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Abstract

Since Rook has demonstrated that trihalomethanes (THMs) are
produced during chlorination. of river water. the presence of total
organic halogen(TOX), in addition to THMs has been focused as very
important water quality paramaters in drinking water. In the present
work water samples collected from the Tama River during May 1985
to September 1987 were determined for their concentrations and
compositions of organic halogens after +treated with chlorine under
the conditions wutilized for water renovation.

The ranges of THM and TOX {formation potentials on chlorin-
ation of the river waters were from 2 to 160 #£g/1 (mean value, 40
#g/1) and from 20 to 370 gg/1(mean value, 140 g, ”1) respectively.
Higher concentrations of THMs and TOX and high ratios of bromi-
nated THMs to totall THMs were found in chlorinated water sam-
ples collected from the midstream of the Tama River, as compared with
those observed from the upstream. Furthermore, high concentrations of
bromide ion(200-400 #g, 1) were found for waters from two branches
draining into the midstream of the Tama River.

The concentrations of both THMs and TOX in water samples taken
from the Tama River and subsequently treated with chlorine increased
during spring and summer, and decreased during fall and winter.
Incubation tests of glucose, albumin and sodium stealate solutions
with microorganisms separated from the bottom mud of the Tama River
showed 'the increase in their THM and TOX formation potentials on
chlorination and the dependence of the increase on the water temperatures.
This result suggests the seasonal changes of the concentrations of
THMs and TOX precursors present in the Tama River are caused

by the seasonal variations of the water temperatures.
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BEAOEENAEICL) 7 kA A%E0 b Y ~u 2 &Y (trihalomethane : THM) #ER T LE#H
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FEYR~NL D5, 10T, 20T, 30 CLEELBVERYE, THMB LU TOX AREENEALTE
—JICETBOREL 2 - K,

LT, FBRETH I, Th bogERo Fico ik 15,



® B H &
L BENFNKOHER A0S L LENORE

1—1 BRI

TOXHED D ORI KFFig 1 R LAZEND 8IS 5 19855 A9 A, 1985412
A3H, 19864890, 7HA3H, 10A8H, 1987424190, 5A7H, 7A10H, 9
F 30 B0 9 BRI Lk, S-Sy ¥y REEASR & 0TIl dR OB K 2 BRI L, SRR L7
KK BB LD AME BT BRd, AvTFv7 s — (B 045em) WAL, HHETS
CCRH Lice BALM A+ vEIED 2D OYH ORBAR, 198746 26 AL 9 H30 A CRARRIC

bfﬂﬂﬁﬁbﬁoiﬁ.THMMEO%&O%HKﬁJOM%@%l5M0N47kawﬂﬁb,T
7an%thﬂAETWi#vyf?ﬁ%%%%bkoﬂ{TWﬁAﬁ@ﬁéﬁkﬁ%f%ﬁEi

TEATHH L,
1 : Daishi 5 . Hino
2 . Maruko 6 . Nagata
3 : Tamasuido 7 : Mannen
N 4 . Koremasa 8 . Kawai N
o e SAITAMA PREF.
e 1
\.! \-"
S\ Ogochi 8 ﬂ_\vTama Lake j ( ? .
; = |V ] o ) .
e 7 e o 2,
\, \ g {
\ AkikaWa b A CHIBA
~ Tanichi . Zanbori N ’
Moo : \ )
N 0 A 2}
\'\.,.) Asakawa 4 ;,‘ 3
\-—‘_’."’j . a—
ri
N~ Hodolubo OFL ~  xJoeeve
]: Dam \‘\,J (~-\\-3 3 ~
o . Sampling sites for \ q 1
analysis of bromide Iy, 2 p
) TAMA R. : TOKYO BAY
SAKAI R. \ o
{ KANAGAWA PREF. RS

Fig. 1. Location of the sampling sites in the Tama River.



1 —2 {)iAH ORFEAHE L ik
1-2—1 & %

Em (kD XA

KEALF b U v a (ERR) D B L

REERMBF MV v 28K e

~Fyv v (RGBREFABRA ) | BRLF

B bV v oA (HEfR) B 1 it E

KGRy Y s (KR  BIR{LE
1—2-2 H\RLE

BB ZWeE D), ERLABRIROLMATHT ok, BFKIE, IN HC1 ¥4 1IN NaOH %
ATpH7 ICHBL, BE1 LOTFABBRCHERBLUERT -/ HRLEIK10%ONaOC1 B %
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1-3-2 TOXODHE
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BAEBERRARY £ £/ — Vv TRERBEICHERLTCE L,
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KRB O + VEBEORERRESDBE L~y FAR—A - # A7 <7 F7HKICK
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-7 —



® —“EBt<viv - HBBREK (MnO, 1007 in 4N H, S0, 10mf) 1mf ZMA CHHL, Bl
<1 55HEHRET 5,
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REIKF ORI A A+ VIBER BRE LK,
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2 —1 ZEJEERO®KR
19874 9A 3 0H, HEAEBBTOLENEEBEY =7 v~ v - vREREXAVTRRL, HE
La? s ABBICMD, 5 CCHREL

