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A Study on the Experimental Method of Chlorine
Treatment of Raw Drinking Water
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Reduction of carcinogenic irihnalomethzanes (TEM) formed
in drinking water by chlorine disinfection is a serious problem
in the world at present. In advance of a study to depresé
the formation of THY by a simultaneous use of radiation and
ozore, the experimental methods of measuring of THM and total
organic halogen (70X), chlorine treatment and preparation of
humic samples were reviewed. This study proved that (1)
chlorination in a vial enables the simultaneous measuremnent
of THM and TOX, (2) addition of nitric acld depresses tne
nydrolysis of halogenated organics, (3) water-soluble sodium
bisulfite can be used as a good dehalogenating reagent, and
(4) humic samples prepared from humus are guited for the

experinent of chlorine ireatment of raw drinking water.

Keywords: Trihalomethanes, Total Organic Halogen, Chlorine
pisinfection, Humic Acid, Fulvic Acid, Gel

Chromatography, TOX
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e

THETITE

Fig. 1 The ECD gas chromatograms of water purified
by the MILLI-Q system; A: as-purified and
B: after purged by high-purity N, gas. The
head-space gas volume injected was 100 pl.
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Table 1 Conditions for ECD gas chromatography

Detector temp. 250 °C

Injection temp. 150 °¢

Column temp. 110 °C

He carrier 1.0 kg/cm®

Discharge gas (He) 0.63 kg/cm?

Column 3.4 mm¢x3 m glass column

vacked with Silicone DC-550
20% coated Chromosorb AW-DMCS
(6080 mesh)
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Fig. 2 The ECD gas chromatogram of drinking water
of Takasaki Establishment of JAERI. The
head-space gas volume injected was 100 ul.
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Fig. 3  An example of the ECD gas chromatograms of the standard
solution of trihalomethanes. The concentration in
water phase was 80 ug/l for CH;3Cl, 160 pg/l for
CHCl,Br, 40 ug/l for CHClBr, and 800 pg/l for CHBrj.
The head-space gas volume injected was 100ul.
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Fig. &4(A) The calibration curve for CHCl; and CHBrj.
[CHCl3]yyater @nd [CHBr3},5rer mean the
concentrations of CHClsz and CHBrj3 in water
phase, respectively. The head-space gas
volume injected was 100 yi.
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Fig. 4(B) The calibration curve for CHCl,Br and CHClBrs.
[CHCLsBrlyater and [CHC1Br;lyaper mean the
concentrations of CHCl;Br and CHClBr; in water
phase, respectively. The head~space gas volume
injected was 100 ul.
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The calibration curve for CHCly. [CHClglyater means
the concentration of CHClLj in water phase.
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The calibration curve for chloropicrin {(CC13NO,).
[CC13NOy lyater means the concentration of CCL3NOp
in water. The head-space gas volume injected was
100 pl.
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Fig. 7 The apparatus for cleaning the
microsyringe used for sampling.
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Fig. 8 Relative changes cf trihalomethane concentration (TEM)
after the termination of chlorine treatment {20° 6h),
The THM means the THM value immediately after the
termination of chlorine treatment. The added volumes
of H43P0, and HNOj3 were 50 ul and 100 ul to 100 ml of
the sample solution, respectively.
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WD TOX ©7 5 7 I RTEH OB EALRU L _VTHRERD L LTSI, )

8) @DH T aEE Sy b L, BEEEHE (33ml /min) T EEALE.
DB BT ER O TOX Olic k » TEE B, Flar, TOX 500 pg/ 1L EDBES I,
10ml ©BEERBTHRTH - 70 KEKD TOX 2 LIBE T, 50ml LU LOFERED HE
ThHotro SEED TOXORELZBL - HBICEEED TOXDREE 4R T & S, BRKT
EERA LR L Ao, S M UE R S, '

@) ZEHCEINAMBO o {LYERET 00, 10% KNOs %33 ml/437T 2ml
Lo EEAA VH0mgNEENTOEHBTS, COWFILL - TERIZ Y2 EL
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v A, 102 pg/ 1 RENE G, il 102 soBIiEERYT DT, BlEHEsZEYT S
FL BIF1I00%ERENLEFLLL LisTE 5, Table 4 i =F LB THTS N-EEER
oAb AOENE AT, EEORETE, RERESRICNES ¢ 2RI, 2 KO
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Fig. 9 Monitor curves during the measurement of TOX.

