
i/o!.. Sci. 'i'-cci,. Vol. L4, Brussels, pp.4S-59 027'3-l.223/82/L2045-0015$07.50/0 
© IAh'PRC/Pergamon Press Ltd. 1982. Printed 111 Great Jlritai.n. 

MICROPOLLUTANTS PRODUCED BY 

DISINFECTION OF WASTEWATER 

EFFLUENTS* 

R. L. Jolley, R. B. Cumming, N. E. Lee, J. E. Thompson 
and L. R. Lewis 

Oak Ridge National Laboratoty, Oak Ridge, Tennessee 37830, U.S.A. 

ABSTRACT 

The principal objective of this research program was to examine the effects of 
disinfection by chlorine, ozone, and ultraviolet light (uv) irradiation on 
nonvolatile organic constituents relative to chemical effects and the formation 
of rnicropollutants. 

In a comparative study of highly concentrated samples of effluents from nine 
v1astewater treatment plants, it was determined that disinfection \•lith chlorine 
or ozone both destroys and produces nonvolatile organic constituents including 
mutagenic constituents. The chemical effects of disinfection by uv irradiation 
were relatively slight, although the mutagenic constituents in one effluent 
were eliminated by this treatment. 

The nine wastewater treatment plants were selected by using the following 
criteria: disinfection method, nature of wastewater source, type of wastewater 
treatment, standards for quality of treatment, and geographical location. The 
treatment plants varied from pilot plant and small plants [0.05 m3/s (l Mgd)) 
treating principally domestic waste to large plants [4.4 m3/s (lOO Ngd)) treating 
principally industrial \o/aste. Four plants used only chlorine for disinfection, 
four used ozone for disinfection, and one used uv irradiation for disinfection. 
Eight treatment plants used conventional secondary or more advanced wastewater 
treatment, and one plant used primary treatment. 

The following methodology was used in this investigation: grab sample collection 
of 40-L samples of undisinfected and disinfected effluents; concentration of the 
effluents by lyop hilization; high-pressure liquid chromatographic separation of 
nonvolatile organic constituents in effluent concentrates using uv absorbance, 
cerate oxidation, and fluorescence detectors; bacterial mutagenicity testing 
of concentrates and chromatographic fractions; and identification and characteri
zation of nonvolatile organic constituents in mutagenic HPLC fractions. With 
these procedures, over 100 micropollutants were identified in the wastewater 
effluent concentrates. 

*Research sponsored by the U.S. Department of Energy and the U.S. Environmental 
Protection Agency. The work was carried out at the Oak Ridge National 
Laboratory, which is operated by the U.S. Department of Energy under contract 
\.J-7 405-eng-26 with the Union Carbide Corporation. 
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Interplant comparison revealed considerable variability in the presence of muta
genic nonvolatile organic constituents in the undisinfected effluent concentrates 
as well as much variability in the destruction of the mutagenic constituents and 
the formation of other mutagenic constituents as a result of disinfection. 
Horeover, the effects varied on samples collected at the same Haste\vater treac
ment plant at different periods. 

No micropollutants kno\oJn to be mutagens Here identified in the mutagenic HPLC 

fractions separated from the undisinfected, chlorinated, and ozonated effluent 
concentrates. The mutagenic activity of the nonvolatile organic constituents in 
one chlorinated effluent concentrate was not attributable to organic chloramines. 
Most of the mutagens detected in effluent concentrates are direct acting and do 

not require metabolic activation. Both base-pair substitution mutagens and 
frame-shift mutagens occurred in the \vastewater concentrates, but the former type 
was more frequent. For many of the compounds in effluents, strain TA-1535 \vas 
more sensitive than strain TA-100 in detecting base-pair substitution mutagens. 

KEY\WRDS 

Disinfection; c1astewater; micropollutants; mutagenicity; chlorine; ozone; 

uv irradiation. 

INTRODUCTION 

The severity of waterborne diseases and disease epidemics has been greatly 
reduced because of disinfection treatment of wastewater and potable waters. 

During the last half century in the United States of America the principal 
disinfectant has been chlorine. It was only recently established that 

chloroorganics are formed when chlorine is used to disinfect waste�.;�ater 
effluents and potable waters (Bellar, 1974; Glaze, 1973; Jolley, 1973; Pitt 
1974; Rook, 1974; Stevens, 1978). These findings are attributable to the 

development of improved and more sensitive analytical methods in the last 
decade. 

Because of the possible harmful effects of exposure to chlorinated organic 
micropollutants (Kraybill, 1978), there is considerable interest in the use 

of alternatives to chlorine. Currently, the principal altel·native is considered 
to be ozone (Evans, 1972; Nebel, 1973). The chemistry of ozone reactions vJith 
specific organic chemicals has been studied extensively. llut the effects of 
o zonation on wastewater and wastewater treatment plant effluents have been 
characterized principally in general terms such as oxidation of organic carbon, 
biochemical oxygen demand (BOD), and c olor (Nebel, 1973). Relatively little 
is known about the formation (or possible formation) of ozonation and ozonolysis 

products during disinfection with ozone, although the first products of ozone 
oxidation of organic molecules are presumed to be oxygenated materials that are 
water soluble and not highly volatile (Nebel, 1973). Additional information is 

needed before ozone can be evaluated as an alternative to chlorine. Another 
alternate disinfection method is irradiation with ultraviolet (uv) light. For 
this method to become a viable alternative, its effects on organic constituents 
in t.Jastewater must be determined and compared \vith the effects of chlorine and 
ozone, 

