Fact Sheet Date: SEP1 1931

- AQUATIC LIFE FACT SHEET -
- Ambient Water Quality Value -

SUBSTANCE(S): CHLORINE, Total Residual

CAS REGISTRY NUMBER(S): NA

VALUE (ug/L)
BASIS FRESHWATER SALTWATER
Fish Propagation, Survival
and Tainting 5 ' 7.5
Fish Survival and Tainting 19 13

SUMMARY OF INFORMATION:

The U.S. Environmental Protection Agency (EPA, 1976) recommended criteria of 2 ug/I
for salmonid fish and 10 ug/! for other freshwater and marine organisms in order to protect
sensitive aquatic fife from the chronic effects of chlorine. The criterion of 2 ug/l was chosen
in consideration of data that showed that 6 ug/| was lethal to salmonid fry. In 1978, the NYS
Department of Environmental Conservation (DEC) proposed a water quality standard for
chlorine of 2 ug/l, but concluded that different criteria to protect cold water species and all
other aquatic life was not warranted (DEC, 1978). The International Joint Commission (IJC,
1978) has also recommended a single objective of 2 ug/! for all boundary waters of the USA
and Canada. Both DEC (1978) AND 1JC (1978) point out that data from the middle and
latter 70’s demonstrate the equal sensitivity of cold and warm water species to chlorine.

The Water Quality Section of the American Fisheries Society criticized the EPA (1976)
recommendation for two criteria in freshwater (DeGraeve et al. 1979). However, these
reviewers recommended that the single criterion should be between 3 to 5 ug/l; 3 ug/l to
protect aquatic life and 5 ug/l in recognition of the difficulty of measuring chlorine at low
levels. Teppen et al. (1976, cited in DeGraeve et al. 1979) were reported as measuring
chlorine at 1.0 ug/! via modified amperometric titration. Regarding marine waters, a study
was cited that suggested that a criterion of 10 ug/l would not protect some economically
important species and the criterion should be expressed as "oxidant species" to account for
the formation of toxic hypobromous acid upon the addition of chlorine to sea waters.
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in 1985, EPA published revised water quality criteria for total residual chlorine (TRC)
(EPA, 1985). EPA noted that numerous toxicity tests studied short-term exposures,
intermittent exposures and increasing/decreasing concentration exposures, but that criteria
derived by EPA were only applicable to continuous exposures of fluctuating or constant
TRC concentrations. EPA criteria may not be applicable to short-term or intermittent
exposures. However, EPA also stated that “the effects of short exposures will probably be
under-estimated if the observation period is not extended to take into account delayed
effects ...". EPA also introduced the term “chlorine produced oxidants® (CPO) in the 1985
criteria document. Chlorine added to sea water reacts to form several reaction products:
hypochlorous acid, hypochlorite ion, hypobromous acid, hypobromite ion, and, if ammonia -
is present, chloramines and bromamines, all of which are measured as CPO at pH = 4.
Data discussed and criteria derived by EPA were expressed as total residual chlorine in
freshwater and CPO in salt water.

In EPA (1985), freshwater 48 or 96 hours LC50s for TRC are reported to range from 17
ug/! for Daphnia (zooplankters) to 710 ug/! for stickleback. Salmonids are the most
sensitive fish family with a mean LC50 of 77 ug/I, but two minnow species were actually the
most sensitive fish with LC50s of 40 and 45 ug/I. In saltwater, LC50s for CPO range from
25 ug/| for eastern oyster to 1,418 ug/I for a mixture of two shore crab species. Mortality
from chlorine is rapid, nearly half occurring in the first 12 hours of acute tests.

Several factors may affect TRC or CPO toxicity, but EPA determined that changes were
slight and the pattern inconsistent. These factors were not considered in determination of
criteria. For example, chioramines may have a different rate of toxicity than free chlorine,
but within 48 or 96 hours, both have about the same toxicity in terms of the LC50. Aquatic
life appears to be more sensitive to chlorine in warmer water, but the difference is slight.

