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' guessing based on structura]. analogies for the chemicals.

SECTION I

INTRODUCTION

“The Office of Toxic Substances (OTS), U.S. Environmental Protection

~Agency (EPA) under Contract No. 68-01-2681 requested that a literature

search and evaluation of- the results be carried out for the following
chemicals: benzidine and its salts, 3, 3'-dichlorobenzidine a-naphythy-
lamine, B-propiolactone, 4,4'-methylenebis(2-chloroaniline), ethylenimine,
and bis(chloromethyl)ether. Also at their request’, "gsome intelligent”

" is reportedv in
cases where very little information was readily available. Although )
all of thesevcompo'unds‘ are known carcinogens,' little is. known on their. »
fate in the environment. A literature search was institui:ed 'fo determine

what information is_ava'ilable'that will help determine potential environ-

mental conf.amination and fate of these compounds.

The fate of chemicals in the environment depends on a complex
variety of chemical physical and bilological interactions, “few o!,which' .
have been studied in sufficient detail to predict the likely .rate ‘of
change in concentration of any but the simplest organic ccmpounds. Esti<
mation. of the losses of carcinogenic material from manufacturing sites
and it‘s‘eventual fate in the environment' cannot be made on the .basis of
publislied infomation; VSRI was involved in such an effort recently an_d
was able only to bracket losses as either S1%,. <2%, or <3%, on the basis
of the major production method. The ability to bracket losses even very
approximately 1s -possible only for chemicals in large quantity production
100 x 106 1b/year), where considerable information on the processes,

products, and by-products is readily available.

In the chemistry of the compounds considered in this study, emphasis )

was placed on searching fdr or estimating kinetic values for potentially

4A important pathways of degradation, including free radical oxidation,

' photolysis and hydrolytic reactions. With possibly a few exceptions, no -

attempt was made to'catalog or note the wide variety of c_hemical reactions
that these chemicals enter into under 'lsboratory conditions,” inasmuch
as this term is vague and not likely to be of general value in assessing

the environmental fate of these materials. .

In addition to the literature searches accomplished during the study,v

independent calculations for free radical reactivity were made by

Dr. D. G. Hendry,. at the request of Dr. T. Mill. In general the kinetics'

literature rarely provided z_'ate data for conditions close to those found

in the 'environment.




SECTION I1

CONCLUSIONS

Any attempt toAquantify losses of a specific product during manu-
facture or use as an intermediate will require a major effort because of
such factors a; the wide variations in: (1) production processes,

(2) ﬁroduct purification, and (3) product intermediate and end uses. The
+ minimum 1nformation re- red. for such an undertaking woﬁld be detailed
process flow sheets ar . material balances, together with reaction kinetics
data and migture component vapor pressures and solubilities as a function
of femperature and solution composition. .The effectiveness of air,

w.*2r, and ‘solid waste pollution control measures at plant sites should

also bé e;amined with some field verification of theoretical losses.

Very few references were found that were of much value in providing
rate data for evaluation, énd the need for such reliable data hﬁs been
notéd for each compound. Thg general fate.of these compounds in the
éﬁvironment and their toxic effects othér than the cﬁrcinogenic proper-
fies'have rgceived little attentidnf;q the literature. Basic physical
data are frequently unavailable and environmental measurements wholly
so, Inferences concerning'environmental movement are consequently
fragmentary. At best, we can eliminate several of the compounds as
probable hazards in freshvaters, butican say litfle with confidencé
regarding their decomposifign products or their behavior in saltwaters.
Nor can we full& appraise their potenttal biotic impacts, although

several compounds are clearly mutagenic as well as carcinogenic. Table 1

summarizes our findings.

To efficiently utilize available resources, we recommend the follow-

ing sequence of steps be taken:

PR -~

Quantify the losses to the enviromnment of the more biologically
significant compounds

Determine the basic physical and chemical. properties as related
to environmental processes (i.e. oxidation, hydrolysis)

Reappraise the potential environmental mobility of each compound
Determine the toxicity, mutagenicity, and teratogenicity of

those which appear most hazardous on the basis of mobility and
magnitude of release.
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EXVIBONMENTAL DATA FEIDS .

BPropio- 4,4'-Methylenebis- Ethyleh-~
lactone  (2-chloroaniline) imind

3,3'-Dichlore-  1-Kaphthyl-

Beutidioe benzidine amioe

Releage/Decomposition/Iomobilization/Movenent

Rolesse to atr
Quantity .
Forn (gas, seromcl, particls)
Helenss to witer . .
Quantity . .
Form (solution, particle) : :
Relesse to land . ) . . . “t
Quantity '
Form (solution, perticle) - . . - . i
Seasonal wariatiocs form, quantity or locale of release .
Temporal variation of release (continuous, pulsed) T ’
fource density—gpoist (+), diffuse (-)
Reciplent biones (dectdoous forest, atc.)
Adsorption . - .
Hunus snd other orgamtcs—Yos (+), ¥o (-) B . ) o~ '
Clays :

