensitive freshwater species (e.g., Life

cycls test with Lepomis macrochirua or Salma salxdoazl) .

3, As a part of the chronic study explaired in (2) aboVo. acute flow-
through tests using measured concentrations should be conducted for
the same two species in oxder to calculate acute-chronic ratios,

4, Because only one definitive steady-state or 28.day bioconcentration
study with bluegill {s available, it s suggested that additional
studies be conducted with other aquatic species (e.3., Salmg gaird-

natl: Ictalucua punctatus; Homarus amaricanus, American lobster),

5. A chronic wildlife fesding study or a long-term wildlife field study
should be conducted in order to determine a maximum permissible
tissus concentration for the calculation of an FRV,

6. The carcinogenicity test in rats was repeated by the National
Toxicology Program, A draft report of the results should be
available in August 1988, Because carcinogenicity data take
precedence over other types of data for deriving human health
criteria, additional studies are not required and are not recom-
mended at this time.
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ACGIH American Conference of Govornmontallinduntrlal Hygienists
@ ALD Approximate lethal dose
EE ASTM American Society for Testing and Materials
B/N Base/neutral
ﬁ BCF Bioconcentration factor
gA BOD Biological oxygen demand
hﬁ Ca Concentration of pollutant in wgtor that will to «keep the

average lifetime risk below 10

. Criterion Continuous Concentration
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Q)
a

CERCLA Comprehensive Environmental Response, Compensation, and
Liability Act

—-

FF o

CMC Criterion Maximum Concentration

=
a
@

Central nervous system

1. 0 Concentration of pollutant in fish only calculated to keep
fz the average lifetime risk below 10°9
DMF Dimethylformamide

o DMSO Dimethylsulfoxide

ty DO Dissolved oxygen

o

N ECo0 Effective concentration causing 20 percent inhibition of
thymidine incorporation

& EC40 Effective concentration causing 40 percent inhibition of

. thymidine incorporation

&1 ECgq Median effective concentration causing 50 psrcent death based .
on immobilization, or 50 percent inhibition of thymidine ”

, incorporation, or a 50 percent reduction in light output ]

A ECg0 Effective concentration causing 60 percent inhibition of

] thymidine incorporation

4

ECgo Effective concentration causing 80 percent inhibition of

thymidine incorporation
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EC100 Effective concentration causing 100 percent inhibition of
thymidine incorporation

ECD Electron capturs detector

FAV Final Acute Valua

FCv Final Chronic Value

FID Flame ionization detector

FPV Final Plant Value

FRYV Final Residue Value

Fscc Fused silica capillary column

GC Gas chromatography

GGC/MS Gas chromatography/mass spectrometry

GMAV Genus Mean Acute Value

GPC Gel permeation chromatography

HCE Hexachloroethane

HECD Hall electrolytic conductivity detector

IDLH Immediately dangerous to life or health %
1LO International Labor Organization

Km Michaelis-Menten constant, which is the substrate concen-

tration at one-half the maximum veloclty

Koo Orpanic carbon partition coefficient

L Life span of animal

1.Cgyq Lethal concentration causing 50 percent mortality
LDy Lethal dose cauging 50% mortality

Duration of study

-
=, .. ."'-
j
[+

8

o lg Duratlon of treatment !
By,

o . ‘

b, LOEC Lowast ohsetvable affect concentration

. @

F
5
<

F
P

MA'TC Mexlmum acceptable toxlcant concentration

o
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MLD
MLE
MTD

NCI

NIOSH
NOEC
PBN
PC
PCE
PEL
POTW
q1*(a)
q1™* (H)
RCRA
RMCL
RQ
scoT
SGOT
SH
STEL
TCE
TLV
TSCA
TWA

USAEHA

. u -..l‘l - . Il - V,l ’i
L PN P Ry i

J A
PO KR

Minimum lethal doss
Maximum likelihood estimate
Maximum tolerated dose
National Cancer Institute

Northern hemisphare

National Institute for Occupdtional Safaty and Hnalth

No observable effect concentration
N-tert-butyl-a-phenylnitrone

Packed column

~Pentachloruethane

Permissible exposure limit

Publicly owned treatment works

Animal carcinogenic potency

Human carcinogenic potency

Resource Consgervation and Recovery Act
Recommended maximum contaminant level
Reportable quantity

Support-coated open tubular

Serum glutamic oxaloacetic transaminase
Southern hemisphere

Short term exposure limit (15 min)
Tetrachloroethylene

Threshold limit value

Toxic Substance Control Act

Time weighted average

U.5. Army Enviromnmental Hyglene Agency
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USDHHS U.S. Department of Health and Human Sérvices
USEPA U.S. Environmental Protection Agency
USOSHA U.S. Occupational Safety and Health Administration.

Vimax Maximum velocity when the substrate saturates all binding
sites on the enzyme

Wa Average body weight of mouse

Wy Average body weight of human
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ARPENDIX A:

SUMMARY OF USEPA METHODOLOGY FOR DERIVING NUMERICAL WATER QUALITY CRITERIA
FOR THE PROTECTION OF AQUATIC ORGANISMS AND THEIR USES

£

@ w4
T Te

e s

The following summary is a condsnsed version of the 1985 final U.S. Enviren- }
zantal Protection Agency (USEPA) guidelines for calculating a water quality. 3
criteria to protect aquatic life and is slanted towards the specific regula-

tory needs of the U.S. Army (e.g., discussion of saltwater aspects of the

criteria calculation are not included). The guidelines are the most recent

docrweat outlining the required procsdures and were written by the following

researchers trom the USEPA’s regional research laboratories: C.E. Stephan,

D.1. Mount, D.J. Hansen, J.H. Sentile, G.A. Chapman, and W.A. Brungs. For

greater detail on individual points consult Stephan et al. (1985).
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1. INTRODUCTION

The Guidalines for Dariving Numerical Nations ALy, ' 3
ig isms _and Tneir Uses describe an cbjective, ' g
internally consistent, and appropriate way of estimating natlional criteria. =
Because aquatic life can tolerate some stress and occeasional adverae effects,
protection of all species all of the time was not desmed necessary. If
acceptable data are available for a large number of appropriate taxa trom a
variety of taxonomlec and functlional groups, a reasonable level of protection
should be provided if all except a small fraction are protected, unless a
commercially, recreaticnally, or socially important specles was very sensi-
tive. The small fraction is set at 0.05 because other fractions resulted in
criteria that seemed too high or too low in comparison with the sets of data
from which they were calculated. Use of 0,05 to calculate a Final Acute Value
does not imply that this percentage of adversely atfected taxa should be used
to decide in a field situatior. whether a criterion is appropriate.
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o To be acceptable to the public and useful in field situations, protection
? of aquatic organisms and their uses should be defined as prevention of

% :ﬁ unacceptable long-term and short-term effects on (1) commercially, recrea-

N tionally, and socially important species and (2) (a) fish and benthic

! invertebrate assemblages in rivers and streams and (b) fish, benthic inverte-

s fﬁ brate, and zooplankton assemblages in lakes, reservoirs, estuaries, and

o oceans, These national guidelines have been developed on the theory that

y effects which occur on a species in appropriate laboratory tests will

% o) generally occur on the same species in comparable field situations.

ko Numerical aquatic life criteria derived using these national guidelines are
AN expressed as two numbars, so that the criteria can more accurately rufle~t
W toxlcological and practical realities. The combination of a maximum

. concentration and a continuous concentration is designed to provide adequate
X protection of aquatic life and its uses from acute and chronic toxicity to
o animals, toxicity to plants, and bloaccumulation by aquatic organisms without
L, being as restrictive as a one-number criterion would have to be in order to
provide the same degree of protection.
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Criteria produced by these guidelines should be useful for developing water
quality standards, mixing zone standards, and effluent standards. Development
of such standards may have to consider additional factors such as social,
legal, economic, and additinnal biological data. It may be desirable to
derive site-specific criteria from these national criteria to reflect local
conditions (USEPA 1982). The two factors that may cause the most difference
batween the national and site-specific criteria are the species that will be
exposed and the characteristics of the water.

Criteria should provide reasonable and adequate protection with only a
small possibility of considerable overprotection or underprotection. It is
not enough that a criterion be the best estimate obtainable using available
data: it is equally important that a criterion be derived only if adequate
appropriate data are available to provide reasonable confidence that it is a
good estimate, Thus, these guidelines require that certain data be available
if a criterion is to be derived. If all the required data are not available,
usually a criterion should not be derived; however, availability of all
required data does not ensure that a criterion can be derived., The amount of
guidance in these national guidelines is significant, but much of it is
necessarily qualitative rather than quantitative: much judgoment will be
required to derive a water quality criterion for aquatic life. All necessary
decisions should be based on a thorough knowledge of aquatic toxicology and
an understanding of these guidelines and should be consistent with the spirit
of these guidelines - which is to make best use of all available data to
derive the most appropriate criterion.

