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Abstract; New cyclic disinfection byproducts (DBPs) in drinking water have been intensively attracting concerns
due to their significantly greater toxicity than commonly known DBPs. This paper briefly reviewed the detection
and occurrence of new cyclic DBPs in drinking water, and discussed cytotoxicity, genotoxicity, and endocrine dis-
rupting effect of these new cyclic DBPs in detail. The application of quantitative structure-activity relationship

(QSAR) in toxicity prediction was also summarized. This review aimed to provide a theoretical reference for further
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toxicity and mechanism studies of new cyclic DBPs.

Keywords: new cyclic disinfection byproducts; drinking water; toxicity; QSAR

TR K T RE 025 S A 20 2028 3 T A= 4k Ay
FERILZ N AR S SKTHRAAIY
(natural organic matter, NOM) DA J2 R 25 145 k& A= I
WA B TH 7 Bl 77 ) (disinfection byproducts, DBPs),,
H 1974 4F Rook 5§ & B4 —4> DBP — G H1 i (tri-
chloromethane, TCM)LIKP | ZEATER KT E A B
i 700 Fh DBPs # & FL®', Wagner £l Plewa™ % 100
Z 7 DBPs #f17 I RGN T2 05, K U] DBPs
A WA R I, [FIR R A TR A oY
5 7R IR 7K DBPs 5 N2 AR Bk B L K 8% e
TS 2 g RN B Y AR R A AR AR AR AR DG K
F ., 45T DBPs I 9 5 A= 4 35 PR RO RN B0 X
B, 3¢ E B ZR R R R (US EPA) Rl A T34 40 41
(World Health Organization, WHO)43 5l %J H: it 11 Fp
1 14 Fh DBPs 347 T WA

HAET & BT DBPs H 5 24 HLx & (total organic
halogen, TOX)# 30% ~50% "', W15 14 £ DB-
Ps RIRW], R WFoE A D 7E B0 3 I K rh 4
FE W T2 R AR ZE DBPs" Y HZ IR 3
il 74 (Br-DBPs) Fl i £ 1 5 ] 7 ) (1-DBPs),, LAfE
W W], ¥R DBPs [t 4% 4k DBPs, 1-DBPs #il Br-
DBPs TEAL: HE S AU RE R ™ 41 (C1-DBPs) HAT 8 i Y
SRR T | 35t AL B P KR R DL S A K AR
FHEREV gE AN | B AU ER AR DBPs 23 3 43 R i 32
We A BB IR DBPs! 182120727 ER] g X6 R R 7K 7K 5 Y
SO ANZE A

1 FERIRRESH~YHETE R FEFEKFE (1denti-
fication and exposure levels of new cyclic disinfec-
tion byproducts)
L1 BRI BRI P ) 2

H e A LU 5 DO 7K e R ) 21 4 8 75 BRIk
DBPs 20 i AR 2 M AR, R 110 T
IEAE SR AU AR DBPs 1 %5 2 1 L., 2010 4 Pan
LGP B A MAE BRI K PSS E T 6 Flop LA,
K12 DBPs, f1 45 3-#-4-F2 56K W iR (3-1-4-HB)
3,5- T fill-4-F2 K2 H % (3,5-DI-4-HBA) | 3,5- - fit /K
Wil (3,5-DI-2-HBA) .3,5- - fll/k # 2 (3,5-DI-2-HB) ,
2,6- - M-4-fi HEFE B (2,6-DI-4-NP)Fl 2 4,6- = LK iy
(2,4,6-TIP), 2011 4 Zhai Fl Zhang"* iz Fi# = 20K
A oL 1/ P I 25 P S - — L DO RROFT o i T R A S T

FEARTEBR AL KK R T 2,4,6-— 78
ZKM(2,4,6-TBP) LA S 3,5- " i-4- 32 FL I FH R (3,5-
DB-4-HB), BiiJ5 JL -8 19 i A4 2R 3 2% DBPs fifi %
FERLALLIE B TR R K gl s e 11 O DL
I A B 288 40 2 1 e A PO i A R RS T
FHEARTIKAR Y 2010 45 ILETH B )5 AR R K
HARS I 1 2,6- —5-1,4-2K R (2,6-DCBQ)™ | [A]4F- 2,6-
TR-3-F -1 42K TR (2,6-DCMBQ) . 2,3,6- = 54-1,4-
HHR(2,3,6-TCBQ) I 2,6-—1R-1,4- 7K (2,6-DBBQ)
WA KR 8= HE45H VA28
ISR DBPs AN Wi % 7 H,2020 4F Hu 45617 % ¢
3 FlE YU AR 28 DBPs, /3 Bl & 2,6- t-1,4-
ZEMR(2,6-DIBQ) . 2-5-6-fL-1,4- 5[ (2,6-CIBQ) Fll 2-
T5-6--1.4- K08 (2,6-BIBQ) , X 2 7 Y7 A5 U Sl g
TH B AR HH K s ) 21 4 G R R 25 DBPs, 17 1-DB-
Ps fEAEELA B & (B RO Y IR SR 2
%% DBPs Fl xR & LR DBPs g4 HiP'
1.2 AR B B PRBR T 25wl = 1) 22 K-

F 2 0TI 10 AF R P A4 b S BRER T 7K
Ferh g B ER AR DBPs & th f oK P, BESEE 30 T
2010 4EP 2012 4EPTHT 20145 7 36 [ A0 & K 1)
ZAL R KT R I 3 2,6-DCBQ ., 2,6-DCMBQ .,
2,3,6-TCBQ #12,6-DBBQ iX 4 Fift i {0 F , e L
Fil 2354 nd ~274 ng-L™" \nd ~6.5 ng-L™" .nd ~20
ng-L™' fl nd ~37.9 ng-L™",2020 4F Hu "7 [
TR A 12 4 e Sk KRR S PRI E T 2,6-
DCBQ@4.0 ~412 ng-L™")#i12,6-DBBQ(0.8 ~4.9 ng-
L), HA/MAE K3 T 2,6-DIBQ #1 2,6-CIBQ X
2 PR S DBPs, W #4350 0.4 ~1.8 ng-L™
107 ~1.3 ng- L™, SEBRERFHZKBE Fhd: H i 2R il 2
DBPs £ LA 2,6-DCBQ 4 3=, AT AR AR F< iR 2
DBPs &m0, MAMNKHERZE DBPs 7 Pk ith 7K #
gk i, L 2,6-DCBQ kB R34 299 ng- L7, 2
HAEAKHRE Y 100 455

