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INTRODUCTION

The objective of this work is to provide part of a data base for
defining standards for military-unique product discharges into waters
subject to state ond federal regulations. This report is a continuva-
- tion of earlier work initiated to provide a summary review and evalua-
tion of the toxicological and related 1iterature of military munitions
production products of concen as waterborne pollutants, The first
report (Dacre and Rosenblatt, 1974)! considered both the mammalian
. toxicology and toxicity to aquatic organisms of four munitions pol-
lutants - nitrocellulose, nitroglycerin, white phosphorus and tri-
nitrotoluene, The present report deals with the toxicology and chem.
istry of a further nine munitions pollutants, but only as related to
aquatic organisms, ‘

The marmalian toxicology of six of the nine compounds [dinitro-
toluene (DNT), lead styphnate, pentaerythritol tetranitrate (PETN),
nitroguanidine, tetracene and red phosphorus] has recently been evale
uated in a report by Tardiff and Mullaney {1974)2,

Basis for Selection of Pollutants. Yhe nine waterbornc pollutant: were
selected Trom the 11st furnished to the Office of the Surgeon General,
US Avmy, by the US Army Nateriel Cosmand (see Rosenblatt, Small an
Barklay, 1973; Smais and Rosenblatt, 1974)3:%, A} but one of the
compounds are listed in Gategory ) {see Table } of the latter repurt),
1.e., compourids requiring addittonal research before standards car be
recommanded. The ninth compound, tetryl, was included on the has's of
the large amoynts estimsted to be present fn the sofl at Joljet Argy

- hmmunition Plant (see Sma)) and Rosenblatt, 1973)v, :

- The chemistry, amalysis, production, uses, environmental fate
and concentration levels of all of the poliutants with the exception
of strontium nitrate form the basis of the veport by Seall and
Rosenblatt (1974)%, Some aspects of masmalian and aquatic toxico oqy
of ONT as related to TNY wastewaters, are included in the veport Ly
Dacre and Rosenblatt (1974)3, : :

Approach. Each succeeding séction of this rmeport deals with one of
nine selected pollutants, more or less in order of priority.

For each compound the published literature surveyed has been sumwarized

in the introductory approach to the toxicity to aquatic organisss;

the toxicity, including biotransformitions if known; aquatic chemistry

and analysis, and recommendations for future work, has besn reviewed.

At the end of the revort, there 1s a summary of all the research
recomendations for the pollutants considered. :

8




DINITROTOLUENE (DNT)

Approach to Toxicity to Aquatic Organisms. The published 1iterature
ng been surveyed f}nrougﬁ July T97% by means of Chenical Abstraocts,
using the survey scheme presented in Table 1. For Volumes 1-78
(1907-1973;, the appropriate index headings were surveyed; for Volumes

79-80 (1973-1974), the keyword citations were surveyed issue by issue.

Table }. Literature Survey Scheme for DNY

— — R o et a—r—
- e —— T— - — v vy

Chemical Abstracts Vol.

Citation 80 79 78 77 76 75-66 65-1
Dinitrotoluene X X X
Toluene, dinitro {all isomers) X %

£ X X X

Senzene, methyldinitro (a'1 isomers) X

Toxicity to Aquatic Organisms, For an unspecified isomer or mixture of
Tsomers of , Burton (TWIT)S repuets 22, 48 and 96-hour Tim values
of 50, 27 and 16 mg/1, resp., for bluegills {Lepomia macrochirue)
maintained at 20°C. On the basis of Warbury studies, Randall amd
King (197118 concluded that DNT is relatively nontoxic to microorganisas,
~ but is slowly blodegraded, Bringmann and Xuhn (1971)7 on the other
hand, found that 2,4~ and 2,6-ONT at the 100-150 mg/V level were al-
wmost completely removed by two stage bfolegical oxidation. The first
stage, which rewoved 80-90%, utilized Aaotobaoter cgilis, while the
second stage was sesded with conventional activated sludge.  These
results are npt necessarily in Con® it with the Warburg studies, only
- & voderate volume of oxygen is required %o convert dinitrotoluvene to
cartion diozide and ammonia, and it §5 probable that sowe of the material
is removed by absorption. ' : o

CoMgNz0y ¢ 50; ———3 7C0; & 2NHy

ONT 43 moderately fungistatic at 200 wmg/1 against sevew commsn
fungi, as shown in Table 2 (Zsolnai, 1961)%. Against the mold




Trichoderma viride 2,4-DNT at a level of 115 /l brings about 50%
inhibition of growth (Simon and Blackman, 1953)%. Galuzova (1963)190
claims that DNT (unspecified isomer) at 10 mg/l affect nitrification
and “ammonification"; he also suggests a maximum permissible con-
centration of 0.5 mg/1 in reservoirs on the basis of the taste
detection threshold.

Table 2. Fungistatic Action of DNT at 200 mg/1 (Zsolnai, 1961)3

Fungi Action of 2,4-DNT  Action of 3,5-DNT

Pencillium eimplicissimum Inhibition Inhibition
Aspergillus niger Inhibition Partial inhibition
Trichothectiun roseum Inhibition Inhibition
Candida albicans Partial inhibition No effect
Achorion quinckearum Inhibition Inhibition
Trichophyton gypseum Inhibition Inhibition
Eidermophyton Kaufman-Wolff Inhibition Inhibition

Chemistry of DNT. The chemistry of manufacture of DNT has been reviewed
by Small and Rosenblatt (1974)*. There are six possible isomers of
dinitrotoluene, of which the 2,4-isomer (75%) and 2,6-isomer (20%)
predominate. DNT is also present in wastewaters from TNT manufacture
(Dacre and Rosenblatt, 1974)!.

Schultz and Ganguly (1925)11 have invastigated the reactfons of
powdered polynitrotoluenes in the presence of sunlight. 2,6-Dinitro-
toluene undergnes internal oxidation-reduction to produce a material
identified as 2,6-dinitroso-4-hydroxybenzyl alcohol, while 2,4-dinitro-
toluene is unchanged It would be of interest to learn whether 2,6-DNT
dissolved in water undergoes the same reaction; it is known that aqueous

DNT solutions turn yellow when exposed to sunlight.

CHs : CH,OH

02N NO, sunlight, ON NO

10
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Figure 1. Structural Isomers of DNT

Analysis of DNT. Although a procedure for trace analysis of DNT {isomers
n wastewater has not been reported, gas-1iquid chromatography (glc)
appears promising. Parsons, et aql. (1961)12 have succeeded in separating
and .identifying the six isomers of DNT on an Apfezon column, using a
thermal conductivity detector (TCD). Separation and detection of 4 to

5 isomers have been achieved using a silicone column with YCD (Camera,

et al.,, 1965)13 or flame jonization detector (Etienne and Tranchant,

1965; Alley and Dykes, 1972)14s15, A Russian paper (Zatkovetskif,

et al., 1972)16 describes a glc procedure for estimation of DNT in
wastewater, with an accuracy of + 5% "at a material content as low as
5mg/1". Electron capture detecfors appear not to have been exploited.

11




Several papers re?ort the separation of DNT from other explosives
by paper /Krien, 1963)17 and thin-layer chromatography (tic) (Franck-
Neumann and Jossang, 1964; Bohm, 1966)38,19  and one describes separation
of the 2,4- and 2,6-isomers (Prat and Forestier, 1962)20,

Ergelbertz and Rabel {1957)2! have devised a colorimetric procedure
for detection and estimation of five DNT isomers in biological fluids.
The ethylenediamine adduct is extractad with an organic solvent and
determinad photometrically with apparent detection limits of 0.1-5
wmg/1 (0.2 mg/1 for the 2.A~isomer). Photometric methods have been
described for estimation of the colored products formed from 2,4- or
2,6-DNT and acetone in the gresence of alkaif (Bzernstein, 1943;
Kaminskii, et al., 1966)22+43, The precision appears tn be about
+ 5 mg/1. Techaiques involving chemical reduction of nitro groups
TSelig, 1961)2%, infrared spectroscopy (Tanaka and Kinoshita, 1960)2S,
and poiarography (Bourjol, et al., 1954)26 have been devised, but none
has been applied to the problem of wastewater analysis.

A glc separation of 5 of the isomers of dinitrotoluene was achieved
using a 4 U-tube glass colum containing 5% Carbowax 20M on CHROMOSORB
W (AN}, 66/80 mesh, at 150°C and helium flow of 75 cm3/min (Dennis,

1972 ~ unpublished results). The isomers separated in the following
manner,

Compound ’ Retention Time (min)
296"DNT 905
2,5-DNT 11.0
2,4-DNT 13.0
2,3-ONT 16.5
3.4-Dm 2600

Re;emmendations for Further Work,

" 1. The wastewaters of concérn should be anelyzed to estimate the con-

centrations of each isomcr of DNT, The environmental chemistry of the

. separate {somers should be studied to establish the rates and products

of conversion effected in water by sunlight under natural conditions

-of pH and temperature. The rates and products of microbial degradation

of significant ONT {somers (mainly 2,4- ani 2,6-DNT) shouid be examined.
The intent of these studles 1s to determine the rate of disappeararce
of DNT from receiving waters, and to assess the 1ikelthood of build-up

of possibly hazardous degradation products.,

12




2. The acute toxicities of the separate isomers of DNT and any im-
portant: degradation product should be measured for appropriate fresh-
water and marine target species, such as bluegill (Lepomie macrochirus),
common killifish (Aundulus heteroclitus) and Daphnia. Acute toxicities
should also be measured for the DNT wastewaters of concern, and the same
wastevaters after prolonged expusure to sunlight. Chronic toxicity
studies ishould be carried out over the life cycle of crganisms used in
acute studies for DNT isomers and important degradation products shown
to be present in the wastewaters. Chronic toxicities should also be
examined for the wastewaters themselves and for the photolyzed waste-
waters.

3. Tone build-up of DNT in fish, algae and a few other aquatic or-
ganisms should be examined using the highest levels of DNT isomers
1ikely to be present in wastewaters.

TETRYL. AND PICRIC ACID

pproach to Toxici*y to Aquatic Organisms. A survey of the literature
hrough July, 1974, revealed no data concerning the toxicity of tetryl
to agJatic organisms, erept for a single pager on the toxicity of
tetryl wastewaters to minnows (Degani, 1943)27. The survey schame
for Chemicul Abstracts is presented in Table 3. For Volumes 1-78
(1907-1973), the appropriote index headings were surveyed; for Yolumes
79-80 (1973-1974), the cppropriate keyword citations were surveyed
fssue by issue. Secondary sources, primarily studies on mammalian
toxicology; provided no aquatic references.

] >

Because picrie acid may be a significant component of tetryil
wastewaters, a literature survey of _he toxicity of picric acid to
aquatic organisms has been conducted as part of this study. The sur-
vey scheme for Chemical Abstracts is presented in Table 4. For Volumes
1-78 (1907-1973), the appropriate index headings were surveyed; for
Volumes 79-80 (1973-1974), the keywnrd citatiors were surveyed issue by
issue, Many useful reierences are provided by McKee und Wolf (1963)28,
Bacause picramic acid is an impori.:t metabolite or picric acid, the
%qg?tig toxicity of this compound was also surveyed, as shown in

- Table 4. o

Toxicity of Picric Acid o Aquatic Organisms. Two papers describe
the fox%c%fy o picric acid %o Tish, gofﬁ {om the Water Pollution

- s .




Table 3. Lliterature Survey Scheme for Tetryl

ettt i

Chemical Abstracts Vol.

Citation 80 79 78 77 76 75-66 65-56 55-51 50-1

Tetryl X - X X X X X

Nitramine X X X X X X
Aniline, N-methyl-

N,2,4,6-tetranitro X X X X X X X X

Benzeneamine, N-methyl-

Tetranitrophenyl-

methylamine X X X X X X
Trinitrophenyl '

methylnitramine X X X X X X

Table 4. Literature Survey Scheme for Picric Acid and Picramic Acid

s

Chemical Abstracts Vol.