2. DEFINITION OF MATERIAL OF CONGCERN

1. Each separate chemical that does not ionize significantly in most
natural bodies of water should be considered a separate material,
except possibly for structurally similar organic compounds that only
exist in large quantities as commerclial mixtures of the various
compounds and apparently have similar biological, chemical, physical,
and toxicological properties.

2. For chemicals that do ionize significantly, all forms that would be

in chemical equilibrium should usually be considered one material.
:*2 Each different oxidation state of a metal and each different non-
-3@ ionizable covalently bonded organometallic compound should usually be
qg: considared a separate material.
Wyt
e 3. Definition of the material should include an operational analytical
zw component, It is also necessary to reference or describe analytical
?j methods that the term is intended to denote. Primary requirements of
L the operational analytical component is that it be appropriate for
ﬂfﬁ use on samples of receiving water, that it be compatible with
§u toxicity and biocaccumulat!on data without making extrapolations that
T are too hypothetical, and that it rarely result in underprotection of
p aquatic life and its uses,.
3
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b NOIE: Analytical chemistry of the material may have to be considered
'g“ ! when defining the material or when judging acceptability of some

K \ toxicity tests, but a criterion should not be based on sensitivity of
D _ an analytical method., When aquatic organisms are more sensitive than
: N analytical techniques, the proper solution is to develop better

o k‘ analytical methods, not to underprotect aquatic life.

3 .

. E 3. COLLECTION OF DATA

it

" 1. Collect all available data on the material concerning (a) toxicity

B E—- to, and biocaccumulation by, aquatic animals and plants: (b) FDA

» ‘ﬂ action levels (FDA Guidelines Manual): and (¢) chronic feeding

4 studies and long-term field studies with wildlife that regularly

consume aquatic organisms.

2. All data used should be available in typed, dated and signed hardcopy
with enough supporting information to indicate that acceptable test

="
= &2

5 procedures were used and the results should be reliable.
Q’ 3. Questionable data, whether published or not, should not be used.
l‘
;{' ki‘ 4, Data on technical grade materials may be used if appropriate, bdut
T data on formulated mixtures and emulsifiable concentrates of the test
-ﬁ . material should not be used.

A

-y
2
w

. For some highly volatile, hydrolyzable, or degradable materials it

-

?ﬂ may be appropriate to only use results of flow-through tests in which
e concentration of test matsrial in test solutions were measured using
Z; bﬁ acceptable analytical methods.

-9 » 6. Do not use data obtained using brine shrimp, species that do not have
o reproducing wild populations in No:th America, or organisms that were
o proviously exposed to significant concentrations of the test material
i - or other contaminants.

ey

4. REQUIRED DATA

% Eﬂ‘ 1. Results of acceptable acute tests (see Section 5) with freshwater

&N animals in at least eight different families such that all of the
GRS following are included:

I

é; ' a. the family Salmonidae in the class Osteichthyes:

N b, a second family (preferably an important warmwater specles) in the
i y (p y P

I class Osteichthyes (e.g., bluegill, fathead minnow, or channel

;4 catfish):

i .

“‘ " c. a third family in the phylum Chordata (e.g, fish or amphibian):
%2 - d. a planktonic crustacean (e.g, cladoceran or copepod):

)
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l L)
i
e
2f%f e. a benthic crustacean (e.g, ostracod, isopod, or amphipod):
e f. an ingect (e.g., mayfly, midge, stonefly):
B
,$§$ ' g. a fanily in a phylum other than Arthropoda or Chordata (e.g,
:ﬁiﬁ Annelica or Mollusca): and
S
‘y
.g% h. a family in any order of insect or any phylum not represented.
ét‘.l )
;ﬁ?z 2. Acute-chronic ratios (see Section 7) for species of aquatic animals
o in at least three different families provided that of the three ,
}&E: species &t least (a) one is a fish, (b) one is an invertebrate, and \
e (c) one is a sensitive freshwater spacies, ‘
%qvt 3. Results of at least ono acceptable test with a {reshwater alga or a
W chronic test with a freshwater vascular plant (ses Section 9), If
il plants are among the aquatic organisms that are most sensitive to the
’ g 8
5§$ material, results of a test with a plant in another phylum (division)
o should be available,
;t,ﬂ 4. At least one acceptable bioconcentration factor determined with an
olaf appropriate aquatic species, if a maximum permissible tissue con-
1%&& centration is available (see Section 10).
3

If all required data are available, a numerical criterion can usually be

‘ derived, except in special cases. For example, if a criterion is to be

.i,. related to a water quality characteristic (ses Sections 6 and 8), more data
)

P will be necessary. Similarly if all required data are not available a

; : numerical criterion should not be derived except in special cases. For

K example, even if not enough acute and chronic data are available, it may be

= k possible to derive a criterion if the data clearly indicate that the Final

?); Residue Value would be much lower than either the Final Chronic Value or the

e Final Plant Value. Confidence in a criterion usually increases as the amount

g- . of data increases. Thus, additional data are usually desirable.

MUY ]

i

5 5. FINAL ACUTE VALUE

S 1. The Final Acute Value (FAV) is an estimate of the concentration of

3n$' material corresponding to a cumulative probability of 0.05 in the

{2{ acute toxicity values for the genera with which acute tests have been

3%‘: conducted on the material. However, ln some cases, 1f the Species

ﬁ:{- Mean Acute Value (SMAV) of an important specles 1s lower than the

..' calculated FAV, then thet SMAV replaces the FAV to protect that

aqqg important species,

f ~ 2. Acute toxicity tests should have been conducted using acceptable

; '_:;.' procedures (e.g., ASTM Standard E 724 or 729).

iy '9-:

'.N 3. Generally, results of acute tests in which food was added to the test

P4 solution should not be used, unless data indicate that food did not

s affect test results.

o
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E 4. Results of acute tests conducted in unususl dilution watex, e.g.,
i dilution water containing high lavels of total orgsnic carbon or
particulate matter (higher than 5 mg/L) shouléd not be used, unless a
) _ relationship is developed between toxicity and organic cardbon or

, unless data shov that organic carbon . ; -rticulate nattor. ete, do

R

not affect toxicity.

[ 5. Acute values should be based on an'noinii . lchk reflect the total
gg adverse impact c¢f the test materiai ¢~ *“he org-nisms used in the
tests, Therefore, only the following kinds of iata on acute toxicity
to freshwater aquatic animals should be usad:

R Y a, Tests with daphnids and other cladocerans should be started with

| organisms < 24 hr old and tests with midges should be started with

&) second- or third-instar larvae. The result should be the 48:hr

ﬁ EC50 based on percentage of organisms immobilized plus percentage
of organisma killed. 1If such an ECsg is riot available from a

, test, the 48-hr LCsg should be used in place of the desired 48-hr

sg EC59. An ECsg or LCso of longer than 48 hr can be used provided
animals were not fed and control animals were acceptable at the
end of the test,

The result of teats with all other aquatic animal species should
be the 96-hr ECsy value based on percentags of organisms exhibic.
ing loss of equilibrium plus parcentage of organisms immobilized
plus percentage of organisms killed, If such an ECsp value is not
available from a test, the 96- hr LCgp should be used in place of
the desired ECsgp.

: T X
o

e,
0

. Tests with single-cell organismc are not considered acute tests,
even if the duration was s 96 hr,

-
o

; . If the tests were conducted properly, acute values reported as
b greater than values and those acute values which are above
Y . solubility of the test material are acceptable.

t 6. If the acute toxlclity of the material to aquatic animals has been
shown to be related to a water :1ality characteristic (e.g., total

P & organic carbon) for freshwater pecles, a Final Acute Equation should
I be derived based on that chavacteristic.

! I, 7. If the data indicate a that one or more life stages are at least a

) b- factor of 2 times more resistant than one or more other life stages

of the same species, the data for the more resistant life stages
should not be used in the calcuiation of the SMAV because a species
can only be considered protected from acute toxicity if all life

; - stages are protected.

P 8. Consider the agreement of the data within and between species.

