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National Priority List (NPL) sites. ATSDR also pre-
pares toxicological profiles for the Department of
Defense (DOD) and the Department of Energy (DOE)
on substances related to federal sites. So far, about 250
profiles were published as final documents. The profiles
focus on health and toxicological information. Toxico-
logical profiles (final and draft documents) can be found
on ATSDR’s web site (www.atsdr.cdc.gov). MRLs are
an integral part of the toxicological profiles.

MRLs are derived according to current ATSDR meth-
odology (Chou et al., 1998; Pohl and Abadin, 1995).
ATSDR uses the highest no-observed-adverse-effect level
(NOAEL) or lowest low-observed-adverse-effect level
(LOAEL) in the available literature to derive the MRLs.
Proper categorization of health effects is, therefore, critical
for the MRL derivation. The 79 MRLs related to hepato-
toxicity were based on vast databases compiled in the 53
toxicological profiles for the respective chemicals. A list of
all current MRLs (updated on May 11, 2004) is available
on ATSDR’s web site (www.atsdr.cdc.gov).

3. Results and discussion
3.1. ATSDR’s health effects classification

To determine the levels of significant human exposure
to a given chemical and associated health effects,
ATSDR’s toxicological profiles examine and interpret
available toxicological and epidemiological data. As
described in the preceding papers (Chou et al., 1998; Pohl
and Abadin, 1995), ATSDR categorizes health effects
according to the seriousness as “serious,” “less serious,”
or “minimal.” A “less-serious” effect can be defined as
changes that will prevent an organ or organ system from
functioning in a normal manner but will not necessarily
lead to the inability of the whole organism to function
normally. “Serious” effects are defined as effects that pre-
vent the organism from functioning normally or that can
cause death. Subtle effects that they may be components
in the sequence of events that leads to toxicity are usually
categorized as “minimal” (Pohl and Abadin, 1995).

3.2. ATSDR’s guidance document

The guidance document (ATSDR, 2003) provides
instructions on classification of some endpoints that may
be controversial as to the seriousness of the effects. As
noted in the guidance document, “exposure to many
substances may result in adaptive changes in the liver
that are characterized by induction of the mixed func-
tion oxidase enzyme system and proliferation of smooth
endoplasmic reticulum. Modifications occurring in the
mixed function oxidase system as a consequence of the
adaptive response may potentiate or inhibit toxic
responses to other exogenous substances. Agents that

induce chemical metabolizing enzyme systems (e.g., ace-
tone) generally tend to potentiate hepatic injury pro-
duced by compounds such as chloroform, carbon
tetrachloride, or halothane, For ATSDR, this is an espe-
cially important concept to consider because, in addition
to the specific chemical causing adaptive changes, there
is the potential for exposure to many other substances at
NPL sites” (ATSDR, 1996b, 2003).

“The borderline between adaptive physiology and
toxicity (functional impairment) is not always well delin-
eated. The following guidance provides general direction
for assessing hepatic adaptive responses; although this
guidance is appropriate in most cases, there may be
exceptions. However, for the purpose of assessing the
biological significance of adaptive responses in the liver,
the following criteria should be used: biochemical
changes characterized by induction of enzymes of the
mixed function oxidase system along with morphologic
changes of hepatocellular hypertrophy and proliferation
of smooth endoplasmic reticulum should be considered
potentially adverse and should be classified as a less seri-
ous LOAEL. Other supportive changes that may be
observed include increased organ weight, hepatic
enlargement, and accentuated cytoplasmic eosinophilia.
To maximize the accuracy of assessing hepatic (or other)
adaptive responses, in addition to the guidance given
here, this interpretative process is accompanied by
insightful case-by-case analysis” (ATSDR, 1996b, 2003).

Similarly, the whole clinical picture has to be evaluated
for effects classified as less serious LOAELS versus serious
LOAELs. In animal studies, normal ranges are often not
well established and statistical increase in liver enzymes is
frequently classified as a less serious effect; however, when
the increases are combined with other effects showing a
threat to the organism from a serious damage to the liver,
they would be classified as a serious LOAEL. In contrast,
normal ranges and clinically defined pathological levels
are used to identify LOAELSs in human studies.

Other instructions in the guidance document pertain
to a table with examples of hepatic health effects classifi-
cation (Table 1). Some effects need further evaluation as

Table 1
Hepatic effect end points

Effect Less Serious
serious

Altered liver enzymes +

Hepatomegaly (enlargement of the liver) +

Porphyria (disturbance of +
porphyrin metabolism)

Hepatocyte vacuolization +

Congestion of liver

Hepatic necrosis

Cirrhosis +

Jaundice

Gall bladder effects

Fatty changes in liver

Hepatocellular degeneration

+
+ +

+ + + +
+ o+

-
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Table 2

MRLs based on hepatic effects

Reference

Route Duration MRL value UF End point

Oral
Oral

Substance

EPA (1989¢)

LOAEL in mice; increased liver weight

300
1000

0.6 mg/kg/day

Intermediate
Chronic

Acenaphthene

Aldrin

Fitzhugh et al. (1964)

LOAEL in rats; enlarged hepatocytes,
eosinophilia, possible vacuolization

0.00003 mg/kg/day

EPA (1989d)

NOAEL in mice; no effects in the study

100
1000

10 mg/kg/day

Intermediate

Acute

Oral

Anthracene

Condie et al. (1983)

LOAEL in mice; minimal histological changes
NOAEL in mice; increased SGPT and focal

inflammation at higher doses

0.04 mg/kg/day
0.7 mg/kg/day

Oral
Oral

Bromodichloro-methane

Bromoform

Condie et al. (1983)

100

Acute

H.R. Pohl, C.-H.S.J. Chou | Regulatory Toxicology and Pharmacology 42 (2005) 161-171

NTP (1989)

NOAEL in rats; hepatic vacuolization at

higher doses

0.2 mg/kg/day 100

Intermediate

Oral

Bromoform

NTP (1989)

LOAEL in rats; hepatic vacuolization

300
300

0.2 mg/kg/day

Chronic
Acute

Oral
Oral

Bromoform

Masuda et al. (1986)

LOAEL in rats; dose-dependent decreases

0.01 mg/kg/day

Carbon disulfide

in hepatic microsomal drug-metabolizing enzymes

NOAEL in rats; fatty degeneration, cirrhosis at

higher doses

Adams et al. (1952)

30

0.03 ppm

Intermediate

Inhalation

Carbon tetrachloride

Japan Bioassay

NOAEL in rats; increased tota! bilirubin, SGOT,
SGPT; increased fatty changes, granulation, foci in

30

0.03 ppm

Chronic

Inhalation

Carbon tetrachloride

Research Center (1998)

the liver, deposition of ceroid, and serious effects such

as fibrosis and cirrhosis at higher doses.