Citation 80 79 78 77 76 75-66 65-56 55-51 50-1
Picric acid X X X X X X X X X
Picrate X X X X
Phenol, 2,4,6-trinitro X X X
Picramic acid X X X X
Phenol, 2-amino-4,6-
dinitro X x X X X

Research Laboratory, Watford, England. Witkinson (1951)29 peports

that the average toxicity to minnows (Phoxinus phoxinue), measured as
the reciprocal of overturning time (i.e., the time in which the fish
turns on fts side), is linearly proportional to the concentration of

14




picric acid. The overturning time is about 200 minutes at 1400 mg/1,
and roughly 1 day at 100 mg/1. The pH of the test water was not
specified. This is an important consideration, because trinitrophenol
is a strong acid, and the toxicity could be related in part to a low
pH. Grindley (1946)30 considered the 1imiting concentration (minimum
toxic level) of sodium picrate to be about 30 mg/1 for Phoximus. Both
authors agree that dinftrophenol (or its sodium salt) is far more toxic
than picric acid to minnows. - Grindley's data, summarized in Table 5,
are in general agreement with Wilkinson's data, indicating that
differences in pH were not important. Lindahl and Marcstrom {1958)3!
report an ambivalent response to picric acid by the roach, Leuciecus
rutilus, which is attracted at Tow levels, but is repelled, with signs
of distress, at 65.7 mg/1.

Table 5. Toxicity of Sodfum Picrate to Minnows (Grindley, 1946)30

Sodium Picrate  Temp. Dissolved Oxygen pH 0ve§§3:n1ng No.
Conc. mg/} °C Init., mg/1 Init, Time, min. Fish

2000 16.7-17.2 9.9 7.3 192 6

1500 . 16.8 9.2 - 237 6
1000 14.8-17.9 .—- -—- 369 6

700 16.4-16.7 10.5 1.7 474 6

400 13.0-17.1 .- 7.9 826 6

300 13.3-16.7 .- 7.9 1124 6

200 13.0-20.0 9.2 7.8 1563 6

Concerning the effect of picric acid on macroinvertebrates,

LeFevre (1945, 1948)32,33 has noted that activation of the eggs of

the marine polychaete Nereie limbata (clanworm) is inhibited by picric
acid at the 230 mg/1 level, but with concurrent sensitization for sub-
sequent stimulation. For cysts of the root nematode Heterodera, on
the.other hand, picric acid at 100-200 mg/] serves as a hatching agent
Fenwick, 19433 Clarke and Shepherd, 1964)3%:35 and larval stimulant
Nolte, 1955)36, substituting for the natural agents present in root
excretions. These findings suggest the possibility that development
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of benthic communities could be altered in subtle ways by picric acid
at substantia]lg lower levels. For the crustacean Daphnia, Bringmann
and Kuhn (1959)37 report a toxic threshold of 88 mg/1 after 48 hours
at 23°C.

Toxicity of Picric Acid to Microorganisms. Two papers report the
toxicity of picric acid to amoebae. According to Pollack (1927)38,
3 a concentration of 1% is “extremely toxic" to an unspecified amoeba
T if applied to the surface, but is not toxic when injected in amounts
A equal to half the cell volume. Hajra (1959)39 reports that Neglaria
gruberi and Acanthamoeba ep. exhibit toxic responses at substantially
k- 2 different concentrations; 10 mg/1 is half-lethal for Acanthamoeba sp.,
. but is well resisted by ¥. gruberi. For the cysts of either the LDgg
i S is 2000 mg/1. For neither of these studies is the pH reported. For
3 the protozoan Microregma heterostoma, Bringmann and Kuhn (1959)49
found the 96 hour toxicity threshold to be 900 mg/l.

eI s ity ki
Kremrat o o e
55 pb ARG e T

: Bacteria are more resistant to picric acid. For example, the
k- A - five-day BOD of domestic sewage is not lowered significantly by picric
S acid at the 100 mg/1 level, and is lowered only 36% at 1000 mg/1
o (Ruchhoft and Norris, 1946)%1, Wilkinson (1951)2°2 has found that the
: 3 presence of picric acid and dinitrophenol in wastewater (conc. unstated,
g 3 but presumably 10-100 mg/1) causes an increase in population of bac-
; 3 terfia. Cooper and Mason (1927, 1928)42,43 have investigated the bac-
tericidal action of picric acid in some detail, as shown in Table 6.
Demerec, et al. (1951)** found that the number of mutations exhibited
E by Escherichia coli exposed to 100-180 mg/1 of picric acid exceeded
] 3 the controls by 10-fold at most. The experimental pH is not explicitly
- 4 provided in most of these papers, but Cowles and Klotz (1948)%5 have
g shown that the toxicity of picric acid and a number of other nitrophenols
e to E. coli and Bacillus mesenterioug increases many fold as the pH s
3 diminished from pH 8.5 to 5.5. Bringmann and Kuhn (1959)37 report that
.2 1000 mg/1 is not toxic for E. coli. Lakchaura and Jagger (1972)“€ have
. 4 found that posttreatment with picric acid at a level of 345 mg/1 actually
o enhances the survival of E. coli cells subjected to far-ultraviolet
1 (254 nm) irradiation.

9 Several papers establish that the fungicidal properties of phenol
_ak?g are enhanced by the presence of nitro groups (Plantefol, 1922; Simon
e and Blackman, 1952; Galanti, 1959; Zsolnai, 1961; Polster, 1967)47+48s49,50,52
; However, picric acid is only mildly fungistatic in comparison with
dinitrophenol. Plantefol (1922)*7 found that 400 mg/1 of picric acid
prevents germination of Sterigmatocyetis nigra, while Zsolnai (1961)50
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has shown that 200 mg/1 is not fungicidal to Penicillium eimpliciseimum,
Aspergillus niger, Tricothecium roseum, Candida albicans, Achoriom
quinckeanum, Tiichyphyton gypsewm, Epidermophyton Kaufman-Wolff, or
Saccharomyces cerevigiae. Galanti (1959)%% has reported that very low
picric acid levels (0.2-3 mg/1) actually promote the production of
itaconic acid by Aepergillus terreue. In studies by Simon and Blackman
(1952)%8, 300 mg/1 was required to halve the respiratfon rate of yeast
at pH 3. The authors noted that impurities in picric acid, probably
dinitrophenol, may have been responsible for the toxicity attributed

to picric acid in earlier reports.

Vella and Zampier{ (1950)52 have examined the antiviral action of
picric acid. A 10% solution was found to inhibit one species of
Mycobactarium phage,

Phytotoxicity of Picric Acid. Simon and Blackman (1952)“8 found that
mg/1 of purified picric acid was required to halve the growth rate
of Lemma minor grown in water culture at pH 5.1.

For the grean alga Soenedesmus quadricauda the 96-hour toxicity
t:r;:ﬁgId is said by Bringmann and Kuhn (1959)37 to occur at 240 mg/1
: a . ’ . )

Biotransformation and Subcellular Effects of Picric Acid. In early
‘$tudles (Barral, » Guerbet and Mayer, s Glorgl, 1924)53, 54,55
elimination of picric acid from humans {n the form of picramic acid

was observed. In perfusion experiments with liver, kidney and spleen, -

o | - OH

0N P M0,
SN

PO Ny

the liver exhibited the strongest reduction of picric acld {Glorgt, 1924)55.
More recently, Tsukamura (1954, 1954, 1960)56,57,58 showed that this
conversion is effectad by resting cells and celi-free extracts of
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Myccbacterium tuberculosis avium. Gundersen and Jensen (1956)59 report
that an atypical strain of Cormmebacterium aimplex decomposed picric
acid and some other nitrophenols to produce nitrites, indicating an
alternative metabolic pathway. Chambers, et al. (1963)59 found that
phenol-adapted bacteria exposed to picric acid .at a 100 mg/1 level
showed 1ittle oxygen uptake beyond that required for endogenous
vespiration. Although the authors concluded thereby that picric acid
1s resistant to oxidative degradation, 1t should be pointed out that
pieric acid incorporates in its formula most of the oxygen required

for its conversion to carbon dioxide and anmonia. Thus, the manometric
t:ch?iqueiés poorly suited for monitoring oxidative biodegradation of
picric acid.

CeHaN30p + 3H0 + 0y - ———> 6C0, + 3NH,

Pleric acid has been found to be weakly inhibitory or nonirhibitory
for some enzyme systems, as shown in Table 7. According to a review by
Weinbach and Garbus (1969)6% pieric acid, unlike 2,4~dinitrophenol,
does not uncouple oxidative phosphorylation in isolated mitrochendria,
Gladtke and Liss (1958)52 <uggest that because picric acid 15 always
present at moderate pH as the picrate ion rather than as a fat-soluble
molecule, it may never penetrate the mitochondria. Whatever the degree,
inhibition of enzymes by picric acid appears to Se noncompetitive,

Table 7. Inhibition of Enzymes by Picric Acid
| " Picric Acid '
Enzyme System  Conc. mg/1  Reported Effect geference
Dog Viver phos- - ) Sanchez and Castella,
~ phatase .17 50% inhibition 195053 '
E, ocoli wenadione ' Wosilait and Nason,
 reductase 7 387 inhibition 195484
E. colt quinone e ~ VWosilait and Nason,
reductase 7 222 inhibition 195460 ‘
Rat liver nitro- -
chondria {phos. _ Gladtke and Liss,
phorylase) 69 no inhibition 195582
Pig heart malate Hedding et al.
dehydrogenase ? noncompetitive 196785
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Toxicity of Picramic Acid. Because picramic acid 1s a common praduct
of picrate metabolism, 1t seems advisable to review its toxicity, even
though picramic acid has not been identified in the wastewaters of
tetry! manufacture. There is very 1{ttle data covering the nonmammalian
toxicology of picramic acid, and what data there 1s points to a level

of toxicity not significantly greater than that of picric acid. As an
antibacterial agent it inhibits the growth of Bacillus mesentericus

and E. colf at 110 mg/1 (pH 5.5) to 4000 mg/1 (oH 8.5) (Cowles and
Klotz, 1948)*5 as well as the production of the heémolytic toxin strep-
tolysin by Streptoococcus hemolyticus (Himeno, 1954)56, and S. pyogenes
(Ito, et al., 1948)57, .As a fungicide it is inactive against eight
common species at a level of 200 mg/1 (Zsolnai, 1961)50, As a virucide
it partly inhibits poliomyelitis virus SKramer. et al., 1955)¢® and B,
oolt T2r+ phage (Bourke, et al., 1952)89, Picramic acid is more
effective in uncoupling rat liver mitochondrial phosphorylation than
picric acid; concentrations of 9 and 22 mg/1 bring about rate reductions
of 25% and 75%, respectively (Leader and Whitehouse, 1966)70. The
toxicity of picramic acid, 1ike that of picric acid and other strongly
acidic phenols, is apparently greatest for the undissociated molecule
(Fujita, 1966)72, , :

Chemistry of Tetryl, The chemical properties of tetryl have been re-
viewed by Small and Rosenblatt {1974)%, There is evidence that certain
negatively. ring-substituted aromatic nitramines undergo nucleophilic =
displacement of the nitramine group (VanDuin, 1919; Urbansky, 1967)72,73,

C“a ’ . -
Ardd / - + X . } A}'ﬁ + C'g'—mz
2

Thus, under basfc conditions picric acid may be an faportant constituent
of wastewaters containing tetryl, In fact, Hoffsomwer and Rosen (1973)7%
have shown chat tetryl dissolved {n seawater at ph 8.1 and 25°C is

laryely converted to picric acid in a few months.
U A0 |
N ,

G" ; k ﬂOz O 0!" ¥G2
—-————n’ .
. N0, N '
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Analysis of Tetryl and Picric Acid. A highly sensitive procedure for
etermination of tetryl In seawater has been developed by Hoffsommer
and Rosen (1972)75, The evaporated benzene extract of the seawater
sample is analyzed by gas-liquid chromatography, using a 63N{ electron
capture detector and o-dinitrobenzene as internal standard. The
authors claim a detection Yimit of about 0.02 ug/1. No important
interferences were present in seawater stored in all-glass containers.
Other analytical schemes have been principally concerned with analysis
of explosive mixtures containing tetryl. These have employed paper
chromatography (Krien, 1963)}7, tic (Franck-Neumann and Jossang, 1964;
Bomm, 1966; Prat and Forestier, 1963)18:19520  and two-dimensional
tlc (Yasuda, 1970)76, Using p-diethylaminobenzaldehyde as spray re- -
agent, 1 ug is about the least quantity of tetryl detectable. A
quantitative procedure based on tlc has been reported by Hamsson (1963)77,
who claims a detection limit of ¢ 1 ug. :

Methods for the determination of picric acid have been reviewed by
Hayashi, et al. (1965)78. These authors have devised a procedure for
estimating gicric acid in water solution by extraction into nitro-
benzene with the metal chelate cation prepared by combimation of 2,2'-
dipyridy! and ferrous ammonium sulfate. The dipyridyl iron (I1)
‘picrate is measured spectrophotometrically. The detectign limit
appears to be about 0.5 mg picrate per liter of water. Interference
~ from dinitrophenols can be eliminated by pH adjustment. Extraction of
the picrats anton into an organic sclvent for spectraphotometric

 determination has also been achieved using Violet Red in benzens

(Koremsan, et ai., 1968)7%. A sensitivity of about 0.1 mg/1 is clatmed,
In a velated (but probably more tedious) procedure, picrate {s de-
termined volumetrically by titration with methylene blue in the pre.

