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Fourteen industrial oiganic chemicals were exumined for their persistence through
‘biologicall treatment, eithev as the initial compounds, or as degradation productis.
Semi-continuous activated sludge systems were employed. The akility o1 each o1’ the
chemicals to participate in reactions with fr2e chlorine was then deternined in a
series of batch experiments.

H-wes~fovnd-thet certain of the test compounds formed persistent degradation products
during treatment. Five of the initial compounds reacted readily with chlorine, under
conditicns commonly ewmployed in effluent chlorina®ion.

Five of the chlorination products were further siudied in :espirometer experiments to
evaluate their persistence in mixed microbial systems. Their toxicity to fish was
determined using the static bioassay procedure.

In the Tinal phase of the study; a series of bench scale, continuous flow ecosystems
vere established for the evaluaticn ol longer term effects of three of the chlovination
products. Several varieties of organisms, representing diiferent levels in “ue food
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The resulecs of this seudy J:dicctcd fiat chlorinacion of cf-
fluents contairing cortain oraanic chomicals can result an
the formition ol stable reacticn products, which may or mav
not contain chlorine., It was further shown that there com-
pounds cxcrcise a retardant inrluence on acuatic life

Fourtcen industrilal organic chemicals were examined €or their
persistence through biologiccl treatment as ibne initial com-
pounds, or as deyradation products., Seni-continuous ectivated
sludge systems werce emnloved. The ability of. cach of tle
chemicals tc participate in recactions witn free chlosine was
then determined in a scries of batch experiments.

grtain of the test compounds formed persisteat degradation
products durinag treatment. Five of the initial compounds re-
acted rcwdily with chlorine, under conditions commonly om-
ploypd in effluent chlcrination.

Five of the chlorination products were further studied in res- -
pirometcer. experinents to cvaluate thelr persistence upon ex-
posurc to a heterogeneous microbial population. ‘fhelr toxi-
city to fish was determined using the static biocassay »rocc-
dure. i
Finally, a series of bench scale, continusus flow ecosvstems
was established for the evaluation of longer term effects of
three of the chlorination producks. Several varieties »f or-
ganisms, rcpresenting differcent levels in the focd chain, were
studied. '

This report was usulbaitied in fulfillment of uroject $#12020DNG
under the parcial sponsorship of the Vnt‘: Quality Officc,
Environmental Protoction Agency,
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SECTION I
COLCLUSIONS

Phase I: Chlerinaticn Studies and Analvtical ethods

1. Gas chromatographic analysis was successfully employed fer
the detection of most of the initial test compounds in
aguceous solutions. The method was applied to the analysis
of effluents from bench scale biological systems, and was
used in monitoring the test chemicals durincg chlorination
experiments,

2. Ultraviolet absorption (UV) spectrophotometry demcnstrated
appiicability to the rneasurement of aromatic compounds in
relatively pure acueous sclutions. The imethod was usad in
corpound monitoring during the bioessay experiments, and
provided information on the nature of the products result-
inc from chlcrination.

3. . There is evidence to indicate the formeticn of degradation
products of scveral of the test compounds, during biclogi-
cal treatment, in acclimated systems.

4. Five of the fourteen chemicals selacted for study were ob-
served to participate in reactions with free chlorine,
undaer conditions encountered during conventional effluen
chlorination practice., The ability of these ccmpounds t
react with chlcrine can be related to the structural cha
acteristics of the chemicals.

5. Evidence incdicates that chlorine reacts with these crcanic
chernicals by both substitution and oxidation, resultince in
a highly conrplex mixture of preducts. In some cases, it
was possible to identify the procducts of rcaction.

6. The nature and distribution of the nroducts of reaction
with chlorine are affected by a variety of parameters,
including concentraticns and contact time,

Phaze II: Chlorination Product Persistence ard Towicity

—

7. Several of the reaction procucts identified in Phase
werc cxamined in respirometer studies ani found to be
resistant to degradacion upon exposure t> a heterogeneocus
microbial population,

8. Toxicity to fish bv Lx;se vroducts was domorstrated in
static bioassay experiments, and 96-hour TL  values were
established. -

9. On the basis of the results develosed in Phases I and II,
it is evident that chlorination of cffluants ccntaining
cortain organic chemicals may result in the formation of
persistent and votentially deletericus reoactien vroducis.,



vhase TII: Intormediate Bicassay Daperimants

16C.

11.

14.

Censidering the relative efforts invelved, the intermed-
iate term, flow throuch bhiloassavs as conductoed di¢ not
provide significantlv Letter insight into the toxic «f-
fects of the test compounds, tiaan did the routine four-
day static biloassays. Thc static test appears Lo pro-
vide a conscrvative teouicity lirit icn minimwn of Tort,

Although some qualitative judgments of compound effects
on the test microorganism pcpulations con be drawn, the
data were tcoc variable tc allow cuantitative statistical
Jeterminations of toxicity. Qualitotive eviderce was
suggestive of toxic »r irhibitory cffects on stalked
ciliates and diatoms for each of the threce rompounds at
the highest concentration levels tested.

A significant increasc in effort, woell above that practi-
cal for a project of this naturc, wculd b¢ nceded to pro-
vide stacistically definable determinations of toxicity
to microorganishs,

Of the two types of vascular plants tested, one zxhibited

.an erratic growth pattern and was unsuital:le as an indi-

cator of towircity., The second tyvpe was not erratic in
growth, but no toxicity was obscrved. 7The goneral out-
ward appearance of all plants was not adverszly affectoed
by ‘“any of the compoundsz.

Stable macroinvertebrate populations could net be main-
tained in the model ecosystems for a timc period of -
suitable duration for compound testing.

Cn the level cf experirentation werformed, the encrgy and
food wel interrelationshins within the exwerimental cco-
systems could nct be defined,



SECTION II
RECOMMENDATIONS

The practice of routine chlorination of industrial efflu-
ents should be re-examined. 1In cases where it has been
demonstrated or suspected that organic chemicals are re-
acting with chlorine to produce undesirable vroducts, an
alternative disinfection method shculé be considered.

Effluents known to contain chlorine reactive materials
shiould be monitored for those materials, «wnd for unusual
increases in chlcrine demand.

The present study should he extended tov provide further
information regarding the nature and properties of the
products of reaction between chlorine and industrial
chemicals, which have escaped biological treatment.

Further studies should be undertaken to determine the
effects of theze products of chlorination on biological
systems. These studies should include evaluations of
fish toxicities.

The intermediate term, flow through biocassay such as cm-
ploved herein, is not recaommended for future investiga-
tions of compournd toxicity. DBy compavison, the routine
four-~day scatic bicassay provides a simple mecthod which
vields a consecrvative determination of toxicity to a test
organism, at considerable savina of effort.



sSrciIor ITI
IVTRODUCTION

The chlorination of raw or treated deomestic wastewaters is
commonlv practiced to acﬁlcvn ci infectinn and Acodorization.
In many municipalitics, effluent chlorination is randated bv
public health codes. In recent vears, this countrv has wit-
nessed a trend towards corbined municinal—industrial waste
treatment. Additionally, an increasinag nurher of industries
have been reauired to provide wastevater treatrent facilities,
which often inrluﬂ.% cff uent chlorination., Thosn devrelanmonts
have raised soricus quoastions raooardinag fhin im»act nf cortain
industrial CHQWICGLH on wastewater treatrent nlant oneration
in gencral, and con chiorination in particular, L is conceiv-
ahle that, under cnhrtain conditions, sore oracanic comnounds
may cscance treatment or bHe onlv vartiallv dearaded, such that
thev are available for reaction with chlorine in thr contact
chamber,” Turthermore, tho nroducts of sach a reaction could,
unon discharae, cxorcise a deleterious effeoct on the receivino
sitrear,

A typical oxarnle of such an undesirable reaction is the com-
bination of chlorine with phenol to produce the chlerorhenonls.,
These naterials are a source of ohnnaxinus tastes and odors
even at very low conceatrations (La/l).

Moreaver, studies by Incoals and Jncohs(l) Wave showun that the
chinrophenols are nore fesistant to hiodeoaration than ohennl
itself., Trichlorovhenol was cited as »oina toxic to »henol-—

2)
adauvted nicroorganisirs., C , ct.al, ( Also renorted on
thoe increased resistance of the chlorinated uroducts of hoth

phenol and m-creanl te bie dation. In an extension of an

doter~ired Chat the chlorovhe-

acarlior vork, Inaols, et .
o 1 than oheonnl,

nols worae more toxic t

Slearly indicate the need for a
ro-ovarination of chlnarination nractiCﬂ. Tn addition,
research cfforts shiould hwe dilroctod focards Ldensifeing Ehnse
cheninals wilch ave arsseny ir vac%ﬁ'athv 0"“?Jonﬁo and hich
will roact wirh chilorirne. o

o1 the ammact 0 thesa rateorinls nn Chn oenlare o

- e -
WAavQy.

Tho prececding cols

Tormation ghonld alao Hhe devoloned

S a recoivina

T vecoanition 0F £hese nroby 2, thn Manufacturing Chemishs!
Assoclation, in coaveres Lon wish i
Aconey, tadttiasod th
ing information on

dustrial oraanic cornounds,

Tnviroaneantal Yrateockion

PR

oy 2Ry vharunse 0fF aathinr-

Avitaticn on cortain in-
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SECTION IV
Suny onamerIyre

The presert study was andertazen in an atternt to develon in-
formatien on the effects of cilorination on sclected organic
chemicals. The necd to <levelon testina proceduvres and analv-
tical methods for the characterization of these effects was
judaed to be of paranount -importance,  Snecific nroject ob-
jectives included:

1. The axarmination of thoe influence of
selected orxcanic commounds and/or their
dearadation nroducts on chlorine demand,

2. Tho identification o9 thesoe chemicals
which forr stable reactior nroducts unon
contact with chlorine, under conventional
conditions of chlexination.

3. The chardcterization of thosn reaction
products-in terms of their persistence
in bioleaical svstems, or thelr votential
to act 83 inhibitors or toxicants to such
svstems, "

4, The dotemrmination of tho offeckts of
any parsistent roaction nroducte on the
ccoloay of a sirulataod recojivina stream,

From an organizational standpoint, the studv was arvanced into
three distinct phases, as shown in Table 1. Fach successive
phase was. intended to renrasent a leoaical investicative pro-
gression in the accomvlishrant of the chiectives of the project.
It was cnvisioncd that sorme effort in each of the vhases would
proceed concurrentlv, since the nature »f the studies noacessi-
tated the refinerment or develepment of exnerimental ani analv-
tical mothadolocies, Conscouently, subhsecaguont descrintions of
the studies are not intonded to he chroncolacically consistent.

'Precedi'ng page hlank

~J



Selectoed For
study

Chemicals

Alcohols
Mcthanol (1°)
Lsopropannl {2°)
T-Butanol (3°)

Kotones

“Accotonc

Benrzone and Derivatives
Benzone

Toluene

bEthylbenzene

Benzoic Acid

ard

Phenol
Phennl
m-Cresos

llydroquiinone

Phenolics

Organic ditrogen Compounds

Aniline
Dimcthylamine
Nitrobenzeno

ORGANI ZATION

Phase 1

OF THE PROJECT

Phase IT

All compounds tested

Tor:

1. sulitalility of
analytical methods

2. persistence of
parcnt or dearada-
tion product
through biological
treatment

3. recaciion with
chlorine

4, identification and
characterization
of products

Five compounds selected

on the basis of Phase I

experimental results:

1. ecvaluation of resis-
tance to biodegrada-
tion

2. dctermination of
toxicity

Three compounds sclected
on the basis of informa-
tion gathered in Phases
I and 11 — for evalua-
tion of effects on a
simulated ecosystem



SECTION v
GUMCRAL DESCRIPTION OF PHAST I

Phaso I was 2_voted to thoe 2xamination of the influcence of
chlorinats - on specific industrial chermicals, hefore and af-
ter bioloaical treatrment. Fourteen comounds, renresonting
sevoral classces of organic chemicals, were chosen for these
1n1t}al investiagations, as indicated in Tahle 1, :

The selection of these corpounds was made en the hasis of
their industrinl importance either as primarv products or as
cherical intermediates. [Lach of the chemicals listed is known
to, appcar in industrial wastewater offluents.

Preliminary efforts durina the first phasce of the studv inclu-
ded thc definition of cherical and phvsical characteristics of
cacn of the test componnunds., A listina of these rronertics. is
given in vable 2. This list was corniled in part frem data

(4)

given in standard texts . Infermation n the responsc of
cach'of the compounds to BOD and CND analvsis was estahlished
crperimentally.,

The introduction of oraanic chenicals to a bhioloalcal treat-
ment svstem, c.o., the activated sluiae vrocess, mav result in
cither of twvo cffects: (1) complete conversion of the startina
compounds to carbon dioxide, water, new microbial cells, and
possibly, sormo intermediato cormmounds; or (2) incormletoe de-
agradation or no degradation, such that the startinag comvouncds
appear in the cffluent, In continucus ‘svstorms, sone residual
oraanic material will always remain in solution as a result of
an eaquilibrium betveen the microbial collae and their liaquor.

