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ABSTRACT

Al t hough nonochl oram ne has | ong been considered as an alternative
disinfectant to chlorine, little is known about the by-products fromits
reactions with natural organics. |In this study, the by-products of
aqueous nonochl oram nated fulvic acid were characterized by Ames assays,
Total Organic Halide (TOX) anal yses and by fractionation on High
Performance Liquid Chronatography (HPLC). In character and tjrpe, the
by-products are very sinmlar to those produced by chlorination. The
nut ageni ¢ by-products were observed to be polar, acidic conpounds that
exhibited an increase in nutagenicity with increasing nonochl orani ne
dose. In addition, they were shown to be predom nantly direct acting,
base-pair substituting and electrophilic. The results of concurrent
Anes assays and TOX anal yses suggested that chlorinated conpounds were
responsi ble for the nutagenicity produced by nonochl oram nation
Anal yses of ether extracts by H gh Resolution Gas Chromat ography/ Mass
Spectrometry (HRGC/MB) resulted in the identification and quantification
of the potent bacterial nutagen 3-chl oro-4-(dichl oromethyl)-5-hydroxy-
2(5H) - furanone (MX) and its anal ogs E-2-chl oro-3-(dichl oronethyl)-4-
oxobut enoi ¢ acid (EMX), E-2-chloro-3-(dichloronethyl)-butenedioic acid
(ox- EMX) and 2, 3-di chl or o-4- oxobut enoi ¢ acid (rmucochloric acid). M
EMX and ox- EMX respectively accounted for 11% 26% and 2% of the
mut ageni ¢ activity of the nonochl oram nation extracts. Several short-
chain (Cg-Cg) aliphatic chlorinated organic acids, alcohols and

al dehydes have al so been tentatively identified of which di- and
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trichloroacetic acids, dichlorosuccinic acid and E-2-chl oro- 3-
(di chl oromet hyl) - but enedi oi ¢ acid (ox-EMX) have been confirned and
quantified. O these, the alkenoic acids may be of toxicologica

significance due to their structural simlarity to the open oxo-butenoic

formof MX
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I NTRODUCT! ON

The search for a suitable alternative disinfectant to chlorine has
been active ever since Rook in 1974 denonstrated that chlorination of
wat er containing natural humc substances led to the formation of
trihal omet hanes such as chloroform Initial concern over the
carcinogenic properties of chloroformwas soon heightened by the
discovery that large quantities of non-volatile chlorinated conpounds
are formed along with chloroform(Christman et al., 1983). Some of the
former have also been shown to be mutagenic in the Ames assay. These
conpounds include chloroacetones, chloropropenals, 3,4-dichloro-5-
(di chl oromet hyl ) - 5- hydroxy- 2-furanone, 5,5, 5-trichl oro-4-oxopentanoic
acid, 3-chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone (M) and E-2-
chl oro- 3- (di chl oronet hyl ) - 4- oxobut enoi ¢ acid (EMX), 3-chloro-4-
(di chl oromet hyl )-2(5H) - furanone (red-M) and 2-chl oro- 3-
(dichloronethyl)-butenoic acid (ox-MX) (Coleman et al., 1987; Herming et
al., 1986; Holnbomet al., 1984; Kronberg and Christman, 1988; Meier et
al., 1987; Minch et al., 1987). O these, MX and to a | esser extent,
its analogs (Figure 1) have becone very significant due to their
mut ageni ¢ potency. MX has been called "the nost inportant single
mutagen so far identified in drinking water" (Backlund et al., 1988).
Activity in the Ames assay i s cause for concern because the assay has
been shown to be a reliable predictor of carcinogenicity for many
classes of conpounds (M Cann and Anes, 1976; Tennant et al., 1987)

In view of the human health hazards posed by chlorine by-products
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nonochl oram ne has gai ned i nportance as a possible alternative or
secondary disinfectant in water treatnment processes. Although it has
poorer bacteriocidal and virucidal capabilities (Siders et al., 1973),
it has been shown to have the advantage of producing much | ower
quantities (less than 3% of trihal onethane than chlorine (Stevens et
al., 1976). |In addition, nonochlorami ne produced Total Organic Hallde
(TOX) has been characterized by Jensen et al. (1984) to be snmaller in
quantity (9-49% as much as chlorine produced TOX) nmore hydrophilic and
[ arger in nolecular size than TOX produced from chlorine.

However, other information regarding the potential human health
hazards associated with the use of monochloranmine is very linited.
Several researchers have identified nutagenicity in nmonochl oram nated
hiimc as well as drinking waters (Cheh et al., 1980; MIler et al.

1986; Backlund et al., 1988; Schenk et al., 1990). However, few have
been able to identify by-products leading to this nutagenicity. It has
been postul ated that nonochloramne will formsubstitution products over
oxi dation products in drinking waters due to its poor oxidant ability
(Jensen, 1983). However, the only by-products identified to date are 3-
chl or o- 4- (di chl oronet hyl ) - 5- hydr oxy- 2(5H) - f uranone (MX) and E-2-chl oro-
3- (di chl oromet hyl ) - 4- oxobut enoi ¢ acid (EMX) (Backlund et al., 1988).

Cearly there exists a need to further investigate the effect of
nmonochl orami ne on the formation of potentially toxic by-products,
especially that of MX and its anal ogs. The objective of this research
was thus to characterize and identify the by-products in nmutagenic
extracts of aqueous nonochl oraninated fulvic acid. Fulvic acid was

chosen as a nodel precursor for by-product formation since it accounts
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for approximately 45%of the organic carbon in natural water. In
addi tion, the products of aqueous chlorination of fulvic acid and
chlorination by-products found in drinking water have been found to be
simlar (Norwood, 1985).

The probl em previously encountered with research on monochl oram ne
by- products was the isolation of sufficient product for the
i dentification of non-volatile conpounds, owi ng to the poor oxidant
abilities of monochloram ne (Jensen, 1983). Accordingly, in this work,
net hodol ogi es were devel oped to react nonochloranmine with fulvic acid
and isolate significant amounts of nutagenically active product. The
extracted product was then characterized by Ames Assays, Hi gh
Performance Liquid Chromatography (HPLC) and Total Organic Halide (TOX)
and Total Organic Carbon (TOC) anal yses. H gh Resolution Gas
Chr omat ogr aphy/ Mass Spectrometry (HRGC/ M5) was used to identify and
quantify the by-products. These techniques have previously been used in
chlorination studies for the isolation and identification of several by-
products including the strong nutagen MX (Horth et al., 1985, Horth et
al ., 1987; Kronberg et al, 1987; Becher et al., 1985, St. Aubin, 1985;
Col eman et al., 1984; Meier et al., 1985).
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EXPERI MENTAL METHODS

An overview of the procedures and reaction conditions used in the

maj or portion of this study is shown in Figure 2.

Sanpl e Preparation

Monochl oram ne sol utions were prepared by the method of Johnson
and Overby (1969). Amonia and chlorine were reacted in 3:1 nolar
ratio. Equal volumes of desired concentrations of NaOC and NH'G in
0. 05M phosphate buffer, pH 8.0 were mxed with stirring in an ice bath.
Chl orine and monochl oram ne concentrations were determ ned throughout
this work by the DPD Ferrous Titrimetric method (Standard Methods 408D
1989) .

The fulvic acid used in this study had previously been isolated
from Lake Drvunmond, VA waters by the nethod of Thurman and Mal col m
(1981). The fulvic acid has a | ow ash content and a carbon content of
48.81% (Jensen, 1983).

Monochl oram ne and fulvic acid were reacted at the desired C:C

molar ratio at roomtenperature, with stirring. The pH of the reaction
mxture was maintained at pH 8.0 over the reaction period of 96 hours to
ensure that nmonochl oram ne was the only chloramne specie in solution.
Monochl oram ne residual s neasured at the end of the reaction period
ranged from0%to about 9%of the original dose. In prelimnary

experiments the reaction mxture was divided into two parts, one
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Figure 2. Overviewof the Analytical Protocol
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acidified with concentrated HO to pH 2.0, the other maintained at pH
8.0. In the remainder of the work, the entire sanple was acidified to
pH 2.0 with HO. Extraction of the sanple was performed i nmediately
after acidification.

Chlorination of fulvic acid was performed by reacti ng NaQOC
(300ng/L as Cg) with fulvic acid at pH 7.0 for 48 hours at a nolar Cl:C
ratio of 1:5. The residual at the end of the reaction period was
neasured to be 40ng/L as Ag. Products in the resulting extracts were
then quantified so that a conparison of the amounts of specific by-
products of nonochl oram nation and chlorination could be obtained at
conpar abl e doses (nolar Cl:C ratio).

The techni ques used for extraction and concentration of the by-
products were macroreticul ar XAD- Resi ns (Rohm and Hass, Phil adel phi a,
PA), freeze-drying and liquid-liquid extraction with ether. Resin
experinents utilized XAD-8, a polar nmethyl methacrylate resin and XAD- 4,
a non-pol ar styrene-divinyl benzene resin, in series. After the 96 hour
reacti on period, 333nL of the sanple (pH 2.0 or pH 8.0) was passed
t hrough the XAD-8 colum at the rate of one bed vol une per hour. The
eluate was then acidified to pH 1.0 with HO and passed through the XAD
4 resin at the sane rate. Both resins were then soxhlet extracted with
ether. The extract subsequently underwent a hundred fold concentration
under nitrogen gas for nutagenicity testing. Freeze drying was
perforned on 333nL of the sample (pH 2.0 or pH 8.0) on a Labconco Freeze
dryer. The lyophilized sanples were then stored dry at -20°C. Liquid-
liquid extractions with ether were perforned on 250niL aliquots (pH 8.0

and 2.0) of the reaction mixture, the original volvime of which varied
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fromO,5L to 2.0L. Each aliquot underwent 3 successive extractions with
40nL, 20nmL and 20nL of diethyl ether. The extracts were stored in ether
at -20°C. No quenching agents were used prior to extraction or

concentration due to the uncertainty of the effects of quenching agents

on the extracted conmpounds.

TOX and TOG Anal yses

TOG anal yses were perforned by the Persulfate U traviol et
Oxidation method with infrared analysis (Standard Methods, 5310C) on a
Model 700 TOG Anal yser from 0-1V Gorporation (Gollege Station, TX).
Garbon Concentration was obtained as ng/L as G

TOX Anal yses were performed in by the Adsorption-Pyrolysis-
Titrinetric Method (Standard Met hods, 5320B) on a Dohrrman Xertex TOX
Anal yzer (Model M1, Dohrmann Division, Xertex, Santa dara, GA). Total

Organic CGhlorine concentration was obtained as ng/L as C'.