In freshwater, life cycle chronic tests were conducted with two invertebrate species,
Daphnia magna and the scud (both crustaceans), and a fish, the fathead minnow, with
results ranging from 5.3 to 17 ug/l (EPA, 1985). The invertebrates were most sensitive.
Only one chronic test was reported for saltwater species, an early life stage test for the fish,
the tidewater silverside, with a result of 46.48 ug/Il.

Chlorine is often used to control nuisance algae in ponds and reservoirs. Available data
indicate that aquatic plants are less sensitive to chlorine than aquatic animals.

As was expected, no data was found on the bioaccumulation of TRC or CPO. They are
unlikely to bioaccumulate.

EPA concluded that an important generality that could be drawn from study data not
used in the criteria document, was that a variety of lethal and sublethal effects can occur at
concentrations just above the calculated National Criteria. EPA also cited several field
and laboratory studies in which fresh and saltwater fish avoided various chlorine
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concentrations. Tsai (1973) found none of 45 fish species collected at upstream sites
present at downstream sites of 149 chlorinated sewage effluents where TRC was above
about 400 ug/l. Ten species, mostly saimonids and cyprinids, were not found above 40
ug/l. Seegert (1979, cited in EPA, 1985) found fish below 11 wastewater effluents in New
Jersey only where TRC was less than or equal to 100 ug/I. Middaugh et al. (1977, cited in
EPA, 1985) found that juvenile spot (a saltwater fish) avoided 180 ug/l CPO at 10°C and 50
ug/! CPO at 15°C. Hose and Stoffel (1980, cited in EPA, 1985) found that blacksmith (a
saltwater fish) avoided 162 ug/l CPO in the absence of food, but 203 ug/I CPO was required
to elicit avoidance when food was present. Aside from one questionable result where no
survival of daphnids was found at 2 ug/| after 7 days (Arthur et al. 1975, cited in EPA, 1985)
sand dollar sperm was most sensitive to CPO among all organisms tested for sublethal ef-
fects. Dinnel et al. (1981, cited in EPA, 1985) found that exposure of sand dollar sperm to
2 ug/! for five minutes resulted in a 50 percent reduction in egg fertilization.

The National Guidelines (Stephan et al. 1985) require that a minimum data base be
available to derive criteria to protect aquatic life from the toxic effects of a substance and to
prevent accumulation of the substance in aquatic life to levels that are unsafe for
consumption by humans or fish and wildiife. The minimum data base requirement was met
for toxic effects to aquatic life and the following criteria were derived by EPA (1985). To
protect freshwater aquatic life, TRC should not exceed 11 ug/l as a four-day average and
19 ug/l as a one-hour average. To protect saltwater aquatic life, CPO should not exceed
7.5 ug/! as a four-day average and 13 ug/l as a one-hour average. USEPA (1985)
recommended that criteria should not be exceeded more than once in any three year period
in order to allow stressed systems to recover.

The EPA (1985) criteria to protect aquatic life were derived from laboratory studies.
Results of field studies are available which indicate that the criteria are appropriate to apply
in natural surface waters. Spodaryk et al. (1986) conducted an acute, in situ chiorine toxicity
test with caged, fingerling brown trout in the West Branch Reservoir, NY, to evaluate the
impact of chlorinated Hudson River water on the fishery resource in the reservoir. Brown
trout were held at various sites in the reservoir with mean TRC concentrations ranging
from0.05 - 0.6 mg/I. The stability of the TRC concentration over time enabled the calculation
of 48-hour LC50 of 0.10 mg TRC/1. This value is within the trout species mean acute values
of 0.06 - 0.117 mg/! reported in EPA (1985). Neuderfer (1984) reported on the effects of
chlorination of a municipal treatment plant effiuent on Gooseberry Creek, Tannersville, NY.
There was a 29-fold decrease in trout biomass below the discharge compared to upstream.
Four years after installation of dechlorination facilities there was only a four-fold reduction in
trout biomass below the discharge. TRC concentrations were not given in Neuderfer (1984).
Information in the Tannersville POTW SPDES permit and compliance monitoring file, indicate
that prior to dechlorination TRC in Gooseberry Creek at the MA7CD10 (minimum average,
seven consecutive day flow in ten year period) flow of 1 cfs was 0.3 mg/I.