The compositions of treated cftfluents are hiahlv commlex, 2and
have been characterized onlv in terrs of aoneral classes of
materials, 2.g., carbohvdrates, nroteins, tannins, "fulvic"
and "hunic" acids Tha nature and distribukion JF specific
components is lnoun to bhe af-octed by sclectinon o7 treatment
parameters, as as by the composition of the feod stock,

A waell functioniro continuous bioleoaical svshtom, roseivina a
feod stock of uniform commasition, will achieve essontiallv
complote conversion of Lhe oraanic naterial initiallyv present,
such a systom 1s saild to he acclirated, in contrast to a svs-
ten which 13 unacalimated. N Siolocical wroc~ss which is sub-
jactad to intermittont or shoch loads mav be uiacclimare-t to
cortain cornonents associated with these leads,

At this juncture, it is usoful ta reuvior the conditions under
vhich a bioloaical svseoor achiever acclimakirzation.,  This mav
Do ovisuali Hh oo consideravion of the anneraliz bioloagical
treatment nrocess, as i1lluostrated in Tiaure 1. [t 18 noted

that the ervowthy of 2 micrabhial vovulation (sludee) nrnaresses

throuch sevoral phases unon exnosere Lo a suhshrate: first, a

“
1l
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TABLE 2

CHEMICAL AND PHYSICAL CHARACTERISTICS OF TEST CCMI-OUNDS

s . Total n * .
Compound Formula Molecular B;éiizg Solubility Density Oxygen BODS. Aégb . Rggéux
R ; . { 1 me )
Weight o _ (mg/100ml) n;g/m )’ 3gm;;g) Amg/mq) ng/mg)  (mg/mq)
Methanol CH,0H 32.04 64.65 w 0.796 1.50 1.0 1.355 1.46
Isopropanol Clf i L7 0o 82.3 w . 0.785 2.39 1.45 1.79 2.34°
S} $) . ’
ciy ‘ .
T-Butanol  CH,—C~Cii, 74.12 108.4 . 9,500 0.801 2.59 0 1.65 2.46
on -
Benzone . i 73.11 80.1 82 0.879 3.07 0 0.13 0.82
Ethylbenzene v 25 10616 136.1 14 0.867 3.16 0 0.05 0.89
Toluenc Ty M 92013 11006 47 0.867  3.13 0.86  0.13 1.58
N .

Benzoic hAcid - GO0 122.12

N
K
\Q
N
~
o
.
o
foa)
N
pmt
.
O
LD
=
.
o
N
=
.
(2]
(98]
—
.
«w
~J

*Pachnicon Autoanalyzer procedure.
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TABLLE 2
(continued)

CHEMTCAL AND PHYSICAL CHARACTERISTICS OF TEST COMPOUNDS

Ca . Total
T Boiling R i e BOD AN, * Reflux
compoune | rermuia Ulscnier Toinl® selwiise iy omesn e it 'EG
- it o 1/ ! { 3 {ma/mg) .
< {(ma/mg) (ma/mg)  (mg/mg).
Phenol L OR 94.11 182 6,700 1.072 2.38 1.75 1.785 2.32
No——
M-Cresol Clg ™ w01 108,13 202.8 2,350 1.034 2.52 1.70 1.33 2.31
Hydroquinone o I 110.11 286.2 5,900 1.358 1.89 0.75 1.83 1.66
" Anilinec oy M
! e ! 93.12 184.4 3,400 1.022 3.18 1.8 1.67 2.47
Nitrobenzene (7T N2 123011 210.9 190 1.198 3.¢5 0 0.19 1.39
1\‘ V
Dimethylamine CH,NCH, 45.08 7.4 V.S. 0.68 3.75 0 0 0
H
Acotone Cly—C~Cll,  58.08 56.5 » 0.792 2.20 1.4 1.13 1.20
0 '

*Technicon AutoAnalyzer procedure.
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lag phase, characterized by adaptation of the culture from
the previous envirorment to the present; second, a period of
maximum growth undey conditiong where unlimited food is
available; third, a period of declining growth where food
availability becomes: a.llmltlng condition; and finally, an
endogencus phase where, under severely limited fcod condi-
tions, c¢ell: die and arc, in turn, consumed such that the
mass population is reduced. In hetercgeneous svstems, this
process occurs within the biological culture for each sub-
trate as a subset of the overall reaction. In a svstem
which is unacclimated to a particular compound, the lag
phase associated with that substrate may be prelonged, and
may result in the passage of that compound through the treat-
ment process, without any significant degradation.

In the evaluation of the effects of chlorine on organic chem-
icals subjected to biologyical treatment, two cases should be
considered: (1) an investication of the possible reactions

of chlorine with the parent compounds which would persist
through unacclimated systems; and (2) the determination of
the probability of chlorine reactions with degradation pro-
“ducts of the starting compounds, which would appear in the
effluents from acclimated biological systems.

The case of chlorine reaction with possible degradation pro-
ducts was examined first. Requisite to the evaluation of
potential effects of chlcrination is the establishment of

the existence of significant degradation products which uni-
quely result from biological treatmcnt of any of the test
compounds. In certain cases, the presence or absence of de-
gradation products can be inferred from a consideration of the
nature of the reactants and their known degradation character~
istics. A simple substrate, such as methanol, should undergo
virtually direct conversion to carbon djoxide, water, and
cellular material. For more complex organic molecules, deqra-
dation may be accomplished b} a series oi reactions, involving
1ntcrmed1ate forms.

A series of experimental tests can bc applicd for the deter-
mination of intermediate product production. Ideally, the
detection of the intermediate product itself would be the
ncst direct approach. Hovever, no single analytical techni-
gque 1s universally applicable, and the selection of a method
must necessarily be based on some Information about the ma-
terial being detected, 1In the absasnce of direct experimental
cvidence, indirect procedures are often emploved in the deter-
mination of the presence of degradation products. Monitoring
of the effluent for tle disappcarance of the parent comnound
(by chromctographic or spectrophotometric proccdures, fox ex-
ample) and for a decreuse in oxygen demand may provide some
useful information. 1If the rate of compound disappearance
closely parallels the rate of COD remcval associated with
that compound, it may be generally asserted that no signifi-
cant degradation product buildup has occurred, On the other

- 13 -



hand, if a net residual COPN is ohsorved, ralative to a corntrol
system, intermediate product forration mav bhe talkina olace.

The lack of adhcronce to stoicuinomotry for cxvesn utiiization
may provide additional evidence for the production of intor-
mediates. If the complete disanbearsnce of a narent comuourr.d
is accormpanied by substan*iallv less thore thonretical oxvaen
consumption requirced to produce Cﬂ?, warn-, and cells, there

is likelihood for the exisitonce of dooradabion prodncts,

Lxpericence has shown chat no sinale tcechnioue, amora those
described above, is conclusive in dermonszhratinag the nresence
or absence of sicnificant intermediate nroaoducts which are un-~
iguely associated with the bialogical decradation of a speci-
fic compound. Indeed, evon the anpliication of all these pro-
cedures onlv leads to a "probable" resul., duc to the inherent
inadequacies of thesc exparimental and analwtical tests. The
following is a partial list of some of the conditions which
wvould tend to diminish the sicnificanca of :he exnerimental
results:

1. partial or complcte volztilization of
test compound or interrediatn nroduct
durinag bioloaical treatrant;

2. variable rccoverv (sensitiviiv) of the
CONn test to parcont comoound oy nroduct;

3. dircct chemical dearadation (avio-oxida-
vion, photochenmical reactinn, ctal) of
compound(s) .

The naturce of the biological treatment nyocess itself is not
con’ucive to the maintcnance of true steadvr-state conditions.,
Transient chanaas in microbial ponulation dvnaries mav vield
erratic results. Backaround levels of restisual bhvnroduct ma-
terial from cellular lvsis (endoannous resniration) mav obscoure
the presence of specific interrediatc comnounds.

Pernaps even morce oertinent to the evaluation of the nrohabil-
1ty of chlorine reacticns with dearadatirn nroducts is the
fact that the nature and distributinon of deceradation w»rnducts
may be controlled by the scleoction of treatmont parameters.

As an example, ammonia (HH3) rav bho recarded as a byproduct of
organic nitrocen dearadation. iHowevear, »v approoriatce adijust-
rent of loading conditions (fond-to-microcraanisH ratie), the
conversion of ammenia to oxidizod nitrohgen forms (NO, -— 303)
may ‘he encouraced. Furtherrmors, it is hnown that ammonia will
particinate in reactions with chiorine, lesdinag te the forma-
tion of chlorarines, but nitrate underenas nn reaction with
chlorine.

In summary, it mav be concluced that:

- 14 -



L. present melhods for establishing the
cxistence of intermediate products
resulting from the biochemical de-
gradation of specific organic chemi-
cals lack yeneral applicability and
are of qguestionable validity;

2. the nature and distribution of degra-
dation products may »e drastically
' altered by adjustment of treatment
prarameters;

i 3. due to recognized expcrimental limi-
tations, the more practical case for
investigation is the abhility of ehlo-

' rine to react with specific organic
chemicals, which hav: escaped biolo-
gical treatment,

In accordance with the considerations detailed above, the ma-
jor effort of Phase I was devcocted to the examination of the
ability of chlorine to react with each of the initial test
compounds. Test conditions were selected to simulate those
that wculd be anticipated for full scale treatment plants:
dilute solutions of organic compounds, pH ranges near neutral-
ity, conventional applied chlorine dosages and contact times.
It should also be pointed out that all avplied chlorine was

in the form of free chlorine, since ammonia-free solutions
were used. The principal criterion applied in the determina-
tion of chlorince—worganic chemical reactions was thi.t of the
chlorine demand, as derived from residual chlorine analiysis.
Chromatoyraphic techniques preovided the means for menitoring
the concentrations of test compounds during the chlorination
experiments and, in some instances, facilitatced the identifi-
cation of reacticn products. Supploemantal information was also
gained by the use of ultraviolct absorption spectrophotometry.



SECTION VI
EXPERIMENTAL METHODS - Pilssh 1

Analytical Procedures

In view of the need for monitoring of the test conpounds
throughout the experimental proaran, a substantial nortion of
the effort in Phase I was devoted to the development of ana-
lytical techniques. It was reccgnized that any mechod worthy
of consideraticn should have general applicabilicy to the
range of selected organic 'chemicals &nd their derivatives, ne
capable of selective identification of specific components in
complex systems, and be sulitable for quantitative analysis at
low (mg/l) concentrations.

Liquic-gas chromatography was initially chosen for these in-
vestigationrs. The instrument used . was a Perkin-Elmer Model
881 chiromatograpgh with flame ionization detector and linear
temperature programing. Hcliun was employed as the carrier
gas, while hydrogen and air werc supplied to the flame ioniza-
‘tion detector. Chromatograms were recorcded on a Leeds and
Northrup Speedomax W recorder eguipped with a Disc integrator.

