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NitroBlycerin is a Dlt~ate ester used primarily in ~xplosives and 
in medical applications as a vasodilator. It i$ not Vdry solublP in 
water but is completely miscible in most organic solvents. Physical 
de.:o~:~position occurs from exposure to in..:reasing temperatures, a~1d 
explosion may occur from continuous e.xposure to high temperatures. 
Under acidic and alkaline conditions, nitroglycerin goes thr~ugh 
stepwise denitration to yield glycerol, but under alkaline conditions 
the glycerol is further hydrolyzed. Nitroglycerin is produced by either 
a batch or continuous process by adding glycerol to a cooled mixture of 
nitric and sulfuric acids. The most popular methods of quantitatively 
analyzing nitroglycerir. are those n~~ng gas chromatography. 

Release of wastewaters from the production and/or use of nitrogly
cerin can alter habitat by degrading the quality of tze 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 algae may be ~:~ore sensitive than fish or invertebra
tes to acute exposures of nitroglycerin. Nin~ty-slx hour LCso values 
for fish range from 1.67 to 3.2 mg/L, and 48-hr ECso values for ~nver
tebra!es, based on immobilization, range from 20 to 55 mg/L. The lowest 
reported concentrations causing significant advers~ effects in fish and 
invertebrates from chronic exposures are 0.22 and 3.1 mg/L, respec
tively. Seven- to 30-day-old fry appe~r to be the most sensitive stage 
of fish. Based on an 8-day bioaccumulation study with fish, bioconcen
tration factors of 8X to lSI have been calculated~ however, because of 
the short length of this study, these values may not be an ~ccurate 
indication of this chemical's potential for bioconcentration. 

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

Nitroglycerin is ra];lidly ___ an.d_w_ide.L,.: dis_t.rl.but...e.d a.ud- rapidly absor-
bed, metabolized, and eliminated in both laboratory animals and humnns. 
Metabolism occurs in both hepatic and extrahepatic tissues via stepwise 
denitrification~ elimination is primarily in the urine and expired air. 

n·,e acute toxicity of nitroglycerin to mammals is mo:-d~rate~ it is 
most toxic when given intravenously and least toxic when ~~•en 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 e%posure to ~igh concentrations of nftroglycerin c3uses 
adverse hematologicnl changes in animals. Chronic exposure of labora
tory animals to hig~ concentrations of nitroglycerin also causes 
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significant acverse hecntological changes, as well as adverse ch~nges in 

the liver and reduction in weight ~a in. Long-term employment of hucans 

in industries producing nitro~ly,drln or usi~g nitroglycerin in the pio
duction of explosives has fr~~~ently been associated with headaches, 

fatigue, and nausen. There i~ ~viJcnce that long-term ~xposu~e to 

nitroglycerin and/ ot· r.i troglycol in the explosives industry may be the 

cause of some iso!ated cases of sudden rleath. 

In vivo and in vitro studies have not shown nitroglycerin to be 

ge-1toxic. Studies with laboratory animals on developmental toxi~ity 

ar. reproductive effects have failed to demonstrat~ 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~ neoplastic nodu

les, and interstitial cell tumors of the testes have b~en 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 amcunts of nitroglycerin. 

The final aquatic criterion consists of rwo concentrations: a Cri

terion liaximum Concentration and a Criterion Conti~uous Concentration. 

A Criterion Maximum Concentration of 0.86 mg/L may be calculated from 

available data; however, this value is considered tentative because 

acute· t'>Xici ty data did not meet all requirements of the USEPA Guidel

ines. The minimum data base required by the USEPA in calculating a Cri

terion Continuous Concentration was not available. Calculation o! human 

health criteria for nitroglycerin was bas~d on the fin1ing of its carci

nogenicity in rats. Therefore, the recommended criteria which may 

result in an incremental increase of lifetime cancer risk at levels of 

lo-S, lo-6, and 1o-7 are 14.0, 1.40, and 0.140 ~g/L, respectively. If 

the above estimates are made for consumption of aquatic organisms only, 

excluding cons~mption c! water, the le~els are 231, 23.1, and 2.31 ~g/L, 

respectively. 
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J~!'RODt'CTION 

Nitroslycerin is a nitrate este~ that is us~d as an e~plosive ~nd, 

~ore frequently, with other m~t~ri!ls (~.g., ~troglycol) to o~ke explo
sives such as dynamite, ~~okeless gunpowders, and blasting gels (ACGIH 
1980; Hawley 1981; Stokinger 1982). Nitroglyc~rin is also used i.:l. 

rocket propellar.ts ~ACGIB 1980), as n vasodilator for t~mporary relaza
tion of the gastroi=testinal and urinary tracts {International Labour 
Office 1983), and in the treatmen~ of angina pectoris (Ellis et al. 
1984). The objectives of this report are to review the available data 
on tho aquatic and human health effects of nitroglycerin a~d. using the 
latest USEPA guide1i.ucu, to generate water quality criteria v~lues. 
Appendix A is a summary of t!l.e USEPA Gnidelines ... for generating. water 
quality criteria for t~e protection of aqu~ti~ lif~ and its uses 
(Stephan et al. 1985). Appendix B is a summary of t~e USEPA Guidelines 
for generating water quality criteria for the protection of human health 

(USEPA 1980}. 

1.1 PHYSICAL AND CH~~ICAL PR0~ERTIES 

A summary of some of the ~·h:•sical and chemical properties of nitro

glycerin is presented in Table 1, and a list of synonyms is presented in 
Table 2. Nitroglycerin has a molecular ~~ight of 227.09 and its struc

t~ral fQrmu1a is CH2N03CHN03CB~~Q3. (ACGY~ 1980). In its pure fore 
nit:ro'glyce.::i.:J. is :1 colorless, transparent, oily liquid, and in its com
~ercial fcrm it is yellowish or p~le brown (Urbanski 1983). The ccm
pound exists in two isomeric r~rms which differ in freezing point and 
crystalline structure (Urba~ski 19o~). The labile form has a lower 
freezing point, bf't"treen 1.9 to 2.8°C (K~::t 1;0~; Hackel 1933, both as 

reporterl in Urban$ki 198~; Windholz 1983). Estim~tes of the freezing 

point fo'= che s::.~ble !orn:. range from 12.4 to 13 .5°~ (Nauck.hoff 1905, as 
report~d in Urba:ski 1983; DiCarlo 1975). 

Nitroglycerin is not very soluble in water~ at 20°C, estimates 
range from 1.73 to 2.0 g/L of water (Table 1} (Mark 1965; Lindner 1920). 

Ho~ever, nitroglycerin is completely miscible with mcst organic solvents 

at rool!! tem11erature (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 about 43, 
31.6, and 0.7 g of nit:oglycerin will dissolv~ in 100 cm3 of 100, 96, 

and 25 'ercent ethanol, respectively. At about 50°C nitroglyc~rin mixes 
with absolute or 96 percent etha~ol in all proportions (Urbanski 1983). 
The solubility of nitroglycerin in other monohydroxy alcohols such as 
~ropy!, isopropyl, and amyl is similar to that of ethanol whil~ being 
even less soluble in polyhydro~y alcohols (Urbanski 1983). Nitrogly
cerin is readily sol~ble i~ 65 percent acetic acid and concentr~ted sul
furic acid, but is only slightly soluble in carbo~ disulfide and in 
aliphatic hydrocarbons (Urbanski 1983}. 

At temperatures of sene, ~itr~glycerin begins to decom~ose (DiCarlo 
1975). When heated to 75°C, the coopound apparently decomposes within 
three to four days and is characterized by the generation of acid 
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TABU! 1. PIIYSICAI. ANn CUI!JIJ{:AI. PKOI'l!lll"JI'li fll." NI11111G!.YC.'UIN 
---· ----·--------- -------·---------------------
l'roJ>crty 

Oooaity (a/c•3 at 20°C) 

Spcci{l. sravlty 

~oltlns point (•C) 

Vi so:oslty (cl') 

Oila/wator partition 
Coe{{iclent (lo• Pl 

n,. ,,oacoplclly (20°C) 

Solubility In -~lor (;/L) 

Sol ubi II ty In oraanlc 
solvents 

Value 

1.5 931 

15 d1.5 I.B9 

• d
4 

l.UH 

c1~ 5 1 .60CJ9 

c1~ 5 1.59JB 

13.7• 
11 CStable) 
13.5 (Stable) 
)] .Ia 
2.8 (l.abilo) 
1.9 (l.abllo) 
2.1-2.2 (l.abllo) 

35.5 at 20°C 
21.0 at lO•C 
9.4 aa 5o•c 
6 .a ~• 6o•c 

2.35 

0.06" at 90'/o rb 

J .6 at 1 s•c 
1.73 at 20°C 
1.8 at 20°C 
2.0 at 20°C 
2.46 • t 6o•c 
2.s ;ot so•c 
At roo• to•paratuce, oomplet.ly 
•laolblo In •oa1 oraanic aolvonta 
inolkdlna: ~•thy1 alcohol, ethyl 
aoeta'•· anbydroua acetic acid, 
benzene, toluene, &yloool, phenol, 
nltr~boozono, n1trotoluoooa, 
ob1orufor•• 4icb1oroothane. 
dlchlorootbylono; other, •lkylono 
cbJorldo, n1trio oatera, elhylono 
bro•ldo, pyridine. ••otono 

Sou reo 

ACGIII I !IKO 

7 i ndholz I 9Gl 

WinJholz llllll 

Windholz 1983 

I i odhoh I 9111 

l.i ndoer 1 !IHO 
Board •ond Noo 11181 
Windltoh 11183 
ACO II: 1980 
Windlonlz 1983 
llibbc~t 191lb 
IC11t 1906h 

lla rl 11165 
Marl 1965 
Morl 1965 ...... 19(15 

l.oo ol al. 1971 

l.iluluor I 9110 

Urbanski 1911l 
lluk 1965 
Ucbansli '983 
l.lrodnor 11180 
Mark 1965 
llrbauakl I !1113 

llrban .. l 19831 
McNiff et ai. 1980 

• • t ~ 110(:) • • ' -::.~. • .. ;; 'f.\ 

., 

:t 
f 
I 
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!: 
I 

t 
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TABLE 1. 1 Continued) 

·----·-------·--------
l'u.vc r ty 

hoilin& point (•C) 

Vapor pressure lam llal 

Vapor denalty 

Autolanltlon point 

lleat of evaporation 
(L._o) 1-oole) 

Rate of nvaporotlond 

llcat or foraatlon (tJ/a•l 

lloat combuatlon (U/a•l 

Ileal of detonation ltJ/ae) 

Activation cnoray (tJ/aol') 

Rofractivo lndoa (u~0 ) 
Dipole 11011cnt 

n. Isomeric fora not alvoa. 

Valuo 

) 180 

0 .00026 at 20° C 
0.0024 at 4u°C 

0.0188 at 6o•c 
0.098 at 80°C 
o.ll u uac 
7.8 

H 8°F ( 270°C) 

20 • 6 4 a t 1 00 J( 

20.11 at 180 l 

o .2 .. at so•c 
1.6 .. at 7S 1 C 
10'- at 100°C 

1.63 

6.80 

6 .2 !I 

16!1 

1 .4132 

3.82 D (poco, liquid) 
2.S6 D (In hosano) 
2.88 D (In oacbou totraoblocldo) 
3.16 D (In boa&ono) 

b. As roportod In Urbanak• 1983. 

Sour co 

llrbaod I J 983 

WJndhol& 1983 
Manball and Pooco 19J6b 

llacahall and Poaoo 19t6b 
llarahall and l'ooco 1!1J6b 
W lodhoh 198) 

Voracbuocco 1983 

StoLinau 1!182 

Ro&lnakil and Sapozhnlkov 
193lb,c 

Naoua 1924b 
Naou• 1924b 
Na OUID l 924b 

l.indaor 11180 

l.lndoor 1980 

l.Jndncr 1980 

l.indnor 1980 

llrbanakl 1983 

dolcoat 1942b 
doluut 1942b 
dolreu"t 1942b 
doluiot 1942b 

c. Autbor• calculated tho value with tho vapor prOIIOrO data or Maraball and Poaoo 1~16. 

d. Based 011 welaht lou of 20-a uaplo on a 70---dlaaoter watch alan over 24 br. 

o. To c'avut joul oa to oalocloa, dlvldo by 4.184. 
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TABLE 2. Sl~ONYMS FOR NITROGLYCERINa 

Synonym 

Angibid; Anginine; Angiolingual; Angorin; Blasting Gelatin (DOT); Blas

ting Oil; Cardamist; Gilucor nitro; Glonoin; Glycerin trinitrate; Gly

cerint~initrate; Glycerol, nitric acid triester; Glycerol trinitrate; 

Glycercl (trinitrate de); Glyceroltrintraat; Glyceryl nitrate; Glyceryl 

trinitrate~ GTN; Klavikordal; Lenitral; Myoglycerin; NG; NK 843; NTG; 

Niglin; ~iglycon; Nitora; Nitric Acid; Nitrin; Nitrine; Nitrine-·rnc; 

Nitro-~.r; Nitroglicerina; Nitrogliceryna; Nitroglycerine• Nitrogly

cer-.:; Nitroglyn• Nitro!; Nitro! (pht;.r!'laceutical); Nitrolan; Nitro-lent; 

Nitro1etten; Nitrolinhual; Nitro!owe; Nitromel; Nitrong; Nitrorectal; 

Nitrord~ard; Nitro-Span; Nitrostabilin; Nitrostat; Nitrozell retard; 

Nysconitri~e; Perglottal; Propanetriol trinitrat~; 1,2,3-Propanetriol, 

trinitrate; :.,2,3,-Propanetriyl nitra .. e; S.N.G.; Soup; Temponitrin; 

Triester o! glycerol; Trinalgon; Trinitrin; Trinitrdglycerin; Trinitro

glycerol; Trinitrol; Va~oglyn 

a. MEDLARS (CBEMLINE) 1984; MEDL!~S (RTECS) 1984; and MEDLARS (TDB) 

1984. 
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products (Urbanski 1983). 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 y~llow vapors; at 165°C, considerable deni
tration occurs and nitric acid and glycerol nitrates are given off; near 

1SS°C, it becomes highly viscous; and near 218°C, detonation occurs 
(DiCa%1o 1!-75; S~elling and Storm 1913, as reported in Urbanski 1983). 

Andreev and Bespalov (1963) studied the effects of varied concen

trations of water on the ther~al decomposition of nitroglycerin. At 
temperatures ra::!::l.ng from 100 -co 120°C, the rate of decomposition of 
uitroglycerin decreased as th~ concentration of water increased. The 
authors concluded tha~ decomposition of nitroglycerin at elevated tem
~eratures and in the presence of ~ater is initially by hydrolysis, which 
proceeds slowly in neutral solctions, b1t is accelerated by acidic 
decompositicn rroducts and thei~ subse~~cnt hydrolysis. 

In the presence of neutral solutions, nitroglycerin is relatively 

stable (DiCarlo 1975; !dcNiff et al. 1980). Nitroglycerin will degrade 

und~r both acidic and alkaline conditior.~. but the rate of degradation 

is much more rapid under the latter (Crew and DiCarlo 1968; Fraser 1968; 

McNiff et al. 1980). Under acidic conditions, nitroglycerin goes 
through stepwise dcnitration 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, o~alic 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 a 
hydrolysis product of nitroglycerin (Klason and Carlson 1906, as repor
ted in DiCarlo 1975). 

1 • 2 MANUFACTURING AND ANALYTICAL TECHNIQUES ' 

The traditional mea:s of producing nitroglycerin has been by the 
batch process, but because of the hazards involved in handling large 
qnantities, continuous processes are now more widely used (Lindner 1980; 

Urbanski 1983). In both processes, very pure glycerol (qv) and mixed 
acid (90% nitric ccid and 25 to 30~ oleum) are used. Theoretically, the 
yield of nitroglycerin from glycerol is 2.467:1, while the actual 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 quantitativ~ly 
measure the concentration of nitroglycerin and its degradation products 
in biological media and the environment. The most popular method for 
measuring nitroglycerin ~~s been gas chromatography (Wu et ~i. 1982), 
and, according McNiff et al. (1980), this method is particularly suita
ble for determination of the compound in biological fluids. A number of 
variations exist in this assay which differ primarily in the type of 
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detector uHd (e.g., DiCarlo 19'75). Use of ;.n electron capture detector 

is reportedly 1000 times more sensitiv~ than a flame ionization detector 

(Camera end Pravisani 1964, as r~ported in DiCarlo 1975~• their sensi
tivities have been reported to be in the nanogram and microgram range, 
resrectively (Rosseel and Dogaert 19i2). 

A number of spectrophotometric Qethods have been developed for 
analysis of single dosage units O{cNiff 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 ion. 

Quantitation of nitroglycerin and its degradation products is pos

sible with thin-layer chromatography (DiCarlo 1975• Wu et al. 1982). 
This method involves the us~ of 14C-nitroglycerin. 

Several high-performance liquid chromatographic (BPLC) procedures 
have been described (DiCarlo 1975• McNiff et al. 1980). The BPLC met~od 
along with ultraviolet detection or the nitrate ester groups has been 
used for analysis of wastewaters from ammunition plants (Walsh 1976, as 

reported in Sa.llivan et al. 197 9• Weitzel et al. 1976). 

Polarographic methods have been used by Flann (1969, 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 sen
sitivity: "(1) the DuPont nitrometer method which measures nitric oxide 
gas liberated from the ester by mercury~ (2) hydrolysis of the ester 
followed by reductibn of N03- and analysis of N02-• (3) reduction by 
titanous chloride and back titration of the excess reagent with ferric 
alum~ (4) reduction with ferroa.s 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 • ENYIRONM£NT . .\L EfFECTS .Aml fAll 

2.1 AljiQTIC ENVIRONMENTAL EFFECTS 

Studies concerning the direct abiotic effects of nitxoglycerin were 
not found; however, studies were available concerni~g the effects of · 
wastewaters generated from nitroglycerin proda.ction and a.se on the 
receiving bodies of ~ater. These studies showed that habitat alteration 
may occur through degradation of water quality. Weitzel et al. (19i6) 
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observed high conce~trations of total organic carbon, nitrogen, and 

chromium in the river receiving w~stewater from Radford Ar~y Ammunition 

Plant (Radford AAP). However, the -authors felt that only the elevated 

levels o£ nitrogen could be attributed to th~ waste dischnrg~ from 
nitroglycerin production. In a pond receiving wast~s from nitroglycerin 

production at Badger AAP, Stilwell et al. (1976) observed a high concen

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 anaerobic sediments that had a high chemical oxygen 

demand and a high Kjeldahl nitrogen concentration. 

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 (1971, 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 1915 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.S g/min of 

nitroglycerin 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 con~entration was slightly 

grea~er· than 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 clry ~t. 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 concentration to be <1.73 mg/~g dry wt. 

Once nitroglycerin '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 nitrogly

~h~i;. ~~s 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. (l980b) estimated 

a sorption coefficient of betYeen 20 and 32 (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 nitroglycerin at 80°C 

has been estimated to ~~ 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, would be in the order 

of years. This was substantiated by Spanggord et al. (1980b) after they 

used some alkaline hydrolysis data from Capellos et al. (1978) and 
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estimated that at :soc the hydrolysis half-lifo would be greater than 

one year at a ~E of 3 to 8, less than one year at a pH above 8, and 37 

days at a pH of 9. 

Nitroglycerin has been reported to be resistant to biodegrad~tion 

(American Defense Preparedness A~sociation 1975; Smith and Dickinson 
1972, both as reported in Wendt et al. 1978). At concPntrations of 600 

to 900 mg/L the compound has been found to exert toxic ef~ects on mixed 
microbial populations (American Defense F ,t>aredness Assu.:iation 1975; 
U.S. Army Natick Research and Development Cocmand 1973; U.S. Army Natick 
Research and Development Co~mand 1974, all as reported in Wendt et al. 
1978). In cont.rast, Wendt et al. (1978) observeG. a 53.6 percent 
decrease in nitroglycerin after five days in batch shake-flasks con
taining 67 to 68 mg/L of nitroglycerin plus glucose, mineral salts, and 
~ctivated sludge. In the absence of glucose, the authors observed only 

n 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 microbial 

populations. Using a continuous-culture apparatus inoculated with 

activated sludge, Wendt et al. (1978) detected no ni~roglycerin (initial 

concentration of 30 mg/L) after a residence time of 8 to 1~ hr. Exam

ination of the growth media used in their experiments revealed the 
presence of 1,3- and 1,2-dinitroglycerins and moncnitroglycerins. Based 
on their results, they concluded that under ~uitable conditions, nitro
glycerin may be ~eadily 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, ~r with 50 ppm yeast extract, 

under both aerobic and microaerophilic conditions. Nitroglycerin (10 
ppm) was also biotransformed by nitroglycerin-acclimated .nicroogranisms 
that hnd been o~t~ined from the aerobi~ bottle and placed in shaker 
flasks containing·a basal-salts cedium. 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· &:ion of 
nit~oglycerin 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 biotransfor~ation experiments and found 
nitrite to be the major product~ they we~a unable to detect any dinitro
or· mononitroglycols. 

2.3 SUMMARY 

Nitroglycerin is released into the environment from wastewaters 
generated during its production and use. Habitat alteration in aquatic 
systems by ~itroglycerin may occur through degradation of water quality. 
Laboratory data indicate that degradation of nitroglycer~n in the 
environment 01ay be slow, but, under favorable treatm.,nt.condition.s, 
degradation may be rapid. Environmental degradation of nitroglycerin 
occurs primarily ty biodeg1adation and photolysis. 
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3. A.Q.l'J_TIC TOXICOLOGY 

. 3 .1 ACUTE TOXICITY TO ,\NIY.ALS 

Bentley et al. (1978) conducted a series of acute toxicity studies 
r.f nitroglycerin with freshwater fish and invertebrates. The acute tox
icity was determined under static bioassay conditions with four species 
of fish (Lepomu :Pe.crochirus, ~ gairdneti, Ictalurus punctatus, and 
Pimepha1es pzomelas) and four species of invertebrates (Daphnia magna, 
Gommarus fdscjatus, Asellus miljtarjs, and Chjronomus tentansl; the 
acute. toxicity was also determined under flow-through assay conditions 
with three species of fish (~. macrochirus, 1. punctatus, and~
~omelas) and two species of invertebrates (~. ~ and~- 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 (nominal) in both static a~d flow-through tests, and 
groups of 15 and 20 invertebrates were used in the static and flow
through tests, respectively. With the exception of £. ~romelas, all 
organisms were somewhat more sensitive to the compound under flow
through conditions than under static conditions (Table 3). In the sta
tic assays, the 96-hr LCso values for fish ranged from 2.5 to 3.2 mg/L, 
and the 48-hr ECso values (based on immobilization) for invertebrates 
rangc:d from 46 to 55 mg/L. In the flow-through assays, the 96-·hr LCso 
values for fish ranged from 1.67 to 3.0 mg/L, and the 48-hr ECso values 
for invertebrates ranged f~~m 20 to 32 mg/L. The most sensitive fish 
and invertebrate in the static assays were£. promelas (96-hr LCso of 
2.5 mg/L) and~.~ (48-hr ECso of 46 mg/L), respectively; in the 
flow-through assays, the most sensitive fish was L. macrochirus (96-hr 
LCso of 1.67 mg/L) and the most sensitive invertebrate was~. tentans 
(48-hr ECso of 20 mg/L). 

To determine the effects of water quality on the acute toAicity of 
nitroglycerin to fish, Bentley et al. (1978) exposed groups of 30 k• 
macrochirus to the compound under various conditions of temperature, 
hardness, and pH. Using a static assay, fish were exposed to nitrogly
cerin under the following conditions: (1) temperatures of 15, 20, or 
25°C at a pH of 7.1 and hardness of 35 mg/L as CaC03; (2) hardness 
values of 35, 100, or 250 mg/L as CaC03 at a temperature of 20°C and pH 
of 7.1; (3) pH values of 6.0, 7.0, or 8.0 at a temperature of 20°C and 
hardness of 35 mg/L as CaC03, Variations in hardness and pD 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 
LCso values of 3.55, 1.92, and 1.99 mg/L at 15, 20, and 25°C, respec
tively (Table 4)]. Under all conditions, the 96-hr LCso values ranged 
from 1.38 to 3.55 mg/L. 

To further characterize the toxicity of nitroglycerin to fish, 
Bentley ct al. (1978) conducted an acute toxicity study with .E,. promelas 
under static bioassay conditions during various stages of d~velopment, 
including egss, 1-hr-old newly hatcaed fry, 7-day-old fry, 30-day-old 
fry, and 60-day-old fry. LCso values were determined for each stage at 
24, 48, and 96 hr; a 144-hr LCso was also determined for eggs. 
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TABlE 3. ACUn: n:STS FOR qJR!AL ITYa OR I~B J.1..IZATIONb OF 
AO (TA!!C SP£CIES FOLLCRI I~G EXPOSURE TO ~ITROOLYCERI~c: 

Test 
Species 

Arthropoda 
Cr11atacea 
Dap~Jlidae 

Daphnia !'•gna 

Ga-aridae 
Gammarus fasciat~s 

Aullidu 
Asel~ militaris 

Inucta 
Chirouo•idae 
Cbironom~ tentans 

Osteichthyeaj 
C.utrarchidae 

Lepomis macrocbirus 

·------"=-' ·----.-. ~~-···-· '' ----
Test 

s 

s 

F 

F 

s 

s 

s 

s 

s 

s 

F 

F 

s 

s 

s 

F 

F 

Test lt.:so t'CSO 
Duration 

24 br 

48 hr 

24 hr 

48 hr 

24 br 

4 8 ht' 

24 hr 

48 br 

24 hr 

48 hr 

24 hr 

48 hr 

24 hr 

48 hr 

96 hr 

24 br 

96 hr 
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~Ag 

SA 

NA 

SA 

NA 

NA 

NA 

NA 

NA 

NA 

SA 

6.4 
(4.7-8.8) 

4 .3 
(2.7-6.8) 

2.7 
(2.0-3.7) 

>1.87 

1.67 
(0.87-3 .25) 

51 
( 35-72) i 

46 
(38-55) 

72 

(15-350) 

32 

(21-50) 

74 
(55-99) 

50 
(41-60) 

57 
(46-72) 

50 
(38-66) 

76 
(57-102) 

55 
( 47-64) 

57 
( 18-182) 

20 
( 11-37) 

SA 

NA 

NA 

NA 

NA 

~ean Acute Genus 
Value (IDg/U 

38.3666!1 

i 

33.1662 



TABLE 3. ACUTE TESTS FOR :OORTALITY 1 OR I~OBILIZATIONb OF 

AQUATIC SPECIES FOLLOW DiG ElPOSURE TO NITROGLYCERINe 

Test Test Test LCso ECSO Me &fl Ac u t e G e n u s 

S~eci es Methodd Duration < ms/ Ll e <msfLle Value < ms/ L; 

Sa!.:nonitl. ac: 
~ uirdneri s 24 hr 4.8 NA .l. b.;;;:; 

( 3 .6-6 .6) 

s 48 hr 2.9 
(2.1-3.9) 

s 96 hr 2.8 
(2.0-3.8) 

Iotal11ridae 
.r....t.U..UJU. JU\DC t !l.t'!U s 24 hr 6.5 

( 4. 8-8 .8) 

s 48 hr 4.7 
(3.5-6.4) 

s 96 hr 3.2 
(2.6-3.8) 

F 24 hr )1. 87 

F 96 hr )1.87 

Cyprinidae 

~ims::llhll1u lltcms::lu s 24 hr 6.3 
(4.6-8.6) 

s 48 hr 4.1 
( 3.4-5 .0) 

s 96 hr 2.5 
(2.0-3.0) 

F 24 hr >6.0<8.0 

F 96 hr 3.0 
(2.2-3.7) 

a. Mortality tests were designed to giv& LCso values. 

b. Immobilization tests were designed to give EC50 values. 

c. Adapted from Bentley et al. 1978. 

d. S • Static; F 2 Flow-through. 

e. Nominal concentrations. 