Pan %587 ip R = A HIX 9 AN T A 7K TR K
FMp Sk KRR S R AG I 2] T 4 Ffogi 3R DBPs, 435
J2: 2,6-DI-4-NP(0.17 ~3.9 ng-L™").3,5-DI-4-HBA(nd
~0.67 ng-L™") 24,6-TIP(nd ~043 ng-L ™)l 24-—
it 6-fil§ FEFE 3 (2,4-DI-6-NP, 0.12 ~24 ng-L™"), i %t
R 2 DBPs il K A g2 i A VTR IEK i
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Table 1 Identification of new cyclic disinfection byproducts (DBPs) in drinking water
T I H] IKEER I PR AR R ) 275 3CHk
Time Types of samples New cyclic DBPs References
3,5- /K A% R (3.5-DI-2-HB) 2-hydroxy-3,5-diiodobenzoic acid (3,5-DI-2-HB)
3,5- "k (3,5-DI-2-HBA) 2-hydroxy-3,5-diiodobenzaldehyde (3,5-DI-2-HBA)
. 2,6~ fll-4-f4 FLH W} (2,6 -DI-4-NP) 2,6-diiodo-4-nitrophenol (2,6-DI-4-NP)
TR K Vgt T A . .
2010 o 3-fill-4- 35 K H R (3-1-4-HB) 4-hydroxy-3-iodobenzoic acid (3-1-4-HB) [28]
Simulated drinking water R B
2.4,6- =TI (2 4,6-TIP) 2 4,6-triiodophenol (2.4,6-TIP)
3,5-TIR-4-FRFOR I (3,5-DB-4-HBA)
4-hydroxy-3.5-dibromobenzaldehyde (3,5-DB-4-HBA)
HT K 2,6-—4-14-41(2,6-DCBQ)
2010 o ) ) [20,30]
Finished water 2 6-dichloro-14-benzoquinone (2,6-DCBQ)
2,6- " IR-14-7M(2,6-DBBQ)
s 2 ,6-dibromo-14-benzoquinone (2,6-DBBQ)
R K ey .
2011 2.4,6- =R KW} (2,4,6-TBP) 2,4 ,6-tribromophenol (2,4,6-TBP) [14]
Simulated drinking water . .
3.,5- " R-4- 2R NIR(3,5-DB-4-HB)
4-hydroxy-3,5-dibromobenzoic acid (3,5-DB-4-HB)
2.,6-54-3-F 31 4-7K7(2,6-DCMBQ)
2 ,6-dichloro-3-methyl-1.4-benzoquinone (2,6-DCMBQ)
HIK 23,6-=F-14-K0(2 3,6-TCBQ)
2012 [22]
Finished water 2.3 ,6-trichloro-1,4-benzoquinone (2,3,6-TCBQ)
2,6-—IR-14-7(2,6-DBBQ)
2 ,6-dibromo-14-benzoquinone (2,6-DBBQ)
2013 BEBR IR 3,5- 5-4- 7R A N3 ,5-DC-4-HBA) 8]
Simulated drinking water 4-hydroxy-3,5-dichlorobenzaldehyde (3,5-DC-4-HBA)
2014 LSRN 2,6- 1R -4-THHKE (2,6 -DB-4-NP) 051
2 ,6-dibromo-4-nitrophenol (2,6-DB-4-NP)

Simulated drinking water

3-1R-5-4-4- 32 FL oK F % (3 -Br-5-Cl-4-HBA)
4-hydroxy-3-bromo-5-chlorobenzaldehyde (3-Br-5-Cl-4-HBA)
2,4.,6- =R M2 4,6-TBP) 2 4,6-tribromophenol (2.4,6-TBP)
3.5~ IR-4- AL 53 5-DB-4-HBA)
4-hydroxy-3.5-dibromobenzaldehyde (3,5-DB-4-HBA)
3-1R-5-5 K% B2 (3-Br-5-Cl-2-HB)
2-hydroxy-3-bromo-5-chlorobenzoic acid (3-Br-5-Cl-2-HB)
" 2.4.6-=4AFM24,6-TCP) 2,4 ,6-trichlorophenol (2,4,6-TCP)
BT e s
) o 3-7R-5-5-4-F2 5% H R (3 -Br-5-Cl-4-HB)
Simulated drinking water o
4-hydroxy-3-bromo-5-chlorobenzoic acid (3-Br-5-Cl-4-HB)

2017 21]

2,6- IR -4-F AW (2,6-DB-4-CP) 2,6-dibromo-4-chlorophenol (2,6-DB-4-CP)
3,5- " -4-FHFK R (3,5-DC-4-HB) 4-hydroxy-3,5-dichlorobenzoic acid (3,5-DC-4-HB)
2,6- 51 -4-I K (2 ,6-DC-4-BP) 2,6-dichloro-4-bromophenol (2,6-DC-4-BP)
3.,5- " IR/K#R(3,5-DB-2-HB) 2-hydroxy-3,5-dibromobenzoic acid (3,5-DB-2-HB)
3,5- " FI/KHIR(3,5-DC-2-HB) 2-hydroxy-3,5-dichlorobenzoic acid (3,5-DC-2-HB)
3,5- " -4- 2R R (3,5-DB-4-HB)
4-hydroxy-3.5-dibromobenzoic acid (3,5-DB-4-HB)

y 2,4.6- =TI (2 ,4,6-TIP) 2 4 6-triiodophenol (2.4,6-TIP)
R _ N . .
. . 2,6- " Tl-4-F5 FEFE W} (2,6-DI-4-NP) 2 ,6-diiodo-4-nitrophenol (2,6-DI-4-NP)
Simulated drinking water " .
4-THHE ) (4-1P) 4-iodophenol (4-1P)

2017 [16]
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T2 I H] IKEEEI PR AR IS R ) 225 3CHk
Time Types of samples New cyclic DBPs References

2.4- "5 -6-I A (2, 4-DC-6-BP) 2 4-dichloro-6-bromophenol (2,4-DC-6-BP)
2 4-TR-6-5 K (2 4-DB-6-CP) 2 4-dibromo-6-chlorophenol (2 4-DB-6-CP)
4-7RIK W} (4-BP) 4-bromophenol (4-BP)

4-Z KW} (4-CP) 4-chlorophenol (4-CP)

3,5- IR (3,5-DBP) 3,5-dibromophenol (3,5-DBP)

LR FHZK 5-1R7K A% R (5-Br-2-HB) 2-hydroxy-5-bromobenzoic acid (5-Br-2-HB)
2018 Simulated drinking water S-S IK R (5-C1-2-HB) 2-hydroxy-5-chlorobenzoic acid (5-C1-2-HB) (1]
3-F /K% R (3-C1-2-HB) 2-hydroxy-3-chlorobenzoic acid (3-Cl-2-HB)
3-JR-4-F2 FL 75 H iR (3 -Br-4-HB) 4-hydroxy-3-bromobenzoic acid (3-Br-4-HB)
3G -4-F5 IR R (3-C1-4-HB) 4-hydroxy-3-chlorobenzoic acid (3-Cl-4-HB)
3-JR-4-F2 I i (3-Br-4-HBA) 4-hydroxy-3-bromobenzaldehyde (3-Br-4-HBA)
3G -4-F2 A H i (3-C1-4-HBA) 4-hydroxy-3-chlorobenzaldehyde (3-Cl-4-HBA)
2018 K 2542 i (2-CPAN) 2-chlorophenylacetonitrile (2-CPAN) 511
Finished water 34- &K 2153 4-DCPAN) 3 4-dichlorophenylacetonitrile (3,4-DCPAN)
B KRN 7K 2,6- - Mt-14-2E5(2,6-DIBQ) 2.6-diiodo-1,4-benzoquinone (2,6-DIBQ)

2020 Simulated drinking water

and finished water

2-7R-6-filt-1,4-2KF(2,6-BIBQ) 2-bromo-6-iodo-1,4-benzoquinone (2,6-BIBQ) [17]
2-F4-6-lL-1,4-KT (2,6-CIBQ) 2-chloro-6-iodo-1,4-benzoquinone (2,6-CIBQ)

ST ML B s o T8 53— TV X o [ AR (R
AR A3 T 14 2K R AK A Sk 7K
A E] 12 FioprRIERAR DBPs, Hirp 2,4,6- = 5K
13(2,4,6-TCP) 1 K H ¥ FE d5c i, 35 8] 1 215.0 ng -
L™ Zhang SF° 2 X RN AR HK T iE 47 P8 4
IHRGIN 2] 12 b R ERAR DBPs, Horp 2,6-— 5 -4-A
FEIEW (2,6-DC-4-NP) 2,6 VR -4-Ff F K 13 (2,6-DB-
4-NP)Fl 2-75-4- 5 -6-fii 3 5 [ (2 -Br-4-Cl-6-NP) i 1K
FESEBR A K K R I 3], 54~ DBP ¥ BE i Ry
49 ~83 ng-L7',

2 FRBIIRRE S8 Y B & 90 B 1 ( Toxicity of
new cyclic disinfection byproducts)
2.1 GETBERRIE B R 0 40 R R e A s AL mE
AR PR 2S DBPs 1 40 i 75 P 3 v i A8
Bt BT B AR Al R B A A e 2% DBPsY
Hung 257 A\ Z5 17 40 il (CCD841 CoN) A AT 41
fi(Hep G2)iT-Ht T 2,6-DCBQ Ay 2 1t 757, 2 B
il He B8 (1C, )73 3 A 472 wmol - L™ 1 557 pmol-L™" |
Bl 2,6-DCBQ #&#% 1 h 1y 240 il 1t 5 1R 24854k
DBPs 418 P 41 il 257 (72 h) A4 H EHRY ) Du
2481 Ji I 987 40 L (T24) % 2,6-DCBQ . 2,6-DCMBQ |
2,3,6-TCBQ 1 2,6-DBBQ #1T 24 h %% % 1 41 Jifd 55
PESZIS , MTS 20 ff 3% 7400 i 7 1C,, {4358 95 .