?
2
?
2
e
}

of (+), No (=)
Increasing sslinity effocts on & on (+)
Vaporization rates—ligh (+), Low (~)
8olubility in water
Chemical resctivity iz the environment
Sensitivity to solar rafiation—-no sensitivity (-), sdsorption in solar region (+)
Ideatity of decoapositicz products
Chemical reactivity of decowposition products .
1o wovt . - . t
Propensity for limited (+), nome (=) . . - o~ © . e= - . . t
Transfer mechsnisea : . : | .
Identificatton e’ ° . o - .
Quantificaticn a
Efficiency of uptake
Boil/plants : . . ) .
S0il/animals - i - ' ' !
Water/plants 3 B . . o
Water/snimals o .0 ° o’ .o °
Atr/plants - . . . -
Air/anisals . . ) . : ° . ° *
Propensity to food craln transfers : - S ° .
Blological Effec .
Toxicity - . :
Plants - .
Microbes X . . | . . C o
Anioals . i . X . . . . . .
Toxicity of product !
Plants .
¥icrobes
Animals . i
Allergenicity (wmsmals) . ) e
Carcinogenicity LT . . . R
Plants ’ o . : .
Atimels e . -. . ° .
Mutagenicity . N . .
Plants L . . ) .
Microbes : o . .
Animals . . . . .,
Teratogenicity .
Plant’ . . : :
Aniosls N . . . ;
Impaireent of reprocoetion ’
. Physiological : .
Babavioral . . B ¢
Indirect lapatrment of ewrvival »
Disperaal : . . : - >
Predator ivoidance - . .

10923389
90029999
9°v99929
99009999

cegeegqgggd

ng/ s
Dependancy of biclogizal ispact upon medius of occurresce o °

Legend: © = Inferences wre possidble . 5
@ = Some data are arailable . . . Lo . td

81s{chloro-
mathyl)ether



.Abstracts, .

- found can be broken down according to compounds:
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SECTION III

LITERATURE SEARCH

Sources and Subject Area

Chemical Abstracts from 1941 through i974 was searched for the
chemical activity of the compounds under study. Biologiéai and environ-
mental information was searched for by ﬁsing TOXLINE and DIALOG computer-
ized sourcesé Chemical ’""gtracts, i956—1§74; Biological Abstracts,
1963-1974; Selected We .r iesources Abstracts, 1973-1974; .and Current

Contents (Biological ..:d Medical Group), 1973-1974.

To some extent these sources are redundant, but the difficulty of

1i..ding pertinent references made it necessary to verify the absence or

presence of material by hand'searching secondary sources such as Chemical

Searching was done (1) by the Chemical Abstract Service
Number for each compound, (2) on synomyms for each compound, and (3) by
such terms as environmental fate, biodegradation, toxicity, and wéste-

water treatment.

In addition to the abstracts searched, references in pertinent-
articles were scanned for further information, and selected reviews of
the chemistry of classes of coqpounds were examined for pertinent'&ata

or references.

Results

Some feférences were. pulled from all the sources scanned. Those
Benzidine and its
salts, 73; 3,3'-dichlorobenzidine, 11; ®-naphthylamine, 55;
B-propiolactone, 64; 4,4'-methylenebis(2-chloroaniline), 9; ethylenimine,
91; and bis(chlorcmethyl)ether, 18. '

6

— b

The abstracts were read and evaluated by a panel of experts, and
full-text coples of articles that seemed to be of interest were ordered.

A total of approximately 150 articles was ordered.

. e
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SECTION 1IV. .

EVALUATION OF DATA AND ESTIMATES OFARATES OF OXIDATION
OF ORGANIC COMPOUNDS IN THE ENVIRONMENT

Three important modes of oxidation of organic substances in.the
environment can be 1dent1fied.‘ Two apply to the atmospherg, and one
. applies to the-;queous phase. on thevbasis qf'our_knowledge of the .

chemistry of polluted and dnpolluted air masses, the xeaétidﬁs=of both

ozone (0 ) and the hydroxy radical (HO)) are important in the atmosphere.
. Our knowledge of the chemistry in the aqueous phase is much more uncer--

tain, but c¢oncentration estimates of the ubiquitous peroxy radical RO2

‘(where R 15 H or an organic group) indicate its potential 1nvolvement.

.Estimates of the half- life (té) of a substrate (S), assuming dis--
appearance solely by one reaction (for example, reaction with X), can

readily be made from the kinetic relation

= k [s][x]
50% .
= Xlidt
| _/: o 0;8/[81 ﬁx[ 3

under conditions where X is replaced as consumed, resulting.in a constant
or steady-~state concentration,

leO

S50

in = 1n2 = k [x]t
x %

lr‘\ 2/kx[Xj'%. t}

Thus the half-life in the environment for various reactions_ian be
estimated if the conceﬂtraiion of the oxidizing species (X) and the rate
constant for a reaction are known, Calculated values of half-lives for
the various oxidizing species are given in this report for each compound
considered. The values :or HO- and 03 in the gas phase are probably
accurate toAa factor of 3, while the aqueous phase values for R02- are

'only order-of-magnitude estimates.

The half life (tiA= 1n 2/kHo-[H0-]) assumes‘[H0~1 =3 x 10_15M

Values of k were. estimated

. 67
(an average value estimated by H. Levy ). o

- 101
from data reported by W. E. Wilson.

Reactions of ozone are important only in air, where typical concen-

-9
trations are ~2 x 10 M; in aged polluted air the concentration can

reach 10 times-this value. Where NO concentrations are high, such -as

near a combustion source, the concentration of 03 can be essentially zero.

For calculation of half-life (t

‘3

- 2 :
1n /k0

3
used.

The reactions of peroxy radicals (ROZ-, where R represents any
organic radical) are not important in air but- might beiimportant in the
Concentrations of Rozo equal to
M are anticiﬁated for water exposed to sunlight containing oxygen

aqueous phase under some conditions.
-10 )
~10°

and light-sensitive compounds that photodissociate. Half-lives

(t, ~1n 2/k [RO ]) use this concentration., The uncertainty limits

3

range from 1/%0 to 10 times reported values. Estimates for k were

14 RoO-
Ingold.

*

based on data given by K. U.