Five columns were employed for chromatocurapnic scparations
during these studies, as listed below:

1. 6' x 1/8" (uncoated) Foropak Q,
100/120 mash, packed i sicinless

steel

2. 6' x 1/8" {uncoatea) Poropal S,
150/200 mesh, packed in stainless
steel :

3. . 6' » 1/8" 15% K20M Carbowax TP
on Chromosorb W HDXS, 80/100 mesnh,
packed in stainless steel

4, 12" x 1/8" 15% K20M Carbovax TPA
~on Chromesorhb W HDMS, 60/8(0 nesh,
packed in 5lass

5. 6' x 1/8" Chromoscrh 103, 60/100
mesh, packed in glass

in all cases, dual column systems were utilizod to facilitate
baselinc stability by compensating for column "blecding" ef-
fects. ’

For purposes of parameter optimizaticn and calibratvion, stan-
dard solutions of each of the test compcunds were wpreopared in
distillec water, Wherc available, chromatorsranhic or reacent

Preceding page blank
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grade charmicals were used.  Injection of sapnles was accom-
plished with a Hamilton microliter svrinoe of suitable size
(1, 5, or 19 u1). Calibration curves were constructed hv
plotting the product of the attenuation factor and areyr (rel-
ative Disc intedgrator units) as a function of samnle weicht,
Standardizatinn was checred frequentlv durina the exrnerimental
program to insure quantitative reproducibilitv,

It became evident that chromatouaraphic techniaqurs, ornloving
direct agueous injections of samples, werac nnt annlicable to
the scparation and guantitative detection of sorme of the cor-
pounds under investication. It therefore was decided to ox-
plore the usec cof UV snectrophotometrv as an analvtical tool.
The instruient used for thesc studies was a Perkin-Dlmer Model
202 douwble-beam ratio-recordine soectrophotareter. Standard
soluticns of each of the compounds of interest were prenared
in diszilled water. ~bsorbance-wavelenath recordinas were
obtained in the 190-3%C nm reaion of the semectrur, usina dis-
tilled water as the reference, Calihration curves were nro-
pared by plotting absorhance as a function of concentration

at each peakk wavelencth. Ultraviolet speoctral scans for sam-
ples dissolved in & solvent other than distilled water em-
ploved the appronriate solvent in the refarence cell,

ioloaical Degradation Studie:
Bi i Deagradation Studlies

A scries of scmi-~continuous activated sludae svstems, cach
recciving one of the sclected compounds, in combination with
the ncecessary nutrients, was cerwinved for these studiecs,

Each svystem consisted of a two-'1r1ter acration chamher contain-
ing activated sludge which had been initiallv ok tained from a
local dormestic waste treatment plant, Sufficient dissolved
oxvgen levels and mixine were provided hbv diffused air fed
intc the bottom of each unit. TFooedina was accomnlished on a
daily schcdulc, accordina to the followine procedurc: (1) the
air suvplv was temporarilv cut off and the hinloaizal solids
allowed to scttle; (2) a one-liter portion of sunernatent was
removad by siphorina and sct aside for analvsis; (3) the an-
propriate quantitv of feed solution was disnense? intn each
unit, and the final volurme was re-adijusted tn two liters with
tap water. In all cas~s, the feed consisted of 1010 na/l of
each test compound, cxnressed as Theoretical Oxvaesn Deraned
(TOD), in cerbination with 100 ra/1 (as COD) of a svnthetic
"sewage", containing a mixture of readilv dearadahle orcanic
compounds and inorcanic nutrients. A control unit, which re-
ceived 200 mae/l (as CODY of the svnthetic mixturn was also
maintained duvine these studies., This svntheaetic moedia was
prepared at froquant intervals in accordance with the fnllow-
ing fornmulac:



SYNITHETIC DOMLSTIC WASTE COMPOSITION FCR A COPF O 100,060 MG/L

’

Inarcdicent arams/liter

skim milik 48
peptone 43
gelatin 16
soluble starch 32
ureca &
disodium hydrogen phosphatce 8

f KC1 1.12

i CaCl, 1.12

: MgSOZ 0.90

" 0

( Fe2(804)3 0.20
. MNH,C1 8

4

1
Following a two-week pericd of acclimatization, each of the
systems was monitored for reduction in soluble CCOD and for
disappearance of test substrate, where chromatoararhic *echni-
ques were available. Analyses were gerformed immediately after
addition of test substrate and synthetic mixture, and at se-
lected intervvals thereafter.

I .
In an aerated biological recactor, substrate rcemcval may also
occur by diffused air stripping of volatile compeonents. 7To.
investigate the significance of this phenomenon for cach of
the test chemicals, a separate series of tests was conducted
using the same apparatus as previously descrilbed. 1n these
experiments, the biological cul:ruvre was omitted, ana 2n aauc-
ous solution: of cech test ch.omizal was acrated, uginc an air
flow rate sinilar to that cmploy-d in the decoradationr studies.
The concentration of cach test compounds was monitored with
time, using chromatographlic or spectrophotonietvio procedurcs.

Chlorination Lxperiments

To determine the effect of chilorinc on cach of the sclecte
compounds, two scrics of batch chilerination experiments we
conductad. The first set of taests were dosigned to identify
in a qualitative sense, which of the seclected chemicals wore
capable of reacting with chilorine, under conventional troat-
ment concditions,

Aqucous solutions, containing approximatoly 16 me/) of cach

compound, werc prepared using distilleda water and adjusted to

ol 7.4, with a phosphate (xznyod—xnﬁroq) buffor., Vvhere voso-

ibkle, the concentration of test chemical was choechad vsing

chromatograpiiic procedures. 4 stock chlcevrine solution, hav

ing an approximate contentration of 1,000 ne C1,/1, was nra-
“

solution was standardized freguently by jodir stric vitra-i
in accordancae with the procedures described in Stamd

parcd from a commercial grade of zodium hyvreoechleritos., T
3
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fach test run consisted of four (1) 599 ml samnies containine
the test compound, to which varvina dosaces of cilorine were
anplied. Since a gradual loss of chlorine with timn had been
demonstrated in preliminarv tests, a contral solution contain-
ing only 10 ma/l of chlorine in nhosrhate=huffared distilled
wa-er was included in each cxperiment. Tha four solutions nf
test compound received nominal chlorine dnsaces of 0, 5, 10,
and Z0 rg/l., Mixina was accormplished on a multiple stirrina
("jar test") apparatus, usina 1" < 3" stainless steel wvaddles
rotating at 80 rpm. Solution terperatures were raintained at
25°C + 1°cC.

Samples were withdrasn at 0.5, 1.9, 2.0, ané 24 hLours ¢fter
chlorine addition and immediatel'r analvicd for froe and com-
Hhined residual chlorine. The orthotnliline {(0T) and »rtho- (s
tolidine-arsenite procedures, as dascribed wn Standard %nthods,’
were followed in these determinations. Where chroratocravhia
calibrations wers available, the samu_es were alseo analvzed

for Lhe presence of the test compound., A sufiicient quantitv
of sodium thiosulfate was added to each sarnle orior to
chromatoaraphic analysis to destrov the free chlorine resi-
dual. This sten was taken to preciude the nossibilitv of anv
cxbtrancous compound-chlorine reactions durinc exnosure to the
clevated temperature conditions of the chromatcaravhic column,

Those compounds which had been observed <o reoact with chlor-
ine in the preliminary chrlorinatinn axperirenits were subhiccted
to further examination in a series o0f detailed tests. T
exporimental procedures woere oessentiallv the same as described
above. A wider range of avnlied chlorine dosaacns (un to 100
ng/l) was emploved in these studies in an attermit to “urther
clucidate the stoichiometry of these roactions,  Ultraviolet
absorption spoectronhotometric procedures wore used to nrovide
supplenental information on narent corrcund disanneorancs and
reaction product foimatior.
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Analvtical lethods

On the basis 6f previous expericnace, chromatograrhic techni-
ques. appeared te offer vromise for the separation and quanti-
tative detection of the comounds selected for study. It was
envisloned that these vrocedures could also provide the means
for the identification of productis of hjolog1Cul dogradation
and/or chlorination.

Cf the fourtcen chomicals initially sclected, reliable chro-
matographilc technicucs ware develceoed for seven. These con-
pounds waere amcnablo to chromatographic analvsis at low na/l)
concentrations using the Poropak Q column. Peaks were well
separate . from the water reswonse and obscrved to ba symmetri-
cal, wilnh little or no tailira. easonable roesponse times
were: obtained for these meterials, as summarized in Table 3,
Note that thoe relative retention times of these species are
sufficiently different, so as te allow the resolution of ecach
of the cormponcnts in a complex mixturo.

TL_> COMPOUNDS

Colwmn: 6 - 178" Poronak 0 100/120 Mcsh (88)

- - Column Retention
- ) Carriey Flow - D .
Comnound (1 mi) Jeriorature Timn
SRESRENILY (°C) (min)

Mothanol
[sopropanol
T=-Butanol

s

1
[

12
150
50

b USR]

[
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o

oWty
o
Pt

.0
acotone 35 150 4.0
Lonzoene 35 160 11.25
Toluaene 35 190 0.0
Lthvvlhonsone 20 225 7.0
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‘phenol, m-crescl, nitrobenzene, aniline, .and hydroquinone.
Dimcthylamine was found to be inactive ain the UV recion.

The absorption characteristics of the comvounds tested are
sumnarized in Table 4. Subsequent experiments also revealced
the utility of UV analysis for chlorinated product identifi-
cation and monitoring. These studies will he detailed in =2
later section of the reporc.

TABLE 4

ULTRAVIOLET ABSORPTION CHARACTERISTICS OF TEST COMPOUNDS

Compound Y (nm) Lo (nm) Voo (nm)
- 1 2 3
Phenol : ' o 207 235 288
m-Cresol 222 271 277
Hydroguinone | 193 220 283
Aniline 199 230 280
Nitrobenzene _ - 195 . 214 27
4—chloro—3—methvlphenol* ~200 279 287
2,4,6-trichloxophenol* 214 245 : 312
2,4,6—trichlcroaniline®* ~210 242 304
p-benzoguinone® : 245

*Studied in ?hafes II and IIX

Biological Dzaradation Studies

The purpose of this phase of the investication was to iden-
tifv the test comnounds or their degradation byproducts which
could react with chlorine under conditionrs that cccur in mun-
icipal waste treatment, .Two conditions of treatment must be
identified; first the acclimated condition, vhere the test
substrate i1s in the system continucusly or for a sufiicient
period foy acclimacization of the liolocical svstem Lo occur,
and secord, the unacclimated, or vpartially acclimated svstem.
The una ccllmatcd condition is the result of a non-reaular dis-
charge of a partircvlar chemical to the treatment plant. Both
conditions regularly occur in practice.

Acclimated Systems

The setup of the physical svstems has previously been des-
)
s

cribed. The control systems received a syntnetic owane
with a COD strength of 200 mg/l. Each of the test strearms
were composed of a mixture containing 100 mc/l COD of synthe-
tic sewage and 100 mg/l as COD (calculated basis) of the test
tanined

substrate. The cffluent from cach test systcr was oo
to ddentify the component or its dagradacion product:
effluent. '

hY
g in the



Except in the case where the test substrate or its known de-
gradation products are directly measurcable, a significant
determination problem results., This problem can, in most
cazes, be surmounted by considering supplementarv Gata on

COL removal, and degradation studies on the particular com-
pound.  Emoloying a combinatiorn of the analvtical information,
it is 905%1blc to examine each of the test compounds., Table

~

5 sumnarizes the StUdV results.

N TABLE 5
SUMMARY OF BIOLOGICAL DIGRADATION STUDILS

Compound Results
Complete lgss of primary substrate (vas cnroma-
tegraphy). Identifiable intermediate acctone.

Complete loss of primary substrate (cas chrema-
tography). MNo identifiable degradation product,

Isopropanol

1Hcthanol
‘m~Crcsol Biolocical oxidation of substrate.

Phenol Bioloyical éxldation of substraﬁe.

Complete loss of primary substrate (cas chroma-
tography) . Mo identifiable degradation product.
Benzenc Rermoval by strippince and biooxidation.

D R R I I I T I I I T I R I T R O I I I R A LR A B S Y

Acetonc

Toluene | Removal Ly stripwing and biooxidation.

L I I I T I T e O S O L T T I I I A I I R I R R I A I

Lethylbenzene Removal by stripping and biooxidation.

Prosunitive cvidence of comnlete loss of nri-
Benzols Acaid mary substrate with no dearadation product for-
mation -— biological oxidation.

Possible substrate persistence or degradation
precduct formation.

Complcte loss of primary substrate (oas chrorna-
witrobenzene ‘toaraph). Pocsible formation of unidentified
degradation nreduct.
Prcsumptive cevidence for some primary subLstrate
Dimethylamine survival., Armonia is a preduct of biological
oxidation.
o Partial survival of yrimary subsstrate, dearada-
-Butanol . o LT B L -
tion preoduct {formatiocn unknown,
Possible survival of jrimary substratoe suspec-
ted,  Lezrvadation product formaticon suspected.

Hydromuinone

s~ e 067 08 s 2 s > 60 08t e e e asoes

P R R S O R S S ]

friline

Flgure 2 prosents bateh study data illustrating the disanrcar-
ance of iseopropancel with a correstonding increasc in acet o*c,
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as’ determined by chromatographic -analysis. A conplete stoich-
iocmetric evaluation of the cempletercess of reaction was Aiffi-
cult because of acetone loss by stripping., No evidence of anv
other product formation was uncovered. Acetone itself was
eventually lcst from the system at longer aecation times (sece
bC“l Oow ) .

Methanol disappearance, as measured by gas chromatogranhv, and
COD disappearance data indicated that methanol is cocmnletcly
degraded without the production of an intermediate product.
Comparison studies indicated that str.pping is not a major
factor in removal, as shown in Figure 3.

Both phenol and m-cresol could ke tracked by gas chromato-
graphy and COD analysis. A typical gas chromatcgravhic outrut
for m-cresol is preésented in Figurc 4. In another exveriment,
the phenol concentration was reduced from 33.7 ma/l to 4.7
mg/l after one hour. An analvsis of residual COD &:ta, as
shown in Table 5, indicated that no intermediate vreivcts were
present in dctectable quantity.