110,151 F1 142 wmol-L™",2,6-DCBQ .71 Hi e K1
MM EEME, I b, LR M G 2 (LDH) Al & 7 in
ABUEALH] N- E-L-F: Bt 2 1R (NAC) J5 i i 85 7
A B RIS, ¢ B 2 88 T K1 2S DBPs J {1 41 g oy 7™
A 1P 4 (reactive oxygen species, ROS), SZ £ fb I
# (oxidative stress, OS) /& K[ 2 DBPs =4 41 il 5
PERIVEFIAILE , F H 2 5 B0 (NRU) 32 B 200 -
T L T 1% JE% 4 MY 35 1 S 38 7 (RT-CES) Il 15 2,6-
DCBQ.2,6-DCMBQ . 2,3,6-TCBQ #il 2,6-DBBQ ¥
IC,, 4350 11.4 148 113 F145.7 pmol -L™' 1 1.9,
58.7.95.6 F1214 wmol-L™"® RUELEAER I E )5 ik
2L (HIBR 2,6-DCBQ FY 4 2P i k.

SRR AR e 2 AR S 2 0 2 B 2 R ) 400 i
KN, Li W H] RT-CES B3EH T H [ 4 B0 20
Jfl(CHO-K1) 43 ] % %% T 2,5- " 4&-1,4-K i (2,5-
DCBQ)# 2,6-DCBQ A [a] fif ] Bt 1) 4 Jf 55 14, 2,5-
DCBQ A4 2 PE3 A 58 T 2,6-DCBQ Ay 41 il 75
PE, AN, KRBV A AR A i R, B R
24 h 5, MR/ A 2.3- - 1.4 2K (2,3-DIBQ)
>2,6-DBBQ>2,6-DCBQ, KBl 4515 7E Hep G2 4 Jif2
A8 TIESE ) X 5 CRE 1Y Al DBPs
FANAR 75 P — 3R, Al £ R 2K DBPs R i 2 iR
(IAA)>TR LTR(BAAY> A LIR(CAA) ™,

AR 2540 A2 30 BB, 1 ) — 27 L A
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Table 2 Concentration levels of new cyclic DBPs in drinking water in some areas at home and abroad

W
I} [h] Hh AR TR HELFOIRTH B ) fng-L7") 275 ik
Time Region Types of samples New cyclic DBPs Concentration  References
/(ng-L7")
2,6-_FA-1,4-%R(2,6-DCB
26-=R-14-4M(26-DCBQ) 156 ~ 1742
2,6-dichloro-14-benzoquinone (2,6-DCBQ)
) 2,6~ 44-3-F 3-1.4- 707 (2,6-DCMBQ)
N KK AT 7K . T . 11~15
JIEESN 2 6-dichloro-3-methyl-14-benzoquinone (2,6-DCMBQ)
2010 Canad Source water and . - [22]
anada T4 -
finished water 2,6-=T-14- K (Q.6-DBBQ) 04-~06
2 ,6-dibromo-14-benzoquinone (2,6-DBBQ)
23,6-=5-14- 4 (2.3,6-TCBQ) 8597
2,3 ,6-trichloro-1,4-benzoquinone (2,3,6-TCBQ) ’ '
2,6- 41,440 (2,6-DCBQ) 33974
2 ,6-dichloro-14-benzoquinone (2,6-DCBQ) ’
2.,6-"54-3-F 31 4- 757 (2,6-DCMBQ)
IR AN . . nd ~6.5
HI K 2 6-dichloro-3-methyl-1,4-benzoquinone (2,6-DCMBQ)
2012 Canada and the Finished wat . . [30]
inished water - W -
United States 2.6-—T-14-XKIH(2.6-DBBQ) nd ~379
2 ,6-dibromo-14-benzoquinone (2,6-DBBQ)
23,6-=F-14-KM(2 3,6-TCBQ) 401
nd ~9.
2.3 ,6-trichloro-1,4-benzoquinone (2,3,6-TCBQ)
2,6- -4 I (2 6-DI-4-NP) 017 39
S KK A 2 ,6-diiodo-4-nitrophenol (2,6-DI-4-NP)
) thy K 2,6- -4 32 FEOR HT % (2,6-DI-4-HBA) 4067
na ~ 0.
2014 Hlx Source water 4-hydroxy-2,6-diiodobenzaldehyde (2,6-DI-4-HBA) 28]
Yangtze River R .
Delta, China and finished 2.4,6- =W 4,6-TIP) 2.4 6-triiodophenol (2.4,6-TIP) nd ~043
water 24~ L-6-fil§ e 19} 2 4-DI-6-NP) ol 24
2 4-diiodo-6-nitrophenol (2,4-DI-6-NP) ’
3-1R-5-S K% R (3 -Br-5-Cl-2-HB) 42353
nd ~35.
2-hydroxy-3-bromo-5-chlorobenzoic acid (3-Br-5-Cl-2-HB)
2.6- " 18-4-5 K% (2,6-DB-4-CP) doind
2 ,6-dibromo-4-chlorophenol (2,6-DB-4-CP) o ’
3.,5-TIR-4-F2 FLORH % (3,5-DB-4-HBA) doa3n
nd ~43.
4-hydroxy-3,5-dibromobenzaldehyde (3,5-DB-4-HBA)
3,5- S K% ER(3.5-DC-2-HB) 4175
nd ~17.
2-hydroxy-3,5-dichlorobenzoic acid (3,5-DC-2-HB)
24.6- =% K (2.4,6-TCP)
. nd ~215
- 2 4 6-trichlorophenol (2,4,6-TCP)
KR 3.5- T H-4- T R (3.5 -DC-4-HB)
FEAER ok . T nd ~205
4-hydroxy-3,5-dichlorobenzoic acid (3,5-DC-4-HB)
2017 HiIX Source water 26— 4B} 2.6-DC-4-BP [18]
Eastern China and finished N -Bfn(2,6-DC-4-BP) nd~725
water 2 ,6-dichloro-4-bromophenol (2,6-DC-4-BP)
3,5- " RUK#% R (3,5-DB-2-HB) 42759
nd ~75.
2-hydroxy-3,5-dibromobenzoic acid (3,5-DB-2-HB)
3,5- - 4-FRE I E(3,5-DC-4-HBA) 4351
nd ~35.
4-hydroxy-3,5-dichlorobenzaldehyde (3,5-DC-4-HBA)
2.4.,6-—1RKW(2,4,6-TBP
- =BRHC ) nd ~56.9
2 4 6-tribromophenol (2,4,6-TBP)
3-Ji-5-5-4-FE IO F 8 (3 -Br-5-Cl-4-HBA) io6la
nd ~61:
4-hydroxy-3-bromo-5-chlorobenzaldehyde (3-Br-5-Cl-4-HBA)
3.,5-R-4-F2 R HIR(3,5-DB-4-HB)
nd ~125

