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SUMMARY

In order to provide the data base required to perform a

hazard evaluation relative to the occurrence of nitroglycerine

in the aquatic environment and to recommend a proposed water

quality criterion for nitroglycerine for the protection of

freshwater aquatic life , acute , subacute and chronic toxico-

logical evaluations were performed on a wide variety of fresh-

water organisms representing several trophic forms utilizing

nitroglycerine . Additionally , the bioconcentration of l4C-

nitroglycerine in fishes was investigated . I’

The results of static acute toxicity tests indicate that the

nominal acute LC5O values generally are greater than 1 mg/l nitro-

glycerine . Nitroglycerine was generally about lOX less toxic

to the four species of invertebrates than to the fishes and two

of the phytoplankton species during static acute toxicity tests.

In flow—through toxicity tests, nitroglycerine again appeared

to be about lOx less toxic to the species of invertebrates than

to fishes. Nitroglycerine was not appreciably more toxic to both

fishes and invertebrates during flow-through toxicity tests than

during static toxicity tests suggesting little cumulative toxicity

of nitroglycerine as a result of duration of exposure.

The results of the pilot bioaccuxnulation study with 14C-nitro-

glycerine ind icate an apparent lack of appreciable accumula tion

iii
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of 14C-nitroglycerine in the edible tissue of four fish species

tested . The estimated bioaccumulation factor for nitroglycerine

in fish during this test ranged from 8-l5X. A decrease (“50%)

in 14C-residues was observed in two of the fish species tested

despite continued exposure to l4C-nitroglycerine which suggests

that some type of enzyme induction may have occurred.

Based on the results of the chronic toxicity study with fathead

minnows , the critical life stage study with fathead minnows,

and the chronic studi2s with daphnids and midges, we estimate

that the application factor specific for nitrog lycerine which

describes the relationship between chronic and acute toxicity

is ‘0.037<0.073 for fathead minnow over one complete life

cycle , ~O .Ol<O .O2 and ~O .O3<0. 07 for eqqs and fry of the fathead

m i n n o w  and channel catfish , >O .2~.O.4 for daphnids , and >0.3<0.6 for

midges.

Based on a conservative analysis , we have applied the lower

limit of all estimates of the application factor specific for

nitroglycerine (0.03) to the lower limit of the observed acute

toxicity values for freshwater organisms ( 1.38 mg/l, 96-hour
LCSO for bluegill at pH 6.0). As a result of this analysis , we nropose

that a concentration of 0.01 mg/i nitroglycerine would be a

reasonable water cuality criterion providing for the protection

of freshwater aquatic life with an ample margin of safety .
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I N T R ODUCTION

N i t r o g l y c e r i n e  is know n to occur in  discharges f rom several

Ar my A m m u n i t i o n s  P l a n t s  ( AAP ’ s)  . An estimation has been made

t h a t  concen t r a t i ons  of n i t r o g l y c e r i n e  in receiving streams

a d j a cen t  to AAP ’ s would be in low pa r ts pe r b i l l i on  range , on

the order of 1-10 ug/ l  (R o s e n b l a t t  et a l . ,  1 9 7 3) .  Since a

review of the s c i e n t i f i c  l i tera ture  indicated there is no informat ion

on the toxicity of nitroglycerine to aquatic organisms (Dacre and

T~ w , 1973) a program was undertaken to investigate the acute and

chronic toxicity of nitroglycerine to aquatic organisms . The

objectives of the program were to provide the data base required to

perform a hazard evaluation relative to the occurrence of nitro-

glycerine in the aquatic environment and to recommend a proposed

water quality criteria for nitroglycerine for the protection of

freshwater aquatic life with amp le rnargir1 of safety .

The specific efforts undertaken included investigations of:

(a) the acute toxicity of nitroglycerine to a variety of aquatic

organisms under static and flowing water (flow-through) con-

- 
dii~tions; (b) the effects of variations in water quality on the

acute toxicity of nitroglycerine to fish; (c) the chronic tox-

icity of nitroglycerine to both aquatic vertebrate and inverte-

brate organisms ; and (d) the bioconcentration of nitroglycerine

by fishes.

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The studies to evaluate the acute toxicity of nitroglycerine

to phytoplankton were performed at the Marine Research Labora-

tory of E G & G, Bionomics in Pensacola, Florida . The studies

to evaluate the toxicity of nitroglycerine to all other aquatic

organisms and the bioconcentration of this chemical by fishes

were conducted at the Aquatic Toxicology Laboratory of E 0 & G ,

Bionomics in Wareham, Massachusetts.
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M a c i  o n ! I V t ’ I  I t ’l s i  . t t  e:; o x l ’ e - ;t iI t i t  t i l t  i e q I  yc t ’n i n n ’  were I he w a t e r  I lea

( D~i1’h i t i  - i i i  i q n i , n  ) , :~cnu  I ( t  , n n i t n i . i  i ins  I .nse a t  t i s)  , sowlmq (Ant’ l i i i : ;

ii I i t an t~~~) , iii;! in itiqi ’ ( C l i  i n o ni i t l i l t i s  I e nt  •inis) . ‘l’lit ’ I i . tii aqna  wer e

i i  i d  I t ~siu  ii t e I i i~ u n i . - - ‘ 1 . i lsera t  i t t  y ‘ul t nrc:;, and the sctid ,

- ,  t i ’ l t t t , i  , a m d  tu I i i ,  ~t ’ ‘ n  ‘ cit 1 1 oct cii i nn t lie Wa i cli,inn , Ma s s,ich i tnse  t t~
di t ’ .t )_~y i; I olioni i c ; ’ 

~o i : o n iii. ‘I

At  ( lit ’ l i i i I i - I l o i n  e I t • I I i i i )  , w.i I on - I t’a Wi’ i i ’ 0 — 2 4  lieu F:; o hi

4
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scud and sowbuq were in  the j u v e n i l e  staqe; and the midqe larvae

were in  t he  second or third instar staqe.

Fish utilized in acute , static bioassays were bluegill (Lepomis

macrochirus) , rainbow trout (Salmo tiairdneri) , channel catfish

(tct.~lurus punctatus) and fathead minnow (Pimephales promelas).

Unless otherwise noted , the bluegill were acquired from a

commercial fish farmer in Nebraska , and had a mean ( ± S.D.) weight
of 1 .0  ( ± 0.3 ) q and a mean ( ± S.D.) standard length of 35

u) mm. The rainbow trout were acouired from a commercial

trout producer in Massachusetts and had a mean weight and length

of Ø .~) ( ± 0.3) q and 43 (~ 4) mm , respectively. The channel

cattish were obtained from a fish farmer in ~rkansas and had

a mean weight of 1.2 ( ± 0.5) q and a mean length of 57 ( ± 11)
mm . The fathead minnow were obtained from a commercial producer

in Arkansas , and had a mean weight of 1.9 (~ 0.4) q and a mean
length of 43 ( ± 8) mm. For all tests, thirty fish representative

of t e s t  populations of each species were weighed and measured for

the calculation of means and standard deviations for each group.

Flow-through bioassays with nitroglycerine were conducted with

blue gill obtained from a commercial hatchery in Connecticut

and had a mean weight of 2.0 (~ 0.2) g and mean standards length

of 41 (~~J) mm ; fathead minnows acquired from a commercial

hatchery in Arkansas and had a mean weight and length of 1.5

5 
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( _~_ 0 . 2)  g and 44 ( - I -  4 ) mm , i-espec t Lye l y ,  channe l  cat fl sli were

aCqui l  &‘d fronin  a conuuei- ci a]. fi sh  farun e r in Missour i  and had a

meani wciq ht: and l e ngt h  of 2.1 (+ 0 .2 )  cj and 45 (+ 3) nun, re—

~pectively.

To i n n vn - ’st i q at  e t~lle I) Loconcentx:.i I- ion of “C—nitrotji.ycerine by

ii sties , hI ucq ill  , i a t lit ’~id inil inow:; , channel. cat fish and rainbow

i on L were obta m e d  1 rout Vd t~~i ous commcrc ia]. hatcheries • The

me.nn wei ght  and :;tanidard l e n ij t h s  of the fishes ut:~~1ized for

these st- ud t e~ were : blueg i ll , 2.1 ( I  0 . 3 )  g and 42 (+ 4) mm;

fathe ad in i niiows 2 • - ( +  0 .4) g and 59 ( I -  6) nun; channel catfish V

1.4 (I 0.2) g and 46 (! 4) nun ; and rainbow trout 1.2 (+ 0.3) g

and 48  (+  5)  mm .

‘i’ O i nvest j ¶J .t I c  I lie ch r on i c  tox i ci ty C) I i i i t roglycer  m u -i to fathead

iii n inows , f r y  ( < 2 4  how- :; o ld )  were received front t h e  EPA , Environ—

menial Research Laboratory in Newt on , Ohio. -

Pri or to use .ini tests , all tish t-jcre held i n  1 7 0 0 — P .  concrete

rac(’w.iy:; wh i cli we io coa ted wit - l i  an epoxy res in p a i n t  to prevent:

leaching otT mat  e r  i ,t I :; int:o the i-hi t or. Flow of well, water (tern—

PC]~ i t U F ( ’  , 20 :1 1 . 0°C for blueg i ii , ch~innc 1 cat fish , and fa thead

flniiuiiow, and I 4 - I- I ‘. O C  for the r.t.iribot~ trout ; ln,irdnu’s:; , 35 lug/P.

a:; C.’nCO 3 ; pI t  7 .1 , and i i i  :;solvcd oxyyett coucciutrat ion , >60% Of

:..ntnnr.nt .io;n) i in to t.hese racow.ny :;  was at ’ a m i n i m u m  rate of 4 1/

H 6 
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minute , which provided an adequate water turnover for holding

these species. The f ishes  were maintained in these laboratory

hatchery facilities for at least thirty days prior to use in

bioassays. During this period , cumulative mortality for each

species was <2%; no mortality was observed during the 48 hours

i mmedia te ly  pr ior  to testing , and these fishes were judged to

be in excellent condition . Fish of each species were from

the same year  class, and the standard length of the longest

fist-i was no more than twice that of the shortest fish .

Test Methods

( A )  Static ;cute Toxici ty  Tests - In order to evaluate the

relative susceptibility of a broad spectrum of aquatic organisms

to nltroglycerine , static bioassays were conducted .

During alL bioassays to investigate the acute toxicity of

nitroglycerine to aquatic organisms, two series of concentrations

were es tabl ished w i t h i n  each bioassay , a series of r a ng e— f i n di n g

concentrations (preliminary test) and a series of definitive

concentrations (definitive test). The preliminary test was

conducted to de te rmine  an approximate range of concentrations

for evaluating the dose-response relationship. The definitive

tes t , c o n s ist i n g  of at least f i ve  concentrat ions, evaluated

the dose—response r e l a t i o n s h ip to a degree allowing the median

7



effective concentration (EC5O) or the median lethal concentra-

tion (Lc50) to be calculated from the data with optimum accuracy .

Algal assays were conducted according to the method described

in “Algal Assay Procedure : Bottle Test” (U.S. EPA, l97la)~.

During algal bioassays, nitroglycerine in lactose , was added

with an acetone solvent/carrier . An equal volume of acetone

(0.1 niP.) was added to each flask , including controls. Because

the nitroglycerine was combined with lactose, and acetone was

used as a solvent/carrier , preliminary tests were conducted to

determine the effect of each chemical on the test algae. Ace—

tone was tested at a concentration of 2000 ppm, representing

the greatest amount used in any test, and lactose was tested

at 1, 10 and 100 ppm , representing a range of concentrations

which could occur in these tests.

To determine the effects of nitroglycerine on algae, measure—

nuents were made of the chlorophyll a content of exposed and con-

trol cultures of each of the four test species.. In addition,

to confirm these results, determinations of cell numbers for

cultures of t’l. aeruginosa, S. capricornutum and N. p~~.1icu1osa

and of optical density for A. flos-aquae were performed .

Chlorophyll a analyses were conducted according to the proce-

dures of Strickland and Parsons (1972) and involved filtering

8



a lga l  cultures from test medium , extracting chlorophyll by

treatment of algal cells with acetone , determining extinction

values with a spectrophotonieter and finally, calculating the

chlorophyll a concentration in the solution. Chlorophyll a

and optical density measurements (at 680 nanometers) were

made with a Bausch & Lomb Spectronic 20 spectrophotometer.

Cell counts were performed with a compound light microscope

and a hemacytometer. In each case , the measurements obtained

from triplicate exposed cultures were averaged , the results

compared with those from triplicated controls and a percentage

effect (relative to controls) was calculated .

