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EXECUTIVE SUMMARY

Nitroglycerin is a pitrate ester used primarily in explosives and
in medical applications as a vasodilator. It is not very soluble in
water but is completely miscitle in most orgamic solvents. Physical
decomposition occurs from exposure to increasing temperatures, aud
explosion may occur from continuous exposure to high temperatures.
Under acidic and alkaline conditions, nitroglycerin goes through
stepwise denitration to yield glycerol, but under alkaline conditions
the glycerol is further hydrolyzed. Nitroglycerin is produoced by either
8 batch or continuous process by adding glycerol to a cooled mixture of
nitric and snifuric acids. The most popular methods of quantitatively
analyzing nitroglycerinr are those using gas chromatography.

Release of wastewaters from the production and/or use of nitrogly-
cerin can alter habitat by degrading the quality of tie receiving
waters. Once in the environment, degradation of nitroglycerin is slow
and occurs primarily through biodegradation and photolysis.

Nitroglycerin is quite toxic to aquatic organisms. Limited data
indicate that some erlgae may be more sensitive than fish or invertebra-
tes to acute exposures of nitroglycerin. Ninety-six hour LC50 valunes
for fish range from 1.67 to 3.2 mg/L, and 48-hr ECs5¢ values for inver—
tebrates, based on immobilization, range from 20 to 55 mg/L. The lowest
reported concentrations causing significant adverse effects in fish and
invertebrates from chronic exposures are 0.22 and 3.1 mg/L, respec—
tively. Seven— to 30-day-old fry appear to be the most sensitive stage
of fish. Based on an 8-day bioaccumulation study with fish, bioconcen—
tration factors of 8X to 15X have been calculated; however, because of
the short length of this study, these values may not be an :ccurate
indicaticn of this chemical’s potential for viocomcentratiom.

A direct relationship between nitroglycerin and adverse effects to
aquatic organisms has not beenm skown by field studies but wastewaters
generated during the production or use of nitroglycerin may severely
impact aquatic ecosystems.

Nitroglycerin is rapidly and_widely distributed .and rapidly absor—
bed, metabolized, and eliminated in both laboratory animals and humans.
Metabolism occurs in both hepatic and extrahepatic tissues via stepwise
denitrification; eliminatiom is primarily in the urine and expired air.

Tle acute toxicity of nitroglycerin to mammals is moderate; it is
most toxic when given intravenonsly and least toxic when gxiven orally.
There appear to be minor or no sex and species differences in the acute
toxicity. Acute exposure of humans to sublethal concentrations of
nitroglycerin causes headache, increased heart rate, and decreased blood
pressure.

Subchronic exposure to lrigh concentratioms of nitroglycerin causes
adverse hematological changes in animals. Chronic exposure of labora-
tory animals to higlr concentrations of nitroglycerin also causes




significant adverse hematological changes, as well as adverse changes in
the liver and reduction in weight gain. Long~term employvment of humans
in industries producing aitrogivcerin or usiag mitroglyceria in the pro-
duction of explosives has frurnently been associated with kheadaches,
fatigue, and nausea. There is 2vidence that long—term .xposuxe toO
nitroglycerin and/or rnitroglycol in the explosives industry may be the
cause of some isolated cases of sudden death.

In vivo and in vitro studies have not shown nitroglycerin to be
ge— - toxic. Studies with laboratory animals on developmental toxicity
ar . reproductive effects have failed to demonstrate that nitroglycerin
is a teratogen but have shown that exposures to high concentrations
cause male infertility and delayed development in offspring, as judged
by incomplete ossification of the hyoid bone.

A high incidence of hepatocellular carcinomas, c¢x neoplastic nodu-
les, and interstitial cell tumors of the testes have bzen observed in
rats after two years of exposure to hign concentrations of nitrogly—
cerin. Also, an increased incidence in pituitary tumors has been obser-
ved in mice exposed for one year to moderate amcuats of nitroglycerin.
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The final aguatic criterion comsists of two concemtrations: a Cri-

terion Maximum Concentration and a Criterionm Continuous Concentratiom.

A Criterion Maximum Concentration of 0.86 mg/L may be calculated from
available data; however, this value is considered tentative becatse
acute toxicity data did not meet all requirements of the USEPA Guidel-
ines. The minimum data base required by thé USEPA in calculating a Cri-
terion Continunous Concentrationm was not available. Calculation of human
health criteria for nitroglycerin was based on the finding of its carci-
nogenicity in rats. Therefore, the recommended criteria which may
result in an incremental increase of lifetime cancer risk at levels of
10=5, 1076, and 10~7 are 14.0, 1.40, and 0.140 ug/L, respectively. If
the above estimates are made for consumption of aquatic organisms only,
excluding consumption cf water, the levels are 231, 23.1, and 2.31 ug/L,

respectively.
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1. INTRODUCTION

Nitroglycerin is a nitrate ester that is usad as an explosive and,
pore frequently, with other mztzrials (e.g., . .troglycol) to arke explo-
sives such as dycamite, smokeless ganpowders, and blasting gels (ACGIH
1980; Hawley 1981; Stokinger 1982). Nitroglycerin is also used in
rocket propellarts (ACGIB 1980), as a vasodilator for temporary relaza-
tion of the gastrointestinal and urinary tracts (Internatiomal Labour
Office 1983), and in the treatment of angina pectoris (Ellis et al.
1984). The objectives of this report are to review the available data
on the aguatic and human health effects of nitroglycerin and, using the
latest USEPA guidelines, to generate water quality criteria values.
Appendixz A is a summary of the USEPA Guidelines for gemerating water
quality criteria for the protection of aquatic life and its uses
(Stephan et al. 19835). Appendix B is a summary of the USEPA Guidelines
for generating water gquality criteria for the protection of human health

(USEPA 19807 .
1.1 PHYSICAL AND CHEMICAL PRCPERTIES

A summary of some of the phi’sical and chemical properties of nitro-
glycerin is presented in Table 1, and a list of synonyms is presented in
Table 2. Nitrogiycerin has a molecular weight of 227.08 and its struc-—
taral formula is CH2NO3CHNO3CEZNO3. (ACGIN 13580). In its pure form
nitroglyceria is 2 colorless, transparent, oily liquid, and in its com~
mercial ferm it is yellowish or pale brown (Urbanski 1983). The ccm—
pound exists in two isomeric forms which differ in freezing point snd
crystalline structurc (Urbaasski 1982). The labile form has a lower
freezing point, between 1.9 to 2.8°C (Kact 1506; Hackel 1933, both as
reported in Urbanski 1983; Windholz 1983). Estimates of the freezing
point for che stable form range from 12.4 to 13.5°C (Nauckhoff 1905, as
reportad in Urbazski 1983; DiCarlo 19785).

Nitroglycerin is not very soiuble in water: at 20°C, estimates
range from 1.73 to 2.0 g/L of water (Table 1) (Mark 1965; Lindner 1920).
Bovever, nitroglycerin is completely miscible with mcst orgamic solvents
at room temperature (Table 1) (Urbanski 1983). The solubility of nitro-
glycerin in ethyl alcohol depends to a large extent on the temperature
and the water content of the alcohol. For example, at 20°C aboumt 43,
31.6, and 0.7 g of nitroglycerin will dissolve in 100 cm3 of 100, 96,
and 25 percent ethanol, respectively. At about 50°C nitroglyc~rin mixes
with absolute or 96 percemt ethacol in all proportions (Urbanski 1983).
The solubility of nitroglycerin in other monohydroxy alcohols such as
propyl, isopropyl, and amyl is similar to that of ethanol whils being
even less soluble in polyhydroxy alcohols (Urbanski 1983). Nitrogly-'
cerin is readily soltble in 65 percent acetic acid and concentrated sul-
furic acid, bat is only slightly solanble in carboa disulfide and in
aliphatic hvdrocarbons (Urbanski 1983). )

At temperatures of 5GC°C, citrcglycerin begins to decompose (DiCarlo
1975). VWhen heated to 75°C, the compound apparently decomposes within
three to four days and is characterized by the generation of acid




TABLE 1.

PUYSICAL AND CHEMICAL PROPERTIES OF NITROGLYCERIN

Property

Valne Source
Donsity (g/cm3 at 20°C) 1.5931 ACGIN 1950
Specifi. gravity 413 1.599 Yindholz 1983
d: 1.6144 Yindholz 1983
4:5 1.6069 Yindholz 1983 .
¢2% 1.5918 vi
p . indholz 1983
13.2¢ Lindoer 1980

Melting point (°C)

Viscosity (cI')

Oils/wator partition
Coofficient (log P)

N, ;soscopicity (20°C)
Sofubility In sster {g/L)

Solubility in organic
solvents

13 (Stable)

13.5 (Stable)
13.1e

2.8 (Labile)

1.9 (Labile)
2.1-2.2 (Labile)

35.5 at 20°C
21.0 at 30°C
9.4 at 50°C
6.8 ut 60°C

2.35

0.06% at 90% rh

1.6 at 15°C
1.73 at 20°C
1.8 at 20°C
2.0 ot 20°C
2.46 »t 60°C
2.5 at 50°C

At room tomperature, complet.ly
misclble in most organic solvents
including: methyl slcohol, ethyl
soolate, anhydsous scoetic acid,
bonzene, toluone, xylenes, phonol,
nitcobenzens, nitrotoluenes,
chlocoform, ¢ichloroethane,
dickloroothylono; ether, stkylene

chloride, nitric osters, ethylone
bromide, pyridine, scetone

Board 4ad Noo 1981
¥indholz 1983
ACGLE 1980
Yindholz 1983
Itibbezt 1911b
Kast 1906b

Murk 1965
Hark 1965
Hark 1963
Hark 1965

Loo ot al. 1971

Lindner 1980

Urbenski 1983
Mark 1965
Ucbansyi 983
Lindner 1980
Mark 1965
Ucbanski 1983 -

Urbanski 1983;
McNiff ot al. 1980




TABIE 1., /Continued)

Preperty

Value

Source

Boiling point (°C)

Vapor pressure (mm Hg)

Vapor density
Autoignition point

Neat of evaporation
(kenl/n0le)

Rato of nvnporn(lond

Heat of formation (kJ/ge)
lloat coabustion (kJ/ge)
Hoat of detonatlon (8J/ge)
Activation enorgy (2J/mol®)
Rofractive indox (n:o)

Dipole moment

2180

0.00026 at 20°C
0.0024 at 4u°C
0.0188 at 60°C

0.098 ot 80°C
0.31 at 93°C

7.8
518°F (270°C)

20.64 at 100 K
20.11 at 180 K

0.2% at 50°C
1.6% at 75°C
10% at 100°C

1.63
6.80
6.29
169
1.4732

3.82 D (pure, liquid)
2.56 D (in hesxane)

2.88 D (in oarbon tetrachloride)

3.16 D (in benzeno)

Urbanski 1983

¥indholz 1983
Harshall and Posco 1916b
Marshall snd Posco 1916D
Marshall and Poaco 19160
¥iodholz 1983

Verschuoren 1943
Stekinger 1982

Roginskii and Sapozhnikov
1931b.¢c

Neoum 1924b
Naoum 1924b
Naoum 1924

Lindoer 1980
Lindner 1980
Lindncs 1980
Lindner 1980
Urbanski 1983

doKreuk 19420
doKreuk 1942b
doKreuk 1942b
doKrénk 19420

a. Isomerlc form not glven.

b. As roported in Urbansk, 1983.

c¢. Authors calculated the valuo with tho vapor pressare dats of Masshall and Posce 1916,

d. Based on weight loss of 20-g ssmple on & 70-mm-diameter watch glass over 24 hr.

o. To cravert joules to oslories, divide by 4.184,

1
1
!



TABLE 2. SYNONYMS FCR NITROGLYCERIN2

Synonym

Angibid; Anginine; Apgiolingual; Angorin; Blasting Gelatin (DOT); Blas-
ting 0il; Cardamist:; Gilucor nitro; Glonoin; Glycerin trinitrate; Gly-
cerintyrinitrate; Glycerol, nitric acid triester: Glycerol trinitrate:;
Glycerci (trinitrate de); Glyceroltrintraat: Glyceryl nitrate; Glyceryl
trinitrate:; GIN:; Klavikordal; Lenitral; Myoglycerin; NG; NK 843; NIG;
Niglin:; Niglycon:; Nitora; Nitric Acid; Nitrin; Nitrine; Nitrine-TDC;
Nitro-Jur; Nitroglicerina; Nitrogliceryna; Nitroglycerine; Nitrogly-
cerxci; Nitroglym: Nitrol:; Nitrol (phermaceutical); Nitrolan; Nitro-leat:
Nitroletten; Nitrolinhual; Nitrolowe; Nitromel; Nitropg; Nitrorectal:
Nitroretard; Nitro-Span; Nitrostabilin; Nitrostat; Nitrozell retazd:
Nysconitrize; Perglottal; Propanetriol trimitrate: 1,2,3-Propanetriol,
trinitrate; 1,2,3,-Propanetriyl nitra%te; S.N.G.; Soup: Temponitrin;
Triester of glycerol; Trinalgon; Trimitrin; Trinitroglycerin; Trinitro-

glycerol; Trinmitrol; Vasoglyn

a. MEDLARS (CHEMLINE) 1984; MEDLARS (RTECS) 1984; and MEDLARS (TDB)
1984.

~10~-




products (Urbanski 19283). When heated to 100°C, measurable volatiliza-
tion occurs; at temperatures of 135 to 145°C, the compound becomes a
reddish color and gives off yellow vapors: at 165°C, considerable deni-
tration occcurs and nitric acid and glycerol nitrates are given off; near
1859C, it becomes highly viscous; and near 218°C, detonation occurs
(DiCazio 1875; Snelling and Storm 1913, as reported in Urbanski 1983).

Andreev and Bespalov (1563) studied the effects of varied concen-—
trations of water on the therral decomposition of nitroglycerin. At
temperatures ranzing from 100 to 120°C, the rate of decomposition of
unitruglycerin decreased as the concentration of water incressed. The
authors concluded that decomposition of nitroglycerin at elevated tem
peratures and in the presence of water is iunitially by hydrolysis, which
proceeds slowly in neutral solctioms, bit is accelerated by acidic
decompositicn rroducts and their subseyaent hydrolysis.

In the presence of neutral solutions, nitroglycerim is relatively
stable (DiCarlo 1975; McNiff et al. 1980). Nitroglycerin will degrade
under both acidic and alkaline conditions<. but the rate of degradation
is muoch more rapid under the latter (Crew and DiCarlo 1968; Fraser 1968:
McNiff et al. 1980). Under acidic conditions, mnitroglycerin goes
through stepwise denitration to yield glycerol (Farmer 1920; Crew and
DiCarlo 1968; DiCarlo 1975). Under alkaline conditions, glycerol is not
an end product but is further hydrolyzed to mesoxalic acid, oxzalic acid,
carbon dioxide, and aldehyde resins, and the nitrate is reduced to
ammonia (Berl and Delpy 1910; Silberrad and Farmer 1906; Vignon 1903,
all as reported in DiCarlo 1975). In the presence of a readily oxidiza-
ble compound such as phenylmercaptan, glycerol has been found to be =
hydrolysis product of nitroglycerin (Elason and Carlson 1906, as repor-
ted in DiCarlo 1975).

1.2 MANUFACTURING AND ANALYTICAL TECHNIQUES

The traditional meazs of producing nitroglycerin has been by the
batch process, but becanses of the hazards involved in handling large
quantities, continvous processes are now more widely used (Lirdner 1980;
Urbanski 1983). In both processes, very pure glycerol (qv) and mixed
acid (90% nitric zcid and 25 to 30% oleum) are used. Theoretically, the
yield of nitroglycerin from glycerol is 2.467:1, while the actunal yield
using concentrated acid is about 2.36:1; the yield is slightly higher in
the continuous processes than in the batch process. The final purity of
nitroglycerin depends on its final use; smokeless powders and high
explosives require a compound of higher purity than do mining explosives
(Urbanski 1983). Impurities in nitroglycerin include the spent acids
and wash fluids (e.g., sodium carbonate) (Urbanski 1983).

S¢veral methods have been developed and utilized to gquantitatively
measure the concentration of nitroglycerin and its degradation products
in biological media and the environment. The most popular method for
measuring nitroglycerin hias been gas chromatography (Wao et al. 1982),
and, according McNiff et al. (1980), this method is particularly suita-
ble for determination of the compound in biolcgical fluids. A number of
yariations exist in this assay which differ primarily in the type of

-11~




detector used (e.g., DiCarlo 1973). Use of am electrom capture detector
is reportedly 1C00 times more seasitive thas a flame ionization detector
(Camera cnd Pravisani 1964, as rsported in DiCarlo 1975;; their sensi-
tivities have teen reported to be ir the nanogram and microgram range,
resrectively (Rosseel and Bogaert 1972).

A number of spectrophotometric methods Lave been developed for
analysis of single dosage units (McNiff et al. 1980; Yacobi et al.
1983). Two commonly used spectrophotcmetric methods are the Bell (Bell
1964, as reported in Yacobi et al. 1983) and kinetic methods (Fung et
al. 1973; Yap et al. 1975, both as reported in Yacobi et al. 1983); both
methods are based on alkaline hydrolysis of the nitroglycerin (Yacobi et
al. 1983). A spectrophotometric method adapted by the United States
Pharmacopeia (1980) involves the separation of nitroglycerin from its
degradation products follcwed by acid hydrolysis to nitrate iom.

Quantitation of nitroglycerin and its degradation products is pos-
sible with thir-layer chromatography (DiCarlo 1975; Wa et al. 1982).
This method involves the use of 14C-nitroglycerin.

Several high-performance liquid chromatographic (HPLC) procedures
have been described (DiCarlo 1975; McNiff et al. 1980). The HPLC method
along with ultraviolet detection of the nitrate ester groups has been
used for analysis of wastewaters from ammunition plants (Walsh 1976, as
reported in Sullivan et al. 1979; Weitzei et al. 1976).

Polarographic methods have been used by Flann (1569, as reported in
McNiff et al. 1980) and Woodson and Alber (1969, as reported in McNiff
et al. 1980) for analyzing nitroglycerin. This method is based on the
reduction of nitrate at the dropping mercury electrode.

In their review of nitroglycerin, Sullivan et al. (1979) listed six
methods that they considered not suitable for use in measuring the con-
centration of this chemical in:the environment due to their lack of ser—
sitivity: "(1) the Du Pont nitrometer method which measures nitric oxide
gas liberated from the ester by mercury; (2) hydrolysis of -the ester
followed by reductibn of NO3~™ and analysis of NO2™; (3) reduction by
titanons chloride and back titration of the excess reageant with ferric
alum; (4) reduction with ferrous chloride and titration of the ferric
iron with titanous chloride; (5) infrared detection of nitrate groups;
and (6) the ferrous sulfate-sulfuric acid colorimetric method.”

2. [ENVIRONMENTAL EFFECTS AND EATE

2.1 AGIOTIC ENVIRONMENTAL EFFECTS

Studies concerning the direct abiotic effects of nitroglycerin were
not found; however, studies were available concernizg the effects of
wastewaters generatsd from nitroglycerin production and use on the
receiving bodies of water. These studies showed that habitat alteration
nay occur through degradation of water gquality. Weitzel et al. (1576)
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observed high comcerntrations of total organic carbon, nitrogen, and
chromium in the river receiving wastewater froem Radford Army Ammuniticn
Plant (Radford AAP). BHowever, the authors felt that only the elevated
levels of nitrogen could be attributed to the waste discharge from
nitroglycerin production. In a pond receiving wast:s from nitroglycerin
production at Badger AAP, Stilwell et al. (1976) observed a high comcen-
tration of dissolved solids and low pH values, and, in a pond receiving
wastes from the manufacture of rocket paste, they found low oxygen con-—
centrations and apaerobic sediments that had a high chemical oxygen
demand snd a high Kjeldanl nitrogen concemtration.

2.2 ENVIRONMENTAL FATE

Environmental exposure to nitroglycerin occurs following the loss
of the chemical into the wastewaters during its production or use. In a
U.S. Army Environmental Hygiene Report (1571, as reported in Carnahan
and Smith 1977), it was estimated that 21.3 kg/day of nitroglycerin were
released into the wastewaters of Radford AAP when the daily production
rate of nitroglycerin was 7711.1 kg and the volume of wastewater was
136.3 kL/day. During their 1975 water quality survey of the New River,

.receiving wastes from Radford AAP nitroglycerin production facility,

Weitzel et al. (1976) estimated that a total of about 29.3 g/min of
pitroglycerin was discharged in the wastewaters from four discharge
sites. They found that the concentration of nitroglycerin in the water
generally ranged from 0.01 to 0.02 mg/L. Nitroglycerin was found in
only three of 32 sediment cores; the average copsentration was slightly
greater thanm 1 mg/kg dry wt.

In a pond receiving nitroglycerin production wastes at Badger AAP,
Stilwell et al. (1976) found nitroglycerin in concentrations ranging
from <0.6 to 3.4 mg/L in the water, and in the sediment they found the
concentration to be 37.5 mg/kg dry wt. In a pond receiving rocket paste
wastes at this same plant, Stilwell et al. found nitroglycerin in con-
centrations ranging from <0.6 to 3.9 mg/L in the water, and in the sedi-
meut they found the concemtration to be <1.73 mg/kg dry wt.

Cnce nitroglycexin'is in the environment, both abiotic and biotic
factors influence its final fate. Physical and chemical degradation of
nitroglycerin appears to be slow. The photolytic half-life of pitrogly-
serir a3 been estimated to be five days in pure water, thus indicating
relatively slow photodegradation (Spanggord et al. 1980a). Spanggord et
al. (1980b) estimated that the volatilization half-life of nitroglycerin
from water would be about 3000 days. Spanggord et al. (1980b) estimated
a sorption coefficient of between 20 and 22 (the lower value was repor—
ted in their text and the higher value in a table) and indicated that
adsorption of nitroglycerin on sediments may not be a significant
environmental fate. The hydrolysis half-life of nitroglycerim at 8o0°C
bas been estimated to t. 134 days (Svetlov et al. 1976, as reported in
Spanggord et al. 1980b): based on this estimate, Spanggord et al.

(1980b) concluded that the hydrolysis half-life of nitroglycerin, at
temperatures normally observed in the environment, wodld be in the oxder
of years. This was substantiated by Spapggord et al. (1980t) after they
used some alkaline hydrolysis data from Capellos et al. (1978) and
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estimated that at 25°C the hydrolysis half-life would be greater than
one year at a pB of 3 to 8, less than one year at a pH above 8, and 37

days at s pH of 9.

