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OXID/\NT HFF.CTS ()N Cot·lf'l.EX r-llXTlWES. 
OF NONVOL./\TI I.E ORGMHCS IN f'Ol.l liTED ~·1/\TFI~S: 

EXAMINATION BY HPLC /\~6 BIOSC~EENIHG* 

.Robert L. Jolley and Robert B. Cumming 

ABSTRACT 

· Chemical oxidants such as ozone and chlorine are 
used for anti foul ant treutment of ·cool inq \'/eltl~rs and 
disinfection of polluted waters. The ef~ects 6f th~se 
oxidants on the nonvolatile organic-constituents in · 
such \·Jaters are being examined using the complementary 
te~hniques of high-pre~sure liquid chromatography (HPLC) 
and bioscreening. HPLC is used to separate the non~ 
volatile organic constituents present in co111plex · 
mixtures in the waters of environmental concern, and 
the separated organics are detected by UV absorbance 
or cerate oxidimetry. Bioscreeninq tests are used 
to facilitate the examination of o~1ly those separated 
constituents with biological and possible health 
significance. The bioscreening method principally 
used is detennination of bacterial muta9enic activity. 
Both ozone and chlorine destroy some nonvolatile organic 
constituents and produce others. To date, no statis-. 
tically·significant Jnutagenic pCtivity has been 
determined for constituents separated from ozonated 
effluents from wastewater treatment plants. · 

iNTRODUCTION 

The use of chemical oxidants for ar1tifoulant treatment of cooling \'later 

systems for electric pm"er production and few t.h1~ disinfection of effluents from 

\·1astcv1ater treatment plants has _been. accepteu technoloyy for sevet·<tl dec,Hies: 

Cornmer·cial availability, relatively low cost, ease of application and control, 

and effectiveness have made chlorine an obviouc; choice f01· disinfection and 

antifoulant treatment. 1 Only within this decade have the environmental and. 
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potential health effects of water chlorination been questioned. 2-1 Although 

stastically conclusive.risk-benefit analyses of water ch16rination have not 

been published, alternate bio.cides such as ozone are beinq evaluated \·lith 

respect to potential envit·onmental and health effects as \•Jell as bi.ocidal 

. 7-10 eff1 cacy ... 

Since nonvolatile organic constituents comprise the bulk of dissolved 

organic material in natural (cooling waters) and polluted (wastewater effluents) 

waters, a major question in the evaluation of any biocide is, "Hhat are.the 

chemical effects on the nonvolatile organic constituents?" The corollary 

question is, "Are toxic or hazar·dous products fanned from the reaction of the 

• biocide \'lith nonvolatile organics ·in the treated \•Jater?" It has been demon­

strated that the chemic~l effects of powerful oxidants such as chlorine and 

ozone may be numerous and varied. 2- 10 Therefore, complete and exhaustive 

ans~ers to these questions could be obtained only with much effort and expense. 

The fact that nonvolatile organic material in na~ural and polluted waters con-, . 

sists of a vast array or mixture of organic constituents, n1any of which lack 

precise chemical definition per se, only intensifies the pt·oblem. Tlws \·JC 

propose that selected significant biological tests be used to facilitute the 

study of only those constituents which may have potential environme~tal or 

health effects. With judicious choice of chemical separations methods and 

· bioscreening of separated constituents, characterization and identification 

of the compounds \·lith biological significance become mot~e economically 

feasible. 

In this paper we report the initial results from the use of bacterial 

mutageni'c activity as a bioscreeni.ng test to select coristi tuents separate'd 

from \'las tewater effluents by. high-pressure 1 i quid chromatography (HPLC) for 

further character1 za t i u11 !Jy gas chromJ tography-mas s spectromPt.ry (GC/~1S). 

. I 



Mutagenicity was selected for this application because it. is one biological end 

point which is relevant to the evaluation of the safety of environmental chem~cals. 

A significant increase in mutation rate could represent a direct, chronic health 

hazard to humans or could adversely affect animal or plant populations and thus 

profoundly damage the environment. Furthermore, mutageniCity has been corre l.ated 

with mammalian carcinog~nicityll and, consequently. lllc"l)' ~ivc « prclimina·t·y indica­

tion of danger of an increase in human cancer. 12 HPLC is used because it is 

capable of separating a '.'!ide variety of compouf!ds, particularly those of the non­

volatile category, and GC/1-!S is the most pm·:erful instrument availablefor 

identification of comple~ organic constituents .. 

f·1ETHODS 

Hi gh-pr·e·ssure 1 i gui d--.chroma tography 

Liquid chromatograpl1y has proved to be a useful technique for separating 

numerous constituents in polluted v1aters. In a previous HPLC study of primary 
~ 

. and secondary effluents from municipal vJaste\'Jater treatment plants, approximately 

70 organiC compounds that had been separated fi'Oill the effluents were subsequently . 

identified by GC/HS. 13 In that study, HPLC using anion exchange resin \·Jas demon-

strated to have sensitivity in the microgram ran~e. 