- sence of chioroform (Bo1Yiger, 1939)%0, Direct socctrophotometric

estimation of arwonium picrate in concns >0 mo/l has been reported -
(Ruchhoft and Norris, 1546)%1, The authors state that the method is
suitable for wastesaters from shel) Yosding plants, although inter-
ferences were not completely researched. . .

YTic procedures have been described (Hansson, 1963; Parihar, 2
al,, 1966; Thielewann, 1971)77 83,82 wyt have not been adapted for
- trace analysis of picric acid in water. A paper chromatographic
technique said to give 5-10% precision for 2-6 wg samnies of picric
acid has been described (Perpar, e2 al., 1959)%3. For wastewater
samples, both paper and thin-layer procedures require extraction of
the nicric acid from water, chromatography, elution of the isolated -
picric acid, and spectrophotometiric analysis of the eluate. Althowg
more tedious than direct specirophotometric examination, interferences
are nininized.
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Chemical reduction of picric acid has been carried out quanti-
tatively using chromium I1 (Tandon, 1959)8% and vanadium II (Witry-
Schwachtigen, 1955)85 salts in the presence of suitable redox indicators.
For the chromium 1! procedure the precision is reported to be better
than + 1 mg/1, However, interference can be expected from any other
nitro compounds. Electrolytic methods of reduction of nitro groups
have also been investigated., Polarography (Neiman, et al., 1949;
Ashworth and Walisch, 1961; Tur“yan and Zaitsey, 1962)86y 37 88
coulometry (Meites and Meites, 1956)¢9 and electrolysis (Tur‘yan,
1955)90 have been reported. A single report implies a detection
1init >20 mg/1 (Neiman, et al,, 1949)%6, and for al) procedures inter-
- ference from other nitroaromatics wouid be expected,

Thres papers describe the gravimetric determmination of picric

~acid by precipitation with Nitron, which is alleged to be 2,56~

triphenyl-2,3,5,6-tetraazabicycte[2:1:1lhex-3-ene (Busch and Blume,
1908; Cope and Bavab, 1917; Baker, 1954)%1 92,93 wever, since
the solubility of nitron picrate in water exceeds 1 mg/1 (Baker, 1954)%3,
this procedure is of limited use for wastewaters, as 15 the gravimeteic
method of Pasini and Vercellone (1954)%%, which employs 4-octoxye
phenylquanidinium chloride. -

The single reported procedure for trace snalysis of plcramic _
~ acid in water fnvolves extraction with a cationic dye into an orvanic
~ solvent, followed by photometric determination (Korenman, ot al,, 1968)79,
Sengitivities of 0.5-1 mg/Y are claimed. Procedures have been described -
for isolation of picramic acid by saper chromatography (Gomzovs and
Gasparic, 1966)95 and tic (Paridar, ot al., 1966)01,

Analysis of tetryl in snil samples by glc using flame-{ontration
detection kas been described (Srall and Rosenblatt, 1974)%. This
analysis was perforned using a G foot colusn zontaining 3% OV-) on
1007200 aesh Chromosord ¥ at 220°C and helium as a carrisr gas.

- Discussion, No data was recovered concerning the toxicity of tetry)

to aquatic oroanisms, However, in natura) waters tetryl is slowly diée

- graded to picric acid, for which considerabtle daty exists. For fish,
the minimum toxic Yevel reported 12 30 mg/1, while for microorganises
the tolerance varies from 2 fow ppe for zome amoebae to >3000 ppm for
some bacteria. Two considerazions gqualify any {nterpretation of avail-
able toxicity data, particularly in the older Yiterature. First, plcric
acid “+ nearly completely dissociated fn water; the toxic effects re-
ported in some cases way have been due in part to a low pH. Second,
2,4-dinitropheno’, which has been shown to be much more toxlc for many
or;anisnas, may be 3 common contaninant of comsercial grade picric acid.
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Although substantial data are lackiny, picramic acid, an important
metzbolite of picric acid, doe: rot appear to be much more toxic than
picric acid. At this time we howe recovered no information indicating
that wastewater effluents containing picric acid or picramic acid in
any anticipated concentration would present an environmental hazard,
either directly or indirectly. )

Recoomendations for Further Work.

1. The envirommental chemistry of aqueous tetryl should be studied to
establish the rate of decomposition under natural conditions of tempera-
ture, pH and sunlight. The rates and products of microbial degradation
of tetryl, picric acid and picramic acid should be examined. The in-
tent of these studies is to determine the rate of disappearance of
these compounds 7rom receiving waters.

2. Acute, 96-hour median tolerance levels of tetryl, picric acid and
picramic acid should e established for appropriate freshwater and
marine target species, such as the rainbow trout (Salmo gairmdnerii),
common Killifish \Fundulus heteroclitus) and Daphmia. Chronic toxicity
studies should be carried out over the l1ife cycle of organisms used in
acute studies. The effects of envircnmental variables on toxicity
should be inciuded, in particular the effect of pH on picric and
picramic acids.

TRINITRORESORCINOL AND LEAD STYPHNATE

Approach to Toxicity to Aquatic Organisms., A survey of the literature
rough July 1974 revea?eg no data concerning the toxicity of lead
styphnate or styphnic acid (trinitrore-~rcinol) to aquatic organisms,
The survey scheme for Chemical Abstraots is presented in Table 8.
For Volumas 1-78 (1907-1973), the appropriate index headings were sur-
veyed; for Volumes 79-80, the keyword citations were surveyed issue by
issue. Secondary sources, primarily studies on mammalian toxicology,
provided nc aquatic references.

Aquatic Chemistry of Trinitroresorcinol xnd Lead Styphnate. Trinitro-
resorcinol reacts with lead (1i{) salts to form a number of different
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Table 8. Literature Survey Scheme for Lead Styphnate and Styphnic

Acid
o ——————— LR L~
Chenical Abstracts Vol.
Citation 80 79 78 77 76 75-66 65-56 55-51 50-1
Lead Styphnate . X X X X
Styphnic Acid, Lead complex X X _ X X

2,4-Dioxa-3-plumbadicycio-
[3.3.1]-nona-1{9),5,7-triene,

3,3-didehydro-6,8,5-trinitro- X X X X X X X
Resorcinol, 2,4,6-trinitro- X X £ X X X X X
Triniiroresorcinol X X
X X X

1,3-Benzenediol, 2,4,6-trinitro-

products, of which the most stable by far is the 1:1 ccmplex (Durtschi,
et al., 1969)%6, This material is generally assigned the bridged

bicyclic structure below, although other structures have been proposed
(Zingaro, 1954)%7,

OH ) ———"Pb
l
; N 0,N NO,
02N 02 « pp2* Lo at
OH .
NO, NOZ

The chemistry of lead styphnate has been briefly reviewed by Small
and Ro:2nblatt (1974)%, who note that its solubility in cold water is
reported to be 400 mg/1, compared with 6.8 mg/1 for trinitroresorcinol

at 25°C. It 1s not known whethar dissolved lead styphnate is completely
dissociated or partly complexed.
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Analysis of Trinitroresorcinol and Lead Styphnate. No completely
satisfactory procedure for trace estimation of trinitroresorcinel

in wastewater has been devised. A Russian paper claims a detection
Vimit of eca. 0.1 mg/1 for an extraction-photometric procedure using
cationic dyes as complexing agents (Korenman, et al., 1968)%8. In

a method recently described (Norwitz and Gordon, 1974)%%, a sample
containing trinitroresorcinol is acidified with perchloric acid and
extracted several times with methylene chloride. The absorbance at
273 nm is compared with standards, giving an apparent detection limit
of 0.5-1.0 mg/1. Separation of mixtures containing trinitroresorcinol
and identificatiea has been achieved using paper chromatograghy (Colman,
1963; Gaspari®¥, 1964)100,101 and tlc (Parihar, et al., 1964)81,

There is no general procedure for estimation of lead styphnate
in water, and considering that lead styphnate is not exceptionally
stable in water, it may not be practical to devise one. Identification
of lead styphnate by tlc has been described, but this procedure is
apparently designed for analysis of explosive mixtures (Boehm, 1968)102,

Recommendations for Further Hork.

1. The toxicity of trinftroresorcinol to a variety of aquatic organisms
should be examinad using appropriate target species. Acute 96-hour
median tolerance 1imits should be determined for typical freshwater

and marine species such as the bluegill (Lepomis macroeirus), common
killifish (Fundulus heteroelitus) and Dapimia, and chronic toxicities
should be investigated over the 1ife cycle of the same organisms. The
toxicity of trinitroresorcinol to common wastewater microorganisms
should also be studied.

The acute toxicity of lead styphnate for the same organisms should
be examined, and compared with the toxicities of soluble lead (II) salts.
Assuming that lead styphnate will prove to be more toxic than trinitro-
resorcinol, this would establish whether lead styphnate is uniquely
toxic or owes its toxicity solely to free lead (II) ions.

2. The rate and products of biodegradation of trinitroresorcinol
should be determined. If a stable intermediate product is formed (such
as one with a nitro group reduced to an amino group), it would be ad-
visable to examine the toxicity of this material as well,
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The photochemistry of aqdecus trinitroresorcinol and lead styphnate
should be studied to ascertain whether primer wastewaters exposed to
sunlight produce photolysis products, and whether these products are
more toxic. . . =

PENTAERYTHRITOL TETRANITRATE (PETN)

Approach to Toxicity to Aquatic Organisms. A survey of the 1{iterature
fgrougﬁ July 1974, revealed no data concerning the toxicity of PETN to
aguatic organisms of any kind. The survey scheme for Chemical Abstracts
is presented in Table 9. For Volumes 1-78 (1907-1973) the appropriate
index headings were surveyed; for Yolumes 79-80 (1973-1974) the keyword
citations were surveyed issue by issue.

Table 9. Literature Survey Scheme for PETN

P — e ———

Chemical Abstracts Vol.

Citation 80 79 78 77 76 75-66 65-56 55-51 50-1
Pentaerythrito]l tetranitrate X X X X X X
PETN , ' X X X X X X
Propanediol, 2,2-bis(nitrooxy)

methyl, dinitrate X X X X X

Secondary sources, primarily studies on mammalian toxicology and
pharmacodynamics, provided no aquatic references, and a computer search
by J. L. Mullaney was also negative, Medline (January 1964 to June

- 1973), Toxline (1940-1973), NTIS (1964 to July 1963) and Chemical

Abstracts Condengsates (July 1970 to July 1973) were accessed for
pentaerythritol tetranitrate.