In each phase, the important modé of disappearance will be that byv
the fastest reaction. The reactions of OH undoubtedly contribute-to the
disabpea;ance of all the compounds under study, to the extent that they
occur in the gas phase. Ozone appears to be less important, except in

the case of benzidine., In the aqueous phase, the reactions with ROZ‘ are’

[03]) the clean asir value was -




relatively slow, and other types of reactions, including biological, may

be important.

Although the rates of attack of the various oxidizing species can
be estimated, the products of the reactions cannot be prédicted with any
degree of certainty; only suggestion{ can be made. Aromatic amines may
initially form nitroso amines, amine oxides, hydroxylamines, riﬂg hydroxyl-
ated products, and ring cleaved products. The other substances are
expected to react by oxidative cleavage reactions. In most cases, all
the products will react at rates comparable to ;hose_of the parent

substrates.

‘Benzidine

@@

Benzidine has a molecular weight of 184.23, melts at 128°C, is slightly
soluble in water, but is readily soluble (1 gm/5 ml) in boiling alcohol

or in ether (i gm/50 ml). Benzidine appears to be resistant to both
physical and biological decomposition, and it is sufficiently volétile

and soluble to be widely dispersed. Consequently, it appears to model
fairly closely the properties of DDT, and should be regarded as a signi-
ficanf hazard ﬁntil physical properties pertinent to appraisals of environ-
mental transfers have been measured. The major uses of benzidine aré

based on the conversion of the amino functions to dyestuffs via diazoti-
zation with the nitrite ion and coupling with aromatic acceptors, such

as napthols, and on the higﬁ-temperature reaction of the amino'groups

with polyurethanes to effect cross-linking, with 1mprovément in physical
properties. Both processes offer the possibility of benzidine being intro~
duced into thé environment at high lqcal levels, if precautions are not
taken. No literature was found that was helpful in evﬁluating this

. 96
possible hazard. It is interesting to note, however, that Takemura et al,

10

hypothesize that benzidine or S-naphthylamine are possibly produced in
river water by the reduction of azo-dye wastes by st or 502 in the river
water, According to them it is easily demonstrated chromatographically
that 1if st is bubbled for a few minutes through a pure azo dye solution,
aromatic amines are liberated from the azo dye.
Air'transfers constitute a clear danger, as noted by several
17,58,65,104 .

authors, but benzidine in water 1is a probable hazard in the ’

. 96
vicinity of dye and pigment factories only.

We would expect tﬂe principal chemical reactions of benzidine in air-
or water to be oxidative degradation via free radical, photochemical, or
énzymic processes; On the basis .of thé foregoing estimates of radiceal -
and ozone concentrations in fhe environment, we estimate that benzidine
has half-lives of 1 day for reaction with either HO- of O3 in the air and

100 days for the reaction with RO2 radical in water.

We have found no publications concerning fhe photochemistry of
benzidine. By analogy with aniline,ZIbenzidine méy undergo some cleavage
of NH bond, but this is most likely to occur below the solar cutoff at
approximatély 300 nm, Benzidine absorbs strongly_above 350 nm.15 Two
papers discussed the diazotization of waste waters containing benzidine, -

27,38
as a means of removing the amine. :

Experimental data on the rates of reaction of benzidine with radicals
and ozone and'qn photochemical reactions under environmentally realistic
coﬁditions ére not available. They would be of value for more reliable
estimates Af half-lives. Products of such reactions and their toxicity

should also be determined.

Decomposition of benzidine in water is probably predominately
biologically mediated. However, it is resistant to biological decomposi-

7
tion 0 and can be expected to persist in the environment.

11
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Benzidine is sparingly soluble in water, but cunsiderably more so -
R ’ 415
.than DDT and is readily soluble in organic solvents, This suggests

that it may readily move through food chains.

No data are available on its movement through soils, although Lahav

.and Anderson noted changes in benzidine-soil mixtures during trgezé-thaw

cycles,65 which might shed light on benzidine's behavior in soils, although
the implications are not clear. Benzidine does react readily with plant
products, however, which suggests that it would quickly adsorb to either .
suspended materials in waters or humic materials in 59119.32 Consé- .
quently, we cunAexpect fairly rapid 1mmobiliz;tion of much of the environ-
mental benzidine in soils or ‘sediments. We have no assurance, however,
that biologically significant.amounts will not be desorbgd in salt waters
‘or the guts of bottom-feeding fishes.

AMost studies on the.toxic effect of henzid;ne have been related to
its caréinogenic activ;ty. It 1s well known that the incidgncéAof
bladder tumors among workers exposed to benzidine is highAand that such
workers show inc?eased levels of B-glucuronidase in their blood. 1In
addition to producing bladder tumors, beﬁzidine is feportéd to induce
hepatic tumors in mice!SI'intestina; tumors in rats,794§nd breast cancer .

40
in female rats.

Little is known about the - oxic effecfs of ﬁenzidine other than its.
carcinogenic activity. Studies by Chriséopher and Jairam showed that
benzidine can be acutely toxic to rats when admiﬁistered:per 05.23 One
gram of benzidine ﬁixed;with an unspecified amount of food and fed to six
rats killed ail‘the rats within 38 days; the first rat died on day 34.‘
Post-mortem examination of the tissues showed epicardial petichial,

hemorrhagic spots and venous congestion.

Rats given a sublethal dose of 100 mg/kg showed leucocytosis,

erythrocyfopenia, thrombocytopenia and reduced catalase and peroxidase

12

. 5
for 14 hours.