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

I• NA • Not applicable. 

NA 

NA 

NA 2.4~2 

NA 

NA 

NA 

NA 

NA 2.91891 

NA 

NA 

NA 

NA 

h. Based on 4&-hr values for Arthropoda and 96-hr values for Osteichthyes. 

i. 9~ confidence interval. 

j. 48-hr values not acceptable per guid~lines (Stephan et al. 1983). 

k. Test aiimals were in their second or third instar at st~rt of test. 

1. Mean Acute Genus Value based on 96-hr values. 

m. Value includes 96-hr LCso values in this table and those in Table 4. 

n. Value incl~de~ all 96-hr LCso values in this table and all of those in 

Table 5 ercept the value for eggs. 
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TABLE 4. ACUTE TOXICITY OF NITROGLYCERIN TO TJepomi s ~~.r.ru... Ul'o:TIER 

VARYING CONDITIONS OF WATER QUALITYa,b 

Water Quality 
Variable 

Hardness, 35 mg/L as CaC03 

Hardness, 100 mg/L as CaC03 

Hardness, 250 mg/L as CaC03 

pH 6.0 

p37.0 

pH 8.0 

a, Adapted from Bentley et al. 1978. 

LC5o (mg/Ll 
96-hr 

3.55 
( 1. 92-6 . 59) c 

1.92 
( 0 • 8 8- 4 .16 ) 

1.99 
(1.28-3 .09) 

1.7S 
(1.1?.-2.74) 

1.51 
(0.99-2.32) 

1.65 
( 1.07-2.5 5) 

1.38 
( 0. 87-2 .21) 

1.91 
(0.88-4.14) 

2.10 
(0 .97-4 .54) 

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 CaC03, Under varied 

conditions of hardness (35, 100, or 250 mg/L as CaC03) the pH was main

tained at 7.1, and the temperature w~s 20°C, Under varied conditions of 

pB (6.0, 7.0, or 8.0), hardness was maintained at 35 mg/L as CaC03, and 

and the temperature was 2oac. 

c. 9~ con£ idence interval. 
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Based on the 96-hr assay, the egg was the least sensitive stage (LCso of 

>18.0 mg/LJ, and the 7- and 30-c!ay-old fry the ClOSt sensitive stages 

(LCso cf 2.1 mg/L for each) (Table 5). DowevH, 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 Sullivan et al. 1979) reported 96-hr 

LCso values of 4.2 + 0.08 and 23 ~ 4.6 mg/L at 20 and 10°C, respec

tively, for what appears to be~. oromelas; 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) studied the effects of nitroglycerin on the 

eggs and fry of L· ~unctatus and£, promelas. Groups ot SO and 35 eggs 

of~. punct,tus and ~. promelas, respectively. were exposed to nitrogly

cerin in egg cups beginning 48 and 24 hr, respectively. after fertiliza

tion and continued through hatching. After hatching, groups of ~.5 fry 

were transferred to a growth chamber of a flow-through exposure system 

and exposed for 30 days. Two control groups of eggs and fry of both 

species were used, including solvent (acetone) and water controls. The 

eggs and fry of ~. 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 ,f. promelas were exposed to nitroglycerin at concentrations 

(measured) of 0.03, 0.06, 0.13, 0.25, and 0.48 mg/L. Tho authors stated 

that they had problems with nitroglycerin coming out of sol~tion and 

forming globules. Although the concentration of the solvent (acetone) 

was increased, the problem persisted. For~. punctatus, the concentra

tion of acetone was maintained at 12~ mg/L from day 1 through 13, and 

155 mg/L from day 13 through 30 post-hatch. For~. promelas, the 

authors changed the stock delivery device, and the concentr~tion of 

acetone was maintained at 9 ~g/L. 

Bentley et al. (1978) found that ex:Posure of~. punctatuS eggs at a 

concentration of up to 1.25 mg/L had no significant effect on hatchabil

ity (Table 6). Percentage survival of ~. ~unctatus fry was signifi

cantly (P = 0.05) reduc'd after 30 days of exposure to nitroglycerin at 

conce~trations of 0.31, 0.62, and 1.25 mg/L. The total length of~. 

punctat~ fry was· significa~tly reduced after 30 days of exposure to 

0.62 and 1.25 mg/L. No significant effects were observed in L. puncta

~ fry exposed to nitroglycerin at concentrations of 0.15 mg/L or less. 

Hatchability of~. promelas eggs was not signifir.antly affected by 

nitroglycerin at concentrations of n~ 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 ~oncentrations of 0.06 mg/L and higher. The 

length ~f fry was significantly (P = 0.05) reduced at a concentration of 

0.25 mg/L, but ~.ot 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 et al. (1978) conducted a chronic toxicity study of r.itro

glycerin with~. ~· ~. tentans, and~. promelas through their entire 
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TABLE 5. ACUTE TOXICITY OF NITROOLYCERIN TO SELECTED LIFE STAGES OF 
Pimephales promelasa 

LCSQ ( m!![L} b 
Life Stage 24-hr 48-hr 96-hr 144-hr 

Eggs ) 18 .o )18 .o )18 .o 1.2 
(0.7-Z.l)C 

1-hr Fry )10.0 8.7<x<10.0 s.s 
( 4.6-6 • 6) 

7-day Fry 5.4 3.4 2.1 
( 4. S-6 • 6) (3.0-3.9) (1.7-2.6) 

30-day Fry 6.8 4.8 2.1 
(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. Adapte~ f rom Ben tl ey et al. 197 8. 

b. Nomiual concentrations. 

c. 95'\ con£ ide nee interval. 
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TABLE 6. ME~~ PERCENTAGE BATCH OF EGGS, MEAN 
PERCENTAGE SURVIV~L, A~ID ME.\N TOTAL LENGTH OF 

Ict3lur~ ~unctatus FRY CONTINVOUSLY 
EXPOSED TO NITROGLYCERIN FOR 30 DAYSa 

Nominal 
Concentration 

< 11'.8 I L) 

Control 
Ab 
Bb 

Acetonec 
A 
B 

0.08 
A 
B 

C.15 
A 
B 

0.31 
A 
B 

0.62 
A 
B 

1.25 
A 
B 

Hatch 
(Ill) 

90 
72 

86 
91 

86 
85 

84' 
85 

79 
74 

100 
92 

82 
63 

Survival 
( ~) 

96 
92 

92 
90 

90 
94 

84 
86 

72d 
88 

70d 
74 

26d 
30 

a. Adapted from Bentley et al. l9i8. 

b. Replicate. 

c. Solvent control. 

d. p = o.os. 
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Length 
(mm) 

23 .:!::. 2 
24 .:!::. 3 

24.:!:. 2 
23 .:!::. 2 

24 .:!:. 3 
24.:!:. 2 

23 .:!::. 3 
23 -~ '}. 

23 .:!::.. 2 
23 .::. 2 

21 .:!:. 2d 
21 .:!:. 2 

18 .:!:. 2d 
18 .:!:. l 
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TABLE 7. ~AN PERCENTAGE HATCH OF EGGS, MEAN 
PERCENTAGE SURVIVAL, AND MEAN TOTAL LENGTH OF 

Pimephal~s ~romelas FRY CCaT!NUOUSLY 
EXPOSED TO NITROGLYCERIN FOR 30 DAYSa 

Me:1n Measured 
Concentratio.:1 Hatch Survival LeDgth 

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

Control 
Ab 94 90 25 .:t. 2 
B 90 88 25 .:t.2 

Acetonec 
A 97 18d 25 .:t.2 
B 94 12 26 .:t.2 

0.('3 
A 90 94 23 .:t.4 
B 93 84 24 .:t. 3 

0.06 
A 94 S4e 24 .± 3 
B 93 74 25 .± 1 

0.13 
A 90 62e 24 .:t. 4 
B 96 48 22 .!.. 4 

0.25 
A 86 10e 19 .:t. 3e 
B 94 0 

0.48 
A 70 6e 23 .:t.l 
B 87 0 

a. Adapted fro~ Bentley et al. 197 8. 

b. Replic.1te. 

c. Solvent control. 

d. Low survival in the solvent control was due 
system c~lfunc~ion occurring on day 26 post 

e. p = o.os. 
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life cycle. Expos~res of P-. ~ a~d £. tentJns were in aquaria hold

ing 1.75 L of w~ter; 50 cL of test wate= was delivered every 25 mi~ and 

8 min, respectively. ~. pro~~las were e%posed i: flow-through syst~ms, 

Groups of 20 Q. ~ (<24 hr old) were exposed to nitroglycerin at con

centrations (nominal) of C, 1.5, 3.1, 6.:, 12.5, or 25.0 cg/L for two 

generations. Percentage survival was determined on days i, 14, and 21 
of each generation. and percentage of eggs hatched was determined on 
days 14 and 21 of each generatio~. Groups of at least 50 ~. tentans 
(<48 hr old) were also e~posed to nitroglycerin at ~ominal concentra
t~ons 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 l~rval (fourth instar), p~pal, 
and adult stages, and percentage emergence and percentage hatching were 
determined for each generation. Groups of 20 ~. promelas, beginning 
with fry (<24 hr), were ex~osed for a total of 266 days to nitroglycerin 
at nominal concentrations of 0, 0.11, 0.22, 0.43, 0.87, or 1.75 mg/L. 
Percentage survival was determined at days 30, 60, and 174. The effects 
of ~j.trJglycerin on growth were determined on days 30, 60 (total 
le~gtb), and 266 (total le~gth and wet weight), and on day 266 the 
effects of nitroglycerin were determined on the follo~ing reproductive 

parameters: total spawns, total eggs, spawns/female, and eggs/spawn. 

Sexually mature ~. promelas were allcwed to spawn (usuall7 around day 
185 of exposure) in spawning chambers. Eggs were counted, and SO from 
each exposure group were returned to their corresponding test water; 

also, 1t this time, groups of control eggs were placed in test waters in 
which little or no spawnin3 had occurred. From these data, the percen
tage hatchability of the eggs was determined. Upon hatching, groups of 
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 og/L, nitroglycerin significantly 

(P = 0·.05) reduced the number of young produced per female in both gen

erations of Q. ~on day 14, and a concentration of 25.0 cg/L com
pletely inhibited reproduction (Table 8) (Bentley et al. 1978). Sur

vival of~. ~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 ~ignificant. These data 

indicate that the no-observable-effect level of nitroglycerin for Q. 
magna under chronic experimental conditions is 6.2 mg/L• however. based 
on current guidelines for testing the chronic effects of chemicals ~n 
daphnids (USEPA 1P~5), the results of this study would be considered 
~nacceptable because of the low reproductive success observed. These 
guidelines state that a chronic toxicity t:st will be considered un~c
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 21-day period in 
esch generation is well below 60. 

Nitroglycerin significantly (P = 0.05) reduced survival of~. ~ 
~larvae at a concentration of 1.5 mg/L in the first generatlon 
(Table 9) (Bentley et al. 1978); ho~ever, because the~e was no signifi
cant difference between survival of control larvae and larvae exposed to 
nitroglycerin at concentrations of 3.1 and 6.2 mg/L in the first 
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TABLE 8. MEAN PERCENTAGE SURVIVAL ,\I'iD ){EA,"l m'MaER OF YOUNG PRODUCED PER 

PARTHE.'IOGENETIC FEMALE OF D:oh.ni a ~ EXPOSEJ) TO NITROOLYCERI!'J 
FOK !WO G~"lERATIONS&,b 

Generation I Generation II 

Nominal Day Dayb 

Concentration 

( mg/L) 7 14 21 7 l4 21 

c.,ntrols 
SurvivalC 96 ( 8) d 88 ( 6) 78 ( 6) 9 8 ( 5) 96 ( 8) 94 ( 8) 

Young/f~malell 6 ( 2) 10 ( 3) 10 ( 4) 14 ( 6) 

l.S 
Survival 85 ( 7) 80 ( i) '78 ( 6) 91 ( 2) 90 ( ll) 89 ( 9) 

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

3.1 
Survival 89 ( 8) 89 ( 8) 88 ( 6) 86 ( 9) 86 ( 9) 84 (:!1) 

Young/female 7 ( 2) 15 ( 5) 7 ( s) 14 ( 4J 

6.2 .. 
Survival 91 ( 81 89 ( 8) 82 (13) 91 ( 8) 89 ( 13) 88 ( 12) 

Young/female s ( 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 ( 2) f 7 ( 4) l (1)f 9 ( 2) 

25.0 
Survival 58 (30)! 26 (l3)f 4 ( 8) f -& 
Young/female 0 (O)f 0 (O)f 

a. Adapted from Bentley et al. 197 8. 

b. Days 7, 14, and 21 of generation II correspond to days 28, 35 and 42 
of the total experiment. 

c. Survival expressed as a percentage. 

d. Values in parentheaea are standard deviation. 

e • NU.IIIber of young produced per parthenogenetic female. 

f. p ""o.os. 

I. No young produced in first generation to initiate second generation. 
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TABLE 9. ME.i'N PERCENTAGE SURVIVAL OF LARVAE, PUPAE, AND ADULTS, 

PERCENTAGE .EMERGENCE OF ADULTS, AND NUMBER OF EGGS PRODUCED PER ADULT 

OF THE FIRSTa AND SECONDb GENERATIONS OF Chironomous ~tans 
DURING CONTINUOUS EXPOSURE TO NITROGLYCERINe 

Survival (%) Nominal 
Concentratio:1. 

( mg /L) Larvae Pupae Adults 
Emergence 

(%) Eggs/Adult 

Controls 
First generation 
Second g~neration 

1.5 
First generation 
Second generation 

3.1 
First genoration 
Second generation 

6.2 
First generation 
Second generation 

12.Sf 
First generation 

25.0f 
First generation 

69 (18)d 
58 ( 9) 

48 ( 7) e 
61 (11) 

6 9 ( 8) 
33 (7)e 

53 ( 16) 
48 (7)e 

36 (16)C 

28 (31)e 

95 ( 1) 

100 ( 1) 

83 ( 24) 
98 (2) 

92 ( 15) 
83 (24) 

87 (12) 
96 (4) 

6 4 ( 26) 

83 ( 1 s) 

98 ( 1) 
74 (19) 

97 ( 6) 
s: (25) 

91 ( 16) 
80 ( 17) 

77 (34) 
66 (14) 

62 (12) e 

16 (31)C 

10~ (0) 
71 ( 29) 

85 ( 27) 
94 ( 9) 

92 (16) 
15 (49) 

80 ( 23) 
100 ( 0) 

88 (18) 

43 (42)e 

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 = o.os. 
f. Data were not available for the second generation because no eggs 

were produced at this concentration. 
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6 
21 

17 
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6 
18 
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generation, tha author$ concl~Jc~ ttac th: redu~ticn wa~ not ~it~~gly

ceri~ related. Survival of both larva: and adults of the firs~ 3enera

tion w1s significantly (P = 0.05) reduced at concentratio~s of 1:.5 and 

25.0 mg/L, and emergence of adults was significantly lP ~ 0.03! r~Jj0~J 

at a concentration of 25.0 mg/L. (Tne authors stated in their te:.tt that 

emergence was significantly reduced at a concentration of 12.5 mg/L, but 

their tabular data are not in agreement with this statement.) At concen

trations of 12.5 and 25.0 mg/L, no eggs were produced by adults in the 

first generat1on (Table 9). In 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 concluded that 

continuous exposure to 1.5 mg/L does not affect any stage of development 

of this organism. 

Exposure of ~. ~romelas to nitroglycerin at concentrations of up to 

1.15 mg/L for 30 days had no significant effect on either survival or 

total length (Table 10) (Bentley et al. 1978). Exposure for 60 days to 

concentratio~s ~0.22 mg/L significantly (P = 0.05) reduced survival, but 

had 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 mgiL there were no r~rvivors. 

After 266 days of exposure, there were no survivors in the groups 

exposed to 0. 87 or 1. 7 5 mg/L. There were no significant effects on 

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 tho authors, total spawns, total eggs, 

spawns/female, and eggs/spawn were lower in all exposed groups (Table 

11). The hatchability of eggs produced by parental fish exposed to 0.43 

mg/L of nitroglycerin and the hatchability of control eggs exposed to 

1.75 mg/L nitroglycerin were reduced; however, these data were not sta

Estically 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 

hatched, while in replicate B, only three percent hatche.d• the authoz-s 

gave no explanation for this difference. At a cQncentration 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 tho authors did not indicate that this reduction was 

significant. At concentrations of 0.43, 0.87, and 1.75 mg/L, which con

tained only fry transferred from controls, 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 TOXICITY TO PLANTS 

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

cerin to four speci~s of freshwat·-: algae including two .blue-green 

algae, Microcvstis aervginosa and Anabeana ~-aquae, one green alga, 

Selenastrum capricornutum, and one diatom. Navicula pelliculosa. Using 

static bioassay procedures described by USEPA (1971, as reported in 
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TA.HE 10. MEAN PEkCENTAGE SURVIVAl. ANO GROWlll OF ~al.u. ll.utiD.UU. 

CONTINUOUSI.Y l'll'OSEC '1'0 NllROOLYCERINa 

Nominal 30 Days 60 Oays 114 Daysb 
Concontratlon --------- ----

(ma/1.) Survival (") Total l.onat.t (~rom) Survival {'fo) Total l.onath (111111) Survival ('lo) 

·----------
Cont.rol 

AU 100 18 (2)d 100 26 ( 4) 100 
u 98 11 ( 3) 98 2.5 (4) 100 

Acotonoll 
A 98 18 ( 2) 98 27 ( 3) 100 
u 98 18 ( 3) 93 26 ( 41 100 

0.11 
A 100 17 ( 3) 100 26 ( S) 93 
8 100 1 8 ( 3) 90 2S ( 4) 93 

0.22 
A 93 16 (3) sst 26 ( 4) 93 

I II 93 18 ( u 83 B (6) 1!7 1-) 
-.1 
I 0.43 

A 8.5 16 ( 4) 78f B (S) 6of 
8 83 1 (i ( 4) 13 24 ( 6) 1!0 

0.117 
A 98 17 ( 3) s8f 27 (4) J3f 
n 1S 11 ( 3) 58 26 ( 6) 0 

1. 7 s 
A 98 18 ( 2) 18f 28 ( 4) of 
R 100 11 ( 3) 8.5 26 ( 4) 0 

a. Adapted hom Bentley ot al. 1918. 

b. Total lenaths wore not obtained on day 114. 

c. Roplicato. 

d. Valuo~ in paronthosel aro atandard dovlatlon. 

e. Solvent control. 

f. P '"' 0 .OS. 



TABLE 11. SIZE AND REPRODUCTION POTENTIAL OF P imopha1 o s promo! as 
CONTINUOUSLY EXPOSED TO NITROGLYCI!RIN FOR 266 DAYsa 

Nominal Total Longth (mm) Wet Weight (g) 

Concentr'!.tion Males/ Total Total Spawns/ Eggs/ Eggs/ 
(mg/L)b Males Females Males Females female spawns eggs fomale female & p !IV/II 

-------------

Control 
AC 65 53 3.26 1.47 4/3 20 1738 6.6 579 8 7 
B 63 52 3.2 9 1.37 3/6 27 2067 4.5 345 7 7 

Acetoru:d 
A 74 55 4.66 1.63 3/6 3 457 0. 5 76 .l 5 :~. 
n 66 55. 3.60 1.80 3/6 23 2105 3.8 3 51 7 J 

0.11 
I A 63 53 3.97 1.66 3/6 3 163 0.5 33 ,. ~ - .. t-> 

65 49 3. 7 8 1.21 3/6 16 1166 0) B 2.7 1Y4 "} 3 
I 

0.22 
A 64 54 3.62 2.03 2/6 3 190 0.5 31 t ) 
n 66 53 3.60 1.63 3/5 6 493 1.0 H2 ~ , 2 

0.43 
A 60 53 1. 96e 1.48 1/5 0 0 0 0 0 
n 57 53 2.14 1.69 3/5 1 131 0.2 26 ~ 31 

------------

a. Adapted from Bentley ot al. 1978. 

b. There were no survivors at concentrations of 0.87 and 1.75 mg/ml.. 

c. Replicate. 

d. Soivent control. 

e. I'"' 0.05. 
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TABLE 12. BATCllABILITY OF EGGS OF p;mephales ?tomelas 
EXPOSED CONTI~UOUSLY TO NITROGLYCERINa 

Nominal 
Concentr.ation 

( mg/L) 

Hatchability (%) 

Control 
Ab 
B 

Acet.:>nt•e 
A 
B 

0.11 
A 
B 

0.22 
A 
B 

0.43 
A 
B 

0. 87 
A 
B 

1. 75 
A 
B 

Eggs from 
Parents 

97 ( 8) c 
94 (13) 

95 ( 3) 
89 ( 9) 

88 ( l) 

92 ( 5) 

82 ( 2) 
93 (3) 

-f 
58 ( 1) 

Eggs T~ansferred 
from Control 

+d 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

96 ( 2) 
84 ( 1) 

96 ( 1) 

3 ( 3) 

2 (3) 
0 ( 3) 

a. Adapted from Bentley et al. 197 8. 

b. Replicate number. 

c. Parentheses show number of egg groups exposed • 

d. Control eggs we~e tested at only those concentrations 

at which little or no spawning had occurred. 

e. Solvent control. 

f. No eggs produc~d by parents. 
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TABLE 13. GROWTE OF SECOND GE~ERATION p;~ephal~s 
. :J.t:Qmdas CONTINUOUSLY EXPOSED TO NITROGLYCERIN 

FOR 30 DAYsa 

Nominal Mean Wet 
Concentration Survival To tal LeT.lg th Weight 

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

Control 
Ab 71 ( 4) c 22 ( 4) 0.10 
B 90 ( 4) 21 ( 4) 0 .o 9 

Acetoned 
A 100 ( 2) 22 ( 2) 0.10 
B 81 ( s) 21 ( s) 0.10 

0.11 
A 80 ( 1) 22 ( 4) 0.1J 
8 58 ( 3) 22 ( 5) 0.12. 

0.22e 
A 18 ( 2) 18 (6)f o.o6f 
B 38 ( 2) 18 ( 6) 0.06 

0. 438 
A 73 ( 2) 19 ( 4) f 0.07f 
B 53 (2) 18 ( 4) o.os 

0. 878 
A 70 ( 2) 22 ( 2) f 0 .09f 
B 90 ( 2) 18 ( 3) o.os 

1. 7 58 
A 90 ( 2) 17 (3)f o.os£ 
B 88 ( 2) 16 ( 4) 0.06 

a. Adapted from Bentley et al. 197 8. 

b. Replicate. 

c. Values in parentheses are standard deviation. 

d. Solvent control. 

e. This exposure group consist~d of groups of fry 
from the parental exposure group and from unexposed 
controls. 

f. p = o.os. 
g. Fry transferred f=om control after hatch. 
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Bentley et al. 19'/S), 24-, 4S-, a:1<.! 96-:::;.: ECso vcl,ues ·-r~re ca:~.;lated 

based Jc changes in chlorophyll ~ ccnccntration (al: fcur spe~i=sl, cell 
nwnbers (all but ,!l. ~-.a.gJ!_ll), or C!)tical density (only ,i. ~

acuaeL Based on the number ui eeLs pe;: millditt::, d_. CdlH';·r:UJt\l;; 
was the ~ost sensitive species and was found :o have a 96-hr ~cso of 0.4 
x:::g/L {Table 14). Based on a decrease in chlorrphyll .a. concel:':rltion, 2. 
capricornutum and N. ~~~were the most sensitive species, with 
both having 96-hr ECso 'laluP.s of 1.0 mg/L. .M.. ae:uinosa and .A,.~
~were the least sensitive of the species, with both having 96-hr 
ECso values of >10.0 mg/L for both parameters tested. 

Sullivan et al. (19i9) pointed out that in Bentley et al.'s (1978) 
algal bioassay with nitroglycerin, the lactose vehicle at a concentra
tion of 10 mg/L caused a 24 percent increase in cell numbers of ~. 
capricornutum. 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, t~e effect of the lactose was apparently not 
considered in the determinations .~-: chlorophyll .a.. Based on this, Sul
livan et al. felt that the ECso values for chlorophyll A and cell num
bers of ~. capricornutum were questionable. 

Sullivan et al. (1979) also criticized the Bentley et al. (1978) 
study because they hhd used a probit analysis to .analyze growth response 
data of algal cult~res relative to a control. Sullivan et al. pointed 
out that a probit analysis requires that the data be binomially distri
buted, but that perc~ntage growth reduction or amount of growth of a 
culture are continuous responses and generally normally distributed. 
They reanalyzed the data and calculated the lowest significant (level of 
significance not given) response cuncentrations for the 96-hr cell 
counts and chlorophyll .a. values of N. pelljculosa and ~. caprjCornutuc. 
For N. pelli>ulosa the lowest significant response concentration for 
both cell counts and chlorophyll~ was 0.32 mg/L, and the resr-ective 
conc;ntrations for~. ~apricornutum were 1.0 and 0.1 mg/L. 