Evaluation of the toxicological effects of byproducts of chlorine, ozone, or 

uv irradiation in such complex matrices as effluents from wasteh'ater treatment 
plants is a very arduous and complex problem (Loper, 1980). Within the last 
decade, rapid progress has been made i.n the analysis of volatile organic 
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constituents in 1vater and �<asteHater (Bellar, 1974; Glaze, 19973; Rook, 1974). 
However, the determination and characterization of nonvolatile micropollutants 
have not advanced as rapidly, even though the greatest portion of soluble 
organics in wastelvater and natural water consists of compounds in this 
category (Christman, 1971; Rebhun, 1971). This lack of analytical progress is 
probably due to the inherently greater complexity of the "nonvolatile" molecular 
constituents (Christman, 1971). Nevertheless, an understanding of the possible 
environmental and health-related effects of nonvolatile organic micropollutants 
in waste1vater based on definitive data is essential. 
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This paper summarizes recent resean:h conducte.d tvith the objective of determining 
some of the chemical mutagenic characteristics of nonvolatile Tllicropollu tants in 
tre3ted \vastewater effluents. Details of this research are presented else-
w here (Jolley, in press). 

Nine 1vaste1vater treatment plants listed in Table> I W<'re selected as sites for 
collection of effluent samples (Jolley, in press). Consistent high standards for 
operation of the plant and quality of the ef fluent were prime considerations in 
their selection. Six plants were operated under the auspices of U.S. 
Environmental Protection Agency programs that provided considerable information 
regarding treatment parameters and quality of the effluent. The effluents 
from the wastewater treatment plants were examined relative to (1) the chemical 
effects of the disinfectants chlorine, ozone, and ultraviolet light on 
nonvolatile organic constituents, and (2) the formation of mutagenic constituents 
during disinfection. The wastewater treatment plants were selected for effluent 
sampling based on disinfection method, nature of the waste treated (i.e., 
domestic, commercial, light industry, heavy industry), type and quality of 
wastewater treatment, and geograp hical location relative to the research 
laboratory. The treatment plants varied from pilot plant and small plants 
[0.05 m3/s (1 Mgd)] treating principally domestic wastes to large plants 
[4.4 m3/s (100 Mgd)] treating principally industrial waste. Four plants used 

only chlorine for disinfection, four plants used ozone for disinfection, and one 
plant used uv irradiation for disinfection. Eight treatment plants used conven
tional secondary or more advanced wastewater treatment, and one plant used primary 
treatment. 

High-pressure liquid chromatograp hy (HPLC) \Vas the prim:ipal method used for 
the examination of chemical effects on nonvolatile organics in concentrates of 
the effluents folloiVed by gas chromatography/mass spectrometry (GC/MS) charac
terization of the separated micropollutants. According to Ames and coworkers 
(1974, 1975), bacter-ial mutagenicity testing was used as the principal endpoint 
for determining biological effects. 

Initially, effluents from tHo local lvastel,'ater treatment plants 1vere used to 
evaluate experimental methodology and to determine disinfection effects under 
controlled laboratory conditions. These treatment plants routinely disinfected 
effluents by chlorination. However, comparative studies of chemical effects were 
made by sampling the effluents prior to chlorination and then disinfecting the 
effluents in the laboratory Hith ozone or uv-light irradiation. 

Seven additional IVastewater treatment plants were selected for effluent 
characterization. The majority of these plants used an advanced Hastewater 
treatment incorporating ozonation or uv irradiation and Here operated under the 
auspices of an EPA program for the evaluation of wasteiVater treatment schemes. 
Effluents from the plants permitted the comparison of general chemical effects 
of disinfection methods and initial assessment of their potential for production 
of mutagenic substances. 



Name of 
treatment plant 

Oak Ridge West Wastewater 
Treatment Plant, 
Oak Ridge, TN 

Oak Ridge East Wastewater 
Treatment PI ant, 
Oak Ridge, TN 

Lyons Bend Fourth Creek 
Wastewater Treatment 
Plant, Knoxvll le, TN 

r�occas in Bend Wastewater 
Treatment PI ant, 
Chattanooga, TN 

Marlborough Easterly 
Advanced Waste Treatment 
Plant, Marlborough, MA 

Upper Thompson Sanitation 
District, Estes Park, CO 

Taft Center, USEPA Pilot 
Wastewater Treatment Plant, 
Cincinnati, 01-1 

Meander Creek Wastewater 
Treatment Plant, 
Mineral Ridge, OH 

Northwest Bergen County 
Wastewater Treatment 
Plant, Waldwick, NJ 

TABLE 1. Sources of Ef f I uent Samp I es 

Type of 
treatment 

Primary 

Secondaryb 

Secondaryb 

Secondaryb 

Secondaryb 

Secondaryb 

Secondaryb 

Secondaryb 
Tertiary 

Secondaryb 

Disin fection 
method 

Chlorine 
Ozone a 
uva 

Ch Iarine 
Ozone a 
uva 

Chlorine 

Ch Iarine 

Ozone 
Chlorine 

Ozone 

Ozone 

Ozone 

Chlorine 
uv 

aconducted in laboratory tests. 
bActlvated sludge. 
cPhosphorus removal. 

Type of 
wastewater 

Pr !mar i I y 
residential 

Pr imar i I y 
res I dent I a I 

Pr imar II y 
residential 

Residential and 
industrial 

PrImarily 
residential 

Residential, 
relatively clean 

Residential and 
industrial 

Primarily 
residential 

Primarily 
residential 

Effluent Flow 
m/s (Mgdl 

0.22 (5) 

0.066 (1.5) 

0.44 (1 0) 

3.5 (80) 

o. 13 (3) 

0.05 (I l 

0. 003 (0. 07) 

0.09 (2) 

0.24 (5. 5) 
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HETHODS 

Investigation of disinfection ef fects on t�astewater ef fluent constituents of lot� 
volatility was accomplished using the folloHing general methodology: ( 1) grab 
samples of >40 L; (2) air transportation to ORNL of samples at -40 to 0°C or 
ground transportation at ambient temperatures; (3) concentration of the undisin
fected (control) effluent and disinfected effluents by 1000- to 3000-fold using 
vacuum concentration (generally freeze drying); (4) assaying the concentrate 
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for mutagenic activity using bacterial mutagenj_city tests; (S) separation of the 
nonvolatile organic constituents in the concentrate by high-pressure anion 

exchange chromatography (Pitt, 1974); (6) assaying the separated chromatographic 
constituents (in collective subsamples of HPLC eluate fractions) for mutagenic 
activity using bacterial mutagenicity tests; (7) chemical characterization of the 
separated chromatographic constituents using uv spectrometry, gas chromatography, 
and gas chromatography /mass spectrometry (Pitt, 19 7 4). 

