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Available dats oun macroinvertebrates, fish, and algae indicate
nitrocellunlose is mot very toxic for most aquatic species. In most
evaluations the EC and LC 0 values were >1,000 mg/L. Only for the effect on
chlorophyll 8 comtent of Seienastrum cgpricornutem was a8 lower valwune

estimated, =am ECSO of 579 mg/L.

Avsilablc data on human health effects and mammalian toxicity suggest
nitrocellulose is virtually nomtoxic. The LD velues were in excess of 5,000
mg/kg. Chromnic toxicity studies im mice demonstrated omly physical effects
(fiber impaction) in the digestive tract (preswmably because of the small size
of the mounse digestive tract). Genotoxicity and developmental toxicity
studies did not demonstrate any other significanmt tozic sffects.
Carcinogenicity data gemerated by an cpidemiology study of occcupational
exposure during production of nitrocelluloss suggest some associationm hetween
nitrocellulose and rectal/digestive tract cancers; this should be researched
further. Metabolism data in rats indicate no absorption from the GI tract.

Bowever, nitrocellunlose does appear to produee significant abiotic
envirommental effects. Boecause of its fibrous mature, mitrocellnloss would
blanket beanthic habitats (limiting available oxygen) and fill im interstitial
spaces used as cover for bemthic orgsmnisms., This habitet aslteration is
compounded by the resistance of nitrocellulose to emvirommental degradation.
In contrast to its low toxicity, habitat 2lteration becomes a significaat
aspect of regulatory control,.

Using available data and USEPA guidelines, 2am attempt was made to
calculate criteria to protect aguatic life and its uses znd to protect human
health. However, the data did not satisfy all USEPA guidelins regunirements
and valid eriteria could not be generated. The general conclusion was that
nitrocellunlose would best be regulated based on its physical characteristics
(e.g., levels of suspended or dissoclved solids) and research to provide the
reguired data for cslculation of water gquality criteria by the USEPA
methodology would mot be necessary. The gemeral water criteria for total
suspended solids (TISS) is:

"Settleable and suspended solids should not reduce the depth
of the compensation point for photosyathetic activity by more
than 10 percent from the seasomally established norm for
aguatic life,” (USEPA 1976).

Actual lsvels of TSS that might bes applicable for regulation of
nitrocellnlose include (1) 10 ppm in wastewater discharges {Barkley end
-Rosenblatt 1978), (2) a maximom of 250 mg/kg product and a 30-day average of
84 mg/kg product for point sources of wastewater discharged from explosives
menufacturing (USEPA 1984), and (3) a maximum vslus of 260 amg/kg product and a
30-day average of 88 mg/kg product for point sourses of wastewater discharged
from an LAP facility (USEPFA 1584},
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EXECUTIVE SUMMARY

Based on aveilable data for four species of macro-
invertebrates, four species of fish, and three species of
algae, nitrocellulose does not appear to be very toxic for
most asgquatic species, In the majority of evaluvations the
EC50 and LCs509 values were >1,000 mg/L. Only for the effect
on the chlorophyll a content of Selemestrum capricornutum
was a lower value estimated, an ECgy of 579 mg/L (Bentley et
al, 1977).

The available data on the human health effects and
mammalian toxicity of nitrocellulose gemerally suggest that
it is wvirtually nontoxic. The acute toxicity data indi-
cated LDsg values in excess of 5,000 mg/kg. Chronic
toxicity studies in mice demonstrated that it is harmful
only due to its physical effects {fiber impaction) in the
digestive tract (presumably because of the small size of the
mouse digestive tract). Genotoxicity and developmental
toxicity studies did not demonstrate any significant toxic
effects not related to these fiber effects. The date on
carcinogenicity generated by an epidemiology study of
occupational exposure durimg production of nitrocellunlose
does suggest some association between mitrocellunlose and
rectal or digestive tract cancers and this possibility
should be evalpnated with further research. Data on the
metabolism of nitroceliunlose by rats indicate that it is not
absorbed into the gastrointestinal tract and further
supports the genmeral conclunsion that nitrocellulose does not
represent 8 significant human health risk,

However, nitrocellulose does sppear to produce signifi-
cant abiotic environmental effects when relensed from Army
Ammunition Plants. Because of its fibrous nature,
nitrocellulose would tend to blanket benthic habitats
(pexrhaps depriving organisms of oxygen) and fill in inter-
stitial spasces used as cover for benthic invertebrates and
substrates for periphyton. This potential for habitat
alteration is further compounded by the apparent resistance
of released nitrocelluloese to ecnvironmental degradation,
When contrasted to the low toxicity of the compound, this
habitat alteration becomes a significant aspect of regula-
tory control,

Using the data reviewed sbove and the USEPA guidelines,
an attempt was made to caleunlate criteria to protect agquatic
life and its uses and to protect human health. However, the
data did not satisfy all of the USEPA guideline regquirements
and appropriate criteria could not be generated. The
general conclusion was that nitrocellulose would best be
regulated based on its physical characteristics (e.g.,
levels of suspended or dissolved solids) and research to
provide the required data for calculation of water quality
criteria by the USEPA methodology would not be neces—
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S&8TYy. The general water criteria for total suspended
solids (TSS) is:

'"Settleable and suspended solids should not reduce
the depth of the compensation point for photosynthetic
activity by more than 10 percent from the seasonally
established norm for aquatic life.'' (USEPA 1976).

In actual levels, several figures might be applicable

for regulation of nitrocellulose, A value of 10 ppm

was given for totel suspended solids in wastewater dis-
charges (Barkley and Rosenblatt 1978). For point source
categories of wastewater discharged from an explosives
manufacturing site, a msximum value of 0.25 kg/1,000 kg of
produnct and an aversge of daily values for 30 days of 0.084
kg/1,000 kg of product were given for TSS (USEPA 1984). For
point source categories of wastewater discharged from a
Load, Assemble, and Pack facility, the maximum value for TSS
was 0.26 kg/1,000 kg of product and the 30-day averazge valus
for TSS was 0.088 kg/1,000 kg of product (USEPA 1984).
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1. INTRODUCTION

Cellulose nitrate, commonly %kmown as nitrocellunlose, is
a munitions compound manufactured or handled at several U,S.
Army facilities, including Radford Army Ammunition Plant
(AAP), Badger AAP, Indjiana AAP, Lake City AAP, Sunflower
AAP, and Alabama AAP, Although current production is
l1imited to Radford, the other sites contain sediment
deposits in settling ponds and represent a potentiel for
future aquatic pollution, particularly if production is
renewed (Barkley and Rosenblatt 1978). The objective of
this report is to review the availablie data on the aquatic
and human health effects of nitrocelluleose and unsing the
latest USEPA guidelines, generate water guality criteria
values. Appendix A is a summary of the USEPA guidelines for
generating water gquality criteria for the protection of
aquatic life and its uses (Stephan et 21. 1985). Appendix B
is 8 summary version of the USEPA guidelines for gemerating
water quality criteria for the protection of human health
(USEPA 1580).

1.1 PHAYSICAL AND CHEMICAL PROPERTIES

Nitrocellulose (CAS No. 9004-70-0) is a2 cellulose ester
of nitric acid (Figure 1) and is usually a fibrous, sclid
polymer. Nitrocellulose is nonvolatile, has a low solu-
bility, and has a variable degree of nitration. Typically,
nitrocellulose has three nitrate ester groups per glucose
ring (cellulose trinitrate) with & theoretical nitrogen
content of 14.15 percent, but due to incomplete nitration,
it can have 8 nitrogen content as low as 6.76 percent
(Barkley and Rosenblatt 1978 ; Urbanski 1983). The glucose
rings are linked together to form chains of beta, 1%4-1linked
glucoside vwnits in which the hydroxyl groups of the glucose
subunits have reacted to form nitrate esters (Sulliv-
an et al. 1978). Table 1 summarizes the aveilable inform-
ation on synonyms and the chemical and physical properties
of nitroceliulose, The virtual imsolubility of nitrocel-
l1ulose in sgueouns solutions is perhaps the most important of
its properties for this analysis. In aguatic systems,
nitrocellulose is not found in solutiom in high concen-
trations in water tending to settle onmto the sediments.

Under actual manufacturing conditions, nitrocellulose
wastes (fines) are produced with a range of particle sizes.
Helton (1976) examined a sample of nitrocellunlose taken from
the poacher pits at Radford AAP and found that 66 percent
(by weight) of the particles were greater than 88 microns in
size {(based on ability to pass throungh sieves and membrane
filters), 23 percent were between 88 and 44 micromns, 11
percent were between 44 and 5 microms, and less than 0.3
percent were smaller than § microns. Another report class-
ifying sizes of nitrocellulose particles from boiling tud

_..9._
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Figure 1. Chemical Structure of & Section of the Nitrated Glucose
Chain Forming Nitrocellulose (From Sullivan et sl. 1978).
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TABLE 1. SYNONYMS AND PROPERTIES OF NITROCELLULOSE

Property Value Reference
CAS No. 9004~-70-0 Sax 1984
Synonyms C 2018, CA 80-15, Celloidin, Cellu- Tatken and Lewis 1983

Molecular formulsa
Molecnlar weight

Physical state

Melting point
Flask point

Solubility

Specific gravity

lose nitrate (9CI), Cellulose
tetranitrate, Collodion, Colledion
cotton, Collodion wool, Colloxylin,
Corial EM finish F, E 1440, Flexible
collodion, FM-NIS, Guncotton, HX
3/5, Kodak LR 115, LR 115, Nitrocel-
lulose E950, Nitrocotton, Nitron,
Nixon N/C, NTs 62, NIs 218, NIs 222,
NI's 539, NIs 542, Parlodion,
Pyralin, Pyroxylin, Pyroxylin plas-
tic (DOT), RF 10, R.$. Nitrocellu-
lose, Soluble gun cotton, Synpor,
Tsapolak 964, Xyloidin

[CeB702 (ONO2) 310 Hawley 1981

459.28-594.282 TLO 1983

White pulpy, cottonm—1like, amorphous Hawley 1981;
solid (when dry) or colorless liquid

to semisolid (solution) depending on

degree of nitration

Ignites at 169-170°C ILO 1983
12.8°C ILO 1983
High nitrogen form is insoluble in ITIY 1975

mixtures of ethanol and ether, but
soluble in acetone; low—nitrogen
form (pyroxylin) is soluble in both

ILG 1983

Soluble in 25 parts of a mixture of Windholz et al, 1983

1 volume alcohol and 3 volumes
ether; also solsble in methanol,
acetone, glacial acetic acid, and
amyl acetate

1.66 Hawley 1981

a., Exact weight depends on chain length and degree of nitration

(Sullivan et al.

1978).

~l1i-



pit water, found that 97 percent were smaller then 20
microns and 30 percemt were smaller tham 1 micron
(Rosenblatt et al. 1973).

1.2 MANUFACTURING AND ANALYTICAL TECHNIQUES

Nitrocellulose is masnufactured by treating cellulose,
either wood pulp or cottonm linters (shoxrt-fibered cotton
hairs), with mixtures of nitric and sulfauric acids {(Lindner
1980). To obtain different products or levels of nitration,
variations are used in the strength of acids, temperature
and time of reaction, scid/cellulose ratio, and types of
acids (Hawley 1981). The cellulose trinitrate form can only
be manufsctured using nitric anhydride or a mixture of
nitric and phosphoric 2acids (Lindner 1980). The excess
acids are removed by a series of washing, digesting, and
boiling procedures (ILO 1983). VWhen made using the conven—
tional technigques, nitrocellulose retains the fibrous
structure of the cellulose, which helps it provide mechan—
ical strength as well as readily available energy for gun
and rocket propellants (Lindner 1980). Manufactuxing
techniques are available for both batch and contimuouns
production (Lindnexr 1980).

Analytical techmiques for mitrocellmnlose have conmncen~
trated on determining the degree of nitration of the
cellunlose moiety or the content of mitrocellulose in a
propellant mixture (Barkley and Rosenblatt 1978). A variety
of analytical methods have been developed based on titration
methods involving ferrous and/or titanous ioms, but these
are generally time-consumiang, low in semsitivity, and do not
have potentiasl for sutomation (Barkley and Rosenblatt
1978). Another approach involves hydroxide ion attack on
nitrocellulose in an acetone solvotion and measurement
of the released nitrite jomns (Barkley 2and Rosenblatt 1978).
One avtomated technique using the Techmnicon AutoAnalyzer, is
based on colorimetric analysis of the mitrocellulose
solution and includes a dialysis step to reducec interference
from nitrite and nitrate i1ons (Barkley and Rosenblatt
1978).

2. ENVIRONMENTAL EFFECTS AND FATE

2.1 ABIOTIC ENVIRONMENTAL EFFECTS

Release of nitrocellulose into the aquatic enviromment
may have an impact om the guality of that habitat by
affecting physical or chemical parameters of the area. For
many chemicals this consideration would be minor, over-—
shadowed by toxic effects, but nitrocellunlose appears to
have a very low toxicity and therefore these comsiderations

-12—



carry more importance in this case. Datas on these effects
are limited primarily to environmental reports om Army
Ammunition Plants (AAPs).

Cooper et al. (1975) evaluated the aquatic impact from
nitroceilulose production st Badger AAP and from the packing
of nitrocellulose into ammunition at Lake City AAP. At
Badger, nitroceliunlose was found in all but ome of the water
samples from associated streams and ponds with levels of (1
to 10 ppm (Table 2). The highest level was taken below the
outfall of an industrial waste treatment plant. A level of
7 ppm was found in the last of three settling ponds,
indicating some transport cof nitrocellwulose. The (1 ppm
value was taken from the large Wisconsin River next to BAAP
and indicates either settling or dilution effects. These
sampling areas were associated with water guality
characteristics that differed from control stations,
particularly for NOyp/NO3 levels and dissolved and total
solids. Sediment levels were not measured but the authors
felt that nitrocellulose levels would be higher in the
sediments, At Lake City AAP, the values for mitrocellulose
in water and sediment samples were <1 to 4.6 ppm and were
associated with sites having elevated dissolved and total
solids levels. Cooper et al. did mention that the nitrocel-
lulose valunes represented more than just nitrocellnlose,
probably being more a measure of total organic mnitrogen,

Stilwell et al. (1976) reported the final data from the
aguatic survey of Badger AAP, initiated by Cooper et
al. (1975), evaluating the effects on water guality of
wastewater discharge from nitrocellulose manufacturing.
Despite the fact that the nitrocelluleose production ares had
not been immediately operating prior to sampling (production
ceased in May 1975 and sampling occurred in June 1975),
detectable levels of nitrocellulose were found in the water
(<1 to 12.1 ppm) and sediments (17.8 to 296.0 ppm) of
streams and ponds receiving the waste discharges. VWater
quality of these agquatic systems was affected, including
elevated concentrations of NO3/NOy, sulfate and chloride
(considered higher than desirable for protection of aquatic
life), and higher dissolved solid levels (twice the normal
background). Sediment amalysis indicated elevated levels of
volatile solids, chemical oxygen demand, and nutrients
(total Kjeldahl nitrogen and phosphate) associated with the
nitrocellulose wastewater discharge. However, the authors
did conclude that many of the negative biological effects
associated with these areas could not be based om mitrocel-
lulose and those that could (e.g., benthic macroinvertebrate
distributions) may be more a reflection of habitat alter-
ation rather then toxic effects of nitrocellulose alone.