2— 2 REICH DM
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) VEBKEZ 7Y v A CEfRD) 0 BIRALE
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® TFTamos® #200m0=fA75A=26@IC100m T OHEL, 4A—t 7V —7THET 5,
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AFTY VBFFY DA VN (-

—8—



YyoBIKE Y v A (D) ; BARALE
) UEBAETF R Yy ALl 2KE (BR) ;. BEEE
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Fig. 2. Configuration of XAD column Fig. 3. Fractionation scheme for XAD extract.
used for absorbing organic substance
in water sample collected from the

Tama River.
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Table LICR Lice Ay KAR—Z -z za= b F/574—CkoT, ERABAK LI, POX
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CEDRAD26~96u8/1Thot, COBBEKARE P Ha—n, < BIUMHOE~
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Table 1

Distribution of purgeable (POX) and total organic halogen (TOX) in
water samples collected from the Tama river on May 9. 1985 before and
after treatment with hypochlorite (initial chlorine concentration
10mg/1) at 20T for 24h.

Sampling station Concn(ug/1) of POX Concnf{ug/1) of TOX (APOX/ATOX)

No. Before After APOX Before After ATOX  + 100
1 Daishi(3.8km)* 4 90 86 45 344 299 28.7
2 Maruko(14km) 2 75 73 38 417 369 26.1
J Tamasuido(25km) 4 89 85 35 326 291 29.2
4 Koremasa(34km) 5 96 91 31 324 293 28.1
S Hino(43km) 2 47 45 45 361 316 14.3
6 Nagata(Sdikm) 4 26 22 35 323 288 7.5
7 Mannen(64km) 2 26 24 34 146 112 17.1
8 Kawai(78km) 3 34 31 25 160 135 22.9

|

*Distance from the river mouth.
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Table 2

Average values of TTHM concentraton and TOX of 7 times of sampling

December 3,
1985

April 30,
1986

July 3,
1986

October 8,
1986

February 19,
1987

May 7,
1987

July 7,
1987

September 30,
1987
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Fig. 5. Distantial variation in Total~THM levels in
water sampes collected from the Tama River for 8
sampling periods during Dec. 1985-Sep. 1987.

(Dec.3,1985—Jul.10,1987) at 8 samling stations,

Sampling

S onE No. 1 3 4 5 6 7

Average value ¢ , 5.1 6.6 4.2 4.1 2.6

of TTHM . L . : : ‘
(ug/l)

S.D.* 6.1 5.2 4.8 4.6 3.5 2.7
Average value 27.9 28.6. 37.7 31.7 13.8
TOX

(ug/l)
S.D. 9.1 10.2 21.3 25.7 1.

*standard deviation.
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Table 3

Average values of TTHM concentrat
Values of TOX concentration of 7
e ———

1985 -Sep. 1987.

ion of 8 sampling stations and average
sampling stations (2—38).

D -~
s:;equ Dec.3, Apr.30, Jul.8, Oct.8, Feb.19, May 7, Jul.10,
pling 1985 1936 1986 1986 1987 1987 1987

Average value '

of TTHM (ug/1) 1.0 J.1 5.3 3.0 5.5 1.2 10.4
S.D.* 0.8 1.5 5.0 7.4 2.8 0.6 2.7

Average value ) -

of TOX (ug/1y 29-0 53.8 17.0 29.0 26.2 36.0 15.6
$.0. 9.5 60.3 4.5 12.3 12.2 22.6 6.5

*standard deviation.



T 41 ~ 6.6 /1 DRITKERERRB bR R ok, TOXEBERME 2 (ATFHT )0 oHH6 O
MCRBhZ27.9~5L1pg/1 L5 EICHNT, #A8 (JIH) KBVT234p8/1 L), R
7T R OTENEYT Lk, B UTHE e ¥ M EWBRER ERICBVTEVEVR SR, HRTS
B~ ey ALEHABEE IR TOBE L dib %, TR ERICRET ELOHKS KUREHK
KEBd0LBbhb, $%, THML TOXOBENFFHEE ¥ R57DICEEOBEIICO T2
HOTHfEA Table 3R L%, THMBERZ 1.0 ~10.4p9/1 OFTH D, HEHEESL D& EBIEN
K&t TOXBREOEHBINKEHOEL HEVE LR e, THMBLUTOXBREDNF
BMEBICIE, F-% ) LABBRRIR A 057

3. ZEINFNINKOEHE  \0Fr LEBMERBEORBEE

3—1 THMFP®XUTOXFPDRELES

THMFP ¢ TOXFPOREBER O 7TACHbL 5 REKRYThENFig. 7 L Fig. 8 %R L7
THMFPE Ef0MA 7 & 8 TES, FHOMA6HBHVIFE 05 LR LTTHE THVW ERKR D-F
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ke EAS 198654 H, 7H, 108, 1987458, 7THIKABRh%, Table 4/C1985% 12
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6.8

24h and
64.06

ples collected from the Tama River of 7 times of sampling (Dec.

