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KB MRBRETFARSFHELES
BEBENIH KRR
Ak AIE K A RN NEHRT FRE

(R RZAIREIRL 15 T RSB, V5 Y2 ) 5 W IRAL AT IS [ REL 5580, 1, 200092)

W E BEEPY(algal organic matter, AOM) #{IE I E MR IH 7 B P4 (iodinated disinfection:by-products,
1-DBPs) A= GBI AT UL , SR T ELSEFREEH 1-DBPs 15 AOM (195 I8 B i A ST 5T 1 R A== 5 e
(iodinated trihalomethanes , I-THMs ) F43 A SRAE , FE00 24087 T #E/K /P I-THMs 5 AOM #9% &R.I<THMs 7E 4
TK 315 AR I H e B 3 512 655.9 ng- L7 134.6 ng- L™ Hivh | CHBrL, F1 CHL, h 3 B 497544 ¥, i CHCL 1
o A SR . B2 IR AR 20 2 W, CHCL,T CHCIBYI ,CHCIIL, ,CHL, % I-THMs #4554 % o B B3F1EH
Ftk i CHCLI,CHBr,1,CHBrI, .CHI, 5 &8 TP, CHCI,T,CHBr,T 5 & %0 TN 4 B4 18 3% 1E A0 58 ; CHCLL T,
CHCIL, 5 FHE % ( Navicula sp.) 40 JE Wk B L BAG 2 2 1 #H OG, {2 CHBT, 555 088 3 ( Microcystis sp.) , Mt 3%
( Scenedesmus sp. ) ML 5 2.3 UAH 96 (P<0.05) ARWFSGT 4R, 52 B AOM J& [-THMs [— P2
KR U= I bE, M RRE, BESEA LY, KW

Distribution of iodinated trihalomethanes in part of Taihu Lake
and correlation analysis between iodinated trihalomethanes
and algal organic matter

XU Zhifa ZHAO Weijia ZHANG Rui ZHAO Yankai HU Xialin™" YIN Dagiang

( State Key Laboratory of Pollution Control and Resources Reuse, College of Environmental Science and Engineering,

Tongji University, Shanghai, 200092, China)

Abstract; Algal organic matter (AOM) has been confirmed to be a precursor of iodinated DBPs
(1-DBPs) . However, the relationship between AOM and I-DBPs in aquatic environment still remains
unknown. This study investigated the distribution of I-THMs in Taihu, and analyted the correlation
between I-THMs and AOM in surface water. The total mean I-THMs concentrations in the dry and
wet season were 655.9 ng - L' and 134.6 ng -+ L™, respectively. CHBrl, and CHI, were the
predominant pollutants, while CHCI,I was detected at the lowest frequency. Four I-THMs ( CHCIL,I,
CHBr,I, CHBrI,, CHI;) correlated positively and significantly ( P<0.05) with chlorophyll-a. Also,
other four I-THMs ( CHCI, I, CHBr, I, CHBrI,, CHI, ) showed positive correlation with total
phosphorus (TP ), and two I-THMs ( CHCI,I, CHBr,I) showed positive correlation with total
nitrogen ( TN ). Although two I-THMs ( CHCL, I, CHCIIL,) showed positive correlation with cell
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concentration of Navicula sp., CHBrl, correlated negatively with cell concentration of Microcystis sp.
and Scenedesmus sp. This investigation suggests that AOM is an important precursor of [-THMs
formation in a real aquatic environment.

Keywords :iodinated trihalomethanes, distribution, algal organic matter, Taihu Lake.

YK IEEE R =4 ( disinfection by-products, DBPs) K5 A fid FE BB AH I 8552 . B i A RiE
f) DBPs {1k 600 At Hd A R 24 4 LA 1 25 81 7= 4 (1-DBPs ) [RLELA S0 RN 3 25 8l P 4 3
SR PG 200 i e R R LR B T 45 A2 S 1 e Ak ,TEWETE Z2 B3 vb 8% B ( Platynereis dumerilii ) 1Y 2 55
T H R, F4 1-DBPs RS & &, HA K E B - THMs (B =% %8 ) 14 1-DBPs () 317
AWz — & BRTAAR S 58 8 5. 1-THMs 7ERH K 38 MK A (8 20 AR R AR A 21 T 732 1 G TE.
SRR s 26 B, B I-THMs ( CHCL 1 Al CHBrCID) Ve BEFE TR FHOK T 13K 3.7 g - L7 26 7K 43 A 1 0]
iK% 0.586 wg- L7 [ N AR FE R B ZK ) 1-THMs ¥R B R 5.58 pg- L7 Z2 A e B A i,
ik 18.93 pg- L7 BUARIK K AL BE T 245 BIAR et (AAT PR A 2 I, 4 T 2 g MLEriA Y ( A
BB , 2 2 a) FEASREAR I LB, A T e i fad AR AR A T-THMs ' 5 P8 A th R 01 | 78 O F K IRk S sth 3
KA T-THMs FE7E 2 IR AR K R BE AR /K 75 8 7= 4 1-THMss 1] fi A4 J5 A