Smialowicz et al. (1991)

LOAEL in rats; minimal vacuolar degeneration at
the dose, minimal hepatocellular necrosis at the

higher dose

90

0.05 mg/kg/day

Acute

Oral

Carbon tetrachloride

Bruckner et al. (1986)

NOAEL in rats; mild centrilobular vacuolization and
increased serum sorbitol dehydrogenase activity at
higher dose; cirrhosis and increased serum enzyme

0.02 mg/kg/day 30

Intermediate

Oral

Carbon tetrachloride

(OCT, ALT, sorbitol dehydrogenase) activities at the

highest dose

Khasawinah et al. (1989a);

NOAEL in rats; hepatocellular hypertrophy at

higher dose

100

0.0002 mg/m*

Intermediate

Inhalation

Chlordane

Velsicol Chemical Co (1984)
Khasawinah et al. (1989a);

extrapolated from the intermediate duration MRL

1000
by applying a UF of 10

0.00002 mg/m®

Chronic

Inhalation

Chlordane

Velsicol Chemical Co (1984)

Khasawinah and Grutsch (1989b);

Velsicol Chemical Co (1983)

NOAEL in rats; hepatocellular hypertrophy at

higher dose

100

0.0006 mg/kg/day

Intermediate

Oral

Chlordane

Khasawinah and Grutsch (1989b);

Velsicol Chemical Co (1983)

NTP (1985a)

NOAEL in rats; hepatocellular hypertrophy at

higher dose

100

0.0006 mg/kg/day

Chronic

Oral

Chlordane

NOAEL in rats; increased enzymes and necrosis at

higher dose

Intermediate 0.4 mg/kg/day 100

Oral

Chlorobenzene

NTP (1985b)

LOAEL in rats; fatty and “ground glass”

cytoplasmic changes

300

0.09 mg/kg/day

Chronic

Oral

Chlorodibromo-methane

Larson et al. (1994a)

NOAEL in mice; centrilobular vacuolization at

higher dose

30

0.1 ppm

Acute

Inhalation

Chloroform

Phoon et al. (1983)
Bornski et al. (1967)

100 LOAEL in humans; toxic hepatitis

0.05 ppm
0.02 ppm

Intermediate
Chronic

Inhalation

Chloroform

LOAEL in humans; hepatomegaly, toxic hepatitis,

hepatosteatosis

100

Inhalation

Chloroform

Larson et al. (1994b)

NOAEL in mice; cytoplasmic eosiniphilia in

centrilobular hepatocytes

100

0.3 mg/kg/day

Acute

Oral

Chloroform

H.R. Pohl, C.-H.S.J. Chou | Regulatory Toxicology and Pharmacology 42 (2005) 161-171

vices, Public Health Service, Agency for Toxic Substances and Dis-
ease Registry, Atlanta, GA. Available from: www.atsdr.cdc.gov.

Bailie, M.B,, Mullaney, T.P., Roth, R.A., 1993. Characterization of
acute 4,4’-methylene dianilene hepatotoxicity in the rat. Environ.
Health Perspect. 101 (2), 130-133.

Barnes, D.W,, Sanders, V.M., White Jr., K.L., Shopp, G.M., Munson,
A.E., 1985. Toxicology of trans-1,2-dichloroethylene in the mouse.
Drug Chem. Toxicol. 8 (5), 373-392.

Bi, W.,, Wang, Y., Huang, M., et al., 1985. Effect of vinyl chloride on tes-
tis in rats. Ecotoxicol. Environ. Saf. 10, 281-289.

Bornski, H., Sobolewska, A., Strakowski, A., 1967. Toxic damage of
the liver by chloroform in chemical industry workers. Int. Arch. F
Gewerbepathologie u. Gewerbehygiene 24, 127-134 (German).

Bruckner, J.V., MacKenzie, W.F., Muralidhara, S, et al, 1986. Oral
toxicity of carbon tetrachloride: acute, subacute and subchronic
studies in rats. Fundam. Appl. Toxicol. 6, 16-34.

Bryson, P.D., 1997. Comprehensive Review in Toxicology for Emer-
gency Clinicians. Taylor & Francis, Philadelphia.

Cheever, K.L., Cholakis, J. M., el-Hawari, A.M,, et al,, 1990. Ethylene
dichloride: the influence of disulfiram or ethanol on oncogenicity,
metabolism, and DNA covalent binding in rats. Fundam. Appl.
Toxicol. 14, 243-261.

Chou, C.-H.8.J., Williams-Johnson, M., 1998. Health effects classifica-
tion and its role in the derivation of minimal risk levels: neurologi-
cal effects. Toxicol. Ind. Health 14 (3),455-471.

Chou, C-H.S.J, Holler, J., De Rosa, C.T., 1998. Minimal risk levels
(MRLs) for hazardous substances. J. Clean Technol. Environ. Tox-
icol. Occup. Med. 7, 1-24.

Chu, I, Villeneuve, D.C,, Sun, C.-W,, et al,, 1986. Toxicity of toxaphene
in the rat and beagle dog. Fundam. Appl. Toxicol. 7,406-418.

CIIT, 1981. Final report on a chronic inhalation toxicology study in
rats and mice exposed to methyl chloride. Unpublished study pre-
pared by Battelle-Columbus Laboratories, Columbus, OH. OTS
Submission Document ID 40-8120717. Microfiche 511310.

Condie, LW, Smallwood, C.L., Laurie, R.D., 1983. Comparative renal
and hepatotoxicity of halomethanes: bromodichloromethane,
bromoform, chloroform, dibromochloromethane and methylene
chloride. Drug Chem. Toxicol. 6, 563-578.