F Questionable results in comparison to other acute end chronic data
i for the species and other specles in the same genus probably should

v not be used.
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9. For each species for which at leust one acute value is avaiiable, the
SMAV should be calculated as the geometric mean of all flow-through
test resultz in which the concentration of test material were
measured, For a specles for which no such result ic svailable,
calculate the geometric mean of all available acute values, {.e.,
results of flow-through tests in which the concentrations were not
measured and results of static and renewal tests based on initial
total concentrations of test material.

NOTE: Data reported by original investigators should not be rounded
off and at least four significant digits should be retained in
intrrmediate calculations.

10. For each genus for which one or more SMAV is available, calculats the
Gunus Mean Acute Value (GMAV) as the goometric mean of the SMAVs.

11, Order the GMAVs from high to low and assign ranks (R) to the GMAVs
from "1" for the lowest to "N" for the highest, If two or more GMAVs
are identical, arbitrarily assign them successive ranks,

12, Caleulate the cumulative probability (P) for each GMAV am R/(N+l),
13, Select the four GMAVs which have cumulative probabilities closest to

0.05 (if thero are <59 GMAVs, thess will always be the four lowest
GMAVs) ,

14, Using the selected GMAVs and Ps, caleulate

2 _ E((n aMav) 2y - ((E(1n aMAV))?/4)

£(P) - ((S(/P)) /)

L = (Z(ln GMAV) - S(Z(/P)))/b

A = S(J0.05) + L

R 2 %S

FAV = e

L gn on 8
oZiata?
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15. If for an {important species, such as a recreationally or commercially
important species, the geometric moan of acuto values from flow-
chirough tests in which concentrations of test material were msasured
is lower than the FAV, then that geometric mean should be used as the
FAV,

.

16. Go to Section 7.

6. FINAL ACUTE EQUATION

ey 1. When enough data show that acute toxicity to two or more species is
similarly related to a water quality characteristic, the relationship
should he considered as described below or using analysis of covari-
ance (Dixon and Brown 1979, Neter and Wasserman 1974). If two or
more factors affect toxicity, multiple regresaion analyses should be
used.

S5

2. For each species for which comparable acute toxicity values are
&vailatle at two or more different values of the water quality
charauteristic, perform a least squares ragression of acute toxicity
values on values of the water quality characteristic.

3. Decide whether the data for each species is useful, considering the
range and number of tested values of the water quality characteristic
and degree of agreement within and between species. 1In addition,
questionable results, in comparison with other acute and chronic data
for the specles and other species in the same genus, probably should
not be used,

PP
=

4. Individually for each specles calculate the geometric mean of the
acute values and then divide each of the acute values for a species
!! by the mean for the species, This normalizes the acute values so
that the geometric mean of the normalized values for each specles
" individually and for any combination of speclies is 1.0.

5. Similarly normalize the values of the water quality characteristic
for each species individually.

a 6. Individually for each species perform a least squares regression of
the normalized acute toxicity values on the corresponding normalized
. values of the water quality characteristic. The resulting slopes and
tk 95 percent confidence limits will be identical to those obtained in
2. above. Now, however, if the data are actually plotted, the line
. of best fit for each individual species will go through the point 1,1
:3 in the center of the graph.
o
] 7. Treao all the normalized data as if they were all for the same
N species and perform a least squares regression of all the normalized
b acute values on the corresponding normalized values of the water
quality characteristic to obtain the pooled acute slope (V) and its
., 95 percent confidence limits, If all the normalized data are
S
XZ* 105
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actually plotted, the line of best fit will go through the point 1,1
in the center of the graph.

. 8. For each species calculate the geometric mean (W) of the acute
toxicity values and the geometric mean (X) of the related values of
the water quality characteristlc (calculated in 4. and 3. above),

9, For each species culculate the logarithmic intercepc (¥Y) of the SMAV
at a selected value (2) of the water quality charactoriatic using the
squation: Y= 1lun W - V(ln X - 1n 2).

10. For each species calculate the SMAV using: SMAV = of,

11, Obtain the FAV at Z by using the procedurs described in Section §.
(No. 10-14),

12. It the SMAV for an important species is lower than the FAV at Z, then
that SMAV should be used as the FAV at Z.

13. The Flnal Acute PBquation is written as:
FAV = .(V[ln(water quality characteristic)] + ln A - V[in Z])
]

where V = pooled scute slope and A = FAV at Z, Because V, A, and 2
are known, the FAV can be calculated for any selected valus of the

{'.' water quality characteristic.

R

e

S

i:. ~ 7. FINAL CFRONIC VALUE

i

;é- 1. Depending on available data, the Fiual Chronic Value (FCV) might be
L calculated in the same manner as the FAV or by dividing the FAV by
I the Final Acute-Chronic Ratio.

w.‘:.:

:j} NOTE: Acute-chronic ratios and application factors are ways of

o relating acute and chronic toxicities of a material to aquatic

o organisms. Safety factors are used to provide an extra margin of
. safety beyond kuown or estimated sensitivitles of aquatic organisms.
?-Q Another advantage of the acute-chronic ratio is that {t should

:\?- usually be greater than one: thls should avoid confuslon as to

9Y3 whether a large applicatlion factor is one that is close to unity or
i": one that has a denominator that !s much greater than the numerutor.
9 2. Chronic values should be baserd on results of flow-through (except
i&q‘ renewal is acceptable for daphnids) chronic tests in which concen-
Ba s, trations of test material were properly measured at appropriate times
kL during testing.

L 3. Results of chrenic tests in which survival, growth, or reproduction
N in controls was unacceptably low should not be used. Limits of
B acceptabllity will depend on the specirs,

'-}:.

L 106

..

':‘:",,:




s

vy
R

Tn

ExY

RS =3

. o g
2

LA -’A‘“"“’-'Q&‘\w -.'\-\«'f .‘.m.“.\.,\‘

4. Results of chronic tests conducted in unusual dilutiocn water should
not te used, unless a relationship is developed between toxicity and
the unusual characteristic or unless data show the characteristic
does not affect toxicity.

5. Chronic values should be based on endpoints and exposure durations
appropriate to the species, Therefors, only results of the following
kinds of chronic toxicity teasts should be used:; :

a. Life-cycle toxicity tests consisting of exposures of two or more
groups of a species to a different concentration of test material
throughout a life cycle, Tests with fish should begin with
enbryos or newly hatched young < 48 hr old, continue through
naturation and reproduction, and should end not < 24 da s (90 days
for salmonids) after the hatching of the next generation. Tests
with daphnids should begin with young < 24 hr old and last for not
< 21 days. For fish, data should be obtained and analyzed on
survival and growth of adults and young. maturation of males and
females, eggs spawned per female, embryo viability (salmonids
only', and hatchability., For daphnids, data ghould be obtained
and analyzed on survival and young per female.

b, Partial life-cycle toxicity tests consisting of exposurses of two
or more groups of a species to a different concentration of test
material throughout a life cycle, Partial life- cycle tests sre
allowed with fish species that require more than a year to reach
soxual maturity, so that all major life stages can bo exposed to
the test material in less than 15 months. Exposure to the test
material should begin with juveniles at least 2 months prior te
active gonadal development, continue through maturation and
reproduction, and should end not < 24 days (90 days for salmonids)
after tha hatching of the next generation. Data should be
obtained and analyzed on survival and growth of adults and young,
mitcuration of malos and females, eggs spawned per female, embryo
viability (salmonids only), and hatchability,

c. Early life-stage toxicity tests consisting of 28- to 32-day (60
days posthatch for salmonids) exposures of early life stages of a
specles of fish from shortly after fertilization through embry-
onic, larval, and early juvenile development. Data should be
obtained on growth and survival.

NOTE: Results of an early life-stage test are used as predictors
of results of life-cycle and partial life-cycle tests with the
same specles. Therefore, when results of a life-cycle or partial
life-cycle test are availa! 'e, results of an early life-stage test
with the same dvecies should not Le used. Also, results of early
life-stage tests in which the incidence of mortalities or ab-
normalities increased substantially near the end of the test
should not be used because results of such tests may be poor
estimates of results of a comparable life-cycle or partial
life-cycle test,
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j§£ 6. A chronic value may be obtained by calculating the geometric mean of
. lower and upper chronic limits from a chronic test or by analyzing
}fq¢ chronic data using regression analysis. A lower chronic limit is the
:h‘ highest tested concentration (a) in an acceptable chronic test, (b)
h'“ which did not cause an unacceptable amount of an adverse effect on
ﬁ)x any specified biological measurements, and (c) below which no tested
3 concentration caused such an unacceptable effect. An upper chronic
;ﬁl 1imit is the lowest tested concentration (a) in an acceptable chronic
ﬁgff test, (b) which did cause an unacceptable amount of an adverse effect
%?‘ on one or more of specified biological measurements, and (c) above
323 which all tested concentrations cauved such an effect.