9
activity after 8 hours, 1 Chronic exposure to benzidine produced exces-
sive proliferation of bile capillaries, an increase in cystine and serine
in the liver, mild nephrosis, and a decrease in alkaline phosphatase in

- 77
the liver.

_ Cutaneous tests, performed in sensitized patients, showed that

. . 85
benzidine can produce allergic reactions.

In this study, g number of
amino and nitro compounds relafed to benzidine were evaluated. It was
found that the substituent group exerts a Qecisive influence on the
allergenic properties Bf aromatic diamines. Alle?genlcity was intensified’

by the presence of NH2 groups; however, N02 groups diminished the effect,

. and CH3 groups slightly weakened it.

The nonca}cinogenic effects of benzidine in nonmammalian species
are even less well known, When injected into chick embryos, benzidine
prevented neural tube closure and retarded embryonic development and
tiséue transformation.74 Trout, bluegill sunfish, and larval. lamprey

died or showed signs of severe distress when exposed to 5 mg/4 benzidine

According to Ames, beﬁzidine_is not only carcinogenic but also

4
mutagenic, causing frame shifts in Salmonella typhimurium histidine mutant.

1

3,33-D1cholorbenzid1ne‘
) : ci__ . a

HZN@ _@ M,

3, 3'-Dichlorobenzidine (DCB) has.a moiecular weight of 253.1, melts ‘at
132-3°C, is insoluble in water, and is readily soluble in ethanol,
benzene, and glacial acetic acid., It is slightly soluble in hydrochloric

acid. Its major uses appear to be as a dye and plgment intermediate and

as a curing agent for polyurethanes.

13



DCB superficially appears to be a relati%ely immobile compound, but
;t is disturbingly similar to DDT. This suggests that it may be concen-
trated in food chains. It should be regarded as a potentially hazardous-
pollutant. Like DDT, DCB 1s readily soluble in organic solvents,46 is
spar}ngly solublé‘in water, and shou}d accumulate in organisms.s-3 " pCB
is packaged and distributed as a powder,1 suggesting that it 1is minimally
volatile. However, this is also true of DDT, which appearé to have moved
extensi&ely thrdugh the gtmosphere.192 Its affinity for suspended par--
ticulates in wate? and for colloids in soils is not clear, but its basic
nature suggests fhat'it ‘ay be fairly tightly boup& to humic materials
in soils. 8Soils may c .sequently be mbderate-to—;ong;term reservoirs,
Because of the haloge:. substitution, it is likelybthe DCB has a lesser
rate of bio&egradation than benzidine. It ﬁay'be present in the waste
-+re~7s from j; ints where it is produced or used for pigment or dye
manufacture, but the amount ge;ting into the environment from these
sources is believed to be quite small. Since less than stoichoimetfic
amounts aré usually used, unreacted diamine is not normally present in
the cured polyurethane elastomers mede from dichlorobenzidine. However,
the curing agents are often meléed before mixing inté the elastomer '

formulations, -so dichlorobenzidine could possibly find its way into the

waste streams from plants where it is being used as 8 curing égent.

_On balance, the paucity qf data and the similarities to DDT indicate
that high priority should be given to a more thorough appraisal of environ-
mental release, If release levels aré found to be high, studies should
be undertaken‘fbcusing on atmospheric and aqueocus transport, persisfence
in the soil, and propenéity to move through food chéins. Changes in
toxicity and mobility upon entry into salt waférs.appear probable and

. '
likewise warrant attention (cf. Ref. 3). No literature are uncovered

concerning the relevant chemical reactions. We estimate the hal;—lives

14

for reactions with HO radicals, 03, and Roziradical, in their respective
phases, to be 1, 1-10, and 100 days, respectively. The uv spectrum is

similar to that of benzidine, but its photochemistry 1s unknown.

That DCB can caﬁse cancer of the bladder is well known. Less well
defined are its effects other than as a carcinogen. No information on

Volume II of industrial

- 91
its toxicity was found in the Merck Index,
’ 93

76
Hyglene and Toxicology, or the Handbook of Toxicology, Volume 1.

The compound is not listed in Volumes 1, 3, or 5 of the Water Quality
32,33,34

' : . 71
Criteria Data Book or in Water Quality Criteria.

In embryonic kidney tissue, DCB produced a variety of morphological

‘ . 86 :
changes after injection of 8 to 10 mg into the embryos. Soloimskaya
reported that DCB activates monoamine oxidase and histaminase in rats;

92
however, after repeated doses, the compound inhibits these enzymes.

In monkeys DCB‘is excreted in the urine almost unchanged, in contrast
to benzidine, most of wﬁich occurs as various metabolites.56 In rats,
however, DCB undergoes considerable biotransformation, Four metabolites,
including benzidine, were identified in rat urine after ingestion of either

- 2
a single large dose or several small doses over a prolonged period,

Its classification as a carcinogen, in addition to the paucity of
information on other effects on biological systems, suggests that DCB

requires considerably more study before environmental limits can be set.
1-Naphthylamine

G0

1-Naphthylamine has a molecular weight of 143.2 and a melting ﬁdint

o
of 50°C; it is insoluble in water (at 25 C), readily soluble in ether and "~

other solvents, and volatile.

15



This amine is used as an intermediate for dyes and herbicides and
directly as an antioxidant in dils. Extensfve listings in Chemical
Abstracts on naphthylamine failed to reveal much information relevant to

its environmental chehistry.

We estimate the half-life of l-naphthylaminé towafds HO radical, *- -

03, and RO, radical, in their respec;ive phases, to be <1, 1j10, and

2
~100 deys,. respectively.