Vacuum distillation t�as the concentration method of choice in previous studies 
involving relatively small volumes of effluents (Pitt, 1974). However, vacuum 
distillation using available apparatus t�as very labor intensive; consequently, 
several different concentration t�thods were evaluated. Lyophilization (freeze 
drying) Has selected as the optimum concentration method because it appeared to 
produce concentrates equivalent to vacuum distillation as determined by HPLC and 
because it required much less labor and attention regarding machine operation. 

Both preparative -scale and analytical-scale HPLC chromatographs were used to 

analyze effluent concentrate samples. Three types of detectors Here used: a uv 
detector for detection of uv-absorbing rnicropollutants; a fluorometer to detect 
compounds that possessed the property of natural fluorescence; and a cerate 
fluorescence (cerate oxidimetry) detector to detect cerate- oxidizable compounds 
(e.g., carbohydrates, organic acids, phenols). In the cerate fluorescence 
detector, cerium(IV) is reduced to fluorescent cerium(III) at acidic pH by the 
oxidizable compounds. 

The HPLC chromat ographs consisted primarily of a heated, hig h-pressure anion 

exchange column; a sample injection valve; a t!Yo-to�avelength, dual-beam uv 
photometer; a cerate oxidative monitor, and a strip-chart recorder. The ion 
exc hange column for each system Has a SO-ern length of type 316 seamless stainless 
steel tubing (0.45 to 1.0 ern ID), usually packed with strongly basic anion 
exchange resin (12 to 15 �rn diam). A 0.05- to 5.0-rnL sample (the volume depended 
on the inside diameter of the ion exchange column and the nature of the sample) 

was applied to the column by a six-port injection valve mounted as near to the 
top of the column as possible to minimize peak broadening. Generally, 0.05-mL 
samples were used in analytical-scale chromatography, and 5.0-rnL samples Here 
used in preparative-scale chromatography. 

The chromatograms were developed by eluting the sample constituents from the 
resin column IYith an ammonium acetate-acetic acid buffer solution (pH 4.4), whose 
acetate concentration gradually increased from 0.015 to 6.0 H. The uv absorbances 
of the column effluent tvere measured at 254 and 280 run Hith a dual-beam, flotol
through photometer and recorded on a strip chart. The fluorescence of micro
pollutants in the column effluent Has measured (Aex• 360 run; Aem• >400 nm) and 
recorded. Subsequently, the column effluent (eluate) 1�as split so that 90% of 

the eluate Has collected in a fraction collector, and 10% Has channeled to the 
cerate-fluorescence detector to measure and record the create oxidizability of 
the column effluent. 

The individual HPLC eluate fractions �Yere pooled to correspond to the 
c hromatographic peaks recorded on the chromatograms of the uv-absorbing, 
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fluorescent, and cerate-oxidizable constituents. The pooled or collective 
HPLC fractions representing separated chromatographic constituents were frozen 
for preservation and further chemical and mutagenicity testing. 

Fluorescence measurement is potentially a very sensitive chromatographic detec
tion method. It was evaluated in this study and significantly increased the 
number of apparent constituents separated by HPLC. A large number of nonvolatile 
organic micropollutants in waste1�ater effluents are fluorescent (;>,ex• 360 nm; 
Aem• >400 nm) (Fig. 1). Consequently, a fluorometer is now being used routinely 
at ORNL as a detector for HPLC separations. 

Reversion mutational assays in several strains of Eschcx•·iuhic:. cc>Z.·L: and Salmonella 
typh·irnuY'ium \Jere used to test effluent concentrates and HPLC fractions for 
mutagenic activity. The tests involved standard tec hniques (Ames, 1974 and 197S; 
Green, 1976; Osborn, 1967) in Hhich nutrient broth Has inoculated Hith the frozen 
stock culture and grmvn overnight until the density had reached approximately 
1 to 2 x 109 viable cells per milliliter. A fresh cell suspension \vas used each 
day for the tests. Checking of tester strain genotypes Hith regard to confirming 
histidine requirement, deep-rough character, and sensitivity to ultraviolet ligh� 
and ampicillin \�as performed along \Jith each test to ensure that the bacteria had 
not acquired anomalous characteristics. Stock cultures Here also checked 
periodically to ensure that close to 100% of the bacteria contain the R factor. 
Each strain used was run 1-1ith the recommended strain-specific positive mutagenic 
control compounds; for example, the folloHing \ve re used 1-1i th the TA strains. 

Strain 

TA-1535/TA-100 

TA-1537/TA-1538/TA-98 

Compound 

Hethylmethanesulfonate (HNS) and 
Ethylmethanesulfonate (EHS) 

Hycanthone methanesulfonate (HMS) 

A minimum of t1-1o plates per dose level was used, and \vhen positive results were 
obtained, the test was repeated as long as time permitted, In the early stages 
of this study, many tests were performed in the presence and absence of the 
9000-g supernate of liver homogenate from Aroclor-induced rats (S-9). This 1-las 
done to check for the presence of compounds Hhic h require mammalian activation 
in order to become mutagens. Since S-9 did not enhance the mutagenicity of any 
concentrates or fractions in these early tests, its use was discontinued in later 
testing. 