L)

;25 7. 1f chronic toxicity of material to aquatic animals appears to be

1 related to a water quality characteristic, a Final Chronic Equatinn

. should be derived based on that wacer quality charucteristic, Gn to
e Section 8.

543 8. If chronic values are available for species in eight families aw
W) described in Section 4 (No. 1), a Species Mean Chronic Value (SMCV)
, @ should be calculated for each species for which at least one chronie
B value is available by calculating the geomotric mean of all chronic
%@ values for the species and appropriate Genus Mean Chronic Values
300 should be calculated., The FCV should then be obtained using proce-
A dures described in Sectinn 5 (No. 10-14). Then go to Section 7 (No,
i 13),
{ .
% 9. For each chronic value for which at least one corresponding appro-
] Z priate acute value is available, calaulate an acute-chronic ratio,
{3? using for the numerator the geometric mean of results of all accept-
' '3 able flow-through (except static {s acceptable for daphnids) acute
Yy tests in the same dilution water and in which concentrations were
‘wﬂ measured. For fish, the acute test(s) should have been conducted
SN with juveniles. Acute test(s) should have buen part of the same
Reo, study as the chronic test. If acute tests were not conducted as part |
i?¥ of the same study, acute tests conducted in the same laboratory and
o dilution water may be used. If acute tests were not conducted as part
[\ of the same study, acute tests conducted In the same dilution weter
® but a different laboratory may be used. If such acute tests are not
il available, an acute-chronic ratio should not be calculated, I
. I
o 10. For each species, calculate the species mean acute-chronic ratio as
the geometric mean of all acute-chronic ratios for that species. i
- 11. For some materials the acute-chronic ratio is about the same for all
o species, but for other materials the ratio increases or decreases as
L the SMAV increases., Thus, the Final Acute-Chronic Ratio can be ]
_iq obtained in three ways, depending on the data.
L a. It the species mean acute-chronic ratio increases or decreases as |
,‘L tiie SMAV lIncreases, the final Acute-Chronic Ratio should be ‘
;:ﬁ calculated as the geometric mean of all specles whose SMAVs are
. x close to the FAV.
b 1
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. b. If no major trend is apparent and the acute-chronic ratios for a
' !' nunber of species ure within a factor of tsn, the Final Acute--
Chronic Ratio should be calculated as the geometric mear of all
species mean acute-chronic ratiocs for both freshwater and salt-
(F wai:er spocies.

c. If the most appropriate species mean acute-chronic ratios are
<2.0, and especially if they are < 1,0, acclimation has probably
occurred during the chronic test. Because continuous sxposure and

]

- acclimation cannot be assured to provide adequate protection in

, field situations, the Final Acute-Chronic Ratio should bas set at

@ 2.0 so that the FCV is equal to the Criterion Maximum Concentra-
tien,

. W If the acute-chronic ratios do not fit onc of these cases, a Final
W Acute-Chronic Ratio probably cannot be obtained, and a FCV probably
cannot be calculated.

: EB 12, Cslculate the FCV by dividing the FAV by the Final Acute-Chronic '
N 13. If the SMAV of an important species is lower than the calculated FCV,
b then that SMCV should be used as the FCV,
r.' 14, Go to Section 9.

8. FINAL CHRONIC EQUATION

Rt
.
N

1. A Final Chronic Equation can be derived in two ways. The procedure
described in this section will result in the chronic slope being the
same as the acute slope.

3

a. If acute-chronic ratios for enough species at enough values of the
water quality characteristics indicate that the acute-chronic
ratio is probably the .ame for all species and independent of the
water quality rcharacteristic, calculate the Final Acute-Chronic
Ratio as the geometric mean of the specie: mean acute-chronic

" ratios.

. ..-

»
v

b. Calculate the FCV at the selected value Z of the water quality
characteristic by dividing the FAV at Z by .he Final Acute-
Chronic Ratio,

:. Use V - pooled acute slope as L = pcoled chronic slupe.

f re d. Go to Section 8, No, 2, item m.
)
i
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R 2. The procedure described in this section will usually rolule in the

Y chronic slope being different from the acute slope.

N

j? a. When enough data are available to show that chronic toxicity to at

least one species is related to a water quality characteristic,
the relationship should be conasidared as described below or using
analysis of covariance (Dixon and Brown 1979, Neter and Wasserman
1974), 1f two or more factors affect toxicity, multiple regres-
sion analyses should be used.

b, For each species for which comparable chronic toxicity values are
o available at two or more different values of the water quality
§ characteristic, perform a least squares regression of chronic
B toxicity values on values of the water quality characteristic,

A c. Decide whether data for each species is useful, raking into
account range and number of tested values of the water quality
characteristic and degree of agreement within and between species.
In addition, questionable results, in comparison with other acute
and chronic data for the species and other species in the same
genus, probably should not be used. If a useful chronic slope is
not available for at least one species or if the slopes are too
dissimilar or if data are inadequate to define the relationship
between chronic toxicity and water quality characteristic, return
to Section 7 (No, 8), using results of tests conducted under

Ry o o =P
RSk - R g ¢

B

3 conditions and in water similar to those commonly used for

. toxicity tests with the species.

)

b d. For each species calculate the geometric mean of the available

chronic values and then divide each chronic value for a species by
: the mean for the species. This normalizes the chronic values so

. that the geometric mean of the normalizad values for each species
o] and for any combination of species is 1.0.

K e. Similarly normalize the values of the water quality characteristic
> for each species individually,

! f. Individually for each species perform a least squares regression
of the normalized chronic toxicity values on the corresponding

o normalized -alues of the water quality characteristic. The
resulting slopes and 95 percent confidence limits will be identi-
cal to those obtained in 1. above. Now, however, if the data are

o - =

Z actually plotted, the line of best fit for each individual species
R will go through the point 1,1 in the center of the graph.
b g. Treat all the normalized data as Lf they were all for the same g%
-8 species and perform a least squares regression of all the normal- )
3 ized chronic values on the corresponding normalized values of the "
' water quality characceristic to obtain the pooled chronic slope '3
! (L) and its 95 serc:nut confidence limits. If all the normalized -
data are actuaily plotted, the line of best fit will go through
the point 1,1 in the center of the graph. yﬁ
a e
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h. For sach species calculate the goometric mean (M) of toxicity
values and the geometric mean (P) of related values of the water
quality characteristic.

. For each species calculate the logarithm (Q) of the SNCVs at a
sclected valuas (Z) of the water quality characteristic using the
equation: Q= In M -« L(In P - 1n 2).

——— -

j. Far each species calculate a SMCV at Z as the antilog of Q (SMCV =
e%).

k., Obtain the FCV at Z by using the procedure described 1n Section 5
(No. 10-14).

1. If the SMCV at Z of an important species is lower chan'tho
calculated FCV at Z, then that SMCV should be used as the FCV at
2z,

W L .
B
8

. The Final Chronic Equation is written as:

5 Fov - o(L[ln(vater quality characteristic)] + ln 8 - L[1n 2])

o
(Vv 4

where L = mean chronic slope and § = FCV at Z.

9. FINAL PLANT VALUE

. Appropriate measures of toxicity of the material to aquatic plants
are used to compare relative sensitivities of aquatic plants and
animals. Although procedures for conducting and interpreting results
of toxicity tests with plants are not well developed, results cf cuch

!! tests usually indicate that criteria which adequately protect aquatic

i animals and their uses also protect aquatic plants and their uaes,

=

54 2, A plant value is the result of any test conducted with an alga or an
QS aquatic vascular plant.

3. Obtain the Final Plant Value by selecting the lowest result obtained

K in a test on an important aquatic plant species in which concentra-
™ tions of test material wero measured and the endpoint is biologically
. important.
i
10, FINAL RESIDUE VALUE
o
Y 1. The Final Residue Value (FRV) is intended to (a) prevent concentra-

tions in commercially or recreationally important aquatic specles

from exceeding applicable FDA action levels and (b) protect wildlife,

y e including fish and bicsds, that consume aquatic organisms from
demonstrated unacceptable effects. The FRV is the lowest of residue
values that are obtained by dividing meximum permissible tissue

F{ concentrations by appropriate bio-oncentration or hioaccumvlation
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factors, A maximum permissible tissue concentration iz eitlier (a) a
FDA action level (FDA administrative guidelines) for fish oil or for
the edible portion of fish or shellfish or (b) a maximum acceptabls
dietary intake (AD1) based on ocbservations on survival, growth, or
reproduction in a chronic wildlife feeding study or a long-corm
wildlife field study. If no maximum permissible tissue concentration
is available, go to Section 11., because a Final Residus Value cannot
be derived.

