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Abstract: Disinfection is a key measure for ensuring the microbiological safety of drinking water,
while disinfection by-products (DBPs) formed by the reaction of disinfectants and precursors have been
reported to pose potential health risks. Although most of the identified DBPs are halogenated organics, in
most cases, no more than 50% of the total organic halogen (TOX) detected in disinfected drinking water
could be attributed to known single species. Therefore, TOX, as a collective parameter and a toxicity
index of all halogenated organic DBPs, has been widely concerned in the field of disinfection and DBPs
research. Focusing on the analysis method of TOX in drinking water, this paper introduced two standard
methods, and then discussed the influencing factors during TOX analysis. In addtion, several novel TOX
analytical methods were introduced, and the concentration levels of TOX in drinking water were
summarized. Finally, the development trends and research requirements of TOX analysis were put

forward.
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Tab.l1 Comparison of microcoulometric methods for

TOX analysis in domestic and foreign standards

G HH B R AR
e L s I.I{E]/ huﬂ«uﬁi}/ IR
(pg-L™)| (png-L™M) mL
GB/T 15959—|[F K ¥ 85
1005 e 10.0 | 10~400
100(TOX: 5~
500 wg/L)
FE LR 50(TOX: 501~
EPA 9020B 5 10.0 1000 pg/L)
25(TOX: 1 001~
2 000 pg/L)
EPA 1650C R A 6.6
e
26 [ /N 1 100(TOX: 5~
5 500 pg/L)
(KRR EEE%% 50(TOX: 250
ey — v PN N ~
IR WA T | 2 5.0~10.0
3 EE e 1 000 pg/L)
%)53208 |,
=K 25(TOX: 500~
HUSEES 2000 pe/L.)
B
180 9562:20041" 1 yyry | 100 | 10~300
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G Y PRIEHSH PR E
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Fig.1 Schematic illustration of the microcoulometric

method used for TOX analysis
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Fig.2 Schematic illustration of the ion chromatography
method used for TOX analysis

HJ/T 83—2001 HL7E , BURE AR L0 50~200 mlL
B, TOCHAG I ¥ £ 715 Bl A 15~600 pg/L, TOBr A& ¢
JEFE I 9~1 200 pg/Lo  FHM T~ FAA#-1C A TOX
I, TG i G DN 5 2 TR 8 O Fit A D00 45 5 S
Mg L2 T B ARk B T ik E
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Tab.2 Detection limits of TOX analysis methods using ion chromatography method

IREEAR/mL] WS B SRR A
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AR Rl (pge L)

TonPac AS9-SC(43r#rH:)

SR S . -. .
100 T ALEN A 20 TonPac AGO-SC (4P AE ) HL S &5 TOCI: 1.8,C17: 30.0,Br: 70.0
. lonPac AS9-SC(ZHTH:) LA TOBr: 0.5,TOI: 0.5,Br: 10.0
A \\‘an ’ 9 ’
100 AL H I 20 TonPac AGO-SC([E47 £ ) SEHMGI £% I 10.0
TonPac AS19(43HH:) o wa| TOCI: 5.0, TOBr: 2.0, TOI: 2.0
i \/T\‘ﬂl ’ s B
>0 ALK 10 TonPac AG19({R471HE ) R L300, B 20,1010

100 SR TR A T 50

Metrosep A Supp 4 (43 HrH:)
Metrosep A Supp 4/5 Guard/4.0(£341)

ML S  %% | TOCL: 0.9, TOBr: 9.7, TOI: 20.4

50 FETK 2.5

CI" . BrilE .
lonPac AS14A (J3r#rAE)
lonPac AG14A (f£44F)

05
lonPac AS16(43H1H:)
lonPac AG16(f2:44:)

Mg Cl:3.1,Br:5.3,1:10.3

80 LETK 4

Dionex AS-19(/r#rE)
Dionex AG—19(f4:47141:)

