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OXIDANT EFFECTS OH COMPLEX MIXTURES.
OF HONVOLATILE ORGANICS IN POLLUTED WATERS:
EXAMINATION BY HPLC AMD BIOSCREENING*

Robert L. Jolley and Robert B. Cuming

ABSTRACT

" Chemical oxidants such as ozone and chlorine are
used for antifoulant treatment of cooling waters and -
disinfection of polluted waters. The effects of these
oxidants on the nonvolatile organic-constituents in A
such waters are being examined using the complementary
techniques of high-pressure liquid chromatography (HPLC)
and bioscreening. HPLC is used to separate the non- '
volatile organic constituents present in complex
mixtures in the waters of environmental concern, and
the separated organics are detected by UV absorbance
or cerate oxidimetry. Bioscreening tests are used
to facilitate the examination of only those separated
constituents with biological and possible health
significance. The bioscreening method principally
used is determination of bacterial mutagenic activity.
Both ozone and chlorine destroy some nonvolatile organic
constituents and produce others. To date, no statis-.
tically ‘significant mutagenic activity has been
determined for constituents separated from ozonated
effluents from wastewater treatment plants.

INTRODUCTION

The use of chemical oxidants-for antifoulant treatment of cooling water
systems for electric power production énd‘for the disinfection of éff]uéﬁté'frnm
wastewater tfeatment'p]ants has been accepted Lechnoiogy for several décadcé;.
Commercial avai]ability, reiative]y Tow cost; ease of app]iﬁation and_;ontrol;
and effectiveness have made chlorine an obvious choice for djsinfection and’ :

~antifoulant treatment.] Only within this decade have the environmental and .

*Research sponsored jointly by the U.S. Environmental Protection Agency under
Interagency Agreement Mos. EPA-IAG-D7-01027 and DOE 40-593-76 and the Division
of Biomedical and Environmental Research, U.S. Department of Energy, under .
contract W-7405-eng-26 with the Union Carbide Corporation.
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potentia]vhea]th effects of water chlorination been questioned.2'7 Although
stastically conclusive risk-benefit analyses of water chlorination have not
been pubiished, a]ternate biocides such as ozone are being evaiueted hith
respect to pdtentiai’environmenta] and health effects as well as bioeidal
efficacy. 7f}0
| Since nonvo]atile organic constituents comprise the bulk of dissoived
organic materia] in naturai (cooling waters) and polluted (wastewater effluents)
waters, a major question in_the eva]uation of any biocide is, "What aresthe - f' |
A chemica]Aeffeets on.theAnonvoiétiie organic constituents?” The cproi]ary |
question is, "Are ‘toxic or hazardous products<f0rmed'from the reaction of the
- biocide With nonvo]atiie organics in the treated watet’" It has been demoh-
strated that the chem1ca1 effects of powerful oxidants such as ch]orine and

2-10 Therefore, complete and exhaustive

ozone may be numerous and varied.
answers to thefe questions could be obtained only w1th much effort and expense. |
.The fact that nonvolatile organic material in natura] and polluted waters'con—'
sists of a vast array or mixture of brganic constituents, many of whicH lack
precise chemicé]_defihition per se; only intensifies the‘probiem. Thus‘dc_
propose that seiected significant bio]ogica] tests be used to faci]itdte the
study of on]y those constituents which may have potential env1ronmenta1 or
hea]th effects. With judicious choice of chemical separations methods and
:ibiqscreening qf separated constituents, ehatacterizationland 1dentificat10n
of the‘compounds with bio}ogica] significance become more economically

feasible.

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

mutagenic activity as a bioscreening test to select constituents separated
from wastewater effluents by - high-pressure liquid chromatography (HPLC) for

further characteriiation by gas chromatography-mass spectrometry (GC/MS).



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

point which is relevant to the evaluation of the safety of env1ronmenta] chemicals.
'A significant increase im nutation rate cou]d represent a direct, chronlc hea]th
hazard to humans or could adversely ‘affect animal cor plant populations and thus
profoundly damage the environment. Furthermore, mutageniCity has been corre1ated
with mammelian carcinogenicity]] and, consequont]v, may aive a preliminary 1nd1ca—'

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

capable of separat1ng a w1de variety of compounds, part1cu1ar]y those of the non- ‘

volatile category, and GC/MS is the most powerful 1nstrument ava11ab1e for-

jdentification of complex organic constituents.