3. 1985 — Jul.10, 1987) at each samling station

—

22.7
109.3

22.0
5.4
114.3
77.3

26.7
24.7
117.7
95.9

38.2
31.6
194.5
118.4

45.4
35.5
104.0

potentials (THMFP) and TOX formation potentials
163.5

39.7
40.9
102.0

(initial chlorine concentration 10mg/l, 20T,
164.0

28.6
24.7
131.8
116.1

40.9

96.6

No.

*standard deviation.

S.D.*

Average values of THM formation
S.D.

(TOXFP) on chlorination

Table 4

PlI7) of water sam
Sampling

station

Average value

of TTHMFP (ug/1)
Average value

°f TOXFp (ug/l1)
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pH7 ) of water samples collected from the . pH7) of water samples collected from the
Tama River. Tama River.
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Table S

Average values of THM formation potentials (THMFP) and TOX formation potentials
(TOXFP) on chlorination (initial chlorine concentration 1Omg/l. 20T, 24h and
pH7) of water samples collected from the Tama River. And average values of water
tempurature of 8 sampling stations in the Tama River.

Date of Dec.3, Apr.30, Jul.s, Oct.8, Feb.19, May 7, Jul. 10,
sampling 1985 1936 1986 1986 1987 - 1987 1987

Average value
of TTHMFP (ng/l)

-§.D.*% 25.4 30.9 35.7 12.3 12.9 50.4 36.9

Average value
of TOXFP (ug/l)

S.D. 88.8 99.4 68.8 61.2 12.9 21.0 - 52.6

Average value
of water temp.

S.D. . 2.2 4.1 3.0 2.3 1.8 4.0 5.4

20.6 45.9 80.1 25.9 22.8 35.9 48.6

75.6 113.7 J307.3 133.7 85.1 95.4 152.3

(C) 11.5 16.4 14.7 16.0 7.7 17.6 21.6

*standard deviation.
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Fig. 18. Time courses of DOC, TOXFPs and THMFPs in solutions of glucose,
albumin and sodium stearate incubated with microbial inoculm separated from
the sediment collected from the Tama River.
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‘Table 6

Effect of chlorine contact time on the formation of trihalomethan
(THM). chromatographiable(COX). n-hexane-extractable (EOX) and
total organic halogen (TOX) during chlorination with hypochlorite
(initial chlorine concentration 10mg/l) of water collected from
station 3 of the Tama river on May 9., 1985 at neutral pH at 20C.

Contact Concentration(ng/lj - Percentage
time —
{h) A B* c D (A/D) (B/D) (C/D)
(THM)  (COX)  (EOX)  (TOX) «100 +100 100
1 1s.8  12.0 109 200 7.9 6.0 5a.5
2 25.0 21.0 110 235 10.6 8.9 16.8
4 39.0 25.0 112 269 14.5 9.3 41.6
8 50.0 24.8 112 280 17.9 8.9 40.0
16 70.0  25.0 110 205 23.7 8.5 37.3
24 85.0 2 105 291 29.2 9.0 36.1

*Yield were derived from total GC peak areas,relative
to the area of Aldrin.
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Table 8.

TOX formation on chlorination of the samples extracted with XAD-2
from water sample collected from the Tama River at sampling site
No.5 on October 2., 1986.

Fraction

Crude Neutral Acidic Basic Total
Yeild* (mg) . _ 38.9 14.6 10.7 3.0 28.3
Distribution
ratio (%) 190 37.5 27.5 7.7 72.7
TOX (ug) 232 81.9 56.7 6.9 145.5
Distribution
ratio (%) 100 35.3 24.4 3.0 62.7
TOX formation 539 78.8 ° 223 35.1 341.9
(ng)
Distribution
ratio (%) 100 14.6 - 42.3 6.5 63.4
TOX formation#*
Qs/l) 13.9 5.4 22.1 13.4 12.5

*Yeild from organic compound from 200{ water sample.
**TOX formation per lmg sample.

Table 9.
TOX formation on chlorination of the samples extracted with XAD-7

from water sample collected from the Tama River at sampling site
No.5 on October 2, 1986.

Fraction -
Crude Neutral Acidic Basic Total

Yeild* (mg) 44.7 26.4 18.3 -_— 44.7
Distribution 100 59 —

ratio (%) .1 40.9 100
TOX (ug) 474 298 107 -_— 405
.Distribution

ratio (%) 100 62.8 22.7 —_— 85.5
TOX formation 902 403 471 —_ 875
(ug)

,stsrlbutxon 100 44.7 52.3 —_— '97.0
ratio (%) .

TOX formation** 20.2 15.2 25.6 — 19.6
(ug/l1)

*Yeild from organic compound from 2001 water sample.
**TOX formation per 1mg sample.
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