2. Bioconcentration Factors (BCFs) and Bioaccumulation Factors (BAFs)
are the quotients of the conc:ntration of a material in one or more
tissues of an aquatic organism divided by the average concentration )
in the solution to which the organism has been sxposed. . A BCF is
intended to account only for net uptake directly from water, and thus
almost has to be measured in a laboratory test. A BAF is intended to
account for net uptake from both food and water in a real-world
situation, and almost has to be measured in & field situation in
which predators accumulate the material directly from water and by
consuming prey. Because so few acceptable BAFs are available, ouly
BCFs will be discussed further, but an acceptable BAF can be used in
place of a BCF.

3. If a maximum permissible tissue concentration is available for a
subgtance (e.g, parent material or parent material plus metabolite),
the tissue concentration used in BCF calculations should ba for the
same substance. Otherwise the tissue concentration used in the BCF
calculation should be that of the material and its metabolites which
are structurally similar and are not much more soluble in water than
the parent material,

a. A BCF shnuld be used only Lif the test was flow-through, the BECF
was calculated based on measured concentrations of test material
in tissue and in the test solution, and exposure continued at
least until either apparent steady-state (BCF does not change
significantly over a period of time, such as two days or 16
percent of exposure duration, whichever is longer) or 28 days was
reached, The BCF used from a test should be the highest of (a)
the apparent steady-state BCF, if apparent steady-state was
reached: (b) highest BCF obtained, if apparent steady-state was
not reached: and (c) projected steady-state BCF, if calculated.

b. Whenever a BCF is datermined for a lipophilic material, percentage

¥y of lipids should also be determined in the tissue(s) for which the
9 BCF is calculated.

i
'.}ﬁ: c. A BCF obtained from an exposure that adversely effected the test
,Jj- organisms may be used only if it is similar to that obtained with
%2$: unaffected individuals at lower concentrations that did cause
s effects,

[}

; t{ d. Because maximum permissible tissue concentrations are rarely based
f{&} on dry weights, a BCF calculated using dry tissue weights must be
S
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" converted to a wet tissus weight basis. If a conversion factor is
' !E reported with the BCF, multiply the dry weight by 0.1 for plankton
and by 0.2 for species of fishes and invertebrates,

e. If mors than one acceptable BCF is available for a species, the
geometric mean of values should be used, unless the BCFs are from
different exposure durations, then the BCF for the longest
exposure should be used.

4. 1f enough pertinent data exist, several residue values can be
] calaulated by dividing maximum pormi::iblo tissue concentrations by
Gﬁ appropriate BCFs: : . o

a, For oach available maximum ADI derived from a feeding study or a
long-term field study with wildlife, including birds and aquatic
organisms, the appropriate BCF is based on the whole body of

» aquatic species which constitute or represent a major portion of

EE the diet of tested wildlife species.

b. For'an FDA action level for fish or shellfish, the appropriate BCF
is the highest geometric mean species BCF for the edible portion

T
EQ of a consumed species, The highest species BCF is used beacause
‘ FDA action levels are applied on a specics-by-species basis.
3 ii 5. For lipophilic materials, it may be possible to calculate additional
1 residue values, Because the steady-astate BCF for a lipophilic
‘ material seems to be proportional to percentags of lipids from one
A tissue to another and from one species to another (Hamelink et al.
- 1971, Lundsford and Blem 1982, Schnoor 1982), extrapolations can be

made from tested tissues or species to untested tissues or species on
the basis of percentage of lipids.

f E! a, For each BCF for which percentage of lipids is known for the same

: tissue for which the BCF was measured, normalize the BCF to & one

e percent lipid basis by dividing the BCF by percentage of lipids,
e This adjustment makes all the measured BCFs comparable regardless

of species or tissue.

;ka b. Calculate the geometric mean normalized BCF.

L c¢. Calculate all possible residue values by dividing available

, :ﬁ maximum permissible tissue concentrations by the meen normalized

N BCF and by the percentage of lipids values aeppropriate to the

1 maximum permissible tissue concentration.
‘l:‘ i
k: o For an FDA action level for fish oil, the appropilate '

percentage of lipids value is 100,

s For an FDA action level for fish, the appropriate percentage
§ b of lipids value is 11 for freshwater criteria, based on the
4 highast levels for important consumed species (Sidwell 1981). i
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¢ For a maximum ADI derived from a chronic feeding study or
long-term field study with wildlife, the appropriate percent-
age of lipids is that of an aquatic species or group of
aquatic spacies which constitute a major portion of the diet
of the wildlife species.

6. The FRV is obtained by selecting the lowest of available residue
values,

11, OTHER DATA

Pertinent information that could not be used in sarlier sections may be
available concerning adverse effscts on aquatic organisms and their uses.
The most important of thesse are data on cumulative and delayed toxicity,
flavor impairment, reduction in survival, growth, or reproduction, or any
other biologically important adverse effect. Especially important are data
for mpecies for which no other data are available,

12, CRITERION

1, A criterion consists of two concentrations; the Criterion Maximum
Concentration and the Criterion Continuous Concentration,

2. The Criterion Maximum Concentration (CMC) is equal to one-half of the
FAV. :

3. The Criterion Continuous Concentration (CCC) is equal to the lower of
the FCV, the Final Plant Value, and the FRV unleas other data show a
lower value should be used. If toxicity is related to a water
quality characteristic, the CCC is obtained from the Final Chronic
Equation, the Final Plant Value, and the FRV by selecting the value
or concentration that results in the lowest concentrations in the
usual range of the water quality characteristic, unless other data
(see Section 11) show that a lower value should be used.

4. Round both the CCC and CMC to two significant figures.

5. The criterion is stated as: The procedures described in the Guide-

y indicate that (except
possibly where a locally important species is very sensitive) (1)
aquatic organisms and their uses should not be affected unacceptably
i1f the four-day average concentration of (2) does not exceed (3) ug/L
more than once every three years on the average and if the one-hour
average concentration does not exceed (4) ug/L more than once every
three years on the average,
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WVhere,

| E (1)

(2) = name of material,
(3).
(4)

N

insert freshwater or saltwater,

L2

R

insert the Criterion Continuous Concentration, and .

insert the Criterion Maximum Concentration.
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APRENDLA R

SUMMARY OF USEPA METHOMOLOGY FOR DETERMINING WATER QUALITY CRITERIA
FOR THE PROTECTION OF HUMAN HEALTH

AR

The following summary is a condensed version of the 1980 final U.S, Environ-
mental Protection Agency (USEPA) guidelines for calculating water quality
criteria to protect human health and is slanted towards the specific regula-
tory needs of tho U.S, Army. The guidelines are the most recent document
outlining the required procedures and were published in the ]

(USEPA 1980). For greater detail on individual pointa consult that
reference.

1. INTRODUCTION

The EPA's water quality criteria for the protection of human health are based
on one or more of the following properties of a chemical pollutant:

=y Iy 22X P

(a) Carcinogenicity, (b) Toxicity, and (¢) Organoleptic (taste and odor) '
effacts, i

=2

The meanings and practical uses of the criteria values are distinctly
different depending on the propertles on which they are based, Criteria
based sclely on organocleptic effects do not necessarily represent approxima-
tions of accuptuble risk levels for human health. 1In all other cases the
values represent estimates that would prevent adverse health effects or, for
suspect and proven carcinogens, estimations of the increased cancer risk
associated with Incremental changes in the ambient water concentration of the
substance, Social and economic costs and benefits are not considexed in
determining water quality criteria. In establishing water quality standards,
the choice of the criterion to he used depends on the designated water use.
!’ In the case of a multiple-use water body, the criterlon protecting the moat
sensitive use is applied,

v
P

4

«
E; 2, DATA NEEDED FOR HUMAN HEALTH CRITERIA
. Criteria documentation requires information on: (1) exposure lavels, (2)
" pharmacokinetics, and (3) range of toxlc effects of a given water pollutant.
E:;- 2.1 EXPOSURE DATA

