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Influence of the Mixed Disinfectant of Cl10, and Cl, on For mation of Chlo-

roform

Huang Junli' , Tan Yulan', Wang Li , Yang Shilin' , Wan Liqui2 , Shi Bin?(1 . Harbin Institute of Technol-
ogy, Harbin 150090, China; 2. Heilongjiang Sanitation Prevention Station, Harbin 150006 ,China)

Abstract : The study on influence of mixed solution of C10, and Cl, on formation of chloroform from 9 THMs precursors ,
such as fulvic acid ( FA) , resorcinol , phlor()glucinol and cresorcinol etc. under conditions of different ClO,/ Cl, ratio,
content of precursors, reaction pH, reaction time and reaction te mperature etc. was studied. Results showed that as the
mass percentage of ClO, in the mixed disinfectant was increased, the amount of chloroform formed was reduced ; such as
when mass percentages of C1O, were 25 %, 50 % and 75 % , CHCl; formed reduced 55 % ~ 65 %, 70 % ~ 86 % and 80 %
~ 93 % respectively ; until C1O, was 90 % , reduction of CHCI; reached 95 % ~ 99 % . In order to control the formation
of chloroform thoroughly , mass percentage of ClO, must be higher than 90 % . This provided important scientific base
for the necessity of using highly pure ClO, in disinfection and developing generator which produced high quality CIO, .
Keywords :chlorine dioxide ; chlorine ; mexed disinfectant ; chloroform
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1.2.2 CHCl, 50% .90% 100% ,CHCl
(1) Cl10,/ Cl, 135.310.9 2.5 gL', ,  CHCl
250mL , ( 1), o,
Cl0,/ Cl, , 25%,50% 75% ,CHCl,
250mL. , , 55%~65%,70% ~86% 80 % ~ 93 % ;
, 0.5~1g/L Clo, 90% ,CHClL 95 % ~
100mL > (2) 99 %. ao, :
CHCl, ’ al,
(237, CHClL; CHCl
(2) , clo, .
,ECD( Ni*?) ; 2m -
; :80 ~ 100 GDX103, 80
200 C 1 ~2d; 160 C, @60
200 C, 200 C ; %0
99.999 %, 45mL/ min; 125, B 20
2 min, 2s; :300p Vv, 0 . . . . .
5 min . 0 20 40 60 80 100
BRI SRR A%
(3) F
, 5 2 )100mL ( :5.0mg* L™ '512°C ,pH=7.0, 4h)
, 0.1pg/uL CHCI ¢ ;. ;435 x
0,10,20,30  40uL, ) ’1° aora " o
1 mL 1:1
cv/vy, 2 min, 2 min, Fig.1 Influence of mass percentage of ClO,
s 0.5uL, on reducing chloroform
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1 Cloy/ Cl, CHCIly D/pgeL!
Table 1  Influence of ClO,/ Cl, dosage on CHCI; formation/ ug* L~ !
ClO,/ Cl, 0/20 5/15 10/10 15/5 18/2 20/0
ClO,/ % 0 25 50 75 90 100
1009.7 351.5 135.37 0.21 0.9 2.5
853.7 282.3 89.8 57.8 7.9 0
3.5 515.9 206. 4 103.0 45.6 10.1 4.1
31.9 14.4 7.8 6.3 1.6 1.2
35.9 13.8 7.4 4.7 2.0 1.4
31.4 11.7 9.4 5.0 2.3 2.0
39.0 14.9 7.0 3.9 1.6 1.3
58.5 23.0 14.0 10.8 4.2 3.5
ClO,/ Cl, 0/30 10/20 15/15 23/7 27/3 30/0