Neuderfer (1984) also summarized the records of the NYSDEC Bureau of Environmental
Protection fishkill investigation unit. Of the 469 fish mortality events investigated from 1970-
1983, 19 were caused by chlorine, all resulting from malfunctions of chlorination equipment
or changes in operation resulting in unusually high chiorine concentrations in the receiving
water. Neuderfer (1984) concluded that "slug® discharges of chiorine apparently
overwhelmed the fishes’ avoidance mechanisms.

Other studies also demonstrate effects of TRC at low levels in the field. The 96-hour
LC50 for rainbow trout held in cages downstream from chlorinated sewage treatment plant
effluents were 0.023 mg/l TRC (Basch gt al. 1973). In another study, mortality of rainbow
trout caged below chlorinated sewage treatment plant effluent was observed at 0.02 mg/|
TRC (Servizi and Martens 1974, in Brungs, 1976). A study of intermittent chlorine discharges
from a power plant found rainbow trout avoidance beginning at 0.05 to 0.01 mg/l TRC
(Schumacher and Ney 1980).

As noted above, EPA (1985) did not fully discuss nor consider in criteria derivation results
of studies which assess toxicity of intermittent chlorine exposures. A number of studies have
shown an increase in median lethal mortality concentration when subjected to intermittent
or short chlorine exposures (Brooks and Seegart 1977; Seegart and Brooks 1978; Seegart
et al. 1979; Brooks and Bartos 1984). However, typically these tests are short exposures
of up to two hours or several short exposures in one day (e.g., four 30 minute exposures).
Brooks and Seegart (1977) concluded that one exposure of trout or perch to 200 ug/I for
30 minutes might not cause mortality, but, in situations where fish would be exposed to
chlorine for longer times or repeated doses over some time, non-lethal concentrations of
chlorine would probably be lower than 200 ug/l. There is no information on long-term
intermittent exposure of aquatic life to chiorine that would enable derivation of separate
criteria for such exposures. Wang and Hanson (1985) suggest that for fish, a minimum
exposure to intermittent chlorination of about four days might be necessary to assess
effects. Murray et al. (1985) found that mayfly eggs pre-exposed intermittently to 200 ug/!
free available chlorine (FAC) exhibited increased nymphal mortality when the nymphs were
later exposed to only 50 ug/l FAC for intermittent periods. Heath (1978) tested four fish
species, exposing fish to FAC intermittently, for about 40 min. and non-exposure periods of
about 8 hrs. He found 96-hr. LC50s for rainbow trout and channel catfish that were similar
to the LC50s for these species in EPA (1985). Heath determined 96-hr. LC50s for golden
shiner and bluefish were somwhat higher than most LC50s for these species reported by
EPA (1985), but the differences were less than a factor of 2.

DERIVATION OF VALUES:

The water quality criteria developed by EPA (1985) for total residual chiorine were derived
in accordance with Stephan et al. (1985). The data evaluations and criteria development for
freshwater acute, saltwater chronic and saltwater acute applications are appropriate for NYS
waters and should be adopted as values. A more stringent value should be adopted for
freshwater classes to protect against chronic effects. The calculation procedure in the
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National Guidelines (Stephan et al. 1985) will generally result in criteria that will protect
aquatic life. The EPA chronic criterion (referred to as a four-day average by EPA) for
saltwater should be adopted as the values for all saltwater classes except SD. The EPA
acute criteria (referred to as a one-hour average by EPA) for fresh and saltwater should be
adopted as the standards for classes D and SD, respectively. The four-day average criterion
for freshwater published by EPA (1985) may provide inadequate protection for aquatic life
from chronic effects of chlorine. The value of 11 ug/l recommended by EPA is higher than
the geometric mean of test results for the only two invertebrate species that received chronic
testing (5.3 ug/I for Daphnia magna and 7.2 ug/| for Gammarus pseudolimnaeus). In order
to protect aquatic life, the geometric mean of the resuits from chronic tests with Daphnia
magna, 5.0 ug/|, should be adopted as the value for all freshwater classes except D.