3.4 BIOACCU'WLATION 

The pote-ntial for bioaccumulation of nitroslycerin in fish was stu
died by Bentley ot al. (1978). Twenty each of .L,. macrochirus, ~. 
promelas, ~. &airdnerj, and~. 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 =ate of 5 L/hr. Samples of water and fish were taken on days l, 2, 4, 
and 8 from the test aquaria and on day 8 in the control aquarium. Based 
on the 8-day exposure period the bioaccumulation factor was estimated to 
be abo~t 8X for~. zairdneri, ~. punctatus, and ~. promelas and 15X for 
L. ~chjrus. It was not clear from the data if tissue concen:rations 
had attain~d steady state. 
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TADLE 14. ACUTE TOXICITI. OF ; 1IT1HX7LYCERIN TO THE FRESHWATER ALGAE 

Selenastr-Jm capricornnt'O:ll, ~avicula ~:culosa, ~Hcrocystis 

a e ru i i no s a , A~'D . \n a b e an a fl o s- a o 'J3 e a 

ECso ( mg/ L) b, c ECso ( &:~g/L) c ,d. 

Species 

24-hr 48-hr 96-hr 96-hr 

L.. !<U:ti!i<QI:U!.l:tl-'!:.m 4.0 1.1 0.4 1.0 

(0.1-30.4)e (0.1-22.8) (0.1-1.3) (0.7-7.0) 

l:L.. pelli!i<\~ )10 .o 8.6 3.3 1.0 

(1.2-59.9) (0.3-33.0) 

M..... A~: .:u inQ u >10.0 )10 .0 )10.0 >10.0 

h flQ~-agu~: )10 .o )10.0 )10 .o )10.0 

a • .;c.apted fr"m Bentley et al. 1978. 

b. Based on decrease in number of cel)s per mL for~. capricor~utum, li. 

~elliculosa, and~. aeruiinosa, and decrease in optical density for A· 
..f..l..2.1.-~. 

c. Nominal concentrations. 

d. Based on decrease in chlorophyll~· 

e. 9~ confidence interval. 
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3. 5 OTHER DATA 

Stilwell ~t :tl. \1976~ cor:ducted il -:,.:rvey nf the illgal and t·~P.thic 

cacroinvertebrate co~~unities of two o~-site ponds that received wastes 

from tae manufacture of nitroglyc~rin (~G pond) and rocket paste (mi%

ture of nitrocellulose and nitroglycerin) (RP pond) at Badger AAP in 

Baraboo, Wisconsin. The .::Jean 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, res~ectively. The results of the survey~ of the 
algal and benthic communities were indicative of considerable stress. 
Fenthic macroinvertebrates were found to be absent from both ponds. The 
aiga1 cocrounities in the NG pond were dominated by pollution tolerant 
species, the periphyton being dominated by a coccoid myxophycean (blue
green alga) and the p~ytoplankton being dominated by two species of the 
ge.'lus Scenedesmus (green algae). T".ne n~ber of species identified on 

the ·~tificial substrates and in the plankton sam~tes in the NG pond was 
18 and 6, respectively. The species diversity of 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 colonization 
period. The aJ.ga1 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 
total number 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 indicati7e of a severely stressed enviro~ent, 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 quality, 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 Ri~er i~edi
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 R1ver for water quality analyses, periphyton, 

and benthos, two of these 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 disc~arge 
area. Nitroglycerin was detectea sporadically in the water at all river 
stations, and, in general, the highest concentrations were found in May. 
The highest water concentration measu=ed was 0.29 mg/L and was found in 
a May sample taken 900 m downstream from the discharge area. Average 
nitroglycerin concentrations in t·he water were usually around O.o·. mg/L 
or less. The mean nitroglycerin concentrations in tho discharge ·"aters 
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 Gischarge nr~as, but this inhibition could =ot b~ 

attributed to t!l.e waste disc.!:large of t!l.e AAP. A:1 increase in perip.o.yton 

down~tteam fro~ Jnd dl!chargc 3I·~a WJS :~~~z~: t0 be due ~g ~A ~~~~pa~e 

in nitrogen levels. The authors were unable to correlate these ~aria

tions with the effluents from the ~itrcglycerin productio:l areas. 

3 .6 SU!.f1.1ARY 

Results of acute toxicity studies indicate that nitroglycerin is 

quite tcxic to aquatic organisms. The toxicity of nitroglycerin to 

algae is highly variable among species. Reported 96-hr ECso values 

range frcm 0.4 to >10 mg/L. Reported 96-hr LCso values for fish range 

from 1.67 to 3.2 :ng/L, and 48-:u ECso values f•n 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 nitroglyc~rin in concentrations of 

up to 1.25 mgiL is not toxic to fish eggs. Fry of .£.. prome!as h'lve been 

found to be more sensitive to nitroglycerin tha~ fry of~- punctatus; 

the lowe$t concentrations r~ported to have significantly affected (based 

on survival) these two species are 0.06 and 0.31 mg/L, respectively, 

after a 30-day exposure period. The validity of these data are ques

tionable because problems with the dilution of nitroglycerin occurred 

during the study. 

Available data indicate that fish are more sensitive than inver

tebrates to nitroglycerin under chronic exposure conditions. the lowest 

concentration reported to significantly affect fish is 0.22 mg/L; at 

this concentration, survival of ~. promelas was reduced after 60 days of 

exposure. The lowest concentration reported to significantly af~ect 

invertebrates is 3.1 :::g/L; at this concentration, survival of second 

generation larvae of ~. tentans was rejuced. 

Limited data ou bioaccumulation indicate that nitroglycerin is not 

appreciably bioaccumulated in the tissues of fish. Esti~Rtes for bioac

cumulation factors of nitroglycerin in fish range froa 8X to lSX. 

A di:ect relationship between nitroglycerin exposure and adverse 

effects to aquatic organisms has not been shown by field studies; 

however, severe effects on biological communities have been observed in 

ponds receiving waste effluents from the production of nitroglycerin and 

!'ocket paste. 

4. MA,.t,(Y.ALIAN TOXICOLOGY ~ H]M.o\o'l HEALTH EFFECTS 

4 .l PBARJ.iACOKU!ETICS 

A trecendous body of literature is available o~ the physiological 

and pathological effects of nitroglycerin, particalarly on cardiovascu

lar ~nd systemic effects. Therefore, discussions on health effects of 
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~]troglycerin have b~e~ li~ited to highlights of effects and ~~e expo

sure levels at which t~ese effdcts Wt~e observed, data which could pos

sl~l1 b~ used in ~al~nlating rru~:~ nealth Criteria. An extensive review 

of the mechanisms of action of nitroglycerin may be fo~rd in Needleman 

( 197 5) • 

4.1.1 Animal Studies 

Tb~ pharmacokinetics of nitroglycerin in laboratory animals has 

been studied extensively, particularly in rats; however, because of the 

lack of sensitive methodologies, many aspects of the pharmacokinetics of 

the compound are unclear. Available data on pharmacokinetics indicate 

that nitroglycerin is rapidly and widely distributed and rapidly absor

bed, metabolized, and eliminated (e.g., Fung 1984; McNiff et al. 1980; 

DiCarlo 1975; DiCarlo et al. 1968; Needleman and Krantz 1965). 

DiCarlo et al. (1968) gave rats a single oral dose of 14C

nitroglycerin, and within 30 min radioactivity was observed in the 

blood, heart, kidn~ys, liver, lungs, spleen, gastrointestinal (GI) 

tract, carcass, utine, and feces and in the expired air as carbon diox

ide (C02); a 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, 

resp~ctively, and the amnunt of the radioactivity found in the urine and 

fece; and ~xhaled as C02 was 20.95, 2.27, and 19.76 percent, respec

tively. 

Hodgson and Lee (1975) observed patterns of distribution and elim

ination 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 radioactivity in the liver 

(4.6 percent); this amount changed little after 24 hr (4.3 percent). 

Significant amounts of radioactivity 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 radioactivity 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 ~ercent of the administered dose was eliminated in the 

urine, expired air (COz), and feces, respectively, and at th~ end of 24 

hz, the amount of radioactivity eliminate~ 7ia these same routes 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, and dogs. 

Within 24 hr after receiving a single oral dose of the co::1pound, shout 

SO to 70 percent had been absorbed by mice, whereas 75 to 90 percent had 

been absorbed by the other species during the same time period. During 

the first 24 hr, mice nnd 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 fir~t 24 hr. The highest tissue 

concentrations of radioactivity at the end of 24 hr were generally 
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observed in the liver of all species (4.3 to 6.S percent); howeve=. 
Freater amounts of racionctivity were observed in tho skeletal ~ascl~s 
of dogs Jnd ~onkeys, ~ith conc~utrations of 9.5 and 13,0 p~rGent, 
respectively, at the end of 24 hr. Small acounts of radioactivity were 
also found in the kidneys, spl~en, lungs, and brai~ of all species. 

Short et al. (19i7) performed an in vitro study on the metabolism 
of nitroglycerin with tissue samples ~aken from male and female CD rats, 
Swiss Webster mice, CD-1 mice, New Zealand albino rabbits, beagle dogs, 
rhesus mo~eys, and huma~s (at autopsy). A sex difference was not 
observed in the metabolism of t~is compourd by liver homogenates of any 
species. In all '~ecies, nitroglycerin ~as primar1ly metaboli~e~ ~o 

1,2- .and 1,3-dinitroglyccrin by the liver; rats anc mice produced more 
1,3-dinitroglycerin, whil~ rabbits, dogs, monkeys, and humans produced 
more 1,2-dinitroglycerin. Rats, rabbits, dogs, and monkeys produced 
greater am~unts of dinitroglycerins than tumans and mice did, while 
humans produc~d greater amounts than rnice. Ecbryos, fetal livers, and 
carcasses of mice were found to have poor abi?ity to metabolize nitro
glycerin. An increased ability to metabolize the compound ~ith 
increasing age was observed in rat livers. 

The dispo~iton rate of nitroglycerin is :.nfluenced by the rou·~e of 
administration (F~ng et al. 1984aa Wester et al. 1983; Ioannides et al. 
1982). Fung et al. (1984al estimated plasma half-lives of r:.itroglycerin 
in rats following oral and intravellOUS {iv) administrations~ 
Intravenously administered nitroglycerin had a pla~ma half-lif~ of abo~t 
15 min. The1 plas~a ha!f-life of orally administered nitroglycerin was 
generally depende~t upon the size of the dose a~d varied from about 30 
to 140 min. Wester ~L al. (1983) estimated a plasma half-life of 18 min 
for ni trog lye erin gi "Ten i v to monkeys. Following dermal expostn: e of 
monkeys to 2 percent nitroglycerin ointment containing 19 cg of 14C
nitroglycerin, a plas~a half-life of 4.3 hr ~as estimated. 

Ioannides et al. (1982) studied several factors th&t might 
influence the rate of elimination of ni~roglycerin from the plasm3, 
including route ~f administra~ion, age, sex, and species. In rats, the 
plas~a half-lives for iv, s~bliugual, and oral routes of administration 
were 6.7, 14.3, and 30.0 min, respectively. The authors indiceted that 
differences in the half-lives were because ~he estimate of the iv half
life was 3n elimination half-life, the oral half-life was an absorption 
half-life, and the sublingual half-llfe ~as a mix~ure of the two. A sex 
difference was not observed in th~ pl1sma half-life of nitroglycerin 
administered iv to rabbits (12.2 min ~or males and 11.5 min for 
females), but a significant sex difference (F < 0.001) was observed in 
rats (4.4 min f~r males and 7.7 min for females). A difference in the 
half-life 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 t~ere was no 
indication that this difference was statistically significant. Species 
differences were observed in the plasma half-life of nitroglycerin given 
to male cnimals iv; an increa~ing half-life was observed with increasing 
weight. The estimated ~lasma half-lives (in minutes) for males given 
nitroglycerin iv were as follows: hamster, 3.7; rat, 4.4; guinea pig, 
8.0; fer:::-et, 9.5; and rabbit, 12.2. 
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Tl.J~ site of nitroglycerin rnetabol ism !Jas been a controversial iss~e 
U1eedleman et al. 1971; L.J,~:; etc!. l9i2; Blei et al. 1984; Fung 1984). 
Based on both in vitro and in vivo stuaies with laboratory animals, it 
bu been thought for n number uf r~ars that !!itroglycerin w:~.s metabol
ized in the presence of glutathione-organic nitrate reductase in the 
liver and blood (e.g., Needle!!lan and Bunter 1965; ~eedleman et al. 1971; 
Needleman and Barkey 1911; Lang et al. 19i2; Lee 1973; Ilodgson and Lee 
1915; Yacobi et al. 1983). More recent stndies with rat~. however, have 
indicated that the liver is not the primary site of metabolism of nitro
glycerin (Blei et al. 1984; Fung et al. 1984a; Fung et al. 1984b). Blei 
et al. (1.984) infused rats with nitroglycerin iv following portaceval
shunting and found that the systemic clearance of nitroglycerin was no 
different in these animals than in animals which bad been sham operated. 
They also observed that systemic plasma clearance of nitroglycerin far 
exceeded hepatic blood flow in sham and shunt groups. Fung et al. 
(1984b) injected nitroglycerin into various vessels of Sprague-Dawley 
rats and foond that the highest conce~trations of the nitrate were 
nearest the site of injection; concentrations decreased progressively 
further fro!%! the injection site. Thus, these data indicate that vascu-· 
lar tissues can take up and/or metabolize nitroglycerin. Based on hi-;; 
review of the literature, Fung (1984) provided the following brief 
scenario on the pharmacokinetics of nitroglycerin: "nitroglycerin is 
rapidly taken up and ~:~etabol ized by extrahepatic tissues, inclnding th" 
vasculature. Little, if any, of the distributed drug emanating from tho: 
systemic circulation returns to it. This extensive tissue distribution 
and metabolism contribute to the very low,· .and often fluctuating, con
centration of nitroglycerin ol'.served in the systemic circulation." 

Hodgson et al. (1977) studied the metabolic fate and disposition of 
four radiolabeled metabolites of nitroglycerin in female Charles River 
CD rats incloding 1,2- and 1,3-dinitroglycerin and 1- and 2-mononitro
glycerin. Fasted rats were given a single oral dose of one of the meta
bolites and sacrificed after 4 or 24 hou.rs. A similar pattern of 
absorption was observed for ell metabolites e:cept 2-mononitroglycerin; 
about 59 percent of the radioactivity was absorbed from the GI tract cf 
animals e:z:posed to 2-mononitroglycerin, while frcm 73 to J2 percent of 
the radioactivity was absorbed from GI tract of animals e~osed to the 
other metabolites. Most of the 2-mononitroglycerin was e:tcreted in the 
feces and urine (32.1 and 48.8 percent), whereas most the oth~r three 
r:~etabolites were e:tcreted in the urine and e:pired air (20 to SO percent 
and 27 to 50 percent, respectively), although relatively large quanti
ties were also e::r:creted in the feces (11 to 14 percent). The concentra
tion of each of the metabolites in the 1 iver at 4 and 24 hours was simi
lar, ranging from about 2 to 9 percent of the administered do~e. Dis
tribution of these cor:~pounds into other tissues was minor. Analysis of 
the urine of those animals receiving the dinitroglycerins revealed the 
presence of mainly free mononitroglycerolsi glucuronid~ conjugates of 
dinitro- and mononitroglycerols, glycerol, and other polar metaboliteSi 
and only small amounts of dinitroglycerin. Urinary analysis of the 
animals receiving the mononitroglycerins indicated the presence of large 
amounts of unchanged cocpoonds as well as glycerol and btber polar coc
ponent s; however, no glucuronide s were detected. 
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Nitroglycerin is apparently metabol iz~d via stepwise denitrifica

tion (~eedlem:tn and Ill1%1ter 1965; DiCnlo ct al. 1968; Hodgson et Jl. 
1977) without any initial preference for either the primary or secondary 

nitrate group (DiCarlo et al. 1968). Tne following metabolites have 

been identified in the urine of rlts in studies on the metabolic fate of 

orally administered 14(-nitroglycerin (DiCarlo et al. 1963; Hodgson and 

lee 1975; Hodgson et al. 1977): glyceryl-1,3-dinitrate; glyceryl-1,2-

dinitrate; glyceryl-1-nitrate; glyceryl-2-nitrate; glyceryl-1,3-

dinitrate glucuronide; glyceryl-1,2-glocuronide; glyceryl ~ononitr~te 

gl ncuronides; and glycerol. Based on their review of the 1 iteratnre on 

the metabolism of n:o.troglycerin, ~cNiff. et al. (1980) proposed the meta

bolic fat~ as presented in Figure 1. 

4.1.2 Human Studies 

The number of studies concerning the pharmacokinetics of nitrogly

cerin in humans is limited, but available data indicate that the phar

~acokinetics of this cocponnd in·humans is simi~ar to that of. labor~tory 

animals. Nitroglycerin given buccally or subling-.:!llJ is rapidly absor

bed. Blumenthal et al. (1977) observed peal:: 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 in the blood within 2.3 min 

after administering 0.6 mg of the compound sublingually. A peak nitro

glycerin plasma concentration was nated by Wei and Reid (1979) withi~ 

about 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 perce:c.t of the dose was absorbed. 

As has been observed in animal studies, nitroglycerin is widely 

distributed and rapidly eliminated in humans. Armstrong et al. ( 1979) 

estimated that the volume of distribution of nitroglycerin in humans 

following sublingual administration is 179.6 L (assuming an average body 

weight of 70 kg, thi~ volume of distribution would be approximately 2.6 

l/kg) and the total body clearance is 28.0 llmin. Accorc1ing to the 

authors, this rate of clearance is much greater than the hepatic blood 

flow. The authors also estimated that the elimination half-life was 4.4 

1cin. 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/min, a plasma clearance of 0.72 L/min/kg, and an 

elimination half-life of 2.8 min. The authors 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 bas not yet been ascertained. 

The finding that body clearance ~f nitroglycerin e~ceeds liver plasma 

flow and cardiac output indicates that a co:1siderable amo~t of metabol

ism Jccurs in extrahepatic tissues (Armstrong et al. 1979; McNiff et al. 

1981). Several in vitro studies have shown that nitroglycerin is also 

metabolized by whole blood, blood cells, and plasma (e.g., Noonan 1934; 

Sokoloski et al. 1983). 
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Figure 1. Metabolic fate of nitroglycerin. 
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The ::Jt!tabolic fnte of nitrcgl}C'.':-i.: appt:<:~r~ to b~;: $i,milar between 

humans and :u:.imals. The dinitrate:;, 1,2- and 1,3-glyceryl dinitrate, 

have been observeG i~ the saliva of cumans wi• in 3.5 min after being 

given nitroglycerin sublingually (Eogaert and Rosseel 1972). In acldi

tior. to the two dinitrates, two mononitrates (1- and 2-glyceryl a:ononi

trate) have been identified in vitro in blood and pla~ma (Noonan and 

Benet 1982; Noonan 1984). 

4 • 2 ACUTE TOXICITY 

A stll!lmary 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 e::cposure; the compound is 1 ess toxic when exposure is via oral 

or subcutaneous routes and ~:~ost toxic when exposure is iv. Little or no 

difference exists between sexes or emong species in the acute toxicity 

of this chemical. LDso valu.,s for iv and orally administered nitrogly

~erin range from 10.6 to 32 mg/kg and 500 to 1188 mg/kg, respectively. 

Several studies were found co~cerning the nonlethal effects of 

nitroglycerin given in a single dose to laboratory mammals. A number of 

st:udies have shown that acnte exposure to nitroglycerin results in vaso

dilation. Fleinzow and Ziegler (1981) e:ocpcsed male Sprague-Dattley rats 

to a single dose of nitroglycerin via the following routes and concen

trations: jugular vein, 10 IJ.g/kg; portal vein, 100 !J.g/kg; jejunum, 200 

J.qg/kg; sublingual, 100 IJ.g/kg; and intraperitoneal, 100 11s/kg. The 

authors observed a reduction in blood pressure following the admini~tra

tiou of nitroglycerin by all routes. The extent of change in blood 

press~re from greatest to lowest response was as follows: jugular vein, 

sublingual, intrai=eritoneal, portal vein, and jejunum. 

Oral administration of a single 10Q-mg/kg dose of nitroglycerin to 

five male Sprague-Dawley rats resulted in a rapid decrease in systolic 

~lcod preaaureJ baseline pressure values were reestablished within about 

10 min (Maier et al. 1980). Flaim (1982) administered nitroglycerin to 

~ale Sprague-Dawley rats over three subsequent infusion periods 15 min 

apart. The infusion dosages were as follows: 15-min point, 2 11g/kg; 

3Q-min point, 8 ~g/kg; and 45-min point, 32 ~g/kg. The author observed 

significant changes at all dosage levels in blood flow and vascular 

re:;istance. After infusion with 2 Jls/kg, significant (P < 0.05) reduc

tions were observed in vascular resistance of the kidneys, ileum, and 

cerebell'Cm, while a signficant (P < 0.05) increase in blood flow was 

observed in the kidneys. After infusion with 8 !!g/kg, vascular resis

tf\nce was significr.ntly 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 w~re observed ~n vascular 

resistance in the kidneys, iletll!l, jejunum, heart, and brain, and signi

ficant (P < 0.05) increases were observed in blood flow in the kidneys, 

heart, and brain after infusion with 32 !!g/kg. Also observed was a sig

nificant (P < 0.05) decrease in C02 tension (pC02} after infusion with 8 

~nd 32 !Jg/kg. The author concluded that nitr~glycerin was a strong 

arteriolar vasodilator in rats. · 
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TAIJU! 1 S. L1!1UA!.Il'Y I Wso 'S) OP NllllOGI.YCI!IIN TO IIAIOCAJ.S 

---·-------------------------·-----------

Spccle~/Straln 

llouoe/Crl :CI']BR 

lluaoe/Aibino Swisa 

llouae/NA 

llouae/NA 

llouoo/Slc :dd 

llouac/Sic:dd 

Mouae/Sic:dd 

llouae/Slc:cld 

Rat/Crl:CD(~DIUR 

No. per 
Group 

10 

HAc 

NA 

NA 

10 

10 

10 

10 

10 

lloale 1 /Vohicle 

IV/Iithoaol 

Oral/la lactoao 19.72~) 
odclocl to paaDut o(l 
fCIDal aolatloa: 3.41~ 
NGd, ll.f' laotoao, 6.S~ 
poaDal oil) 

SC/NA 

11'/HA 

Orai/PropyleDo alyool 

SC/Propylono alycol 

IP/Propyloao alycol 

IV/ Propy laao &I JOOl 

IV/Iitbanol 

Duratloa of 
Obaorvolloa 

H daya 

14 ohya 

NA 

NA 

1 daya 

1 daya 

1 hJa 

1 ... ,. 

14 daya 

IDso 
(aaHal 

11.28 (J,I)b 

18.22 (l')b 

1188 (M) 

JOSS (F) 

30 (NA) 

205 (NA) 

HO (II) 

500 t.FI 

SOS (II) 

51 S (F) 

110 (II) 

104 (P) 

10.6 01) 

10.9 (P) 

24.43 (II) 

23.23 (I') 

Co ... ellla Rot orenco 
----------------- ----

All cleatba occurred wllbla S 
ala1 aurvlvloa alco oJraal 
wltbia 2 br1 ao alaalflcoat 
patboloay 

ADiaala aoaally died wltblo 
$ to 6 br1 aarvlvora rocovorod 
wltbla 24 br1 ao aroas 
patboloay 

Doatba oooorrod wltbla 4~ br1 
aurvlvora recovered wltblo 
41 to 72 br1 ao Dotable 
flndiDaa at autopay 

Dealba oocarrod wlthlD 48 br~ 
aorvlvora recovered wltbiu 
48 to 72 hr1 DO notable 
flacllnaa at autopay 

Dealba occurred wltblo 10 ala~ 
aarvlvura recovered wltbia 
41 to 72 br1 DO actable 
flacllnaa at autupay 

Dealba oocurrocl wltbla 10 ain1 
aDrvlvora recovered wltbiD 
about 2 bra DO Dotable 
flDdlnaa at autopsy 

All doatba occurred wltLID 
alai aurvlvlna rata Doraal 
within 1 bra DO alaulflcant 
patboloay 

Auderooa ol ol. 19U 

l.oc ot at. 197$ 

Advlaory Ccntor oo Totlcol''IY 
I 9bgo 

Advisory Couler ou To1. i.coll·~'i 
196 8• 

(J\;otout ct al. 19~2c 

Okotanl cl a!. 1932c 

Olr.otanl ct •l. 19ti2c 

Oketanl ct al. 1982c 

Aadcrson et al. 1983 



I 

""' N 
I 

------
No. per 

Spcci01/Straln Oronp 
-- . -----------
Rat/Cbarlea River 

Rat/Sic:SD 

Rat/Slc:SD 

Rat/Slc:SD 

Rat/Sic:SD 

Cat 

lloc/Boaalo 

NA 

10 

)() 

10 

10 

NA 

2 tc 4 

Ronte1 /Voblcl o 

Oral/In Jactoae (9.72~) 
ad dod to peanut oil 
(final aolatloa: 3.41~ 

NO, 31.5~ lactoao, 6.l~ 
poannt oil) 

OraJ/Propylono alyool 

SC/Propylono alyool 

JP/Propyleno atycol 

CV/Propylono alycol 

111/NA 

IV/Propylona alycol 

TABU: 1S. 

Duration of 
Oba orval I on 

1 4 d I)' I 

7 day• 

7 daya 

1 daya 

1 daya 

NA 

1 daya 

(Conthuod) 

r.oso 

<••"'•' 
1122 (II) 

884 IF) 

H5 (II) 

HO 11:1 

610 (II) 

545 IF) 

102 (II) 

108 (II) 

32 (II) 

32 (F) 

150 INA) 

19.0 ( NA) 

•• IV~ latravonoaal sc ~ SaboataaoODal IP a lntraporltonoalt 111- lntraauacular. 

b. II • •alo1 II • fo•alo. 

c. NA & Not avallahlo. 

d. NG : nitroalyoorln. 

c. As reported la Dacre and Tow 1973. 

-

Co11•onta 

Aul•ala nanally died within 
5to6hrl aucvivoca cocovored 
within 24 br1 no croaa 
patholoey 

Doatba ooourrod within 48 br1 
survivor• recovered within 
411 to 12 hr1 no notable 
flndlnca at autopay 

Deaths occurred within 48 br1 
anrvlvors recovered wttbln 
48 to 72 hr1 ao notable 
flndlnaa at autopay 

9oatha occurred within 10 min; 
aurv lvors recovered within 
48 to 72 hq ao notable 
fladlnas at autopay 

Doatha occurred within 10 mlo1 
anrvlvora rocoverod wilbln 
about 2 hr1 no notable 
f hdl na a at autopsy 

Doalh occurred within 
30 •ln1 aurvlvora recovorod 
within 2 ht1 ao aotablo 
flndlnaa at. autopsy 

- --·-------·-· 

llo(oren..:o 
--- ---·---··-- --· 

l.oc et a!. !!Ill 

()I o tan I ct at . I 9H2o 

Ol.ctanl ct a! . ~2<. 