HPLC Fracti onati on

The extracted sanples were fractionated on a Varian 5000 HPLC
(Palo Alto, GA) equipped with a Partisil-10 ODS 4.6x250nm anal yti cal
colum (Whatrman Inc., Midstone, England), a Watman 6mm CDS guard
colum, and a Rheodyne (Cotati, GA) injection port. The elution
sol vents used were distilled deionized water at anbient pH or IxlO"M
phosphate buffer at pH 3.0 (Solvent A) and Acetonitrile (Solvent B).

The HPLC effluent was nmonitored at 254 nmusing a Waters (MIford, MY
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Model 440 spectrophotometric detector. The chromatograms were recorded
on a Shimatzu Chromatopac CR2-AX integrator (Kyoto, Japan).

The ether extracts of the 250nL aliquots were prepared for HPLC by
drying under Ng and redissolving in 0.5nL of acetonitrile and 0. 7nL of
water. This was the smallest volume and ratio that woul d conpletely
di ssolve the sanple present. The sanple |oop (500uL capacity) was
injected with 500uL of sanple. Three fractions were then collected

manual |y based on the follow ng step gradient separation schene

0 - 110 mnutes : 90% Sol vent A, 10% Sol vent B (Fraction 1)

110 - 150 mnutes : 50% Sol vent A, 50% Sol vent B (Fraction 2)
150 - 190 mnutes : 100% Sol vent B (Fraction 3)

The fractions were taken to drjness by rotary evaporation on a
Rot avapor R-110 (Buchi, Switzerland) in a 50°C water bath. They were

then extracted twice with 20nL of diethyl ether and stored at

20°C.
Ames Assay

The mutagenicity of the extracts of monochl ormnation sanple and
HPLC fractions was assayed in accordance with the standard plate
i ncorporation assay by Maron and Anes (1983). Wole sanple extracts
were assayed in both TA98 and TAI OO strains whereas the HPLC fractions
were only tested in TA'QO. The only nodification to the standard

procedure was in the use of Biochem cal Agar Agar due to the
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unavailability of the Difco Bacto Agar. The slight Increase in
background caused in the TAIQO plates by the new agar was conpensat ed
for by modifying the concentrations of agar and histidine biotin
solutions used. The effect of exogenous xenoblot|c metabolizing enzymes
on the sanple was tested by using Aroclor 1254 induced rat |iver
homogenate, 9. The effect of a strong nucleophilic conpound on the
mitagenicity of the extract was tested with glutathione (GSH. The
effect of non-specific protein binding was observed by perfoirmng assays
with Bovine Seriom A bumn (BSA) .

Assays on the extract involved the use of 50uL, 75uL, 10OQuL and
150uL doses of the sanple dissolved in DVSO, whereas those performed on
the HPLC fractions used 50uL and | OQuL doses. All sanples and controls
were assayed in duplicate.

Al the Ames assays in this work were performed by David Cozzie

(Cozzie, 1990).

Derivatization and |Internal Standardization

Diethyl ether extracts of 250nL aliquots of original sanple
mxture and HPLC fractions, containing "Cb benzoic acid (50pg/uL) added
as an internal standard were taken to dryness under a streamof N2 gas
and then redl ssolved in 250uL of methanol containing 14% (v/v) boron
trifluoride (BF3) . The mxture was then allowed to react for 12 hours
ina70°Cmneral ol bath. The mxture was subsequent!y neutralized
with 3ml of 2%v/v NaHCQ, extracted twice with 250uL of hexane and

concentrated to | OQUL under a streamof Ny gas. Either anthracene-dio
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(25pg/ uL) was added as a recovery standard or decafl uorobi phenyl

(1 Ong/uL) was added as an internal standard. BF3 in nmethanol was chosen
to be the derivatization agent because it methylates MX as well as its
anal ogs. Oher available nmethylating techniques were shown to be

unsui tabl e. Di azonet hane does not methylate MX. Al though sulfuric acid
in methanol does derivitize MX, it does not nethylate its diacidic

anal ogs (Kronberg, 1990).

Gas Chromat ography / Electron Capture Detection

Gas Chromat ography / Electron Capture Detection (GC/ECD) anal yses were
perforned on a Hew ett-Packard 5890A gas chromatograph. A 30m 0.25mm
[.D., 0.25ximfilm DB-5 fused capillary colum were used in all
anal yses. The carrier gas was heliumat InL/mn. The GC oven
tenperature was held at 50°C for 1 mnute, and then programmed to rise

at 2.5°Cmn to 150°C, then at 5°C/mn to 250°C. Decaf | uorobiphenyl was

used at a concentration of Ing/uL as an internal standard.

Hi gh Resol ution Gas Chromat ography / Mass Spectronetry

Hi gh Resol ution Gas Chronat ography:

H gh-resol uti on gas chromatography / nass spectronmetry (HRGC MS)

anal yses were perforned on a Hew ett-Packard 5890 gas chromatograph

interfaced to a VG/0-250SEQ mass spectroneter operating at resolving

powers of 1000 or 10000 (10%valley definition). A 30m 0.25mmI.D.,
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0.25um film DB-5 fused capillary colum was used in all the experiments
(J & WScientific, Folsom CA). The carrier gas was heliumat Ini/mn.
The GC oven tenperature was hel d at 50°C for 1 mnute, then programmed
to rise at 10°C'mn to 300°C in anal yses conducted to quantify MK, EMX
ox- EMX and nucochloric acid. In analyses performed for the purpose of

i dentifying the organic acid by-products, the GC oven was held at 50°C
for 1 mnute, and then programmed to rise at 2.5°Cmn to 150°C, then at
5°C/nin to 300°C,

Ful'l -scan Mass Spectronetry:

Ful | -scan mass spectra were acquired by using electron ionization
(El) at an electron energy of 70eV, 200uanp trap current, 250°C source
tenperature and resol ving power of 1000. The magnet was scanned from
500-50 anmu at 1 second/ decade.

Ful | scan quantifications of di- and trichloroacetic acids,
di chlorosuccinic acid and ox-EMX were perfornmed based on the relative
response of a specific ion for each of the conpounds dichloroacetic acid
(mz 83), trichloroacetic acid (mz 117), dichlorosuccinic acid (mz
183) and ox-EMX (mz 225) to the response of the mz 334 ion of
decaf | uor obi phenyl.  The concentrations of both the analyte and interna
standard in pure standards were | Ong/uL. Because the linearity of
response over a range of analyte concentrations to the internal standard
was not dermonstrated, the anal yses can only be considered sem -

quantitative.
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Sel ected I on Mnitoring Mass Spectrometry:

Anal yses in Selected lon Mnitoring (SIM node were perforned
under simlar instrioment conditions as full scan anal yses except that a
resol ving power of 10000 was used. Two or nore ions were nonitored for
the quantification of nethylated ions of MK (mz 198.9121 and m z
200.9094), EMX (mz 244.9534 and m z 246.9510), E-2-chloro-3-

(di chl oromet hyl)-butenedioic acid (ox-EMX) (mz 224.9721 and m z
226.9691; mz 228.9226 and mz 230.9196) and nucochloric acid (mz
146.9848 and mz 148.9818). lons nonitored for internal standards are
the M ion (nz 142.076) of "Cg nethyl benzoate, the M*" ion (nmz
188.1410) of anthracene-d*Q The PFK | ock-mass ion used for monitoring
MX and mucochloric acid ions was mz 142.9920 and that for EMX and ox-
EMX i ons was 192. 9888.

MX quantification was based on a four point calibration curve
constructed fromthe analysis of standard sol utions containing 50pg/uL
"Cg methyl benzoate, 25pg/uL anthracene d*g and either 50, 100 250 or
500pg/ uL of methylated MX. Sem -quantitative anal yses of EMX, ox- EMX
and 3, 4-di chl oro-5- hydroxy furanone (nucochloric acid) were based on a
rel ative response factor obtained fromthe analysis of a single standard
of each anal yte (250pg/uL, 50pg/uL and 250pg/uL, respectively)
contai ning 50pg/uL " Cg benzoic acid.

It should be noted that sanple extracts and internal standard were
derivatized together whereas conmpound standards were derivatized
individually and then mxed with previously nethylated interna
standard. The difference in response if any, between sanples and

st andards has not been accounted for in calcul ations.
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RESULTS AND DI SCUSSI ON

Optim zing Reaction and Extraction Conditions

Fundamental to the devel opment of a protocol for reaction of
nonochl oramine and fulvic acid and subsequent extraction of the by-
products was the exanmination of nonochloramne reactivity with fulvic
acid. Mnochl oramne was found to react very slowy with fulvic acid as
evi dent by persistent residuals for CL:C nolar ratios greater than 1:40
even after 142 hours of reaction time (Table 1, Figure 3). It has been
previously shown that the demand of fulvic acid for nonochloranmine is
about four times lower than that for chlorine (Jensen, 1983).

H gh nonochl oram ne doses and |ong reaction tines therefore had to
be used in order to obtain [arge anounts of product. The problemwth
the use of high monochl oram ne dose was the occurrence of persistent
residuals in the extracts which were toxic to the Ames Sal nonel | a
Bacteria. The residual monochl oram ne was quenched in prelimnary
experinments with ferrous anmoni xun sulfate. However, the nethod was not
adopted due to the uncertainties of the effect of sanple handling on the
by- products. Quenching was al so found to be unacceptabl e because it
caused precipitation of the sanple.

Due to the problemof nmonochl oram ne residuals, the extraction
net hod used not only had to effectively recover the nutagenic product
but al so had to separate the nonochl oram ne residual fromthe extract.