Nitroglycerin has been reported to be resistant to biodegradation
(American Defense Preparedness Association 1975; Smith and Dickinson
1972, both as reported in Wendt et al. 1978). At concemtrations of 600
to 900 mg/L the ccmpound has been found to exert toxic effects on mixed
microbial populations (American Defense F "paredness Assuciation 19735;
U.S. Army Natick Research and Development Command 1573; U.S. Army Natick
Research and Development Cowmand 1574, all as reported in Wendt et al.
1978) . In contrast, Wendt et sl. (1978) observed a 53.6 percent
decrease in nitroglycerin after five days in batch shake-ilasks con-
taining 67 to 68 mg/L of nitroglycerin plus glucose, mineral salts, and
activated sludge. In the absence of glucose, the authors observed only
a2 3.1 percent decrease in nitroglycerin over the same time period. From
this and some unreported data, they concluded that nitroglycerin does
not serve as a suitable sole source of carbon or nitrogen for micrcbial
populations. Using a continumous-culture apparatus inoculated with
activated sludge, Wendt et al. (1978) detected no nitroglycerin (imitial
concentration of 30 mg/L) after a residence time of 8 to 15 hr. Exam-
ination of the growth media nsed in their experiments revealed the
presence of 1,3- and 1,2-dinitroglycerins and moncnitroglycerins. Based
on their results, they concluded that under suitable conditions, mitro-
glycerin may be veadily biodegradable and that the pathways of microbial
degradation are similar to those observed in mammalian systems (see
Figure 1 in Section 4.1).

Spanggord et al. (1980a) studied the biotransformation of nitrogly-—
cerin in water and sediment obtained from the New River. They fonnd
that 10 ppm of nitroglycerin was biotransformed within 13 days in either
the water alone, with sediment added, or with 50 ppm yeast extract,
under both aerobic snd microserophilic conditions. Nitroglycerin (10
ppm) was also biotransformed by nitroglycerin-acclimated aicroogranisms
that had been obtained from the aerobi- bottle and placed in shaker
flasks containing a basal-salts medium. In contrast to Wendt et al.
(1978), the authors concluded that nitroglycerin could be used by these
organisms as the sole source of carbon. When the concentr: tion of
pitroglycerin in the basal-salts medium was increased to 120 ppm, the
authors found that the culture could grow. Spanggord et al. (1980a)
analyzed the broth from the biotransformation experiments and found
nitrite to be the major product; they wera unable to detect any dinitro-
or momonitroglycols.

2.3 SUMMARY

Nitroglycerin is released into the enviromnment from wastewaters
generated during its production and use. Habitat alteratiom in aquatic
systems by aitroglycerin may occur through degradation of water quality.
Laboratory data indicate that degradation of nitroglycerim in the
environment may be slow, but, under favorable treatment conditionms,
degradation may be rapid. Environmental degradation of nitroglycerin
occurs primarily ty biodegiadation and photolysis.




2, AQUATIC TOXICOLOGY

-3.1 ACUTE TOXICITY TO ANIXALS

Bentley et al. (1978) conducted a series of acute toxicity studies
«f nitroglycerin with freshwater fish and invertebrates. The acute tox-
icity was determined under static bioassay conditions with four species
of fish (Lepomis macrochirus, Salmo gairdperi, Ictaluzus punctatus, and
Pimephales promelas) and four species of invertebrates (Daphnia magna,
Gammarus fasciatus, Asellus militaris, and Chiropomus tentans); the
acute toxicity was also determined under flow—through assay conditions
with three species of fish (L. mecxochirns, I. pupctatus, and P.
orxomelas) and two species of invertebrates (D. magna and C. tentans).
The authors followed the procedures of USEPA (1975, as reported in
Bentley et al. 1978). Groups of 30 fish were exposed to each tested
concentration (mominal) in both static aad flow-through tests, and
groups of 15 and 20 invertebrates were used in the static and flow-
through tests, respectively. With the exception of P. promelas, all
organisms were somewhat more senmsitive to the compound under flow-
through conditions than under static conditions (Table 3). In the sta—
tic assays, the 96-hr LC50 velues for fish ranged from 2.5 to 3.2 mg/L,
and the 48-hr EC50 values (based on immobilization) for invertebrates
ranged from 46 to 55 mg/L. In the fiow-through assays, the 96-hr LCs0
velues for fish ranged frem 1.67 to 3.0 mg/L, and the 48-hr EC50 valunes
for invertebrates ranged f-om 20 to 32 mg/L. The most sensitive fish
and invertebrate in the static assays were P. promelas (96-kr LC50 of
2.5 mg/L) and D. magna (48-hr EC50 of 46 mg/L), respectively; in the
flow—through assays, the most sensitive fish was L. macrochirus (96-hr
LC50 of 1.67 mg/L) and the most sensitive invertebrate was C. tentans
(48-hr EC50 of 20 mg/L).

To determine the effects of water quality on the acute tozicity of
nitroglycerin to fish, Bentley et al. (1978) exposed groups of 30 L.
macrochirns to the compound under various conditions of temperature,
hardness, and pE. Using a static assay, fish were exposed to nitrogly-
cerin under the following conditioms: (1) temperatures of 15, 20, or
25°C at a pB of 7.1 and hardness of 35 mg/L as CaCO03;, (2) hardmess
values of 35, 100, or 250 mg/L as CaCO3 at a temperature of 20°C and pH
of 7.1; (3) pB values of 6.0, 7.0, or 8.0 at a temperature of 20°C and
hardness of 35 mg/L as CaCO3, Variations in hardness and pH had no
influence on the toxicity, and temperature had only a slight influence,
with the compound being less toxic at the lowest temperature [(96—-hr
LC50 values of 3.55, 1.92, and 1.99 mg/L at 15, 20, and 25°C, respec-
tively (Table 4)). Under all conditioms, the 96-hr LC50 values ranged
from 1.38 to 3.55 mg/L.

To further characterize the toxicity of nitroglycerin to fish,
Pentley ot al. (1978) conducted an acute toxicity study with P. promelas
onder static bicassay conditions during various stages of development,
including eggs, 1-hr-old newly hatched fry, 7-day-old fry, 30-day-old
fry. and 60-day-old fry. LC50 values were determined for each stage at
24, 48, and 96 hr; a 144~hr LC50 was also determined for eggs.
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TABLE 3. ACUTE TESTS FOR MORTAL ITYa OR IMMOBIL IZATIONbD OF
AQUATIC SPECIES FOLLOWING EXPOSURE TO NITROGLYCERINc
Test Test Test o LCso FCs0 Hean Acute Genus )
Species Met-o0odd Durstion (mg/L)¢ (p../L)¢ Value (og/L)
Arthropoda .
Crustsces
Daphnidae
Dapbpis magna S 24 hr NAg 51 38.36664
(35-72)i
S 48 br NA 46
(38-55)
F 24 hr NA 72
(15-350)
F 48 br NA 32
(21-50)
Gammaridae
Gapmarus fascistas S 24 br NA 74 i
(55-99)
S 48 hr NA 50
(41-60)
Asellidse
Asellus militaris S 24 hr NA 57 i
(46-72)
S 48 br NA 50
: (38-66)
Insects .
Chironomidae
Chironomus tentans S 24 bhr NA 76 33.1662
(57-102)
S 48 br NA 55
(47-64)
F 24 hbr NA 57
(18-182)
F 48 hr NA 20
(11-37)
Osteichthyes)
Centrarchidse
Lepomis macrochirus S 24 br 6.4 NA 1.9423kF
(4.7-8.8)
S 48 br 4.3 NA
(2.7-6.8)
S 96 hr 2.7 NA )
(2.0-3.7)
F 24 br >1.87 NA -
96 hr 1.67 NA

(0.87-3.25)
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TABLE 3. ACUTE TESTS FOR MORTALITY® OR IMMOBILIZATIOND OF
AQUATIC SPECIES FOLLOWING EXPOSURE TO NITROGLYCERINC

Test Test Test LCso EC50 Mean Acute Genus
Species Me thodd Duration (mg/L)e (mg/L)e Value (mg/L)
’ Salnonidac )
Salae gajrdaesi S 24 hr 4.8 NA 2.80353
(3.6-6.6)
S 48 hr 2.9 NA
(2.1-3.9)
S 96 hr 2.8 NA
(2.0-3.8)
Jotaluzidae
Iztalcrns punctatns S 24 hr 6.5 NA 2.4462
(4.8~8.8)
S 48 hr 4.7 NA
(3.5-6.4)
S 96 hr 3.2 NA
(2.6-3.8)
24 br >1.87 NA
96 hr 21.87 NA
Cyprinidae 1
Pimephales premelas S 24 hr 6.3 NA 2.9189
(4.6-8.6) _
* . S 48 hr 4.1 NA
) (3.4~5.0)
. S 96 hr 2.5 NA
(2.0-3.0)
24 hr >6.0<8.0 NA
9 hr 3.0 NA
(2.2-3.7)

2. Mortality tests vere designed to give LC50 values.

b. Immobilization tests were designed to give ECSQ values.

c. Adapted from Bentley et al. 1978.

d. S = Static; F = Flow-through.

e. Nominal concentrations.

f. Toest Animals were 0-24 hr old at start of test.

g NA = Not applicable.

h. Based on 48-hr values for Arthropods and 96—hr values for Osteichthyes.
i. 95% confidence interval.

j. 48-hr velumes not accaeptable per guidalines (Stephan et al. 1983).
k. Tost animals were in their second or third instar at start of test.

1. Mean Acute Genuns Valne based on 96—hr values.

m. Valuoe includes 96-hr LCSQ values in this table and those in Table 4.

a. Value incltdes all 96-hr LC50 values in this table and all of those in
Table 5 except the value for eggs.




TABLE 4. ACUTE TOXICITY OF NITROGLYCERIN TO nggmijbzggxgghixli UNDER
VARYING CONDITIONS CF WATER QUALITY?’
Water Quality LCs50 (mg/L)
Variable 96-kr
15°C ’ 3.55
(1.92-6.59°
200C ' 1.92
(0.88-4.16)
25°C 1.99
(1.28-3.09
Hardness, 35 mg/L as CaCO3 1.7%
(1.12-2.74)
Bardness, 100 mg/L as CaCOs3 1.51
(0.99-2.32)
Bardness, 250 mg/L as CaCO3 1.65

(1.07-2.59%)

pB 6.0 1.38
(0.87-2.21)

pd 7.0 1.91
(0.88-4.14)

pB 8.0 2.10
~ (0.97-4.54)

a. Adapted from Bentley et al. 1978.

b. Under varied conditions of temperature (15, 20, or 25°C) the pH was

maintained at 7.1, and the hardness was 35 mg/L as CaCO3, Under varied
conditions of hardness (35, 100, or 250 mg/L as CaC03) the pH was main-
tained at 7.1, and the temperature was 20°C. Under varied conditioms of
pH (6.0, 7.0, or 8.0), hardness was maintained at 35 mg/L as CaC03, and
and the temperature was 20°C,

c. 95% confidence interval.
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Based on the 96—hkr assay, the egg was the least sensitive stage (LCs50 of
>18.0 mg/L), and the 7- and 30-day-old fry the most sensitive stages
(LC50 of 2.1 mg/L for each) (Table S5). Bowever, the 144-hr LC50 (1.2
mg/L) for eggs indicates that this stage may be as sensitive as or more
sensitive than the other stages.

Hemphill (1975, as reported in Swllivan et al. 1979) reported 96-Lr
LC50 values of 4.2 + 0.08 and 23 + 4.6 mg/L at 20 and 10°C, respec—

tively, for what appears to be E. promelas:; however, it was not clear
frum the presentation of the data if this was the species used.

3.2 CHRONIC TOXICITY TO ANIMALS

Bentley et al. (1978) stuodied the effects of nitroglycerin on the
eggs and fry of Y. punctatus and P. promelas. Groups of 50 and 35 eggs
of 1. punctatus and P. promelas, respectively, were exposed to nitrogly-
cerin in egg cups beginning 48 and 24 hr, respectively, after fertiliza-
tion and continued through hatching. After hatchiang, groups of 25 fry
were transferred to a growth chamber of a flow-through exposure system
and exposed for 30 days. Two control groups of 2ggs and fry of both
species were nsed, including solvent (acetone) and water controls. The
eggs and fry of L. punctatus were exposed to nitroglycerin at concentra—
tions (nominal) of 0.08, 0.15, 0.31, 0.62, and 1.25 mg/L. The eggs and
fry of P. promelas were exposed to nitroglycerin at concentrations
(measured) of 0.03, 0.06, 0.13, 0.25, and 0.48 mg/L. The authors stated
that they had problems with nitroglycerin coming out of solttion and
forming globules. Although the concentration of the solvent (acetone)
was increased, the problem persisted. For 1. punctatus, the concentra-—
tiom of acetone was maintained at 125 mg/L from day 1 through 13, and
155 mg/L from day 13 through 30 post-hatch. For P. promelas, the
authors changed the stock delivery device, and the concentration of
acetone was maintained at 9 pg/L.

<

Bentley et al. (1978) found that exposure of 1. punctatus eggs at a
concentration of up to 1.25 mg/L had no significant effect on hatchabil-
ity (Table 6). Percentage survival of [. punctatus fry was signifi-
cantly (P = 0.05) redncad after 30 days of exposure to nitroglycerin at
concertrations of 0.31, 0.62, and 1.25 mg/L. The total length of I.
punctatus fry was significarctly reduced after 30 days of exposure to
0.62 and 1.25 mg/L. No significant effects were observed in I. puncta-
tus fry exposed to nitroglycerin at concentratioms of 0,15 mg/L or less.

Ratchability of P. promelas eggs was not significantly affected by
nitroglycerin at concemtrations of np to 0.48 mg/L (Table 7) (Bentley et
al. 1978). Survival of fry after 30 days of exposure was significantly
(P = 0.05) reduced at concentrations of 0.06 mg/L and higher. The
length of fry was significantly (P = 0.05) reduced at a concentration of
0.25 mg/L, but not at 0.48 mg/L. Due to high mortality of fry at these
two concentrations, the results on length may not be accurate. No sig-
nificant effects were observed at a concentration of 0.03 mg/L.

Bentley ot al. (1978) conducted a chronic toxicity study of ritro-
glycerin with D. magna, C. teatans, and P. promelas through their entire




TABLE 5. ACUTE TOXICITY OF NITROGLYCERIN TO SELECTED
Pimephales promelas?

LIFE STAGES CF

LCso (mg/L)P

Life Stage 24-hr 48-hr 96-br 144-hr
Eggs >18.0 >18.0 >18.0 1.2
(0.7-2.1)¢

1-hr Fry >10.0 8.7<¢x<10.0 5.5 -
’ (4.6-6.6)

7-day Fry 5.4 3.4 2.1 -
' (4.5-6.6) (3.0-3.9) (1.7-2.6)

30-day Fzry 6.8 4.8 2.1 -
a (5.0-9.2) (3.9-5.8) (1.6-2.6)

60-day Fry 5.3 4.1 3.4 -
(4.3-6.4) (3.4-5.0) (2.8-4.2)

a. Adapteﬁ from Bentley et al. 1978.
b. Nominal concentrations.

c. 95% confidence interval.
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TABLE 6. MEAN FERCENTAGE EATCH OF EGGS, MEAN

PERCENTAGE SURVIVAL,

AND MEAN TOTAL LENGTH CF

Ictalurus punctatus FRY CONTINTOUGSLY
EXPOSED TO NITROGLYCERIN FOR 30 DAYISa
Nominal

Concentration Hatch Survival Length

(mg/L) (%) (%) (mm)

Control

Ab 90 96 23 £ 2
Bb 72 92 24 + 3
Acetone®

A 86 92 24 + 2
B 91 90 23 + 2
0.08

A : 86 90 24 + 3
B 85 94 24 + 2
.15

A 84’ 84 23 + 3
B 85 86 23 £ 2
0.31

A 79 724 23 £.2
B 74 88 23 £ 2
0.62

A 100 70d 21 + 2d
B 92 74 21 £ 2
1.25

A 82 26d 18 £ 24
B 63 30 18 £ 1

a. Adapted from Bentley et al. 1578.

b.~Replicate.
¢. Solvent control.

d. P = 0.05.
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TABLE 7. MEAN PERCENTAGE HATCH OF EGGS, MEAN
PERCENTAGE SURVIVAL, AND MEAN TOTAL LENGTB OF

Pimephales promelas FRY CCATINUOUSLY
EXPOSED TO NITROGLYCERIN FOR 30 DAYSs

Mean Measured

Concentratioa Hatch Survival Length
(mg/L) (%) (%) (mm)

Control

Ab 94 90 25 + 2
B 90 88 25 £ 2
Acetone®

A 97 18d 25 £ 2
B 4 12 26 + 2
0.03

A 90 94 23 £ 4
B 93 A 84 24 £ 3
0.06 )

A 94 84e 24 £ 3
B 93 74 25 + 1
0.13

A 90 62e 24 + 4
B 96 48 22 + 4
0.25 :
A 86 10e 19 + 3¢
B 94 0 -
0.48 .
A 70 6e 23 + 1
B 87 0 -

a..Adapted'from Bentley et al. 1978.
b. Replicate.
¢. Solvent control.

d. Low survival in the solveat control was due to a
system malfunciion occurring om day 26 post Letch.

e. P =20.05.
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life cycle. Exposures of D. mazna and C. fentaps were in aquaria hold-
ing 1.75 L of water; SU =L of test water was delivered every 25 miz and
8 min, respectively. P. promelas were exposed iz flow-through systums.
Groups of 20 D. magna (<24 hr old) were exposed to aitroglycerin at con-
centrations (momimal) of C, 1.5, 3.1, 6.2, 12.5, or 25.0 mg/L for two
generations. Percentage survival was determined on days 7, 14, and 21
of each genmeration, and percentage of eggs hatched was determined on
days 14 and 21 of each generation. Groups of at least 50 C. tentans
(<48 hr old) were also exposed to nitroglycerin at uominal concentra-
tions of 0, 1.5, 3.1, 6.2, 12.5, or 25.0 mg/L for two generations. Per—
centage survival was determined for the larval (fourth inmstar), pnpal,
and adult stages, and percentage emergence and percentage hatching were
determined for each generation. Groups of 20 PB. promelas, begianing
with fry (<24 hr), were exnosed for a total of 266 days to nitroglycerin
at nominal concentratioms of 0, 0.11, 9.22, 0.43, 0.87, or 1.75 mg/L.
Percentage survival was determined at days 30, 60, and 174. The effects
of mitruglycerin on growth were determined on days 30, 60 (total
lemgth), and 266 (total leagth and wet weight), and on day 266 the
effects of nitroglycerin were determined on the following reproductive
parameters: total spawns, total eggs, spawns/female, and eggs/spawn.
Sexnally mature P. promelas were allcwed to spawn (usually around day
185 of exposure) in spawning chambers. Eggs were counted, and 50 from
each exposure group were returned to their corresponding test water;
also, at this time, groups of control eggs were placed in test waters in
which little or no spawning had occurred. From these data, the percen~
tage hatchability of the eggs was determined. Upon hatchimg, groups cf
15 fry were exposed for 30 days in their corresponding test water and
the effects of nitroglycerin determined on survival and growth.

At a concentration of 12.5 mg/L, nitroglycerin significantly
(P = 0.05) reduced the number of young produced per female in both gen-
erations of D. magna on day 14, and a concentration of 25.0 mg/L com—
pletely inhibited reproduction (Table 8) (Bentley et al. 1978)., Sur-
vival of D. magna was significantly (P = 0.05) reduced at a concentra-
tion of 25 mg/L (Table 8). Although survival was reduced at a concen-
tration of 12.5 mg/L, the reduction was not significant. These data
indicate that the no-observable-—effect level of nitroglycerin for D.
magna under chromic experimental conditions is 6.2 mg/L; however, based
on current guidelines for testing the chronic effects of chemicals 2n
daphnids (USEPA 1985), the results of this study would be considered
anacceptable because of the low reproductive success cbserved. These
guidelines state that a chronic toxicity test will be considered unec-
ceptable if "each control daphnid living the full 21 days produces an
average of less than 60 young.” As can be seen in Table 8, the number
cf young produced per female in the controls over a 2l-day period in
each generation is well .below 60.

Nitroglycerin significantly (P = 0.05) reduced survival of C. ten—
tans larvae at a concentration of 1.5 mg/L in the first generation
(Table 9) (Bentley et al. 1978); however, because there was no signifi-
cant difference between survival of control larvae and larvae exposed to
nitroglycerin at concentratioms of 3.1 and 6.2 mg/L in the first
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TABLE 8. MEAN PERCENTAGE SURVIVAL AND MEAN NUM3ER OF YOUNG PRODUCED PER

PARTEENOGENETIC FEMALE OF Daphnia magna EXPOSED TO NITROGLYCERIN
FOR T¥O GENERATIONSS.D

Genmeration I

Genecration II

Nominal Day Dayb
Concentration
(mg/L) 7 14 21 7 14 21

Controls

Survival® 96 (8)4d 88 (6) 78 (6) 98 (5) 96 (8) 94 (8)

Young/female® 6 (2) 10 (3) 10 (4) 14 (6)
1.5 :

Survival 85 (7) 80 (7) 78 (6) 91 () 90 (11) 89 (9)

Young/female 9 (6) 14 (6) 4 (1) 16 (6)
ja

Survival 89 (8) 89 (8) 88 (6) 86 (9) 86 (9) 84 (11)

Young/female 7 (2) 15 (5) 7 (%) 14 (4,
6.2 . ) )

Survival 91 (8; 89 (8) 82 (13) 91 (8 89 (13) 88 (12)

Young/female 5 (2) 10 (4) 5 (1) 15 (2)
12.5

Survival 90 (4) 80 (11) 76 (14) 68 (35) 68 (35) 65 (32)

Young/female 1 ()f 7 {4 1 (1f 9 (2)
25.0

Survival 58 (300f 26 (13)f 4 (8)f -2 - -

Young/female 0 (0 £ 0 (Of - -
a. Adapted from Bentley et al. 1978.

35 and 42

b. Days 7, 14, and 21 of gene:ition II correspond to days 28,
of the total experimeant. :

¢. Suzvival expressed as a percentage.

d. Values in parentheses are standard deviation.

e. Number of young produced per parthemogenetic female.

f. P = 0.05.

g. No young produced in first generation to imitiate second generation.




TABLE 9. ME'N PERCENTAGE SURVIVAL OF LARVAE, PUPAE, AND ADULTS,
: PERCENTAGE EMERGENCE COF ADULTS, AND NUMBER OF EGGS PRODUCED PER ADULT

OF THE FIRST2 AND SECONDbP GENERATIONS OF Chironomous tentans
DURING CONTINUOUS EXPOSURE TO NITROGLYCERIN®C

Nominal Survival (%)
Concentration Emergence
(mg/L) Larvae Pupae Adults (%) Eggs/Adult
Controls
First generation 69 (18)4d 95 (1) 98 (1) 109 (0) 9
Second generation 58 (9) 100 (1) 74 (19) 71 (29) 5
1.5
First generation 48 (7)¢ 83 (24) 97 (6) 85 (27) 6
Second generation 61 (11) 98 (2) 52 (25) 94 (9) 21
3.1
First gensration 69 (8) 92 (15) 91 (16) 92 (16) 17
Second gensration 33 (7)€ 83 (24) 80 (17) 75 (49) 6
6.2 .
First generation 53 (16) 87 (12) 77 (34) 80 (23) 6
Second genmeration 48 (7)¢ 96 (4) 66 (14) 100 (0) 18
. 12.5¢
First generation 36 (i6)¢ 64 (26) 62 (12)¢ 88 (18) 0
25.0f
- First generation 28 (31)e 83 (15) 16 (31)e 43 (42)e 0

a. Survival of larvae determined after 10 days exposure, all other
measurements recorded after 18 days exposure.

b. Survival of larvae determined after 13 days exposure, all other
measurements recorded after 27 days exposure.

c. Adapted from Bentley et al. 1978.
d. Values in parentheses are standard deviation.
e. P =0.05.

f. Data were not available for the second generation because no eggs
were produced at this concentration.



generation, the authors conciuded that th: reductiocn was not 2it.sgiy-—
ceriu related. Survival of both larva. and adults of the first gener

tion was significantly (P = ¢.05) reduced at conceantratioas of 12.5 and

a—
25.0 mg/L, and emergence cof adults was signiticantly (P = 0.05) redigeu
at a concentration of 25.0 mg/L. (The authors stated in their text that
emergencs was significantly reduced at a concentration of 12.5 mg/L, but
their tabular data are not in agreement with this statement.) At concen-— p
trations of 12.5 and 25.0 mg/L, no eggs were produced by adults in the
first generation (Table 9). Ia the second generation, survival of lar-
vae was significantly (P = 0.05) reduced at a concentration of 3.1 and
6.2 mg/L (Table 9). Based on their results, the authors comncluded that
continuous exposure to 1.5 mg/L does not affect any stage of development
of this organism.