Okclanl c I at . • 'JH2c. 

Olot ani ct • t • 19K2c 

Oreatano l\137• 

Okclanl o< al. 19Hla 



Kypson and Iiait (19'71) injected groups of seven albino rabbits 

intraperito!leally with 0, 40, or 100 !Jg/kg of nitroglyceri:J .. Adc'linis

tration of 40 :ng/kg caused a sign·ificant ir.crease ir. plasma lactate 

(P < 0.02), p1 asma free fatty acids (P < 0.05), and pla.>ma glycerol 

(P < 0.05). The same parameters, ~swell as plasma pyruvate, were sig

nificantly increased (P < 0.005) after the administration of 100 J.lg/kg. 

Rased on their result~. the authors suggested that nitroglycerin may 

increase lipolysis and glycolysis. 

4.2.2 Human Studies 

Changes in the cardiovascular system of humans following acute 

e:xposure to nitroglycerin have 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 aemini~tration of 

nitroglycerin sublingually (0.3 mg), orally (6.5 mg sustained released 

capsule), and dermally (2 perce~t ointment) to a healthy human volun

teer. The following effects have been observed after a single sub

lingual administration of 0.6 mg of nitroglycerin to healthy human 

volunteers: increased heart rate (Armstrong et al. 1979; Brachfeld et 

al. 1959; Iikendall 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 (Iikendall and Mellow 

1980); increased myocardial oxygen consumption and iJlcreased coronary 

blood flow mediated by lower vascular resistance (Brachfeld et al. 

1959); and fall in myo<'ardial efficiency (Brachfeld et al. 1959). 

Armstrong et al. (1979) and Wei and Reid (1979) 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 nitroglycerin to the skin of normal human 

volunteers has been reported to decrease systolic and diastolic blood 

pressure and increase heart rate (Magometschnigg et al. 1983) but has no 

effect on lower esophageal sphix:.cter pressure (Iikendall and Mellow 

1980). Trainor and Jones (1966) reported that e~posure to nitroglycerin 

in the atmosphere at a· concentration of 0 .S or 0.7 mg/~ for 25 min 

causes headaches and decreases blood pressure. 

4.3 SUB CHRONIC AND CHRONIC TOXICITY 

4 .3 .1 An im.!.l Studies 

Ellis et al. (1984) gave groups of beagle dogs, consisting of two 

males and two females each, nitroglycerin in capsules at concentrations 

of 25, SC, 100, or 200 t'lg/kg/day for five days.: the authors did not 

indicate that they had nsed a control group. A dose-response rela

tionship in peak level and duration of methemoglobinemia 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 hir:hest doses, cyanosi's was observed 

within 2 to 3 hr after each dose and lasted for several hours. At the 

bighest concentration the dogs became less active. 
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Anderson etc.. (!.983) studied tbe r!ffects of two weeks of e::tposcrc 

rf ~rl;(:I;> (SD)ER r ts and beagle do,:;s to nitrostat, a stabilized form oi 

nitroglyceric. (A~cording to the Phv~s~ns Q~~~ Refere~~ (1983), encb 

millilHer of nitr.stat consist•; of 0.8 rog nitroglycerin with citric 

acid and sodium ci:rate as buffers, and 5 percent alcohol in water.] 

Groups of ten male and ten female rats were given cai.ly iv injections of 

nitrostat at conce:-ttrations of 2.5, 5, or 10 ~:~g/k!S/day, and groups of 

two !Dale and two f~:cale dogs were given 1 or 3 mg/kg/day. Roth vehicle 

(5 percent aqueous ethanol) and untreated control groups were used. At 

a concentration of 10 mg/kg two rats died for reasons the authors could 

not dete:cmine. A reduction in body wdght &Tld food consumption was 

()bserved in·treated and vehicle control groups, but no dose-rcsr'jnse 

rellltiouship was found. No significant changes were observed in 

biochemical, hema~.:>logical, and urinalysis parPJIIeters or organ weights 

and oq;an weight-_ ~.-body weight ratios. The authors also observed no 

gross .or microsco;ic 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 concentratic~s of 1, 

S, 2S, or SO mg/kg for one month. A control group received only the 

vehicle, propylene glycol. At SO mg/kg the authors frequently observed 

tonic convulsions, Straub tail response, and a':a:s:ic gait; two of ten 

males died of dyspnea toward the end of the e%l!Osnre period. Slight 

transient convulsions or sedation was observed in some a:"limal s e::tposed 

to S and 2S mg/kg. No adverse effects were _observed i~ anilb:>l s e:tposed 

to 1 mg/kg, and no changes were observed in any group in body weight, 

.food and water consumption, urinalysis, hematology, serum biochemistry, 

or histopathology. 

The subchronic toxicity of nitroglycerin to beag! e dogs was studied 

by Oke tani et al. ( 1982a). Groups of three male and three female dogs 

were given nitroglycerin iv in concentrations of 1, 2.5, or S mg/kg/day 

for one month, and two control eroups received either saline or pro

pylene alycol (vehicle). At the highest CO:lCentration, the animals fr'!

quently exhibited tonic convulsions. eye hyperemia, lying down. and uri

nary and rectal incontinence, but these effects lasted no more than 30 

min. Slight transient convulsions or tremors were observed in the group 

that had received 2.S 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 and water consumption, urinalysis, hematology, ser~ 

biochemistry, or histopathology. 

Elli~ et al. (1984) studied the subchronic 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 0, 

0.01, 0.1, or 1 ~g/kg/day in capsules for three weeks; then, because 

there wer~ no observable adverse effects, the concentrations of nitro

glycerin were increased to O.OS, O.S, or 5 mg/kg/day nt the start of the 

fourth week and were continued through the thirteenth we-ek. Groups of 

six 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, O.OS, or 0.5 percent for the remainder of the 13-

week e:t:posure period due to the absence of adverse effects. Mice were 
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treated ir. the sam~ ~ar:ne::- :1s tile r::ts cxcc;::t that the i::-.creaseo ..:..;.:es 

were given at the start of ~be third week. Tne estimated deily :.ntake 

of nitroglycerin by rnts lf:.JS 0.3, 6, and 59 mg/kg for m:1les and 0.9, 

6.4, and 59 ~g/kg for females e3posed to 0.001, 0.01, and 0.1 percent, 

respectively; for e:xposures to 0.005, 0.05, a:J.d 0.5 percent the estima

ted daily intake was 2.6, 24.5, and 230 cg/kg for males and 3.1, 26.5, 

and 234 mg.'kg for females, respectively. The estimated ciaily intake of 

nitroglyce::in by mice given 0.001, 0.01, and 0.1 :'erc()nt was 1.3, 11.5, 

and 107 a:g/kg for males and 1.3, 10.9, and 95 mg/kg for females, respec

tively; fer: e:xposures to 0.005, 0.05, and 0.5 percent the estimated 

daily intake was 6.4, 60.2, and 608 mg/kg for males and 6.9, 58.7, and 

561 mg/kg for females, respectively. 

Ell is et al. (1984) observed no adverse effects in dogs at the end 

of the 13-week e3:posore period. At the highest concentration. rats were 

found to have a lower consumption of food and a lower weight gain. 

Rlood tests, necropsy, and histopathology of rats showed no significant 

difference from controls. Some mice e:thibi ted ::lild to moderate 

extramedullary hematopoiesis in the liver and/or spleen, but no dose

response relationship was observed. 

In an additional subchronic study, Ell is et al. (1984) exposed a 

:;roup of three male and three female CD rats to a diet .containing 2.5 

percent nitroglycerin for 13 weeks. A control group consisting of four 

mal~ and four female rats was fed the basal diet. The estimated average 

daily intake of nitroglycerin was 1406 and 1416 cg/kg/day for males and 

females, respectively. At the end of the e:tposure period, ·the authors 

observed a signifi-ant (P < 0.05) increase it:. erythrocytes, reticulo

cytes, hematocrit, hemoglobin concentration, and alkaline phosphatase. 

and a decrease in fasting blood glucose of the exposed anim'lls. Histo

pathological e:xamination rFvealed the presence of pigment deposits in 

the liver and spleen and moderate to severe testicular degenerstion 

and/or atr:ophy with severe to complete &spermatogenesis. 

Elli:: et al. (1978a, 1984) studied the chronic toxicity of nitro

glycerin to CD rats, CD-1 mice, and beagle dogs. Groups of 38 male and 

38 female rats and 58 male and 58 female mice wet.e given a diet con

taining 0, 0.01, ~· or 1 percent nitroglycerin for two 7ears. The 

calculated daily intake of nitroglycerin by male and female rats was 

3.04 and 3.99 t:lg/kg, respectively, for the low dose; 31.5 and 38.1 

mg/kg, respectively, for the middle dose; and 363 and 434 mg/kg, respec

tively, for the high dose. The calculated daily intake of nitroglycerin 

by male and frsmale mice was 11.1 and 9.72 mg/kg, respectively, for the 

low dose; 114.6 and ~~;~gfu, respectively, for the middle dose; and 

1022 and 1058 mg/kg, respectively, for the high dose. Gro•;ps of six 

male and si:x female beagle dogs were administered nitroglyc.:t"in capsules 

containing 0, 1, S, or 25 mg/kg daily for one year. 

Tbe only effect observed in do~s ~uring the 12-month e:tposure 

period was an occasional dose-related occurrence of ~ethemoglobinemia; 

the concentration of methemoglobin was usually less than 3 percent 

(Ell is et al. 1978a, 1984). 

-45-

·-
1' 
j1 

r.j ,, 
:' 



After two y<!ars of e::~:posure, body weight o: rats e:tposed to 1.0 

perce:lt nitrogi:ce7'ir;. ,q~ co:1sidercbh· lc.;"!r than that of either the 

co~trols or the 0.01 and 0.1 perce=t exposcre gronps; co~trol weights 

were abont 800 end 500 g for males a:::1d female:;, respectively, and 

weights of c:~nles and fe:nales e:tposed to 1.0 perce:lt nitroglycerin were 

600 and 300 g, respectively (Ell is et al. 1978a, 1984). After three 

months of exposnre to 1.0 percent nitroglycerin, the ·anthers observed 

diSCOlC'ration Of the skin and fur, [llethemoglobinemia, reticulocytosis, 

and an increased ery~hrocyte count, hematocrit, and hemoglobin concen

tration; total bemogl obin typically consisted of 10 to 30 percent 

~ethemoglobin. After 12 months of e::.posure to 1.0 percent nitrogly

cerin, ery~hrocyte counts were ncrmal. but hemoglobinemia persisted. 

Enlarged livers were also observed at this same time and concentration, 

and all bnt two of the rats in this group bad cholangiofibrosis, proli

feration of bile ducts, and fibrous tisst:.e oft!.~ liver. After two 

year~ of erposure to 1.0 percent nitroglycerin, ~~themoglobinemia had 

disappeared, but elevateci levels of serum glutamic-oxaloacetic transac

inase, sertll!l glutamic-pyruvic transaminase, and alkaline phosphatase 

levels we:..:e observed in males. In addition, high-dose females were 

found to 1 ive considerably longer than controls (about 25 percent of 

females treated with 1.0 percent were dead at 24 ~onths versus about 60 

percent of the contlols). No significant hematological effects were 

•Jbserved in rats exposed for ho years to nitroglycerin at· concentra

tions of 0.01 or 0.1 percent. 

After 12 months of exposure to 1.0 percent nitroglycerin, mice were 

f':lund to have compensated anemia and nn elevated reticulocyte count 

acc:o:~~panied by Heinz bodies (Ellis et al. 1978a, 1984). Methemoglo

binecia occurred only in males exposed to 1.0 percent nitroglycerin. 

Also at 12 months, most animals exposed to 1.0 percen! and some exposed 

to 0.1 percent nitroglycerin had intracellular granules in the liver 

with lesser IUilOunts in the spleen and/or kidneys. Body weights of mice 

e:s:11osed for twQ years to l.O ~rcent nitroglycerin were-'coiiSToerabfy·---
ower than those of coutiors: At-the end of tne ·rwO.:iea·;:·· eipo-sure ... 

period, no sign1 'Tcant1ncreases were observed in unscheduled denths, 

although a slight increase was observed in th~ groups exposed to 1.0 

percc:nt nitroglycerin. Hematological parameters after two years were 

similar to those observed after 12 months. 

Suzuki et al. (1975) gnve groups of CS7BL/6Jms mice, consisting of 

ebout SO animals ·of each sex, nitroglycerin in their drinking water for 

18 oontbs at concentrations estimated to be 0, 1.5, or 6.2 mg/kg/day. 

and for 12 months at an estimated cot..;entration of 58.1 l!!g/"g/day. At 

the end of the exposure periods, body weights of exposure groups did not 

appear to be st:.bstantially different from those of the control gro~p. 

Nontumorous changes, including inflammations, degenerative changes, anc:! 

cytological changes in hepatic cells, were similar to those observed in 

control animals. 

4.3.2 Ruman St~dies 

Several studies and reviews have been published concerning the 

·chronic toxic efft:cts of nitroglycerin to humans (e.g. I,. a!!J· ~ed. 
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Assoc. 1893; Y.uncb et al. 1965; Lund et al. 1968; NIOSH 1978). Expo

sures to nitroglycP.ri::l ir: i:::dustrial situations are ~re'.luently associ

ated with e:xpo-;ures to :litroglycol (e.g., stich llS dnring tte prod-:!~·-:Qn 

of ex-plosives), therefore, establishment of effects due directly tc 

exposure to nitroglycerin is difficult (Lund et al. 196:'; NIOSB 19713). 

Readache and fatigue are frequently observed in long-term employees of 

the explosives industry ( Stokinger 1982). Othe· symptoms observed 1 ess 

frequently include "ausea, vomiting, dyspnea,. .ohol intcl~rance, heart 

palpitation, and angina pectoris (NIOSB 1978; :,,okinger 1982). Availa

ble information indicates that continued exposure to nitroglycerin or a 

combination of nitroglycerin and nitroglycol result~ in increasing 

tolerance (Lund et al. 1968; Mllllch et al. 1965; NIOSB 1978). Initial 

symptoms of exposure ~ay 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 have been observed within 24 to 72 br after interruption of expo

sure but disappear after exposure starts again (Lund et al. 1968). 

Long-term employment in the explosives industry has been associated with 

nonatheromatous ischemic heart disease (Lange et al. 1972). Sudden 

deaths of a few employees of the explosives industry have been observed 

one to three days after cessation of exposure (Carmichael and Lieben 

1963; Bogstedt and A:;..;el son 1977; NIOSB 1978) and have been attributed 

primarily to nitroglycol (9ogstedt and Davidsson 1980). 

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 had worked at the plant during the period 1949 through 1977; of this 

number, 13 percent were dead, 83 percent living, and 4 percent lest to 

follow-up. Using mortality rates of the general population of the Uni

ted State:;, they folllld no significant increases in deaths due to 

diseases of the n~rvous, cardiovascular, respiratory, or digestive sys

tems. More in-de~th examination of their data revealed that a slight 

elevation in the ~umber o; deaths due to ischemic heart disease had 

occnrred, but the increase was nut si;;.o:.ificant. When they further broke 

the records down into age categories of ten-year intervals, iln increase 

in deaths due to ischemic heart dise~~~ was observed in four of seven of 

the categories, but was significant (P < 0.05) in only the 40 to 49 age 

group. Tbe authors indicated that their results were suggestive of an 

association between nitroglycerin exposure aud cardiovascular disease. 

Additional studies ue planned by St!lyner et al. (1985) of the same mun

itions plant to test the hypothesis that e~posure 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 nitroglycerin exposure and 

other known medical risk factors. In addition, 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 GENOTOXI CITY 

Tn vivo and in vitro studies usin~ mammal ian and bacterial cell 

systems have failed to show that nitro~lycerin is a genotoxin. Lee et 

al. (1977) studied the cytogenetic effects of nitroglycerin on somatic 

cell chromosoces from lymphocyte and kidney tisa~e c~ltures obtained 

from beagle dogs and CD rats. Groups of three to five ~ale and female 

rats we~e fed an average of 59 to 59.3 mg/kg/day nitroglycerin for 5 

weeks and then 229.5 to 233.3 mg/~g/day for an additional 8 weeks. 

Similarly, groups of one to two male and female dogs were fed an average 

of 1 mg/kg/day nitroglycerin for 4 weeks and then S mg/kg/day for an 

additional 9 weeks. For both species, ly:Dphocyi:e and kidney tissues 

were obtai:ed after 4 and 13 weeks and cultured. E:xllmination of cells 

from the cultures did DOt show any apparent changes in the chromosome 

frequency distribution, number of tetraploids, chromatid breaks, or 

translo..::ations. Although these results suggest that nitroglycerin is 

not genotoxic, the use of greater numbers of animals would have improved 

the validity of the study. 

Ellis et al. (19.78a) studied the cytogenetic effects of nitrogly

cerin to bone marrow cells c~nd kidney tis:;ue cultures obtained from CD 

rats. Groups of four to si::x animals were given nitroglycerin in their 

diet for two years at a concentration of 0 or 1 percent. Tissues and 

cells for the c-=tlt~ec; were obtained at the end of the two-year exposure 

period. The estima"ted daily intake of nitroglyceri~ was 363 and 434 

mg/kg/day for males and females, respectively. No significant differen

ces were found between the control and exposure groups; however, a 

slight increase in the number of chro~atid breaks and gaps was observed 

in kidney cultures (1.6 breaks and gaps per SO cells for controls versus 

2.9 per 50 cells for the exposed group). 

Lee et al. (1977) studied the mutagenic effects of nitroglycerin on 

wild type Chinese Ilamster Cvary (CHo-K1) cells in vitro. The mutageni

city of nitroglycerin was measured relative to ethyl methanesulfonate, a 

known mutagen. Nitroglycerin at cc-ncentrations of SO and 144.8 11g/mL 

resulted in a survival rate .of 35 and 1 percent, respectively, and a 

mutation frequency of zero at both concentrations. In contrast, expo

sure to ethyl methane sulfonate at a concentration of 124 11g/mL resulted 

in a survival of 15 percent and a mutation frequency of 28.0 x 10-6, 

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 te'!l 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: ~umber of fertile males per number of males treated, 

number of pregnant females per number of mated females, number of cor

pora luten per pregnant fema.l e, and the number of. total jmpl ants, dead 

implant~. and live implants per pregnant female. The authors observed 

no dcOilinant lethal mutations, no evidence of adverse effects on male 

fertility,·· :1 no preimplantation and postimplantation losses. 
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b:o::1cnovn et :11. (1972) :·tu.died the J:Jutagenic ,Pl'te::~tial of nitrogly
cerin on the extracellular bucteriophage T4B of Escl:erichil £..Q.ll. 
Treatment of bncteriophag~s with a 0.084 ~ solution of nitroglycerin :o: 
up to ~ hr did not increase tLe frequency of ~utations in bacteriophages 
as cc~pared to a control but did affect their sUivival rate (30 and 16 
percent at 3 and 6 hr, respectively, for nitroglyc~rin versus 100 per
ce~~ at 3 and 6 hr for the control). 

The mutagenic activity of nitroglycerin and several of its ~etabol
i~es (1,3- and 1,2-dinitroglycerin and 1- and 2-mononitroglycerin) was 
tested by Ellis et al. (1978b) with the Ames assay at concentrations of 
10, 100, 300, and 1000 ~g per plate. Tte following histidine-requiring 
Salmonella· .D':!!.IUJinltilull. 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 1-cononitrcglycerin. At concentrations of 10 and 30 
~g per plate, 1,2-dinitroglycerin caused a significant (level of signi
ficance not given) increase in frame-shift mutations without activation. 
Weak mut1genic activity was exhibited by both nitroglycerin and 2-
mononitroglycerin, both requiring concentrations of 1000 ~g per plate 
and metabolic activation; 2-mononitroglycerin caused onlj base pair sub
stitution mutatinns, while nitroglycerin caused both base-pair substitu
tion and frame··shift mutations. 

Kaplan et al. (1982) also studied the mutagenic potential of 1-
monoili troglycerin under the condi ticns ·of the A.-Des assay, a::.d, like 
Ellis et al.. (1978b), they obser:~ci no mutagenic act~vity. 

4.5 DEVELOP~ENTAL/REPRODUCTIVE TOXICITY 

4.5.1 Animal Studi~ 

Developmental to~icity studies have failed to show that nitrogly
cerin is a teratogen (e.g., Ellis ct a1. 197~a; Oketani et al. 1981b; 
Oketani et. al. 1981c), and reproductive effects have been observed 
only at high concentrations (Ellis et a1. 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 control.. The 
estimated 'average daily constl.lnption of nitroglycerin by males and 
females ~as 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 &spermatogenesis. No 
effects to the fem~le re,roductive ~vstem were reported. 

Ellis et al. (1978a) conducted a thre~-generation reproductive 
study with ~D rats. Each generation was give~ a diet containing 0, 
0.01, 0.1, or 1 percent nitroglycerin. The pa~eutal generation (FO) 
consisted of 10 male and 20 female animals per group, and the later gen
eration~ consisted of 10 to 12 pairs per groa~. Ellis et al. observed 
no significaut effects on reproduction at the low ~nd middle concentra
tions. The higAest concentration did not significantly affect fertility 
of the Fo generation, but did affect fertility of the succeeding genera
tions; only three litters (F2a) were produced by the F1 generation. 
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None of the F1 dams ~hat !itt~r~d ~ith che first mating pr~duce~ a 

HCQnd litter (;"2bl. Two mati:::~s uf Lb.t: F.:a litters produc~d o_ly one 

litter (FJ). ~ating of 14 F2a femalc:s with control males resulted i.::. U 

pregnancies, thus showing that the F2a males were infertile. Y.ales in 

the Fza generation had very scall testes, and females exhibited a high 

incidence of vaginal plugs without sperm. ~icroscopic ezamination of 

the animals showc:d severe aspermatogenesis and mildly to moderately 

increased interstitial tissue in the testes. Reproductive 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 Fla li:ters; but sex ratios ~ere not signifi

cantly affectec in this group. In the high dose F1b litters, birth 

weight, viability index, and weight at weaning were significantly (P < 

0.05) reduced• the lactation index was also reduced but not signif1-

cantly. In the high dose F2a li~ters, litter size and birth weight were 

significantly (P < 0.05) reduced. All other parameters in this group 

were !ower than those observed in controls, but ;he differences were not 

statistically significant. The authors thought that the toxic effects 

seen in the reproductive parameters of the F1 and F2 li~ters were par

tially due to the poor nutritional status of the dams. The authors 

indicated that the reduction i~ litter size of the high-dose F1a group 

was suggestive of mutagenic and/or teratogenic effects• however, in 

their cytogenetic and dominant lethal mutation studies [see studies by 

Ellis et al (1978a) in Section 4.6], they observed no genoto.xic effects. 

Results of their teratogenicity ·study (Ellis et al. 1978a), which invol

ved a· third mating of the females of the Fo generation, did aot show any 

significant teratogenic effects. However, ~hey observed diaphragmatic 

hernias in 4 of 19 litters in the high-dose group and none in the other 

g:oups. Although the increase in hernias was not found to be statisti

cal~: significant, the authors suggested that this could have been the 

cause of the reduced litter sizes found i~ the study ou reproductive 

effects. Also observed was a signific:1nt (P < 0.05) increase in the 

incidence cf absent or incomplete:y ossified hyoid bone• however, the 

authors pointed on~ that skeletal anomalies are indicative of delayed 

development and not the teratogenic potenti~l of a chemical. 

Oketani Gt al. (1981b) studied the teratogenic and embroytoxic 

effects of nitrogl;cerin to Japanese albino rabbits. Groups consisting 

of ten fem,le 3~imals were given nitroglycerin iv in doses of 0, 0.5, 1, 

or 4 mg/kg/day from day 6 to day 18 of gestation. They observed no dif

ference between the exposed and control groups in the incidence of tera

togenic effects based on the incidence of extertial, visceral, and 

skeletal abnormalities, nor did they observe any signs of embryotoxicity 

based on the number of corpora lo.tea, implantations, dead or live 

fetuses, sex ratio, body weight of live fetuses, or placental weight. 

In a study on the reproductive and teratogenic effects of nitrogly

cerin to CD-Slr. rats, Oketani et al. (1981c) gave groups of 19 to 20 

pregnant rats nitroglycerin intraperitoneally in do~es of 0, 1., 10, or 

20 mg/kg/day from day 7 to day 17 of gestation. Compared to controls, 

nitroglycerin had no significant effect on delivery, gestation period, 

lactation, nursing instinct, fetal and postn~tal d~velopment, or fertil

ity of offspring. Also, evidence of teratogenicity was not found in any 

of the offspring <F1 and F2). 
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In a~other study on the reproductive effects of nitroglycerin oa 

SD-Slc rats, Oketani et al. {1931d' Jdminister~d t~~ chemJcal o~ day 17 

of gestation to Jay 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 peri~d, lactation, nursing 

instinct, growth, development, or fertility of offspring, n~r any evi

dence of teratogeni~ effects. 

In a study primarily on the effects of nitroglycerin on the fertil

ity of SD-Slc rats, Oketani et al. (1981e) administered the compound iv 

at doses of 0, 1, 10, or 20 mg/kg/day to groups of 20 male animals for 

63 d4ys 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 male rats copulating with 

treated and untreated females, percentage of pregnant rats, or the dura

tion of pairing until mating. They also observed no significant effects 

on indexes of teratcgenicity and embryotoxicity. 

4.5.2 ~Studies 

Data on the effects of nitrogly_cerin on human reproduction are lim

ited a:nd essentially anecdotal. A 1898 '""eport described the effects of 

nitroglycerin on the wives of employees of a plant manufacturing the 

compound (L. Am·~. Assoc. 1898). These women occ~pied the same 

sleeping quarters as their husbands and laundered their husbano~· 

clothes. Symptoms experienc~d by t~e wives were uterine malfunctions 

and increased menstrual bleeding. Fewer children were born, and they 

were often premature. The surviving children were not as strong as 

other children, were often cyanotic, and wer~ not as resistant to 

disease. Laws (1910) described the symptoms experienced by ~orkers 

engaged in the manufacture of nitroglycerin, including disturbances of 

the genitourinary system. a~ attributed marked aphrodisiac effects to 

the compound and stated that most "nit:oglycerin men" had large fami

lies. 

Mudd (1977) used the vasodilating effects of nitroglycerin to diag

nose and trect atherosclerotic impotence. A 56-year old man with known 

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 sensation. 

4.6 ONCOGENICITY 

4.6.1 Animal St,udies 

Three studies were found concernin& the oncogenic potential of 

nitroglycerin in laboratory animals. From the results of their studies, 

Suzuki et al. (1975) and Takayama (1975) concluded that nitroglycerin is 

no·c an oncogen. Ellis et al. (1978a, 1984) report.ed an increase in the 

occurrence of hepatocellular c~rcinomas and interstitial cell tumors of 

the testis in rats but not in mice or dogs. 