Each test concentration was converted to its logarithms and the

corresponding percentage effect (change in chlorophyll a con-

centration , optical density or cell number) converted to a

probit. The 24- , 48- and 96-hour median effective concentra-

tions, EC5O’s (concentrations effective in changing the chloro-

phy ll a concentration , optical density or cell number of exposed

algae by 50% as compared to controls) and their 95% confidence

limits were then estimated from a linear regression equation

calculated with a programmable calculator.

Test methods used for static bioassays with macroinvertebrates

and fishes were as described in “Methods for Acute Toxicity

Tests with Fish , Macroinvertebrates , and Amphibians” (U.S. EPA,

1975).

~ 
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Results of macroinvertebrate bioassays are expressed as EC5O’s

(concentrations effective in causing immobilization of 50%

of test a n i m a l s)  and results  of f i sh  bioassays are expressed as

LC5O’s (concentrations lethal to 50% of test animals). The

EC5O and LC5O values and their 95% confidence limits were esti-

mated from a linear regression equation calculated with a pro-

grammable calculator . Data from replicates were averaged and

utilized in the regression analysis.

Macroinvertebrate bioassays were conducted in 250-ml beakers

con ta in ing  200 ml of solut ion at 20 ÷ 1.0°C. Aged well water

(hardness, 35 mg/i as CaC)3; pH , 7.1) was utilized in the per-

f ormance of these bioassays.

Dissolved oxygen values in test vessels during static bioassays

with invertebrates ranged from 8.0 to 8.2 mq/l throu&’iout the testing

period . Macroirivertebrates were introduced into test beakers

w i t h i n  30 minu tes  fol lowing addit ion of the ni t roglycerine;

15 animals of each species were tested at each concentration

(3 reolicates , 5 animals/replicate). Static fish bioassays were

conducted in 19.6 liter glass vessels containing 15 liters of test

solution held in constant temperature water baths at 20 + 1.0°C

for bluegill , channel catfish , and fathead minnow , and at 10 + 1.0°C

for rainbow trout. The standard diluent (well water) for the fish

species had a hardness of 35 mg/l as CaCO3 and pH of 7.1. Dissolved

-
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oxygen values in various test vessels during bioassays with

fishes ranged from 9.0 initially to 4.0 mg/P. at the end of

the tests. Fish were introduced into each test vessel within

30 minutes after the compound was added ; 30 animals of each

species were utilized for each concentration (3 replicates;

10 animals/replicate) .

Fathead minnows were chosen as the test species to evaluate

the relative susceptibility of life stages of fish to nitro-

glycerine because of ti-ic ability to readily procure their vari-

ous life stages in the laboratory . The susceptibility of

selected life stages (egg, 1—hour old newly—hatched fry, 7—day

old fry, 30-day old fry, and 60-day old fry) of fathead minnow

(Pim~phalcs promelas) to nitroglycerine was evaluated under

static bioassay conditions for a 144-hour period with the

eggs, and for a 96—hour period with all other life stages. The

egg, 1-hour old fry and 7-day old fry bioassays were conducted

in 250-mP. beakers containing 200 nit of solution (10 animals/

beaker , 3 replicates/concentration , 30 animals/concentration) .

The 30-day old fry and 60-day old fry bioassays were conducted

in 1-gallon glass jars containing 3 P. of solution (10 fry/jar,

3 replicates/concentration , 30 animals/concentration) . The

Lc50 values for the egg tests were calculated at 24, 48 and 144

hours. The time period of 144 hours allowed 100% hatch of eggs

in all conçrol beakers. In addition to percent mortalities ,

_______ 
- - 
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I
I
] percent ha tch of eggs was also observed . These tests were con-

ducted at 25 + 1.0°C, and the standard diluent had a pH of 7.1

and total hardness (EDTA) of 35 mg/P. as CaCO 3 .

I
Due to t h e i r  sensitivity to the chemicals , their availability ,

and t h e ir  expected presence in most of those areas where

nitroglycerine mi ght be found , bluegill were selected as the

test species to evaluate the effect of water quality on the

toxicit-~’ of nitrog lycerine . The susceptibility of bluegill to

nitroglycerine under various water  q u a l i t y  cond i t ions  was eval—

uated d u r i n g  s t a t i c  bioassays for  a 96—hour  period . The blue--

gill used in these tests were obta ined from a commercial f i s h

f a rm e r i n  N ebraska  and had a mean (+ S . D . )  wet wei ght  and

standard length of 0.9 (+ 0.2) g and 33 (4 - 5) mm , respectively.

Bioassays were conducted utilizing bluegill to determine the

24 , 48 and 96 hour ic50 values of nitroglycerine : a) at three

temperatures representing the lower end (15°C ) ,  mid-point  (2 0 °C ) ,

and uppe r end ( 2 5 °C)  of the norma l temperature range for blueg il l

u s i n g  soft w at e r  (35 mq/~ CaCO 3 ) at  neu t ra l  p11; b) in soft  w at er

(3 5  nig/~ CaCO 3 ) ,  in  hard water  ( 100 mg/P.  CaCO 3 ) and in very

hard water (250 mq/Z CaCO 3) using water of pH 7.0 at the rcc—

commended test temperature of 20°C; and c) at p11 ’s of 6.0, 7.0

and 8.0 using standard soft water at the recommended test tem-

perature of 20°C. Th~ d i lu en t  fo r  each of th ese con d i t ion s was

prepa r ’d ~icco rd  i nq to Lhe procedures recommended by ~la r k in g  and

12
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L~~ - -~;on (1973) . D isso l ved oxygen values  in various test  vessels

d u r i ng  these  bioassays ranged from 9 . 0  i n i t i a l l y  to 4 . 2  at the

end of t h e  tests .

Cen era l  a v a i l a b i l i t y  an d t h ei r  expected presence in those areas

wh ere  t lie n i tz i-og I yc~’r i no might. he found resulted in the use of

b l ueg i ll  to e v . ii uat c ’  the s t a b i l i t y  of the toxicological prop-

er t ies of d issolved nitroglycerine . The susceptibility (LC5O)

of b l ueg i 11 (Ioponiis m a c r e v h ir u s )  to n it r o g lyce r ine was eval u a ted

und er s t a t i c  b io a s s ay  condi  t ions fo r  a 9 6— h o u r  period u t i li z i n g

solutions which were “aged” for 0,12,24 ,48 and 96 hours prior to

initiatin g the toxicity tests. Fish ( b c  fish/replicate , 3 replicates/

concentration) were introduced into aged test solution at each

time period . The b l u eg i l l  used in these tests were acquired

from a commerc Lii fish f ar m e r  in Nebraska , and had a mean (÷

S.D.) Ut~1 weight of 0.8 (+ 0.2) q and a mean (+ S.D.) standard

length of 32 (+ 4) mm. The standard diluent had a pH of 7.1

and a total hardness (EDTA ) ot 35 mg/ Q as CaCO 3 .

In order to invest i q at o  the possible degradation of nitro—

~iIyccrine unde r v ar i o u s  tes t  cond i t  ions , one concentration of

n i t ro q l y c er i n o  was ma jut- a m e d  (without fish ) under each set

of water qua l i t y  cond i t ~ions.  Wa t or samples were removed from

th ese t ost  ~‘ossi’ l s a t  0 , 24 , 48 and 96 hours.

- 
- 
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(B) f~’low Through Acute  Toxic i ty  Tests - — Procedures used in

these toxic ity tests were based on protocols described in

“Methods for Acute Toxicity Tests with Fish, Macroinvertebrates,

and Amphibians” (EPA , 1975) except where stated otherwise.

The flow-through bioassays were conducted using an intermi t-

tent -flow proportional dilution apparatus (Mount and Brungs ,

1967). The apparatus provides for intermittent introduction

of seven (fish) and six (invertebrates) concentrations of the

test compound into 30-liter (fish) or 1.75 £ (invertebrates)

and diluent water to a vessel serving as a control unit. The

control vessel received solvent (acetone) at a concentration

equivalent to the greatest amount of acetone introduced to any

test vessel. During bioassays with fishes, the flow rate of

test solutions to each 30-2. aquarium was 5 £fhour throughout

the test period . During the flow-through invertebrate bio—

assays , flow rate to each 1.75-2. aquarium was 4.0 2./day. Thirty

fish were randomly assigned to each test vessel within 30 m m —

utes after the compound was added. Twenty daphnids or chirono—

mids were randomly ass igned to each replicate test chamber

within 30 minutes after the nitroglycerine was added .

Diluent water used in these tests had the same water quality

charac teristics as previously described for holding water . All

test vessels were maintained in water baths at 21 + 1.0°C and

14
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est  so m l  ions  we r e  not  a e r a ted  d u r i n g  the  test . D u r i ng  these

t e st s , t h e  d i s s o l ved  oxygen concen t r a t i on , phi  and t empera tu re

of test .  so l u t  ion s were checked at  var ious  i n t e r v a l s  dur ing  ex—

p O S U r ’ i n  t he  l i i  (JheStl , nij dcuJ~ and l owest tes t  concen t r a t i ons,

at. a mm I n ium .  1)0 and t e m p e rat u re  were measured w i t h  a YSI

d iss o l ved  o x y g e n  metei and c omb i n a t i o n  o x y g e n — t e m p e r a t u r e

probe ; p11 wa;; moo ; ;u :e ; 1  w i t h  a C o r n i n g  Di g i t a l  p1! meter  and

pro be .

}~e su l t s  of t h e  de f in i t ive t e s t s were expressed as the t ime—

dopendon  t ( 2 1 —  and ~6—hour ) LC S0 , and t i m e — i n d e p e n d e n t  ( i n c i p —

i e n t)  I C 5 O , t h e  n o m i n a l  c o n c e n t r a t i o n  of test  compound in

d i l ue n t  ‘~a te r  w h i c h  cau se( 1 50~ mortality in test populations

of f osh  and  i n v e r t e b rat e s  w i t h  no a d d i t i o n a l  s ign i f i c a n t  re—

S~~OflSO ( < l 0 ~~) d u r i n g  t h e  f i n a l  4 8  hours  of exposure . Test con—

c e nt r at  i ons and cor responding  observed percentage  mor ta l i t i e s

were conve rt ed  to 1o~~an i t hm s  and probi t s , respect ively ,  and

these v a l u e s  were u t i l iz e d  in a least squares regression anal-

y s i s .  The I C 5 0 ’ s and t h e i r  95? ; confidence in terva ls  were cal-

culated rem the  r eg re s s ion  equa t ion .

( C )  P i l o t  B i o a c c u m u l at i o n  Study of Ni t rog lycer ine  In Fishes —

In  order  t o  ;!c -~t e r n i j n ( ~ t h e  bioaccumulation potential of nitro—

g l y c e rin e  t o  va r  ow; f i s h  spec ie s  i n  w at e r , a H lot b ioaccumula t ion

study was conducted fo r  8 days .  A m o d i f i e d  i n t e rm i t t e n t —

15
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flow , dilution apparatus (Mount and Brungs , 1967) was used to

deliver a nominal concentration of 0.50 mg/b 14C-nitrog lycerine

in Bionomics ’ well water , and control water (well water) to

duplicate 30-liter glass aquaria at a rate of five liters/hour.

The 14C-nitroglycerine stock solution to be used in this study

was prepared by placing 5.0 ml of the l4C-nitroglycerine solu-

tion (10.5 mg nitroglycerine) and 7.2 ml of the unlabelled

aitrog lycerine 348.7 mug nitroglycerine) in a 100 ml volumetric

flask and bringing to volume with acetone . This yielded a

superstock concentration of 3.7 mg 14C-nitroglycerine/ml acetone

with a theoretical specific activity of 308 disintegrations per

minute/ug nitroglycerine To determine the measured specific

activity of this superstock , three 0.2 ml aliquots of superstock

were transferred to glass scintillation vials containing 15 ml 4
of counting solution (Monophase , Packard Instrument Co.) and the

vials were placed in a liquid scintillation spectrometer and the

activity counted. The mean measured specific activity of the

l4C-nitroglycerine in this superstock was determinated to be 317

+ 24 dpm/ug, 103% of the theoretical activity .

A container to promote mixing of the 14C-nitroglycerine diluter

stock and diluent water was utilized prior to delivery of the

test solution to the exposure aquarium .

_  
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On A pi 1 1 2 , I ‘)7 b , 20 each el b 1 ueq i i  1 , I at  head iii i niiows

-h . i r i ne l ea t  I i shi  ant i  t. a inbow t r o u t  wore placed in each of two

~iq u a r  i a t o  iii i t  t a t e t hi t ’ exp o s u r e  h e r  iod . F i s h  i i i  bo th  aqua r ia

i~ e 1 t’ I e~i AqWay “Strike ” dry  p e l l e t  ~ t 1 feed ad I ib i tu rn  d a i l y  and focal

n i t t  01 1 0 1 wa s  I phoneti vet y ot h o t -  day . The wat t’i t e mp e r at u re

iii o.ichi ~itlu,l i i urn Wa ;; ma i ii t a i nod at  I 8 4 1 . 0°C . n U rde i to

ma j u t  a ii; ,i ii tuso l veil oxygen conco iut  rat ion  >~ 0~ oh s.ittlrdt loll ,

t lie t e st  w. i t  or  w a ;  cent  i u t ious  I y ao t d

Wa t ei and t ;; Ii samp ii’ s we to t ak e iu  I torn t lie expe ;; ut - i’ aqua i i urn

en day s  1 , 2 , 4 and 8 .iud I tent t lie c o t it r o l  aqu a r i t im on day 8 .