Like benzidine, l-naphthylamine absorbs light in the solar region
out ‘to nearly 350 nm; however,'no evidence‘inaiéﬂtes that this absprption
leads to significant photdchemistry. Ashkihazi repbrted that sensitized

photoxidatioh with»éhlorophyll leads to colored intermediates with free

: 6
electron spin,

1-Naphthylamine is potentially a significant, generalized hazard in

the environment. This is suggested by its occurrence as .a derivative of

47,48

and 1ts heat tolerance. As a

60,6 2,63
substance that dissolves readily in organic solvents, ' 1,62,

azo-dye wastes in anaerobic watér596
it has

a high probability of movement through'aquétic food chains, although this
uptaké may be particulaerly sensitive to pH and sallniﬁy. The data bearing
on this are only suggestive, howevér, and were availabie only as abstracts

(cf. Refs. 60,61,62,63,81).

It is probable that movemeit through soils will be minimal if the
substance is introduced at the surface rather than ht deeper layers. As
‘a weak base,'lenaphthylamine can be ‘expected to -combine with humic acids

possibly'being immobilized.

.Little information was found on the biological effect of .
l-naphthylamine except for its role as a éarcinogen. ‘Early work perfoiméd
by Pitini reported in the Handbook of Toiiéolt;gyga r-esults in lethal do'se‘
estimates of 300 t§_400'mg/kg for rabbits ané dogs via Ssubcutaneous

administration, Abﬁlegéte reported thaf_trout, bluegill sunfish, and

16

larval lampréy did not survive expdsure to 5 mg/f{ of l-naphthylamine in

5
water for more than 12 hours.

The compound is reported to affect. various biochemical and physio-

logical processes in laboratory animals. Increases in aryl hydrocarbon

hydroxylase were observed in rat liver, lung, and kidney homogenates and

. 3 .
microsome preparations, A well-known effect of l-naphthylamine and
almost all aromatic nitro and amine compounds is .its ability to'produce

methemoglobenimia.

I-Naphthylaniﬂg does not appear to affect biological systems as

.much as other compounds of the same class. . When equal doses of 1- and

2-naphthylamine were adninistered repeatediy-to mice, l-naphthylamine

.produéed focql adiposity in the liver;'whereas 2-naphthylamine caused

59 L
diffused hyperplasia and edematous growth. 1-Naphthylamine did not .

_inhibit 1ﬁcorporat16n of amino acids into proteins of rat liver slices; .

however, marked 1nhibitibh was produced by 2-am1nof1u6reng,

. . 7
2-acetylaminofluorene, and 2-naphthylamine.

i;xaphthylémine as well as 2-haphthylamine is oxidized by a mixed-
function amine o*idase. This enzyme was isolated from pig liver micro-
somes'by Zieg}er aﬁﬁ cowgikers.los The compound 1s'metabolized t§ various
products.such a3 unconjugated N-(l-naphthyl)hydroxylamine18 and 17am1no-
2-naphtﬁylglucositi'urc;nide.24 N-(1-Naphthyl) hydroxylamine 1s a mﬁre.

12
potent carcinogenic agent than 1-naphthylamine.

Its high toxicity to fish, as 1nq1cated by the preliminary study.of‘
Applegate and co-workers, suggests that more coqprehensive studies §hou1d
be perforqed to determine maximum acceptable concentrations for ngtural
water bodies with respect to protection of ;quatic species if it is

released in significant amounts into the environment.

g-Propiolactone

OCH (o]
2CH2

8-Propiolactoné (BPL) has a molecular weight of 72.06, melts at
_33‘4°C, boils at 162°C with decomposition, and is soluble 1h'w9tei, oilsl:
L7 )

B




or physiological media. ‘It has a high chemical reactivity and readily

hydrolyzes in water.

This reactive lactone was formerly used as a sterilant, but currently
its useiis limjted to product{on of acrvlic acid and its esters and
polymers. Despite the high reactivity toward water, alcohols, amines,
and other nucleophilic agents, we‘have been unable to find recent data
on the kinetics of the hydrolysis of BPL from which to evaluate the half-
life of the léctohe under environmental conditions. A further check of .
older literature and the holdings of the Chemical Kinetics Center at the

National Bureau of Stan is (under Dr. David Garvin) might be worthwhile.

We estimate that tre half-lives of BPL toward HO radical, 03, and
R02 rad}cal, in- their appropriate ﬁhases, are 1-10 days, >1 yéar, and
>1 jyear, respec“ively. These results, even in the absence of hydrolytic
data, fairly certainly indicate that radical oxidation or ozonization

are not important pathways fof degradation in the environment.

In transit through the air, however, BPL may be a significant hazard,
although -even here it appears that iis reactivity would result in localiza-
tion of the hazard. It can be expected to predominantly decompose to
ethylene and carbon dioxide, both essentially harmless compounds. Ethylene
is a plant hormone that affects flower and fruit development; the quanti-
tiés produced by tﬁis'pathway should be a trivial component of the anthro-
pogenic release of ethylene to the environmeﬁt. The volatility of BPL
is sufficient, however, to suggest that atmospheric dispersal would be

50,54
rapid.