TOCIL: 2.5,TOBr: 2.5, TOI: 6.3,
Cl:10.0,Br: 10.0,1:25.0
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Tab.3 Advantages and disadvantages of common

absorbent solutions used for TOX analysis with ion

chromatography method

USRI TUES W= Bl
Sk 5B 7 OIER S| BkiE RSN ST
- iy se GINEE Al
e e |CUAIBr BB | AT 40 1, 189 [l
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N YT T VL
s | oo PR g iy
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CI I Br f) [l i R 2 vy
e T B o L0 ¢ ) < I e e ER O < e 3
%90% DL I
SR %%B;;Erﬂﬁlﬂ%z%i@

3 TOX M ZHAEF ik
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% R B K RE e LR B v o e
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o W o6 ok B LT T 25 B B A7 ) JEHLER 5, Pan
AEERVHR R AT 7 43R R S RO €53 (UPLC) A9 43
B HE 7 DL K H 5 25 3 (EST-MS) B K6 fE 77, 75

TOTAS I 35 A5 rh 3 A A 1

5B S 2oL, AR ALy I TE R B -
A~ Wi b B S 1 ] UPLC/EST-MS A6 00 052 W i b
1Y 1. K UPLC/ESI-MS £ Il 1™ 3= 2 18 lfh 79 4> X
L SR A I A R b R A A AR R
far Fb 3 A 127, {5 UPLC i s #H LA K ESI-MS £ i
HE R AT REAT — 8 5 T A AR R BT LA 5T, S e T
B 5 B AR, S 1 H 06 1 RS I KR R TOT
AP RO, 7 B B Al AR . PR R
IR, 8 2 AR Sy W WSO T A R T TR A (ol e 12
SRR R AR ) B S R RROE BR B i AR
At B AT R 5 T3 AR ) 5 fap b % A ) 52 i 1
o5 MAE— R G5 B LR D5 K 28 & iy o o,
CFRWIE 205 & F T TOTAS I B b i i > 4%
WoRZIT A TOL R PR A 3. 7 we/L(LA T3,
H ARSI TS 4 min B AT 5E AL, 7843 0E B % A7 A
Jr ik HAT — o
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1C X 171 7R B 5 25 BRI AE IS, 17 UPLC/
ESI-MS £ DAL 25 Jie A5 Ay 455 8 40 Joi bk U6 Y00 A )
Mg . X LB RPN R | Sayess 45 R
AT A ] H GRS B 45 B IR BT (ICP-MS) 43 4T TOL
G 00 FsF A 7 A B T, 32 X AKORE ) Ak B 5K
IR 2 W B — A A - i

EL A WF 5T % B ICP-MS X il 5T 28 HA7 4 vy 1) i)
N, H 2% F& 5 i A A6 ICP-MS FH T TOT RS %) 51
B, Sayess %2 PCRF I AKAE 751 4b BB pH 75 Y1
WSO A IS DL S 1ICP-MS ¥ 1k W 41 4 5 7 T X%
RIBIF TWRIE . S5SN8 15 1 ¢ W B s 1 DU
JKAER pH 5 8 1 DUF Wi 28 b & Wik
SRy HL AT 2, B 1 e A R R R 5 1 2%
(IRBH EE ) 1 D H 5 S S A e T A S AR, B PT
DM S v 2 s BT 2 A IR B A E SR
PR, SOAS S8 s W b () TE LR VR B 5% i) ICP-MS
(ARG IR 5 A, 16 1 0. 19 (PRFREG ) i DY R 6 &
AR TRAE S TCP-MS Y 35 36 18 1T LA 2k 2] TR
) 5 AR % 5% 07 B 6 TOT 89 46 M BR 4 0. 95 /L
(LLT13H) o BJS , Kimura %52 f1iZ 0 1CP-MS J7 v
s AR PRI Y TOT, bS58 v ICP-MS X 1 (1% 46 I
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) B s
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Tab.4 Detection limits of TOI analytical methods

and their advantages and disadvantages

fomrs | RO Bk
(pg-L™")
A B T
o RIS TFRII CL . | 7, B S
=i DIy [‘IL s B
ATEME R  reewas me
30 min V4 I
UPLC/ESI= |y DR SR RGN A 51140 Bk A 51
MS ¥: ’ V% 4 min Tl
. 2% R 25 A ML
MY 122]
ICP-MS7% | 0.95 R