Elovaara, E., Engstrom, K., Hayri, L., et al,, 1989. Metabolism of anti-
pyrine and m-xylene in rats after prolonged pretreatment with
xylene alone or xylene with ethanol, phenobarbital, or 3-methyl-
cholanthrene. Xenobiotica 19, 945-960.

EPA, 1988. U.S. Environmental Protection Agency. 13-week mouse
oral subchronic toxicity study with fluoranthene. Prepared by Tox-
icity Research Laboratories, LTD., Muskegon, MI for the Office of
Solid Waste, Washington, DC.

EPA, 1989¢. U.S. Environmental Protection Agency. Mouse oral sub-
chronic study with acenaphthene. Study conducted by Hazelton
Laboratories, Inc, for the Office of Solid Waste, Washington,
D.C.

EPA, 1989d. U.S. Environmental Protection Agency. Subchronic toxicity
in mice with anthracene. Final report, Hazelton Laboratories Amer-
ica, Inc. Prepared for the Office of Solid Waste, Washington, DC.

EPA, 198%. U.S. Environmental Protection Agency. Mouse oral sub-
chronic toxicity study with flurene. Prepared by Toxicity Research
Laboratories, Ltd, Muskegon, MI for the Office of Solid Waste,
Washington, DC.

EPA, 1994. U.S. Environmental Protection Agency. Methods for deri-
vation of inhalation reference concentrations and application of
inhalation dosimetry. Office of Research and Development. Wash-
ington, DC EPA/600/8-90/066F.

Evans, J.G., Lake, B.G., 1998. The digestive system 11: the hepatobiliary
system. In: Turton, J., Hooson, J. (Eds.), Target Organ Pathology.
Taylor and Francis, Bristol, PA.

Fitzhugh, O.G., Nelson, A.A., Frawley, J.P., 1950. The chronic toxici-
ties of technical benzene hexachloride and its o, f and y isomers. J.
Pharmacol. Exp. Ther. 100, 59-66.

169

Fitzhugh, O., Nelson, A., 1947. The chronic oral toxicity of DDT (2,2-
bis-p-chlorophenyl-1,1,1-trichloroethane). J. Pharmacol. Exp. Ther.
89, 18-30.

Fitzhugh, O.G., Nelson, A.A., Quaife, M.L,, 1964. Chronic oral toxicity
of aldrin and dieldrin in rats and dogs. Food Cosmet. Toxicol. 2,
551-562.

Freundt, K.J., Liebaldt, G.P., Lieberwirth, E., 1977. Toxicity studies on
trans-1,2-dichloroethylene. Toxicology 7, 141-153.

Gaworski, C.L., MacEwen, J.D., Vernot, E.H., et al., 1984. Comparison
of the subchronic inhalation toxicity of petroleum and oil shale JP-
5 jet fuels. In: MacFarland, H.N., Holdsworth, C.E., MacGregor,
J.A. (Eds.), Advances in Modern Environmental Toxicology. Vol.
VI. Applied Toxicology of Petroleum Hydrocarbons. Princeton Sci-
entific Publishers, Prinston, NJ, pp. 33-47.

Gorzinski, S.J., Nolan, R.J., McCollister, S.B,, et al,, 1985. Subchronic
oral toxicity, tissue distribution and clearance of hexachloroethane
in the rat. Drug Chem. Toxicol. 8, 155-169.

Haun, C.C,, Vernot, E.H., Darmer, K I, et al. 1972, Continuous animal
exposure to low levels of dichloromethane. AMRL-TR-72-130,
Paper No. 12.

Haun, C.C,, Kinkead, E.R., 1973. Chronic inhalation toxicity of hydra-
zine. Springfield, VA: U.S. Department of Commerce. AMRL-TR-
73-125.

Haun, C.C,, Kinkead, E.R.,, Vemot, E.H,, et al. 1984. Chronic inhalation
toxicity of unsymmetrical dimethylhydrazine: oncogenic eflects.
AFAMRL-TR-85-020.

Heywood, R, Sortwell, R.J.,, Noel, P.R.B,, et al,, 1979, Safety evaluation
of toothpaste containing chloroform 1. Long-term study in beagle
dogs. J. Environ. Pathol. Toxicol. 2, 835-851.

Hoechst, 1989. Endosulfan—substance technical (code HOE 02671 Ol
ZD96 0002): testing for toxicity by repeated oral administration (1-
year feeding study) to Beagle dogs. Conducted for Hoechst Akti-
engesellschaft, Frankfurt, Germany. Project No. 87.0643.

Hollingsworth, R.L., Rowe, V.K,, Oyen, F,, etal, 1956. Toxicity of
paradichlorobenzene. Arch. Ind. Health 14, 138-147.

Japan Bioassay Research Center, 1998. Subchronic inhalation toxicity
and carcinogenicity studies of carbon tetrachloride in F344 rats
and BDF1 mice (Studies Nos. 0020, 0021, 0043, and 0044). Kanag-
awa, Japan Industrial Safety and Health Association, Japan Bioas-
say Research Center (Unpublished report to the Ministry of
Labor). Hirasawa Hadano Kanagawa, 257 Japan.

Khasawinah, A.M., Hardy, C.J., Clark, G.C., 1989a. Comparative inha-
lation toxicity of technical chlordane in rats and monkeys. J. Toxi-
col. Environ. Health 28, 327-347.

Khasawinah, AM., Grutsch, J.F.,, 1989b. Chlordane thirty-month
tumorigenicity and chronic toxicity test in rats. Regul. Toxicol.
Pharmacol. 10, 95-109.

Lake, B.G., Gray, T.J,, Gangolli, S.D., 1986. Hepatic effects of phthalate
esters and related compounds—and in vitro correlations. Environ.
Health Perspect. 67, 283-290.

Larson, J.L,, Sprankle, C.S., Butterworth, B.E., 1994a. Lack of chloro-
form-induced DNA repair in vitro and in vivo in hepatocytes of
female B6C3F1 mice. Environ. Mol. Mutagen. 23 (2), 132-136.

Larson, J.L., Wolf, D.C., Butterworth, B.E., 1994b. Induced cytotoxic-
ity and cell proliferation in the hepatocarcinogenicity of chloro-
form in female B6C3Ft mice: comparison of administration by
gavage in corn oil vs ad libitum in drinking water. Fundam. Appl.
Toxicol. 22, 90-102.