ClO,/ % 0 33.3 50 76.7 90 100
FA 73.9 22.3 17.2 6.9 1.1 0.3
1) SmgeL ' ,12°C,pH=7, 4h
2 1 1 D -
pH  C10G/CL, CHC, (10.1 ~35.5pg* L™ ")
Table 2 Influence of pH value on chloroform formation
, C10, 90 %
by ClO,/ Cl, mixture disinfectants
CHCl, .
pH
CHQ,
2 4 7 9 10 pH . >
oy -1
,(20mg/ L) /pg* L 105.0 460.5 497.6 545.8 637.5 C102 CHC13
AG( 50 %) /ng'L'1 18.3 93.0 104.5 120.0 152.5
/ % 82.6 79.5 79.0 78.0 76.1 o,
ao( 90 %) /ug/L! 1.1 59 8.9 10.9 13.6 CHCl,
0,
/ % 98.95 98.7 98.2 98.0 97.8 3 cloy/ cl, CHC, 1
. o1 - ! K
D 5. 0mge L7 .8°C, 4h Table 3 Influence of reaction te mperature on chloroform
1000 formation by ClO,/ Cl, mixture disinfectants
n L
?ﬂ 800 ;o
® CHCl,
18 600 10 20 25 30
5 400 Cl, /pgeL™' 566.1 900.2 949.7 939.4
= 50% ClO, - -
ﬂﬂi200-r-,.4— 50 % Cl0O, /ugeL™' 103.6 121.6 152.2 164.4
90% ClO,
b !/ % 81.7 86.5 84.0 82.5
0 5 10 15 20 25 90 %Cl O, /pgeL™' 10.1 13.6 22.5 35.5
BRI TE]/h /% 98.2 98.5 97.6 96.2
2 c1oy/ cl, CHCl, 1) 5.0mgr L™ ;pH=7; 4h
( :5.0mge L' ;pH=7.0; 19 C)
Fig .2 Influence of reaction time on chloroform formation ( 5) 3 ,
by ClO,/ Cl, mixture disinfectants , CHC13
;C1O, 50 % ; Cl, ,ClO,
, CHCI; 50 % CHCl,
80 % , (103.3 ~ 7 90%  ClO, CHCl,
. -1 .
164.4pg° L°')  CHCI; :Clo, 90 % , 3,
B > 5' ~ ~ ~
CHCl, , CHCl, FA (
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, cl10,
,CHCl, 3 o/ d, CHC)
, C102 80 % ,CHC13 ( :10C, :4h,pH=7.0)
,C102 90 % Fig .3 Influence of phloroglucinol on chloroform formation
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s CHCl; s
(2)Co,/ a, clo, .Cl,
4 Cl10y/ Cl, CHCl, D
Table 4 Influence of lower doses of ClO,/ Cl, mixture disinfectants on chloroform formation
Cl10,/ Cl, ClO,/ % Cly/ % /pgeL™! / % /pgeL! / %
0/5.0 0 100 253.3 0 235.5 0
1.5/3.5 30 70 88.7 65.0 89. 1 62.2
2.5/2.5 50 50 39.5 84. 4 33.5 85.6
3.5/1.5 70 30 25.1 90. 1 23.1 90.2
4.0/1.0 80 20 12.3 95.1 9.5 96.0
4.5/0.5 90 10 4.2 98.3 3.6 98.5
5.0/ 0 100 0 2.3 99.1 1.3 99.4
1) $5.0mgL"', pH=7.0, 4h
Clo; 5 Clo; 2mg+ L' C10,
clo, .Cl, Clo; , Cclo; 2mge L' Cl, Clo,,
ao, 5 clo; : 2mg+ L' ClO,
Cl10; (0.63~2.97mg*L" ") 2mgel ' Cl,
Cl10, Clo;  (3.83 mgeL'); clo, , , o,
, ao, (0-65 ~  30min, 120 min; Clo;
1.13mg* L") o, (0.53mg , c, Clo;
-1
‘L), ;Ao ) Cl, o, . cao, , S5mge L™
s cl, s co, ) >
CHCl, , ao, Cl0,/ Cly Cl10;
ao;: , Cl10,/ Cl,
Cl, + 2C10, = 2C10, + 2CI° CHC(l,
Anat Katz [®] cao, al, )
30,60 120 2.3 (IO, .Cl, Cl0,/ Cl,
min ClO,,Cl, CHCl,
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5 Clo,/ Cl, Cl10; (t )/ mgeL-!

Table 5  Chlorite formation from lower doses of ClO,/ Cl, mixture disinfectants/ mg* L~ !