-51-

-a 3!4 t&.t:£5 ZE lilU 



In their study, Ellis et :.!.: • <l97S.l, 1984) gave groups of 38 male 

and 38 female CD ~ats and ~8 :a ~ and 58 female CD-1 mice a diet con

taining 0, O.Ql, 0.~, o:r 1 percent nit:·oglycerin for two years. Groups 

of 6 male and 6 female beagle d1gs were given capsules orally which con

tained 0, 1, S, or 25 mg/kg/day nitroglycerin for one year. The calcu

lated daily intake of nitroglycerin by male and female rats was 3.04 and 

3.99 ~g/kg, respectively, for the low dose, 31.5 and 38.1 mg/kg, respec

ti~~ly, 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/tg, respectively, for,the 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 oncogenicity 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. In rats, after the 

first 12 months of exposure to nitroglyc~rin, the authors observed what 

they described as progressive signs of hepatocellular carcinomas inclu

din~ areas and foci of hepatocellular alteration in all dose groups~ 

neoplastic nodules in one middle-dose male, three high-dose males, and 

one high-dose female~ and the occurrence of an hepatocellular carcin9ma 

in one high-dose male. At the end of the two-year exposure period, 

hepatocellular carci~omas were observed in 13 of 21 males and 11 of 25 

femal~s o( the 1 percent exposure group; 3 of 26 males and 2 of 28 

!emale~ of the 0.1 percent exposure group: 0 of 28 males and 0 of 32 

females ~f the 0.01 percent exposure group~ and 0 of 24 males and 0 of 

29 female~ 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 S 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~ 0 of 28 mates 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 addition, 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 e:posure 

groups was similar to that of the controls (4 to ll 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 potential of nitrogly

cerin in C57BL/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 drinking water at an average :oncen

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 

nitroglycerin in their drinking water at an average concentration of 

58.1 mg/kg/day. Bas~d on their results, the authors concluded that the 

number and incidence of tumor-bearing animals, the number and incidence 

of histologically defined tumors, the number of tumors pe~ animal, and 

the pattern of the tumors in the dosed groups were comparable with those 

of the control group. However, gross e~amination of the animals 

revealed that 5 of 34 female mice in the high-dose group had an 
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unspecified type of pituitary tumor. Histological examination of 11 

groups of animals showed what appeared to be a dose-related increase in 

the incidence of pituitary adenomas; a total of 6, 3, 1, and 1 pituita~> 

adenomas was observed ir the high, midd: ,, low, and control groups, 

respectively. Using an exact analysis of a ~ontingency table, Ellis et 

al. (1984) reanalyzed the tesults that Suzuki et al. had obtained from 

t~ci~ a~oss examination of the pituitary gland and concluded that there 

was a ~ignificant (P- 0.006) increase in the incidence of pituitary 

*~o•• at t~• hiahosc concen••••£oa. 

Takayama (1975) gave a group of Sprague-Dawley ~ats ccnsisting of 

SO 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 intake of 

nitroglycerin was 31 mg/kg. At the end of the 18-month period, the 

authors observed no remarkable histopathological changes and concluded 

that under their experimental conditions, nitroglycerin was not 

oncogenic. However, the exposure period ~sed by these authors is not 

representative of a lifetime exposure for this species (e.g., Ross et 

al. 1980). 

4.6.2 ~Studies 

Reeve et al. (1983) conducted a mortality study of wcrkers exposed 

to nitroglycerin at a munitions pl~nt in 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 found that the number 

of deaths due to malignant neoplasms was significantly lower than the 

expected number in the general United States population. 

Fogstedt and Andersson (1979) conducted an epidemiological study of 

employees of a Swedish dynamite plant and examined the incidence of 

tumors as a possible cau·se 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 ac~ording to the 1965 version of the International 

Classification of Diseases. The final ;roup of subjects that they chose 

consisted of 143 male employees w·ho had worked at least one year since 

1927 and who had died since 1951. This group consisted of 88 exposed 

and 55 unexposed employees. The exposed group consisted of those 

employees with jobs that were somehow directly related to the handling 

or productio~ of dynamite and/or to the handling of its major com

ponents. The unexposed group consisted of those employees that did not 

handle 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 Wa$ less than 

the number e~pected. The authors also looked at a subgroup of the 

exposed group th3t consisted of t~ose c~ployers with at len~t 10 y~~rs 
of exposure. In rhose employees who died between 1951 and 1964, the 

number of deaths due to tumors was one and the expected number was 1.3, 

while the number of observed and expected deaths between 1965 and 1977 

was t:Yo 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 ~ncrease the incidence of cancer. 

4.7 SUMMARY 

Studies on the pharmacokinetics of nitroglycerin in laboratory 

animals and humans indicate that it is rapidly and widely distributed, 

and rapidly absorbed, metabolized, and eliminated. The disposition rate 

is influenced by the route of administration, with more rapid disposi

tion occurring following iv and sublingual exposures than after oral or 

cermal exposures. Metabolism of the compound appears to occur in both 

hepatic and extrahepatic tissues. Metabolism is via stepwise denitrifi

cation with no preference for the p~imary or secondary nitrate group. 

Nitroglycerin is eliminated primarily in the urin~ and expired air. 

Laboratory animal data on 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 gi~en iv and 

least toxic when given orally. Little or no sex and species differences 

have bee~ 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 nit.rogly

cerin (2.S mg/kg/day)' have been found to cause slight transient toxic 

effects such as tonic convulsions or tremors. Subchronic exposure (13 

weeks) to high concentrations of nitroglycerin has been found to reduce 

weight gain in rats (230 mg/kg/day), increase erythrocytes, reticul~

cytes, hematocrit, hemoglobin, and alkaline phosphatase, and decrease 

fasting blood glucose (1406 mg/kg/day). 

Like subchronic a~posure, 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 hemoglob1n concentrations have been observed in mice, and compensa

ted anemia has been observed in rats after one to two years of dietary 

exposure to 1.0 percent nitroglycerin (about 1022 mg/kg/day fer mice a~d 

363 mg/kg/day in rats). Changes in the liver have also been observed in 

mice and rats at high concentrations including intracellular granulation 

in mice and enlarged livers, cholangiofibrosis, proliferation of the 

bile ducts, and fibrous tissue in the liver of -rats. Long-term employ

ment of humans in industries producing nitroglycerin or using nitrogly

cerin in the production of explosives has been frequently associated 

with headaches, fatigue, and nausea. There is some evidence that long

term exposure to nitroglyceriu P~d/or nitroglycol in the explosives 
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industry may cause an increase in death due to cardiovascular disease 

and also may be the cause of ~0me isolated cases of sodden death. 

In vivo genotoxicity studies ~ave failed to demonstrate that nitro

glycerin is a genotoxin. Nitroglyce•in is reportedly weakly mutagenic 

onder the conditions of the Ames assay. Of the metabolites of nitrogly

cerin studied for mutagenicity w~th the Ames assay, 1,2-dinitroglycerin 

has shown significant mutagenic effects, 2-mononitroglycerin has shown 

weak mutagenic effects, and 1,3-dinitroglycerin and 1-mononitroglycerin 

have shown no mutagenic effects. Developmental toxicity and reproduc

tive effects studies with laboratory animals ha?e' failed to demonstrate 

that nitroglycerin is a teratogen, but have shown that exposures to high 

concentrations (360 mg/kg/day) may cause infertility in male rats, and 

delayed development, as judged by incomplete ossification of the hyoid 

bone, in rats exposed prenatally. 

A high incidence of hepatocellular carcinomas (52 percent) and 

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 increased incidence of hepatocellular carcinomas (13 percent) has 

also been observed in rats given 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 Admi~istration standard 

for occupational exposure ('IifA) to nitroglycerin is 2 mg/m3 (skin) (0.2 

ppm), which is a ceiling limit (USOSHA 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 concentration during 

any 20-minute sampling period (NIOSH 197 8). Th_e _Ame;-ican Conference of 

Governmental Industrial Hygenists recommended a threshold limit value 

(TLV) of 0.5 mg/m3 (0.05 ppm) and a short-terro 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 International Labour Office (1983). 

S .2 OCCUPATIONAL EXPOSURE 

Occupational exposure to nitroglycerin has been documented for a 

number of years. Som~ of the early reports were of employees in the 

explosives industry who handled nitroglycerin (L. Am. ~. Assoc. 898• 

Laws 1910). The employees frequently complained of sev.ere headaches, 

nausea, and weakness. Headaches have been reported to 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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JIPC~UI~§ [0 ~ir•"gly~~rin and/nr nitro~lycol have occurred, has bee~ 

associated with chest pains, ~onatheromatous ischemic heart disease, and 

sudden death t~o or three days after cerminatins exposure (Carmichael 

and Lieben 1963; Hogstedt aad A~~lson 1977; Hogstedt and Andersson 1979; 

Lange et al. 1972; Lund et al. 1968). 9ogstedt and Andersson (1979) 

examined the incidence of deaths occurring in employees of a dynamite 

plant in Sweden from 1951 through 1977. They observed a slightly higher 

than expected incidence of deaths over the national average, particu

larly from cardiovascular diseases. From 1965 through 1977 the 

incidence of death due to cardiovascular dis~ase was significantly 

hi6her (P < 0 .OS) 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. Hogstedt 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 

study on nitroglycerin exposed employees of a munitions plant in Vir

gln1a. Based on records obtained on S ,668 \.":ite male employees that had 

worked at the plant at some time bet~een 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, 

resp~ratory, or digestive systems. When they broke the data down into 

age groups of ten-year intervals, a significant (P < 0 .OS) increase in 

the incidence of deaths du~ to ischemic heart disease was found, thus 

suggesting an associa~lon between nitroglycerin exposure and cardiovas

cular disease. Additional studies are being conducted by Stayner et al. 

(1985) on the health effects of exposure to nitroglycerin and other 

nitrated compounds at t~is munitions plant. 

S.3 P~EVIOUSLY 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 criterion of 0.01 mg/L 

tor 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 Environmental Protection Agency (USEPA) in 1978 (USEPA 1978, as 

reported in Sullivan et al. 197 9) • 

Ellis et al. (1978a) conducted a chronic toxicity study of nitro

glycerin with mice, rats, and dogs and fouud the com~ound 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) 

an~ th~ results_gf th~Jr study,_Ellis e~ al. calculated human health 

cr1ter1a for 10 , 10 , and 10 7 additional lifetime cancer risks of 

28.9, 2.8, and 0.29 ~g/L, respectively. Using an updated v~rsion of 
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IJSEP,A. gu~delines (USEPA 1979b, JS reported by J. Barkley, pers. co:nm. 

1982) and the data of Ellis et al. (197Sa), Dacre (1980) recalt'ulated 
the human health criteria for 10-5 , 10-0 , and 10-7 ~dditional lifetime 

cancec risks and obtained estimates of 22.3, 2.28, and 0.23 ~g/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 aquatic life and 
its uses is presented in Appen1ix A. The proposed criterion consists of 

two values, a Criterion lfaximum Concentration t-c.MC) and a C.riterio.:1 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 Fin4l Residpe 

Value. 

Sufficient data were not available to calculate an aquatic cri

terion on nitroglycerin 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 Val~e were available, and nominal concentrations of 

nitroglycerin were used in acute flow-through and chronic toxicity tests 

instead of measured concentrations which are required for calculating a 

Final Chro~ic Value. However, because some of the data generated by 
these tests are uniform in their assessment of the degree of toxicity of 

nitroglycerin, a tentative Final Acute Value was calculated using the 

USEPA Guidelines. 

A summary of the steps used in calculating t~d Final Acute Value is 

prese_nted in Table 16. As previously stated, only six of tho required 
eight families nece~sary to calculate a Final Acute Value were availa

ble; a family from a phylum other than 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 genera 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 reempha!ized that this value is tentative because acute tox

icity data did not meet all requirements of the USEPA Guidelines 
(Stephan et al. 1985). 

Th~ Final Chronic Value may be calculated either in the same manner 

as the Final Acute Value or by di7iding the Final Acute VA!ue by the 
Final Acute-Chronic ratio. In either case, calculation of a Final 
Chronic Value requires toxicity values from acute and chronic flow
through te~ts 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 t;ycle or partial life cycle tests are preferred, 
but early life stage tests mey bo nsed if results of the former tests 
are not available. Re:~lts of both acute and chronic toxicity tests 
were available for four species; however, a Final Chronic Value was not 
calculated for the following reasons: (1) Concentrati~ns of nitro-
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TABLE 16. CALCULATIONS FOR FINAL ACUTE VALUE (FAV) OF NITROGLYCERINa 

Rank (R) GMAVb log GMAVc tlog GMAV); 

4 2.9189 0.4652 0.2164 

3 2.8000 0.4472 0.2000 

2 2.4462 0.3885 0.1509 

1.9423 0.2883 0.0831 

Sum: 1.5892 0.6504 

a. Based on calculation methods discussed in Stephan et aL 

!(P) • ((~(.J"'P))2/4 

L = (~(log G~1A V)- S(!(.J"'P)))/4 

-~ = SC.J"'0.05) + L 

FAV-e" 

S2 .. 0.6504- ( 1.5892)2/4 

--·--··-··--·---··-·- = 0.30F 1: S = 0.5551 

1. 1111 - < 2. 048 8 )2 1 4 

L -(1.5892- (0.5551 )(2.0488))/4 """ 0.1129 

A - (0.555 1 )(.J"O.OS) + (0.1129) = 0.2370 

FAV =- e0•1370 = l.i258 

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

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

d. N- 8. 

' '· 
' 

(1985). 

P=Rj(N+ I )d." 

0.4444 

0.3333 

0.2222 

' 0.1111 
\ 

I. L 11 

0.6667 

0.5774 

0.4714 

0.3333 

2.0488 

e. P =- probability for each GMA V; R = rank of four highest GMA Vs from lowest to highest. 
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glycerin used in all t~sts w~re nominal, and curren: gcidelines (St~phan 

et ll. 1985) specify that concentrations should be measured; (1) Prob

lems were encountered with •titr~gly~~ri~ cooing out uf salutirn ?.~d fo~

ming globules in the early life stage test for the fish Ictaluras ~ 

~; 3) Flow-through tes·;s are required for all organisms with the 

exception of those using Daphnia; a renewal test procedure was used in 
the chronic toxicity t~st for Chironomus tentans; and (4) For Daphnia, 

current procedures for chr~nic toxicity tests (USEPA 1985) state that if 

ueach control daphnid living 21 days produces an average of less than 60 

young," then the test is unacceptable; data in Table 8 clearly indicate 

that yo~ng produ~tion of controls is extremely low and thus unaccepta

ble. 

A Final Plant Value may be obtained from the lowest reported result 

of a toxirity test on an important aquatic species; the concentration of 

the test material should be measured, and the end point should be bioio

gically important (Stephan et al. 1985). Based on a decrease in cell 

n~~bers, a 96-hr ECso of 0.4 mg/L has been estimated for the green alga 

~lenastrum capricoruutum (Bentley et al. 1978); however, this value was 

ba;ed on nominal concentratio~s of nitroglycerin and the guidelines 

state that concentrations should be measured. Also, this value is a 50 

percent effective concentration, and, if the ass~ption is mad~ that a 

biologically important end point is that end point at which only S per

cent or even 10 percent of the population is affected, the ECso could 

greatly exceed a biologically important end point. Sullivan et al. 

(1979) reanalyzed the data of Be~tley et ai. and calculate& lowest sig

nificant response concentratio~s (level of significance not given) of 

0.1 mg/L and 1.0 mg/L based on changes in chlorophyll~ concentration 

and cell numbers, respectively, for~. capricornutum. Because plant 

~ata were based on nominal concentrations and the validity of the sta

tistical and experimental procedures is questionabl~, a Final Plant 

Value ca~not be obtained for nitroglycerin. 

A Final Residue Value is obtained by dividing maximum permissible 

tissue concentrations by appropriate bioconcentration factors (Stephan 

et al. 1985). A maximum permissible tissue concentration is either an 

FDA action level or a maximum acceptable dietary intake obtained from a 

chronic wildlife feeding study or a long-term wildlife field study. 

BioconcentratiOD 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 C.:::iterion Con
tinous Concentration (Stephan et al. 1985). A Criterion Maximwn Co:\Ce·n
tration of 0.86 mg/L may be calculated from available data, however, 
this value is considered tentative because acute toxi~ity data did not 
meet all requirements of the USEPA guidelines. Fitlal chronic. plant, 
and residue values could not be determined for nitroglycerin; thus the 

minimum data base required by the USEPA in calculating a Cri~erion Con
tinous Concentration was not available. 
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5. 5 HU~IAI'l HEALTH CRITERIA 

Based 0:1 the results of a study conducted br Ellis et al. (1978e, 

1984), nitroglycerin is suspected of being a human carcinogen. In this 

study, 14/21 male and 16/~5 female CD rats had hepatocellular carcinomas or 

hepatic neoplastic nodules after two years of oral exposure to 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 

maximum protection of ~uman 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 10-7 to 10-5. For example, a risk of lo-5 indic~tes that one 

additional case of cancer may nccur for every 100,000 people ex~osed. Tbe 

USEPA (1980) has adopted the model of Crump (1980, as reported in USEPA 

1980), GLOBAL 79, to estimate the water concentration that would cause a 

lifetime carcinogenic risk of l0-5; this model is a linearized, multistaged 

model. The water concentration of nitroglycerin which is estimated to 

cause a lifetime carcinogenic risk at lo-5, 10-6, and 10-7 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 r~sk for ~itroglycerin is presented in Table 17. The corresponding 

recommended criteria for nitroglycerin are 14.0, 1.40, and 0.14 ~g/L. If 

the above estimates are made for consumption of aquatic organisms only, 

excludi~; C)nsu~ption of water, the levels are 231, 23.1, and 2.31 ~g/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 

t~~ human health criteria would more than adeq~ately protect aquatic life. 

5.6 RESEARCH RECOMMENDATIONS 

As has been pointed out, not enough data ~ere available to calculate 

aquatic criteria for nitroglycerin. The follcwing research recommendations 

are given so that sufficient data will b~ available to meet the USEPA 

Guideline requirements (USEPA 1980; Stephan et 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., Annelida, Mollu·sca, Rotifera) and for a 

genus in any order of insect or phylum not already represented. 

2. Chronic flow-through tests using measured concentrations are needed for 

three different aquatic genera where at l~ast one is a fish, one is an 

invertebrate, and one is a sensitive freshwater species. 

3. Acute flow-through tests using measured concentratio~s are needed for 

species of organisms for which acceptable c~ronic toxicity tests have been 

performed. 
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~. A to:ic~ty test on nn important aquati~ ~lan~ sp~~ies is needed i~ 
which measured concentr3tions were used and the end point is biologically 

important. 

5. A ma~imum permissible tissue conceutration and a definitive steady

state or 28-day bioaccumulation study for nitroglycerin are needed. 
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TABLE 17. sumtARY OF ~-~RTISE.'H OAT.-\ FOR CALCULATI:"'G TilE 
LlFETI~E CARC:-.;OGE.'<IC RIS~ OF SITROGLYCERI~:l 

Dose to male rats 
(mg/kg/dayl 

ne~atocellnlar carcinomas 
CSo. responding/no. tested) 

o.o 1/ Z4 

3.04 0/ :a 

31.5 
4/26 

363.0 
14/21 

a. In ~rder to present a conservative estimate,of carcinogenic risk. 
the water quallty criterion for ~itroglycerin is based on the induc
tion of hepatocellular carcinomas in malo rather than female rats 

(Ellis ot al. 1978&, 198-4). 

log BCF • (0.85 log Pl - 0.70 

ql• ( A) • - :;z9~~~.Jll~Pil.ln~e~:.t;.r...¥c.:llQ~PI.lof....liud.uc;!.;p'"-c~c...J.i..llnut.~c"-lt;;.:Yt.iS.Llo~. 
!(I.E 

..L. 
1 

0 

Whore: 
BCF = Bioconcontration factor • 19.8381 L/kg 

2 • human water consumption. L/dsy 

0.0065 • human fish consumption, kg/day 

Log P • 2.35 

9~ Upper confidence interval • 1.50499 x 10-5 

MLE • KL~:~um likelihood estimate= 3.211326 x lo-3 mg/kg/day 

q
1

•<Al • Carcinogenic potency !actor for ani=~ls • 4,6865 x 10-3 (mg/~g/day)-1 
Carcinogenic potency factor ior humans • 2.3-4812 x 10-2 (mg/ki/dayl-

1 

WB • Average weight o! humans • 70 kg 

WA • Average weight of experimental animals • 530 gm 

le • Duration of exposure • 730 days 

L • Life~pan of test animal • 730 days 

CA • Concent;.:ation of oitrogly::erin i.n ... ater, calculated t.o keep tho lifetime 
cancer risk below 10-5 = 14.0 ~g/L 

Co • Concentration in organisms only, calculated to keep the lifetime 
cancer risk below lo-5 s 231 ~g/L 

-62-

. . ·. - .. ... . ..... ;; .. - --



ACGIH. 
is t s . 
30 8. 
nati, 

6. REFERDICES 

1980 .. ~e~ican Conference of Gover~~~ntal Industrial Eygien

Docurnent at ion .Q!. ~ T";;,re5hold ~ Va 1 us, 4th ed., pp. 307-

American Conference of GoYel·nmental Industrial Hygienists, Cincin

OH. 

ACGIH. 
is ts. 
308. 
nati, 

1981. American Conference of Governmental Industrial Hygien

Documentation .Q!. ~Threshold J~ Values, 4th ed., pp. 307-

American Conference of Governmer.tal Industrial Hygienists, Cincin

OH. 

Advisory Center on Toxicology. 1968. NAS/NRC, Washington, DC, Toxi

cological Reports (supplied as privileged informat~on), p. 120. (As 

reported in Dacre and Tew 1973). " ... 

Acericon Defense Preparedness Association. 1975. Wastewater Treatment 

in the Military Explosives and Propellants Production Industry, Vol. I!. 

Technical Report. Project No. 802872. U.S. Environmental Protection 

Agency, Office of Research and Development, Washi~gton, DC. (As repor

ted in Wendt et al. 1978). 

Anderson, J.A •• E.J. McGuire, J.R. Watkins, J.E. Fitzgerald, and F.A. de 

la Iglesia. 1983. Toxicology studies with a stable int·ravenous formu

lation of nitroglycerin. L. ~. ·Toxicol. 3:161-165. 

Andreev, X:.K. and G.N. Bespalov. 1963. The effect .of water on the 

nitrog lye e.rin at elevated temp Ha tur es. V•ryvc ha tykh Ve shehe sty, .sJL, 

Statei. pp. 131-171. <lla . .AJu.. 59:11177b). 

Armstrong, P.W., J.A. Armstrong, and G.S. Marks. 1979. Blood levels 

after sublingual nitroglycerin. Circulation 59:585-588. 

Barkley, J.S., Jr. 1982. Personal com.mtlnication. 

Beard, R.R. and J.T. Noe. 1921. Aromatic ~itro and amino compounds. 

Iu G.D. Clayton and F.E. Clayton, eds. Vol. 2A. Patty'~ Industrial 

Bnien.e ..aJlJi Toxicolc~. pp. 2470-2471. John Wiley ~ Sons, Nev York. 

Bell, F.K. 1964. Spectrophotometric method for the assay of individual 

nitroglycerin tablets. ~. ~. ~. 53:752-755. (As reported i~ 

1acobi et al. 1983). 

Bentley, R.E., J.W. Dean, S.J. Ells, G.A. LeBlanc, S. Sauter, K.S. Bux

ton, and B.B. Sleight III. 1978. Laboratory Evaluation of the Toxicity 

of Nitroglycerine to Aquatic Organisms. Final Report, AD A061739. F.G~G 

Bionomics, Wareham, MA. DAMD 17-74-C-4101. 

Berl, E. ax;.:! I. Delpy. 1910. (Title not given). ~ • .B..u. 43:1421. 

(As reported in DiCarlo 1975). 

-63-



Blei, A.T., J. Gottstein, and H.-L. Fune. 1984. Role of the liv~r in 

thd dispoiition of intrav~nous nitroglyc~rin in the rat. Bioch~m. 

~. 3J:Z6S,-Z636. 

Blumenthal, H.P., B.-L. Fung, E.F. McNiff, and S.~. Yap. 1977. Plas~a 

nitroglycerin levels after sublingual, oral and topical administration. 

~. L. £lin. Pharmacol. 4:241-242. 

Fogaert, M.G. and M.-T. Rosseel. 1972. Plasma levels in man of nitro

glycerin after buccal .d!llinistration. 1... £A;u,m. Fh.armacoL 24:737-738. 

Brachfeld, N., J. Bozer, and R. Gorlin. 1959. Action of nitroglycerin 

on the coronary circulation in normal and in mild cardiac subjects. 

Circulatign 19:697-704. 

Camera, E. and D. Pravisnni. 1964. (Title not giver.). Anal,.~-

36:2108. (As reported DiCarlo 1975). 

Capellos, C., W,J. Fisco, C. Ribaudo, V.O. Hogan, J. Ca~pisi. F.X. Zfur

phy, T.C. Castorina, and D.H. Rosenblatt. 1978. Kinetic Studies and 

Product Characterization Duling the Basic Hydrolysis of Glyceryl Nitrate 

Esters. Technical Report ARLCD-TR-79022, AD E400341. Large Caliber 

Weapon Systems Laboratory, Dover, NJ. 

Carmichael, P. and J. Leiben. 1963. Sudden death in explosives work

ers. ~. Environ. Health 7:424-439. 

Carnahan, R.P. and L. Smith. 1977. Treatment of wastewater containing 

nitroglycerin and nitrated esters. ~- ~~. ~aste ~- Lafay

ette, IN, May 10-12, 1977. Ann Arbor Scienca, Ann Arbor, MI. 

Crew, M.C. and F.J. DiCarlo. 1968. Identification and as~ay of· 

isomeric 14C-glyceryl nitrates. L. Chromato&r• 35:506-512. 

Crump, K.S. 1980. An improved procedure for lew-dose carcinogenic resk 

assessment from animal data. 1... Enyjron. ~. Ioxicol. (In pre~~~· 

(As reported in USEPA 1980). 

Dacre, J.C. 1980. Calculation of Interi~ Enviconmental Criterion for 

Trinitroglycerin (TNG). Memoranduc for the Record, Ju~e 16. (As repor

ted by 1. ~arkley 1982). 