Laug, E., Nelson, A., Fitzhugh, O, et al,, 1950. Liver cell alternation
and DDT storage in the fat of the rat induced by dietary levels of 1
to 50 ppm DDT. J. Pharmacol. Exp. Ther. 98, 268.

Levine, B.S,, Rust, J.H,, Barkley, J.J., et al., 1990. Six month oral toxicity
study of trinitrotoluene in beagle dogs. Toxicology 63 (2), 233-244.

Masuda, Y., Yasoshima, M., Nakayama, N., 1986. Early, selective and
reversible suppression of cytochrome P-450-dependent monoxygen-
ase of liver microsomes following the administration of low doses of
carbon disulfide in mice. Biochem. Pharmacol. 35, 3941-3947.



(28vd 1xau uo panuiuod)

3!

sasop 13y3iy e sisok1eyosiue

pue einiydoseq poazijerayduad fsjes ur TIVON
sutwesdiwr Jo uonaloxs A1el[q pue ‘wsroqelsw

suaydexo],

[B10

seIpauLIsIU|

Kep/3y/3u [00°0

00¢

(9861) Te 12 nYD

susydexo],

(10

ANdY

2)BIP3ULIdIU|

Aep/33/8w 000

000t

‘ayeidn sneday paseardap ‘sies ul TVOT

(8L61) d[EpUSY3 N
(z861) "2 3 vARISEALS

usIfIg

sutwejkdoid-Ar-iposonyiu-p

[?10
[e10

Kep@yBw o
Aep@yBw 600

0001

001

SR W 1Vl
‘oo1w ut TAVON

Aoy

sasop Jaysiy

18 $150103U ‘sojonoea onuse[do1fs s1er ut TIVON

(8L61) "2 12 [lepuA L,

TEEZEEARASS ST T T Imm m g g g U
= 0o 0 0o O 7 7 2O w Is) o o o = = = w & = .
2222544 bh0 8 = x % £ o6 o e = = =z =
oo oo @ = =] I 5o e 28 © =g o
e 2 = o & o] o © Ca B % Z 3 ! !
ZasTs T =8 T Z£Z £335 £ = g g 8
==~ B 1 ) e = o o O c ° = = o] - o
e 00 g . =3 = = = = = = = - <
6.0 0 & ® ¢ 929 9 s = = o o
=RE=a = I & & (5] o £ = =
o oo — = = S = 1= =
5.5 5 0 8 2 & o =3 = =
asa = 5 5 0 o o =5 =
o 06 0o 5] Qou. AUd.. & £
= 11 > @ @
& &
5 5
o o
- R
959855 EE9E § 99 £92¢ ¢ 9 ¢ g 9
EEZgZg2EgEgEgEEE & g8 E££28 & 2 & £ £
22 zZ2Z o
o0 g oo <)
5 3 35533 =1
AT SO -oAT = = A-= A = A - 3
Fsyrs22853832x2 2 52 FE2 ¥ 2 Z 2 &
ceoa3383%¢c8838% g = g e g3 3 S o 4 =3
m.m.m.wwmm.mmm.w w em m.mw 2. m 3, w ¢
cefggd 228 & e &g ° g ° g
8 & & S g s = g 8 g £
gEEy =25 5 = = =8 =4 =
o a6 o o o o o o o G [¢] w
COOOCOOWYVLOD © —9 S99 o o O S w
gghwbowggivg = g B> 3 3 S = 3
sSfZ8zBEsgeel R a8 %z 8 @ 3 2 @
®38T 3 3 & S
S52g%E35%3 & & 3ee 5 &~ & JEN
ww =T g L35 S R = < @ g = @
€g &I &S ce Sew T g € g
oo a e Pon B 25 faa E w o= B
© & = = a < e s Q@ = = <
= < < & © E< < o= <
a & < = 5 @
= £ < < o
< i &
“
cowwoodoodcSE o odbd oS o & o s &
SSISSSSRESTESIES &5 535 e & & & s S

asop Jaysiy

sasop 1y31y
1e aseeydsoyd surjey[e pasearour isSop ur T4 VON

S1SO103U 2d1W U TIVOT
1B SIS0JO3U pUrR UONIRISUA3IP JAAI] (511qQQPI UL T VON

uonezijonsea sje1 ul JgvVo1
S3BURYD A)1B] 212A3S O AJLISPOU $32(W UI TTVO']

S[9A3] N1 PaseaInap sie1 ul TV

S[9A3] 3509N[T POOJq PasSEIINIP S1BI Ul TIVO'T
uonewweyul oneday sjerur 7gVOT

sa3ueyo A11ejJ ‘sajonoea ao1u ul TIVOT

sadueyd ANeJ ‘sapondea o Ul TAVO]
asop 1ay3iy je (payioads jou) sagueyd

sasop 19y31y e s33800reday ur Surjom
[eaiSojoyiedolsty pue 1y3iom 10A1] isjea Ul TIVON

‘SIYSIoM I3AT} SANIB[I PISBAIDUL (S1Rt Ul T VON
SAANDR JWAZUS IYSI3Mm IIAI] PAILAI[D

sasop 1ay31y 1w 190) onjeday s1el ul TIVON

$350p 19y31y e saguryd A13e) [s1el Ul THVON

{195 1R[NQOJIIUAD Jo uoneZIul[eAy Siel ut 19vVO71
sasop Jaygiy 1e sagueyd [rorSojolsiy pue

1Y315M J9A1] UL ISBAIDUI PAIR[AI-ISOP ‘siel Ul T VON
W31om 13A1] pasealoul (21w Ul 13 VQO]

1YB1am I3A1] pasealout 231w Ul 19V

Any3uys ‘vonersyyoad [ewosixorad syes ut 13VO]
asop Jay3iy 1e'uonejonaea siwuseldolfs snouaanad
Ul S3SRAIDUL S]RIIPOW-0)-PHtl *AJIANIOR ISB[AYI29D
-()-UYnNI0sAI-AXOY12 Pasearoul isied ul T YON
KNA1IOR 3SBIAY122D-(-ULIRWNOIAXOYI-/ PdNpal
JYT1om I3AI] AN} PAsBAIDUL SRt Ul TIVOT