Biotransformations of PETN. In the section of the chemistry of
pentaerythritol tetranitrate it is shown that PETN is capable of step-
wise hydrolysis to pentaerythritol and nitrate jon. Although this
transformation can in principle occur in 1iving organisms, the hydrolysis
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reaction does not appear to be very significant in mammalian systems.
Studies both in vitro and in vivo support the conclusion that nitrite
rather than nitrate is the product of biodegradation of PETN as well
as other nitrate esters (lkawa, et al., 1959; Needleman and Hunter,
1965; Di Carlo, et al., 1967)183,104,105,

Extensive investigations at the Warner-Lambert Research Institute
and elsewhere have shown that PETN is readily degraded to pentaerythritol
trinitrate and nitrite ion in vitro by rat Viver homogenase (Ikawa,
et al., 1959)103, by rat liver nitrate reductase (Needleman and Hunter,

-1965)15“, by human whole blood, plasma and red cell suspension (Di Carlo,
et al.671965)1°5. by rat blood plasma and erythrocytes (Di Carlo, et al.,

1965)197, by both mouse 1iver parenchymal and reticuloendothelial cells
501 Carlo, et al., 1967)195, and by all rat heart subcellular fractions
Di Carlo, et al., 1967)108, Studies im vivo indicate that PETN {s bio-
transformed not only by blood, but even more effective!y by heart, liver
and spleen (Di Carlo, et al., 1967; Di Carlo, 1967)109,110 Adsorption
of PETN administered to rats was. found to be much faster from the large
intestine than from the stomach (D{ Carlo, et al., 1967)11, This
difference in absorption has been attributed to degradation of PETN to
the mono-, di-, and tri-nitrates by the bacterial flora of the intestine,
and the more ready absorption of the metabolites. The 1{terature on
organic nitrate metabolism published before 1971 has been reviewed by
Litchfield (1971)112,

Earlier relative rate studies indicated that the metabolism of
PETN by rat blood occurs stepwise, with denitration becoming progressively
sTower with each step (Di Carlo, et al., 1965)197, Needleman and
Hunter (1965)104, on the other hand, found that the trinitrate was
denitrated 6-7 times faster than PETN by soluble liver nitrate reductase.
The differences observed may be due to the fact that whole erythrocytes,
principally responsible for denitration in whole blood, bind PETK much
more firmly than trinitrate. However, {nsofar as PETN {s absorbed
from the digestive tract as one or more of its metabolites, the rate of
degradation of PETN itself by the blood or organs {s not relevant to
the mechanism of biotransformation of the drug. For this reason, recent
studies by the Warner-Lambert and Wake Forest groups have been concerned
with the biotransformation of pentaerythritel trinitrate (D1 Carlo, et
al., 1969; Di Carlo, et al., 1969; Davidson, et al., 1971{ Crew, ¢t al.,
1971; Leinweber, ot al., 1974; Melgar, et al., 1974)1139114,115,116,117,118,
This ester is rapidly absorbed following oral admin{stration, and {s
degraded stepwise to the dinftrate and mononitrate in vivo. Of
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particular interest s the discovery of the glucuronic and conjugates

of pentaerythritol mono-, di- and tri-nitrates in the biliary excretion

of rats to which 1%C-pentaerythritol trinitrate has been administered116,117,
The mononitrate and dinitrate glucuronides appear in the urine along

with the free mononitrate, pentaerythritol, and traces of the trinitrate
glucuronide. The investigators have presented evidence for the equilibria
described in Figure 2, and suggest that gastrointestinal resorption

and recirculation of the free nitrate esters may be important (Melgar,

et al., 1974)118,

The reductive degradation of PETN and the free trinitrate, dinftrate, |
and mononitrate esters has been shown to be effected by glutathione (GSH),
catalyzed by cytosol, in the following sequence of reactions!®5:

2 Glucose-6-P0, + 2NApp dehydrogenases  » oy conglactone-6-PO, +
2NADPH

2 NADPH + Gssg —reductase y  oyanp 4 oesH

S 26SH + PETN  TRAUCHSe o gogq 4 pE-trinitrate nitrite + Hy0

. PE-trinitrate nitrite + H,0 —WOr01ASe o pr_eningtrate + HNO,

%g For degradation of the nitrate ester glucuronides, NADPH {s more
- effective than glutathionells8, 1.e.,

PE-trinitrate glucuronide + NADPH -ﬁ;g%g%%%g—-) PE-dinitrate glucuronide +
HNO,

0f the PETN metabolites, the trinitrate {is most susceptible to further
denitration., The dinitrate is less reactive, and the mononitrate is
degradad only sightly and apparently nonenzymatically. The glucuronyl
group greatly inhibits denitration: the trinitrate glucuronide 1s only
as susceptible as the free dinitrate, the dinitrate glucuronide is
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CH20NO,
02NOHC —— C —CH,0NO,
CH,0NO,
PE -tetranitrate
l fﬂzoﬂ
02N0H,C — C —— CH,0NO, .
o
PE-trinitrate
l THZOH
HOH2C ~—— € —— CH20NO;
" CHa0N0,

PE-dinitrate

l 'CHzOH

[ ——
——

yu

HOHaC —— € —— CH,0N0; “

CH20H
PE-mononitrate
i -CHZOH
HOH2C —— L e CHa0H

CH20MH

Ha0CcHo0g
0,NOH,C ~—— C —=CH,0N0,
tl:uzonoz
PE-trinitrate glucuronide
‘L CH20CgHa06
HOH2C — (:: ——CH,0N0,
CH20N0,
PE-dinitrate glucuronide

l

PE-mononitrate glucuronide

Figure 2. Metaboiism of PETN in the Rat (Me:qar, et al., 1974)118
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degraded very slowly, and the mononitrate glucuronide is unreactive.

3 1 Formation of the glucuronides has been effected in vitro using uridine

3 ; diphosphate glucuronic acid catalyzed by liver microsomal protein. In

the case of the mono- and di-nitrates, apparently only the monoglucuronide
is formed. The reverse reaction is brought about by lysosome glucuronidase.

e g e —

R , The present view is that PETN metabolites are subject to enterchepatic
S - recirculation, i.e., the metabolite is converted into its 9lucuronide
I 3 in the 1iver and excreted via the bile into the fntestine, where it is
o deconjugated by the intestinal bacteria and resorbed into the blood

¥ stream as the free nitratell8, A current paper reviews the status of
nitrate ester metabolism, including hydrolysis (Litchfield, 1974)119,

S Chemistry of PETN. The chemical properties of pentaerythritol tetra-
nitrate Kave been reviewed by Small and Rosenblatt (1974)%. This ester
i would be expected to undergo sequential hydrolysis in water, as shown
. in Figure 3. Aubertein and Rehling (1959)120 investigated the rate of
L, hydrolysis of PETN in hot water under different conditions of temperature
* 3 and pH, but dfd not {dentify intermediate products. In the range 90-
4 120°C, the overall rate i35 strongly temperature dependent and {s strongly
accelerated by acid or base. The water solubility of PETN is so low
(ca. 2 mg/1 at 20°C) that almost all hydrolysis studies have been -
carried out in mixed solvents, namcly 90% ethanol {Schulek, et al.,
1960; Fraser, 1968; and Fraser, 1968)121,122,123 4pd 75% aqueous
dioxane (Di Carlo, et al., 1964)12% at reflux temperatures. Further-
more, the reactions studied were promoted by strong acid or strong
base. Thus, the experimental data are not directly applicable to the
assessment of hydrolysis of PETN in ~atural waters and wastewaters.
Di Carlo, et al. (1964)12¢ have stuuied the sequentfal hydrolysis of
14C.1abeled PETN in aqueous dioxane, promoted by IN.hydrochloric acid.
Rate data are summarized in Table 10, and it {s seen that all four
denitration steps proceed at a moderate rate, : o

Table 10. Recovery of 14C in Hydrolysis Mixtures of 14C-Labelled
PETN (D1 Carlo, et al., 1064)12%

s A o i~ - 21

of 1%¢ Identified a

, fter
Compound & hrs 5 hrs 6 hrs
PETN 39 15.0 5.6
PE-trinftrate - 39 28.90 IR A
PE-dinitrate 23 35.0 28.0
PE-mononitrate 0 13.0 26.0
Pentaerythritol 0

1.7 | 32.0

N

b
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CH,0NO,

0oN0 — CHp — C —CHONO,

CH,0NO, .
\ fuam«)2

HO — CH, — C —CHa0NO, ¢ HNO,

_ cnzmz /

H — CNzC —CH20H + HNOy

\ mzw

, W:CCH;ON + HNO3

HOCHy - € — CH0H ¢ HﬂO;_
‘ .

CHa0NO,

cnzonoz

z:n,ou

Figure 3. Hydrolysis of PETN
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According to Schulek, et al. (1960)121, the base-promoted de-
nitration proceads with many side reactions. Almost as much nitrite
is produced from the reaction as nitrate, and a small quantity of
ammonia 1s also produced. The authors did not establish whether the
reduction products were formed in the saponiffcation steps or in sub-
sequent steps, but it is not unreasonable to suppose that the reducing
:ge:t ;s formaldehyde, formed in the retroaldol reaction of pentaery-

ritol.

Two papers report on the decompositon of solid PETN exposed to u.v.
light {Betti and Merli, 1941; Urbanski and Malendowicz, 1938)1259126
but it is not known whether this relates in any way to degradation of
dissotved PETN and 1ts metabolites in the environment. _

Analysis of PETN, There is no completely satisfactory procedure for
estimation of PEYN and its metabolites in water, When investigating ,
the hydrolysis and later, the metabolism of 1“C-labeled PETN, Di Carlo,

ot al. (1964)12% devised a scheme for separation of the metabolites by

thin-layer chromatography and estimation by radioscanning. This pro-
cedg;e is highly accurate, but it is only applicable to certain research
problems, _

In a procedure descrided by Davidson, et al. (1971)127, PETH and
1ts metabolites are traated in chloroform or methylene chloride with -

~ trifluorcacetic anhydride, thereby trifluorocacetylating the free
- hydroxyl groups of the metabolites. Using gas chromatography with

electron capture detection, the individual esters are identified and -
estimated at levels of 0,25 to 2 ng, depending on the number of tiri-

fluorcacetyl groups. This procedure is of Jimited use for wastesater

samples because of Yncomplete extraction of the metabolites, which can

~be expectad to be progressively less soluble in nonpolar tolvents,

such as methylene chloride, and more soluble in water with an {ncreasing

- degree of denitration. !t is not certain, e.g., that pentaerythritol

could be extracted from water at all,

_ Norwitz and Gordon (1973)!28 have reported a colorimetric procedure
for estimation of PETH in wastewater. The nitrate ester is eatracted
with methylene chloride, and the residue after evaporation of the sol-
vent {s treated with sulfuric acid. The nitric actd released s then
estimated by means of its reaction with phenoldisulfonic acid {American

~ PubYic Health Assn., 1971)329, The reported precision is about 0.1 my/l,
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and neither inorganic nitrates nor aromatic nitro compounds interfere.
However, any nitrate ester extracted into methylene chloride will be
detected as PETN, Golubeva (1952)130 has claimed a sensitivity of
0.5 mg/1 for the same general method. A similar procedure wa: earlier
described by Yagoda (1943)13!, who extracted nitrate esters from bio-
logical fluids with ether. The nitric acid produced by the action of
sulfuric acid on the residue was allowed to react with m-xylenol.

The colored nitroxylenol was distilled directly into a Nescler tube
for estimation. The precision and limitations of this grocedure are
about the same as for the method of Norwitz and Gordon!?8, It should
be noted that the precision for these methods can usually be improved
substantiaily by continuous extraction of larger samples.

Most procedures for PETN have been developed for analysis of drugs
or explosives, Components of mixtures have been {dentified by paper
chromatography (Krien, 1963)17 and tlc (Prat and Forestier, 1963;

Bohm, 1966; and Bolm, 1967; MHennig, 1966; Barnes, 1967)20s199132,133,136
Parihar, et al. (1967)!35 have adapted tlc to quantitative determination
- of various explosive nitrates. They claim that 2-4 ug are conveniently
estimated. For a similar procedyre, Hansson (1963)77 reparts a detection
Timit of about 1 ug, A qualitative procedure based on 1.r. spectroe
scopy has also been reported (Carol, 1960)3136, .