Of the three procedures initially used to isolate products for
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Tabl e 1. Monochl oram ne Residuals at Various Cl:C Rati os

Cl: C Residual Concentration (ng/L as d g)

Rat i o

Reaction Tine (hr)

0 48 96 142
1: 2 712 69 35 22
1:5 286 56 36 22
1:10 143 24 19 N
1: 20 71 8 4 2
1: 40 35 0.8 ND* ND

« ND = Not Detectable
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mutagenicity testing, freeze-drying and XAD-resin adsorption failed to
nmeet the criteria set for the extraction nethod of choice. Freeze
drying sanples at both pH 2.0 and pH 8.0 was ineffective in retaining
products that were nutagenically active (Cozzie, 1990). This may have
been due to product loss fromvolatilization or masking of the mutagenic
activity due to the sheer bulk of the product. The XAD-resin procedure
consistently isolated nmutagenicity frompH 2.0 sanpl es passed through
the polar XAD-8 resin (Cozzie, 1990). However, sporadic nutagenic
activity was observed in the blanks and XAD-4 resins suggesting possible
artifact formation. An additional problemw th the resin adsorption
procedure was that it was unsuitable for separating nmonochl orani ne
residual fromthe product in sanples reacted with a Cl:C nolar ratio

hi gher than 1:40. The results fromthe |yophilization and resin
adsorption experiments were surprising since previous studies on
chlorination and nonochl orami nati on by-products have reported excell ent
recovery of nutagenicity fromboth procedures (Horth et al., 1987; Koo
et al., 1981; Kronberg et al., 1987, MIller et al., 1986).

Liquid-liquid extraction with diethyl ether was found to be idea
for three reasons. First, nutagenic product was recovered consistently.
Second, residuals were effectively separated even when hi gh doses of
NHgCl (up to 800my/L as O g) were used which enabled the study of dose-
mut ageni ¢ response rel ationships. Finally, there was no artifact
formati on observed as evidenced by a | ack of mutagenic activity in the

bl anks.

Al though the liquid-1iquid extraction method is not as comonly

used as resin adsorption, it has been shown to produce |evels of


NEATPAGEINFO:id=F082C9FE-643D-4A37-B709-CF3AE2247813


18
nut ageni city conparable with the XAD procedure (Kronberg, 1987). In
addition, the method has previously been found to extract essentially

all of the mutagenicity produced in aqueous chlorinated fulvic acid

(Meier et al., 1985).
The extraction of nutagenic by-products was found to be critically

dependent on pH Mitagenic activity was only observed in sanpl es

extracted at pH 2.0. Although previous chlorination studies have

focused on nmutagens with acidic properties they also found activity in

the neutral extracts that was a factor of 10 |ess than that of the
acidic extracts (Kronberg et al., 1988; Ringhand et al., 1987; Wgil us,
1985). In this study the nutagens produced by nonochl oram nation were
primarily acidic since there was a consistent |ack of activity in the pH
8.0 extracts. These findings support an earlier hypothesis by Jensen et

al (1983) that the products of nonochl oram nation are nore hydrophilic

t han those of chlorination.

Mut ageni city of the Extracts

Havi ng established an extraction method that is consistent inits
recovery of mutagenic product, the next step was to characterize the
mutagenicity (Cozzie, 1990). This was performed through an
investigation of the effect of bacterial strain used (TAI OO and TA98),
dose-nut ageni ¢ response rel ationships, effects of netabolizing enzymes
and non-specific protein binding.

Studies with the bacterial strains TA OO and TA98 showed t hat

TAI OO was nore responsive to nonochl oram ne produced nutagenicity than
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TA98. A limted nxinmber of assays with TA98 showed that about 70>i: |ess
activity was observed in TA98 as in TAI QO (Cozzie, 1990). The TAIQO
activity indicates that the nutagens are predom nantly base-pair
substituting rather than frame-shift nutagens. Due to the nuch greater
sensitivity of the TANQO strain to the mutagens in the extract, al
subsequent nutagenicity experiments utilized this strain

A dose-nutageni c response rel ationship was explored over a
monochl oram ne dose range of 40mg/L - 800nmg/L (CLl:C nmolar ratios of 1:40
- 1:2) using the TAIQO strain (Table 2, Figure 4). In the upper plot
mut agenic activity seems to increase linearly up to a maximvun at a
monochl oram ne consumed dose of 415mg/L (CL: C of 1:5) after which a
pl ateau appears to have been reached. This may be due to the Ietha
effects of either the high concentrations of products or the residua
monochl oram ne on the Ames Sal nonel | a bacteria. Toxicity was in fact
observed in the plates (evidenced by a clearing of the bacterial |awn),
when the sanple extract corresponding to a NHyO dose of 1160ng/L as O]
was assayed. Although the lower plot in Figure 4 shows that
nutagenicity may be weakly related to carbon dose, it appears far nore
likely that the total nutagenic activity is dependant in some manner on
the amount of nonochl oram ne consxjmed in reaction (NHgG consumed =
NH C dose - residual after 96 hours).

The mean nutagenic activity was cal culated to be 79+/-35
revertants/nmg C g consumed (44% RSD). The Ames assay replicates were
found to have a relative standard deviation of only about 10% which
indicates that most of the variability in mean nutagenic activity can be

attributed to the reaction and extraction procedure. The quantity of
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Tabl e 2. TAI OO wut ageni city of Monochl orami nation Extracts at Various Cl:C Ratios

Expt.r C1:C N4 O Measurements (ng/L as Oj)  Carbon Dose TAL QO Activity* Mean Rev/L +/- SD
Rati o (my/L as O ( YRSD)
Dose Resi dual Consuned Rev/ L Rev/my Cl 2'
Consuned
1: 40 40 (0] 40 269 NA" 0 3964/ - 3443
2 50 (¢} 50 333 5672 113 (87% RSD)
3 60 (0] 60 400 6220 104
4 1: 20 80 4 76 271 10688 141 10688
5 1:10 160 18 142 270 15131 107 18639+/ - 5497
6 170 19 151 283 16946 (30% RSD)
7 180 17 163 300 13840 85
8 200 18 182 333 27680 152
9 225 13 212 375 19600 93
10 1:5 250 31 219 208 10066 46 20572+ - 6432
11 250 31 219 208 11739 54 (31% RSD)
12a 270 26 244 225 21841+/ - 6353 90
12b 270 26 244 225 (29% RSD)
12c 270 26 244 225
13 270 25 245 225 17216 70
14a 300 32 268 254 25588+/ - ' ~605 96
14b 300 32 268 254 (18% RSD)
1l4c 300 32 268 254
15a 300 30 270 254 174764/ - 3640 65

15b 300 30 270 254 (21% RSD)
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Tabl e 2.

Expt. #

16a
16b
17a
17b
18a
18b
19a
19b
20a
20b
21

22

23

24

25
26

All

(Cent i nued)

Cl: C NH C Measurenments

Rati o
Dose

1:5 320
320
320
320
325
325
325
325
350
350
360
360
445

1:2 750
800
1160

Resi dual

34
34
37
37
36
36
36
36
30
30
36
36
30

65
61
68

(ng/L as Cl2)

Consuned

286
286
283
283
289
289
289
289
320
320
324
324
415

685
739
1092

NA - No Activity above background

Mean Rev/ing Clg - 79 +/" 35

T = Toxic

Ref :

David Cozzi e,

Car bon Dose
(my/L as C

267
267
267
267
275
275
275
275
292
292
300
300
371

250
271
386

TAI QO Acti vi t y*

Rev/ L

21292+/ - 16
(0. 08% RSD)
12873+/ - 1525
(12% RSD)
23772+/ - 1319
(6% RSD)
23640+/ - ~740
(20% RSD)
21836+/ - 388
(2% RSD)

9257
34377
27600

33040
28260
rpd

sanples labelled a, b, and ¢ are aliquots fromthe sane reaction vessel

Mean Rev/L +/" SD
(9RSD)
Rev/mg d*
Consuned
75
46
82
82
68
29

106
67

48 30650+/ - 3380
38 (11% RSD)
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mut ageni city observed in this study nust be interpreted with caution due
to the possibility of nutagenic artifacts forned fromthe interactions
of the by-products in the extracts with the solvent dimethyl sulfoxide
(DMBO) in the Ames Assay. DMSO has previously been found to enhance the
mut ageni cities of some chlorinated conpounds (Nestmann et al., 1985).

All three proteins (S9, Q utathione and Bovine Serum Al bum n)
assayed appeared to have an inactivating effect on the nutagenicity of
the extract (Table 3, Figure 5). [Inactivation by these three proteins
shows that the nutagens of interest are likely to be direct acting,
el ectrophilic and inactivated by non-specific protein binding,
respectively. Experiments with pure MX showed that its nutagenic
activity was al so decreased by the action of the proteins, although the
decrease was quantitatively greater than that observed in the extract.
This finding suggested that MX and simlar conpounds may be inportant
contributors to the nmutagenicity of the extract.

The results of the nmutagenicity experinents conpare well with the
findings of previous chlorination studies as sunmerized in Table 4.

Hi storically, chlorination by-products have been predom nantly base-pair
substituting (TAIQO active), direct acting (S9 inactivated) and

el ectrophilic (GSH inactivated). However, the decrease in the

mut ageni city of the extracts or of MX due to non-specific protein

bi nding (inactivation by bovine serum al bum n) observed in this study is
not supported by previous studies. No such decreases have previously
been reported. Nevertheless, the close agreement of the remainder of
the results with previous studies indicates that the nutagens produced

by nmonochl oram nation are very simlar to those produced by

chl ori nati on.
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Tabl e 3. Conparison of the Effect of S9, Bovine Serum Al buni n

and d ut at hi one on the Miutagenic Activity of the

Monochl oram nati on Extract and MX

Protein % Decrease in Activity* "'""
<t r &>act N

S9 34.6 +/- 16.5 63.2 +/- 1.0
(47. 7% RSD) (1. 6% RSD)

d ut at hi one 62.8 +/- 12.2 83.4 +/- 0.6
(19. 4% RSD) (0. 7% RSD)

Bovi ne Serum 8.6 +/- 3.0 15.2 +/- 1.9

Al bumi n (34. 9% RSD) (12. 5% RSD)

% Decrease in Activity = Activity (TA OOtproteins)/Activity(TAl QO
n=2 in all cases except S9 (extract) where n=10
Cl:C=1:51in all extracts assayed with the proteins

ref: David Cozzie, 1990
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Tabl e 4.