CHEMICAL EFFECTS 

By using ozone dosages sufficient to achieve customary disinfection levels in the 
initial laboratory studies, it Has determined that ozonation destroys and also 
produces many HPLC chromatographic constituents presumably by oxidation 
reactions. With increasing ozone dosage, the number and quantity of ozone
produced constituents reaches a maximum then decreases. It is apparent that 
o zonation \�auld ultimately destroy most of the chromatographic constituents, 
although the required ozone dosage \o/Ould be much greater than that required tor 
normal disinfection. It is hypothesized that some of the increase in 
c hromatographic constituents detected in the HPLC chromatograms of effluents 
ozonated at intermediate dosages is due to the oxidation and degradation of 
larger nonvolatile organics w hich either do not chromatograph on the HPLC or 
elute with the first chromatographic peak. 
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Fig. 1. Native fluorescent and uv-absorbing constituents in secondary effluent from the 
Marlborough, Mass., Waste Treatment Plant. 

� ,.... 
n 
" 
0 

'D 
0 
1-' ...... 
c rt 
Ill 
;:l rt 
"' 

0 
0.. 
c 
n 
ro 
0.. 
o· 

'< 
0.. 
1-'· 
"' ..... 
::> h 
ro 
n rt 
1-'· 
0 
::> 
0 '"" 



52 R. L. JOLLEY ec aZ. 

Similarly, it \vas observed that disinfection Hith chlorine destroys constituents 
represented by HPLC chromatographic peaks .in undisinfected (control) effluents 
and produces others. Previous work had indicated that chloroorganics are pro
duced although the principal organic reaction of aqueous chlorine in wastewater 
effluents Has oxidation of the organics (Jolley, 1973; Pitt, 1974). As in the 
case 1vith ozone, it was shocm that, 1vith sufficiently high chlorine dosages, most 
of the HPLC chromatographic constituents could be destroyed. 

In laboratory experiments, it tvas determined that irradiation with ultraviolet 
light at approximately 25,000 to 30,000 uW·s/cm2 achieved disinfection levels 
in effluents comparable to that usually achieved Hith 0.5 to 1 mg/L chlorine or 
ozone dosages of 6 mg of ozone per liter effluent. At this uv-irradiation level, 
relatively few chemical effects were observed in the laboratory with either 
primary or secondary effluents. At irradiation levels of 60,000 uW•s/cm2, 
some destruction of a few peaks Has seen and a few small chromatographic peaks 
were apparently produced. However, uv irradiation at the Northwest Bergen 
County l·laste1vater Treatment Plant was observed to have some chemical effects 
possibly because of higher irradiation dosages. For example, one relatively 
la rge chromatographic peak was produced by uv irradiation. The identity of this 
peak was not established although it contained several constituents such as 
o-hydroxyphenylacetic acid, oxalic acid, phosphate, and an aliphatic hydrocarbon. 
Tn addltion, it was determined that uv irradiation did destroy some mutagenic 
substances that were present in the undisinfected (control) effluent. Therefore, 
although relatively slight in comparison with ozone and chlorine, some chemical 
effects on nonvolatile organics in wastewater effluents may be observed 1o1hen the 
effluent is disinfected with uv irradiation. 

Flt:LD SMIPLE STUDIES 

Lyons Bend Fourth Creek Wastewater Treatment Plant 

The Lyons Jlend \vasteHater treatment plant used a conventional activated-sludge 
secondary treatment ot treat waste that was principally domestic with about 
20% commeccial and light industry. Concentrates of both the undisinfected and 
chlorinated effluents from the plant were weakly mutagenic. Mutagenicity tests 
of the nonvolatile organic constituents separated by HPLC from the undisinfected 
effluent concentrate indicated that t1o10 fractions \o/ere weakly mutagenic. There 
were one positive and eight weakly positive fractions for the concentrate of the 
chlorinated effluent (residual chlorine, 0.9 mg/L). It was concluded that 
chlorination of the Lyons Jlend secondary effluent destroyed some mutagenic micro
pollutants but also produced some1vhat more total mutagenic activity and numbers 
of mutagenic constituents. No compounds kno1o1n to be mutagens were identified in 
the mutagenic HPLC eluate fractions. 

lloccas in Bend \1as tewa ter Treatment Plant 

The Noccasin Bend wastewater treatment plant used conventional activated-sludge 
secondary treatment to process Haste from a large industrial complex (the waste 
is 65% industrial and 35% residential. The concentrate of the undis infected 
effluent from the i'loccasin Bend plant \vas strongly mutagenic in the first sample 
collectlon (1978) and weakly mutagenic in the second collection (1979). Chlori
nation essentially eliminated �1e mutagenic activity for the fall 1978 sample 
(residual chlorine, 0.2 mg/L) but increased it very significantly for the summer 
l979 sai".ple (residual chlorine, 0.2 mg/L). �lutagenicity tests of HPLC fractions 
for concentrates of each unchlorinated and chlorinated effluent revealed several 
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mutagenic fractions. One positive and eight slightly positive mutagenic frac
tions were found for the 1978 unchlorinated effluent and nine slightly positive 
for the corresponding chlorinated effluent. HoHever, the nature of the mutagenic 
micropollutants changed from principally mutagenic in TA-1535 (a base pair 
substitution mutagen detector) for the undisinfected effluent to mutagenic in 

TA-1538 (a frame-shift mutagen detector) for the chlorinated effluent. One 
positive and eight slightly positive mutagenic fractions Here found for the 
unchlorinated 1979 effluent concentrate and one positive and two slightly posi
tive fractions for the corresponding chlorinated effluent concentrate. Two of 
t he slightly mutagenic fractions Y�ere common in both the chlorinated and 
unchlorina ted concentrates. It was concluded that chlorination of the M occasin 
Bend secondary effluent destroyed some mutagenic microp ollutants and produced 
others. For each case, the total mutagenic ac ti vi ty detected in the HPLC eluate 
fractions was considerably less than that determined for the corresponding 
concentrates before chromatography. Therefore, apparently many mutagenic 
constituents in the effluents are either not chromatographed (i.e., absorbed 
irreversibly) or may be decomposed on the anion exchange resin during chromatog

raphy. No compounds known to be mutagens ,.,ere identified in the mutagenic HPLC 
eluate fractions. 