£

For an accurate assassment of total exposure to a chemlcal, consideration

o must be given to all possible exposure routes including ingestion of
}ﬁ contaminated water and edible aquatic and nonaquatic organisms, as well as

exposure through inhalotion and dermal contact, For water quality criteria
the most important exposure routes tu be considered are ingestion of water
and consumption of fish and shellfish, Generally, exposure through inhala-
tion, dermal contact, and non-aquatic diet ju either unknown or so low as to
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{ & be insignificant: however, vhen such data are available, they must be
L included in the criteria evaluation.
e
égﬂ- The EPA guldelines for developing water quality criteria are bumed on the
B following assumptions which are designed to be protective of a healthy adult
;‘{: male who is subject to averago exposure conditions:
T
) 1. The exposed individual is a 70-kg male person (International Commis-
323 sion on Radiological Protection 1977).
e
@5& 2, The average daily consumption of freshwater and estuarine fish and
fﬁ{ﬂ shellfish products is equal to 6.5 grams.
wted
i 3. The average daily ingestion of water is equal to 2 liters (Drinking
gﬁg Water and Health, National Research Council 1977).
U
;Nﬁ, Because fish and shellfish consumption is an important exposure factor,
ﬁ%. information on bioconcentration of the pollutant in edible portions of
[ )
OO . ingested apecies is necessary to calculate the overall exposure level. The
Ly bioconcentration factor (BCF) is aqual to the quotient of the concentration
A of a substance in all or part of an organism divided by the concentratioen in
.;2§ ambient water to which the organism has been exposed. The BCF is a function
.igﬁ of lipid solubility of the substance and relative amount of llipids in edible
b portions of fish or shellfish., To determine the weighted average BCF, three
il different procedures can be used depending upon lipid solubility and avail-
[ ability of bioconcentration data:
Wy
Qﬁe 1. For lipid soluble compounds, the average BCF is calculated from the
59 weighted average percent lipids in ingested fish and shellfish in the
?S*. average American diet. The latter factor has been estimated to be 3
S percent (Stephan 1980, as cited in USEPA 1980). Because steady-state
) BCFs for lipid soluble compounds are proportional to percent lipids,
o the BCF for the average Americun diet can be calculated as follows:
AN
R, BCFavg = BCFsp x _3,08
:,l' PLep
IS
® where BCFep 18 the binconcentration factor for an aquatic species and
K S PLsp is the percent lipids in the edible portions of that species,
l‘.'in,'
N ﬁ 2. Where an appropriate bioconcentrati:.n factor is not avallable, the
ey BCF can be estimated from the octanol/water partition coefficlent (P)
Ko, of a subatance as follows:
zﬁg log BCF = (0.85 log P) - C.70
ek
3, ‘.:
f - for aquatic organisms containing about 7.6 percent lipids (Veith et
Gk, al, 1980, as cited in USEPA 1980). An adjustment for percent lipids
ﬁ;& in the average diet (3 percent versus 7.6 percent) is made to derive
] the weighted average bloconcentration factor.
;.\.E
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3, For nonlipid-soluble compounds, the available: BCFs for edible .= : -
portions of consumed freshwater and estuarine f£ish and shellfish are
weighted according to consumption factors to detsrmine the weighted
BCF representative of the average diot.

2.2 PHARMACOKINETIC DATA

gg Pharmacokinetic data, encompassing information on absorption, distribu.
tion, metabolism, and excretion, are nesded for determining the biochemical
: fate of a substance in human and animal systems. Information on absorption
ag and excretion in animals, together with a knowledge of ambient concentrations
‘ in water, food, and air, are ussful in estimating body burdens in humans,
Pharmacokinetic data are also essential for estimating squivalent oral doses
§§ based on data from inhalation or othar routes of exposurs.

2.3 BIOLOUICAL EFFECTS DATA

Effects data which are svaluated for water quality criteria include
acute, subchronic, and chronic toxlcity: synergistic and antagonistic

5 effects: and genotoxicity, teratopgenicity, and carcinogenicity. The data are
4 derived primarily from animal studies, but clinical case histories and
epideniological studies may also provide useful information, According to
- the EPA (USEPA 1980), several factors inherent in human epidemiclogical
il studies often preclude their use in generating water quality criteria (see

NAS 1977). However, epidemlological data can bs useful in testing ths
validity of animal-to-man extrapolations.

ey From an assessment of all the available data, a biological endpoint,
i.e., carcinogenicity, toxicity, or organocleptic effects is selucted for
pl criteria formulation,
I 3, HUMAN HEALTH CRITERIA FOR CARCINOGENIC SUBSTANCES
- If sufficlent dats exist to conclude that a specific substance is a -
: potential human car:lnogen (carcinogenic in animal studies, with supportive 8
: F? genotoxicity data, and possibly also supportive epidemiological data) then
- the position of the EPA is that the water quality criterion for that sub-
stance (recommended amblent water concentration for maximum protection of
W human health) is zero, This is because the EPA believes that no method exists '
}h for establishing a threshold leval for carcinogenic effacts, and, conse- b
quently, there 1g no sclentific basis for establishing a "safe" level, lo 4
" better define the carcinogenic risk associated with a particular water X
) pollutant, the EPA has developed a mnthodology for determining ambient water .
b concentrations of the substance which would correspond to incremental I
i litetime cancer risks of 10°7 to 10°3 (one additional case of cancer in i
E hi) populations ranging from ten million to 100,000, respectively), These risk
estimates, however, do not represent an EPA judgment as to an "acceptable"
risk level.
'? ,
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3.1 METHODOLOGY FOR DETERMINING CARCINOGENICITY (NONTHRESHOLD) ORITERIA

The ambient water concentration of a substance corresponding to a
specific lifetime carcinogenic risk can be calculated as follows:

70 x PR

q," (2 + 0.0065 BOP)

whate,

©
|

amblent water concentration;

the probable risk (e.g., 10°3; squivalent to ons case in
100,000); :

the biocnncentration factor: and

ql* a coefficient, the cancer potency index (defined bolow)
(USEPA 1980),

o
x
]

[+ od
Q
=i
8

By rearranging the terms in nhin squation, it can be seen that tho

ambient water concentration is one of several factors which define the
overall exposure level:

q," % C (2 +0,0085 KCF)
o= 70
or
q," % 26 + (0.0065 BCF x G)
Ro- 70
vhere,

2C is the daily exposure resulting from drinking 2 liters of water per
day and (0.,0065 x BCF x C) is the average dally exposure resulting from
the consumption of 6.5 mg of fish and shellfisli per day. Because the
exposure 1s calculated for a 70-kg man, it is normalired to a per
kilogram basis by the factor of 1/70, In this particular case, exposure
resulting from inhalation, dermal contact, and nonaquatic diet is
congldered to be negligible,

In simplified terms the equation can be rewritten

PR = ql* X,
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where X is the total average daily axposurs in mg/kg/day or

X
&& showing that the coefficient q.* is the ratio of risk to dose: an
indication of the carcinogenic potency o£ the compound.
EB The USEPA guidelines state that for the purpose of dovcloping vater

quality criteria, tho assumption is made that at low dose lovels there is a
. lincar relationship between dose and risk (at high doses, however, there may
gg be & rapid increase in risk with dose rasulting in a sharply curved dose/-
response ourve), At low dOl.l then, the ratio of risk to dose does not
change appreciably and q," is a constant. At high doses the caroinogenic
% potcnc¥ can be dorivod dlrogtly from experimental data, but for risk levels
(4 of 10°7 to 10°5 , which correspond to very low dosss, the q * value must be
derived by extrapolation from epidemiological data or from high doms, short-
texm animal biocassays.

3.2 CARCINOGENIC POTENCY CALCULATED FROM HUMAN DATA

terms of the relative risk [RR(X)) of a cohort of individuals at exposure X
compared to the risk in the control group [PR(control)] (e.g., if the cancer
risk in group A is five times greater than that of the control group, then
RR(X) = %), In such cases the "exceass" trelative cancer risk is expressed as
RR(X) - 1, and the actual numeric, or proportional excess risk level [PR(X)]
can be calculated:

&% In human epidemiological studies, carcinogsnic effect is expressed in

e

b

PR(X) = [RR(X) - 1] x PR(control),

I

Using the standard risk/dose equation: 1
, PR(X) = bxX

And substituting for PR(X):

%9 [RR(X) - 1] x PR(control) = b x X
or 1
' [RR(X) - 1] x PR(control)

X

’ 'r:'.;'..

where b is equul to the carclnogenic potency or ql*.