METHODS

High-pressure 1iquid«chromatography

Liquid chromatography has proved to be a useful technique for separeting'
numerous constituents in polluted waters. In a previous HPLC study of primary
“and secondary effluents from mun1c1pa] wastewater treatment plants, approxxmate]y
70 organic compounds that had been separated ftom the effluents were subsequent]y
~ identified by GC/MS.]3 In that study, HPLC uswng anion exchange resin was demon-
strated to have sensitivity in theimicrogram range.' | - v |

Both a preparativejsca]e and an analytical-scale chromatograph are used.to
separate and detect-uv-absorbing compounds ano/or cerate—oxidizab]e compounds.
Each chromatograph cons1sts pr1mar1]y of a heated h1qh pressure ion exchanqe
. column; a samp]o injection valve:; a two-wavelenath dual-beam uv photometer. a
cerate ox1dative monitor; and a StYlD chart recorder 14

Generally, samples of polluted waters are concentrated 1000— to 3000~ fo]d by

1yophilization before chromatography. A 0.05- to 5.0-ml a]wquot of the concentrate

is then app]ied to the top of the resin column (typically strong]y bas1c anion




exchange resin), ahd the chromatograms are developed by eluting-the constituents
with‘an ammonium acetate--acetic acid buffer (pH 4.4) whose acetate concentration
gradua11y increases from‘0.015 M to 6.0 1 during elution. The uv ahsorbances .

at 254 and 280 nm of the column eff]uent and the Ce(III) f]uorescence measured in
the cerate oxidative monltor are pr1nted on a strip-chart for a permanent. chromato-

_graphic record 14 E]uate fractions are collected for bioscreening tests and :

[poss1ble const1tuent 1dent1f1cat1on The fractions are frozen and then 1ydphi]ized ‘»"

to remove the ammonium acetate salts from . the chromatograph1c nonvo]atlle con- '
stituents. - The constituents are stored in the form of dry powder at -70°C or as-

. a methandl solution at 0°C.

Bioscreening

Reversion mutational assays in .several strains of Escherichia coTi~and-'

Sa]mone]la typhimurium are used for’ b1oscreen1nq nonvolatile chromatograph1c

constituents. The tests 1nvo1ve standard techn1que 11.15.16 The E; c011

WP2 strain measures reversion to tryptophan prototrophy by a base -pair sub-
st1tut10n mechanism and is used 1n a-suspension test in which the bacter1a are
exposed to the presumpt1ve mutagen for different per1ods of time and then p]ated '
for survival and mutation frequency.]5 Four strains of.S t ph1mur1um which test
for reversion to histidine prototrophy are used.]] These strains are TA-]OO and
'TA-1535, wh1ch are sens1t1ve to base-pair subst1tut1on mutagens, and TA 98 and
TA- 1538, which detect mutagens that operate by a frame shift mechanism. Each
strain is used in a plate test 1n wh1ch the bacter1a are included w1th the

' presumptive rutagen in a top agar overla/, ‘and the effect is scored as mutant

co]on1es per p]ate 16

Cas chromatography--mass spectrometry

GC/MS ana]yses are usually perfovmed on aliquuts of tr1methy1s11y] (TMS) -

derivatized samples. Conversion of the nonvolatile organics to volatile cqmpounds i




Ais a necessary prerequisite for this technique. The principal method for forming
volatile derivatives from nonvolatile constituents is silylation with bis(tri; :
methylsilyl)- trifluorcacetamide. 17 | | ‘

. After b1oscreen1ng, 51qn1F1cant nonvolatile constltuents are der1vat1zed ‘and
run routlnely on a F1nn1gan mode1 - 3000 gas chromatograph—-mass spectrometer ~The ;<
‘results provide data concernlng the mo]ecu]ar we1ghts of the constituents and the _
1number of active hydrogen atoms per molecule. Comparlson of the fragmcntatlon
pattern w1th that of reference standards is necessary for abso]ute 1dent1f1cat1on 18
-Several other mass spectrometers are ava1]ab1e, 1nc1ud1nq two h1qh leso1ut10n
instruments. A]] of the mass spectrometers have computerized data handling and

library search_systems.

RESULTS AMND DISCUSSION

" The pr1mary obJect1ves of th1s study were: '.(]) to determine whether treat—_'v.“ o
ment of po]]uted waters with the ox1dants ozone and chlorine had chemxca] effects ‘
“on nonvolatile organic constituents that were detectab]e by HPLC and (2) to
determ1ne uhether the bacterial mutagenic ac+1v1tv tests were su1tab]e for. test1ng
concentrates of the po]]uted waters. After we had estab11shed the ut111ty of HPLC
for- exam1n1ng chem1ca] effects of ozonat1on and chlorination and the capab1l1t1es
of the mutagenes1s test procedure, test1nq of nonvolat11e organics separated by

-HPLC was initiated..

