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FOREWORD

The mission of the U.S. Geological Survey * Describe how water quality is changing over
(USGS) is to assess the quantity and quality of the time.
earth resources of the Nation and to provide informa-  Improve understanding of the primary natural
tion that will assist resource managers and policy- and human factors that affect water-quality conditions.
makers at Federal, State, and local levels in making This information will help support the develop-
sound decisions. Assessment of water-quality condi- ment and evaluation of management, regulatory, and
tions and trends is an important part of this overall monitoring decisions by other Federal, State, and local
mission. agencies to protect, use, and enhance water resources.
One of the greatest challenges faced by water- The goals of the NAWQA Program are being
resources scientists is acquiring reliable information achieved through ongoing and proposed investigations
that will guide the use and protection of the Nation’s of 59 of the Nation’s most important river basins and
water resources. That challenge is being addressed aguifer systems, which are referred to as Study Units.
Federal, State, interstate, and local water-resource These Study Units are distributed throughout the
agencies and by many academic institutions. These Nation and cover a diversity of hydrogeologic
organizations are collecting water-quality data for a settings. More than two-thirds of the Nation’s fresh-
host of purposes that include: compliance with permitsvater use occurs within the 59 Study Units and more
and water-supply standards; development of remediathan two-thirds of the people served by public water-
tion plans for a specific contamination problem; oper-supply systems live within their boundaries.
ational decisions on industrial, wastewater, or water- National synthesis of data analysis, based on
supply facilities; and research on factors that affect aggregation of comparable information obtained from
water quality. An additional need for water-quality  the Study Units, is a major component of the program.
information is to provide a basis on which regional This effort focuses on selected water-quality topics
and national-level policy decisions can be based. Wisasing nationally consistent information. Comparative
decisions must be based on sound information. As a studies will explain differences and similarities in
society we need to know whether certain types of  observed water-quality conditions among study areas
water-quality problems are isolated or ubiquitous,  and will identify changes and trends and their causes.
whether there are significant differences in conditionsThe first topics addressed by the national synthesis are
among regions, whether the conditions are changing pesticides, nutrients, volatile organic compounds, and
over time, and why these conditions change from  aquatic biology. Discussions on these and other water-
place to place and over time. The information can be quality topics will be published in periodic summaries
used to help determine the efficacy of existing water-of the quality of the Nation’s ground and surface water
guality policies and to help analysts determine the as the information becomes available.
need for and likely consequences of new policies. This report is an element of the comprehensive
To address these needs, the Congress approprbody of information developed as part of the NAWQA
ated funds in 1986 for the USGS to begin a pilot Program. The program depends heavily on the advice,
program in seven project areas to develop and refinecooperation, and information from many Federal,
the National Water-Quality Assessment (NAWQA)  State, interstate, Tribal, and local agencies and the
Program. In 1991, the USGS began full implementa- public. The assistance and suggestions of all are
tion of the program. The NAWQA Program builds  greatly appreciated.
upon an existing base of water-quality studies of the 2
USGS, as well as those of other Federal, State, and w
local agencies. The objectives of the NAWQA ﬁﬂéﬂ_"* . I
Program are to: ,
« Describe current water-quality conditions for a Robert M. Hirsch
large part of the Nation’s freshwater streams, rivers, Chief Hydrologist
and aquifers.
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Summary of Published Aquatic Toxicity
Information and Water-Quality Criteria for
Selected Volatile Organic Compounds

By Barbara L. Rowe, Sondra J. Landrigan, and Thomas J. Lopes

ABSTRACT from 0.1ug/L for 1,1,2,3,4,4-hexachloro-1,3-
latil , q butadiene to 860,008y/L for 3-chloro-1-propene
Volatile organic compounds (VOCs) are and chloroethane. These water-quality criteria,

being measured in stream samples as part of theguidelines, and toxicity information will be used

U.S. Geological Survey’s National Wat_er-QuaIity by NAWQA to assess the status of the Nation's
Assessment (NA\.NQA.) I_Dro_gram. F.)Ubl'Shed water quality and are available for use by individ-
freshwater aquatic toxicity information and Water'uals, agencies, and organizations to evaluate the

quality .C“te”a for VOCs were complled to com- potential effect of VOCs on aquatic life in streams
pare with the measured concentrations. Aquatic and rivers

toxicity information for VOCs was retrieved from
the U.S. Environmental Protection Agency’s
(USEPAYS) toxicity data base, AQUatic toxicity
Information REtrieval (AQUIRE). Toxicity infor- INTRODUCTION
mation that had complete or moderately complete The National Water-Quality Assessment
documentation was available for 60 of the 87  (NAWQA) Program of the U.S. Geological Survey
VOCs that are being measured in water samples(USGS) is a systematic assessment of the quality of the
Most toxicity information was from studies of Nation’s water resources. The primary goals of
96 hours or less, and species mortality was NAWQA are to describe the status and trends in the
typically the endpoint of the toxicity test. A num-quality of a large, representative part of the Nation's
ber of published studies using the same species surface-water and ground-water resources and to iden-
duration, and endpoint were available for some lify the primary natural and human factors affecting the
VOCs. In these instances, only the two studies 9uality of these resources. The design of NAWQA,
that reported the lowest concentrations that had afiScussed in detail by Gilliom and others (1995), is
effect were included in the summary. VOCs thatorga.n'zeOI around 59 StUdY Uf"ts (f.'g' 1.) that 'n.CIUde
had the lowest concentrations that affected a sect_lons of most oflthe Nation’s major river basmg and
. ) aquifers. The starting dates of Study-Unit Investiga-
species ranged between Ad/L (micrograms per

. ) Jaions are staggered between fiscal years 1991 and 1997,
liter) for 1,1,2,3,4,4-hexachloro-1,3-butadiene and,,q 4t any time water-quality data are being collected

5,091,00Qug/L for 2-butanone. in about 16 to 20 Study Units.

The USEPA and Canadian Council of Another component of the NAWQA Program is
Resource and Environment Ministers have estabyational Synthesis Investigations (NSls), which are

lished water-quality criteria and guidelines for 39focused on specific groups of contaminants. In part,
of the 87 VOCs measured in water samples by thehese investigations compile, analyze, and report
NAWQA Program. Criteria and guidelines range water-quality data (collected by Study Units) on a

Introduction 1
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national scale. The NSI for pesticides and the NSl fotion REtrieval (AQUIRE) (U.S. Environmental
nutrients began in 1991, and the NSI for volatile Protection Agency, 1996a). Toxicity data have been
organic compounds (VOCs) began in 1993. Two addieviewed to update AQUIRE on a quarterly basis
tional NSls are in the planning process, including during the past 14 years. Data exchanges with the
aquatic ecology and trace elements. VOCs are beingJrganization for Economic Cooperation and
sampled mostly in areas with predominantly residentiaDevelopment, Paris, France, and with the Borok

and commercial land use in metropolitan areas with anstitute, Nekouz, Yaroslavsky Region, Russian
population of 250,000 or more (Squillace and Price, Republic, have made AQUIRE a centralized, interna-

1996; Lopes and Price, 1997). tional source for toxic effects information.

Water samples collected for the NAWQA Water-quality criteria and guidelines were com-
Program are analyzed for VOCs at the USGS Nationdpiled from the Integrated Risk Information System
Water-Quality Laboratory (NWQL) in Arvada, (IRIS) (U.S. Environmental Protection Agency, 1996b)

Colorado, using a new analytical method. This method@nd from the Canadian Council of Resource and

quantifies low levels of VOCs in ambient surface watefEnvironment Ministers (1991).

and ground water. The method is based upon U.S.

Environmental Protection Agency (USEPA) Method

524.2, Revision 4.0 (Eichelberger and Budde, 1989) DESCRIPTION OF AQUATIC TOXICITY

and USGS Open-File Report 94-708 (Rose and INFORMATION

Schroeder, 1994), with improvement of instrument- . _

operating conditions, increased number of compounds 1°Xicity tests typically are conducted by expos-

analyzed, modifications to identification criteria, and Ing organisms to a range of contaminant poncentraﬂons

inclusion of data-reporting strategies for low-level ~ under controlled conditions and measuring the

detections. Due to the increasing need for lower Con_response_of the organisms (Rand and F_’etr(_)celll, 1.985)'

centration data, in part, to identify potentially harmful Acute t_oxmlty tes:ts are _used 0 determ_lne if solutions

environmental contaminants in water, the NWQL are _toxm to species during short-durgtlon exposures

guantifies 87 analytes at or below the methods detec-(typIcally 96 hours or I_ess), and Species mortality is the

tion level if (1) all criteria for analyte identification are most common endpoint. Chronilc toxicity tests use a

met, and (2) the laboratory analysis is not limited by longer duration of exposure _(typlcally 7 days_or more).

laboratory contamination of VOC samples. Responses other than species mortallty_ typically are
Analytes measured using the new USGS VOC measured during chronic tests and may include growth,

- : . reproduction, and behavior. No exact duration or
method are divided into two groups: NAWQA target response, however, distinguishes acute and chronic
analytes (55 compounds), and other analytes (32 co

r'E'éxicity tests. Laboratory controls are an important
pounds)_. NAWQA target analytes were selected fpr part of toxicity tests and are used to ensure that species
emphasis in the NAWQA Program because of their

K h health and i lif mortality or other adverse reactions of a test organism
nown human-health and (or) aquatic-life concern or 5o e to the contaminant and not the testing proce-
because of their high frequency of occurrence in sur- e o natural causes. Laboratory controls are per-

faqe water and ground water (John Zogorski, USGS, f5me( the same as toxicity tests; however, organisms
written commun., 1994). The "other analytes" are not exposed to the contaminant.

measured using the new VOC method (table 1) were The majority of published information for VOCs
included because they are on the USEPASs revised ;.0 median lethal concentration &Evalues, which

method for drinking water. are the estimated concentrations at which 50 percent of
The purpose of this report is to summarize pub-the organisms died during the toxicity test. The4 C
lished aquatic toxicity information and water-quality s estimated by interpolating species mortality rates
criteria and guidelines for VOCs that are measured byrom the range in concentrations used in the toxicity
the NAWQA Program. This published information is test. If the largest concentration did not result in
needed for comparisons with concentrations measureso-percent mortality, then the Lgis reported as
in streams and rivers by the NAWQA Program and forgreater than the largest concentration. The effective
assessing the status of water quality. mean concentration (E) is the estimated concentra-
All aquatic toxicity information presented in this tion that affects 50 percent of the organisms; however,
report was retrieved from AQUatic toxicity Informa- the endpoint of the test is an effect other than mortality.

Description of Aquatic Toxicity Information 3



Table 1.

[Compounds are identified by the following: PCODE, U.S. Geological Survey parameter code; CAS no., Chemical AbstractuBebeicdslRAC, Inter-

Volatile organic compounds measured by the U.S. Geological Survey National Water-Quality Assessment Program

national Union of Pure and Applied Chemistry]

IUPAC compound name

IUPAC compound name

PCODE  CAS no. (chemical formula) (common name(s)) PCODE  CAS no. (chemical formula) (common name(s))
Target analytes
34030 71-43-2 Benzene §B¢) 34541 78-87-5 1,2-DichloropropanedsCl,)
(propylene dichloride)
32101 75-27-4 Bromodichloromethane (CHBsCI 34704 10061-01-%is-1,3-Dichloropropene (§4,Cl,)
(dichlorobromomethane) ((2)-1,3-dichloropropene)
50002 593-60-2 Bromoethenef&;Br) 34699 10061-02-@rans-1,3-Dichloropropene (§,Cl,)
(vinyl bromide) ((E)-1,3-dichloropropene)
34413 74-83-9 Bromomethane (GBt) 77135 95-47-6 1,2-Dimethylbenzenegtq o)
(methyl bromide) (o-xylene)
77342 104-51-8 n-Butylbenzene (GH14) 85795 108-38-3 1,3-Dimethylbenzene ;0
(1-phenylbutane) (m-xylene)and
106-42-3 1,4-Dimethylb
34301 108-90-7 ChlorobenzenegGCl) Dimethylbenzene ;o)
(p-xylene)
(monochlorobenzene)
34311 75-00-3 Chloroethane {85Cl) 77128 100-42-5 Ethenylbenzenesldg)
(ethyl chloride) (styrene)
39175 75-01-4 Chloroethene f8;Cl) 50004 637-92-3  2-Ethoxy-2-methylpropangsfiz,O)
(vinyl chloride) (ethyltert-butyl ether, ETBE)
34418 74-87-3 Chloromethane (GEl) 34371 100-41-4 Ethylbenzenedd,q)
(methyl chloride) (phenylethane)
82625 96-12-8 1,2-Dibromo-3-chloropropaneligBr,Cl) 39702 87-68-3 1,1,2,3,4,4-Hexachloro-1,3-butadiene
(dibromochloropropane, DBCP) (C4Clg) (hexachlorobutadiene)
32105 124-48-1 Dibromochloromethane (CHBH) 34396 67-72-1 1,1,1,2,2,2-Hexachloroethangdig)
(chlorodibromomethane) (carbon hexachloride)
77651 106-93-4 1,2-Dibromoethaney)td;Br,) 50005 994-05-8 2-Methoxy-2-methylbutanesk40)
(ethylene dibromide, EDB) (tert-amyl methyl ether, TAME)
34536 95-50-1 1,2-Dichlorobenzenegt;Cly) 78032 1634-04-4 2-Methoxy-2-methylpropangkig,O)
(o-dichlorobenzene) (methyltert-butyl ether, MTBE)
34566 541-73-1 1,3-DichlorobenzenegtGCl,) 34010 108-88-3 MethylbenzeneAds)
(medichlorobenzene) (toluene)
34571 106-46-7 1,4-Dichlorobenzeneg;(Cl,) 77223 98-82-8 (1-Methylethyl)benzenegtq )
(p-dichlorobenzene) (isopropylbenzene)
34668 75-71-8 Dichlorodifluoromethane (GEJ) 34696 91-20-3 Naphthalene {gig)
(CFC 12)
34496 75-34-3 1,1-Dichloroethane €,Cl,) 81577 108-20-3 2,2-oxybis[propane] &,40)
(ethylidene chloride) (diisopropyl ether, DIPE)
32103 107-06-2 1,2-Dichloroethanex€,Cl,) 34210 107-02-8 2-Propenal §8,0)
(ethylene dichloride) (acrolein)
34501 75-35-4 1,1-Dichloroethene&,Cl,) 34215 107-13-1 2-Propenenitrile {&;N)
(vinylidene chloride) (acrylonitrile)
77093 156-59-2 cis-1,2-Dichloroethene (§4,Cl,) 77224 103-65-1 n-Propylbenzene (§H,5)
((2)-1,2-dichloroethene) (1-phenylpropane)
34546 156-60-5 trans1,2-Dichloroethene (§,Cly) 34475 127-18-4  Tetrachloroethene,(T,)
((E)-1,2-dichloroethene) (perchloroethene, PCE)
34423 75-09-2 Dichloromethane (GEl,) 32102 56-23-5 Tetrachloromethane (G)Cl

(methylene chloride)

(carbon tetrachloride)

4 Summary of Published Aquatic Toxicity Information and Water-Quality Criteria for Selected VOCs



Table 1.
Program—Continued

Volatile organic compounds measured by the U.S. Geological Survey National Water-Quality Assessment

PCODE CAS no.

IUPAC compound name
(chemical formula) (common name(s))

PCODE CAS no.

IUPAC compound name
(chemical formula) (common name(s))

32104

77652

77613

34551

34506

34511

81555

77297

81595

77041

77275

77277

78109

30217

73547

77173

77170
77168
77353

81607

77220

73570

75-25-2

76-13-1

87-61-6

120-82-1

71-55-6

79-00-5

108-86-1

74-97-5

78-93-3

75-15-0

95-49-8

106-43-4

107-05-1

74-95-3

110-57-6

142-28-9

594-20-7
563-58-6
98-06-6

109-99-9

611-14-3

97-63-2

Target analytes—Continued

Tribromomethane (CHBr
(bromoform)

1,1,2-Trichloro-1,2,2-trifluoroethane
(C,Cl3F3) (CFC 113)

1,2,3-TrichlorobenzengKzCly)
1,2,4-TrichlorobenzengfisCls)

1,1,1-Trichloroethaneyt;Cls)
(methylchloroform)

1,1,2-Trichloroethanet&Cls)
(vinyl trichloride)

Bromobenzenegt&zBr)
(phenyl bromide)

Bromochloromethane (§B4Cl)
(methylene chlorobromide)

2-Butanone 4850)
(methyl ethyl ketone, MEK)

Carbon disulfide (§S

1-Chloro-2-methylbenzeneKGCl)
(o-chlorotoluene)

1-Chloro-4-methylbenzengHiCl)
(p-chlorotoluene)

3-Chloro-1-propenest&Cl)
(allyl chloride)

Dibromomethane (GBf5)
(methylene bromide)

trans-1,4-Dichloro-2-butene (§HgCly)

((E)-1,4-dichloro-2-butene)

1,3-Dichloropropanes{d@sCly)
(trimethylene dichloride)

2,2-Dichloropropanes{@sCly)
1,1-Dichloropropenest@;Cly)

(1,1-Dimethylethyl)benzene
(tert-butylbenzene)

1,4-Epoxybutane,dg0)
(tetrahydrofuran)

1-Ethyl-2-methylbenzengiy,)
(2-ethyltoluene)

Ethyl 2-methyl-2-propenoatgz0,)
(ethyl methacrylate)

39180

34488

32106

77443

77222

Other analytes

77103

77424

77356

81597

78133

81593

49991

77350

81576

81552

77562
34516
49999

50000

77221

77226

79-01-6

75-69-4

67-66-3

96-18-4

95-63-6

591-78-6

74-88-4

99-87-6

80-62-6

108-10-1

126-98-7

96-33-3

135-98-8

60-29-7

67-64-1

630-20-6
79-34-5
488-23-3

527-53-7

526-73-8

108-67-8

Trichloroethene 48Cl5)

(trichloroethylene, TCE)

Trichlorofluoromethane (GE)
(CFC 11)

Trichloromethane (CHEI
(chloroform)

1,2,3-TrichloropropanestsCls)
(allyl trichloride)

1,2,4-Trimethylbenzeneyk,)
(pseudocumene)

2-Hexanoned@,,0)
(butyl methyl ketone, MBK)

lodomethane (GIH
(methyl iodide)

1-Isopropyl-4-methylbenzengdd, 4)
(p-isopropyltoluene)

Methyl 2-methyl-2-propenoatefgO,)
(methyl methacrylate)

4-Methyl-2-pentanonegtG ,0)
(isobutyl methyl ketone, MIK)

2-Methyl-2-propenenitrile AdsN)
(methyl acrylonitrile)

Methyl-2-propenoate€;0,)
(methyl acrylate)

(1-Methylpropyl)benzene, (B1,)
(secbutylbenzene)

1,1’-Oxybisethane A&, ;0)
(diethyl ether)

2-Propanonedd@;0)
(acetone)

1,1,1,2-TetrachloroethaneH&Cl ;)
1,1,2,2-TetrachloroethangHgCl,)

1,2,3,4-Tetramethylbenzengy¥( )
(prehitene)

1,2,3,5-Tetramethylbenzengiz,)
(isodurene)

1,2,3-Trimethylbenzenglz,)
(hemimellitene)

1,3,5-Trimethylbenzengfiz,)
(mesitylene)

Description of Aquatic Toxicity Information 5



Other toxicity information for VOCs include: (1) no- Table 2. Volatile organic compounds with no available

observed effective concentration (NOEC), the highesf

concentration at which observed effects are not found

quatic toxicity information
IUPAC, International Union of Pure and Applied Chemistry]

or are not statistically significant; (2) lowest-observed

IUPAC Compound Name

effective concentration (LOEC), the lowest concentra-

tion producing a statistically significant effect; and
(3) maximum-acceptable toxicant concentration, the
chronic value representing the hypothetical threshold

Target analytes
Bromodichloromethane
Bromoethene
Chloroethane

concentration that is the geometric mean between thechioroethene

NOEC and LOEC concentrations.

For most VOCs, toxicity information is available
for only one or two test species. AQUIRE had no infor-
mation for 13 NAWQA target analytes and 13 other
analytes (table 2).

Retrieval from AQUIRE

Selected toxicity information was retrieved from
AQUIRE by specifying the VOC and ancillary infor-
mation including: chemical name recognized by the
International Union of Pure and Applied Chemistry
and common name, Chemical Abstracts registry num

ber, taxonomic classification (latin and common name)

of test species, number of studies (n) performed on
each VOC, duration of exposure, concentration of the
endpoint (for example, L£g), measured effect code
that qualifies the documentation of test procedures, an
source number indicating the study reference. Not all
entries in AQUIRE have the ancillary information that
were specified in the retrievals.

Criteria for Compilation of Information

Dichlorodifluoromethane
1,1-Dichloroethane
cis-1,2-Dichloroethene
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
2-Ethoxy-2-methylpropane
2-Methoxy-2-methylbutane
1,1,2-Trichloro-1,2,2-trifluoroethane
Trichlorofluoromethane

Other analytes
Bromobenzene
Dibromomethane

trans-1,4-Dichloro-2-butene
2,2-Dichloropropane
1,1-Dichloropropene
1-Ethyl-2-methylbenzene
Ethyl 2-methyl-2-propenoate
lodomethane
2-Methyl-2-propenenitrile
(1-Methylpropyl) benzene
1,2,3,4-Tetramethylbenzene
1,2,3,5-Tetramethylbenzene
1,2,3-Trimethylbenzene

To be included in this report, information from

AQUIRE was reviewed to determine if the following Lowest Concentrations of Volatile Organic
two criteria were met: (1) studies must have been Cortompounds that Affect a Species

ducted in freshwater, and (2) studies must have com-

plete or moderately complete documentation of test
procedures. A number of studies using the same

Some species are more sensitive to certain con-

taminants than others and are affected at lower concen-

species, duration, and endpoint were available for somgations. For this reason, aquatic toxicity information

VOCs. Inthese instances, only the two studies that was reviewed for the lowest concentration that had any
reported the lowest concentrations that had an effect effect on any species. This information is summarized
were included in the compilation at the end of this i table 3. Some compounds are acutely toxic to a
reportin the Aquatic Toxicity Information for Selected species over a relatively narrow concentration range.
Volatile Organic Compounds section (table 5) and in When this occurs, the lowest concentration that affects
the References Containing Aquatic Toxicity Informa- the species is reported as a range rather than a single
tion section (table 6). value.