Char acteristics <

Property

Pr edom nant
characteristics

mut agens

Mean TAI OO

activity in acid
extracts

(Reving Cl2)

Maj or contributors

to nmutagenicity
found to date

Mean MX Cone
(ng/ ng Cl 2)

% Contri buti on
of MX to tota

activity

Mean EMX Cone,
(ng/ng Cl 2)

% Contri bution
of EMX to total
activity

Maj or products
identified to

dat e

Monochl oram nati on

aci di ¢ and pol ar
(acid pH extractables
only; elute in nost
pol ar HPLC fraction)"

base-pair substituting,
direct acting and
el ectrophilic

455%=
79+/ - 35
MX, EMX

4. 3=
0.3+/-0.01
24=
11+/-0.6
5.9=
11.5+/-6.7
2=

26+/ - 15

chlorinated aliphatic
(C2-C9) acids, al dehydes

and al cohol s

Chl ori nati on

predom nantly acidic and

26

Conpari son of Monochl oram nation and Chlorination Products and their

pol ar but al so some non-pol ar

species (acid and neutral
extract abl es;

elution in

pH

polar HPLC fractions)8 " * P

base-pair substituting
direct acting and
eleCtrOphlllCA'A'8'*"J'A'A'"

1050"
1667"

MX, EMX,

2,3,3-trichloropropenal = A" A

14.6+/-6.9' =
13. 0"
4. 7"

0.5+/-0.05

49c

41"

22.0+4/-3.3=
26. 3"

51.9+/-~-1
4«
4N

chl ori nated and non-

chlorinated aliphatic and
al dehydes

aromatic- acids,
ket ones nitril es and

al cohol s" A A" A
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Ref erences for Table 4

H ghlighted portions represent results fromthe present work.
Backl und et al., 1985

Backlund et al., 1988
Christman et al., 1983
de Leer et al., 1985
Hol nbom et al., 1984
® Horth et al., 1987
Kronberg et al., 1985
~ Kronberg et al., 1988b
' Loper, 1990
Meier et al., 1983
Meier et al., 1985b
Meier et al., 1987
Nest mann et al., 1979
Ri nghand et al., 1987
Wgilus et al., 1985
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The nutagenicity produced in this study is |ow conpared to that
found in previous studies. For instance, the mean activity in the
present study is only about 10% of that of chlorination and 17% of that
of monochloramnation in a study by Backlund et al. (1987) (Table 4).
This may be due to differences in experinmental conditions or other

effects that cannot be explained at present,

TOX and TOO Anal yses

Total Organic Halide has previously been used to gauge the degree
of chlorine substitution in chlorination and monochl oram nation by-
products (Fleishacker and Randtke, 1983; Jensen et al., 1985; Meier et
al., 1985). TOX information is vital since chlorine substitution
products have been inplicated in being prinmarily responsible for
mut agenic activity in extracts (Christman et al., 1983). Thi s study
found chlorine incorporation (the degree of chlorine substitution into
the organic matrix) to show a slight increase with increasing Cl:C
ratios (Table 5). Fleishacker and Randtke (1983) found a chlorine
i ncorporation of about 2% for nmonochl oram nation and about 7% for
chlorination sanples. This conpares well to the 2.5%in our study at a
comparable Cl:C ratio.

The formation of extractable TOX was al so observed to increase
with increasing Cl:Cratio (Table 5, Figure 6, upper). Mitagenic
activity shows a simlar increase but the nutagenic response reaches a
plateau after a Cl:Cratio of 1:10 (Table 5 Figure 6, mddle). It was

not surprising therefore, to find that TOX and nutagenic activity are
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Table 5. TOX Anal yses of Mnochl oram nation Sanples at Various Cl:C Ratios

a:c NHgCl TOX (ng/L as Cl') % Extraction' -'' % Chlorine® TAI OO Activity"
Rati o Consured Non- Extracted Extracted Mean+/-SD Recovery I ncor p. (Rev/ L)
(ng/L as dj) Sanpl es Sanpl es

Bl ank (0] 0. 00 0. 00 0. 00 0.0 0. 00
1: 40 30 0. 49 0.11 0. 095+/ - 0. 02 22.5 1.64

40 0. 08
1: 20 57 1.12 0. 29 0. 31+47-0.02 25.0 1.96

76 0. 32 10688

1:10 106 2.57 0.67 0.89+/-0. 30 26. 3 2. 42

142 1.10 15131
1:5 212 5. 68 1.54 1.78+/-0. 34 26.9 2.68

270 2.02 20385
1:2 571 14. 54 3. 46 3.1+/-0.51 23.7 2.54

739 2.74 26260

" % Extraction Recovery = (TOX in Extracts / TOX in Non-Extracted Sanples) x 100
" Mean % Extraction Recovery = 24.9% +/- 1-81

a= % Chlorine Incorporation - (TOX in Non-Extracted Sanples / NH*A Consumed) x 100
" ref.: David Cozzie, 1990
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positively correlated (Table 5, Figure 6, lower) with a linear
correlation coefficient (r) of 0.95. However, even a strong correlation
does not establish a cause-effect relationship. Oxidation products may
al so account for the nutagenicity of the nmonochl orami nation extract.

Unli ke TOX, the TOG of the sanple prior to extraction shows a
decrease with increasing NH2Cl dose (Table 6) . This decrease is
probably due to oxidation of the fulvic acid by NH2Cl resulting in the
formation of carbonates and subsequently carbon di oxi de.

Extraction recoveries of TOX and TOC (Tables 5 and 6) did not vary
with dose. The nean extraction recovery of TOX was 24.9% +/- 1. 8% whi ch
conmpares well to the work of Jensen (1983) and Meier (1985) who found
that 20% and 25% respectively of the TOX was extractable by the Iiquid-
liquid extraction procedure. The nean TOC extraction recovery was only
10.1% +/- 1.0% The | ow extraction recoveries need not be of concern if
all of the nutagenic product were extracted by the liquid-liquid
extraction procedure. However, no recovery studies of this sort were

performed in this study.

HPLC Fractionati on of By-products

HPLC has frequently been used in previous studies to obtain
fractions of chlorinated water for nutagenicity testing (Horth et al.
1985; Kronberg, 1987). Previous success in isolating relatively polar
compounds such as MK with reverse phase HPLC (Kronberg et al., 1987) led

us to use the sane technique. In order to naximze the recovery of the

nut ageni ¢ product and inprove separation of acidic species, we exam ned
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Table 6. TOC Anal yses of Monochl orami nation

Cl: C Car bon Dose TOC (ng/ L
Rati o (mg/L as © Non- Extracted Ext
Sanpl es
Bl ank 203 185. 8 16.
1: 40 203 196. 3 17.
269 18.
1: 20 203 168.7 19.
269 22.
1:10 203 142. 8 13.
269 29.
1:5 203 125. 2 13.
269 20.
1:2 203 116.5 12
269 16.

32

Extracts at Various Cl:C Ratios

as ©O % Extraction"-"
racts Mean+/-SD Recovery

9 9.1
9 18.4+/-0. 6 9.1
8
0 20.9+/-2.7 11.2
8
5 21.4+/-11.1 9.5
2
6 16. 84/ -7-5 10.9
[0}
7 14.8+/-2.9 10. 9
9

% Extraction Recovery = (TOC in Extracts / TOC in Non-Ext. Sanmples) x 100
Mean % Extraction Recovery = 10.1% +/- 1-0%
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the use of solvents buffered to low pH  The use of phosphate buffer at
pH 3.0 in the solvents seemed to pronote a greater overall mutagenic
recovery of about 73 +/- 21%conpared with 48 +/- 20%recovery when
unbuffered solvents were used (Table 7). Mst of this previously
unrecovered activity appeared to be in Fraction 1. To ensure that the
presence of the buffer itself was not enhancing activity, extracts
dissolved in buffer and in water were assayed. No difference in

nut ageni ¢ activity was observed indicating that the higher recovery was

not due to artifact fornation.

Figure 7 shows a chromatogramthat was obtai ned by a stepw se
el ution scheme. The nost polar fraction (Fraction 1) consistently
contai ned the greatest portion of recovered nmutagenic material (52%.
Fraction 2 contained the residual nutagenicity (21% and Fraction 3 was
devoid of activity in every experinment. These results suggest that the
most mutagenically active products were polar. In addition the fact
that the use of the buffer enhanced recovery of activity in Fraction 1
shows that the products are acidic. These findings again support the
earlier hypothesis that the mutagenic by-products of monochl oram nation
are polar and acidic. A previous chlorination study utilizing HPLC to
I solate nutagenic fractions (Kronberg et al., 1988) also reported
recovering nost of the activity in the nost polar fraction. No further
fractionation of Fraction 1 was possible due to limtations inposed by
the col um used.

TOX and TOC studies on the HPLC fractions show that, simlar to

the nutagenic activity, nmost of the TOX and TOC (55% and 60%

respectively) were recovered on the first two more polar fractions
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Tabl e 7.

Sol vent
System

Unbuf f er ed

Mean:

Buf f er ed
with

1x10-3 M
Phosphat e

Mean:

» Ref.: David Cozzie,
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Distribution of Miutagenic Activity in HPLC Wth and Wt hout

Buf f ered Sol vents

Injected Fraction 1

2379

2462

2420

2379

2462

2300

2760

2530

Mut ageni ¢ Equi val ents (Revertants)*

(% Recovery)

1012 464
(42.5% (19. 5%
424 396
(17. 2% (16. 1%
718 430

(29.9+/-17.9% (17.8+/-2.4%

1872 584
(78.7% (24.5%
1072 596
(43.5% (24. 2%

908 340
(39. 5% (14.8%
1280 605
(46. 4% (21.9%
1283 531

(52.0+/-18.0% (21.4+/ -'i-5%

1990

Fraction 2 Fraction 3 Total

1476
(62. 0%

820
(33. 3%

1148
(47. 7+7-20. 3%

2456
(103. 2%

1688
(67. 7%

1248
(54. 3%

1885
(68. 3%

1819
(73. 4+7-20. 9%
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(Table 8). This finding again suggests that the nmutagenicity may be due

to chlorine substituted products.

GC/ M5 ldentification of By-Products

The total ion chromatogram of the methylated pH 2.0 ether-
ext ract abl e nmonochl orami nation products is shown in Figure 8. Forty-
five conmpounds have been identified (Table 9) in full-scan El node.
These compounds nay be present in isoneric fornms other than that
suggested due to the tentative nature of the identification

The majority of the compounds listed were identified only on the
basis of structural assignments to El spectra. A few were confirned by
perform ng anal yses on authentic spectra. Conparison w th published
spectra (M Lafferty and Stouffer, 1988) strengthened a few ot her
identifications. Due to problens related to the instrionent, neither
negati ve nor positive chenmical ionization anal yses were successful in
provi di ng nol ecul ar wei ght confirmations to the majority of the
compounds |isted. However, conparison of the total ion chromatogramto
a chromat ogram of the extract obtained by using Gas Chromat ography /

El ectron Capture Detection (GC/ECD) indicated that the majority of the
conpounds were hal ogenated (Figure 9).