- Recommendaticns for Further Mork,

1. The environmental chemistry of agquatic pentaerythrito! tetranitrate,
trinitrate, dinitrate 2nd mononitrate (hereafter PETH and its metabolites)
shouid be studied to establish the rates of denitration of each ester
under natural conditions of temperature, pH and sunlight. The rates and
preducts of microblal degradation of PETN and its metabolites should be
exanited. The intent of these studies should be to determine the rate

of disappearance of PETN and {ts metabolites from receiving waters..

2. Acute, 96-hour median tolerance Vimits of PETN and its metabolites
should be established for appropriate freshwater and marine target
species, such as rainbow trout (Saimo gairdnerii), common killifish
{Anidulus hetervelitus) and Dapinia. Quite probably, 96-hour TLa's
will exceed the water solubility of PEIN and some of 1ts metabolites,
and 12 will be necessary to work with suspensions of these materials.
Chronic toxicity studies should be carried out over the life cycle of
orgqanisms used in acute studies. To assure that any observed injurious
effects are biochemical ard not physical, concentrations of PETH and
its metaboiftes should not exceed the solubility limit,




NITROGUANIDINE

Approach to Toxicity to Aquatic Organisms. A survey of the literature
through July 1974 revealea no data concerning the toxicity of nitro-
uanidine to aquatic organisms. All references to nitroguanidine

or guanidire, nitro) listed in Chemical Abstracts were surveyed.

For Volumes 1-78 (1907-1973) appropriate index headings were surveyed,
while for Volumes 79-80 (1973-19Mg the keyword citations were scanned.
Secondary sources, primarily studies on mammalian toxicology, provided
no aquatic references. . '

Aquatic Chemistry. The chemistry of nitroguanidine and its manufacture

va reviewed by Small and Rosenblatt (1974)%, who note that the
solubility of nitroguanidine in water fs 4.4 o/1 at 25°C, far greater
than most common explosives. Nitroguanidine is known to undergo hydro-
lytic degradation under strongly acidic (Davis, 1922)337 or alkaline
(Fry and Treon, 1925)138 conditions to yield ammonia, carbon dioxide,
and nitrous oxide, probably through nitramide and urea.
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It is not reported whether this reaction s rapid eaough under natural
water conditions to Introduce significant quantities of nitrous oxtde
into the snvironment. Nitroguanidine hydrolysis has been veviewed by
NcKay {1952)1%%, |

Amalysis of Nitroguanidine. There s no satisfactory procedure for trace
- analysis of nitroguanidine in maters and wastewaters. Most of the methods
for estimtion of nitroguanidine involve chemical reduction of the nitro
group with & standard reagent, such as titanium (111) (Kouba, et al.,
1948; Brand, et al., 1955; Roth and Wegean, 1958)2%0 181,1%2 op chromtum
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(111) (Botei and Furman, 1955)3 chloride. These reagents are not
specific for nitroguanidine; other organic nitro com?ounds are readily
reduced. In the procedure of Roth and Wegman (1958)142 explosive
mixtures are analyzed for nitroguanidine by mixing with water and
extracting with an organic solvent such as carhon tetrachloride, in
which most organic nitro compounds except nitroguanidine are readily
soluble. The aquecus portion is buffered and treated with titanous
chloride, and the excess reducing agent is back-titrated with ferric
alum. The results of Roth and Wegman suggest that the procedure could
be adapted for wastewater analysis with a detection limit of a few mg/l.
Because the extent of reduction of nitroguanidine may vary unless con-
ditions are precisely controlled, Stalcup and Williams (1955)1%% have
devised a procedure involving transnitration of salicylic acid with
nitroguanidine, The product is cleaniy reduced by titanfum (II1)
chloride, The various methods for determination of nitroguanidine

OH NH

-
_COuM i

o ! ' |
M+ wnec b0, —p | & HaNeC-Ni,

X0,

nitrogen have been evaluated by Fauth and Stalcup (1958)1%3, Polaro-

graphic methods have been reported {Atksin, et al., 1966; Opel and

?rdelt, 1967)396, 157 and would prodably give about the same detection
imit. N

Two -other methods night be suitable for analysis of nitroguanidine
in greater than trace concentrations. Nomura, ¢¢ al. (1969)3%% Kave
devised a procedure for analysis of ures typ» compounds by Viquid
chromatography in aqueous acid solution. The detectfon limit for
nitroguanidine is not stated, but apparently exceeds 10 i?ll. A
spectrophotometric method described by Davries and Gants (J933INY §s
capable of detecting nitroguanidine at the mg/1 Tevel by means of its
adsorption at 265 nm. For wastewater, this procedure would be subject
to interference by many substances. ' :




Recommendations for Further Work.

V. The environmental chemistry of nitraguanidine should be studied to
establish the rates and products of conversion effected in water under
natural conditions of temperature, pH and sunlight. The rates and pro-
ducts of microbial degradation of nitroguanidine should be examined.
The intent of these studies is to determine the rate of disappearance
of nitrcguanidine from receiving waters. In this regard, there is a
pressing need for an analytical procedyre capable of detecting nitro-
guanidine at a level not exceeding 0.1 mg/1 (1076M) in wastewater and
 biolegical fluids. , : -

2. The acute, 96-hour median tolerance 1imits of nitroguanidine and
any important degradation products should be measured for appropriate
freshwater and marine target species, such &s bluegil) (Lepanis -
macrochirua), common killifish (Rodulus heteroclitus) and Dapimia.
Chronic tuxicity studies should be carried out over the life cycle

~of the sime organisms.

TETRACERE

to Aquatic Qr aﬁisms. A'survnyfnf the Yiterature

-~ Approach ta Toxici
- ‘through July TO78 revealec no cata concerning the toxicity of tetracane
~ to aquatic organisms of any Lind, The survey schass for Chesical
Abstracts is oresented in Table 11... For Volumes 1-78 (1507.1923), the
appropriate index headings were survayed; for Volumes 79-80 (1872-1974),
the keyword citations ware surveyed issue by issue. Bacause three
different structures have been proposed, it has been necessary to
~ survey all three, T . - . B

- Chenistry of Tetracene, Tetracene or tetrazese Mas been variously
assigned three different structures (Patinkin, et al., 1955; Duke,
~ YINYISD 1SE] of which the most recent and probably best supported {s:

N .

v\ e
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Table 11. Literature Survey for Tetracene

Chemical Abstracts Vol.

Citation 80 79 78 77 76 75-66 65-56 55-51 50-41 40-1
Tetracene (explosive) X" X X X X X
Tetrazene {explosive) X X X X X X X
1-Tetrazene, 4-guanyl-1-

(nitrosoaminoguanyl) X X X

1-Tetrazene, 4-amidino-1-
(nitrosaminoamidino)- X X X X X X X X

1-Tetrazene-2-carboximi-
damide, 4-(1H~-tetrazol-
6-y1)-, monohydrate X X X X X

3-Tetrazene-]-carboxa-
midine, 4-(1H-tetrazol-
5-y1), monohydrate X X X X X

.
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The chemistry of tetracene has been reviewed by Patinkin, et al. (1955)150
and briefly by Small and Rosenblatt (1974)* who note that it is considered
to be insoluble in water. This may reflect difficuity in dissolving the
pure crystals rather than true insolubility, however, since the material
is known to be readily soluble in dilute acid. The decomposition of
tetracene in alkali was found to produce ammonia, cyanamide and the

sodium salt of 5-azidotetrazol, while in dilute acid tetracene yields
5-hydroxytetrazol.

4 -
/ \
Na* + NH; + NH,CN
e \ /
Tetracene
® N
N N/\
i\i C~0H
N
A
3R
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Analysis of Tetracene. There is not procedure reported for trace
analysis of tetracene in water. Wild (1957)152 has described a polar-
ographic method suitable for estimating tetracene in the concentration
range 20-200 mg/1. Interference in the analysis frem lead styphmate
has been discussed by Traas and ligtenterg {1962)153 and by Wild (1963)15%,
A possible chemical basis for trace analysis of tetracene in water {s
provided by the reaction with g-naphthol to produce an azo dye (shreve,
et al., 1974; Reilly, et al., 1948)335 156 It may be profitabie to
seek a spectrophotometric procedure for estimation of tetracene based
on this reaction.

Recommendations for Further Work.

1. The environmental chemistry of tetracene should be studied to
establish the rates and products of conversion effected in water under
natural conditions of temperature, pH and sunlight. The rates and
products of microbial degradation of tetracene should be examined.

The intent of these studies is to determine the rate of disappearance
of tetracene from receiving waters. However, it will first be necessary
to develop an analytical procedure capable of detecting tetracene at

a level not exceeding 1 mg/1 in wastewaters.

2. The acute, 96-hour median tolerance limit of tetracene and any
jmportant degradation products should be measured for appropriate
freshwater and marine target species, such as bluegill (Lepomis
macrochirus), common killifish (Fundulus heteroclitus) and Daphnia.
Chronic toxicity studies should be carried out over the life cycle
of the same organisms.

RED PHOSPHORUS

Approach to Toxicity to Asuatic Organisms. In the course of preparation
of a report on the mammaliar and aquatic toxicities of white phosphorus
(also called yellow phosphorus), it was attempted to recover all
references to elemental phosphorus {Burrows and Dacre, 1974)157, No
evidence was revealed that red phosphorus is toxic to amy organism,
regardless of the concentration or mode of administration. To update
the earlier literature study, all phosphorus citations in Volumes 79-80
(1973-1974) of Chemical Abstracts were surveyed, issue by 1ssue. Again
no reference to red phosphorus toxicity was noted. The literature review
of the aquatic toxicity of phosphine has been updated by surveying
Volumes 59-80 of Chemical Abstracts. No additional information was
recovered,
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Discussion. Red phosphorus has & much lower volatility and presumably
much Jower water solubility than the white form. Van Wazer (1658)158
has noted that commercial-red phosphorus is a moderately unstable
material, reacting slowly with water vapor to form phosphine and a
mixture of oxyacids of phosphorus. As noted in the earlier report,
there is some evidence -that phosphine is toxic to fish, but it is.
probably readily biodegradable. The oxyacids should present no
environmental hazard. B

In the absence of definitive toxicity data for phosphine, it cannot
be stated with certainfty that red phosphorus is completely harmless; -
quite possiblie a heavy accumulaticn of red phosphorus could present a
localized pollytion problem. Furthermore, it is possible that a high
concentration of suspended red phosphorus particles could be injurious
to the gills of fishes. However, Small and Rosenblatt (1974)% have
presented evidence that the maximum discharge of red phosphorus from
tracer shall loading facilities at Lake City Army Amaunition Plant
would be 0.7 1b/day. Hence, considering the largest concentrations
of red phosphorus 1ikely to be encountered, the potential hazard does
not justify further study of the aquatic toxicity. This conclusion
could be altered if studies recommended in the earlier report showed
phosphine to be unusually toxic and biorefractory.

POTASSIUM PERCHLORATE

Approach to Toxicity to Aguatic Organisms. The published literature
has been surveyed through July, 1974, by means of Chemical Abstracts,
using the survey scheme presented in Table 12. For Volumes 1-78
(1907-1973), the appropriate index headings were surveyed; for Volumes
79-80 (1973-1974), the keyword citations were surveyed issue by issue.
Because it seems certain that perchlorate ion alone is responsible for
the bioiogical effects of potassium perchlorate, the literature relating
to all simple, soluble perchlorates was examined. A few additional
relevant papers were disclosed in the bibliographies of the primary
references. A computer search by J. L. Mullaney provided no additional
pertinent references. Medline (July 1969 to June 1973), Toxline (1940
to 1973), ¥rIs (1964 to July 1973) and Chemical Abstracts Comdensates
(July 1970 to July 1973) were accessed for potassium pevchlorate.
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Table 12. Literature Survey Scheme for Potassium Perchlorate

gttt e e
o

: Chemical Abstracts Vol.
Citation 80 79 78 77 76 75-65 65-56 55-51 50-41 40-1

Perchlorate X X X X X X X X X
Perchloric acid X X X X X X b4 X X X
potassium salt X X X X
sodium salt | X X X X
Alkali metal perchlorate X X X X X X
Potassium perchlorate X X X
X X

Sodium perchlorate

Toxicity of Perchlorate to Aquatic Organisms.