On ea. -h :; unp l I i ig d a y ,  t i - i p i  i~~ i t e ¶~ .0 m Q w a t e r  imp l i ’;; we re

l ’ i P t ’t t t ’ tl c l i i e e t  l y  i n t o  s e i l it  i . 11 . i t  ion  vial s c o n t a i n i n g  .15 m Q_

I ceun I i tug  no h u t  ion  . The v 1. 11;; we no t hen  p 1 aet’tl j f l  a Model

1 12 P .uek ~ii d 1’ri ‘, irb  l i q u i d  S c i t i t  i i  1~ u t  ion ~Thect  rento t or for

t it l a i l t .i t .it ion ( I I  ‘(‘—-ii i t  t oil ty ce t  j u t ’.

1 1 n I t  o I t ’ac hi ;;1s’c i Os ~- J e t - t ’ w i  t hdrawtu on ‘ t~ll sarni-’i i ug day

and f i l l e t  i ’d . l ) i ip  I i  eat e samp li ’;; ot I lie e d i b l e  I i s su e  ( I  .i 1 let

wet  we i ql te~l . u t i c i  a i i -  t i r  led t o n  24  huo t i t ;; i n  conibust ion

COlic ’:; at  .‘ 1°~ . l:a~’hu d r i oil saunp l e w.u:; t lien coinhusted i i i  a

I’ u T ~~u i  ti ~!ed ’ I 3O~ ~.impht ’ O x i d  I ~:o r .  The r e n t i l  I 1mg “ CO 7 was

t I •ipp ( ’ Ll .1;; .1 c a t I c e u t a t  e iii a m l  x l  t u e  of ,iiboserl~ (1 11 l uy a m i  no

l iy d  I O X I tie I I I  1110 I h i , i t t o  I ) •uud ;;~~ i i i  t 1 1 l a t e r  I l i i i d (4  q 9t~ % PPO +

2:. MSfl/ I it u 1 1 iii ’ lie ) I u t  o a ;a’ j u t  i I 1 at  i en vi .1 1 . ‘rho v 1 al s

_ _ _ _ _ _  
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were t hen  p laced in  th e spectrometer and the a c t i v i t y  of each

sample was determined .

l~ecovery rate;; of th e oxidizer were determined prior to anal-

yzing each set. of saitup les by combusting and count ing tile act iv—

ity of a s t anda rd  re ference  ma te r i a l  (New England Nuclear Corp.)

and compar ing the measured value to the known theoretical value

of the s t a n d a r d . The c o u n t i n g  e f f i c i e n c y  (E) for each sample

was d e t e r m i n e d  as fo l lows . Aliquots of a 11’C—tolucne standard ,

L 

obta ined  f rom New Eng land Nuclear with an accurately known

s p ec i fj c  ac t i v i t y  were added to a series of counting vials con—

t c i i n i n t j  c o u n t i ng  s o l u t i o n  of a type and volume identical  to

those used for count  ing water or combustod tissue samples.

I n c r e a s in g  volumes of n i t r oni eth i ano , a chemical quenching agent ,

were then ~idded to individual vials in each series. The vials

were counLed with t:wo channe ls  simultaneously and the channel

ratios determined . The counting efficiency of each standard

was deternuincd as the quotient of counts per minute divided by

the disintegrat~ions per minute of the standard . From these

data , a graph  of counting efficiency versus channel  ra t io  was

constructed for  each of the two types of samples (water  and

tissue) . Counting etficiences of all test samples were deter-

mined by calculating the channel ratio and interpolating the

corresponding count ing efficiency from the graph (Bransome ,

1970). By this method , counting efficiencies for ‘“ C—nitro—
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ql ycer i uue r anged  t u -outu 78%—79% for water and from 51%—68%

for f i s h  tissue .

I
h i a c k q i o u i u d  leve l :; of r ad i a t i o n  for  waLer and fish were deter—

m i t u e d  by an a l y z i n g  control samples prior to the initiation of

the  st t idy and were  measured to b~ 28 cpm for water and fish.