=
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I 3.3 CARCINOGENIC POTENCY CALCULATED FROM ANIMAL DATA

In the case of animal studies where differecnt specles, strains, and
sexes may have been tested at different doses, routes of exposure, and
exposure durations, any data sets used in calculating the health criteria
must conform to certain standards:

1. The tumor incidence must be statistically significantly higher than
the control for at least one test dose lsvel and/or the tumor
incidence rate must show a statistically significant trend with
respect to dose level,

2. The data set giving the highest index of cancer potency (q *) should
be selected unless the sample size is quite small and anotlier datas
set with a similar dose-response relationship and larger sample aize
is available.

3, If two or more data sets are comparable in size und identical with
respect to specles, strain, sex, and tumor sfte, then the geometric
mean of ql* from all data sets is used in the risk assesament.

4, If in the same study tumors occur at a significant frequency at more
than one site, the cance:s incidenc- is based on the number of animals
having tumors at any one of thuse sites.

In oxder to make differsnt data sets comparable, the EPA guidelines call
for the following standardized procedures:

1. To eatablish equivalent doses between species, the exposures are
normalized in terms of dose per day (m) per unit of hody surface
area, Because the surface area is proportional to the 2/3 powar of
the body weight (W), the daily exposure (X) can be expressed as:

m

w2/3

2. If the dose (s) is given as mg per k; of body weight:

m
S -l
W

AL
o
k. theu
LT
3 m =~ 8 xW
P, -
By
Rd
o
.:-“
‘u "
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Y

and tho equivalent daily exposure (X) would be

(e x W)
w273

Bt

or
X = s x V1/3 .

3. The dose must also be normalized to a lifetime averuge exposure. For
an carcinogenic assav in which the average dose per day (in mg) is m,
3 and the length of exposure is le, and the total length of the
experiment is Le, then the lifetime average exposure (Xm) is '

l x m
'y

A o

2/3

Le x W

4. 1€ the duration of the experiment (Le) is less than the natural life

., span (L) of the test animal, the value of g * s increased by a §
i i' factor of (iL/Le)l to adjust for an age-spaclfic increase in the ?
1 cancer rate. -
. ;
Eﬁ 5. If the exposure is expressed as the dietary concentration of a .
! substance (i ppm), then the dose per day (m) is ¥
:!R m = ppmxFxr, 3
i o
? where F is the weight of the food eaten per day in kg, and r is the %
m absorption fraction (which is generally assumed to be equal to 1). v
e The weight of the food eaten per day can be aspressed as a function e
LS |
- of body weight L
3 F o= £W :
{5 ' 3
o )
where f is a species-specific, empirically derived rocfficient which 3
I~ adjusts for differences in F due to differences in the caloric o'
N content of each species diet (f is equal to 0.028 for a 70-kg man: o
{~
' 0.05 fer a 0.35-kg rat: and 0.13 for a 0.03-kg mouse). "
_ X
o Substituting (ppm x F) for m and fW for F, the daily exposure :
‘ﬁ' (dose/surface area/day or m/w2/3) can be exprcaser. as by
" o :
ik ppm x F ppm x £ x W 1/3
1 X w =75 - T = ppmx fxVW y
: w2/3 w2/3 é
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o
‘*‘ 6. When exposure is via inhalation, calculation can be considered for
o two cszsas: (1) the substance is a water soluble gas or asrosol, and
;,‘.:, is absorbed proportionally to to the amount of air breathed in and
;g‘g,:\ (2) the substance is not very water soluble and absorption, after
ot equilibrium is reached bhetween the air and the body compartments,
RO will be proportional to the metabolic rate which is proportional to
K' * rate of oxygen consumption: which, in turn, is a function of total
A body surface arna.
P
el 3.4 EXTRAPOLATION FROM HIGH TO LOW DOSES
R
f"““ Once experimental data have besen standardized in terms of sxposure
f:;\ : lovels, they are incorporated into a mathematical model which allows for
_;“ﬁ calculation of excess risk levels and carcinogenic potency at low doses by
:ﬁ: extrapolation from high dose situations. There are a number of mathematical
e models which can be used for this procedurs (see Krewski et al, 1983 for
‘a‘:, 3 review). The EPA has selacted a "linearized multi-stage" extrapolation model
‘ for use in deriving water quality criteria (USEPA 1980). This model is
- derived from a standard "general product" time-to-response (tumor) model
é:w:i (Krewski et al, 1983):
A3
00 P(t:d) = 1 - exp(-g(d)H(t)) ,
i where P(t:d) is the probable response for dose d and time t: g(d) is
" the polynomial function defining the effect of dose lavel, and H(t)
e the effect of time:
.
_ ﬁi o al
S g(d) = I«d
‘ {=0
x‘...‘
L ".O' H(t) - Eoﬁit
Er =
o (with « and 8 2 0, and & By ~ 1).
o
B
S This time-to-response model can be converted to a quantal response model
! by incorporation of the time factor into each S as & multiplicative constant
(Crump 1980):
@ a
W p(d/t) = 1 - expl - I ad”},
5-,.: {=0
“u
u
[l or as given in the EPA guidelines (USEPA 1980):
o
- p(d) =1 - exp[ -(qy + qd + q2d2 + --~-qkd“)1 '
o
'{.fi. where P(d) is the lifetime risk (probability) of cancer at dose d.
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For a given dose the excess cancer risk A(d) above the blckground rate
P(o) is given by the equation:

P(d) - P(o)

Ad) = T TR

Wher. ’
A d - 1 - ‘xp - d + q d + .. 0+ d ’

Point estimates of the coefficients ¢,...q, and consequently the extra
risk function A(d) at any given dose are cllcul*tod by using the statistical
method of maximum likelihood. Whenever q, is not equal to 0, at low doses
the extra visk function A(d) has approxim}toly the form:

A(d) =~ q; % d.

Consequently, q, X d represents a 95 percent upper confidence limit on
the excess risk, and"R/q, represents a 95 percent lower confidence limit on
the dose producing an exZess risk of R, Thus A(d) and R will be a function
of the maximum possible valus of q, which can be determined from the 95
percent upper confidence limits on"q,. This is accomplished by using the
computer program GLOBAL 79 developed by Crump and Watson (1979), In this
procedure ¢, , the 95 percent upper confidence limit, is calculated by
increasing {, to a value which, when incorpo: ited into the log-likelihood
function, re}ultn in & maximum value satisfying the equation:

2(Lg - L1) = 2.70554,
where Lo is the maximum value of the log-likelihood function,
Whenever the multistage model does not £it the data sufficiently, data

at 'he highest dose are deleted and the model ‘s refitted to the data. To
determine whether the fit is acceptable, the cul-square statigtic 1is used:

h 2
(K, - NP

NP, (1 - P,)
oy b1 1

where Ni {s the number of animals in the ith dose group, XL is the
number of animals in the {th dose group with & tumor response, P{ is
the probability of a response in the ith dose group estimated by
fitting the multistage model to the data, and h ia the number of
temaining groups,

The fit {8 cetermined to be unacceptahle whenever chi-square (Xj) is
larger than the cumulative 99 percent point of the chi-square
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distribution with £ degrees of freedom, where £ equals the number of
dose groups minus the number of nonzero multistage coefficients.

4. HEALTH CRITERIA FOR NONCARCINOGENIC TOXIC SUBSTANCES

Water quality criteria that are based on noncarcinogenic human health
effects can be derived from several sourxces of data. In all cases it is
assumed that the magnitude of a toxic effact decreases as the exposure level
decreases until a threshold point is reached at, and below which, the toxic
effect will not occur regardless of the langth of the exposure period. Water
quality eriteria (C) establish the concentration of a substance in ambient
water which, when considered in relation to other sources of exposure (i.e.,
average daily consumption of nonaquatic organisms (DT) and daily inhalation
(IN)], place the Acceptable Daily Intake (ADI) of the substance at a level
below the toxicity threshold, thereby preventing adverse health effects:

ADI - (DT + IN)
[2L + (0.0065 kg % BCF)]

C =

where 2L is the amount of water ingested per day, 0.0065 kg is the
amount of fish and shellfish consumed per day, and BCF is the
weighted average bioconcentration factor.

In terms of scientific validity, on accurate estimate of the ADI is the
major factor in deriving a satisfactory water quality criteria,

The threshold exposure level, and thus the ADI, can be derived from
either or both animal and human toxicity data.

4,1 NONCARCINOGENIC HEALTH CRITERIA BASED ON ANIMAL TOXICITY DATA (ORAL)

For criteria devivation, toxicity is defined as any adverse effects
which result in functional impaiirment and/or pathological lesions which may
affect tha performance of the whole organism, or which reduce an organism’'s
ability to respond to an additional challenge (USEPA 1980).