Fxposure of P. promelas to nitroglycerin at concentrations of up to
1.75 mg/L for 30 days had no significant effect on either survival or
total length (Table 10) (Bentley et al. 1978). Expostre for 60 days to
concentratioas 20.22 mg/L significantly (P = 0.05) reduced survival, but
bad no significant effect on total length. After 174 days, survival was
significantly (P = 0.05) reduced at concentrations of 0.43 and 0.87
mg/L, and at a concentration of 1.75 mg/L there were no saxvivors.
After 266 days of exposure, there were no survivors in the groups
exposed to 0.87 or 1.75 mg/L. There were no significant effects o=z
total length or wet weight of females after exposing them for 266 days
to nitroglycerin at concentrations of 0.22 mg/L or less, but at a con—
centration of 0.43 mg/L, the wet weight of males was significantly (P =
0.05) lower than that of the controls (Table 11). Although not statis—
tically analyzed by the authors, total spawns, total eggs,
spawns/female, and eggs/spawn were lcwer in all exposed groups (Table ’
11). The hatchability of eggs produced by parental fish exposed to 0.43
mg/L of nitroglycerin and the batchability of control eggs exposed to X
1.75 mg/L nitroglycerin were reduced; however, these data were not sta-
tistically analyzed (Table 12). The results of exposing control eggs to
0.87 mg/L were not clear because, in replicate A, 96 percent of the eggs
hatcked, while in replicate B, only three percent hatched:; the authors
gave no explanation for this difference. At a concentration of 0.22
mg/L, total length and wet weight of fry from the parental group and
control fry exposed to this concentration were significantly (P = 0.05)
less after 30 days of exposure (Table 13). Survival of this group was
also reduced, but the authors did not indicate that this reduction was
significant. At concentratioms of 0.43, 0.87, and 1.75 mg/L, which con—
tained orly fry transferred from comtrols, both total length and mean
wet weight were significantly (P = 0.05) less than in control groups.
No significant effects were observed at a concentration of 0.11 mg/L
(Table 13).

3.3 TWICITY TO PLANTS

Bentley et al. (1978) determined the acute toxicity of nitrogly~

cerin to four speciss of freshwat' - algae including two blue—green
algae, Microcvstis aeruginosa and Anabeana flos—agqg , one green alga,
Selenastrum capricorpetum, and onme diatom, Navicula pelliculosa. Using

static bioassay procedures described by USEPA (1971, as reported in
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TAULE 10. MEAN PEXCENTAGE SURVIVAL AND GROWTH OF mmhun promelas
‘ CONTINUOUSLY EXPOSEL 1O NITROGLYCERIN®

Nominal 30 Days 60 Days 174 Daysb
Concontration ——

(mg /L) Survival (%) Total Longta (mm) Survival (%) Total Longth (mm) Survival (%)
Control
Ao 100 18 (2)4 . 100 26 (4) 100
i 98 17 (3) 98 25 (4) 100
Acotone®
A 98 18 (2) 98 27 (3) 100
B 98 18 (3) 93 26 (4) 100
0.11
A 100 17 (3) 100 26 (5) 93
R 100 18 (3) 90 25 (4) 93
0.22
A 93 16 (3) 8sf 26 (4) 93
fl 93 18 (4) 83 25 (6) 47
0.43
A : 85 16 (4) 78f 25 (5) 6of
8 83 16 (4) 73 24 (6) 80
0.%7
A 98 17 (3) ssf S 21 () 13f
n 15 17 (3) 58 26 (6) 0
1.75 :
A 98 © 18 (2) 78f 28 (4) of
B 100 17 (3) 85 ‘ 26 (4) 0

a. Adapted from Bontley ot al. 1978,

b. Total lengihs were not obtained on day 174.
c. Replicate.

d. Value: in parenthoses are standard deviation.
e. Solvent control.

f. P=0.05.




TABLE 11.

SIZE AND REPRODUCTION POTENTIAL OF Pimephales promelas
CONTINUOUSLY FXPOSED TO NITROGLYCERIN FOR 266 DAYSa

Nominal Total Length (mm) Wet Weight (g)
Concentration : Males/ Total Total Spawns/ Eggs/ Eggs/
(mg/L)b Malos Females Hales Females fomale spawns eggs fomale female §p awn
Control
Ac 65 53 3.26 1.47 4/3 20 1738 6.6 579 87
B 63 52 3.29 1.37 3/6 27 2067 4.5 345 71
Acetoned
A 74 55 4.66 1.63 3/6 3 457 0.5 76 15
B 66 55 . 3.60 1.80 3/6 23 2105 3.8 I 71
0.11
A 63 53 3.97 1.66 3/6 3 163 0.5 33 4
B 65 49 3.78 1.21 3/6 16 1166 2.7 194 K
0.22
A 64 54 3.62 2.03 2/6 3 190 0.5 31 ¢ 3
B 66 53 3.60 1.63 3/5 6 493 1.0 82 $.2
0.43
A 60 53 1.96¢ 1.48 1/5 0 ] 0 0 0
B 57 53 2.14 1.69 /5 1 131 0.2 26 131
a. Adapted from Bentley ot al. 1978.

b. There were no survivors

c. Replicate.

d. Solvent control.

e. P =0.05.

at concentrations of 0.87 and 1.75 mg/}ﬂn
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TABLE 12. HATCOABILITY OF EGGS OF Pigpephales oromelas
EXPOSED CONTINUOUSLY TO NITROGLYCERIN?2

Nominal Hatchability (%)
Concentration Eggs from Eggs Transferred
(mg/L) Parents from Control

Control

Ab 97 (8)¢ +d
B 94 (13) +
Acetone®

A 95 (3) +
B 89 (9) +
0.11

A 88 (1) +
B 92 (5) +
0.22

A 82 (2) +
B 93 (3) +
0.43

A -f 96 (2)
B 58 (1) 84 (1)
0.87

A - 96 (1)
B - 3 (3)
1.75

A - 2 (3)
B - 0 (3)

a. Adapted from Bentley et al. 1978.
b. Replicate number. '
¢. Parentheses show number of egg groups exposed.

4. Control eggs werze tested at only those concentrations
at which little or no spawning had occurred.

6. Solvent control.

f. No eggs produced by parents.



TABLE 13. GROWTH OF SECOND GENERATION Pinephales
.oromelas CONTINUOUSLY EXPOSED TO NITRCGLYCERIN
FOR 30 DAYSa

Nominal | Mean Wet
Concentration Survival Total Length Weight
(mg/L) (%) (mm) (g)

Control

Ab 71 (4)¢ 22 (4 0.10
B 90 (4) 21 (4) 0.09
Acetoned

A 100 (2) 22 (2) 0.10
B 81 (5) 21 (5) 0.10
0.11

A 80 (1) 22 (4) 0.12
B 58 (3) 22 (5) 0.12
0.22e

A 18 (2) 18 (6)f 0.06f
B 38 (2) 18 (6) 0.06
0.438

A 73 (2) 19 (HHf 0.07%
B 53 (2) 18 (4) 0.05
0.878

A 70 (2) 22 ()f 0.09f
B 90 (2) 18 (3) . 0.05
1.758

A 90 (2) 17 () f 0.05f
B 88 (2) 16 (4) 0.06

a. Adapted from Bentley et al. 1978.

b. Replicate.

¢. Valnes in paxentheses are standard deviation.
d. Solvent control.

e. This exposure group consistad of groups of fry

from the parental exposure group and from unexposed

controls.
f. P =0G.05.

§. Fry transferred from control after hatch.
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Bentley et al. 1978), 24-, 43~, a2ud 9€-zr EC35( velnes were caicuolated
based or changes in chlorophyll 3 ccuncestration (all fceor speci=s), cell
numbers (all but A. flos—-aguael), cor cptical density (only A. Zlos~
aguae). Based on the aumber of cellis per malliliter, S. ¢apr:oi7as

was the oost sensitive species and was found to have a 96-tr “C350 of .4
zg/L (Table 14). Based om a decrease in chlorephvll 3 comcern:ration, S.
capricornutum and N. pellicnlosa were the most sensitive species, with

both having 96-kr EC50 valuvaes of 1.0 mg/L. M. aerpgingsa and A. flos-
aguae were the least seasitive of the species, with both bhaving 96-kr

EC50 values of >10.0 mg/L for both parameters tested.

Sellivan et al. (1979) poirnted out that in Bentley et al.’'s (1978)
algal bioassay with nitroglycerin, the lactose vehicle at a concentra-
tion of 10 mg/L cansed a 24 percent increase in cell numbers of §.
sapricornptum. Although lactose had also been used at concentrations of
1 and 100 mg/L, Bentley et al. corrected all cell counts for this
species by 24 percent regardless of the lactose concentration; thus they
made no allowance for any lessening of this effect at lower vehicle con-
centrations. Furthermore, tke effect ¢f the lactose was apparently not
considered in the determinations ¢ chlorophyll 3. Based om this, Sul-
livan et al. felt that the EC50 values for chlorophyll a and cell num—

bers of S. capricornptum were guestionable.

Sullivan et al. (1979) also criticized the Bentley et al. (1978)
study because they had uvsed a probit analysis to analyze growth response
data of algal cultures relative to a control. Sullivan et al. pointed
out that a probit analysis requires that the data be binomially distri-
buted, but that percentage growth reduction or amount of growth of a
culture are continuous responses 2nd generally normally distributed.
They reanalyzed the data and calculated the lowest significant (level of
significance not given) response concentrations for the 96-hr cell
counts and chlorophyll a valuves of N. pelliculosa and S. capricozanutur.
For N. pelliculosa the lowest significant response concentratiom for
both cell counts and chlorophyll a was 0.32 mg/L, and the resrtective
conc:ntrations for §. capricornutum were 1,0 and 0.1 mg/L.

3.4 BIOACCT:ULATION

The potential for bioaccumulation of nitroglycerin im fish was stu-
died by Bentley ot al. (1978). Twenty each of L. macrochirms, P.
2romelas, S. gairdneri, and I. punctatus were exposed to 14C-
nitroglycerin at an average concentration of 0.42 mg/L in a modified
intermittent flow system which delivered the control and test waters at
a rate of 5 L/hr. Samples of water and fish were taken on days 1, 2, 4,
and 8 from the test aquaria and on day 8 in the control aguarium. Based
on the 8-day exposure period the biocaccumulation factor was estimated to
be abont 8X for §. gairdmeri, 1. punctatus, and P. promelas and 15X for
L. microchirns. It was not clear from the data if tissue concenirations
bhad attaincd steady state.
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TADLE 14. ACUTE TOXICITY OF :!ITROGLYCERIN TO THE FRESBWATER ALGAE
Selepastram capricornutum, Navicula pelliculosa, Hicxocystis
seruginosa, AND Apabeana flos-aguae?

EC50 (mg/L)b»¢ EC50 (mg/L)c-4
Species
24~-hx 48-hr 96-hr 96-hr

S, capricozaninm 4.0 1.1 0.4 1.0

: (0.1-30.4:¢ (0.1-22.8) (0.1-1.3) (0.7-7.0)
N. pellicvlosa >10.0 8.6 3.3 1.0

(1.2-59.9) (0.3-33.0)

M, servginesa >10.0 >10.0 210.0 >10.0
A, flos—-aguae >10.0 );0.0 >10.0 >10.0

a. adapted from Bentley et al. 1978.

b. Based on decrease in number of cells per mL for S. gapricorputum, N.
ggll;gglg;g, and M. aerpginosa, and decrease in optical density for A.
flos-aquae.

¢. Nominal concentrations.

d. Based om decrease inm chlorophyll &

e. 95% confidence interval.




3.5 OTHER DATA

Stilwell =t al, (1976} cenducted a survey of the algal and tenthic
pacroinvertebrate communities of two on—-site ponds that received wastes
from tae manufacture of nitroglycerin (NG pond) and rocket paste {mix-
tore of nitrocellulose and nitroglycerin) (RP pond) at Badger AAP in
Baraboo, ¥isconsin. The oesn concentration of nitroglycerin in the
water of the NG and RP ponds was 7.4 and <1.83 mg/L, respectively, and
the mean concentration found in the sediment of the two ponds was 37.5
and ¢1.73 mg/kg dry wt, respectively. The results of the surveys of the
algal and benthic communities were indicative of considerablie stress.
Fenthic macroinvertebrates were found to be absent from both ponds. The
aigal communities in the NG pond were dominated by pollution tolerant
species, the periphyton being dominated by a coccoid myxophycean (bloe-
green alga) and the paytoplanktonm being dominated by two species of the
genns Scenedesmus (green algae). The number of species identified on
the e~tificial substrates and in the plankton samples in the NG pond was.
18 and 6, respectively. The species diversity ¢f the algal community
was low on both the artificial (species diversity of 0.63) and natural
(species diversity of 1.04) substrates after a 4-week colomization
period. The algal community was similarly affected in the RP pond. The
periphyton and phytoplankton communities were both dominated by species
of blue-green algae considered tolerant or indicative of pollution. The
totsl ntmber of species identified in the periphyton and phytoplankton
were 10 and 9, respectively. Species diversity on the artificial and
natural substrates after 4 weeks was 0.65 and 0.6, respectively, values
similar to those calculated for the NG pond. Although their results
were indicative of a8 severely stressed environment, the authors could
not attribute these adverse effects solely to nitroglycerin because
other wastes were released during the manufacture of nitroglycerin and

rocket paste.

A survey of the water guality, periphyton, and benthic macroinver—
tabrates was conducted by Weitzel et al., (1976) of the nitroglycerin
number two area of the Radford AAP and the segment of New River iamedi-
ately upstream and downstream from the plant waste discharges. Five
discharge sources were sampled for water quality analyses, and six sta-
tions were sampled in New River for water guality 2nalyses, perxiphytez,
and benthos, two of thase were above the discharge area, one was 900 m
downstream from the discharge area, and three were within the discharge
area. Samples were collected during a May-June period and an October-
November period. Of 32 sediment samples taken, only three contained
measurable quantities of nitroglycerin, with a maximum concentration of
1.5 mg/kg occurring in a sample collected 900 m below the discaarge
area. Nitroglycerin was detected sporadically in the water at all river
stations, and, in general, the highest concentrations were found iz May.
The highest water concentration measured was 0.29 mg/L and was found in
2 May sample taken 900 m downstream from the discharge area. Average
nitroglycerin concentrations in the water were usually around 0.0". mg/L
or less. The mean nitroglycerin concentrations in the discharge waters
ranged from 42 to 407 mg/L, with means usually less than 100 mg/L.

Minor variabilities were observed in the benthos and periphyton, but
these were generally not significant. Periphyton production appeared to
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be inhibited near two discharge areas, but this inhibition could =zot be
attributed to the waste discharge of cthae AAP. An incregse in peripayton
downstreas Fgom one discharge area was Iiought to e dur to an increace
in nitrogen levels. The anthors were unable to correlate these varia-
tions with the effluents from the .itrcglycerin productioa areas.

3.6 SUMMARY

Results of acute toxicity studies indicate that nitroglycerin is
quite texic to aquatic organisms. The toxicity of nitroglycerin to
algae is highly variable among species. Reported 96-hr EC50 values
range frem 0.4 to >10 mg/L. Reported 96-hr L.C50 values for fish range
from 1.67 to 3.2 mg/L, and 48-ar EC50 values for invertebrates range
from 20 to 55 mg/L.

Studies on the effects of nitroglycerin to critical life stages of
fish (eggs and fry) have shown that the fry stage is the most sensitive
stage. Available data indicate that pitroglycerin in concentrations of
up to 1.25 mg/L is not toxic to fish eggs. Fry of P. promelas have been
found to be more sensitive to nitroglycerin thaz fry of 1. punctatus:
the lowest concentrations reported tc have significantly affected (based
on survival) these two species are 0.0€ and 0.31 mg/L, respectively,
after 2 30-day exposure period. The validity of these data are ques—
tionable becanse problems with the dilution of nitroglycerin occurred

during the study.

Available datas indicate that fish are more sensitive than inver-
tebrates to nitroglycerin under chromic exposure conditions. The lowest
concentration reported to significantly affect fish is 0.22 mg/L; at
this concentration, survival of P. promelas was reduced after 60 days of
exposure. The lowest concentraticn reported to significantly afiect
invertebratss is 3.1 mg/L; at this comcenmtrationm, survival of second

generation larvae of C. tentans was reduced.

Limited data ou bioaccumulation indicate that nitroglycerin is not
appreciably bioaccumulated in the tissues of fish. Estizates for bioac—
cumulation factors of nitroglycerinm in fish range from 8X to 15X.

A dizect relationship between nitroglycerin exposure and adverse
effects to aquatic orgzanisms has not been shown by field studies;
however, severe effects on biological communities have been observed iz
ponds receiving waste effloents from the production of nitroglycerin and
rocket paste. '

4. MAMMALIAN TOXICOLOGY AND HUMAN BEALTE EFFECTS

4.1 PHARMACOKIMETICS

-

A tremendous body of literature is available o=z the physiological
and pathological effects of nitroglycerimn, particalarly om cardiovascu-
lar and systemic effects. Therefore, discussions on hecalth effects of
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sitroglycerin have been limited to highlights of effects and tke expo-
sure levels at which these effects were observed, data which could pos-
siviy be used in calculating Dum-a dealth Criteria. Ap extensive review
of the mechanisms of actionm of nitroglycerin may be foard in Needleman
(1975) .

4.,1.1 Aninmal Studies

Tb: pharmacokinetics of nitroglycerin in laboratory animals has
been studied extensively, particularly in rats; however, becanse of the
lack of semsitive methodologies, many aspects of the pharmacokinetics of
the compound are unclear. Available data on pharmacokinetics indicate
that nitroglycerinm is rapidly anmd widely distriouted and rapidly absor-
bed, metabolized, and eliminated (e.g., Fung 1984; McNiff et al. 1980;
DiCarlo 1975; DiCarlo et al. 1968; Needleman and KErantz 1965).

DiCarlo st al. (1968) gave rats a single oral dose of lé4c-
pitroglycerin, and within 30 =min radioactivity was observed in the
blood, heart, kidneys, liver, lungs, spleen, gastrointestinal (GI)
tract, carcass, urine, and feces and in the expired air as carbon diox-
ide (CO2); s majority of the activity was found in the liver (7.3 per-
cent) and carcass (33 percent). Four hours after exposure, radioac-
tivity in the liver and carcass had decreased to 2.5 and 16.6 percent,
respectively, snd the amnunt of the radioactivity found in the urine and
feces; and exhaled as CO2 was 20.95, 2.27, and 19.76 percent, respec—
tively.

Hodgson and Lee (1975) observed pattermns of distribution and elim—
instion of nitroglycerin similar to those reported by DiCarlo et al.
{1968). Within 4 hr after giving rats 14C-nitroglycerin orally, Hodgson
and Lee found a significant amount of the radiocactivity in the liver
(4.6 percent); this amount changed little after 24 hr (4.3 percent).
Significant amounts of radiocactivity were also found in the muscle at 4
hr (9.3 percent) and 24 hr (2.8 percent), and from 0.1 to 2.1 percent of
the radicactivity was found in each of the other tissues examined at 4
and 24 h- (whole blood, kidneys, brain, and lungs). After 4 hr, 15.6,
7.5, and 3.1 percent of the administered dose was eliminated in the
vrine, expired air (CO2), and feces, respectively, and at ths end of 24
hz, the amount of radicactivity eliminated via these same roultes was
39.8, 25.5, and 6.3 percent, respectively.

Lee et al. {1977) studied the pharmacokinetics of orally admin-
istered 1,3-14C-nitroglycerin in mice, rats, rabbits, monkeys, snd dogs.
¥Within 24 hr after receiving a single oral dose of the compound, about
50 to 70 percent had been absorbed by mice, wherees 75 to 90 percent had
been absorbed by the other species during the same time period. UTCuring
the first 24 hr, mice and rats excreted considerable quantities of the
radioactivity in urine and expired air (19.2 and 18.8 percent, respec-
tively, for mice, and 25.5 and 39.8 percent, respectively, for rats).
The other three species excreted a majority of the radioactivity in the
urine (45.0 to 72.0 percent) and a much smaller amount in the expired
air (2.5 to 7.8 percent) during the first 24 hr. The highest tissue
concentrations of radioactivity at the eand of 24 hr were generally
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observed in the liver of all species (4.3 to 6.8 percent); however,
greater amounts of radioactivity were observed ip the skeletal mascles
of dogs and monkeys, with coancentrations of 9.5 and 13.0 percent,
respectively, at the end of 24 hr. Small apounts of radioactivity were
also found in the kidneys, splecen, lungs, and brair of all species.

Short et al. (1977) performed an in vitro study on the metabolism
of nitroglycerin with tissue samples *taken from male and femal: CD rats,
Swiss Webster mice, CD~1 mice, New Zealand albino rabbits, beagle dogs.,
rhesus mozkeys, and humazs (at autopsy). A sex differemce was not
observed in the metatolism of tais compourd by liver homogenates of any
species. In all species, nitroglycerin was primsrily metabolized .o
1,2- and 1,3-dinitroglyccrin by the liver; rats and mice produced more
1,3-dinitroglycerin, while rabbits, dogs, monkeys, and humans groduced
more 1,2-dinitroglycerin. Rats, rabbits, dogs, and monkeys produced
greater amcunts of dinitroglycerins than tumans and mice did, while
humans produccd greater amounts than mice. Fmbryos, fetal livers, and
carcasses of mice were found to have poor ability to metatolize nitro-
glycerin. An increased ability to metabolize the compound with
increasing age was observed in rat livers.

The dispositon rate of ritroglycerin is :znfluenced by the route of
administration (Fang et al, 1984a; Wester et al. 1983; Ioannides et al.
1982). Fung et al. (1984a) estimated plasma half-lives of ritroglycerin
in rats following oral and intravemnous {(iv) administrations.
Intravenously administered nitroglycerin had a plasma half-lifo of aboat
15 min. The plasma half-life of orally administered nitroglycerin was
generally dependent upon the size of the dose and veried from about 30
to 140 min. Wester 2i{ al. (1983) estimated a plasma half-1life of 18 amin
_for nitroglycerin givem iv to monkeys. Following dermal exposvre of
monkeys to 2 percent nitroglycerin ointment containing 19 mg of 14C-
nitroglycerin, a plasma half-life of 4.3 hr was estimated.

