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WARNING/DISCLAIMERS:

Where specific products, books, or laboratories are
mentioned, no official U.S. government endorsement is
implied.

Digital format users: No software was independently
developed for this project. Technical questions related

to software should be directed to the manufacturer of
whatever software is being used to read the files. Adobe
Acrobat PDF files are supplied to allow use of this
product with a wide variety of software and hardware
(DOS, Windows, MAC, and UNIX).

This document was put together by human beings, mostly by
compiling or summarizing what other human beings have
written.  Therefore, it most likely contains some
mistakes and/or potential misinterpretations and should
be used primarily as a way to search quickly for basic
information and information sources. It should not be
viewed as an exhaustive, "last-word" source for critical
applications (such as those requiring legally defensible
information). For critical applications (such as
litigation applications), it is best to use this document

to find sources, and then to obtain the original
documents and/or talk to the authors before depending too
heavily on a particular piece of information.

Like a library or most large databases (such as EPA's
national STORET water quality database), this document
contains information of variable quality from very
diverse sources. In compiling this document, mistakes
were found in peer reviewed journal articles, as well as

in databases with relatively elaborate quality control
mechanisms [366,649,940]. A few of these were caught
and marked with a "[sic]" notation, but undoubtedly
others slipped through. The [sic] notation was inserted

by the editors to indicate information or spelling that
seemed wrong or misleading, but which was nevertheless
cited verbatim rather than arbitrarily changing what the
author said.

Most likely additional transcription errors and typos
have been added in some of our efforts. Furthermore,
with such complex subject matter, it is not always easy
to determine what is correct and what is incorrect,
especially with the "experts" often disagreeing. Itis

not uncommon in scientific research for two different
researchers to come up with different results which lead
them to different conclusions. In compiling the
Encyclopedia, the editors did not try to resolve such
conflicts, but rather simply reported it all.



It should be kept in mind that data comparability is a
major problem in environmental toxicology since
laboratory and field methods are constantly changing and
since there are so many different "standard methods"
published by EPA, other federal agencies, state agencies,
and various private groups. What some laboratory and
field investigators actually do for standard operating
practice is often a unique combination of various
standard protocols and impromptu “improvements.” In
fact, the interagency task force on water methods
concluded that [1014]:

It is the exception rather than the rule that
water-quality monitoring data from different
programs or time periods can be compared on a
scientifically sound basis, and that...

No nationally accepted standard definitions exist
for water quality parameters. The different
organizations may collect data using identical or
standard methods, but identify them by different
names, or use the same names for data collected by
different methods [1014].

Differences in field and laboratory methods are also
major issues related to (the lack of) data comparability
from media other than water: soil, sediments, tissues,
and air.

In spite of numerous problems and complexities, knowledge
is often power in decisions related to chemical
contamination. It is therefore often helpful to be aware

of a broad universe of conflicting results or conflicting

expert opinions rather than having a portion of this
information arbitrarily censored by someone else.
Frequently one wants to know of the existence of
information, even if one later decides not to use it for

a particular application. Many would like to see a high
percentage of the information available and decide for
themselves what to throw out, partly because they don't
want to seem uniformed or be caught by surprise by
potentially important information. They are in a better
position if they can say: "I knew about that data,
assessed it based on the following quality assurance
criteria, and decided not to use it for this
application.” This is especially true for users near the

end of long decision processes, such as hazardous site
cleanups, lengthy ecological risk assessments, or complex
natural resource damage assessments.

For some categories, the editors found no information and
inserted the phrase "no information found." This does
not necessarily mean that no information exists; it
simply means that during our efforts, the editors found

none. For many topics, there is probably information



"out there" that is not in the Encyclopedia. The more
time that passes without encyclopedia updates (none are
planned at the moment), the more true this statement will
become. Sitill, the Encyclopedia is unique in that it
contains broad ecotoxicology information from more
sources than many other reference documents. No updates
of this document are currently planned. However, it is
hoped that most of the information in the encyclopedia
will be useful for some time to come even with out
updates, just as one can still find information in the

1972 EPA Blue Book [12] that does not seem well
summarized anywhere else.

Although the editors of this document have done their
best in the limited time available to insure accuracy of
guotes as being "what the original author said,” the
proposed interagency funding of a bigger project with
more elaborate peer review and quality control steps
never materialized.

The bottom line: The editors hope users find this
document useful, but don't expect or depend on perfection
herein. Neither the U.S. Government nor the National
Park Service make any claims that this document is free
of mistakes.

The following is one topic entry (one file among 118).
See the file entited RERENCE for the indentity of
numbered references in brackets. See the README file for
an introduction, an explanation of how to search and
otherwise use this document, the oganization of each
entry, information quality, copyright issues, and other
entries (other topics) covered.