�1arlborough Easterly Advanced Haste Treatment Plant 

The Marlborough \vaste\vater treatment plant used a tHo-stage activated-sludge 
treatment, and chlorination for disinfection. The first stage of activated 
sludge treatment removed BOD and phosphorous, and the second stage was optional 
nitrification. For comparative studies an ozonation pilot plant Has used to 

disinfect a portion of the effluent. The waste treated was principally domestic. 
The concentrate of the undisinfected, nitrified effluent (spring 1979) effluent 
was mutagenic, but the concentrates of both the ozonated, and chlorinated, 
nitrified effluents 1vere not mutagenic. Hol.,ever, mutagenic fractions were 
is olated from all three concentrates. In the first set of samples (spring 1979), 
one slightly positive mutagenic HPLC fraction \vas separated fr om the concentrate 
of the undisinfected effluent. Four positive and one slightly positive mutagenic 
HPLC fractions �1e re isola ted fr om the concentrate of the ozona ted effluent. Tw o 

positive mutagenic r�LC fractions were separated from the chlorinated effluent 
concentrate. For the second set of effluent samples (fall 1979), nine slightly 
mutagenic HPLC fractions Here collected from the concentrate of the undisinfected 
effluent. For the ozonated effluent concentrate tH o slightly positive mutagenic 
HPLC fractions were detected. Four positive and three slightly mutagenic HPLC 
fractions were separated from the chlorinated effluent concentrate. 

For both sets of samples, nonvolatile mutagenic micropollutants were is olated 
from the concentrates of the undisinfected effluents. Ozonation apparently 
produced a significant increase in the 1mtagenicity in the first set (spring 
1979) but considerably less in the second set (fall 1979) with accompanying 
destruction of mutagenic constituents detected in the undisinfected effluent. 
Chlorination produced much more mutagenic activity in the effluent collected 
during the second period than during the first period. For the chlorinated 
effluent in the second collection period, three of the mutagenic HPLC fractions 
Here common with the undisinfected effluent. Thus, there appears to be 

considerable variability between samples collected from the same �Vaste water 
treatment plant. No compounds kno�Vn to be mutagens \vere identified in the 
mutagenic HPLC fractions. 
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Upper Thompson Sanitation District 

The Estes Park 1o1astewater treatment plant used activated sludge, nitrification, 
filtration, and ozonation to treat principally domestic 1·7aste. None of the 
concentrates of undisinfected or ozonated ef fluents from three field collections 
(1978, 1979, and 1980) �o�ere mutagenic. However, two slightly mutagenic HPLC 
fractions 1-1ere isolated from the undisinfected nitrified effluent of the third 
set of samples, and one positive and four slightly positive mutagenic fractions 
�o�ere separated from the corresponding ozonated, nitrified effluent. None of the 
mutagenic fractions were common to both effluents. Thus, ozonation clearly 
destroys some mutagenic constituents and also produces others. This Has one of 
several cases in �o�hich mutagenic fractions Here separated from effluent 
con<.:entrates that had tested negative. No compounds kno�>m to be mutagens were 
identified in the mutagenic fractions. 

Taft Center Pilot Waste�o�ater Treatment Plant 

The Taft Center pilot plant used conventional activated-sludge secondary treatment 
to treat �o�aste that �o�as principally domestic 1o�ith some industrial input. None of 
the concentrates of undisinfected or ozonated effluents for both field samples 
collected (1977 and 1978) at the Taft Center pilot plant tested mutage nic. 
Mutagenicity tests of the HPLC eluate fractions (1978) revealed two slightly 
positive HPLC fra<.:tions in the undisinfe<.:ted effluent and, also, tHo different 
slightly positive HPLC fractions in the ozonated effluent. Thus, mutagenic 
fractions Here again recovered from apparently nonmutagenic concentrates. It is 
concluded from these results that ozonation destroyed mutagenic constituents and 
produced others. No compounds knmm to be mutagens lvere ide ntified in the muta-' 
genic fractions. 

Meander Creek Waste�o�ater Treatment Plant 

The i'!eander Creek HasteiVater Treatment Plant used tHo-stage oxygenation to remove 
BOD and for nitrification; tertiary treatment \vas used to remove phosphorous, 
folloHed by filtration and ozonation. Mutagenicity tests Here negative for the 
concentrates of the unozonated and ozonated effluents from both sets of samples 
(spring and summer 1978). THo HPLC fractions from the concentrate of the 
unozonated effluent of the first set tested slightly mutagenic, and seven 
fractions from the unozonated effluent of the second set tested mutagenic (one 
positive and six slightly positive) .  The mutagenic test data for the ozonated 
effluent samples of the second set �.Jere not acceptable because of testing 
problems. No compounds known to be mutagens were identified in the mutagenic 
HPLC fractions. 