Joannides et al. (1982) studied several factors that might
influence the rate of elimination of nitroglycerin from the plasma,
including route of administration, age, sex, and species. In rats, the
plasma half-lives for iv, svbliugual, and oral routes of administration
were 6.7, 14.3, and 30.C min, respectively. The authors indiceted that
differences in the half-lives were because ihe estimate of the iv half-
life was an elimination half-1life, the oral half-iife was an sbsorption
half-life, and the sublingual half-life was a mixiare of the two. A sex
difference was not observed in ths plisma half-life of nitroglycerin
administered iv to rabbits (12.2 min Sor males and 11.5 min for
females), but a significant sex difference (F < 0.001) was observed in
rats (4.4 win for males and 7.7 min for females). A difference in the
half-1life of nitroglycerin given iv was observed in rats at different
ages (4.4 min at 8 weeks and 5.5 min at 26 weeks), but there was no
indication that tais difference was statistically significant. Species
differences were observed in the plasma half-life of nitroglycerin given
to male cnimals iv; an increasing half-life was observed with increasing
weight. The estimated plasma half-lives (in minutes) for males givesn
nitroglycerin iv were as follows: hamster, 3.7; rat, 4.4; guinea pig.
8.0; ferret, 9.5; and rabbit, 12.2.
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The site of nitroglycerin metabolism has beem a controversial issce
(Meedleman et al. 1971; Lan; et z!. 1972; Blei et al. 1984; Fung 1984).

o

Based on toth im vitro and in vivo studies with laboratory anmimals, it
bas beer thought for a aumber of years that nitroglycerin was metabol-
ized in the presence of glatathicne-organic nitrate reductase in the
liver and blood (e.g., Needleman and Hunter 1965; Needleman et al. 1971;
Needleman and Harkey 1971; Lang et al. 1972; Lee 1973; Rodgson and Lee
1975; Yacobi et al. 1983). More recent studies with rats, however, have
indicated that the liver is not the primary site of metabolism of nitro-
glycerin (Blei et al. 1984; Fung et al. 1984a; Fumg et al. 1984b). Blei
et al. (1984) infused rats with nitroglycerin iv following portacaval-
shunting and found that the systemic clearance of nitroglycerin was no
different in these animals than in animals which had been sham operated.
They also observed that systemic plasma clearance of nitroglycerin far
exceeded hepatic blood flow in sham and shunt groups. Fung et 2l.
(1984b) injected nitroglycerin into various vessels of Sprague-Cawley
rats and found that the highest concentrations of the nitrate were
rearest the site of injection; concentrations decreased progressively
further from the injection site. Thbus, these data indicate that vascu-
lar tissues can take up and/or metabol ize nitroglycerin. PBRased on his
review of the literature, Fung (1984) provided the following brief
scenario on the pharmacokinetics of nitroglycerin: "nitroglycerin is
rapidly taken up and metabolized by extrahepatic tissues, incledirg the
vasculature, Little, if any, of the distributed drug emanating from the
systemic circulation returns to it. This extensive tissue distribution
and metabolism contribute to the very low, .and often fluctuating, con~
centration of nitroglycerin ohserved in the systemic circulationm.”

Hodgson et al. (1977) studied the metabolic fate and disposition of
four radiolabeled metabolites of nitroglycerin in female Charles River
CD rats including 1,2- and 1,3-dinitroglycerin and 1- and 2-monopitro—
glycerin. Fasted rats were given a single oral dose of ome of the meta-—
bolites and sacrificed after 4 or 24 hours. A similar pattern of
absorption was observed for 211 metapolites except 2-mononitroglycerin;
about 59 percent of the radicactivity was absorbed from the GI tract cf
animals exposed to 2-mononitroglycerin, while frem 73 to o2 percent of
the radioactivity was absorbed from GI tract of animals exposed to tke
other metabolites. Most of the 2-mononitroglycerin was excreted in the
feces and urine (32.1 and 48.8 percent), whereas most the othsr three
metabol ites were excreted in the urine and exzpired air (20 to 30 percent
and 27 to 50 percent, respectively), although relatively large quanti-
ties were also excreted in the feces (11 to 14 percent). The conceatra-
tion of each of the metabolites in the liver at 4 and 24 hours was simi-
lar, ranging from about 2 to 9 percent of the administered dose. Dis-
tribution of these compounds into other tissues was minor. Analysis of
the urine of those animals receiving the dinitroglycerins revealed the
presence of mainly free mononitroglycerols; glucuronide conjugates of
dinitro— and mononitroglycerols, glycerol, and other polar metabolites;
and only swall amounts of dinitroglycerin. Urinary analysis of the
animals receiving the mononitroglycerins indicated the presence of large
amounts of unchanged compounds as well as glycerol and bther polar com-
ponents; however, no gluctronides were detected.
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Nitroglycerin is apparently metabolized via stepwise denitrifica-
tion (Needleman and NMuater 1965: DiCarlo et al. 1968; Hodgson et al.
1977) ~without any initial preference for either the primary or secondary
nitrate group (DiCarlo et al. 1968). The following metapolites have
been identified irn the urime of rats in studies on the metabolic fate of
orally administered l4C-nitroglycerin (DiCarlo et al. 1963; Hodgson and
Lee 1975; Hodgson et al. 1977): glyceryl-1,3-diritrate; glyceryl-1,2~-
dinitrate; glyceryl-l-nitrate; glyceryl-2-nitrate; glyceryl-1,3-
dinitrate glucuronide; glyceryl-1,2-glucuronide; glyceryl mononitrate
glucuvronides; and glycerol. Based on their review of the literature omn
the metabolism of mitroglycerin, McNiff et al. (1980) proposed the meta-
bolic fate as presented in Figure 1.

4.1.2 Human Studies

The number of studies concerning the pharmacokinetics of nitrogly-
cerin in bumans is limited, but available data indicate that the phar-
macokinetics of this compound in-humans is simiiar to that of laboratory
apimals. Nitroglycerin given buccally or sublimgmelly is rapidly absor—
bed. Blumenthal et al. (1977) observed peak concentrations of plasma
nitroglycerin within about 3 min after s=blingually administering a
tablet containing 0.3 mg of the compound. Armstrong et al. (1979)
observed a peak in nitroglycerin levels ir the blood within 2.3 min
after administering 0.6 mg of the compound sublingually. A peak nitro-
glycerin plasma concectration was nated by Wei and Reid (1979) withicr
gbout S min after administering 0.6 mg of the compound sublingually.
Bogaert and Rosseel (1972) found that in 3.5 min after giving nitrogly-
cerin buccally, all but 25 to 40 percernt of the dose was absorbed.

As has been observed in animal studies, nitroglycerin is widely
distributed and rapidly eliminated in humans. Armstromg et al. (1979)
estimated that the volume of distribution of nitroglycerin in humanms
following subl ingnal administration is 179.6 L (assuming arc average body
weight of 70 kg, this volume of distribution would be approximately 2.6
L/kg) and the total body clearanmce is 28.0 L/min. According to the
authors, this rate of clearance is much greater than the hepatic blood
flow. The authors also estimated that the eliminationm balf-life was 4.4
win., Following iv infusion of nitroglycerin into humans, McNiff et al.
(1981) observed a volume of distribution of 3.3 L/kg, a total body
clearance of 54.5 L/win, a plasma clearance of 0.72 L/min/kg, and an
elimination half-1life of 2.8 min. The avthors also observed, as
Armstrong et al. (1979) had, that the total body clearance of nitrogly-
cerin greatly exceeded the liver plasma flow and also the cardiac out-
put.

The site of nitroglycerin metabolism has not yet been ascertaired.
The finding that body clearance of nitroglycerin exceeds liver plasma
flow and cardiac output indicates that a coansiderable amoynt of metabol-
ism >ccurs in extrahepatic tissmes (Armstrong et al. 1979; McNiff et al.
1981). Several in vitro studies have shown that nitroglycerin is also
wetabolized by whole blood, blood cells, and plasma (e.g., Noonan 1534;
Sokoloski et al. 1983).
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The zetabolic fate of nitreglycuciz appears to be similar betwecn
bumans and acimals. The dinitrates, 1,2— and 1,3-glyceryl dinitrate,
have been observed irn the saliva of Etumanms wii in 3.5 min after being
given nitroglycerin sublingually (Dogaert and Rosseel 1972). Ip addi-
tion to the two dinitrates, two mononmitrates (1- and 2-glyceryl mononi-
trate) have been identified ir vitro in blood and plasma (Noonan and
Benet 1982; Noonan 1984).

4,2 ACUTE TOXICITY

4.,2,1 Arnimal Studies

A summary of available acute toxicity values for nitroglycerin is
provided in Table 15. These data show that the acute toxicity of nitro—
glycerin is moderate but that the extent of the toxicity varies with
route of exposure; the compound is less toxic when exposure is via orel
or subcutaneous routes and most toxic whem exposure is iv. Little or no
difference exists between sexes or esmong species in the acute toxicity
of this chemical. LDsg values for iv and orally administered nitrogly-—
cerin range from 10.6 to 32 mg/kg and 500 teo 1188 mg/kg, respectively.

Several studies were found coancerning the nonlethal effects of
nitroglycerin given in a single dose to laboratory mammals. A pumber of
studies have shown that acnte expostcre to nitroglycerin results in vaso-
dilation. Heinzow and Ziegler (1981) exgcsed male Sprague-Dawley rats
to a single dose of nitroglycerin via the following routes and concen—
trations: jugular veinm, 10 pg/kg; portal veinm, 100 pg/kg; jejunum, 200
pg/kg; sublingual, 100 pg/kg; and intraperitoneal, 100 pg/kg. The
suthors observed a reduction in blood pressure following the administra-
tion of nitroglycerin by all routes. The extent of change in bl ood
presstre from greatest to lowest response was as follows: jugular vein,
subl ingual, intraperitoneal, portal veinm, and jejunum.

Oral administration of a single 100-mg/kg dose of nmitroglyceria to
five male Sprague-Dawley rats resulted ir a rapid decrease in systolic
Blcod pressure; baseline pressure values were reestablished within about
10 win (Maier et al. 1980). Flaim (1982) administered nitroglycerin to
male Sprague-Dawley rats over three subsequent infusion periods 15 min
apart. The infusion dosages were as follows: 15-min point, 2 pg/kg:
30-min point, 8 pg/kg; and 45-min point, 32 pg/kg. The aunthor observed
significant changes at all dosage levels in blood flow and vascular
resistance. After infusion with 2 pg/kg, significant (P ¢ 0.05) reduec-
tions were observed in vascular resistance of the kidneys, ileum, and
cerebellum, while a signficant (P ¢ C.05) increase in blood flow was
observed in the kidneys. After infusion with 8 pg/kg, vascular resis-—
tance was significantly reduced in the ileum, jejunum, heart, and brain,
and blood flow was increased significantly (P < 0.05) in the heart and
brain. Significant (P < 0.05) decreases were observed inm vascular
resistance in the kidneys, ileum, jejunum, heart, and brain, and signi-
ficant (P ¢ 0.05) increases were observed in blood flow in the kidneys,
heart, and brain after infusiom with 32 pg/kg. Also observed was a sig-
nificant (P ¢ 0.035) decrease in C02 tension (pCO2) after infusion with 8
and 32 pg/kg. The author concluded that nitroglycerin was a strong
arteriolar vasodilator ir rats. )
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TABLE 15. LETHALITY (LD350’S) OF NITROGLYCERIN TO MAMNALS
No. per Duration of 1Dso
Specles/Strain Grounp Route®/Vehiclo Observation (mg/xg) Comments Reforence
Mouse/Crl :CF1BR 10 1V/Ethanol 14 days 17.28 (M)b ALl doesths ocourred withia § Auderson ot wl. 1983
. miny surviving mice normal
18.22 (F)®  within 2 hry no significant
pathology
Munse/Albino Swiss NAc Oral/in leotose (9.72%) 14 deys 1188 (M) Animels ovsvally diod within loe ot al. 19715
: sdded to pesnut oil 5 to 6 hry eurvivors recovered
(final solotion: 3.41% 1055 (F) within 24 br; no gross
NGd, 31.5% laotoss, 6.5% pathology
poanut oil)
Mouse/NA NA SC/NA NA 30 (NA) Advisory Centor on Toxtcology
196 80
House/NA NA IP/NA NA 205 (NA) Advisory Couter on Toxicolugy
19680
Mouse/Sltc:dd 10 Ocal/Propylene glyool 7 days 550 (M) Deaths ocourred within 4¥ by, Ckotani et al. 1982¢
: survivors recovered within
500 (F) 48 to 72 hri no notable
findiogs st sutopsy
Mouse/Slc:dd 10 $C/Propylene glycol 7 days 505 (M) Doaths ococurred within 48 hr; kotanl ct al. 1982¢
' R sarvivors rooovered within
315 (F) 48 to 72 hri oo notable
) findings at auvtopsy
Mouse/Slc:dd 10 1P/Propylene glyocol 7 days 110 (M) Deaths oocurred within 10 min; Okoteni et al. 1982¢
. suevivors rocovered within '
) 104 (F) 48 to 72 hry no sotable
findings at sutopsy
Mouse/Slc:dd 10 IV/Pcopylene glyool 7 days 10.6 (M) Doaths cocurred within 10 min;  Oketsnl et al. 1982¢
' sorvivors recovercd within
10.9 (F) about 2 hry no notable
findinge st sutopsy
Rat/Ccl:CD(SD)IBR 10 IV/Ethanol 14 days 24.43 (W) All deaths occurred within § Anderson ot al. 1983
min) surviving rets normal
23.23 (F) within 1 hry oo significant




TABLE 15. (Continued)

No. per Duration of IDsg
Species/Strain QOroup Route®/Vehicle Obsorvation (mg/kg) Comments Roforence
R.[/C;;[]ej River NA Oral/in lactose (9.72%) 14 days 822 (M) Animals osually died within loc et al. 1975
sdded to pesnut oil S to 6 hr; survivors recovored
(final solution: 3.41% 884 (F) within 24 hey no gross
NG, 31.5% lactose, 6.3% ) pathology

posnut oil)

Rat/Slc:SD 10 Oral/Propylens glycol T days 528 (M) Doaths ocoourred within 48 h¢, Motant
2 :

survivere rocovered within
540 (¥) 48 to 72 hr; no notable

findings at sutopsy

et al. 1982¢

Rat/Slc:SD 16 SC/Propyloene glyvol 7 days 610 (M) Doaths occurred within 48 hr; Cketani
a c:

sugvivors rocovered within
545 (F) 48 to 72 hr, vo notable
findings at autopsy

et al. 8¢

Rat/Slc:SD 10 IP/Propyleno glycol 7 days 102 (W) Deaths occurred within 10 win; Oketani et al. .982¢
a c:

_L survivors recovered within
0y 108 (F) 48 to 72 hry no sotable
fiedings at autopsy
Doaths occurrod within 10 win, Okotani ct al. 1982¢
he. 10 IV/Propylene glycol 7 days 32 (0
Rat/Ske:50 . P survivors rocovered witbin
32 (F) sbout 2 hry no notable
findings at autopsy
Cat NA IN/NA NA 150 (NA) Orestano 19376
a

: Okctani oc al. 19Hla
4 1IV/Propylene glycol 7 days 19.0 (NA) Doatk occurred within
Dog/Beagle 2o i 30 win;, survivors recovered
within 2 he; no notadble
i findings at autopsy

a. IV = Intravenous; SC « Snbontcnooﬁl: IP = Intraporitoncal) IM = Intramuscular.
b. M = maley F = femaloe.

c. NA = Not sveilsble.

d. NG = nitroglyoerin.

c. As reported in Decro and Tow 1973.




Eypson and Hait (1971) injected groups of seven albino rabbits
intraperitoneally with 0, 40, or 100 ug/kg of nitroglycerin. Adminis-
tration of 40 mg/kg caused a significact increase in plasma lactate
(P ¢ 0.02), plasma free fatty acids (P ¢ 0.05), and plasma glycerol
(P ¢ 0.05). The same parameters, as well as plasma pyruvate, were sig-
nificantly increased (P < 0.005) after the administration of 100 pg/kg.
Rased on their results, the authors suggested that nitroglycerin may
increase lipolysis and glycolysis.

4.2.2 FHuman Studies

Changes in the cardiovascular system of humans following acute
exposure to nitroglycerin bave been reported. As in animal studies,
human studies have shown that nitroglycerin is a vasodilator.

Blumenthal et al. (1977) observed an increase in the pulse rate and a
decrease in the mean arterial pressure after a single administration of
pitroglycerinr subl ingually (0.3 wg), orally (6.5 mg sustained released
capsule), and dermally {2 percect oirtment) to & healtbhy human volun-
teer. The following effects have been observed after a single sub-
lingual administration of 0.6 mg of pnitroglycerin to healthy human
voluntcers: increased heart rate (Armstrong et al. 1979; Brachfeld et
al. 1959; Kikendall and Mellow 1980; Wei and Reid 1979); decreased blood
p-essur~ (Armstrong et al. 1979; Brachfeld et al. 1959; Wei and Reid
1979); reduction in esophageal sphincter pressure (Kikendall and Mellow
1980); increased myocardial oxygen consumption and increased coronary
blood flow mediated by lower vescular resistance (Brachfeld et al
1959); and fall in wmyocardial efficiency (Brachfeld et al. 1959).
Armstrong et al. (1979) and Wei and Reid (1579) observed falls in sys=
tolic blood pressure but not in diastolic blood pressure following sub-
lingual administration of 0.6 mg of nitroglycerin.

Application of 2 percent nitroglycerim to the skin of normal human
volunteers has been reported to décrease systolic and diastolic blood
pressure and increase heart rate (Magometschnigg et al. 1983) but has no
effect on lower esophageal sphincter pressure (KEikendall and Mellow
1980). Trainor and Jones (1966) reported that exzposure to nitroglycerin
in the atmosphere at a concecntration of 0.5 or 0.7 og/m3 for 25 min

causes headaches and decresses blood pressure.
4.3 SUBCHRONIC AND. CHRONIC TOXICITY

4.3.1 Animal Studies

Ellis et al. (1984) gave groups of beagle dogs, consisting of two
males and twe females each, nitroglycerin in capsules at concentrations
of 25, 5C, 100, or 200 ng/kxg/day for five days; the aunthors dié not
indicate that they had aused a control group. A dose-response rela-
tionship in peak level and duration of methemoglobianemia was observed.
In animals given up to 100 mg/kg/day the methemoglobin levels returned
to zero within 24 hr., Adverse clinical effects were not observed at the
two lowest doses. At the two highest doses, cyanosis was observed
within 2 to 3 br after each dose and lasted for several hours. At the
highest concentration the dogs became less active.
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Anderson et 2 . (1983) studied the effects of two weeks of exposure
of Crl;CD (SD)ER r ts and beagle dogs to nitrostat, a stabil ized form of
pitroglyceric. [According to the Physicians Desk Reference (1983), each
milliliter of pitr.stat consists of 0.8 mg nitroglycerin with citric
acid and sodium ci-rate as buffers, and 5 percent alcohal in water.]
Groups of ten male and ten female rats were given daily iv injections of
pmitrostat at conceatrations of 2.5, 5, or 10 mg/ky/day, and groups of
two male and two f:male dogs were given 1 or 3 mg/kg/day. Both vehicle
(5 percent agueous ethanol) and cntreated control groups were used. At
a concentration of 10 mg/kg two rats died for reasons the authors could
not determine. A reduction in body weight and food consumption was
abserved in treated aand vehicle control groups, but no dose~resnonse
relatiouship was found. Mo significact changes were observed in
biochemical, hema:ological, and urinalysis parameters Or orgas weights
and organ weight- . ~body weight ratios. The asuthors also observed no

gross .or microscogzic changes in the tissues.

Oketani et al. (1982b) gave groups of ten male and ten female
Slc:SD rats daily ip injections of nitroglycerin at conceatraticns of 1,
5, 25, or 50 mg/kg for one month. A control group received only the
vehicle, propyleme glycol. At 50 mg/kg the anthors freguently observed
tonic convulsions, Straub tail response, and a“axic gait; two of ten
males died of dystmnea toward the end of the expostre period. Slight
transient convulsions or sedation was observed in some animals exposed
to 5 and 25 mg/kg. No adverse effects were observed ir apimcls exposed
to 1 mg/kg, and no changes were observed in any group in body weight,

food and water consumption, urinalysis, bematology, serum biochemistry,

or histopathology.

The subchronic toxicity of nitroglycerin to beagle dogs was studied
by Cketani et al. (1982a). Groups of three male and three female dogs
were given nitroglycerin iv in concertrations of 1, 2.5, or § mg/kg/day
for one month, and two control groups received either sal ine or pro—
pylene glycol (vehicle). At the highest coacentration, the animals fre-
quently exhibited tomic convulsions, eye byperemia, lying down, and uri-
pary and rectal incontinence, but these effects lasted no more than 30
mig. Slight transient convulsions or tremors were observed in the group
that had received 2.5 mg/kg. Adverse effects were not observed in the
1-mg/kg exposure group, and no changes were observed in any group in
body weight, food end water consumption, urinalysis, hematology, serum
biochemistry, or histopathology.

Ellis et al. (1984) studied the subchronmic effects of nitroglycerin
to beagle dogs, CD rats, and CD-1 mice. Groups of four male and four
female dogs were given nitroglycerin orally at concentrations of C,
0.01, 0.1, or 1 mg/kg/day in capsules for three weeks; then, because
there were no observable adverse effects, the concentrationms of nitro-
glycerin were increased to 0.05, 0.5, or 5 mg/kg/day at the start of the
fourth week and were continuned through the thirteemth week. Groups of
sizx male and six female rats were given nitroglycerin in their diets at
concentrations of 0, 0.001, 0.01, or 0.1 percent for four weeks and then
increased to 0.005, 0.05, or 0.5 percent for the remainder of the 13-
week exposure period dme to the absence of adverse effects. Mice were
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treated in the same macner as the rats except that the increasea Jdu.es
were given at the start of the third weekx. The estimated deily intake
of nitroglycezin by rats was 0.3, 6, and 59 mg/kg for males and 0.9,
6.4, and 59 mg/kg for females exposed to 0.001, 0.01, and 0.1 percent,
respectively; for exposures to 0.005, 0.05, sad 0.5 percent the estima-
ted daily intake was 2.6, 24.5, and 230 og/kg for males and 3.1, 26.5,
and 234 mg.'kg for females, respectively. The estimated daily intake of
nitroglycecin by mice given 0.001, 0.01, and 0.1 percent was 1.3, 11.5,
and 107 wg/kg for males and 1.3, 10.9, and 95 mg/kg for females, respec—
tively; fcr exposures to 0.003, 0.05, and 0.5 percent the estimated
daily intake was 6.4, 60.2, and 608 wg/kg for males and 6.9, 58.7, and
561 mg/kg for females, respectively.

Ellis et al. (1984) observed no adverse effects in dogs at the end
of the 13-week exposure period. At the highest concertration. rats were
found to bave a lower consumption of food and a lower weight gain.