6 Summary of Published Aquatic Toxicity Information and Water-Quality Criteria for Selected VOCs



Table 3.

[ITUPAC, International Union of Pure and Applied Chemistry; when available, the lowest concentration is given in the foitbevingprecedence: MATC,
maximum-acceptable toxicant concentration; LOEC, lowest-observed effective concentragipmeéian effective concentration; kg median lethal
concentration; --, not reported; nv, no value; <, less than; >, greater than; endpoint effect: AVO, avoidance; BEH BMBavWimmass; CLR, chloro-

Lowest concentrations of volatile organic compounds that affect a species

phyll; GRO, growth; IMM, immobilization; MOR, mortality, effect expressed as percentage of death; PSE, photosynthesisttaBjptresponse;

REP, reproduction; TER, teratogenesis]

Taxo-

Lowest concentration (micrograms per liter)

nomic Genus, species | End-  Duration
IUPAC compound name o P point of test
clas§|f|- Common name MATC LOEC ECso LCso effect  (hours)
cation
Target analytes
Benzene fish Pimephales promelas nv 17,200 -- -- GRO 168
Fathead minnow
Bromomethane fish Oryzias latipes nv nv 400 -- BEH 96
Medaka, high-eyes
n-Butylbenzene insects Daphnia magna 490 -- -- - MM 48
Water flea
Chlorobenzene insects Daphnia magna nv nv 585 - IMM 48
Water flea
Chloromethane fish Lepomis macrochirus nv nv nv 550,000 MOR 96
Bluegill
Dibromochloromethane fish Cyprinus carpio nv nv nv 34,000 MOR 72-120
Common, mirror, colored,
carp
1,2-Dibromo-3-chloropropane fish Lepomis macrochirus nv nv nv 20,000 MOR 48
Bluegill
1,2-Dibromoethane fish Micropterus salmoides nv nv nv 15000 MOR 24
Largemouth bass
1,2-Dichlorobenzene insects Daphnia magna nv nv 550 -- REP 336
Water flea
1,3-Dichlorobenzene fish Oncorhynchus mykiés 555-1,040 - - -- GRO 768
Rainbow trout, donaldson
trout
1,4-Dichlorobenzene fish Oncorhynchus mykiés 565-1,040 - - -- GRO 768
Rainbow trout, donaldson
trout
Dichlorobenzene fish Brachydanio rerid nv nv nv 10,000 MOR 48
(all isomers) Zebra danio, zebrafish
1,2-Dichloroethane fish Pimephales promelas 29,000-59,000 -- - - GRO 768
Fathead minnow
1,1-Dichloroethene plants Scenedesmus abundans nv nv 410,000 -- GRO 96
Green algae
Dichloroethene fish Lepomis macrochirus nv nv nv 140,000 MOR 96
(all isomers) Bluegill
trans-1,2-Dichloroethene insects Daphnia magna nv nv nv 220,000 MOR 48
Water flea
Dichloromethane amphib- Rana catesbeiaria nv nv 17,780 -- TER 192
ians Bullfrog
1,2-Dichloropropane fish Pimephales promelas  6,000-11,000 -- - -- GRO 768
Fathead minnow
1,3-Dichloropropene insects Daphnia magna nv nv 920 - MM 48
Water flea
Description of Aquatic Toxicity Information 7



Table 3.

Lowest concentrations of volatile organic compounds that affect a species—Continued

Taxo- Lowest concentration (micrograms per liter) .
- . End- Duration
nomic Genus, species | .

IUPAC compound name lassifi- Common name point of test
classt MATC LOEC  ECso LCso  effect (hours)
cation

Target analytes—Continued
1,2-Dimethylbenzene fish Oncorhynchus kisut¢h nv nv 600 - AVO 1
Coho salmon, silver
salmon
1,3-Dimethylbenzene plants  Selenastrum nv nv 3,900 -- GRO 192
capricornutum
Green algae
1,4-Dimethylbenzene plants  Selenastrum nv nv 3,200 -- GRO 72
capricornutum
Green algae
Dimethylbenzene inverte-  Brachionus calyciflorus nv 40,000 -- -- REP 48

(all isomers) brates, Rotifer

misc.
Ethenylbenzene fish Oncorhynchus mykiés nv nv nv 2,500 MOR 24
Rainbow trout, donaldson
trout
Ethylbenzene insects Daphnia magna nv nv 1,810 - IMM 24
Water flea
1,1,2,3,4,4-Hexachloro-1,3- fish Pimephales promelas 6.5-13 -- -- - GRO 768
butadiene Fathead minnow
1,1,1,2,2,2-Hexachloroethane fish Oncorhynchus mykiés 67-207 - -- -- GRO 768
Rainbow trout, donaldson
trout
2-Methoxy-2-methylpropane fish Pimephales promelas nv nv nv 672,000 MOR 96
Fathead minnow
Methylbenzene fish Pimephales promelas nv 6,000 -- -- GRO 768
Fathead minnow
(1-Methylethyl) benzene insects Daphnia magna nv nv 601 - IMM 48
Water flea
Naphthalene insects Daphnia magna nv nv 690 - PTR 2
Water flea
2,2-Oxybis[propane] fish Pimephales promelas nv nv nv 91,700 MOR 96
Fathead minnow
2-Propenal insects Daphnia magna nv nv 51 - IMM 48
Water flea
2-Propenenitrile insects Daphnia magna nv nv 10,950 - IMM 48
Water flea
n-Propylbenzene plants  Selenastrum nv nv 1,800 -- GRO 72
capricornutum
Green algae
Tetrachloroethene fish Oncorhynchus mykiés 500-1,400 -- -- -- GRO 768
Rainbow trout, donaldson
trout
Tetrachloromethane fish Pimephales promelas 52,100 -- -- -- MOR 168
Fathead minnow
Tribromomethane plants  Selenastrum nv nv 38,600 -- CLR 96

capricornutum
Green algae
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Table 3. Lowest concentrations of volatile organic compounds that affect a species—Continued

Taxo- Lowest concentration (micrograms per liter) .
. , End-  Duration
nomic Genus, species | .

IUPAC compound name lassifi- Common name point of test
cassi MATC LOEC  ECsp LCso  effect (hours)
cation

Target analytes—Continued
1,2,3-Trichlorobenzene insects Daphnia magna nv nv 200 -- REP 336
Water flea
1,2,4-Trichlorobenzene fish Oncorhynchus mykiés 406 -- -- - GRO 1,080
Rainbow trout, donaldson
trout
1,1,1-Trichloroethane fish Pimephales promelas nv nv 11,100 - IMM 72
Fathead minnow
1,1,2-Trichloroethane fish Oncorhynchus mykiés 6,000- -- -- -- GRO 768
Rainbow trout, donaldson 14,800
trout
Trichloroethene fish Jordanella floridaé nv 11,000 - -- MOR 240
Flagfish
Trichloromethane amphib- Hyla crucifer nv nv 270 -- TER 168
ians Spring peeper
1,2,3-Trichloropropane fish Pimephales promelas nv nv nv 66500 MOR 96
Fathead minnow
1,2,4-Trimethylbenzene insects Daphnia magna nv nv 3,600 - IMM 48
Water flea
Other analytes
Bromochloromethane fish Cyprinus carpid nv nv nv 67,000 MOR 72-120
Common, mirror, colored,
carp
2-Butanone insects Daphnia magna nv nv 5,091,000 --  IMM 48
Water flea
Carbon disulfide plants  Chorella pyrenoidosa nv nv 21,000 -- GRO 96
Green algae
1-Chloro-2-methylbenzene  insects Daphnia magna nv nv 20,000 - IMM 24
Water flea
1-Chloro-4-methylbenzene  fish Brachydanio rerid nv nv nv 4,400 MOR 672
Zebra danio, zebrafish
3-Chloro-1-propene amphib- Xenopus laevis nv nv nv 340 MOR 48
ians Clawed toad
1,3-Dichloropropane fish Pimephales promelas 8,000- -- - -- GRO 768
Fathead minnow 16,000
(1,1-Dimethylethyl)benzene insects Daphnia magna nv nv nv 41,000 MOR 24
Water flea
1,4-Epoxybutane fish Carassius auratus nv nv nv 2,400,000 MOR 48
Goldfish
Ethenylethanoate fish Carassius auratus nv nv nv 42,330 MOR 24
Goldfish
2-Hexanone fish Pimephales promelas nv nv nv 428,000 MOR 96
Fathead minnow
1-Isopropyl-4-methylbenzene plants Skeletonema costatém nv nv 22,000 -- PSE 96
Diatom
Description of Aquatic Toxicity Information 9



Table 3. Lowest concentrations of volatile organic compounds that affect a species—Continued

Taxo- Lowest concentration (micrograms per liter) End-  Duration
IUPAC compound name nomic Genus, species | point of test
classifi- Common name MATC LOEC ECs LCx effect  (hours)

cation

Other analytes—Continued

Methyl 2-methyl-2- fish Pimephales promelas nv nv nv 130,000 MOR 96
propenoate Fathead minnow

4-Methyl-2-pentanone plants Scenedesmus subspicdtus nv nv 980,000 - BMS 48
Green algae

Methyl-2-propenoate fish Osteichthyels nv nv nv 5,000 MOR 72
Bony fish class

1,1’-Oxybisethane fish Oryzias latipes nv nv nv >1,000,000 MOR 24
Medaka, high-eyes

2-Propanone insects Daphnia magna >1,103,200- -- -- - MOR 672
Water flea <2,206,400

1,1,1,2-Tetrachloroethane fish Lepomis macrochirus nv nv nv 20,000 MOR 24
Bluegill

1,1,2,2-Tetrachloroethane fish Oncorhynchus mykiés 1,400-4,000 -- -- -- GRO 768

Rainbow trout, donaldson
trout

1,3,5-Trimethylbenzene insects Daphnia magnA nv nv 6,011 - IMM 48
Water flea
WATER-QUALITY CRITERIA AND following: (1) "no negative effect" data obtained from
GUIDELINES FOR VOLATILE life-stage tests of chronic toxicity; (2) thresholds for the
ORGANIC COMPOUNDS tainting of fish flesh; or (3) concentrations in the water
that would result in acceptable concentrations in the
Water-quality criteria and guidelines for 39 edible portions of marketable fish (or the protection of

VOCs (table 4) measured by the USGS have been natural consumers). If sufficient chronic toxicity data
established by USEPA (U.S. Environmental Protectionyre not available, Canadian guidelines are based on
Agency, 1996a) and Canada (Canadian Council of - short-term toxicity data (96 hour Lg) of the most sen-

Resource and Environment Ministers, 1991) to proteisiye species mutliplied by application factors of 0.05

freshwater biota. When toxicity information is insuffi-, - honpersistent effects and 0.01 for persistent effects.
cient to develop criteria, USEPA uses values equal to The USEPA aquatic-life criteria are nonen-

the LOEC. Canadian water-quality guidelines, WhIChforceable scientific recommendations that may provide

are nonenforceable guidelines that may provide the the basis for State standards. Acut d chronic criteri
basis for Provincial Standards or Objectives (Richard. € basis for >tale standards. Acute and chronic criteria
sued under the 1985 guidelines (Stephan and others,

Aucoin, Environment Canada, oral commun., 1997) ar® - - ]
lower than the USEPA criteria. This may be attributeg1985) are the criterion maximum concentration (CMC)

to procedures for determining the values. Canadian @nd the criterion continuous concentration (CCC),
Water-Quality Guidelines, which " * * * are set at suchrespectively. The acute and chronic criteria are based

values as to protect all forms of aquatic life and all  ©n the highest concentration of a pollutant that fresh-
aspects of the aquatic life cycles" (Canadian Council oater aguatic organisms can be exposed to for an estab-
Resource and Environment Ministers, 1991), contrastéshed period of time without deleterious effects—

with the USEPA approach in which " * * * protection 1 hour for CMC and 4 days for CCC. Water-quality

of all species at all times and places is not deemed ne&titeria are based on guidelines established using exten-
essary" (Stephan and others, 1985). Canadian guidesive data requirements and complex mathematical

lines are derived from the most sensitive of the derivations.
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Table 4. Water-quality criteria and guidelines for volatile organic compounds

[IUPAC, International Union of Pure and Applied Chemistry; USEPA, U.S. Environmental Protection Agency; all values argramsquer liter;
--, Criteria does not exist]

USEPA USEPA Canadian
IUPAC compound name freshwater acute freshwater chronic water-quality
criteria/guidelines criteria/guidelines 1 guidelines 2
Target analytes
Benzene 5,300 -- 300
Bromodichloromethane 11,000 - --
Bromomethane 11,000 -- --
Chlorobenzene 250 50 15
Chloroethane 3860,000 4230,000 -
Dibromochloromethane 11,000 - --
1,2-Dichlorobenzene 1,120 763 2.5
1,3-Dichlorobenzene 1,120 763 2.5
1,4-Dichlorobenzene -- - 4
Dichlorodifluoromethane 11,000 -- --
1,2-Dichloroethane 118,000 20,000 100
1,1-Dichloroethene 11,600 -- --
cis-1,2-Dichloroethene 11,600 -- --
trans-1,2-Dichloroethene 11,600 -- -
Dichloromethane 11,000 -- 98
cis-1,3-Dichloropropene 6,600 244 --
trans-1,3-Dichloropropene 6,600 244 -
Ethylbenzene 32,000 -- 90
1,1,2,3,4,4-Hexachloro-1,3-butadiene 90 9.3 1
1,1,1,2,2,2-Hexachloroethane 980 540 --
Methylbenzene 17,500 - 2
Naphthalene 2,300 620 -
2-Propenal 68 21 1,000
2-Propenenitrile 7,550 2,600 --
Tetrachloroethene -- -- 110
Tetrachloromethane 35,200 -- 13
Tribromomethane 11,000 -- --
1,2,3-Trichlorobenzene - -- .9
1,2,4-Trichlorobenzene 250 50 5
1,1,1-Trichloroethane 18,000 - --
1,1,2-Trichloroethane 18,000 9,400 --
Trichloroethene 45,000 21,900 20
Trichlorofluoromethane 11,000 -- -
Trichloromethane 28,900 1,240 2
Other analytes

Bromochloromethane 11,000 - --
Carbon disulfide -- 2 -
3-Chloro-1-propene 3860,000 4230,000 --
1,1,1,2-Tetrachloroethane 9,320 -- --
1,1,2,2-Tetrachloroethane 9,320 2,400 --

1u.S. Environmental Protection Agency, 1996b.

2Canadian Council of Resource and Environment Ministers, 1991.
31-hour average, freshwater acute water-quality criteria.

44-day average, freshwater chronic water-quality criteria.

Water-Quality Criteria and Guidelines for Volatile Organic Compounds 11
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EXPLANATION OF TERMS USED IN TABLE 5

IUPAC compound name: (International Union of Pure and Applied Chemistry) Internationally recognized system of accepted chemical names.
Taxonomic classification Represented by phylum, class, order, genus, species, and so forth.

n: Total number of studies that used the chemical on a designated genus/species. Includes only studies with acceptafilal elgségimthat is, freshwater only and documentation
codes C and M. The lowest effective concentration of a specified compound is listed first, and if data are available, ithwestamtentration is also recorded. The
second lowest number may be from the same cited reference as the lowest number, or it may be from a different study itbimihetsdnve experimental parameters (see
"Documentation Codes" and "Endpoint Effect Codes" below).

Duration: Length of exposure is coded in time units (that is, hours), depending on the species. For a fluctuating or intermitexpeidsiegt, the total exposure time is recorded.

Measures of toxicity.

(<, less than; >, greater than) see MATC definitions, this page.

LCsq (Median Lethal Concentration) Statistically estimated concentration that is expected to be lethal to 50 percent of erganignts tested after an exposure
time—24-96 hours or less.

ECsy (Median Effective Concentration) Effective concentration for 50 percent of the organisms tested. Used when an effiect défagh is the observed endpoint.

LOEC: (Lowest-Observed Effective Concentration) The lowest concentration producing a statistically significant effect.

MATC : (Maximum-Acceptable Toxicant Concentration) Hypothetical toxic concentration lying in a range bounded at the lowéedrighmst tested concentration having
no-observed effect (NOEC) and at the higher end by the lowest tested concentration having a significant toxic effect (Li@ES)cla &ull chronic) or partial cycle
(partial chronic) test. NOEC < MATC < LOEC.

NOEC: (No-Observed Effective Concentration) The highest concentration at which observed effects are not found or are ndy sigtigfiizatt.

Endpoint Effect Codesdenoted by the following:ABN=abnormality;AVO =avoidanceBEH=behavior,BMS=biomassCLR=chlorophyll; CYT =cytogeneticDET=detachment;
ENZ=enzymeEQU=equilibrium, change in ability to maintain balanEQC=food consumptionGRO=growth;HAT = hatchability, change in percentage of hatch, time to
hatch number of eggs hatch&dM =immobilization;IRR =irritation; LOC =locomotor behaviot1G =migration;MOR =mortality, effect expressed as a percentage of death;
NR=no response?GR=population growthPRB=predatory behaviol?RV=predatory vulnerabilityP SE=photosynthesidREP=reproductionRGN= regeneration;
STR=stressSVC=shell valve closuréfER=teratogenesisfHL = thermal.

DC: (Documentation CodepC= C: (Complete) meets the following criteria: methodology section cites published or well-documented procedures; satisfackoigyxamarit
concentration measured; for organic and nonmetallic inorganic chemicals, the test water temperature, pH, and dissolvedepgded;alkalinity or hardness are reported.
DC= M: (Moderate) procedures generally satisfactory; that is, followed some standard methods but one or more of the follovahimpfoienasion are missing or
incomplete: control mortality, solvent control when a solvent is used in the test, toxicant concentration, test water. chemistr

Source no: Number assigned to a study, indicating the reference where information was found. Number may be used to retrierantite@bRE data base (U.S. Environmental
Protection Agency, 1996a). Full citations are listed by source numbers in table 6.

--: Indicates unavailable data or designates space for which toxicity data are addressed in a separate column.
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Table 5. Aguatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey

[Information was retrieved from U.S. Environmental Protection Agency’s data base, AQUIRE. A number of studies using tleeisapdusation, and endpoint were available for some VOCs. In these
instances, only the two studies that reported the lowest concentration that had an effect were included in the compilation]

IUPAC Taxonomic Genus, species/ Duration Measures of toxicity (micrograms per liter) Endp;oint DC Source
compound name classification common name (hours) LCsg ECsq LOEC MATC NOEC effect no.
Target analytes
Benzene amphibians Ambystoma mexicanum/ 1 48 370,000 - -- - -- MOR M 9740

Mexican axolotl

amphibians Xenopus laevis/ 2 48 190,000 - - -- -- MOR M 9740
Clawed toad 48 190,000 - - -- -- MOR M 12152

crustaceans Diaptomus forbesi/ 1 96 710,000 - - - -- MOR M 11282
Calanoid copepod

crustaceans Gammarus fossarum/ 5 120 66,007 - - -- -- MOR M 13419
Scud 96 68,283 - - -- - MOR M 13419

crustaceans Gammarus pulex/ 1 48 42,000 - - -- - MOR M 15788
Scud

fish Carassius auratus/ 4 24 34,420 -- -- -- -- MOR C 728
Goldfish 48 34,420 - - -- - MOR C 728

fish Cottus cognatus/ 1 96 13,541 -- - - -- MOR M 5622
Slimy sculpin

fish Gambusia affinis/ 3 96 386,000 -- -- - -- MOR C 508
Mosquitofish 24 395,000 - - -- -- MOR C 508

fish Gasterosteus aculeatus/ 1 96 21,818 -- -- - -- MOR M 5622
Three spine stickleback

fish Ictalurus punctatus/ 1 96 425,000 -- -- -- -- MOR C 666
Channel catfish

fish Lepomis macrochirus/ 6 24 20,000 - - -- -- MOR C 922
Bluegill 48 20,000 - - -- -- MOR C 922

fish Oncorhynchus gorbuscha/ 3 96 4,640 - - -- -- MOR M 5622
Pink salmon 96 15,017 - - -- -- MOR M 5622

fish Oncorhynchus kisutch/ 3 96 8,611 - - -- - MOR M 5622
Coho salmon, silver salmon 96 12,381 -- -- - -- MOR M 5622

fish Oncorhynchus kisutch/ 2 1 -- 1,740 -- -- -- AVO M 15211
Coho salmon, silver salmon 1 -- 1,750 -- - -- AVO M 15211

fish Oncorhynchus mykiss/ 5 96 5,300 - - -- -- MOR C 15131
Rainbow trout, donaldson trout 96 5,900 - - -- -- MOR M 13142

fish Oncorhynchus nerka/ 1 96 9,455 -- - -- - MOR M 5622
Sockeye salmon

fish Oncorhynchus tshawytscha/ 1 96 10,307 - - -- - MOR M 5622

Chinook salmon
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration . Source
compound name classification common name (hours) LC EC LOEC NOEC point bC no
50 50 effect '
Target analytes—Continued
Benzene—Continued fish Oryzias latipes/ 7 24 54,000 - -- - -- MOR M 12497