Dacre, J.C. and R.W. Iew. 1973. Ma~alian Toxicology ard Toxicity to 

Aquatic Organisms of Nitroglycerin, a Waterborne Munitic_; Waste Pollu

tant - A Literature Evaluation. AD 777902. Tulane University Medical 

School, New Orleans, LA. DADA 17-73-C~3152. 

deKreuk, L.]. 1942. (Title not given). ~- ~. £him. 61:819. (As 

reported in Urbanski 1983) 

DiCarlo, F.J. 1975. Nitroglycerin revisited: Chemistry, biochemistry, 

interactions. ~ ~. ~. 4:1-38. 

-64-

,. 



--· ..... ~---· 

DiCa=lo, F.J., M.C. Crew; L.J. Haynes, ~.D. ~elgar, and R.L. Gala. 
1968. The absorption and biotransformation of glyceryl trinitrate-l,-
14c by rats. Biochem. Phar~acol. 17:2179-2183. 

Ellis, H.V., J.H. Bagensen, J.R. Hodgson, J.L. Minor, C.-B. Hong, E.R. 
Ellis, J.D. Girvin, D.O. Helton, B.L. Herndon, and C.-C. Lee. 1978a. 
Mammalian To%icity of Munitions Compounds. Phase III: Effect~ of 
Life-time E%posure. Part II: Trinitroglycerin. Progress Report No. 8, 
AD A07874f,/5. Midwest Research 1nstitute, Kansas City, MO. DAHD-17-
7 4-C-4073. 

Ellis, B.y., III, J.R. Hodgson, S.W. Hwang, L.M. Halpap, D.O. Helton, 
B.S. Andersen, D.L. Van Goethe~, and C.-~. Lee. 1978b. Mammalian To%i
city of Munitions Compounds. Phase I: Acute Oral Toxicity, Primary 
Skin and Eye Irritation, Dermal Sensitization, Disposition and Metabol
ism, and Ames Tests of Additional Compounds. Report No. 6. AD A069333 • 
.:lidwes t Research Institute, Kansas City, MO. DAMD-17-7 4-C-4073. 

Ellis, H.V., III, C.B. Bong, C.C. Lee, J.C. Dacre, and J.P. Glennon. 
1984. Subacute and chroni~ toxicity studies of trinitroglycerin in 
dogs, rats, and mice. Fundam, ~. Toxicol. 4:248-260. 

Farmer, R.C. 1920. The decomposition of nitric esters. 1.. ~. ~. 
117:806-818. 

Flaim, S.F. 1982. Peripheral vascular effects of nitroglycerin in a 
conscious rat model of heart failure. Am. 1.. Physiol. 243:H974-H981. 

Flann, B.C. 1969. (Title not given). 1.. ~. ~. 58:122. (As 
reported in McNiff et al. 1980). 

Fraser, R.T.M. 1968. Stability of nitrate esters. ~. hli· 1117-
1118. 

Fung, B.-L. 1984. Pharmacokinetic determinants of nitrate action. Ac. 
1.. ~- 76:22-26. 

Fung, B.-.L., P. Dalecki, E. Tse, !nd C.T. Rhodes. 1973. Kinetic assay 
of single nitroglycerin tablets. 1.. Pharm • .S.U.. 62:696-697. (As repor.
ted in Yacobi et al. 1983). 

Fung, H.-L., B. Ogata, A. Kamiya, and G.A. Maier. 1984a. Pharmaco 
kinetics of nitroglycerin after parenteral and oral dosing in the rat. 
}_. ~- .s.u.. 7 3: 87 3-87 9. 

Fung, B.-L, S.J.C. S~tton, and AJ. Iamiya. 1984b. Blood vessel uptake 
and metabolism of o·cganic nitrates in the rat. ]_. Eharmacol • .w_ • 
.n...u_. 228:334-3 41. 

Hackel, J. 1933. (•;·~le not given). Rocznikj bh.c.m.. 16:213. (As 
reported in Urbanski 1983). 

-65-



Hawley, G.G. 198i. ~ C.Jndensed Chemical Dictionu::z:. p. 734. Van 

Nostrand Reinhold Co., New York. 

Feinzow, B. an6 ~. Ziegler. 1981. C0m~arison of the effects of nitro

glycerin administered to rats by different rontes. L. Cardioyasc. ~ 

~. 3:573-580. 

Hemphill, L. 1975. TLm stody of Atlas Powder Company nitroglycerin 

stcrehouse wastes. Unpublished. Joplin, Missouri. 47 pp. (As repor

ted in Sullivan et al. 1979). 

Hibbert, B. 1911. U.S. Pat. 994841, 994842; VII Intern. Congress of 

Appl. Che~istry, Vol. 4, p. 37, New York, 1912; z. ~· Schiess-~ 
Sprengstoffw. 9:126 (1914). (As reported in Urbanski 1983). 

Hodgson, J.R. and C.-C. Lee. 1975. Trinitroglycerol metabolism: Deni

tration and glucuronide formation in the rat. Toxicol. ~. Pharmacol. 

34:449-455. 

Hodgson, J.R., J.P. Glennon, 1.C. Dacre, and C.-C. Lee. 1977. Metabol

ism and disposition of isomers of dinitro- and mononitroglycerol. To;i

~. ~. Pbarmacol, 40:65-70. 

Bogstedt, C. and K. Andersson. 1979. A cohort_,study on mortality among 

dynamite workers. L. ~. ~. 21:55?-556. 

Bogstedt, C. and 0. Axelson. 1977. Nitroglycerine-nitroglycol exposure 

and the mortality in cardio-cerebrovascu1ar diseases among dynamite 

workers. L· Occup. ~. 19:675-678. 

Bogstedt, C. and B. Davidsson. 1980. Nitroglycol and nitroglycerine 

exposure in a dynamite industry 1958-1978. Am. ~. ~. Assoc. L. 
41:373-37 5. 

Howe, R.B. and K.S. Crump. 1982. GLOBAL 82. A Computer Program to 

Extrapolate Q~antal Animal Toxicity Data to Low Doses. Science Research 

Systems, Ruston, LA. 13 pp. 

International Labour Office. 1983. 

Bealt:!:!. .uJt Safety. pp. 1459-1461. 

Switzerland. 

Enc::z:clopaedia ..d Occujational 

International Labour Office, Geneva, 

Ioannides, C., D.V. Parke, and I.W. Taylor. 1982. Elimination of gly

ceryl trinitrate: Effects of sex, age, species ~nJ route of administra

tion. ~. L. Pharmacal. 77:83-88. 

J. Am. Med. A~soc. 1898. The effects of nitroglycerin upon those who 

manufacture it. L. Am· ~. ~. 31:793-794. 

Kaplan, D.L., 1.B. Cornell, and A.M. Kaplan. 1982. B1odegradation of 

slycidol and glycidyl nitrate. ~. Environ. Micrpbiol. 43:144-150. 

-66-





-. ~,~- ... ") 

. :·~· .:~:. --~ i·2 v • .. --;.-- ·-;( 

__ .....,.6;.:, __ - -~- --~--··----·- ~ ... ; _ 

.. ,.· .... 
·----~~-

Lund, R.P., J. Haggenda1, and G. Jchnsson. 1968. Withdrawal symptocs 

i~ warier~ ~~po~ed to nitrosl;cerin. ~· L· ~. ~. 25:136-138. 

~agometschnigg, D., B. Borwntitsch, and ~r. Pichler. 

centration of cutaneously applied trinitroglycerin. 

Pharmacal.~. Toxjcol. 21:178-182. 

1983. Plasma con-

llU.. ]_. D..:uJ... 

Yaier, G.A., C. Arena, and H.-L. Fung. 1980. Relationship between~ 

~organic nitrate reductase activity in rats. Bjochem. Pharamcol. 

29:646-6 48. 

Mark, H.F. 1965. Explosives. In ~-Otbmer E4cyclopcdja ~Chemical 

Technology, 2nd ed., Vol. 8. pp. 602-604. Interscience Publishers. 

Marshall, A. and G. Peace. 1916. (Title not given). }_. ~t;... ~ • 

.lnJ1.109:298. (As reported inUrbanski 1983). 

McNiff, E.F., A. Yacobi, F.M. Young-Chang, L.H. Golden, A. Goldfarb, and 

H.-L. Fung. 1981. Nitroglycerin pharmac~kinetics after intravenous 

infusion in normal subjects. }_. Pbarm. ~. 70:1054-1058. 

McNiff, E.F., P.S.K. Yap, and H.-L. Fung. 1980. Nitroglycerin. AnLl· 

lxofiles ~ Subst. 9:519-541. 

MEDLARS (CBEMLINE). 1984. National Library of Medicine. Cocpnter 

printout retrieved October 12. 

MEDLARS (RTECS). 1984. National Library of Medicine. Registzy of 

Toxic Substances file. Computer printout retrieved October 12. 

YEDLARS (TDB}. 1984. National Library o! Medicine. Toxicology Data 

Dank file. Computer printout retrieved October 12. 

Mudd, J.W. 1977. Impotence responsive to glyceryl trinitrate. Am.]_, 

Psychiatry 134:922-925. 

Mur..ch, J.C., B. Friedland, and M. Shepard. 1965. Glyceryl trinitrate. 

II. Chronic toxicity. ~. ~. ~. 34:940-943. 

Naoum, P. 1924. Nitroglyceri~ ~· Njtroglycerinsp~egs
toffo. Springer, 

Berlin. (As reported in Urbanski 1983). 

Nauckhoff, S. 1905. (Title not given). 

reported in Urbanski 1983). 
z.. Angcw. ~. 11: 53. (As 

N~edleman, P., ed. 1975. Organic Nitrates. Springer-Verlag, New York. 

Needleman, P., D.J. Ble~, A.B. Barkey, E.~. Johnson, Jr., and S. Lang. 

1971. The metabolic pathway in the degradation of glycer.yl trinitrate. 

1... "fhar;nacol. ]D_. J:h..u.. 179:347-353. 

-63-



_,..~ . .., ... ..., 
II'"~ .... :.:.~ 

Needleman, P. and A.B. Harkey. 1971. 

the metabolism of glyceryl trinitrate 

Biochem. Pharmacal. 20:1S6i-1Si6. 

Role of endogenous gl~cathione in 

~y isolated perfused rat liver. 

Needle~an, P. and F. E. Bunter, Jr. 1965. The transformation of gly

ceryl trinitrate and other nitrates by glutathione-organic nitrate 

reductase. ~.Pharmacal. 1:77-86. 

Needleman, P. and J.C. Krantz Jr. 1965. The biotransformation of 

nitrolgycerin. Biochem. Pharmacal. 14:1225-1230. 

NIOSB. 1978. Occupational E~posure to Nitroglycerin and Ethylene 

Glycol Dinitrate. DHEW (NIOSB) Pub. No. 78-167. U.S. Department of 

Health, Education, and Welfare, National Ins~itute for Occupational 

Sa!ety and Health, Morgantown, WV. 

Noonan, P.K. 1984. Nitroglycerin pharmacokinetics using specific and 

sensitive analytical procedures. ~. Ahstr. ~. li 44:3090. 

Noonan, P.I. and L.Z. Benet. 1981. Formation of mono- and dinitrate 

metabolites of nitroglycerin following incubation with human blood, 

~. L. ~. 12:331-340. 

Oketani, Y., T. Mitsuzono, I. Ichikawa, Y. Itono, T. Gojo, M. Gofuku, 

and N. Konoha. 1981a. To~icological studies on nitroglycerin (~~-843). 

4. Acute to~icity in dogs. ~ Yakuri 22:629-632. 

Oketani, Y., T. Mitsuzono, I. Ichikawa, Y. Itono, T. Gojo, M. Gofuku, 

and N. Konoha. 1981b. Tc~icological studies on nitroglycerin (NK-843). 

6. Teratologica~ study in rabbits. Pharmacometrics 22:633-638. 

Oketani, Y., T. 
and N. Konoha. 
5. Intravenous 

Mits~zono, I. Ichikawa, Y. Itono, T. Gojo, M. Gofuku, 

1982a. Toxicological studies on nitroglycerin (NK-843). 

subacute toxicity in dog. Iyakuhin IflniVU 13:125-144. 

Oketani, Y., T. :.l:itsuzono·, K. Ichikawa, Y. Itonc .. T. Gojo, M. Gofuku, 

and N. Konoha. 198lc. To~icological studies on nitroglycurin (NK-843). 

8. Teratological study in rats. Pbarmacometrics 22:737~751. 

Oketani, Y., T. Mitsuzono, K. Ichikawa, Y. Itono, T. Gojo, M. Gofuku, S. 

Nagayoshi, and N. Konoha. 1982b. Toxicological studies on nitrogly

cerin (XK-843). 2. Intraperitoneal ~ubacute toxicity in rat. Iyakuhin 

Kenkyu 13:95-108. 

~et~ni, Y., T. Mitsuzono, K. Ichikawa, Y. Itono, T. Gojo, S. Nagayoshi, 

and N. Konoha. 1982c. Toxicological studies on nitroflycerin {NK-843). 

1. Acute toxicity in mouse and rat. Iyakuhjn Kenkyu 13:90-94. 

Oketani, Y., T. Mitsuzono, K. Ichikawa, Y. Itono, T. Gojo, C. Tateda, M. 

Gofuku, and N. Konoha. 198ld. To~icological studies on nitroglycerin 

(NK-843). 9. Perinatal and postnatal study in rats. Pharmacometrjcs 

22: 7 53-7 6 3. 

-6 9-

,, 



~-"=~--- M•.:: ···- ---~···--·-

Cketani, Y., T. Mitsuzono, Y. !tone, K. Ichikawa, T. Gojo, ~. Gofuku, 

and N. Ionob.a. 1931e. Tozicolo&ic:ll studies on nitroglycerin (~'K-843), 

7. Fertility studies in rats. Phar~acometrics 22:639-648. 

Orestano, G. 1937. Pharmacological action of nitroglycerin. I. ~ • 

.I.u.l,. ~. Fu~akol. 6:153-172. (As reported in Dacre and Tew 1973). 

Physicians' Desk Reference. 

Economics Co., Oradell, NJ. 
1983. Physicians'~ Reference. 

p. 1518. 

Medical 

R~eve, G., T. Bloom, R. Rinsky, and A. Smith. 1983. Cardiovascular 

disease mortality among nitroglycerin workers. Paper presented at the 

1983 Meeting of the Society of Epidemiologic Research. 

Roginskii, S.l. anu L.M. Sapozhnikov. 1931. (Title not given). Zh,. 

fll. kJU.m. 2:80. (As reported in Urbanski 1983). 

Ross, R.B., M.G. Ryon, M.W. Daugherty, J.S. Drury, J.T. Ensminger, and 

M.V. Cone. 1980. Scientific Rationale for the Selection of Toxicity 

Testing Methods: Human Health Assessm~nt. Oak Ridge National Labora

tory, Oak Ridge, Tennessee. ORNL/EIS-151. 

Rosseel, M.-T. and M.G. Bogaert. 1972. Gas chroQatography of the 

nitrate esters of glycerol, isosorbide and isomannide. L. Chromatogr. 

64:364. 

Short, R.D., J.C. Dacre, and C.-C. Lee. 1977. A species and develop

mental comparison of trinitroglycerin metabolism in vitro. Bjochcm. 

Pharmacol. 26:162-163. 

Silberrad, 0. and R.C. Farmer. 1906. (Title not given). L. ~. 
~. 89:1759. (As reported in DiCarlo 1975). 

Smith, L.L. and R.L. Dickinson (eds.). 1972. Propellant Plant Pollu

tion Abatement. Biological and Engineering Investigation to De~elop 

Optimum Control Measures to Prevent Water Pollution. Final Engineering 

Report. Production Project :E-249 (Phase I). Bercnles Inc., Radford 

Army Ammunition Plant, Radford, VA. (As reported in Wendt et al. 1978). 

Snelling, W. and C. Storm. 1913. (Title not given) • .z. • .au_. Schiess

~· Sprengstoffw. 8:1. (As reported in Urbanski 1983). 

Sokoloski, T.D., C.C. Wu, L.S. Wu, and A.M. Burkman. 1983. 

of nitroglycerin with hnman blood components. L. ~- ~. 

338. 

Interaction 
72:335-

Spanggord, R.J., T. Mill, T.-W. Chou, W.R. Mabey, J.H. Smith, and S. 

Lee. 1980a. En~irnomental Fate Studies on Certain Munition Wastewater 

Constituents. Final Report, Phase II- Laboratory Studies. AD A0992S6. 

SRI Interna tiona!, Menlo Park, CA. DUAD 17-7 8-C-8081. 

-70-



Spanggord, R.J., T. ~ill, T.-iV. Chou, W.R. Mabey, J.H. Smith, and S. 
Lee. 198Gb. Envirnocental Fate Studies on c.,rtain ~funition Wastewater 
Constituents. Final R.,port, Phase I - Literature Review. AD A082372. 
SRI International, lfenlo Park, CA. DMAD 17-78-C-3081. 

Stayner, L.T., A. Dannenberg, M. Tbon, G. Reeve, T. F. Bloem, and W. 
Halperin. 1985. Cohort and Case-Control Study of Persons Occupa
tionally Exposed to Nitroglycerin. Protocol of a Proposed Study by tbe 
National Institute for Occupational Safety and Health. July 25. 

Stephan, C.E., D.I. Mount, D.J. Hansen, J.H. Genti~~. G.A. Chapman, and 
W.A. Brungs. 1985. Guidelines for Deriving Numerical National Water 
Quality Criteria for the Protection of Aquatic Organisms.and Their Uses. 
Final Report PB85-227049. US Environmental Protection Agency, Office of 
Research and Development, Woshington, DC. 

Stilwell, J. M., D.C. Cooper, M.A. Eischen, M.C. Matthews, B.E. 
Sherwood, and T.B. Stanford. 1976. Aquatic Lifo Field St~dies at 
Badger Army Ammunition Plant. Final Phase II Report, Volume I. AD 
A033547. Battelle Columbus Laboratories, Columbus, OH •. DA}ID 17-74-C-

4123. 

Stokinger, H.E. 1982. Aliphatic Nitro Compounds, Nitrates, Nitrites. 
Chapter 53. In G.D. Clayton and F.E. Clayton, eds •• Patty'~ Industrial 
Bygiono ~ IQxjcology. Vol. 2C. pp. 4186-4188. John Wiley , Sons. New 
"fork. 

Sullivan, J.H., Jr •• B.D. Putnam, M.A. Keirn. B.C. Pruitt, Jr., J.C. 
Nichols, and J.T. McClave. 1979. A Summary and Evaluation of Aquatic 
Environmental Data in Relation to Establishing Water Quality Criteria 
for Mu"Ditions-Unique Compounds. AD A06067. Water and Air Research. 
Inc., Gainesville, FL. DAMD 17-77-C-7027. 

Suzuki, K., K. Sudo, T. Yamamoto, and K. Hashimoto. 1975. The carcino
genicity of N-etboxycarbonyl-3-morpholinosydnonimine (molsidomine) in 
comparison ~ith nitroglycerin in C57BL/6Jms mice. Pbarmacometrics 
9:229-242. 

Svetlov, B.S., V.P. Shelaputina, and E.P. Malyntina. 1976. Neutral 
hydrolysis of polynitrates of polyhydric alcohols. Kinet. Katal. 
17:508-511. (As reported in Spanggord et al. 1980b). 

Takayama, S. 1975. Carcinogenicity of molsidomine and nitroglycerin iu 
rats. ~ Yakuri 9:217-228. 

Trainor, D.C. and R.C. Jones. 1966. Headaches in explosive m~gczine 
workers. ~. Enyjron. Health 12:231-234. 

United States Pharm~copeia. 1980. IhA Unjted ~tatcs Pharmacopeia. pp. 
552-553. United States Pharmacopeia! Convention. Inc·., Rock•rille, MD. 

Urbanski, T. 1983. Chemistry~ Technology~ Explosjyes. Pergamon 
Press, New York. 

-71-



i 

' U.S. Army Environmental Hygiene Report. 1971. Water Quality Engineer

ing Special Study No. 24-001-71. October. (As reported in Carnahan and 

Seith 1977> 

U.S. Army Natick Research and Development Cc,cmand. 1973. Twenty-second 

Conference on ~ficrobiological Deterioratiou of Military Material. Tech

ni;:al Report 75-2-FSL. Food Sciences Lc. ..,r:o.tory, U.S. Army Natick 

Research and Developcent Command, Natick, ~~. (As reported in Wend~ et 

al. 197 8) • 

U.S. Army Natick Research and Development Command. 1974. Twenty-third 

Conference on Microbiological Deterioration of Military Material. Tech

nical Report 75-87-FSL. Food Sciences Laboratory~ U.S. Army Natick 

Research and Development Command, Natick, ~~. (As reported in Wendt et 

al. 197 8) . 

. USEPA. 1971. U.S. Environmental Protection Agency. Algal Assay Pro

cedure: Bottle Test. National Euthrcphication Research Program, Pacific 

Northwest Water Laboratory, Corvallis, OR. 82 pp. (As reported in 

Bentley et al. 1978). 

USEPA. 1978. U.S. Environmental Protection Agency. ·Guidelines for 

Deriving Water Quality Criteria for the Protection of Aquatic Life. 

T.C. Joring, ed. ~. ~. 43:21506-21518. (As reported in Sullivan et 

al. 1979). 

USEPA. 1980. U.S. Environmental Protection Agency. Guidelin~s and 

Methodology Used in the Preparation of Health Effects Assessment Chap

ters of the Consent Decree Water Quality Criteria. ~. ~. 45:79347-

7 93 57. 

USEPA. 1975. U.S. Environmental Protection Agency. Methods for Acute 

Toxicity Tests With Fish, Macroinvertebrates, and Amphibians. Ecologi

cal Research Series, €00/3-75-009. (As reported in Bentley et al. 

197 8) • 

USEPA. 1979~. U.S. Environmental Protection Agency. Water Quality 

Criteria. E,cl. • .B.u.· 44:15926-15981. (15 March 1979) (As report:~d in 

Ellis e t al • 1 97 8a) • 

USEPA. 1979b. U.S. Environmental Protection Agency. Water Quality 

Criteria. f..cl., .R.u... 44:43671-43673. (25 July 1979) (As reported by J. 

Berkley pers. comm. 1982). 

USEPA. 1985. U.S. Environmental Protection Agency. Toxic Substances 

Control Act Test Guidelines~ Final Rules. Part 79'7-Environmental Effects 

Testing Guidelines. UJL, Guidelines 50(188):39321-39397. 

USOSHA. 1983. U.S. Occupational Safety and Health Adm~nistration. 

Toxic and Hazardous Substances. (29 CFR 1910.441). 

Verschueren, K. 
.u..U_. p. 916. 

1983. Handbook~ Environmental~~ Organic Chemi

Van Nostrand Reinhold Co., New York. 

-72-

n. •• • • 
' •• r ~ •• r .~·"': ' • 



Vignon, L. 1903. (Title not given) . .fuLU.. ~ . .!Jllm.. fr. 29:2t. Us 
reported in DiCarlo 197 5). 

Walsh, J.T. 1976. Chemical Characterization of Nitroglycerin Biode~ra
dation Products. U.S. Army Natick Research and Development Laboratory. 
Unpublished manuscr:.;_Jt, :-fatick, Y.A. 21 pp. (As reported in Sulli·;an 
e t al. 197 9) 

Wei, J.Y. and P.R. Reid. 
glycerin in huma~ plasma. 

1979. Quantitative determination of trinitro
Circulation 59:588-592. 

Weitzel, R.L., R.C. Eisenman, and J.E. Schenk. 1976. Aquatic Field 
Surveys at Iowa, Radford and Joliet Army Ammunition Plants. Final 
Report. Volume II- Radford Army Ammunition Plant. AD A036777. 
Environmental Control Technology Corp., Ann Arbor, MI. DAJID 17-75-C-
5046. 

Wendt, T.M., J.B. Cornell, and A.M. Kaplan. 1978. Microbial degrada
c.i.a .. o£ aJ.~c:u·ol :n.itrat•c• AluU,. Environ. ,Mjcrohiol. 36:693-699 •. 

Wester, R.C., P.K. Noonan, S. Smeach, and L. Kosobud. 1983. Pharmaco
kinetics and bioavailability of intravenous and topical nitroglycerin in 
the Rhesus monkey: Estimate of percutaneous first-pass metabolism. L. 
fu.l:.m. ..s.u.. 7 2: 7 45-7 4 8. 

Windholz, M., ed. 1983 • .Ill.:. Merck Inde,;. p. 948. Merck' Co., Inc., 
Rahway, NJ. 

Woodson, A.L. and L.C. Allen. 1969. (Title not given). l..A.Q.A • .C.. 
52:847. (As reported in McNiff et al. 1980). 

Wu, C.C •. T.D. Sc.koloski, A.M. Burkman, M.F. Bl~nford, and L.S. Wu. 
1982. Metho~~ !o= the quantitation of nitroglycerin and its metabolites 
in human plasma. 1.. Chromat. 228:333-339. 

Yacobi, A., A.H. Amann, and D.M. Baaske. 1983. Pharmaceutical con
siderations of nitroglycerin. ~Intel!. ~- Pharm. 17:255-263. 

Yap, S.K., C.T. Rhodes, and B-L. Fung. 1975. Factors affecting the 
kinetic assay of nitroglycerin in dosage forms. ~. L. ~- ~-
32:1039-1042. (As reported in Yacobi et al. 1983). 