HOW TO CITE THIS DOCUMENT: As mentioned above, for
critical applications it is better to obtain and cite the

original publication after first verifying various data

quality assurance concerns. For more routine
applications, this document may be cited as:

Irwin, R.J., M. VanMouwerik, L. Stevens, M.D.
Seese, and W. Basham. 1997. Environmental
Contaminants Encyclopedia. National Park Service,

Water Resources Division, Fort Collins, Colorado.
Distributed within the Federal Government as an
Electronic Document (Projected public availability

on the internet or NTIS: 1998).



Anthracene (CAS number 120-12-7)

Br ief Introduction:

Br.Class: General Introduction and Classification
Information:

Anthracene is a low molecular weight, 3-ring polyaromatic
hydrocarbon (PAH), and an EPA Priority Pollutant
[697,634]. Although formerly anthracene was sometimes
treated as a carcinogen for modeling purposes only [446],
more recent sources have stated that anthracene is not
classifiable as to its carcinogenicity to humans
[788,893].

Anthracene is present in petroleum products, in higher
guantities in some than in others (see Chem.Detall
section below). The most abundant aromatic hydrocarbon
families in oil products have two and three fused rings
with one to four carbon atom alkyl group substitutions
[773]. Anthracene is called the parent compound, while
anthracene with alkyl group substitutions added to
anthracene are called alkyl anthracene.

Alkyl phenanthrene and alkyl anthracene compounds cannot

be differentiated with current (1996) analytical
techniques. Phenanthrene, anthracene, and the
phenanthrenes/anthracenes alkyl homolog series are
included on the expanded scan list used by the
Geochemical and Environmental Research Group (GERG)
Laboratory at Texas A&M [828]. This list includes most

of the PAHs recommended by the NOAA's National Status and
Trends program [680].

Anthracene is ubiquitous in the aquatic environment. It
has been detected in industrial effluents, in run off
waters, in surface water and sediments, in groundwater,
and in drinking water. The industrial effluents that are

most likely to contain polynuclear aromatic compounds
including anthracene are wastewaters from the synthetic
fuel industry [366].

Br.Haz: General Hazard/Toxicity Summary:

Within an aromatic series, acute toxicity increases with
increasing alkyl substitution on the aromatic nucleus
[851]. For example, there is an increase in toxicity as
alkylation of the naphthalene structure increases. The

order of most toxic to least in a study using grass
shrimp (Palaemonetes pugio) and brown shrimp (Penaeus
aztecus) was dimethylnaphthalenes > methylnaphthalenes >
naphthalenes [853].



Studies conclude that the toxicity of an oil appears to

be a function of its di-aromatic and tri-aromatic
hydrocarbons, which includes three-ring hydrocarbons such
as phenanthrene [770].

The heavier (4-, 5-, and 6-ring) PAHs are more persistent
than the lighter (2- and 3-ring) PAHs and tend to have
greater carcinogenic and other chronic impact potential
[796].

Acute toxicity is rarely reported in humans, fish, or
wildlife, as a result of exposure to low levels of a
single PAH compound such as this one. PAHSs in general
are more frequently associated with chronic risks. These
risks include cancer and often are the result of
exposures to complex mixtures of chronic-risk aromatics
(such as PAHSs, alkyl PAHs, benzenes, and alkyl benzenes),
rather than exposures to low levels of a single compound
(Roy Irwin, National Park  Service, Personal
Communication, 1996, based on an overview of literature
on hand). See also "PAHs as a group" entry.

This is a phototoxic PAH [494,887,911]. UV light greatly
increases the toxicity of anthracene to bluegill sunfish
[841]. Benchmarks developed in the absence of UV light
may be under-protective, and biological resources in
strong sunlight are at more risk than those that are not.

For additional details on immunological effects of PAHs
in general, see ATSDR [881].

Potential effects of PAHs on humans were summarized by
the Agency for Toxic Substances and Disease Registry in
a 1995 toxicological profile for polycyclic aromatic
hydrocarbons [881], so no lengthy summary will be
attempted here.

Br.Car:  Brief Summary of Carcinogenicity/Cancer Information:
IRIS 1996 information from EPA [893]:

Evidence for classification as to human
carcinogenicity; weight-of-evidence classification.

Classification: D; not classifiable as to
human carcinogenicity

BASIS: Based on no human data and inadequate
data from animal bioassays.

HUMAN CARCINOGENICITY DATA: None.
ANIMAL CARCINOGENICITY DATA: Inadequate.



The International Agency for Research on Cancer (IARC)
and recent (1994) EPA weight-of-evidence evaluations have
determined that anthracene is not classifiable as to its
carcinogenicity to humans [788,881].