Northwest Bergen County Waste�o�ater Treatment Plant 

The Northwest Bergen County Wastewater Treatment Plant used conventional 
secondary treatment of activated sludge and chlorination to treat waste that was 
principally domestic. As a pilot plant study, approximately half the effluent 
was disinfected by uv irradiation, and the remainder was disinfected by 
c hlorination. Concentrates of the undisinfected and uv-irradiated effluent 
samples of the first set (spring 1978) tested negative for mutagenicity. In the 
second set (fall 1978), the concentrate of the undisinfected effluent tested 
negative, but the concentrate of both the uv-irradiated and the chlorinated 
effluents tested slightly mutagenic. Four HPLC fractions separated from the 
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concentrate of the undisinfected effluent were found to be mutagenic (three 
positive and one slightly positive). No fra<ctions separated from the concen
trates of either the uv-irradiated or the chlorinated effluents Here mutageni.-;. 
Thus, both uv irradiation and chlorination apparently produced sor;1e nonvolati.le 
mutagenic components that Here deactivated by anion exchange chromatography and, 
also, destroyed the chromatographic mutagenic constituents in undisinfected 
effluent. No compounds knovJn to be mutagens 1-1ere identified in the mutagenic 
HPLC fractions. 

IDENTIFIED NJ.CROPOLLUTANTS 

A total of 104 micropollutants were identified in the concentrates of the control 
and disinfected effluents. Seventy-eight <constituents \·Jere found in outagenic 
HPLC fractions and 49 in nonmutagenic fractions of which 23 were also identified 
i.n mutagenic fractions. The identified micropollutants Rre summarized according 
to chemical class in Table 2. 

Although the identification of 104 compounds was made, no compounds known to be 
mutagens were identified in the mutagenic HPLC fractions separated from the 
undisinfected, chlorinated, and ozonated effluent concentrates. In this study it 
\vas observed that phosphate-containing organic micropollutants may be degn1ded by 
passage through the HPLC anion exchange column. This phenomenon limits the 
utility of anion exchange for the characterization of rnicropollutants and should 
be thoroughly investigated. 

NUTAGENIC NONVOLATILE ORGANIC NlCROPOLLUTANTS 

Hutagenicity of some constituents in concentrates of several wastewater effluents 
has been demonstrated and, in spite of imperfections in the testing technology, 
the reality of the effect is not in doubt. It is clear that mutagenic micro
pollutants can occur in wastewater effluents before disinfection. It is also 
clear that disinfection by either chlorine or ozone can lead to an increase in 
the number of mutagenic materials present in these effluents. The evidence that 
uv irradiation may also produce mutagenic materials is more tenuous. The story 
is far from simple. Sometimes the mutagenicity of a sample is increased by 
disinfection, and sometimes the reverse is true. The data obtained in the HPLC 
separations suggest the possibility of complex interactions between various 
components of the effluent concentrates. We do not understand all of the factors 
that lead to the effects observed in these samples. In several experiments the 
data suggested that some of the mutagenic agents are either lost or inactivated 
in passage through the strongly basic anion exchange HPLC column. Io several 
other experiments, the data iodi.cated that separation of constituents from the 
origioal nrixture of nonvolatile constituents in the effluent concentrate 
permitted their mutagenicity to be detected (i.e., the mutagenic activity of 
the substance had been masked by the toxicity of the total mixture), 

To determine whether the mutagenic activity in chlorinated effluents was asso
ciated with constituents containing active chlorine, a very mutagenic chlorinated 
effluent was treated with thiosulfate prior to concentration. The mutagenic 
activity was not inactivated by thiosulfate. Therefore, the mutagenicity of the 
effluent was not attributable to reactive chlorine [e.g., organic chloramines 
(N-chloroorganic compounds)]. 
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TABLE 2. Summary of IdentifIed t�i cropo I I utants in HPLC 
Fractions of Effluent Concentrates 

Al cohols 

4-Butoxy-1-butanol a,c,d 
Cyclobutanola,c 
2,4-Dimethyl-3-pentanol a,c 
4-Methyl-2-propyl-1-pentanola,e 

Allphiatic Acids 

Dig lycollc acida,b,d 
2, 2-Dimethyl-3-

hydroxybutyric acldb,e 
3, 2-D i me thy 1-3-

hydroxybutyric aclda,c 
Glutamic aclda,c 
3-Hydroxybutyrlc acidb,e 
2-Hydroxylsobutyrlc aclda,b,c,e 
3-Hydroxylsovaleric acldb,d,e 
Isovaleric aclda,c 

Ketoglutaric aclda,e 
Lact I c  ac I da,b ,c,d ,e 
Ma I on lc ac ldb,c 
2-Methyl-2-hydroxybutyric aclda,e 
t�uconlc aclda,d 
Ox a II c ac ida, b,c, f 
Propanoic aclda,c,e 

Ami nes 

Canavanineb,d 
n N1 -d i ethy I-N,N' -d i methy I -p-pheny I ened i am I nea ,c 

Amino Acids 

Alanlnea,b,c,d 
Amlnoisobutyric acldb,d 
Aspartic acidb,e 
Cystlnea,c 
Glycinea,e 
Hlstidlnea,e 
Homocystinea,e 
Phenylalaninea,d 
Serlnea,c 
Tyrosinea,c 

Aromatic Acids 

Benzoic acida,b,c,d,e 
4-chlor-ob enzoic acida,b,c,d 
Dichlorobenzoic aclda,c,e 
0-hydroxyphenylacetic acidb,f 
Phthalic acida,e 
Phenylpuruvlc acida,e 
2-Pyrldinecarboxyllc acida,c 

Carbohydrates 

Erythrosea,b,c 
Erythrono-1,4-lactoneb,e 
Galactoseb,e 
Glucoseb,d 
Gluconic acldb,e 
1-Methylmannofuranosidea,c,e 
2-Hethy I �y I opyranos idea' d 
Rhamnose ,d 
Rlbino-1,4-lactoneb,e 
Threono-1,4-lactonea,b,c,e 
Xyl ono-1 14-lactonea,e 
Xy I osea, o }' c 'd' e 