It is recommended that reference to CPOs not be included in the definition of TRC.
CPOs are a factor in the toxicity resulting from chlorination of seawater but the inclusion of
the term in regulation is unnecessary and could create some confusion. CPOs were likely
to be present in the marine toxicity tests that formed the basis for the values, but they would
have been detected by the TRC analytical method which measures most or all CPOs.
Although the term TRC is a misnomer for all the toxicity resulting from chlorination of
seawater, operationally, it is the most appropriate term.

REFERENCES

Arthur, JW., et al. 1975. Comparative toxicity of sewage-effluent disinfection to freshwater
aquatic life. EPA-600/3-75-012. National Technical Information Service, Springfield, Virginia
(in EPA, 1985 original not seen).

Basch, R.E., M.E. Newton, J.G. Truchan, and C.M. Fetterolf. 1971. Chlorinated municipal
waste toxicities to rainbow trout and fathead minnows. Envir. Prot. Ag. Wat. Pollut. Central
Res. Series No. 18050 G.Z.Z. 10/71, 49 pp.

Brooks, A.S. and G.L. Seegart. 1977. Effects of free and combined chlorine and exposure
duration on rainbow trout, channel catfish and emerald shiners. Trans. Amer. Fish. soc.
113(6): 786-795.

Brooks, A.S. and J.M. Bartos. 1984. The effects of intermittent chlorination on rainbow trout
and yellow perch. Trans. Amer. Fish. Soc. 106(3): 278-288.

Brungs, W.A. 1976. Effects of wastewater and cooling water chlorination on aquatic life.
EPA-600/3-76-088. USEPA, Environmental Research Lab., Duluth, Minnesota. 46 pp.

DEC (NYS Dept. of Envir. Cons.). 1978. Rationale document for specific water quality

standards. Unpub. document submitted at DEC hearing on NYS Proposed Classifications
and Standards of Quality and Purity (6 NYCRR Parts 700, 701, 702 and 704).

-5-



DeGraeve, G.M,, et al.. 1979. Chlorine. Pages 67-75. In: A review of the EPA Red Book:
Quality criteria for water. R.V. Thurston, R.C. Russo, C.M. Fetterolf, Jr., T.A. Edsall, and
Y.M. Barber, Jr., (Eds.) Water Quality Section, American Fisheries Society, Bethesda, MD.

Dinnell, P.A., et al. 1981. Sea urchin sperm bioassay for sewage and chlorinated sea water
and its relation to fish bioassays. Mar. Environ. Res. 5:29 (in EPA 1985, original not seen).

EPA. 1976. Quality criteria for water. EPA 440/9-76-023, USEPA, Wash., D.C. 256 pp.

EPA. 1985. Ambient water quality criteria for chlorine - 1984. EPA 440/5-84-030, USEPA,
Wash., D.C. 57 pp.

Heath, A.G.. 1978. Influence of chlorine form and ambient temperature on the toxicity of
intermittent chlorination to freshwater fish. Pages 123-133 In: Water chlorination
environmental impact and health effects Volume 2. R.L. Jolley, H. Gorchev and D.H.
Hamilton Jr., (Eds.). Ann Arbor Science Publishers, Inc., Ann Arbor, Michigan.

Hose, J.E. and R.J. Stoffel. 1980. Avoidance response of juvenile Chromis punctipinnis to
chlorinated seawater. Bull. Environ. Contam. Toxicol. 25:929 (in EPA 1985, original not
seen).

IJC. 1978. Group 2 proposed new and revised water quality objectives. International Joint
Commission, Regional Office, Windsor, Ont. 195 pp.

Middaugh, D.P., et al.. 1977. Toxicity of chlorine to juvenile spot (Leiostomus xanthurys).
Wat. Res. 11:1089 (in EPA 1985, original not seen).

Murray, S.A., K.J. Tennessen and S.M. Laborde. 1985. Delayed effects of chlorine on early
life stages of the mayfly. Pages 533-539 In: Water chlorination chemistry environmental
impact and health effects Volume 5. Jolley, R.L. et al. (Eds.), Lewis Publishers, Inc.,
Chelsea, Michigan.