Both a preparative-scale and an analytical-scale cl1romatograph are used to 

separate and detect·uv-absorbing compounds and/ot cerate-oxidizable compounds., 

Each chromatograph consists primarily of a heated, high-pressure ion ~xchange 

column; a sample injection valve; a t\-m-v1avelenqth dual-beillll uv photometer; i1 

"d . . d t : I t . d 14 
cerate ox1 at 1 ve mon1 tor; an a s n p-c wr t·ecor et·. 

I 
';'.• 

Generally, samples of polluted vwters are concentrated 1000- to 3000-fold by '· 

lyophilization before chromatography. A 0.05- to 5.0-ml aliquot of the concentrate 

is then applied to the top of the ~·esin column (typically c;trongl.Y basic anion 

.1 . 
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exchange resin), and the chromatog1·ams are developed by eluting the constituents 

with an ammonium acetate--acetic acid buffer (pH 4.4) whose a~etate concehtration 

grad~ally increases from 0.015 ~to 6.0.U during elution. The uv absorbances 

at 254 and 280 nm of the column effluent and the Ce(III) fluorescence measured in 

ttie cerate oxidative monitor are printed on a strip-chart for a permanent chromato­

graphic record. 14 Eluat~ fractions are collected for bioscreening tests ~nd 

·possible constituent id~ntification. The fractions are frozen and then lyoph1lized 

to remove the ammonium acetate salts from the chtomatographic nonvolatile con-

stituents. The constituents are stored in the form of dry po\'tder at -70°C or as· 

a methanol solution at 0°C. 

Bioscreening 
. ' 

Reversion mutational assays in several strains of -~_s_cheJ:ichiE_col_i·and · 
w'', 

Salmonella typhimurium are used for bioscreeninq nonvolatile chromatographic 
. 11 15 16 constituents. The tests involve standard technHjues .. • ' The E_:_~.<.?J.i_ 

I 

WP2 strain measures reversion to tryptophan prototrophy by a base-pail· sub-

stitution mechanism and is used i~ a suspension test in which the bacteria-are 

exposed to the presumptive muta9en for different periods of time and then plated 

for survival and mutation frequency. 15 Fotn- strains ofL.!.Y.PJ.l_iJnU.!.:_i . .!J~~ \•lhich test 

for reversion to histidine prototrophy are used. 11 These strains are TA-100 and 

TA-1535, \'thich are sensitiveto base-pair substitution mutagens, andT/\-98 a1id 

TA-1538, which detect mutag~ns that operate by a frame-shift mechanism. Eath · 

.strain is used in a plate test in \-Jhich the bacteria are included \'lith the 

presumptive mutagen in a top agar overlay, and the effect is sco·red as mutant 
. 16 

colonies per plate. 

Gas chromatograiJhy--mass ~ectro~~~.!..!=.Y. 

GC/~1S analyses are usuall.Y performed on a11quuls of trimethylc:;ilyl (TivtS)-

del"ivati.zed samples. Conve1·sion of the nonvolatile organics to volatile co.mpounds 

"' . : 

... ·. 



c: 
,J 

is a necessary prerequisite fo•· this technique. The principal n:ethod for forming 

volatile derivatives from nonvolatile consti_:tuents is silylation \·lith bis(tt"i­

methylsilyl )-trifluoroacetamide.
17 

. After bioscreening, significant nonvolatile constituents are derivatized and 

run routinely on a Finnigan model-3000 gas chromatograph--mass spectrometer. The 

results provide data coric~rning the molecular weights of the constit~ents and the 

. number of active hydrogen atoms per molecule. Comparison of the fragmentation 

pattern ~tlith that of reference standards is necessary for absol.ute. identification.
18 

·Several oth.er mass spectrometers are available, including t\-10 high-resolution 

instruments. All of the mass spectrometers have computerized data-handling ·and. 

library search systems. 