A l l  •;ample;; were counted for  a min imum of 100 minutes or until

~ 
,000 c o u n t; ;  were genera ted . Using tills procedure and the

ca l c u la t ion ;; d e s nt  ihed in Standard Methods for the Examination

ot Water and Wastewa to r (APIIA , 1971) it was determined (at the

~~~~~ cont idenco love 1) t h a t  the liii n imum detectable activity

above mean back gr ound level  s (minimum net  cpnu ) was 2 2 cpm . The

l owest n et  cpm of any t i s s ue  sample measured du r ing  the study

Wa; ;  2 7 .  A m a x i m u m  6 .  6~ counting error is associated with this

value . T h is  1;; the m a x i m u m  counting error , as the percentage

count ing  error for  each sample depends on the net cpm of that

sample .111(1 v ar i e s  i n v e rse l y  w i t h  the activity . Tile minimum

d e t e c tab le  ‘C-residue concentration for edible tissue is a

range as it. depend s on the of ficie nc y  an d weight of each sample.

The euiol p o i n t s  of t h e  range are calculated by us ing  tile lowest

efficiency and l iqh t . e nt . sample we igh t  measured (maximum limit)

and the hi ghest efficiency and the heaviest sample weight (mini-

mum limit)

The c a l c u l a t i o n ; ;  used i n  d e t e r m i n i n g  the concen t rat ion  of

n i trogi ycer Inc ot -  “ C— ti’ ;; odues in  each sample were the  fo l l owing

19
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i. net counts/minute (cpm) = (sample-background) cpm

ii. counting efficiency CE) = from channel ratio method

iii. disintegrations per minute = net cpni
(dpm) in counted sample counting efficiency CE)

iv. total 1 1’C-residues = dpm in conubusted sample
calculated as nitroglycerine specified activity of the
(pg/t) (jig/mt or jig/g) nitroglycerine superstock

x sample size (dpm /~g) xg or nut)

Sample Calculation

net cpm (619)/E (0.57) = 5.6 mg/kg ~~C-residues
specific activity x sample wt. calculated as nitroglycerine

317 (0.616 g)

Each set of daily sample measurements was examined for “outliers”,

or extreme observations , according to the method of Dixon and

Massey (1957). Any values determined not to be from the same

“population ” as the other values in that set (P=0.05) were dis-

carded . A mean nitroglycerine concentration was then calculated

from the measured activity of the samples determined for each

sampling day .

CD) Critical Life Stage Studies — The effects of 30 days con-

tinuous exposure to nitroglycerine on the eggs and fry of

20 
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channe l catfish and fathead minnows were investigated using the

procedures recommended by U.S. EPA (1972) . In addition , due to

the high mortality observed during the first fathead minnow study ,

a second study was initiated with fathead minnow . This study was

run for 7 days , at which point it was terminated due to the

verification of the previous data , and reset at lower

coneent u - u t  ions in a t h i r d  s tudy . A proportional diluter (Mount

and B r u n g s , 1967)  mod i f i ed  w i t h  a McAl l i s t e r  ( 1 9 7 2 )  chemical

metering device delivered water and toxicant at a diluter

f ac to r  of 0 . 5  to the test aquaria. Chemical stock solutions

were dissolved in nanoqrade acetone and distilled water to a

volume of two liters. Stock solutions were shielded from

li ght throughou t the test. A magnetic stirring device was

placed under each stock solution and moderate stirring was

maintained in the stock solution throughout the test. For the

second and third fathead minnow studies , the stock solution

was delivered to the mixing chamber by means of a 50 ml glass

syringe with a stainless steel needle . Stock solutions were

prepared weekly. Five concentrations , a control and solvent

control flowed through separate glass delivery tubes to

duplicate test aquaria. Thus , each concentration and each

con trol was replicated and each replicate was designated as

either A replicate or B replicate . Test aquaria measured 30 x

35 x 30 cm. Each test aquarium contained two growth chambers

(13 x 30 x 27 cm) designated A and B , which had stainless steel

40 mesh screen affixed to one end allowing water to drain out

while retaininq the young fish. A constant-level drain tube
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extending 15 cm above the bottom of each test aquarium retained

a total volume of 15.75 1. Each growth chamber contained a water

volume of 5.9 1. A glass , flow-splitting chamber was calibrated

to deliver an equal volume to each of the growth chambers. The

test water was delivered to all chambers at a mean flow rate

of 8.1 tank volumes for channel catfish and 7.4 tank volumes for

the first fathead minnow exposure and 6.8 tank volumes for the second

and third fathead minnow exposures per 24 hours.

A constant temperature of 22 + 1.0°C was maintained for test

organisms by placing aquaria in water baths in which circulating

water was heated by immersion coil heaters and regulated by

mercury column thermoregulators.

Exposure of channel catfish eggs began within 48 hours after

fertilization . Eqgs were obtained from a catfish farmer in

Missouri. Fifty eggs were randomly distributed to each egg

cup. Eggs were treated each day during the first three days

of exposure with a 3 minute dip in a 30 ppm solution of

malachite green to retard fungus . Dead eggs were removed

and counted each day until hatching was completed (8-9 days

after exposure began). Subsequently, 25 f ry  were randomly

selected and transferred to the larval growth chambers. Fry

were fed brine shrimp nauplii ad libitum twice per day and

?~gwav St r i k e  Trout Starter once per day, beginning 5 days after

hatching was completed and continuing throughout the larval

exposure period .
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Exposure of fathead minnow eggs began within 24 hours after

fertilization . Eggs were obtained from brood stocks at the

Aquatic Toxicology Laboraotry of E G & G, l3ionomics in Wareham,

Massachusetts.

At l ea s t  thirty five eggs were randomly distributed to each egg cup.

Dead eggs were removed and counted each day until hatching was

completed (3-5 days after exposure began at 22°C). After

hatching was completed , 25 fry were randomly selected and trans-

ferred to the larval growth chambers. Fry were fed brine shrimp

nauplii ad libitum twice per week , beginning one day after hatching
I’

was completed and continuing throughout the exposure period .

For both species the two egg cups were oscillated in their

respective test vessels by means of an egg cup rocker arm

apparatus (Mount, 1968). Percentage hatch was based on the

number of live fry in the egg cup when hatching was completed .

After fry were transferred , growth chambers were siphoned twice

weekly to remove fecal material and excess food. With the exception

of the second fathead minnow test, total length of each group

of fry was determined at 30 days post-hatch using the photographic

method of McKim and Benoit (1971). Percentage survival at 30 days

post-hatch was also recorded at this time.

Based on acute toxicity information , nominal concentrations to be

studied during embryo-larval studies ranged from 0.07-1.25 mg/l

for cha nnel catf ish , and ranged from 0.03-3.75 during the various

fathead minnow studies.
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At the initiation of the channel catfish test , the highest con-

centration of solvent in the test chamber was 116 mg/i. Prob-

lems with nitroglycerine coming out of solution and forming

globules in the chemical stock bottle necessitated raising

the percentage solvent (acetone) in the stock solution . Beginning

on test day 13 post—hatch , the highest concentration of acetone

in a test chamber was 155 mg/i. However , the solubiiity problem

still persisted throughout the test with small globuies of

nitroglycerine forming in the stock bottles. The concentration

of acetone in the solvent control was 125 mg/i from day 1-13

post-hatch , and 155 mg/i from day 13—30 post-hatch.

Solubility problems were also encountered during the first fathead

minnow study which was performed concurrently. On day 0 of this

study , the highest concentration of solvent in a test chamber

was 116 mg/i , on day 4 this concentration was increased to 193 mg/i,

on day 14, to 290 mg/i and on day 24, to 387 mg/i (100% acetone

in stock solution) . The concentration of acetone in the solvent

cont ro l was 125 mg/ l  on day 0 and was increased p r o p o r t i o n a l ly  each time

the concentration of acetone in the stock solution was raised .

During the second and third fathead minnow embryo-larval studies ,

due to a change in the stock delivery device , the maximum concentration

of solvent was reduced to 18 and 9 ug/i, respectively.

The means of the measured biological parameters (from duplicate

aquaria) were subjected to analysis of variance according to

Steel and Torrie (1960). The data for ‘~ercentaqe survival and
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nercentaqe hatch were t ransformed to arcsin~~ ercentage prior to analysis.

When treatment effects were indicated , the means of these effects were

subjected to Dunnetts procedure for comparing treatment means wi th

contro l (Steel and Torrie , 1960) . All differences were considered
statistjcal1~ significant at a probability of P=0.05.

(E)  In v e r t e b rat e  Chron ic  Tests - To investigate the chronic

toxicity of nitrog lycerine to both midge ia~vae and daphnids , a pro-

portional dilutor (Mount and Brungs , 1967) wi th a di lut ion

factor of 0.5 and a syringe injector , delivered the test water

and test compound t o  the mixing chamber , and mixing cells.

From the m i x i n g  cells , the nitroglycerine solutions were de-

livered to each of 4 replicate aquaria through individual

glass delivery tubes. Nitroglycerine stocks were prepared in

100% acetone . Two of the 4 control replicate aquaria received

doses of acetone identical to the greatest amount of acetone

delivered to the nitroglycerine treated vessels, to detect

any possible acetone related effects. The concentration of

acetone in these aquaria was 92 mg/L.

Each experimental unit consisted of cylindrical glass battery

jars 13 cm high and 13.5 wide . A 3 x 8 cm notch was cut into

the top edge of the aquaria and covered with nytex 40 mesh

screen to provide drainage . Cylindrical cages constructed of

aluminum 16 mesh screen were affixed to the battery jars to

allow for adequate emergence areas for the C. tentans chronic

exposure .



The water dep th  w i t h i n  the aqu a r i a  was 15 cm and the volume

was 1.75 9.. Fifty m~ of the water was delivered to the in-

dividua l te ;; t. ve;;;;els every 25 mInu te s d u r i n g  the water  f l ea

exposure . Fifty unQ of the w a t e r  were delijered to the irtdi—

v idua l  t e s t  aquat -  ia every 8 minute;;  dur ing the midrje larvae

exposure . For both ~;pecie~;, the i n i t i a l  3 days of the exposures

we t -e  ma i n t a i ned under  s t a t i c  c o n d i t i o n s  to preven t  damage of

the early in;;tar o r g a n i s m s  due to turbulence .

Disso l ved oxygen and temperature were measured throughout these

exposure; ;  w i t h  a YS I d is~ olved oxygen meter equipped with a

combinu t ion oxygen— tempera Lure  probe .

Daphn i a  r~taqna ((24 hours o ld )  , procur red  f rom l abo ra to ry  stock

cu l t ui c s , we re used t-o i n i t i a t e  the chronic  exposure . Twenty

water f l e a  were r andomly  a~;stgned to each test aqual ium. Ob-

servations of surviva l and p roduc t ion  of young were made weekly

for each te;;t aqua;: iu;u . If young were present , they were

counted and d isca rded . On day 21 , twenty  young from each

~i q uar i u n  were  r et a i n e d  for  the i n i t i a t i o n  of the second genera-

tion e x pos u r e .

Chi rononu; ’~ t en t  an;;  ( < 4 8  hours  01(1), procured from laboratory

cul turc~; were u;~ed t o  i n  it. i a te  t h i s  chron ic  exposure.  At  least

fifty organisms were placed in each test vessel. Prior to

26
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t h e  introduction of the test orgunisms , the aquaria were sup-

plied with a s u b s t r a t e  cons i s ting  of homogenized paper towel ,

in  w a t e r , approximately 1 cm deep,  and one hundred 2 and 3 mm

diameter  sect ions  of g l a s s  tubing, 2 to 3 cm long . Early

instar mid yc larvae util ~ze t.hc paper towel substrate for

c o n s t r u c t  ion of d we l l i n g  tubes , while late instar larvae , gen-

erally u t i l i z e  t he  g lass  t u b i n g ,  where the i r  numbers can be

v i s i b ly qu an t i tat e d .

D e t e r m i n a t  ion of the  survival of larvae was made after the

control animals had ent cued their 4 th  instar stage . Beginning

w i t h  the onset of emer~;c n ee , dail y records were kept of emer—

~;ence , adul  t s u r viv a l , pupae s u r v i v a l , and egg production .

‘fho data core cotup i led t ip  to the day at which adult mortality

of the control animals was greater than emergence of these

c o n t r o ls .  At  t h is  po in t  the aquaria were cleaned , new sub—

;
~trate Wa;; supplied , and the second generation was initiated

with lat vae orig inating from egg masses taken from the same

treatment lev el  into w h i c h  they wore placed .

The food supplied in these bioassays consisted of homogenized

Aqway “Strike ’ and cerophyll (20:1 ratio). The combination

was blend~~1 i n  w a t e r  and was filtered through a stainless steel

102 mesh rercen for ren;oval of large particles prior to use.

A 0.. m~ aliquot of t h e  supernatant of the food solution (35

27
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mq:ml) wa s  p ipet ted  i n t o  each a~iuar iu t ; ;  of the  wa te r  f l e a  test

t h r e e  t imes d a i ly .  A l i c iu o t s  r ang i ng f r o m  0 . 2  to 0 . 4  ml of

t h i s  solut ion , depending upon the o rg a n i c  e n r i c h m e n t  of the

wa te r , were  n i p et t ed  i n t o  each a q u a r i u m  d u r i ng  the m idge larv ae

c h r o n i c  ex p o su r e  th ree  t inies d a l i  v

~t eans  of t h e  measu red  b i o l og i c a l  n a r a met e r s  f rom d up li c a t e

a qu a r ia  were s u b je c t e d  to a n a ly s i s  of v a r i a n c e  ( comp le t e ly

r andom i~~ed b lock d e s i q n , P = 0 . 0 5 ) .  The da ta  fo r  pe rcen taqe

su ry ; v aj .  and Percentage hatch were transformed to arcsin

rcentaqe t’rjor to analysis. When trea tment effects were

i n d i c a t e d  these means were sub jected to Dunne tt ’ s procedure

t St e e l  and T o r r i e , 1~) 6 0 )  . When a trea tmen t mean was siqn i f i c a n t l~
d i f f e r e n t  (P=O .~~5) from t h e  pooled c o n t r ol  mean , t h a t  t r e a t m e n t  level

wa s  cons idered  a toxic effect level.

( F )  Fathead M i n n o w  C h ron i c  S t u d y  - To i n v e s t i g a t e  the chronic

t o x i c i ty  ot n i t r og lyc e r i n e  to f a t h e a d  minnows we closely followed

the  recommended b ioassay  procedures  fo r  f a t h e a d  minnow c h r o n i c  tests

issued by the  E n v i r o n m e n t a l  Research Labora tory , D u l u t h , Minneso ta

( U . S . EP A , 1 97 l b) .

..\ p r o p o r t i o n a l  dilu ter (Mount and Brungs , 1967)  w i t h  a d i l u t i o n

f a c to r  of 0.5 was used to deliver f i v e  c o n c e n t r a t i o n s  of n i t ro -

g l y c e r i n e  and two con t ro l s  to dup l ica t e  test acu a r i a .  One control

L 
r e ce i v e d  on l y  the d i l u e n t  wate r  ( n e g a t i v e  c o n t r o l)  and a

second control received a volume of acetone (positive or

28
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s o l v e n t  c o n t r o l)  equal  to that  which  was added to the aq uar ia

c o n t a i n i ng the h i g h e s t  concen t ra t ion  of n i t r o g l y c e r i n e  and

ace tone  to w h i c h  f i s h  were exposed.  A stock s o l u t i o n  of ni t ro-

glyc erine , dissolv ed in acetone was delivered to the mixing

c o n t a i n e r  f r o m  a 50 ml gl a s s  syringe with a stainless steel

n e e d l e .  The amoun t  of acetone added to the h i g h e s t  concent ra t ion

of nitroglycerine and to the solvent control was 5.4 mg/l. This

i s  les s  than  0 . 0 0 1  of the 7-day LC5O of acetone to fa thead  minnow s

as reported by Cardwel l  ( 1 9 7 5 )  . A flow splitting chamber (Benoit

~;n ~1 Puqlisi , 1973) was used to promote mixing of the nitroglycerine

and diluent water prior to deliverinq test water to the aquaria

through glass tubing . Each glass aquarium ( 9 0  x 30 x 30 cm) was

s u b d i v i d e d  by a s t a i n l e s s  steel 40 mesh screen to provide space

f o r  two f r y  chambers ( 3 0  x 12 x 35 cm) and a spawning  chamber.

Each aq u a r i u m  was dupl ica ted , r e su l t i ng  in two aquaria , four  f ry

chambers and two spawning chambers for each test concentration.

The water level in each aquarium was maintained at 15 cm by a

stand pi pe . The f low ra te to the dupl icate  spawning and quad-

r u p l i c a t e  f r y  chambers  was seven times thei r  volur~e per 24

h o u r s .

Five spawning tiles made from halved , 7.5 cm—wide sections of

10 cm d i a m e t e r  cement-asbes tos  drain tile were placed in each

spawning chamber with the concave surface downward. Egg groups

were incubated in “egg cups ” made from 5 cm diameter glass jars

with Nytex 40 mesh screen bottoms . The egg cups were oscillated

in the test water by means of a rocker—arm apparatus driven by
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a 2 — r p m  motor ( M o u n t , 1968)

A c o n s t a n t  t e m p e r a t u r e  of 25 + 1.0°c was m a i n t a i n e d  in  the

aquaria by p l acing thorn in water baths within which circulatinq

water was heated by immer s ion coi ls  and regu l a t ed by a mercury

column thermorequlator .

The pho tope r iod  fo l lowed  the normal  d a y l i g h t  hours  of Evans-

vill e , Indiana (U.S. EPA , 1971b ) and was ad jus t ed  on the  f i r st

a nd f i f t e e n t h  day of each month b e q i n n i nq w i t h  the Evansv i l l e

daylenqth of December 1st on the f i r s t  day of the test as

sugges ted  in  the p ro toco l .  I l l u m i n a t i o n  was r rovided by a

c o m b i n a t i o n  of Durotes t  (Opt ima  F . S . )  and wide spect rum qrow

1 (Ix f l u o r e s c e n t  l i g h t s  located centrally , 64 cm above the

s u r f a c e  of the water  in the a q u a r i a .  The e n t i r e  exp e r imen ta l

u n i t  was screened w i t h  black , p o l y e t hy l e n e  c u r t a i n s  to prevent

disturbance of the fish and to m i n i m i z e  the e f f e c t  of ambient

laboratory lighting on the intended photoperiod .

Temperature and dissolved oxygen concentrations w2rc measured

daily, using a YSI dissolved oxygen meter with a combination

electrode polarographic probe , in test aquaria on a rotatinq

basis so that all aquaria were checked at least once each

week. Total hardness , alkalinity, p11 and acidity were measured

in e tch concentration durinq the test , according to methods

described in AP HA (1971). Water samples were removed weekly

f r o m  each a q u a r i u m  d u r i n g  the first four weeks and every other

week for the rema i nder of the test to monitor nitroglycerine
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concentrations .

~hie t )roblems in ava i lab i 1 it ’ 0 t e~ q s , t he  c h r o n i c  exposure  of

a t head in i nnows t n i t trog 1 ‘.ce i  inc beq an on ~uq us t 5 , 1975 w i t h  t ry

a I p’~1 ow the Pnv i r on r n e nt a  1 Research  L a b o r a t o ry ,  Newton , Ohio (EPA )

t~~~- ( ‘  24 ho ;ir s  ) were  p laced  i n  each ~r’~ chamber and were fed

r I tie stir iw~ ( A r t  enh i a s a l i  n i a  ) niuwl i i ad l ih i t u r n  t h ree  t imes da i l y f o r

be i t  ~; t  33  ~l i\ . During the next 30 d ay s , f r y  were fed f r o z e n  b r i n e

sh r i m p  t h r ee  times d a i l y . At  30 and 60 days , percentage

survival and mean total lengths were determined using a photo-

graphic method (McKim and Benoit , 1971) . At 60 days post—

hatch , fish from the two fry chambers in each duplicate aquarium

were combined and 15 fish were impartially selected and placed

in  the respec t ive  spawn ing  chambers .  The remain ing  f i s h  were

wet weighed in groups and frozen for possible tissue analysis

of nitroglycerine . While in the spawning chambers , f i s h  were

fed frozen brine shrimp twice daily supplemented by Daphnia

ma t i nt Aqwav h t r i k e ’ u n t i l  the s tudy  was  completed .

A l l  t a n k s  i~~re siphoned weekly to remove fecal  mate r ia l  and

o t h e r particulates. Tanks were brushed every other month when

algal growth  was excessive .

‘ .4,,

l iv t e s t  day 174 , most f i s h  had well developed secondary sexual

characteristics and the sex ratio in each aquarium was reduced

by s e l e c t i ng  three males and six females for continued exposure

and discardin g the remaining fish. Research at this laboratory

has show n t h a t  a reduct ion of the tota l numbe r of f i sh a nd of
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he t-a t to ot  ma los to t ema 1 os i n  t he  sp. iwni nq chamber can result

iii  an i tic i c  asee’! nutth e’ r o t spawns and nufltbt ’ r of v i a b l e  egqs

When spawn i ng beg an (day 1 8 ~ ) , eggs we re  rettiove ’d t rem t he’

t t t i de ’ i ’ ;; i e te ~ o sp~t wr i  i ng t i I os a I tot I : 00 p . ,u . each day and count eu

1’ i I t e ggs  t’ rorn the I I rs t t e n  spawns in each aqua i - i urn were p laced

u i  t in’! l v i  dua 1 egg cues sust’ende’d in t he’ coit -ospotidi nq test

watt ’ r . i ro eu 1’s o t con t tel eggs were t tans I or red to nit rog 1 vcer i no

t t e.i I e~1 aqua r i a in w h i ch littl e or no spawni  ~q had occurred.

Pt ’  rce ’nt age bat cli was cal cu 1 at  Oul f o r  each group o I eggs incubated

and t h e  ittoan nu inbe r o t spawns per t enia le , e t l u ’  S per spawn and

eq ~js ~~t ’ t~ t erna 10 WO Fe’ tie term i nod f o r  each dup lica te spawning chamber

l’wen t v I i-y I rem t he I’ i t s t  two incubated spawns I ii each auluari urn

w er e  p1 •iced i i i  the correspond i ug t r y  chambers and fed hr i tie’

slit’ i ttip uiaup I t  ; ad I I t )  i t  iitt i t h re e  t irnes eLi i lv  tor 10 ulays

Ce -in t i e  I t i v  We’ Fe’ t ran s  to ri-ed I o t i- ea t  mont  l ev e ls  where’ no

S ‘awn i ug or poor h at c h  i nq bad occur red . Aft ii’ i- 30 days exposure

pe rct ’tl t age ’ s u r v  i va I and t o t a I long t ii ot fry were de te rmined

phot  eq raph i cal ly ~it i ~i each f r y  group  was weighed to dot ermine

~iv i ’ I ’ . t qe ’  wet weight of s u r v i v i ng  f i s h .

The’ t c ’s ~~as t o  FIB n a t  ‘d on day 2 t~ , a fte r spawn i ne~ had V r t ua Il y
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Wet WO u gli t , sex a tid gonad u ’e) I id  t t ion we’ re’ elt’ to m i  noel I or each
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u s i n g  the following operating conditions :

.63Instrument: Tracor Model MT-550 with Ni electron capture
de tec to r .

Column : 6’ x 4 mm glass column containing 5% DC—200 on
silanized 80/100 mesh Supelcoport packing .

Carrier gas: Column , 6~ cc N2/minute at 14 psi back—pressuredetector , 30 cc N 2 /minu t e  purge.

Temperatures:  I n l e t :  200 °C O u t l e t :  210°C

Column : 125°C Detector : 300°c

Reco rder :  Corning  Model 841 , 0—1 my full scale , 0.5/minute
cha r t  speed .

Response : 12 nq of nitroglycerine eluted in 4.2 minutes and
gave half-scale recorder respo?se at an electro-
meter attenuation of 1.6 c 10 amperes.

Seven quality control samples containing 1.0 and 10 mq nitro—

ql yc e r i n e  per l i t e r  were analyzed with 77 + 7 . 5  and 8 3  + 6.7

percent  recovery , re spectively .



RESULTS

(A) Static ~cute Toxicity Tests 
- Nitroclvcerine was generally

abou t It) ‘. less toi ic to the invertebrates than to the fishes

and two of the phytoplankton species (M. aeruginosa and A. flos-

aguae) during static acute toxicity tests. The acute toxicity

of nitroglycerine to all of the invertebrates tested was re-

markably similar; the 48-hour EC5O values ranged from 46-55

mg/i. The acute toxicity to fishes was remarkably similar;

the 96-hour LC5O values ranged from 2.5-3.2 mg/i. The acute

toxicity (96-hour EC5O) of nitroglycerine to the phytopiankton

species varied over the range of 0.4 mg/i to >10 mg/i depending

upon the species tested .

During the phytoplarikton bioassays , since any lactose not

removed during the dissolution of nitroglycerine in acetone could

be a nutrient source for algae , both solvent control and lactose

controls were conducted. Test cultures treated with acetone

exhibited no d i ff e r e n c e s  either in nunher of cells/nil

or chlorophyll a concentrations compared with untreated controls.

Exposure to 100 mg/i lactose (equivalent to 10 mg/i nitroglycerine

in lactose) had no e f fe c t  on either the number c-if

cells/mi or chlorophyll a of M. aeruginosa, Pt. flos-aquae or N.

pelliculosa. Exposure to 10 mg/i lactose did result in a 24%

inc rease  in  the number of S. capricornutum cells/mi compared to

untreated controls , and data are corrected for this effect. The
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EC5O values for nitroglycerine based on any of the parameters

ranged from 0.4 mg/i to >10 mg/i (Table 1). Nitroglycerine

depressed the growth of all algae tested except A. flos-aguae

as measured by number of cells or optical density (Table 2)

or chlorophyl l  a concentrat ions (Table 3 ) .  The chlorophvte,

S. capr icornutum was the most sensitive alga tested (96—hour

EC5O , 0.4 mg/ i ;  based on decrease in number of cells/mi)

while the blue green algae were least susceptible to nitro-

glycerine , with A. flos-aquae being completely unaffected by

exposure to 10 mg/i nitroglycerine .

The estimated LC5O values for all fish species and EC50 values

for  a l l  inver tebrate  species are summarized (Table 4) . No

mortality was observed among the fish and invertebrate species

exposed to the lactose or acetone controls.

The acute toxicity of nitroglycerine to various life stages

of the fathead minnow varied only slightly (Table 5). The

eggs at the time of hatching appeared to be the most sensitive

life stafe to nitroglycerine exhibiting a 144-hour LC5O of 1.2

mg/l. Conversely , the 1-hour old fry appeared more tolerant

than the older life stages tested .

The acute toxicity of nitroglycerine to bluegill was essentially

unaffected by variations in water quality (Table 6) . The

toxicity appeared to be slightly less at the lowest temperatures

tested . Macek et a].. (1969) observed similar phenomenon with
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the toxicity of many pesticides chemicals to bluegill and

trout.

The e f f e c t  of ag ing n i t r o g l y c e r i n e  solut ions fo r  periods

rang ing from 24 to 96 hours had no effect on the toxicity of

nitroglycerine to bluegill (Table 7) . In fact , the essentially

i den t i ca l  96—hour  LC5O values and confidence intervals derived

from four of the five sets of solutions tested clearly indicate

that nitroglycerine in water is stable for the duration of the

standard bioassay period (96-hours). This conclusion is

further supported by the results of the gas chromatographic

analysis of water samoles taken at various time intervals

during static bioassays (Table 8) . Although , as described in

the following section , the absolute accuracy of these data is

suspect , the relative stability of the compound in water is

clea rly evident .

(B) Chemical Analysis of Nitroglycerine in water - Water

samples from the various acute toxicity tests were analyzed

according to the methods previously described . Instrument

response to successive identical injections of nitroglycerine

standards (8 ng) was extremely variable (+ 50%). Williams and

Murray (1966) have suggested that column conditioning (i.e.,

hourly injections of a large weight of nitroglycerine) is

necessary to keep the (IC column saturated and achieve repro-

ducible results . We completed the analysis of the above samples

(Table 8) and are confident of the relative accuracy of the

L _ _  _ _ _ _ _ _ _
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measured concent r a t ion s bu t q uest ion the absolu te accur acy

of thi s method .

Subsequent  e f f o r t s  have been made to u t i l i z e  method s reported

by Reseel and Bogaert (1972)  for the gas chromatographic

an a l y s i s  of n i t rog lyce r ine. That methodology has s imi l a r ly

been found to be inadequate and unre l iab le .  Most recently ,

Cha ndler et al .  ( 1974)  have stated “Although r,c techniques

ha ve appa re n t l y  been successf u lly used for  the determinat ions

of nitroglycerine at hi gh concentrations , the potential for

its decomposition during the course of analysis make the

method somewhat questionable for the determinations of trace

qu a n t i t i e s . ” These authors recommended a liquid chromato-

graphic method as an altern~ te approach .

According to the available literature , the concentrations of

nitroglycerine tested in this research effort (i.e., 1—10 mg/i)

are several orders of magnitude below the reported water solubility

of nitroglycerine (1800 mg/l). In addition , we have documented

the stability of nitroglycerine in water under a variety of water

quality conditions for + 48 hours. The remaining research

efforts were conducted in flow-through systems where the toxicant

is effectively introduced on a continuous basis , and radiometric

a n a l y s i s  of water samples from the bioconcentration study (cf.

part 0 of this section) indicated that little variance between

measured and nominal concentrations occurs . Furthermore , results

of analyses of water samples from the third embryo-larval stud

y8



Q

25