Acetone was monitored by gas chrematography and show:d corm-
plete disappearance from the test units, CCD data refer to
Tahle 6) indicated no accumulation of an additional product.
Examination of the removal pathway indicoated that a signifi-
cant portion of the acetcne was removed by strivning, as ‘evi-
dent from Figure 4. Approximately 30% of the removal was ac-
complished by biological oxidation.

T.BLE 6
SUMMARY OF COD DATA FROM BIOLOGICAL DEGRADATION STUDIES

Pesicdual

] T 3 Initial . con
Compound 1hegagL}g?LdIotal COD Recoveérah:le (ma/s1)
SISLs By Test* at 24-hr
- T Averace
Acetcne 200 , 151 T.e
Tsopropanol 200 175 50.1.
in-Cresol 200 150 44,7
Methanol’ 200 123 49,3
Phenol 200 195 41.8
Benzerne - 200 104 38,5
Etirllienzene 200 101 56,2
Taiuene . 206 104 45,3
BEenzolc Acid 200 : 200 2804
Hydroouinone i 200 107 30,0
Titrolherzono 200 106 22,4
Dimethviarmine 200 100 HH.9
1B 200 164 69,0
Aniline 200 152 G8.5
CHAiCL . 200 ' ' 200 560

100 .mg/1 svntheotic sowaca (as Q0L .
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The removals of benzene, toluene, end citnviienzenc. were moni-
rored by cas chromatograni.y. Studics indicated that theoey
wére, to a very signilficant dearee, removed from the svstonm
by stripping, If any biolouical degradation products wero
fermed by a small pertion of these materials that were ac-
tually oxidizcd, they were below detuction limits,

A primary subistrate method for evaluating bhenzoic acid pre-
sence was not available. COD date (rofer to Tabloe 6) indi-
cated complete coxidation of the suvnstrate with no apnarent
decracation procucts. For supporting evidence, a sample was
‘studied for the regularity of oxyger use with both acclimated

and unacclimated seed. The results of this study are shown
ir. Figure 5. The regularity of both curves sunports the con-
tention that the reaction is complete, «with no significant
interrmediates being formed. Rlthough the evidence is not

totally conclusive, there 1is wurrﬁcncnt nrosunptive evidence
to infer the improbability of degradation rroduct formation.

he lac¥ of a tota‘l satisfactory metncd of analysis marde

etermination of hvurO” ainone in low contentrations inprac-
ical. The substrate was substantiall: Jdcoraded, as shown
y the residunl COD cdata in Table ©. Heuvever, indirect
»vgen utilizaticon data sucgaested imcomplote owidation, or
pussible degradation grudhct formation. Possiihle products
were not identified expirimentally.

rt {L v-]

OC-'

LL

Gas chromatocraniic studies indicated that nitrobenzene dis-
appeared from solution during the study period. Analyvsis by
ultraviolet absorntion indicated that removal by air strin-
ping was insignificant. C2L and ovysen use data sugacested
the formation of a degradation product «:f Lhce reaction. The
nrocduct could not be identified exrcerimentally in this study,
The product concentration was in tho order of 20%-153% of the
ori¢ginal nitrobenzene as COO.

O

Although no satisfactory method of analysis was available
for low concentrations of Cimetnvlamlnc, there is presumnn-
tive evidence that sone pri.aary substratco gtlﬂl%ts for a
lorg weriod during u101o<’czl f)ui’"ﬂ“t rmonia was found
as a degradation product of oridation,, :

T-zutanol dedrades veiry slowly 2znéd is dotoctabls even afier
exhaustive perieds of biclovical orxidation. lNo dogradaticon
product was identified, kut considerine the amnount of the
-butanol present, it cannot ke poszitivelv concluded that a
nroduct does not emist. Typical degradation data are shown
i Figure 6,

0 suitable analvtical method was availabile fcr low concentra-
tions of aniline. Based on COb data, (ZTanlec 6) it mav e con-
cluded that ‘either aniline or a degradaticon product romains,
cren after supbstantial tire., The .ana I‘t-c” ovidence is in-

sufficient to drow a valid conclusion. towevar, indirect ony-
cen utilization studies sugcested the x‘;qtcncc of ariline
tirouch: biolcaical systanms, particular-; in o the vresence of

mixed supstrators.,
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Unacclimatcd Systenc

In an unacc111atcd gvstem, tHe discharce pay contain any of
the products found in the acclimated gystem, as well as the
original test substrete, The ceoncentratiorn and distrilmtion
of products will depend on the actual conditions of discharge
and treatment,

Discussion of Pesults

The results of the biolcgical degradation studics Jnalcatcd
possibie degradation rrodutt formation in ecclimated systems,
for the follOmlng test substrates:

aniline
hydrooulnone
nitrokenzene
t-lLutancl
isoprrcr.anol
dimethylamine

Ammonia was determincd to be the product of dimethylamine de-
gradation, and acetore was idertificd as an intcrmediate in
isopropanol breaxdown. Lue Lo the limitations of the available
analytical retneds, degraZation preducts of the remaining ma-
terials could not be confirmedé or identificd. -ns a conscguence,
it was decided to concoentrate «fforts on the determination of
problems associated wilh chlorination of the orviginal test
crhemicals. This appreach has Qirect apslication toe "spill?
situations, in which a sulstrate passcs througih an unacclimated
biological system, without degradation. Such occuriences are
commenplace in industrial wastewacer treatment practice

Chlorination Experiments

The first series of chlovinaticn cxneriments was designed to
determine which of the sclécted chenicals weroe capable of re-
acting with free chlorine under conditions zommonly encountcred
in conventional treaiment wlants., & portion nf these prelimin-
ary investigations was devoted to the evaluation of the vreci-
sion of the residual chlorine test and the stability of chlorine
in test solutions. &~.precision 2f 51 (relative standard dovia-
tion) was obtaincd from a statistical “reatrent of thirteea rep-
licate chlorine residuzl determinations on control solutions
having nominal chlorine concentrations of 10 ng/l. In accord-
arnce with thiis ohservation, & frec chloring demand of 100 of

the api:lied dosace was the criterion usad to deterriince any €ig-
nificant compound-cnlorine r:action.

The results of th ik 4 chlorination exper-
iments are c¢iven ln ists the chlorine demand as
a function of aprlic e and contact time for cach
of thec tes: chomicals. izate thaz, under tho toest

cornditions, no signifi riamand wan erercised by the

following conwounds:
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- These were subscguently identified, on the hasis of relative
retention data, as o-chloronhenol (1), 2,6 dichlorophenol
(3, 2,4 dichlorophencl (4), 2,4,6 trichlorcphenol (5), and
p-chlorophenol (6). '

The results of similar expceriments, using m-cresol as the test
compound are shown in Table 9 and Figures 11 and 12, Thz re-
action of c¢inlorine with m-cresol also procecded guite raridly
in the #irst 15 minutes, and was esscntially complete after
two hours contact time. In the case of m-crcsol (10 and 20
mg/l), the application of 50 and 100 mg/l1 of chlorine wvroduced
a free chlorine residual after two hours. Thre maximum observed
chlorine uptake (after 2 hours) was computed to be 3.84 mc Clz/

mag m-cresol (5.9 moles Clz/mole m-cresol), corresponding to

the solution which initially contained 10 ma/l of m-cresol and
100 mg/1 of chleorine. The consumption of chlorine by m-cresol
is also shown in Figure 9, and indicates that m-cresol exer-
cises a lower chlorine demand than phenol, on a molar basis.

TABLE 9

CHLORINATION OF m—CRESOL

m-Cresol Applied Contact “(Ol“? Net Chlorine
. P : . g Chlorine Demand
Concentration Chlorine Time Residual mg/T Frol CI
(mg/1) (mg/1) (hr) ‘(;m/l) g/l 5
. —l mmol m-Cresol
0.25 3.3 16.7 2.5
. 0.5 1.5 18.5 2.8
10 20 1.6 0.5  19.5 3.0
2.0 0.2 19.8 3.0
0.25 30.8 19.2 3.9
0.5 30.8 19.2 2.9
)]
10 30 1.0 28.3  21.7 3.3
2.0 17.0 33.0 5.0
, 0.25 1.3 18.6 7.8
~ ) 0.5 77.0- 23 3.5
10 100 1.0 . 61.6 38.4 =.9
2.0 61.6 38.4 5.9
.25 16.3 33.7 2.6
. 0.5 11.1 38.9 3.0
. . . . .
20 >0 1.6 8.0 42 3.2
2.0 8.0 42 3.2
0.25 £1.6 38.4 2.9
0.5 58.2 41,8 3.2
5 . . . .
20 100 1.0 56. 6 3.4 3.3
2.0 46.0 54.0 4.1
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Chromatograms obtained for m-cresol and a chlorinated solution
of m=~cresol arc shown in Figure 12. Scveral additional peaks
are evident for the latter sample, reflecting the formation ;
of a complex mixzture of products. None of these swccies could
be positively identified, due to the lacx of commercially
available chlorina-substituted cresols. However, 1t is pron-
able: that the products constitute a mixture of chloro-m-cresols
and oxidized forms.

The reaction of chlorine with hydroquincone was studied next,
using compound concentrations of 10 and 25 ng/l, with nominal
applied chlorine dosages of 10, 20, 25, and 50 mg/l. The

data for this experiment are presented in Table 16, and Ficure
13. As in the case of phenol and m-cresol, a rapid initial
rcaction was cbscrved, followed by a declining rate of chlcr-
ine uptake. The reaction appeared to he complete after two
hours. A maximum chlorine demand of 2.37 mg Clz/mq hydroqgui-

none (3.9 moles/role) was obhserved under <he test conditions.
(The molar consumption of chlorine is plotted in Fiaure 3,
and shows a lower chlorine demand by hydreoqguinone, relative
to phenol.)

TABLE 10

CHLORINATION OF HYDROQUINONE

, Y5 TR Net Chlorine

llydroguinone Applied Contact fO?.? net Cm?oilno
. : vl - Chlorine Demar.d

Concentration Chlorine Time : - S

\ Residual wmmol  Cl
(mag/1) (me/1) (hr) T ma/l : 2

A~ U {(ma/1) o .
—_—— mnol  Hvdroco,

0.25 0 >10.4 >1.6

0.9 0 >10.4 >1.6

10 10.4 1.0 0 F10.4° T1.6

2.0 0 310.4 Ti.6

0.25 6.1 14.7 2.3

0.5 4,75 16.05 2.5

10 20.8 1.0 2.75 18.05 2.2

2.0 1.8 19.0 2.

J.25 9.8 16.2 2.5

. L.5 10.0 16.0 2.5

- .

10 26 1.0 5.5  20.5 3.2

2.0 4,5 21.5 3.3

.25 30.8 . 21.2 3.3

0.5 32.7 19.3 3.0

10 32 1.0 50,0 22.0 3.4

2.0 28.3 23,7 3.7

0.25 9.5 I 2.0

- 0.5 7.5 44,3 2.8

25 52 1.0 3.5 . 48.5 3.0

2.0 - 1.0 51.0. 3.2
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90 mg/l were added to sHlutions containing 16 and 20 mg/l of
aniline, The data derived from these tests are siven in Table
11 and Figure 15.

TABLE 11

CHLORINATION OF ANILIKE

.y ] . . (OTA) et Cnlorine
- A?lliﬂe._ App%%qd ngtht Chlorine Demand
Concentration Chlorine Yime Residual ol ¢
C (me/1) _ (mg/1) _(br) (;q/1) mg/1 ' 2
i —_—t ~mol Aniline

0.25 1.75 16.25 2.1

0.5 0.4 17.¢ 2.3

10 18 1.0 0.2 >17.¢8 >2.3

2.0 0.2 >17.% >2.3

3.0 0.2 >17.% 2.2

0.25 27.5 17.5 2.2

0.5 20 25 3.2

, 10 45 1.0 14 31 4.1

: 2.0 6 39 5.1
3.9 4 41 5.4

0.25 58 32 4.2

0.5 52 38 5.0

1v 90 1.0 43 47 6.2

2.0 34 56 7.3

3.0C 28 62 8.1

0.25 4.0 41 2.7

.5 J.8 44,2 2.9

29 45 1.0 0.6 ~44,4 >2.9

2.0 0.2 >44.8 2.6

3.0 0.2 44,8 >2.9

— 0.25% 30 50 3.3
0.5 30 6C 3.9

20 99 1.0 10 80 5.3

2.0 3.6 86. % 5.7

3.0 2.0 87 .4 5.7

A8 nrovicusly obscrved for hvdroquinone, the arpnearance of
orance colored solutions was evident at the hicner awmplied

chlorine levels (50 anu 100 mu/1). It may be noted from the
figure riat anilinc alsc initlially undergoes a ranid reaction
with chlorine, folleowed by a declining rate of chlorine un-

take. Chlorine consumnpbtion was obsecrved to coniince over
contact tires in: excess of twoe hours., The maximuam chlorine

uptarne at threo hours was calculated to ke 6.2 mg Clz/mg anri-
line (£.1 roles/mole).