This compound has not been treated as a carcinogen for
model calculation purposes in some EPA risk-based (RBC
and PRG) models [868,903], but this tentative distinction

was made for the purpose of choosing a modeling scenario
based on current (often inadequate) knowledge rather than

for the purpose of strongly stating that this compound is
definitely not a carcinogen; the non-carcinogenic
benchmarks are sometimes nearly as low as the
carcinogenic  benchmarks (Stan Smucker, personal
communication, EPA, 1996).

A significant increase in the formation of non-neoplastic
melanotic tumors was observed among first and second
generation progeny of Drosophila melanogaster that had
been exposed chronically as larvae to low concentrations

of anthracene. It was concluded that anthracene
solubilized with detergents could induce autosomal
dominant melanotic tumors [366, Corwin HD, Gottlieb FJ;
Environ Res 15: 327-31 (1978) as cited in ITC/USEPA;
Information Review #227 (Draft) Anthracene p.227 (1981)].

This is a phototoxic PAH [494,887,911]. Although not
definitive, phototoxicity represents one clue suggesting
possible carcinogenicity.

Br.Dev: Brief Summary of Developmental, Reproductive,
Endocrine, and Genotoxicity Information:

Chinese hamster ovary cells were exposed to 29 toxic
chemicals which were representative of several classes of
compounds listed by the national resources defense
council consent decree as priority toxic pollutants.
Anthracene at 1000 ug/ml for 20 hr produced very little
effect on chinese hamster ovary cell cultures [366].

Br.Fate: Brief Summary of Key Bioconcentration, Fate,
Transport, Persistence, Pathway, and Chemical/Physical
Information:

The heavier (4-, 5-, and 6-ring) PAHs are more persistent
than the lighter (2- and 3-ring) PAHs [796].

Environmental Fate/Exposure Summary [366]:

Anthracene's release to the environment is quite
general since it is a ubiquitous product of
incomplete combustion and has extensive natural and
anthropogenic sources. It is largely associated
with particulate matter, soils, and sediments. If



released to soil it will be expected to adsorb very
strongly to the soil and will not be expected to
leach appreciably to groundwater. It will not
hydrolyze but may be subject to biodegradation in
soils with reported half-lives of 3.3-139 days. It

may be subject to evaporation from the soil and
other surfaces. If released to water it will
strongly adsorb to sediment and particulate matter,
but will not hydrolyze. It may bioconcentrate in
species which lack microsomal oxidase, the presence
of which allows organisms to rapidly metabolize
polyaromatic hydrocarbons. It will be subject to
direct photolysis near the surface of waters and
may be subject to significant biodegradation. It
may be subjected to significant evaporation with an
estimated range of half-lives of 4.3-5.9 days
predicted for evaporation from a river 1 m deep,
flowing at 1 m/sec with a wind velocity of 3 m/sec.

If released to the atmosphere, Anthracene will be
subject to direct photolysis and the estimated
vapor phase half-life in the atmosphere is 1.67
days as a result of reaction with photochemically
produced hydroxyl radicals. Adsorption  of
anthracene may retard the evaporation,
biodegradation, bioconcentration, and photolysis
processes. Human exposure will be from inhalation
of contaminated air and consumption of contaminated
food and water. Especially high exposure will
occur through the smoking of cigarettes and the
ingestion of certain foods (eg smoked and charcoal
broiled meats and fish).

Synonyms/Substance ldentification:

Anthracen (German) [366]
Anthracin [366]

Paranaphthalene [366]

Green oil [366]

Tetra olive N2G [366]

Molecular Formula [366]: C14-H10

Associated Chemicals or Topics (Includes Transformation Products):
See also individual entries:

PAHSs as a group

PAHSs, Alkyl Homologs of
Phenanthrenes/Anthracenes, C1-
Phenanthrenes/Anthracenes, C2-
Phenanthrenes/Anthracenes, C3-
Phenanthrenes/Anthracenes, C4-

Metabolism/Metabolites [366]:



When admin orally to animals ... (70-80% of dose) is excreted
unchanged in feces, but metabolites present in rat urine
include n-acetyl-s-(1,2-dihydro-2-hydroxy-1-anthryl)-cysteine

and conjugates of trans-1,2-dihydroanthracene-1,2-diol, and
1,2-dihydroxyanthracene. The cysteine conjugate is decomposed
by mineral acids to yield 1-anthrylmercapturic acid, 1 & 2-
anthrols & anthracene. Rats ... metabolize anthracene into
trans-9,10-dihydroanthracene-9,10-diol, which gives rise to
anthrone and several hydroxylated metabolites. [Parke, D. V.
The Biochemistry of Foreign Compounds. Oxford: Pergamon Press,
1968. 220].

In vitro metabolism of anthracene with rat liver microsomes
predominantly forms trans-1,2-dihydroxy-1,2-dihydroanthracene
with little evidence of metabolism at the 9,10-position.
[Akhtar MN et al; J Chem Soc Perkin Trans | 0 (6): 1442-6
(2979)].