Two other AAPs were evaluated for the effects of
nitrocellulose on habitat gquality, but no harmful effects or
definite associations were detected. These surveys included

-13-



TABLE 2, WASTEWATER (HARACTERISTICS FROM ASSOCTATED AQUATIC
SYSTEMS AT BADGER ARMY AMMINITION PLANT (AAP)2

Pollutant/ Sampling Sites
Gharacteristic —
(mg/Lb) ITpe  SL-14  Rp-2% SL-3f GBr-1& WRI-3h  oci
Nitrocellulose 10 3 6 5 7 1 a
Conductivity 370 960 360 710 800 220 100
Hardness 116 460 - 436 356 96 64
Suspended solids 24 24 - 12 <10 <10 44
Dissolved solids 230 874 - 810 566 68 26
Total solids 254 898 - 822 566 68 70
CoDj 12 21 - 17 34 30 13
TOCk 11 12 - 10 13 12 8
NO2 0.4 4.9 - 3.6 6.6 0.1 <0.1
NO3 4.8 125 - 125 25.1 0.1 2.2

Adapted from Cooper et =al., 1975,
b. Only concentrations given in mg/L.
¢. ITP = industrial waste treatment plant outfall,
d. SI-1 = head of settling lake below ITP outfall,

e. RP-2 = rocket pond effluent below nitrocellulose and nitroglycerin
production areas,

f. SL-2 = base of third settling lake below ITP outfall and RP-2
outfall.

g. GBIT-1 = tramsect across Greuber's Bay below ITP outfall and RP-2
outfall.

bh. WRT-3 = partial transect in Wisconsin River below Badger AAP,

i. OC = Otter Creek, reference site mot associated with Badger AAP.
j. OOD
k. ToOC

chemical oxygen demand.

1t

total organic carbon.
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Radford AAP (Huff et al., 1975 ; Weitzel et al. 1976 ;
Heffinger 1984) and Indiana AAP (Wiese 1981),

A characterization of the wastewater effluent from the
nitrocellulose production facility of Radford AAP was
reported by Luh and Szachta (1978), which indicated high
levels of suspended and dissolved solids due to nitro-
cellulose (Table 3). Another characterization study of
nitrocellulose wastewater at Radford AAP reported that
suspended solids ranged from 80 to 900 ppm in one of the
waste lines and that more thanm 2 toms per day of nitro—
cellulose fines were overflowing the boiler~line settling
pits (Epstein et al. 1978).

Barkley and Rosenblatt (1978) have propoesed the conclu-
sion that nitrocellulose is toxicologically isnert and should
be controlled based on a criterionm for regulating total
suspended solids in wastewater discharges. This conclusion
is also supported by the Sullivan et al, (1978) report aimed
at generating water quality criteria. The suthors state
that nitrocellulose fines released from AAPs could physi~-
cally alter the hadbitat permanently and in particular effect
the benthic community structure. Ellis et al. (1980)
concluded that the only appropriate water quality criterion
would be based on physical parameters, such as total
suspended solids or clarity.

2.2 ENVIRONMENTAL FATE

Information on the fate of mitrocelliulose in the
environment was limited to comments made by various authors
concerning the potential biodegradation and long-term
persistence of nitrocellunlose. Bluhm (1976) states in an
introduction to 8 study of degradation produvucts from the
alkaline hydrolysis of nitrocellulose that direct biodegrad-
ation of pitrocellulose is not feasible,. In order for some
biodegradation to occur, nitrocellulose must undergo
alkaline hydrolysis. This view is also supported by Weadt
and Kaplan (1976) who discuss the early studies of nitrocel~
lnlose indicating that direct decomposition of nitrocel-
lulose by microorganisms is not possible (Siu 1951 ; Urbanski
1965, both as reported in Wendt and Kaplan 1976). Barkley
and Rosenblatt {(1978) state that nitrocellulose is essent-—
ially ipert and long lasting under most environmental
conditions,. Sullivan et al. (1978) comment that mitrocel~
lulose particles (fines) released from AAPs, tend to
accumulate in the sediments of aquatic systems due to their
particulate character, low solubility, and specific
gravity. Once in the sediments, it is extremely stable aand
msy persist for as indefinite length of time. Thus, the
general consensus is that nitrocellulose will remain in the
environment essentially unchanged end any harmful effects
will be restricted to its habitat alteration effects.
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TARLE 3. WASTEWATER CHARACTERISTICS FROM NITROCELLULOSE PRODUCTION
ARFAa AT RADFORD ARMY AMMUNITION PLANTD

Pollutant/ Value®
Characteristic

Chemical oxygen demand 2,915 mg/L
Total organic carbon 875 mg/L
Nitrates 565 mg/L
Sul fates 16 mg/L
Color 1,050
Alkalinity 225 mg/L
Nitroglycerin 0 mg/L
Lead 0 mg/L
Suspended solids 1,800 mg/ld
Dissolved solids 2,716 mg/L
pH 7.0

a., Alcohol rectificationm area, includes nitroglycerin and nitrocellulose
production lines.

b. Adapted from Luh and Szachta 1978.
c. Average values, based on flow rate of 65,000 gal/day.

d. Solely mitrocellulose.
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2.3 SUMMARY

Nitrocellulose sppears to produce significant abiotic
environmental effects when released from AAPs. Because of
its fibrous nature, nitrocellulose would tend to blanket
benthic habitats {(perhaps depriving organisms of oxygen) and
£111 in interstitial spaces used as cover for invertebrates
and periphyton. This potential for habitet alteration is
further compounded by the apparent lack of environmental
degradation., When contrasted to the low toxicity of the
compound, this habitat alteration becomes a significant
aspect of regulatory control,

3. AQUATIC TOXICOLOGY

3.1 ACUTE TOXICITY TO ANIMALS

Data available on the acute toxicity of mnitrocellulose
to aguatic animals are limited to some EC5p5 (median effec-
tive concentration) based on immobilization and LCgg (median
lethal concentration) values gemerated by Bentley et
al. (1977). The tests were performed on several aguatic
macroinvertebrate and fish species using & mitrocellulose
slurry taken from poacher pit fines at Badford AAP (mitro-
cellulose was assayed as 11.8 percent active
ingredient). The macroinvertebrates (Daphnia magna,
Gammarus fasciatus, Asellus militaris, and Chironomus
tentans) were exposed in a 250~-mi. beasker to 200 mlL of test
solution with 15 animals per concentration (3 replicates, 5
animals per replicate). No efforts were made to keep the
nitrocellulose suspended in the water. The fish species
(Lepomis macrochirus, Selmo gairdneri, Jectalurus punctatus,
and Pimephales promelas) were exzposed in 19.6-L tanks
containing 15 L of test solution with 30 animals of each
species per concentration (3 replicates, 10 animals per
replicate). In testing the fish species, the nitrocellulose
was kept in suspension by means of a« mechanical
stirrer. Tests were static exposures and test methods were
based on the USEPA publicaetion, Methods for Acute Toxicity
Tests with Fish, Macroinvertebrates, and Amphibians (USEPA
1975a). Based on range-finding tests, concentrations of 0,
560, 750, and 1,000 mg/L were used for all testsy the
highest concentration represents a level, three orders of
magnitude higher thasm that expected in the receiving waters
associated with Radford AAP., The results from these tests
were negative, with LC5q and ECg5g values >1,000 mg/L (Table
4).

Bentley et al. {(1977) also tested various life stages of
P, promelas for toxic effects from nitrocelilulose and the
impact of several water quality variables omn toxicity to L.
macrochirss. The water conditions tested included a2 range
of temperatures (15°C, 20°C, end 25°C), various water
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TABLE 4. ACUTE TESTS FOR MORTALITYa OR IMMOBILIZATIOND
OF AQUATIC SPECIES FOLLCWING EXPOSTURE TO NITROCELILULOSEC

Test Test Tesf“m LCsq EC50 Genus Mean Acute
Species Mzthed Duration (mg/L) (mg/L) Value {(mg/L)
Arthropoda
Crustsosa
Pephknidee
Daphnia magnad Se 48 hr NAf 21,000 >1,000
Gammazidae
Gammaros fasciatusg S 48 ar NA >1,000 >1,000
Arsllidas
Assllus militarissg S 48 hr NA 21,000 21,000
inszeta
Chizpacmidas
Chironomes tentansh S 48 br NA 1,000 1,000
Ostolchthyss
Centrarehidae
Lepomis macrochirmsi S 96 hr >1,000 NAf >1,000
Sslmonidae
Salmo gairdnerij S 96 hr >1,000 NA 1,000
Jotzlaridas
Ictaluras punctatnsk S 96 br >1,000 NA >1,000
Cyprinidee
Pimephales promelasl S 96 hr 1,000 NA 31,000

a. Mortality tests were designed to give LCsy wvalauss.

b. Immodilization tests were dssigned to give EC3p values.
c. Adapted from Bentley ct al. 1977,

d. Test animals were 0-24 hours o0ld at start of test,

e. 8 = static.

f. NA = not applicable; LC5g was only determined for fish species and
EC50 was only dstermined for macroinvertebrates.

g. Test animsls werc juveniles a2t start of test.
b, Test animals were second or third instars at start of test.

i. Test animels had a mean weight of 1.0+0.3 g and 2 standard length
of 35+6 mm at start of test,

j. Test anlmals had a mean weight of 0.930.3 g and s standard length
of 43+4 mm at start of test.

k. Tost animals had a mean weight of 1,340.5 g and 2 standard length
of 57+11 =m at start of testi.

1. Test animals had a mesn weight of 1,0+0.4 g and s standard length
of 4348 =mm at start of test.
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hardness values (35, 100, and 250 mg/L CaC03), and several
pH levels (6.0, 7.0, and 8.0). The various life stages
(embryo, 1-hr old fry, 7-day-old fry, 30-day-old fry, and
60—-day~o0ld fry) were exposed in static toxicity tests over a
144-hr pexriod for the embryos and 96~hr periods for the
remaining stages. Three replicates of 10 animals per
replicate were used for each test. As in prior scute tests
with P, promelas and L, macrochirus, no toxic effects were
found,

Based on these experiments, nitrocellulose does not
appear to be acutely toxic to aquatic animals at the
concentrations tested yp to 1,000 mg/L,

3.2 CHRONIC TOXICITY TO ANIMALS

No real chromic toxicity tests with agnatic organisms
were located. The only aquatic study of longer duration
than an acute study was &n evaloation of the effects of
exposure of two generations of Chironomus tentans to
nitrocellulose in sediment (Bentley et al. 1977). Although
aguatic exposure would normally be condocted by mixing in
water, C, tentans is a burrowing species of midge and would
experience contact with nitrocellulose in sediments. Al so
nitrocellulose released from Army Ammunition Plants would
settle on the sediments and thus this test is a wvalid
aguatic exposure situation, Nitrocellulose in water was
added to dry sediment and the resulting sediment concentra-
tions were placed in aquaria with a water volume of 1.75 L
each and allowed to settle. One hundred animals were placed
in each test concentration and monitored for 10 to 15 days
of exposure. At this point daily records were kept of
emergence, adult survival, and egg production., When adult
mortality exceeded emergence, the tank was cleaned of
fungus, deed organisms, exuviae, and remaining larvae and
the second generation was initiated in the same manner sas
the first. No sigpificant effects were noted following
exposure of the first generation to initial nitrocellulose
concentrations of up to 540+112 mg nitrocellulose/kg (dry
weight) of sediment (Table 5). By the end of the exposure
period for the first generation (28 days), the two highest
levels had decreased from 540 and 220 mg/kg to <223+133 and
{140 mg/kg dry weight, respectively. Exposure of the second
generation to levels as high as 540 mg/kg also friled to
produce any significant effect on emergence or survival,
However, any conclusions from this study must consider
shortcomings in the study protocol. Since the nitrocel-
lulose was mixed with the sediment, the amount of test
material that C, tentans would come into contact with or
ingest would be hard to determine, thus the exposure
concentrations might not be as high as indicated.




TABLE 5. MEAN® RELATIVE PERCENTY EMERGENCE AND SURVIVAL
OF FIRET GENERATION AMMILT Chiromomus tentans EXPOSED TO
NITROCELLULOSE IN SEDIMENT FOR 28 DAYSC

Concentrationd Emérgence Survival
(mg/kg) (%) (%)
Control 100 (61)e 100 (52)
25f 200 (47) 87 (73)
50f 116 (71) 100 (13)
100f 216 (33) 61 (100)
2208 (29)e 211 (39) 87 (50)
5402 (21)e 122 (45) 95 (34)

a. Each value represents the mean of four replicatss per
treatment, N = 100/replicate.

b. Conirol values represent unity against which all
other measurements are compared,

c. Adapted from Bemtley et al. 1977.

d. Concentration, mg nitrocellulose per kg sediment
(dry weight).

e. Coeffecient of variation,

f. Nominal concentrations, the minimum detectable limit
of analytical method is 140 mg/kg, mean measured.

g. Concentrations at imitiation of sexzposure.
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3.3 TOXICITY TO PLANTS

Two studies of the effects of nitrocellulose om aquatic
plants were found in the literature, doth in the report by
Bentley et al. (1977). The assays were performed according
to methods described in Algal Assay Procedure: Bottle Assay
(USEPA 1971). The algal species, Selenastrum capricornutum
(green algae), Microcystis seruginosa (blue~-green algae),
and Navicula pelliculosa (diatom), were observed for a
decrease in the number of cells per mL over a 96~hr period
following exposure to nitrocellulose., At comcentrationms of
100 to 1,000 mg/L, coancentraticn—-dependent decreases in
cells per mlL were noted, particularly for §. cepricormutum
{(Table 6). The effects on this species were comnsidered
significant by the authors who stated that the EC59 values
for the other species would be 21,000 mg/L. In addition to
evaluating changes in the numbers of cells, Bentley et
al. (1977) also determined the effect of nitrocelluvlose on
the chlorophyll a content of the three previous algal
species plus another blue-green species, Anabeana flos—aguae
{(Table 7). Apgain the EC5(g values for species besides
S. capricornstum were >1,000 mg/L. The authors calculated a
96-hr ECg59 value for 8§, capricornutum of 579 mg/L with a 95
percent confidence interval range of 138 to 2,400 mg/L.

Discharges of wastewater containing nitrocellivlose from
Badger AAP were linked to harmful effects on the periphyton
and algal communities of associated aquatic systems (Cooper
et al, 1975). Species diversity was lower in streams
receiving nitrocellulose wastewater than in reference
streams for the periphyton community. Also the standing
crop for periphyton was lowered by wastewater from nitrocel-
Iulose areas. For algal communities, the effects included
lowered numbers of species, lowered numbers of individuals,
and lowered species diversity. These effects were assoc~
iated with nitrocellulose levels of (1 to 10 mg/L in water,
although associated sediments may have coanteained higher
levels., However, since Badger AAP also produces nitro-
glycerin and rocket paste, the effects on periphyton and
algal communities cannot be directly and exclusively linked
to nitrocellulose. Also, no mechanisms were ideantified to
determine whether toxic effects or habitat alteration
effects of nitrocellulose were the primary factors.