/L

H

LEALIN

PRI

S . LI T SN L R )

'L
PRSIy R I}
NN N
R
N
LD
[STRN
Yooy
o+ C

(54
P
-
(&
[
¢t
- \
\ g, \.“.i.lh'.-l. AR T - >
o ) o [ [ .
() L > <~ [sY
P - - - .
TGy DS AN el D wil
Porm e ab e iseimc mIvTa Ve tmi.t P ieeaeival e . .

ION OF

ACT

RE



In a separate
intormation pertaining
of chlorine and anili“
togravhic technicgues, traw
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ma Pomax

r D FISY N s
Tonsound - .
_— Tl and (nm) B-hand (nm)

aniline 220 231
o-chlorcaniline 232 28¢.3
n~chlor-aniline 2:8.5 Z93
2,4-dichloroaniline 240 275

2,6-dichlorcaniline :

2,4,6-trichloroaniling 242 304

It is evident that chlorine subst
ture premotes a bathoc*rcmic shz
mum aLsoro-lon. This effect is
stitution and is more 3ronouncrd cith
with ortho-substitution. & comnariscn of F
data given above revecals that none of tro specctra ohtained on
the pure cnloroanilines can he praciqnl“ mrtched with these
recorded for the chlorinated aniline solutions. Althoual
there may Le some indication of o-chicrcaniline formation at
the'5 mo/l level of aprpliec chlorine (a= cxlucnceﬁ by abwsorn-
tion at -.233 nm and ~285 nr), it vrarent that a hichly
variable and co“nlov mixture of i e formned, The no-
ture and distribution of these : ts are influ-
enced both by chlorine dosage, znd by con tine. 'The pro-
crescsive shift of the absorrtion maxin icher wavelonat
and the aprearance »7 a : 7ru$Cinc chlorine
anage sugcests the formation of a muixture of ch lorine-sui-

tituted anilines. In 2:dit; LD arration of chloro-
anilincs, it is also possihle that scre devrce of ring oni-
dation proceeds simultancousily th ring substitution,

ot
™

3

on the arilino struc-
e wavelengths of maxi-
with 1lncreasing sub-
nara-substitution, than
cicure 15 with tlhe

-
ot G
A

o«

,
N
it

ho L nal series of detailed chloviraticn crperinents was

©0 the re-examination of Lhe chieorine-~dinetihwlamine
of 20 ma/1 and 100
neninal arclicd
and 150 mo/l. Sunles
5 for free residual chlo-
}

CtLOX Dimethylamire concentratio:
“@/l were emploved 1in these tosts,
chloriae levels rancine Letwesn 20

were taken at varvine time inc.rveal

rine analvsis (by the (T4 proca¢ure) and ’or total chlorine
resicual (by ilodimetric titration). T 1188 of those 1in-
vestigatlions ave given in Talleg 12 and ?1:uLu 13.

icn of c¢hlo-
consur -
nidvn

It is apnarent from the cdata Lhat: (1) the aldid
rine to dirmgthvlamine solutions
o

¥
tion of fr=eo chlorine; and (2} b~
s

I

includins a combine Sha0 cf
“he reacuLicon, cracud nitin
S I's

I

C

1
corncact time of 15
]

’
reaction arie
e

: o ke ¢ : ¢

minutes or less, whoreas oL 1ned residual chlor
1N w3 chserved to proci Qe YO Rours Tho data
2130 indicate that the derred of colorins uroang is wvarialble



CHLCIINITION OF DINLTHYLAMINE
. ,C:),lcl);(,;m Contact :;i?f,:»‘: tet Ff‘:gaiz;lorino
Concentratiorn T Time iabaybey el
™ 1 e - B oot o}
(ma/1) — rmel Cl, Gr) wot(c'—/"izﬂ ra/l mmol Cl,
TEOLI Dle AL AR mrol DUl
C.25 13.3 0.75 20.55)
0.5 - 0.3 21 ;
n = 21 i
20 23 ee g 203 0i23 ai.gpi2l 87
' 3.0 9  0.25 21.05
4.0 0 6.2 . 21.Y
0.25 21.9 10.0 32.5
0.5 - 16.0 32.6
. an i ¢ - 1.0 23.9 9.3 33.1 .. -
g ed 2.6 133 2.0 15.¢ 2.0 33.6 (°3-1 1.09
3.0 2.0 10.6 32.6
4.0 2.6 2.3 34.1
0.25 58.5 4G.5 38.7 1
G.5 - 46.3 38.7
.. 1.0 58,5 44.5 40.7 .
o o] 1. - . - .
20 2z.2 2.7 5 e 53.2 37.5 44.7 {91.3 1.32
3.0 47.9 33.5 41.7
5.0 43.9 37.5 44,7 )
0.5 62.3 0.1
1.0 40,4 0
106 73 .18 2.0 27.3 8 75 .48
3.0 11,7 -
5.0 2.1 -
0.5 91,0 0.2
1.0 55,0 0
100 12,5 .715 2.0 37.7 o 112.% L7115
3.0 18,2 -
5.0 7.8 -
0.5 119.6 1.2
1.0 6.0 )
156 I3 ¢3 2.0 42,6 .2 150 a5
2.¢C 1¢.5 -
5.0 7 e -
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andé increascs with increesing arplied chlorine dosace. This
ig avidenrnt freom Table 12, which shows both the nolar consump=-
tisn of chlorinz per mole of DY, and the awnrlied chlorine to
;i molar ratio.  Note that iimethvlaminc readily consunes at
lcast ) mole of chilorine per mole of DiAL 72t higher chlorinc
arplications, chlorince demands crecater than unityv were ob-
served, but a freoe chlorine rasidual vas maintained. 7. max-
imunm chdorine votake of aprroxirsitely 1.3 rnoles Clz/mole [IARN

wa
3

s

noted, at an applied chlorine to DMA molar ratio of aiout

~1i

-

A ricorous characterization of thie nature of the products of
hep reaction of DNA with chlorine could not be made, duc to

he lack of suitable analvtical *csts. In nrceliminary expwor-
iments, 1t was found that DMA does not reswvond to the chendcal
sy Gon aenand test,  Altheoagh it vas determined that DNA could
e detected in aguecus solutilons by gas chromatography, the
response was found to be non-cuantitative., 2dditionally, Adi-
methyviania: vas colserved to be insersitive to dltlﬂVlOle
F“cctrophotohetrlc aralysis. These difficultices precluded

the nositive identificatior of any products of the DMI-chilo-
rin¢ reaction.

I A i

~ .

Liscussion of Results -~ Chlerination Studics

Cne of the majur owjectives of the cwperirental proaran of
Phase I was tho determination of the ability of each of th
sclected chemicals to react with chlorine. & corellary, hut
nenelheless vital reguirenent, was the estaplishment of test-
ine procedures by whilch this charactorization could he
asnicved. It was rceoenizew, a priori, that virtually all of
the tust comvounds could, undeY the anirevriate conditions
Souncth with ‘orine,  In fact, hq1ov“.atwor rcactions are
avong the rpost impertant in tie synthesis of complex organic
cheriicals,  Hovoever, many of tirese reactions do not precced

Lo any appreciable exteont, unless ricorous chomical or nhysi-
ol driving forces ave apvlica (el owa*o tenmseraturce, pres-
sure, catalvels, cuc.). Dbviousle conditions v\uld not
be encountered in conventional of cblo"ixatio rractice.
The selection of coxperimental rare ~¢ was thus constrainad
to a rather narrow rance of ai-dzcnt boidcragures, pH values

solutions of reactants.
o tost corwounds, which are
cnation »rocesses, would

aear naubtraiicy, and diluts acueou
3: WS ’“Llci d
3

una ‘% cf chlerine cormonly
luen Lon vas confirmed v the
ata, Liiat only f£five of the four-
test FEorvoed to roact vith chlo-
L 8sta

lone of the alcohels tosted (metharnol, isorroranol, t-hutanol)
ewiiLited any tonaency te excrcise a chlorine demand.  Al-
tiouehi nany alceohols undergo nalocanation, the reactant




wloved is usua
reacllon is comn

the prescence of
cas phuso.
ution of

thils StUdf.

-
3

nlori

!

11” a h"df@g@d halide
achieved at elgvated temperatures,
alyst or stronc acid, or in nonacueous
it is unlilely that a dilute acugoous soi-
would affcct any alcoi.olz examnined in

the
in

IiN). llcreoover,

a
such,

be)
4i

\.,d.. a

wellh

cf the

o sianificant chlorine uptake was obhscerved in the case of
acetonc. At flret inspection, this result scored cmalous,
as it iz novn thaet saturated hetones and aldenvdes will
generally undercoe nalocenation in acueous solutions,

en raported that the rate of halogenation of acctone

dependent on tihie accetone concentraticn, and is sioni
increasad voeithor acidic or allkaline catalysis, as

(<),

sented by the folleowing oxpression
Vo= [{Cii),COJ[6 = 107% + 5.6 -~ 107 “[H'] + 7{on ]]
hoere Voo1s tho reaction rate in meoles/liter/sccond, and the
bracketcd terms corxb*ponq to the molar corcentrations of the
respactive spacies. Using this cgunression, the calculated
rate of chlorz:'~ roen_of 20 me/) of zceorone at ©h 7.4 is ar-
proxniwately 2.2 19 3 rmol/liter/hour, or about 0.6%1 ney hour.
In “he nrosent stwiv, the nmeasurement of this low rate was
not conuatible with the precision of the chromatograrhic
analysis of acetone nor the COTA rmcthod for chlorire. Consc-
quently, & chiorine untake by acctore could not he observed,
under the test conditicons.
Benuene, ant its derivatives, tolucne, ethyl benzere, and
benzolce acie, alzo shoved no evidence of reacticns with chlo-
rinc. sAgain, halogenations of benzences are rather common-
place in thie chemical precess industrys, ut a catalvst is us-
ually reauired vo acnilove tils subsiiiution.
It is thus unlizeldy that benzene cy the alkvl kernzenes could
roact with cheeorine in the ullute acueous soluticns consid-
Sred I thhiis osvucy. Bo )ic acid ard nitroheornzonc vera con-
sidered to wooven less reactive than benzene, due to the
slectren-attractine and rina-deactivating effccts cf the
-COGH and =No, oroups,
ratives of Lc*zcwc acs-
to ke gqulte reactive to
This roqzl i Ly one
I taste and codgr-caurins
‘astewater 2ffluencts as
; £ -s<7’8). Trhe nigch roac-
tivacy of pioencl rinn-acti ine elce-
Lron-releasine anctional ¢




The neture of the activating greup is such that halocen sub-
stitution in aqueous solution is preferentially- -favored in
the ortho~ and para- positicns, with respect tc the -CH group.

.. . 9,10
This fact has also been confirmed by several researchers( ! ).
Burttschell et.nl.(g) pronosed the following reaction scheme

to,describe cthe chlorination of phenol:
. . OH CH

Cl /{45\\. Cl //;\\\Cl

i_____mm.aw ;g '&inq

N . Oxidation

Note that the reaction proceeds by the stepwise substitution
of the 2, 4, and 6 (ortho- and para-) pcsitions of the aro-
matic ring. Ring oxidation f>llowes the formation of 2,4,6-
trichlorcphenol. It is mwrckable that the reacticons proceed
simultancously, as well as seguentially, resulting in the for-
mation of a complex mixcure of chlorophencls and the oxidation
products. The nature and distribuvtion of these procducts are
doubtlessly affected by such parameters as reaction time, pro-
portions of reactants, pH, temperature, and other conditio:s,

ae(lo) has indicated that the maximum rate of chlorirnation
occurs between pH 7 and pH 9.

In the presernt study, tre formation of 211 of the chlcrorphe-
nols mentiored above was confirmed using gas chromatogravhic
techniques. The appearance cf scveral unidentified peaks in
the chromatograms 1ls0 sucgesgted the existence of oxidized
forms. Additioral evidence for ring coxidaticn may ke derived
from the fact that phenol exhibited a chlerire demand in ex-
cess of the amount reaquired to completely form trichlorophencl.
A maximum chlorine uptake of 8.4 moles Cl /mole rhenol was

observed in this study, ccmpared vith a st01c*1o“ctrvc recuire-
ment of 3 moles/mocle for trichlorophenol formation,

Meta-cresol, a methyl-substituted ;Lenol, exhibited chlorinat-
ing properties similar to phenol. This is consistent with the
structural similarities (and therefore, reactivities) of the
two compounds. A moderately activating methyl group in the
meta position should serve to reinforce the pattern of chlorine



suwstitution observed for ubercl, Z.2.,

ortho- and para- (2,4,0) positions. irnon ¢

chlorine, it would therefore he emnoct com:

oi chlorine~substituted and oxidat:on prclucts veould forp
bvidence for this benavior is manilizsred by an crserved chlo-
rina demand cf 5.9 moles/mole, which is consicoreainle er-
cess of the theorectical reguirecment <o nroduce a Lri sTi-
tuted m-Cresol, and by the anncara.cc of at lanst el e ans
in the chromatogram of a chlorinztad ~-Cresol solution.  Un-
fortunately, no cualitative iden<ification of tir nroducts of
chlorinavion could be attempied, aus wo thae lo7h af corpor-

cially avairlable chlorc-m-Crescls,
!