... Metabolism of the normally stable, unsubstituted aromatic
cyclic hydrocarbon, such as ... anthracene does not result
from replacement of a nuclear hydrogen but ... involves first

an intermediary oxidation to epoxide. This reaction requires
liver microsomes, nadph & oxygen. This product ... Reacts
with glutathione in presence of ... Gsh s-epoxidetransferase,

to form ... A"premercapturate” ... [LaDu, B.N., H.G. Mandel,

and E.L. Way. Fundamentals of Drug Metabolism and Disposition.
Baltimore: Williams and Wilkins, 1971. 168].

Wader Data Interpretation, Concentrations and Toxicity (All Water
Data Subsections Start with "W."):

W.Low (Water Concentrations Considered Low):
No information found.
W.Hi gh (Water Concentrations Considered High):

The concentration of anthracene in the soil water of
waste pits for natural gas production and processing
ranged from undetectable levels to 2200 ug/L(5). [(5)
Davani B et al; Inter J Environ Anal Chem 20: 205-23
(1985)] [366].

Groundwater samples taken near wood treatment/ storage
sites in Canada contained between 0.015 and 0.360 mg/L
anthracene. Other sites contained between 0.02 and 40
mg/L combined anthracene/ phenanthrene [864].

W.Typical (Water Concentrations Considered Typical):

In a recent study by Pham et al. (1993), raw water
samples from 5 areas in the St. Lawrence River and its
tributaries were analyzed for 12 PAHs. The highest mean
total PAH concentrations were observed in samples
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collected in the spring (27.3 ng/L) and autumn (21.03
ng/L), which was attributed to snow melt and increased
runoff during these respective seasons. The lowest mean
total PAH concentration was observed in summer (14.63
ng/L). High molecular weight PAHs were detected more
frequently in the spring and autumn samples.
Phenanthrene, benzo[b]fluoranthene, fluoranthene, and
pyrene were predominant, comprising on average 33.8%,
17.4%, 17.1% and 12.8% of the total PAHSs, respectively.
With the exception of anthracene and
benzo[b]fluoranthene, a general decrease in
concentration with increasing molecular weight was
observed [881].

Information from HSDB [366]:

DRINKING WATER: Tap water, 1.1-59.7 parts per
trillion(8). U.S., 9 cities, 78% pos, <1-<2 parts

per trillion(12). Great Lakes, 12 municipalities,

Jan (Aug), 1980, 2.4-570.8 parts per trillion (0.6-

1269 parts per trillion), avg 62.9 parts per
trillion (avg 126.1 parts per trillion)(4). New

York State, 1979, public drinking water wells,
anthracene and phenanthrene 39 wells, 18% pos, 12.0
ppb(2). ldentified, not quantified, drinking water
concentrates(9). Identified, not quantified, in
drinking water(11). The Netherlands, drinking
water from bankfiltered Rhine water, 30 parts per
trillion(5). Finland, Denmark, Norway, Sweden, May-
July, 1980, 0.04-9.7 parts per trillion(6).
Norwegian tapwater, 0.35 parts per trillion(10).
Ottawa, Canada, Jan-Feb, 1978, >0.52-2.2 ppb(1).
Kitakyushu, Japan, 1.7 ppm(3). Eastern Ontario,
Canada, 5 municipal treatment plants, 0.1-4.8 parts

per trillion, avg 1.6 parts per trillion(7). [(1)

Benoit FM et al; Intern J Environ Anal Chem 6: 277-

87 (1979) (2) Council on Environmental Quality; in

11th Annual Report (1980) (3) Shinohara R et al;
Water Res 15: 535-42 (1981) (4) Williams DT et al;
Chemosphere 11: 263-76 (1982) (5) Piet GJ, Morra
CF; pp. 29-42 in Atrtificial Groundwater Recharge;
Huisman L, Olsthorn TN eds; Pitman Publ (1983) (6)
Kveseth K, Sortland B; Chemosphere 11: 623-39
(1982) (7) Santodonato J et al; Hazard Profiles on

PAH Syracuse Res Corp Syracuse NY p. 53 TR 81-633
(1981) (8) IARC; Polynuclear Aromatic Compounds
Part 1 Chemical, Environmental and Experimental
Data 32: 247-61 (1983) (9) Lucas SV; GC/MS (Gas
Chromatography-Mass Spectrometry) Analysis or
Organics in Drinking Water Concentrates and
Advanced Waste Treatment Concentrates Vol 2
Battelle Columbus Labs OH (1984) (10) National
Research Council; Polycyclic Aromatic Hydrocarbons:
Evaluation of Sources and Effects, National Acad
Press Washington DC (1983) (11) Kool HJ et al; Crit
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Rev Environ Control 12: 307-57 (1982) (12) Sorrell
RK et al; Environ Internat 4: 245-54 (1980)].