Medaka, high-eyes 48 54,000 - -- - -- MOR M 12497

fish Pimephales promelas/ 12 96 12,600 - -- - -- MOR C 3217
Fathead minnow 168 14,010 - -- - -- MOR C 3910

fish Pimephales promelas/ 2 168 - 171 -- - -- BMS C 3910
Fathead minnow 168 - 262 -- - - GRO C 3910

fish Pimephales promelas/ 2 168 - -- 17,200 - -- GRO M 3910
Fathead minnow 168 - - 17,200 - - MOR M 3910

fish Pimephales promelas/ 2 168 - - -- - 10,200 GRO M 3910
Fathead minnow 168 -- -- -- -- 10,200 MOR M 3910

fish Poecilia reticulata/ 4 96 28,600 - -- - -- MOR M 13142
Guppy 24 36,600 - -- - - MOR C 728

fish Salmo trutta/ 1 1 12,000 - -- - -- MOR C 448
Brown trout

fish Salvelinus malma/ 2 96 10,457 - -- -- -- MOR M 5622
Dolly varden 96 10,509 -- -- -- -- MOR M 5622

fish Thymallus arcticus/ 1 96 12,926 - -- - -- MOR M 5622
Arctic grayling

insects Aedes aegypti/ 1 48 200,000 - -- - -- MOR M 10574
Mosquito

insects Aedes aegypti/ 1 24 -- 59,270 -- - - IMM M 5700
Mosquito

insects Asellus aquaticus/ 6 48 120,000 - -- - -- MOR M 15788
Aquatic sowbug 120 284,511 - -- - -- MOR M 13419

insects Chironomidae/ 1 96 -- 1,370,000 -- -- -- IMM M 770
Midge family

insects Chironomus thummi/ 1 48 100,000 -- - -- -- MOR M 15788
Midge

insects Cloeon dipterum/ 1 48 34,000 -- -- -- -- MOR M 15788
Mayfly

insects Corixa punctata/ 1 48 48,000 -- -- -- -- MOR M 15788
Water boatman

insects Culex pipiens/ 1 48 71,000 - -- - -- MOR M 10574

Mosquito
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCsg ECsq LOEC MATC NOEC effect no.
Target analytes—Continued
Benzene—Continued insects Daphnia cucullata/ 2 48 356,000 - - -- - MOR M 2017
Water flea 48 390,000 - - -- -- MOR M 2017
insects Daphnia magna/ 10 48 200,000 - - -- -- MOR C 5184
Water flea 24 250,000 - - -- -- MOR C 5184
insects Daphnia magna/ 6 1 - 6,300 - -- - ENZ M 6516
Water flea 24 - 10,000 - -- - IMM M 6516
insects Daphnia pulex/ 3 96 15,000 - - -- -- MOR M 15337
Water flea 48 265,000 - - -- - MOR M 2017
insects Ischnura elegans/ 1 48 10,000 -- -- - -- MOR M 15788
Dragonfly
insects Nemoura cinerea/ 1 48 130,000 -- -- -- -- MOR M 15788
Stonefly
invertebrates, Amphimelania holandri/ 5 120 671,446 -- -- - -- MOR M 13419
misc. Snalil 96 819,392 - - -- -- MOR M 13419
invertebrates, Brachionus calyciflorus/ 2 24 >1,000 -- -- - -- MOR C 6002
misc. Rotifer 24 >1,000,000 -- -- -- -- MOR M 9385
invertebrates, Dugesia lugubris/ 1 48 74,000 - - -- -- MOR M 15788
misc. Turbellarian, flatworm
invertebrates, Erpobdella octoculata/ 1 48 >320,000 -- - -- -- MOR M 15788
misc. Leech
invertebrates, Hydra oligactis/ 2 48 34,000 - - -- -- MOR M 10574
misc. Hydra 48 34,000 - - -- -- MOR M 15788
invertebrates, Lymnaea stagnalis/ 7 48 230,000 - - -- -- MOR M 10574
misc. Great pond snail 48 230,000 -- -- - -- MOR M 15788
invertebrates, Oligochaeta (ordet) 1 48 >320,000 -- - -- - MOR M 15788
misc. Tubificidae (family)
invertebrates, Viviparus bengalensis/ 1 96 -- 970,000 -- - - IMM M 770
misc. Snail
plants Chlorella vulgaris/ 1 24 -- 525,000 -- - -- GRO M 2215
Green algae
plants Scenedesmus abundans/ 1 96 -- >1,360,000 -- -- -- GRO M 11677
Green algae
plants Selenastrum capricornutum/ 2 72 - 29,000 -- -- -- GRO M 13142
Green algae 192 - 41,000 - -- - GRO M 3550
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCso ECsg LOEC MATC NOEC effect no.
Target analytes—Continued
Bromomethane fish Cyprinus carpio/ 1 4 14,300 - -- - -- MOR M 10516
Common, mirror, colored, carp
fish Lepomis macrochirus/ 1 96 11,000 -- -- -- -- MOR C 863
Bluegill
fish Oryzias latipes/ 3 96 700 - -- - -- MOR C 5331
Medaka, high-eyes 216 900 - -- - -- MOR C 5331
fish Oryzias latipes/ 4 96 - 400 -- - -- BEH C 5331
Medaka, high-eyes 24 - 500 -- - -- BEH C 5331
fish Oryzias latipes/ 4 2191 - - -- - 320 BEH M 6059
Medaka, high-eyes 2,191 -- -- -- -- 320 GRO M 6059
fish Poecilia reticulata/ 4 96 0.800 - -- - -- MOR C 5331
Guppy 72 800 -- -- - - MOR C 5331
fish Poecilia reticulata/ 8 96 - 0.600 -- - - IMM C 5331
Guppy 72 - 0.800 -- - - IMM C 5331
fish Poecilia reticulata/ 2 504 - - -- - 100 BEH M 6059
Guppy 504 - - -- - 320 MOR M 6059
insects Daphnia magna/ 1 48 2,200 - - -- - MOR C 5331
Water flea
insects Daphnia magna/ 2 48 - 1,700 -- - -- BEH C 5331
Water flea 48 - 2,000 -- - - IMM C 5331
plants Chlorella pyrenoidosa/ 2 48 - 5,000 -- - -- GRO C 5331
Green algae 24 -- 2,100-6,700 -- -- -- GRO C 5331
plants Scenedesmus quadricauda/ 2 24 - 2,200 -- - -- GRO C 5331
Green algae 48 -- 3,200 -- -- -- GRO C 5331
n-Butylbenzene insects Daphnia magna/ 8 48 - 340 -- - - IMM C 6984
Water flea 48 - 380 -- - - IMM C 6984
insects Daphnia magna/ 1 48 -- -- -- 490 - IMM C 6984
Water flea
Chlorobenzene fish Brachydanio rerio/ 2 672 10,300 -- -- -- -- MOR M 3279
Zebra danio, zebrafish 48 10,500 - -- - - MOR M 15526
fish Brachydanio rerio/ 4 168 -- -- -- -- 8,500 REP M 3279
Zebra danio, zebrafish 336 - - -- - 8,500 REP M 3279
fish Carassius auratus/ 11 180 880 - -- - -- MOR C 538
Goldfish 192 880 - -- - - MOR C 563
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter) End-

IUPAC Taxonomic Genus, species/ Duration . Source
compound name classification common hame (hours) point bC no
LCso ECso LOEC NOEC  gffect :
Target analytes—Continued
Chlorobenzene— fish Lepomis macrochirus/ 19 24 4,500 - - -- - MOR C 7398
Continued Bluegill 48 4,500 -- -- -- -- MOR C 7398
fish Micropterus salmoides/ 8 156 50 - - -- -- MOR C 538
Largemouth bass 180 50 - - -- -- MOR C 563
fish Oncorhynchus mykiss/ 5 384 <90 - - -- - MOR C 563
Rainbow trout, donaldson trout 384 <90 - - -- -- MOR C 563
fish Pimephales promelas/ 13 96 16,900 - - -- -- MOR C 3217
Fathead minnow 96 22,200 - - -- - MOR C 10432
fish Poecilia reticulata/ 4 24 5,630 -- - - -- MOR M 4038
Guppy 24 45,530 - - -- -- MOR C 728
insects Ceriodaphnia dubia/ 10 48 7,900 -- -- - -- MOR C 10810
Water flea 48 8,900 - - -- -- MOR C 10810
insects Ceriodaphnia dubia/ 3 168-240 -- 14,000 -- - -- MOR C 212
Water flea 168-240 - 22,000 - -- -- MOR C 212
insects Ceriodaphnia dubia/ 4 168-240 - - - -- 3,890 MOR M 212
Water flea 168-240 -- - - -- 12,000 REP M 212
insects Chironomus riparius/ 1 96-98 -- -- -- -- 720 BEH C 14176
Midge
insects Daphnia magna/ 13 48 8,600 - - -- -- MOR C 10810
Water flea 48 10,700 - - -- - MOR C 10810
insects Daphnia magna/ 8 48 - 585 - -- - IMM M 10805
Water flea 336 - 2,500 - -- - REP M 15526
insects Daphnia magna/ 4 216-264 - - - -- 6,500 REP M 212
Water flea 216-264 - - - -- 11,000 REP M 212
plants Cyclotella meneghiniana/ 1 48 -- 235,740 -- - - CYT C 88
Diatom
plants Selenastrum capricornutum/ 4 96 - 202,000 - -- - PGR M 9607
Green algae 96 -- 210,000 -- -- -- CLR M 9607
plants Selenastrum capricornutum/ 1 96 -- -- -- -- <100,000 CLR M 9607
Green algae
Chloromethane fish Lepomis macrochirus/ 1 96 550,000 -- -- -- -- MOR C 863
Bluegill
1,2-Dibromo-3-chloro-  fish Lepomis macrochirus/ 3 48 20,000 -- -- - -- MOR C 2786
propane Bluegill 24 50,000 - - -- -- MOR C 2786
fish Micropterus salmoides/ 3 48 20,000 -- -- - -- MOR C 2786
Largemouth bass 24 30,000 - - -- - MOR C 2786
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration . Source
compound name classification common name (hours) LC EC LOEC NOEC point bC no
50 50 effect '
Target analytes—Continued
1,2-Dibromo-3-chloro-  invertebrates, Cipangopaludina malleata/ 1 48 53,000 -- -- -- -- MOR M 9158
propane—Continued misc. Mud snail
invertebrates, Indoplanorbis exustus/ 1 48 57,000 -- -- -- -- MOR M 9158
misc. Snail
invertebrates, Physa acuta/ 1 48 24,000 -- -- -- -- MOR M 9158
misc. Bladder snail
invertebrates, Semisulcospira libertina/ 1 48 50,000 -- -- -- -- MOR M 9158
misc. Marsh snail
Dibromochloromethane fish Cyprinus carpio/ 2 72-120 34,000 - -- - -- MOR M 6360
Common, mirror, colored, carp 74 52,000 -- -- -- -- MOR M 6360
1,2-Dibromoethane fish Lepomis macrochirus/ 3 24 18,000 -- -- - -- MOR C 2786
Bluegill 48 18,000 -- -- -- -- MOR C 2786
fish Micropterus salmoides/ 3 24 15,000 - -- - -- MOR C 2786
Largemouth bass 48 15,000 -- -- -- -- MOR C 2786
1,2-Dichlorobenzene fish Brachydanio rerio/ 1 48 6,800 -- - -- -- MOR M 15526
Zebra danio, zebrafish
fish Lepomis macrochirus/ 3 96 5,600 - -- - - MOR C 5590
Bluegill 24 6,300 -- -- -- -- MOR C 5590
fish Oncorhynchus mykiss/ 7 144 1,540 - -- - -- MOR C 10579
Rainbow trout, donaldson trout 48 1,580 -- -- -- -- MOR C 10579
fish Oncorhynchus mykiss/ 1 96 -- 1,550 - -- - LOC C 4433
Rainbow trout, donaldson trout
fish Pimephales promelas/ 8 96 6,027 - -- - -- MOR M 7257
Fathead minnow 96 9,470 -- -- -- -- MOR C 12858
fish Poecilia reticulata/ 1 96 4,792 -- -- -- -- MOR M 7257
Guppy
insects Daphnia Magna/ 3 24 2,400 - -- - -- MOR C 5184
Water flea 48 2,400 - -- - -- MOR C 5184
insects Daphnia magna/ 6 336 - 550 -- - -- REP M 15526
Water flea 24 - 780 -- - - IMM M 15526
insects Daphnia magna/ 1 504 -- -- - -- 630 REP M 847
Water flea
insects Tanytarsus dissimilis/ 2 48 12,000 -- -- -- -- MOR C 10579
Midge 24 19,900 -- -- -- -- MOR C 10579
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter) End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCsg ECsq LOEC MATC NOEC effect no.
Target analytes—Continued
1,2-Dichlorobenzene— plants Cyclotella meneghiniana/ 1 48 -- 23,330 - -- - CYT C 88
Continued Diatom

plants Scenedesmus subspicatus/ 2 48 - 13,500 - -- - GRO M 2997
Green algae 48 - 14,000 - -- - BMS M 2997

plants Selenastrum capricornutum/ 5 24 - 65,800 - -- -- CLR M 9607
Green algae 96 - 71,100 - -- - CLR M 9607

plants Selenastrum capricornutum/ 1 96 -- - -- -- <10,000 CLR M 9607
Green algae

1,3-Dichlorobenzene fish Lepomis macrochirus/ 2 96 5,000 -- -- - -- MOR C 5590

Bluegill 24 22,000 - - -- -- MOR C 5590

fish Oncorhynchus mykiss/ 2 768 - - -- 555-1,040 -- GRO C 4433
Rainbow trout, donaldson trout 768 - - -~ 555-1,040 -- MOR C 4433

fish Pimephales promelas/ 3 96 7,800 - - -- -- MOR C 10183
Fathead minnow 96 7,800 - - -- -- MOR C 12124

fish Pimephales promelas/ 1 768 -- -- 2,300 -- -- MOR M 12124
Fathead minnow

fish Pimephales promelas/ 1 96 - -- -- 1,500 - MOR C 12124
Fathead minnow

fish Pimephales promelas/ 1 768 -- -- -- -- 1,000 MOR M 12124
Fathead minnow

insects Chironomus riparius/ 1 96-98 -- -- -- -- 37 BEH C 14176
Midge

insects Daphnia magna/ 5 48 1,700 - - -- - MOR M 5675
Water flea 48 7,200 - - -- -- MOR C 15981

insects Daphnia magna/ 5 384 - 1,400 - -- - REP M 5675
Water flea 48 -- 4,200 - - - IMM C 15981

insects Daphnia magna/ 2 384 - - - -- 300 GRO C 12872
Water flea 504 - - - -- 500 REP C 847

plants Cyclotella meneghiniana/ 1 48 -- 51,880 - -- - CYT C 88
Diatom

plants Scenedesmus subspicatus/ 2 48 - 19,000 - -- -- BMS M 2997
Green algae 48 -- 30,000 -- -- -- GRO M 2997

plants Selenastrum capricornutum/ 5 96 - 114,000 -- -- -- PGR M 9607
Green algae 72 - 124,000 - -- - CLR M 9607

plants Selenastrum capricornutum/ 1 96 -- -- -- - 32,000 CLR M 9607
Green algae
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCso ECsg LOEC MATC NOEC effect no.
Target analytes—Continued
1,4-Dichlorobenzene fish Brachydanio rerio/ 3 672 2,700 -- -- -- -- MOR M 3279

Zebra danio, zebrafish 24 4,200 - -- - -- MOR M 10712

fish Brachydanio rerio/ 4 168 -- -- -- -- 2,100 REP M 3279
Zebra danio, zebrafish 336 - - -- - 2,100 REP M 3279

fish Jordanella floridae/ 7 72 2,053 -- -- -- -- MOR M 140
Flagfish 96 2,053 - -- - - MOR M 140

fish Jordanella floridae/ 3 240 -- -- 263 -- -- MOR M 140
Flagfish 672 - - >349 - -- GRO M 140

fish Lepomis macrochirus/ 2 96 4,300 - -- -- -- MOR C 5590
Bluegill 24 4,500 - -- - -- MOR C 5590

fish Oncorhynchus mykiss/ 8 336 800 - -- - -- MOR M 10712
Rainbow trout, donaldson trout 96 1,120 -- -- -- -- MOR C 10579

fish Oncorhynchus mykiss/ 1 96 -- 1,100 -- -- -- EQU C 4433
Rainbow trout, donaldson trout

fish Oncorhynchus mykiss/ 2 768 -- -- --  565-1,040 -- GRO C 4433
Rainbow trout, donaldson trout 768 -- -- --  565-1,040 -- MOR C 4433

fish Pimephales promelas/ 14 96 2,400 -- -- -- -- MOR C 5735
Fathead minnow 96 2,852 - -- -- -- MOR M 7257

fish Pimephales promelas/ 1 768 -- -- 1,000 - -- MOR M 12124
Fathead minnow

fish Pimephales promelas/ 2 96 - - -- 760 -- MOR C 12124
Fathead minnow 168 - - -- 2,850 -- MOR C 257

fish Pimephales promelas/ 1 768 -- -- - -- 570 MOR M 12124
Fathead minnow

fish Poecilia reticulata/ 1 96 2,896 -- -- -- -- MOR M 7257
Guppy

insects Chironomus riparius/ 1 48 12,000 -- -- -- -- MOR C 4072
Midge

insects Chironomus riparius/ 1 48 -- -- -- -- 940 MOR M 4072
Midge

insects Daphnia magna/ 2 48 11,000 - -- - -- MOR C 5184
Water flea 24 42,000 - -- - -- MOR C 5184

insects Daphnia magna/ 4 336 - 930 -- - -- REP M 15526
Water flea 24 -- 1,600 -- -- -- IMM M 10712
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration . Source
compound name classification common hame (hours) point bC no
P LCso ECso LOEC NOEC  gffect :
Target analytes—Continued
1,4-Dichlorobenzene— insects Daphnia magna/ 1 504 -- -- -- - 300 REP M 847
Continued Water flea
insects Tanytarsus dissimilis/ 2 48 13,000 - - -- - MOR C 10579
Midge 24 22,100 - - -- -- MOR C 10579
plants Cyclotella meneghiniana/ 1 48 -- 34,300 - -- - CYT C 88
diatom
plants Scenedesmus subspicatus/ 2 48 - 28,000 - -- -- BMS M 2997
Green algae 48 - 38,000 - -- - GRO M 2997
plants Selenastrum capricornutum/ 7 96 - 1,600 -- -- -- GRO M 10712
Green algae 3 - 5,200 - -- - PSE M 10712
plants Selenastrum capricornutum/ 1 96 -- -- -- -- 5,600 CLR M 9607
Green algae
1,2-Dichloroethane amphibians Ambystoma gracile/ 2 228 2,540 - - -- -- MOR C 15418
Salamander 132 6,530 - - -- -- MOR C 15418
amphibians Rana pipiens/ 2 216 4,400 - - -- -- MOR C 15418
Leopard frog 120 4,520 - - -- -- MOR C 15418
crustaceans Gammarus fasciatus/ 1 96 >100,000 -- - -- -- MOR C 666
Scud
fish Oncorhynchus mykiss/ 4 5562 34 - -- -- -- MOR C 15418
Rainbow trout, donaldson trout 672 34 -- -- - -- MOR C 15418
fish Oryzias latipes/ 6 24 1,100,000 - - -- - MOR M 12497
Medaka, high-eyes 48 1,100,000 -- -- - -- MOR M 12497
fish Pimephales promelas/ 5 72 116,000 - - -- -- MOR C 11227
Fathead minnow 96 116,000 -- -- - -- MOR C 11227
fish Pimephales promelas/ 1 768 -- -- -- 29,000- -- GRO C 15301
Fathead minnow 59,000
insects Daphnia magna/ 6 48 220,000 - - -- -- MOR C 5184
Water flea 24 250,000 - -- -- -- MOR C 5184
insects Pteronarcys californica/ 1 96 >100,000 -- - -- -- MOR C 666
Stonefly
insects Daphnia magna/ 5 48 - 160,000 - -- - IMM C 15981
Water flea 48 - 180,000 - -- - IMM C 15981
1,1-Dichloroethene fish Lepomis macrochirus/ 3 24 74,000 -- -- - -- MOR C 5590
Bluegill 96 74,000 - -- -- -- MOR C 5590
fish Pimephales promelas/ 15 168 29,000 - - -- -- MOR C 5741
Fathead minnow 192 29,000 - - -- -- MOR C 5741
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration . Source
compound name classification common name (hours) LC EC LOEC NOEC point bC no
50 50 effect '
Target analytes—Continued
1,1-Dichloroethene— insects Daphnia magna/ 4 24 11,600 -- -- -- -- MOR C 5741
Continued Water flea 48 11,600 - -- - -- MOR C 5741
plants Scenedesmus abundans/ 1 96 -- 410,000 -- -- -- GRO M 11677
Green algae
plants Selenastrum capricornutum/ 5 24 -- >560,000 -- - -- CLR M 9607
Green algae 48 -- >560,000 -- - -- CLR M 9607
plants Selenastrum capricornutum/ 1 96 -- -- -- -- <56,000 CLR M 9607
Green algae
trans-1,2- Dichloroethene insects Daphnia magna/ 2 48 220,000 -- -- -- -- MOR C 5184
Water flea 24 230,000 -- -- -- -- MOR C 5184
Dichloromethane amphibians Bufo woodhousei fowleri/ 2 72 -- >32,000 -- - -- TER C 6187
Fowler’s toad 168 -- >32,000 -- -- -- TER C 6187
amphibians Rana catesbeiana/ 2 192 - 17,780 -- - - TER C 6187
Bullfrog 96 - 30,610 -- - - TER C 6187
amphibians Rana palustris/ 2 8 - >32,000 -- - - TER C 6187
Pickeral frog 96 -- >32,000 -- -- -- TER C 6187
fish Carassius auratus/ 1 24 420,000 - -- - -- MOR M 5773
Goldfish
fish Lepomis macrochirus/ 2 48 220,000 - -- - -- MOR C 5590
Bluegill 24 230,000 - -- - -- MOR C 5590
fish Oryzias latipes/ 6 24 840,000 - -- - -- MOR M 12497
Medaka, high-eyes 48 840,000 - -- - -- MOR M 12497
fish Pimephales promelas/ 8 96 193,000 - -- - -- MOR C 973
Fathead minnow 72 232,400 - -- -- -- MOR C 973
fish Pimephales promelas/ 4 48 - 99,000 -- - - IMM C 973
Fathead minnow 72 -- 99,000 -- -- - IMM C 973
insects Daphnia magna/ 3 48 220,000 -- -- - -- MOR C 5184
Water flea 24 310,000 - -- - -- MOR C 5184
insects Daphnia magna/ 3 48 - 135,803 -- - - IMM M 11926
Water flea 48 -- 1,682,000 -- - - IMM M 846
plants Lemna minor/ 1 <504 -- 2,000,000 -- -- -- GRO M 3881