~~~~~~~~~~~~

w i t h  f a t h ead minn ows , which were performed by the U . S .  Army ,

conf i rmed that mean measured concentrations were essentially

identical to nominal concentrations. We have, therefore ,

concluded that the use of nominal concentrations of nitroglycerine

as a measure of actual concentrations to which aquatic organisms

were exposed is reasonable and accurate.

( C )  Flow-through Acute Toxicity Tests - Dissolved oxygen con-

centrations during flow-through acute toxicity tests with both

fishes and aquatic invertebrates were >60% saturation . Nitro-

glycerine was only slightly more toxic (incipient LC5O) to both

fishes and invertebrates during flow-through toxicity tests

than during static tests (Table 9). Since nitroglycerine has

been shown to be relatively stable during static tests, this

observation suggests there is little cumulative toxicity of

nitrog lycerine as a result of duration of exposure , at least

in the short term . The fishes (bluegill , fathead minnow and

channel catfish) again were approximately lox more susceptible
to nitroglycerine than the invertebrates (midge and water flea).

Bluegill and channel catfish were the most sensitive species

tested with incipient LC5O values of 0.55 an 0.50 mg/l, respectively .

(0) Pilot Bioaccumulatjon Study of Nitrog lycerine in Fishes —

During the eight-day continuous exposure of bluegill , catfish ,

minnows, and trout to a nominal concentration of 0.50 mg/l 14C-

nitroglycerine , no mortalities among any of the species was

observed , a l l  f ishes appeared norma l , fed readily and were

considered to be in good physical condition . The mean measured
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conce n t r a t i o n  of 14 C - n i t r o gly c e r i n e  in  the water  d u r i n g  the

e i g h t - d a y  expos ure period was 0 . 4 2  + 0.10  mq/ l , eq u i v a l e n t  to 85 ±

20 % of the nomina l  concent ra t ion  ( Table 10) . Consider i ng the f a c t

t h a t  the re  was a r e l a t i v e ly la rge  b iomass in the expe r ime n t a l  u n i t

wh ich  was b i o a c c um u l at in q  t h e  l 4 C — n i t r oq l v c er i n e  to some e x t e n t .

the slight variance from nominal is expected .

The concentrations of 14C-residues in the edible portion of fishes

increased in all four species during the first 4 days of exposure

at which time all four species contained 3-6 mg/kg l4C-residues

calculated as nitrog lycerine (Table 10). Thereafter , no appreciable

increase in 14C-residues was observed in bluegill and trout despite

an additional 4-day exposure . Furthermore , the 14C-residue

concentration present in the edible portion of fathead minnow

and channel catfish after 4 days exposure decreased approximately

50% during an additional 4 days of continuous exposure .

Based on a mean measured l4C—nitroglycerine concentration of 0.42

mg/i , during the 8-day exposure , and the mean measured 14C-residue

concentration in bluegill (6.2 mg/kg) and trout (3.2 mg/kg) at the

end of the 8-day exposure , we estimate the equilibrium bioaccumulat- ~n

factor  for n i t roglycer ine  and the two fish to be ca l5x and 8X ,

respectively . Based on a mean measured concentration of l4C-nitro—

glycerine of 0.42 mg/l, and the maximum mean l4C-residue concentration

in the edible portion of catfish (3.0 mg/kg) and fathead minnow

( 3 . 2  mg / k g ) ,  we es t imate  a maximum b i o a c c u m u la t  ion  f a c t o r  f o r

nitrotilycerine and these two fishes to be ca 8X.
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~ased on these da ta  it is apparent that freshwater fishes do

not b loaccLthtulJ to U it rog lv ce r  i no f r om  water more than 8—1 5X

These es t imated  h i  s i ccumu I it ion f a c t o r s  f or  nit req lvceri no

are relatively low when compared to most other  chemicals  simi-

larl y studied . A summary of the results of over fifty bio—

concentration tests with bluecT i l l  was reported by Macek et al.