4-hydroxy-3.5-dibromobenzoic acid (3,5-DB-4-HB)
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Time Region Types of samples New cyclic DBPs Concentration ~ References
/ng-L™")
2,6-4H-1,4- 7 (2,6-DCBQ) 40 412
2 6-dichloro-14-benzoquinone (2,6-DCBQ) ’
g 2,6--14-7(2,6-DBBQ) 0.8 ~49
2020 Nanjing, China Jp 3k 7k 2,6-dibromo-1,4-benzoquinone (2,6-DBBQ) ’ ’ 0]
e 7
"I”EU:‘@ Tap water 2,6-:@1-1,4-%@@(2,6-DIBQ) 04 ~18
Shanghai, China 2,6-diiodo-1,4-benzoquinone (2,6-DIBQ) ’ ’
2-48-6-l-1,4-2K0(2,6-CIBQ) 07 -13
2-chloro-6-iodo-14-benzoquinone (2,6-CIBQ) ‘ ’
24,6-= KM (2.4,6-TBP) 2036
2 4 ,6-tribromophenol (2,4,6-TBP) ’ ’
2,6-"18%-4-5 7K (2,6-DB-4-CP) 630
2,6-dibromo-4-chlorophenol (2,6-DB-4-CP) ' ’
2,6~ -4-B KT} (2,6-DC-4-BP) 3233
2,6-dichloro-4-bromophenol (2,6-DC-4-BP) ’ ’
2.4,6- =% K (2.4,6-TCP)
. nd ~31.6
2 4 6-trichlorophenol (2,4,6-TCP)
2,6- R -4-FHHEF (2,6 -DB-4-NP) 483
nd ~ 8.
2,6-dibromo-4-nitrophenol (2,6-DB-4-NP)
2-1R-4-58-6-fi§ KA B (2-Br-4-C1-6-NP) 4657
2-bromo-4-chloro-6-nitrophenol (2-Br-4-Cl-6-NP) ’ ’
AR 2.6~ R~ HE A (2,6 -DC-4-NP) ds
2000 BRI W3k k 2,6-dichloro-4-nitrophenol (2,6-DC-4-NP) ' 2
Shenzhen, China Finished water 3,5-IR-4-F3 FIE A EE(3,5-DB-4-HBA) d-24 361
and tap water 4-hydroxy-3,5-dibromobenzaldehyde (3,5-DB-4-HBA) e
3-IR-5-4-4-F2 FL 0K F % (3 -Br-5-Cl-4-HBA) doag
4-hydroxy-3-bromo-5-chlorobenzaldehyde (3-Br-5-Cl-4-HBA) t ’
3,5-ZIRK %R (3.5-DB-2-HB) 4-36
2-hydroxy-3,5-dibromobenzoic acid (3,5-DB-2-HB) n ’
3-1R-5-%K %82 (3-Br-5-Cl-2-HB) dao
nd ~4.
2-hydroxy-3-bromo-5-chlorobenzoic acid (3-Br-5-Cl-2-HB)
3,5-Z5UK#2(3,5-DC-2-HB) 448
nd ~4.
2-hydroxy-3,5-dichlorobenzoic acid (3,5-DC-2-HB)
3,5- . -4- 2B R (3,5-DB-4-HB) do12
nd ~ 1.
4-hydroxy-3.5-dibromobenzoic acid (3,5-DB-4-HB)
3,5- - 4-FRHR R (3,5-DC-4-HB)
nd ~9.8

4-hydroxy-3,5-dichlorobenzoic acid (3,5-DC-4-HB)

s nd” ok i TR TR K

Note: “nd” means no detection.

R DBPs, Vlastos 5™ 55 T 2-F 2K 1 (2-CP) X} 1Af
TEAH T 2 R INBE 1 2O RISUR [ 1C,, H1(16+1.0)
pg-mL ™" R RN 7 3 N7 A EE R 4025, 2-CP B
HZE R X KA A A FE LS Y, Chen ™k
EHE I Q67 WA T 7 Rk {LAEE 2 DBPs 12
PR BEPE /NN 2,5 - RN IR 3 (2,5 -dibromo-
hydroquinone, 2,5-DBHQ)>2,4- 7R 7 [} (2,4-DBP)>
4-JR-2-5 H 1 (2-Cl-4-BP)>2,6-DB-4-NP >2,6-DC-4-

NP>2-1R-4-50 K 1 (2-Br-4-CP) >4 -1 4 1%} (4-BP) , 1&
BN R I 7 Ak OO 2 DBPs Z [a] 3k
DM E)AE FH AR 2 b 2 v B8 KT 14 T v i T v, 7
I IR AR IR A W B P T T e AR R I PR ™
R IR I A2 A [R) AR 25 5 e 5 75 1% DB-
Ps 20l #EPE K/, Zhang 261 Ff CHO-K1 2 i 0 75
4-BP F12,4-DBP 11y IC,, 43514 30.8 wmol - L™ Fl
109 wmol- L™, % B < R B 36 B 22 41 il 2 M
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K. Liberatore 22" Ff] CHO-K1 4 g4, 1 2-At 2
15 (2-1P) 4 -fill 2 5y (4-1P) F1 2,4,6-TIP 1 20 it 75 1
IC,, 43514 601 216 F143.7 wmol-L™" | [RIRESF &
KA G TR LG WL, Zhang
ZEBOTRE i 4 1 #uI SE T 15 AT ALERIR DBPs (1)
CHO-K1 #ififl 71, B MW ¥ A 2,6-DB-4-NP>2,6-
DC-4-NP>2-Br-4-Cl-6-NP>2 4,6-TBP>3,5- —.{R-4-%%
FHEH I (3,5-DB-4-HBA)>2,6- {5 -4-50 % 1 (2,6-
DB-4-CP)>2,6- — 54 -4-1R 7K 3 (2,6-DC-4-BP)>3,5-—.
TR-2- BRI (3,5-DB-2-HB)>3 - Ji-5- 5 -4- 53 JL 4
A Ji% (3-Br-5-Cl-4-HBA)>2,4,6-TCP>3 5- 54 -4- ¥ 3L
HEHE(3,5-DC-4-HBA)>3 -1 -5- 58 -2- 2 KL K F iR (3-
Br-5-Cl-2-HB)>3,5- . &-2- %% 3£ % /1 Jig (3,5-DC-2-
HB)>3,5-DB-4-HB>3,5- 4 -4- 2 K4 iR (3,5-DC-
4-HB), BRI A 10 A 5628 19 > p AR B > i %
2 F > A 28 R |, 1-DBPs>Br-DBPs>CI-DBPs , 1
A DBPs>A 7 & DBPs, ZEIHY AL TE Hep G2 4
Hl B P S A B T RS

BRI AN B 48 9 S AR ik
WG AHOCI R A FEAE N E4E bR . Zuo SFHY
WI%E T 2,6-DCBQ Fl 5 F# ¥ DBPs Xf £k HU i1 35t /%
TPk, 450 B, B#& T 300 ~ 500 pmol - L™ 1) 2,6-
DCBQ il 5| 4k dt DNA 347, [7] 45 vk 1 Ay
N-WAEIE W =8OR IR R . A LA
— IR BRI 2 HL ) DNA %A 5200, 2% N-F il 5
T ek B SN F) 25 mmol - mL ! I AN £ H i
B Y DNA $i45i, Vlastos 5% () iF 57 26 B, 2-CP
o Y 1 o ) e A S 21 200 RN IR B A0 B ) A
51 DNA i, =5 —IRTERARK B T (16
pg e mL ™ )WL F] 2-CP Xf A A 20 i 4 38 4% 55007, LA
A BIF I BLAIESE T N R 2T 24 41 i 22 5 - 2-CP
J DNA Wil iy vl gk (2 Rk BEd =, a2 3 17 0.5
mg-mL ™™ Yin ZEF % BUBE T 5L 4 ps3
TEESE 10 d 2285 T 5 pg-L 7' 2,4,6-TCP B K& [H 4
GRS, RPN BRI 5% #EE, 427R 2,4,6-TCP
A Rl 2 75 T R R A AR T R U 1 kAR . 2R
) 3t A5 T3 RO 76 T B B V79 4 bl ¢
FCY WHO B 2.4,6-TCP 4250y B2, Bl GE{ B A
BRI A

Du S5 T24 AT GE T O HK i 4 Fhai g
i ARORBR S DBPs M ist i d R BB Re g 15 5
8-FRIE A1 4 (8-OHAG) 1Y 7= A, K/NIF N 2,6-
DCMBQ>2,6-DCBQ>2,6-DBBQ>2,3,6-TCBQ, H:

2,6-DCMBQ 57 4 1 8-OHAG £ 4 Xf FRZH Y 10
5 ,8-OHdG fE N — 22 H i F & 1 8k i1 e
X, TS 4 DNA (1) 55 58485 F @ i ) xf
Y S a4 3 PR 0 RN B AT 2 52 ™ CHO-
K1 il 5555 7E 8 Fh i AR 2E DBPs 24 12 h #l1 24
h J5,8-OHAG A=A i il p53 FE AR K34
WS, BREE 12 h 5L 2,5-20-1,4- K1 (2,5-
DBBQ) Al 2-44-1,4- i (2-CBQ) 55 CHO-KI1 4l fifd
774 8-OHdG,2,5-DBBQ #12,3-DIBQ 4/l T p53 it
PR g e ik, HAth e AR AR iR -5 0T BECZE A H 2 TG B 3 25
5, 257 24 h J5 CHO-K1 1Py 8-OHdAG 7= 2k iy /K
/NH 2,6-DCBQ>2,3,6-TCBQ>2,6-DBBQ =2,5-
DBBQ>2-CBQ =~2,3-DIBQ ~2,3,5,6-VU 5-1,4- 7K [l
(2,3,5,6-TCBQ) = 2,5-DCBQ, It i} 2,5-DBBQ. 2,3-
DIBQ .2,6-DCBQ 1 2,5-DCBQ ¥ fE g1 i p53 ik
R, —H pS3 LB , ps3 Bt —2
AT 20 AR A T Y X SR A A
AT 2 AR F 2,5- AR R, 2,6 - — < AR R TR
RERS 1A 5 40 i 7= T 2 11 8-OHdG, Hifs 3= E 1
p53 R F A

58 N A% DBPs W3 #E HLER HE AT T 7 24K
T, FC A S B AR A — ol Y 2 L 6 1 L B
AP AN ROS B K 7E — EFE L
Al DL AR AR N 38 0 B2 . Hung S5P7E T 2,6-
DCBQ %5 I CCD841 CoN #iiJfi 1 Hep G2 4 ifl N
ROS 7KV, R 48 26 6 3 Wl o B2 55 4H il ;N ROS 7KK
BUEAR OG0 OC P, 25 L R B B 8 TR RV B 1
2,6-DCBQ ¥ 24 h J5 40 ROS & i [L & F& 1 h
JE AIXTREAR T 60% , B4R N A7 7E 9T AL R 40
KA 2,6-DCBQ 175 5 1Y 8 A0 0 38 s N, 3% — 2518 7E
HAB A 5T A Bl E 525 Lou S5 iF 58 T 2,6-
DCBQ LA AR Z B IR W & FILKR K E TR
fig((-)-epigallocatechin gallate, EGCG) PAAS [A] kb 1112
B G X Hep G2 4t g 25 1 A1 48040 107 84 1) 52 il | 45
M, 24 2,6-DCBQ ¥k /& [# % 7F 50 wmol - L™ A,
EGCG % JE M 0 wmol - L' ¥ /%] 50 wmol -L™'J5,
Hep G2 ZMIIITEIE M 20.0% $2 53] T 65.2% , il
1 AN A L 9 £ 2,6-DCBQ I EGCG R4 )5 Y
ROS F=A: & &P, M EGCG ¥k 44 in, Hep G2
AN ROS 77 2E Bk /D EGCG #EEM 0 pumol
LN F] 50 wmol - L' 5 ROS 77 AE D T
86.6% , M= 4= ROS J& 41 Jifd N i) — Fh 3 B 422
1M EGCG A LAV BR 4 N 7~ E 19 ROS, FEAILY BT 5 |
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ooz 4R #16 &

AL BRI, B2 o A0 A TG A, S AR A 2R
RIEF X Yy 5 5 7= 4 ROS L B — E % 1,
CHO-K1 4l il 2 &% T 8 ol pxi AC 2R it J 40 il o8 7 A=
ROS /K3 K 2,3-DIBQ>2,5-DBBQ>2,3,5,6-TCBQ
>2.,5-DCBQ>2-CBQ>2,6-DBBQ>2,3,6-TCBQ>2,6-
DCBQ, H:#1 2 3-DIBQ #7557~/ 1) ROS /K- H 2,6-
DCBQ 1 2.9 fi%, 5 & J7 If] 2,5-DBBQ A 2,5-
DCBQ %5 40 itd 7= 4= 1 ROS 5 2,6-DBBQ #il 2,6-
DCBQ I HAE A0 1.4 F 2.1, oAb 2 B LSS
A2 i 2 2 ROS A= iK1, 2,3-DIBQ 15 3 4
S 9 7= A= ) ROS 7K F- 43 gl j& 2,5-DBBQ, 2, 5-
DCBQ .2.,6-DBBQ #12,6-DCBQ (¥ 1.2 f% 14 % 1.7
R 2.9 A5, X7 3EAS 5 40 i 25 107 2L L2,
3-DIBQ=2-CBQ>2,5-DBBQ>2,3,5,6-TCBQ ~ 2,5-
DCBQ=2,6-DBBQ>2,6-DCBQ =2,3,6-TCBQ), 1)/
ST IO BRI e SR P B P Y LR 2 — B

SN BT 5 B A A 2R G 0 A B R AR
SOARBEEI 2 — WF5E R K AR RER 2E DBPs
AE B T24 A AL AT DA S 2 T 20 B PN 45 D6 H AR (GSH)
K, H GSH FEAR 1 /K -5 5 48 2R i v 3 52 1E A
X%, M40MI N GSH # GSH 1l i 31 T %% 2 192 7. R IF.
FEAD G PR, ki AR AR Y 1C,, MXTREAR T 30% ~
80% 1, ILAME AL BN AL 2 Ay ) B 2R FL AR 10
mmol-L ' GSH 7] DX i 2 B <1 1 25 iR 28 DBPs i
S A MM R SRR (T - o B R T A
TN AR B A 5T 7 AR KRS DBPs 1l DL
GSH H#4 BN AE M H KRG &, i —2 1%
R4y GSH & &, [FIE}, 5 GSH #H5¢ 1 bt 4
AT PR 9 i AU R i 2 DBPs 2042, il 5¢ R
T24 45 25 T < AR KR 2E DBPs Jio, 40 i 9 45
HRK S-EEFE R (GST) i 14 1 3 H2 1, 43 bk H I 41
AL GPx ) 1 14 A o A8 3Rl A AR, 7€ MCF-7
YA SRS, Zhang 5553 i 4 1 X 4%
FIXE 5 #4) % K R (quantitative structure-activity rela-
tionship, QSAR)EA & i 15 F < {{ 75 7 i DBPs 5
i AR (CAT) 45 G 1 KN A B U4 T
TN i CAT XEHU ARG R G PR 2 —
i, iefl KA ROS MIVER .

AN T 2 MUE A DG SE R 2R 5K, Li 48 IR
SET AR bRz AMI(SV-Huce-1) 2 8 T 5 A4 i 2
DBPs J& 23 T2 5 8 A A5 530 B A OC 1Y 44 >
FER KA BFE 2 h 5,9 ~28 PNIER E A E L
AF R HE 8 h 5,29 ~ 31 ANFE K A W BOA 5 1 ek

A X AR IR R 2 DBPs % #2 1F H 5 i 114 JH: At i 7Y
WAL HE GSH 480 J5 HE 4 R R A RN S A
WHE 5%, xi{CHEER2E DBPs Ml {02 B 2% DBPs
5T 20 A 1 A KON L B DNA B4 Fn 5
PR R G0 2 0] 1) SO0 55 5 240 B v st A% we
BRGS0 T LB 2 IH 40 i 2 ok At AL
PEZ AL B — 7 A T
2.2 AT N

NI 5t (endocrine disrupting chemicals,
EDCs) e 38 1o 155 400 5l 35 30 il P9 IR = PR
THe IR R A B B TR Y 2 R R —
oy 6 RS st i 2 iR SR
FHCRIRSER BTN W R G i E 2
JUEHR R ARYME R R B A & EEm, SR
Y — i it Z A R AR Z RN Tk T
PLAE PR IE H 1 is % |