3.4 BIOACCUMULATION

No data were found to support the bioseccumulation
{uptake and storage) or bioconcentratiom of mnitrocellulose
by aquatic species. Cooper et al. (1975} tested the tissues
of carp (Cyprinus carpio) and largemouth bass {(Microptesus
salmoides) exposed in local streems to wastewater from
Badger AAP for bioaccumulation of nitrocellulose. By taking
tissue samples from adult fish that were native to streams
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TABLE 6. DECREASE IN NUMBER OF CELLS/ml. OF ALGAL
SFECIES FOLLOWING EXPOSURE TO NITROCELLULOS Es

Test Concentration Percent DecreaseD
Species (mg/L) 24-hr 48&hr 96-hr
Selenastrum gapricornutum 100 0 0 5
135 0 0 14
240 0 0 19
420 2 19 31
750 11 18 37
1,000 12 23 42
Microcystis seruginosa 10 0 0 0
32 0 0
100 0 0 14
320 0 0 23
1,000 0 9 32
Navicula pelliculosa 10 0 0
32 0 3
10¢ 0 0
320 0 3 16
1,000 0 11 23

a. Adapted from Bentley et al. 1977.

b. Percent decrease as compared to comtrols; control represented umity
against which all other measurements are compared to determine percent
decrease.
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TABLE 7. PERCENT DECREASES IN CHLOROPHYLL a OCONCENTRATION IN ALGAL
SPECIES 96-HR AFTER EXPOSUDRE TO NITROCELLULOSEb

Test Concentration (mg/L)

Species 10 32 100 135 240 320 420 750 1,000
Selensstrum capricornutum NTc NT 19 17 24 NT 40 58 66
Microcystis aeruginosa 0 0 9 NT NT 27 NT NT 30
Anabeana flos—saguae 1 0 3 NT NT 7 NT NT 10
Nayicula pelliculosa 0 0 0 NT NT 21 NT NT 33

-

. Percent decrease compared to controls; control represented unity ageinst
which a1l other measurements are compared.

b. Adapted from Bentley et al. 1977.

¢. NT = not tested at this concentration,



kno¥n to contain nitrocellulose and using infrared analysis,
Cooper et al, found no evidenmce for the presence of nitro-
cellulose (detection limit 10 ppm).

3.5 SUMMARY

Based on available date for four species of macroinverte-
brates. four speciecs of fish, and three species of algae,
nitrocellulose does not appesar to hes very toxie for most
aguatic species, In the majority of evalwatioms the Elgg
and LCsg valmes were 1,000 mg/L. Only for the effect on
the chlorophyll a comntent of Selenastrum capricornutum was a
lowex value estimated, &w EC3qg of 575 mg/L (Bemtley et
al, 1977).

4. HUMAN HEALTH EFFECTS AND MAMMAL TAN TOXICOLOGY

4.1 PHARMACOKINETICS

4.1.1 Animal Studies

Information on the uptake, metabolism, and elimination
of nitrocellunlose in lazboratory mammals was limited to onec
report, Ellis et al, (1976) reported the results of a
metabolism study in which two adult (607 and 715 g BW) male
Charles River rats were given unitrocellunlose (12.9 percent
nitrogen by weight) made with 14C-~labeled cotton. The
nitrocellunlose was c¢ut and grownnd to 2 size small enomgh to
pass through an 18-gange needle and then put imto either an
aqueous suspension or a methyl cellulose/Tween 80 suspean-
sion. After fasting, the rats were dosed by gasvage with the
suspensions of nitrocellulose at a rate of 1 ®mL/100 g/day
(about 20,000 dpm/ml for total radiocsctive doses of 483,600
and 572,000 dpm) for four days and kept in a Roth-~Delmar
metabolism chamber. [Expired CO0y9, feces, and urimne were
collected separately for analysis. Tweanty—-four hours after
the last dose, the rats were sacrificed and various organs
examined for radioactivity (Table 8). No detectasble radio-
activity was found in any tissues, body fluids, or im the
expired CO0p, Radioactivity was only found in the gastro-
intestinal tract and feces snd the anthors concluded that
the nitrocellulose molecule was not absorbed by the rat,

4.1.2 Buman Studies

Data from humwan studies were mnot found.
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TABLE 8. DISTRIBUTION AND EXCRETION OF RADIOACTIVITY
AFTER ORAL ADMINISTRATION OF 14C~NITROCELLULOSE?

Tissue or Total Radioactivity Recovered (dpm)
Substance

Samples Rat No, 1b Rat No. 2¢
Stomachd 169,575 6,867
Small intestined 4,979 o
Cecumd 60,735 0
Large intestined 3,222 0
Feces 168,579 488,720
Expired air 0 0
Blood 0 0
Urine 0 0
Liver 0 0
Spleen 0 ¢
Kidneys 0 0
Lungs 0 0
Muscle 0 4]

a. Adapted from Ellis et al., 1976.

b. Rat No. 1 received the 14C-nitrocellulose as an
aqueous suspension with a total radioactive dose of
approximately 485,600 dpms (disintegrations per minute).

¢. Rat No. 2 received the 14C-nitrocellulose as a
suspension in 0.2 percent methylcellulose ~ 0.4
percent Tween 80 with a total radioactive dose
of approximately 572,000 dpms.

d. Plus internal contents,
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4.2 ACUTE TOXICITY

4.2.1 Animal Studies

The 2cute toxicity of npitrocellulose in rats and mice
was determinmed by Lee et al, (1975). Aftex fasting 16 hr,
male and female Charles River rats and albino Swiss mice
wereg givem, by gastric intubatiom, two doses 30 miam apart
(due to the largs volume requivred for the highest dose}, of
a 5 percent (dry weight) mitrocelluloss suspension im
water. No toxic effects were noted in the zanimals receiving
the highest dose of 5,000 mg/kg, even after 14 days of
obsexvation. Twe of 10 male mice died at this dose, but mo
gross lesions were obscrved amd the authors projected am
LDgg of 55,000 mg/kgz. Lee et al. also tested the primary
skin and eye irritancy potential of pitrocellulose using
rabbits. New Ze2aland rabbits were exposed to a 33 percent
solution of mitrocellulose and the intact and sbraided
skim and eyes worc evaluated at 24 and 72 hr. These
slighbtly mwodified Draize tests were also negative,

4.2.2 Human Studies

One veport of humaan acute rvrespomnse from exposure to 2
mixture of nitrocellulose and nitromethane described massive
intravassular hewolysis followed by secondary mnemnropathy
with snurie (Ksiffer et al, 1972). The avnthors did not
specify whethexr these effects were dus to exposunrs to nitro—
cellulose alons, nitromcthamne alone, ox the mizxture.

4.3 SUBCHRONIC AND CHERONIC TOXICITY

4.3.1 Animal Studies

Toxie sffects of nitrocellulose ingestion were evaluated
in a 13-week subchronic study uwsing bezgle dogs, Charles
River rats, and slbimoc Swiss mice (HEllis et al. 1976).
Dietary levels of 0, 1, 3, or 10 percent (dry weight) wera
given to groups of two male and two fewale dogs, amd to
groups of eight wale and eight female rats and mice. The
animals were monitoxred for effects on food consumption, body
weight, blood analysis, organ weights, and gross and
microscopic pathology. Control groups consisted of =a
group receiving junst animal chow mixture sund a group
receiving 10 pi:rcent cottom limters in the diet as a cotitton
control. The 10 paercent cottom linter contyxol gromp was
iscluded to determine any effects frow the proecessinmg of
nonnutritive bulk by the gastrointestinal systewm. Estimated
food consumption was elevated in the mice and vat treasiment
groups dune to thes amount of sonnvitritive bulk im theix
dists, At the 10 perxcent nitrocellulose and cotton limter
levels, apparcsnt food consumption was furtber increased
becsuse of the separetion of mitrocellulose znd control
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fibvers from the feed diets by the test animals. No advexse
effects were found in animals given 1 or 3 percent nitrocel-
lulose in their diets or in dogs receiving 10 percent
nitrocellulose or 10 percent cotton linter diets. Rats and
mice receiving the highest dose and those controls receiving
the cotton failed to gain as much weight as controls
receiving just the normal diet, but did not show any lesions
or blood changes. Some mice in these two exposure groups
died apparently due to fiber impaction imn the lower intes-
tinal tract.

These subchronic studies of pitrocellulose were followed
up by the same laboratory with a two-year study using the
same dietary levels and species (Ellis et al, 1980). The
exposure groewps consisted of six dogs of each sex, 32 rats
of each sex, and 58 mice of each sex at every dose level,
Based on the average weight gain and apparent food consum—
ption during the two years, calculations were made to
roughly determine equivalent mg/kg/day dose rates for the
three species (Table 9). Because of the separation of
fibers from the diet mix at the 10 percent levels, Ellis et
al. made attempts to determine the amount of fiber not
ingested by the animals. At the 10 percent nitrocel-
luvlose levels, they cslculated that only 90 percent of diet
mixture was ingested ; however, at the 10 percent cotton
control level, the percentage was extremely variable (0 to
100 percent) and the food consumption estimate was not
reliable. The same types of observations were made in these
stndies as in the subchronic studies, with an interim
sacrifice and necropsy of some animals at each dose level
after one year of exposure., Most effects observed in the
nitrocellulose treatment groups were also seen in the cotton
fiber control group and were considered ''fiber'’ effects by
the authors. The ' 'fiber'’ effects included intestinal
impaction, increased food consumption, and dermal irriteation
and were a result of the physical form of the nitrocellulose
and cotton fibers. DPogs and rats showed a proportional
increase in food consumption related to dose level, and rats
et the 10 percent levels had somewhat lower body weights
than controls due to decreased body fat levels. Mice showed
some additional effects, including a transient irritation of
the extremities and deaths from intestinal fiber impaction
(usually during first week of study). There was also a
cluster of mouse deaths at the 10 percent nitrocellulose and
cotton control groups sfter nine momths with no apparent
cause, These deaths occurred three times more frequently in
the 10 percent nitrocellulose group than in the 10 percent
cotton linter group and Ellis . et al., could not rule ocut a
nitrocellnlose compound effect as the cause. This was the
only effect noticed more frequently in the nitrocellulose
group than in the cotton group. Eilis et al. concluded that
nitrocellulose in the diet acts as nonnutritive bulk and has
no adverse effects at the 10 percent level in dogs (approxi-
mately 5,135 mg/kg/day for males and 5,737 mg/kg/day for
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TABLE 9.

BODY WEIGHTS,

FOOD CONSUMPT ION, AND CALCULATED DOSE RATES

FOR RATS, MICE, AND DOGS REPEATEDLY EXPOSED TO NITROCELLULGS E

Species Test? NC Doseb Body WeightS Food Yntake?  Caiculated Dose®
(Sex) Duration (%) (z) (g/davy) (mg/kg/day)
Rat 13 wk 0 415.3 26 .0 a
(male) 13 wk 10cf 336,92 67.3 19.982%
13 #k 1 415.0 26.9 648.2
13 wk 3 400.0 31.7 2,378
13 vk 10 349.5 58.1 15,624
Rat 13 wk 0 253.3 17.5 0
(female) 13 wk 10cf 246.8 52.2 21.151
13 wk 1 239.0 20.1 841.0
13 wk 3 264.0 22.9 2,602
13 wk 10 250.5 46.5 18.563
Mounse 13 wk 0 32.2 4.9 0
(male) 13 wk 10cf 27.9 13.6 48,746
13 wk 1 29.9 4.9 1,638.8
13 wk 3 31.2 5.4 5,192
13 wk 10 25.8 19.2 74,419
Mouse 13 vk 0 25.7 4.2 0
(female) 13 wk 10¢f 23.3 12.2 52,361
13 wk 1 27.3 4.7 1.721.6
13 wk 3 23.3 5.6 7,210
13 wk 10 21.4 9.7 45,327
Dog 13 wk 0 2,650 720 0
(male) 13 wk 10ct 13,100 677 5,168
13 @k 1 12,025 637 523.7
13 wk 3 10,725 709 1,983
13 wk 10 11,350 701 6,176
Dog 13 wk 0 7,950 554 0
(female) 13 wk 1o0ct 7,800 641 3,218
13 wk 1 10,725 652 6§07.9
13 wk 3 6,900 639 2,778
13 vk 10 9,275 730 7,871
Rat 24 mo 0 7108 27.2 0
(male) 24 wo 10ct 5658 54.1 9,575
24 mo 1 7332 28.2 384 .7
24 mo 3 7168 30.1 1,261
24 mo 10 5492 48.3 8,798
Rat 24 mo 0 4168 18.6 0
(femsle} 24 mo 10cf 3578 45.9 12,857
24 mo 1 4288 19.2 448.6
24 mo 3 4658 21.6 1,394
24 mo 10 375% 38.9 10,373
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TABLE 9. (Cont.)

Sypecies Testd NC Dosed Body Weight® Food Intaked Calculated Dose®
(Sex) Duration (%) (z) (g/day) (mg/kg/day)

Mouse 24 mo 0 44 5.9 0
(male) 24 mo 10ct 38.78 ©15.8 40,827k

24 mo 1 42.68 6.5 1,526

24 mo 3 NA1 6.7 NDJ

24 mo 10 38.38 13.8 36,031k
Mouse 24 mo 0 37 6.2 0
(female) 24 mo 10¢f 34.2 12.8 37.,427h

24 mo 1 34.8 6.4 1,839

24 mo 3 34.7 6.5 5,620

24 mo 10 33.7 14.9 44,214k
Dog 24 mo 0 11,7678 422 0
(male) 24 mo 10cf 11,5678 514 4,444

24 mo 1 NA 463 ND

24 mo 3 NA 456 ND

24 mo 10 11,333g 582 5,138
Dog 24 mo 0 9,2008 411 0
(female) 24 mo 10ctf 9,2008 492 §,348

24 mo 1i NA 428 ND

24 mo 3 NA 429 ND

24 mo 10 9,1338 524 5,737
2. Data on 13-wk tests from Ellis et al. 1976 and data on 24 mo test from

Ellis et al., 1980.

. Dose of nitrocellulose (NC) given as a percentage of diet.

Average body weight in grams.
Average food consumption in grams per animal per day.

Calculated dose in mg/kg/day using food intake, body weight, and percent
dose, '

. 10C = Cotton control group with 10 percent cotton fibers in diet.

Valnes taken from graph based on:3 to 6 points.

Valunes are unreliable due to variable amounts of fiber removed from diet
mix by animals.

NA = data not available.

. ND = net determined.

Values are high due to separation of fiber from diet by animals; for use
in criteria calculations, number given will be reduced by 10 percent.
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females) and in rats (approximately 8,798 wmg/kg/day forx
males and 10,373 mg/kg/dey foxr females) and at the 3 percent
level in mice (approximately 5,620 mg/kg/day for females).

Based on the subehronic and chronic studies performed by
Ellis and his co-workers, the long-term e¢ffects of mnitrocel-
lulose seem to be minimal ansd correspond well with the lack
of effects in acute studies. The no-obsexved-szdverse—cffect
levels were approximately 5.135 to 5,737 wg/kag/day (for
dogs) and approximately 8,798 to 10,373 mg/kg/day (for rats)
and the only observed-adverse-effect level was a
frank-effect-1evel (FEL) of approximatesly 32,428 to 392,793
mg/kg/day (based on 90 pexcent of 36,031 to 44,214 mg/kg/dzay
levels for skin dirritation and death inm mice). These valnes
are probably artificially high becanse calculetions of food
consumption and ingested nitrocellulose did not acscount for
separation o2f the pnitrocellulose fibers frxom the diet
mixture by the animals.

4.3.2 Human Studies

Data from humar studies were mnot founmd.

4.4 GENCTOXICITY

The genotozxiec effects of nitrocellunlose were studied ian
several short-term assays, including the Ames test. Elilis
et al. (1378) exposed Splmonells typhimurinm strains TA-98,
TA-100, TA-1535, TA~-1537, and TA-1538 to mitrocellulose
concentrations of 0, 100, 1,000 and 5,000 g/plate and the
number of revertawsnt colomnies per plate were counted. None
of the tested concentrations, with ox without S$-9 activ-
ation, increased significantly the number of revertamnt
colonies over contxols. Therefore, nitrocelluloss was
considered to be pongenotoxic by the aunthors.