Duckweed
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCsg ECsq LOEC MATC NOEC effect no.
Target analytes—Continued
Dichloromethane— plants Selenastrum capricornutum/ 5 24 -~ >500,000 - -- - CLR M 9607
Continued Green algae 48 -~ >500,000 - -- - CLR M 9607
plants Selenastrum capricornutum/ 1 96 - - -- - 56,000 CLR M 9607
Green algae
1,2-Dichloropropane fish Lepomis macrochirus/ 3 96 280,000 - - -- - MOR C 5590
Bluegill 96 320,000 - -- -- -- MOR C 863
fish Pimephales promelas/ 5 96 127,000 - - -- -- MOR C 12447
Fathead minnow 96 140,000 -- -- -- -- MOR () 11227
fish Pimephales promelas/ 1 768 -- -- -- 6,000- -- GRO C 15301
Fathead minnow 11,000
insects Daphnia magna/ 2 48 52,000 - - -- -- MOR C 5184
Water flea 24 99,000 - - -- -- MOR C 5184
1,2-Dimethylbenzene amphibians Xenopus laevis/ 1 48 73,000 - - -- -- MOR M 12152
Clawed toad
fish Carassius auratus/ 2 24 13,000 -- -- - -- MOR C 623
Goldfish 96 16,100 - - -- -- MOR C 12665
fish Catostomus commersoni/ 1 96 16,100 - - -- -- MOR C 12665
White sucker
fish Lepomis macrochirus/ 1 96 16,100 - - -- -- MOR C 12665
Bluegill
fish Oncorhynchus kisutch/ 2 1 - 600 -- -- - AVO M 15211
Coho salmon, silver salmon 1 -- 760 -- - -- AVO M 15211
fish Oncorhynchus mykiss/ 2 96 7,600 - - -- -- MOR M 13142
Rainbow trout, donaldson trout 96 8,050 -- -- - -- MOR C 12665
fish Pimephales promelas/ 3 96 16,100 - - -- - MOR C 12665
Fathead minnow 96 16,400 -- -- -- -- MOR C 3217
fish Poecilia reticulata/ 1 96 12,000 - - -- -- MOR M 13142
Guppy
insects Daphnia magna/ 3 24 - 1,000 - -- - IMM M 13142
Water flea 48 - 3,185 - -- - IMM C 11936
invertebrates, Aplexa hypnorum/ 1 96 >22,400 -- - -- -- MOR C 12665
misc. Snail
plants Chlorella vulgaris 1 24 -- 55,000 -- -- -- GRO M 2215
Green algae
plants Selenastrum capricornutum/ 2 192 - 4,200 - -- -- GRO M 3550
Green algae 72 - 4,700 - -- - GRO M 13142
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter) End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCso ECsg LOEC MATC NOEC effect no.
Target analytes—Continued
1,3-Dimethylbenzene fish Carassius auratus/ 1 24 16,000 -- -- -- -- MOR C 623
Goldfish
fish Oncorhynchus mykiss/ 1 96 8,400 - -- -- -- MOR M 13142
Rainbow trout, donaldson trout
fish Pimephales promelas/ 1 96 16,000 - -- - -- MOR C 3217
Fathead minnow
fish Poecilia reticulata/ 1 96 12,900 -- -- -- -- MOR M 13142
Guppy
insects Daphnia magna/ 2 24 - 4,700 -- - - IMM M 13142
Water flea 48 -- 9,556 -- -- -- IMM C 11936
plants Selenastrum capricornutum/ 2 192 - 3,900 -- - -- GRO M 3550
Green algae 72 - 4,900 -- -- -- GRO M 13142
1,4-Dimethylbenzene fish Carassius auratus/ 1 24 18,000 - -- - -- MOR C 623
Goldfish
fish Oncorhynchus mykiss/ 1 96 2,600 - -- -- - MOR M 13142
Rainbow trout, donaldson trout
fish Poecilia reticulata/ 1 96 8,800 - -- - -- MOR M 13142
Guppy
insects Daphnia magna/ 3 24 - 3,600 -- - - IMM M 13142
Water flea 48 - 8,494 -- - - IMM C 11936
plants Selenastrum capricornutum/ 2 72 - 3,200 -- - -- GRO M 13142
Green algae 192 -- 4,400 -- -- -- GRO M 3550
Ethenylbenzene crustaceansGammarus fossarum/ 5 120 61,817 - -- - -- MOR M 13419
Scud 96 64,025 - -- - -- MOR M 13419
fish Carassius auratus/ 5 24 25,000 -- -- -- -- MOR M 5773
Goldfish 24 26,000 - -- - -- MOR C 623
fish Lepomis macrochirus/ 3 24 25,050 -- - -- -- MOR C 728
Bluegill 48 25,050 - -- - -- MOR C 728
fish Oncorhynchus mykiss/ 1 24 2,500 - -- -- -- MOR M 15923
Rainbow trout, donaldson trout
fish Pimephales promelas/ 17 96 4,020 - -- - -- MOR C 3217
Fathead minnow 48 29,000 - -- - -- MOR M 719
fish Poecilia reticulata/ 3 24 74,830 -- -- -- -- MOR C 728
Guppy 48 74,830 - -- - - MOR C 728
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter) End-

IUPAC Taxonomic Genus, species/ Duration . Source
mpound name classification common name n (hours) LC EC LOEC MATC NOEC point bC no.
comp 50 50 effect
Target analytes—Continued
Ethenylbenzene— insects Asellus aquaticus/ 5 120 59,609 - - -- - MOR M 13419
Continued Aguatic sowbug 96 65,129 - - -- -- MOR M 13419
insects Daphnia magna/ 4 120 23,000 -- - - -- MOR C 5184
Water flea 96 27,000 - - -- -- MOR C 5184
invertebrates, Amphimelania holandri/ 5 120 113,699 - - -- - MOR M 13419
misc. Snail 96 119,337 - - -- -- MOR M 13419
invertebrates, Lymnaea stagnalis/ 5 120 518,821 -- -- -- -- MOR M 13419
misc. Great pond snail 96 562,976 -- -- -- -- MOR M 13419
Ethylbenzene fish Carassius auratus/ 3 24 94,440 -- - - -- MOR C 728
Goldfish 48 94,440 - - -- - MOR C 728
fish Ictalurus punctatus/ 1 96 210,000 -- -- -- -- MOR C 666
Channel catfish
fish Lepomis macrochirus/ 6 48 32,000 -- -- -- -- MOR C 728
Bluegill 96 32,000 - - -- - MOR C 728
fish Menidia menidia/ 4 96 5,100 -- -- - -- MOR C 4189
Atlantic silverside 72 5,800 -- -- -- -- MOR C 4189
fish Menidia menidia/ 1 96 -- -- -- - 3,300 MOR M 4189
Atlantic silverside
fish Oncorhynchus mykiss/ 2 96 4,200 - -- -- -- MOR M 13142
Rainbow trout, donaldson trout 96 14,000 -- -- - -- MOR C 666
fish Pimephales promelas/ 8 96 9,090 - - -- -- MOR C 3217
Fathead minnow 96 12,100 -- -- - -- MOR C 12858
fish Poecilia reticulata/ 4 96 9,600 -- -- -- -- MOR M 13142
Guppy 96 97,100 - - -- -- MOR C 728
insects Daphnia magna/ 3 48 75,000 - - -- -- MOR C 5184
Water flea 24 77,000 -- - - -- MOR C 5184
insects Daphnia magna/ 12 24 - 1,810 - -- - IMM C 6984
Water flea 24 -- 1,930 -- -- - IMM C 6984
plants Selenastrum capricornutum/ 7 72 - 4,600 - -- -- GRO M 13142
Green algae 192 -- 4,800 -- -- -- GRO M 3350
plants Selenastrum capricornutum/ 1 96 -- -- -- -~ <1,000 CLR M 9607
Green algae
fish Brachydanio rerio/ 1 48 1,000 - -- - -- MOR M 5938
Zebra danio, zebrafish
fish Carassius auratus/ 1 96 20 -- -- -- -- MOR M 540
Goldfish
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration . Source
e point DC
compound name classification common name (hours) LCso LOEC MATC no.
effect
Target analytes—Continued
1,1,2,3,4,4-Hexachloro- fish Lepomis macrochirus/ 3 192 318 -- -- -- -- MOR C 10579
1,3-butadiene Bluegill 96 324 - -- - -- MOR C 10579
fish Oncorhynchus mykiss/ 4 192 121 - -- - -- MOR C 10579
Rainbow trout, donaldson trout 96 320 - -- - -- MOR C 10579
fish Oncorhynchus mykiss/ 1 96 -- 140 - -- -- LOC C 4433
Rainbow trout, donaldson trout
fish Pimephales promelas/ 4 96 90 - -- - -- MOR C 12447
Fathead minnow 96 100 - - -- -- MOR C 11227
fish Pimephales promelas/ 2 768 - - -- 6.5-13 -- GRO C 15301
Fathead minnow 768 - - -- 6.5-13 -- MOR C 15301
insects Asellus aquaticus/ 2 96 130 - -- - -- MOR M 540
Aquatic sowbug 72 160 - -- - -- MOR M 540
invertebrates, Lymnaea stagnalis/ 4 24 210 - -- - -- MOR M 540
misc. Great pond snail 48 210 - -- - -- MOR M 540
1,1,1,2,2,2-Hexachloro- amphibians Rana catesbeiana/ 3 96 2,440 - -- - - MOR C 12004
ethane Bullfrog 96 2,817 - -- - -- MOR M 5876
crustaceans Orconectes immunis/ 3 96 >2,100 - -- - -- MOR C 10775
Crayfish 96 2,699 - -- - - MOR M 5876
fish Carassius auratus/ 3 96 1,326 - -- - - MOR C 5876
Goldfish 96 1,420 - -- - -- MOR C 12004
fish Gambusia affinis/ 2 96 1,380 - -- - -- MOR C 12004
Mosquitofish 96 1,380 - -- - -- MOR M 5876
fish Ictalurus punctatus/ 6 96 1,520 - -- - -- MOR C 10775
Channel catfish 72 1,600 -- -- -- -- MOR C 10775
fish Lepomis macrochirus/ 8 96 856 - -- - - MOR C 12004
Bluegill 96 857 - -- - -- MOR M 5876
fish Oncorhynchus mykiss/ 12 192 770 - -- - -- MOR C 10579
Rainbow trout, donaldson trout 96 840 - -- - -- MOR C 4433
fish Oncorhynchus mykiss/ 1 96 -- 840 - -- - EQU C 4433
Rainbow trout, donaldson trout
fish Oncorhynchus mykiss/ 1 768 -- -- - 67-207 -- GRO C 4433
Rainbow trout, donaldson trout
fish Pimephales promelas/ 13 96 1,100 - -- - -- MOR C 12004
Fathead minnow 96 1,230 -- -- -- -- MOR C 10775
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCsg ECso LOEC MATC NOEC effect no.
Target analytes—Continued
1,1,1,2,2,2-Hexachloro- insects Ceriodaphnia reticulata/ 1 48 3,300 - -- - -- MOR C 11181
ethane—Continued Water flea
insects Ceriodaphnia reticulata/ 1 48 -- 6,800 -- - - IMM M 12258
Water flea
insects Daphnia magna/ 6 48 1,360 - -- - -- MOR C 12004
Water flea 48 2,400 - -- - -- MOR C 15981
insects Daphnia magna/ 3 48 - 1,800 -- - - IMM C 15981
Water flea 48 - 2,100 -- - - IMM C 15981
insects Daphnia pulex/ 1 48 >10,000 - - -- -- MOR C 11181
Water flea
insects Daphnia pulex/ 1 48 -- 13,000 -- - - IMM M 12258
Water flea
insects Simocephalus vetulus/ 1 48 5,800 -- -- -- -- MOR C 11181
Water flea
insects Tanytarsus dissimilis/ 4 48 1,230 -- -- -- -- MOR C 12004
Midge 48 1,231 - -- - -- MOR M 5876
invertebrates, Aplexa hypnorum/ 1 96 >2,100 -- -- -- - MOR C 10775
misc. Snail
plants Selenastrum capricornutum/ 5 48 - 67,300 -- - -- CLR M 9607
Green algae 96 -- 87,000 - -- -- CLR M 9607
plants Selenastrum capricornutum/ 1 96 -- -- -- --  <5,600 CLR M 9607
Green algae
2-Methoxy-2-methylpro- fish Pimephales promelas/ 1 96 672,000 -- -- -- -- MOR C 12859
pane Fathead minnow
Methylbenzene crustaceans Diaptomus forbesi/ 1 96 447,000 - -- - -- MOR M 11282
Calanoid copepod
fish Brachydanio rerio/ 1 48 25,000 - -- - -- MOR M 5938
Zebra danio, zebrafish
fish Carassius auratus/ 9 96 22,800 -- -- - -- MOR C 416
Goldfish 72 25,330 - -- - -- MOR C 416
fish Clarias lazera/ 4 96 26,200 -- -- -- -- MOR C 3997
Catfish 72 29,500 - -- - -- MOR C 3997
fish Gambusia affinis/ 3 96 1,180,000 -- - -- -- MOR C 508
Mosquitofish 48 1,260,000 - -- - -- MOR C 508
fish Ictalurus punctatus/ 1 96 240,000 -- -- -- -- MOR C 666

Channel catfish
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter) End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCso ECsg LOEC MATC NOEC effect no.
Target analytes—Continued
Methylbenzene— fish Lepomis macrochirus/ 6 96 13,000 - -- - -- MOR C 5590
Continued Bluegill 24 17,000 - -- - -- MOR C 5590
fish Oncorhynchus kisutch/ 2 96 5,500 -- -- -- -- MOR M 15191
Coho salmon, silver salmon 96 8,110 - -- - -- MOR M 477
fish Oncorhynchus kisutch/ 2 1 -- 1,650 -- -- -- AVO M 15211
Coho salmon, silver salmon 1 - 2,340 -- - - AVO M 15211
fish Oncorhynchus mykiss/ 2 96 5,800 - -- - -- MOR M 13142
Rainbow trout, donaldson trout 96 24,000 - -- - -- MOR C 666
fish Oryzias latipes/ 3 96 54,000 - -- - -- MOR M 5580
Medaka, high-eyes 48 63,000 -- -- -- -- MOR M 5580
fish Pimephales promelas/ 31 168 9,390 - -- - -- MOR C 3910
Fathead minnow 96 12,600 -- -- -- -- MOR C 5087
fish Pimephales promelas/ 2 168 -- 82.7 -- -- -- BMS C 3910
Fathead minnow 168 - 110.3 -- - -- GRO C 3910
fish Pimephales promelas/ 3 768 - - 6,000 - -- GRO M 12405
Fathead minnow 168 -- -- 8,040 -- -- GRO M 3910
fish Pimephales promelas/ 2 168 -- -- -- -- 5,440 GRO M 3910
Fathead minnow 168 -- -- -- -- 5,440 MOR M 3910
fish Poecilia reticulata/ 4 96 28,200 - -- - -- MOR M 13142
Guppy 96 59,300 - -- - -- MOR C 728
insects Aedes aegypti/ 1 24 -- 21,520 -- - - IMM M 5700
Mosquito
insects Chironomus riparius/ 1 48 47,000 - -- - -- MOR C 4072
Midge
insects Chironomus riparius/ 2  96-98 - - -- - 922 BEH C 14176
Midge 48 - - -- - 5,600 MOR M 4072
insects Daphnia magna/ 3 24 310,000 - -- - -- MOR C 5184
Water flea 48 310,000 - -- - -- MOR C 5184
insects Daphnia magna/ 7 1 - 3,600 -- - - ENZz M 6516
Water flea 48 - 6,000 -- - - IMM M 6516
insects Daphnia magna/ 1 504 -- -- - -- 1,000 REP M 847
Water flea
invertebrates, Brachionus calyciflorus/ 2 24 113,000 -- -- -- -- MOR M 9385
misc. Rotifer 24 113,300 -- -- -- -- MOR C 6002
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration . Source
d name classification common hame (hours) point bC no.
compoun LCso ECso LOEC effect
Target analytes—Continued
Methylbenzene— plants Chlorella vulgaris/ 1 24 -- 245,000 - -- - GRO M 2215
Continued Green algae
plants Scenedesmus subspicatus/ 2 48 - 125,000 - -- - GRO M 2997
Green algae 48 - 160,000 - -- - BMS M 2997
plants Selenastrum capricornutum/ 2 192 - 9,400 - -- - GRO M 3550
Green algae 72 -- 12,500 - - -- GRO M 13142
(1-Methylethyl)benzene  fish Oncorhynchus mykiss/ 1 96 2,700 -- - -- -- MOR M 13142
Rainbow trout, donaldson trout
fish Pimephales promelas/ 1 96 6,320 -- - -- -- MOR C 12858
Fatlhead minnow
fish Poecilia reticulata/ 1 96 5,100 - -- - -- MOR M 13142
Guppy
insects Daphnia magna/ 1 24 95,000 - - -- -- MOR C 5718
Water flea
insects Daphnia magna/ 2 48 - 601 - -- - IMM C 11936
Water flea 24 -- 1,400 -- -- -- IMM M 13142
plants Selenastrum capricornutum/ 1 72 -- 2,600 - -- -- GRO M 13142
Green algae
Naphthalene crustaceans Diaptomus forbesi/ 1 96 67,800 - - -- -- MOR M 11282
Calanoid copepod
crustaceans Gammarus minus/ 1 48 3,930 -- - -- - MOR M 11725
Scud
fish Gambusia affinis/ 3 96 165,000 - - -- -- MOR C 508
Mosquitofish 48 150,000 - - -- -- MOR C 508
fish Micropterus salmoides/ 3 72 >240 - - -- - MOR C 10056
Largemouth bass 168 510 - - -- -- MOR C 10056
fish Oncorhynchus kisutch/ 2 96 2,100 - - -- -- MOR M 15191
Coho salmon, silver salmon 96 3,220 - - -- -- MOR M 477
fish Oncorhynchus mykiss/ 10 648 110 - - -- -- MOR C 10056
Rainbow trout, donaldson trout 552 120 - - -- - MOR C 10056
fish Pimephales promelas/ 7 96 1,990 - - -- -- MOR M 11725
Fathead minnow 72 6,080 -- -- -- -- MOR C 10954
insects Chironomus attenuatus/ 5 48 2,810 -- -- - -- MOR M 11725
Midge 24 13,000 - - -- -- MOR C 7049
insects Daphnia magna/ 8 48 2,160 - - -- -- MOR M 11725
Water flea 48 3,400 - -- -- -- MOR C 10359
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCso ECsg LOEC MATC NOEC effect no.
Target analytes—Continued
Naphthalene—Continued insects Daphnia magna/ 6 2 - 690 -- - - PTR M 46
Water flea 48 - 2,194 -- - - IMM M 6026
insects Daphnia pulex/ 2 96 1,000 - -- - -- MOR M 15337
Water flea 48  2,920-3,890 - -- - -- MOR C 15293
insects Daphnia pulex/ 2 48 - 4,663 -- -- -- IMM C 3283
Water flea 48
insects Somatochlora cingulata/ 1 96 1,000-2,500 -- - -- -- MOR M 15486
Dragonfly
insects Tanytarsus dissimilis/ 4 48 12,200 -- -- -- -- MOR C 4399
Midge 48 12,600 - -- - -- MOR C 7049
invertebrates, Physa gyrina/ 1 48 5,020 - -- -- -- MOR M 11725
misc. Pouch snalil
plants Chlorella vulgaris/ 1 24 -- 33,000 -- - -- GRO M 2215
Green algae
plants Nitzschia palea/ 1 4 -- 2,820 - -- -- PSE M 11725
Diatom
plants Selenastrum capricornutum/ 1 4 -- 2,960 - -- - PSE M 11725
Green algae
2,2-Oxybis[propane] fish Carassius auratus/ 1 24 380,000 - -- - -- MOR C 623
Goldfish
fish Lepomis macrochirus/ 1 96 7,000,000 -- -- - -- MOR C 863
Bluegill
fish Pimephales promelas/ 2 96 91,700 - -- - -- MOR C 10183
Fathead minnow 96 786,000 - -- - -- MOR C 12447
2-Propenal amphibians Xenopus laevis/ 1 96 7 -- - -- -- MOR C 12665
Clawed toad
fish Amia calva/ 1 24 62 -- - -- -- MOR C 2092
Bowfin
fish Carassius auratus/ 1 24 <80 -- -- -- -- MOR Cc 623
Goldfish
fish Catostomus commersoni/ 1 96 14 -- - -- -- MOR C 12665
White sucker
fish Gambusia affinis/ 2 48 61 - -- - -- MOR C 2092
Mosquitofish 24 149 - -- - - MOR C 2092
fish Lepomis macrochirus/ 8 96 33 - -- - -- MOR C 12665
Bluegill 24 79 - -- - - MOR C 938



g 9|qeL

€e

Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

IUPAC Taxonomic Genus, species/ Duration Measures of toxicity (micrograms per liter) Endr;oint DC Source
compound name classification common name (hours) LCsg LOEC effect no.
Target analytes—Continued
2-Propenal—Continued fish Micropterus salmoides/ 4 72 160 - - -- - MOR C 2092

Largemouth bass 96 160 - - -- -- MOR C 2092

fish Oncorhynchus kisutch/ 1 96 68 -- -- -- -- MOR M 561
Coho salmon, silver salmon

fish Oncorhynchus mykiss/ 3 96 16 - - -- - MOR C 12665
Rainbow trout, donaldson trout 96 29 - - -- -- MOR M 12182

fish Oncorhynchus tshawytscha/ 1 24 80 -- -- -- -- MOR M 876
Chinook salmon

fish Pimephales promelas/ 6 96 14 - -- -- -- MOR C 3217
Fathead minnow 96 14 - - -- -- MOR C 12665

fish Rasbora heteromorpha/ 2 48 60 - - -- -- MOR C 542
Harlequinfish, red rasbora 24 140 - - -- - MOR C 542

fish Salmo trutta/ 2 24 46 - - -- -- MOR C 938
Brown trout 48 1,500 - -- -- -- MOR C 448

insects Daphnia magna/ 3 48 57 - - -- -- MOR M 632
Water flea 48 83 - - -- -- MOR C 5184

insects Daphnia magna/ 2 48 -- 51 -- -- - IMM C 12665
Water flea 48 - 93 - -- - IMM C 2193

insects Tanytarsus dissimilis/ 1 48 >151 -- -- - -- MOR C 12665
Midge

invertebrates, Aplexa hypnorum/ 1 96 >151 -- -- -- -- MOR C 12665

misc. Snail
2-Propenenitrile fish Brachydanio rerio/ 1 48 15,000 - -- -- -- MOR M 5938