Ezechias 557 1 2 F e R34 5 BE DR S 3600 2 1
2,4,6-TBP [ i3 2 5007 RN A B 300, 2 e &R
Fifg A A PR R AT AU B UME S R 1C,, {ER 14.1 pwmol -
L7 Bl 1C,, {68 3.9 wmol - L™ ] B-2K 30
R A B AR R PUHE L R 1C,, H°H 9.2 wmol
L7, 3R 2,4,6-TBP He5 Mk Al 3 52 14 1 T 143
PEAHZE A, R0 RH 7 B O A B R A, Bl &
WTEABCE 40 (U20S) A (K3, Hamers 557
F AR-CALUX 52575 2,4,6-TBP HUHERLE 1C,,>
15 wmol-L™", B M IC,, 8.3 wmol-L™", fIF {5 [d] —
Py IO %) M 08 2R A8 AT T 26 )2 Fh T A [ 2 R IR
SR AS B 2 [A] A R U SR R A 2 50, 2,
4,6-TBP FEAA P S50 Hh 0,28 3 R 35058 119 9 43 0 T3t
KON, B Hy £ VR JIG I 55 8 T 2,4,6-TBP i Hh 23
MO A [ R R 3R 3K R BRI R KPR
5 D B MEVE AR BE R I SIS AR R RESE | B
A R, Olsen 481 FY N FL % 968 41 JfL (MCF-7)
W92 T 4-BP 2,4-DBP 1 2.4,6-TBP 1) i1 2 05 1,
SHIE S M E Z kYA, A 2,4,6-TBP L 1E 1
pmol « L™ FF I BRUA 43 % B TS M i i i 8 3%
240 i e B S 6 45 SR 3R WA 4-BP il 2,4-DBP B i 1)
T HE A5 S 0 00 2R A O 3R IO Y 4 SR T A
TRV 2 L v 22 i AR 3 P B R A LA, X 4
NN B oA B 7 S VRS i 6 i el [E| Bt N i
eI, Holmes 7™ HM R Z ke 45 & 50 00
PR T 21 Fi DBPs 55 MET 3R 52 A FE IR 52 1R 1Y
¢E G He Sy, Horp 2,4,6-TCP F11 2-CP DA % 3.,4,5,6-P4
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F-12-ARBR A BRSSP R 2 R Z5 5 8 T ,2.4.6-
TCP F13.4,5,6-V45H-12- 0 L & 2,6-DCBQ HA
MR R 2 RES AR, TR G Y £
3,4,5.6-DU5-12- K0 5 4-1F T- 361 HAG — 2 A5 bt
YEFT, M 2,4,6-TCP 1 2-CP 5 4-1F T- 28y B — &
A EMRIVE A S B MR FRAT TN >4 B S B 7K A DBPs
VR G FETERO .

Yang 7R HZE oot Sk e 7 17 Fh
i A5 7 % DBPs 5 % HUR IR R 20K & 11 (hTTR)
M2 5 Be T AVEIALER 455 S R/ R 2.4.6-— KK
1 >2 ,6- . 11 -4- il B IR iy >3,5- X -4- 55 3 O >
35- -4 BRI ~ ) AUK IR, 45 & J1 iR
1) 2,4,6-TIP 1Y logRP (FH P4 X} e 47 o 5 I ik 40 Jo 1)
IC,, HAE X EO) R 0.421 , 454 15/ Nl 5-BK 4
FR(5-Br-2-HB)Y logRP H-3 47, B& T 2,4,6-TIP
4k ,2.4,6-TBP F12,6-DB-4-NP ] logRP >0, 01X
3 FEt 5 hTTR 454G (BE T L R X R o i
XPAMRHCR AR 2R G A AR5 ) THEAE J1 . Kollitz 45
ME T 246-TCP 2,4,6-TBP F12.4,6-TIP % A\ FIHE L
i HUR IR SZ R B2, 25 51 i s = ) 2R 19 2% DBPs X
N HUIRBRSZ SRR T Bl b 2 o R 2 AR
AN N ,2,4,6-TCP 2,4,6-TBP fil 2.4,6-TIP fit) 3%
S H B9 R 56 30.6 F111.6 wmol-L™" | B H X BE
Ih i (1 H R R A2 4R 28 T3 R /N 9 S A L A
246-TCP 2,4,6-TBP 1 2,4,6-TIP %35 Fl J7 # ¥ 4%
WIh 13.68 31.28 F12.68 wmol - L™, Al fE 5 4 ]
(25 5 L S FCAR 2, 5 X N B i 22 A O, oAt
WFSEMIESE T 2,4,6-TBP 1 2,4,6-TIP ELAT 3558 iy
AR IR BN, ™ F s o N R R R S8 OE K i
FEUSE G AN Xi S E T 10 Ak AR R X
hTTR MEFN 7 KIN, & 30 b A R Ay v 4 55
hTTR 25657, K5 )i AR 2 DBPs 4514 ALY
B AR HT R ZE W) Jo & — S 7E Y hTTR 45551

Bi_aA 3 AR AN 2 A6, 58 N AR X B
RIFRIR DBPs (LA PN 43 W T HRALN T T — 2 1Y
W&, WI5EE 24,6-TBP BAT—E 041 % (PR)
FEBUAIZN , H 1C5,>15 pwmol - L™ G AEH1 il i —
Pt A R AR S, T HE P 0 6 4 ML B 15 5 7%
S NAEZ AR AR L MERCER AR T, Li AR
FHBERR IR IE T AU A B HAR 43115 A W k) N 4
R X SZARBS s PUrE 45 R R BI A S H
AT NAER IR X 2RI WM (H B Bk
FFEPbE , Horp 2,4,6-TCP FIXUEY A (1 IC,, 7351~

022 mg-L' 11745 mg-L™",2,4,6-TCP X} A 4k Hl fig
X Z B PUE HEE HAE R S P U A 1 79.32
W, ST AT W0 LR T A R AT N BUR
FTREXS BT A W02 04 BT A P 43 T 280y R A LB —
(SIS, 35T A% B0 o T X 2 B R B Wi e F
5% DBPs 11 P4 430 TP 25007 S0 I & S ok .

Kolsek MR ML T — A~ 2% H IR A 43T
AN T WA 35 | 38 35 J5 5 B9 AutoDock Vina #E 47
Ay T XN REE % 14 DR RS2 14T 25
A HR/INE B SCERTT7 %6 3 A4S P9 40 W Pk
o T X 35 34T T SEPRiZE ., Chen S5 X} B EL (1)
2k [#] P 18 25 32 4K (steroid hormone receptors, SHR)5
BCAR 53 F-VE FIALRIHER T T TR0 A A0A |, %o e (-
ZRE S YIREEAL R ARG Bh R Y TSk
DL I H12 BRBER G AT T8R0T, W T or+
SR ARTF K I BIS AR AE T 7R, Zhang 450
FIFH AT XHER AR 0 T 4-BP A1 2,4-DBP 5 AL
HEAMLEAEH, 20 2 F DBPs #4665 AL iE
FE FE R AR B - AN LVE AR A2 A, BAKEE S
SRR A A FEAE A I3 TR g K A
t.,2,4-DBP 2301 [t 4-BP 55 K9 5 R ST, (B A5 E
ISR 5 RS N L Bl A I S 6 1 25 R R B
— b, XL B 3R K Y 2,4-DBP R
KA ETE . Zhang SEP R F 43 F XHEROR
O T 15 Bl 1857 7 %2 DBPs 5 3 Rl AL
485 & J1 RN, QSAR B 45 R 3 I 1 1% 55 & i 28
DBPs 55 CAT 456G J1 B K/ N B B 1A 7 B2 1Y
S, 2R S5 18 7E Hep G2 41 Fn Ak 78 /K &)
3] THESE,
2.3 FHAbEEHERUNM