ZgzI@Per >z O £ IODO I X = g £
S 28 Qo RE R & <} o B o 9T ) Y
9 & o
cZzegn = c 8 s Nx > & =2 =
Tgésggnin®s & L 22X 8 2 % > e
R Zs 2o 380 5 s g2 70& <] <} o
o a
%wsmwwwn.w%u = e 5 S8R = o o & o
. = o =X
Sgpae=z el i85 s& 2388 = 32 =
- = ot e A o = oo~ 0O e ® —~ o~
~2 2o <o oL T ~o B~ ® iy 3 3
Sr-oeo8eg8 5 = o = e 7 = g 3
L~ 37 =" un = T O 8 —_ ~ 2 > 4 X
0= 5~~~ ') —~ ~) T —
oo =2 - & — D~ %= o 3 - =
2 &4 r -~ & 2 &£ =
sz 2 -z < x® 3
° 2 2 et
& ) &
S ~ ~

ILI-T91 (§002) 2p €8ojoovrwipyyg puv £30j031x0 Lioion3ay [ noy?) S'H- ‘1Yod 4’ H

'sapnuead onusedoifs osiydoseq

Aqrerayduad “errydAxo snwusedoyks pasearout
‘s31nqoJ je11udd ut A[eSswoikooreday syes ut T3 VON

(0561) e 12 3ne]

{(Lp61) UOS|aN pur ySnyztg

-dd1aa

(XINH) sutweniu-e1d)

[®10

JeIpauLIdju|

Aep3y/8w 60000

001

asop 1ay31y 1e wseido1Ad yiep pue wponu jed yum

SUIAYIW-BII0PLD

AepEyBwcy  AeIpauualu] [e10

0001

S[[22 Je[nQO[LIud padre[ua siel ul TIVON

(s861) Aunry

sasop 19y31y 18 safuryd

[ea13ojoyedoisty ‘ [Ty Paseardul o1 ul 79VO]

JuePWOIOYD

uotnejeyuj

JeIpauLIdu|

wdd 7o

Kep/ByAw 00

00t

(1861) L1ID

(6L61) 'I7 12 poomAay
(6L61) '® 19 poomAay

WI0joIo[YD)
W10JoI0[y)

1810

a0y
JrIpaULISIU|

0001
00!

LdDS paseasout s3op ur 13vo1

asop 1ay3iy 18 14D paseasoul s3op ur TIVON

[?10

Kep/3y/Bw g

-13§ uvwiny pue yijeay jo wauniedag ‘SN juswiwo)) a1qnd 10§
yraqg aepdn spuolyod jAula 1oj sqyoid [eadojooixo] ‘007 “UASLY

AOZOPIIPSIB MMM (WMOI] J[qR[IRAY

VO ‘muepy ‘A1Isiday oseasig pue sadurisqng o1xo] 10 Louady

QIAIBS YNBSH AN ‘SIVIAIS UBWINY pue UyesH Jo judw
-uedaq s sjouaydotopyo 10) sjyoid [eardoooixo] ‘6661 “UASLY

"AOTOPIIPSIT MMM [LUOIJ JQR[IBAY

VO ‘Blue)ly ‘K135132y aseasi(] pur sadueisqng o1xo, 10) Kousdy

‘30IAIRS IR 21N ‘SADIAISS URWNH puek yi[ray jo juawiredaq
‘SN dpyInsip uogieo Joj oqyoid [edrdojodixol, 99661 “YASLY

‘A0S OPIIPSIE MMM (IMOI) J[qR[IBAY

VD ‘elue)ly ‘Ansigoy osessi(] pue saduwisqng dIxo] Ioj Aouagy

‘AIAISS YIBSH QN ‘SIVIAIAG UBWINH Ppu® IBIH JOo judw
-Medaq SN areyiyd [Ay11p 10y dyoid [eaB0[0AIXO L G661 “YUSLY

VY0 ‘RIUB[IY ‘SIDIAIAG UBWINYH pue Y)[eay Jo juauniedaqg

‘ST ‘ANsI3ay] aseasiq pue saourlsqng d1xo] o) Louady ‘(aepdn)
sajyoad [votdojoorxoy) Juidojaaap 10y souepinD €007 “YASLV

VD) ‘BIUER[IY ‘SAOIAIIS URWINYH PU® YI[eal JO Jusw

-urdaQ 'S ‘ANsi3ay oseasiq pue saourisqns d1xo] Joj Aouady
'sajyosd [eordojosixo) Juido[aadp Joj 2duepID ‘q9gs] “UASLV

‘T88ST-EL8ST "(101) 19 1SITY [RI3PI] "UOLRALIOP IO ddUR
-pn3d pur souwisqns A11oud 10§ SI9AI] YSU [RUHULIA 'B9661 “YASLY

PIILYI-T68Ud SILN

‘VD ‘muppy "AII1SI393 9srasi(] pue saourIsqQng dI1xo [, 1oj Aouady

331A19S YI[BaH d1qn ] ‘SAOIAIAS URWNE puk yiray jo juawedaq
‘SN [enurw dduepind Juawssasse  Ypeay dlqnd ‘766l ‘UASLY

‘(‘Iv 12 pa1aag £q patoyine) A1ojeroqe uswdopoas(g pue

[oIeasay Suuasuidusolg [eoIpajA Auuy ‘g ‘purwiwo)) juswdo

-[9A3(] PUE Yo1Rasay [RAIpa]A AUV ‘SN QI DL ‘34 uones)
-stunuipe A1ejaip Aq siet ul Apnis A1101X01 3oam €1 (X IAH §86] ‘Auny

‘7991 'dd L1/$8LP1V-AV ON

JUBWINDO(] "PURLULOY) SWIISAS 3010 JIY ‘UOISIAL( [BItpajA doeds

-013y ‘K101R10QRT Y2IRaSaY [RIIPa 2ordsolay HQ ‘oseq 2210

1y uosiaed- UM "100-78-UL-TAWVY "ON Hoday 'pg61 :110dar

[EOIULD3) [RNUUR JIUN YIURISA spIvzey o1Xo L :uf "jonj 1af p-J[ wnaj
-01ad 0} ainsodxa uone|eyul snonuruod Aep-LIDUIN pR61 93104 Iy