Table 2 TOX values of several waler samples

Sample TOX (ug/l)
Drinking water a) 40
Distilled water B) 4
Purified water ©) 273

a) used in Takasaki Establishment of
JAERT.
b) obtained commercially,

- c) by MILLI-Q system, followed by
high-purity N, gas purge.
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Table 3 Reliability of TOX measurement

sample 33?3;@ TOX (ug/l) x a) o b) o/;

Drinking € 41,38,41,40
1 0. 1.48 0.037

water >0 ml 40,39,43 40.3 03
Chlorine—
treated 20 ml 122,118,116 118.7 2.49 0.021
fulvic acid
a) mean value.

b) standard deviation.

¢) ysed in Takasaki Establishment of JAERT.

Table 4 Recoveries of various organic halides
Substance Recovery (%) a)
Chloroform 98
Bromoform 94
1,2-Dichloroethane 98
1,2-Dibromoethane 92
1,2-Dichlorcethylene 97
Trichlorcethylene 99
p-Chlorophenol 99
2,4,6-Trichlorophenol 101
p-Dichlorobenzene 99
m-Chlorobenzoic atid 105

a) taken from Ref. 18).
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# 7 LAEBEIMNMCSNTHBERST D, Table d0ERE, BEIL-THE, #7 L0HEEY
SBEOHBHIEERL TS, Fig 10 3, HFRWE Uo7 v R BKER R8EIR 6.3 18T
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SECEBLIE LA T AORERABESE OB, o, HRBLECHRERENE2 S
FLEEIA T ACERERNT, MPOHFER, eNFhoh 7 22 TOX HETRd, EHRS
TOXME (75 v 7)) 3145680 020pg Thotoe IpohhdkIiC, B2, #H3A
5 L0 TOX BIEE L 4 7 4D Fhuct~+3ih &0, Table hic, ZEDH 7 20 TOXE
BLUT 5 v o EEELIOCAESEBOREO TOX @4 5d, COFRML, B1A7LLE2N
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D IR I A 60N A o/  BRLALTR U7 B i SR B A 1T, AR L sl D TOX £ RIE L 72
BRiciE o Nz WO SR B OB Lo ard, BRE, DHEENENHE I T LEES LT
LD TOX % Rd, TOEETHE, 82, 8307 7 4T ALEESVTOX EARIESHLTY
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COEML, EERICEBREFEES TOX 280 L 5 AHORTOBS CEh 7 - 0%
ARG B LInk - TENEARBIF 0 BETRHELENTS LI b od. AV VR
{LALEE & 2 W IZIET R & A4/ v O SRR L 7o B ISR L A Fm R Tl —#ic Fig 11 @ &9
ARG S, Table 70, 4/ VB LS B0 3AEHE - A v A L /o BRI RLEE
Lz TOX % 3A0H 2 o2 AL THEL-BOSEOH 7 2.0 TOX {# (EVERD
Ty oAEE L) E2AREON 7 AT TOENELRT . AV v RIS L U
e AV Y EHAERE O NF IO T EEORIIEO YT, £ e, 925% & 89.9%
T, EEDPEIL 2% Th-1e Ld-T, BALUERECHEC TOX £ 2HRD4L 7
ATHIELAESCE, EBOMID 0/ EHOME (0912:003) MG 5N T0EH T LICHEE
LI 4Ld7s 575,