Epox ide 

2-�1ethy 1-3-propy I ox i ranea,d 

Fatty Acids 

Linoleic acida,d 
t�yr i st i c a;; idb,c 
Oleic acidD,c 
Palmitic acida,b,c,d,e 
Stearic acida,b,c,d,e 
Tetradecanoic acidb,c 
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Hydr ocar bons 

Deca n e b , e 
2 , 4 -D i meth y l hexa n e5 • 8  
Dodecanea , c  
Ethy l i nd a na , d 
4 - Et h y l t e t r a d e c a n e b , e 
Methy l e i cosanea , e  
5-Met h y l - 5-ethy l decane b , c 
2-Meth y l hexadecane b , e 
2-Meth y l octanea , e 
2-Met tJ y l - 1 , 3 , 6-tr i oxoca n ea , e 
Nordodecanea , c 
Pentacos a n ea , e 

TAB L E  2 .  

Pentadecane b , e 
2 , 2 , 3 , 3-Tetrametll y l hexanea , b , c , e , t 

Pheno l s  

P h eno l a , b , c , d 

P hth a l ates 

D i -n-Suty I phtha 1 gt e b • c 
D i et h y l p h t h a l ate , c 
D i  i s obu ty l p h t h a l atea , b , c , e 

P o l yo l s  

Cyc l ohexane- 1 , 4-d i o l a , c  
D i h y d r oxy aceton e b , c 
2 , 5-D i met h y l -3 , 4- h exa n ed i o l a , c 
E r y t hr i to l a , b , c , d , e 
Eth y l en e  g l yco l a , b , c , e 
G l u c i to l a , b , c 
G l ycer o l a , b , c , d , e , f  
l nos i to l a , d 
1 , 3-Propaned i o l a , b , c , d , e  

Prop y l ene g l yco l a , c , d 
X y l  i to l a , c  
Thr e i to I a , b , c '  8 

(con t i n u ed ) 

Pur i n e s  and Pyr i m i d i n es 

Adenos ! ne a , c 
Ca t f e i nea , c  
6-0 i met h y l ad e nos i n ea , d  
5-Hydroxyur i d i n ea , c  
T h y rn i nea , c  
Ura c i  , a , b , c , d , e  

l� i s ce l l a n e o u s  

2-Am i noe·t 11 a n o l a , e 
CLDecy l h ydr oxy l am i nea , c 
2 , 4-D i me t h y l -2 , 4-d i s i  l a p entane a , e 
3 , 7- 0 i ox a - 2 , 8-d i s i  l a nona n e -

2-one-2 , 2 , 8 , 8-tetrameth y l a , e 
L-a-G I y ce r o p h o s p hatea , d 
Phen y l acetam i dea , e 
Phen y l p y r u v i c  ox i mea , d 
Phosp h a t ea , b , c , d , e , f 
1 , 2 , 3-Tr i met h ox y p e n t a n e b , d 
3 , 6 , 9- Tr i oxa -2-s i l a u nd e c a n e -

2-3-d i methy I a , e 
Ur ea a , c , e 

a l de n t i f i ed i n  mutag e n i c  ff' LC fract i on .  
b I dent i f i ed i n  a nonmutagen i c HPLC tr act i on .  
c l de n t i f i ed i n  con t r o l ef f l u e n t .  
d l de n t i f i ed i n  ch i o r  i n ated ef f l u e n t .  
e I dent i f i ed i n  ozon a t e d  et t I u e n t .  
! I den t i f i ed i n  uv- i rr a d i ated e f f l u en t .  
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Host o f  the mutagens detected in the concentrates of the wastewater eff luents 
we re di rect acting ; that is , there was a decreas e in mutagenicity by addition of 
S-9 (metabolic ac tivation enzyme s). B o t h  bas e  pair substitution and frame-shi ft 
mutagens occurred in the waste\va t e rs examined , but the base pair mutagens we re 
more frequent. For many of the rna te rials present in the effluents , strain 
TA- 1 5 3 5  -;;as more sensitive than st rain TA - 1 0 0 in detecting the base pair 
subs titu t ion mutagens. 

The mutagenic tests and chemical characterization studies we re conducted wi t h  
1 000- to 3000-fold concent rates of the \vas t ewate r effluents. Mutagenic activit y  
was not demonstra t ed \·Jith the original ef fluent samples . 

ACKNOHLEDGHENTS 

This re s earch was sponsored by the U. S .  Department of Energy and the U. S. 
Envi ronmenta l Protection Agency and condu cted at Oak Ridge National Laborato ry, 
ope rated by Union Carbide Co rpo ration fo r the U. s.  Department of Energy. The 
authors expr e s s  their appreciation to Calvin E .  Lamb and George E. Oswald for  
critically reviewing this pape r ,  to Cat herine H .  Shappe rt fo r edi t ing assistance , 
and to Deb b i e  S .  Rro\Ht fo 1� typing this manuscript. 

REFERENCES 

1. Stevens, A.  A . , C. J. Slo cum ,  D. R.  Seege r ,  and G. G. Robeck ( 1 9 7 8) .  
Chlo rination of organics in drinking \vate r .  I n  Yater Ch l orination: 
�nvironmental Im pac t  and Heal th Effects, Vo l .  1,  R. L. Jolley (ed . ) , 
Ann Arbor Science Publishe r s , Inc. , Ann Arbo r ,  Mich. , pp. 7 7 - 1 04. 

2. Bella r ,  T. A . ,  J. J .  Lichtenberg,  and R .  C .  Kron e r  ( 1 9 74). 
occur rence of organohalides in chlo rinated dr inking wat e r , 
Flate r !-la rks As soc . �. 703- 6 . 

The 
J, Am . 