Rlood tests, necropsy, and histopathology of rats showed no sigrificant
difference from controls. Some mice exhibited mild to moderate
extramedullary hematopoiesis in the liver and/or spleen, but no dose-

response relationship was observed.

In an additional smbchromic study, Ellis et al. (1984) exposed a
group of three male and three female CD rats to a diet containing 2.5
percent nitroglycerin for 13 weeks. A control group coasisting of four
male and four female rats was fed the basal diet. The estimated average
daily intake of nitroglycerin was 1406 a=nd 1416 ng/kg/day for males and
females, respectively. At the end of the exposure period, the authors
observed a signifi-ant (P < 0.05) increase i=n erythrocytes, reticulo-
cytes, hematocrit, hemoglobism concentration, and alkal ine phosphatase,
and & decrease in fasting blood glucose of the exposed acimals. Histo-
pathological examination revealed the presence of pigment deposits in
the liver and spleen and moderate to severe testicular degeneration
and/or atrophy with severe to complete aspermatogenesis.

Ellic et al. (1978a, 1984) studied the chromic toxicity of nitro—
glycerin to CD rats, CD-1 wmice, and beagle dogs. Groups of 38 male and
38 female rats and 58 male and 58 female mice were given 2 diet com
taining 0, 0.01, 0.1, or 1 percent nitroglycerin for two years. The
calculated daily intake of nitroglycerin by male and female rats was
3.04 and 3.99 wg/kg, respectively, for the low dose: 31.5 and 38.1
mg/kg, respectively, for the middle dose; and 363 and 434 wmg/kg, respec—
tively, for the high dose. The calculated daily intake of nitroglycerin
by male and female mice was 11.1 and 9.72 mg/kg, respectively, for thbe
low dose; 114.6 and 96.4 mg/kg, respectively, for the middle dose; and
1022 and 1058 wg/kg, respectively, for the high dose. Gronps of six
male and six female beagle dogs were administered nitroglycerin capsules
containing O, 1, 5, or 235 mg/kg daily {or one year.

The only effect observed in dogs during the 12-month exposure
period was an occasional dose—related occurrence of methemoglobinemia;
the concentration of methemoglobin was usually less than 3 percent
(Ell1is et al. 1978a, 1984).
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After two vears of exposure, body weight of rats exposed to 1.0
percent pitroglecesin #as considercblv lcw=r than that of either the . b
controls or the 0.01 and 0.1 percezt exposcre groups; control weights ,

kP

were about 800 end 500 g for males aad females, respectively, and
weights of males and {emales exposed to 1.0 percent nitroglycerin were
600 and 300 g, respectively (Ellis et al. 1978a, 1984). After three
montks of exposure to 1.0 percent nitroglycerin, the -authors observed
discoleration of the skin and fur, methewmoglobinemia, reticulocytosis,
and an increased erythrocyte count, hematocrit, and hemoglobin concer—
tration; total hemoglobim typically consisted of 10 to 30 percent
rethemoglobin. After 12 months of ezposure to 1.0 percent nitrogly-
cerin, ery*hrocyte counts were ncrmal, but hemoglobinewmia persisted.
Enlarged livers were also observed at this same time and concerntration,
and all but two of the rats in this group had cholangiofibrosis, proli-
feration of bile ducts, and fibrous tissve of tl.e liver. After two
vears of exposure to 1.0 percesnt nitroglycerin, wethemoglobinemia had
disappeared, but elevated levels of serum glutamic-oxaloacetic transam-
inase, sertm glutamic-pyruvic transamirase, and alkaline phosrthatase
level s were observed in males. In addition, high—-dose females were
found to live considerably lomger than controls (about 25 perceat of
females treated with 1.0 percent were dead at 24 months versus about 60
percent of the coantrols). No significant hematological effects were
observed in rats exposed for two years to nitroglycerin at concentra=

tions of 0.01 or 0.1 percent.

After 12 months of expostre to 1.0 percent nitroglycerin, mice were
found to have compensated apemia ard on elevated reticulocyte count .
accompanied by Beinz bodies (Ellis et al. 1978a, 1984). Methemoglo—
binemia occurred only in males exposed to 1.0 percent nitroglycerin.
Also at 12 months, most animals exposed to 1.0 percent and some exposed
to 0.1 percent nitroglycerin had intracellular granules in the liver
with lesser amounts in the spleen and/or kidneys. Body weights of wmice
exposed for two years to 1.0 percent nitroglycerin were considerably
lomer than those of controls, At the énd of the two-year exposure’
period, no significant increases were observed in unschedunled deaths,
although a slight increase was observed in the groups exposed to 1.0
percent nitroglycerin., Hematological parameters after two years were
similar to those obsezved after 12 months.

Suzuki et al. (1975) gave groups of CS7BL/6Jms mice, consisting of
ebout 50 animals of each sex, mitroglycerin in their drinking water for
18 months at concentrations estimated to be 0, 1.5, or 6.2 mg/kg/day.
and for 12 months at an estimated concentration of 58.1 mg/kg/day. At
the end of the exposure periods, body weights of exposure groups did not
appear to be stbstantially different from those of the control groaup.
Nontumorous changes, including inflammations, degemerative changes, and
cytological changes in hepatic cells, were similar to those observed in
control animals.

4.3.,2 Human Stndies

Several studies and reviews bave been published concerning the
.chronic toxic effects of nitroglycerin to humans (e.g. J. Am. Med.
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1965; Lund et al. 1968; NIOSH 1978). Expo-
sures to nitroglyceria iz izdustrial situnations are Srequently associ-
ated with exposures to aitroglycol (e.g., such as during tte prodt:-iom
therefore, establ ishment of effects due directly tc
exposure to mitroglycerin is difficult (Lund et al. 1967; NIOSH 19573).
Readache and fatigue are frequently observed in long-term employees of
the explosives industry (Stokinger 1982). Othe- symptoms observed less
frequently include nausea, vomiting, dyspnea,  .ohol iatclorance, heart
palpitation, and angina pectoris (NIOSH 1978; Scokinger 1982). Availa-
ble information indicates that continued exposure to nitroglycerin or a
combination of nitroglycerin and nitroglycol results in increasing
tolerance (Lund et al. 1968; Munch et al. 1965; NIOSB 1978). Imitial
syomptoms of exposore may include headaches, nausea, dizziness, heart
palpitations, sweating, fatigue, and diffuse pains which tend to eventu—
ally become milder or disappear. After several years of exposure, chest
pains bave been observed within 24 to 72 hr after interruptionm of expo-
sure but disappear after exposure starts again (Lond et al. 1968).
Long-term employment in the explosives industry has been associated with
ponatheromatous ischemic heart disease (Lange et al. 1972). Sudden
deaths of a few employees of the explosives industry have beenm observed
one to three days after cessation of exposure (Carmichael and Lieben
1963; Hogstedt and Axelson 1977; NIOSH 1978) and have been attributed
primarily to nitroglycol (Sogstedt and Davidsson 1980).

Assoc. 1898; Munch et al.

of explosives),

Reeve et al. (1983) recently presented the results of a mortality
study they conducted on nitroglycerin-exposed workers at a munitions
plant in Virginia. They obtained records on 5,668 white male employees
who bad worked at the plant during the period 1949 through 1977; of this
number, 13 percent were dead, 83 percent living, and 4 percent lost to
follow-up. Using mortality rates of the general population of the Oni-
ted States, they found no significant increases in deaths due to
diseases of the nsrvous, cardiovascular, respiratory, or digestive sys—
tems. More in—depth examination of their data revealed that a slight
elevation in the number oi deaths dme to ischemic heart disease had
occnrred, but the increase was noi sigzificant. When they further broke
the records down into age categories of ten—year intervals, an increase
in deaths due to ischemic heart disess: was observed im four of seven of
the categories, but was significant (P ¢ 0.05) ia only the 40 to 49 age
group. The authors indicated that their results were suggestive of an
association between nitroglycerin exposure aad cardiovascular disease.
Additional studies are planned by Stayner et al. (1985) of the same mun~
jtions plant to test the hypothesis that exposure to nitroglycerin is
associated with an increased risk of dying from ischemic heart disease
and to determine whether any observed association exists separately from
the risk of dying from acute withdrawal from pnitroglycerin exposure and
other known medical risk factors. Im additionm, they will try to deter-
mine if exposure to other nitrated compounds used in the manufacture of
propellants is associated with an increased risk of ischemic heart
disease and whether there is an interaction between these exposures and

nitroglycerin.
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4.4 GENOTOXICITY

Tn vivo and in vitro studies usiog mammal ian esnd bacterial cell

systems bave failed to stow that nitroglycerin is a genotoxin. Lee et
al. (1977) studied the cytogenetic effects of nitroglycerin on somatic
cell chromosomes from lymphocyte and kidney tissze cultures obtained
from beagle dogs and CD rats. Groups of three to five male and female
rats were fed an average of 59 to 59.3 mg/kg/day nitroglycerin for s
weeks and then 229.5 to 233.8 mg/:tg/day for anm additional 8 weeks.
Similarly, groups of ome to two dale and female dogs were fed an average
of 1 mg/kg/day nitroglycerin for 4 weeks and then 5 mg/kg/day for an
additional 9 weeks. For both species, lyzphocyie and kidney tissues
were obtained after 4 and 13 weeks and cultured. Examination of cells
from the cultures did not show any apparent changes in the chromosome
frequency distribution, nmmber of tetraploids, chromatid breaks, or
translocations. Although these results suggest that nitroglycerin is
not genotoxic, the use of greater cumbers of animals would have improved

the validity of the study.

Ellis et al. (1978a) studied the cytogenetic effects of citrogly-
cerin to bome marrow cells and kidney tissue cultures obtained from CD
rats. Groups of four to six animals were given nitroglycefin in theirs
diet for two years at a concentration of 0 or 1 percent. Tissues and
cells for the cnltures were obtained at the end of the two—year exposure
period. The estimated cdaily intake of nitroglycerin was 363 and 434
mg/kg/day for males and females, respectively. No sigmificant differen—
ces were found between the control and exposure groups; however, a
slight increase in the number of chromatid breaks and gaps was observed
in kidney cultures (1.5 breaks and gaps per 50 cells for controls versus
2.9 per 50 cells for the exposed group).

Lee et al. (1877) studied the mutagenic effects of mitroglycerin on
wild type Chinese Hamster Ovary (CBO-K1) cells in vitro. The mutageni-
city of nitroglycerin was measured relative to ethyl methanesul fonate, 2
xnown mutagen. Nitroglycerin at ccmcentrations of 50 and 144 .8 pg/ol
resulted in a survival rate.of 35 and 1 percent, respectively, and a
mutation frequency of zero at both concentrationms. In contrast, expo-—
sure to ethyl methanesul fonate at a concentration of 124 pg/mL resulted
in a survival of 15 percent and a mutation freqguency of 28.0 x 1076,
thus indicating that nitroglycerin was not mutagenic.

Ellis et al. (1978a) also performed a dominant lethal assay with
Charles River CD rats. Groups consisting of ten male animals were given
nitroglycerin in their food for 13 weeks at concentrations of 0, 0.01,
0.1, or 1 percent (estimated intake of 0, 3.04, 31.5, and 363 mg/kg/day,
respectively); each male was then mater with two virgin females.

Females were sacrificed at mid—term of pregnancy, and the following data
were collected: aumber of fertile males per number of wmales treated,
number of pregnant females per number of mated females, number of cor—
pora lutea per pregnant female, and the number of total jmplants, dead
implants, 2nd live implants per pregnant fewmale. The. authors observed
no deminant lethal wmutations, no evidenmce of adverse effects on male
fertility, » d no preimplantation and postimplantation losses.
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Kounecnova et al. (1972) :studied the mutagenic poteatial of nitrogly-—
corin on the extracellular bacctericphage T4B of Escherichia coli.
Trestment of bacteriophages with a 0.084 M solution of nitroglycerina Ior
up to 5 hr did not increase tke frequency of mutations in bacteriophages
as ccmupared to a control but did affect their survival rate (30 and 16
percent at 3 and § hr, respectively, for nitroglycerin versus 100 per-
cen. at 3 and 6 hr for the comtrol).

The motagenic activity of nitroglycerin and several of its metabol-
ites (1,3- and 1,2-dipitroglycerin and 1- and 2-mononitroglycerin) was
tested by Ellis et al, (13978b) with the Ames assay at concentrations of
10, 100, 300, and 1C00 pg per plate. Tke following histidine-requiring
Salmonella typhimwrium tester strains were used: TA-1535, TA-1537, TA-
1538, TA-98, and TA-100. No mutag-nic activity was observed with 1,3~
dinitroglycerin or l-mononitrcglycerin. At concentrations of 10 and 30
pg per plate, 1,2-dinitroglycerin caused a significant (level of signi-
ficance not given) increase in frame—-shift mutations without activation.
Weak mutagenic activity was exhibited by both nitroglycerin and 2-
mononitroglycerin, both requiring concentrations of 1000 pg per plate
and metabolic activation; 2-mononitroglycerin caused only base pair sub-
stitution mutations, while nitroglycerin caused both base—pair substitn-—
tion and frame--shift mutatioms.

Kaplan et al. (1982) also studied the mutagenic poteantial of 1-
mononitroglycerin under the conditicns: of the Axzes assay, azd, like
Ellis et al., (1978b), they observed no mutagenic activity.

4.5 DEVELOPYENTAL/REPRODUCTIVE TQXICITY

4.5.1 Animal Studies

Developmental toxicity studies have failed to show that nitrogly-
cerin is a teratogen (e.g., Ellis ot al. 197fa; Oketani et al. 198lb;
Oketani et. al. 1981c), and reproductive effects have been observed
only at high concentrations (Ellis et al. 1978a, 1984). Ellis et al.
(1978a, 1984) fed a group of three male and three female CD rats 2.5
percent nitroglycerin for 13 weeks, and a group consisting of four male
and four female rats was fed a standard diet to serve as a coantrol. The
estimated average daily consumption of nitroglycerin by males and
females was 1406 and 1416 mg/kg, respectively. At the end of the expo-
sure period Ellis et al. observed moderate to severe testicular atrophy
and/or degeneration, and severe to complete aspermatogenesis. No
effects to the female reproductive system were reported.

Ellis et al. (1978a) conducted a threc—generation reproductive
study with 7D rats. Each generation was given a diet containing O,
0.01, 0.1, or 1 percent nitroglycerin. The parental generatiom (FQ)
consisted of 10 male and 20 female animals per group, and the later gen-—
erations consisted of 10 to 12 pairs per group. Ellis et al. observed
no significaut effects on reproduction at the low dnd middle concentra-
tions. The highest concentration did not significantly affect fertility
of the FQ generation, but did affect fertility of the succeeding genera-
tions; only three litters (F23) were produced by the F1 generation.
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Nopme of the Fi dams that littered with the first mating produced a
second litter (F2y). Two matings of tae F2q litters produced o.ly one
litter (F3). Mating of 14 F2a females with control males resulted iz 13
pregnancies, thus showing that the F2a males were infertile. Males irc
the F25 zeneration had very small testes, and females exhibited a high
incidernce of vaginal plugs withcut sperm. Microscopic ezamination of
the apimals showed severe aspermatogecesis and mildly to moderately
increased interstitial tisste in the testes. Reprodnctive parameters,
including litter size, live-born index, birth weight, viability and lac—-
tation indexes, and weaning weight, were significantly reduced (P <
0.05) in the high dose F1a litters, but sex ratios were not signifi-
cantly affectec in this group. In the high dose Fip litters, birth
weight, viability index, and weight at weaning werxe significantly (P <
0.05) reduced; the lactation index was also reduced but not signifai-
captly. In the high dose F2a litters, litter size and birth weight were
significantly (P < 0.05) reduced. All other parameters in this group
were lower than those observed in controls, but :be differences were not
statistically significant. The authors thought that the toxic effects
seen in the reproductive parameters of the F1 and F2 litters were par—
tially due to the poor motritional status of the dams. Tbe authors
jndicated that the reduction in litter size of the high-dose F1a group
was suggestive of mutagenic and/or teratogezic effects; however, in
their cytogenetic and dominant lethal mutation studies [see studies by
Ellis et al (1978a) in Section 4.6], they observed no genotozic effects.
Results of their teratogenicity study (Ellis et al. 1978a), which invol-
ved a third mating of the temales of the FQ generation, did not show any
significant teratogenic effects. However, they observed diaphragmatic
herpias in 4 of 19 litters in the high-dose group and nome ixn the other
groups. Although the increase in hernias was not found to be statisti-
calls significant, the authors suggested that this could have been the
cause of the reduced litter sizes found in the study on reproductive
effects. Also observed was a significant (P ¢ 0.05) increase in the
incidence cf absent or incompletely ossified hyoid bone: however, the
anthors pointed ov: that skeletal anomalies are indicative of delayed
development and not the teratogenic potential of a chemical.

Oketani <t al. (1981b) studied the teratogenic and embroytoxic
effects of nitroglycerin to Japanese albino rabbits. Groups consisting
of ten female amimals were given nitroglycerin iv in doses of 0, 0.5, 1,
or 4 mg/kg/day from day 6 to day 18 of gestatiom. They observed no dif-
ference hetween the exposed and control groups in the incidence of tera-
togenic effects based on the incidence of exterznal, visceral, and
skeletal abnormalities, nor did they observe any signs of embryotoxicity
based on the number of corpora lutea, implantatioms, dead or live
fetuses, sex ratio, body weight of live fetuses, or placental weight.

in a study on the reproductive aand teratogenic effects of nitrogly-
cerin to CD-Sle rats, Oketani et al. (1981c) gave groups of 19 to 20
pregnant rats nitroglycerin intraperitonmeally in doses of 0, 1, 10, or
20 mg/kg/day from day 7 to day 17 of gestation. Compared to controls,
nitroglycerin had no significant e¢ffect on delivery, gestation period,
lactation, nursing instinct, fetal and postanatal development, or fertil-
ity of offspring. Also, evidence of teratogenicity was not found in any
of the offsprimg (F1 and F2).
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In acother study on the reproductive effects of nitroglycerin oa
eD-Sla rats, Oketani et 2i. (19814} administered the chemical om day 17
of gestation to day 21 of lactation. Groups of 17 to 20 rats were given
nitroglycerin daily in doses of 0, 1, 10, or 20 mg/kg ip. They observed
no significant effects on delivery, gestation pericd, lactatiom, nursing
instinct, growth, development, or fertility of offsprinmg, ncr any evi-
dence of teratogenic effects.

In a study primarily om the effects of nitroglycerin on the fertil-
ity of SD-Slc rats, Oketani et al. (1981e) administered the compound iv
at doses of O, 1, 10, or 20 mg/kg/day to groups of 20 male animals for
63 days prior to mating and to groups of 20 females 14 days prior to
mating and up to day 7 of gestation. No significant effects were obser-
ved on fertility based on the number of maie rats copulating with
treated and untreated females, percentage of pregnant rats, Or the dura-
tion of pairing ovntil mating. They also observed no significant effects

on indexes of teratcgenicity and embryotoxicity.

4.5.2 Human Studies

Data on the effects of nitroglycerin on human reproduction are lim-—
jted and essentially anmecdotal. A 1898 ~eporst described the effects of
nitroglycerin on the wives of employees of a plant manufacturing the
compound (J. Am. Med. Assoc. 1898) . These women occupied the same
sleeping quarters as their hosbands and laundered their husbands’
clothes. Symptoms experiencad by the wives were nterine malfunctions
and increased menstrunal bleeding. Fewer children were borm, and they
were often premature. The surviving children were not as strong as
other children, were often cyamotic, and were not as resistant to
disease. Laws (1910) described the symptoms experienced by workers
engaged in the manufacture of pitroglycerin, including disturbances of
the genitourinary system. BHe attributed marked aphrodisiac effects to
the compound and stated that most "nitzoglycerin pen’ had large fami-
lies.

Mudd (1977) used the vasodilating effects of nitroglycerin to diag—
nose and trezt atherosclerotic impotence. A 56—year old man with knowzn
psychogenic impotence was given 0.3 mg of nitroglycerin sublingually and
responded quickly and favorably to treatment with associated changes in
penile volume, temperature, and sensatiomn.

4,6 ONCOGENICITY

4,6.1 Animal Studies

Three studies were found concerning the omcogenic potential of
nitroglycerin in laboratory animals. From the results of their studies,
Suzuki et al. (1975) and Takayama (1975) concluded that mitroglycerin is
not an oncogen. Ellis et al. (1978a, 1984) reported an increase in the
occurrence of hepatocellular carcimomas and interstitial cell tumors of
the testis in rats but not in mice or dogs.




In their studv, Ellis et al. (157383, 1984) gzave groups of 38 male
and 38 female CD -ats and 8 zu. - and 58 female CD-1 mice a diet con-
taining 0, 0.0%, 0.1, or 1 percent nitroglycerin for two years. Groups
of 6 male and 6 female beagle digs were given capsules orally which con-
taiped 0, 1, 5, or 25 mg/kg/day nitroglycerin for ome year. The calcu-
lated daily intake of nitroglycerin by male and female rats was 3.04 and
3.99 mg/kg, respectively, for the low dose, 31.5 and 38.1 mg/kg, respec—
tively, for the middle dose, and 363 and 434 mg/kg, respectively, for
the high dose. The calculated daily intake of nitroglycerin by male and
female mice was 11.1 and 9.72 mg/kg, respectively, for~thes low dose,
114.6 and 96 .4 mg/kg, respectively, for the middle dose, and 1022 and
1058 mg/kg, respectively, for the high dose.

Ellis et al. (1978a, 1984) observed no signs of oncogemicity in
either mice or dogs at the end of the exposure period; however, results
from the one-year exposure study of dogs may not be representative of
results from lifetime exposures of this species. Imn rats, after the
first 12 months of exposure to nitroglycerin, the authors observed what
they described as progressive signs of hepatocellular carcinomas inclu-
ding areas and foci of bepatocellular alteration in all dose groups:
neoplastic nodules in one middle-dose male, three high—dose males, and
one bhigh-dose female; and the occurrenmce of an hepatocellular carcinoma
in ome high-dose male. At the end of the two-year exposure period,
hepatocellular carcizomas were observed iz 13 of 21 males and 11 of 25
femaiss of the 1 percent exposure group; 3 of 26 males and 2 of 28
rfemales of the 0.1 percent exposure group: O of 28 males and 0 of 32
females of the 0.01 percent exposure group; and 0 of 24 males and 0 of
29 females of the control group. Also at the end of the two-year expo-—
sure period, neoplastic nodules were observed in 2 of 21 males and § of
25 females of the 1 percent exposure group; 1 of 26 males and 1 of 28
females of the 0.1 percent exposure group; O of 28 males and 0 of 32
females of the 0.01 percent exposure group; and 1 of 24 males and 0 of
29 females of the control group. In additiom, 11 of 21 males exposed to
1.0 percent nitroglycerin had interstitial cell tumors in one or both
testes. The incidence of tumors.in the testes of the other two exposure
groups was similar to that of the controls (4 to 11 percent). On the
other hand, female rats exposed to 1.0 percent nitroglycerin exhibited
decreased incidences of mammary gland tumors and pituitary chromophobe
adenomas.