37 &0

AKETH, 28 oy S (TOX—10 3D 2F0T, KfFoEROER vyt
MOHIES R L CRE FOMEEoRAEIT 7, TORR, COBEEIRLIDHrg /1 LLED
B oy LYo BABELCNETE S L2ERA L. SBORNEIRHTS - 12748,
REHW E-TH, 77 88E23RCTELERH L LD Db e MHTDEEHTONTIE,
FUHHELH 76 8EF 2y 7 TERBERELLENDD -, i, RTFOBETE, FEE

AFES T PO REL, RVEOHEAS 7 PTFI 7 PHIE LKL - T, EiREW
~OHBEOEZORHERBICENT LN TEL, (OBER, PEZOREST L LTH
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Wi;;;iif;sq?ng;

e IR - P

= SRR SRR § P

Fig. 10 The monitor curves during the measurement
of TOX for the chlorine-treated fulvic
acid aqueous sclution. The A, B and C
peaks are due to the TOX (6.17 ug, 0.41
ug and 0.22 upg) absorbed in the powdery
activated carbon in the first, second and
third columns, respectively.

Table 5 Recovery of corganic halogen in chlorine-treated
fulvic acid aqueous solution shown in Fig.l1l0

ol . Aal A-B D) Recover ¢)  Summation of
olumn RO . (ng) (ug) ¥ recovery (%)
1 6.17 5.97 96.3 96.3
2 0.41 0.21 3.4 99.7
3 0.20 0 0 0]

a) TOX value cbtained for each column.
b) plank value (0.20 ug) of powdery activated carbon.

c) percent to the total TOX value.
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e = —<——time -
- - . ] S

Fig. il The monitor curves during the measurement of TOX
for fulvic acid agueous solution oxidized with
ozone and followed by chlorine treatment. The
A, B, C, D and E peaks are due to the TOX (3.51
ug, 0.96 pg, 0.74 ug, 0.30 ug and 0.22 ug)
absorbed in the powdery activated carbon in the
first, secend, third, fourth and fifth columns,

respectively.

Table 6 Recovery of organic halogen in fulvic acid
aqueous solution oxidized with ozone* for
60 min and followed by chlorine treatment
shown in Fig.1l1l

Ad) - g b) c) i
Column No. (Lg) ?Ug? Recovery igﬁiﬁg;?n(zf
1 3.51 3.31 70.0 70.0
2 0.96 0.76 16.1 86.1
3 0.74 G.54 11.4 97.5
4 0.30 0.10 2.1 99.6
5 0.22 0.02 0.4 100

a) 70X value obtained for each column.
b) blank value (0.20 vg} of powdery activated carbon.
c) percent to the total TOX value,

*  ozone concentration : 1.7 wt%~0o.
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Table 7 Recovery of organic halogen in fulvic acid aqueous
solution oxidized and followed by chlorine treatment
a)
TOX value (pg) Recovery by
. . the 1st and
Oxidation Sample Column 1 5 3 ond columns
volume (ml) No. o
(%)
10 min 20 5.37 0,88 0.22 97.6
b) 20 min 40 6.78 1.71 0.64 93.0
037" 40 min 40 3.86 0.86 0.33 93, 4
60 min L0 3.31 0.76 0.54 86.1
x=192.5
a= 4.12
10 min 40 2.59 0.50 0.23 93.1
20 min 40 2.28 0.61 0.66 87.0
Y40,
3 40 min 40 2.30 0.76 0.37 92,2
60 min 40 2.22 0.53 0.40 87.3
% =89.9
= 2,77
a) Tox value subtracted by the blank value (0.20 ug) of powdery

b)
c)

activated carbon.

oxidation by ozone.