3 .  Rook , J. J .  ( 1 9 74) . Formation of ha lof orms dur ing chlorinat i on of 
natural wa ters.  Water Treat.  Exam . Q( 2 ) ,  234- 243. 

4. Joll ey, R.  L. ( 1 9 7 3 ) .  Ch lorination Effects on Organic Constituents in 
Effl uents from Domestic Sanitary Sewage Treatment � ants, 
ORNL/TI!-42 9 0 ,  

5.  Glaze, W, H. , J ,  E .  Hend e rson , J ,  E .  Bell, and V .  A .  Wheeler (1 9 7 3 ) .  
Analysis o f  organic materials in was t ewat e r  effluents after 
chlorination. .] . C'hromatogr . Sc i .  _!_!_, 580- 584. 

6. Pitt , W. H. , R. L .  Jolley, and S. Katz ( 1 9 74 ) . A utomated Analysis of 
Individual Refrac tory Organics in Po Z l uted �la t e r ,  EPA-660/ 2-7 4- 07 6 .  

7 .  Kraybi ll, H .  F. ( 1 9 7 8 ) .  Origin, classifica tion and dis t ribut ion of 
of chemicals in drinking water with an assessment of their 
ca rcinogenic po t ential . In Water Chlorination: Environmental Impact 
and Hea � th Effects, Vo l .  1, R.  L. Jo l l ey (ed . ) ,  Ann Arbor Sc ience 
Pub l i shers, Inc . ,  Ann Arbor, .Mich . ,  pp . 21 1 - 2 2 8 .  

B .  Evans, P. L .  ( ed . )  (1 9 72 ) . Ozone in Wa ter and Wastewater Treatment, Ann 
A rb o r  Sc ience Publishers , Inc . , Ann Arbor , Mich. 



M i c r o p o l l u t an t s p r o d u c e d  by d i s i n f e c t i o n  o [  wa s t ewa t e r  e f f l u e n t s  5 9  

9 .  Nebel, � • •  R .  D .  Gottschling, R .  L .  Hutchinson, T .  J .  McB r ide, 
D .  M. Taylor, J .  L. Pavon i, M. E. Tittlebaum, H. E. Spencer, and 
i'1. Fleischman ( 1 9 7 3 ) . Oz one dis inf ect i on of indust rial  muni.cipal 
secondary effluents . J .  �la t e r' Fo Uui; .  r:ontPol Fed . �. 24 9 3- 2 5 0 7 . 

1 0 .  Loper, J. C. ( 1 9 8 0 ) . Overvie t·l of the use of short-term bi ological 
tes ts in the asse ssment of the health e f fects of water chlori nat i on .  
I n  UateP ::Y/ l,oPinat-i.o n :  t<:nviPon:nent-xl I"7!pact and Hea l th Effects, 
Vol .  3 ,  R. L. Jolley, W .  A. Brungs, and R. B. Cumming (eds . ) ,  Ann 
Arbor Science Publ i s hers, Inc . ,  Ann Ar bor, t1ich . ,  9 3 7 - 9 4 5 . 

1 1 .  Re bhun, H. and .J . Manka ( 1 9 7 1 ) .  Classificati on of organ i c s  in secondary 
e ffluents. Environ . Sc i .  Techno l . 2· 6 0 6 - 6 0 9 . 

1 2 .  Chr istman, R. F. and R. A. Ninear ( 1 9 7 1 ) .  Orga nics in lake s . In 
Orc;am:c CoJ71pozmds in Aqua·t-tc T::avi-ronments , S. J. Faust and J. V .  Hunt er 
(eds.  ), Harcel Dekk e r ,  NeH York, pp. 1 1 9- 1 4 3 .  

1 3 .  Jolley, R. L . ,  R. .  B. Cumming, N .  E .  Lee, L .  R .  l"e\vis , J .  E .  Thomps on, 
1-1. vi. Pitt, H. S. Denton, and S. J. Hartmann . llonvo l a t·i l e  Or>"an-i c .s  in 
Di.sinfec ted flaste,,!ater> E:ffl uent.c; :  Chemical C'rta·r'ac te Piza tion emil 
t'1utagenicity, EPA Report (in  press). 

1 4 .  Ames, 8 .  N. , \v. N. Dust on, E. Yamasaki, and F .  D. Lee ( 1 9 7 4 ) . 
Carcinogens are mutagens : a s imple tes t sys tem comb ining liver 
homogenates for ac tivation and bacteria for de t ection .  P-roc . 
Nat .  4cad . Sc i . USA !_SJ_, 228 1 -8 5 .  

1 5 .  Ame s, B. N . ,  J .  l'1cCann, and E .  Yamasaki ( 1 9 7 5 ) .  l'1e t hods for detect i ng 
carci nogens and mu tagens ��i th the Salmonel �a/mammalian-microsome 
tes t .  Mutat . Res .  1.!:_, 34 7 - 3 6 Lf .  

1 6 .  Osbo rn, M .  and S .  Person ( 1 9 6 7 ) .  Characterization of revertants of 
E .  coli \.JU 36-10 and HP 2 using amber mu t an t s  and ochre mu tan t s  
o f  bacteriophage T4 . •'1utat .  Res . �' 5 0 4 - 50 7 . 

1 7 .  Gree n, H. H. L. and \v. J .  Mur iel ( 1 9 7 6 ) . l'1utagen tes t i ng using TRP+ 

reve rsion in EschePichia col i .  Muta t .  Res .  3 8 , 3- 3 2 .  

JV/ST 1 4 : 12 - E 


	196182_Page_01
	196182_Page_02
	196182_Page_03
	196182_Page_04
	196182_Page_05
	196182_Page_06
	196182_Page_07
	196182_Page_08
	196182_Page_09
	196182_Page_10
	196182_Page_11
	196182_Page_12
	196182_Page_13
	196182_Page_14
	196182_Page_15