BPL has no sigﬂificant~absorption above 270 nm; therefore we would
not expect this lactone to exhibit any significant photochemistry in the
solar région. No citations were found concerning the occurrence or disposal
of BPL in waste water. It reacts readily with blological material,_16
so unhydrolyzed material should be rapidly adsorbed to suspended particu-
lates, particularly in eutrophic waters. Upon entry into saltiweters,

18

it apparently reacts with chloride ions to fonm.s-chloropropionic acid,
which seemingly is far less hazardous than BPL.50 Alterations of its
activity in fresh waters of varying acidity may occur, but the limited
data avallable suggest that such 1nterac¥ions would be minimal in the

28
vicinity of neutrality (pH 7-8).

In view of its reactivity and rapidity of hydrolysis, it is unlikely
that,BPL_will be a significant hazard if released to soils or transported
to them through the air. Nor is it likely to be accumulated in biolcgical

materials and transferred through food chains.

BPL was commonly used in cold sterilization of blood, plasma, and

various tissues for grafts. -Its viricidal, bacteriocidal, carcinogenic,

and mutagenic properties are relatively well known. A large percgntage
of the published articles pertaining to the biological action of BPL
have been devoted to its use as a sterilant and its effects on tissues
in vitro. Most of the other articles have concerned carcinogenesis and
mutagenesis. No information was found concerning the toxicity of BPL to

plants or to terrestrial and aquatic wildlife.

BPL is highly toxic to laboratory animals. In rats the estimated
oral LDso'is 50-100 mg/kg; when the substance is administered intraperi-
tonially, the LD50 is about the same, In guinea pigs the LD50 is less
than 5 ml/kg for application to the skin.

Its high toxicity to viruses, bacteria, and laboratory mammals, as

well as its relatively high solubility in water, suggests that BPL could

be highly toxic to aquatic life.

4,4'-Methylenebis (2-chloroaniline)

caa a
HZN@ -cnz-@m{z

This compound has & molecular weight of 267 and a melting point of 110°C.
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The only commercial use of this amine is as curlng agent for
polyurethanes., Since less than stoichiometric amounts are usually used,
unreacted diamine is not normally present in the cured polyethane_
elastomers made from 4,4'-methylﬁnebis(2-chloroan111ne). However, the
diamine 1s often melted before mixing into the elastomer formblatiops,
so it could possibly find its way into the waste stréams from plants

where it i{s being used as a curing agent.,

No 1n1pnmat§on was uncovered concerning spectral or photochgmicpl
properties. By analogy the compound . should behave much like
dichlorobenzidine. We have estiﬁated the half-lives of this amine
toward HOAradical, 03, and RO2 radical in the appropriate phase to be
similar to thoée of 3,3'—dichlorobenzidine. <1 1-10, and ~100 days,
respectivgly. B

4,4'—Methylgnebis(2-chloroan111ne)(MOCA)Vresembles DbT both .
structually and physically. . It 18 almost insoluble in water, but soluble
in organic splvgnts, and apparently it has a low vapor pressureﬁ47 The
most pertinent evaluation of its hazards, that of Linch et a1.69 noted
that absorption through the skin 1s more important than inhalation in
industrial settings, but this does not preclude the possibility ‘that

inhalation is the dominant mode of uptake in nonindustrial settings.

Sound appraisals of the propensity of MOCA to move through food
chains, to reside in soils, or to move through water are not possible
with the present data. In view of the exper;ence with DDT and the
'aimilarity of the two coﬁpounds, however, caution is warranted. High
priority should be given to appraisals of air and water trangport;”tpe

potential for food-chain accumulation, and residence times in soils if

the release rate to the environment proves to be significant.

The status of MOCA as a carcinogen is in question. Grundmann and

'Steinhoff reported that rats maintained on a low protein diet containing
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. Ethylenimine ) . ) .

42,94
0.1% MOCA developed lung, liver, brain, and mammary tumors. ’ . The

survival of treated animpls was less than that of controlﬁ.

On the other hand, Linch and coworkers did'not‘finq any cliniéal
evidence of maiignancy in dogs during the ‘third year of a 6-year MOCA
feeding study; the dosage was not specified.69 These authors also gfate§
that surveillance of workers exposed to MOQA for 16 years showed no

symptoms of toxic effect.

The acute toxic¢ity of MOCA, administered ofally, to mice or rats,

0 is 880 mg/kg and 2100 mg/kg in mice and
S

The toxicity of MOCA to nonmammalian organisms and

1s relatively low. The LD
s 57 -
rats, respectively.

plants is unknown.

The U.S. FDA has disallowed MdCA as a cdmponent of tood-cohtacting
adhesive and polyurethnne resins, basing this decision on the work of’
Grundmann and’ Steinhoff. The status of MOCA as a carcinogen should be

reevaluated, and its toxicity to wildlife; relative to amounts that occur

- in the environment, -should be detgrmined.

. NH
HzcA iy

Ethylenimine has a molecular weight of.43.07 and a boiling point of
56-7°C' it is miscible with water, flammable, and readily polymerizable.
It is used ppincipally fpr treatment of paper; to a lesser extent, 1t is

used in high-energy fuels and as a chgmotherapeutic agent.

: 11

It is volatile, highly toxic, flammable, and mutagenic in plants.
Two observations suggest that it 1s stable in the air. First, it is one
of the products of the photodecompdsition of methylamine, suggest;ngvthat

it is itself staBle.72 Second, it retains its biclogical activity at




8
room temperature for extended periods. Consequently, it 1is probably
capable of broad aerial dispersal, although one report suggests it

. 35
undergoes eventual photo-decomposition.