In a later study fiom the same laboratory, Ellis et
al. (1980) evaluated the cytogemnetic effects in rats fed
nitrocellulose in the diet for 24 months, Cell cultures
were prepared using blood lymphocytes, bome marrow cells,
and kidmsy cells taken from Charles River rats exposed to 0,
1, 3, or 10 percent mnitrocellulose diets, From these
cultures, cell ploidy was estimated Dy examining 200 cells,
and chromosomes were counted and observed for morphologicsl
aberrations by lookimg st 50 metaphase csglls, No sigmifi-
cant chromocsomal effects were nmoted in this evaluation, thus
supporting the sauthors earlier comclusion that mitrocel-
luliose is not gemotoxic.



4.5 DEVELOPMENTAL/REPRODUCTIVE TOXICITY

4.5.1 Animal Studies

Data on the developmentel toxicity of nitrocellulose are
limited primarily to & three generation reproductive study
using Charles River rats (Ellis et al. 1980). Nitrocel~-
lulose was fed in the diet at leveis of 0, 1, 3, and 10
percent, and a contyrol of 10 percent cotton linters was
used. Ten males and 20 females from each dose group were
mated after being on test diets for 6 months and were used
eas the parental group (Fg). The first offspring (Fia) were
discarded after weaning and the Fg rats were mated again to
provide the second generation rats (Fqyy). These rats were
mated and their offspring (Fy, and Fjpp) treated in the
same manner as the Fp rats. The Fjyp rats were mated again
to form the third gemeration (F3,4 and F3p). The fertility
of the males and females appeared not to be affected by the
nitrocellulose, with mating ratio, pregnaancy ratio, and
ratios of fertile to mated males or females not signifi-
cantly different from coatrols. For the reproductive
parameters, the results were also generally not significant
{Table 10) with only random changes in litter size,
live-born index, birth weight, viability index, or ratio of
males to total offspring. Significant reduoctions did
occur in the lactation index and in the weight of pups at
weaning in the 10 percent nitrocelliulose and 10 percent
cotton linter groups. This suggests that the nitrocellulose
does not directly affect reproduction, but the effects of
the fibers can cause some adverse consequences on related
processes, such as nutrition,

4.5.2 Human Studies

Two reports in the Bulgarian literature were found that
related exposure to organic solvents and nitrocellulose
lacquers in the work environment to occurrence of obstetric
and gynecologic diseases or problems (Psnova 1967, 1968).

No specific details were given in the abstract regarding the
degree of involvement of nitrocellulose in these occupa-
tional exposures,

4.6 CARCINOGENICITY

4.6.1 Animal Studies

The chronic two—year studies in dogs, rats, and mice
performed by Ellis et al. (1980) and described in Section
4.3 also included tissue examinations for carcinogenic
effectsy no lesions or tumors were found in these studies.
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TABLE 10. REPEODUCTIVE PEKFORMANCE OF FEMALE RATS GIVEN
NITROCELLULOSE IN A THREE-GENERATION STUDYa

Dose Litter Litter Live-bora Weight Viability Lactation Weight Sex Ratio
Nogber Size Index at Birth Index Indax at Weaning Mzles:Total
(% Diet) (%) (g) (s)b (m)¢ (5)
0 Fla 9.3+1.2(Nd 95+4 6.3+0.3 98+2 86+14 47+4 (6} 27:49
0 F1v 13.2+1.,1(4) 96+2 6.3+0.3 2548 100 44+1 21:48
0 F2a 14.4+0.6(14) 100 6.7+0.2 99+1 98+1 42+1 96:194
0 Flb 11.0+1.0(14) 98+1 7.3+0.4 99+1 100 50+2 73:148
0 F3a 14.1+0.7(15) 99+1 6.7+0.1 98+1 96+2 42+2 97:196
0 F3b 14.6+0.7(14) 98+1 6.6+0.1 98+1 97+1 38+2 92:1580
1 Fla 7.8+2.0(8) 86+12 7.5¢0.7 82+14(7} 100(6) 53+5(6) 30:37
1 Fib 14.2+1.2(6) 100 7.2+40.6 91+9 99+1 49+4 34:76
1 Fla 11.6+0.9(16) 100 6.9+0.3 101+1 24+3 52+3 69:175
1 F2b 10.0+1.0(16) 9314 7.0+0.2 9%+1 98+2 53+2 77:149
1 F3a 13.1+0.5(17) 99+1 6.6+0.1 98+2 97+3 46+1 102:209
1 F3b 12.3+1.2(13) 83+10 5.60.7 92+8(12) 93+5(11) 39+2 T72:140
3 Fia 7.8+42.0(8) B6+12 7.5+0.7 B2+14(7) 100(6) 53+5(6) 30:57
3 F1b 10,2+1.6(6) 94+6 7.2+0.2 96+4 96+2 56+5 21:52
3 F2a 12.4+0.9(16) 100 7.1+0.4 95+2 89+4 50+2 85:169
3 F2b 11.4+1.0(13) 9443 6.6+0.2 96+2 80+4 48+3 67:121
3 Fla 13.1+0.5{17) 98+1 6.5+0,1 100 98+2 4512 97:212
3 F3b 12.9+0.8(16) 99+1 6.420.1 99+1 91+3 44+2 106:183
10 Fla 9.5+1.7(17) 98+2 7.2+0.6 97+2 82+8 41+8(15) 55:116
10 Flb 10.2+1.2(10) 100 7.9:0.4¢ 99+1 73+10 26+3(9)° 39:76
10 F2a 12.5+0.5(18) 100 6.9+0.1 98+1 51+9% 23+3¢ 44:103
10 F2b 10.1+1.,2(17} 100 7.2:0.4 160+10 s6roe 3424° 50:102
10 F3u 12.4:0.6(18) 99+1 6.7+0.2 24+6 98+1(17) 42+2 100:205
10 F3b 13.8+0.6(15) 97+1 6.2+0 .4 9147 98+1(14) 3542 81:176
10f Fla 6.6+1.1(13) 92+5 6.3+0.3 88+8 66+12(12) 27+3(%) 22:48
10f Fib 10.7+0.6(12) 95+4 6.8+0.2 $8+1 70+i1 24+3(10)° 42:79
10f Fis 14.110.6(19) 100 6.7+0.2 98+1 66+7° 24+2° 78:166
10f FZis 12.7+0.9017) 99+1 6.5+0.2 100 80+8 25+2# 69:158
10f F3a 11.9+0.7(16) 93+5 6.6+0.1 99+1 99+1 43+3 29:179
10f F3b 13.8+0.7(16) $9+1 6.6+0.1 99+1 90+2 37+3 104:193

b.
c.
d.

Adapted from Ellis et al. (1980},

Viabil ity indox is given in percentage of live-born pups surviving to 4 days.
Lactation indsx is given in porcentage of young alive at day 4 surviving to weaning.
Wpen + Stamdazd Brror amd, in poremtheses, the number of litters inclmded in the mesn.

Sigpificantly differeat from the moan value of the respsctive comtrol litter.

Fed 10 parcent sottoam 1inters.
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4.6.2 Human Studies

The only report on carcinogenic effects of nitrocel-
lulose describes an epidemiological study of a plastics
planat that produces cellulose nitrate, cellulose acetate,
polyvinyl butyrsl, formaldehyde, polystyreme, vinyl chloride
products, and melamines. Occupational exposure categories
for this plant included styrene polymerization, polystyrene
processing, vinyl chloride polymerization, polyvinyl
chloride processing, vimnyl acetate copolymerization,
celiunlose acetate sheet production, cellulose nitrate
processing, cellulose acetate processing, resin
production/processing, polyvinyl butyral sheet production,
polyvinyl butyral processing, slcohol recovery, and plating
operations. A review of the mortality among workers, based
on job and work location, was performed uwsing a matched
case~control study nested within a retrospective cohort
design (Marsh 1983). A general comparison of mortality
among 2,490 male wage earners with chemical exposure (routes
not specified) and who worked at least ope year in the plant
between 1949 and 1966 did indicate 2 slight increase in
digestive cancer rates and a significant increase (P <0.05)
in genitourinary cancer rates above the local cancer rates.
When job type and work location variables were analyzed, a
possible association between rectal cancer and cellulose
nitrate production was indicated, altbhough pot at statisti-
cally significant levels. The odds ratios for all digestive
system cancers combined showed an increase with length of
exposure to cellulose nitrate production, ranging from
a ratio of 1.07 for one month to 1.91 for five years to 2,85
for ten years. In terms of spscific cancers, & statisti-
cally significant odds ratio of 8.90 (P (0.5) for rectal
cancer and cellulose nitrate production was found (based on
four exposure cases). Although these results do generate
some¢ concern shout the carcimogenicity of mnitrocellunlose,
Marsh cautions that these data merely suggest an associ—
ation, aund many confounding factors, such as chemicals other
than nitrocellulose in the production area, could be
responsible for the observed ratios,

4.7 SUMMARY

The available data on the human health effects and
mammalian toxicity of nitrocellulose exposure in water
generally idindicate that it is wvirtually nontoxzic. The
acute toxicity date indicated LDggp values in excess of 5,000
mg/kg. Subchromnic and chronic toxicity studies in
laboratory animals indicated that it is harmful only due to
its physical effects in the digestive tract (fiber
impaction}). Genotoxicity and developmental toxicity
studies did not demonstrate any significant toxic effects
unrelated to these fiber effects. Carcinogenicity data,
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generated by an epidemiology study of occupational exposure
during production of nitrocellnlose, does suggest some
association between nitrocellulose production smd reetal or
digestive tracit c2ncers, and this possibility shounld be
evaluasted with farthor rescaxrah. Data on the metabolism of
nitroeellulose by rats indicate that it is mot absorbed imto
the gastrointestinal tract snd furthsr support the general
conclusion that mitrocellulose in water does not represent &
significant human heanlth risk.

5. CRITERION PFORMULATION

5.1 EXISTING GUIDELINRS AND STAMDARDS

A few refevences were found that suggested gunidelines or
values for safe exposure levels for nitrocelluloss. The
USEPA (1975b) published an effluent guidelinme standard for
cellulose nitrezte production designesd to limift the allowable
polluiants or pollutant chsractesristics. They recommended
wa ximum dz2ily values foxr cellulose mitrats of: 9.4 1b/1.000
1b product for biological oxygen demand, 47 15/1,000 1%
product for chemical oxygen demand, and 2.5 15/1.000 1%
product foxr total suspended solids. These values weve
chosen to account for the applicstion of the best available
technology c¢conomically achievable., Heltom (1976) reported
a value for suspended solids concemtration of <25 ppm
proposed by the Ammunition Procurement 2nd Supply Agency for
nitrocellulose fines. Martynova ot al. (1978), in a
discussion of effescts from occupational ezxposura to the
synthetic mitrocelluloses polymer nitros, wvecommended a
maximum permissible concentration of 5 mg/m® for dust in
air, No federal or state water gquality standards or
guidel ines were reporied for mitwvocellulose in a review by
Cogley et al., (1979).

5.2 OCCUPATIONAL EXPOCSURE

Reports of occupstional exposure to mitrocellnloss arze
limited and deal principally with exposure to miztures
containing mitvocellulose and various other chemicals.

Two articles by Panova (1967, 1968) examined the
exposure of women polishers and upholsterers to mitrocel-
lulose and organic sclvents. The aunthor found thst exposure
disrupted the menstrual cyele, but did not attribute the
effects to nitrocellulose alomne.

Allergic contact dexmatitis resulting frow contanct with
221l lacgquers containing mitrocellunlose, plasticizer,
solveant, coloring ageat, snd adbesives (sulfomamide and
formaidebyde resins) was reported by Kim et al. (1977). The
face and neck were umsunelly effected. but, =agsin, » direct
link to nitroecellulose was not cstadblished.



Mertynova et al. (1978) reported the effects of exposure
to dusts of synthetic polymers including nitron (a2 synosnym
of nitrocellulose}. In the abstract, the autbors comment
that exposure produced weak fibrogenic and general toxice
effects, although no specific link to nitron was mentioned.

Engibaryan and Frangulysn (1983) examined the allergic
diseases occurring with exposure to hexemethyleneidamine,
styrene, varnish, titanium oxide, and nitrocellulcse and
found that most of the 310 workers examined developed atonmnic
forms of bronchial asthma, allergic rhinitis, or
dermatitis, Again a specific connection between nitrocel-
lulose and the observed effects was not made.

An epidemiological study evaluating the potential for
increased mortality due to certain digestive and genito-
urinary cancers following exposure to chemicels, including
nitrocelliunlose, in a plastics producing plant was reported
by Marsh (1983). An associption between nitrocellunlose
production and rectal cancer was indicated, but Marsh
cautions that the significance of this finding should not be
overly emphasized due to the l1ow numbers and confounding
factors involved in the analysis.

5.3 PREVIOUSLY CALCULATED CRITERIA

Previous atiempts were made to calculate a water guality
criterion value for nitrocellulose besed on the then current
USEPA guidelinmes (Sullivan et al. 1978). The authors looked
at the available information (essentially the same aquatic
data contained in this report) and concluded that the
toxicity of nitrocellulose to aquatic species is vexry low to
nil., Therefore, thsy felt that pitrocellulose shounld be
regulated based on physical factors slone, snd recommended
that the USEPA criteria for solids and turbidity were
sufficient for comntroel:

'"Settleable and suspended solids should not redoce the
depth of the compensation point for photosyanthetic
activity by more than 10 percent from the seasonally
established norm for aguatic life.'’' (USEPA 1976).

In actual levels, several figures might be applicable
for regulation of nitrocellulose. A value of 10 ppm was
given for total suspended solids (TSS) in wastewater
discharges (Barkley and Rosenblatt 1978). For point source
categories of wastewater discharged from an explosives
manufacturing site, a2 maximum value of 0.25 kg/1,000 kg of
product and an everage of daily values for 30 days of 0.084
kg/1,000 kg of product were given for TSS (USEPA 1984). For
point source categories of wastewater discharged from s
Load, Assemdle, and Pack facility, the maximum value for
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TSS was 0.26 kg/1,000 kg of product and the 30-day average
value foxr TSS was 0.088 kg/1.,000 kg of product (USEPA
1984).

Asother attempt to calculate nitrocellulosc water
quality criteria unusing EPA guidelines for aquatic and human
health was made by the U.S. Army Medical Biosngimncering
Research and Developmesut Leboratory (USAMBRDL) in an ianterim
report io the Surgeon General's Office (U.S. Army 1982,
1983). This report concluded that recommendation of
criteria was not justified because of ths imsolubility of
nitrocellulose im water and the gemeral lack of toxicity teo
mammal ian and aqnatic species followinmg exposure.

The comnclusions of the USAMBRDL asscssment were gensrT—
6lly saepported in an earlier paper by Pearson and Glennomn
(1979) in which they discuss the U.S, Army's approach to
hazard assessment. They listed the following reguirements
that wounld lead to not pgenerating 2 water quality eriterion
for a compound: relatively snontoxiec (e.g., LCsg values of
1,000 mg/L); toxicity is not increased by envircomental
parameters or any aging effectsy a low potential fox
bioconcentration (e.g, a BCF of (100); and low poteantisl for
adverse eanvironmental effects, based om results from
wammalian sand environmental fate/chewmistry studies. These
reguirements axre met by nitroecellulose, indicating thst
criteria probably <do not need to be calculated.

A water quality criterion designed to protect zguatic
lifc was estimated by Bentley et al. (1977). They bazsed
their estimate on a 96-hxr ECs5¢ valus for Selemasirum
capricornutum (579 mg/L) wultiplied by am application factor
of 0.1. Bentley et al. felt the resulting value, 50 mg/L,

"'should provide reasonsable protection of aguatic life.'’