The ozone concentration was 1.7 wt%—Oz.

oxidation by simultaneous use of y-rays (5.0x10% R/h) and
ozone (ozecne concentration :

1.7 wt#-02).
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4. BELIEREORE

41 FL®IC

H[E, kkhor Joe 2y v OEREE, 50 EARDMEERFT LSBT, EAKEK
5501 E 70 FKIEIk SR A E B B ORI EIC & - CBA DN By
LasL, #OEEBHE, FRECL->TELEETHL, 20T, RETHINALDOHAEDE

ST HRE LT, B RS ORI R T,
42 ERLEOER

MEA S Lk Tl, RO LD SV EETL T B, (HOC) - (kEEHERR, OC
WEEFER A ) .
Cly+ H, O HOCI+ H -+ Cl (A
HOCl = H'+ 0CI™ (B)
COERREEEEE LT pHIL L - THRT 5607T, pHickiF5Cl,, BOCL OCl OFHE
TARABEXE 2D o0l L TFig 12108, CO3BOERESRECAEUTHD, &
sy RhiESE (free available chlorine) & EHN TV A,
T, BEHFREARICEKEDBEICHER SN TS REERES MY 0 A I3KPTRRD

£ O EEREEICH B
NaQOCl+ H, O= HOC!+ NaQH (C)
HOCl= H +0Cl (B

KA B THOMENEET S L, NI AEREIZ O LORGICHERES NS LT
Do KB BEHENEESESNET 5 CRBE SN L HEORIZIFERKE (chlorine
demand) & EhM T S, Table 810, ZEOMED 1 mg 1 FEL & SOERERED 1
Fl%T T

Ty e, TI/M, 7 VENEETALROLI RS CED 7 a7 3 YISERT S
EMRENT 5o

Clz C]z C]2
NH; —== NH; C] ——= NHCIl; —= NCi;

Ty ®/7DF3Y  Jywasiv 3EER

7 HOERLSLBIEREES R L TIVWRBETEEE L, BAEEMER (combined
available chlorine ) EEHN T S,



Fig,

JAERI ~M 83 — 149

100 l =

X =
%0 // \\OC[
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HOCI

Existence (°)

\
N

1 2 3 4 5 6 7 8 910
pH

12 Existence of available chlorine species vs.

Table 8§ Chlorine demand in the presence
of various substance

r.

Chlorine demand -

Substance (mz/1)
H,S 8.5
Fe?t 0.6
Mn2 ™ 1.3
NO,” 1.5
NHz 7.6 w15

* yalue in the presence of each
substance of 1 mg/l, taken
from Ref. 23).

23)
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4.4 #HEB
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e s B TR S AT B, IR AR b U Y LB RTREEAER L TRL S AT
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FAERERICHO BT LI LT,

4.6 HRIERBERMES MUYLKBEFROANERRECAE

BeEE S, HEAKICE i LB IKIHAIE - TREHCH L CL 44 v EE->TL
F A8 EantCl, BEICL - THEREFRBE LTV A 0T, ERICEHL TV L UFRE
(Cly, HOCI, OCI™) DS MES 2 L i BE /i » T B

AEBIC O REEZES ~ Y o LRI, RS T ERHOAGSRMADLDTHD,
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CORBEER T LU D LAKEROEMERDT, KEEER/S 4 O OR{LANEEHEDIER
DBICHEBLTEDESN TV, REEFEES 4 VIERECFIRELT2 SBORILAE L2,
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LAYt a2 o EANBSEEOT, COEKIVEEF VTV EEREL LTI AREF )T A
DIEHEE THET 2 HENSH 5, BERKRO LD SBRIETMNIGIK L S,

Cl, + 31 —1Iy +2C°

OCI" +3I +2H — 1, +Ci +H0

[y + 28,0, — 31 +8,04°
dHbh, 2UBONS, 0L A1 MEDCl, H5VIF0OCT KM T 5, T, 0IN OFA i
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FANTIT» 72e