Suzuki et al. (1975) studied the oncogenic poteatial of nitrogly-
cerin in CSTBL/6Jms mice exposed to the chemical for up to 18 months.
Groups of mice consisting of at least 54 males and 49 females were
exposed to nitroglycerin in their dripking water at an average concen~
tration of 0, 1.5, or 6.2 mg/kg/day for 18 months. Another group of
mice, consisting of 49 males and 45 females was exposed for 12 months to
nitroglycerir in their drinking water at an average concentration of
58.1 mg/kg/day. Basad on their resslts, the anthors concluded tkat the
aumber and incidence of tumor-bearing animals, the number and incidence
of histologically defined tumors, the number of tumors per animal, aand
the pattern of the tumors in the dosed groups were comparable with those
of the control group. DBowever, gross examination of the animals
revealed that 5 of 34 female mice in the high-dose group had an




unspecified type of pituitary tumor. Histological examimation of 11l
groups of animals showed what appeared to be 2 dose-related increase irn
the incidence of pituitary adenomas; & total of 6, 3, 1, and 1 pituitary
adepomas was observed ir the high, wmiddl :, low, and control groups,
respectively. Using an exact analysis of a contingency table, Ellis et
al. (1984) reanalyzed the results that Suzuki et al. had obtained from

their gross examination of the pituitary gland and concluded that there
wes a significant (P = 0.006) inorease in the incidence of pituitary
tomoxs at the highosSt coOncentrssiom.

Takayama (1975) gave a group of Sprague-Dawley rats ccnsisting of
S0 males and 48 females a 0.03 percent concentration of nitroglycerin in
their drinking water for 10 months and then gave tap water for an addi-
tional 8 months. A control group consisting of 53 male and 49 female
rats was given tap water for 18 months. The estimated daily icntake of
nitroglycerin was 31 mg/kg. At the end of the 18-month period, the
anthors observed no remarkable histopathological changes and concluded
that under their experimental conditioms, nitroglycerin was not
oncogenic. However, the exposure period nsed by these anthors is not
representative of a lifetime exposure for this species (e.g., Ross et

al. 1980).

4,6,2 Human Studies

Reeve et al. (1983) conducted a mortality study of wcrkers exposed
to nitroglycerin at a munitions pl.at imn Virginia. They examined health
records of 5,668 white males who hed worked in the nitroglycerin area
during some period between 1949 and 1977. They found no increases in
deaths due to malignant neoplasms; in fact, they foond that the number
of deaths due to malignant neoplasms was significantly lower than the
expected number in the general United States population.

Hogstedt and Andersson (1979) conducted an epidemiological study of
employees of a Swedish dynamite plant and examined the incidenmce of
tumors as a possible camse for excess mortality in the dynamite indus-
try. The primary components of dynamite are nitroglycerin and nitro-
glycol, and according to the authors they exist in dynamite in a 1:1
ratio. The authors also indicated that between these two chemicals,
nitroglycol is the predominant chemical in the air due to its higher
volatility. Death certificates were collected on employees who had died
between 1951 and 1977, and the official underlying cause of death was
used and classified according to the 1965 version of the International
Classification of Diseases. The final group of subjects that they chose
consisted of 143 male employees who bad worked at least one year since
1927 and who had died since 1951. This group consisted of 88 exposed
and S5 unexposed employees. The exposed group consisted of those
employees with jobs that were somehow directly related to the handling
or productior of dynamite and/or to the handling of its major com—
ponents. The unexposed group consisted of those employees that did not
bandle and/or produce dynamite or handle its major components. The
cause of death was broken down into the following categories: all
tumors, circulatory diseases, and other causes. The number of observed
deaths was then compared with the national average. In both the exposed
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and unexposed groups, the number of deaths due to tumors was less than
the number expected. The autbors also looked at a subgroup of the
exposed grotp that consisted of those copioyees with at least 1Q years
of exposure. In those employees who died between 1951 and 1964, the
number of deaths due to tumors was one and tke expected number was 1.3,
while the number of observed and expected deaths between 1965 and 1977
was two and 1.7, respectively. Thus, long-term exposure to nitrogly-
cerin and/or nitroglycol at the levels occurring in this dynamite plant
does not appear to significantly increase the incidence of cancer.

4,7 SUMMARY

Studies on the pharmacokinetics of nitroglycerin in laboratory
spimals and humans indicate that it is rapidly and widely distributed,
and rapidly absorbed, metabolized, and eliminated. The disposition rate
is influenced by the romte of administration, with more rapid disposi-
tion occurring following iv and sublingual exposures than after oral or
dermal exposures. Metabolism of the compouund appears to occur in both
hepatic and extrahepatic tissues. Metabolism is via stepwise demitrifi-
cation with na preference for the primary or secondary nitrate group.
Nitroglycerin is eliminated primarily in the urins and expired air.

Laboratory animal data omn the acute toxicity of nitroglycerin indi-
cate that it is moderately toxic. The toxicity of nitroglycerin depends
upon the route of administration and is most toxic when given iv and
least toxic when given orally. Little or no sex and species differences
have beer observed in the acute toxicity of this compound. ~Vasodilation
and headaches have been observed in humans after sublingual administra-

tion.

Short-term exposures (one month) of laboratory animals to nitrogly—
cerin (2.5 mg/kg/day) have been found to cause slight transient toxic
effects such as tomic convulsions or tremors. Subchronic exposure (13
weeks) to high concentrationms of nitroglycerin has been found to reduce
weight gain in rats (230 mg/kg/day), increase erythrocytes, reticulo—
cytes, hematocrit, hemoglobin, and alkaline phosphatase, and decrease
fasting blood glucose (1406 mg/kg/day).

Like subchronic siposure, chronic exposure of laboratory animals to
nitroglycerin has been associated with hematological changes and reduced
weight increases. Methemoglobinemia and reticulocytosis have been
observed in mice and rats, increases in erythrocyte counts, hematocrit,
and hemoglobin concentrations have been observed in mice, and compensa—
ted anemia has been observed in rats after ome to two years of dietary
exposure to 1.0 percent nitroglycerin (about 1022 mg/kg/day for mice axnd
363 mg/kg/day in rats). Changes in the liver have also been observed in
mice and rats at high concentrations imcluding intracellular granulation
in mice and enlarged livers, cholangiofibrosis, proliferation of the
bile ducts, and fibrous tissme in the liver of rats. Long—term employ-
ment of humans in industries producing nitroglycerin or using pitrogly-—
cerin in the production of explosives has been frequently associated
with headaches, fatigue, and nausea. There is some evidence that long-
term expossre to nitroglyceriu sud/or mitroglycol ia the explosives
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industry may cause an increazse in death due to cardiovascular disease
and also may be the cause of some isclated cases of sudden death.

~ Ip vivo gemotoxicity studies rave failed to demonstrate that nitro- )
glycerin is a genmotoxin. Nitroglycetin is reportedly weakly mutagenic
onder the conditions of the Ames assay. Of the metabolites of nitrogly-
cerin studied for mutagenicity with the Ames assay, i,2-dinitroglycerin
has shown significant mutagenic effects, 2~momonitroglycerin has shown %
veak mutagenic effects, and 1,3-dinitroglycerin and l1-mononitroglycerin .
have shown no mutagenic effects. Developmental toxicity and reproduc-
tive effects studies with laboratory animals have failed to demonstrate
that nitroglycerin is a teratogen, but have shown that exposures to high
concentrations (360 mg/kg/day) may cause infertility im male rats, and
delayed development, as judged by incomplete ossification of the hyoid
bone, in rats exposed prenmatally.

A high incidence of hepatocellular carcinomas (52 percent) amnd
interstitial cell tumors of the testes (52 percent) has been observed in
rats exposed to 1.0 percent (363 mg/kg/day) nitroglycerin for two years.
An incressed incidence of hepatocellular carcinomas (13 percent) has
also been observed in rats givem 0.1 percent nitroglycerin (31.5
mg/kg/day) for two years. An increase in pituitary tumors (14 percent)
has been observed in female mice exposed for one year to 58.1 mg/kg/day.
Long-term exposure of humans employed in the explosives industry has not
been associated with an increased incidence of cancer.

5. CRITERION FORMULATION

5.1 EXISTING GUIDELINES AND STANDARDS

The current Occupational Safety and Health Admizmistration standard
for occupational exposure (TWA) to mitroglycerin is 2 mg/m3 (skin) (0.2
ppm) , which is a ceiling limit (USOSEA 1983). The National Institute
for Occupational Safety and Health recommended an occupational exposure
limit of 0.1 mg/m3 (0.01 ppm) measured as a ceiling concentratiom during
any 20-minute sampling period (NIOSH 1978).. The American Conference of
Governmental Industrial Bygenists recommended a threshold limit value
(TLV) of 0.5 mg/m3 (0.05 ppm) and a short-term exposure limit value
(STEL) of 1.0 mg/m3 (0.1 ppm) for skin (ACGIH 1981). An IDLH (concen-
tration immediately dangerous to life or health) of 80 ppm (750 mg/m3)
was given by the Internmational Labour Office (1983).

5.2 OCCUPATIONAL EXPOSURE

Occupational exposure to nitroglycerin has been documented for a
number of years. Soms of the early reports were of employees in the
explosives industry who handled nitroglycerin (J. Am. Med. Assoc. 898;
Laws 1910). The employees frequently complained of severe headaches,
nausea, and weakness. Headaches have been reported tc occur in the
explosives industry when air concentrations of nitroglycerin were 0.5
mg/m3 . Long-term employment in the exrlosives industry, in which
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grpeostres to nit-ralycerin and/or nitroglvcol have occurred, has beer
asscciated with chest pains, naonatheromatous ischemic heart disease, and
sedden death two or three days after terminating exposure (Carmichael
and Lieben 1963; Hogstedt aand Azelson 1977; Hogstedt and Andersson 1979:
Lange et al. 1972; Lund et al. 1968). Hogstedt and Andersson (1979)
examined the incidence of deaths occurring im employees of a dynamite
plant in Sweden from 1951 through 1977. They observed a slightly higher
than expected incidenmce of deaths over the national average, particu-
larly from cardiovascular diseases. From 1965 through 1977 the
incidence of death due to cardiovascular disease was significantly
bigher (P < 0.05) for men with at least one year of “exposure to dynamite
than for the national average. They indicated that exposures in this
plant were due primarily to nitroglycerin and nitroglycol. Bogstedt and
Davidsson (1980) performed an in-depth analysis of some short-term air
samples that had been taken from 1958 through 1978 in two dynamite
plants in Sweden. They estimated that the 8-hr time—weighted average
concentrations for nitrate esters during this time period ranged from

0.2 to 1.1 mg/m3.

More recently, Reeve et al. (1983) conducted an epidemiological
stody on nitroglycerin exposed employees of a munitions plant in Vir-
ginia. PBased on records obtained on 5,668 wvrite male employees that had
worked at the plant at some time betveen 1949 and 1977, and compared
with the general population of the United States, they found no signifi-
cant increase in deaths due to diseases of the nervous, cardiovascular,
respiratory, or digestive systems. When they broke the data down into
age groups of ten-year intervals, a significant (P ¢ 0.05) increase in
the incidence of deaths dvs to ischemic heart disease was found, thus
suggesting an association between nitroglycerin exposure and cardiovas-
cular disease. Additional studies are being conducted by Staynmer et al.
(1985) on the health effects of exposure to nitroglycerin and other
nitrated compounds at tris munitioms plant. .

5.3 PREVIOUSLY CALCULATED CRITERIA

Bentley et al. (1978) conducted an extensive study on both the
acute and long-term toxicity of nitroglycerin to a wide variety of
freshwater organisms. From an application factor calculated from
chronic to acute toxicity ratios and the lowest acute toxicity value
from their study, they calculated a water quality criteriom of 0.01 mg/L
for aquatic organisms. Sullivan et al. £1979) used the data from the
study by Bentley et al. (1978) and calculated a water quality criterion
for aquatic organisms of 0.0072 mg/L, based on the procedure proposed by
the Fnvironmental Protection Agency (USEPA) in 1978 (USEPA 1978, as
reported in Sullivan et al. 1979).

Ellis et al. (1978a) conducted a chronic toxicity study of nitro—
glycerin with mice, rats, and dogs and fouud the compound to be
oncogenic to rats at a 1 percent concentration. Based on the procedure
recommended by the EPA (USEPA 1979a, as reported in Ellis et al. 1978a)
and the zesults_gf thgéx stndy,_Ellis et al. calculated human health
criteria for 10 °, 10 7, and 10 additional lifetime cancer risks of
28.9, 2.8, and 0.29 pg/L, respectively. Using an updated version of
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USEPA guidelines (USEPA 1979b, ss reported by J. Barkley, pers. comm.
1982) and the data of Ellis et aié (1978a), Dacre {1980) recalculated
the human health criteria for 10 -, 10 6, and 10 additional lifetime
cancer risks and obtained estimates of 22.8, 2.28, and 9.23 pg/L,
respectively.

5.4 AQUATIC CRITERIA

A summary of the USEPA's proposed methodology for the estimation of
water quality criteria suitable for the protection of agquatic life and
its uses is presented in Appendix A. The proposed criteriom consists of
two values, a Criterion Maximum Comcentration (CMC) and a Criterioa Con-
tinuous Concentration (CCC) (Stephan et al. 1985). The CMC is equal to
one-half the Final Acute Value, while the CCC is equal to the lowest of
the Final Chronic Value, the Final Plant Value, or the Final Residune

Value.

Suffijcient data were not available to calculate an aquatic cri-
terion on mitroglycerin based on the USEPA guidelines (Stephen et al.
1985); e.g., only six of the required eight families needed in calcula-
ting a Final Acute Valae were available, and nominal concentrations of
nitroglycerin were used in acute flow-through and chromic toxicity tests
instead of measured concentrations which are required for calculating a
Final Chronic Value. However, because some of the data gemerated by
these tests are uniform in their assessment of the degree of toxicity of
nitroglycerin, a tentative Final Acute Value was calcnlated using the
USEPA Guidelines.

A summary of the steps used in calculating tke Final Acute Value is
presented in Table 16. As previously stated, only six of the required
eight families necessary to calculate a2 Final Acute Value were availa-
ble; a family from a phylum other thanm Arthropoda and Chordata and a
family in any order of insect or phylum not already represented were not
available. However, acute toxicity data were available for eight fami-
lies of aquatic test animals (see Table 3 in Section 3.1), therefore,
the value for N (number of genmera used to calculate a Final Acute Value)
was taken to equal eight. A Final Acute Value of 1.7258 mg/L is estima-
ted. It is reemphasized that this value is tentative because acute tox-
icity data did not meet all requirements of the USEPA Guidelines
(Stephan et al. 1985).

The Final Chronic Value may be calculated either in the same manner
as the Fipnal Acute Value or by dividing the Final Acute Value by the
Final Acute-Chromnic ratio. In either case, calculation of a Final
Chronic Value requires toxicity valmes from acute and chromic flow—
through teuts using measured concentrations for three species of organ-—
isms; in the case of chronic tests, if results are not available for
flow—through tests for daphnids, results from renewal tests are accepta-
ble. Results of life cycle or partial life cycle tests arxre preferred,
but early life stage tests mey bs uvsed if results of the former tests
are not available. Re:zalts of both acute and chronic toxicity tests
were available for four species; however, a Final Chromic Value was not
calculated for the following reasoms: (1) Concentrations of nitro-
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TABLE 16. CALCULATIONS FOR FINAL ACUTE VALUE (FAV) OF NITROGLYCERIN®

Rank (R)  GMAV® log GMAV® (log GMAV)? P=R/(N+1)4¢ VP

4 2.9189 0.4652 0.2164 0.4444 0.6667
3 2.8000 0.4472 0.2000 0.3333 0.5774
2 2.4462 0.3885 0.1509 0.2222 0.4714
1 1.9423 0.2883 0.0831 o 111 0.3333
Surn: 1.5892 0.6504 L1:11 2.0488

a. Based on calculation methods discussed in Stephan et al. (1985).
S = S((log GMAV)?) - ((S(log GMAV)Y}/4)

I(P) - ((S(VP))/4

L = (S(log GMAV) - S(Z(/ PN)/4
A =S(,/005 +L
FAV = *

S? = 0.6504 - (1.5892)*/4
= 0.3081; S = 0.5551

11111 - (2.0488)%/4
L =(1.5892 - (0.5551)(2.0488))/4 = 0.1129
A = (0.5551)(</0.05) + (0.1129) = 0.2370
FAV = ¢22¥0 = 17258

b. GMAV = genus mean acute value in mg/L.

c. log GMAV = log to the base 10 of GMAV.

d. N = 8,
. P = probability for each GMAV: R = rank of four highest GMAVs from lowest to highest.




glycerin used in all tests were pominal, and currea: guidelines (Stephan
et al. 1985) specify that concentrations should be measured; (I) Prob-
léms were encountered with qitregiyceriz coming out of sciution and for-
ming globules in the early life stage test for the fish JIcialyras pune—
tatug; 3) Flow-through tes:s are required for all organisms with tke
‘exception of those using Daphnia; a remewal test procedure was used in
the chronic toxicity test for Chiropomus tentans; and (4) For Dapkaia,
current procedures for chromic toxicity tests (USEPA 1985) state that if
"sach control daphnid living 21 days produces an average of less than 60
young, " then the test is umacceptable; data in Table 8 clearly indicate
that young production of controls is extremely low and thus unaccepta-

ble.

A Final Plant Value may be obtained from the lowest reported result
of a toxicity test omn an important aquatic species; the concentration of
the test material should be measured, and tke end point should be biolo~
gically important (Stephan et al. 1985). Based on a decrease in cell
nmabers, a 96~hr EC50 of 0.4 mg/L has been estimated for the green alga
Selepastrum capricoruutum (Bentley et al. 1978); however, this value was
based on nominal concentratiows of nitroglycerin and the guidelines
state that concentrations should be measured. Also, this value is a 50
percent effective concentration, and, if the assumptiom is mads that a
biologically important end point is that end point at which only 5§ per-
cent or even 10 percent of the population is affected, the EC50 could
greatly exceed a biologically important end point. Sullivan et al.
(1979) reanalyzed the data of Beatley et ai. and calculated lowest sig-—
nificant response comcentrations (level of significance not given) of
0.1 mg/L and 1.0 mg/L based on changes in chlorophyll a concentration
and cell numbers, respectively, for S. capricornutum. Because plant
.ata were based on nominal concentrations and the validity of the sta-
tistical and experimental procedures is questionable, a Final Plant
Value cannot be obtained for nitroglvcerin.

A Final Residue Value is obtained by dividing maximom permissible
tissue concentrations by appropriate bioconcentration factors (Stephan
et al. 1985). A maximum permissible tissue concentration is either am
FDA action level or 2 maximum acceptable dietary intake obtained from a
chronic wiidlife feeding study or a long—term wildlife field study.
Bioconcentration factors were available for four fish, and ranged from
8X to 15X; however, it was not clear from the study if tissue concentra-
tions had attained steady state. No maximum permissible tissue concen—
tration was available; thus no Final Residue Value can be calculated for
nitroglycerin.

As stated previously, the final aquatic criterion consists of two
concentrations: a Criterion Maximum Concentration and a Cr-iterion Con-
tinous Concentration (Stephan et al. 1985). A Criterion Maximum Concen-
tration of 0.86 mg/L may be calculated from available data, however,
this value is considered tentative because acute toxicity data did not
meet all requirements of the USEPA guidelines. Fimal chronic, plant,
and residue valunes couid not be determined for nitroglycerin; thus the
minimum data base required by the USEPA in calculating a Criterion Con-
tinous Concentration was not available.
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5.5 BUMAN HEALTH CRITERIA

Based oa the results of a study conducted by Ellis et al. (1973e,
1984), nitroglycerin is suspected of being a human carcinogen. Im this
study, 14/21 male and 16/25 female CD rats bad hepatocellular carcinomas oI
hepatic neoplastic nodules after two years of oral exposure toO nitrogly—
cerin at calculated dose levels of 363 and 434 mg/kg/day, respectively.
There are currently no suitable methods to determine a threshold for carci-
nogenic effects (USEPA 1980); therefore, the recommended concentration for
maximom protection of human health is zero. However, because attainment of
this concentration in some cases may not be feasible, USEPA (1980) has
presented a range of concentrations corresponding to incremental cancer
risks of 107 to 1075. For example, a risk of 1075 indicates that one
additional case of cancer may occur for every 100,000 people exposed. The
USEPA (1980) has adopted the model of Crump (1980, as reported in USEPA
1980), GLOBAL 76, to estimate the water concentration that would cause a
lifetime carcinogenic risk of 105, this model is a linearized, multistaged
model . The water concentration of nitroglycerin which is estimated to
canse a lifetime carcinogenic risk at 10-5, 10-6, and 107 has been calcu-
lated with the GLOBAL 79 model using the GLOBAL 82 program of Howe and
Crump (1982). A summary of the pertinent data and formulae used in calcu-
lating risk for zmitroglycerin is presented in Table 17. The corresponding
recommended criteria for nmitroglycerin are 14.0, 1.40, acd 0.14 pg/L. If
the above estimates are made for consumption of agquatic organisms only,
excludins consumption of water, the levels are 231, 23.1, and 2.31 ug/L,
respectively. Based on the estimated Final Acute Value for aquatic life
(1.7-.58 mg/L), maintainance of concentrations at the levels recommended for
thoe human health criteria would more than adegquately protect agumatic life.

5.6 RESEARCH RECOMMENDATIONS

~ As has been pointed out, not emough data were available to calculate
aquatic criteria for nitroglycerin. The follcwing research recommendations
are given so that sufficient data will be available to meet the USEPA
Guideline requirements (USEPA 1980; Stephan ot al. 1985) for generating

water quality criteria.

1. Acute toxicity tests are needed for a genus from a phylum other than
Arthropoda and Chordata (e.g.. Apnelida, Mollusca, Rotifera) and for 2
genus in any order of imsect or phylom not already represented.

2. Chronic flow-through tests using measured concentrations are needed for
three different agquatic genera where at least one is a fish, one is an
ijnvertebrate, and one is a sensitive freshwater species.

3. Acute flow—through tests using measured concentratioons are needed for
species of organisms for which acceptable chromic toxicity tests have been
performed.
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. 4. A torxicity test on an-importaat aguatic plaant spesies is neaded in
which measured concentrations were used and the end point is biologically
important.