Zebra danio, zebrafish

fish Carassius auratus/ 1 24 24,000 - - -- -- MOR M 5773
Goldfish

fish Lepomis macrochirus/ 19 96 9,300 - - -- - MOR C 7398
Bluegill 96 10,000 - -- -- -- MOR C 5590

fish Oryzias latipes/ 2 48 32,000 - - -- -- MOR C 10132
Medaka, high-eyes 24 50,000 - - -- - MOR C 10132

fish Osteichthyes/ 1 72 40,000 -- -- -- -- MOR M 495
Bony fish class

fish Pimephales promelas/ 16 720 2,600 - -- -- -- MOR M 923
Fathead minnow 600 3,500 - - -- -- MOR M 923

fish Poecilia reticulata/ 3 48 33,500 -- -- - -- MOR M 923
Guppy 96 33,500 - - -- -- MOR M 923
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration . Source
compound name classification common name (hours) LC EC LOEC MATC point bC no
50 50 effect '
Target analytes—Continued
2-Propenenitrile— insects Daphnia magna/ 2 48 7,600 - - -- -- MOR C 5184
Continued Water flea 24 13,000 - - - -- MOR cC 5184
insects Daphnia magna/ 1 48 -- 10,950 -- - - IMM C 2193
Water flea
n-Propylbenzene fish Oncorhynchus mykiss/ 1 96 1,550 - -- -- -- MOR M 13142
Rainbow trout, donaldson trout
insects Daphnia magna/ 1 24 -- 2,000 - -- - IMM M 13142
Water flea
plants Selenastrum capricornutum/ 1 72 -- 1,800 - -- -- GRO M 13142
Green algae
Tetrachloroethene fish Jordanella floridae/ 6 96 4,000 - -- - -- MOR M 140
Flagfish 96 8,430 - -- - - MOR M 140
fish Jordanella floridae/ 3 240 - - 3,100 - -- MOR M 140
Flagfish 672 - - 3,690 - - MOR M 140
fish Lepomis macrochirus/ 2 96 13,000 - -- - - MOR C 5590
Bluegill 24 46,000 - -- - - MOR C 5590
fish Oncorhynchus mykiss/ 11 768 1,400 -- -- -- -- MOR C 4433
Rainbow trout, donaldson trout 24 4,990 - -- -- -- MOR C 10579
fish Oncorhynchus mykiss/ 1 768 -- -- -~ 500-1,400 -- GRO C 4433
Rainbow trout, donaldson trout
fish Oryzias latipes/ 1 48 1,600 - - -- -- MOR M 12513
Medaka, high-eyes
fish Pimephales promelas/ 11 96 13,400 - -- - -- MOR C 11227
Fathead minnow 96 13,400 -- -- -- -- MOR C 12447
fish Pimephales promelas/ 4 24 - 14,400 -- - - IMM C 973
Fathead minnow 48 -- 14,400 - -- - IMM C 973
insects Daphnia magna/ 4 48 9,100 - -- - -- MOR C 15981
Water flea 24 18,000 - -- - -- MOR C 5184
insects Daphnia magna/ 3 24 - 3,200 -- - - IMM M 9196
Water flea 48 - 7,500 -- - - IMM C 15981
insects Moina macrocopa/ 1 3 1,800 -- -- - -- MOR M 12513
Water flea
insects Tanytarsus dissimilis/ 2 48 30,800 -- -- -- -- MOR C 10579
Midge 24 54,600 - -- - -- MOR C 10579
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCsg ECsq LOEC MATC NOEC effect no.
Target analytes—Continued
Tetrachloroethene— invertebrates, Dugesia japonica/ 1 168 1,400 - - -- - MOR M 12513
Continued misc. Flatworm
invertebrates, Dugesia japonica/ 1 168 -- 900 - -- -- RGN M 12513
misc. Flatworm

plants Selenastrum capricornutum/ 4 24 -~ >500,000 - -- -- CLR M 9607
Green algae 48 -- >500,000 -- -- -- CLR M 9607

plants Selenastrum capricornutum/ 1 96 -- - -- -- <500,000 CLR M 9607
Green algae

Tetrachloromethane amphibians Bufo woodhousei fowleri/ 2 168 -- 2,830 -- - -- TER C 6187

Fowler’s toad 72 - >92,000 - -- - TER C 6187

amphibians Rana catesbeiana/ 1 96 -- 1,500 -- - -- TER C 6187
Bullfrog

amphibians Rana palustris/ 2 192 - 2,370 - -- -- TER C 6187
Pickeral frog 96 - 3,620 - -- -- TER C 6187

amphibians Rana pipiens/ 1 192 -- 900 - -- -- TER C 6187
Leopard frog

fish Lepomis macrochirus/ 3 96 27,000 - - -- -- MOR C 5590
Bluegill 24 38,000 - - -- -- MOR C 5590

fish Oryzias latipes/ 7 48 2,000 - - -- -- MOR M 12513
Medaka, high-eyes 24 670,000 -- -- - -- MOR M 12497

fish Pimephales promelas/ 2 96 41,400 -- -- -- -- MOR C 3217
Fathead minnow 96 43,100 -- -- - -- MOR C 3783

fish Pimephales promelas/ 1 168 -- -- 73,200 -- -- MOR C 3783
Fathead minnow

fish Pimephales promelas/ 1 168 -- -- -- 52,100 - MOR C 3783
Fathead minnow

fish Pimephales promelas/ 1 168 -- -- -- -- 37,100 MOR C 3783
Fathead minnow

insects Daphnia magna/ 3 24 35,000 - - -- -- MOR C 5184
Water flea 48 35,000 - -- -- -- MOR C 5184

insects Daphnia magna/ 1 24 -- 97,000 - -- - IMM M 9196
Water flea

insects Moina macrocopa/ 1 3 2,300 - -- -- -- MOR M 12513
Water flea

invertebrates, Dugesia japonica/ 1 168 200 -- - -- -- MOR M 12513

misc.

Flatworm
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration . Source
compound name classification common name (hours) LC EC LOEC NOEC point bC no
50 50 effect '
Target analytes—Continued
Tetrachloromethane—  invertebrates, Dugesia japonica/ 1 168 -- 1,500 -- - - RGN M 12513
Continued misc. Flatworm
Tribromomethane fish Cyprinus carpio/ 2 72-120 52,000 - -- - -- MOR M 6360
Common, mirror, colored carp 72-120 80,000 - -- - -- MOR M 6360
fish Lepomis macrochirus/ 2 96 29,000 -- -- -- -- MOR C 5590
Bluegill 24 33,000 - -- - -- MOR C 5590
insects Daphnia magna/ 2 48 46,000 - -- - -- MOR C 5184
Water flea 24 56,000 - -- - - MOR C 5184
insects Daphnia pulex/ 1 96 44,000 - -- - -- MOR M 6256
Water flea
plants Selenastrum capricornutum/ 5 96 - 38,600 -- - -- CLR M 9607
Green algae 96 - 40,100 -- - -- PGR M 9607
plants Selenastrum capricornutum/ 1 96 -- -- -- -- 10,000 CLR M 9607
Green algae
1,2,3-Trichlorobenzene fish Brachydanio rerio/ 2 672 990 - -- -- -- MOR M 3279
Zebra danio, zebrafish 48 3,100 -- -- -- -- MOR M 15526
fish Brachydanio rerio/ 4 168 - -- -- - 450 REP M 3279
Zebra danio, zebrafish 336 -- -- -- -- 450 REP M 3279
fish Oncorhynchus mykiss/ 1 48 710 -- - -- - MOR M 15526
Rainbow trout, donaldson trout
fish Poecilia reticulata/ 3 96 348 - -- - -- MOR M 2422
Guppy 24 686 -- -- - -- MOR M 2422
insects Chironomus riparius/ 1 48 1,700 - - -- -- MOR C 4072
Midge
insects Chironomus riparius/ 2  96-98 - - -- - 18 BEH C 14176
Midge 48 - - -- - 340 MOR M 4072
insects Daphnia magna/ 7 336 - 200 -- - -- REP M 15526
Water flea 24 - 350 -- - - IMM M 15526
insects Daphnia magna/ 1 96 -- -- -- -- 30 REP M 847
Water flea
plants Cyclotella meneghiniana/ 1 48 -- 6,420 - -- - CYT C 88
Diatom
1,2,4-Trichlorobenzene crustaceansOrconectes immunis/ 1 96 3,020 -- - - -- MOR C 12665

Crayfish
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCsg ECsq LOEC MATC NOEC effect no.
Target analytes—Continued
1,2,4-Trichlorobenzene—fish Brachydanio rerio/ 1 48 6,300 -- - -- -- MOR M 15526
Continued Zebra danio, zebrafish

fish Jordanella floridae/ 6 96 1,217 - - -- -- MOR M 140
Flagfish 72 1,285 - - -- - MOR M 140

fish Jordanella floridae/ 1 240 -- -- 1,130 -- -- MOR M 140
Flagfish

fish Lepomis macrochirus/ 3 96 3,020 -- -- -- -- MOR C 12665
Bluegill 96 3,400 - - -- -- MOR C 5590

fish Oncorhynchus mykiss/ 10 192 1,280 - -- -- -- MOR C 10579
Rainbow trout, donaldson trout 96 1,320 - - -- -- MOR C 12665

fish Oncorhynchus mykiss/ 1 2,304 -- 1,270 -- -- -- EQU C 4433
Rainbow trout, donaldson trout

fish Oncorhynchus mykiss/ 7 2,040 -- -- 470 -- -- GRO M 6914
Rainbow trout, donaldson trout

fish Oncorhynchus mykiss/ 9 1,080 - - - 406 -- GRO C 6914
Rainbow trout, donaldson trout 2,040 -- -- -- 406 -- GRO C 6914

fish Oncorhynchus mykiss/ 7 1,080 - - - -- 350 GRO M 6914
Rainbow trout, donaldson trout 2,040 -- -- -- - 350 GRO M 6914

fish Oryzias latipes/ 1 48 1,100 -- - -- -- MOR M 12513
Medaka, high-eyes

fish Pimephales promelas/ 3 96 2,760 - - -- -- MOR M 12123
Fathead minnow 96 2,990 -- -- - -- MOR C 3217

insects Daphnia magna/ 5 48 1,700 - - -- - MOR C 15981
Water flea 48 2,100 - - -- -- MOR C 15981

insects Daphnia magna/ 4 336 - 450 - -- - REP M 15526
Water flea 24 - 1,200 - -- - IMM M 15526

insects Moina macrocopa/ 1 3 1,400 -- - -- -- MOR M 12513
Water flea

insects Tanytarsus dissimilis/ 1 48 930 -- - -- -- MOR C 12665
Midge

invertebrates, Aplexa hypnorum/ 1 96 3,160 -- - -- -- MOR C 12665

misc. Snail
invertebrates, Dugesia japonica/ 1 168 1,100 - - -- -- MOR M 12513
misc. Flatworm
invertebrates, Dugesia japonica/ 1 168 -- 1,100 - -- -- RGN M 12513

misc.

Flatworm
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter) End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCso ECsg LOEC MATC NOEC effect no.
Target analytes—Continued
1,2,4-Trichlorobenzene— plants Cyclotella meneghiniana/ 1 48 -- 2,830 -- -- - CYT C 88
Continued Diatom
plants Scenedesmus abundans/ 1 96 -- 8,400 -- - -- GRO M 11677
Green algae
plants Selenastrum capricornutum/ 5 72 - 21,700 -- - -- CLR M 9607
Green algae 48 - 22,400 -- - -- CLR M 9607
1,1,1-Trichloroethane fish Cyprinus carpio/ 1 336 -- - -- -- 7,700 GRO M 489
Common, mirror, colored, carp
fish Lepomis macrochirus/ 2 24 40,000 -- -- -- -- MOR C 5590
Bluegill 96 40,000 - -- - -- MOR C 5590
fish Oryzias latipes/ 6 24 >1,000,000 - -- - -- MOR M 12497
Medaka, high-eyes 48 >1,000,000 -- -- -- -- MOR M 12497
fish Pimephales promelas/ 5 96 42,300 - -- - -- MOR C 12858
Fathead minnow 96 52,800 -- -- -- -- MOR C 973
fish Pimephales promelas/ 4 72 -- 11,100 -- - - IMM C 973
Fathead minnow 96 -- 11,100 -- -- -- IMM C 973
insects Daphnia magna/ 4 408 5,400 - -- - -- MOR C 489
Water flea 24 >530,000 -- -- -- -- MOR C 5184
insects Daphnia magna/ 2 408 - - -- - 1,300 MOR M 489
Water flea 408 - - -- - 1,300 REP M 489
plants Selenastrum capricornutum/ 4 24 -- >500,000 -- - -- CLR M 9607
Green algae 48 --  >500,000 -- -- -- CLR M 9607
plants Selenastrum capricornutum/ 1 96 -- -- -- -- <125,000 CLR M 9607
Green algae
1,1,2-Trichloroethane fish Jordanella floridae/ 7 96 45,117 -- -- -- -- MOR M 140
Flagfish 72 50,142 - - - -- MOR M 140
fish Jordanella floridae/ 3 240 -- -- 31,200 -- -- MOR M 140
Flagfish 672 - - 47,600 - -- MOR M 140
fish Oncorhynchus mykiss/ 1 768 -- -- - 6,000- -- GRO C 4433
Rainbow trout, donaldson trout 14,800
fish Pimephales promelas/ 5 24 81,600 - -- - -- MOR C 11227
Fathead minnow 48 81,600 - -- - -- MOR C 11227
fish Poecilia reticulata/ 10 168 40,000 -- -- -- -- MOR M 15149
Guppy 24 43,000 - -- - -- MOR M 15149
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCsg ECsq LOEC MATC NOEC effect no.
Target analytes—Continued
1,1,2-Trichloroethane— insects Chironomus riparius/ 1 48 147,000 - - -- -- MOR C 4072
Continued Midge
insects Chironomus riparius/ 1 48 - -- -- -- <31,000 MOR M 4072
Midge
insects Daphnia magna/ 17 48 18,000 - - -- - MOR C 5184
Water flea 24 19,000 - - -- -- MOR C 5184
insects Daphnia magna/ 3 72 - 32,000 - -- -- REP M 15149
Water flea 48 - 78,000 - -- - IMM C 15981
invertebrates, Dreissena polymorpha/ 3 336 140,000 - -- -- -- MOR M 15149
misc. Zebra mussel 168 190,000 - - -- -- MOR M 15149
invertebrates, Lymnaea stagnalis/ 2 384 58,000 -- -- - -- MOR M 15149
misc. Great pond snail 96 170,000 - - -- -- MOR M 15149
invertebrates, Lymnaea stagnalis/ 2 384 -- 36,000 -- - -- ABN M 15149
misc. Great pond snail 384 - 36,000 - -- - HAT M 15149
1,1,2-Trichloroethene amphibians Xenopus laevis/ 1 48 45,000 -- -- - -- MOR M 9740
Clawed toad
amphibians  Ambystoma mexicanum/ 1 48 48,000 -- -- -- -- MOR M 9740
Mexican axolotl
crustaceans Gammarus pulex/ 1 48 24,000 - - -- -- MOR M 15788
Scud
fish Brachydanio rerio/ 1 48 60,000 - -- -- -- MOR M 5938
Zebra danio, zebrafish
fish Jordanella floridae/ 7 96 3,100 -- - - -- MOR M 140
Flagfish 96 28,280 - - -- -- MOR M 140
fish Jordanella floridae/ 3 240 - -- 11,000 -- -- MOR M 140
Flagfish 672 - - 14,850 -- -- MOR M 140
fish Lepomis macrochirus/ 2 96 45,000 - - -- -- MOR C 5590
Bluegill 24 >68,000- - - -- -- MOR C 5590
<100,000
fish Oncorhynchus mykiss/ 1 48 42,000 -- -- -- -- MOR M 10574
Rainbow trout, donaldson trout
fish Oryzias latipes/ 8 48 1,900 - - -- -- MOR M 12513
Medaka, high-eyes 270,000 -- -- - -- MOR M 10574
fish Pimephales promelas/ 11 72 39,000 - - -- - MOR C 973
Fathead minnow 96 40,700 -- -- -- -- MOR C 973
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

IUPAC Taxonomic Genus, species/ Duration Measures of toxicity (micrograms per liter) Endp-oint DC Source
compound name classification common name (hours) LCso ECsg LOEC NOEC effect no.
Target analytes—Continued
1,1,2-Trichloroethene— fish Pimephales promelas/ 4 96 -- 21,900 -- -- -- IMM C 973
Continued Fathead minnow 72 - 22,200 -- - - IMM C 973
insects Aedes aegypti/ 1 48 48,000 - -- - -- MOR M 10574
Mosquito
insects Asellus aquaticus/ 1 48 30,000 -- -- -- -- MOR M 15788
Aquatic sowbug
insects Chironomus thummi/ 1 48 64,000 -- -- -- -- MOR M 15788
Midge
insects Cloeon dipterum/ 1 48 42,000 -- -- -- -- MOR M 15788
Mayfly
insects Corixa punctata/ 1 48 110,000 - -- - -- MOR M 15788
Water boatman
insects Culex pipiens/ 1 48 55,000 - -- - -- MOR M 10574
Mosquito
insects Daphnia cucullata/ 2 48 56,000 - -- - -- MOR M 2017
Water flea 48 58,000 - -- - - MOR M 2017
insects Daphnia magna/ 9 48 18,000 - -- - -- MOR C 5184
Water flea 24 22,000 - -- - - MOR C 5184
insects Daphnia magna/ 2 48 - 7,751 -- - - IMM M 11926
Water flea 24 - 76,000 -- - - IMM M 9196
insects Daphnia pulex/ 2 48 39,000 - -- - -- MOR M 2017
Water flea 48 51,000 - -- - -- MOR M 2017
insects Ischnura elegans/ 1 48 49,000 - -- - -- MOR M 15788
Dragonfly
insects Moina macrocopa/ 1 3 2,300 -- -- -- -- MOR M 12513
Water flea
insects Nemoura cinerea/ 1 48 70,000 -- -- -- -- MOR M 15788
Stonefly
invertebrates, Dugesia japonica/ 1 168 1,700 - -- - -- MOR M 12513
misc. Flatworm
invertebrates, Dugesia japonica/ 1 168 -- 1,700 -- - -- RGN M 12513
misc. Flatworm
invertebrates, Dugesia lugubris/ 1 48 42,000 -- - -- -- MOR M 15788

misc.