$1, REEEBmF b ) v LAKEIERE, BETORLETSY, BT, D EHRICE > T
DRPEESNE ESNTOE " OT, MFREN S CBEED TR L i, HEESICREL
fIBE, Ay BETOEOERE, UUOMED 1 SRE LHAFED LSO CEBEREN . L
L, ZRIoEIWPCEE LBEKL, EHEREE L4 7 FRICE ST OEDFI40%IT E
TIETF LT,

47 BEFRUEBERBREFERRT MUV LKERORE

BB T A ST, IR RS RS b U v AKEIRIZ, OAMEREENS VLD,
FOTETIREALIC V0, 20T, BEW, BHEREBEA 5000mg/IHIE O &% A A% L TH
CERTV B, ARBTRUTO &5 AT ER BRI O RESEERT 1 ) v KA
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DEENELNARTTHAH, R, 5 EFRTREPHERBET 5000mg /1 ZRIRICHE
ZTLE S, “oBEE, REEZBEF MY v LAROLEY, TOTURZREEICKELTE
b, Lkl EDKEVEHTH B, CORYH, ROLDBFET, FLEFRED 5000mg
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(1) FEROERS 20ml FFIRLT 16 @ART ALy, BEKT1L L7,
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8) QDFEPHE L EE SO LK FR LD THLDT, 5000mg/ T DEREIFLDITLET
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11
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@) @ THESLRImEERS Y 7 LOKERT, REHRRHEIC D REELLERT DED
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HEBBELELALFENEZRBERED L TOEL L EPRRSNIS
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EARELIY, BEALHUETS 1. OAKERSTE, GOERRES T BB
DR ED BB L THET 5L EAEHTOE L&, BET, BEGRATEICLS
HOEETHZOT, AERTE, YOERC TREEARECREY 4 JEER VS
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RFEAH Y Y LEROEFRROHE) K LT ImIERNT 5 &Ly, £/, ZOWMIKED, &
Bloo pH (3RS & 70202 Plpicf N Tn 5 & RS s

1 2z Y T T T

[' L I L !
0 1 2 3 4 5

The volume of 0.05 M phosphate

buffer solution to the sample solution
{ml)

Fig. 13 The change of pH of the fluvic acid aqueous
solution (100 ml) containing 50 mg/l of
free available chlorine by the addition of
0.05 M phosphate buffer solution.
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Fig. 14 The free available chlorine concentration [C1]
immediately after the termination of chlorination
(20°C 48h in a vial with a head space left)
vs. TOC of fulvic aquecus solution with the
inital chlorine dose of 50 mg/l.
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15 The trihalomethane concentration (THM) in the
chlorine~treated fluvic acid aquecus solution
vs., TOC; chlorine dose: 50 mg/l, chlorine
treatment: 20°C 48h in a vial with a head
space left(()) and in a BOD bottle
without a head space (A).
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Total organic halides (T0X) in the chlorine-treated
fulvic acid aqueous solution vs, TOC. The
experimental conditions were the same as in Fig.15.
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Fig. 17 Tentative structures of fulvic acid (a)
and humic acid (b) and (c)z),
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Fig. 18 The ECD gas chromatgram of chlorine-treated
fulvic acid aqueous solution prepared from
Reagent Humic Acid (Wako Chemicals) by
dissolution in neutral water. The head-
space gas volume injected was 100 ul. The
arrow indicates the peak due to chloropicrin.
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Fig. 19 The ECD gas chromatogram of chlorine-treated
humic. acid aqueous solution prepared from
Reagent Humic Acid (Wako Chemicals) by
dissolution in 0.1 N NaOH aqueous sclution.
The head-space gas volume injected was 20 ul.
The arrow indicates the peak due to chloropicrin.
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Fig. 20 The scheme of preparation of fulvic acid and
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Fig. 21 Ton chromatograms of (A) Solution 2 diluted by purified water
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Fig. 22 Gel chromatogram of Selution 1 in Fig.20 with
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Fig. 23 The pH of fractions in Fig.22.
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