The products identified in this experinent are all ethers and
esters derived fromthe nethylation of chlorinated nono- and di aci ds,
mono-, di- and trialcohols and al dehydes (which may prove to be diols if
anal yses were repeated using different conditions). These include

saturated and unsaturated conpounds. Non-chlorinated conpounds are not
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Tabl e 8. Di stri bution of TOX and TOC in HPLC Fr acti ons

Sanpl e’ TOX 2 TOX TOC %2 TOC
Recover vy Recover vy
(nmg/ L as A ") (ng/L as O

Extr act 2.0 - 19.9

Fraction 1 0.5 26. 2 5.0 25. 2
Fraction 2 0.6 28. 2 6.9 34.9
Fraction 3 0.3 14.9 2.4 12.1
Tot al 1.4 69. 3 14. 4 72.2

e Values are nean values fromtwo deterninations of one sanple
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Figure 8. Total lon Chromatograns of Derlvltlzed Mnochl oram natlon Extract (upper) and
Fulvlc Acid Containing Blank (lower). Nunbered GC peaks refer to Identifications In Table 9.
| S2- Internal Standard. The chromatograns are nornalized to the |argest peaks. The Internal 0o

standard peak In the upper chromatograml|s very small conmpared to the other peaks and Is
therefore not visible.
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Tabl e 9.

Peak#

© o N o o bdh wdNPR

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

W .

124
142
138
138
156
152
152
176
158

152

154
152
172
172
172
156
172
216
164
166
178
198
200
202
248

Conpound Structure

CH2O - CH OCHB) 2' - ' =-' A+ ¥
CH20) - OH2- CH(OCH3) 2/ * <=
CH2CL- C{OCH3) 2-CH3' "' " -
CH3- COl 2- COOCH3»' =
CH3- CHO! - CH2- CH( OCHB) 2"

CHCL(0CH3) - kC}Q)Z(}Q(OGﬁ)*

CCl 3- CoOCH3' ' !
CHO 2- CH(OCH3) 2" *

CH2C1- CH( CHB) - CH( 0CHB) 2!

CC12- CH CO0CH3*
CH3 - OHCL - CHy - OH (OOH3) 2*
CHCL( 0CH3) - CH2- CHC1( 0CH3) *
CH2( OCH3) - CHCL- CHCL1( 0CH3) »
CHO 2- CH2- CH( 0CH3) 2*

CHC 1 - CCL ( OOH3) - CHZCH'
CH2CL- CCL( 0CH3) - CHj COCHj ) "
COOCH3- CHCL- CCL( 0CH3) 2*

CH3- CH2- CCL(OCH3) - CH2- CH( CHB) 2"

COOCH3 - CHCL - O - O ( OCHB)

O (OCH) - CC1-C (CHB) - COOCH'+® *
CH2( 0CH3) - CH2- 0- CHR2) - CHOI - CCl - CHR2*

COOCH3- CC12- COOCHR' ' *
COOCH3 - CCl==CCL - CH O
CHCI 2- ((CHR) 4- CCL(0CH3) 2"

Monochl orami nation Products ldentified by GO M

Possi bl e Precursor

2-chloro-I,1-ethanediol or chloroactal dehyde'
di chl oroet hanoi ¢ acid (dichl oroacetic acid)'""
3-chloro-I,1-propanedi ol or 3-chloropropanal’

3 -chloro- 2,2-propanedio

2, 2-di chl or opr opanoi ¢ aci d*"

2-chl oro-1, 1- but anedi ol or 2-chl or obut ana

1-chl or o- 1, 4- but anedi ol

trichloroethanoic acid (trichloroacetic acid)*"-'
2,2-dichloro-1,I-ethanedi ol or dichl oroethana
(di chl or oacet al dehyde)

3-chl oro-2-nethyl -1, 1- propanedi ol

or 3-chl oro- 2- et hyl propanal

3, 3-di chl oropropenoic acid
3-chloro-1, 1- but anedi ol or 3-chl orobut ana

1, 3-di chl oro-1, 3- propanedi ol

2,3 - dichloro-1, 2-propanedi ol

3,3-dichloro-1I, 1-propanedi ol or 3,3-dlchl oropropanal
1,2 -dichloro- 2-butanol

1, 2-di chl or o- 3, 4- pr opanedi ol

2, 3-dichloro- 3, 3-di hydroxypropanoi ¢ acid'
3-chloro-5,5-dimethyl- 3 -pentano

2- chl or 0- 4- hydr oxybut anoi ¢ aci d

3- chl or 0- 4- hydr oxy- 2- net hyl but enoi ¢ aci d

2, 3-di chl or obut ene- 2- hydr oxyet hyl et her

di chl or opropanedi oi ¢ aci d (dichl oronal onic acid)*"
2, 3,4-trichlorobutenoic acid
1,6,6,-trichloro-1, 1- hexanedi ol or 1,6, 6-trichlorohexana
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Table 9. (Conti nued)

GC Mol . Conpound Structure

Possi bl e Precursor

Peaky/ W .

26 234  (03- CHOCH3) - CH - COGCH * |, 1, I-trichloro-3-hydroxybutanoic acid*'

27 198  CHC 2- (CH2) 4- COOCH3» 6, 6- di chl or ohexanoi ¢ acid

28 178  CH2((OCH3) -CO - CH- CHj “C00CH, *-"*"* 4-chl or o- 5- hydr oxypent enoi ¢ aci d*"

29 214 C0OCH3- CHCL- CHC13C00CH - 2, 3-di chl or obut anedl oic acid
(2, 3-dichlorosuccinlc acid)"

30 192 QOOCH3- C (CH3 ) -00 - COGCHa* '*° 2-chl oro- 3-net hyl butenedi oic acid (cis or trans)*'

31 198  CHO g- (CH2) 2- CH( CH3) - COOCH3' 5, 5-di chl or o- 2- net hyl pent anoi ¢ aci d*"

32 198 CH O - (CH2)2-CCL(CH3) -COOCH * 2, 5-di chl or o- 2- met hyl pent anoi ¢ aci d*"

33 212 COOCH3 - CO-CO - COOCH3» @ 2, 3-di chl orobutenedioic acid (cis or trans)*"

34 228  CH2(0CH3) - CH2- CC1- CC1- CH( OCH3) 2* 2, 3-di chl oro- 2-pentene-1,1,5-triol
or 2,3-dichloro- 5-hydroxypentenal

35 252 COOCH3- CH2- CH CH  (CH2) 3- C0-CHA 2! 9, 9-dlI chl or o- 8- oxononenoi ¢ acid

36 210  C(CH3) 20 - C(OCH3) 2- CH3*-" " -» 1-chloro-1, 1-di net hyl - 2, 3, 3-but anetri ol

37 210 CH2C1- CH2- CH( CH3) - CH(OCH3) - CH(0CH3) 2' | -chl oro-3-met hyl -4, 5, 5-pentanetri ol
or 5-chl oro-2- hydroxy- 3- net hyl pent anal

38 240 CH2(0CH3) - C( CH2C1) - C( CH2C1) - CH2- COOCH3 3, 4-di (chl oromet hyl ) - 5- hydr oxypent enoi ¢ aci d

39 240 CH2C1- C( CHB) - ¢ CHC1( 0CHB) | - CH2- C00CH3! * 3- chl or ohydr oxynet hyl - 5- chl or omet hyl - 4- net hyl pent enoi ¢ aci d

40 240 CHO (QCH3) - C (CH2Cl) -C (CH3) - CH2 - COGCH * 5- chl or ohydr oxynet hyl - 4- chl or omet hyl - 3- net hyl pent enoi ¢ aci d

41 240 CH2C1- CCl=- C( GCH3) - CH( CH3) - CH2- COGCH3' 5, 6-di chl or o- 4- hydr oxy- 3- net hyl hexenoi ¢ aci d

42 244 COOCH3) - CH(CH2Cl) - CH2- CC1(GCH3) 2' 4-chl or o- 2- chl or orret hyl - 4, 4- hydr oxybut anoi ¢ aci d

43 260 CGECH3- C(CHA 2) - CA - CO0CH3" ! 3-chl oro- 2- di chl or omet hyl but enedi oi ¢ acid (ox- EMX) "' *'

44 332 CGGCH3- (CH2) 2- C( C2Hb) - C( d 3) - CH( GCH3) 2! 5,5,5-trichl oro-6, 6-di hydr oxy- 4- et hyl hexanoi ¢ aci d
or 5,5,5-trichloro-4-ethyl-6-o0xo0-hexanoi ¢ acid

45 284 CH( GCH3) 2- CC1- CC1- ( CH2) 4- COOCH3' 6, 7- di chl or o- 8, 8- di hydr oxyoct anoi ¢ aci d

or 6, 7-di chl oro-8-o0xo0-octanoic acid


NEATPAGEINFO:id=657D9605-FEF8-45E8-8287-34A9E85DD9AF


Footnotes to Table 9

* Tentative identification based on interpretation of El spectra
"' ldentification confirmed by conparison with authentic standard
Spectrum mat ched with published spectrum (MLafferty and Stouffer, 1988)

a* Conpound al so tentatively identified in GOJM trace of HPLC Fraction 1

Conmpound al so tentatively identified in GC/MS trace of HPLC Fraction 2

Conpound al so tentatively identified in GOM trace of HPLC Fraction 3

Conpound is known mutagen or is known to exhibit other toxic properties (Herren-Freund et al., 1987,

Kronberg et al., 1990)

"' Compound or its isomer has been previously observed as a chlorination by-product (Becher et al., 1990; Christman
et al., 1983; Coleman et al., 1984; Coleman et al., 1987; de Leer et al., 1985, Johnson et al., 1982;

Meier et al., 1985)


NEATPAGEINFO:id=309EFA19-9292-4505-9618-B94DD2682FF4


a2

Retention Tine

Retention Tine

Fi qure 9. GJECD Trace of Derivitized Nonochl oramnation Extract (upper) and
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FuFvic Acid Containing Blank (lower)
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l'isted because they were also identified in the fulvic acid bl ank
(Figure 8, upper trace). Only quantification can deternmine the
contribution of nonochl oram ne oxidation in the formati on of these
products. It is also to be noted that no nitrogen conpounds were
detected al t hough one woul d have expected to have observed nitriles and

am no conpounds as monochoran nation by-products. It may be that they

occurred in concentrations that were below the detection linmt of full-
scan El node. An alternative explanation for the dearth of identified
nitrogenated organics in this work is the rapid conversion and oxidation
of low nolecular weight nitriles to the corresponding acid and nitrogen
gas during reaction (de Leer et al., 1985).