H HTH B BT AR 2 1A AL AT IR Y 32 B2 S A R R LR (R 7 — e 5 3R b X, e
B HLYITE T B R0 T BE i 2R B B AN B8 e AL 0y 5 I B RS TRV 2, 325 HILAY) (algal organic
matter, AOM) 2L ZHERY IR, E A A E AOM 18R LLTHMSs A 8 1A HLRTIRY) I BF5E I8
Fbge/b B A A gE R W, AOM A HLATIR PG B0, e 228 B TETHMs ™ SR 11, BLAT A F 9 L PR
T AT SCEH R FHAOK T I RSUAIF 5T, 56 F 2B RR KRR AOM 5 1-THMs 23 i ¢ fiE 2
] 1) 6 ZRIBRTEHE A s RERK AL 1-THMs 2345 5 AOM, (96 & 845 B T 5% 1-THMs W] REY R 4R
Az AL A ] T-THMs (4 e 2828 12 X 32 B B s G, B2 R — B RIE ok K IR Y
2 —.

A SRR AT R 4 R 9E M F /K I-THMs (494345 F#1E L &2 1-THMs 5 AOM 25 KSR A WL 1)
FHIEME. R AR KA AOM A Sy — 28 LISk 5 2 SCHI AT ALY , AN Bl 3 B T B P 2 0 . 9 FLAS [
B R A K BB, 7= (A L AR —E 25 5 R L, BRI 9T K AR /K IR B8 HH (6 AOM 777 [ M. {5
S, T RARKIR T AOM H 340 = Az g/K s rh— BE JEHLER S HR bR 5 e W MR 8, AT — RE MG o)
PRI 3 2o 00 5 K B85 v — 26 DL B IR AL AR b, TT [R) 3 R AE /K A4 TP ) AOML AR S e ) 5 K AR K R 5%
tE I-THMs D K ] 4% Fe e AOM Y458 b, 2R I K R AR AH ¢ R BB, W15 4R 1T T oKk b AOM 5
I-THMsHY) K 2.

1 SZEG#P45 ( Experimental section)

1.1 WSS XA DL

KA FAIL= AN BT 4, UG TC8) , A 200, TR 2338 km? 2 FRE 55 = FIRIK I,
[i) st — A LY R K VA, SE R K RN 1.9 mt ™ R T il Al FRFE ML Az, Bk LAk, [A]
IF 0TG5 I3 M 18 FE B AR PR K VR i 10 R i A ) 3 ) AT S0P K P 7K 2 4 ) J— T R R 5T
FUARMFFEBERE T AR AL ER A TOB) A2 LU AR SR8 T R0 T 30 VS AR A I X, 5 1 B A A 3k 6 X35 Sy o
G RARRZIKAE o SCHR B To 8 X = AR5 Gy 3 73 M IX el 3 8 DA R AU K AR AR TS G
O PE ARG AR T ORI S KRR AR TS YR DL
1.2 SEEGAr Rk

TOKBRIREN /K AR R AN G B R WiR — S8 S BimR HER L A TR AT PUIA IR
) [ [ 25, 4l e M el s A g gl — S B CHCLT, — IR At F &g CHBiI, ,—44 Bl H ¢ CHCIL, ,
— — R — kg CHBrCIT LA & — IRl B &% CHBr, 1, 4 fF ¥ K F 95%, 1 T CanSyn Chem. Corp.
(Toronto, ON, Canada) , {5 ( CHI, , L% 99% ) 11 Lugol 1574 F Sigma-Aldrich ; fEERARPRAE M , W AHER
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FRARME i e 1, 2- IR BE X T 02si Smart Solutions ( Charleston, South Carolina, USA).Z& A (N,,
99.995% ) W T4 W FE A AR BRZS B (138, D) L FRRRCT Rk (GC 20) 1 F BR 5.
1.3 FEARCRAE

AR A R AR F LR RN A R X I ([ 1) SRAERTTRIAE 2015 4F 12 F (K 39) #i 2016 45
7 H (FKE) SRk Iz A R AR IR G4 2.