_Hydrolysis of ethylenimine has been studied in acidic and basic
aqueous systems near 25°C. From .the data of Bunnett and McDonaldl9 we
estimated the half-life in 1 M perchloric acid to be about 160 hours at
29.5°C. Pomonis and coworkers measured the raté in nearly heutral
phosphate buffers at 27°C.79 The rate of hydrélysis of ethylenimine at
pH 7, with 0.2 M HP022_, gives an estimated half-life of about 760
mihutes; with 0.1 M HP0,2-, the ha;f-lifé increases to 1300 minutes;
extrapolating Eo zero H 422_ at pH 7, the estimated half-life is over
2500 minutes or 41 hours. At pH 8, the ‘half-1ife would be about ten times

longer if the same mechanism for hydrolysis was 1mportant;

1. the gas phase the half-lives of ethylenimine for reactions with
HO radical and 03 are estimated to be <1 day Qnd >1 year, respectively;
in water, reaction with R02 radical has an estimated half-life of »1 year.
Thus we concluae that the major pathway for chemical degradation will be
via hydrolytic decompositions in water or possibly by mo1sture in the
air. Ethylenimine does no¥ absorb in the solar uv region; therefore we

would not expect any significant photochemical reaction.

There is no solid basis for inference concerning the propensity of
ethylenimine to move through and be concentrated in food chains. However,
the possibility that it does so is strong, if all the foregoing supposi-

tions regarding aqueous hazards are correct.

Direct hazard to man potentially extends to impairment of reproduc-
tive ability, although the concentrations.used in the pertinent experi-
ments with rats were far in excess of anylto be expected outside an

10
industrial setting. 3
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growth and development;

Direct effects on plants are frequently reported to be beneficial,
although we question the generality of beneficial mutations. The species

and families in which mutagenic action has been reported are:

87
Graineae: Barley

80
Wheat

Leguminosaea: Kidney bean100

10
Bean, common

68
Pea
o 20
Solanaceae: Tomato
30
Malvaceae: Cotton
: i 35
Compositae: Cosmos, Zinnia, Crysanthemum
84
Oleaceae: Red ash

Mutagenic effects have been observed in a number of plants, includ-
ing tomato, cotton, wheat, lupine, barley, kidney bean, and ash, In
tomato, treatment of seeds increased germination, flowering, plant
height,‘and pollen fertility. . The mutation frequency was higher in the

M generatipn than in the M  generation., In cotton, the compound -produced

2 1
mutants with larger cotton balls, thicker fibers, greater branching, and
longer growing period. Barley mutants were of higher protein content and

larger kernels. Exposure of pea seeds to ethylenimine inhibited plant

Ethylenimine, administered orally or by percutaneous absorption,
is highly toxic to laboratory mammals, It 1is extremely toxic when
inhaled. Thé compound has not been investigated extensively for carcino-
genecit&. As a mutagen, it is relatively potent, and it has been used
to treat seedsAof commercially important plants to produce high-yteld

mutants.
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According toASuttoh; the LD50 is8 15 mg/kg in rats via oral
adminstration.95 As 1ittle as 0.014 ml/kg applied to the skin of the
guinea.pig ﬁroduced severe skin necrosis, and as little as 0.005 ml
applied to the eye of the rabbit rgsulted,in severe corneal damage and
deathl TheALD50 in mice exposed to ethylenimine in air was reported as
3.93 mg)l.sg Death after inhalation is usually delayéd. Irritation to

the eyes and nasal passages is a frequent observation.

Although human subjects Qere not able to-detect the presence of
9.05 mg/M3 of ethylenimine in air, EEG measurements showed desyncbréniia-
_tion of the @-rhythm in the cerebral cortex.14 Berzina also found that
exposure of rats to 0.001, 0.01, -and 0.1 rﬁg/M3 of ethylenimine for 95
days §esu1ted 1n4&ecreases'1n blood nucleic acid levels at 0.01 and
0.1 mg/MB, buf not at 0.001 mg/MB.13 He:hypothesized that the reduction.

of nucleic acids in blood was due-to denaturafion‘by ethylenimine.

Ethylenimine is- reported to éffect mammalian endocrine systems.‘
One- to 8-day exposure to 0;6 to 9,8 ug/l'decreaéed thyrqid activity and
increased slightly the we{gﬁt coefficients of the hypophysis and adrenal .
g}ands.41 Ulframicroscopic examination of ‘the adreﬂal medullé, following

a single injection of ethylenimine, showed endothelial rupture of the

medullary blood vessels 2 hours after the injection, followed by complete '

26
arrest of medullary circulation 8 to 9 hours after the injeéction.

Inhalation of the compound results in delayed lung injury with
congestion, ‘edema, and hemorrhage. Kidney damage is almost always
observed after .absorption of ethylenimine. Proteinuria, hematuria, and

elevated blood urea are frequently observed.

Effeéts of ethylenimine on renal function have been studied exten- .

51,52,53

sively by James and Jhckson. The compound and certain of 1ts

derivatives cause intense and proloﬁged diuresis in rats.

24

o -
. solvolysis of BCME in DMP/HZO at O C with a rate constant 1, ~0.35.min 1

In rats, Zaeva and coworkers found that exposure for 1.5 months to
3 y ’
19 mg/M produced testicular atrophy, deformation of spermatozoa, and
103
decreased sperm mobility. Pregnant rats exposed to 0.007-0,.01 mg/{
of ethylenimine in air for 20 days produced high embryo mortality.88
Ethylenimine has been reported to produce chromosomal abberations

. : 2,75
in ‘human cell cultures, =~ and hamster cell cultures.29 Chromosomal
abberations have also been observed in bone marrow cells of rats exposed

to 0,0006 to 0.024 mg/f in air for 2 to 30 days.36

The efcht of ethylenimine on terrestrial and aquatic.wildlife'is

.not known., It is unlikely that terrestrial mammals, ahd perhaps avian

species, will respond différently to ethylenimine than laboratory
species. The response of aquatic wildlife may be different because of
differences in environment. it is likely, however, that the compound may

be more toxic to aquatic organisms than to terrestrial forms if it is

‘stable‘ih water; aquatic life forms are generally leés tolerant of

chemical pollutants than mammalian organisms.

