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Recently, organic chlorides which are produced during
chlorination in drinkingwater supply treatment or
wastewater treatment are becoming a world—-wide problem.
Some chlorination products have been identified(Bellar
et al. 1974; Ishikawa et al. 1986; Pereira et al. 1973;
Rook 1874; Sakurai and Sawamura 1883; Sayato et al.
1982 and their toxicity have been also confirmed (Kada
and Ishidate 1981), but it is aspected that there would
be much of other toxic products. Therefore it is
necessary to examine the <chlorination of organic
pollutants and chemicals which exist in natural waters
or wastewaters.

Organic phosphate esters (OPEs) are widely wused as
plasticizers, industrial hydraulic fluids, and
lubricant additives and several kinds of OPEs have been
detected in environmental waters, sediments(Ishikawa et

al. 13885b), industrial wastewaters, and domestic
wastewaters(Ishikawa et al. 1885a). Then we are
interested in the behaviors of OPEs, a kind of
chemicals, during chlorination in water treatments. We

studied on the reactions of 7 OPEs, which had ever beer
detected, with chlorine in aqueous solution.

MATERIALS AND METHODS

Seven OPEs were purchased from Tokyo Chemical Co,
Japan. Tributyl phosphate (TBP), Tris(2—-chloroethyl)
phosphate (TCEP), trioctyl phosphate (TOP) and tricresyl
phosphate (TCP) were purified by distillation wunder
reduced pressure. Tris(chloropropyl) phosphate (TCPP)
and Tris({dichloropropyl) phosphate (CRP) were used
without further purification. Triphenyl phosphate (TPP)
was purified by zone refining. The purity of these
OPEs was <checked by gas chromatography (GO and gas
chromatograph /mass spectrometry (GC/MS). The TCP was a
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mixture of iéomers. Aqueous solution of OPEs was

prepared, dissolving OPEs in purified water by
vigorously shaking for 1 hr. Standard solutions were
prepared in acetone. The water was purified using a

Yamato, Model WA-715, auto—-still equipped with filter,
distiller and ion exchanger,.

GC analyses were conducted on a Nihon Denshi, Model
JGC-20K, GC equipped with a flame photometric detector
(FPD) having a 526 nm filter and with nitrogen as the
carrier gas at a flow rate of 20 ml/min., The 2 m x 2 mm
glass column was packed with 2% OV—-17 + 2% PZ-179 on
Uniport HPS, 60~80 mesh. The column temperature was
programmed from 200 to 300 °C at 10 °C/min for
quantitation and varied from 210 to 300°C depending on
the OPE for the identification of chlorination
products. The injector and the detector temperatures
were 300°C.

GC/MS analyses were performed on a Nihon Denshi, Model
JGC-20KP/JMS-015G~-2, GC/MS. The carrier gas was helium

at a flow rate of 20 ml/min. The other GC conditions
were the same as above described. The ionizing energy
was 75 eV.

Chlorine was prepared from calcium hypochlorate and
hydochloric acid, and dissolved in purified water. The
chlorine —concentration was determined ijodometrically
(Japan Society of Sewerage 1974).

The mixed solution of OPEs(each OPE 0.1 mg/l) and
chlorine(3-1000 mg/1)> which had been adjusted at each
pH with hydrochloric acid or sodium hydroxide was
stirred in a 500 ml of stoppered flask in the dark at
20 °c. Forty milliters of the sample was withdrawn
periodically, dechlorinated with sodium sulfite and
adjusted at pH &5 with hydrochloric acid or sodium
hydroxide. The remaining OPEs were extracted with two
10 ml portions of dichloromethane from the solution.
The extracts were combined, dried over anhydrous sodium
sulfate, concentrated until almost dry, filled up to 1
ml with acetone and then analyzed by GC or GC/MS. The
blank test was performed in the same way without a
addition of chlorine.