The conpounds listed are all aliphatic acids, alcohols and
al dehydes. No aromatic conpounds were identified. In addition, no
conpounds that eluted after 40 mnutes were identified because of the
degree of uncertainty involved in making structural assignnents to the
conpl ex spectra of high nol ecul ar wei ght conpounds. The mgjority of
chlorinated conpounds however, were observed to have eluted in the first
40 m nutes of the analysis.

GC/ M5 anal yses were also perforned (in full scan node) on the
met hyl at ed extracts of the three HPLC fractions. Only a few conpounds
were tentatively identified in the fractions (Table 9). Identifications
were limted by the | ow concentrations of the compounds and high

background noi se. Mst of the conmpounds were identified in both

Fractions 1 and 2. Dichloroacetic acid was identified in all three
fractions. This makes it evident that relatively poor resolution was

achi eved by HPLC fractionation
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The products identified in this study are simlar to those
previously identified in chlorination studies although a number of
addi tional conpounds are reported here. Only fifteen of the forty-five
conpounds |isted, most of which are chlorinated acids, my have

previously been identified as chlorination by-products (Table 9)(Becher
et al., 1990; Christman et al., 1983; Coleman et al., 1984; de Leer et

al ., 1985; Johnson et al., 1982; Kronberg et al., 1990). O these
conpounds di- and trichloroacetic acids, dichlorosuccinic acid and ox-
EMX have been confirmed with pure standards. Mbst of the conpounds that
are unique to this work are al cohols which may prove to be
characteristic of nmonochl oram nation products. This is not surprising
since nonochl oram ne, being a weaker oxidant than chlorine will produce

many products that are not as highly oxidized as chlorination products.

It is difficult to determine the relative health hazards of the
chemcals identified as literature data only exists on the few
chlorination products that have received the nost attention. Recent
work has shown that ox-EMX is weakly nutagenic (0.03 net
revertants/nnole) in the Ames assay (Singh, 1989); di- and tri-
chl oroacetic acids, although not nutagenic (\Waskell et al., 1978), have
been shown to induce hepatic tumors in B6C3FL mice (Herren-Freund et
al., 1987). The several alkenolc acids identified may be of

toxi col ogi cal significance because of their structural simlarity to

the open and oxidi zed forns of MX
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Structural Assignnents to El Spectra

The identifications of the 45 |isted conpounds was based on a

priori interpretations of the EIl spectra. Primary to spectra

interpretation and identification of possible precursor (Table 9) was

know edge of the nethylation reactions of BF3 in nethanol which are as

fol | ows:
ROH  ...... > R-OCT3 (Dar be, 1978)
R(OH)2 ...... >R- (OCH3) 2 (Darbe, 1978)
RCOOH ...... > R- COOOT3 (Dar be, 1978)
R (COOH) 2 ...... > R- CCOOCHs) » (Darbe, 1978)
RCOH ...... > R-CH(OCH3) 2 (MMirry, 1984; Kronberg
1988)

The methyl ated portions (in italics) often provide characteristic
| osses or fragnments ions in the nass spectrum The difficulty
encountered with the final identification of the precursor however, lies
in the fact that a conpound with the group -CH(OCH3)2 may have
originated froman al dehyde or a diol. The follow ng discussion of 4
spectra of conmpounds with different noieties will exenplify structura
assi gnnent s.

The identification of 3,3-dichloropropenocic acid (Figure 10,
upper) was based on the appearance of a nolecular ion at mz 154,

fragment ions at mz 123 (MOCH3) and mz 95 (M COOCH3) and a two
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Figure 10. El Spectrum of Methylated 3, 3-Di chl oropropenoic Acid in

Monochl orami nation Extract (upper; GC peak# 11) and Published
Spectrum of the Compound (| ower)
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a7

r”"K

HsCO| - C-fCH = CXa2
-123
chlorine isotope pattern at all three ions. The structure of this
compound was proposed to be 3, 3-dichloropropenic acid. Good' agreenent
was found between this mass spectrumand a published spectrvun of this

compound (M Lafferty and Stouffer, 1988) al so shown in Figure 10,

| owner .

In Figure 11, a weak nol ecul ar ion,- showing a 2-chlorine isotope
can be observed at m'z 198. This fragment at nmz 167 (also with a 2
chlorine pattern) arises fromthe |oss of -OCH3. The fragnents at mz
112 and m'z 131 appear to arise fromconplicated fragnentations and
reconbi nations and therefore do not readily contribute to know edge of

t he compound structure. The fragments that determ ne the structure of

a a

H COFCHg-CHz o-cH, cHC = cH,

the mol ecule are those at mz 59 and mz 89 (no chlorine pattern
observed). The only plausible structure that explains both these ions
of high intensity is that of 2,3-dichlorobutene, 2-hydroxyethyl ether

In Figure 12, although no nolecular ion is apparent, the nolecul ar
wei ght was deduced fromthe fragment at mz 1A3 by proposing that it
arises fromsinple al pha cl eavage and subsequent |oss of -COOCH3. This
fragment can also be observed as the base peak (mz 59) indicating that

the parent conpound was a methyl ester of an acid. The observation of a
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100 1 W (CH (CX3I,)-CH - 0<W
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100 .| SB(COOCH)*
a coocni j
(M COOCH, ) *
143
{ M CDOCH, 4a, ) *
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Figure 12. Bl SpectrTun of Methylated 2,3,4-Trichlorobutenoic Acid
i n"Monochl oram nation Extract (GCpeak// 24)
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iiT OHGCGC CHCOB) |

3-chlorine isotope pattern at mz 143 indicates that the conpound

contained 3 chlorines. The ion at mz 167 showing a 2-chlorlne isotope

pattern was thus postulated to occur due to a loss of a -Cl fromthe
nmol ecul ar ion. Thus the conpound was tentatively identified as 2,3, 4-
trichl or obut enoi c aci d.

The spectrum presented in Figure 13 was interpreted on the basis
of the ions at mz 75, mz 169 and the 2 chlorine isotope pattern at mz
169. The base peak at mz 75 is characteristic of the -CH(0CH3) 2

fragnment. Such a fragnment has previously been observed in the spectrum
,a al <t

| £188

of nethylated EMX and resulted fromthe replacement of the oxygen with
two OCH3 groups on the al dehyde group during methylation. In this case
however, the fragnent may have al so originated fromthe nethylation of
two diol groups on the same carbon due to the nature of nmethylation by
BF3 in nmethanol. This makes the identification of the conpound

anbi guous as the underivatized conpound coul d be either 2,3-dichloro-2-

pentene-1,l,5-triol or 2,3-dichloro-5-hydroxypentenal
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Figure 12. El Spectrum of Methylated 2, 3-Dichloro-2-pentene-I, 1. 5-triol

or 2, 3-Dichloro-5-hydroxypentanal in Mnochl oram nation Extract
(GC peak// 34)
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GC/ M5 Quantitative Anal yses

An instrvunent resolving power of 10000 was found to be necessary
for the quantification of MX and its anal ogs because conpounds
exhibiting either nmolecular or fragnent ions that interfered with the
identification and quantification of MK were present under |ow
resol ution conditions (Table 10, Figure 14). The |ow signal to noise
ratio of 1:1 at low resolution introduced great uncertainty into
i dentification and quantification. Under high-resolution conditions,
the ions arising fromthe [oss of -OCH3 and -OCH are resol ved thus
producing a theoretical ratio of 100:98 between the two ions at mz 199
and mz 201 rather than a ratio of 62:100 (Charles et al., 1990).

The standard curve data for the quantification of MXis shown in
Table 11 (Figure 15, curve a). The response of nethylated MX to "Cg
met hyl benzoate was found to be linear (r - 0.98). The percent relative
standard deviation of the relative response factor of 36% denonstrates
an unappealing variability in the results. This may have been due to
the effect of retention of sanple extract on the GC capillary col um,
whi ch may have subsequently caused an increase in nethylated MX peak
area readings in the standards. This hypothesis was supported by the
| ow percent relative standard deviation of about 15%for the mean
relative response factor of a standard curve that had been previously
obtai ned without the use of any sanple extracts (Table 12; Figure 15,
curve b). The variability in response in replicates of each standard

curve point is shown in Table 12 to be about 11%- 21%in the range
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Tabl e 10. Conparison of MX lon Ratios (mz 199/201) at Resol ving
Power = 1000 and 10000

Resol vi ng Theoretical Ratio Measured Ratio 9R S.D.
Power [ M 7[M+2]* [ M 7[ MH2] *

1000 62: 100> 82: 100 20

10000 1 00: 938 1 00: 1O =

' At a resolving power = 1000, ion at mz 200.9094 is a doubl et

which results in an observed ratio of 62: 100 between ions at

mz 198.9121 and 200. 9094.
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Figure 14. Conparison of Mass Chromatogranms of M Frag?rrer]t | ons Recor ded
at 1000 (upper) and 10000 (lower) Resolution During Analysis of a
Met hyl at ed Monochl oram nation Extract
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Tabl e 11.

MX St d.
Cone.

(pg/uL)

50

100
100
100
100
100

250

500

Ar ea

=

:bl\.)!\.)l\)l—‘

.01

.82
. 08

45

.71

30

.14

.35

Ar ea

121.

88.
91.
99.
111.
130.

100.

89.

05

98
95
42
12
72

45

09

Ar e
BA"=

149. 31

104.
91.
94.

114.

125.

113.

111.

a

08
97
30
04
49

60

56

Ar ea

Ant h. "

87.

90.
134.
105.
142.
158.

102.

71.

" Area MX - Area {nfz (199+201)/2)
N Area MCA = Area {mz (147+149)/ 2)
"= Area "Cg Benzoic Acid (BA) - Area mz 142

** Area Anthracene (Anth.)2= Area mz 188
Response Fact or
Rel ati ve Response Factor

e RF -
A RRF -

73

01
48
81
33
30

23

66
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Standard Data for MX and Mucochloric Acid (MCA) Quantification by SIMMde

RF RRF: BA
BA: Ant h.