( 1 ) 7 5 ) .  These authors suggested that of the fifty chemicals

studied , o n ly  1 out of 5 exhibit bioaccumulat ion  f ac t o r s  on

the  order ct lox or less; while many exh ib i t  bioaccumulat ion

f a c t o r s  “b OX. It is also interesting to note tha t  the dec rease

in l4C-residues observed in catfish and minnows , despite con-

ti nued exposure , suq ciests some type of enzyme induction process

may occu r .  S i m i l a r  phenomena have been previously reported

(Mace k  et al .  , 197 5 )  . 4

( E )  T o xj c it ~~~TO C r i t i c ~~1 L i f e  Stages studies - During  the

c r i t i c a l  l i f e  s t age  s tudies w i t h  both fa thead  minnows and

channel catfish the water hardness ranged from 26-34 mg/l

C aCO~~, d issolved oxygen ranged from 60-95% saturation . The

percent ha tch  of channel catfish eggs was unaffected by exposure

to concentrations of nitroglycerine as high as 1.25 mg/i (Table

i i ) .  After 11 days exposure of fry , and during the remainder

ot  the exposure period , we observed that catfish fry exposed

t o  l.2~ and 0.62 mg/I nitroglycerine were lethargic and

tended to remain stationary on the bottom of the test chamber.

When these f i s h  a t temp ted to swim , they lost equilibrium and moved

e t r i t  ically about ti-to test chamber. Exposure for 30 days to

1.2 5 , 0.b2 , and 0.31 mg ‘1 nitroglycerin si gnificantly reduced
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sur v iva l  of c a t f ish f ry when compared to e i t he r  the control  or so lvent

c on t r o l  ( T a b le  i i ) ,  a l t h o u qh  no m o r t a l i ty  was observed d u r i ng  the f i r s t

L I  J t ’ s  of  exoosur e . Exnosure  for  30 days to 1. 25 ari d 0 . 6 2  mg/i  r i i t r o —

g l y cer i n e  s i g n i f i c a n t l y  reduced total length of surv iv ing

channel catfish fry when compared to controls (Table 11). No

significant effects of exposure of catfish fry to 0.15 mg/l

nitroglycerine were observed .

During the first study, continuous exposure of fathead minnow

eggs to 1.87 and 0.94 mg/l nitroglycerine significantly reduced

the percent hatch when compared to either the control or solvent control

(Table 12) . Exposure of f a thead  m innow fry to these two concentrations

also resulted in com’ lete mortality of the fry within 7 days , and exposure

to 0.47 and 0.23 mg/i resulted in complete mortality of fry in

14 days. Percentage survival of fry exposed to 0.12 mg/l nitro-

glycerine for 30 days was significantly less than controls. Total

length of surviving fathead minnow fry was unaffected by exposure

to nitroglycerine .

In an effort to verify the results of the first fathead minnow

study, a second study was initiated . Percentage hatch was

significantly reduced by exposure to 3.75 mg/l when compared

to the controls , while percentage survival at 7 days post hatch

was significantly reduced at all treatment levels (Table 13).

The test was terminated at this time.

1 
_______ 

4 2
______ - 

____

- ~~~~~~~~~~~~~~ -—~~ -



i n the tes t  wa ter by mea ns of a rocker-arm apparatus driven by
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A third study was then initiated with concentrations ranging from

0.47 to 0.03 mg/i. Hatchability of eggs was not adversely effected

by exposure  to c o n c e n t r a t i o n s  of n i t r o g l y c e r i n e  as hi gh as 0 . 4 7

mg/i (Table  14) . Due to a system malfunction on day 26 post ha tch

in the solvent control, precentage survival was significantly reduced .

There fo re , these da ta  were  not used in the statistical analyses.

S u r v i v a l  of fa thead  minnows at t h i r t y  days post hatch was

s i on i f i c a n t l y  reduced by exposure to 0 . 4 7 , 0 . 2 3 , 0.12 , and 0 .06  mg/i .

Mean to ta l  length  of f r y  exposed to 0 . 2 3  mg/i was sign i f i can t ly  less

than  the mean length  of control f r y  while  the mean total length

of those f r y  exposed to 0.47 mg/l appeared uneffected . Due

to the hi gh mort a l i t y  in these two treatments, these mean len gths

may be considered suspect .

(F) Chronic Toxicity to Invertebrates — No emp irical

d i f fe r e n c e s  bet .y e n  c o n t r o l s  and solvent  cont ro ls

for any of the paramete rs measured were observed for either

daphnids  or midge .

Continuous exposure of Daphnia magna to 25 mg/l nitroglycerine

for 7 days significantly reduced survival when compared to

controls (Table 15), and this reduction in survival was directly

related to duration of exposure . Survival of daphnids exposed

to 25 mg/i nitroglycerine for 21 days was reduced to only 4% ,

while control survival after 21 days was 78%. In addition ,

continuous exposure to 25 mg/i nitroglycerine for 21 days corn-

pletely inhibited reproduction of daphnids. Exposure to 12.5
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ri g I nt t rog 1 y c er  i U t ’  t h r o ugh  day 14 s i q u i t  icant ly  reduced t he

n u m b e rs  o t von rig produced when compa red to controls (Table 16)

No s i q t i  ii i can t  o f t  o ct  of exposure to 6 . 2  mg/i nitroglycerine

were ol)served d u r i n g  t h e  f i r s t  ge n e ra t i o n  exposure of daphnids

A s observed d un  ng t he f i r s t  qent’rat ion , no s ign  f i c a n t  e f f e c t s

)n survival were  observed i.nonq daphn  i ds exposed to concentrations

o t ri  i t t  v t  I veer  i no as h i gh  as 12 . 5 mci/ i  (Tab le  15) . Al though

he re  ~l~)pears  t v  be reduced s u r v i v a l  among second g e n e r a t i o n

( 1 t l)hfl ici s exposed to 1 2 .5 m g/ i  nitroglycerine v a r i ab i l i t y

b e tween  t - epl icates precludes ascribing statist ical  s i gn  f icance

to t h i s  ob s e r v a t i o n . As was observed d u r i n g  the  f i r s t  g e n e r a t i o n,

product i on ot young by I). magna exposed to 12 . S mg/i n i troq lyceri ne

was s i g n i f i c a n t l y reduced when compared to con trol s. No siqn i f i c a n t

oft oct s of exposure  of 1) . niagna to 6 . 2 mg/i over two generations

were observed . Product ion of young !) . ma~~~~ exposed for 35 days

to  I .5 mq/l ni t roglycerine was significantly lower than the

controls. We do not believ e this to be a nitroglycerine related

o f t  ( c t  S 1  1100 p r o d uct  i 011 of young by D . maqna exposed to 3.1 and

6 . 2  m g / I  was comparable to t h e  c o n t r ol s .

E x l v s t l r ~t t o  15.0 and 1 2 . 5 mg/ i  n i t  r og lyce r  i n c  for 10 da ys -4:

s j ( l t i t t  j o i n t  lv red uced s u r v i v a l  of nu d ge larvae (Table 17). Further-

more , emergence  ot i d i t  1 t midqes  was s igni f i.can t. ly reduced by

exposure to 2 5 .0 and 12 . 5 mg/b nitroglycerine. F i n a l  lv , no egg

mass~~s were  p r o d i i c i ’d by adu 1 t s  w h i c h  emerged f r o m  mi  dqe p o p u l a t i o n s

ex posed t o  25.() or 12 .~ mg/ i  n i t r og l y c e r i n e . A l t h o ugh  s u r v i va l

was t g ri if i c a n t  ly lower i t  t h e  exposure  concent  r i  t ion of 1 . 5 mq I
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~‘x I 0 s u l  0 t o  6 .  . and  . I eq 1 of i i i  t t o g  I v c e l  i t i e  d id no t  ~i~~’ ’ t ’ i 1

to advet so lv i t t o o t  su t ~ I v i i  ~t i id ell let’ gt ’tlct ’ of  n i i d j t ’s . The absence

ol  i i i ’ ’  t ox i c a n t  t el  a t  Oct t t- encls at t h ost exp o s u re  love is s ug ge s t  s

tha t t h i s  r ec luc t t Ol l  ~l1 s i i t v i v a l  i s  no t n i t r o g l y c er i n e  related .

t 1100 110 O i l  m i s s e s  wor e  t ’t ochice ’ct by t lie I I r o t  qeiierat ion tnidqes , no

ohoet \ i t  jon ot t lit ’ of  f e e t  s of eX }’o~;t i 1 o  o ’ second qeiit’F,it 1011 fli i dcte ~

I 0 2 . 0 ot I .‘ . ~ nig / I i i i  t tog I veer i no was possib le . i~u rv i v i  1 ot

I i t  v . i  e • x sod t o . 2 a iid 1 . I eq 1 w.i s ~; i q in I i ca l i t  I v red need . As

w a s  ohs, i ved c l i i i  1 1 5 1  t l i t ’ I t~st leliei i t t oil t ’X P O S U I e , r ;t i p a e  and a d u l t

stir V i ~‘a I , e l ne rq , l ic, ’ o f  second q ’tit ’r at  i oil  in i dqes , and p r o d u c t  i o n

~~~ ( ‘‘51 i1l~155t ’5 i s i s  at t oct  t ’ci by cent i l i t io t i s  t ’X p O s d i t e  t o  1 . ~ tint 1
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hatcliabii ity of control eggs incubated in 1.75 and 0.87 mg/i

c i t  nitroglycerine was virtually 0%.

Su r v i v a l a f t e r  30 days exposure of control  f r y  t r ans fe r r ed

to 1. 75 , 0.87, and 0.43 mg/i nitroglycerine was similar to

survival of fry reared in contro l and solvent control treat-

ments . h owever , total length and wet weight of fry transferred

to these same concentrations was iower than tha t of controls.

Surviva l of f r y  from eggs spawned by fish exposed to 0.22 mg/i

of nitrog l ycerine and reared for 30 days was reduced when compared

with controls and second generation fry exposed to 0.11 m q/ l .

l’o t J l l  le ngt h  and wet weigh t  of f r y  exposed to 0 . 2 2  mg/ l was

s t q n i t c~in t ly  reduced when compared w i t h  controls and second

generation fry exposed to 0.11 mcI/i.
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DISCUSSION AND CRITERIA FORMULATION

The data f rom all of the critical l i fe  stage studies with fathead

minnow appear to be at variance with the data concerning the

exposure of the crit ical l i f e  stages during the f i r s t  generation

of the fathead minnow chronic study , but appear to coincide

with the data concerning the exposure of critical life stages

during the second generation of the fathead minnow chronic

study. This discrepancy in the data can be explained by the

fact that the egg and f ry  study was initiated with newly

fertilized eggs ((24 hour old) while the chronic study was

initiated with newly hatched fry (< 24 hour old) . Ac c o r d ing

to the studies on the acute toxicity of nitroglycerine to

selected life stages of the fathead minnow , the egg stage was

determined to be the most sensitive life stage , and the newly

hatched fry exhibited the greatest tolerance . Additionally ,

eggs of the second generation fathead minnows were significantly

affected from the high concentration of 1.75 mg/l to a concen-

tration of o. 43 mg/i , which agrees substantially with the infor—

nation gathered during the egg and fry studies. This appears to

indicate one of the mechanisms of the toxicity of nitroglycerine

is through increased permeability of the choriort of the egg .

Al t hough a re lat ively high concentration of acetone was present

dur ing the f ir st cr i t ical l i f e stage stu dy of the fathead minnow ,

the data from the solvent control indicate l i t t l e  or no e f f e c t

of acetone on any l i f e  stages tested . Furthermore , substantially
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identical results were observed during exposure of the second

and th i rd  c r i t i ca l  l i f e  stage studies and in the F1 control

eggs to s imi l a r  concentrat ions of n i t roglycer ine  despite the

fact  that  acetone concentrations were s i gn i f i can t ly  less .

The generally accepted expression for that concentration of a

water quality constituent reasonably judged to preclude hazard

to aquatic organisms due to the presence of that constituent

is the development of a water qual i ty  criterion.

In general , water quality criteria specify concentrations of
It

water  cons t i tuents  which when not exceeded wi l l  protect one

organism , an organism community , or a prescribed water qual i ty

use with an adequate margin of safety during continuous chronic

exposure . The procedures for genesis of valid water quality

criteria have been well defined (National Technical Advisory)

Committee , 1968; National Academy of Sciences , National Academy

of Engineer ing , 1972 ; U.S. Environmental Protection Agency ,

l97lc) . Water quality criteria reflect a knowledge of both

environmental accumulation and persistence , and acute and

chronic toxicity of specific toxicants in aquatic ecosystems.