-73-



ACGIB 
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CBO 

ewe 

ECso 

FAV 

FCV 

FEL 

FPV 

FRV 

GMAV 

GI 

BPLC 

Lcso 

LDso 

LOAEL 

NOAEL 

NOEL 

ppm 

SMAV 

Army Ammunition Plant 

American Conference of Gover;-...::Jental 
Industrial Hygienists 

Acceptable daily intake 

Bioaccumulation factor 

Criterion continuous concentration 

Chinese hamster ovary 

Criterion ~a~im~m concentration 

Effective concentration causing SO percent death 
(based on immobilization) 

Final acute value 

Final chronic value 

F r ank e f f e c t 1 eve 1 

FinaL plant value 

Final residu~ value 

Genus mean acute value 

Gastrointestinal 

High pressure liquid chromatography 

Lethal concentration causing SO percent death 

Lethal dose causing 50 percent death 

Lowest observed adverse pffect level 

No observed adverse ~ffect level 

No observed effect level 

Parts per million 

Species mean acute value 
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US EPA 
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Threshold limit value 

U.S. Arri!'j' Medical Bioengineering Research 
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APPE:-IDIX A: 

SU.\NARY OF US EPA ~·!TIHODOLOGY FOR DERIVING :\'U~!ERICAL WATER QUALITY 

CRITERIA FOR THE PRaiECIION OF AQUATIC ORGA.:'HS~S A.:'ID THEIR USES 

The following sammary is a condensed version of the 1985 final US 

Environmental Protection Agency (USEPA) guidelines for calculating a 

water quality criteria t~ protect aquatic life and is slanted towards 

the specific regulatory needs of the US Army (e.g., d{scussion of 

••ltwate~ aapeota of the criteria calculatioB are uot included). The 

·-·~·1·--· ... -~· .... ······ 4•·--·-· --••£•£•• -~- ···----~ ··~ 
cedures and were written by the following researchers from the USEPA's 

reg{onal research laboratories: C.E. Stephan, D.I. Mount, D.J. H~nsen, 

J.H. Gentile, G.A. Chapman, and Y.A. Brungs. For greater detail on 

individual points ~onsult Stephan et al. (1985). 
', 

1. INfRODUCfiON 

The Guidelines ~ Deriving Numerical National Water Qualitv Cri

ll.!:i.! for~ Protection of Agnatic Organisms and Their Uses describe an 

objective, internally consistent, and app1~opriate way of estimating 

nationa! criteria. Because aquatic iife can tolerate some stress and 

occa~io~al adverse effects, ?rotection of all species all of the time 

wa~ not deemed necessary. If acceptable data are available for a large 

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

groups, a reasonable level of protection should be provided if all 

e%cept a small fraction are protected, unless a commercially, 

recreationally, or socially important species was very sensitive. The 

small fraction is set at O.OS because other fractions resulted in cri

teria that seemed too high or too low in comparison w!~h the sets of 

data from which they vrere calculated. Use of 0 .OS to calculate a Final 

Acute Value does not imply that this perc~ntage of adversely affected 

taxa should be used to decide in a fi~ld 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 d~fined as preven

tion of unacceptable long-term and short-term effects on (1) commerci

ally, recreationally, and sccially important species and (2) (a) fish 

and tenthic invertebrate assemblages in rivers and streams and (b) fish, 

benthic invertebrate, and zooplankton assemblage3 in lakes, reservoirs, 

estuaries, and oceans. These national guideli~~s ha:e been developed on 

the theory that effects which occur on a speci~s in appr~¥=iate labora

tory tests will generally occur on the same species !n comparable field 

:o.ituations. 

Ntlllle1.·ical aquatic life criteria derived using· these na'tional 

guidelines are expressed as two numbers, so that the criteria can more 

accurately reflect toxicological and practical realities. The combina

tion of a caximum concentration and a contir.uous concentration is desig

ned to provide adequate protection of aquatic life and its uses from 

acute and chronic toxicity to animals, toxjcity to pla~ts, and 
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bioacc=ulation by aquatic org:~nisms lfi•hout being as restrictive as a 
one-number criterion would have to be 1n crder to provide the same 
~egree of protecrion. 

Criteria prorinced by these guidelines should be useful for develo
ping water quality standards, mix~ng zone 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 desirabl~ to derive site-specific criteria from these national 
criteria to reflect local conditions (USEPA 1982). The two factors that 
may cause the most difference between tne 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 overprote'c.tion or underprotec
tion. It is not enough that a criterion be the best'es~imate obtainable 
using available data; it \s equally important that a criterion be 
derived only if adequate appropriate data are available to provide 
reason·1ble confidence that it is a good estimate. Thus, these guidel
i~es require that certain data b~ available if a criterion is to be 
derived. If all the required dhta are not available, usually a cri
terion should not be derived; however, availability of all required data 
does not ensur~ that a criterion can be derived. The amount of guidance 
in these national guidel!nes is significant, but much of it is neces
sarily qualitative rather than quantitative; much judgement will be 
required to derive a water quality criterion for aquatic life. All 
necessary decisions should be based on a thorough knowledge of aquatic 
toxicology and an understanding of these guidelines and should be con
sistent with the spirit of the~e guidelines - which is to make best use 
of all available data to derive the most appropriate criterion. 

2. DEFINITION OF MTERIAL OF CONCERN 

1. Each separate chemical that does not ionize significantly in 
most natural bodies of water should be considered a separate 
material, except p0ssibly for structurally similar organic 
compound~ that only exist in large quantities as commercial 
mixtures of the various compounds and apparently have similar 
biological, ch~ical, physical, and toxicological properties. 

2. Fo::: chez:Jicals that do ionize significantly, all forms that 
would be in chemical equilibritUD should usually be considered 
one material. Each cifferent oxidation state of a metal and 
each different nonionizahle covalently bonded organometallic 
compound should usuzlly be considered a separate material. 

3. Definition of the materia! sho~ld include an operational 
analytical component. It is also necessary to reference or 
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describe analytical me~hods that the term is intended :o 

denote. Primary requi=ecen~s of the operational analytical 

component is that it be appropriate for use on samples of 

rec.:iving water, that it be compatible with to:ticity and 

bioaccumulation cata without making e:ttrapolations that are 

too hypothetical, and that it rarely re~ult in underprotec

tion of aquatic life and its uses . 

.bi..QX.1t: ADal:rt;.t.oa1 o~•-.t.••...,. •• •)!..• ••'-••••l ..... .,.. A•v• to 'b• 

considered when defining the material or when judging accep-

tability of some toxicity tests, but a criterion should not 

be based on sensitivity of an analytical method. When aqua

tic organisms are more sensitive than analytical techniques, 

the pxoper solution is to develop better analytic~! methods, 

not to anderp~otect aquatic life. 

' 
3. COLLECTION OF DATA',~, 

1. Collect all available data on the material concerning (a) 

toxicity to, and bicaccumulation by, aquatic animals and 

plants; (b) FDA action levels (ill Guidelines Manual); and 

(c) chronic feeding studies a~d long-term field studies with 

wildlife th01t regu.A. arly coust:ne aquatic organisms. 

2. All data used should be available in typed, dated and signed 

hardcopy with enough supporting information to indicate that 

acceptable test procedures were used and the reso;llts should 

be r e 1 i a b 1 e. 

3. Questionable data, whether :PUblished or not, should not be 

used. 

4. Data on technical grade ~aterials may be used if appropriate, 

but data on formulated z:>ixtures and emulsifiable concentrates 

of the test material should not be used. 

S. For some highly volatile, hydrolyzable, or degradable materi

als it may be appropriate to only use results of flow-through 

tests in which concentration of test material in test solu

tion~ were measured using acceptable analytical methods. 

6. Do not use data obtained using brine shrimp, species that do 

not have reproducing wild populations in North America, or 

orgat'.i sms th&t were preY io~sly exposed to significant concen

trations of the test material or other contaminants. 
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4. REQUIRED DATA 

1. 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 fan:ily Salmonidae in th~ class Osteichthyes; 

b. a second family (prefc~ably an important warmwater 
species) in the class Osteichthyes (e.g., bluegill, 
fathead minnow, or channel catf lSh); 

c. a third family in \~he phylum Olordata (e.g, fish or 
amphibian); 

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); 

g. a family in a phylum o:~er than Arthropoda or Clordata 
(e.g, Annelida or Mollusca); and 

h. a family in any order of insect or any phylum not 
representee:. 

2. 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. 

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

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

If all required data are available, a numerical criterion 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 
data will be necessary. Similarly if all required data are not availa
ble a numerical criterion should not be derived except in special cases. 
For example, even if not enough acute and chronic data are available, it 
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may be possib:e to derive a criterion if the ~ata clearly indicate that 

·the Final Residue Value would be much lower than either the Final 

Cllronic Value or the Final Plant Value. Confidence in a criterion 

usually increases as the amount. of data increases. Thus, additional 

data are usually desirable. 

1. The Final Acute Value (FAV) is an estimate of the concentra

tion of material corresponding to a cumulative probability of 

0.05 in the acute toxicity valt~.~s for the genera with wh.ich 

acute tests have been conducted c.n the material. However, in 

some cases, if the Species Mean Acute Value (SMAV) of an 

important species is lower t~an the calculated FAV, then that 

SMAV replaces the FAV to protect that important species. 

2. Acute toxicity tests should :.....1ve been conducted using accep

table procedures (e. g., ASDI 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 t~sts conducted in unusual dilution water, 

e.g., dilution water containing high levels of total organic 

carbon or particulate matter (higher than S mg/L) should not 

be used, unless a relationship is developed between toxicity 

and organic carbon cr unless data show that organic carbon or 

particulate matter, etc. do not affect toxicity. 

S. Acute values should be based on endpoints which reflect the 

total adverse impr.ct 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 cladocerans should be star

ted with organisms <24 hr old and tests with midges 

should be started with second- or third-instar larvae. 

The result should be the 48-hr ECSO based on percentage 

of organisms immobilized plus percentage of organisms 

killed. If such an ECSQ is not available from a test, 

the 48-hr LCSO should be used in place of the desizcd 

48-hr ECso. An ECSO or LCSO of longer than 48 h.r can be 

used provided animals were not fed and control animals 

were acceptable at the end of the test. 
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b. The result of t.-c::ts wit!:\ all other aquatic animal species 

should be the 9~-hr EC5Q value bn sed on perce:1tage 0f 
organisms e:thibiting loss of equilibri= plus percentage 
of organi~~s immobilized plus percentage of or.ganisms 
killed. If such an ECso value is not available from a 

• test, the 96-hr LCso should be used in place of the 
de sired E Cs o . 

c. Tests with single-cell organisms are not considered acute 
tests, even if the duration was S96 hr. 

d. If the tests "'fere conducted properly, acute values repor
ted as greater than v'llues and those acute values which 
are above solubility vf the test material are acceptable. 

6. If the acute to.xicity of the material to aquatic animals has 

been sbown to be related to a water quality cha1·acteristic 
(e. g., total organic carbon) for freshwater species, a Final 

Acute Equation should be derived based on that characteris

tic. 

7. If the data indicate a that one or more life stages are 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 used in the calculation 

of the SM.AV because a :;pecies can only be considered protec
ted from acute toxicity if all life stages are protected. 

8. Consider the agreement of the data within and between 
sp~cies. Questiorable results in compari~on to other acute 
and chronic datJ. for the species and other species in the 
same genus probably should not be used. 

9. 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 l)f test material were measured. For a species for which 
no such result is available, calculate the geometric mean of 

all available acute values, i.e., results of flow-through 
tests in which the concentrations were not measured and 
results of static and ren~al tests based on initial total 
concentrations of test material. 

NOTE: Data reported by original investigators should not be 
rounded off and at least fo~ significant dig.its should be 
retained in intermediate calculations. 

10. 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. 

A-6 



~F-f::~~-~~- ,_;.,.. .. 
l>'i':a;.n..· ~ ...... 

11. Order the G)!AVs from high to low and assign ranks (R) to the 

GMAVs from ''1'1 for the! lowc~t t0 '':-.i'' for the Jigh~~t. If t·:l'o 
or more G~AVs are identical, arbitrarily assign them succes

sive ru.nks. 

12. Calculate tb.e cumulative probability (P) for each GMAV as 

R/(N+l). 

13. Select the four G~iAVs which have Ctllllulative p:obabilities 
closest to 0.05 (if there are <59 GMAVs, these will always be 

the four lowest GMAVs). 

14. Using the selected GMAVs and Ps, calculate 

L "" (::(In GMAV)- S(::(.,rP)))/4 

A =-= S(.["0.05) + L 

FAY= e"' 

15. 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. 

16. Go to Section 7. 

6. FINAL AGUTE EQUATION 

1. When enough data show that acute toxicity to two or more 

species is similarly related to a water quality characteris

tic, the relationship should be considered as described below 

or using analysis of covariance (Dixon and :Ozrywn 1979, Neter 

and Wasserman 1974). If two or more fa~tors affect toxicity, 

multiple regression analyses should be used. 

2. For each species for which comparable acute toxicity values 

are available at two or more different v~lues of the water 

quality characteristic, perform a least squares regressiol\ of 

acute toxicity values on values of the water quality charac

teristic. 
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3. Decide whether the data for each speci~s is useful, consider

ing the range and n~ber of tested values of the water qu~l
ity characteristic and degree of agreement within and between 

species. In addition, questior.able results, in comparison 

with other acute and chronic data for the species and other 

species in the same genus, probably should not be used. 

4. Individually for each species calculate the geO!!Ietric mean of 

the acute values and then divide each of the sr-llt('! values for 

a species by the mean for the species. T.ais r.:~•.nnalizes the 

acute value's so that the geometric mean of thtJ :.ormalized 

values for each species individually and for a~ combination 

of species is 1.0 

5. Similarly normalize the values of the water quality charac

teristic for each species individually. 

6. Individually for each species perform a l~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 th.e data are actually plotted, the line of 

best fit for each individual species will go through the 

poir..t 1,1 in the center "lf the graph. 

7. Treat all the nol:!talized data as if they were all for the 

same species and perform a least squares regression of all 

the nor~alized 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 all the I"ormalized data are actually plotted, the line of 

best fit will go through th.e point 1,1 in the center of the 

graph. 

8. 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 5. above). 

9. For each species calculate the logarithmic intercept (Y) of 

the S'MAV at a sc:lected value (Z) of the water quality charac

teristic using the equation: Y = ln W- V(ln ·x- ln Z). 

10. For each species calculate the SMAV using: S?.{AV eY. 
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11. Obtain the F.-\V at Z by using the procedure described in Sec

t ion 5 • (No. 1 0-14) . 

12 • If th e S ~fA V f or a :. imp or t a n t s p e c i e s i s 1 ow e r th an t h e FA V a t 

Z, then that SMAV should be used as the FAY at Z. 

13. The Final Acute Equation is written as: FAY= e(V[ln(water 
quality characteristic)+ ln A- V[ln Z]), where V =pooled 

acute slope and A= FAY 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 

1. Depending on available data, the Final Clronic Value (FCV) 
might be calculated in the same manner as the FAY or by divi

ding the FAV by the Final Acute-Chronic Ratio. 

NOTE: Acute-chronic ratios and application factors are ways 

of relating acute and chronic toxicities of a material to 

aquatic organisms. &afety factors are used to provide an 

extra margin of safety beyond known or estimate.d sensitivi
ties of aquatic organisms. Another advantage of the acute

chronic ratio is that it should usually be greater than one; 

this should avoid confusion as to whether a large application 

factor is one that is close to unity or one that has a denom

inator that is much greater than the numerator. 

2. OJ.ronic values should be based on reslJlts of flow-through 

(except renewal is acceptable for daphnids) chronic tests in 
which concentrations of -tes~ material were properly measured 

at appropriate times during testing. 

3. Results of chronic tests in which survival, growth, or repro

··.:Jct ion in controls was unacceptably low should not be used. 

Limits of acceptability will depend on the. species. 

4. Results of chronic tests conducted in unusual dilution water 

should not be used, unless a relationship is developed 
between toxicity and the unusual characteristic or unless 
data show the characteristic does not affect toxicity. 

5. OJ.ronic 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: 
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a. Life-cycle toxicity tests CQnsisting of exposures of two 
or more groups of a species to a different concentration 
of test material throughout a l1fe cycle. Tests with 
fish should begin with embryos or newly hatched young <48 
hr old, continue tl;lrough maturation and reproduction, and 
should end not <24 days (90 days for salmonids) after the 
hatching of the ne.xt generation. Tests with daphnids 
should begin with young <24 hr old and last for not <21 
days. For fish, data should be o1btained and analyzed on 
survival and growth of adults and young, mat·.u-ation of 
males and females, eggs spawned per female, embryo via
bility (salmonids only), and hatchability. For daphnid~. 
data should be obtained and analyzed on survival a:ttd 
young per fe~ale. 

b. Partial life-cycle toxicity tests consisting of exposures 
of two or more groups of a species to a different concen
tration of test material throughout a life cycle. Par
tia1 life-cycle tests are allowed with fish.species that 
require more than a year to reach sexual maturity, so 
that all major life stages can be exposed to the test 
material in less than 15 months. uposure to the test 
material should begin with juveniles at least 2 months 
prior to active gonadal development, continue through 
maturation· and reproduction, and should end not <'~4 days 
(90 days for salmonids) after the hatching 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. 

c. Early life-stage toxicity tests consisting of 28- to 32-
day (60 days posthatch for sa1monids) exposures of early 
life stages of a !>pecies of fish from shortly after fer
tilization through embryonic, larval, And early juvenile 
development. Data should be obtained on growtr.. and s-:u-
vival. 

NOTE: Results of an early life-stage test are used as 
predictors of results 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 ~ould not be used. Also, results of early 
life-stage tests in which the incidence of mortalities or 
abnormalities increased substantially near the end of the 
test should not be used because results of such tests may 
be poor estimates of results of a compa~able life-cycle 
or partial life-cycle test. 
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6. A chronic value may be obtained by calculating the geometric 

mean of lower and upper chronic limits from a chronic test or 

by analyzing chronic data using regression analysis. A lower 

chronic 1 imit is the highest tested concentration (a) in an 

acceptable chronic test, (b) which did not cause an unaccep

tacle amount of an adverse effect on any specified biological 

measurements, and (c) below which no tested concentration 
caused such an unacceptable effect. A.n upper chronic 1 imit 
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 concentratio~s 

caused such an effect. 

7. If ~hronic 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. 

8. If chronic values are available for species in eight families 

as described inSection4 (No.1), a Species Mean Clronic 

Value (SMCV) should be calculated for each species for which 

at least one chronic value is avail~ble by calculating the 
geometric mean of all chronic values for the species and 

appropriate Genus Mean Clronic Values should be calculated. 

The FCV should then be obtained using procedures described in 

Sectio~ S (No. 10-14). Then go to Section 7 (No. 13). 

9. For each chronic value for which at least one corresponding 

appropriate acute value is available, calculate an acute

chronic ratio, using for the numerator the geometric mean of 
results of all. acceptable flow-through (except static is 

acceptable for d11phnids) acute tests in the same dilution 

water and in which concentrations were measureci. For fish, 
the acute test(s) should have been conducted wit~ juveniles. 

Acute test(s) should have been part of the same study as the 

chronic test. If acute tests were not conducted as part of 
the same study, acute tests conducted in the same 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 dilution water but a differf.a.t laboratory may be 
used. If such acute tests are not available, an acute

chronic ratio should not be calculated. 

10. For each species, calculate the species mea~ acute-chronic 
ratio as the geometric mean of all acute-chronic ratios for 

that species. 
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11. For some ~aterials 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

Caonic Ratio can be obtained in three ways, depending on the 

data. 

a. If the species mean acute-chronic ratio increases or 

decreases as the S~!AV increases, the final Acute-Chronic 

Ratio should be calculated as the geometric mean of all 

species whose S~!AVs are close to the FAV. 

b. If no major trend is apparent and the acute-chrcnic 

ratios for a number of species are within a far.tor of 

ten, the Final Acute-Chronic Ratio should ~e 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. Bec:~use 

continuous exposure and acclimation cannot be assured to 

provide adequate protection in field ~ituations, the 

Final Acute-Chronic Ratio should be set at 2.0 so that 

the FCV is equal to the Criterion Maximum Concentration. 

If the acute-chronic ratios do not fit one of ::hese cases, a 

Final Acute-Chronic Ratio probably cannot be obtained, and a 

FCV probably cannot be calculated. 

12. Calculate the fCV by dividing the FAV by the Final Acute

Oaoni c Ratio. 

13. If the SMAV of an important species is lower than the calcu

lated FCV, then that SMCV should be used as the FCV. 

14. Go to Section 9. 

8. FINAL CHRONIC EQUATION 

1. A Final Ol.ronic Equation can be derived in two .... ays. The 

procedure described in this section wjll result in the 

chronic slope being the same as the at;ute slope. 

a. If 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 
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characteristic, .~alcuJ.atc the Final Acute-Chronic Ibtio 

as the geometric mean of the species mean acute-chronic 

ratios. 

b. Calc'lllate the FCV at the selected value Z of the water 

quality characteristic by dividing the FAV at Z by the 

Final Acute-Chronic Ratio. 

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

d. Go to Section 8, No. 2, item :n. 

2. The procedure described in this section will usually 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 considered 

as described bela-.. or using analysis of covariance (Dixon 

and Brown 1979, Neter and Wasserman 1974). If t"Wo 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 ,.·ater quality characteristic, :y..;rform a least squares 

regression of chronic toxicity values on >alues of the 

water quality characteristic. 

c. 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 chronic data 

for the species and other species in the same genus, pro

bably should not be used. If a useful chronic slope is 

not availabie for at least one species or if the slopes 

are too dissimilar or if data are inadequate to define 

the relationsh.lp 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 chronic values and then divid.e eac.il chronic 

value for a species by the mean for the species. 
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This no:!:malizes the chronic values so that ~he geometric 

mean of the normalized values for each species and for 

Any combination of species is 1.0. 

e. Similarly normalize the values of the water quality 

characteristic for each species individually. 

f. Individually for each species perform a least squares 

regression of the normalized chronic 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 li~e of best fit for each individual species will go 

through the point 1,1 in the center of the graph. 

g. Treat all the nonnal ized data. as if they were all for the 

same species and perform a least squares regression of 

all the normalized chronic values on the cor:tesponding 

normalized values of the watc!: quality characteristic to 

obtain the ~ooled chronic slope (L) and its 95 percent 

confidence limits. If all the normalized data are actu

ally plottell. the line of best fit will go through the 

point 1,1 in the center of the graph. 

h. For each species calculate the geometric mean Of) of tox

icity values and the ge01aetric mean (P) of related valu~s 

of the '!Uter quality characteristic. 

i. For each species calculate the loga:dthm (Q) of the SMCVs 

at l'l selected value (Z) of the water quality cha::acteris

tic using the equation: Q = ln M- L(ln P- In Z). 

j. For each species calculate a SMCV at Z as the antilog cf 

Q (SMCV = eO). 

k. Obtain the FCV at Z by using the procedure described in 

SectionS (No. lo-14). 

1. If the SMCV at Z of an important species is lower than 

the calculated FCV at Z, then that SMCV should be used as 

th e F ..:V at Z • 

m. The Final O:uonic Equation is written as: FCV = 
e<L[ln(water quality characteristic)]+ ln S- L[ln Z]), 

where L = mean chronic slope and S = FCV ~t z. 
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1. Appropriate measures of toxicity of the material to aquatic 
plants are used to compare relative sensitivities of aquatic 
.. ~lants and animals. Although procedures for conducting and 
inteT.preting results of toxicity tests with plants are not 
~ell developed, results of such tests usually indicate that 
c~iteria which adequately protect aquatic animals and their 
uses also protect aquatic plants and their uses. 

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

3. Obtain the Final Plant Value by selecting the lowest result 
obtained in a test on an important aquatic plant species in 
which concentrations of test materi3l were measured and the 
endpoint is ciologically important. 

10. FINAL RES IDtJE VALUE 

1. The Final Residue Value (FRV} i~ intended to (a) prevent con
centrations in commercially or xecreationally important aqua
tic species irom e:1:ceeding applicable FDA action levels and 
(b) protect wildlife, inc! uding fish and birds, that cons1m1e 
aquatic organisms from demonstrated unacceptable effects. 
The FRV is th~ lowest of residue values that ar~ obtained by 
civiJing maximum permissible tissue concentrations by 
appropri¥te bioconcentratio~ or bioaccumulation factors. A 
maxim'DZD permissible tissue concentration is either (a) a FDA 
action level (FDA administrative guidelines) for fish oil or 
for th., edible portion of fish or shellfish or (b) a llla::dmum 
acceptable dietary intake (AD!) based on observations on sur
vi~a~, g~owth, or reproduction in a chronic wildlife feeding 
study or a long-term wildlife field study. If no maximum 
permissib~e tissue concentration is available, go to SectlOn 
11., because a Final Residue Value cannot be derived. 

2. Bioconcentration F3ctors (BCFs) and Bioacc~nlation Factors 
(BAFs) are the quotients of the concentr.ation of a material 
in on~ or more tissues of an aquatic organism divid~d 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 Mccount 
for net uptake from b)th food and water iu a rel!l-world 
situation, and almost has to be measured in a field situation 
in which predator:> accumub:.te the material ciirectly from 
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water and by const:ming prey. Because so few acceptable 3\Fs 

are available, only BCFs will be discussed further, but an 

acceptable BAF can be used in place of a BCF. 

3. If a ma~imum permissible tissue concentration is available 

for a substance (e.g, ~arent caterial o= parent material plus 

metabolite), the tissue con~entration used in BCF calcula

tions should be for the sai!Ae 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 t:l:l.an the parent 

mate-rial. 

a. A BCF should be used only if the test was flow-through, 

the BCF was calcJlated based on measured concentrations 

of test material in tissue and in the test solution, and 

e•posure continued_at least until either apparent 

steady-state (BCF does not change significantly over a 

period of time, such as two days or 16 perce~t of e~po

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 reac1led; (b) highest BCF obtained, if 

!l.:iJparent steady-state was not reached; and (c) projected 

steady-state BCF, if calculated. 

b. Whenever a BCF is deterlllined for a lipo!'hilic material, 

percentage of lipids should also be determined in the 

tissue(s) for which the BCF is calculated. 

c. A BCF obtained from an e~posure that adversely effected 

the test organisms may be used only if it is similar to 

that obtained with u.z,affected individuals at lower con

centrations ·that did cause effects. 

d. Because maximum permissible tissue concentrations are 

n.rely based on dry weights, a BCF calculated using dry 

ti$sue weights must be converted.to a wet tissue weight 

basis. If no conversion fact.(lr 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 a 

specie:~, the geometric mee~ !'f val!i.es should be used, 

unless the BCFs are from different exp~sure durations, 

then the BCF for the longest expcr-nre should be used. 
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4. If enough pertinent daca exist, several residue values can be 

calculated by divic:ng maxi~um per~issible tissue concentra

tions by appropriate BCFs: 

a. For earh available maximum ADI derived from a feeding 

st11dy or a long-term field study with wildlife, incl:1ding 
•••4• ••d •••••'• o~a•ni••~. tb• •~P~opriate BCF is based 
•a Ck• ,..~~,.,~ • .... ody o~ ... ,.,a•i.&.! .,••4•• -a..£.•.a. •--·•••••• •• 

represent a major portion of the diet of tested wildlife 

species. 

· b. For an FDA action level for fish or shellfish, the 

appropriate BCF is the highest geometric mean species BCF 

for the edible portion of a consumed species. The 

highest speci~s BCF is used because FDA action levels are 

applied on a species-by-species basis. 

5. For lipophilic materials, it may be possible to calculate 

additional residue values. Because the steady-state BCF for 

a lipophilic mater;4i seems to be proportional to percentage 

of lipids from one tissue to another and from one species to 

another (Hamelink et al. 1971, Lundsford and Blem 1982, 

Sch:1oor 1982), extrapolations cr.n be ~ade from te:;ted tissues 

or species t~ untested tissues or specie~ on the basis of 

percentage of lipids. 

a. For each BC/ lor which percentage of lipids is k.nOYn for 

the same tissue for which the BCF wa~ meas~ed, normalize 

the BCF to a one percent lipid basis by dividing the BCF 

by percentage of lipids. This adjustment makes all the 

measur~d BCFs comparable regardless of species or tissue. 

b. Calculate the geometric mean normalized BCF. 

c. C<i.lculate all ~ossible residue values by dividing availa

ble maximum permissible tissue concentrations by the ~ean 

normal;zed BCF and by the percentage of lipids values 

appropriate to the maximum permissible tissue concentra

tion. 