5.4 AQUATIC CRITERIA

The gguatic eriteria comnsist of two values, a criterion
maximum concentration and a criterion continunous comcentr-
stion (Stephan et 21. 1985). The criterion maxiwum concen-
tration is calculated by dividing the Fimal Acute Value
(FAV) By two. The criterion comtinmous comcentxatiom is
egual to the lowest of the Final Chronic Valuve (FCV), the
Figzl Plant Value, or the Final Residue Valnue,

Data availahle for calculating agquatic critexia for
nitrocellulose do not meet all the reguivrements spacified by
the USEPA guidelines (Stephan et al, 1285), thus strietly
specaking onme should not calculate aguatic criteria.

Bowever, because most of the datea indicate the sams level of
toxicity, am attempt was made to generats water qguality
criteria using the formuls provided in the USEPA gwidelines
(Steghan ot al. 1985). Despite not testing enough gerera
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and not using flow-through tests, the calculated FAV, 1,000
mg/L, would be expected to be conmservatively accurate
because all of the acute valunes were >1,000 mg/L. Not
enough data were available for calculating a FCV, with the
only nopacute test failing to demonstrate zdverse effects st
concentrations up to S40 mg nitrocellulose/kg sediment

{(dry weight) (Table 5). The Final Residue Value also coumnld
not be calculated due to a lack of data. The plant value,
an ECsq based on chlorophyll a decrease and taken from the
lowest value of all tests, was 579 mg/L.

Due to the lack of data on chronic effects and final
residuve values, meaningful criteria capnot be calculated.
Thus the aveilabie data could only indicate the relative
toxic potential of nitroceliulose.

5.5 HUMAN HEALTHE CRITERIA

Pata on nitrocellulose have pot shown any significant
carcinogenic pattern. Also, reliable evidence from human
exposures (either threshold or vnonthreshold effects) was not
available for calculating a human health criterion,.
Therefore, the chronic and subchronic animal dats gemnerated
by E£l11lis et al, {(1980) were used to generate the following
criterion, Because the only observed-adverse—effect—level
occurred in the 2-yr mouse study, the criteria calculations
were based on that species. The frank-effect—level was
determined to be at concepntrations of approximetely 32,428
mg/kg/day (males) and 39,793 mg/kg/dey (females) for an
unexplained cluster of deaths judged significant by the
authors. ¥ithin this mouse study, the highest
no-observed-adverse—effect~level (NDPAEL) was approximately
5,620 mg/kxg/day for females (no mg/kg/day estimate was
available for males at this diet level), Applying an
uncertainty factor of 100 to these NOAEL data, as recom-
mended by the USEPA (1980) guidelines, and multiplying by 70
kg gives a human ADI (acceptable daily intake) of 3,934
mg/day. Inserting this ADI into the human health criterion
equation gives a human health criterion of 1,967 mg/kg/day.

_ADI ~ (DT + IN) s
C = [2L + (0.0065 kg x BCF)]
3,934 ~ (0 + 0) ,
C = {2L + (0.0065 xg x 0)]
where,
C = ¢criterion,
DT = nonfish dietary intake,
IN = inhalation intaks,
2L = daily water intake in liters,

0.0065 kg = daily dietary fish intake, and
BCF = bioconcentration factor,
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Of course these daily intaks values are based on approxi-
mations of the amount of nitrocellulose estenm by the mice in
their dietary exposures and may repressnt higher levels than
actually ingested. Besed on physical/chemical propsrtiess of
nitrocellulose snd occupational exposure data, the non-fish
dietary and inhalation intakes were sssumed to be zero.
Also, based on the limited dats of Ellis et al. (1976), the
bioconcentration factor was sassumed to be zero. These
valnes suggest that mitrocellulose is not 2 maejior concern
for human health following cxposure to aguatic comcentr~
ations of mnitrocellulose associated with the manunfecturing
or processing in Army Ammunition Plants.

5.6 RESEARCH RECOMMENDATIONS

As mentioned previously, the data on nitrocellulosec are
incomplete as far as calcunlating water quality criteris are
concermned, The following research recommendations are
intended to produce data needed to meet the USEPA guidelinmne
requirements (USEFPA 1980 ; Stephan et al. 1985) for gener-
sating water quality criteris.

1. Acute aquatic tests uwsing species from a gecuus
in a2 phylum other tham Arthropoda or Chordata
(e.g., Annslida or Mollusca).

2. Chromnic tests in three different aquatic
families where at least ome is a fish, ome is
an invertebrats, and one is a semsitive
freshwater species.

3. Bioconcentration data for an appropriste
saquatic species oxr om the significamnce of
residues in agquatic species.

4. More precise data from chromic dictary exposure
studies in laboratory mammals, particularly
regayding doses actually ingested.

5. Possible effects of mnitrocellulose fibers on
respiratory fuunetiom im animals that uss gills,
c.g., fish mortality due to mucous buildup
on the gills from physiecal irritation by
fibers.

6. Further evaluation of the suggesied 1ink
between cocupational mnitrocellulose exposurs
and rectal cancer,

7. Examine the effect of anpitrocellulose fibers on

macrophyte communities, e.g, decrcase
photosynthesis due to fiber dbuildup.
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The avaeilable data on nitrocellwulose indicate that its
toxicity is so low that extensive testing would probably not
reveal additional significant informationm, Only one area
that lacks significant data should be evaluated by further
research: chronic toxicity to aquatic animals. A study
(e.g., an early life stage test) evaluating the impact of
nitrocellulose in the water column (maintained in
suspension) on an appropriate fish species should be
conducted. If the results from this test indicate that the
impact of nitrocellulose is minimal, then the recommendation
of this review is to cease activity simed st produecing water
quality criteria and to regulate nitrocellulose based om its
pbhysical effects on aguatic habitats. Wastewater discharges
from AAPs shounld be momnitored for color, suspended solids,
and dissolved solids, which are characteristics of nitrocel-
lulose that will have the most significant impact on the
aguatic systems associated with manufacturing and produnction
at AAPs, This recommendation is further supported by
the conclusions of Sullivan et al, (1978), USEPA (1976), and
USAMBRDL (U. S, Army 1982, 1983).
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ADY
BCF
BOD
CoD
dpm

ECs¢

fines
gpm
LAP
LCs0
NOAEL
NOEL
NPDES

ppm

US AMBRDL

USATHAMA

7. GLOSSARY

Army Ammunition Plant

Acceptable daily intake

Bioconcentration factor (R)

Biological oxygen demand

Chemical oxygen demand

Disintegrations per minute

Effective concentration based on immobilization
Frank effect level

Waste particles of nitrocelliulose

Gallons per minute

Load, assemble, and pack

Lethal concentration

No observed adverse effect level

No observed effect level

National Pellution Discharge Elimination System
Parts per million

a-Trinitrotoluene (unless mentioned otherwise)

U.8. Army Medical Bioengineering Research
and Development Laboratory

U.S. Army Toxic and Hazardous Materials Agency
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APPENDIX A: :
SUMMARY OF USEPA METHODOLOGY FOR DERIVING NUMERICAL WATER QUALITY
CRITERIA FOR THE PROTECTION OF AQUATIC ORGANISMS AND THEIR USES

The following semmary is 2 condensed version of the 1985 final US
Environmental Protection Agency (USEPA) guidelines for calculating a
water gquality criteria to protect aguatic life and is slanted towards
the specific regulatory needs of the US Army (e.g., discussion of
saltwater aspects of the criteris caslculation are not included). The
guidelines are the most recemt document outlining the zrequired pro-
cedures and were written by the following researchers from the USEPA’s
regional resesrch laboratories: C.E. Stephan, D.I. Mount, D.J¥. Hansena,
J.H., Gentile, G.A. Chapman, and ¥W.A, Brungs. For greater detail om
individual points comsult Stephan et al, (1985).

1, INTRODUCTION

The Guidelines for Deriving Numerical National Water Quality Cri-
teria for the Protection of Aquatic Organisms and Their Uses describe an
objective, internally consistent, and appropriate way of estimsating
national criteria. Because aquatic life can tolerate some stress and
occasional adverse effects, protection of all species all of the time
was not deemed necessary. If acceptable data are aveilable for a large
number of appropriate taxa from a variety of taxonomic and functional
groups, a reasonable level of protection should be provided if all
except a small fractiom are protected, unless & commercially,
recreationally, or socially important species was very semsitive., The
small fraction is set at 0.05 because other fractions resulted in cri-
teria that seemed too high or too low in comparison with the sets of
data from which they were calculated. Use of 0.05 to calculate a Final
Acute Value does not imply that this percentage of adversely affected
taxa should be used to decide in a field situvation whether a criterion
is appropriate.

To. be acceptable to the public and useful in field situations, pro—
tection of aquatic organisms and their uses should be defined as preven
tion of unacceptable long-term and short-term effects oa (1) commerci-
ally, recreationally, and socially important species amd (2) {(a) fish
and benthic invertebrate assemblages in rivers and streams and (b) fish,
benthic invertebrate, and zooplankton assemblages in lakes, reservoirs,
estuaries, and oceans. These national guidelines have been developed on
the theory that effects which occur on & species in appropriate lsbora-
tory tests will generally occur on the same species in comparable field
sitvations.

Numerical aquatic life criteria derived using these national
guidelines are expressed as two numbers, so that the criteria can more
accurately reflect toxicological and practical realities. The combina-
tion of a maximum concentration and a continuous concentration is desig-
ned to provide adequate protection of aguatic 1ife and its uses from
acute and chronic toxicity to animals, toxicity to plants, and



biocaccumulation by aguatic organisms without being as restrictive as a
one—number criterion wonld have to be inm order to provide the same
degree of protection,

Criteris produced by these guidelimss shonld be useful for develo-
ping water quality standards, mixing zone standartds, and effiuent stan—
dards., Development of such standasrds may have to consider additional
factors such as social, legal, economic, amnd additional biological data.
It may be desirable to derive site-specific criteria from these national
criteria to reflect local conditions (USEPA 1982). The two factors that
may cause the most difference between the pational and site-specific
criteria are the species that will be exposed and the characteristics of
the water.

Criteris shonld provide reasonable and adeguate protection with
only a small possibility of comsiderable overprotection or underprotec—
tion. It is not enough that & criteriom bhe the best estimate obtainable
using available data; it is equally important that a criterion be
derived only if adequate appropriats data are available to provide
reasonable confidence that it is a good estimate. Thus, these guidel-
ines require that certain data be available if a criteviom is to be
derived. If all the required dats are not available, usually 2 cri-
terion shourld not be derived; however, availability of all required data
does not ensure that a criterion can be derived, The amount of guidance
in these national guidelines is significant, but much of it is neces-
sarily gualitative rather than guantitative; much judgement will be
required to derive a water quality criterion for aguatic life, All
necessary decisions should be based on 8 thorough knowledge of aguatic
toxicology aund an understanding of these guidelines and shouid be con—
sistent with the spirit of these guidelines -~ which is to make best use
of all available data to derive the most appropriate criterion.

2. DEFINITION OF MATERIAL OF CONCERN

i. Each separate chemical that does mot ionmize significantly in
most mnatural bodies of water should be considered a secpsxate
material, except possibly for structurally similar organic
componnds that only exist im large quantities as commercial
mixtures of the various compounds and apparently have similar
biological, chemical, physical, and toxicological properties.

2. For chemicals that do iomize significantly, all forms that
would be in chemical eguilibrium should nsuvally be comsidered
one materisl, Each different oxidation state of a metal and
tach different nonionizable covalently bonded organometzllic
compound should usually be considered 2 separate materisl.

3. Definition of the material shounld imelude an opersational
analytical component. Tt is also necessary to reference ox



describe snalytical methods that the term is intended to
denote. Primary regquirements of the operetional analytical
component is that it be appropriate for use on samples of
receiving water, that it be compatible with toxicity and
bicaccumulation dats without making extrapolations that are
too hypothetical, and that it rarely result in underprotec~
tion of aquatic life and its uses,

NOTE: Analytical chemistry of the material may have to be
considered when defining the material or when judging accep-
tability of some toxicity tests, but a criterion should not
be based on sensitivity of an analytical method. When agua~-
tic organisms are more sensitive than analytical techniques,
the proper solution is to develop better amalytical methods,
not to underprotect aquatic life.

3. COLLECTION OF DATA

Collect all available data on the material concerning {a)
toxicity to, and bioaccumulation by, aquatic animals and
plants; (b) FDA action levels (FDA Guidelines Manual); and
(¢) chronic feeding studies and long-term field studies with
wildlife that regularly consume aquatic organisms.

All data used should be available in typed, dated and signed
hardcopy with enough supporting informatiom to indicate that
acceptable test procedures were used and the results shounld
be reliable.

Questionable data, whether published or not, should not be
used,

Data on technical grade materials may be used if appropriate,
but data on formulated mixtures and emulsifiable concentrates
of the test material should not be used.

For some highly volatile, hydrolyzable, or degradable materi-
als it may be appropriate to only use results of flow-through
tests in which concentration of test material in test solu-
tions were measured using acceptable analytical methods.

Do not use data obtained using brine shrimp, species that do
not have reproducing wild populations in North America, ox
organisms that were previously exposed to significant concen—
trations of the test material or other contaminants,



4, REGUIRED DATA

1. Results of acceptable acute tests (see Se¢ction §5) with
freshwater animals in =2t least eight different families such
that all of the following are included:

a. the family Salmonidae in the class Osteichthyes;

b. a sccond family (preferably an important warmwatey
species) in the class Osteichthyes (e.g., bluegill,
fathead minnow, or chanmnel catfish);

¢. a third family in the phyluw Chordata (e.g, fish or
amph ibian);

d. a planktonic crustacean (2.5, cladoceran or copepod);

e. a benthic crustacean (e.g, ostracod, isopod, or amphi-
pod);

f. an inssct (e.g., mayfly, midge, stonefly);:

g. a family im a phylum other than Arthropoda or Chordata
{(e.g, Annelida or Mcllusca); and

h., a family in any order of insect or any phylum not
represented.

2. Acute-chronic ratios (see Section 7) for species of aguatic
animals in 2t least three different families provided that of
the three species at least (2) one is a fish, (b) one is an
invertebrate, and (c) onme is a sensitive freshwater speciecs.

3. Results of at least one acceptable test with a freshwater
alga or a chronic test with a freshwater vascular plant (see
Section 9). If plants are among the squatic organisms that
are most sensitive to the material, results of a test with =2
plant in another phylum (divisioun) should be available.

4, At least ome acceptable bioconcentration factor determined
with ap appropriate aquatic species, if a maximum permissible
tissue concentration is available (see Sectiom 10).

Jf all reguired data are available, 2 numerical criterion cam usually be
derived, except in special cases. For example, if a criteriom is to be
related to a water gquality characteristic (see Sections § and 8), mors
data will be wecessary. Similarly if all regquired data aze nol availa—
ble a numerical criteriom should not be derived exzcept in special cases.
For cxample, even if not encugh ascmte and chromic data are available, it



may be possible to derive 8 criterion if the date clearly indicate that
the Final Residue Value wounld be much lower than either the Final
Chronic Value or the Final Plant Value. Confidence in a criterion
usnally increases as the amount of data increases. Thus, additional
data are nsually desirable.

5. FINAL ACUTE VALUE

The Final Acute Vslume (FAV) is an estimate of the concentra-
tion of material corresponding to a cmmulative probability of
0.05 in the acute toxicity values for the genera with which
acute tests have been conducted on the material. However. in
some cases, if the Species Mean Acute Value (SMAV) of an
important species is lower than the calculated FAV, then that
SMAV replaces the FAV to protect that important species.

Acute toxicity tests should have been conducted using accep—
table procedures (e.g., ASTM Standard E 724 or 729).

Generally, results of acute tests in which food was added to
the test solution should not be used, unless data indicate
that food did not affect test results.