E Fish. The 1iterature of acute perchlaorate toxicity to teleost
fishes appears to tomprise a single paper by Kahane (1936)15%, who

~ found that goldfish exhibit no evidence of distress at sodium perchlorate
" levels below 1000 mg/1 (800 mg/% as C10,) (Table 13). At levels
- exceeding 2000 mg/1, symptoms of asphyxiation are noticeable, and

mortality is compiete in a few hours at 20,000 mg/1. This represents
an order of acute toxicity so low that perchiorate can probably be dis-
missed as an environmental hazard to freshwater fishes, although a few
corroborative studies with more sensitive fish, such as the rainbow
trout, would probably be desirable, as would similar studies with at
least one marine fish,

" The chronic effect of perchlorate on fish has been studied by
Pflugfelder (1959)260, who exposed Lebistes retioulatus (guppies) to
500 mg/1 of potassium perchlorate (360 mg/1 as C10,) for a year and
longer. Gross enlargement of the thyroid was followed by inactivation
of the thyroid, and sexual development was arrested. Insofar as the
toxic action of perchlorate is antithyroidal, the response could vary
widely among fishes. The goldfish (Carasstus auratus) has been shown
to have a very inactive thyroid compared with Lebietes reticulatus
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Table 13. Toxicity of Sodium Perchlorate to Goldfish (Kahane, 1936)159

C10, Concn. No. of  No. Surviving No. Surviving No. Surviving
mg/1 Fish 10 hr, 24 hr, 72 hr.

160
320
800
1600
4000
8000
16000
32000

W W oot nWn
O O ;M U v
W W v

(Fortune, 1956)161, and would therefore be expected to exhibit greater
tolerance to perchlorate. Fairly high perchlorate levels can {nhibit
development of eggs and embryos of various aquatic animals and mod{fy

the metamorphosis of sea lamprey larvae (vide infra). It s not unliikely
that some moderate level of perchlorate fon will have an adverse effect
on ?he development of the eggs of teleost fishes. This merits {nvesti-
gation,

The only other reference to the effect of perchlorate on fishes is
contained in a paper by Sterba and Schneider (1961)162, who found that
metamorphosis of 2-4 year old ammocoetes (larvae) of the sea lamprey,
Lampetra planeri, is not hindered by 9 months exposure to 500 mg/1 of
potassium perchiorate (360 mg/1 as C10,). There is, however, some
tendency to premature metamorphosis of the fins of the exposed larvae,
and the eyes show anomalous development. The authors reported 40%
mortality in the first eight weeks for all larvae exposed to perchlorate,
compa§$$ with 30% for the controls, a difference which is not statistically
compelling. :

- Amphibia, Newts, salamanders, frogs and toads have all been the
subjects of study of the physiological action of perchlorate. Dent and
Lynn (1959)163 have conducted comparative studies on the effect of
perchlorate injected into the body cavity of American newt, Tritwrus
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(Diemyctylus) viridescens and a terrestrial counterpart, the dusky
salamander, Desmognathus fuscus. Injection of 0.1 ml1 of 0.2% aqueous
potassium perchlorate (approx. 100 mg/kg) on alternate days for 30 days
produced significant histological changes in the salamander but not the
newt, The effect of perchlorate is to prevent accumulation of iodine

by the thyroid, thereby blocking synthesis of thyroid hormone, which
results in increased release of thyroid stimulating hormone (TSH) by

the pituitary. TSH, in turn, brings about the histological changes

in the thyroid. Apparently the normal inactivity of the thyroid of
Triturus is due to the low production of TSH by the pituitary. Since
thyroid activity is commonly sensitive to temperature, Dent and Lynn
suggest that the inactive thyroid of Trituru {is related to the wide

range of environmental temperatures within which it thrives. Des-
mognathus, in contrast, lives under more restricted temperature conditions.
Fortune (1956)161 has used this argument to rationalize the differences
in thyroid activity of goldfish and other teleost fishes. Dent (1961)16%
has found that continuous immersion of Tritwrus in water containing

50 mg/1 of potassium perchlorate (36 mg/1 as C10,) for 180 to 450 days
resulted in significant histological changes in the thyroid and pituitary.
The thyroid was involuted (atrophied) and large cells appeared in the
pituitary characteristic of animals from which the thyroid has been
surgically removed, Overt changes included thickening of the epithelia
and increased superficial pigmentation, apparently related to the fact
that thyroid hormone normally brings about the shedding of the skin in
newts. Dent reported 20% mortality for all exposed animals without
specifying the period of exposure.

Pflugfelder (1959)160 found that metamorphosis of the tadpoles of
the clawed toad, Xenopus laecvis, as well as a frog, Rang temporaria,
is completely inhibited by exposure to 500 mg/1 potassfum perchlorate
(360 mg/1 as C10,) shortly after hatching. The tadpoles continue to
grow beyond normal size, and the inhibition of metamor?hosis mdy become
irreversible in time., Pflugfelder and Schubert (1965)165 have reported
on changes occurring in the skin of Xenopus laevis exposed and unexposed
to potassium perchlorate during metamorphosis., Inhibition of thyroid
action has been implicated by Hourdry (1973)186 in a study of the effect
of perchlorate on tadpoles of a toad, Discogloeus pietus. In the normal
tadpole the intestine, a large spiral, diminishes in volume and loses
{ts spiral nature during metamorphosis. Tadpoles maintained in solutions
containing 1000 mg/1 of potassium perchlorate (720 mg/1 as C10,) for 4-35
days do not exhibit normal {ntestina) changes. Other metamorphic
changes, including breakdown of the intestinal epithelium, are inhibited.
According to a Russian paper (Dyban, et al., 1960)67, holoblastic
metamorphosis (cleavage) of the frog embryo is inhibited by sodfum
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perchlorate at the 100-125 mg/1 level (70-90 mg/1 as Cil,), but not
below this. The acute toxic level of sodium perchlorate to tadpoles
(unspecified) is said to be 2000 mg/1 for 24 hours (Durand, 1938)1€8,

Other studfes, not directly related to environmental probiems,
concern the effect of perchlorate on isolated heart muscle (Efchler,
1929)189, sartorius (thigh) muscle (Boehm, 1929)170, transversely
striated muscle (Messini, 1929)171, and toe muscles (Foulks, et al.,
1973)172 of the frog.

Echinoderms. Lallier (1957)173 has observed that embryonic
development of the sea urchin, Paracentrotus lividus, it modified by
treatment of the eggs 1/2 hour after fertilization with seawater con-
taining 5000 mg/1 or more of sodium perchlorate. Treatment of the
unfertilized eggs for 20 hours with 15,000-30,0:0 mg/1 of sudium
perchlorate before but not after fertilization did not affect normal
development. No evidence has been presented tnat moderate (500 mg/1)
cogcentrations of perchlorate have any meastirable effect on sea urchin
embryos.

Annelids. Leeches (unspecified) are killed by a 2% solutfon of

?gg;gysgercﬁiorate. but 1ive several days in a 1% solution (Durand,

Arthropods. No communications concarning the effect of perchlorate
on freshwater or marine arthro?ods‘have been retrieved. A Russian

paper (Rapoport, et al., 1970)17% reporis a high incidence of pheno-
copial events in Drosophila malanogaster (fruit flxgnexposed to "sub-
Tethal* levels of sodium perchlorate {ca. 2.7 x 10 M or 2.5 mg/) as
C10,). (A phenocopifal event is an embryonic. change resembling a
mutatfon and brought about by an .agcnt such'as a chemical.) This re.
presents by far the greatest degree of sensitivity to perchlorate of
any animal tested, and clearly merits verification.

Plants, There are r) perchlorate toxicity studies relating to
aquatic Tlowering piants. However, Neaver (1842)175 found that Bilox{
soybeans grown in water culture exhilit toxic symptoms (crumpling of
Teaves) at perchlorate level as low as 2.5 mg/1 four days after
application. Soybeans grown in sand weére noticeably less susceptible,

According to Kiemperer (1957)176, uptake of fodide (121I) by the
seawred Puous cerivotdee 15 competitively inhibited by perchlorate at
the 0.1 mg/1 leve: in seawater. , :




Microorganisms. Two papers report bacterial growth inhibition.
Uevelopment of Clostridium tyrobutyricum in glucose broth is fnhibited
by 1000-2000 mg/1 of potassium perchlorate (Vos, 1949)177, Durand
(1939)168 states that a 2% solution of sodium perchlorate is required
to check the growth of E; coli, and about 10% to chgck the gro¥th1?f]

hylococcus aureus and Sterigmatocystic nigre. Of seven unicellular
i?;geg Greenhalgh and Riley (1961)178yhave r;ggzted that 1000 mg/1 of
perchlorate is without effect. for Phaeodactylum tricornutum, Monochrysis
lutheri, Isochryeis galbana, and Nanochloris oculata. Some inhibition
of growth at this level was exhibited by Prorocentrum micans, Gymmodinium
vitiligo, and Peridiniwm trochoidewn.

Biotransformation and Subcellular Physiclogy. A few microorganisms are
able to metabolize perchlorate; most are not. Trombalila and Broda
{1971)173 have shown that perchlorate is absorbed by the alga Chklorella
fuaea only to a small extent, and is not reduced to chloride. Hackenthal,
et al. (1964, 1966)180 181 on the other hand, have found that per-
chlorate (10°2M) is reduced to chloride by several species of hetero-
trophic bacteria, including the very common E. coli, Pseudomonas
aeruginosa, and Serratia mcereescens, as well as several Staphylococous,
Micrococous and Sarcina ap. Some Streptecocous and Flavebacterium 8pp.
were {nactive. The authors performed a number of experiments {n com-
petitive reduction of perchlorate and nitrate which appear to demonstrate
that the two anions are substrates of the same enzyme, nitrate reductase.

Perchlorate has been shown to inhibit a few enzyme systems, Blaschko
(1935)182 nhas reported that the decomposition of hydrogen peroxide by
horse 1iver catalase is reversibly inhibited by more than 90% during
the first 5 minutes by 107“M (10 mg/1) perchlorate. Oxalacetic de-~
carboxylase isolated from Cucurbita pepo by Byerrum, et al. (1950)3183
was inhibfted more than 90% by 0.007M sodium perchlorate.

Some viruses are fnactivated by perchlorate (Freifelder, 1966)18%,
On exposure to 0.1-5M sodium perchlorate, many bacteriophages eject
their DNA intact. o _ -

Analytical Chemistry of Perchlorate in Water, Although many papers
concerning analysis for perchlorate have apneared fn the last two decades,
~only a few describe procedures suitable for estimation of perchlorate

in natural waters and wastewaters, i.e., at the mg/1 level,

Nabar and Ramachandran (1959)385 have reviewed earlier methods,
most of which involved reduction of perchlorate to cbloride by means of .
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a rea?ent such as sulfur (Durand, 1937)186 amalgamated zinc (Haight,
1953)187 titanfum (1I1) chloride (Eag]es, 1954)188 | or vanadium {111)
sulfate (Zatko and Kratochvil, 1965)189, The chloride produced is
determined volumetrically by the usual methods, or the excess reducing
agent may be estimated. Because the reductfon usually proceeds well
enly in concentrated sulfuric acid solution, a substantial dilution of
the original sampie is inevitable. This contributes te the low precision
of the method, which {s no better than + 20 mg/1, In a procedure by
Trautwein and Guyon (1968)!9°%, perchlorate is reduced with tin (I1)
chloride, and the excess tin is determined spectrophotometrically.

The best precision 1s in the order of + 1 mg/1.