DRINKING WATER: Anthracene was detected in drinking
water in Norway(1) and Philadelphia, PA(2). In New
York State, 7 of 39 drinking water wells tested
positive for anthracene with a maximum concn of 21
ug/L(3). [(1) Johnson S, Grilbbestad IS; Environ

Sci Technol 22: 978-81 (1988) (2) Suffet IH et al,

Water Res 14: 853-67 (1980) (3) Kim NK, Stone DW;
NYS Dept Health pp. 131)].

Effluent Concentrations [366]:

Anthracene at a concentration range of <13-105 ng/I
was reported in the effluent from a sewage
treatment plant in Norway. It was also reported in

the concentration range of <0.03-0.84 ug/l in the
effluent from coal oven plants It has been reported

to be present in several surface waters. [USEPA;
Health and Environmental Effects Profile for
Anthracene; p.vi (1987) ECAO-CIN-P230].

Coal tar which contains phenanthrene/anthracene
mixtures at an average concn of 25 mg/g is commonly
used as a coating to prevent corrosion of storage
tanks in water distribution systems in New York
State(1). The phenanthrene/anthracene concn of
influent and effluent of 125 tanks averaged 0.019
and 0.210 ug/L, respectively(1l). Leachate from
these tanks also contained anthracene(2). [(1)
Alben K; Environ Sci Technol 14: 468-70 (1980) (2)
Alben K; Anal Chem 52: 1825-8 (1980)]

SURFACE WATERS: USEPA STORET database. 776 samples,
4.0% pos, median <10.0 ppb(7). Delaware River, 30
samples, 3% pos(4). Lower Tennessee River, water
and sediments, 12.1 ppb(5). U.S., 114 heavily
industrialized river basins, 204 sites, 1 pos,
detected, not quantified(6). Dohkai Bay, Japan,
Oct, 1977 identified (not quantified)(1). Tamar
Estuary, UK, 4.9 parts per trillion(2). Rhine
River, 1981, 15 parts per trillion, 1982, 13 parts

per trillion(3). Trace quantities of anthracene
were detected in Lakes Michigan(8), Erie(12) and
Ontario(12). Anthracene was found in 2 of 4
Mississippi River water samples at concn of 3 and 4
ng/L(9). Anthracene was detected in Baltic waters
off the coast of Poland(10); and in the Yellow
River, Peoples Republic of China in March, August,
and October at concn of 7.7, 0.8, and 9.5 ng/L,
respectively(11). [(1) Shinohara R et al; Environ
Internat 4: 163-74 (1980) (2) Readman JW et al,
Estuarine Coastal Shelf Sci 14: 369-89 (1982) (3)
Malle KG; Z Wasser Abwasser Forsch 17: 75-81 (1984)
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(4) Dewalle FB, Chian ESK; Proc Ind Waste Conf 32:
908-19 (1978) (5) Goodley PC, Gordon M; Kentucky
Acad Sci 37: 11-5 (1976) (6) Ewing BB et al;
Monitoring to Detect Previously Unrecognized
Pollutants in Surface Waters. Appendix: Organic
Analysis Data p. 75 USEPA-560/6-77-015 (1977) (7)
Staples CA et al; Environ Toxicol Chem 4: 131042
(1985) (8) Eadie BJ et al; Chemosphere 11: 847-59
(1982) (9) DeLeon IR et al; Chemosphere 15: 795-805
(1986) (10) Lamparczyk H et al; Marine Pollut Bull

19: 2122-6 (1989) (11) Ren-Ming W et al; Inter J
Environ Anal Chem 22: 115-26 (1985) (12) LeBel GL
et al; Adv Chem Series 214: 309-25 (1987)].

RAINWATER: Portland, OR, Feb-April, 1984, 7 sample
periods, 2-5 days long: Anthracene dissolved in
rainwater, 2.0-7.9 parts per trillion, avg 5.1

parts per trillion(1); anthracene concn of
particulate matter in rain, 1.3-10.0 parts per
trillion(2). Great Lakes, 1.3-2.3 parts per
trillion, avg 2.0 parts per trillion(3). Southern

Norway, Nov 1974-March 1975, detected, not
quantified(4). [(1) Ligocki MP et al; Atmos
Environ 19: 1609-17 (1985) (2) Ligocki MP et al,
Atmospheric Environ 19: 1619-26 (1985) (3)
Eisenreich SJ et al; Environ Sci Technol 15: 30-8
(1981) (4) Lunde G et al; Organic Micropollutants

in Precipitation in Norway SNSF Project, 17pp FR-
9/76 (1977)].