Results of acute tests conducted in unusual dilutiom water,
e.g., dilution water containing high levels of total organmic
carbon or particulate matter (higher than 5 mg/L) should not
be used, unless a relationship is developed between toxicity
and organic carbon or unless data show that organic carbon or
particulate matter, etc. do not sffect toxicity.

Acute values should be based on endpoints which reflect the
total adverse impact of the test material on the organisms
used in the tests., Therefore, only the following kinds of

data on acute toxicity to freshwater aquatic animals should
be used:

a. Tests with daphnids and other cladocerans should be star—
ted with organisms {24 hr old and tests with midges
should be started with second- or third-instar lazrvae.
The result should be the 48-hr EC50 based on percentage
of orgapisms immobilized plus percentage of organisms
killed. If such an EC5Q is not available from a test,
the 48-hr LC50 should be used in place of the desired
48-hr EC50. An EC50 or LCsp of longer than 48 hr can be
used provided animals were not fed and control aznimals
were acceptable at the end of the test.



10.

b. The result of tests with all other aguatic amimal species
should be the 96-hx EC50 valwue based on percentage of
organisms exhibiting loss of eguilibrimm plus percentage
of organisms immebilized plus percentage of organisms
killed. If snch an HC50 value is wot available from a
test, the 95-hr LC5(¢ should be wsed in place of the
desired EC59.

c. Tests with single-cell organisms are not comsidersd acute
tests, even if the durastion was {96 hr.

d. If the tests were counducted properly, acute valmes repor—
ted as greater than values aund those acute values which
are above solubility of the test meterial are acceptable.

If the acute toxicity of the material to aguatic animals has
been shown to be related to a water quality characteristic
(e.g., total organic carbon) for freshwater species, 2 Final
Acute FEguation should be dsrived based on that chavacteris-
tic.

If the data indicate a that one or more life stages are at
least a factor of 2 times more resistant than ome or more
other 1life stages of the same species, the dats for the more
resistant life stages should not be used in the calculation
of the SMAY becsuse a speciecs can omnly be comsidered protec—
ted from a2acute toxicity if all 1life stages are protected.

Consider the agreement of the data within and between
species. OQuestionable results in compaxisom to other acutie
and chronic dsta for the species and other species in the
same genus probably should mot be unsed.

For each specics for which at least one acute value is
availeble, the SMAYV shonld be calenlated as the geometric
mean of all flow-through test results in which the comncentra-
tion of test material were measured, For a species for which
no such result is available, caleulate the geometric mean of
all available acute values, i.e., vesults of flow-through
tests in which the concentrations were not measured aand
results of static and remewal tests based om initial total
concentrations of test material,

NOTE: Data reported by original imvestigators should not be
rounded off and at least four sigunificant digits should bhe
retained in intermediate calculatiomns.

Yor cach genns foxr which omne or more SMAV is available, cal-
culzte the Genus Mcan Acute Value (GMAV) as the geoometiric
mean of the SHAVs,



11.

12.

15.

i4.

15.

16.

Order the GMAVs from high to low and assign ranks (R) to the

GMAVs from "1” for the lowest to "“N” for the highest. If two
or more GMAVs are identical, arbitrarily assign them succes-

sive ranks.

Calculate the cumulative probability (P) for each GMAV as
R/(N+1).

Select the four GMAVs which have cmmulative probabilities
closest to 0.05 (if there are {59 GMAVs, these will always be
the four lowest GMAVs).

Using the selected GMAVs and Ps, calculate

§? = Z((In GMAVY) - ((Z(In GMAV))*/4)

Z(P) - ((Z(/ P))*/4
= (Z(ln GMAY) - S(2(/ P)))/4
A = $(/7005) + L
FAV = ¢*

If for an important species, such as a recreationally or com—
mercially important species, the geometric mean of acate
values from flow-through tests in which concentrations of
test material were measured is lower than the FAV, then that
geometric mean should be used as the FAV.

Go to Section 7.

-

6. FINAL ACUTE EQUATION

When enough data show that acute toxicity to two or more
species is similarly related to a water quality characteris—
tic, the relationship should be considered as described below
or using analysis of covariance (Dixon and Browan 1979, Neter
and Wasserman 1974). If two or more factors affect toxicity,
multiple regression analyses should be used.

For each species for which comparable acute toxicity values
are available at two or more different values of the water
guality characteristic, perform a least squares regression of
acute toxicity values on values of the water guality charac—
teristic.
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Decide whether the data for each species is unseful, consider—
ing the range and mumber of tested valunes of the water gual-
ity characteristic and degree of agreement within smnd between
species, In addition, guestiomable reswvits, inm comparison
with other acute and chromnic dsta for the speciss and othexr
species in the sams genus, probably should not be used.

Individually for each species calculate the geometric mean of
the scute valnes and then divide each of the acute values for
a species by the mean for the speciecs. This normalizes the
acnte values so that the geometric mean of the normalized
values for each species individually and for amy combination
of species is 1.0

Similarly normalize the values of the water guality charac—
teristic for each species imndividually.

Individually for esch species perform a least sguares regres—
sion of the normalized scute toxicity values on the
corresponding mormalized values of of the water quality
characteristic. The resulting slopes and 95 percent confi-
dence limits will be identical to those obtained in 2. above.
Now, however, if the data are zctually plotted, the line of
best fit for each individual species will go through the
point 1,1 im the center of the graph.

Treat all the normalized data as if they were all for the
same species znd perform a least squares regression of all
the normalized acute values on the correspoading normalized
values of the water quality characteristic to obtain the
pooled acute slops (V) and its 93 percent comfidence limits.
If 211 the normalized data are actuwally plotted, the liwse of
best fit will go through the point 1,1 in the center of the
graph.

For each species caleculate the geometric mean (W) of the
acate toxicity values and the gecmetric mwean (X) of the rela-
ted values of the water gquality characteristic (calcoulsted inm
4. and 5. above).

For cach species calculate the logarithmic intercept (Y) of
the SMAV at a selected value (Z) of the water gquality charac-
teristic using the eguation: Y = 1a W - V(1 X ~ 1a Z).

F¥or each species calculate the SMAV using: SMAV = oY,

A-8
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12,

13.

Obtain the FAV at Z by using the procedure described in Sec~
tiom 5. (No. 10-14).

If the SMAV for an important species is lower than the FAV at
Z, then that SMAV should be nsed as the FAV at Z.

The Final Acute Equation is writtenm as: FAV = e{(Vlin{vater
gnality characteristic) + In A - Viln Z1), yhere V = pooled

acute slope and A = FAV at Z, Because V, A, and Z are known,
the FAV can be calculated for any selected value of the water
qual ity characteristic.

7. FINAL CHRONIC VALUE

Depending on available data, the Final Chronic Value (FCV)
might be calculated in the same manner as the FAV or by divi-
ding the FAV by the Final Acute-Chronic Ratio.

NOTE: Acute-chronic ratios and application factors are ways
of relating acute and chronic toxicities of a material to
aquatic organisms. Safety factors are used to provide an
extra margin of safety beyond known or estimated sensitivi-
ties of aguatic organisms. Another advantage of the acute-
chronic ratio is that it shounld usunally be greater than one;
this should avoid confusion as to whether a large application
factor is ome that is close to unity or ome that has a denom—
inator that is much greater than the numerator,

Chronic values should be based on results of flow-through
(except renmewal is acceptable for daphnids) chromic tests in
which concentrations of test material were properly measured
at appropriate times during testing.

Results of chromic tests in which survival, growth, or repro-
duction in controls was unacceptably low should not be used.
Limits of acceptability will depend on the species.

Results of chronic tests conducted in unusuval dilution water
shounld not be used, unless a relationship is developed
between toxicity and the unusnal charscteristic or unless
data show the characteristic does not affect toxicity.

Chronic values should be based on endpoints and exposure
durations appropriate to the species. Therefore, only
results of the following kinds of chromnic toxicity tests
should be used:



Life-cycle toxicity tests consisting of exposures of two
or more groups of a species to g different concemtration
of test material throughout a 1ifs cyecle. Tesis with
fish showuwld begin with embryos or newly hatched young (48
hr old, continue through maturation and reprodunction, and
shoald end not (24 days (S0 dayvs foxr salmonids) after the
hatching of the next generation. Tests with daphnids
should begin with young <24 hr old aad last for not (21
days. Foxr fish, data should be obtained znd smnzlyzed on
survival and growth of adults and young, matwration of
males and females, eggs spawned pexr female, embryo via-
bility (salmonids only), and hatchability. For daphnids,
datz should be obtzired znd analyzed on survival aand
young per female.

Partinl l1ife-cycle toxiecity tests consisting of exposures
of two or more groups of a species to a different concen-
tration of test material throughout s life cycle. Par-
tial life-cycle tests are allowed with fish species that
reguire more than a vear to reach sexual maturity, so
that all major life stages can be exposed to the test
material in less tham 15 months. Fxposure to the test
material should begin with juveniles at least 2 months
prior to active gonsdal development, comntinme through
mataration and reproductiom, aad should end wot <24 days
(50 days for salwonids) after the hatching of ths next
generation, Data shonld be obtained and analyzed omn sur-
vival and growth of adults and young, msturatiom of mules
and females, eggs spawned per female, ewbryo viability
(salmonids only), and hatchability.

Farly life-stage toxicity tests cousisting of 28 to 32—
day (60 days posthatch for salwonids) ezposures of early
life stages of a species of fish from shortly after fer
tilization through embryonic, larval, and early juvenile
development. Data shounld be obtained on growth and sur-
vival,

NOTE: Results of an early life-stage test are used &s
predictors of resmlts of life-cycle and partial 1life-
cycle tests with the same species. Thsrefore, when
vesnlts of a life-cycle or partial life-cycle test are
available, results of an early life-stage test with the
same specics should not be msed. Also, results of early
life—stage tests in which the incidence of mortalities or
abnormal ities increased substantially near the ond of the
test should not be uscd becauss results of such tests may
be poor estimates of results of 2 comparable life-cycie
or paxrtial life-cycle test.
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10.

A chronic valne may be obtained by calcumlating the geometric
mean of lower and upper chromic limits from a chronic test or
by analyzing chronic data using regression analysis. A lower
chronic 1imit is the highest tested concentration {(a) in an
acceptable chronic test, (b) which did not cause an unaccep—
table amount of an adverse effect on any specified biological
measurements, and {c) below which no tested concentration
caused such an unacceptable effect. Asn upper chronic limit
is the lowest tested concentratios (a) inm an acceptable
chronic test, (b) which did cause an unacceptable amount of
an adverse effect on one or more of specified biological
measurements, and (c¢) above which all tested concentrations
caused such an effect.

If chronic toxicity of material to aquatic animals appears to
be related to a water quality characteristic, a Final Chronmic
Fguation should be derived based on that water quality
characteristic, Go to Section 8.

If chronic values are available for species in eight families
as described in Section 4 (No. 1), a Species Mean Chronmic
Value (SMCV) should be calculated for each species for which
at least one chronic value is available by calculating the
geometric mean of all chromnic values for the species and
appropriate Genus Mean Chronic Values should be calculated,
The FCV should then be obtained using procedures described in
Section 5 (No. 10-14). Then go to Section 7 (No. 13).

For each chronic value for which at ieast one corresponding
appropriate acute value is available, calculate an acute—
chronic ratio, using for the numerator the geometric mean of
results of all acceptable flow—through (except static is
acceptable for daphnids) acute tests in the same dilution
water and in which concentrations were measured. For fish,
the acute test(s) should have been conducted with juveniles.
Acute test(s) should have been part of the same study as the
chronic test. If acute tests were not conducted as part of
the same study, acute tests conducted in the same laboratorxy
and dilution water may be used. If acute tests were not con-
ducted as part of the same study, acute tests conducted in
the same dilution water but a different laboratory may be
vsed. If such acute tests are not gvaeilable, an acute~-
c¢hronic ratio should not be calculated.

For each species, calculate the species mean acute-chronie
ratio as the geometric mean of all acute-chronic ratios for
that species. '
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11,

iz.

13,

14,

For some materials the acute-chronic ratio is about the same
for all species, but for other materials the ratio increases
or decreases as the SMAV increases. Thus, the Final Acute—
Chronic Ratio can be obtained in three ways, depending on the
dats,

a. If the species mean acute-chromic ratio incrsases ox
decreases as the SMAV increases, the final Acute-Chronic
Ratio shouwld be calculated as the geometric mean of all
species whose SMAVs are close to the FAV.

b. If no major tremd is apparent and the acute~chronic
ratios for a number of species are within a factor of
ten, the Finasl Acute-Chronic Ratio should be calculated
as the geomstric mean of all species meam acute-chronic
ratios for both freshwater and saltwatexr species.

c. If the most appropriate species mean acute-chronic ratios
are 2.0, and especially if they are <1.0, acclimation
has probably occurred during the chromic test. Becsuse
continuons exposure and acclimation cannot be asssured to
provide adeguate protection in field situations, the
Final Acute—Chronic Ratio should be set at 2.0 so that
the FCV is equal to the Criterion Maximum Concentrationm.

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

Calculate the FCV by dividing the FAV by the Final Acute-
Chronic Ratio.

If the SMAV of an important species is lower than the calcu-
lated FCV, then that SMLV should be used as the FLV.,

Go to Section 9.

8. FINAL CHRONIC FQUATION

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

a. X acute-chronic ratios for enough species at enocugh
values of the water quality charecteristics imdicate that
the acmte-chronic ratio is probably the same for all
species and independent of the water gquality
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characteristic, calculate the Final Acute—Chronic Ratio
as the geometric mean of the species mean acute-chronic
ratios.

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

¢. Use V = pooled acute slope as L = pooled chromnic slope.

d4., Go to Section 8, No. 2, item m.

The procedure described in this section will usually result
in the chronic slope being different from the acute slope.

a. When epough data are available to show that chronic toxi-
city to at least one species is related to a water qual-
ity characteristic, the relationship should be considered
as described below or using analysis of covariance (Dixon
and Brown 1979, Neter and Wasserman 1974). If two or
more factors affect toxicity, mult;ple regression
analyses should be used.

b. For each species for which comparable chronic toxicity
velues are available at two or more different values of
the water quality characteristic, pexrform a least squares
regression of chronic toxicity values on valumes of the
water quality characteristic.

¢. Decide whether data for each species is useful, taking
into account range and number of tested values of the
water quality characteristic and degree of agreement
within and between species, In addition, gquestionable
results, in comparison with other acute and chronic data
for the species and other species in the same genus, pro~
bably should not be used. If a useful chronic slope is
not available for at least one species or if the slopes
are too dissimilar or if data are inadequate to define
the relationship between chronic toxicity and water qual-
ity characteristic, return to Section 7 {(No. 8), using
results of tests conducted under conditioms and in water
similar to those commonly used for toxicity tests with
the species.

d. For each species calculate the geometric mean of the
available chronic values and then divide each chronic
value for a species by the mean for the species.
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This normalizes the chronic values so that the geometric
mean of the normalized velues for esch species and for
any combination of species is 1.0,

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

Individually for cach species perform a least squares
regression of the normalized chronic toxicity values on
the corresponding normalized values of the water guality
characteristic., The resulting slopes and 95 percent com-
fidence limits will be identical to those obtained inm 1.
above., Now, however, if the data are actually plotted,
the line of best fit for each individual species will go
through the point 1.1 in the center of the graph.

Treat all the normalized data as if they were 2ll for the
same species and perform a least squares regressiom of
all the normalized chromic valnes on the corresponding
normelized values of the water quality characteristic to
obtain the pooled chronic slope (L) and its 35 percent
conf idence limits. If all the normalized data are actu-
ally plotted, the 1ine of best fit will go through the
point 1,1 in the center of the graph.