~ For an FDA action level ~or fish oil, the appropri

ate perce~tage of lipids value is 100. 

~For an FDA action level for fish, the appropriate 

percentage of lipids value is·ll for freshwater cri

teria, based on the highest levels for important 

const::ned species (Sidwelll981). 
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e For a ma~imom ADI derived from a chronic feeding 
study or long-term field study with wildlife, the 

appropriate percentage of lipids is that of an aqua~ 

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 selectir.g the lowest of available 

residue values. 

11. aTHER DATA 

Pertinent information that could not be used in earlier sections 

may be available concerning adverse effects on aquatic organisms and 

their uses. ~e most important of these are data on cumulative and 

delayed toxicity, flavor impairccnt, reduction in survival, growth, or 

reproduction, or any other biologically importa~t adverse effect. 

Especially important are data for species !or which no other data are 

available. 

12. CRITERION 

1. A criterion consists of two concentrations: the Criterion 

Maximum Concentration and the Criterion Continuous Concentra

tion. 

2. The Criterion Maximum Concentration (CMC) ·is equal to one

half of the FAV. 

3. The Criterion Continuoo.s Concentration (CCC) is equal to the 
lower of the FCV, the Fi:r:.al Plant Value, and the FRV unless 
other data show a lower val-:~.e should. be -ased. If toxicity is 

related to a water qunlity characteristic, the CCC is 

obtained from the Fina.l CJ.ronic Equation, the Final Plant 
Value, and the FRV by selecting the value or concentration 

that results in th~ lowest r.:oncentrations in the usual range 

of the water quality characteristic, unless other data (see 
Section 11) show that .1 lower value should be used. 

4. Round both the CCC and CMC to two significant figures. 
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5. The criterion is slated as: 

The procedures described in the Guidelines for Deriving 
~umerical Natipnal Water Qualitv Criteria for the Protection 
£i Aquatic Organis~ and Their Uses indicate that (e%cept 
possibly where a locally important species is very sensitive) 
(1) aquatic organisms and their uses should not be affected 
unacceptably if the four-day average concentration of (2) 
does not exceed (3) ~g/L aore than once every three years on 
*k• ay-•••• ·-~ ~· *A• o•e-Ao~ av•~··· OODO.Dt~atiOQ does 
not excoea (4) f.OJ/L lll-C:.ro ~haft once every Chree yeas-a oa ~h• 
average. 

,. Where 

(1) = insert freshwater· or saltwater, 

(2) = name of material, 

(3) insert the Criterion Continuous Concentration, and 

(4) = insert the Criterion Maximum Concentration. 
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APPE.ND IX B : 
SUM}!ARY OF US EPA ~fiTHODOLOGY FOR DITERM:INING WATER QUALITY 

CRITERIA F!E THE PROTECTION OF HUMAN HEALTH 

The follOYina summary is a condensed version o! the 1980 final US ......... , ......... ~. ·-···-••.--. ···-· .. ,~_. .... , __ ..... _ .... ___ ·-- --··-····-- -water quality criteria to protect human he&lth and is sldnted tOYards 
the specific regulatory needs of the US Army. The guid~lines are the 
most recent docuaent outlining the required procedures and were pub
lished in the Federal Register (USEPA 1980). Fer greater detail o~ 
individual points cons~t that reference. 

1. INTRODUCTION 

11le EPA's water quality criteria for the protection of human health are 
based on one or more of the following properties of a chemical ?ollu
tant: 

a) Carcinogenicity, b) Toxicity, a~d c) Organoleptic (taste and 
odor) effects. 

The me9nings and practical uses of the criteria values are dis
tinctly different depending on the properties on which they are based. 
Criteria based solely on organoleptic effects do not necessarily 
represent approximations of acceptable risk levels for human health. In 
all other cases the criteri~ values represent either estimations·of the 
maximtml allowable ambient water concentrations of a pollutant ·which 
would prevent adverse health effects or, for suspect and proven carcino
gens, estimations of the increa~ed cancer risk associated with incremen
tal changes in the ambient water concentration of the substance. Social 
and economic costs and benefits are not considere~ 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 ~se is applied. 

2. DATA NEEDED. FOR HUMAN HEALTH CRITERIA 

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

2 .1 EXPOSURE OAT A 

For an accurate asses~-ent of total exposure to a chemical, con
sideration must be given to all possible exposure routes including 
ingestion of contaminated water and edible aquatic and nonaquatic organ
isms, as well as e:tposure 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, e::tposure through i::..halaticn. derz;1al contact, and oon-aqu.atic 

dic!t i5 either ~X!lQ'I'n Qr ~0 lQW as tCI be insignificant; howeyer, when 

5uch data arc available, tht:y must 'ot: 1ncluded in tht: .:~;!etia eva 1 ua~ 

tion. 

The EPA guidelines for developing water quality criteria are based 

on the following ass=ptions which are designed to be protective of a 

healthy adult male who is subject to average e:xposure conditions: 

1. The exposed individual is a 70-kg male person (Internaticnal 

Commission on Rauiological Protection 1977). 

2. The average ~aily cons=ption of fres.b:water and estuarine fish 

and shellfish products is equal to 6.5 grams. 

3. The average daily ingesti0n 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, 

information on bioconcentration of the pollutant in edible portions of 

ingested species is necessary to ca1.culate the overall exposure level. 

The bioconceutration factor (BCF) is equal to the quotient of the con

centration of a substance in all or part of an o~ganism divided by the 

concentration in ambient water to which the organism has b.een exposed. 

The BCF is a function of lipid solubility of the substance and relatiYe 

amount of lipids in edible portions of fish or shellfish. To determine 

the weighted average BCF, three different procedures can be used depen

ding upon lipid solubility and availability of bioconcentration data: 

(1) For lipid soluble compounds, the ~verage BCF is calculated free 

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.~ , 
PLsp 

where BCFsp is the bioconcentration factor for an aquatic species 

and PLsp is the percent lipids in 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 

fox aquatic organisms 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 avaage did 13 percent versus 7.6 percent) is :nade 

to derive the weitil~ed j~·eragc biccor:l:cnt.ration fa~eor. 

(3) For r.onlipid-~··luble cornpoUllds, the available BCFs for edible 
portions of cons~ed freshwater and est~arine fish and shellfish 
are ~ei~ted according to consumption factors to determine the 
weigbted BCF representative nf the aver~ge diet. 

2.2 PHARMACOKINETIC DATA 

F'harmacokinetic data, encompassing information on absorption, dis
tribution, metabolism, and excretion, are needed for determining the 
biochemical fate of a substance in human and anin:al systems. Informa
tion on absorpt on and excretion in animals, toget~er with a knowledge 
of all!bient concentrations in water, food, and air, are useful in estima
ting body burcens in humans. Phar:nacokinetic data are also essential 
for estimating equivalent oral do~es based on data from inhalation or 
other routes of exposure. 

2 .? BIOLOGICAL EFFEcrs DATA 

Effects data which are evaluated for water quality criteria include 
acute·, subchronic, and chronic to:ricity; synergistic and antagonistic 
effects;· and genotoxicity, teratogenicity, and carcinogenicity. The 
data are derived· primarily from animal studies, but clinical cese his
tories and epidemiological studies may also provide useful information. 
According tl' the EPA (USEPA 1980), several f~ctors inherent in human 
epidemiological studies -;[ten preclude their use· in generating water 
quality criteria (see NAS 1977). However, epidemiological data can be 
useful in testing t~e validity of animal-to-man extrapolations. 

From an asse~sment of all th~ available data, a biological end
point, i.e., carcinogenicity, toxicity, or organoleptic effects is 
selected for criteria formulation. 

3. PUMM{ HEALTH CRTITERIA FOR CARCINOGENIC SUBSTANCES 

If sufficient data exist to conclude that a specific substance is a 
potential human carcinogen (carcinogenic in animal studies, with suppor
tive genotoxicity data, and possibly also supportive epidemiological 
data) then the position of the EPA is that the water quality criterion 
for that substance (recomme~ded 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
zenic effects, and, consequently, there is no scientific basis for e.sta
blishing a "safe" level. To better define the carcinogenic risk associ
ated with a particular water pollutant, the EPA~~,~~: developed a metho
dology for determining ambient water concentrations of the substance 
which would correspond ~o incremental lifetime cancer risks of lo-7 to 
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l0-5 (one ~~ditional case of cancc= i~ populations ranging from ten mil

lion to 10(',000, respectively). These risk estimates, howt:ver, do not 

represent an EPA J:.:dgm'!nt as to an "acceptable" risk level. 

3.1 ~OOOL<XJY FOR DETE."L\f.P.;ING CARCIN<XJE"ICITY (NO~TBR..ESEOLD) CRITERIA 

The ambient w~.te:: concentration of a ~ubst,.;..c"' corresponding to a 

specific carcinogenic risk can be oalculatod •• follo~«: 

70 "' P'!t 

c = q1* (2 + 0.0065BCF) 

where, 
C = ambient water concentration; 

PR = the probable risk (e.g., Io-5; equivalent to one case in 100,000); 

BCF the bioconcentration factor; and 

q1 • -= a c o e f f i c i e n t ( de f i n e d be 1 ow ) ( US EPA 1 9 8 0 ) • 

By rearranging the terms in this eqt:ttion, it can be seen that the ambi!'!~t 

water concentration is one of several factors which d~fine the overall e%posnre 

J ev el: 

or· 

PR = 'il* x C (2 + 0.0065 BCF) 
70 

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 cons~ption of 6.5 mg 

of fish and shellfish p .. r day. Because the e:xpost!re is 

calcnl&.ted for a 70-kg man, it is normalized to a per 

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

particular case, exposure resulting from inhalation, 

dermal contact, and nonaquatic diet is considered 

to be negligible. 

In simplified terms the equation can be :::-ewritten 

PR ~ • X, 

-~er~ X i$ the total average daily exposure in mg/kg/day 

ur 

showing that the coefficient <U * is the ratio of 

risk to dose; an indication of the carcinoget:.ic potency 

of the compound. 

The USEPA gu.idelines state that for the purpose of developing water 

quality criteria, the assum,t:.on is made that at low dose leve.Ls there 
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is a linear re:ationship bet,..een dcse a::d risk (at high doses, ho.,.,ever, 
there may be a rapid increase ic risk with dase resultin~ in d s~arfly 
curYed dose/response curve). At low doses then, the ratio .Jf risk to 
dose does not ch.1nge appreciably and q1* is l constant. A;; high doses 
the carcicogenic potency can be derived directly from experimental data, 
but for risk 1 evels of 1o-i to lo-5, which correspond to very low doses, 
the q1* value must be derived by ext~apolation fxom epideQlological dat4 
or from higt dose, short-term anima.! bioassays. 

3.2 CARCINOGENIC ?OTE-ICY CALOJLATED FRO~.• HUMA:-J DATA 

In hnman epidemiological studies, carcinogenic effect is e~pressed 
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 a:roup, then RRCX) • 5), In such cases the "ezceaa" relative cancer risk is express~d as RR(X) - l, and the actual numeric, or pro
portional excess risk level (PR(X)] can be calculat~d: 

PR(X) = [RR(X) 1] x PR(control). 
Using the standard risk/dose equation: 

PR(X) = b X X 

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 eo.u~· .. t:.:.e ~· . ..:c1.::1ogenic potency or ql"'· 

3. 3 CARt'INOGENIC POTENCY CALOJLATED FROM .-\.'HMAL DATA 

In the case of animal studies where different species, strains, and se~es 
may have been tested at different doses, routes of exposure, and 
exposure Juratio~s. any data sets ~sed in calculating the 
health ~riteria must conform to certain standards: 

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

2. The data set giving the highest estimate of carcinogenic 
lifetime risk (qr*) should be selected llll.less the sample size 
is quite small and another data set with a sif.dilar dose
ce~ponse relationship a~d larger sample size is available. 
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.:>. If twc or a:orc data sets are ccmparable in size and identical 

with respect to species. strain., se.:c auJ t'Jl!lu!' situ, then tl::~ 

geocetric mean of q1* from all data sets is used in the risk 

ass e s sm en t. 

4. If in the same study tt:mors occur at a significant frequency 

at more ttan one site, the cancer incidence is based on the 

number of animals having tumors at any one of those sito:s. 

In order to make different data sets comparable. the EPA guidelines 

call fc- the following standardized ~rocedures: 

1. To ~stablish equivalent doses betwe~n species, the e::tposures 

are normalized in terms of dose per day (m) per unit of body 

surface area. Because the surface area is .,roportional to the 

2/3 power of the body weight (W), the daily e::tposure (X) can 

be expressed as: 
m 

X = 
WZ/3 

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

m .. s = 
w 

then 

m = s x W 

and the equivalent daily exposure (X) would be 

( S X W') 

X= --------
y(l. I 3 

or 
x s x wl/ 3. 

3. The dose must also be normalized to a lifetime average expo

sure. For an carcinogenic assay in which the average dose per 

day (in mg) is m, and the length of exposure is le, !!:=.d the 

total length of the experiment isLe, then the lifetime 

average exposure (Xm) is 

le x m 

w2/3 
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4. If •.he dur:ltiLn uf the ezperim;!nt 'Le) is less than the 
natural life sor.n IL) of ~h~ test animal, the value of q1* is 
increased by a-factor of (L/Lc)3 to adjust for an age-specific 

5. If the ezposure is eJ:pressed as the dietary concentration of a 
substance (in ppm), then the dose per ~.ay (m) is 

m ppm x F x r, 

where F is the weight of the food egten per day in kg, and r 
is the absorption fraction (which is generally asstm1ed to be 
equal to 1}. The weight of the food eaten per day can be 
expressed as a fLnction of body weight 

F fW, 

where f is a species-specific, empirically derive~ 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 
a 70-kg man; 0.05 for a 0.35-kg rat; and 0.13"for a 0.03-~g 
mouse). 

Substituting (ppm x F) for m and fW for F, the daily exposure 
(dose/surface area/day or m!W213) can be expressed as 

ppm X F ppm X f X W 
pp:n x r .x wl/ 3. X ----------- = 

w2/3 WZI 3 

6. When exposure is vi.a ililialation, calculation can be considered 
for two cases: {1) the substance is a "P-ate= soluble eas ~r 
aerosol, and is absorbed proportionally to to the amount of 
air breathed in and (2) the substance is not very water solu
ble and absorption, after equilibrium is reached between the 
air and the body compartments, 11·ill be proportional to the 
metabolic rate which is proporti.)nal to rate of oxygen con
sumption; which, in turn, is a function of total body surface 
area. 

3 .4 EXTRAPOLATION FROM HIGH TO LCM DOSES 

Once experimental data have been standardized in terms of exposure 
levels, they are incorporated into a mathematical model which allows for 
calculation of e!!.cess risk levels and carcinogenic pote!l.cy at low doses 
by extrapolation fr~ high dose situat~ons. There are a ntm1ber of 
mnthematlcal models which can be used for this procedure (see Krewski et 
al. 1983 for review). The EPA has selected a "linearized multi-stage" 
extrapolation model for use in deriving water quality criteria (USEPA 
1980). This model i"s derived from a standard "general product" time-
to-response (tumor) m.:-del (Krewslti et al. 1983): · 

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

where P<t;d) is the proba~1e re$ponse for dose d and 
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I 

ti:::~e t; ;IJ1 is ti.e polyncmial fn.:J.ction defining tht: 

c!f(.:ct of dc>se levd, anJ Il(t.i the effect of time: 

a 

g(d) L aidi. 
1-=0 

b . 
H(t) l ~it 1 , 

i=l 

(with a and P 2. 0, and L ~ i = 1) . 

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

=ndel by i~corporation of the t:~e factor into each a as a mvltiptica

•••• ---··--· tt; • ...,..,.,. l,$/jii:Q)' 

a 

P(d/t} 1- e:;{-} adi}, 
i=O 

or as given in the EPA guidelines (USEPA 1980): 

P(d) = l - exr.[-(qo + G.1d + q2d2 + ••• + qkdk)], 

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 rat~ 

P(o) is given by the equation: 

P(d) -P(o) 

A( d) 

1 - :P<o) 

vhere 

A(d) := 1 - exp[-cud ... q2d2 + ••• + qk,dk)], 

Po~nt estimates of the coefficients q1 .•• qk and consequently the 

extra risk function A(d) at any given dose are calculated by using the 

statistical method of maximum likelihood. Whenever ql i5 not equal to 

0, at low doses the extra risk function A(d) has approxiLaate1y the form: 

A(d) = 'l1 x d. 

Consequently, q1 x d represents a 95 percent upper confidence limit 

on the excess risk, and R/q1 repre~ents a 95 percent lower confidence 

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 det~r

mined from the 95 percent upper confidence limits on ql. This is accom

plished by using the computer progr~m GLOBAL 79 developed by Crump and 

Watson (1979). In this procedu~e q1~. the 95 percent upper confidence 

limit, is calculated by increasing q! to a value which, when incorpora

ted into the log-likelihood function, results in a maximum value 

satisfying the equation: 

2(Lo- Ll) = 2.70554, 

where Lois the maximum value of the log-li:ltelihood function. 
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i'.'hene~er the :::ultisn.;e m'r.iel does not fit the data sufficiently. 
data at the b.i;hest dos,; Jr~ celt'ted a:::d the ::~odel is refitted to the 
Gi'!tJ.. Tc deter:nir.e whct.J.,~r ::"-' :~t i:; ;!CC~puble, ehe ch>squate sta-
t i s t i ;; i s as e d : 

h 

where Ni is the number of animals in the ith dose group, 
Xi is the number of animals i::1 the ith dos·: sroup with a 
t'Clllor response, Pi i~. the probability Clf a response in 
the ith dose group estimated by fitting the multistage 
l'lodel to the data, and h is the .nl! ... 'lber of remain5.ng groups. 
The fit is determined to be unacceptable whenever r.hi-square 
(I2) is larger than the c':lllulative 99 percent point of 
the chi-square distribution with f degree:; of freedom, where f 
equals the r:umber of dose gro-:1ps minus the number tJf 
nonzero multistage coefficients. 

4. REALTH CRITERIA £OR NONCARCINOGENIC TCXIC SUBSTANCES 

Water quality criteria that ar·e bas_ed on n'lncarcinogenic human 
health effects can be c:~rived from several sot:.rces of data. In all 
cases it is sssumed that the magnitude of a toxi: effect decreases as 
the exposure level decreases until a t.ilreshold point is re&c!ted at, and 
bel<n 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 substance i:::t ambient water which, when considered in rela
t~on to other sources of expos~e [i.e., average daily consumption of 
nonaqaatic organisms (Ul') and daily inhalation (IN)], place the Accepta
bie Dail7 Ints.ke (ADI) of the substl!nce at a level below the t011,;,ity 
threshold, thereby preventing adverse henlth eff.::cts: 

AD r - orr + n.n 
c --------------------------

[2L+ (0.0065 kg :xBCF)] 

wb.~re· 1L is the amount of water ingested per day, 0.(065 kg 
i~ the amount of fish and shellfish consumed p~:.:- dny, and 
BCF is the weighted ~verage bioconcentra.tion factor. 

In terms of scientific validity, an accurate esti.matE: of th.e AD! is 
the major factor in deriving ~ satisfactozy r~ter quality criteria. 

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

B-9 



I 

;r._· . - -

,.e"i,l$.ft;i.: · -~ -;:-rf:ri6o~·-4·-·),a>z=~ :.;; .:~¥ .. ;..--.~ _. _--.'":....: -'-'-~~~....----~ --------~--· --· ____ _::.. _____ ._ --------- ·-- --·· 

4 ,! NONC,o\RCJNCXJ.q.liC HEALTH CRITERI.-;. B.~ ED ON AND!AL TOXJCITY DATA IOR.,\L) 

For criteria derivation, toxicitv is defined as any adverse cff~cts 

whi<:h reso.lt .i.n f-anctional impainn~nt a::1d/or pathological lesions. which 

may s.ffect the perfcr::~ance of the whole organism, or which reduce an 

organism's ability to respond to an additional challenge (USEPA 1980). 

A bioassay yielding information as to the highest chronic (90 days 

or more) exposure tolerated by the test animal without adverse effects 

(Nc-Observed-Adverse-Effect-L·:vel or NOAEL) is equiv-1lent to the to:ti

city threshold and can be used directly for criteria derivation. Ir. 

addition to the NCAa, other data points which can be obtained from tox

icity testing are 

( 1) NOEL ..• No-Observed-Effect-Level, 
(2) wa = Lowest-Observed-Effect-Level, 
0) LOAEL = Lvwest-Obser•ed-Adverse-Effect-Level, 
(4) FEL -· Frank-Effect-Level. 

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

can be used for criteria derivation: 

l. A single FEL value, without information on the other rc~pon:;e 

levels, should not .be used for criteria derivation because 

there is no way of knowing b.ow far above the threshold it 

c..:curs. 

2. A single NOEL value is also unsuitable becanse there is no way 

of determining how far below t!le thrc~hold it occu,x:s. If only 

mdtiple NOELs are available, the highest value should be 

used. 

3. If a LOEL value 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 derivation, it must be 

adjusted by a factor of 1 to 10 to m~ke it approximately 

eq,uivalent to the NOAEL and thus the toxicity threshold. 

5. If for reasonably closely spaced doses only a NOEL and a LOAEL 

value of equal quality are available, the NOEL is used for 

criteria derivation. 

The most reliable estimate of the toxicity threshold would be one 

obtair.ed from a bioassay in whi•h an NOEL, NOAEL, LCAEL, and clearly 

defined FEL were observed in rc.!.ltively closely spaced doses. 

Regardless of which of the ~bove data points is used to estimate 

the toxicity threshold, a judgement must be made as to whether the 

experimental data are of satisfactc=y quality and ~uantity to allow for 

a valid extrapolation for human exposure situations. Depending on 

whether the data are considered to be adequata or inadequate, the 
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toxicity threshold is adjusted by a "safety factor" or "uncertainly fac
tor" (:-lAS 19i7). The "uncertainty factor" may range from 10 to 1000 

ac~ording to the following general guideli~es: 

1. Gncertainty factor 10. Valid experimental results from stu
dies on prolonged in3estion by man, with no indication of car
cinogenicity. 

2. Uncertainty factor 100. Data on chronic exposures in humans 
not available. Valid results of lox;.~-term feeding studies on 
experimental anim~ls, or in the absenc~ of human studies, 
valid animal studies on one or more speci~s. No indication of 
carcinogenicity. 

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

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

being halfway between 10 and 100). 

The phrase "no indication of carcil'.ogenicity" means that carcino

genicity dat~ from animal experimental studies or h·Jman epidemiology are 

not available. Data from short-term car.:inogeni'city screP.ning tests may 
be reported, but they are not used in criteria derivation or for ruling 

out the uncertainty factor approach. 

4. 2 CRITERIA BAS ED ON Th'HALAI ION EXPOS UR.:ES 

In the absence of oral toxicity data, water quality criteria for a 
substance can be derived fro!ll threshold limit values (TLYs) established 

by the American Conferenr:e of ~overnmental and Industrial Hygienists 
(Aa;m), the Occupational Safety and Health Administration (OSHA), or 
the National Institute for Occupational Safety and He~lth (NIOSH), or 
from labcratory studies evaluating the inhalation toxicity of the sub
stance in ·experimental animals. TLYs represent 8-hr time-weigh ted 
averages of concentrations in air designed to protect workers from 
various adverse ~ealth effects during a normal working career. To the 
extent that TLVs are based on sound toxicological evaluations and have 
been protective in the work situation, they provide helpful information 

for deriving water quality criteria. However, each TLV must be examined 
to decide if the data it is based on can be u~e:d for calculating a -;Jater 
q~ality criteria (using the t:.ncertainty factor approach). Also the his
tory of each TLY 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 design~d to protect are examined in tr.rms of its relevance 
to expos=e from water. It m':lst be shown that the .chemical is not a 
localized irritant and there is ::10 significant effect at the por• . of 
entry, regardless of the exposure route. 

B-11. 



The most import~nt factor in u$ing inha!ation data is in deter
mining equivalent dose/response relationships for oral e~posures. 

Estimates of equ~:~lent doses can be Jast!d up0n (1) available phar
macokinetic data for oral and inhalation routes, (2) measurements of 
absorption efficiency f=om ingested or inhaled chemicals, or (3) com
parative e~cretion d~ta when associated metabolic pathways are 
equivalent to those following oral i:::lgestion or .nhalation. The use of 
pharmacokinetic models is the preferred method for converting from 
inhalation to equivalent oral doses. 

In the absence of ;:han::acokinetic data, TLVs and absorption effi
ciency measurements can be used to calculate an AD! va!ue by means of 
the Stokinger and Woodward (1958) model: 

AD! TLV X BR X DE X d l: AA/ \AO X SF), 

where, 
BR = daily air intake (assume 10m3), 
DE duration of exposure in hours per day, 
d = s days/7 days, 
AA efficiency of absorption from air, 
AQ = e f f i c i e ncy of absorption from oral exposure, and 
sr- = safety fact or. 

For deriving an ADI from animal inhalation toxicity data, the equation is: 

where, 

ADI CA x DE x d x AA x BR x 70 kg/(BWA x Ao x SF), 

CA 
DE 
d 
AA 
BR 
70 kg 
BWA 
A() 

SF 

concentration in air (mg/m3), 
= duration of exposure (hr/day), 

number of days exposed/number of days observed, 
= efficiency of absorption from air, 

volume of air breathed (m3/day), 
standard hmnan body weight, 
body weight of experimental animals (kg), 

= efficiency of absorption from oral exposure, and 
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. 

S. ORGANOLEPTIC CRITERIA 

Organoleptic criteria define concentrations of substanc~s which 
impart undesirable taste and/or odor to water. Organoleptic crit<!ria 
are ba~ed en aesthetic qualities alone and not on toxicological data. 
and therefore have no dirr.ct relationship to potential adv~rse human 
health effects. However, sufficiently intense organoleptic effect:> may, 
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under some circumstances, result i!l. depressed fluid intake which, in 
turn, mi~t a~gravate a variety of fu~ctional diseases (i.e., kidney and 

circulatory d~seases). 

For comparison purposes, both organoleptic criteria and human 
health effects criteria can be derived for a given water pollutant; 
however, it should be explicitly stated in the criteria doctmlent that 
the organoleptic criteria have no demonstrated relationship to potential 
adverse h tm1an health effects. 
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