A bioussay ylelding information as to the highest chronic (90 days or
rmore) exposure tolerated hy the test animal without adverse effects (No-
Observed-Adverse-Effect-Level or NOAEL) is equivalent to the toxicity
threshold and can be used directly for criteria derivation. In addition to
the NOAEL, other dcta points which can be obtained from toxicity testing are

{1) NOUElL, = No-Observed-Effect-Level,

(2) LOEL = Lowest-Nbserved-Effect-Level,

(3) LOAEL = Lowest-Observed-Adverse-Effect-Level,
(4) FEL = Frank-Effect-lievel.

According to the EPA guidelines, only certain of these data points can
be used for rriteria derivation:




1. A single FEL value, without information on the other Yezponse levels,
should not be used for criteria derivation because there is no way of
knowing hov far above the threshold it occurs.

2. A single NOEL value i{s also unsuitable becauss thers is no way of
determining how far below the threshold it ocours. If only multipls
NOELs are avuilablc, the higliest value should be used.

1f a LOEL valus alone is available, a judgement must be made as to
wvhether the value actually corresponds to a NOAEL or ati LOAEL.

4. If an LOAEL valuo'in used for criteria derivation, it mist be
adjusted by a factor of 1 to 10 to make it upproximntcly equivalent -
to the NOAEL and thus the toxicity threshold,

o s B OS% U

5. If for roasonably clossly spaced dosss only a NOEL and a LOAEL value
of equal quality are asvailable, the NOEL is used for criteria
derivation,

The most reliable entimate of the toxicity threshold would be one
obtained from a bioassay in which an NOEL, NOAEL, LOAEL, and clearly definad
FEL wers cobserved in relatively closely spaced dosesx.

& Regardless of which of the abcve data points is used to estimate the

- toxicity threshold, a judgement must be made as to whether the experimental
data are of satisfactory quality and quantity to allow for a valid extrapola-
tion for human exposure situations., Depending on whether the data are
considered to be adequate nr inadequate, the toxicity threshold is adjusted
by a "safety factor" or “"uncertainty factor" (NAS 1977). The "uncertainty
factor" may range from 10 to 1000 according to the following general guide-
lines:

B e =
¥ W

1. Uncertainty factor 10. Valid experimental results from studies on
prolonged ingestion by man, with no indication of carcinogenicity,

"1
X =

}
¥

b
: "o 2. Uncertainty factor 100. Data on chronic expoasures in humans not
™ available. Valid results of long-term feeding studies on experi-
AN mental animals, or in the absence of human studies, valid animal
/ b} studies on one or more species. No indication of carcinogenicity,
§ “5:
4 3. Uncertainty factor 1000, No long-term or acute exposure data for
p, r humans. Scanty results on experimental animals with no indication of
NS carcinogenicity.

s Uncertainty factors which fall between the categories described above
.y shoulau be selected on the basis of a logarithmic scale (e.g., 33 being
-~ halfway between 10 and 100).

- gui i e v S
o

% The phrase "no indication of carcinogenicity" means that carcinogenicity
data from animal experimental studies or human epidemiology are not avail-
able. Data frum short-term carcinogenicity screening tests may be reported,
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Db but they are not used in criteria derivation or for ruling out the uncer-

’ tainty factor approach,

Al

N ,

zga 4,2 CRITERIA BASED ON INHALATION EXPOSURES

L

ﬁﬁ% In the absence of oral toxicity data, water quality ocriteria for a

) substance can be derived from threshold limit values (TLVs) established by
Eﬁﬁ the American Conference of Governmental and Industrial Hyglenists (ACGIH),
;Q, the Occupational Safety and Health Administration (OSHA), or the National
gﬂg Institute for Occupational Safety and Health (NIOSH), or from laboratory
e studies evaluating the inhalation toxicity of the subatance in experimental
han,t animals, TLVs represent 8-hr time-weighted averages of concentrations in air
Y designed to protect workers from various adverse health effects during a
;ﬁﬁ’ normal working career. To the extent that TLVs are based on sound toxico-
ffﬁ¢ logical evaluations and have been protective in the work situation, they
*ﬁh provide helpful information for deriving water quality criteria, However,
zﬁ{g each TLV must be examined to decide if the data it is based on can bs used
igh, for caloulating a water quality criteria (using the uncertainty factor

) approach), Also the history of each TLV should be examined to assess the
Ayl extent to which it has resulted in worker safety. With each TLV, the types
bfﬁ of effects against which it is designed to protect are examined in terms of
?ﬂ?é its relevance to exposure from water. It must be shown that the chemical is
*ﬁyl not a localized irritant and thers is no significant sffect at the portal of
‘&‘g; entry, regardless of the exposure routs,

Eq. The most important factor in using inhalation data is in determining

v equivalent dose/response relationships for oral exposures. Estimates of equi-
' t valent doses can be hased upon (1) available pharmacokinetic data for oral
. ~z and inhalation routes, (2) measurements of absorption efficiency from

r.oe, ingested or inhaled chemicals, or (3) comparative excretion data when

,;) assoclated metabolic pathways are equivalent to those following orul inges-
o tion or inhalation. The use of pharmacokinetic models is the preferrod

;:. method for converting from inhalation to equivalent oral doses,

R In the absence of pharmacokinetic data, TLVs and abgorption efficiency
. A measurements can be used to calculate an ADI value by means of the Stokinger
"‘ and Woodward (1958) model:

fﬁgﬂ

329: TLV x BR x DE x d x AA
bty ADL = (AO x SF)

E, '¢$‘|

A where,

o

g " BR = daily alr intake (assume 10 m3),

! Qﬂ DE = duration of exposure in hours per day,

?_,( d = 5 days/7 days,

Y AA = efficlency of absorption from air,

~5}Q A0 = efficiency of absorption from oral exposure, and
: @ SF = safety factor,

A0

4 ; :‘}.
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i For deriving an ADI from animal inhalation toxicity data, the equation is:

kil

CAxDE xdx AA X BR x 70 kg

ADT = (BWA x AO x SF) !
i } “
gﬁ where, !
g CA = concentration in air (mg/m3), : L
B DE = duration of exposure (hr/day), :
d = nunber of days exposed/number of days observed,
X AA = afficlency of absorption from air,
_ k§ BR = volume of air breathed (m3/day),
70 kg = standard human body weight,
BWA =~ body weight of experimental animals (kg),
A0 = eofficiency of absorption from oral exposure, and
SF = gsafety factor.

The safety factors used in the above squations are intended to account
for species variability. Consequently, the mg/surface area/day conversion
factor is not used in this methodology.

5. ORGANOLEPTIC CRITERIA

o = T 55

Organoleptic criteria defino concentrations of substancves which impart
undesirable taste and/or odor to water. Organoleptic criteria are based on
assthetic qualities alone and not on toxicological data, and therefore have
no direct relationship to potential adverss human haalth effects, However,
sufficiently intense organoleptic effects may, under some circumstauces,
result in depressed fluid intake which, in turn, might aggravate a variety of
functional diseases (i.e., kidney and circulatory diseases).

pAr et

ES -

For comparison purposes, both organoleptic criteria and human health
effects criteria can be derived for a given water pollutant: however, it
should be oxplicitly stated in the criteria document that the organoleptic

criteria have no demonstrated relationship to potential adverse human health
effects.
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PREVENTIVE MEDICINE DIVISION (HSHA-IPM)
FORT SAM HOUSTON, TX 78234
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Bk 1 COMMANDER US ARMY MATERIEL COMMAND
ATTN: AMSCG

5001 EISENHOWER AVENUY
ALEXANDER, VA 22333

1 COMMANDER
US ARMY ENVIRONMENTAL HYGIENE AGENCY
ATTN: LIBRARIAN, HSDH-AD-L
ABERDEEN PROVING GROUND, MD 21010

1 DEAN
SCHOOL OF MEDICINE
UNIFORMED SERVICES UNIVERSITY OF
THR HEALTH SCIENCES
4301 JONES BRIDGE ROAD
BETHESDA, MD 20014

1 COMMANDER
US ARMY MATERIEL COMMAND
ATTN: AMCEN-A
5001 LISENHOWER AVENUE
ALEXANDER, VA 22333

1 HQDA
ATTN: DASG-PSP-E
5111 LEESBURG PIKE -
FALLS CHURCH, VA 22041-3238

1 HQDA
ATTN: DAEN-RDM
20 MASSACHUSETTS, NW
WASHINGTON, D.C. 20314
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