3.3 HB-ZI-BFEIEFRNIESFRTOX
AL TOX R I 7 25 A1 4 A B 5 EL AR T 381 A

Gy BT R e W B A BIL I 2R, Zhang 85 208 XTHE 25

TR TOX (NTOX) JF & T — P& €825 5% 14 7 70z

Frike ZHETES LT =AM Ot d g
M7 1245 B NTOX FLEHL K R B+ @QF FH UV
NTOX 4k ToL i 2 25 s @R 1C Kl TE L i
RKE T BJE,Buf> g — B RSY T B A MR
58N F AL AN NTOX B Ak i TEHL I
BRI (AT UL 0902, FERR T A1 T ATk
fift S 56 AT o YA e R v A B i SR AR (TR R £
FBLTR AR ) PR I b 2 B T X EEAR I AS D )5 i
LA K UG I 7 vk I 2% B, RV NTOX A6 I e 3
AT 52 R TOX ARG T AE: , L3 1 o 32 A T 4 S
(AR SR =5 (R>0. 97)
4 ARAKF TOX K AEKF

] A AR AN T 3t DX AR K rf TOX F € 32 31 i 4%
S UZe ] KK B R K B Sk ok H TOX
R i e Rl o L 2L pe/L(LL i), Hop
TOCI {3 B 385 25 T TOBr AT TOT( WL S ) .

®5 REIMKGAEKHRTOXREATE

Tab.5 Concentration levels of TOX in drinking waters collected from different regions

TOX(LA Cl| TOCI(LLCl [ TOBr(LL Br| TOI(LAI
SIS IKFEZETH ) /(pee | ) /(pge | 3)/(pg | 1)/ (pe- GARiIWIRS
L") L") L") L")
HE LR )k 11~238 WU
[ Je kK 31~220 27~194 ND~113 ND~16 TOCLTOBr: %%ﬁlﬂ%&
TOI: UPLC/ESI-MS
TOX : iRk
B HK 21~284 87~206 36~229 TOCL TOBr B 7623k
eS| T K&EMAK | 26~242 20~208 11~261 ND BTk
FHE&INER HK&ERK | 22~273 WU
JIEN )k 6~396 WUk
IEPN B RK 11~572 WU
WRF R A= HK 26~266 BT Ok
T NDRIRARA .
5 RA il Pt S e 48 43 B ok 7 e Al A R0 Ak A 4 v

RHZK A ) TOX S — 3 A A 2% T A i AR A AL
DBPs f 255 S OB PERE bR , o rf LTS 2% W% B
AR S T4k B3 D00 2 49 3] A T W BRE TOX 3253 % A
F AR FEAKAE H TOX YR FE KT, B B A iSRS 3 1Y)
TR A R - 35 R Ah , #7 RL TOX A 532 1) I F
RARACHZ BN T )1z K AR AW 5 ] %
JELLF L5

O IR TRIKFE K S
B LA B 43 B F R0 M ) 0 R R 2 T A H K b
TOX 6 () 52 1 R 2, {0 % 5 31 /K 5 2 500k A%

TOX A 5 ¥ R JEE RIS At 2 0 O B, 7 2O Y
TR A5 (E AN BR T 2K AR SR S 5 ) P I
T Ak BHLRE A A ¢ LA R S 1 (3 12 v B U
Jgieiie

@ o HTERAER T A . BN U S IE D
SE TOX [ TIAL BB A A0 AT A 2 SE 8™ ik, (3
G 3ok T 7RO (0 T Ak B RN R R 2D R 2 Tl A
THAE. BEON R T 355 0 TH8 TOCL TOBr
FITOT FHAE BT N S 2% | il 75 A8 I SO s S A e
fr 0 UG Tl R R R ol N T E SR R
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55 K T BEHERUR K 19 A2 25 XU, TAKE TOX 2825
A MK TS bR 8 AR K bR AT BY T A PRI T 5
SR R A ) 2 A A LT B — 25 R TR KK
J, A BT B TOX A J5 2k 0T & AR AL DL R 43
PR 1 TR 3 o AR MBI 5 — 5 1T nl 2 T 30
H 535 BT K K b TOX ¥R 55 DBPs ¥R 1)
G5 JRAIE , 55— 7 T 75 S AR K o TOX ¥R 5
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