Turbellarian, flatworm
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter) End-

IUPAC Taxonomic Genus, species/ Duration . Source
compound name classification common hame n (hours) point bC no
p LCsg ECso LOEC MATC NOEC effect .
Target analytes—Continued
1,1,2-Trichloroethene— invertebrates, Erpobdella octoculata/ 1 48 75,000 - - -- - MOR M 15788
Continued misc. Leech
invertebrates, Hydra oligactis/ 2 48 75,000 - - -- - MOR M 10574
misc. Hydra 48 75,000 -- -- -- -- MOR M 15788
invertebrates, Lymnaea stagnalis/ 2 48 56,000 - - -- - MOR M 10574
misc. Great pond snail 48 56,000 -- -- -- -- MOR M 15788
invertebrates, Oligochaeta (order)/ 1 48 132,000 - -- -- - MOR M 15788
misc. Tubificidae (family)
plants Scenedesmus abundans/ 1 96 -- 450,000 -- - -- GRO M 11677
Green algae
Trichloromethane amphibians Bufo woodhousei fowleri/ 2 168 -- 35,140 -- - -- TER C 6187
Fowler’s toad 72 - >40,000 - -- -- TER C 6187
amphibians Hyla crucifer/ 2 168 - 270 - -- -- TER C 6187
Spring peeper 72 - 760 - -- -- TER C 6187
amphibians Rana palustris/ 2 192 -- 20,550 -- -- -- TER (@ 6187
Pickeral frog 96 - 28,170 - -- -- TER C 6187
amphibians Rana pipiens/ 2 216 - 4,160 -- -- -- TER C 6187
Leopard frog 120 - 4,560 -- -- -- TER C 6187
crustaceans Penaeus duorarum/ 1 96 -- -- -- -- 32,000 MOR M 2644
Pink shrimp (American)
fish Brachydanio rerio/ 1 48 100,000 - -- -- -- MOR M 5938
Zebra danio, zebrafish
fish Cyprinus carpio/ 1 72-120 97,000 -- -- -- -- MOR M 6360
Common, mirror, colored, carp
fish Ictalurus punctatus/ 6 96 75,000 - - -- -- MOR C 5267
Channel catfish 48 101,000 -- -- -- -- MOR C 5267
fish Lepomis macrochirus/ 33 168 2,030 - - -- -- MOR C 5272
Bluegill 96 13,300 -- -- -- -- MOR C 5267
fish Lepomis macrochirus/ 2 96 - - - -- 75,000 MOR M 2644
Bluegill 96 -- -- -- -- 100,000 MOR M 2644
fish Micropterus salmoides/ 17 12 45,400 -- -- -- -- MOR C 5267
Largemouth bass 24 45,400 - - -- -- MOR C 5267
fish Oncorhynchus mykiss/ 29 672 1,240 - -- -- -- MOR C 563
Rainbow trout, donaldson trout 672 1,240 - - -- - MOR C 5272
fish Oncorhynchus mykiss/ 2 96 - - - -- 24,000 MOR M 2644
Rainbow trout, donaldson trout 96 - - - -- 42,000 MOR M 2644
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

IUPAC Taxonomic Genus, species/ Duration Measures of toxicity (micrograms per liter) Endp-oint DC Source
compound name classification common name (hours) LCso ECsg LOEC NOEC effect no.
Target analytes—Continued
Trichloromethane— fish Oryzias latipes/ 6 24 500,000 - -- - -- MOR M 12497
Continued Medaka, high-eyes 48 500,000 - -- - -- MOR M 12497
fish Pimephales promelas/ 4 96 70,700 - -- - -- MOR C 3217
Fathead minnow 96 103,000 - -- - -- MOR C 10432
insects Ceriodaphnia dubia/ 2 216 235,000 -- -- -- -- MOR C 212
Water flea 48 290,000 - -- - - MOR C 212
insects Ceriodaphnia dubia/ 3 168-240 -- 311,000 -- -- -- REP C 212
Water flea 168-240 - 343,000 -- - - REP C 212
insects Ceriodaphnia dubia/ 4 168-240 -- -- -- -- 3,400 MOR M 212
Water flea 168-240 - - -- -- 200,000 REP M 212
insects Daphnia magna/ 5 24 29,000 -- -- -- -- MOR C 5184
Water flea 48 29,000 - -- - -- MOR C 5184
insects Daphnia magna/ 7 48 - 51,568 -- - - IMM M 11926
Water flea 24 - 79,000 -- - - IMM C 847
insects Daphnia magna/ 5 504 - - -- - 6,300 REP M 847
Water flea 216-264 - - -- -- 120,000 MOR M 212
invertebrates, Brachionus calyciflorus/ 1 1 2,000 - - -- - MOR M 9385
misc. Rotifer
plants Scenedesmus subspicatus/ 2 48 - 560,000 -- - - BMS M 2997
Green algae 48 -- 950,000 -- -- -- GRO M 2997
1,2,3-Trichloropropane fish Pimephales promelas/ 1 96 66,500 - -- - -- MOR C 3217
Fathead minnow
1,2,4-Trimethylbenzene fish Pimephales promelas/ 1 96 7,720 - - -- -- MOR C 12858
Fathead minnow
insects Daphnia magna/ 1 48 -- 3,600 - -- - IMM C 11936
Water flea
Other analytes
Bromochloromethane fish Cyprinus carpio/ 1 72-120 67,000 -- -- - -- MOR M 6360
Common, mirror, colored, carp
2-Butanone fish Carassuis auratus/ 1 24 2,400,000 -- -- - -- MOR M 5773
Goldfish
fish Gambusia affinis/ 3 24 5,600,000 -- -- - -- MOR C 508
Mosquitofish 48 5,600,000 -- -- - - MOR C 508
fish Lepomis macrochirus/ 2 24 5,640,000 - -- - -- MOR C 922
Bluegill 48 5,640,000 - -- - - MOR C 922
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Table 5. Aguatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

IUPAC Taxonomic Genus, species/ Duration Measures of toxicity (micrograms per liter) End-oint DC Source
compound name classification common hame (hours) LCsxg ECsq LOEC MATC NOEC (Fe)ffect no.
Other analytes—Continued
2-Butanone—Continued  fish Pimephales promelas/ 1 96 3,220,000 -- -- -- -- MOR C 12448
Fathead minnow
insects Daphnia magna/ 3 24 >520,000 - -- - -- MOR C 5184
Water flea 48 >520,000 - -- -- -- MOR C 5184
insects Daphnia magna/ 1 48 -- 5,091,000 -- - - IMM C 2193
Water flea
Carbon disulfide fish Gambusia affinis/ 3 48 135,000 - -- - - MOR C 508
Mosquitofish 96 135,000 -- -- - -- MOR C 508
fish Poecilia reticulata/ 1 96 4,000 - - -- -- MOR M 11455
Guppy
insects Daphnia magna/ 1 48 2,100 - - -- -- MOR M 11455
Water flea
plants Chorella pyrenoidosa/ 1 96 -- 21,000 -- - -- GRO M 11455
Green algae
1-Chloro-2-methylbenzene insects Daphnia magna/ 1 24 74,000 - -- - -- MOR C 5718
Water flea
insects Daphnia magna/ 1 24 -- 20,000 -- - - IMM C 847
Water flea
insects Daphnia magna/ 1 504 -- -- -- -- 140 REP M 847
Water flea
plants Scenedesmus suspicatus/ 5 48 -~ >100,000 -- - - BMS M 2997
Green algae 48 -->100,000 -- - - GRO M 2997
1-Chloro-4-methylbenzene fish Brachydanio rerio/ 1 672 4,400 - -- - -- MOR M 3279
Zebra danio, zebra fish
fish Brachydanio rerio/ 4 336 - - -- - 3,400 REP M 3279
Zebra danio, zebra fish 504 - - - - 3,400 REP M 3279
3-Chloro-1-propene amphibians Xenopus laevis/ 1 48 340 -- - -- -- MOR M 12152
Clawed toad
fish Carassius auratus/ 4 24 10,000 -- -- -- -- MOR C 623
Goldfish 48 20,870 - -- - - MOR C 728
fish Lepomis macrochirus/ 3 48 42,330 -- -- -- -- MOR C 728
Bluegill 96 42,330 - -- - - MOR C 728
fish Pimephales promelas/ 6 96 19,780 - -- - -- MOR C 728
Fathead minnow 24 24,000 -- -- -- -- MOR C 728
fish Poecilia reticulata/ 3 96 51,080 - -- - -- MOR C 728
Guppy 48 53,540 -- -- - -- MOR C 728
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCso ECsg LOEC MATC NOEC effect no.
Other analytes—Continued
1,3-Dichloropropane insects Daphnia magna/ 1 24 250,000 - -- - -- MOR C 5718
Water flea
amphibians  Xenopus laevis/ 1 48 63,000 - -- - -- MOR M 12152
Clawed toad
fish Carassius auratus/ 1 24 160,000 -- -- -- -- MOR C 623
Goldfish
fish Lepomis macrochirus/ 2 24 >520,000 -- -- -- -- MOR C 5590
Bluegill 96 >520,000 - -- - - MOR C 5590
fish Pimephales promelas/ 6 96 94,200 - -- - -- MOR C 12448
Fathead minnow 48 131,000 -- -- -- -- MOR C 11227
fish Pimephales promelas/ 1 768 -- -- - 8,000- -- GRO C 15301
Fathead minnow 16,000
insects Daphnia magna/ 2 48 280,000 - -- - -- MOR C 5184
Water flea 24 490,000 - -- - - MOR C 5184
plants Selenastrum capricornutum/ 5 96 - 40,000 -- - -- CLR M 9607
Green algae 96 - 60,100 -- - - PGR M 9607
plants Selenastrum capricornutum/ 1 96 -- -- -- --  <5,600 CLR M 9607
Green algae
(1,1-Dimethylethyl)ben- insects Daphnia magna/ 1 24 41,000 -- -- - -- MOR C 5718
zene Water flea
1,4-Epoxybutane fish Carassius auratus/ 1 48 2,400,000 -- -- - -- MOR M 15192
Goldfish
fish Cyprinus carpio/ 1 48 4,400,000 -- -- - -- MOR M 15192
Common, mirror, colored, carp
fish Oryzias latipes/ 1 48 5,800,000 -- -- - -- MOR M 15192
Medaka, high-eyes
fish Pimephales promelas/ 1 96 2,160,000 -- -- - -- MOR C 12448
Fathead minnow
insects Daphnia magna/ 1 24  >10,000,000 -- -- -- -- MOR C 5718
Water flea
insects Daphnia pulex/ 1 3 8,900,000 -- -- -- -- MOR M 15192
Water flea
insects Moina macrocopa/ 1 3 9,800,000 -- - -- -- MOR M 15192

Water flea
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

IUPAC Taxonomic Genus, species/ Duration Measures of toxicity (micrograms per liter) Endr;oint DC Source
compound name classification common name (hours) LCsg ECsq LOEC MATC NOEC effect no.
Other analytes—Continued
2-Hexanone fish Pimephales promelas/ 1 96 428,000 - - -- -- MOR C 12858
Fathead minnow
1-Isopropyl-4-methyl- crustaceans Mysidopsis bahia/ 1 96 4,400 -- - -- -- MOR M 9607
benzene Opossum shrimp
fish Cyprinodon variegatus/ 4 72 48,000 - -- -- -- MOR C 10366
Sheepshead minnow 96 48,000 - - -- - MOR C 10366
insects Daphnia magna/ 1 48 6,500 -- - -- -- MOR C 5184
Water flea
plants Skeletonema costatum/ 1 96 - 22,000 - -- - PSE M 9607
Diatom
Methyl 2-methyl- fish Carassius auratus/ 4 96 277,100 - - -- -- MOR C 728
2-propenoate Goldfish 24 420,000 - - -- - MOR M 5773
fish Lepomis macrochirus/ 17 96 191,000 - - -- - MOR C 7398
Bluegill 96 232,200 - -- -- - MOR C 728
fish Osteichthyes/ 1 72 550,000 -- -- -- -- MOR M 495
Bony fish class
fish Pimephales promelas/ 40 96 130,000 - -- -- -- MOR C 728
Fathead minnow 96 150,000 - - -- - MOR C 728
fish Poecilia reticulata/ 3 24 368,100 -- -- - -- MOR C 728
Guppy 48 368,100 - - -- - MOR C 728
insects Daphnia magna/ 1 24 1,760,000 - -- - -- MOR C 5718
Water flea
4-Methyl-2-pentanone fish Carassius auratus/ 1 24 460,000 - - - -- MOR C 623
Goldfish
fish Pimephales promelas/ 2 96 505,000 - - -- - MOR C 12448
Fathead minnow 96 540,000 - -- -- - MOR C 12448
fish Pimephales promelas/ 1 768 -- -- -- -~ 57,000- GRO M 3690
Fathead minnow 105,000
insects Chironomus riparius/ 1 96-98 -- -- - -- 44,070 BEH C 14176
Midge
insects Daphnia magna/ 1 24 4,280,000 -- -- -- -- MOR C 5718
Water flea
insects Daphnia magna/ 1 24 -- 3,682,000 -- -- -- IMM C 847

Water flea



o

SDOA Pa19919s Joj eua) Alfend-larep pue uonewloul Adixo ] anenby paysiignd jo Arewwns

Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter) End-

IUPAC Taxonomic Genus, species/ Duration point DC Source
compound name classification common name (hours) LCso ECsg LOEC MATC NOEC effect no.
Other analytes—Continued
4-Methyl-2-pentanone— insects Daphnia magna/ 1 504 -- -- - -- 7,800- REP M 847
Continued Water flea 39,000
plants Scenedesmus subspicatus/ 2 48 - 980,000 -- - -- BMS M 2997
Green algae 48 -- 2,000,000 -- - - GRO M 2997
Methyl-2-propenoate fish Osteichthyes/ 1 72 5,000 - - -- -- MOR M 495
Bony fish class
1,1’-Oxybisethane fish Oryzias latipes/ 6 24 >1,000,000 - -- - -- MOR M 12497
Medaka, high-eyes 48 >1,000,000 - -- - - MOR M 12497
fish Pimephales promelas/ 1 96 2,560,000 -- -- - -- MOR C 12858
Fathead minnow
2-Propanone amphibians Ambystoma mexicanum/ 1 48 20,000,000 -- -- -- -- MOR M 9740
Mexican axolotl
amphibians  Xenopus laevis/ 1 48 24,000,000 -- -- -- -- MOR M 9740
Clawed toad
crustaceans Gammarus fasciatus/ 2 96 >100,000 - -- - - MOR C 11951
Scud 48 6,000,000 - -- - - MOR M 15788
crustaceans Palaemonetes kadiakensis/ 1 18 2,610,000 -- - -- -- MOR M 2192
Grass shrimp, freshwater prawn
fish Carassuis auratus/ 1 48 11,000,000 -- - -- -- MOR M 15192
Goldfish
fish Cyprinus carpio/ 1 48 15,000,000 -- -- -- -- MOR M 15192
Common, mirror, colored, carp
fish Gambusia affinis/ 3 48 13,000,000 - -- - -- MOR C 508
Mosquitofish 96 13,000,000 -- -- - - MOR C 508
fish Lepomis macrochirus/ 7 115 7,052,000 -- -- -- -- MOR C 2470
Bluegill 168 7,052,000 -- -- - - MOR C 2470
fish Oncorhynchus mykiss/ 3 96 5,540,000 - -- - -- MOR C 666
Rainbow trout, donaldson trout 24 6,100,000 - -- - - MOR C 991
fish Oryzias latipes/ 8 24 8,300,000 -- -- -- -- MOR M 12497
Medaka, high-eyes 48 8,300,000 - -- - - MOR M 12497
fish Pimephales promelas/ 17 96 >100,000 - -- - -- MOR C 11951
Fathead minnow 96 6,210,000 -- -- -- -- MOR Cc 12448
fish Pimephales promelas/ 2 48 -- 8,990,000 -- - - EQU C 4154
Fathead minnow 24 -- 9,190,000 -- -- - EQU C 4154
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter) End-

IUPAC Taxonomic Genus, species/ Duration . Source
e n point DC
compound name classification common name (hours) LCsg ECsq LOEC MATC NOEC effect no.
Other analytes—Continued
2-Propanone—Continued fish Poecilia reticulata/ 1 24 9,500,000 - -- - -- MOR M 7367

Guppy

fish Rasbora heteromorpha/ 2 48 4,000,000 - - -- - MOR C 542
Harlequinfish, red rasbora 24 5,700,000 - - -- - MOR Cc 542

fish Salvelinus fontinalis/ 3 104 6,071,000 -- -- - -- MOR C 2470
Brook trout 168 6,071,000 - - -- - MOR C 2470

insects Aedes aegypti/ 1 48 15,000,000 - -- - -- MOR M 10574
Mosquito

insects Asellus aquaticus/ 1 48 7,550,000 - -- - -- MOR M 15788
Aquatic sowbug

insects Asellus intermedius/ 1 96 >100,000 -- - -- -- MOR C 11951
Aquatic sowbug

insects Ceriodaphnia dubia/ 2 240 6,693,000 - - -- -- MOR C 212
Water flea 48 8,098,000 - -- -- - MOR C 212

insects Ceriodaphnia dubia/ 3 168-240 -- 5,908,000 - -- - REP C 212
Water flea 168-240 -- 6,469,000 -- -- - REP C 212

insects Ceriodaphnia dubia/ 4 168-240 -- -- - -- 1,866,000 REP M 212
Water flea 168-240 - - - -- 5,184,000 REP M 212

insects Chironomus tentans/ 2 48 13,000,000 -- -- - -- MOR M 15788
Midge 48 46,900,000 - -- -- - MOR M 7884

insects Cloeon dipterum/ 1 48 7,600,000 - -- - -- MOR M 15788
Mayfly

insects Corixa punctata/ 1 48 5,000,000 - -- - -- MOR M 15788
Water boatman

insects Culex pipiens/ 1 48 17,000,000 - -- - -- MOR M 10574
Mosquito

insects Culex restuans/ 1 18 6,190,000 - -- - -- MOR M 2192
White dotted mosquito

insects Daphnia cucullata/ 2 48 7,460,000 - - -- -- MOR M 2017
Water flea 48 7,810,000 -- - - -- MOR M 2017

insects Daphnia magna/ 12 24 10,000 - - -- -- MOR M 915
Water flea 48 10,000 - - -- - MOR M 915

insects Daphnia magna/ 4 216-264 -- 6,389,000 - -- - REP C 212
Water flea 216-264 -- 6,406,000 - -- - REP C 212

insects Daphnia magna/ 1 672 -- -- -- >1,103,200- -- MOR C 10694

Water flea <2,206,400
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

IUPAC Taxonomic Genus, species/ Duration Measures of toxicity (micrograms per liter) End_oint DC Source
compound name classification common name (hours) LCso LOEC NOEC P no.
effect
Other analytes—Continued
2-Propanone—Continued insects Daphnia magna/ 4 216-264 - - -- -- <403,000 MOR M 212
Water flea 216-264 -- -- -- -- 3,110,000 REP M 212
insects Daphnia pulex/ 3 18 1,220,000 -- -- -- -- MOR M 2192
Water flea 48 8,800,000 -- -- -- -- MOR M 2017
insects Ischnura elegans/ 1 48 6,400,000 -- -- - -- MOR M 15788
Dragonfly
insects Moina macrocopa/ 1 3 15,000,000 -- -- - -- MOR M 15192
Water flea
insects Nemoura cinerea/ 1 48 10,300,000 -- -- -- -- MOR M 15788
Stonefly
invertebrates, Anodonta imbecillis/ 1 48 33,830 -- -- -- -- MOR C 8099
misc. Mussel
invertebrates, Brachionus calyciflorus/ 1 24 51,000 -- -- -- -- MOR M 9385
misc. Rotifer
invertebrates, Cipangopaludina malleata/ 1 48 48,000,000 -- - -- -- MOR M 9158
misc. Mud snail
invertebrates, Corbicula manilensis/ 1 96 >20,000,000 -- -- -- -- MOR M 418
misc. Asiatic clam
invertebrates, Dugesia lugubri/ 2 96 >100,000 - -- - -- MOR C 11951
misc. Turbellarian, flatworm 48 7,500,000 -- - -- -- MOR M 15788
invertebrates, Erpobdella octoculata/ 1 48 7,000,000 -- -- -- -- MOR M 15788
misc. Leech
invertebrates, Helisoma trivolvis/ 1 96 >100,000 -- -- - -- MOR C 11951
misc. Ramshorn snail
invertebrates, Hydra oligactis/ 2 48 13,500,000 - -- - -- MOR M 10574
misc. Hydra 48 13,500,000 -- -- -- -- MOR M 15788
invertebrates, Indoplanorbis exustus/ 1 48 35,000,000 -- -- -- -- MOR M 9158
misc. Snail
invertebrates, Lumbriculus variegatus/ 1 96 >100,000 -- -- -- -- MOR C 11951
misc. Oligochaete
invertebrates, Lymnaea stagnalis/ 2 48 7,000,000 -- -- -- -- MOR M 10574
misc. Great pond snail 48 7,000,000 - -- - - MOR M 15788
invertebrates, Paramecium caudatum/ 1 4 5,227,200 -- -- -- -- MOR M 3029

misc. Ciliate
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration . Source
e point DC
compound name classification common name (hours) ECsq LOEC MATC NOEC effect no.
Other analytes—Continued
2-Propanone—Continued invertebrateBhysa acuta/ 1 48 35,000,000 - -- - -- MOR M 9158
misc. Bladder snail
invertebrates, Semisulcospira libertina/ 1 48 35,000,000 -- -- -- -- MOR M 9158
misc. Marsh snail
invertebrates, Oligochaete (order)/ 1 48 15,000,000 -- -- -- -- MOR M 15788
misc. Tubificidae (family)
plants Anabaena cylindrica/ 1 240-336 -- 4,568,528 -- -- -- GRO M 12597
Blue-green algae
plants Anabaena inaequalis/ 1 240-336 -- 34,898,477 - -- -- GRO M 12597
Blue-green algae
plants Anabaena sp/ 1 240-336 -- 7,106,599 -- -- -- GRO M 12597
Blue-green algae
plants Anabaina variabilis/ 1 240-336 -- 46,827,411 - -- -- GRO M 12597
Blue-green algae
plants Nitzschia linearis/ 1 120 11,493- - - -- - MOR M 949
Diatom 11,727
plants Nostoc sp/ 1 240-336 -- 55,583,756 - -- -- GRO M 12597
Blue-green algae
1,1,1,2-Tetrachloroethane fish Lepomis macrochirus/ 2 24 20,000 -- -- -- -- MOR C 5590
Bluegill 96 20,000 - - -- - MOR C 5590
insects Daphnia magna/ 2 48 24,000 - - -- -- MOR C 5184
Water flea 24 27,000 -- - - - MOR C 5184
1,1,2,2-Tetrachloroethane fish Jordanella floridae/ 3 240 -- -- 7,230 -- -- MOR M 140
Flagfish 672 - - 8,465 -- - MOR M 140
fish Lepomis macrochirus/ 2 24 21,000 - - -- - MOR C 5590
Bluegill 96 21,000 - -- -- - MOR C 5590
fish Oncorhynchus mykiss/ 1 768 -- -- -- 1,400- -- GRO C 4433
Rainbow trout, donaldson trout 4,000
fish Pimephales promelas/ 5 96 20,300 - -- -- -- MOR C 12447
Fathead minnow 72 20,400 - - -- - MOR C 11227
insects Daphnia magna/ 4 48 9,300 - - -- -- MOR C 5184
Water flea 24 18,000 -- -- - - MOR C 5184
insects Daphnia magna/ 2 48 - 23,000 - -- - IMM C 15981
Water flea 48 - 25,000 - -- - IMM C 15981
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Table 5. Aquatic toxicity information for selected volatile organic compounds measured by the U.S. Geological Survey—Continued

Measures of toxicity (micrograms per liter)

End-

IUPAC Taxonomic Genus, species/ Duration . Source
compound name classification common name (hours) LC EC LOEC NOEC point bC no
50 50 effect '
Other analytes—Continued
1,1,2,2-Tetrachloro- plants Selenastrum capricornutum/ 5 48 -- 73,400 -- -- -- CLR M 9607
ethane—Continued Green algae 72 - 76,900 -- - - CLR M 9607
plants Selenastrum capricornutum/ 1 96 -- -- -- -- <10,000 CLR M 9607
Green algae
1,3,5-Trimethylbenzene fish Carassius auratus/ 4 96 12,520 -- -- -- -- MOR C 416
Goldfish 72 13,650 -- -- - - MOR C 416
insects Daphnia magna/ 2 48 - 6,011 -- - - IMM C 11936
Water flea 24 -- 50,000 -- -- - IMM C 847
insects Daphnia magna/ 1 504 -- -- - -- 400 REP M 847
Water flea
plants Scenedesmus subspicatus/ 2 48 - 25,000 -- - - BMS M 2997
Green algae 48 - 53,000 -- - - GRO M 2997




REFERENCES CONTAINING
AQUATIC TOXICITY INFORMATION




Table 6. References containing aquatic toxicity information for selected volatile organic compounds as
described in this study

[Source number may be used to retrieve citation from AQUIRE data base (U.S. Environmental Protection, 1996a)]

Source no. .
(table 5) References cited

46 Grover, P.B., Jr., 1985, A short-term behavioral bioassay for acute toxicity of water-borne pollutants [abs.]:
Dissertation Abstracts International B--The Sciences and Engineering, v. 45, no. 12, pt. 1, p. 3671.