Cl10,/ Cl, 0/5.0 1.5/3.5 2.5/2.5 3.5/1.5 4.0/1.0 4.5/0.5 5.0/0
al, 0.54%0.08 1.84%0.08 1.26%0.07 1.02%0.11 0.53%0.10
clo, 0.68£0.15 0.92%0.17 1.13%0.10 1.01 £0.12 0.94*0.11  0.50%0.09
clro; 0.71 £0.13 1.37%*0.14 1.60%0.05 2.80%0.19 2.97%0.26 3.91 £0.14
ACIO; / ACIO,? 0.86 0.86 0.68 0.93 0.83 0.87
a, 0.54%0.09 1.92%0.12 1.35%0.09 0.98+0.10 0.66%0.07
Clo, 0.65%0.16 1.03%0.13 1.10%X0.09 1.08%0.08 0.98%0.10 0.56 £0.08
ClO; 0.63%0.20 1.23%0.05 1.58%0.07 2.90%*0.14 2.97%0.26 3.86*0.15
ACIO; / ACIO,? 0.74 0.84 0.65 0.99 0.84 0.87
1) :5.0mg/ L,pH=7.0,10C, 4h,n=5 2) clo; Cl0,
o, \.C, Cl10,/ Cl, ,HOCI s
( ) b
(15,791 (CHC12|(% CH2C1|(% ). , cl
(1) 0o, FA 0 0
Cl1O, CHCl; , s CICH, — C(Cl,CH—
b aH b
Cl0, 2 mol (C13C|(% ) .Cl;C— s
ao; ;Ao 0
Clo; ,Clo, ‘0
( . (—Cc—) , C—C
), ClO, Clo; . 3
, 16, FA Cl, C—C—
3.5 N (2,4 3,5 |
(0)
)~ . . S|
A N N N ~ > C C13 N
2 ’4_ 4- -3 , CHC13
5- ( ) 4 -3- o Lo‘
3,45 2,46 I |
LCC—R ———> CLC— C—R
, CHCI; ChCe oH .
t
________ 3
(1.5~7.0pg* L") . ' OH
,ClO, FA o (“)
> —_— C13C—IC—R—>CHC13 +RCOO™
,C1O, OH
ao, . do, ) BT RREET
Cl FA FA.
(2)Cl, FA cl, 2 (
FA) FA. HA
, CHCl; ,
Na . HA . . HA
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N 2,4 3.5 1x10  mol* L' 2,4,6
1.3 2.5 3.5 2, 1 x10 > mols L™ ,
5- Jq,2 1,3 2,4 .60 CHCl, d, ,
. . (1) ao, FA
2,6 2.4 . ) N N
CHCl; , pg* L, , ,  Ch
pg* L™'( . 1,3
2.4 3.5 1,3 (2) C10,/ Cl, FA 8
2.4.,6- Yo ,Cl,
FA Cclo,
CHCl, >
(3) ClO, CHClL,
(3) Ao,/ d, FA , CHCI, , A0,
Cl10,/ Cl, 2,4 90 %,
; ao,
Cl0o, ocl-
3 -2 3,3 -2- o
,2002 .
(2 OH
), ocCl~ ,1985.4:1 ~6.
. . CHCL! . 1987,
1o,/ Cl, FA 8 (1) :44 ~54.
( 2.4 3.5
,2000 .
2.4 .60 4 -3-
3.5 ( ) 3,5 1994 13 (5) 466 ~ 473 .
N N N Katz A, Narkis N, Orshansky F, Friedland E,Kott Y. Dis-
CHCl, , infection of effluent by combinations of equal doses of chlorine
clo, CHCl al dioxide and chlorine added simultaneously over varying con-
’ ’ : tact time . Water Research, 1994, 28 (10) : 2133 ~ 2138 .
( 6) , [8] 0,/
6 ClQ,.Cl, CIGy/Cl, CHCl, D

Table 6 The comparison of chloroform formation between

the Cl10O, .Cl, and ClO,/ Cl, mixture disinfectants

CHCl;/ pg* L~ !

1o,
(5.0mg*L" ") Cl10,/ Cl,
(20 mg* L™ ") (20 mg* L™ ")
1009. 7 <0.1 135.3
853.7 5.0 89.8
3,5 515.9 4.6 103.0
1) pH=7.0, 4h, 10C
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