‘PUBLLILLIOD) SWI)SAS 3010, 11y ‘UOISIAL(] |BAPIA

aoedsolay ‘AloyeioqeRT yoswasay [edpajy doedsoloy (HO ‘oseg

30104 N1V UOSIdNEJ-WSUM 0T00-16- UL TUWNVY ON Hoday
‘L-d[ pu® SL-df siony 190 jo uonenieas owaduown] ‘[66] ‘@010 Iy

'99-0S ‘9 P3N "dnooQ “SAH "puf "yaly sjpw

-lue A101810QR] U0 sjuduwiLadxa Aq PaUIULIdIAP SPLIO[YDRIID) UOQIED
Jo Anoixoy 1odep 7661 “IR 12 VA ‘9moy “O'H “ouadg “IN'g ‘swepy

"99~19 ‘§T "joorunIRy] |03

-X0 ], N33y 'S[9AT 1y [RWIUIA Jo 1uaudo]aAdp 3y ul $103)3 [d]
-3ojojuway Jo asn ay I, "8661 “S'f IoYM “d'H ‘Aelny “O Y ‘ulpeqy

SIIUIIYIY

‘sjueoixojoyeday Jayjo pue ‘sjuage
[ediA ‘sjeonasewieyd yim SUOIIBUIQUIOD Ul pUE ‘sdin)
-XIW Ul S[EDIUAYD [BIUSWUOIIAUD JO UOIIOR 21X0} Julof Jo
Judwissasse ysu oyl aaoxduwr osfe [[im Surpuelstopun SIyL
"SYSLL YI[eay dY) JO UONBN|BAS 19119q B SIOSSAsse Yi[eay
Yl J[qBUd [[IM S[9A3[ JRNd3jOW UO Swsiuesio JulAl]
3Y) YIIM SUOIIORIAIUI JISY) PUE S[EDIWAYD [BIUSWIUOIAUD
JO SO1BUAPODIX0] puk S$O112UIN0IIX0] Jo Sulpuejsispun
1anag -patojdxo Surdq ase (syvsO) sdiysuoneps An
-Al)OR-31n30n.0s daneuenb pue ‘Guipppowr (M Jgd) ondu
-pjooeweyd paseq AjjeordojoisAyd ‘suonie[nojes asop
yiewyouaq “S9 uatussasse ysu 03 sayorvoldde maN
“JUDLUSSISSE MSLI Yi[eay [ednuays ay) suysl o} saifojo
-poyjaw sAnBUId) B J0] Yo1eas 9y} pautof sey JYASLY

ILI-191 (S002) zp A8oj0omtuivy g pup £80j021x0 ] L4010y (noyD 'S H-D 14od H'H

*S{EOLUAYD
snopJaezey J1oj sanjea ssueping paseq Yi[eay 2ALIIp Y]
sapusge Jaylo yum sjqeredwod are synsal s YJSLV
jeyy oazipeas o1 [ydpy st i) (sgn Jo uoneoydde
“39) oo juenodwn ue sfeld juawdpnl [eoipawolq
oIoym uoneAlIdp TYW Yl Joj ASojopoyjlowr 2jep
-03-dn sasn YISV "Snooj ur ansst siy) JuLiq 0) SIALIIS
spone sy ‘s10ae oneday jo uonesyissed Jurpiedal
suols1oap Ised oY) Suimoladl uj ‘siseq osed-Aq-0sed ®
uo $1991§2 yijeay jo uoneoyissed sadoid sy Suissnosip
sysipuads Jo dnouSyiom B pue UOIIBOYISSE[D Yl Ylim
djoy 03 1uswnoop adueping e sey YSLVY Aym s1 ey
‘UOTIBALID T Ul 2ouedytudis jeasd sey sjestwuayd
pue saIpnis JUIYIp 2yl ssoroe syutodpud Je[ILUIS
Jo uoneoyissep ur  Adudsisuo)) ASojorsAydoyied
pue A3ojoyied jo Suipuelsiopun Jead saimbai siy]
UONBALIAD T Jo ssaooxd ay) 10J [eIONID SI S3103)2
Jo uoneoyisseld 1adoid "A1191x03 119y jo 198183 Asewnad
© S1 I9AI[ 9Y} SLUOS 10J PUB ‘S[EOIWYD AUBW YIIM UDIS SI
Kdrxoleday ST JO uonieaLIdap oyl ut juerrodwi ase
sjutodpus Aserjiqoyeday ay) 019y pajeIISuUOWap Sy

uoIsn[uo)) *p

*a1youd [eo130]
-021%07 1jelp ) ul syudwwod oygnd 1oj paseajal A[jual
-0 ST SIYL ($00T “UASLY) Aep/8x/8w_o] X €
SI 9pUIOJYD JAUIA JOJ "YW [BIO OIUOIYD PISIAdI
pasodoad ay], -onseidosusid-uou paiapisuod st ysIym
‘wisiydaowAjod 1199 1241 J0J THVON Y1 U0 TYA [B10
31u0JYd 3puIo[Yd [AulA ay] aseq o) denrdoidde atow oq
pinom 11 1eys pue ‘onsejdosuaid parapisuod Ajjetaudd
a1e 190) oijiydoseq JaAll Y} PIapN[OUOd IPLIOIYD [Aula
10) TUW [BIO D1UCIYD 31} jO UOHEBN[BAI-21 JUIDAI B
‘Kisnoiasad psuonuaw sy "AJ1[IqELIBA UBWINY 10] (] pue
‘uonejodesixa uewny o) jewue 10j 9] “I4IVOT ® Jo
asnJoj g1 ‘pandde sem g1 Jo 41 V OpHOJYD [AUIA 10)
TU [B10 JIUOCIYD © SALISP 0) pasn sem saipnis (1661
‘€861) "I& 19 [LL 3y ut s1et ut 100§ dipiydoseq Joj Aep/3y
/AW g0 Jo TAVOT V "ANjiqelieA uewny loj (] pue
uonejode1)xd uewiny o) [ewiue 10J ¢ ‘pajdde sem (¢ Jo
AN uy "Kep/8yBuw (o Jo TAVON Iudjeanbs uewny
B 2)e[nojes 01 [apow dgd ® pasn yvddT 'saipnis (1661
‘€861) '[B 12 1L ayy u1 payodar sjer ur wsiydiowAjod
[199 I5A1] UO paseq St opuIo[Yd [AulA 10] Y YL Aep
/338w _] X ¢ Jo (1Y Furpuodsariod e pue dpLIO[Yd
[Auta 10y Kep/Sy/Bw . o[ X7 JO TYW [vi0 Otuosyd
3} UOIMIIG SBM OUDISPIP AYllomdlou AJuo 3y ‘uon
-BALISP 21} JOJ pasn SI01ovj Alulelladun pue ‘syutodpus
Io/pue S3IpNis oY) 0] anp I8 SIDUAIYIP ay ], "APYSiys
K1oa 1agip sgAgd PUB ‘QUIZUQOIYDIP-H‘] ‘Dudlifls
‘auszusqolo[yd ‘apuojyoena) uoqied 10j sSTUYW (01
Aq papialp “a1) aansodxa jo uonelnp Ioj pajsnlpe usym
SCU 2A102dsar ay) yim puodsariod STY 9594 due
-Y12010[YydLI)-Z°[¢| pue ‘dusyiueiony ‘ausayiydeusdse 10j