The most critical aspect in fo rmula t ing  a valid water qua l i ty

cr i te r ion  is developing an understanding of the re la t ionsh ip

between the acute and chronic toxicity of a chemical to aquatic

organisms . Mount and Stephan ( 1967)  have suggested this  relation-

ship is constant for closely related species (i.e. fishes); and

Macek et al. (1976) have provided data to suggest that the

~~~iiiuiiiii;;i:;i~;i;III1IIr ~~~~~ 
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relationship may be constant across broad taxonomic groups

of aquatic organisms (i.e. fishes , aquatic invertebrates) and

therefore can be utilized to estimate chronically safe levels

for species based on acute toxicity data.

Based on the broad spectrum of acute toxicity data , information

of the accumulation of nitroglycerine residues in biological

systems , a clear understanding of the relationship between the

acute and chronic toxicity of nitroglycerine to aquatic organisms

and a reasonable data ba se which suppor ts the applicability of this

relationship to broad taxonomic groups , we believe these research

efforts proiiide a sound data base for the formulation of a valid

water quality critia for nitroglycerine for the protection of

freshwater aquatic life with art adequate margin of safety .

Results of acute toxicity tests, both static and flow-through ,

with a wide variety of freshwater aquatic organisms representing

several trophic forms under a variety of water quality conditions

indicate that the acute LC5O values generally are greater than 0.5

mg/l nitroglycerine (Tables 1, 4, 5, 6 and 9). The data from the

bioconcentratjon study utilizing 14C-nitroglycerine and several

species of fish clearly indicate that nitroglycerine has a

relative ly low bioconceritration potential (Table 10). Thus,

the critical aspect of a criterion formulation is accurately

defining the specific empirically-derived application factor

for nitroglycerine which should be utilized to estimate the

chronic toxicity of this chemical to aquatic organisms based

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ U1I



on available acute toxicity data.

We have determined during flow-through acute toxicity tests

that the 96-hour LC5O of nitroglycerine to fathead minnows

is 3.0 mg/i. We have further determined during chronic toxicity

studies with fathead minnows that the chronically safe concen-

trations (MATC ) based on toxic effects over one comolete life

cycle is between 0.11 and 0.22 mg/i. Thus based on an under-

stand ing of the chronic toxicity of nitroglycerine to fathead

minnows , the limits of the empirically defined ratio (application

factor) specific for nitroglycerine are >0.11/3.0 and <0.22/3.0,

or >0.037<0.073. In addition , in a separate embryo-larva l study

with fathead minnows we have determined the safe concentration to

be between 0.03 and 0.06 mg/i, and estimated the application factor

to be >0.01<0.02. lIe have determined the 96-hour LC5O of nitro-

glycerine to channel catfish during a static bioassay to be

4.7 mg/l. Based on an embryo-larval exposure we have estimated

the MATC for nitrog lycerine and channel catfish to be >0.15<0 .31

mg/l , and estimated the application factor for nitrog lycerine

based on larval or channel catfish to be between >0.032<0.066.

We have further tested the applicability of the application factor

to other aquatic organisms by empirically investigating the

chronic toxicity of nitrog lycerine to daphnids and midges. We

have determined during f low-through acute toxicity tests that

the 48-hour LC5O of nitroglycerine to daphnids and midges is

32 mg/l and 20 mq/l, respectively. During chronic exposure with

these species , we have further determined that the chronically

safe concentrations of nitr:glycerine for daphnids and midges

- - —
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are estimated to be >6.2<12.5 mg/i. Thus the limits on the

empirically defined ratio (application factor) specific for

nitrogl ycerine are ‘6.2/32<l2.5/32 , or ‘O.2<0.4 based on

daphnids , and are >6.2/20<12.5/20 , or >0.3<0.6 based on midges.

Clearly, the estimates for the application factor specific

for nitroglycerine based on these diverse species of aquatic

organisms suggest that the application factor for fish can

be conservatively utilized with confidence. to generate a valid

water quality criteria for nitroglycerine .

Based on a conservative analysis we have applied the lower

limit of all estima tes of the application factor specific for

nitroglycerine (0.01) to the lower limit of the observed

acute toxicity values for the appropriate freshwater organisms

(1.38 mg/ i , 96—hour LC5O for bluegill at pH 6.0). As a result

of this analysis , we propose that a concentration of 0.01 mg/i

nitroglycerine would be a reasonable water quality criterion

providing for the protection of freshwater life with an ample

margin of safety .
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CONCLUS IONS

1. The estimated LC5O values for a wide variety of freshwater

organisms are generally greater than 1.0 mg/i.

2. Nitroglycerine was generally more toxic to fishes than

to invertebrates or algae. Additionally , it was generally

more toxic to invertebrates than to algae.

3. Results of dynamic testing with fish and invertebrates

suggest cumulative toxicity of nitroglycerine as a

result of duration of exposure is not significant.

4. Fish exposed to l4C-nitroglycerine exhibited an apparent

lack of appreciable bioaccumulation (S-l5X).

5. The limit on an application factor for critical life stages

of the fathead minnow and channel catfish was determined

to be ~-3.0l<0.02 and >0.03<0.07 , respectively.

6. The application factor for fathead minnows based on toxic

effects over one complete life cycle is between >0.03

<0.07.

7. The limits on an application factor for daphrtids and

midges were determined to be >0.2<0.4 and >0.3<0.6 ,

respectively .
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8. A water quality criterion of 0.01 
mg/l nitroglycerine is

proposed for the protection of freshwater 
aquatic life .
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Table 2 -- Decrease in number of cells/mt or optical density as

compared to controlsa among algae exposed to nitro-

g lyce r ine  d u r i n g  96-hour  static toxici ty tests (based on

nominal concentrations)

Nitroglycerine Decrease cells/mR. (%)
Species (mg/P.) 24-hour 48-hour 96-hour

S. capricornutum 0.1 24 30 27

0.3 24 35 25

1.0 28 46 41

1.8 31 45 66

3.2 44 53 100
10.0 73 84 100

N• pelliculosa 0.1 0 10 8

0.3 2 8 9
1.0 0 22 26

1.8 8 21 38

3.2 19 49 59
10.0 13 53 68

M. ae ru~~~nosa 0 . 1 0 5 8

0.3 5 3 15
1.0 0 0 10

1.8 5 4 7

3.2 0 12 32

10.0 0 6 27
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Table 2 - —  Continued .

1 _________________________________________ 
_______

Nitroglycerine Decrease cclls/m~ (%)] sp~ c1es (mg/P.) a-hour 48-hour 96-hour

A. f l o s —a q u a c  0.1 0 2 0
(optical density) 

0.3 0 0 01 1.0 0b o
1.8 0 0 0
3.2 0 0b

10.0 0 0

a

C o n t r o l  va lues  represent  u n i t y  aga ins t  which all  o ther  measure—
• n-tents are compared . For S. capricornutum comparisons were made to

the lactose treated control , for other species comparisons are made
to untreated controls.

b
Slight increase observed (1—3%)
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chronic toxicity of this chemical to aquatic organisms based
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Table 4 -- Toxicity of nitroglycerine to freshwater fishes and

aquatic invertebrates during static acute toxicity

tests (nominal concentration).

Species 24—hour 48—hour 96—hour

LCSO (mg/P.)

blueg ill 6.4 4.3 2.7
(4~ 7_8•8)a (2.7—6.8) (2.0—3.7)

rainbow trout 4.8 2.9 2.8
(3.6—6.6) (2.1—3.9) (2.0—3.8)

channel catfish 6.5 4.7 3.2
(4.8—8.8) (3.5—6.4) (2.6—3.8)

fathedd minnow 6.3 4.1 2.5
(4.6—8.6) (3.4—5.0) (2.0—3.0)

EC5O (mg/P.)
water flea 51 46

(35—72) (38—55)

scud 74 50 —

(55—99) (41—60)

sowbug 57 50 —

(46—72) (38—66)

midgo 76 55 —

(57—102) (47—64)

a
95~. c o n f id e nc e  i n t e r v a l .

1)
I n v e r t c - h c a t e  t e s t~ ; ~-.‘ ‘r ~’ 4 R  hoLu - s in du r . it  ion .
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safe concentrations of nitrog lycerine for daphnids and mi ges
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Table S Acute toxicity of nitrog lycerine to selected life

stages of the fathead minnow (P imephales promelas)

(nom i na l  c o n c e n t r a t i o n)

LC5O (nig/P.)
L i fe  st .i j e 2 4 - I - t ou r  48—hour 96~ hour l44—h~ iir

eggs >18.0 >18.0 >18.0 1.2 a(0.7—2.1)

1-hour fry >10.0 >8.7<10.0 5.5 _b

(4.6—6.6)

7—day fry 5.4 3.4 2.1 —

(4.5—6.6) (3.0—3.9) (1.7—2.6)

30—day 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)

95’., confidence interval.

• b
Tests w i t h  f r y  were 96 hours  in durat i o n .
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Table 6 -- Acute  t o x i c i t y  of n i t r o g l y c e r i n e  to bluegill (Lepomis

• a
in~icrochirus) under varying conditions of water quality

( n o m i n a l  c o n c e n t r a t i o n) .

______— 
LC5O (mg/ fl

hater q u al i t y  24—hour 48-hour 96-hour

15°C 6.38 6.09 3.55
(4.01—10.20) (3.80—9.76) (1.92—6.59)

20°C 6.23 4.82 1.92
(3.90—9.94) (3.45—6.73) (0.88—4.16)

25°C 6.67 4.91 1.99
(4.18—10.60) (3.41—7.07) (1.28—3.09)

35 mg/P. hardness 6.67 2.72 1.76
(4.18—10.60) (1.79—4.13) (1.12—2.74)

100 mg/ P. hardness 4.01 2.71 1.51
(2.11—7.59) (1.79—4.13) (0.99—2 .32)

250 mg/s~ hardness 6.18 3.90 1.65
(3.87—9.87) (2.08—7.34) ( 1 . 0 7 — 2 . 5 5 )

p1! 6.0 6.18 3.90 1.38
(3.87—9.87) (2.08—7.34) ( 0 . 8 7 — 2 . 2 1 )

p11 7.0 5.04 3.10 1.91
(3.53—7.21. ) (1.89—4.97) (0.88—4.14)

p1! 8.0 6.39 6.09 2.10
(-1.01—10.20) (3.80—9.76) (0.97—4 .54)

~i;c~ r V.i t icd cond i t iom; of t e m per at u r e  ( 1 5 , 20 , 25°C) t h e  p11 was
t’~ I t . 1 1  t u . l  a t  1 . 1 , and t he hardne:o;  w i n  ~5 mq/ ~ . Under varied
C 0T)LI I t iotr ; e1 h ar d ,i c n s  ( 35 mg/ ~‘ , 100 my/Q , 250 mq/~ ) the p11 was
ma r t ) i ned at 1 . I , and the  t C-mper at  ~~~~~~~ ~~~~ 20°C . Under varied
rend L t ion of P11 (6 . 0 , 7 . 0 , II . 0) ha rdu,’t;~; was ma i nta i ned at 35
(L1~J/ ~. , dTi~1 the t empe r a  lure wa 2 O~ C.

• 66
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Table 7 -- Acute toxicity of “aged” nitroglycerine solution

J to bluegill (Lepomis macrochirus) (nominal concentration) .

Age of
solution LC5O (mg/P.)
(hrs.) 24—hour 48—hour 96—hour

0 6.1 3.8 2.0
(2.0—7.0) (0.9—4.4)

12 4.6 3.7 2.0
(3.3—6.5) (2.0—6.8) (0.9—4.4)

24 6.2 2.7 2.0
(3.8—9.7) (1.8—4.1) (0.9—4.3)

48 3.9 2.2 1.7
(2.6—5.8) (1.5—3.4) (1.1—2.7)

96 4.7 3.6 2.1
(3.4—6.6) (2.0—6.7) (1.0—4.6)

a
95% confidence interval.
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Table 8 — -  Change w i t h  t ime in the re la t ive  concent ra t ions  of

nitroglycerine during static bioassays under various

water quality conditions .

% of nitroglycerine added
- 

remaining in solution
Waler quality hour/  0 24 48 72 96

S t a s ida r d
conditions 100 87 82 85 74

15°C 100 105 93 90 81

25°c 100 90 95 87 82

100 mg/Q. CaCO 100 92 86 80 82

250 mg/f CaCO 3 100 83 80 82 71

p11 6 . 0  100 100 90 84 85

p11 8.0 100 79 83 81 75

S I d I  conditions were 20°C, 35 mg/P. hardness , and p11 7.1.
%~here one parameter was varied from standard , the others were
naintaincd at standard .
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Table 9 -- Toxicity of nitroglycerine to freshwater fishes and

a q u a t i c  inver tebra tes  du r ing  f l o w - t h r o u g h  acute

toxicity tests.

LC5O (mg~~l)
Species 24-hour 48 or 96—hour Incipien t

b lu e q i l l  > 1 . 8 7  1.67 0 . 5 5

( 0 . 8 7 — 3 . 2 5 )  ( 0 . 4 5 — 0 . 7 0 )

channel catfish > 1.87 ~-1 .81 0.50
(0.37—0.65)

f a t h e a d  minnow ‘ 6 . 0 < 8 . 0  3 .0  1.87

(2.2—3.7) (1.32—2.75)

water flea 72 32 25

( 1 5 — 3 5 0 )  ( 2 1 — 5 0 )  ( 12 — 5 2 )

midge 57 20 18

(18—182) (11—37) (10—32)

a -48 -hour  LC5O fo r  water  f l e a  and midge , 96—hour  LC5O for fishes.

b in c i p ient  LC5O f o r  water  flea and midge estimated after 96 hours
exposure; incipient LC5O estimated after 384 hours for blueg ill ,
435 hours for catfish and 288 hours for fathead minnow .

L
9 5 %  confidence interval.

L - 
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Table 10 — -  Mean a measured concentrations of 14C—residues in the edible portion

of f ishes du ring 8 days continuous exposure to 14C—nitrogl ycerine in

f lowing water.

14C—residues (mg /kg )  in tissues
14C-nitroglycerine rainbow channel fathead

Day (mg/l) bluegill trout catfish minnow

1 0.37 (0 Q5) b 2 .7  (0.35) 3.0 (0.24) 2.0 (0.7) 1.9 (0.17)

2 0.42 (0.05) 3.7 (0.3) 2.5 (0.17) 2.5 (0.5) 3.2 (0.3)

4 0.55 (0.10) 5.7 (0.3) 3.5 (0.81) 3.0 (1.0) 3.0 (0.3)

8 0.32 (0.10) 6.2 (0.88) 3. (0.2) 1.0 (0.1) 1.8 (0.6)

Mean 0 .42 (0.10 )  — — — —

t
Me~in measured 14C—nitroglycerine concentrations based on radiometric analysis of
triplicate samples; mean measured l4C—residues in fish based on analysis of
duplicate portions of each of four fish , N=8.

bStandard deviation .
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Tab le  11 -- Mean percentage  ha tch  of eggs and s u r v i v a l  and mean

total length of channel catfish (Ictalurus punctatus)

f r y  c o n t i n u o u s l y  exposed to rep l i ca te  concentrat ions of

n i t r o g l y c e r i n e  in f l o w i n g  wate r  fo r  30 days .

N o m i n a l
ce ’ice n t r - ’t i o n  Hatch Survival  Length

(m ~i/1 ) Replicate (%) (%) (mm)

1 . 25  A 82 26a 
18

B 63 30 18 + 1

0 . 6 2  A 100 70
a 

21

B 92 74 21 + 2

0 .31  A 79 72
a 

23 
~ 

2

B 74 88 2 3 + 2

0 .15  A 84 84 23 + 3

B 85 86 23 
~ 

2

0.08 A 86 90 24 + 3

B 85 94 24 + 2

c o n t r o l  A 90 96 23 + 2

B 72 92 2 4 + 3

solvent A 86 92 24 + 2
control

B 91 90 23 + 2

aF 3 2 6O F0.05 (6 ,6) = 4 . 2 8  ; d ’ = l0 . 9 5
bF S3 s7 P0 .0 5 ( 6 , 6)  4 . 2 9 ; d’ l .l9

~~ 71 
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Table 12 -- Mean percentage hatch of eggs , and survival and mean

to ta l  length  of f a t h e a d  minnow (Pimephales  promelas)

f r y  cont inuously exposed to replicate concentrations

of n i t rog lycer ine  in water  for  30 days during the first

experimental exposure .

Nominal
c o n c e n t r a t i o n  Hatch Survival  Length

(mg/ l )  Rep l icate ( % )  ( % )  (mm )

1.87 A 9a 0 -

B 7 0 —

0.94 A 24a 0 —

B 4 4 0 —

0 . 4 7  A 64 0 —

B 86 0 —

0.23 A 92 0 —

B 86 0 —

0 .12 A 86 31 15 + 4

B 96 48 16 + 2

con t ro l  A 95 70 18 + 3

B 95 90 17 + 2

solvent A 94 74 16 + 3
cont ro l

B 88 62 15 + 3

H 2~~.7 P0.05 (6,6) = 4.28 ; d’ l8.63

~-L32 F’O.OS (6,6) 4.28 ; d’ l5.26

72 
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Table 13 -- Mean percentage hatch of eggs and survival of fathead

minnow (Pimephales promelas) fry continuously exposed to

replicate concentrations of nitroglycerine in water for

7 days.

N o m i n a l  Survival
C o n c e n t r a t i o n  Hatch 7 days post hatch

( m g/ l )  Replicate ( % )  ( % )

3.75 A 50a Ob

B 54 0

1.87 A 94

B 89 4

0 .94 A 93 26 b

B 89 22

0 . 4 7  A 96

B 86 4

0.23 A 4
b

B 94 10

contro l  A 97 86

B 99 74

solven t A 89 84
con t ro l 

B 96 92

a~~~1 5 5 ~~~0 0 5  ( 5 , 5) = 4.28; d’rl2 .26
hr 38 148 P0 OS (6 ,6) = 4.28; d’=l7.82
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Table 14 - —  Mean p ercentage hatch of eggs , and survival  and mean total length oi~

fat h e a d  minnow (Pimep haies  promelas)  f ry  cont inuously exposed to replicate

concen t ra t ions  of n i t rog lyce r ine  in water  for  30 days .

No m i i i ~i 1 Mean measured
con cen t r a t ion  concentra t ion 

a Replicate Hatch Survival Total length
(mq / 1)  (mg/ i )  ( % )  ( % )  ( % )  (mm )

0.17 0.48 A 70 6 c 23 ± 1

B 87 0 —

0. 23 0 . 2 5  A 86 lO~ 19

B 94 0 -

0.12 0.13 A 90 62 c 24 + 4

B 96 48 2 2 + 4

0.06 0.06 A 94 84 24 + 3

B 93 74 25 4- 1

0 .0~ 0 .03  A 90 94 23 + 4

B 93 84 2 4 + 3

cOiit rol — A 94 90 25 + 2

B 90 88 2 5 + 2

~~o 1v , T 1 t  - A 97 18b 25 + 2
(~O n t  r i  B 94 12 26 + 2

A n a l y s i s  p~~i e n - i  by t he IT . S .  Arm y ~le1 i - i l  0~~s-iich ~ hove l o pm en t  Command .

b 
Low - ;~eviv ~i1 in the solvent control was due t o  a system ma l func t i on  occur r inq
on • i . i y  -~~~ post h a t c h .

T O . 1~ I-’t). (15 (~~ ‘ ~) = 5• ~~ ‘ =~~~~ -
) i

15 .0 1-0 . 05  (55 ) 5.05 ; d ’  2 . 10

- 
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Table 15 -— X-leam (standard deviation) percentage surviva l of Daphnia magna ex—

posed to nitrog lycerine for two generations . Each value represents

] 
the mean of four replicate treatments.

~1 
_ _ _  _ _ _ _ _  _____________Nominal Averaqe yercen t survival.

concentration GOflO~~it 1Ofl I 
_____ Ge neration II

1 (mg/P.) Day! 7 14 21 28 35 42

controis 96(8) 88(6) 78(6)  98(5) 96(8) 94(8)

I 85(7) 80(7) 78(6) 91(8) 90(11) 89(9)

] ~.i 89(8) 89(8) 88(6) 86(9) 86(9) 84(11)

] 
6 . 2  91 (8) 89(8) 82(13) 91(8) 89(13) 88(12)

12 .5 9 0 ( 4 )  80(11) 7 6 ( 1 4 )  6 8 (3 5 )  6 8 ( 3 5 )  65 ( 3 2 )

25.0 58(3or 26( 13) b 
4(8)

C 
— —

II
P=LHn }-0 .05 (5 , 15) 2 .90 ; d ’ =l9.9

j b~ _ 11~~ 7 P0.05 (5 ,15) = 2.00; d’=l6.7

H- 20 .01 1-0 .05 (5 15) = 2 . 9 0 ;  d’ l5.4

~
1No youn q produced in lot g e n e r a t i o n  to i n it i a t e  2nd q en er a t i o n .