88 Figueroa, I. del C., and Simmons, M.S., 1991, Structure-activity relationships of chlorobenzenes using DNA
measurement as a toxicity parameter in algae: Environmental Toxicology and Chemistry, v. 10, no. 3,
p. 323-329.

140 Smith, A.D., Bharath, A., Mallard, C., Orr, D., Smith, K., Sutton, J.A., Vukmanich, J., McCarty, L.S., and Ozburn,

G.W., 1991, The acute and chronic toxicity of ten chlorinated organic compounds to the American flagfish
(Jordanella floridae) Archives of Environmental Contamination and Toxicology, v. 20, no. 1, p. 94-102.

212 Cowgill, U.M., and Milazzo, D.P., 1991, The sensitivityCefiodaphnia dubiandDaphnia magndo seven
chemicals utilizing the three-brood test: Archives of Environmental Contamination and Toxicology, v. 20,
no. 2, p. 211-217.

257 Mayes, M.A., Shafer, T.J., and Barron, M.G., 1988, Critical evaluation of the fathead minnow 7- day static renewal
test: Chemosphere, v. 17, no. 11, p. 2243-2252.

416 Brenniman, G., Hartung, R., and Weber, W.J., Jr., 1976, A continuous flow bioassay method to evaluate the effect of
outboard motor exhausts and selected aromatic toxicants on fish: Water Resources, v. 10, no. 2, p. 165-169.

418 Chandler, J.H., Jr., and Marking, L.L., 1979, Toxicity of fishery chemicals to the AsiatidGzdéncula
manilensis Progressive Fish-Culturist, v. 41, no. 3, p. 148-151.

448 Woodiwiss, F.S., and Fretwell, G., 1974, The toxicities of sewage effluents, industrial discharges and some chemical
substances to brown troi@dlmo truttd in the Trent River Authority Area: Water Pollution Control, v. 73,
p. 396-405.

477 Moles, A., 1980, Sensitivity of parasitized coho salmon fry to crude oil, toluene, and naphthalene [Transactions]:
American Fisheries Society, v. 109, no. 3, p. 293-297.

489 Thompson, R.S., and Carmichael, N.G., 1989, 1,1,1-Trichloroethane--Medium-term toxicity to carp, daphnids, and
higher plants: Ecotoxicology and Environmental Safety, v. 17, no. 2, p. 172-182.

495 Paulet, G., and Vidal, M., 1975, Toxicity of some acrylic and methacrylic esters of acrylamide and polyacrylamides:
Archives des Maladies Professionnelles de Medecine du Travail et de Securite Sociale, v. 36, no. 1/2, p. 58-60.

508 Wallen, I.E., Greer, W.C., and Lasater, R., 1957, Toxici§ambusia affini®f certain pure chemicals in turbid
waters: Sewage and Industrial Wastes, v. 29, no. 6, p. 695-711.

538 Birge, W.J., Black, J.A., Hudson, J.E., and Bruser, D.M., 1979, Embryo-larval toxicity tests with organic

compoundsin Marking, L.L., and Kimerle, R.A., eds., Aquatic toxicology and hazard assessment symposium,
2d: Philadelphia, American Society of Testing and Materials, ASTM STP 667, p. 131-147.

540 Leeuwangh, P., Bult, H., and Schneiders, L., 1975, Toxicity of hexachlorobutadiene in aquatic organisms,
Koneman, J.H., and Strik, J.J.T.W.A., eds., Sublethal effects of toxic chemicals on aquatic animals:
Amsterdam, N.Y., Elsevier Science Publishers, p. 167-176.

542 Alabaster, J.S., 1969, Survival of fish in 164 herbicides, insecticides, fungicides, wetting agents and miscellaneous
substances: International Pest Control, v. 11, no. 2, p. 29-35.
561 Lorz, H.W., Glenn, S.W., Williams, R.H., Kunkel, C.M., Norris, L.A., and Loper, B.R., 1979, Effects of selected

herbicides on smolting of coho salmon: Corvallis, Oreg., U.S. Environmental Protection Agency, Corvallis
Environmental Research Laboratory Ecological Research Series, EPA-600/3-79-071, 102 p.

563 Birge, W.J., Black, J.A., and Bruser, D.M., 1979, Toxicity of organic chemicals to embryo-larval stages of fish:
Washington, D.C., U.S. Environmental Protection Agency, Ecological Research Series, Office of Toxic
Substances, EPA-560/11-79-007, 60 p.

623 Bridie, A.L., Wolff, C.J.M., and Winter, M., 1979, The acute toxicity of some petrochemicals to goldfish: Water
Resources, v. 13, no. 7, p. 623-626.

52 Summary of Published Aquatic Toxicity Information and Water-Quality Criteria for Selected VOCs



Table 6. References containing aquatic toxicity information for selected volatile organic compounds as
described in this study—Continued

Source no. )
(table 5) References cited
632 Macek, K.J., Lindberg, M.A., Sauter, S., Buxton, K.S., and Costa, P.A., 1976, Toxicity of four pesticides to water
fleas and fathead minnows: Duluth, Minn., U.S. Environmental Protection Agency, Environmental Research
Laboratory, EPA-600/3-76-099, 68 p.
666 Johnson, W.W., and Finley, M.T., 1980, Handbook of acute toxicity of chemicals to fish and aquatic invertebrates:
Washington, D.C., U.S. Department of the Interior, Fish and Wildlife Service, Resource Publication 137, 98 p.
719 Mattson, V.R., Arthur, J.W., and Walbridge, C.T., 1976, Acute toxicity of selected organic compounds to fathead
minnows: Duluth, Minn., U.S. Environmental Protection Agency, Ecological Research Series, Environmental
Research Laboratory, EPA-600/3-76-097, 12 p.
728 Pickering, Q.H., and Henderson, C., 1966, Acute toxicity of some important petrochemicals to fish: Journal of the
Water Pollution Control Federation, v. 38, no. 9, p. 1419-1429.
770 Das, P.K.M.K., and Konar, S.K., 1988, Acute toxicity of petroleum products, crude oil and oil refinery effluent on
plankton, benthic invertebrates and fish: Environmental Ecology, v. 6, no. 4, p. 885-891.
846 Kuhn, R., Pattard, M., Pernak, K., and Winter, A., 1989, Results of the harmful effects of selected water pollutants
(anilines, phenols, aliphatic compoundspP@phnia magna Water Resources, v. 23, no. 4, p. 495-499.
847 Kuhn, R., Pattard, M., Pernak, K., and Winter, A., 1989, Results of the harmful effects of water pollutants to
Daphnia magnan the 21-day reproduction test: Water Resources, v. 23, no. 4, p. 501-510.
863 Dawson, G.W., Jennings, A.L., Drozdowski, D., and Rider, E., 1977, The acute toxicity of 47 industrial chemicals to
fresh and saltwater fishes: Journal of Hazardous Materials, v. 1, no. 4, p. 303-318.
876 Bond, C.E., Lewis, R.H., and Fryer, J.L., 1959, Toxicity of various herbicidal materials to fishes [Transactions]: of
the Second Seminar on Biological Problems in Water Pollution: Cincinnati, Ohio, Robert A. Taft Sanitation
Engineering Center, Technical Report W60-3, p. 96-101.
915 Dowden, B.F., and Bennett, H.J., 1965, Toxicity of selected chemicals to certain animals: Journal of the Water
Pollution Control Federation, v. 37, no. 9, p. 1308-1316.
922 Turnbull, H., Demann, J.G., and Weston, R.F., 1954, Toxicity of various refinery materials to fresh water fish:
Industrial and Engineering Chemistry, v. 46, no. 2, p. 324-333.
923 Henderson, C., Pickering, Q.H., and Lemke, A.E., 1961, The effect of some organic cyanides (nitrileshon fish,
Industrial Waste Conference, 15th, Lafayette, Ind., 1961, Proceedings: Lafayette, Ind., Purdue University,
ser. 106, v. 65, no. 2, p. 120-130.
938 Burdick, G.E., Dean, H.J., and Harris, E.J., 1964, Toxicity of aqualin to fingerling brown trout and bluegills: New
York Fish and Game Journal, v. 11, no. 2, p. 106-114.
949 Patrick, R., Cairns, J., Jr., and Scheier, A., 1968, The relative sensitivity of diatoms, snails, and fish to twenty
common constituents of industrial wastes: Progressive Fish-Culturist, v. 30, no. 3, p. 137-140.
973 Alexander, H.C., McCarty, W.M., and Bartlett, E.A., 1978, Toxicity of perchloroethylene, trichloroethylene, 1,1,1-
trichloroethane, and methylene chloride to fathead minnows: Bulletin of Environmental Contamination and
Toxicology, v. 20, no. 3, p. 344-352.
991 Majewski, H.S., Klaverkamp, J.F., and Scott, D.P., 1978, Acute lethality, and sublethal effects of acetone, ethanol,
and propylene glycol on the cardiovascular and respiratory systems of rainbovd&loud gairnen: Water
Resources, v. 12, no. 4, p. 217-221.
2017 Canton, J.H., and Adema, D.M.M., 1978, Reproducibility of short-term and reproduction toxicity experiments with
Daphnia magnand comparison of the sensitivity @aphnia magnavith Daphnia pulexandDaphnia
culullatain short-term experiments: Hydrobiologia, v. 59, no. 2, p. 135-140.
2092 Louder, D.E., and McCoy, E.G., 1962, Preliminary investigations of the use of aqualin for collecting fishes, Annual
Conference, 1962, Proceedings: Frankfort, Ky., Southeastern Association of Game and Fish Commissioners,
v. 16, p. 240-242.
2192 Bowman, M.C., Oller, W.L., Carins, T., Gosnell, A.B., and Oliver, K.H., 1981, Stressed bioassay systems for rapid

screening of pesticide residues, pt. 1--Evaluation of bioassay systems: Archives of Environmental
Contamination and Toxicology, v. 10, p. 9-24.

Table 6 53



Table 6. References containing aquatic toxicity information for selected volatile organic compounds as
described in this study—Continued

Source no. )
(table 5) References cited

2193 Randall, T.L., and Knopp, P.V., 1980, Detoxification of specific organic substances by wet oxidation: Journal of the
Water Pollution Control Federation, v. 52, no. 8, p. 2117-2130.

2215 Kauss, P.B., and Hutchinson, T.C., 1975, The effects of water-soluble petroleum components on the growth of
Chlorella vulgarisBeijerinck: Environmental Pollution, v. 9, no. 3, p. 157-174.

2422 Van Hoogen, G., and Opperhuizen, A., 1988, Toxicokinetics of chlorobenzenes in fish: Environmental Toxicology
and Chemistry, v. 7, no. 3, p. 213-219.

2470 Cardwell, R.D., Foreman, D.G., Payne, T.R., and Wilbur, D.J., 1978, Acute and chronic toxicity of four organic
chemicals to fish: Duluth, Minn., U.S. Environmental Protection Agency, Environmental Research
Laboratory, Contract 68-01-0711, 26 p. (unpublished data).

2644 Bentley, R.E., Heitmuller, T., Sleight, B.H., lll, and Parrish, P.R., 1979, Acute toxicity of chloroform to bluegill
(Lepomis macrochirysrainbow trout $almo gairdneli, and pink shrimpRenaeus duorarun Washington,
D.C., U.S. Environmental Protection Agency, Criteria Branch, WA-6-99-1414-B, 13 p.

2786 Davis, J.T., and Hardcastle, W.S., 1959, Biological assay of herbicides for fish toxicity: Weeds, v. 7, p. 397-404.

2997 Kuhn, R., and Pattard, M., 1990, Results of the harmful effects of water pollutants to greeBcalgegesmus
subspicatukin the cell multiplication inhibition test: Water Resources, v. 24, no. 1, p. 31-38.

3029 Rajini, P.S., Krishnakumari, M.K., and Majumder, S.K., 1989, Cytotoxicity of certain organic solvents and organo-
phosphorus insecticides to the ciliated protoZz@aramecium caudatumMicrobios, v. 59, p. 157-163.

3217 Geiger, D.L., Brooke, L.T., and Call, D.J., 1990, Acute toxicities of organic chemicals to fathead minnows
(Pimephales promelgsv. 5: Superior, University of Wisconsin, Center for Lake Superior Environmental
Studies, 332 p.

3279 Van Leeuwen, C.J., Adema, D.M.M., and Hermens, J., 1990, Quantitative structure-activity relationships for fish
early life stage toxicity: Aquatic Toxicology, v. 16, no. 4, p. 321-334.

3283 Smith, S.B., Savino, J.F., and Blouin, M.A., 1988, Acute toxiciBaphnia puleof six classes of chemical
compounds potentially hazardous to Great Lakes aquatic biota: Journal of Great Lakes Research, v. 14, no. 4,
p. 394-404.

3350 Wekusova, B., and Svobodova, Z., 1989, Evaluation of the toxicity of the cyadox growth stimulator to aquatic
organisms: Biological and Chemical Factors in Animal Production -- Veterinary Science, v. 25, no. 1, p. 41-49.
[Abstract in English.]

3550 Herman, D.C., Inniss, W.E., and Mayfield, C.I., 1990, Impact of volatile aromatic hydrocarbons, alone and in
combination, on growth of the freshwater aBglenastrum capricornutumAquatic Toxicology, v. 18, no. 2,
p. 87-100.

3690 Call, D.J., Brooke, L.T., Ahmad, N., and Vaishnav, D.D., 1981, Aquatic pollutant hazard assessments and
development of a hazard prediction technology by quantitative structure-activity relationships: Superior,
University of Wisconsin, Center for Lake Superior Environmental Studies, 2d Quarterly Report, U.S.
Environmental Protection Agency Cooperative Agreement No. CR 809234-01-0, 74 p.

3783 Kimball, G., 1978, The effects of lesser known metals and one organic to fathead miinmphdéles promelas
andDaphnia magna) Minneapolis, University of Minnesota, Department of Entomology, Fisheries and
Wildlife, 88 p.

3881 Merlin, G., Thiebaud, H., Blake, G., Sembiring, S., and Alary, J., 1992, Mesocosms' and microcosms' utilization for
the ecotoxicity evaluation of dichloromethane, a chlorinated solvent: Chemosphere, v. 24, no. 1, p. 37-50.

3910 Marchini, S., Tosato, M.L., Norberg-King, T.J., Hammermeister, D.E., and Hoglund, M.D., 1992, Lethal and
sublethal toxicity of benzene derivatives to the fathead minnow, using a short-term test: Environmental
Toxicology and Chemistry, v. 11, no. 2, p. 187-195.

3997 Ghazaly, K.S., 1991, Physiological alteratiortSlaria lazerainduced by two different pollutants: Water, Air, and
Soil Pollution, v. 60, no. 1/2, p. 181-187.

4038 Benoit-Guyod, J.L., Andre, C., and Clavel, K., 1984, Chlorophenols--Degradation and toxicity: Journal of French

Hydrology, v. 15, no. 3, p. 249-266. [Abstract in English.]

54 Summary of Published Aquatic Toxicity Information and Water-Quality Criteria for Selected VOCs



Table 6. References containing aquatic toxicity information for selected volatile organic compounds as
described in this study—Continued

Source no. )
(table 5) References cited

4072 Roghair, C.J., Buijze, A., Yedema, E.S.E., and Hermens, J.L.M., 1994, A QSAR for base-line toxicity to the midge
Chironomus riparius Chemosphere, v. 28, no. 5, p. 989-997.

4154 Call, D.J., Brooke, L.T., and Ahmad, N., 1981, Estimates of "no effect" concentrations of selected pesticides in
freshwater organisms--3d quarterly progress report: Superior, University of Wisconsin, U.S. Environmental
Protection Agency, Cooperative Agreement No. CR 806864030, 84 p.

4189 Masten, L.W., Boeri, R.L., and Walker, J.D., 1994, Strategies employed to determine the acute aquatic toxicity of
ethyl benzene, a highly volatile, poorly water-soluble chemical: Ecotoxicological and Environmental Safety,
v. 27, no. 3, p. 335-348.

4399 Darville, R.G., 1982, The effects of naphthalene on the physiology and life c@tiemiomus attenuatusnd
Tanytarsus dissimilis Stillwater, Oklahoma State University, Ph.D. dissertation, 85 p.

4433 Ahmad, N., Benoit, D., Brooke, L., Call, D., Carlson, A., DeFoe, D., Huot, J., Moriarity, A., Richter, J., Shubat, P.,

Veith, G., and Wallbridge, C., 1984, Aquatic toxicity tests to characterize the hazard of volatile organic
chemicals in water--A toxicity data summary--pts. 1 and 2: Duluth, Minn., U.S. Environmental Protection
Agency, Environmental Research Laboratory, EPA 600/3-84-009, 103 p.

5087 Pearson, J.G., Glennon, J.P., Barkley, J.J., and Highfill, J.W., 1979, An approach to the toxicological evaluation of a
complex industrial wastewatén, Marking, L.L., and Kimerle, R.A., eds., Aquatic toxicology and hazard
assessment, 2d symposium: Philadelphia, American Society of Testing and Materials, ASTM STP 667,
p. 284-301.

5184 LeBlanc, G.A., 1980, Acute toxicity of priority pollutants to water fizagphinia magng Bulletin of
Environmental Contaminant Toxicology, v. 24, no. 5, p. 684-691.

5267 Anderson, D.R., and Lusty, E.B., 1980, Acute toxicity and bioaccumulation of chloroform to four species of
freshwater fishSalmo gairdnetirainbow troutl epomis macrochirysluegill, Micropterus salmoides
largemouth bass¢talurus punctatuschannel catfish: Washington, D.C., U.S. Nuclear Regulation Committee,
Report No. CR-0893, 33 p.

5272 Black, J.A., and Birge, W.J., 1980, An avoidance response bioassay for aquatic pollutants: Lexington, University of
Kentucky, Water Resource Research Institute, Research Report No. 123, 34 p.
5331 Canton, J.H., Wegman, R.C.C., Mathijssen-Spiekman, E.A.M., and Wammes, J.Y., 1980, Hydrobiological

toxicological research with methylbromide: National Institute of Public Health and Environmental Hygiene,
Report No. 105, 804 p. [In Dutch.]

5580 Stoss, F.W., and Haines, T.A., 1979, The effects of toluene on embryos and fry of the Japanes®ijeidaka,
latipes,with a proposal for rapid determination of maximum acceptable toxicant concentration:
Environmental Pollution, v. 20, no. 2, p. 139-148.

5590 Buccafusco, R.J., Ells, S.J., and LeBlanc, G.A., 1981, Acute toxicity of priority pollutants to blLiegagilinfs
macrochiru$: Bulletin of Environmental Contamination and Toxicology, v. 26, no. 4, p. 446-452.

5622 Moles, A., Rice, S.D., and Korn, S., 1979, Sensitivity of Alaskan freshwater and anadromous fishes to Prudhoe Bay
crude oil and benzene [Transactions]: American Fisheries Society, v. 108, no. 4, p. 408-414.

5675 Hermens, J., Canton, H., Steyger, N., and Wegman, R., 1984, Joint effects of a mixture of 14 chemicals on mortality
and inhibition of reproduction daphnia magna Aquatic Toxicology, v. 5, no. 4, p. 315-322.

5700 Berry, W.O., and Brammer, J.D., 1977, Toxicity of water-soluble gasoline fractions to fourth-instar larvae of the
mosquito,Aedes aegypti.: Environmental Pollution, v. 13, no. 3, p. 229-234.

5718 Bringmann, G., and Kuhn, R., 1977, Results of the damaging effect of water pollut2ahora magna:
Zietschrift fuer Wasser- und Abwasser- Forschung, v. 10, no. 5, p. 161-166. [In German with English abstract.]

5735 Curtis, M.W., Copeland, T.L., and Ward, C.H., 1978, Aquatic toxicity of substances proposed for spill prevention
regulation,in National Conference on Control of Hazardous Material Spills, Miami Beach, Fla., April 11-13,
1989, Proceedings: Rockville, Md., Oil Spill Control Association of America, p. 93-103.

5741 Dill, D.C., McCarty, W.M., Alexander, H.C., and Bartlett, E.A., 1980, Toxicity of 1,1-dichloroethylene (vinylidene
chloride) to aquatic organisms: Duluth, Minn., U.S. Environmental Protection Agency, Environmental
Research Laboratory, Ecological Research Series, EPA-600/3-80-057, 17 p.

Table 6 55



Table 6. References containing aquatic toxicity information for selected volatile organic compounds as
described in this study—Continued

Source no. )
(table 5) References cited

5773 Jensen, R.A., 1978, A simplified bioassay using finfish for estimating potential spill demNege@nal
Conference on Control of Hazardous Material Spills, Miami Beach, Fla., April 11-13, 1989, Proceedings:
Rockville, Md., Oil Spill Control Association of America, p. 104-108.

5876 Bottger, A., 1988, Belastung der Anwohner von Chemisch-Reinigungsanlegen durch Tetrachlorethylen, Votrag:
Tagung der Deutschen Gesellschaft fr Hygiene und Mikrobiologie, Kiel, v. 9, p. 29-30. [In German.]

5938 Slooff, W., 1979, Detection limits of a biological monitoring system based on fish respiration: Bulletin of
Environmental Contamination and Toxicology, v. 23, no. 4-5, p. 517-523.

6002 Ferrando, M.D., and Andreu-Moliner, E., 1992, Acute toxicity of toluene, hexane, xylene, and benzene to the
rotifersBrachionus calyciflorusndBrachionus plicatilis Bulletin of Environmental Contamination and
Toxicology, v. 49, no. 2, p. 266-271.

6026 Munoz, M.J., and Tarazona, J.V., 1993, Synergistic effect of two- and four-component combinations of the
polycyclic aromatic hydrocarbons--Phenanthrene, anthracene, naphthalene and acenapbéygimeian
magna Bulletin of Environmental Contamination and Toxicology, v. 50, no. 3, p. 363-368.

6059 Wester, P.W., Canton, J.H., and Dormans, J.A.M.A., 1988, Pathological effects in freshwRtadiighreticulata
(guppy) andOryzias latipegmedaka) following methyl bromide and sodium bromide exposure: Aquatic
Toxicology, v. 12, no. 4, p. 323-344.