KB HMERIAE LT KSR
FF S MR R TR e bR, PR SRR &
DBPs il # H A7 L5 & PE DBPs &= 1 & & 571k
FFE N B I il 2% < e 4 BOAEUER K BE i, &5 A
SERE R FE I FE & FEE#E & 1% DBPs, W — {4
i AT AR B AT BR 4% & M DBPs, 75— FE oA
HEAT AP 25 R R & B R SO T 2 R U
W15 & 1 DBPs Xf & & # M0 sk ] Z A1, &
PR R A E 4% & M DBPs 457 901 J& 5% 7 2% DBPs
REE & B REPE M) R ETTRE ™, Liv 5% AR
IKEER AT T W S8, K BB S 5 min 5K EE K
HRMEB Z BT T FE T 50% L b, %t [ kKRR S
DBPs B #7538 & AE B K Kk i i B i 2
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PLINN O P16 &

IR DBPs 43 A& A i 5 K A s g 148 7 4% A B B
HEIR DBPs , ik — i it g AT 58N G2 TR P
IR DBPs 5 i 5 A B PR IEAHCOCER Ml
WESE T HEARE SR E R M, BT, 2 BE
K DBPs 9 % & # M B B 5 E 52, Yang Al
Zhang™ F| T i —Fh 2 B2 S xF 2 Fh i 18
J5 % DBPs 47 & B B A, 245 2R R AR
% DBPs & H 1Pk K/N K 2,6-DI-4-NP>2.4.6-
TIP>4-J] -2- & K} (4-Br-2-CP)>4-BP>2 4-DBP>2 6-
DB-4-NP>2-Br-4-CP>2,6-DC-4-NP>2 4- A % (2,
4-DCP)>2 4,6-TBP>3,5-DB-4-HBA >{#1};>2 4,6-TCP
>2 6- IR} (2,6-DBP)>2,6- . & K # (2,6-DCP)>
WL R> =8 LR >TR 1R, 3 W < X 55 75 % DBPs
B IR DBPs B /5 /9 & B # 1%, I-DBPs [t Br-
DBPs 1) % & # 1 K, 1fi Br-DBPs X It CI-DBPs [
KB, &% DBPs A% DBPs & H #
K, XS AN R AR — B, RIS TE
WF5EERIR -DBPs 19k B w1k AR 2R 8L, Hr 2,
6-DI-4-NP F12,4,6-TIP B % B # 1k I 2 1R &
WL TR 2R i 3 B R ™ BES iRl
9T & B 5 0 — P WAz i A= ), Wang 265 (1)
IR E], BEET 0.5 ~ 10 wmol - L™ 114 pig £ 2 i A1
0.5 ~5 mmol- L™ iy & LR 120 h J5 , BE S iR iR &
AW R B Y AL FE S A R O R
BRI, kT MK/ 2,5-DCBQ>2,5-DBBQ
>2.6-DCBQ>2.3,5,6-TBBQ>2,3,5,6-TCBQ >l Z, i >
TR B> LR, RIS DBPs R B BRI
KTk DBPs,

AR AW F — 48 S MR oo S S AE A 1Y
AR FEFEMEM, Lin Ml Zhang 8 1+ ) E M43 % a
AV BERE T 20 B g /407 7 % DBPs Fl 5 i &
BR T [ F BV FE S Tetraselmis marina 125 K30 VE
JH, H AN K 2.4,6-TIP>3,5-DI-4-HBA>2 4,6-TBP>2,
6-DI-4-NP>2,4-DBP >4-Br-2-CP >4-IP >3, 5-DB-4-
HBA)>2-Br-4-CP>2,4,6-TCP>4-BP>2,4-DCP >2,6-
DB-4-NP>4-5{ %[} (4-CP)>2,6-DC-4-NP>2,6-DBP>
3,5-DC-4-HBA >/l 7, /% >2 ,6-DCP>5 -5 /K % 2 (5-Br-
2-HB)> =R ZR>IR .8 >5-Cl-2-HB>4 2.1, Horh
2.4,6-TIP L2 TR IR IR TR LR 01 B8N, vk B
(EC4,)73 510 2.87 2 190 .7 560 F140 900 pmol-L™",
FH i X5 75 1% DBPs % i 28 1 A= K A0 il 4 iz iz
KTH X L FRZE DBPs,,

Xie ZEPUR3E T 2,4,6-TCP 2,4,6-TBP #i1 2,4,6-

TIP X W5 240 it 1) B 5 2 14 0 e 28 115 4 D, 4t g
FEER/NHK 2,4,6-TIP>2 4,6-TBP>2.4,6-TCP , {HXf E
W 241 R A2 R HH AN [R) A AR 47,200 pumol - L' 1 2,4,
6-TIP A F E MEAN I M2 4% 1k, 200 wmol -
L' 2,4,6-TCP & 75T E WEAN A M1 2 A4k 1k,
1M 2,4,6-TBP 55 E WE 41 g M1 Fil M2 Ak Y g
A, T ML ORI M2 4 A 43 A 0E 98 0 B
FPLAAE SR, 1T 2B 3 Ff DBPs 1] i S BUAS ]
R 4 P88 B 1 R 2 B, Zuo SFMIE T 2,6-
DCBQ A1 5 Fl & #1455k DBPs X 75 1l £k H (1) B3t
R IFIGHR A DNA #4510 52 0, Z2 5% 24 h J5 X}
2k I BIER KN N 2,6-DCBQ> IR ZR>=H L
> A LR, - EE BV FE (LCy,) 43 90 Ry 328
1220 .1 430 11 720 wmol- L™, N-3V i 5 — F Jiie xif
LRI EOE R A B I, LC,, >50 000 wmol -
L7 A M A ) BT fie S 304 R I 3 3
(IRRAR, /NI 55 2k OB S R — B0, X2k
DNA i {55 #1753 1 & B R A 4 2 58 T 300 ~ 500
pmol - L™ 1 2,6-DCBQ B AJ X4k L DNA i #5473 ,
FWIZRBRZE DBPs HA 8w A Wy s iR st %
RN, it PR 231G VR e 1) R i KU B9 3R ]
RIS I — P A B 7

B DBPs [R5 5 19 A5 40 B 1 3000 B R e
ZENATRY 12 T, 6 3 Bah T 4 sk 2 Al
IR DBPs 19 F iR &AW FE RN AT ST .

3 QSAR EHEAEMBIKESRI~YWEEHLN T
T B AZ FA ( Application of QSAR in the toxic effects
of new cyclic disinfection byproducts)