- 

~~~~~

- -  
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Table 16 —— Mean (standard deviation) young produced per partheno—

genetic female Daphnia magna exposed to nitroglycerine

~or two generations. Each value represents the mean

of four  rep licates (r~ir~inal concentration) .

Ioung Qroduced/p~~ thenoqenetic female -Nitroglycerine 
— 

Generation I Generation ij
(mg/L) 14 21 35 42

controls 6(2) 10(3) 10(4) 14(6)

9(6) 14(6) 4(1) 16(6)

3.1 7(2) 15(5) 7(5) 14(4)

6.2 5(2) 10(4) 5(1) 15(2)

12 .5 
1(2)a 7 ( 4 )  1(1) c 9( 2)

25 .0 
- 

Ø(0)a 0(0)b —d 
—

a
5. 97 P0.05 (5 ,15) = 2.90 ; d’=4.9

2.90 P0.05 (5 ,15) = 2.90 ; d’ 9.2

cFr4.Sg P0.05 (4,12) = 3.26 ; d’ 5.4

young produced in 1st generation to initiate 2nd generation.
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Table 17 - ( S . D . )  percent age s u r v i v a l  of f i r s t  c jene ra t ion
b 

(Ch i ronomus

t c l l t d n s)  larvae , pupae , adul t s , and percent emeiqence of adults

d u r i n g  c o n t i n u o us  exposure to ni t roglyccrine .(nominal concentration).

Nit ~oo Ice t ine nner qence
(inq 1) larvae pupae a d u l t s  ( % )  Eggs/Adul t

Cen t reP;  (0) ( 1 8)
L 

05(5) 98(1) 100 (0) 0

1. 5 40(7)d 83(24) 97(6) 8 5 ( 2 7 )

3 . 1  oO (8) -12 (15) 9 1 ( b ) 02 ( 16 )  17

53 (16) 07(12) 7 7 ( 3 4 )  8 0 ( 2 3 )  6

12 . 5 3 (1.)d o 4 ( 2 6 )  2 ( 1 2 )
t 88(18) 0

25 .0 2 8 ( 3 l ) ~
1 83( 15)  l6(3 1) ° 4 3 ( 4 2 ) f 0

an lot  sod on tour repl i ca t  e n.

b
~urviva i of l a r vae  dete rmined a f t e r  10 days exposure , a l l  other  measurements
recorded  a t  t er  18 da ys exp osure .

Standard  dcvi i  Lio n.

4.27 1-’O.OS (5 ,15) = 2 . °0; d~~ 17.8

H’ - ~- . 20 I ’S .  05 (5 , 1 5) 2 . 10 d

T . T t ~ 1-0 . 05 (5 ,15) ; d ’ 2 9 . l

- 

17 
-
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Table 18 - Mean a ( S . D . )  percentage survival  of second genera t ion Chironomus tentar t s
larvae , pupae , adults , and percent emergence of adul ts  to n i t rog lycer ine
(nomina l  concent ra t ion )

N i t r o g l y c e r i n e  Su rv iva l  % F~nergence
(mq/ l) larvae pupae adu l t s  ( % )  Eggs /Adu l t

Con tro l s  5 8 ( g ) C 100(1) 74(19) 73 (29) 5

1.5 61(11)  9 8 ( 2 )  5 2 ( 2 5 )  9 4 ( 9 )  21

3.1 3 3 ( 7 ) d 8 3 ( 2 4 )  80(17) 7 5 ( 4 9 )  6

6 . 2  4 8 ( 7 ) d 
9 6 ( 4 )  66(14 )  100(0)  lB

a -Mean based on four repl icates .

b
Survival  of larvae de te rmined  a f t e r  13 days exoosure , a l l  other  measurements
recorded a f t e r  27 days exposure .

cS L d d  deviat ion .

~~~~~~ P0.05 (3 , 9) = 3 .86 ; d ’ 7.0

- - - — 
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Table 19 - Measured water  q u a l i t y  paramete rs  d u r i n g  chronic  exposure

of f a t h e a d  m i n n o w s  (P i rnepha l e s  oromelas)  to n i t r o g l y c e r i n e.

Number of Mean and S tandard
P a r a m e t e r  samp les d e v i a t i o n  Range

Hardness  ( m g/ i )  14 40 2 3 8 — 4 2

A l k a l i n i t y  ( mg/ i )  5 46 6 4 2 — 5 3

A c i d i ty  (m g/ i )  6 4 . 6  1.1 3 . 8 - 6 . 7

Dissolved  oxygen  469 7 .6  ± 0.6 5.5-3.9
( mg/ i )

p11 63 — 6 . 9 — 7 . 6

79
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