Bis(chloramethyl)ether

1CH
C1C] 2OCH2C1

‘vais(chloromethyl)ether (BCME) has a molecular weight of 115 and a
° K
boiling point of 104 C; 1; is misciblg with ethanol, ether, and other

organic solvents,

This_ether is used only as an intermediate in ﬁreparation of textile
aids and anion exchange resins, i

The high reactivity of BCME in alkylation reactions .is also reflected
in a high solvol&tic reactivity in aqueousAsystemé. A report13 on the
relative reactivity of BCME to chloromethyl methyl ether (CME), which is

1:5000 in MeOﬁ/HZO, also included some data of Van Durren99 on the
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' - - : 1 1 - -
which is equivalent to a 2-minute half-life However, CME solvolyzes might consequently be in the order: New England >Southeastern United

o -3 -1
- 0 ith t onstant of 7.4 « 10 L6~ N
in 1-Pr(H at O C with a rate c sec  or 1,6-minute States >Pacific Northwest >Southwest. Formation of BCME in the atmos-

. -5
h - . hat BCME solvol t2-10 . :
‘alf life Assuming that solvolyzes a of this rate at phere by reaction of formaldehyde and hydrogen chloride is improbable

7 A
0°C or 1.5 « 10™' sec ~, the half-life would be 1300 hours at 0°C or . 55
at atmospheric concentrations.

o
about 200 hours at 25 C. This estimate is at least consistent with obser-

- BCME i t 1 table in ter. It decomposes
vations of Collier (private communication quoted in the Nichols and In contrast, § extremely uns va t de pos

7 i ith h; - 0-40 . Fortunatel it fai t from
Merritt paper) 3 that CME has a half-life of 6 minutes in moist air,. with a half-life of 1 seconds ortuna s ails to move fr

water to air i urable amounts prior to decompositio: ven within
whereas BCME is stable for this time period. 2ir in meas P PO n, €

small reaction vessels where the ratio of surface area to volume is

{ t BCME has half-lives toward HO radical, O_, RO - 55 R .
e estimate tha s ves r cat, 3’ and 2 . - considerably larger than in natural waters. It is probable that. half-

) ; <
radical in corresponding fases of <1 day, >l year, and >1 year, lives in soils or organisms are comparably short and that food-chain

. In aqueo , syst it & 1 that solvolysi h si
respectively n aque vstems 8 clear ysis (hydrolysis) transfers are consequently nonexistent.

will far outweight radical oxidation as a s:lgn:lf:lcant‘ route for removal

BCME 1 irritati to the eyes and skin. When it is inhaled
of BCME in the environment. No photochemistry was noted in Chemical - . 8 very ne 4 . ’

B . v - i 1 a Lt ia, R
fio. = -t citati.as on BCME; there is little or no absorption in the solar » death can occur due to lung edema or secondary pneumonia Heke and Roe,

region reporting unpublished data from the Biochemical Research Laboratory

(Dow Chemical Company), stated that 1.0 g/kg, fed to rats caused death,

: .. 55 37 : -
Two important papers by Kallos and Frankel described the forma- 43
P pap ¥ ° whereas 0.3g/kg allowed survival, The estimated LDSO by oral adminis-

t1 f HCHO HCl in th !
tion of BCME from the reaction o . and H n the air in low ppb tration is 0.5g/kg. Severe eye irritation and necrosis developed when

1 1 h, both HCHO and HCl nt in 500-10,000 ppm, A :
evels when bo are present in ’ pp paper a 1% solution in ethylene glycol was placed in the eyes of rabbits.

detection of BCME in th 1 t at 1s .
by Collier descr#bed ete on o n e environment at ppb levels Rabbit skin tests with the full strength material produced severe

25
spectrometry.
using mass spe Ve y hyperemia, edema, and even complete skin destruction.

49 97
M tabl h
BCME 1s highly volatile and is moderately stable in humid air, Exposure to 2000 ppm of the vapor for over 30 minutes can be lethal;

and significant atmospheric movement should be expected. It is unlikely, so can exposure to 100 ppm for 4 hours These conclusions are based on

h that its dis al will than a 1 .
owever, 8 pgrs ever be more ocal problem Even studies (Dow Chemical Company) with rats. Death due to inhalation of the

though fractibns of any release might reasonably be expected to travel
& y R & y P . ve vapors is often delayed, occurring several days to several weeks after

as much as 200 miles, dilution to unmeasuraﬁle levels should occur within
exposure.

a few miles or tens of miles at most. In very humid climates, such as

- Chloromethyl ether concentrations high enough to be acutely toxic to
the Pacific Northwest, the high humidity and frequent rains can be expected v € & y

: wildlife are unlikely to be found in the environment, unless an accidental
to enhance this localization, although the intensity of the enhancement

. spill occurs, The highly irritating vapors 'would robably be avoided b
may be highly variable (cf. Ref. 37). Optimal dispersal should occur in P ghly € po p y 4 y

mobile terrestrial organisms. The toxicity to fish and other aquatic
cool, humid regions, such as southern Canada and New England. The hazard
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organisms is not known. By direct contact or by contect with decomposi-

tion products such as chlorine, the toxicity could be considerable.
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