1.70 0. 85
1.16 0.58
0.68 0.34
0.89 0.45
0. 80 0. 40
0.79 0. 40
1.11 0. 56
1.56 0.78
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Table 12. MX Standard Data Denonstrating Reproducibility of Response Factors
(anal yses perforned 5 days before quantification of MX in
nmonochl oram nati on extract)

MX St d. Ar ea Ar ea RF Mean+/ - S. D. " RRF>»
Cone. MX "Cg BA Area Rati o
(pg/uL) (M z(199+201)/2) (mz 142) MX/ BA
(x10-2) (x10-2) (xI O 2)
0 N. D. " 56. 67 0. 00 0. 00 5.25
10 0. 46 32.71 1.41 1. 05+/-0. 35 7.70
10 0. 48 47. 60 1.01 (33.3Z RSD)
10 0.58 41. 95 0.72
50 4. 03 46. 52 8. 66 7.70+/-1.01 7.72
50 2. 64 33.79 7.81 (13.1Z RSD)
50 3.10 46. 68 6. 64
100 7.89 39. 16 20. 15 15. 43+/-3. 28 6.42
100 5. 07 35. 96 14. 10 (21. 3X RSD)
100 7.48 50. 36 14. 85
100 7.23 57. 34 12.61
250 17. 06 46. 79 36. 46 32.10+/-4. 13 6. 64
250 12.55 39.70 31. 61 (12.8 Z RSD)
250 11. 17 31.55 28. 24
500 37.32 50. 39 74. 06 66. 35+/ -7.50
500 31.72 48. 13 65. 90 (11. 3X RSD)
500 26. 49 44. 84 59. 08

« Mean RRF - 6.75x10-2 +/- 1.03x10-2 (15.3X RSD)
" N.D. - None Detected
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50pg/uL - 500pg/uL. The variability in response in the four replicates
of the | Q0pg/uL nethylated MX standard in Table 11 i s about 24% which
isinfairly close agreement with the the former. However the relative
response factors obtained fromthe two curves differ by a factor of 7
Thi s phenomenon of irreproducibillty of the relative response factor was
repeatedly observed in this work (data not shown) and is not fully
understood at present. However, it seems reasonable to assvune that the
variability is due to nature of the instrunent response to nethyl MX
because Horth et al. (1989) have reported simlar problens.

The response between *Cg nmethyl benzoate and anthracene-dj,, was
monitored as a means to estimate the % ecovery of MX, assuming that "Cgy
benzoic acid is a good analog of MX. A nean recovery of 75.0% +/-14.0%
(19% RSD) was cal cul ated (Table 13). The derivatization yields for both
conmpounds have been determined in this |aboratory to be about 80% and
the nethyl esters of MX and "Cg benzoic acid appear to be stable in
hexane (Chen, G, unpublished work).

Prelimnary SIMnode quantification work was perforned on extracts
of HPLC fractions (Tables 14 and 15; Figure 16). The results of this
quantification nmust be interpreted with caution because the standard
curve was only linear in the range shown (250pg/uL - 750pg/uL). This
range falls outside the concentrations of MK in the extract and HPLC
fractions, making cal culations inaccurate. Nevertheless, it can be
observed that the mgjority of the MX appears to have eluted in Fraction
1 and the remainder in Fraction 2. These findings are consistent with

the distribution of nutagenic activity in the fractions (Table 7, Figure

7) and again demonstrates that inadequate separation was achieved by
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Table 13. Sanple Data for MX and Micochloric Acid (MCA) Quantification by SI M Mde

Extract Area Area Area Area RF*  Cone. MX* RF Cone. MCA RF %Recovery
VX" MCA"  BA= Anth." I\/KI(BIA )(pg/uL) MCA/BA (pg/uL) BA/ Anth.
xI O~

Monochl o-. 1.31 426. 74 129.41 155.37 1.01 36.6 3.30 691.2 0.83 75.4
rarai nation 1.39 188.19 195.67 180.10 0.71 33.9 0.96 264.5 1.09 99.2

Bl ank N.D.~ 187. 26

Chlor- 1.65 327.42 159.72 191.88 1.03 37.3 2.05 429.4 0.83 75.
ination 1.95 331.21 162 67 267.42 1.20 32.0 2.04 313.9 0. 61 55.

INJN

Bl ank N. D. 145. 92 193.53 244.60 0.00 0.0 0.75 149.6 0.79 57.2

a Area MX = Area {mlz (199+201)/2)
" Area MCA = Area {mz (147+149)/2)
= Area '"Gg Benzoic Acid (BA) = Area mz 142
a* Area Anthracene (Anth.) = Area niz 188
RF = Response Fact or
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Tabl e 14.

MX St d.
Cone.

(pg/ uL)

250
250
250

500
500
500
500

750
750
750
750

60

Standard Data for MX Quantification in Mnochl oram nation Extract

and HPLC Fractions Recorded in Prelimnary Experinments

Area MX Area "Cg BA RFE Mean+/ - S. D. RRF*
mz (199+201)/2 mz 142 Area Ratio
MX/ BA
(x1O-1) (x10-2) (xI O-1)
6. 89 585. 00 1.18 1. 654/ -0. 42 0. 66
5.53 276. 00 2.00 (25. 5% RSD)
2.39 136. 00 1.75
14. 87 402. 00 3.70 4.70+/ -0. 88 0.94
12.55 226. 00 5.55 (18. 7X RSD)
5.11 96. 00 5.32
2. 46 58. 00 4.24
19. 25 286. 00 6.73 9.44+/-2. 41 1.26
27. 40 224. 00 12. 23 (25. 5% RSD)
5.76 55. 00 10. 46
6.17 74. 00 8. 33

Mean RRF - 9.53 +/- 3.01 (31.6% RSD)
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Table 15. Sanple Data for MX Quantification in Mnochl oramnation Extract
and HPLC Fractions Recorded in Prelimnary Experinents

Sanpl e Area MX*  Area "Cg BA MX/ BA MX MX™ - " Mean+/-S. D.
mz (199+201)/2 mz 142 (xI G-2) Cone. Cone.
(pg/uL) (ng/L)

Extract 13. 65 104.1 13. 10 137.5 55 734/ -17
24. 89 120. 8 20. 60 216. 2 87 (23Z RSD)
26. 99 146.0 18. 50 194. 1 78
Fraction 1 2.88 110.5 2. 60 27.3 26 32+/ -8
4. 38 116. 8 3.70 38.8 37 (24% RSD)
Fraction 2 1.29 137.5 0. 90 9.4 9 10+/ -1
1.37 139.2 1.00 10. 4 10 (10% RSD)
Fraction 3 N. D." 194.7 0. 00 0.0 0]
N. D. 128.8 0. 00 0.0 0

Data for 3 determinations of one sanple in the extract and two determnations
of one sanple in the HPLC fractions

Cone, of MX (ng/L) in Extract - Cone. (pg/uL) x I OQuL x Extraction Vol une
Correction Factor of 4 (250 nL aliquot extract)

Cone, of MX (ng/L) in HPLC Fractions - Cone. (pg/uL) x [OQuL x 4 x HPLC

i njection volume correction of 2.4 (0.5 nL out of 1.2 nL of extract
redi ssolved in acetonitrile and water)
N. D. - None Detected
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ldentification of the M, EMX ox-EMX and mucochloric acid was
based on matching of relative retention times and relative ion peak area
rati os between standards and sanples (Table 16, Figure 17). The
matching was fairly accurate in nost cases. Data for the quantification
of EMX and ox-EMX, and concentrations of all four compounds in the

monochl oram nati on and chlorination extracts are shown in Tables 17 and

18.

Confirmation of di- and trichloroacetic acids, dichlorosuccinic
acid and ox-EMX in full scan mode was based on matching of relative
retention tinmes and of the mass spectra of the conpound identified in
extract and HPLC fractions to spectra of pure standards. The
quantification data for these conpounds i s shown in Tables 19 and 20.

The mean concentration of MX obtained fromanal yses of two
replicates of nonochloram nation extracts is 71 +/- 4 ng/L.
Chlorination was observed to produce approxi mately tw ce as nuch MX as
nonochl oram nation. A previous study (Table 4) has shown that
chlorination produces up to 4 times as nuch MX as chl oram nation
(Backlund et al., 1988). The study also reports higher MX |evels for
both oxidants than are reported here. 1In addition MX was found to
contribute 24%to the activity of the extract, nore than twce that
(11% reported in the present work.

The remai nder of the conpounds quantified occurred in
concentrations that were 8 to 63 tines higher than the concentration of
MX in nonochl oram nation extracts and 10 to 653 tines higher than those
in chlorination extracts.

Monochl oram nation produced 3.1 +/- 1-8 ng/L of EMX, a quantity
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Table 16. 1on Peaks Used for SIMIdentification and Quantification
of MX, EMX, ox-EMX and Micochloric Acid (MCA) in
Monochl orami nation and Chlorination Extracts

Compound 2{?%gentﬁ m z Rel ati ve Peak Area Rati os
St d. Monochl or. Chl or. -
Extracts Extracts
MX M OCH, 198. 9121 1. 00 1.00 1.00 1.00 1.00
200. 9094 0. 94 1.37" 1.14 0.90 0.75
EMX M OCH3 244. 9539 1. 00 1.00 1.00 1.00 1.00
246. 9510 1.14 0.76 0.91 0.85 0.99
ox- EMX M d 224.9721 1.00' 1.00 1.00 1.00 1.00
226. 9691 0. 65 0.64 0.68 0.71 0.68
M OCH, 228. 9226 1. 00 1.00 1.00 1.00 1.00
230. 9196 0. 89 1.02 0.97 0.95 0.95
MCA M d 146. 9848 1.00* 1.00' 1.00 1.00 1.00
148. 9818 0. 33 0.32 0.33 0.37 0.32
theoretical ratio = 1:0.98

interference from background

theoretical ratio = 1:0. 67
theoretical ratio = 1:0.98
theoretical ratio = 1:0.98

theoretical ratio = 1:0.33

al | saunples were spiked with 250pg/uL MCA standard
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Figure 17. Mass Chromatograns of EMX (upper), ox-EMX (m ddle) and Micochloric
Acid (lower) Fragnent |ons Recorded During Analysis of Methyl ated

Monochl or am nati on Extract
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Table 17. Sanple Data for Quantification of EMXK and ox- EMX in Monochl orami nation and Chlorination Extracts

ox-EMX : M- O » ox-EMX : M- OCH3

Extr act Ar ea Area EMX/ BA Cone. EMX Area ox-EMX/ BA Cone. Area ox-EMX/ BA Cone.