6187 Birge, W.J., Black, J.A., and Kuehne, R.A., 1980, Effects of organic compounds on amphibian reproduction:
Lexington, University of Kentucky, Water Resource Research Institute, Research Report No. 121, 39 p.

6256 Trabalka, J.R., and Burch, M.B., 1978, Investigation of the effects of halogenated organic compounds produced in
cooling systems and process effluents on aquatic organisdwley, R.L., Gorchev, H., and Hamilton, D.R.,

Jr., eds., Water chlorination--Environmental impact and health effects: p. 163-173.

6360 Mattice, J.S., Tsai, S.C., Burch, M.B., and Beauchamp, J.J., 1981, Toxicity of trihalomethanes to common carp
embryos [Transactions]: American Fisheries Society, v. 110, no. 2, p. 261-269.

6489 Geiger, J.G., Buikema, A.L., Jr., and Cairns, J., Jr., 1980, A tentative seven-day test for predicting effects of stress
on populations obaphnia pulexin Eaton, J.G., Parrish, P.R., and Hendricks, A.C., eds., Aquatic toxicology
and hazard assessment symposium, 3d: Philadelphia, American Society of Testing and Materials, ASTM STP
707, p. 13-26.

6516 Janssen, C.R., and Persoone, G., 1993, Rapid toxicity screening tests for aquatic biota, 1--Methodology and
experiments witlbaphnia magna Environmental Toxicology and Chemistry, v. 12, p. 711-717.

6914 Hodson, P.V., Parisella, R., Blunt, B., Gray, B., Kaiser, K.L.E., 1991, Quantitative structure-activity relationships for
chronic toxicity of phenolp-chlorophenol, 2,4-dichlorophenol, pentachlorophepaiitrophenol, and 1,2,4-
trichlorobenzene to early life stages of rainbow tr@ndorhynchus mykiss Canadian Technical Report of
Fisheries and Aquatic Sciences, v. 1784, 55 p.

6984 Vigano, L., 1993, Reproductive strategyafphnia magnand toxicity of organic compounds: Water Resources,

v. 27, no. 5, p. 903-909.

7049 Darville, R.G. and Wilhm, J.L., 1984, The effect of naphthalene on oxygen consumption and hemoglobin
concentration ifChironomus attenuatuend on oxygen consumption and life cycle ofafiytarsus dissimilis
Environmental Toxicology and Chemistry, v. 3, no. 1, p. 135-141.

7257 Sijm, D.T.H.M., Schipper, M., and Opperhuizen, A., 1993, Toxicokinetics of halogenated benzenes in fish--Lethal
body burden as a toxicological end point: Environmental Toxicology and Chemistry, v. 12, p. 1117-1127.

7367 Yarzhombek, A.A., Mikulin, A.E., and Zhdanova, A.N., 1991, Toxicity of some substances to fish in relation to
form of exposure: Journal of Ichthyology, v. 31, no. 7, p. 99-106.

7398 Bailey, H.C., Liu, D.H.W., and Javitz, H.A., 1985, Time/toxicity relationships in short-term static, dynamic, and

plug-flow bioassaysn Bahner, R.C., and Hansen, D.J., eds., Aquatic toxicology and hazard assessment
symposium, 8th: Philadelphia, American Society for Testing and Materials, ASTM STP 891, p. 193-212.

56 Summary of Published Aquatic Toxicity Information and Water-Quality Criteria for Selected VOCs



Table 6. References containing aquatic toxicity information for selected volatile organic compounds as
described in this study—Continued

Source no. )
(table 5) References cited
7884 Ziegenfuss, P.S., Renaudette, W.J., and Adams, W.J., 1986, Methodology for assessing the acute toxicity of

chemicals sorbed to sediments--Testing the equilibrium partitioning thedtgston, T.M., and Purdy, R.,
eds., Aquatic toxicology and environmental fate symposium, 9th: Philadelphia, American Society for Testing
and Materials, ASTM STP 921 v. 9, p. 479-493.

8099 Keller, A.E., 1993, Acute toxicity of several pesticides, organic compounds, and a wastewater effluent to the
freshwater mussefAnodonta imbecilisCeriodaphnia dubiaandPimephales promelasBulletin of
Environmental Contamination and Toxicology, v. 51, no. 5, p. 696-702.

9158 Nishiuchi, Y., and Yoshida, K., 1972, Toxicities of pesticides to some fresh water snails: Bulletin of the Agricultural
Chemicals Inspection Station, v. 12, p. 86-92.

9196 Bazin, C., Chambon, P., Bonnefille, M., and Larbaigt, G., 1987, Compared sensitivity of luminescent marine
bacteria Photobacterium phosphoreymndDaphniabioassays: Sciences de I'Leau, v. 6, p. 403-413.

9385 Snell, T.W., Moffat, B.D., Janssen, C., and Persoone, G., 1991, Acute toxicity tests using rotifers, 4-- Effects of cyst
age, temperature, and salinity on the sensitivitarfichionus calyciflorus Ecotoxicology and
Environmental Safety, v. 21, no. 3, p. 308-317.

9607 U.S. Environmental Protection Agency, 1978, In-depth studies on health and environmental impacts of selected
water pollutants: Duluth, Minn., U.S. Environmental Progection Agency, Contract No. 68-01-4646, 9 p.
9740 Slooff, W., and Baerselman, R., 1980, Comparison of the usefulness of the Mexican Ardbydtoma

mexicanurpand the clawed toackénopus laevjsn toxicological bioassays: Bulletin of Environmental
Contamination and Toxicology, v. 24, no. 3, p. 439-443.

10056 Black, J.A., Birge, W.J., Westerman, A.G., and Francis, P.C., 1983, Comparative aquatic toxicology of aromatic
hydrocarbons: Fundamental and Applied Toxicology, v. 3, no. 9/10, p. 353-358.

10132 Tonogai, Y., Ogawa, S., Ito, Y., and Iwaida, M., 1982, Actual survey on MTL (Median Tolerance Limit) values of
environmental pollutants, especially on amines, nitriles, aromatic nitrogen compounds and artificial dyes:
Journal of Toxicological Sciences, v. 7, no. 3, p. 193-203.

10183 Veith, G.D., Call, D. J., and Brooke, L.T., 1983, Estimating the acute toxicity of narcotic industrial chemicals to
fathead minnowsn Bishop, W.E., Cardwell, R.D., and Heidolph, B.B., eds., Aquatic toxicology and hazard
assessment symposium, 6th: Philadelphia, American Society for Testing and Materials, ASTM STP 802,
p. 90-97.

10359 Crider, J.Y., Wilhm, J., and Harmon, H.J., 1982, Effects of naphthalene on the hemoglobin concentration and
oxygen uptake dbaphnia magna Bulletin of Environmental Contamination and Toxicology, v. 28, p. 52-57.

10366 Heitmuller, P.T., Hollister, T.A., and Parrish, P.R., 1981, Acute toxicity of 54 industrial chemicals to sheepshead
minnows Cyprinodon variegatys Bulletin of Contamination and Toxicology, v. 27, no. 5, p. 596-604.

10432 Mayes, M.A., Alexander, H.C., and Dill, D.C., 1983, A study to assess the influence of age on the response of
fathead minnows in static acute toxicity tests: Bulletin of Contamination and Toxicology, v. 31, no. 2,
p. 139-147.

10516 Segers, J.H.L., Temmink, J.H.M., Van den Berg, J.H.J., and Wegman, R.C.C., 1984, Morphological changes in the
gill of carp Cyprinus carpid_.) exposed to acutely toxic concentrations of methyl bromide: Water Resources,
v. 18, no. 11, p. 1437-1441.

10574 Slooff, W., Canton, J.H., and Hermens, J.L.M., 1983, Comparison of the susceptibility of 22 freshwater species to
15 chemical compounds, 1-- (Sub) acute toxicity tests: Aquatic Toxicology, v. 4, no. 2, p. 113-128.
10579 Call, D.J., Brooke, L.T., Ahmad, N., and Richter, J.E., 1983, Toxicity and metabolism studies with EPA priority

pollutants and related chemicals in freshwater organisms: Duluth, Minn., U.S. Environmental Protection
Agency, EPA 600/3-83-095, 120 p.

10694 LeBlanc, G.A., and Surprenant, D.C., 1983, The acute and chronic toxicity of acetone, dimethyl formamide, and
triethylene glycol tdaphnia magndStraus): Archives of Environmental Contamination and Toxicology,
v. 12, no. 3, p. 305-310.

Table 6 57



Table 6. References containing aquatic toxicity information for selected volatile organic compounds as
described in this study—Continued

Source no. )
(table 5) References cited
10712 Calamari, D., Galassi, S., and Setti, F., 1982, Evaluating the hazard of organic substances on aquatic life--The
paradichlorobenzene example: Ecotoxicology and Environmental Safety, v. 6, no. 4, p. 369-378.
10775 Phipps, G.L., and Holcombe, G.W., 1985, A method for aquatic multiple species toxicant testing--Acute toxicity of

10 chemicals to 5 vertebrates and 2 invertebrates: Environmental Pollution Series A--Ecological and
Biological, v. 38, no. 2, p. 141-157.

10805 Bobra, A., Shiu, W.Y., and MacKay, D., 1985, Quantitative structure-activity relationships for the acute toxicity of
chlorobenzenes taphnia magna Environmental Toxicology and Chemistry, v. 4, no. 3, p. 297-305.

10810 Cowgill, U.M., Takahashi, |.T., and Applegath, S.L., 1985, A comparison of the effect of four benchmark chemicals
on Daphnia magnandCeriodaphnia dubia affinisested at two different temperatures: Environmental
Toxicology and Chemistry, v. 4, no. 3, p. 415-422.

10954 Holcombe, G.W., Phipps, G.L., Knuth, M.L., and Felhaber, T., 1984, The acute toxicity of selected substituted
phenols, benzenes and benzoic acid esters to fathead miftimephales prometa Environmental
Pollution Series A--Ecological and Biological, v. 35, no. 4, p. 367-381.

11181 Mount, D.l., and Norberg, T.J., 1984, A seven-day life-cycle cladoceran toxicity test: Environmental Toxicology
and Chemistry, v. 3, no. 3, p. 425-434.
11227 Walbridge, C.T., Fiandt, J. T., Phipps, G.L., and Holcombe, G.W., 1983, Acute toxicity of ten chlorinated aliphatic

hydrocarbons to the fathead minndwirephales promelgs Archives of Environmental Contamination and
Toxicology, v. 12, no. 6, p. 661-666.

11282 Saha, M.K., and Konar, S.K., 1983, Acute toxicity of some petroleum pollutants to plankton and fish:
Environmental Ecology, v. 1, no. 1, p. 117-119.
11455 Van Leeuwen, C.J., Maas-Diepeveen, J.L., Niebeek, G., Vergouw, W.H.A., Griffioen, P.S., and Luijken, M.W.,

1985, Aquatic toxicological aspects of dithiocarbamates and related compounds, 1--Short-term toxicity tests:
Aquatic Toxicology, v. 7, no. 3, p. 145-164.

11677 Geyer, H., Scheunert, I., and Korte, F., 1985, The effects of organic environmental chemicals on the growth of the
algaScenedesmus subspicatAscontribution to environmental biology: Chemosphere, v. 14, no. 9, p. 1355-
1369.

11725 Millemann, R.E., Birge, W.J., Black, J.A., Cushman, R.M., Daniels, K.L., Franco, P.J., Giddings, J.M., McCarthy,

J.F., and Stewart, A.J., 1984, Comparative acute toxicity to aquatic organisms of components of coal-derived
synthetic fuels [Transactions]: American Fisheries Society, v. 113, no. 1, p. 74-85.

11926 Abernethy, S., Bobra, A.M., Shiu, W.Y., Wells, P.G., and MacKay, D., 1986, Acute lethal toxicity of hydrocarbons
and chlorinated hydrocarbons to two planktonic crustaceans--The key role of organism-water partitioning:
Aquatic Toxicology, v. 8, no. 3, p. 163-174.

11936 Bobra, A.M., Shiu, W.Y., and MacKay, D., 1983, A predictive correlation for the acute toxicity of hydrocarbons
and chlorinated hydrocarbons to the water fiz@phnia magng Chemosphere, v. 12, no. 9-10, p. 1121-1129.

11951 Ewell, W.S., Gorsuch, J.W., Kringle, R.O., Robillard, K.A., and Spiegel, R.C., 1986, Simultaneous evaluation of the
acute effects of chemicals on seven aquatic species: Environmental Toxicology and Chemistry, v. 5. no. 9,
p. 831-840.

12004 Thurston, R.V,, Gilfoil, T.A., Meyn, E.L., Zajdel, R.K., Aoki, T.L., and Veith, G.D., 1985, Comparative toxicity of
ten organic chemicals to ten common aquatic species: Water Resources, v. 19, no. 9, p. 1145-1155.

12123 Carlson, A.R., 1987, Effects of lowered dissolved oxygen concentration on the toxicity of 1,2,4-trichlorobenzene to
fathead minnows: Bulletin of Environmental Contamination and Toxicology, v. 38, p. 667-673.

12124 Carlson, A.R., and Kosian, P.A., 1987, Toxicity of chlorinated benzenes to fathead mPinoeghéles
promela3: Archives of Environmental Contamination and Toxicology, v. 16, no. 2, p. 129-135.

12152 De Zwart, D., and Slooff, W., 1987, Toxicity of mixtures of heavy metals and petrochemiaf®pus laevis

Bulletin of Environmental Contamination and Toxicology, v. 38, no. 2, p. 345-351.

58 Summary of Published Aquatic Toxicity Information and Water-Quality Criteria for Selected VOCs



Table 6. References containing aquatic toxicity information for selected volatile organic compounds as
described in this study—Continued

Source no. )

(table 5) References cited

12182 McKim, J.M., Schmieder, P.K., Niemi, G.J., Carlson, R.W., and Henry, T.R., 1987, Use of respiratory-
cardiovascular responses of rainbow tr@&al(no gairdneliin identifying acute toxicity syndromes in fish,
2--Malathion, carbaryl, acrolein and benzaldehyde: Environmental Toxicology and Chemistry, v. 6, p. 313-
328.

12258 Elnabarawy, M.T., Welter, A.N., and Robideau, R.R., 1986, Relative sensitivity of three daphnid species to selected
organic and inorganic chemicals: Environmental Toxicology and Chemistry, v. 5, no. 4, p. 393-398.

12405 Devlin, E.W., 1983, Developmental studies on the fathead mifffimephales promeld®af.), 1--The prehatching
development of the fathead minnow, 2--The acute effects of toluene on three age groups of fathead minnows,
3--The effect of toluene on the prehatching develpment of the fathead minnow [abs.]: Dissertation Abstracts
International B--The Sciences and Engineering, v. 43, no. 11, pt. 2, p. 3502.

12447 Geiger, D.L., Northcott, C.E., Call, D.J., and Brooke, L.T., 1985, Acute toxicities of organic chemicals to fathead
minnows Pimephales promelgsv. 2: Superior, University of Wisconsin, Center for Lake Superior
Environmental Studies, 326 p.

12448 Brooke, L.T., Call, D.J., Geiger, D.L., and Northcott, C.E., 1984, Acute toxicities of organic chemicals to fathead
minnows Pimephales promelgsv. 1: Superior, University of Wisconsin, Center for Lake Superior
Environmental Studies, 414 p.

12497 Tsuji, S., Tonogai, Y., Ito, Y., and Kanoh, S., 1986, The influence of rearing temperatures on the toxicity of various
environmental pollutants for killifisiryzias latipes Journal of Hygenic Chemistry, v. 32, no. 1, p. 46-53.

12513 Yoshioka, Y., Ose, Y., and Sato, T., 1986, Correlation of the five test methods to assess chemical toxicity and
relation to physical properties: Ecotoxicology and Environmental Safety, v. 12, no. 1. p. 15-21.

12597 Stratton, G.W., 1987, Toxic effects of organic solvents on the growth of blue-green algae: Bulletin of
Environmental Contamination and Toxicology, v. 38, no. 6, p. 1012-1019.

12665 Holcombe, G.W., Phipps, G.L., Sulaiman, A.H., and Hoffman, A.D., 1987, Simultaneous multiple species testing--
Acute toxicity of 13 chemicals to 12 diverse freshwater amphibian, fish, and invertebrate families: Archives of
Environmental Contamination and Toxicology, v. 16, p. 697-710.

12858 Geiger, D.L., Poirier, S.H., Brooke, L.T., and Call, D.J., 1986, Acute toxicities of organic chemicals to fathead
minnows Pimephales promelgsv. 3: Superior, University of Wisconsin, Center for Lake Superior
Environmental Studies, 328 p.

12859 Geiger, D.L., Call, D.J., and Brooke., L.T., 1988, Acute toxicities of organic chemicals to fathead minnows
(Pimephales promelasv. 4. Superior, University of Wisconsin, Center for Lake Superior Environmental
Studies, 355 p.

12872 Deneer, J.W., Seinen, W., and Hermens, J.L.M., 1988, Groltipbhia magnaxposed to mixtures of chemicals
with diverse modes of action: Ecotoxicology and Environmental Safety, v. 15, no. 1, p. 72-77.

13142 Galassi, S., Mingazzini, M., Vigano, L., Cesareo, D., and Tosato, M.L., 1988, Approaches to modeling toxic
responses of aquatic organisms to aromatic hydrocarbons: Ecotoxicology and Environmental Safety, v. 16,
no. 2, p. 158-169.

13419 Erben, R., and Pisl, Z., 1993, Acute toxicity for some evaporating aromatic hydrocarbons for freshwater snails and
crustaceans: Internationale Revueder Gesamten Hydrobiologie, v. 78, no. 1, p. 161-167.

14176 Van der Zandt, P.T.J., Heinis, F., and Kikkert, A., 1994, Effects of narcotic industrial pollutants on behaviour of
midge larvaeChironomus ripariugMeiger), Diptera)--A quantitative structure-activity relationship: Aquatic
Toxicology, v. 28, no. 3/4, p. 209-221.

15131 Degraeve, G.M., Elder, R.G., Woods, D.C., and Bergman, H.L., 1982, Effects of naphthalene and benzene on
fathead minnows and rainbow trout: Archives of Environmental Contamination and Toxicology, v. 11,

p. 87-490.
15149 Adema, D.M.M.M., and Vink, G.J., 1981, A comparative study of the toxicity of 1,1,2-trichloroethane, dieldrin,

pentachlorophenol, and 3,4-dichloroaniline for marine and freshwater organisms: Chemosphere, v. 10, no. 6,
p. 533-544.

Table 6 59



Table 6. References containing aquatic toxicity information for selected volatile organic compounds as
described in this study—Continued

Source no. )

(table 5) References cited

15191 Moles, A., Bates, S., Rice, S.D., and Korn, S., 1981, Reduced growth of coho salmon fry exposed to two petroleum
components, toluene and naphthalene, in fresh water [Transactions]: American Fisheries Society, v. 110, no. 3,
p. 430-436.

15192 Nishiuchi, Y., and Hashimoto, Y., 1967, Toxicity of pesticide ingredients to some fresh water organisms: Science
Pest Control/Botyu-Kagaku, v. 32, no. 1, p. 5-11. [In Japanese with English abstract.]

15211 Maynard, D.J., and Weber, D.D., 1981, Avoidance reactions of juvenile coho salmsorhi/nchus kisutgtio
monocyclic aromatics: Canadian Journal of Fisheries and Aquatic Sciences, v. 38, no. 7, p. 772-778.

15293 Geiger, J.G., and Buikema, A.L., Jr., 1982., Hydrocarbons depress growth and reprodDetsmiaf pulex
(Cladocera): Canadian Journal of Fisheries and Aquatic Sciences, v. 3, no. 6, p. 830-836.

15301 Benoit, D.A., Puglisi, F.A., and Olson, D.L., 1982., A fathead miriiovephales promelasarly life stage
toxicity test method evaluation and exposure to four organic chemicals: Environmental Pollution, Series A--
Ecological and Biological, v. 28, no. 3, p. 189-197.

15337 Trucco, R.G., Engelhardt, F.R., and Stacey, B., 1983, Toxicity, accumulation and clearance of aromatic
hydrocarbons iDaphnia pulex Environmental Pollution, Series A--Ecological and Biological, v. 31, no. 3.

p. 191-202.

15418 Black, J.A., Birge, W.J., McDonnell, W.E., Westerman, A.G., Ramey, B.A., and Bruser, D.M., 1982, The aquatic
toxicity of organic compounds to embryo-larval stages of fish and amphibians: Lexington, University of
Kentucky, Water Resources Research Institute, Research Report No. 133, 61 p.

15486 Correa, M., and Coler, R., 1983, Enhanced oxygen uptake rates in dragonfly r§onpéiechlora cingulajaas
an indication of stress from naphthalene: Bulletin of Environmental Contamination and Toxicology, v. 30,
no. 3, p. 269-276.

15526 Calamari, D., Galassi, S., Setti, F., and Vighi., M., 1983, Toxicity of selected chlorobenzenes to aquatic organisms:
Chemosphere, v. 12, no. 2, p. 253-262.

15788 Slooff, W., 1983, Benthic macroinvertebrates and water quality assessment--Some toxicological considerations:
Aguatic Toxicology, v. 4, p. 73-82.

15923 Qureshi, A.A., Flood, K.W., Thompson, S.R., Janhurst, S.M., Inniss, C.S., and Rokosh, D.A., 1982, Comparison of
a luminescent bacterial test with other bioassays for determining toxicity of pure compounds and complex
effluents,n Pearson, J.G., Foster, R.B., and Bishop, W.E., eds., Aquatic toxicology and hazard assessments
symposium, 5th: Philadelphia, American Society for Testing and Materials, ASTM STP 766, p. 79-196.

15981 Richter, J.E., Peterson, S.F., and Kleiner, C.F., 1983, Acute and chronic toxicity of some chlorinated benzenes,

chlorinated ethanes, and tetrachloroethyleri@aphnia magna Archives of Environmental Contamination
and Toxicology, v. 12, no. 6, p. 679-684.

60 Summary of Published Aquatic Toxicity Information and Water-Quality Criteria for Selected VOCs