891



166

Table 2 (continued)

Substance

Reference

MRL value UF End point
0.03 ppm

Duration

Route

Bi et al. (1985)

LOAEL in rats; increased liver weight

300
1000
1000

Intermediate
Chronic

Inhalation

Oral

Vinyl chloride
Vinyl chloride

Xylene, m-

Til et al. (1983, 1991)
Elovaara et al. (1989)

LOAEL in rats; increase in basophilic foci

0.00002 mg/kg/day
0.6 mg/kg/day

LOAEL in rats; increased plasma ALT, membrane

damage

Intermediate

Oral

Prendergast et al. (1967)

NOAEL in guinea pigs; increased SGPT and alkaline
phosphatase activity and decreased lipid content at

higher dose

100

0.02 ppm

Intermediate

Inhalation

1,1-Dichloroethene

H.R Pohl, C.-H.S.J. Chou | Regulatory Toxicology and Pharmacology 42 (2005) 161-171

Quast et al. (1983)
Haun et al. (1984)

LOAEL in rats; hepacellular changes

1000

0.009 mg/kg/day
0.0002 ppm

Chronic

Oral

1,1-Dichloroethene

LOAEL in mice; hyaline degeneration of the

gallbladder

300

Intermediate

Inhalation

1,1-Dimethyl-hydrazine

White et al. (1985)

NOAEL in mice; decreased glutathione at higher

dose

0.04 mg/kg/day 100

Intermediate

Oral

1,1,2-Trichloroethane

Truffert et al. (1977)

LOAEL in rats; increased liver weights, granulation

and vacuolization

300

04 ppm

Intermediate

Inhalation

1,1,2,2-Tetra-chloroethane

Cheever et al. (1990)

NTP (1986b)

90  NOAEL in rats; intrahepatic bile duct cholangiomas
LOAEL in mice; necrosis

1000
1000

0.6 ppm

Chronic

Inhalation
Oral

1,2-Dichloroethane

0.09 mg/kg/day

0.2 ppm

Chronic
Acute

1,2-Dichloro-propane

Freundt et al. (1977)

LOAEL in rats; slight to severe fatty degeneration of

the hepatic lobules and Kupffer cells

Inhalation

1,2-Dichloro-ethene, trans

Freundt et al. (1977)

LOAEL in rats; slight to severe fatty degeneration of

the hepatic lobules and Kupffer cells

1000

0.2 ppm

Intermediate

Inhalation

1,2-Dichloro-ethene, trans

Barnes et al. (1985)

NOAEL in mice; increased relative liver weights;
increased serum alkaline phosphatase

LOAEL in mice; mild hepatitis

0.2 mg/kg/day 100

Intermediate

Oral

1,2-Dichloro-ethene, trans

Visek et al. (1991)

NTP (1983)

1000

Intermediate  0.0008 mg/kg/day
0.06 mg/kg/day

Oral
Oral

1,2-Dimethyl-hydrazine
1,2,3-Trichloropropane

NOAEL in rats; increased liver weight, decreased

serum cholinesterase at higher doses

100

Intermediate

Hollingsworth et al. (1956)

NOAEL in rats; cloudy swelling or granular

degeneration at higher doses

100

0.2 ppm

Intermediate

Inhalation

1,4-Dichlorobenzene

Riley et al. (1980)

NOAEL in rats; increased liver weight at higher

doses

100

0.1 ppm

Chronic

Inhalation

1,4-Dichlorobenzene

Hollingsworth et al. (1956)

NTP (1993)

LOAEL in rats; increased liver weight

300
1000
3000

Oral Intermediate 0.4 mg/kg/day

Oral
Oral

1,4-Dichlorobenzene
2-Butoxyethanol

LOAEL in rats; hepatocellular alteration,

0.07 mg/kg/day

Intermediate

Pluess et al. (1988); Poiger et al.

(1989)

LOAEL in rats; increased serum bilirubin, decreased

serum triglycerides

0.00003 pg/kg/day

Intermediate

2,3.4,7,8-Penta-chlorodibenzo-furan

Levine et al. (1990)

LOAEL in dogs; cloudy swelling, hepatocytomegaly

NOAEL in rats; foamy cytoplasm, clustering of

1000

0.0005 mg/kg/day
0.01 mg/kg/day

Intermediate

Acute

Oral

Oral

2,4,6-Trinitro-toluene
4-Chlorophenol

Phornchirasilp et al. (1989)

100

mitochondria and endoplasmic reticulum at higher

dose

Stula et al. (1977)

LOAEL in dogs; increased SGPT, nodular

hyperplasia

3000

0.003 mg/kg/day

Chronic

Oral

4,4’-Methylenebis (2-chloroaniline)

LOAEL in rats; increased serum ALT and y-

glutamyl transferase

Bailie et al. (1993)

0.2 mg/kg/day 300

Acute

Oral

4.4'-Methylene-dianiline

Pludro et al. (1969)

NOAEL in rats; unspecified histological lesions at

higher dose

Intermediate  0.08 mg/kg/day 100

Oral

4,4’-Methylene-dianiline

ALT, alanine transaminase; BUN, blood urea nitrogen; LOAEL, lowest-observed-adverse-effect level; MRL, minimal risk level; NOAEL, no-observed-adverse-effect level; OCT, omithine carba-

moyltransferase, SGOT, serum glutamic oxaloacetic transaminase (i.., aspartate transaminase); and SGPT, serum glutamic pyruvic transaminase (i.¢., alanine transaminase, ALT).