HPLC exam1nat10n of ozonation and ch]or1nat1on effects - ' - . ;'"%ﬁ
Samples of both ch]orlnated and unch]or1nated prlmary effluent vere co]]ected |
in 23- 11ter carboys at the OaP Rldqe Hest Uasteuater Treatment Plant and f)]tered
‘through a 8-y Millipore filter. Both the contro] effluent and.the ch]or1nated
‘,effluent'(0;9 mg/liter chlorine residual) were concentrated by lyophilization

and chromatographed (see Figure 1). In this figure, the chromatogram of the
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uv-absorbing . constituents in the control (nonchlorinated) samnle is offset above

the chromatogram of the chlorinated samp]e to ‘ac111tate compar1son This com-

parison suggests that treatment of the pr1marv effluent w1th 10 mg/1iter ch]or1ne i

to a ch]or1ne residual of 0.9 mq/]1ter destroys many nonvolatlle uv- absorbxng

const1tuents wh1]e pnoduc1nq othor" As previdusly nopontvd 2 some nf the con-

stltuents formed durwnq ch]or1nat1on are probably ch]orn organics. |

| A 20-1liter a]iquot of the control (untreated) eff]uent was ozonated in the
laboratory et 25°C to a dosage of 6.9 mg ozone per ]1ter<of effluent at an ozone ' -.n,'J
utilization eff1c1ency of approx1mate1y 70%. The ozonated pfimary eff]uent was. o
concentrated and chromatographed, F1gure 2 compares the chromatogram of the
ozonated sample with that of the contro].~ The chromatnqrams of the ozonated
-and control samples are offset to fac1]1tate comparlcon The h]qh oxidation '-
.potent1al of ozone‘1s c]ear]y evident in Figure because nost of the chromato-
'graphic peaks in the contro]Asemple have been destroyed. | o f A o .
‘ In another experiment, samples of undisinfeeted secondary eff]uent were'A “
,co]]écted at the Oak Ridge Eest NasteWater‘Treataent Plant and filtered through
'i8 -p Millipore f11ters Two 6-1liter aliquots were ozondted in the 1aboratory.at
..25°C to dosages of 3.5 and 20 mg ozone per ]1ter of eff]uent at an ozone ut1]1;a— - '};
tion efficiency of approx1mate]y 70%. Chromatograms of the uv- absorb1nq and | |
. cerate-oxidizable constituents in the concentrates-of two ozonated effluents

are compared in Figure 3 u]th those of control or untreated samp]es It is
deduced that most of the destruct1on of uv- absorh1nq const1tuents occurs rap1d1y:
and within the first 3.5-mg/liter effluent dosaqe of ozone. With respect to the'
cerate- ox1d1zab1e const1tuents, apparently there is initial destruct1on of some. o ;
compounds fo]]oued by an 1ncrea<o in. formatlon and concentration of nlhvl‘ with |

1ncreds|ng ozone dnsaqe (e.q., note the qgreater numbers and sizes of peaks‘

'during the 5- to 15-hr elution period).
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It was concluded from this series of exneriments that both chlorination and
ozonation destroy some nonvolatile orqganic constituents in polluted waters and

produce others.

Bioscreening tests

Initially, concentrates of both control and treated effluents vere tested to-

“determine the utility of the bacterial mutagenic activity procedure for bio—" S

screen1ng Most of the concentrates examined gave neqat1ve results. We obtained~
no evidence for mutagenicity for either ch]orlnated or unchlorinated secondary -
effluents from the Oak Ridge East HWastewater Treatuent Plant using a var1ety of

tester: stua1ns In contrast, ue obta1ned c]ea'. nos1t1ve results for ch]orlnated

Y

primary effluent from the Oak Rldqe test Naste'atev Tteatment llant in 5 typh1mu11um

_strain TA-1535. However, there was no positive effect for these samp]es-ln E. co]1

AHPZ and only a slight effect in S. typhimurfum TA-109. ’The positive effect of these

.samp]es.is substantial, and the resu]ts viere reproduc1b1e for severa] samp]es -
lco]lected at different per1ods of the year.. (The wastewater treatment plants at
Oak P1dge treat pr1nc1pa11y res1dent1a] waste.)