RESULTS AND DISCUSSION

Figure ! shows the decreasing ratio of OPE vs. pH at
100 mg/l of chlorine concentration after 24 hr. TOP,
TPP and TCP decreased in all pH ransges, especially
under strongly acidic and strongly alkaline conditions.
Under alkaline conditions, OPE degradation involves a
hydrolysis with sodium hydroxide, which was confirmed
by the blank test(Figure 2. But the reactions of TOP,
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Figure 1. Effect of pH on the chlorination. Chlorine
100 mg/1, reaction time 24 hr, each OPE 0.1 mg/l, -QO-
TBP, -@- TCPP, -Q- TCEP, -@©- ToP, -O- CRP, -& -

TPP, -[J- TCP.
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Figure 2. Degradation of OPEs with HCl1 or NaOH.
Reaction time 24 hr, each OPE 0.1 mgs/1, -O- TBP, -@-
Tcep, -Q@- tcep, -©- 10P, -A- CRP, -A4&- TPP, -[O-
TCP.
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Figure 3. Relationship between OPE decrease and
chlorine <concentration at pH 7. Reaction time 24 hr,

each OPE 0.1 mgs/1, -O- TBP, -@- TCPP, -Q- TCEP, -©O-
TOP, -A- CRP, -A- TPP, -[J- TCP.

TPP and TCP with chlorine were also proceeded 1in
alkaline media because the decreasing ratio of TOP at
pH 12 was about 10 times as that of sodium hydroxide
hydrolysis at the same pH and because some chlorinated
compounds were produced in all pH ranges as later
described. The equibirum equation of chlorine in water
is shown in equation 1. Almost of chlorine is existed
in the form of HOC1l at a pH below 6(Isomura 1971). The
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Figure 4. Degradation of OPEs at 3 mg/1 and 1000 mg/1
of chlorine concentration. Each OPE 0.1 mgs1, —-O- TBP,
~ @~ TCPP, -Q- ICEP, -@©- TopP, -A- CRP, —A- TPP,
-0~ TCP.
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Figure 5.

FPD~-GC chromatogram of chlorination products
of TPP at pH 3. Chlorine 100 mg/1l, reaction time 24 hr,
TPP 0.1 mg/l, column 2% OV-17 + 2% PZ—179 on Uniport
HPS, column temperature 300°C.
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Figure 6. FPD-GC chromatogram of chlorination products
of TCP at pH 3. Chlorine 100 mg/l, reaction time 24 hr,
TCP 0.1 mg/1, column 2% OV-17 + 2% PZ-179 on Uniport
HPS, column temperature 300°C.

decreasing ratios of TOP, TPP and TCP were higher in
Clz2 + 2120 & HOC1 + 130" + CI” 2 OCI™ + H* + CI---- o9
acidic media because of its strong oxidizing ability.
The decreases of TCEP and CRP in alkaline media were

mostly caused by sodium hydroxide hydrolysis. TBP and
TCPP were stable in all pll ranges.

The relationship between OPE decrease and chlorine
concentration at pH 7 was shown in Figure 3. Even at
lower chlorine concentration(3 mg/1) which is a
concentration level used in usual disinfection, TOP,
TPP and TCP decreased in the ratlios of 5, 3 and 5%
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Mass spectra of peaks 1-3 in Figure 5.
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vafter 24 hr, respectively.

Figure 4 shows the periodical decrease of OPE under the
conditions: chlorine 3 mg/1l, pH 3 and 7; chlorine 1000
mg/1l, pH 7. At 3 mg/1 of chlorine concentration, 50%
of TOP, 20% of TPP, and 55% of TCP at pH 3 and 10% of
TOP, 5% of TPP, and 15% of TCP at pH 7 decreased after
48  hr. At 1000 mg/]1l of chlorine concentration and at
pH 7, 10% of TBP, 5% of CRP, 35% of TOP, 25% of TPP and
80% of TCP decreased for 48 hr,

In the cases of TPP and TCP, new peaks were observed on
each FPD-GC chromatogram after the chlorination(Figures
5 and 6). These peaks were identified by GC/MS.
Considering these mass spectra, peaks 1-3 in Figure 5
and peaks 1-10 in Figure 6 would be those of
chlorinated TPP and TCP, respectively, which benzene
rings were substituted with 1-3 of <chlorine atoms.
These mass spectra and the estimation of each fragment
ion(Budzikiewicz et al. 1973) were shown in Figures 7
and 8. These peaks were higher in acidic region than
in the other regions.
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