"Cg BA EMX (xIO2)  (pg/uL) (pg/ uL) (pg/uL)
Monochl . 93.17 3.79 3.32 2184. 4 83. 54 0.73 2510. 3 53.72 47. 14 2223.6

113.97 1.51 1.43 940. 8 74. 10 0.73 2512. 3 44. 05 41. 83 1973.1
Bl ank 105. 31 N. D. 0. 00 0.0 N. D. 0. 00 0.0 N. D. 0. 00 0.0
Chl or. 127.69 A.92 4.86 3197. 4 729. 80 7.21 24704. 1 328.11 324. 32 15298. 1

101.17 5.24 5.46 3592.1 735. 37 7.67 26266. 1 339.82 354. 42 16717.9
Bl ank 95.88 N.D. 0. 00 0.0 N. D. 0. 00 0.0 0. 00 0. 00 0.0

« Only the quantification using the MO ions of ox-EMX was reported in the text of this paper
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Tabl e 18. Concentration of MX, EMX, ox-EMX and Mucochloric Acid (MCA) in Mnochloram natlon and G lorinatlon Extracts and

Mit ageni city Contribution of the Mdst Active Conpounds : SIM Mde Quantification

Ext r act * Concentrati on " NMut ageni ci ty Contr . X

MX Mean+/ - S. D. EMX Mean+/ - S. D. ox- EMX Mean+/ - S. D. MCA Mean+/ - S. D. MX EMX

CnNmng’/ L) Cugs/ L) Cug’s/ L) Cugs L)

Chl oram 73 714/ -« 4.* 3.1+/-1.8 5.0 5.0+/-0 930 500+/ - 600 11+/-0.6 26+/-15
68 1.9 5.0 76
Bl ank 0 (0] 0 0
Chl orin. 150 140+/ -U 13 14+/-1.1 99 105+/-7.8 1100 880+/ - 310 NA" HA
130 1A 110 660
Bl ank o 0 o o

The extracts were produced from equival ent nmonochl oranine and chlorine dose and Cl:Cratio

MX concentrations presented have been corrected for recovery.

Contribution to muitagenicity is calculated on the basis of 5600 and 320 net rev/nmole (Kronberg at al., 1990) specific
MX and EMX TA100- S9 nutagenicity respectively. The TAIQO activity of the nonochl oram natlon extract was determned to
be 17A76 rev/L (David Cozzle, 1990).

No assays were perforned on chlorination extracts.
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Table 19. Dgta for Full-Scan Quantification of Conpounds in Monochloram nation Extract and HPLC

ons

Conpound™  Sanpl e"" Area g;t d*" Area IS""d RRF Area CMM  Area | Sgh C{(I}Sé<)am Cone- Cgam
(X

(xI02) (xI0OY (xI0) (ng/ uL)

OCA Extr act 7.53 1.32 5.70 694. 00 6.07 114.33 200. 6

(mz 83) Frac. 1 7.53 1.32 5.70 89. 30 2.58  34.61 60. 7

Frac. 2 7.53 1.32 5.70 9. 16 5.42 1. 69 3.0

Frac. 3 7.53 1.32 5.70 1.59 4.73 0. 34 0.6

TCA Extr act 1.03 1.32 0.78 13. 10 6. 07 2.16 27.7

(ralzll7)

DCSA Extr act 0. 15 1.32 0.11 39. 80 6. 07 6. 56 596. 4

(mz 183) Frac. 1 0.15 1.32 0.11 2.79 2.58 1.08 98.2

ox- EMX Extr act 1.95 1.69 1.15 18. 30 6. 07 3.02 26. 3
(mz 225)

DCA - Dtchloroacetic acid
TCA - Trichloroacetic acid
DCSA - Dichlorosuccinic acid
the ion nonitered i s given in parentheses
Frac. - HPLC Fraction
Canound or analyte be|n? quantified flcngﬁuL n standard)
ernal standard, decafl uorobiphenyl (IOng/uL in standards and sanples; mz 334 nonitered)
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Table 20. Concentration of Di- and Trichl oroacetic Acids, Dichlorosuccinic Acid and ox- EMX
i n Monochl oram nation Extract and HPLC Fractions: Full Scan Quantification

Conpound I on Moni t or ed* Concentration (ug/L)
(n'z)
Et her Extr act HPLC HPLC HPLC
Fraction 1 Fraction 2 Fraction 3
Di chl or oaceti c 83 80 58 2.9 0.6
Aci d
Tri chl or oaceti c 117 11 ND" ND ND
Aci d
Di chl or osucci ni ¢ 183 240 94 ND ND
Aci d
ox- EMX 225 11 ND ND ND

Performed in full scan GC/MS node with internal standard decaf |orobiphenyl (IOng/ul)
and pure standards of the conpounds (| Ong/ul)

ND = Not Det ectabl e
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that was a factor of 4 |ess than that produced by chlorination in this
study. Backlund et al, (1987) observed the same ratio between
chl oram nation and chlorination, but found |ower concentrations of EMX
than were found in this study (Table 4). In addition, they found EMX to
contribute only 2%to the total activity of the extract in contrast to
the 21% found in this study. The fact that a greater quantity of EMX
(ring-open isoner of MX, predomnant at pH > 6.5, Holnbolmet al., 1984
Meier et al., 1987) was formed in this study may explain the | ower
concentrations of MX and consequently the |ower nutagenic activity
observed in this study in conparison to the study by Backlund et al.
(1987). The reason for the above may be due to the fact that the
Backl und study utilized a reaction pH of 7.0, one pH unit |ower than
that used in this study. A difference of one pH unit may have caused
the production of a ten fold greater quantity of EMK in the present
wor k.

ox- EMX was quantified in both SIMand full-scan nodes. The anount
quantified by full-scan (Table 20)(11 ug/L) was approximtely twce the
amount quantified by SIM(5 ug/L). This difference in concentration
i ndi cates that the assunption of linearity made for SIMnode
quantification did not hold true. However, the results nust be
interpreted with caution since both analyses were only seni -

quantitative

Mucochl oric acid was observed in both nonochl oramnination and
chlorination extracts (500 +/" 600 ng/L and 880 +/- 310 ng/L,
respectively). However, the high variability in the results render the

sem -quantitative results unreliable.
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Ful | -scan deterninations (Table 20) yielded high concentrations of
di chl oroacetic acid (80 ug/L), trichloroacetic acid (11 ug/L) and
di chl orosuccinic acid (239 ug/L). Dichloroacetic acid and
di chl orosuccinic acid were also quantified in the HPLC fractions. About
76% of dichl oroacetic acid and 40% di chl orosuccinic acid quantified in
the extracts were recovered in the fractions. The recovery of the
former conpares fairly well with that of the nean recovery of
approxi mately 71% of mutagenicity, TOX and TOC from HPLC.

ox- EMX and nucochloric acid have both been found to be weakly
mut agenic (7.8 net revertants/nnmole and 1.3 net revertants/nnole
respectively; Singh, 1989; Meier et al., 1986). Despite its occurrence
in large concentration in the extracts, ox-EMX only contributes about 2%
to the nmutagenic activity of the monochl oram nation extract. The

contribution of mucochloric acid is negligible.
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CONCLUSI ONS AND RECOMVENDATI ONS

Monochl oram nation of aqueous fulvic acid was consistently shown
to produce mutagenic by-products that show simlar characteristics to
those produced by chlorination (Table 4). The preferential extraction
of the nutagens at acid pHand elution in the nost polar HPLC fraction
shows themto be polar and acidic. In addition, the strong correlation
between TOX and nutagenic activity inplicates chlorinated conpounds in
the production of nutagenicity. Mitagenic activity of the extracts
appears to Increase linearly up to a NHgC dose (consumed) of 415 ny/L
H gher doses did not result in an increase in activity possibly due to
the lethality of the products at high concentrations. The nutagens
produced are nost likely to be direct acting, base-pair substituting and
el ectrophillc.

Forty-eight conpounds were identified by HRGC/MS anal yses. Of
these MX and its structural anal ogs EMX, ox-EMX and mucochloric acid
were quantified or sem-quantified by SIMnmode anal yses. Chloram nation
produced about half as much MX, about a fourth as nuch EMX, about a
twentieth as much ox-EMX and about the sanme concentration of nucochloric

acid as chlorination under the same conditions. These conpounds

together account for about 39%of the total nutagenic activity of the

nmonochl oram nati on extract.

The 44 other conpounds tentatively Identified (except for di- and

trichloroacetic acids and dichlorosuccinic acid which were standard

confirmed) are short-chain (Cg-Cg) chlorinated aliphatic acids, alcohols
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and al dehydes. These include al kenoic acids, conpounds structurally
simlar to EMX, the geonmetric isonmer of MX

Additional research is greatly needed before definitive
concl usi ons can be reached about the relative health hazards of
monochl oram nation. Many recomrendations can be made for future study.
First, HPLC and derivitization methods nust be devel oped to further
isolate the mutagenic fraction and to identify conpounds that account
for the residual 61%of the activity. Second, the pH dependent
production of MX and EMX in nonochl oram nation extracts nust be further
investigated as the equilibriumconcentrations of both determne the
| evel of mutagenic activity observed. Third, the nutagenic activity of
the identified conpounds that are structurally simlar to EMK nust be
determ ned and pH dependent structural changes nust be exam ned.
Fourth, product identification work needs to be continued not only with
nodel reaction systens but also with real drinking water extracts.

Last, aninmal studies nust be conducted to eval uate toxicol ogy and

carcinogenicity of MX and related conpounds in mammalian systens.
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APPENDI X

Equations Used for Calculations in the Quantification Wrk

1. Relative Response Factor (RRF) - (AreaC x Conc.1S)/(Areal S x Conc. Q)
AreaC represents an average area of 2 ion peak areas for each conpound

guantified in the SIMnode and a single ion peak area for conpounds

quantified in full-scan node. Areal S represents single ion peak area of
the i nternal standard.

2. Conc.C, - {(AreaC, x Conc.I1S)/(ArealS, x RRF)) x “Recovery

The subscript "s" represents sanpl e val ues.

3. XRecovery - {(AreaBA, x Conc,A)/(AreaA x RRF) / Conc.BA,tj.) x 100

BAis "C* nethyl benzoate, Ais anthracene-dm and RRF is the relative

response factor of ~"Cg methyl benzoate to anthracene-dmin the
st andar ds.

4. Cone. MCA,,. - Cone. MCA.”~,. - Cone. MCADb,,, k

MCA is nucochloric acid. The correction is necessary because al
sanpl es and bl anks were spi ked with 250pg/uL of nucochloric acid.

5. ~Contribution to nutagenic activity -

(Conc. M,g,L X Activity M,,,,q) / Total Activity of Extract

Mis the nutagen whose contribution is being cal cul ated
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