5. A maximum permissible tisste concentration and a definitive steady-
state or 28-day bioaccumulation study for nitroglycerin are needed.
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TABLE 17. SUMMARY OF SURTINENT DATA FOR CALCULATING THE
LIFETIME CARCINOGENIC RISX OF NITROGLYCERIN2

Dose to male rats Hesatocellolar carcinomas
(mg/kg/day) (No. responding/no. tested)
9.0 1/24
3.04 0/28
31.5 4/26
363.0 14/21

a. In srder to present a conservative estimatewof carcinmogeaic risk,
the water quality criterion for nitroglyceris is based on the indac-
tion of hepatocellular carcinomas in male zather than female rats
(Bllis et al. 1978a, 1984).

log BCF = (0.85 log P) - 0.70

.0¢% npper counfidence interval
-

q,*(A) L E
¥, 0.33
q*(B) = q *(A) x 2 : T
A °
c 10 ¢ 1073

AT q*(B)(2 + 0.0065 BCF)

C 10 2 1q73
0 ql‘(a)(o.ooss BCF)

¥here: :
BCF = Bioconcentration factor = 19.8381 L/xg

2 = humanp water consumption, L/dsy

0.0065 = bhuman fish consumption, xg/day

Log P = 2.35 '

95% Upper confidence interval = 1.50499 x 105

MLE = Ma- mom likelihood estimate = 3.211326 x 1073 mg/kxg/day

ql‘(A) = Carcinogenic potency factor for anjz=als = 4.6865 x 10-3 (ms/ks/dly)'l
q (8 = Carcinogenic potency factor for humans = 2.34812 z 1072 (mg/Xx3/day) ™t
Wg = Average weight of humans = 70 k3

WA = Average weight of experimental animals = 530 gm

le = Durstion of exposure = 730 days

L = Lifespan of test animal = 73C days

CA = Concentzation of nitroglyserin in water, calculated to keop the lifetime
cancer risk below 105 = 14.0 ug/L

Co = Concentration in organisms only, calculated to keep the lifotime
capcer risk below 10-5 = 231 pg/L
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APPENDIX A:
SUMMARY OF USEPA METHODOLOGY EOR DERIVING NUMERICAL WATER QUALITY
CRITERIA FOR THE PROTECTION OF AQUATIC ORGANISMS AND THEIR USES

The following summary is a condensed version of the 1985 final US
Envirommental Protectiom Agency (USEPA) guidelines for calculating a
water quality criteria t> protect aquatic lifs and is sianted towards
the specific regulatory nceds of the US Army (e.g., discussion of

saltwater sspects of the criteria calculation are uot included). The
awddalineag axe She moat wesent doconment cewuniinimng vthe seoguiwed pwe

cedures and were written by the following researchers from the USEPA* s
regional research laboratories: C.E. Stephan, D.I. Mouat, D.J. Hansen,
J.H. Gentile, G.A. Chapman, and Y.A. Brungs. For greater detzil on
individual points consult Stephan et al. (1985).
\\\‘
1. INTRODUCTION

The Guidelines for Deriving Numerical Natiomnal Water Qualitv Cri-
teria for the Protection of Aguatic Organisms and Their Uses describe an
objective, internally comsistent, and appropriate way of estimating
nationa! criteria. Because aquatic 1ife can tolerate some stress and
occacional adverse effects, protection of all species all of the time
was not deemed necessary. If acceptable data are available for a large

‘number of appropriate taxa from a variety of taxonomic and functional

groups, a reasomable level of protection should be provided if all
except a small fraction are protected, unless a commercially,
recreationally, or socially important species was very sensitive. The
small fraction is set at 0.05 because other fractions resulted in cri-
teria that seemed too high or too low in comparisom with the sets of
data from which they were calculated. Use of 0.05 to calculate a Final
Acute Valne does not imply that this perczntage of adversely affected
taxa should be used to decide in a field situation 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 umacceptable long-term and short—term effects omn (1) commerci-—
ally, recreationally, and sccially important species and (2) (a) fish
and benthic invertebrate assemblages in rivers and streams and (b) fish,
benthic invertebrate, and zooplankton assemblages ian lakes, reservoirs,
estuaries, and oceans. These national guidelin2s have been Jeveloped on
the theory that effects which occur om a species in apprcpciate labora-
tory tests will generally occur om the same species :n comparable field
situations.

Nomerical 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 contiruous concentration is desig-
ned to provide adequate protection of aquatic life and its uses from
acute and chromic toxicity to amimals, toxicity to planmts, and
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bioaccumulation by aquatic organisms wi*hout being as restrictive as a
one-number criterion would have to be 1n crder to provide the same
cegree of protecrion.

Criteria produced by these guidelines should be usetful for develo-
ping water quality staundards, mixing zome standards, and effluent stan-
dards. Development of such standards may have to consider additional
factors such as social, legal, economic, and additional biological data,
It may be desirable to derive site-specific criteria from these natiomnal
criteria to reflect local conditions (USEPA 1982). The two factors that
may cause the most difference between the national and site—specific
criteria are the species that will be exposed and the characteristics of

the water.

Criteria should provide reasonable and adequate protection with
only a small possibility of considerable overprotection or underprotec—
tion. It is pot enough that a criteriom be the besf\bs;imate obtainable
using available data; it is equally important that a criterion De
derived only if adequate appropriate data are available to provide
reasonible confidence that it is a good estimate., Thus, these guidel-
ires require that certain data bz available if a criteriom is to be
derived. If all the required data are not available, usually a cri-
terion should not be derived; bowever, 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 qualitative rather than quantitative; much judgement will be
required to derive a water gquality criterion for aquatic life. All
necessary decisions should be based on a thorough knmowledge of aquatic
toxjcology and an understanding of these guidelines and should be con-
sistent with the spirit of these guidelines — which is to make best use
of ali available data to derive the most appropriate criterion.

2. DEFINITION OF MATERIAL OF CONCERXN

1. Each separate chemical that does not iomize significantly in
most natural bodies of water should be comsidered a separate
matexial, except possibly for structurally similar orgamnic
compound: that only exist in large quantities as commercial
mixtures of the various compounds and apparently have similar
biological, chemical, physical, and toxicological properties.

2. For chemicals that do ionize significantly, all forms that’
wonld be in chemical equilibrium should usually be coasidered
one material. Each different oxidation state of a metal and
each different nonionizable covalently bonded organometallic
compounnd should usuzlly be considered a separate material.

3. Definition of the material shotld include an operational
analytical component. It is also necessary to referemnce or




describe analytical methods that the term is intended to
denote. Primary requicements of the operational analytical
component is that it be appropriate for use om samples of
receiving water, that it be compatible with toxicity and
bioaccumulation data without making extrapolations that are
tco hypothetical., amnd that it rarely rezult in underprotzc-—
tion of aquatic life and its uses.

:aLQI.l Analytionl ch emiasswy of the wmatewial may have to bhe
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. ¥hen aqua-
tic organisms are more sensitive than analytical techniques,
the proper solation is to develop better apalytical methods,
not to underprotect aquatic life.

N,
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 leveis (EDA Guidelipes Manual); and
(c) chronic feeding studies and long-term field studies with
wildlife that reguiarly coustme aquatic organisms.

All data used should be available in tyﬁed, dated and signed
hardcopy with esough supporting information to indicate that
acceptable test procedures were used 2nd the resalts should

be reliable.

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

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

For some highly volatile, hydrolyzable, or degradable materi-
als it may be appropriate to only use results of flow—through
tests in which ccncentration 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, or
orgarisms thst were previously cxposed to significant concen~
trations of the test material or other contaminants.




4. REQUIRED DATA

Results of acceptable acute tests (see Sectivn 5) with
freshwater animals in at least eight different families such
that all of the following are included:

a, the farily Salmonidae in the class Osteichthyes;

b. a second family (prefevably an important warmwater
species) in the class Osteichthyes (e.g., bluegill,

fathead minnow, or channel catfish);

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

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

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

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

a family in a phylum other than Arthropoda or Chordata
(e.g, Anpelida or Mollusca); and

h, a family in any order of imsect or any phylum not
representec.

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

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 aquatic organisms that
are most sensitive to the material, results of a test with a
plant in another phylum (division) should be available.

At least one acceptable bioconcentration factor determined
with an appropriate aquatic species, if a maximum permissible
tissue concentratiom is available (see Sectiom 10).

If all required data are available, a numerical criteriom can usually be
derived, except in special cases. For example, if a criterion is to be
related to a water quality characteristic (see Sections 6 and 8), more
date will be necessary. Similarly if all required data are not availa-
ble a numerical criterion should not be derived except im special cases.

For example,

even if not enough acute and chronic data are available, it




may be possible to derive a criterion if the Jata clearly indicate that
‘the Final Residue Value would be much lower than either the Final
Ghropic Value or the Final Plant Value. Conf idence in a criterion
usuwally increases as the amount of data increases. Thus, additional
data are usually desirable.

s. FINAL ACUTE VALUE

1. The Final Acute Valume (FAV) is an estimate of the concentra-
tion of material corresponding tc a cumulative probability of
0.05 in the acute toxicity values for the genera with which
acute tests have been conducted cn 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.

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

3. 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.

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

5. Acute values should be based on endpoints which reflect the
total adverse impact of the test material on the ~rganisms
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 cladocerams shounld be star—
ted with orgamisms <24 hr old and tests with midges
should be started with second- or third-instar larvae.
The result should be the 48-hr EC50 based on percentage
of organisms immobilized plus percerntage of organisms
tilled. If such an EC50 is not available from a test,
the 48-hr LC50 should be used in place of the desizod
48-hr EC50. An EC50 or LC50 of lomger than 48 hr can be
used provided animals were not fed and control amnimals
were accsptable at the end of the test.

.
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b. The result of te<ts with all other aquatic amimal species
should be the 96-hr EC5Q value hased on percentage of
organisms exhibiting loss of equilibrimm plus percentage
of organisms immobilized plus percentage of organisms
killed. If such an EC50 value is not available from a
test, the 96~hr LC50 should be used in place of the
desired EC50.

¢. Tests with single-cell organisms are nct considered acute
tests, even if the duration was (96 hr.

d. If the tests were conducted properly, acute values repor—
ted as greater than values and those acute values which
are above solubility of the test material are acceptable.

If the acate toxicity of the material to aquatic animals has
been shown to be related to a water gquality characteristic
(e.g., total orgamic carbon) for freshwater species, a Final
Acute Equation should be derived based on that characteris-

tic.

If the data indicate a that one or more life stages sre at
least a factor of 2 times more resistant than one or more
other life stages of the same species, the data for the more
resistant life stages should not be unsed in the calculation
of the SMAV because a species can only be considered protec-
ted from acute toxicity if all life stages are protected.

Consider the agreement of the data within and between
species. Questiorable results in comparisom to other acute
and chronic data for the species and other species in the
same genus probably should not be used.

For each species for which at least one acute value is
available, the SMAV should be calculated as the geometric
mean of all flow-through test results in which the concentra-
tion of test material were measured. For a species for which
no such result is avsilable, calculate the geometric mean of
all available acute values, i.e., results of flowthrough
tests in which the concentrations were not measured and
results of static and remewal tests based on initial total
concentrations of test material.

NOTE: Data reported by originail investigators should not be
rounded off and at least four significant digits should be
retained in intermediate calculations.

For each genus for which one or more SMAV is available, cal-
culate the Genus Mean Acute Value (GMAV) as the geometric
mean of the SMAVs.
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CMAVs from "1 for the lowest to "N' for the dighest, If t¥o
or more GMAVs are identical, arbitrarily assign them succes-
sive ranks.

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

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

Select the four GMAVs which have cumulative grobabilities
closest to 0.05 (if there are <59 GMAVs, these will always be
the four lowest GMAVs).

Using the selected GMAVs and Ps, calculate

S? = 2((In GMAV)?) - ((S(In GMAV))?¥/4)

Z(P) - ((Z(VP))/4
L = (S(ln GMAV) - S((JP)))/4
A =S(J/0.05) +L
FAV = ¢*
If for an important species, such as a recreationally or com—
mercially important species, the geometric mean of acute
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 reiated to a water quality characteris-
tic, 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 atfect toxicity,
multiple regression analyses should be used.

For each species for which comparable acnte toxicity values
are aveilable at two or more different values of the water
quality characteristic, perform a least squares regression of
acute toxicity values on values of the water quality charac-
teristic.
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Decide whether the data for each species is useful, consider—
ing the range and nurber of tested velues cf the water qual-
ity characteristic and degree of agreement within and between
species. In additionm, questiorable results, in comparison
with other acute and chronic data for the species and other
species in the 'same genus, probably should not be used.

Individually for each species calculate the geometric mean of
the acaute values and then divide each of the acate values for
a species by the mean for the species. This ncermalizes the
acute values so that the geometric mean of the nsormalized
values for each species individually and for any combination
of species is 1.0

Similarly normalize the values of the water quality charac-
teristic for each species individrmally. '

Individually for each species perform a ls:ast squares regres-
sion of the normalized acute toxicity values on the
corresponding normalized values of of the water quality
characteristic. .he resulting slopes and 95 percent confi-
dence limits will be identical to those obtained in 2. 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 norwalized data as if they were all for the
same species and perform a least squares regression of all
the normal ized acute values on the corresponding normalized
values of the water quality characteristic to obtain the
pooled acute slope (V) and its 95 percent confidence limits.
If ail the rormalized data are actually plotted, the line of
best fit will go through the point 1,1 in the center of the
graph,

For each species calculate the geometric mean (W) of the
acute toxicity values and the geometric mean (X) of the rela-
ted values of the water quality characteristic (calculated in
4. and S. above).

For each species calculate the logarithmic intercept (Y) of
the SMAV at a selected value (Z) of the water quality charac-
teristic using the equation: Y = 1n W - V(1in X - 1n 2).

el.

For each species calculate the SMAV using: SMAV =
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Obtain the FAV at Z by using the procedure described in Sec—
tion 5. (No. 10-14}.

If the SMAV for ar important species is lower than the FAV at
Z, then that SMAV shounld be used as the FAV at Z.

The Final Acute Equation is written as: FAV = e(Vlln(water
quality characteristic) + 1n A - V{ln Z]), 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
quality 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-Chromic Ratio.

NOTE: Acute-chromic ratios and application factors are ways
of relating acute and chromic 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 aquatic organisms. Another advantage of the acute-
chronic ratio is that it should usunally be greater than one;
this should avoid confusion as to whether a large application
factor is one that is close to nnity or one that has a denom—
inator that is much greater than the numerator.

Chronic values shounld be based on results of flow—through
(except renewal is acceptable for daphnids) chromic tests in
which concentrations of ‘tes. material were properly measured
at appropriate times during testing.

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

Results of chronmic tests conducted in unusual dilution water
should not be used, unless a relationship is developed
between toxicity and the unusumal characteristic 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 chronic toxicity tests
should be used:



Life-cycle toxicity tests consisting of exposures of two
or more groups of 2 species to a different concentration
of test material throughout a life cycle, Tests with
fish should begin with embryos or newly hatched young (48
hr old, conticue through maturation and reproduction, and
should end not <24 days (90 days for salmonids) after the
hatching of the next generation. Tests with daphnids
should begin with young <24 hr old and last for not (21
days. For fish, data should be obtained and analyzed on
survival and growth of adults and young, mataration of
males and females, eggs spawned per female, embryo via-
bility (salmonids only), and hatchability. For daphnids,
data should be obtained and analyzed on survival and
young per female.

Partial life-cycle toxicity tests comsisting of exposures
of two or more groups of a species to a different concen—
tration of test material throughout a life cycle. Par—
tial life-cycle tests are allowed with fish species that
require more than a year to reach sexmal maturity, so
that all major life stages can be exposed to the test
material in less than 15 months., Exposure to the test
material should begin with joveniles at least 2 months
prior to active gonadal development, continue through
maturation and reproduction, and shounld end mnot <24 days
(90 days for salmonids) after the batching of the next
generation. Data should be obtained and analyzed on sur-—
vival and growth of adults and young, maturation of males
and females, eggs spawned per female, embryo viability
(salmonids only), and hatchability.

Early life-stage toxicity tests consisting of 28— to 32—
day (60 days posthatch for salmonids) exposures of early
life stages of a species of fish from shortly after fer—
tilization through embryonic, larval, and early juvenile
development, Data should be obtained on growth and sar-
vival.

NOTE: Results of an early life-stage test are used as
predictors of resuvlts of life-cycle and partial life
cycle tests with the same species., Therefore, when
results of a life-cycle or partial life-cycle test are
available, results of an early life-stage test with the
same species should not be nsed. Also, results of early
life—-stage tests in which the incidence of mortalities or
abnormalities increased substantially nesr the end of the
test should not be used because results of such tests may
be poor estimates of results of a comparable life-cycle
or partial life-cycle test. ’

A~10
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A chronic valeve may be obtained by calculating the geometric
mean of lower and upper chromic limits from a chromic test or
by analyzing chronic data using regression analysis. A lower
chromic limit is the highest tested concentration (a) in an
acceptable chronic test, (b) which did not cause an unaccep—
tatle amount of an adverse effect on any specified biological
measurements, and (c) below which no tested concentration
caused such an unacceptable effect. An upper chromic limit
is the lowest tested concentration (a) in 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 concentratiors

caused such an effect.

If chronic toxicity of material to aquatic animals appears to
be related to a water quality characteristic, a Final Chronic
Equation 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 Chronic
Value (SMCY) should be calculated for each species for which
at least one chronmic value is available by calculating the
geometric mean of all chromic values for the species and
appropriate Genus Mean Chronic Values should be calculated.
The FCV should then be obtained using procedures described in
Section § (No. 10-14). Then go to Section 7 (No. 13}.

For each chrcnic value for which at least one corresponding
appropriate acote 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 duphnids) acute tests in the same dilution
water and in which concentrations were measurea. For fish,
the acute test(s) should have been conducted witd juveniles.
Acute test(s) should have been part of the same study as the
chronic test. JIf acute tests were not conducted as part of
the same study, acute tests conduncted in the same laboratory
and dilution water may be used. If acute tests were not con—
ducted as part of tne same study, acute tests conducted in
the same dilotion water but a differecat laboratory may be
used. If such acute tests are not available, an acute-
chronic ratio should not be calculated.

For each species, calculate the species mean acute-chronic
ratio 2s the geometric mean of all acute-chronic ratios for

that species.

1..
e
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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 om the
data. .

a. If the species mean acute-chromnic ratio increases or
decreases as the SMAV increases, the final Acute—Chromnic
Ratio should be calculated as the geometric mean of all
species whose SMAVs are close to the FAV.

b. If no major trend is apparent and the acute—chreanic
ratios for a nunber of species are within a factor of
ten, the Final Acute-Chronic Ratio should he calculated
as the geometric mean of all species mean acute-chronic
ratios for both freshwater and saltwater 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 chronic test. Because
continuous exposure and acclimation cannot be assured to
provide adequate protection in field jitvations, the
Final Acute-Chronic Ratio should be set at 2.0 so that
the FCV is equal to the Criterion Maximom Concentration.

If the acute-chronic ratios do not fit omne c{ these cases, 2
Final Acute-Chronic Ratio probably cannot be obtained, and 2
FCV probably cannot be calculated.

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

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

Go to Sectiomn 9.

8. FINAL CERONIC EQUATION

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

a. JIf acute-chronic ratios for enough species at enough
values of the water quality characteristics indicate that
the acute-chronic ratio is probably the same for all
species and independent of the water quality

A-12
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characteristic, calcusate the Final Acute-Chremic Ratio
as the geometric mean of the species mean acute-chronic

ratios.

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

c. Use V = pooled acute slope as L = pooled chromic slope.

d. Go to Sectionm 8, No. 2, item m.

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

a. When enough 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 comsidered
as described below or using analysis of covariance (Dixon
and Brown 1979, Neter and Wasserman 1974), If two or
more factors affect toxicity, multiple regression
analyses should be used.

b. For each species for which comparable chronic toxicity
values are available at two or more different values of
the water quality characteristic, p.rform a least squares
regression of chromic toxicity values on values 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, questionable
results, in comparison with other acute and chromic data
for the species and other species in the same genus, pro-
bably should not be used. If a useful chronic slope is
not availabie for at least one species or if the slopes
are too dissimilar or if data are inadequate to definme
the relationship between chronic toxicity and water qual-
ity characteristic, return to Section 7 (No. 8), using
results of tests conducted under conditions 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 chronmic values and then divide cach chromic
value for a species by the mean for the species.

A-13




This normalizes the chronic values so that the geometric
mean of the normalized values for each species and for

amy combimation of species is 1.0.

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

Individually for each species perform a least squares
regression of the normalized ckromic toxicity values on
the corresponding normalized values of the water quality
characteristic. The resulting slopes and 95 percent con~
fidence limits will be identical to those obtained in 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 im the center of the graph.

Treat all the normalized data as if they were all for the
same species and perform a least sguares regression of
all the normalized chromic values on the corresponding
normalized values of the water quality characteristic to
obtain the pvoled chronic slope (L) and its 95 percent
conf idence limits. If all the normalized data are actu-
ally plotted. the line 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 geometric mean (P) of related values
of the water quality characteristic.

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

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

Obtain the FCV at Z by using the procedure described in
Section 5 (No. 10-14).

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

The Final Chronic Equation is written as: FCV =
e(Llln(water quality characteristic)] + 1n S - Ll1m Z]),

where L = mean chronic slope and S = FCV at Z.
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9. EINAL PLANT VALUE

Appropriate measures of toxicity of the material to aquatic
plants are used to compare relative sensitivities of aquatic
slants and animals. Although procedures for conducting and
interpreting results of toxicity tests with plants are not
well developed, resalts of such tests usually indicate that
criteria which adegquately protect aquatic animals and their
auses also protect aquatic plants and their uses.

A plant value is the result of amy test conducted with an
2iga or an aquatic vascular plant.

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

1C. FINAL RESIDUE VALUE

The Final Residue Value (FRV) is intended to (a) prevent con—
centraticns in commercially or recreationally important aqua-—
tic species rrom exceeding applicable FDA action levels and
(b) protect wildlife, including fish and birds, that consume
aquatic organisms from demonstrated unacceptable effects.

The FRV is th¢ lowest of residue values that are obtained by
¢dividing maximom permissible tissme concentrations by
appropriste bioconcentration or bioaccumulation factors. A
maximum permissible tissue concentration is either (a) a FDA
action level (FDA administrative gunidelines) for fish oil or
for the edible portion of fish or shellfish or (b) a 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 study. If no maximum
permissibie tissue concentration is available, go to Section
11., because a Final Residue Value cannot be derived.

Bioconcentration Factors (BCFs) and Biocoaccumnlation 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 %he organism
has been exposed. A BCF is intended to account only for net
uptake directly from water, and thus almost has to be
measured in 1 laboratory test. A BAF is intended to account
for net uptake from b>th food and water in s real-world
situnation, and almost has to be measured in a field situation
in which predators accumulate the material directly from
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water and by consuming prey. DBecause so few acceptable 3'Fs
are available, only BCFs will be discussed further, but an
acceptabie BAF can be used in place of a BCF.

If a maximum permissible tissue concentration is available
for a substance (e.g, parent material or parent material plus
metabolite), the tissue concentration used in BCF calcula-
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
material.

a. A BCF should be used only if the test was flow—through,
the BCF was calcilated based on measured concentrations
of test material in tissue and in the test solation, and
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 perceat of expo-
sure duration, whichever is longer) or 28 days was
reached. The BCF used from a test should be the highest
of (a) the apparent steady—state BCF, if apparent
steady—state was reached; (t) highest BCF obtained, if
spparent steady—state was not reached; and (c) projected
steady—-state BCF, if calculated.

b. Whenever a BCF is determined for a liporhilic material,
perccentage of lipids should also be determined in the
tissue(s) for which the BCF is calculated.