RESULTS AND DISCUSSION 

·The prima1·y objectives of this study \<Jere: (1} to determine whether tre·at­

ment of polluted waters with the oxidants ozone and chlorine had ~hemical effects 

. on nonvolatile organic constituents that were detectable by HPLC and (2) to 

determine whether the bacterial mutagenic activity tests were suitabJe for.testing 

concentrates of the pollut~d \•Jaters. After \·Je had established the utility of HPLC · 

for·examining chemical effects of o~o~ation and chlorination and the capabilities 

of the mutagenesis test procedure, testing of nonvolatile organics separated by 

·HPLC v1as initiated .. 

HPLC examination of gzon_ation and chlorin~tion effec!2_ 

Samples of both chlorinated and .unchlorinated primary effluent \·Jere collected 

in 23-liter carboys at the Oak Ridge West Wastewater Treatment Plant and filtere~ 

thrbugh a 8-~ Millipore filter. Both the control effluent and.the chlorinated 

effluent "(0.9 mg/liter chlorine residual) were concentrated by lyophilization 

and chromatog•·aphed (see Fi gu1·e 1). In this figure. the ch1·oma tog1·i\m of the 

-r, 
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uv-absorbing constituents in the control (nonchlorinatP.d) SCimole is offset above 

the chroillatogram of the chlorinated sample to facilitate comrarison. This com-

parison suggests .that treatment of the primary effluent \'lith 10 mq/liter chlorine 

to a chlorine residual of 0.9 rng/liter oestro.vs many nonvolatile uv-C1bso1·bing 

constituents \'lhile p1·oducinq othc1·s.· 
. ?. 

l\s pn~viiHisly I'C'pOl'tNI, · sbnK' nf th<' con-

stituents formed dur·ing chlorination are probilbly chloro-or·~JiHlics. 

A 20-liter aliquot of the control (untreated)' effluent \'las ozonated in the 

1 aboratory at 25°C to a dosage of 6. 9 mg ozone per 1 iter of ~ffl uent at an ozone 

utilization efficiency of approximately 70%. The ozonated piimary effluent was, 

concentrated and chromatographed. Figure 2 CO~lpares the. chromatogram of .the 

ozonated sample with that of the conb~ol. T11e chromatof)l'ams of the ozonated 

and control samples are offset to facilitate compurison. The hi~Jh oxidlltion 

potential of ozone is clearly evident in Figut·e 2 because 1:1ost· of the chromate-

graphic peaks in the control san1ple have been destroyed. 

In another experiment, samples of undisinfec.ted seconda1·y effluent were 

. collected at the Oak Ridqe East Haste\'later Treatment Plant and filtered thro~gh 

8-~ t1illipore filters. T\·ro 6-liter aliquots \·:ere ozonated in the laborat01·y.at 

. 25°C to dosages of 3. 5 and 20 111~ ozone pe1· 1 iter of effluent at illl ozone uti 1 i Zil­

tion efficiency of approximately 70?~. Chromatog1·ams of the uv-absorbing and 

cerate-oxidizable constituents· in the concentrates of bro ozonated effluents 

are compared in Figure 3 \·lith those of control or untreated samples. It is 

deduced that most of the destruction of uv~_absorbinCJ constituents occurs rapidly· 

and within the first 3.5-mg/liter effluent dosage of ozone. With respect to the· 

c~rate-oxidizable constituents, apparently there .is initial destruction of some. 

compounds follm·rcd by an incn~ilSC~ in. for111atinn ,11HI cnnc:c'niTtll ion ofoiiH~1·~; \'lith 

iilcrea~ing ozone rlnsage (e.q., note-the qreatet· nu111bers and sizes of peaks 

during the 5- to 15-hr elution period). 
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It v;as concluded from tiJ·is series of experin:cnts that both chlorination and 

ozonotion destroy some nonvolatile Ol":JCinic constituents in polluted \.:utet·s and 

produce others. 