In a study devoted to the oxidaticn of rhenole v chlorine
. X 11 . < :
Llsenhauer( ) suggested the follnw
reactions resulting from toe chlorin
phenol,

on OH

~ Con
~ d ’o ..
Cl(' . C1 Ci. N (OCH
. ; : i .
{ . .
| . > ! > ! ~
| ; RL. 3 R Cib c:
IS i - ke \\_
! cL )
G
(for m-Cresol, R is a methyl groug).
35‘ ’1\’_.

The formaticon of non-aromatic comidy
houylic acids, at higher leveis of
tulated on the kasis of observed s:. , 2t anusorp-
tion spectra. This hypothesis is cc Ftant with the rela-
tively high chlerine demands noted
nol.

wWAasS NS =-

H>1 quincne is a dihydric phencl,
the l,f positioas. This configuraci
ting substituenus should even furt“.“
zation of the ring structure. Indce
readily convertea to p-benzocuinans

agmnts,

o

reviously desariboed, the o
ocuinone Ly C”lijno was con
raviolct swochtrophotometyiea
is not the only reaction, singe
3.7 moles Cl,/melce was cbsered

thoovetical reagulrenent for
moroever, when a scolunion ¢

(rugu4nona nolar ratio of
atoe contact time, 1t was

oit~hatll of concontration of

7




been cupected if complete conversion had cccurrcd, Tronc
obscrvationsg sugeest the formation of other sulisti*uted cr
oxiGizcd nroducts resulting from the rcaction of c¢hlorire
with hydrocuinenc.

Durjnc the preliminary experiments with hvdroguinone, ihe
formation of a tetrasubstituted guinone, chloranil, was con-
sidered as a poscibllity:

ox
-~ ) cl.” Cl
g\ s ' E ! i
i [ > b > ol
g J i g cl - 1
ol : ]

jHowever, attempts to isolate chloranil werc unsuccessfuil, dun
to its extremely low solubility in water. It is nov belicved
that cnhloranil i3 probably not a product of the hvdreauinone-
acgueous chlorine reaction, since the usual methed of wronara-
tion cf chloranil involves the use of hvdrogen chloride.

N ibility a N 3 r t formati Ci a charao-
The possibility also exists for the formation of harc
transfer (3) coemplen of p-kenzoguinone and unreacted hdro-
suinonc of the form:

+
/ \
HO ¢ S0
. p
[
l
!
!
§
'\) " \ . (..)
N

is cenerally accompanied v
solution and a batheochrorin ¢

v oer

va. Syt

M

ot



{(7)

in the ultraviolet abscrption spectrum . Phencormena of =
tvpe were observed at the higher reactart (nydrocuinornc and
chlorine) concentrations, which could possibly cuxnlain the
non-stoichiometric production of p-benzoquinonc, as dcscribled
above.

In summary, it appenrs that additions of chlorine to diluzs
agqueous solutions of hydroquinone results in the formation cf
p-benzoquinone as a primary product. This conpound is be-
lieved to persist either as a separate spccies, as part of the
quinhydrone complex, or combinations of the two. Further aidi-
tions of chlorine, resulting iIin chlorine uptakes of at least
3.7 moles Clz/mole are likely to produce further oxidized nro-

ducts, such as carboxylic acids.
Aniline, by virtue of a strongly activating functional crour
(- N”Z)’ should also be expected to possess chlorinating unro-

perties similar to phehol. It is known that bromine reaccs

rapidly with aniline to form 2,4,6—tribromoaniline in ni

yield, and it has been reported that, depending on the n
G

of the oxidizing agent, aniline may be oxidizc¢d to eitl

Yo

i~
[

~

o

il
’

e 1

&+ n

{7)

[0

robenzene, p-benzocguinone, or-other products ¢I ring cleavac .
It may thus be postulated, bv analogy to phenol, that ariline
may underqgo the following reaction steps when c01uuc'"' il

aqueous chlorine solutions:

NH, NH,
CL.Z ™ cl - .C1
. [ . '
| I i
l | o
- 4 - - o
/NHZ rd \ Y 2
= \\ v Ci
[ ; N Cl: -2
P -
N MH . NH -
W /l 2 S 2 c1
} ; : C{ § .
éi c1 Cxidation

Indirect evidence for this reaction scheme is shown in Ficure
9, in which the obsecrved chlorine consumntion v aniline, on
a molar basis, is noted to be guite similar to phenol.

It is also evident from the ecxperimental data -
rination of aniline results in the ceneration of
plex reaction products. Ultraviolet snectrn tal
ly chiorinated (0.5 mg Clz/mg aniline) solution

16) sugagest the production of a mixture of chlercanilinas,

1
ot
[$9)

1



Higher apj:lied chlorine levels (1-2 mo Clz/ng) sern

wote the formation of oxidized s=mecics. ote the UV
tion spectra cbtained on a 10 mc¢/1 aniline scluticn, o
10 mg/1 of chlorine had been added. The disappearance of

peaks in tihe region of 230 nm oand 280 nim indicate a loss of
aromatic structure, normally associated with these ahsori-

tionrs. HMoreover, the appearance of a single broad harnd sua-
.gests the formaticn of either a partially oxidized rnon-oarc-
matic ring or a conjugated straicht chain molecule that re-

sulted from ring scission.

"h

There 1is also evidence fcr a continuing secuence
that proceeds even after a complete loss of free
resicdual. For the 1l:1 solution described above,
chlorine residual was detected after a Oﬂr—*al’—?
time, yet the UV abscrpticn pattern continued to
a two~hour veriod. Tnis may »e indicative of the »
of interncdiate specics, which mav subsccuently und
tural rearrangement. The resulting broad band at 24
found to persist during UV scans taken over engLccn
The position and the shape of thils absorntiorn is culiie
to that observed for p-benzocuinone, a possible product
"iline oxidation.

'

Dimethylamine, a secordary aliph;tic aninre, is also
particivatc irn halogen reactions, lcading to the £
mono—-N--haloaminces.
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In a previous study devoted tc tine rate of formation of chler-

. - . {12
amines, Weii and Horrls( )

derivative results fron the
amine, corresponding to the
tation:

t"w-\& anly
3

H Cl

5 BN g | 3 Sy N
CH3 1‘—CH3 + C12 - CA.3 ..—CHB + KHC1

It is evident from this reaction that the stoichion C
chlorine roouirement 1s cne mole mer mole of DA, 7 results
from the prosent study generally confirm this stolch otry,
however, in cases of hicher asplicd chlorina doscs, Sring
domandg ureater than onc mole per mole werc onscerved.
Garks (13) Dol he mor Gori y PR
Marks has stated that the monochlore derivative of Ci-
nethylamine (N—<hlore-dDra) should e amcnable to analwsis b
the acid lodometric titration preocedure, which was utiliczed
in the supplementary L0 chlorination exyvoraiments. Indecd,
an icdometric chlorine residual in excess of the {rce chic-
rine residual (CTA) was cobserved in the carly stanes 27 &n
rcaction, ccqcirq the initial formaticn of s=rmo chloro
compound, rrob aul” I—chloro—DHi. subLscuarnt. 1cz3 of
bincd c“' N I inci s nd oig el

or
unstable, o1



i
In surunary, it has kecn shown that five of thoe fourtaon ori-
ginal test chemicals were observed to particinate irn roeae-
tions with frec chlorine under the moderatce conditisnrs asso-

ciated with conventional effluent chlorination vpractice.
These compounds arc: pnenol, m-cresol, hvdrocuinenc, aniline,
and dimethylamine, In some cases, it has been pnoszibla e
rclate the experimentally determined chlorine-yecactivits of
trese specics to theiy respective molecular structureas, oy
example, of the nine aromatic counpounds examined in & Tu
only thosc posccesing "ring-activating” substituent arou:s
were, noted te recact with chlorine in dilute acucoun rolutions
These considerations shculd facilitate the prelarminn. - char-

tr

acterization of the potential of others similar sprcicz
undecrgo chlorination recactions.
i

Trhe information developed in this phasc of the study clearly

indicatzs that the application of cnlorine to dilute solutions
of any of the chlorine-reactive chemicals results in a hichly

compler mixturce of products., It is apparent that tle naturc
and distribution of these products is dependent on o variesy

of paramcters, which include reactant concentrations, pH, and
temperaturc. /7 list of the prohable products of chleriration

-~

has been. assembled and is presented in Table 13, Jhis tat.ala
tion was compiled on the basis cof the experimental ¢aita orne-

rated in this study, supplemented by various literaturs
sources.

One of the ol.dcctives of the experimental proaram of Prasze T
was the sclection of five products of chlorinaticr for sui.-
secguent studieg. The chemicals initially chosen for furticor
oxamiration were 2,4,6—trichlorophenol, 2,4,6—trichlnroa
4—chloro-3—metlylrhenol, MN—chloro—oMA, and chloranil. Tho

original selcction was made on the basis of availaihle infor-
nation relating to probablility of formation, chemical i
ity, and comnercial availability, or casc of synthrosis,

Specifically, 2,4,6—trichlorenhenol was chosen sincoe it had

becn identifiod asz

resented the final reaction step prior to ring o=xidation

Its existence had also been demonstrated by previcus ines

catcrs, whe indicated that it was aifficult to Liclesica
3

7
t
-

[

[T

. {1

degrade and was rclatively toxic to acuatlc orcanisms 7 .

Trichloroaniline was sclected
the chemical similarity of ani
strona thecorctical hasls for it Viriusl o
information in ~wailasle ro-oac il bhe behavior af iy o=
pound 1n Liloleoical svetems,

sudy rochaLre of

as wnll az a

The only commercinlly available chlorinated product <9 m-
Crecsol was 4—clloro-3—methyv) phienol, and a2z l1ittle
aneut the vroducts of m-crescl chlorinavien, i
was carried intc the Phasce IT studias,

N
e

14

a product of pherol chlorination, znsd reoi-

liine



PRODSLBLI, DRODUCTS oF CHLORITLATICH

T
c-chlo onel
r-cirlor O“i‘ ‘nol
2,4-dicnlororhenol

i
2,v=dichlorenhonol
2,-},(--t.rjC.!\lo:‘(\;\“ Mol _
non-avonatic cxidation mroducts

“-C)'(‘ﬂ("l

p-cirlore=3-met n

v1lnhenol
2,e-drchiioro=3-1. thvlinionol
2,0=-drchloro-3-rcethvinheonol
4, 6-dichloro=-2-ncthylohenol
2,4, 6~trichloro-3-nothvichonol

]

)en-aromatic oxidation Producos

U NoNG

RON-Aaromatlic oMiaalicnh rvoauckes

duztes

ratient intact.

Tetiont st

unstal jo,




11, although not siovn on the list of rrobable zro-
gducis of chlorination, was initially suspocted to Le o »ro-
c

» [

duce of hydroouinone chlorination. As such, 1t was cricin-
ally choscen for examination in Phasc II. When additional
. Men

c
erinm
ar Jdern preduct, p-benzcoguinore, a confiirmed product
tho hvdrocuinone-chlorine reaction was substituted in
folloving studics,

ts failed to estanlish the existonce of ciloranil

H

(42

L
[}



SECTION VIIT
PTPO“FW'R STUDIES — FUHASE I

As a result of the Phase I studies, 5 comvounds were selected
for further study in Phase II, The selected compounds were:

2,4,6-trichlorophenol
f~chlior —neti ll phienol

ichloroaniline

c¢imcthylamine

e}
=~
C

Thae first verticn of Phase T1 was the conduction of resniro-
moter studies to exanine the wossible inbibition or tJ Lcity
of the seleccted compounds tc an onerative bilolocical S.TLPﬂ.