B 25 TR 7K S5 1) DBPs 50 0 DL R AH G
MR S WE5E A B Bl IT iRz QSAR
BRI K T30 DBPs 1% B 45 | 2% B A
ROWP . QSAR K I i BHE W AR Uy A R
5 Bk R LL RS RUGHIE 4 N5 Bk AT AR T
QSAR FAEH A MY FH AT 2 AR (1) 2549 A5 A
AL E W TERE DL R B8 25 11 T 25 3 B HE R AL 0
PE; @G Z [0 B 4T 0 22 5 55 HL 45 0 F 4H AT
O, 3K 5 R T B EROIR T B R 7 ) B A RS
FIRRFPEAR LG o f8 1] QSAR EASORE 25 44 FI T MK
FERAIMLEAE 100 ZAERTT IR, BES7EE 7 FIE
Py B 58 AR 2 T iz 1 1 JEPY . DBPs 5
QSAR RYE & 9% & A 7E 1991 4F | Tuppurainen 55
TR T H— %1 TE X DBPs 811 QSAR BiAY
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Table 3 Biological toxicity of new cyclic DBPs
BRI ZAEY Wy o A b 27 3CHik
Toxicity category Test organism Test substance Test index References
NEEW 40 CCD841 CoN Y% Cell density
E S S E T
Human colon adenocarcinoma B § ) " DBP W PEE(ROS) B7]
enzoquinone s
CCD841 CoN 4 Reactive oxygen species (ROS)
S ks Y% Cell density
Ry b
_ i HE4(ROS) [37]
Benzoquinone DBPs
Reactive oxygen species (ROS)
}\IH; GH;H@ RIRISTH AR =% Benzoquinone DBPs MIEE Cell density [17]
ep o Sl i . i
K2 THFERI 4 Phenolic DBPs 0 %
Human hepatoma cells Hep G2 o ) [26]
o RIRISTH AR =) Benzoquinone DBPs Cell density
Eilllitky — s
Cytotoxicity K2 2R Phenolic DBPs M5 Cell density [16]
ytotoxici — — -
AR AR Y YN BE Cell density 2]
Benzoquinone DBPs Wi P4 (ROS) Reactive oxygen species (ROS)
[ LTS CHO-K KRB #E R4 Phenolic DBPs HFRZERE Cell density [46]
Chinese hamster RIS 78I 724 Phenolic DBPs RS Cell density 47]
ovary cells CHO-K1 M 2781774 Phenolic DBPs B Cell density [36]
B /R IRE & B & ) RGN R EE u3]
Vibro fischeri Phenolic DBPs Luminescence suppression degree
N A TR =9 FEMHRIBOR ua]
V. qinghaiensis sp.-Q67 Benzoquinone DBPs Luminescence suppression degree
M Cell density
e s o i o, 15 E(ROS) Reactive oxygen species (ROS)
b5 s 2 i T24 ES S T 8 FE 415 T (8-OHAG) B8]
Bladder cancer cells T24 Benzoquinone DBPs o ! )
I 75 8-hydroxy-2’ -deoxyguanosine (8-OHdG)
i AL A Bk AL Protein carbonylation
Cytotoxicity and YN BE Cell density
genotoxicity o O BUUP EL40 i CHO-K1 . Wi P4 (ROS) Reactive oxygen species (ROS)
AP VA B Al
Chinese hamster ovary B ’ ) " DBP 8-F2 KL I 4 5 1 (8-OHAG) [40]
enzoquinone s
cells CHO-K1 4 8-hydroxy-2’ -deoxyguanosine (8-OHdG)
p53 #: M p53 gene
il €00 2T 241
Erythrocytes of Carassius auratus KT G "
PNiN =R o) Phenolic DBPs Micronucleus rate
Human lymphocytes
N AT 2 2 EN S T DNA W44 9]
AL Human gingival fibroblasts Phenolic DBPs DNA break
Genotoxicity o [ A V79 KB AR Y %k Hyperdiploidy [51]
Chinese hamster cells V79 Phenolic DBPs A% Micronucleus rate
B PN e T p33 LA [50]
Zebrafish Phenolic DBPs P33 gene
FHHNLE BN S e T DNA $ifji 48]
Caenorhabditis elegans nematode Benzoquinone DBPs DNA damage




98 & % B ¥ R 516 4
2i3R3
ER S ZAEY W o A 27 3CHik
Toxicity category Test organism Test substance Test index References
a5 BN e T S FA A EH] 21
W/ 2 Yeast Phenolic DBPs Inhibition of gene expression
LY BN e e T
Estrogenic/ e/ eI R 2 A Phenolic DBPs ZARG A Ry [77-78]
androgenic Estrogen/androgen receptor PN SRR Binding force with receptor
Benzoquinone DBPs
HERCR AT R A U-2 08 ARSI T SO K -
Androgenic Human osteoblast cells U-2 OS Phenolic DBPs Luciferase gene expression
R R RO NFLIRIE AR MCF-7 ES eI SEMFIRAN Affinity 76]
Estrogenic ~ Human breast cancer cells MCF-7 Phenolic DBPs 2 A4 Cell proliferation
AR /B i AR I U B AT LR TR AR 01
%)W Human and zebrafish thyroid receptor 8 Phenolic DBPs Binding force with receptor
Thyroid N HUR AR R A 5 1 (hWTTR) EN e T G AR 9]
hormone Human transthyretin (hTTR) Phenolic DBPs Binding force with receptor
2 BRI
(Platynereis dumerili) KN R W -
Marine Polychaete Phenolic DBPs Embryo normal development
(Platynereis dumerilir)
R e
2 BRI
Developmental B ) )
oxicity (Platynereis dumerili) A TR TR IEH % 7 -
oxici
Marine Polychaete Phenolic DBPs Embryo normal development
(Platynereis dumerilir)
e M S A WA TE T % 7 3% o]
Zebrafish embryo Benzoquinone DBPs Embryo normal development
HEE
e KA , e e .
) (T. marina CCMP 898) FN e e MERE a ik
Comparative [95]
. Marine microalgae Phenolic DBPs Chlorophyll a concentration
toxict
v (T. marina CCMP 898)
i 1
G fEREE 2 g 240 R IH TR Cell density 6]
Immunotoxicity Mouse macrophage cell line Phenolic DBPs M1 M2 [k

Expression of M1 and M2

Zhang 255 % H] QSAR X} 15 Ff g A8 3% 7 ik
DBPs /) CHO-K1 #H Jfd 3 PE#F A7 T @A T | 3 i
REFRYA A FGGUE , BB 18 A7 F-Hi IR AT 24 Hh 1k
PET 3 MR (Ecar « Euoso M Eyono) WA BN f5
HIRERI T R | B, 183% DBPs 5 CAT Z1k45 &
IR, Epmo T Eyono 73 511 28 78 B AR 25 L8 BE I
A HUERE, 5 AL AAAR DG, AR
Q05 % 1% DBPs HYA L REYE S B SR HLSRA% I
V15 CAT 455 BYRE T i BEAH O AU 1) DR e R K

(RN 0.844 , A B i1 BN GE /1. Yang 2570 %}
17 Rk 7K i s fU05 % % DBPs 5 hTTR f945 5 fE
AT TR, AL R — 38 LR IR
(Qtoo)« H 2 ZEU(Qoor) IMEBIIUE R 5L (Qpxr) FT
VHAH 2 R % (concordance correlation coefficient, CCC)
VK3 T A3 (AR e, R B R B R 47 140
AOUEE Fafa A S IOt RE . g A AR R Y
I3 IRATE R 2 B K 53 e R AL (log D) (FRAE B K AE
FH) AR () (GRAE 53 F AR P KN ), AR5 J0 1
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SRRSO PR L A 2 5K 1) hTTR 454
71, TINS5 5 S0 25 AHRF A (FLA A (Al i
IR KM 2,4,6-= K KB HE 3,5- K -4- R A
HEEMRINES & I RI82), Li W0 E T 280 i 1t
ZMi2 DBPs i CHO-K1 4 &5 1k, H- e B T 6 4>
TR AT A TA AL A3 HT , 45 9L 2 W 1 AR 2K 28 DBPs
MMITENES w R E, o B BEAHDG, o PTRAERLT
SRR, 915 30 S A A AR A (A SR AT LA
R A AT B, M ER AR 2L ROS 1Y)
A, T S ECE AL A A AE T, e B T 43
T B X HL A 43 B RN L A A, AN KRR R 1 )
Briws B T ROK M A M TR X 5 DU B 45 e
PRRF—3 SRl EEBEATE 5T 7E K 7 B 1 R
e K AMHIE T A R B

4 Z5ieF0REE ( Conclusion and outlook)

K S BT B AR DBPs, e B2 KT 2 HE
ng- L7, {H 5 A Hw BLEE R DBPs B = 1 A= 9
B, HADY TH AR DBPs 1Y BT 90 i8 2
JRIBRAEARSN SIS | Bl = A5 R0 VR P 52 36 5 08 FAH R
HNTEGERE L I Z R BU IR DBPs 1R & A7FFERT 1)
TRV WF 5, [A] Bf QSAR 4% 245 B 7 BiLig )2
T, St 2 AH N SE BB AAIE . DRE , AT X T 2R
AR DBPs 1 25T J5 10 Ay HE 7 22 R AR S s PR R iR
WHEEPEMZE G BB, 455 QSAR @4 AN
[) 3 PRI 1 BREHLERE , T ARS8 AL PR DBPs &
R R P AR A0 2 A R A s o D B

BHIEER N B H(1987—), %, W+, 8535, L EH R 5
) AR KA ) iR R SRS R AR AT
LeaAes 5 A
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