0.7 14 2128km
———

1 RWERHEE R
Fig.1 The distribution of sampling sites in Taihu Lake

1.4 FESETA IR K b 7

FEARES ] 0.7 wm Whatman 3RS EF 485 ( GF/F) 5 3E. /K REH ISTHMs A9 E 2% 55 1 EPAS51.1
Ty, R BEASUT 66 Mk 90 W A6 B, Ve 47, R e P& /8 GC7890A 1 ECD A6 Il 5 I % . (5, 38% A )y HP-5
(30 mx320 wmx0.25 wm) A B  FERER 1w, BEREIIRE 200 °C AN 2 THE A VI TR 1R
J£35 C,P-4F 10 min, LA 15 min P FHE ZE 170 Gy PA4E 8 min ; Kl ZHEE 290 °C.1-THMs 445 I PR 7E
0.5—1.0 ng-L™".

TRFE TR A AIS PR AR R FH I 22 1CS-1000 2§ 7 G5 e . 20 A0 F HACH /9 PC 11 2 &0 & . S iR
FE bR GB11893-89 FH ik A7 A A1 i k- R o ELAT BILAR AN L R FH & TOC V-CPN Jll%E . -4 % a SR TR UiF
FEP 53255 AL PHYTO-PAM J5E . FH T WP 555 B9 7K FE , 28 Lugol 1057 [ 2 , W 4 , 246 B RL2= Bk
A= A IS BT A T BN

UV 5, RHIZEER K Evolution 201 %84M AT VLGN E | 1] SUVA (specific ultraviolet absorbances, 5 TOC
B AR, 5 T RO B/ i A LY & ) Weishaar 256124 8 2508 1 BF 5% K 3055 20 B A AL
YIER] , SUVA 5 05 FiE A HLY & 43 b2 AR 58 09 A SC M: ;  BA DF STt 6 B, SUVA i, A 5 A=
MI-THMs >
1.5 Fdaaba

AR SCRH MR R IR b AR OC R BT, R SPSS 19.0 Ab#E.

2 éﬁ%'@lﬂ‘ﬁ:\,( Results and discussion )

2.1 K& BTSN

ASCEIUT 43 a  BA PR TOC EBE TP B TN Z A NH,-N BRI NO; 455 B 3L S5
RIS WIS B, 3% BEFEARTE B A B S SCIRIRE v, 35 R 58 2 A MRS bE S A 4
AR T-THMs A2 A SCHR 22 86 T UV, SUVA SR RIEFFHRA WY & RI5 H 5T KL
AAE O, o J5 S gt — AR S R

XA & B IR AR A ARG (B 2) SRR AL A2 Mg Se T | DT v A 4 , 2R3
AR B 25 3 A Al 7K Y a8 3R A e A 0 2 8 T =R /KL R 3K | S 3R 2 ZOR IR T VR Ui A
Yy A DRI A — AR B L AT DA ) 22 U B S A AL 155 O R T 25 22 43 A, AL i) DX 2 L 2R %
WX FE 2, o H R 7R & Z M K], W3 & T 4. i 5L 32 27K & 052 0, R K B4 R (34 (E



2544 AN 5% 1k 2 36 %

40.5 pg L) ZHFAKIHCFIME 4.6 pe- L") M5 2.0 TOC ZA0HE F K8 CF31E 22.0 mg. L") S54#
IR CEME 24.1 mg- L") IFAS W3, 1 HL Pk f 8 A AR — S0 LI TE 8 BE TOC & =ty , M7
T DX AR AT DUDRE X A1, 3 AT g5 P e b IX /K i R = 3 AR OG.

ik 8 Dry season FIKH Wet season #i7k 8 Dry season FIKH Wet season

S7
S6
S5
S4
S3

S2

S1
140120100 80 60 40 20 0 0 2 4 6 8 10 12 30 25 20 15 10 5 0 0 5 10 15 20 25 30
Chlorophyll-a/(ug-L™") TOC/(mg-L™")

S7 S7

S6 S6
S5 S5
S4 S4
S3 S3

S2 S2

-l

S1 S1
0.30 025 020 0.15 0.10 005 © 0 002 004 006 008 0.10 6 0 04 08 12 16 20

TP/(mg-L™") TN/(mg-L™")

S7

S6

S5

S4

S3

S2

Sl
10 08 06 04 02 0 0 1 2 3 4 5 6 7 12 0 2 4 6 8 10 12 14
NH;-N/(mg-L™") NO3/(mg-L™")