ENper imental Procodura

The respirormgter studics were conducted in a modified Wariure
apparatus, Kncwn as a "Gilsen" respirometer, The syvstom Gif-
fered from a "Waribura' only Iin the nethod of pressurce differ-
ence neasurenent.  The coentral svstelm was an inoccuiatoﬁ svn
thetic scwage of the comjposivion described in a previous sec-
tion of the report. The test svstems contained the sare in-
cocculum and sewacco, rlus the desired concentration ¢f the
particular sub strau,. In most cases, a substrate concentra-
ticn range of X wmg/L to 100 ma/i was Tor comparative
purposes, one expoerinent was concusted LLLh coprer as the test
subistrate. 7o ipvhilLitory influeece of coprer is well docu-
mented, and was included to provide a hasis for comvarison of
effccts. )

'f‘

Study Resultsg

Tho study result:'arg presensed zraphically in Ficures 10

throuch 24, Tig wre 1¢ o shows thal 2.4, b=trichlorophoneol deeo
rot inhihit re 1 or 10 me/i. c In Ficure 20, data f
30 moe/)l ang 100 rmusl z,s,b~r1;;r'orOynonol, and for 1 maolt
and 10 ngrsi co a . 11 raactions prese
the rleot show SLLHif;sant jPE L the Yiolevical reac-
tion., Tiources 20 ana 457 0 Lien on d—hlero—3-
methyl phenci. Tho &g sirate Lo oo v inhibivtory at lowor
concen Lr‘;;rn nes strenc:y Anhibhitory abt 50 re’l, and
opparentl ie rreasonts data for

buloxu lJ, ihte ;/]. Hicher concentra-
wore recau T omelubiliby limitation:
P, 05— a ' Piloure 24 1uWCCQtS
materi SIS BR : esl. Solubilicy
Ldevations rrecivced 1nvesticatior at hicher concentra=-

N=ch lorndic Lamite v ord

R I o consiacead Teroesuds bt
an invcstzng o soowed thatl

LR O

compround was unsvtal lo, and

Preceding page biank - 5
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degraded at a rate sufficiently high to make ite persistence
in an effluent improbadle.



CRATIC BTOASSLYS — PHASE IT

concducted to doternine the four-

of an arwvrewvriate test orcanism to
PDUCNOSCeS OfF :n;s studv, the TLrl was
oréer of maonitude. ’

..:

wiiich had hecn vigorocusly aerating for
start of testing, was used as dilution
‘whales piomelas) wore ‘1‘%&.(‘1 as test
s avuaria, cacl holding ten liters
ay containers. Thrce separate
avs wore conducted., )

.
3
3
s

ent ccencentrations
hlcro-3—methvl phenol,
trichicroaniling

<
At 3
HIR R

i, 0.1, 0.01

tested at three differ
rorhicnol (TCP) and 4-¢
15, and 1 mg/i; 2,49,06-

l o

;o anGg ch

Y

added to the test containers as
3, cach holdinc five test fish,
ne the toral <o six containers
hiee two ceomnounds,  In addi-
e fish in straight dilu-

.anol con-
concentra-
five fish
;4 ,6—tri-
me/1 meth-
mq/l.

DN ohner i ComLounds, 2,é,u—fr¢c“?oroani ine and chloranil,
Lecadse o7 nooir Codative ansoiublility in water, were added to
oo veri oonuainerz s methanol soiuticns.  The facilities for
LLET L 3 exactlyv as described
4 - icnal contrcls had to be
metharol that was added
inil i methanol solution
t
i

400 me/) m2
the cnloran
s, eacnh held

3 = Tt

o gQ

rded. o

WO -
oo

51
)
=
O
(]
H
{4
n
&
t
o
o]
F
O
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The 9€-hour necdian tﬁlf rance liri of fat:oad minnowrn ¢

cf the compounds tested verc: 2,4 trici.imronicnol 1.0 .1
n¢/l; 4—chlorco—3-m¢ tnyl vhenol at <.1 >.8L ro/i; 2,4,0-tri-
ciiloroaniline at <10 -1.0 me/l; a chiloranil at <)L.0 2.1 me/3.

Tie tzst results arc vresented in Pigures 23 throuer 22, Tho
ciiloranil test fish exhiblited a2 somewhat unurual reaction pat-
tcrn pecause of thc insoluile naturce of the comround. Desniic

wrecautions, the chloranil flaied out whon tho reilarecl solu-
tion mixed with the.dilucent water, and flowtcd or santd to tir«
.container pottom. Scrme of the test fish were scen incestine
.theee solla particles, predorminantly at the 1 no/l cancentration
level, and exclusivelwy at the start of tesiine The rerainine

Iisn did notr do the same, and conscguently, 51r\1vc( ti.o 4-dnv
werioa. it tire lover Cﬁ'CG““Y6L1 ons, ol a £ hovere af-
fected, llore fisl. died at tie 0,01 mo/l concentration {han as
tre 0.1 mg/l concentration, proLauly khecausg roroa solid.varti-

cles of chloraail vere 'ingested L thosce fish,

(R0

Serics runi.er Tvwe

One compound, p-i.cnzocuinone, was tested at three concontra-

tions, 10, 0.3, and 0.1 mg/l. The compound vas disnenced to

the test containers as an acueous solution. mactiy the sanre
facilitics, including controls, werc uscd for enzrmcuinone as
were uvsed for cach of the phenolic compounds in Series ture.oer
ur.e.

211 of the test fish died withi- thoe first dav of testina owver
tur entire corcentration rangoe, while Lo cartrol fish survived.
iiowever, tho control fish rortality vas toc areoats n?tur 4 dnvs
to sacisfv Standard Methods criteria- for west wasiditr, Tt vac
thcusht that periars the benzotsuinonce vaporizeda fron some of

tie test containcre and co"Lg.Lnated the control fdiluent veters.
Consecquerntly, "a third kiocassay vas sat up Lo restud:s Lenzocui-~
none. In this studv, the corntrol containers vere well Fenorated

firom the test containcrs., YC;Q‘LU the uAaeLi€1‘anv“ telavior
of thwe control fisi., this test did vicld valid inforration.  The
reaction of bLenzoguinone vas immeéiate and viclent, It van de-

cidcd, thercfore, to test tre comrmound atloleor corcontration
levels in Bioagsay Yur.cy Three, starbtine wicr 0.1 nedd.

Series lluri.cery 1ihroec

neentr

Lenzoguinone wag testeod at

: atinng, 4.1, 0.0 1
0.001 ma/). The sarme iHrocedires as used in acear tamiar Twe
were follevew, excent that four Fish rer c e ¢ v onsed
Tre results of Rioasgay luni.er Tiree ave v iv. Ticure
DG .
o »

caney it
Oy CONCan -
L control
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fish agnin exhibited higr mertality after 4 .ars and this test
did not meet the Standerd ilethods criteria Zor valicity c¢i=-
ther. HOVOVeY, CORLrcl LOSSCH s.ore not as drastic as in the
previous bicassav, and the lover concencrazion levels of the
compound seenad nen-toxic.,  The Yo-hour oL trorakiy has a

value of ahout G.005 to C.03 ma/l, a&s scon n Picure 29,

Surmary

..

I'ive ciiloxinated organic
fiathecad minnows. CIf tho
limits were deternined,
& probable toxic concentra

. PR, P '
are preoonto n Table 14,

o IR Ry

s

, ;:-—;mn zoc*_m none,
Thesc values

TZDLE 1«

PESULTE OF S7A7IC BIGASENYS
I
! .

Compound Tested Gt-hmour Tm Pance (ro/l)

2,4, 6=trichlorcrnonol 1.0 - 0.1
2,4, 6~trichiorcanilin. 10 - 1.5
d—¢hloro~3-tietiivl phenol Tl 03l
chloranil 1. - €1,

. - - broballe Tovie Cancentration Leovel
Comnound Tested A R
2 A,

- 80 -
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SLCTION MI
"RI'SULYS OF PHASE IIT
Fish

hatchery werce encloyoed

Fathead minnows chtained from a loeca

as a test organisn. Lic-off of the test fisn occurrad in
most of the experimental units durirg tre bachqground acclinma-
tion periods and in thoe contvel uniis durine tle bLicanssavs,
complicating data interpretation.

o+

Figure 30 is a grthlC representation of the number of tost
 fish surviving versus time, for each exrerimental unit. In
Table 15, the duration of ti.¢ study is broblen dovy into con-
venient neriods ana the percent mortality is civen for oac
period and for the whole study.

TARLYL 1D

DABULAL SUIUALY OF FATHEAD MINNOW MORTFLITILS

Control Units

Unit & ) ‘ Forooen® Hogtnlxt\‘
- Oct. - Vtow. tiar. opral ay = Juam ot
1 6 C 25 1C 37
8 ¢ 0 18 0 23
Units Sui-jected to adaiiicn of JYompounds
unit # Torcont ortalito®
nito# Backaground Conc. 1l Conc., =2 Conc., 3 Teiat

Benzo, . .
4 6 4 11 100 100
5 : 13 1 - ! 100 ¢ ©100
Tep
6 c 30
7 17 ' (
Vi

N 1
‘QU 100

20 g 0 an

L e,

*percent of the reraininge ponulation ontering a rarticul
stage (Concentraticn <1, otc.,) that died durine that stocc.

The control fish vorulations vere stal lo from tho bhecinpine o

the study until the middle of ?"ril From this time untal ot

Leginning of flay, a hich rate cico-cff occurved, roocline 7
Iv o ctrituted to discasoe, or o ser

P
\

in onc casc. Tils can on
natural cavsoe 1

. : ars of tio comroures
wag shovn in SDCUtl.}uOLOHCL)I” a
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The total jyercent mortality of the control fish through the en-
tire duration of the :npu-i‘crt varicd from 23% to 37%. There-
fore, no significant toxic eftfcct may we attached to lower nor-
calities in any of the test units.

TCA showed no cffects on the test fish at any conceontration
level, This is consistont with the findings of the Lour—cay
static bioassay, since the W6-hecur TL as acterminea by that

tost was not excecded or even reached in trhe flow-throuah
studies.

Bonz OUUonne and 1CPp c¢xi:lizited no significant effect at either
of the two lower concentration levels., Even at the second
concentrations, wirich comrared with the 96-hour T1_ ‘s, the

mortality was less those test units than in the controis.
1'1; vould scem to icate e¢ithor a agreater resistance of the

est fish to both of tnesce compounds when in a more nataral
cnvironmcnt or the degradation or assimilation of the com-
pountis within ti:e aguaria. Spectrophotenctric measurements
indicated that some reduction in concentration did take place
in tha unita, A comparison Letweon anplied concontrations and
obscrved concentrations is vresaonted in Table 16.

CORCLNTRITICNS (ma/1) OF SUBSTRATES DURTICG
VAREGUS 'TEST PERIODS

beriod

Suisstvata 1 2 2
Applicd Hoasured  Anpliled Measured  Aprlicd Mleasaroa

s-benzo-
auinone
1:2,6_

triciilor- - eee
e - - 0.4 G.14 0.133 i
caniline

{TCA)

C.0L {1) 0.108 0,000 1.1% g.al

) 1 &~
g, 0=
richlor- . o = o . e -
g‘”ﬁ\é? .06 (1) 0.7 .05 1,13 1.75
{1CP)
(L. . .

palow measureable rance.

wilen the thilrd concantraticn levels of bensooulrone and TUD,
values ten tines greater than their 246-heour T wore diua-

y and vic-
28avs, 10G0¢
dasure-
SGre sowo-

€3 ) =




vascular Plants

The growtl of two vascular “lénts, Ludvigia and Anacharis,
was studied in detail. The tal Jength of all Lucvicia
stalks in each test aquarium was 35 to 40 inches at the e
ginming of the study, and had increased to 75 to 100 inches
by the middle of :ay for the control, benzoouinone, and TCP
units. The plants in the 7Ca units nad arown to ovcr 1co

inches bv ths end of May. None of the tast corpounds affected
tne healwn and growth of Lugvigia at any concentration leovel

The growtl: rates of Anacharis varied so extremely armong the
agquaria during the background veriod of the study that comvar-
ability of the units to onc another was severely hamnered, 2.8
tated in Table 17, the average growth rates varied f£ron less
rhan one inch per week to more than seven inches ner week,
Pricr to the start of the bioassays, the Anacharis plants were
re~distributed among the cight uniis so that each cortained
approxinately the same number of inches of total stalk lenctl,

TALLL 17
VASCULLR PLANTS GROWTH

Average orowth rate in Avorage aorowth rate in

Unit inches por week¥® inches per week*

Uillt . . : . .

= over backaround period ovaer bhioassavs periedt
Ludvigia Anacharis Luydviqia Anacharis

“Control unit 1 1.1 Q.3 3.5 2.4

tnit & 0.9 1.7 3.8 5.7

Banzoguinong

Unit 4 1.0 7.1 HI, 1.6

Unit 5 - 0.¢ 4.5 3.0 3.0

o

unit 6 0.8 3.2 3.1 5.4

nit 7 0.8 5.6 - 4. 6.3

TCA

dnit 2 1.6 3.2 5.7 6.¢

tnet 3. 1.3 4.3 $.7 5.1

, the total number of inches of now growih contri-
v all six main stalks,
ginning of Cen:z. 1 to end of lasi Conc.

at is
buted b
Trom be

ing tho bloassays, the averace growth rates of [racharis in
2 benzocuinone test anuaria were the slowcs: shoving a do-
crease from the backyground rates. The rov el ates increased
in all otney units. lHewever, t‘c “ontx olu“hs in Unit #1




still exhibited very slow growtli, lesg in fact than benzogui-
none unit g§5.  Also, Loenzocuinone Uni 4 suffered from the ro-
distribution of plante, sirce it was given some of the slowvest

growing stalks from Unit #1,

Iii summary, the inconsistancy of Aracharis growth proved to be
tco great to use this plant as an iacicator of compound effocts.
It was observed, howover, that none of the compounds affected
the geoneral appearance cf outwaré health of Anacharis.