H.R. Pohl, C.-H.S.J. Choul Regulatory Toxicology and Pharmacology 42 (2005) 161-171

changes (hepatic foci, areas of cellular alterations) in rats
was used to derive a chronic oral MRL for methylene
chloride. A LOAEL for basophilic foci in rats was used
to derive a chronic oral MRL for vinyl chloride. A recent
re-evaluation of the chronic oral MRL for vinyi chloride
concluded that liver basophilic foci are generally consid-
ered preneoplastic, and that it would be more appropri-
ate to base the vinyl chloride chronic oral MRL on the
NOAEL for liver cell polymorphism, which is consid-
ered non-preneoplastic. In contrast, ATSDR did not
derive an oral chronic MRL for decabromodiphenyl
ether based on a LOAEL for thrombosis because the
LOAEL for thrombosis was also associated with pre-
neoplastic nodules in the liver.

3.4. Use of uncertainty factors

Uncertainty factors (UFs) are used in the process of
MRL derivation to account for uncertainties associated
with extrapolation from a LOAEL to a NOAEL and
from animal to human data, and with adjustments for
intraspecies variability. UFs with default values of 10 are
usually used for all three categories of extrapolation.
However, in some cases, the uncertainty is decreased,
resulting in utilization of a lower UF (Pohl and Abadin,
1995). Following are examples of the application of UFs
other than 10 in the derivation of MRLs based on
hepatic effects.

Just a few MRLs were based on the endpoints con-
sidered the borderline between adaptive physiology
and toxicity (see the section on ATSDR’s guidance
document). An oral acute MRL for carbon disulfide
was based on a LOAEL in rats (ATSDR, 1996c¢). Dose-
dependent decreases in hepatic microsomal drug-
metabolizing enzymes were detected. Similarly, an
intermediate-duration oral MRL for diethyl phthalate
was based on a LOAEL in rats that showed peroxi-
somal proliferation, slightly elevated liver weight, and
enzyme activities (ATSDR, 1995). The LOAELs were
considered minimal, and an UF of 3 was used for
LOAEL to NOAEL extrapolation in the derivation of
both MRLs. In contrast, the acute oral MRL for 4-
chlorophenol was based on a NOAEL for hepatic
effects in rats (ATSDR, 1999). At the LOAEL level,
foamy cytoplasm, clustering of mitochondria and
endoplasmic reticulum were reported. These electron
microscopic changes could be considered borderline;
however, further evaluation that considered progres-
sion of changes with increasing dose in the database
caused the endpoints to be classified as LOAEL rather
than NOAEL. Other MRLs based on “minimal” LOA-
ELs that warranted the use of UFs of 3 include MRLs
for bromodichloromethane, carbon tetrachloride, chlo-
rodibromomethane, chloromethane, di-N-octyl phtha-
late, P-hexachlorocyclohexane, methyl-t-butyl ether,
methylene chloride, vinyl chloride, 1,1,2,2-tetra-chloro-
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ethane, 1,4-dichlorobenzene, and 4,4’-methylene-diani-
line. For respective endpoints that were considered as
“minimal” see descriptions in Table 2. A default UF of
10 was used for most of the animal to human extrapo-
lation of study results. An UF of 3 was used for inhala-
tion exposure route in cases of MRLs derived for
carbon tetrachloride, chloroform, hydrazine, JP-4, JP-
5, JP-7, JP-8, methylene chloride, 1,1-dimethylhydra-
zine, and 1,2-dichloroethane. The change was mostly
justified by calculating the NOAEL human equiva-
lency concentration (HEC) (EPA, 1994). Similarly, an
UF of 3 for interspecies extrapolation was used for
acute inhalation exposure scenarios in case of chloro-
form because dosimetry adjustment was made, and an
UF of 3 was used to account for toxicodynamic differ-
ences.

In some instances, modifying factors (MFs) are used
to account for additional uncertainty associated with the
guidance value. For example, an MF of 3 was applied
for insufficient diagnostic data to determine the serious-
ness of hepatotoxic effects in a study in exposed workers
(Phoon et al., 1983) used for deriving the intermediate
inhalation MRL for chloroform. Similarly, an insuffi-
cient database was the reason a MF of 3 was used for the
derivation of a chronic inhalation MRL for 1,2-dichlo-
roethane.

3.5. Comparison with other guidance values

Other agencies also derive health-based guidance val-
ues. For example, the U.S. Environmental Protection
Agency (EPA) derives reference concentrations (RfCs)
for chronic duration inhalation exposures and reference
doses (RfDs) for chronic duration oral exposures. Cur-
rent RfCs and RfDs are posted on the EPA’s web site
(www.epa.govfiris/). In July 2004, 69 RfCs were posted,
including 8 based on hepatic endpoints. From the 358
RfDs posted, 94 were based on hepatic endpoints. Many
of the chemicals with RfCs/RfDs derived from hepatic
effects were not evaluated by ATSDR as ATSDR evalu-
ates only chemicals on its priority list (Roney et al,,
1998). In fact, only four chemicals had both the RfC and
the inhalation MRL. These included chlordane with a
chronic MRL of 2x10°mg/m® and an RfC of
7x 107*mg/m?, vinyl chloride with an intermediate-
duration MRL of 3 x 10~2ppm (8 x 10~2mg/m>) and an
RfC of 1 x 10~ mg/m?3, 1,1-dichloroethene with an inter-
mediate-duration MRL of 2x 10~2ppm (8 x 10~>mg/
m?) and an RfC of 2 x 107! Bm\Bu. and 1,4-dichloroben-
zene with a chronic MRL of 1 x 10~! ppm (6 x 10~ mg/
m’) and an RfC of 8 x 10~ mg/m>.

For oral exposure, only 14 chemicals had both the
RfD and the MRL derived. Chronic duration MRLs
were equal in value to RfDs in the case of aldrin, chlo-
roform, DDT, and dieldrin. ATSDR did not derive
chronic MRLs but has intermediate duration MRLs