Bioscreening test_?_ 

Initially, concentrates of both control and treated effluents were tested to·· 

determine the utility of the bacterial mutagenic activity procedure for biD-

screening. Host of the, concentrates examined gave negative results. He obtained· · ·, 

no evidenc~ for mutagenicity for either chlorinated or unchlorinated se~ondary 

effluents from the Oak Ridge East Haste\·Jater Treatment Plant using a variety of 

tester· strains. In contrast, \·Je obtained cleat·, rositfve t·esults for chlol"inated .. . . 

prilllat·y effluent ft·om the Oak Ridge Hest l~ast'e•·!atet· Treutment Plant inS. tyj>himurium 

·strain TA-1535. However, there was no positive effect for these samples· in E. cbli 

~·JP2 and only a slig.~J eft'ect inS. typhimuriurr~ TA-lO'J. The positive effect of these 

. samples is substantial, and the results \'Jere reproducible for sevet·al samples 

collected at different periods of the year .. (The wastewater treatment plants at· 

Oak Ridge treat principally Fesidential waste.) 

f.lo pas it i ve results have yet been obtained fat· ozona ted effluents, although. 

ozonated primary and secondary effluents from the Oak Ridge treatment plants, 

as well as ozonated se~ondary effluents from treatment plants at Estes Park, 

Colorado, Mahoning County, Ohio, and Cincinnati·, Ohio, have been tested. 

A sample of the strongly mutagenic concentrate of the chlorinated· pdmary 

effluent discussed above was .subjected to HPLC. Eluates were collected and 

pooled to 9ive subscllllples of the ot··iqinal concrnt.t·cllt•. Tltt'SI' ~;uh~;.tmpll•s \oJt'l"t' 

frozen and then lyophilized to remove the ·am1noniu1!1 Jcetate buffet· salts. The 

t·esidual nonvolatile 01·ganics \·Jere dissolved in distilled \'later and tested for 

muta9enic activity. Of the 29 subsamples obtained ft·om this HPLC se.paration, 
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8 \·tere weakly positive in a mutational assay vlith .?_: _____ tyJ~.0~~ll~:.:l.~~-~ strain TA-1535. 

The HPLC chromatogram and fractions \'tith Hlutagenic activity are shm·m in Fi~Jure 4. 

The total mutagenic activity of the fl~actions is far less than the mutagenicity· 

of the original crude concentrate. This suqqest.s th«t son1e of t.IJP. mutJql~nic 

agents _present in the concentrate were either lost or inactivated in passage 

through the anion exchanoe resin column. Further studies ·are planned to 

investigate this phenomenon. The ndnvolatile organics possessinq mutagenic 

activity are currently being examined bv GC/i~S. 

Based on the results of this study. we conclude that bacterial mutagenic 

activity tests may be useful for bioscreening polluted _\oJaters and biocides for 

pdssible harmful chemical effects. ·Although preliminary in nature, the dat~ ·_ 

presented here indicate that chlorine may produce potentiillv harmfUl non­

volatile org~nics during the disinfection process from precursor. m~terials in 

wast~water effluents.· Therefore, it is important ·to generate the information 

.necessary for a complete evaluation of the proble!n and to deterlnine \·lhether 

similar difficulties would be encountered with the use of other strong oxidants 

.such as ozone. 
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Fig. l. Chromatograms.of uv-absorbin~·constitucnts in chlol'inated 
pri~:wry. effluent (chlorine t·esidu.;ll, 0.9 ppm) comrared 1·tith undisinfected 
control primary efflu~nt. . Samples 1·ien~ collected frOi!l the Oak Hidge Hest 
l·!astelvatet· Treatment Plant. Chlol'inated sample. 0.77 ml of HOOX concentt·ate. 
Unchlot:inatr.ct s.lmph'. 0. 77 ml o( 700X· concent.r.lll~. 

Fig. 2. Chromatogt·ams of uv-absorbirig constituents in ozonated primary 
effluent (ozone dosa9e, 6.9 mg/l') compared \·lith ufldisinfected contr·ol primary ·':. 
effluent. Samples \•Jere :collected from the Oak Rid::Je ~·lest Hastewater Treatment ·,··.' 
Plant, and the ozonil ted sample 1·1as ozona ted ·in the 1 ahm·a tor·y. Ozona ted 
s·ample, 0.77 ml of 790X concentrate. llnozonated Scllliple, 0.77 rnl of 700X 
concentrate. 

Fig. 3. Cht·omatogr·ams of uv-absorbing cor1sti.tuents and cet·ate-oxidizable 
constituents in secondat·y effluent ozonatecl v1ith n, _3.5, and 20 '"~'OJ pet· liter 
of effluent. 

Fig. 4~ HPLC chromatogram of the uv-abso~bing nonvolatile organit 
constituents in a 2060-fold concentrate of a typical chlorinated (1 ppm 
chlorine residual) primary effluent from the Oak Ridge \·Jest \4aste\·Jater Treat­

·ment Plant. 12 The notation~ indicates weak mutagenicity. · · 
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