Neuderfer, G.N.. 1984. Review of the effects of chlorine on aquatic life, with emphasis on
field study data. Internal NYSDEC Report, Avon, NY.

Schumacher, P.D. and J.J. Ney. 1980. Avoidance response of rainbow trout (Salmo
gairdneri) to single dose chilorination in a power plant discharge canal. Water. Res. 14: 651-
655.

Seegert, G.L.. 1979. Chlorine toxicity survey data. Project #677 report. WAPORA, Inc.
Environmental/Energy Studies, NY (in EPA 1985, original not seen).

Seegert, G.L. and A.S. Brooks. 1978. The effects of intermittent chlorination on coho
salmon, alewife, spottail shiner, and rainbow smelt. Trans. Amer. Fish Soc. 107(2): 346-354.

-6-



Seegert, G.L., A.S. Brooks, J.R. Vande Castle and K. Grandall. 1979. The effects of
monochloramine on selected riverine fishes. Trans. Amer. Fish Soc. 108(1): 88-96.

Servizi, J.A. and D.W. Martens. 1974. Preliminary survey of toxicity of chlorinated sewage
to sockeye and pink salmon. International Pacific Salmon Fisheries Commission, Progress
Report No. 30, New Westminster, B.C. (in Brungs 1976, original not seen).

Spodaryk, J.G., et al.. 1986. Effects of chlorination of Hudson River water on the West
Branch Reservoir. NYSDEC Division of Fish and Wildlife, Technical Report 86-3 (BEP),
Albany, NY. 25 pp.

Stephan, C.E., D.I. Mount, D.J. Hansen, J.H. Gentile, G.A. Chapman & W.A. Brungs. 1985.
Guidelines for deriving numerical national water quality criteria for the protection of aquatic
organisms and their uses. USEPA, Office of Research and Development., Env. Res. Labs.,
98 pps.

Teppen, T., R. Bogardus and D. Boies. 1976. Avoidance of monochloramine by selected
Lake Michigan fishes. A WAPORA report to AEP and the Indiana and Michigan Electric
Corporation, WAPORA, Inc., American Electric Power, Washington, D.C. 35 pp. (in EPA
1985, original not seen).

Tsai, C.F.. 1973. Water quality and fish life below sewage outfalls. Trans. Amer. Fish. Soc.
102(2): 281-292.

Wang, M.P. and S.A. Hanson. 1985. The acute toxicity of chlorine on freshwater
organisms: Time-concentration relationships of constant and intermittent exposures. Pages
213-232. In: Aquatic toxicology and hazard assessment; eighth symposium. ASTM STP
891, R.C. Bahner and D.J. Hansen (Eds.). Amer. Soc. for Testing and Materials,
Philadelphia, PA.

DFW



Date: April 11, 1984

Surface Water Quality
Standard Documentation

Chemical: 1-Bromo-3-chloro-5,5-dimethyl hydantoin

C.A.S, No.(s): 16079-88-2

Basis (Human/Aquatic): Aquatic

Standard by Water Classification:

ug/l Notes
Classes AA,AA-s;Aj;A-s;B;C *
Class D *
Classes SA;SB;SC;I *
Class SD *

Remarks: * See chlorine

Summary of Information and Standard Derivation

Concern for this compound is the liberation of free chlorine and
bromine. Standards are therefore equivalent to those for chlorine and
standards documentation for chlorine applies to this compound as well.



Date: April 11, 1984

Surface Water Quality
Standard Documentation

Chemical: Trichloro-s—-triazinetrione

C.A.S, No.(s): 87-90-1

Basis (Human/Aquatic): Aquatic

Standard by Water Classification:

ug/l Notes
Classes AA,AA-s;A;A~-s3B;C %
Class D *
Classes SA;SB;SC;1 *
Class SD *

Remarks: * See chlorine

Summary of Information and Standard Derivation

This compound liberates free chlorine in water. Standards are
therefore equivalent to those for chlorine and standards documentation
for chlorine applies to this compound as well.