¢. A BCF obtained from an exposure that adverselj effected
the test organisms may be used only if it is similar to
that obtained with unaffected individuals at lower con—
centrations that did cause effects.

d. Because maximum permissible tissme concentrations are
rarely based on dry weights, a BCF calculated using dry
tissue weights must be converted.to a wet tissue weight
basis. If no conversion facior is reported with the BCF,
multiply the dry weight by 0.1 for plankton and by 0.2
for species of fishes and invertebrates.

e. If more than one acceptable BCF is available for =
species, the geometric mezz of values should be used,
onless the BCFs are from different expesure durations,
then the BCF for the longest expcsnure should be used.
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4. 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 ADI derived from a feceding

study or a2 long-term field study with wildlife, inclading

biwda amd maweatio organiems. the appropriate BCF is based
em the whole body of aquUASiIc speeiecsd whish vomugieswete ap

represent a major portion of tke 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 specics BCF is used because FDA action levels are

applied on a species—by-species basis.

3

§. For lipophilic materials, it may be possidble to calcunlate
additional residue values. Because the steady—state BCT for
a lipophilic materjal seems to be proportional to percentage
of lipids from ome tissue to another and from one species to
another (Hamelink et al., 1971, Lundsford and Blem 1982,
Schnoor 1982), extrapolations can be made from tested tissues
or species tn untested tissues or species omn the basis of

percentage of lipids.

a. For each BCs for which percentage of lipids is known for
the same tissue for which the BCF was measured, normalize
the BCF to a one percent lipid basis by dividing the BCF
by percentage of lipids. This adjustment makes all the
measurcd BCFs comparable regardless of spscies or tissue.

b. Calculate the geometric mean normalized BCF.

c. Calculate 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 an FDA action level for fish oil, the appropri-
ate perceatage of lipids valmne 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
constmed species (Sidwell 1981).
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¢ For a maximum ADI derived from a chromic feeding
study or long-term field study with wildlife, the

appropriate percentage of lipids is that of an aqua=

'k tic species or group of aquatic species which con-
stitute a major portion of the diet of the wildlife
species.

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

CaERL 1

o 11. OTHER DATA

Pertinent information that could not be used in earlier sections
may be available concerning zdverse effects on aquatic organisms and
their uses. The most important of these are data on cumulative and
delayed toxicity, flavor impairment, reduction in survival, growth, or
reproduction, or any other biologically importact adverse effect.
Especially important are data for specics for which no other data are

available.

12. CRITERION

1. A criterion consists of two concentrations: the Criteriom
: Maximum Concentration aand the Criterion Continuous Concentra-—
- tion.

2. The Criterion Maximum Concentratiom (CMC).is equal to one-
half of the FAV.

3. The Criterion Continuous Ccncentratiom (CCC) is equal to the
lower of the FCV, the Firal Plant Value, and the FRV unless
other data show a lower valae should be used. If toxzicity is
related to a water qunlity characteristic, the CCC is
obtained from the Final uronic Equation, the Final Plant

‘ Value, and the FRV by selecting the value or concentration

¢ that results in ths Iowest concentrations in the usual range
of the water quality characteristic, unless other data (see
Section 11) show that a lower value should be used.

i 7>

4. Round both the CCC and CMC to two significant figures.




§5. The criterion is stated as:

The procedures described in the Guidelines for Deriving
Numerjcal Natijonal Water Qualitv Criteria for the Protection

. of Aquatic Organisms and Their Uses indicate that (except
possibly where a locally important species is very sensitive)
(1) aquatic organisms and their nses should not be affected
unacceptably if the four—day average concentration of (2)

does not exceed (3) pg/L gore than once every three years on
*he avevagae owmd if the cwe—houwr averasge concentration does
not exceed (4) Lg/L more than once overy three years on the

. average.
. Fhere
(1) = insert freshwater or saltwater,
(2) = name of material,
(3) = insert the Criterion Continuous Concentration, and

insert the Criterion Maximum Concentratioa.

(4)
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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
Enviveonnemnsnl Prestcoatinn Apemap (T HPA) pawdidalinnn Cnm wowdeawdpndtcwea

water quality criteria to protect human heslth and is slanted towards
the specific regnlatory needs of the US Army. The guidelines are the
most recent document outlining the required procedures and were pudb—
lished in the Federal Register (USEPA 1980). Fcr greater detail ou
individual pcints consalt that referencs.

1. INTRODUCTION

The EPA's water quality criteria for the protection of human health are
based on one or more of the following properties of a chemical -sollun-
tant:
g) Carcinogenicity, b) Toxicity, arnd ¢) 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 onm organoleptic effects do not necessarily
represent approximations of acceptable risk levels for human health. In
all other cases the criteris 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 increacsed cancer risk associated with incremen—
tal changes . in the ambient water conccntration of the substance. Social
and economic costs and benefits are not considered in determining water
quality 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 multiple-use water body, the criterion protecting the most
sensitive mse is applied.

2. DATA NEEDED FOR HUMAN HEALTH CRITERIA

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

2.1 EXPOSURE DATA

For am accurate assessment of total exposure to a chemical, com
sideration must be given to all possible exposure routes including
ingestion of contaminated water and edible aquatic and nonaquatic organ-—
isms, as well as exposure through inhalation and dermal contact. For
water quality criteria the most important exposure routes to be con—
sidered are ingestion of water and consumption of fish and shellfish.
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Generally, exposure through izhalation, dermal contact, and pon-aquatic
diet is either onknown or so low as to De insignificant; however, when

such data are available, they must b. included in the --iteria eva'ua~
tiom.

The EPA guidelines for developing water quality criteria are based
on the following asswmptions which are designed to be protective of a
bealthy azdult male who is subject to average exposure conditions:

1. The exposed individual is a 70-%g male person (Internaticnal
Commission on Radioclogical 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 equal to 2 liters
(Drinking Water and Health, National Research Council 1977).

Because fish and shellfish consumption is an important exposure factor,
informaticn on bioconcentration of the pollutant in edidle portions of
ingested species is necessary to calculate the overall exposure level.
The bioconcentration factor (BCF) is equal to the quotient of the con
centration of a substance in all or part of an organism divided by the
concentration in ambient water to which the organism has been exposed.
The BCF is a functiom of lipid solubility of the substance and relative
amount of lipids in edible portioms of fish or shellfish. To determine
the weighted average BCF, three different procedures can be nsed depen—
ding uponm lipid solubility and availability of bioconcentration data:

(1) For lipid soluble compounds, the average BCF is calculated fron
the weighted average percent lipids in ingested fish and shellfish
in the average American diet. The latter factor has been estimated
to be 3 percent (Stephan 1980, as cited in USEPA 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:

BCFavg = BCFsp X 3.0% ,
PLsp

where BCFgp is the bioconcentration factor for an aquatic species

and PLgp is the percent lipids im the edible portions of that
species. :

(2) Where an appropriate bioconcentration factor is not available,
the BCF can be estimated from the octanol/water partition coeffi~-
cient (P) of a substance as follows:

log BCF = (0.85 log P) - 0.70

.

for aguatic organmisms containing about 7.6 percent lipids (Veith et
al. 1980, as cited in USEPA 1980). An adjustment for percent
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lipids in the average diet (3 percent versus 7.6 percent) is made
bicconcentration fartor.

cr
[
-
c

to derive the weignied average
(3) For ronlipid-rnluble compounds, the available BCFs for editle
portions of constmed freshwater and estnarine fish and shellfish
are weighted according tc consumption factors to determine the
weignhted BCF representative nf the average diet.

2.2 PHARMACOKINETIC DATA

Pharmacokinetic data, encomrassing information on absorption, dis-
tribution, metabolism, and excretion, are needed for determining the
biochemical fate of & substance in human and animal systems. Informa-
tion onm absorpt on 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 inhalatiom or

other routes of exposure.

2.2 BIOLOGICAL EFFECTS DATA

Effects data which are evaluated for water quality criteria include
acute, subchronic, and chromic toxicity; synergistic and antagonistic
effects; and genotoxicity, teratogenicity, and carcinogénicity. The
data are derived primarily from animal studies, but climical ca2se his—
tories and epidemiological studies may also provide useful information.
According to the EPA (USEPA 1980), several factors inherent in human
epidemiological studies nften preclude their use  in generating water
guality criteria (see NAS 1977). However, epidemiological data can be
useful in testing tie validity of animal-to—man extrapolations.

From an assessment of all th. available data, a biological end-

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

3. EUMAN HEALTH CRTITERIA FOR CARCINOGENIC SUBSTANCES

If sufficient duta 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 gnality criterion
for that substance (recommeanded 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—
cenic effects, and, consequently, there is no scientific basis for esta-
blishing a "safe’” level. To better define the carcinogenic risk associ-
ated with a particular water pollutant, the EPA % := developed a2 metho—
dology for determining ambient water comncentrations of the substance
which would correspond to incremental lifetime cancer risks of 10-7 to




10-5 (one ~dditional case of camcer iz populations ranging from ten mii-
lion to 100,000, respectively). These risk estimates, however, do not

represent an EPA ,xdgerent as to a1 “acceptable” risk level,

3.1 METHODOLOGY FOR DETERMINING CARCINOGENICITY (NONTHRESBOLD) CRITERIA
The ambient water concentration of a substsucs corresponding to a
specific carcinogenic risk can be calculatod as follown:

20 = rR

C = gq1* (2 + 0.0065BCF)

where,

C = ambient water concentration;

PR = the probable risk (e.g., 10-5; equivalent to ome case in 100,000);
BCF = the bioconcentration factor; and

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

By rearranging the terms in this eqration, it can be seeu that the ambient
water concentration is ons of several factors which define the overall exposure
Jevel:

PR = g1* x C (2 + 0.0065 BCF)
70
or
PR = -* 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 p.r day. Because the expostre is
calculated for a 70-kg man, it is normalized to a per

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

particular case, exposure resulting from inhalation,

dermal contact, and nonaquatic diet is considered

to be negligible.

Tn simplified terms the equation can be rewritten
PR = q1* 5,
~~ere X is the total average daily exposure in mg/kg/day

ur

q1 = _PR ,
X

showing that the coefficient q1™ is the ratio of
risk to dose; an irdication of the carcinogeric potency
of the compound.

The USEPA guidelines statc that for the purpose of developing water
quality criteria, the assumption is made that at low dose levers there




is a linear relationship between dese and risk (at high doses, however,
there may be a rapid increase ic risk with dose resultin; in a suaarply
cuorved dose/response curve). At low doses then, the ratio of risk to
dose does not change appreciabiy and q1* is a1 comstant. A: high doses
the carcirogenic potency can be derived directly from experimental data,
but for risk levels of 107 to 10~5, which correspond to very low doses,
the q1* value must be derived by extrapolation from epidemiological data
or from high dose, short-term anima]l bioassays.

3.2 CARCINOGENIC POTENCY CALCULATED FROY HUMAN DATA

Iz 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)]
(e.g., if the cancer risk in group A is five times greater than that of
the control group, them RR(X) = §), In such czxses the "excessz’” relative
capcer risk is expressed as RR(X) - 1, and the actual numeric, or pro—

portional excess risk level [PR(X)] can be calculatad:
PR(X) = [RR(X) - 1] x PR(control).

Using the standard risk/dose equation:
PR(X) = b xX

and substituting for PR(X):
[RR(X) - 1] x PR(control) = b x X

or

b = [RR(X) - 1] x PR{control),
X

where b is equz’ - t:e rhnscinogenic potency or ql'.

3.3 CARUINOGENIC POTENCY CALCULATED FROM ANIMAL DATA

In the case of animal studies where different species, strains, and sexes
may have been tested at differenmt doses, routes of exposure, and
exposure Juratiors, any data sets used in calculating the
bealth rriteria must conform to certain standards:

1. The tumor incidence must be statistically significantly higher
than the control for at least onme test dose level and/or the
tmmor incidence rate must show a statistically significant
trend with respect to dose level. '

2. The data set giving the highest estimate of carcinogenic
lifetime risk (q1™) should be selected unless the sample size
is quite small and another data set with a simmilar dose—
response relationship and larger sample size is available.
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5. If twe or wmore data sets are ccmparable in size and identical
with respect to species, strainm, SeX and tumor site, then the
geometric mean of ql' from all data sets is used in the risk
assessment.
4. If in the same study timors occur at a significant frequency

at more ttan one site, the cancer incidence is based on the
nmber of animals having tumors at any ome of those sites.

In order to make different data sets comparable, the EPA guidelines
call fc- the following standardized procedures:

1.

To ustabl ish equivalent doses between species, the exposures
are normalized in terms of dose per day {(m) per nnit 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:

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

. S = ————

v

then
m = sxVW

and the equivalent daily exposure (X) would be

(s x W)

or
X = s x Wi/3,

The dose must also be pormal ized to a lifetime average expo—
sure. For an carcinogenic assay in which the average dose per
day (in mg) is @, and the length of exposure is le, 22d the
total length of the experiment is Le, then the lifetime
average exposure (Xg) is

10 x o

Im =
I_,e 'S w21l3

.
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If the duraticn of the experimznt ‘Le) is less than the
natural life span (L) of the test animal, the valume of q1" is
increased by a factor of (L/Le¢)3 to adjust for an age—specific

imurveanvwe in th e vunwesr pasne.

1~

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 rer day in kg, and r
is the abscrption fraction (which is generally assumed to be
equal to 1). The weight of the food eaten per day can be
expressed as a frnction of body weight

F = fWw,

where f is a species—specific, empirically derived coefficient
which adjusts for differences in F due to differences in the
caloric content of each species diet (f is equal to 0.028 for
a2 70~kxg man; 0.05 for a 0.35-kg rat; and 0.13 for a 0.03-%3

mouse) .

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

X = ——————— =  ———m——————— = ppm x f x ¥1/3,

6. When exposure is via irhalation, calculation can be considered
for two cases: (1) the substance is a water soluble gas or
aerosol, and is absorbted proportionally to to the amount of
air breathed in and (2) the substance is not vexry water solu-
ble and absorption, after equilibrium is reached between the
8ir 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 potemcy at low doses
by extrapolation from high dose situations. There are a number of
mathematical models which can be nsed 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 quality criteria (USEPA
1980). This model is derived from a standard "general product” time—
to-response (tumor) model (Erewski et al. 1983): ’

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

where P(t;d) is the probabie response for dose d and
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time t; gf{d' is the polivncmial fuaction defining the

effect of dose level, and H(t) the effect of time:
a

z aidi.

1=0

b .
Zaitln
i=1

(with @ and 8 > 0, and J Bj = 1).

g(d)

it

H(t)

This time-to-response model can be converted to a quantazl response

madel by iscorporation of the ti-e factor into each a as 2 moltiplica—
Sive eumavames (Cormp IPEQ):

a
P(d/t) = 1 - exg{ - Z adi},
i=0

or as given in the EPA guidelines (USEPA 1980):
P(d) = 1 - expl-(qo + q1d =+ qzdz + ...+ qxdk)],

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) is givenm by the equation:
P(d) -P(o)

vhere

A(d) = 1 - expl-q1d + q2d2 + ... * qkd®) ],

Poipt estimates of the coefficiemts qi...qk and consequently the
extra risk function A(d) at any given dose are calculated by using the
statistical method of maximum likelihood. Whenever g1 is not equal to
0, at low doses the extra risk function A(d) has approximately the form:

A(d) = 11 x d.

Consequently, g1 x d represents a 95 percent upper conf idence limit
on the excess risk, and R/ql represents a 95 percent lower conf idence
limit on the dose producing an excess risk of R. Thus A(d) and R will
be a function of the maximum possible value of q1 which can be deter—
mined from the 95 percent upper confidence 1imits on g1, This is accom—
plished by using the computer program GLOBAL 79 developed by Crump and
Watson (1979). 1In this procedure q1™, the 95 percent upper confidence
1imit, is calculated by increasing q! to a value which, when incorpora-
ted into the log-likelihood function, results in a maximum value
satisfving the equation:

2(Lo - L1) = 2.70554,

where Lo is the maximum value of the log-likelihood function.
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Vhenever the multistage madel does not fit the data sufficiently,
. data at the highest dose ars deleted and the model is refitted to the
catz. To determine whether the Fit is zecsptsbls, the chi-squaré sta-

tistic is used:

i NTERCN R

b (X NPy)*
X = -
i=t NiP; x (1-P))

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

Xi is the number of animals ia the ith dos: group with a
temor response, Pi i~ the probability of a response in

the ith dose group estimated by fitting the multistage
model to the data, and b is the nmusber of remaining groups.

(X2) is larger than the ctmulative 99 percent point of
tbe chi-square distribution with f degrees of freedom, where f
equals the zumber of dose groups minus the number of

The fit is determined to be unacceptuble whenever chi~square
nonzero multistage coefficients.

4. EEALTH CRITERIA FOK NONCARCINOGENIC TOXIC SUBSTANCES

Water quality criteria that are based on noncarcinogenic human
health effects can be derived from several sotrces of data. In all
ceses it is sssumed that the magnitude of a toxis effect decreases as X
the exposure level decreases until a tareshold point is reached at, and '
below which, the toxic effect will not occur regardless of tbe length of
the exposu-e period. Water quality criteria (C) establish the concen—
tration of a sabstance in ambient water which, when considered in rela-
tion to other sources of exposure [i.e., average daily consumption of
nonaqoatic organisms (DY) and daily inhalation (IN)], place the Accepta-
bie Daily Intake (ADI) of the substance at a level below the toxicity
threshold, thereby preventing adverse health eff{ucts:

ADI - (DT +I)

[2L + (0.0065 xg x BCF)] )

where 2L is the amount of water ingested per day, 0.(.065 kg
is the amount of fish and shellfish consumed per day. and .
BCF is the weighted cverage bioconcentration factor. >

In terms of scientific validity, an accurate estimate of the ADI is
the major factor in deriving 2 satisfactory wrter quality criteria.

The threshold exposure level, and thus the ADI, can be derived from
either or both animal and human toxicity data.
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4,1 ©NONCARCINOGENIC BEALTE CRITERIA BASED ON ANTMAL TOXICITY DATA (ORAL)
For criteria derivation, toxicity is defined as anmy adverse effects
which result in functional impairm=nt aad/or pathological lesioas which

may sffect the perfcrmance of the whole orgaaism, or which reduce an
organism’s ability to respond to am additiomal challenge (GSEPA 1980).

A bioassay yielding informaticn as to the highest chromic (90 days
or more) exposure tolerated by the test animal without adverse effects
(Ne-Observed-Adverse-Effect-Livel or NOAEL) is equivalent to the toxi-
city threshold and can be used directly for criteria derivation. In
addition to the NCAEL, other data points which can be obtained from tox-

icity testing are

No-Cbserved—Ef fect—Level,

(1) NOEL =

(2) LOFL = Lowest-Observed—Effect-Level,

(2) LOAEL = Lowest-Observed—-Adverse—Effect-Level,
(4) FFL = Frank-Effect-Level.

According tc the EPA guidelines, only certain of these data points

can. be used for criteria derivation:

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

<¢curs.,

2. A single NOEL value is also unsuitable becanse there is no way
of determining how far below the threshold it occurs. If only
meltiple NOELs are available, the highest valune should be

used.

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

LOAEL .

4. If an LOAEL value is used for criteria deéivation, it must be
adjusted by a factor of 1 to 10 to meke it approximately
equivalent to the NOAEL and thus the toxicity threshold.

5. 1If for reasonably closely spaced doses only a NOEL and a LOAEL
value of equal quality are available, the NOEL is used for

critcria derivation.

The most reliable estimate of the toxicity threshold would be one
obtained from a bioassay in which an NOEL, NOAEL, LCAEL, and clearly

def ined FEL were observed in relitively closely spaced doses.

.

Regardless of which of the avove data points is used to estimate
the toxicity threshold, a judgement must be made as to whether the
experimental data are of satisfactery quality and guantity to allow for
a valid extrapolation for human exposure sitnations. Depending omn
whether the data are considered to be adequate or inadequate, the

B-10
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toxicity threshold is adjusted by a “‘safety factor’” or "uncertainly fac-—
tor” (NAS 1977). The ‘uncertainty factor” may range from 10 to 1000

according to the following general gumidelizes:

1. Cacertainty factor 10. Valid experimental results from stu-
dies on proionged ingestion by man, with no indicationm of car-
cinogenicity.

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

3. Unpcertainty 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 descrited
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 carcirogenicity' 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 not used in criteria derivation or for ruling
cut the uncertainty factor approach.

4,2 CRITERIA BASED ON INHALATION EXPOSURES

in the absence of oral toxicity data, water guality criteria for a
substance can be derived from threshold limit values (TLVs) established
by the American Conference of Governmental and Industrial Hygienists
(ACGIH), the Occupational Safety and Health Administration (OSHA), or
the National Institute for Occupational Safety and Hezlth (NIOSH), or
from laberatory studies evaluating the inhalation toxicity of the sub—-
stance in experimental amimals. TLVs represent 8-hr time—weighted
averages of concentrations in air designed to protect workers from
various adverse health effects during a normal working career. To the
extent that TLVs are based on sound toxicological evaluations and have
been protective in the work situatiom, they provide helpful information
for deriving water quality criteria. However, each TLV must be examined
tc decide if the data it is based on can be used for calculating a water
qrality 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 irritant and there is no significant effect at the por* . of
entry, regardless of the exposure route.

B-11°




The most important factor in u©sing isnhalation data is in deter-
mining equivalent dose/response rclationships for oral exposures.
Estimates of equ: -alent doses can be oased upon (1) available phar-
macokinetic data for oral and imhalation routes, (2) measurements of
absorption efficiency from ingested or inhaled chemicals, or (3) com—
parative ezcretion data when associated metabolic pathways are
equivalent to those following oral ingestion or .nhalation. The use of
rharmacokinetic models is the preferred method for converting from
inhalation to equivalent oral doses.

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

ADI = TLV x BR x DE x d x AA/{AQ x SF),
where,

BR = daily air intake (assume 10 m3),
DE = duration of exposure im hours per day,

d = 5 days/7 days,

AA = efficiency of absorptionm from air,

AQ = efficiency of absorption from oral exposure, and
S¥ = safety factor,

For deriving an ADI from animal inhalation toxicity dats, the cquation is:

ADI = CA xDExd x AA z BR x 70 kg/(BWA x AQ x SF),
where,
Ca = concentration im air (mg/m3),
DE = duration of exposure (hr/day),
d = number of days exposed/number of days observed,

AA = efficiency of absorption from air,

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

70 xg = standard human body weight, -

BW¥A = bedy weight of experimental animals (kg),

Ao = efficiency of absorption from oral exposure, and
SF = safety factor.

The safety factors used in the above equations are intended to
account for species variability. Consequently, the mg/surface area/day
conversion factor is not used in this methodology.

5. ORGANOLEPTIC CRITERIJA

Crganoleptic criteria define concentrations of substances which
impart undesirable taste and/or odor to water, Organoleptic criteria
are based cn aesthetic qualities alone and not on toxicological data,
and therefore have no direct relationship to potential adverse human
health effects. However, sufficiently intense organoleptic effects may,

.....
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under some circumstances, result in depressed fluid intake which,
turn, might aggravate a variety of functional diseases (i.e., xidney and

circulatory d.seases).

For comparison purposes, both organoleptic criteria and human
health effects criteria can be derived for a givenm water pollutant;
however, it should be explicitly stated im the criteria document that
the organoleptic criteria have no demonstrated relationship to potential

adverse human health effects.
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