Bentihiic Macroinvertebrates

The macroinvertebrate pozulations underwent so sharn a decrease
over the course of the hachcround ccclimation period as to ron-
der them unsultable as test organisms. As shown in Ficurce 31,

out of 93 individuals {exciuding Tubifex) present in cach acua-
rium at the time of initial scecding, an average of only 15 ner

agquarium could Lo cbserved n mid-llarch, a decrcasc of B4S.

The averado Hydropsychidae unopulation decreased 90%, from 31

to 3 individuals; Asellus decrecased 772, from 13 to 3; Ectopria
69%, from 13 to 4; Gyraulus 79%, from 14 to 3; HelobdelTa 86%,

from 17 to 2; and Ferrissia 100%. -

Several reasons for this drastic cecline can be identified,
Some of the organisms avoid ousservaticn, cither by burrcwvine
into the benthic secdiments when oliscrvations were made, or by
burrowing into the sand matrix., Some of the oraganisms are
consumcd by the test fish. The fish were not the only preda-
tory stress on the macroinvertebrates. aAsellus i1s a potential
predator on 2ll of the other animalz, and Helokbdella nrovs
uron Gyraulus and Ferrissia. Since no offort was made Ho son-
arate the Vvarious types orf rmacrsinver@irates from onc another,
Helobdella and Asellus may nrave consumed scme of the other
organioms,

Adeguate food sunwlies may have becrn lacking. Specifically
the microflora ard faura porulaticons mav have been too low
support the macroinverteiirates during the backgiround acclina-
ticn period. Tiie lach of nuirients in the diluent water nav

I ;
have too scverly limited the rapid erowth of algac necessary
for a vreductive ccosyvston,

o~

<

¢

Fish waste prcoducts and othor detritus built up in the acuaria
with cime, sctilina on the Lent! in thickeninag sludce lavers,
Periians the cases of decompesition releasad throuah bacterial
decomposition of tils waste nroved Inturious to the macroinver-
tebrates. Tiis hacterial activiiy also may have dopleted the
discgolved oxyvaen resourcc at the tenthos-water intcerface,

o}

ne caldis flv larva porulavion wars

Fimalls, the marked drer in
influenced by 2 special fa mue to Hydropiyvchidse, Jts
annual metamoy ~hesis fror rva to ruTa to adult.  Only tho
larva mav be uwzod as a test erganlisT, since it ie active in
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while the nupa 1s imneiziie within cnzeoon and the

waveyr, its

acdult 18 a LorloavLJal organisrm. In several instunces fron
Feiruary to March, immokile coceoons and adults Struccline to
leave tihe water were observed. & siconificant pmrtior o’ tiho
Hydropsychidae popula tlon may have undorgone rmetarmorrlosis
at thls tinc. '

ricrosceric Plora and Fauna

S total cf cix sets of powmulation ccounts were rade, tihroee of
tuo-weer wopulations, and thr:e cf four-vecer ncwu]:t:n“‘.
The sierificance of cach of these scts 1: ligtod Lolow:

Four-week sct No.l, — comdarces control
ropulations of April 5 to henzcuinone
and trichlcorophenol ponulations davel-
ving at the end of the first concen-
tration levels of these compounds;

Four-week set No.2 — contrsols on Ma &
Lenzoquinone and TCP at the end of the
second concentration levels; and 7CA near
the end of the first concentration level,

Four-week set No.2 — contrels on Junce 1;
benzoquinone and 7CP apprroximately one
week- after the third concentration lcevels
cnded; ana TCA about mid-way throuch the

Y

se~ond concentration level;

Two-week set No.l — control: on . 20;
henzoquinene and TCP mid-var throueh the
second concentration loveis; and TCH about
nid-way through the first concentration
level, ’

wo-week set No.2 — controls on Maw 20;
Penzoquinone .and TCP near the end of the
tiird concentration levels; and TChH at the
Leginning of the sccond concentration ‘evel.

Two-week sct No.3 -
and TCA just after th
level onded.

from the nicroscoric cuoservations
res 32 trrouch 38, For cach wair
unils, four population counts wor
Prervations. The maximum, averase,
~ach soebt were recorded.,

cach sot of four T ryve=vr ol ohsorvarions, r
-, ana ceach population

~ithouan the control nopu

RGOS

« C i
lations exhilitea convideoral

hs 0f tho averace microfauna rer
1. -
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varLation from oone sel Lo another, certain significant devia-

Lions vcearrod in some of the test populations. Most notably,

okl chie four-weck and the +wo-weck henzoguinone populations

sieve a decline ot the ond of the second concentration level,

Lat especially during end arfter the third level, due primar-
ro tle docreass in stalked cilliates. The average four-

et contool stalked citiate population reaches a minimum of
50 wndividuzls por sauarce centimeter or 37% of the microfauna
wpattation, while the benzoguinone ponulation drops cc 5 in-
viduals or 12% in observation sct Wo.2. In a similar fash-
e, the average two-weolh benzoguinons stalwed ciliate popu-
oon dreps o &oindividuals or S54 1n observation set No.2,

5 v the sontrel minimem is 50 individuals, er 23%. It would
sein Lhen, thav bonzoouldnone has an inhibitory effect on this
oriranism al oa concentration level of 1 ma/1 (concentration no.
YEoand e ~biy at a couacentration ag low as 0.10 mo/l (concen-
crotien NoLZi.

iae the decsine in the TCP totol microfauna population is not
a5 marked, the TCP stasked ciliate population drops to a mini-
0f 10 iraividuals in four-week observation set No.3 and
vie-weelk clheservation scet nol2, being 12% and 8% of those mic-
raofaune popuelations, respectively, Thus, TCP seens to affect
this orcan. at a concentration of 4 ppm (concentration No,3).

> eSS miersfauna populations compare favorably te the con-

trols altihouch the four-ve stalked ciliate population aoes

deetine e La.ﬁ to 19 andividuals or 14%, indicating a
wible il ibnitory offect at the second councertration level

the stalkaed ciliates, the control motile cili-
nods aquite steble over the coursge of the bioassavs.
cance of sicnificant deviation in the test motile
ations occurs. The {our-week benzoguinone popula-
to o misinum average of 10 individuals per squarce
. obsovyvnticn set Wo.l, as compared to a control
- ! coaceo ol 20 ndiiduals, indicating a possible irhib-
vt su o uhibs eroanise of the third concentration level.

- N A
IS} PR

1
Al paru

ey

[N

Vhe o vota e, ez, gnratrotrich, and nematode peorulations fluc-
: onoarean CLaree and woere so small ia comparison
; ; o nane cveluation of vossible

RS sl 20 n ol i moximum, average, and mininum
5 reozd ciliates, and motile cili-
AL o fo vation scts, MNote the docline

SICEINE UL BT nopulations in the TCP and

- L Lo uni b, coreral stabilitv of th= mo-
tilo cilioane o adations for henrogquinone irn four-weck
cootRrvaLIcn e o Tk, on microfauna ponulations would




seen to. indicate inhihitory effects of the compounds, espe-
cially with regard to stalked ciliates, at the following nonm-
inal concentration levels:

benzocguinone at 1 ppm (concentration 3)
and possibly 1/10 ppm {concentration 2);
TCP at 4 ppm (concentracion 3); and TCA
at 1.4 ppm (concentration 2).

There apreared to b»e no effects on the microfauna of any of
the compounds at lower concentration levels.

Four categories of microflora were observed in the experimen-
tal acuaria: diatoms, blue-green algae, green algae, and vycl-
low-bhrowr algae. Possible inhibitory effects were scen on tvo
of these, namely, the diatom populations and the blue-green
algae populations. : :

Figure 37 plo%s the maximum, average, and minimum diatom pop-
ulations in ~1} observation sets. The four-wecek control pop-
ulationrs were exceptionalliv stable throughout the duration of
the birouassays, ranging from 17,000 to 65,000 cells poer sauare
centimeter with an average of 47,000. The fcur-week benzogui~
none populations exhibited a steady decline, finally deviating
significantly in observation set No.3, with an average of only
2,000 cells and a maximum of 13,000. TCP exhibits a similar
trend, declining to an arerage of 8,000 ard a maximum of 10,000,
TCA diatom populations remained somevhat higher than the control
populations in both sets of four-weeck data. '

The two-wack contrdél diatom populations were also stable, with
a maximum of- 40,000, a mirimum of 9,C00, and an average of
25,000 cells per square centimeter., In observation set No.2,
both the benzoquinone and the TCP diatom populations averaged
only 5,000 cells with maximnum of 7,000. The TCA populations
were again somewhat higher than the controls, except in set
No.3, with an average and a maximum of 9,000 and 18,000, re-
spectively. : '

Thus, there is inconclusive evidence of inhibilunry effects

cn daratems of benzoquinone at 1 ppm (toncentratien 3), and
pessibly 1/1C ppm (concentration 2), TCP at 4 ppm (concentra-
tion 3), and TCA at 1.4 ppm (concentration 2).

The cont-oul populations of blue-areen algae, as evident in
Figure 'S, were extremely variable, reaching a maximum of
more than one million cells and a minimum of 25,000 celis in
four-week populations. The most significant obscrvation

lies in the fact that, while tremendcus hluc-arecen algal
blooms eccurred in the ccontrols, in gencral i(he populations
remained Jow in the test units. . It is not known, however, if
this was duc to the action of the compounds, or to somae phys-
ical vagary in the controls at the time of the blooms.



In summary, the data from thoe micvoces: o cbreracios -0 e
indicate that «ll tl.ren Conpouncs, onjo ob.y eeniogiaig 5o and
TCP, may possibly inhibiv diatoms and stalked ciliates at the
highest concentration levels of tio compounds. Additional
evidence suggests that benzoguinone mac 1nhibit thesce microor-
ganisms at its second ccncentration level., The variations in
basic population in the control unit were significant, and a
detailed statistical examination of the population verianca
would be necessary to quantitatively define the impact of the
various test compounds. To zarry out such a study would re-
guire the collection of a large number of obsorviticas, and
wculd be bevond economic practicality.

Summary

Substantial insight into the validity of the intermediate-torm,
flow-~through biocassay as a methcd for determining toxicity was
gained, Laboratory facilities incorporating model freshwater
ercosystems in a flow-through system werce desigred. Methods

for testing compounds and monitoring the ccosystems' response
to compounds were developed. Three chlorinated organic com-
pounds were investigated for toxicity to a varicety of aquatic
test organisms.

It was found that the test fish, pimephales promelas, was able
to tolerate highicr concentrations of p-benzoguinone and 2,4,6-
trichlorophenol in the f£low-through studies than in the four-
day static bioassays. As a result of its limitad soluhilicy
in water, 2,4,6-trichlorocaniline could not bhe dispensed to the
nodel ecosvstems at a concentration level as high as that do-
termined 1o be lethal in the static tests. The variation in
control fish populations Zuring the flow-throuah bicassavs
mace it impossible to determine sub-lethal effocts of the
compounds.,

Qualitative analvsis of nicrocrganism population data suacested
inhibitory or toxic effects on diatoms and stalked ciliates of
the three compounds at the highest concentration levels tested.
However, the instability cof the control microorganism popula-
tions prevented valid statistical treatment of the date. A
great increase in effort, well above that practical for a pro-
ject of this nature, would be necessary beforc strict defini-
tions of toxocity to micrecorgarisms could he determined.

0f the three species of rooted vascular plants tested, only
Ludvigia exhibited an interwretable growth pattern. Compari-
sons between test and control plants indicated no toxicity of
any of the conpounds tested, No adver=a cifccts on Lhe out-
ward appearance of any of the three suoecics was obscrvod,

The experimental ccosvstens w
ance ¢f stable macroinveriteb)
sufficiently long fcr conpou

ro vnsuitable for the mainten-
te porulations for a duration
I testing.

L5

L
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Although considerable information of a qualitative nature was
"gathered, the flow-through studies did not yield reliable
guantitative data from which conclusive determirations of toxi-~
city could be made.

Considering the relative efforts involved, the intermediate-

term, flow-through bioassay did not compare favorably to the
routine static bioassay as a reliable experimental method.

- 100 ~
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