OTHER WATER: Lakes near Mt. St. Helens, WA, sampled
beginning 15 months after the first major eruption,
samples from Aug, 1981-Aug, 1982, Spirit Lake,
epilimnion, 1.5 ppb, hypolimnion, 1.8
Coldwater Lake, epilimnion, 1.8 ppb(1).
Hindin E; Occurrence of Organic Compounds in Water
and Stream Sediments Due to the Mt. St. Helens
Eruptions NTIS PB84-190446 (1983)].

ppb,
[(1)

In general, anthracene occurs in ambient waters at

a frequency of 4% and at a median concentration of
<10 ug/l. Anthracene has been reported to be
present in groundwater from a few contaminated
sites. ... The detection of up to 168.6 ug/l of
anthracene /was reported/ in groundwater from a
creosote waste site in Conroe, TX. The detection

of anthracene in drinking waters throughout the
world have been reported. The highest
concentration of combined anthracene/phenanthrene
at 1269 ng/l was reported in drinking water in
Sault Ste. Marie. Finished waters from 13
different locations throughout the United States,
however, failed to show the presence of any
anthracene. [USEPA; Health and Environmental
Effects Profile for Anthracene; p.vi (1987) ECAO-
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CIN-P230].

GROUNDWATER: Groundwater near closed coal-tar
distillation and wood-treating plant, St. Louis

Park, MN, 68 ppb(1). Conroes, TX, near creosote
waste site, Oct 1981-March, 1983, 13 wells, 54%

pos, 1.7-205.9 ppt; soil cores, ppm (depth, feet).

2.16 (0.7-1.8), 0.14 (5), 0.03 (10) not detected

(20), 0.04 (24-25), 0.03 (26.5)(2). [(1) Ehlrich

GG et al; Ground Water 20: 703-10 (1982) (2)
Bedient PB et al; Ground Water 22: 318-29 (1984)].

USEPA STORET database, 1268 samples, 5.0% pos,
median <10.0 ppb(2). Industrial wastewater, avg
ug/l, raw (treated), iron/steel manufacturing, 15
samples, 80% pos, <200 (15 samples, 93% pos, <46);
aluminum forming, 5 samples, 60% pos, <100 (25
samples, 8% pos, <6.5); foundries, 11 samples, 100%
pos, 2400 (10 samples, 100% pos, 12); photography,

9 samples, 22% pos (2 samples, 0% pos), nonferrous
metals, 59 samples, 15% samples, >10 ug/l, 160 (55
samples, 1.8% >10 ug/l, 3.8); organic chemicals, 8
detections, 390 (4 detections, 10)(5). Fly ash from
municipal incinerator, 8 samples, 100% pos, 4-380
ppb, avg 148 ppb(1). U.S. urban runoff, up to July,

1982, 15 cities, 27% pos, 86 samples, 8% pos, 1-10
ppb(3). Coke plant waste water, 70.2-101 ppb(4).
Exhaust emissions from gasoline engines, 534-642
ug/l fuel burned(6). [(1) Eiceman GA et al; Anal
Chem 53: 955-9 (1981) (2) Staples CA et al; Environ
Toxicol Chem 4: 131-42 (1985) (3) Cole RH et al; J
Water Pollut Control Fed 56: 898-908 (1984) (4)
Walters RW, Luthy RG; Water Res 18: 795-809 (1984)
(5) USEPA; Treatability Manual pp 1.10.12-2 to 3
USEPA-600/2-82-001a (1981) (6) IARC; Polynuclear
Aromatic Compounds Part 1, Chemical, Environmental
and Experimental Data 32: 105-21 (1983)].

W.Concern Levels, Water Quality Criteria, LC50 Values, Water
Quality Standards, Screening Levels, Dose/Response Data, and
Other Water Benchmarks:

W.Gereral (General Water Quality Standards, Criteria, and
Benchmarks Related to Protection of Aquatic Biota in
General; Includes Water Concentrations Versus Mixed or
General Aquatic Biota):

Cautionary note: Anthracene is a very phototoxic
compound  [494,887,911] (see more detailed
discussion of phototoxicity in the "PAHs as a
group” entry).  Therefore, any of the water
criteria which have been developed for it using
bioassays performed in the absence of UV light may

be under-protective. Phototoxicity of certain PAHs



was discovered when organisms which had survived
lab exposures to PAHs died quickly after being
moved into sunlight. An increase in toxicity due

to photo-induced changes is called phototoxicity.