Ho positive resu]ts have yet been obtained for ozonated effluents, a]though
‘ozonated primary and secondary effluents from the QOak Ridge treatment p]ants,
as well as ozonated secondary eff]uents from treatment plants at Estes Park,
" Colorado, Mahoning County,IOhio, and Cincinnati’, Ohio, have been tested.
A sample of the strongly mutagen1c concentrate of the ch]orlnated pr1mary
~effluent d1scussed above was,subjected to HPLC. Eluates were col]ected and
poo]edlto give subsamples of the original concentrate. Thusv subsamples were
frozen and then ]yoph1]1zed to remove the ammonium acetate buffer salts. The
residual nonvolatile organics were dissolved in dlstllled uater and tested for |

mutagenic activity. Of the 29 subsamples obtained from this HPLC separat1on,




- 1

8 were weakly positive in a mutational assay with S. typhimurium strain TA-1535.

The HPLC chromatogram and fractions with mutagenic activity are shown in Figure 4.

~ The total mutagenic activity of the fractions is far less than the mhtagenicity-

of the original crude concentrate. This suqﬁests that some of the mutagenic.
aqents oresent fn the concentrate were eitHer’lost or inaetivated‘in passage’
throuqh the anion exchanﬂe res1n co]umn Further stud1es are p]anned to
investigate this phenomenon. The nonvo]atlle orqan1cs possessing mutaqen1c
activfty are currently being exam1ned bv GC/iS. | |

Based on the results of this study, we conclude fhatAbacfer{e] mutagenic j

activity tests may be useful for bioscreenﬁng 9011ptedAwaters‘and biocides for

- possible harmful chemical effects. Although preliminary in nature, the data "

‘presented here indicate that-chlorine may produte potentially harmful non-

volatile organics during the disinfection process erm precursor materials in

wastewater effluents "~ Therefore, it is'imoortant-to generate the information

.necessary for a comp]ete eva]uatlon of the problem and to determ1ne whether

.

similar d)ff1cu]t1es wou]d be encountered u]th the use of other strong oxidants.

such as ozone.

ACKNOWLEDGMENTS

We wish to acknowledge the assistance of C. W. Hancher, D. Pruitt, and

0. K. Tallent for criticallyv reviewing this paper, of M. Stewart;for technica]]y.
editing this paper, and of D. Brown for typing the finished manuscribt. YWe also

- wish to express our appreciation to Lynda Lewis and James E. Thompson for their -

technical assistance.




~ THIS PAGE
WAS INTENTIONALLY
| LEFT BLANK




‘REFERER CES | .

White, G. C., Handbook of Chlorinatiom, Van Nostrand Reinhold Co., Hew York,
1972.

Jo]]éy, R. L., Chlorination Effects on Organic Constituents in Effiuents from

Domeétic Sanitary Sewage Treatment Plants, D"L/TM 4290, Oak-Ridge Nat1ona1
Laboratory 1973. | ”
Giaze, . ,» J. E. Hpnderson J. E. Bell, énd V. A. theeler, "Ané]Vsis of
-.Organic Materials in Wastewater Effluents ﬂftér Chlorination,” J. Cﬁromatoﬁr.
Sci. 11, 580-4 (1973). | | | |
Bellar, T. A., J. J. L1chtanberq, and R. C. Kroner, "The.Occurrence_of'.
,Organoha]iﬂes in Chlorinated Drinking Water," J.’Am.-water Works Aﬁsoc.
66.°703-6 (1974). - | A |

. Rook, J. J., "Formation of Ha]ofbrms'DUring Chlorination of Hatural Waters,"

Water Treat. Exam. 23(2), 234-43 (1974).

.Jolley, R. L. Hater Chlorination: Environmental Impact and Health Effécts,
Vo]. 1, Ann Arbor Sc1ence Ann Arbor, M1ch1oan 1978i

Jolley, R. L., H. Gorchev, and D. H. Hamilton, Jr., Water Chlorination:

Environmental Impact and Health Effects,AVol. 2, Ann Arbor Science, Ann'Arbor,

Michigan, 1978. ‘

B]oqos]aw<k1 WM. J.., and R. <G Rice, Aquatic Anp11catlnns_pf_ﬂ7onn, Tho :
Intcynatlonn1 0zone Inﬁt]tuto, Cleveland, Nhio, 1975, |
B]ogo1sawsk1, W. Jd., C. Brown, E. W. Rhodes, and M Broadhurst, "Ozone .

Disinfection of a Seawater Supply System,” pp. 674787 in Proc. First

Internatwona] Symposium on Ozone for Water and Wastewater Treatment R G.