The perchlorate ion-selective electrode based on liquid ion ex-
change extraction has received the most vecent attentfon (Baczuk and
DuBois, 1968; Coetzee and Freiser, 1968, 1969; Manahan, et al., 1970;
Covington and Thain, 1971; Ishibashi and Kohara, 1971; James, et al.,
1972; Rohm and Guilbault, 1974)’913192,193:19“:195»‘95"9791§°. A
concentration cell! (Figure 4) is set up with a liquid ion exchange
membrane between the test and reference sotutions. The membrane
tynically consists of a substitutad phenanthroline metal chelate ia
nitrobenzene or high molecular weight quaternary ammonium saits in
1. decanol,  Coetzee and Freiser (1969)19% quote a useful range of
1071 to 107N (10-10,000 mg/1); more recently Ishibashi and Kohara
(1971)196 have reported precision in the ! mg/1 range. Higher sen-
sitivity may also be achieved by precipitation titration of the per-
chlorate with tetraphenylarsonium chloride using the fon-selective

- electrode as an indicator.

S.CE. g 8  SGE

Ref.Sobn.| - |Tes! Soln

Liquid“ Ma?nbraqe

Figure 4, Con$§?§:atiou cel! for perchiorate ('shibashi and Kohara,
197
(S.C.E. = Saturated Calome! flectrode; B=Salt bridge,
30% NHCl) A
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A large number of procedures have been devised whereby a dye is
added to the solution containing perchlorate, and the perchlorate-dye
complex 1s selectively extracted into an appropriate organic solvent.
The complex 1s then determined spectrophotometrically. These pro-
cedures, which are summarized in Table 14, give sensitivities on the
order of 0.1 mg/1 or better, but may be subject to interference by
many ions, including those in common detergents. In a related pro-
cedure, the solution containing perchlorate is equilibrated with a

- colered 11quid fon exchanger consisting of a quaternary ameonium
sl erdmanate in xylene-hexone (Clifford and Irving, 1964; Irving and
C el Damodaran, 1965)19%20C, the tetraphenylarsonium salt of ecsin or
= bromothymol blue in chloroform (Tribalat and Piolet, 1961)201, op
P - the quaternary salt of dimethylprotriptyline in chioroform-cyclo-
SR hexanealcohol (Borg, 1969)292, The perchlorate fon displaces a
S colored anfon into the aquecus phase, where it is determined spectro-
photometrically. The useful range is 1-10 mg/}. In yet another
variation (Shigematsu, et al., 1970)293 perchlorate is extracted {nto
nitrobenzene as the §5In-g-phenanthroline complex, which is determined
by means of a scintillation counter. The useful range extends down
to 0.02 mg/1. :

A gravimetric procedure using tetraphenyl-phosphonium ion to
precipitate the perchiorate 15 sensitive ia the 1 mg/1 range (Willard
t 3 and Perking, 1953)2%¢, Perchlorate has also been determined gravi-
U metrically as the potassium salt by isotopic dilution with Y6KC10,,

: 3 - with a precision on the order of + 10 mg/1 (Johannesson, 1962)205,

gy o A T g 1S S
»
o " H -

An infrared technique using potassium bromide discs is said to
be accurate in the range of 10 ma/! perchlorate (Greenhalgh and Riley,
1950, 1961; Loach, 1972}206,170,207,

Envirgnmental Prevalence of Perchlorate. In 1958, Baas Becking, et ol 221
reported that perchlorate was present in concantrations as high as 1000
ng/) in the rivers, estuaries and coastal waters of Australia. Others
'(Greeaha!?n and Riley, 1960, 1961; Loach, 1962; Iwasaki, ot al,,
1963)205, 178,207,208 hayp attribytad these findings to errors in the
experimental procedure, and have reported finding no detectable per-
chiorate in natural water samples. Loach has reported finding 9-12 mg/kg
of perchlorate (as KC!Gg; {n garden vegetables and 21-28 mofkg n urine,
Weiss and Stanbury (1972)22¢, on the other hand, veport finding no per-
chlorate in urine or serum to a detection limit of 5 mg/kg. There may
have been a significant difference in samples, but {1t sesns more 1ikely
that tha difference was in analytical procedures.
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Swmary and Conclusions. Although few definitive studies have been
conducted, 1t appears that the acute toxicity of perchlorate {on to
aguatic animals and microorganisms is very low, with toxic levels
probably exceeding 1000 mg/} for periods of 24 hours and longer. Fish,
leeches, and tadpoles all survive indefinitely in water with perchlorate
levels above 500 mg/1. Because perchlorate is an important anti-
thyroid agent, however, chronic effects may appear at much lower levels,
Newts maintained at a Ievet of 36 mg/1 exhibit significant histolcgical
changes in the thyroid and pituitary, and continuous exposure to 360

mg/1 results in arrested metamorphosis in tadpoles and a grossly enlarged
thyroid in gupptes. Holoblastic metamorphosis of frog embryos is re-
ported to be inhibited at 70-%0 mg/1 perchlorate.

Growth of some bacteria and unicellular algae has been shown to
be similarly insensitive to perchlorate, and some common hacteria are
capable of metabolizing perchlorate. No aquatic organism has been
found to be affected by perchlorate in the mg/1 range, although soy-
bean plants grown in water culture show toxic symptoms at 2.5 mg/l.
While studies to establish minimum chronic levels for aquatic organisms
wuld be desirable, perchlorate does not seem Yikely to become an
enviromenm hazard,

Recormendations for Fyrther Work.

1. Acute Yoxfcities., The acute, 96-hour median tolersnce Vimit for
potassium perchlorate should he determined for a native freshwater
fish, such as the ratnhow trout (Saimo gairmdresid). breok trout

_ (Satuazuw fontinales), or fathead minnow (Pimsphales promelcs).

The acute, 96-hour median tolerance limit for potassium perchlorate
should be deterwined for a native saltwater fish, ¥e recommend the
comwon kiVVifish (Mocdulus koteroelitus) or the sheepshead minnow
(Cuprinodon nariegatur). To estimate the toxicity of perchiorate to
native arthropods, the tmmobilization Yevel should be detersined in

freshwater for Dapinic magva. for each animal Studied, the affect of
temperature oh perchlorate Soxicity should be exazined. :

2. Chronic Yoxicities. A complete chronic bicassay shouid be coﬂéuctr*i
with the sane fish used in the acute tests, at porchlorate levels of -

7 and 10 @g/1, and at several tosperatures, This test will be concesw o

with the viatn!ity of the egos, survival and growth of the fry, and
sexual maturity of the adults,

3. Some coswmon aquatic flowering plants should be maintained in the
effluent water from the chronic assays to test the phytotoxicity of
perchiorate.
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STRONTIUM SALTS

Apprcach to Toxicity to Aquatic Organisms. The published 1iterature
has been surveyed through July 1974 by means of Chemical Abstracta.
Citations for all strontium compounds were reviewed; however, abstracts
of articles pertaining to radioisotopes of strontium were retrieved
only insofar as they related to uptake and distribution of nonradio-
active strontfum. For Volumes 1-78 (1907-1973), the appropriate index
headings were surveyed; for Volumes 79-80 (1973-1974), the keyword
citations were scanned issue by issue. '

Additional references were recovered from secondary sources, Of
particular value were the reviews of Ellis (1937)222, Doydoroff and
Katz (1953)223, and McKee and Wolf (1963)22%, ,

Toxicity to Aquatic Organisms,

Fish., The first published study of the toxigity of soluble
stronlium to fish was conducted in 1881 by Richet?®23, who found that
the survival of a number of small Meditercanean fishes exceeded &3
hoyrs on exposure to 2.2 g/1 of strontiym as strontium chioride. Sub-
sequently, the low order of toxicity of strontium has been confirmed
with freshwater fishes. Jones (1939, 1957, 1964; Murdock, 1953)326,327 229,229
- showed that the minfowm lethal concentration for sticklebacks {i.¢.,
survival = survival of controls = 1M d3ys) i3 1200 wg/) of strontium as
strontium aftrate, or 13,7 md, By comparison, the minimum lelhal con<
centration of calcium aitrate is 25 mN; hence, the toxicity of strontium
s only slightly qreater than that of calcium to sticklebacks, Earlier
studies by Powers {1917)230 with crucian goldfish and by lwao (1932)3%
with small freshwater fish, Opdadae lztdres, are ia ¢Tose agreesent with
the work of Jones. Acute toxicity dats for fishes are susmarized in -
Table 15. Clearly, ng discharge of stroantium from pyrotechaic 1oading
facilities or any other 1ikely source could reascaadbly be considered
- an environmental hazard. ' .

© Concaintng the toxicity of strontium to Tish eshryos, Mathews (1904)232
has noted that 2/3 n Sril, (presumably 29.¢ g Sr/l) is the least con- -
centration preventing formation of embryos in the eggs of the commn

killifish {Foidulus keteroeldtus) at 20°C. :

Awphibia. A single paper by Pincusser {i1927)233 states that 0.1 n
strontiua chioride (presumably 4380 mg Sr/1) is lethal to 4 of 10 Bufo
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tadpoles in one hour and 9 of 10 in 20 hours, when the tadpoles are
exposed to intermittant light. Nearly all tadpoles maintained in the
dark survive at this concentration.

Invertebrates. Several studies have shown the microcrustacean,
Daphnia magna, to be substantia11§ more sensitive to strontium salts
than fish. Thus Anderson {1948)235 found the 64-hour immocbilization
threshold for strontium chloride to be 63 mg/1 as Sr, while Bringmann
and Kuhn (1959)37 reported the 48-hour toxic threshold to be 210 mg/1.
In the most recent study, Biesinger and Christensen (1972)236 have
generally confirmed the acute toxicities documented in the earlier
works. In addition, they conducted chronic studies over a periocd of
three weeks, which indicated that reproduction of Dzpinia is impaired
by 16% at a level of 42 mg Sr/1 and by 50% at a 1eve§ of 60 mg/1.

Some growth parameters were also measured; there is an average 24%
toss in weight on exposure for 3 weeks at 100 mg/1. Anderson reported
that strontium was much more toxic to Dapimia than calcium on a molar
basis, relative to fishes, while Biesinger and Christensen found that
the difference became significant only in chronic tests, i.e., during
21 days. Anderson‘s value for strontium appears low. It should be
noted in any event that daphnids are probably most vulnerable during
molting, and all animals will have undergone one or more molts in the
course of each of these investigations.

For the planarian, Polycelis nigra, Jones (194C)237 has found
the threshold (48 hr) survival for strontium chloride to be 6600 mg/1
as Sr, and for strontium nitrate, 3500 mg/1 as Sr. On a molar basis,
the toxicity is only slightly greater than for the corresponding
calcium salts. Apparently nitrate is of greater concern to Polycelie
?ha¥ g?e ?gtion. Acute toxicity data for invertebrates are summarized
n Table 16.

Microorganisms. The few investigations carried out with protozoans
indicate that the sensitivity to strontium salts is about the same as
for Daprnide $0a1e, 1913; Bringmann and Kuhn, 1958)238,%0_ yarbrough
and 0'Kelley (1962)23° have additionally shown that complete substitution
of st wtium for calcium at 0-2 mM (18 mg Sr/1) in the nutrient
medium of Paramecium multimicronucleatm has no effect on the rate of
growth, There is an important increase in the number of "avoidance
reactions" exhibited by the animal, but the authors suggest that this
is a calcium deficiency symptom rather than a strontium toxicity re-
action. Some toxicity data are presented in Table 17.

For a wide range of bacterial species, strontium salts have been
found to be inhibitory only at very high concentrations, as shown in
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3 Table 17 (Eisenberg, 1919; Hotchkiss, 1923; Koulumies, 1946)240s241 4242,

S Relative to calcium, the toxicity of strontium s not uniform; for some

IO species it is of equal toxicfty on a molar basis, while for others

2 strontium is nearly ten times more inhibitory. At a low environmental

N Tevel (1-10 mg/1) calcium s essential for growth and nitrogen fixation

in a number of Asotobacter species (Norris and Jensen, 1957 & 1958)243 244,
Y In each case 1t has been shown that strontium can substitute for calcium

A on an equimolar basfs (2-20 mg Sr/1), thus indicating a nutritionzl

L 3 function for strontium.