For certain PAHSs, tests performed in the presence

of UV or other solar radiation show greatly
increased toxicity to those same organisms at PAH
concentrations below maximum solubility
[888,889,911,887; Reprinted with permission from
Environmental Toxicology and Chemistry, Volume 6,
Newstead, J.L. and J.P. Geisy. Predictive models
for photoinduced acute toxicity of polycyclic
aromatic hydrocarbons to Daphnia magna. Copyright
1987 SETAC]. The reader should be aware that the
authors of this document have not yet been able to
determine which of the following criteria and
benchmarks were developed in the presence or
absence of UV light:

Oak Ridge National Lab, 1994: Ecological Risk
Assessment Freshwater Screening Benchmarks for
concentrations of contaminants in water [649]. For

a definition of meaning of each benchmark, see
section entitled: Benchmarks, Ecological Risk
Assessment Screening Benchmarks. To be considered
unlikely to represent an ecological risk, field
concentrations should be below all of the following
benchmarks [649]:

NOTE: Although most of the lab tests done to
develop water quality criteria and other
benchmarks were originally based on "total"
values rather than "dissolved" values, the lab
settings were typically fairly clean and the
numbers generated by the lab tests are
therefore often even more comparable to field
"dissolved” values than to field "total
values (Glen Suter, Oak Ridge National Lab,
Personal Communication, 1995). For more
information on dissolved VS. total
concentrations, and EPA suggested conversion
fractions for metals, see entry entitled
"Dissolved.”

Anthracene (micrograms per liter, ug/L)

0.024 = Secondary Acute Value

0.0013 = Secondary Chronic Value

0.09 = Estimated Lowest Chronic Value - Fish
< 2.1 = Lowest Chronic Value - Daphnids
0.35 = Estimated Lowest Test EC20 - Fish

> 8.2 = LOWEST TEST EC20 - DAPHNIDS

Water Quality Criteria in ug/L:
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Freshwater Acute Criteriaz None Published
[689,893].

Freshwater Chronic Criteria: None Published
[689].

Marine Acute criteria: 3.0E+2 ug/L lowest
effects  concentration (LEC) from the
literature [893].

Marine Acute Criteria: None Published [689].

Marine Chronic Criteria: None Published
[689].

Criteria Federal Register Notice Number: NA
[689].

NOTE: Before citing a concentration as
EPA's water quality criteria, it is
prudent to make sure you have the latest
one. Work on the replacement for the
Gold Book [302] was underway in March of
1996.

W.PI ants (Water Concentrations vs. Plants):
No information found.

W.Inv ertebrates (Water Concentrations vs. Invertebrates):
LC50s for Aedes aegypti (mosquito) were 0.150 mg/L
(ppm) and <1 ug/L (ppb) (<0.001 mg/L, ppm) for 1-hr

and 24-hr exposures, respectively [998].

LC50 for Aedes taeniorhynchus (mosquito) was 0.260
mg/L for a 24-hr exposure [998].

LC50 for Culex quinquefasciatus (mosquito) was
0.037 mg/L (37 ppb) for a 24-hr exposure [998].

LC50 for Artemia salina (brine shrimp) was 0.020
mg/L (20 ppb) for a 1-hr exposure [998].

LC50 for Crassostrea gigas (Pacific oyster) was
>5.00 mg/L (5000 ppb) for a 48-hr exposure [998].

LC50 for Daphnia magna (water flea) was 0.020 mg/L
(20 ppb) for a 1-hr exposure [998].

Information from HSDB [366]:

LC50 Culicid mosquito larvae 26.8 ug/l/i24 hr
/Phototoxicity study; Conditions of bioassay not
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specified/ [Oris JT et al: Stud Environ Sci 25
(Biosphere: Probl Solutions): 639-58 (1984)].

Paramecium caudatum (protozoan) exposed to 0.1 ug/I
of anthracene for 60 minutes, exhibited a 90%
lethal photodynamic response. [Epstein SS et al;
Cancer Res 23: 35 (1963) as cited in USEPA; Ambient
Water Quality Criteria Doc: Polynuclear Aromatic
Hydrocarbons p.B-3 (1980)].

Photoinduced anthracene toxicity to Daphnia pulex
was investigated using organisms that were exposed
to 3 nominal anthracene concentrations (3.0, 9.6,
and 30.0 ug/l) in static bioassays on clear, partly
cloudy, and cloudy days. A shell coating technique
was used to achieve concentrations within the
aqueous solubility range of anthracene and to
obviate the need for a carrier solvent.
Photoinduced anthracene toxicity was not observed
under laboratory lighting conditions; it occurred

only in the presence of solar radiation. A dose
response relation existed for both anthracene concn
and solar radiation intensity. Anthracene was only
slightly less toxic to organisms transferred into
water containing no anthracene before exposure to
solar radiation. This indicates that toxicity
resulted from activation by solar radiation of
material present on or within the animals and not

in the water. Activation appeared to be of
anthracene molecules and not anthracene degradation
products, since similar  concentrations  of
anthraquinone, the primary and most stable
degradation product of anthracene, were not toxic
at similar solar radiation intensities. ... A
series of filters was used to selectively remove UV
wavelengths from solar radiation to determine the
photoactive wavelengths. Mylar film absorbs in the
UV-B region (285-315 nm) of solar radiation and
Corning 0-52 glass absorbs essentially the entire
spectrum of UV wavelengths (285-380 nm). Placement
of Mylar film over bioassay beakers diminished
photoinduced anthracene toxicity only slightly,
whereas Corning 0-52 glass reduced toxicity
proportionate to the reduction in UV intensity.
Thus, wavelengths in the UV-A region (315-380) are
primarly responsible for photoinduced anthracene
toxicity. [Allred PM, Giesy JP; Environ Toxicol
Chem 4 (2): 219-26 (1985)].