For each species calculate the geometric mean (M) of tox-
icity values and the geometiric mean (P) of related values
of the water gquality characteristic.

For each species calculate the logarithm (Q) of the SMCVs
at a selected value (Z) of the water guality characteris—
tic using the equation: Q = 1n M~ L(1a P - 1n Z).

For cach species calculate a SMCV at Z as the antilog of
0 (SMCV = Q).

Obtain the FCV at Z by using the procednre described im
Section 5 (No. 10-14),

If the SMCV at Z of an important species is lower tham
the calculated FCV at Z, then that SMCV should be used as
the FCV at Z.

The Final Chronic Equation is written as: FCV =
e(Llln(water guality characteristic}] + 1n 8 - Llla Z1),

vhere L = mean chronic slope and S = FCV at Z.

A-14



9. FINAL PLANT VALUE

Appropriate measures of toxicity of the material to aquatic
plants are used to compare relative sensitivities of aquatic
plants and animals. Although procedures for comducting and
interpreting results of toxicity tests with plants are not
well developed, results of such tests uspally indicate that
¢riteria which adequately protect aquatic animals and their
uses also protect aguatic plants and their uses,

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

Obtain the Final Plant Value by selecting the lowest result
obtained in a test on an important aquatic plant species in
which concentrations of test material were measured and the
endpoint is biologically important.

10. FINAL RESIDUE VALUE

The Final Residue Value (FRV) is intended to {a) prevent con-
centrations in commercially or recreationally important squa—
tic species from exceeding applicable FDA action levels and
{b) protect wildlife, including fish and bixds, that consume
aguatic organisms from demonstrated umacceptable effects.

The FRV is the lowest of residue values that are obtained by
dividing maximum permissible tissuve concentrations by
appropriate bioconcentration or biocaccumulation factors., A
maximum permissible tissue concentratiocn is either (a) a FDA
action level (FDA administrative guidelines) for fish o0il or
for the edible portion of fish or shellfish or (b) 2 maximum
acceptable dietary intake (ADI) based on observations on sur—
vival, growth, or reproduction in a chronic wildlife feeding
study or a long-term wildlife field stuvdy. Jf po maximum
permissible tissue concentration is available, go to Section
11., because a Final Residne Value cannot be derived.

Bioconcentration Factors (BCFs) and Biosccumulation Factors
(BAFs) are the quotients of the concentration of a material
in one or more tissues of an aquatic organism divided by the
average concentration in the solution to which the organism
has been exposed. A BCF is intended to account cnly for net
uptake directly from water, and thus almost has to be
measured in a laboratory test. A BAF is intended to account
for net uptake from both food and water in a real-world
situvation, and almost has to be measured in a field situation
in which predators accumunlate the material directly from
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water ssd by coasuming prey. Because so fow acceptable BAFs
are available, omly BCFs will be discussed further, but za
acceptable BAF can bes used in place of a BCF.

If a maximom permissible tissue comcentration is available
for a substance (e.g, parent material or parent material plus
metabolite), the tissue concentration used in BCF ealcula—
tions should be for the same substance., Otherwise the tissue
concentration used in the BCF calculation should be that of
the material and its metabolites which are structurally simi-
lar and are not much more soluble in water than the parent
materisl.

8. A BCF should be uvsed omly if the test was flow-throungh,
the BCF was calculated based on measured concentrations
of test material im tissue and in the test solutiom, aund
exposure continued at least until either apparent
steady—-state (BCF does not change significantly over a
period of time, such as two days or 16 perceant of expo-
sure duration, whichever is lomger) or 28 days was
reached. The BCF used from a test should be the highest
of (2) the apparemnt steady-state BCF, if apparent
steady-state was reached; (b) highest BCF obtained, if
apparent steady—state was not reached; and {¢) projected
steady—state BCF, if calculated.

b. VWhenmever a BCF is determined for a lipophilic material,
percentage of lipids should a2lso be determimed in the
tissue(s) for which the BCF is calculated.

¢. A BCF obtained from an exposure that adversely effected
the test organisms may bs =nsed omly if it is similax to
that obtained with usnaffected individuals at lower con—
centrations that did cause effects.

d. Because maximum permissible tissue concemtrations are
rarely based on dry weights, 8 BCF calculated nsing dry
tissue weights wust be converted to a wet tissme weight
basis. If no comversion factor is reported with the BCF,
multiply the dry weight by 0.1 fox plankton and by 0.2
for species of fishes amd invertobrates.

e. If more than one acceptable BCF is available for =
species, the geometric mean of values should be wused,
vnless the BCFs are from different exposure durstiomns,
then the BCF for the longest exposure should be used.



If enough pertinent data exist, several residue values can be
calculated by dividing maximum permissible tissue concentra—
tions by appropriate BCFs:

a. For each available maximum ADYI derived from a feeding
study or a long-term field study with wildlife, including
birds and aquatic organisms, the appropriate BCF is based
on the whole body of aquatic species which constitute or
represent a major portion of the diet of tested wildlife
species,

b. For an FDA action level for fish or shellfish, the
appropriate BCF is the highest geometric mean species BCF
for the edible portion of a consumed species, The
highest species BCF is used because FDA action levels are
appl ied on a species—by-species basis.

For lipophilic materials, it may be possible to calculate
additional residue values., Because the steady—state BCF for
2 lipophilic material seems to be proportional to percentage
of lipids from one tissue to another and from one species to
another {(Hamelink et al. 1971, Lundsford and Biem 1982,
Schnoor 1982), extrapolations can be made from tested tissues
or species to untested tissues or species on the basis of
percentage of lipids.

8. For each BCF for which percentage of lipids is known for
the same tissue for which the BCF was measured, normalize
the BCF to a one percent 1ipid basis by dividing the BCF
by pexcentage of lipids. This adjustment makes all the
measured BCFs comparable regardless of species or tissue.

b. Calculate the geometric mean normalized BCF.

c. QCalculate all possible residue values by dividing availa-
ble maximum permissible tissue concentrations by the mean
normalized BCF and by the percentage of lipids values
appropriate to the maximum permissible tissue concentra-
tion.

¢ For anm FDA action level for fish o0il, the appropri-
ate percentage of lipids value is 100.

® For an FDA action level for fish, the appropriate
percentage of lipids value is 11 for freshwater cri-
teria, based on the highest levels for important
consumed species (Sidwell 1981),
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4 For 2 maximum ADI derived from a chromic feeding
study or lomg-term field study with wildlife, the
appropriate percentage of lipids is that of an aqua-
tic species ox gromp of aguatic species which con—
stitute a mejor portion of the diet of the wildlife
species.

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

11. OTHER DATA

Pertinent information that could unot be used in earlier sectiouns
may be available concerming adverse effects on aguatic orgamisms and
theizr uvses., The most important of these are dates om cumulative amnd
delayed toxicity, flavor impairment, reduction ia survival, growth, or
reproduction, or any other biologically important adverse effect.
Especially important are data for species for which no other data arxe
available.

12. CRITERION

1. A criterion consists of twoc councentrations: the Criterion

Maximum Concentration and the Criterion Continuons Concentra—
tion.

2. The Criterion Maximum Concemtration (CMC) is egqual to onse—
half of the FAV.

3. The Criterion Continuons Concentrationm (CCC) is equal to the
lower of the FCV, the Final Plant Value, and the FRV unless
other data show a lower value should be used. If toxicity is
related to a water guality charscteristic, the CCC is
obtained from the Final Chronic Eguation, the Final Plant
Value, and the FRV by selecting the value or conceatration
that results in the lowest concentratioms in the usual range
of the water quality charscteristic, unless other data (sece
Section 11) show that a lower value shounld be used.

4. Rouund both the CCC and CHMC to two significant figunres.
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(1)
(2)
(3)
(4)

i

fl

The criterion is stated as:

The procedures described in the Guidelines for Derxiving
Numerical National Water Quality Criteria for the Protection
of Aguatic Organisms and Their Uses indicate that {(except
possibly where a locally important species is very semnsitive)
(1) aguatic organisms and their uses should not be affected
unacceptably if the four-day average concentration of (2)
does not exceed (3) pg/lL more than once every three years on
the average and if the one-hour average concentration does

not exceed (4) pg/L more than once every three years on the
average.

Vhere

insert freshwater or saltwater,
name of material,
insert the Criterion Continunous Concentration., and

insert the Criterion Maximum Concentration.
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APPENDIX B:
SUMMARY OF USEPA METHODOLOGY FOR DETERMINING WATER QUALITY
CRITERIA FOR THE PROTECTION OF HUMAN HEALTH

The following summary is a condensed version of the 1980 final US
Envirommental Protection Agency (USEPA) guidelines for calculating a
water guality criterie to protect human health and is slanted towsrds
the specific regulatory needs of the US Army. The guidelines are the
most recemt document ouwtlining the required procedures and were pub-
lished in the Federal Register (USEPA 1980). For greater detmil om
individual points consult that reference.

1. INTRODUCTION

The EPA's water gquality criteria for the protection of human health sre
based on one or more of the following properties of a chemical pollu—
tant: : .
a}) Carcinogenicity, b) Toxicity, and ¢) Organoleptic (taste and
odor) effects.

The meanings and practical uses of the criteria values are dis-
tinctly different depending on the properties on which they are based.
Criteria based solely on organoleptic effects do not necessarily
represent approximations of acceptable risk levels for human health., In
all other cases the criteria values represent either estimations of the
maximum allowable ambient water concentrations of a pollutant which
would prevent adverse health effects or, for suspect and proven carcino—
gens, estimations of the increased cancer risk associated with incremen—
tal changes in the ambient water concentration of the substance. Social
and economic costs and benefits are not considered in determining water
gquality criteria. In establishing water quality standards, the choice
of the criterion to be used depends on the designated water use. In the
case of a meltiple—use water body, the criteriom protecting the most
sensitive use is applied.

2. DATA NEEDED FOR HUMAN BEALTH CRITERIA

Criteria documentation requires information on: (1) exposurs
levels, (2) pharmacokinetics, and (3) range of toxic effects of a given
water pollutant.

2.1 EXPOSURE DATA

For an accurate assessment of total exposure to a chemical, con-
sideration must be given to all possible exposare routes including
ingestion of contaminated water and edible agquatic and nonsquatic organ-
isms, as well as exposure through inhazlation and dermal comntact. For
water guality criteria the most important exposure routes to be con—
sidered are ingestion of water and consumpiion of fish and shellfish,



Generally, exposure through imhalation, dermal comtact, and non-squatic
diet is either unknown or so low as to be insignificant; however, when
such data are available, they must be included in the criteria evaluna-
tion.

The EPA gunidelines for developing water guality criteria are based
on the following assumptions which are designed to be protective of a
healthy adult male who is subject to average exposure conditions:

1. The exposed individual is a 70-kg male person (International
Commission on Radiological Protection 1977).

2, The average daily consumption of freshwater and estuarine fish
and shellfish products is equal to 6.5 grams,

3. The average daily ingestion of water is egual to 2 liters
(Drioking Water and Health, National Research Council 1977).

Becaunse fish and shellfish consumptiom is an important esxposure factor,
information on bioconcentration of the pollutant im edible portions of
ingested species is necessary to calcunlate the overall exposure level.
The bioconcemtration factor (BCF) is cqual to the guotient of the con-
ceantration of a substance in all or part of an orgamnism divided by the
concentration in ambient water to which the organism has been exposed.
The BCF is a function of 1ipid solubility of the substance apd relative
amount of lipids in edible portioms of fish or shellfish. To determine
the weighted average BCF, three different procedures can be used depen—
ding upon lipid solubility and availability of biocouncentration data:

(1) For lipid soluble compounds, the average BCF is calculated from
the weighted average percent lipids in imgested fish and shellfish
in the average American diet. The latter factor has been ecstimated
to be 3 percent (Stephan 1980, as cited in USEFPA 1980)

Because steady-state BCFs for lipid soluble compounds are propor-
tional to percent lipids, the BCF for the average American diet can
be calculated as follows:

BCFavs = BCFSP X 3.0% ’
PLSP

where BCFgp is the bioconcentration factor for am aquatic species

and Plgp is the percent lipids in the edible portioms of that
species.

(2) Where amn appropriats biocomcentration factor is not availsble,
the BCF can be estimated from the octanol/water partitionm coeffi-
cient (P) of a substance as follows:

log BCF = (0.85 log P) — 0.70

for aguatic organisms containing about 7.6 percent lipids (Veith et
al. 1980, as cited in USEPA 1980). An adjustment for percent



lipids in the average diet (3 percent versus 7.6 percent) is made
to derive the weighted average bioconcentration factor.

{3) For nonlipid-scluble compounds, the available BCFs for edible
portions of consumed freshwater and estuarine fish and shellfish
are weighted according to consumption factors to determine the
weighted BCF representative of the average diet.

2.2 PHARMACOKINEYXIC DATA

Pharmacokinetic data, encompassing information on absorption, dis—
tribution, metabolism, and excretion, are needed for determining the
biochemical fate of & substance in human and animal systems, JInforma-
tion on absorption and excretion in animals, together with a knowledge
of ambient concentrations in water, food, and air, are useful in estima-
ting body burdens in humans. Pharmacokinetic data are also essential
for estimating equivalent oral doses based on data from inhalation or
other routes of exposure,

2.3 BIOLOGICAL EFFECTS DATA

Effects data which are evaluated for water gquality criteria include
acute, subchronic, and chromic toxicity; synergistic and antagonistic
effects; and genotoxicity, teratogenicity, and carcinogenicity. The
data are derived primarily from animal studies, but clinical case his—
tories and epidemiological studies may also provide useful information.
According to the EPA (USEPA 1980), several factors imherent in human
epidemiological studies often preclude their use in generating water
quality criteria (see NAS 1977). However, epidemiological data can be
useful in testing the validity of animal-to-man extrapolations.

From an assessment of all the availsble data, a biological end-

point, i.e., carcinogenicity, toxicity., or organocleptic effects is
selected for criteria formulation,

3. HUMAN HEALTH CRTITERIA FOR CARCINOGENIC SUBSTANCES

If sufficient data exist to conclude that a specific substance is a
potential human carcinogen (carcinogenic in animal studies, with suppor-
tive genotoxicity data, and possibly also supportive epidemiological
data) then the position of the EPA is that the water gquality criterion
for that substance (recommended ambient water concentration for maximum
protection of human health) is zero. This is because the EPA believes
that no method exists for establishing a threshold level for carcino-
genic effects, and, consequently, there is no scientific basis for esta-
blishing a "safe” level, To better define the carcinogenic risk associ-
ated with a particelar water pollutant, the EPA has developed n metho—
dology for determining ambient water concentrations of the substance
which would correspond to incremental lifetime cancer risks of 1077 to



10~5 (one additional case of camcer in populations ranging from ten mil-
lion to 100,000, respectively). These risk estimates, howeverx, do not
represent an EPA judgment as to an "acceptable” risk level.

3.1 METHODOLOGY FOR DETERMINING CARCINGGENICITY (NONTERESHOLD) CRITERIA

The ambient water concentration of 2 substance corresponding to a
specific carcinogenic risk can be calculated as follows:

70 x PR
C = q1Ff (2 + 0.0065BCE)

where,

C = ambient water conceniration;

FR = the probable risk (e.g., 1075; equivalent to ome case in 100,000);
BCF = the bicconcentration factor; and

q1* = a coefficient (defined below) (USEPA 1980).