Rice and M. E. Brovming ( eds.) Intevnat1ona1 Ozone Institute. C]eve]and

Ohio, 1975..



0.

1.

12.

14,

15.

16.

7.

_18.

e

Rice, R. G., and J. A. Cotruvo, Ozong/Chlorine Bioxide Oxidation Products of

Organic Materials, International Ozone Institute,

Ames, B. N., H. E‘ Durston, E. Yawacaki and

r

n.

Cleveland, Ohio, 1975

Lee, "Carcinogens are

Mutagens: A S1mp1e Test System Comb1n1ng Liver Homogenates for Activation f

and Bacteria for Detectlon," Proc.

Cumm1ng, R B. L R. Lew1s, R.

L.

Hatl. Acad. Sci.

Jolley, and C.

USA 69, 3128 32 (]972)

1. Mashni, "Mutaqen1c Act1v1ty of

Nonvo]at1]e Orqanlcs Derived from Treated and Untreated Uastewater Effluents,

Proc. Matl. Symp. Hastewater Dis1nfect1on.

Jolley, R. L., and V. W. Pitt,

Wastewater Technology, A. J. Rubin (ed.),

Michigan, 1978.

Jolley, R. L., R. B. Cumming, H.

Hértmann; L. R. Lewis,.J. E. Thompson, and C.

_Cincinnati, Ohio, 1978 (in nress).

"Nonvolatile Oraanics in Disinfected Wastewater

S.

Dentoh, N.

i.

M

Effluents:. Characterization by HPLC and GC/MS." pp. 179-88. in Cpgmjﬁtyy_pf

Ann Arbor Science, Ann Arbor,

E. Lee, W. W. Pitt, S. J.

ashni, Characterization of

'Hgnyglgtjle Organics in: Diﬁinfected Waﬁtewatef Effluents'wﬂjpterjpyﬁcpqytt'

ORML/TH-6555, Oak Ridge Nat1ona1 Laboratoyy, Oak k1dge Tennessee, 1979.

in Escherichia coli," Mutation Res.

.Green, M. H. L., and W: J. Mur1e1

“Hutagen Test1nq Using TRP+ Reversion

38, 3-32 (1976).

- Osborn, M., and S. Petéon, “Characterization of Revertants of E. coli’

3[8] 36 10 and WP2 Us1nq Amber Mutants and Ochre hutants of Bacter1ophaqe T4 "

" Mutation Res. 24(3), 317-33 (19

74)

Webb, R.- G., A. 4. Garrison, L. H. Ke1th, and J.

Practices in GC/MS Analysis of Organics in Hatgﬁ

Env1ronmenta] Protection Agency, Nash1nqton

n.c.,

M.

McGuire, .Curreht
EPA/RZ 73 277, U.S.
1973

P1tt, w. W., R. L. Jo]]ey, and S. Katz, Automated Analysis of Ind1v1dua]

Refractory Organics in Polluted Hater, PEA-660/2-74- 076, U.S. Environmental

Protection Agency, Hashington,

D.C.

974



FIGURE LIST

: Fig. 1. Chromatograms of uv-absorbing constituents in chlorinated
primary. effluent (chlorine residual, 0.9 ppm) compared with undisinfected .
control primary effluent. . Samples were collected from the Oak Ridge West
Wastewater Treatment Plant. Chlorinated sample, 0.77 ml of 800X concentrate.
Unchlorinated sample, 0.77 ml of 700X concentrate. :

o Fig. 2. Chromatograms of uv-absorbing constituents in ozonated primary
effluent (ozone dosage, 6.9 mg/¢) compared with undisinfected control primary - ¥
effluent. Samples were collected from the QOak Ridge Yest Wastewater Treatment. = .. .
Plant, and the ozonated sample was ozonated "in the laboratory. QOzonated 3
sample, 0.77 ml of 790X con(ontxato Unozonated sample, 0.77 ml of 700X
concentrate. : ' ' ' S

: Fig. 3. Chromatograms of uv-absorbing constituents and cerate-oxidizable
constituents in secondary effluent ozonated with U 3.5. and 20 mg 03 per liter
of effluent. : L : _

- Fig. 4. HPLC chromatogram of the uv-absorbing nonvolatile organic
constituents in a 2080-fold concentrate of a typical chlorinated (1 ppm
chlorine residual) primary effluent from the Oak Ridae Hest Wastewater Treat-

‘ment Plant.!2 The notation + indicates weak mutaqen1c1tv

- .
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