W.Fi sh (Water Concentrations vs. Fish):

Photoinduced toxicity occurs for anthracene.
Studies in illuminated stream microcosms have shown
both juvenile bluegill sunfish and the invertebrate
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Daphnia pulex to be hundreds of times more

sensitive to the toxic effects of anthracene.

Anthracene was acutely toxic (100% mortality) to

the bluegill at concentrations of 12 ug/L in less
than 9 hrs [779]. UV light greatly increases the

toxicity of anthracene to bluegill sunfish [841].

Information from HSDB [366]:

LC50 Leponis macrochirus (Bluegill sunfish,
juvenile) 11.9 wug/l/96 hr /Phototoxicity
study; Conditions of bioassay not specified/
[Oris JT et al; Stud Environ Sci 25
(Biosphere: Probl Solutions): 639-58 (1984)].

Acute mortality of bluegill sunfish, Lepomis
macrochirus, dosed with anthracene at 12.7
ug/ll and exposed to natural sunlight
conditions was observed during a study of
anthracene fate in outdoor channel microcosms.
No mortality was observed under control
conditions  (natural  sunlight and no
anthracene). Fish survived when held in the
shade downstream of sunlit contaminated water,
arguing against mortality due to toxic
anthracene photoproducts in the water. Fish
held 48 hr in anthracene contaminated water
(12 ug/l), in a shaded channel, died when
placed in clean water and exposed to sunlight.
After 144 hr depuration in darkness, fish
anthracene concentrations had decreased to
preexposure concentrations, and no mortality
was observed when fish were subsequently
exposed to sunlight. This observed phototoxic
response in anthracene contaminated fish may
represent a significant environmental hazard
of polycyclic aromatic hydrocarbons in aquatic
environments. [Bowling JW et al;, Aquat
Toxicol 3 (1): 79-90 (1983)].

LC50s for Lepomis macrochirus (bluegill) ranged
from 3.36 to 12.02 ug/L (ppb) for 48-hr exposures,
with most values above 9 ug/L [998].

LC50s for Lepomis macrochirus (bluegill) ranged
from 1.27 to 46 ug/L (ppb) for 96-hr exposures,
with most values below 9 ug/L [998].

LC50s for Lepomis sp. (sunfish) were 11.92, 18.23
and 26.47 ug/L (ppb) for 96-hr exposures [998].

W.Wild life (Water Concentrations vs. Wildlife or Domestic

Animals):
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LC50 Rana pipiens (Leopard frog) 0.065 ppm/30 min;
0.025 ppm/5 hr /Both toxicity values based on
phototoxicity study; Conditions of bioassay not
specified/ [Kagan J et al; J Chem Ecol 10 (7):
1115-22 (1984)] [366].

W.Hunan (Drinking Water and Other Human Concern Levels):
Numeric Water Quality Criteria in Arizona [881]:

Domestic water supply: 2100 ug/L
Fish consumption: 6300 ug/L
Full body contact: 420000 ug/L

Criteria for human health protection in Missouri
[881]:

Fish consumption: 0.03 ug/L
Drinking water supply: 0.003 ug/L
Groundwater: 0.003 ug/L

1970 World Health Organization (WHO) ... standard

for drinking water: not to exceed 0.2 ugll.
/Polyaromatic nuclear hydrocarbons/ [Sittig, M.
Handbook of Toxic and Hazardous Chemicals and
Carcinogens, 1985. 2nd ed. Park Ridge, NJ: Noyes
Data Corporation, 1985. 741] [366].

Human Health (E-6 Risk Level for Carcinogens) Water
Quiality Criteria, EPA:

Published Criteria for Water and Organism:
0.0028 ug/L [446,689]. Water & Fish: 2.8E-3
ug/liter [893].

Published Criteria for Organism Only: 0.0311
ug/L [446,689]. Fish Only: 3.11E-2 ug/liter
[893].

Ambient Water Quality Criteria for Human
Health: Water & Fish: 2.8E-3 ug/liter Fish
Only: 3.11E-2 ug/liter [893].

Drinking Water MCL: None Published [689,893].

EPA Region 9 Preliminary remediation goal (PRG) for
Tap Water [868]: 1.8E+03 ug/L

IRIS note: For the maximum protection from the
potential 