By rearrapging the terms in this equation, it can be seen that the ambient
water concentration is ome of several factors which define the overall exposure
level:

PR = gqg1* x C (2 + 0.0065 BCF)
70
or
PR = q1¥ x 2C _+ (0.0065 BCF x C),
70

where, 2C is the daily exposure resulting from drinking 2 liters
of water per day and (0.0065 x BCF x C) is the average

daily exposure resulting from the consumption of 6.5 mg

of fish and shellfish per day. Becanse the exposure is
calculated for a 70~kg man, it is normalized to a perx

kilogram basis by the factor of 1/70. In this

particular case, exposure resulting from imbalation,

dermal contact, and nonaguatic diet is considered

to be negligible.

In simplified terms the equation can be rewritten

PR = @¢* X,
where X is the total average daily exposure in mg/kg/day
or
a* = PR,
X

showing that the coefficient q1* is the ratio of
risk to dose; an indication of the carcinogenic potency
of the compound.

The USEPA guidelines state that for the purpose of developing water
quality criteris, the assumption is made that at low dose levels there



is 2 linear relationship between dose and risk (at high doses, however,
there may be a rapid increase in risk with dose resulting in a sharply
curved dose/response curve). At low doses then, the ratio of risk to
dose does mot change appreciably and q1* is a constant, At high doses
the carcinogenic potency can be derived divectly from experimental dats,
but for risk levels of 107 to 1075, which correspond to very low doses,
the q1* value must be derived by extrapolation from spidemiological data
or from high dose,

short-term animal bioassays.

3.2 CARCINOGENIC POTENCY CALCULATED FROM HUMAN DATA

In human epidemiological studies, carcinogenic effect is expressed
in terms of the relative risk {RR(X)] of a cohort of individuals at
exposure X compared to the risk in the control group [PR(control)}l
{e.g., if the cancer risk in group A is five times greater than that of
the control group,
cancer risk is expressed as RR(X) —~ 1, and the actuwal numeric, or pro—
portional excess risk level [PR(X)] can be calculated:

then RR(X) = 5). In such cases the "excess” relative

Using the standard risk/dose equation:

and substituting for PR(X}:

or

PR(X) = [RR(X) - 1] x PR(control),
PR(X) = b xX
[RR(X) ~ 1] x PR{control) = b x X
P o= [RR(X) -1 x_PR{control),

X

where b is equal to the carcinogenic potency or q1¥.

3.3 CARCINOGENIC POTENCY CALCULATED FROM ANIMAL DATA

In the case of animal studies where different species, straipns, and sexes
may have been tested at different doses, routes of exposure, and

exposure durations,

any date sets used in calculating the

health c¢riteria must conform to certain standards:

1.

The tumor incidence must be statistically significantly higher

than the

control for at least one test dose level and/or the

tumor incidence rate must show a statistically significant
trend with respect to dose level.

The data
lifetime
is gquite
response

set giving the highest estimate of carcinogenic

risk (g1%) should be selected unless the sample size
small and another data set with a2 similar dose-
relationship and larger sample size is available,



If two or more dats sets sre comparable in size and identical
with respect to species, strain, sex, and tumor site, themn the
geometric mean of qi* from all data sets is msed in the risk
assessment.,

If in the same study tumors occur at a significant frequency
at more than one site, the cancer incidence is based on the
number of animals having tumors at any one of those sites.

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

1.

To establish equivalent doses between spacies, the exposures
are noxmal ized in terms of dosc per day (m) per unit of body
surface area, Because the surface area is proportional to the
2/3 power of the body weight (W), the daily exposure (X) can
be expressed as:

m

X = et e et e e

w2/3

If the dose (s) is given as mg per kg of body weight:

o

then
m = s x W
and the equivalent daily exposure (X) would be

(s x w)

X = e s e e e e

w2/3

or

X = s x W1/3,

The dose must also be normalized to a8 lifetime average expo—
sure. For anm carcinogenic assay in which the sverage dose per
day {in mg) is m, and the length of exposure is lg, and the
total length of the experiment is Le, then the lifetime
average exposure (X)) is
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4, If the duration of the experiment (Lg) is less than the
patural 1ife span (L) of the test animal, the value of q1% is
increased by a factor of (L/Lg)3 to adjust for an age—specific
increase in the cancer rate.

5. If the exposure is expressed as the dietary concentration of a
substance (in ppm), then the dose per day (m) is

m = ppm x F x r,

where F is the weight of the food eaten per day in kg, and =
is the absorption fraction {(which is gemerally assumed to be
equal to 1). The weight of the food eaten per day can be
expressed as a function of body weight

F = IV,

where f is a species—specific, empirically derived coefficient
which adjusts for differences in ¥ due to differences in the
caloric content of each species diet (f is equal to 0.028 for
a 70-kg man; 0.05 for a 0.35-kg rat; and ¢.13 for a 0.03~kg
mouse) .

Substituting (ppm x F} for m and fW for F, the daily exposure
(dose/surface area/day or m/W2/3) can be expressed as

rpm x F ppm x f x W
X = e = —mmeee——ee— = ppm X £ % wi/3,

w2/3 ¥w2/3

6. When exposure is via inhalation, calculation can be considered
for two cases: (1) the substance is a water soluble gas or
aerosol, and is absorbed proportionally to to the amounnt of
air breathed in and (2) the substance is not very water solu—
ble and absorption, after equilibrium is reached between the
air and the body compartments, will be proportional to the
metabolic rate which is proportional to rate of oxygen con—
sumption; which, in turn, is a function of total body surface
area,

3.4 EXTRAPOLATION FROM HIGH TO LOW DOSES

Once experimental data have been standardized in terms of exposure
levels, they are incorporated into a mathematical model which allows for
calculation of excess risk levels and carcinogenic potency at low doses
by extrapolation from high dose situations. There are a number of
mathematical models which can be used for this procedure {(see Krewski et
al, 1983 for review). The EPA has selected a "linearized multi-stage”
extrapolation model for use in deriving water guality criteria (USEPA
1980). This model is derived from a standard "gemeral product®” time-
to-response (tumor) model {(Krewski et al. 1983):

P(t;d) = 1 - exp{-g(d)H({t)},

where P(t;d) is the probable response for dose d and



time t; g{d) is the polynomial function defining the
effect of dose level, and H(t) the effsct of time:

a -
Y i
2 23d
i=g

i

g(d)

it

b .
H(t) ) Bit™,
i=1

(with o and § > 0, and } g; = 1),

This time-to-response model can be converted to a quantal response
model by incorporation of the time factor into each « as a multiplics-
tive constant (Crump 1980):

a
P(d/t) = 1 - exp{ - )} o},
i=0

or as given in the EPA guidelines (USEPA 1980):
P(d) = 1 - expl-(go + q1d + q2d? + ... + qxd®)],

where P(d) is the lifetime risk (probability) of cancer at dose d.

For a given dose the excess cancer risk A(d) above the background rate P(o)
given by the equation:

P(d) -P{o)
A(d) = e
1 - P{o)

where

A(d) = 1 ~ expl-qid + q2d2 + ... + qkd®)],

Point estimates of the coefficients q1...qk and consequently the
extrs risk function A(d) at any given dose axe calculated by using the
statistical method of maximum likelihood., Whemever gqi is mot equal to
0, at low doses the extra risk fusnction A(d) has approximately the form:

A(d) = qi x 4.

Consegnently, q1 x d represents a 95 percent upper confidence limit
on the excess risk, and R/ql represents a 95 percent lower confidence
limit om the dose producing an excess risk of R, Thus A(d) and B will
be a function of the maximum possible value of q1 which can be deter—
mined from the 95 percent upper confidemce limits om gq)}. This is accom—
plished by using the computer program GLOBAL 79 developed by Crump aad
Watson (1979). 1In this procedure ¢1%, the 95 percent upper confidence
limit, is calculated by increasing gl to a value which, when incorpora-
ted into the log-likelibood function, results in s maximum value
satisfying the equation:

2(Lo -~ L1) = 2.,70554,

where Lg is the mazximum wvalue of the log—likelihood function.

is



¥henever the multistage model does not fit the data sufficiently,
data at the highest dose are deleted and the model is refitted to the
data. To determine whether the fit is acceptable, the chi-square sta-
tistic is used:

b (X- NPy)?

X -,
i=1 N;P; x (1-Py)

where Ni is the number of animals in the ith dose group,

Xj is the number of animals in the ith dose group with a
tumor response, Pj is the probability of a response in

the ith dose group estimated by fitting the multistage
mode]l to the data, and h is the number of remaining groups.

The fit is determined to be unacceptable whenever chi~square
{X2) is larger than the cumulative 99 percent point of

the chi-square distribution with f degrees of freedom, where f
equals the number of dose groups minus the nember of

nonzero multistage coefficients.

4. HEALTH CRITERIA FOR NONCARCINOGENIC TOXIC SUBSTANCES

Water quality criteria that are based on noncarcinogenic human
health effects can be derived from several sources of data. In all
cases it is assumed that the magnitude of a toxic effect decresses as
the exposure level decreases until a threshold point is reached at, and
below which, the toxic effect will not occur regardless of the length of
the exposure period. Water quality criteria (C) establish the coancen
tration of a substance in ambient water which, when considered in rela-
tion to other sources of exposure [i.e., average daily consmmption of
nonaquatic organisms (DT) and daily inbalation (IN)], place the Accepta~—
ble Daily Intake (ADI) of the substance at a level below the toxicity
threshold, thereby preventing adverse heslth effects:

ADI - (DT +IN)
C =

[2L + (0.0065 kg x BCF)]

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

In terms of scientific validity, anm accurate estimate of the ADI is
the major factor in deriving a satisfactory water guality criteria.

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



4.1 NONCARCINOGENIC HEALTH CRITERIA BASED ON ANIMAL TOXICITY DATA (ORAL)

For criteria dexrivation, toxicity is defined as any adverse effects
which result in functional impairment and/or pathological lesions which
may affect the performance of the whole orgamism, or which reduce an
orgapism’s sbility to respond to an additionsl challenge (USEPA 1980).

A bioassay yielding information as to the highest chronic (90 days
or moxre) exposunre tolerated by the test animal without adverse effects
(No—Observed-Adverse—Effect—~Level or NOAEL) is equivalent to the toxi-
city threshold and czn be used directly for eriteria derivatiom. In
addition to the NOAEL, other data points which can be obtained from tox—
icity testing axe

(1) NOFi. = No—Observed-Effect—Level,

(2) LOR. lLowest—-Observed—Effect-Levsl,

(3) LOAEL = Lowest—Observed—Adverse-Effect-Level,
(4) FEL Frank-Ef fect—Level,

I
H

I

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

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

2. A single NOEL valus is also uunsunitable because there is no wsay
of determining how far below the threshold it occurs. If only
multiple NOELs are available, the highest valus should be

used.

3. 1If a LOEL value alone is available, a judgement must be made
as to whether the valme actwnally corresponds to a NOAEL or an
LOAEL.

4, Jf an LOAEL value is used for criteria derivation, it must be
adjusted by a factor of 1 to 10 to make it approximately
equivalent to the NOAEL and thus the toxiecity threshold.

§. If for reasomably closely spaced doses only a NOEL and a LOAEL
value of equal guality are available, the NOEL is used for
criteria derivation,

The most reliable estimate of the toxicity threshold would be one
obtained from = biocassay in which an NOEL, NOAEL, LOAEL, znd clearly
defined FEL were observed in relatively closely spaced doses.

Regardless of which of the above data points is used to estimate
the toxicity threshold, a judgement must be made as to whether the
ezperimental data are of satisfactory quality and quamtity to a2llow for
a valid extrapolation for human cxposure sitwations. Depending omn
whether the data are comsidered to be adeguate or imadequate, the
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toxicity threshold is adjusted by a "safety factor” or "uncertainty fac—
tor” (NAS 1977). The "uncertainty factor” may range from 10 to 1000
according to the following general guidelimes:

1. Uncertainty factor 10. Valid experimental results from stu—
dies on prolonged ingestion by man, with no indication of car-
cinogenicity.

2. Uncertainty factor 100, Data on chronic exposures in humans
not available. Valid results of long-term feeding studies on
experimental animals, or in the absence of human studies,
valid animal studies on one or more species. No indicatiom of
carcinogenicity. :

3. Uncertainty factor 1000. No long-term or acute exposure data
for humans. Scanty results on experimental animals with »no
indication of carcinogenicity.

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

The phrase "no indication of carcinogenicity’” means that carcino-
genicity data from animal experimental studies or human epidemiology are
not available. Data from short-term carcinogenicity screening tests may
be reported, but they are pot used in criteria derivation or for rul ing
out the uncertainty factor approach.

4.2 CRITERIA BASED ON INHALATION EXPOSURES

In the absence of oral toxicity data, water quality criteria for s
substance can be derived from threshold 1imit values (TLVs) established
by the American Conference of Governmental and Industrial Hygienists
(ACGIH), the Occupational Safety and Health Administration (OSHA), or
the Matiomal Institute for Occupational Safety and Health (NIOSH), or
from leaboratory studies evaluating the inhalation toxicity of the sub—
stance in experimental animals. TLVs represent 8-hr time-weighted
averages of concentrations in air designed to protect workers from
various asdverse health effects during a normal working career. To the
extent that TLVs are based on sound toxicological evalumations and have
been protective in the work situvation, they provide helpful information
for deriving water quality criteria, However, each TLV must be examined
to decide if the data it is based on can be used for calculating a water
guality criteria (using the uncertainty factor approach). Also the his-
tory of each TLV should be examined to assess the extent to which it has
resulted in worker safety. With each TLV, the types of effects against
which it is designed to protect are examined in terms of its relevance
to exposure from water. It must be shown that the chemical is not a
localized ixritant and there is no significant effect at the portal of
entry, regardless of the exposure route.
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The most importsat factor in using inhslation data is in deter—
mining equivalent dose/response relationships for oral exposures.
Estimates of egunivaleat doses can be based upon (1) available phar-
macokinetic data for orsl and inhalation routes, (2) measurcments of
absorption efficiency from ingested or imhaled chemicals, or (3) com—
parative excretion data when associated wmetabolic pathways are
equivalent to those following oral imgestion or inhalation, The unse of
rharmacokinetic models is the preferred method for converting from
inhalation to eguivalent oral doses,

In the absence of pharmacokinetic data, TLVs and absorption effi-
ciency messurements can be used to calculate an ADI value by means of
the Stokinger and Woodward (1958) model:

ADI = TLV x BR x DE x d x ApA/(AQ x 8F),
where,
BR = daily a2ir intake (asswme 10 m3),
DE = duration of exposure in hours per day,
d =5 days/7 days,
AA = efficiency of absorption from air,
ADp = efficiency of absorption from oral exposure, and
SF = safety factor.

For deriving an ADI from animal inhalation toxicity dats, the equation i

ADI = CA x DE x d x AA x BR x 70 kg/{(BWA x A0 x SF),

where,

CA = concentration in air (mg/m3),

Dg = duration of exposure (hr/day),

d = number of days exposed/number of days observed,

Ap = efficiency of absorption from air,

BR = volume of air breathed (m3/day),

70 kg = standard human body weight,

B¥A = body weight of experimental animals (kg),

Ag = e¢fficiency of absorption from oral exposure, and

SF = safety factor.

The safety factors used in the above egunations are intended to
acconnt for species variability. Consequently, the mg/surface area/day
conversion factor is mnot used in this methodology.

5. ORGANOLEPTIC CRITERIA

Organoleptic criteria define concentrations of substances which
impart undesirable taste and/or odor to water. Organoleptic criterisa
are based on aesthetic qualities alomne and not om toxicological data,
and therefore have no direct relatiomship to potential adverse human
health effects. However, sufficiently intense organoleptic sffects may,
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under some circumstances, result in depressed fluid intake which, in
turn, might aggravate a varjety of functional diseases (i.e., kidney and
circulatory diseases).

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

the organoleptic criteria have no demonstrated relationship to potential
adverse human health effects.
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