For a number of fungi, alsc listed in Table 17, the resistance to

strontium is the same or greater than for bacteria (Koulumies, 1946;

Somers, 1959 & 196])242,245,246  Fop s1ime molds (Myxomycetes), the

: toxicity of strontium is said to be intermediate between that of mag-
g nesfum, and barium the most toxic (Seifriz, 1949)247.

E The green algae exhibit very large specific varfations in response
. 4 to strontium., The lowest inhibitory concentration for Chlorella vulgaris
E 4 exceeds 13 g/1 (den Dooren de Jong, 1965)248, Strontium can substitute

3 for calcium in the nutrition of Chlorella pyrenoidosa (Walker, 1953)249,
and as the chloride (but not the nitrate) it is largely without effect
on the growth of Stichococcus baoillaris at 8.8 g Sr/1 (Schroder,
1954)230,  In contrast, calctum utilization by Coccomyza pringshetmii
is fnhibited by strontium at a level of 1 to 5 mg/1, and in a low cal-
cium environment (2-6 mgn;i ?rowth is strongly inhibited by strontium
at 5-10 mg/1 (Malker, 1956)251, For Protosiphon botryoides, substitution
of strontium for calcium in the nutrient media has the curious property
of preventing formation of motile cells (zoosporeszi with partial
inhibition of growth (0'Kelley and Herndon, 1959)25¢, It has also
been noted that some green algae, including P. botryoidee &nd C.
pyrenoidosa, produce larger, more highlg vacuolated cells in strontium
replacement media (Moss, et al., 1971)233,

Strontium in the Aquatic Environment. Although not a major element in

the aquatic environment, strontium is by no means rare. The concentration
in sea water has been variously measured at 8.1-10 mg/! gslack and
Mitchell, 1952; Bower, 1956; Eremeeva, et al., 1972)25%¢255,256  yhile

the freshwater concentration usually falls {n the range of 0.05 to 0.5
mg/1 (Templeton and Brown, 1964)257, though occasionally exceeding 5 mg/1
(Curtis and Stusber, 1973)258_ Yhe ratio of strontium to calctium 1is
usual!g 1-5/1000 in freshwater23? and 1/4 in seawater (Ophel amd Fraser,
1970)259, Thus freshwaters high in calcium are usually relatively high

in strontium and vice versa.
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Because of the concern with accumylation of radiostrontium (®SSr,
895p, 905r) in the environment, many investigations have been carried
out on the accumulation of strontium in aquatic organisms and its
movement up the food chain. The work concerning fish has been re-
viewed by Simmons (1971)260, Although there are important quantitative
differences among species, it is apparently true that discrimination
g among freshwater plants (Owens, et al., 1961)261 and some fish257s 260
. and microorganisms (Kevern, 1964)282 is higher in favor of calcium in

1 high calcium waters and lower in very low calcium waters, indicating

3 that many organisms will satisfy at least part of their calcium re-
: ) quirement with strontium if and only if calcium is in short supply.
3 ) Where the calcium concentration is sufficiently high, on the other
) ] hand, discrimination is a matter of chemical equilibrium. The dis-
p 4 crimination in favor of calcium tends to be higher in marime fishes
: 4 than freshwater fishes. It may be that marine fishes, exposed to a
© 3 Sr/Ca ration 100 times greater than freshwater fishes, have evolved
a mechanism to avoid incorporating too much strontium. Discrimination
is measured in terms of a discrimination factor, D (also designated
tke observed ration OR):

D = _{§:§§g%_.sample
SrfCa) precursor

For simple organisms, such as algae, “precursor® refers to the
surrounding water; for higher animals, however, 1t could also refer
to the food source. For fish there is evidence that discrimination
is greater against ingested strontium than against strontium absorbed
through the gi11s (Berg, 1969)2%3, However, one study showed large
differences in observed ratios for different species of fish in the
same lake (Ophel and Judd, 1967)26%  The authors interpreted this as
indicating different feeding habits of the fish,

Table 18 1ists discrimination factors for a wide range of fresh-
water and marine organisms, Discrimination factors are generally
greater than one for freshwater organisws and iess than one Yor marine
organisms, with some important exceptions, The marine brown algae
discriminate in favor of strontium (Yamamoto, et a/., 1969)265 "while
the freshwater plant Nymphaea cdorata takes up almosi no strontium2ss,
Insofar as strontium is concentrated in the food chain, dietary pre-
ferences could be critical. There is, howaver, no evidence from
Table 18 that bioconcentration is occurring.
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Table 18, Discrimination Factors: 0 = -{%5;%%}—8;%%%12!

Organism Water D Reference
Brown algae Sea 4.2 Bowen (1956)255
Red algae Sea 1.3 Bowen (1956)255
Green algae Sea .50 Bowen (1956)25S
Chiton shells Sea .81 Bowen (1956)255
Cephalopod bone Sea .57 Bowen (1956)255
Other mollusc shells Ses .27 Bowen (1956)255
Corals Sea 1.4 Bowen (1956)255
Brown trout bone Fresh .45-.56  Templeton & Brown (1964)257
Brown trout muscle Fresh .53-1.00 Templeton & Brown (1964)257
Algae:
Spirogyra ssp. Fresh 1.5 Ophel & Fraser (1970)25%
Nitella sp. Fresh .6 Ophel & Fraser (1970)259
Mosses:
Pontinalis sp. Fresh 1.2 Ophel & Fraser (1970)259
Vascular plants:
Typha angustifolia  Fresh 1.2 Ophe! & Fraser {1970)25%
Sparganiume fluctuans Fresh 1.0 Ophel & Fraser (1970)259
Potamogeton ( spp) Fresh 1.5-2,1  Ophel & Fraser (1970)25%
Najex flexiite Fresh 1.2 Ophel & Fraser {1970)259
Seirpus (2 spp) Fresh  1,5-2.2  Ophel & Fraser (1970)259
mm septang- Fresh 0.5 Ophe) & Fraser (1970)259
Pontedsria cordata Fresh 1.1 ‘Ophe) & Fraser (1970)259
Junous militaris  Fresh 1.6 Ophel & Fraser (1970)259
Nymphaaa odorata Fresh A Ophel & Fraser (1970)259
Nuphar variegatum  Fresh 1.6
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. - _ASr/Ca) organism
Table 18. Discrimination Factors: D —%5;553}—;5%3;-—— (Conttnued)

Organism Water D _ Reference

Vascular plants (cont): :
Brasenia achreberi Fresh 4 Ophel & Fraser (1970)259

Ceratophyllus Fresh 2.2 Ophel & Fraser (1970)259
demersum .
Utrioularia vul- Fresh 1.7 Ophel & Fraser (1970)259
garis : :
Rainbow trout Fresh .37 Ichikawa (1960)26}

Snail: Lymmage stag- Fresh  ca.5 van der Borght (1962)267
nalis
Seal: Phoca (2 spp) Sea  .038-.14  Kostareva, et al, (1970)2€8

Sa}Qon: ?naarﬁyno&ua Sea .22-.26  Kostareva, et al, (1970)260
spp ' ‘

Herring: Clupea Sea  .117-.15  Kostareva, ot al. (1970)2€6
harengus |
Flounder: Lepidopsetta 3ea .26 Rostareva, et al, (1970)268

sp. _
Crustacean: Daphnia  Fresh - .58 Marshall, et al. (1962)26%
magna

Analysis of Strontium., Because of the very low order of toxicity of
strontium compounds, no effort has beor made to collect and review
articles on trace analysis of strontium in water, Mothods are de-
scribed in Standard Methods for the Examination of Water and Waste-

water (13th Edition) and in some references from this report2S%y258,257

Conclusions. The agute toxicity of aqueous strontium fs very low,
being only slightly greater than that of calcium for a wide variety of
freshwater and marine organisms. Furthemore, there is no indication
of bioaccumulation of strontium in the aquatic food chain, It g
inconceivable that any likely wastewater discharge of nonradioactive
strontium could present an environmental hazard. For this reason,

no further toxicity studies would appear to be justified at this time,
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SUMMARY OF RECOMMENDATIONS

In the preparation of these reports, many deficiencies in our
knowledge of possible adverse effects of the various munitions on
aquatic tife soon became apparent., Accordingly, brief recommendations
have been made concerning further research necessary to correct these
deficiencies. These recommendations, which involve complex and pro-
longed chemical and biological investigations, would provide the basis
for a major research program. However, with the exception of ONT,
this work cannot be justified in terms of the likely environmental
hazards presented by the wastewaters from the munitions concerned.

The maximgm discharge of most of these materials in munitions waste-
waters is known to he exceedingly small, and fragmentary evidence
indicates a low order of toxicity. Thus, it is not intended that

the recommendations made in these reports should be taken uncritically
as the basis for a “Request for Proposal”. It is believed that the
research proposed is desirable in terms of advancing our knowledge
concerning the potential problems presented by munitions wastes. It

~ is also believed that this work would be ideally suited for in-house
research. The large number of compounds involved, the uncertainties
concerning their physical and chemical behavior in water, and the

- probabitity that many of the compounds will merit no more than a few
simple bicassays while others justify extended study. This will involve
researchers in many day-to-day decisions concerning the direction of
the work, which could be time-consuning cnd cusbersome where an out-

. side contractor is involved,

The recommendations for further research work detailed for
seven of the compounds in the report are sumsarized in Table 19. Mo
toxicity studies are proposed for either red phosohorus or strontivm
compounds.

Table 19, Summary of the RQecomwendations for Furiher Work on Seven
ef :he waterﬁorﬂe Pollutants
, fcute . Chronic Microbial Wastewater
~ Voxicity Toxicity Degradation  Amalysic
Poilutant Studies  Studies Studies Studies

DNT tsomers and X Xot X Yo
wastewaters

Tetryl, picric acid X X X X
and picramic acid _
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Table 19, Summary of the Recormendations for Further Work on Seven
of the Waterborne Pollutants (Continued)

R I e T e T I T e S e e SN

Acute Chronic Microbial Wastewater
Toxicity Toxicity Dearadation Analysis

Pollutants Studies  Studfes  Studies Studies
Tetranitroresorcinol X X X X
and Lead Styphnate
PETN X* Xe X* X+
Nitroguanidine X* e X x4t
Tetracene X* X* 8 xtt
Potassium perchloratedd X X

o {ncTude any Important degradation products of the comoounds.

$To include any possible accumula®ion in aquatic organisms,

$To include especially the 2 %- and 2,6 iscmers of DNT.

**To include fdentification of any photochemical degradation products.
ttAnalytica) procedrces are required to be developed for wastewaters,
$EFfects of was’ewaters on aquatic flowering plants to be studied.
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LIST OF ABBREVIATIONS

Ar Aromatic
AW Acid Washed
BOD Biological Oxygen Demand
cm centimeter
ca. about
conen, concentration
ONT Dinitrotoluene
~ EDg Median Effective Dose
g - grams
| GSH - - Glutathione, reduced
. BSS6 . - Glutathione, oxidized
gle . gas-Tiquid chromatography = -
hr “j " hours SR :
A PL infrared
kg .. kilograms ;
o - - Titers
b | pounds
v - Lethal Concentration
LDgq - Median Letha] Dose
M Molar (solution)
mg ' ~ milligrams
m meta
min mirutes
N Normal (solution)
NADP Nicotinamide adenine dinucleotide phosphate
NADPH Nicotinamide adenine dinucleotide phosphate, reduced
ng nanograms
nm nanometers (10°% meters)
NTIS National Technical Information Service
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5 ! - -
T o ortho
| P para
k. } PETN _ Pentaerythritoltetranitrate
f?""'ﬁ : pH Hydrogen Ion Concentration, minus- log of
SR _ T0C Thermal Conductivity Detector
o f TLm Median Tolerance Limits
s : TSH Thyroid Stimulating Hormone
. ; tle thin-layer chromatography
. u.v. ultraviolet
ug micrograms
° degrees: °C, Centigrade Scale
Il Divalent
III ... Trivalent
o U _ wavelength
e " "Carbon 14 isotepe
1311 ~ Todine 131 isotope
36K . Potassium 36 isotope
638  Nickel 63 isotope
35§g§‘re95r Strontium 85, 89, 90 isotopas
65Zn Zinc 65 isotope
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