auh

04 03 02 01 0

0 o0 . . . 20 16 1. 0 0 02
UV, SUVA

2 ORI KIS A B SRR AR AR A R B

Fig.2 Distribution of eutrophication index in Taihu during dry and wet seasons

117 B ARk, MR A K G 0.17 mg- L") 5358 T 37K (GF494H 0.03 mg- L") , HARZAL
PSS LS O XA M DR TIE K], BR TR SR A A 1L 7 2R K T B AT ) B S
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R L SRR AR P (H 2.56 mg- L) W35 8 T /A0 CF9(H 1.03 mg- L) il A 531
HKF TSRS A I S T AR X, B PR AR S6 ki, i oK s B BN, 3 v
TR PE (S5 R ST) & R 53 A1 5 BT (8 B 50 2R R A 7 S A I 72— 6 K It 452 BT T A5 )
e 8 3 T L IR TRL R ), A —E K A R 45 2R, T2 B R B, STl SRS B T
A5 ORGSR 53 45 BT ) T LA SOk 3 2 15 0 e e LA 0 3 TE AR DG T A R AR A K 201
5K AACE IS A K], SRR A U1 2R B i D808 3 5 1 =, DR S s (R S B
58) .UV,5, 5 SUVA FER WA KA a3 A LI AR, R A 3

I, 58 T RMBEIE A 00 (P 3) A K I RE B8 1], SR e 1] O 2 B S ol A7 AR 0 B )
FEse 1] BRAEETT s TR F /K I a1 T o DS e il | e O 5 A REE 1] (2R T Lt l] R T 46 U A
(7 S 2 P O R, /K T 1 D1 2 3 (34N 1000 %) , HEUGRGRETT (3 ), WA R n , ik
B 1A BT T BARSERER (i TR TR A5 308, PR o SR i LA R ] Y
SEIR) RN 2K YIAG H R e e ) LA S B A ELBEE /NPRE BT MR 1 NS .
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Fig.3 Distribution of algal species in Taihu Lake during dry (a) and wet seasons (b)

2.2 Kb I-THMs 23 A58

M I-THMs 434 (1 4) R F Al 7K, KT AR, R 408, 23k T il 121 (S1—S2,S7) I-THMs 1 3 5
TAREIX (S84 F1S6) , U] T b K b I-THMs AJ B8 K FR 43R A — L5 7K T HERCH 32 5 A1 32 31 K G i 1)
SERM 0 DX IRAR A X5 8 (S5) e E KN, SZ BK A LT K SR 5 | B vk i ) (R 32
B M IR B S, — RO B K AL ZE K TS (S4 1 S6) He FE AR R4 . e Ak , SN A 1-THMs
B (S3).

FCEE K RN Al 7K 11, & BURG K B9 T-THMs ¥ B 228 be = /K 0 3 15 22 A 7K 3R, i) vk 32418 1R A
323.3—883.9 ng-L ™", 1M F /KA 71.2—230.8 ng- L' Al fig 2 Fli g /K A7 b FHEOFG BAE S 80 I-THMs
W, 59— 7 T, K IR R A v, — el A Y I-THMs & 5 T He A B 25 AR 78 10 = 5 F 0t 5 L
I, M L CHI AR = i e bk 2 AE E /K IR S B i, JEAR AN 3] CHCL, T, 3X A g — 7 i 5
TR S AR F Y T-THMs b U3, 2850 A i mi 28 . LAt , B4 (i S Ak th e — 52
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FREE I, 2BR TH 1-THMs , A3 SCHRHGE , MU B8 R ™= W0 AE A SROE T, 25 5 K, i B s > B0
L R G REAR B R SCHRHRE Y [ Y 1-THMs b 28046 =% L) CHCLI 2 3, T B CHIL 45 7 i i
FAEEL L1 T-THMs K H SRR EAR > R I ] REA7 A B il 42 i T-THMs SR UL B SM T SCHRRGE T 16
S S AR SR A ML) S IR R RS RN AR B T CHIL, , CHCIL AR Be i 7200 ik ok
KT HE M LA A b A s al fE AR R A 4

Ky on, E cuoma V) cubri
[ cHem, PN crpil, B cic
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Fig.4 The Taihu [-THMs distribution in dry (a) and wet(b) seasons

2.3 KM I-THMs 5 AOM J2 Hog PR AR S0 by

21 MRMEI PRI, 4§ a 55 CHCLI(r=0.594, P<0.05) ,CHBrCII(r=0.596, P<0.05),CHI,
(r=0.606, P<0.05), CHCl;(r=0.729, P<0.01) HA & #FIEAMHXE, TP 5 CHCLI(r=0.96, P<0.01),
CHBr,I(r=0.720, P<0.01), CHI;(r=0.635, P<0.05) ,CHBrl,(r=0.650, P<0.05) HA . & A0, i L
AT S B, AT 7K A B 8 25 8 T mT RE SR AU A M A TN 5 CHCLT(r=0.882, P<
0.01) ,CHBr,I(7=0.648, P<0.05) HA I FEAHIC, i TOC K5 CHCLI(r=0.537, P<0.05) & A C.
MR I, CHCL 1 §iX B ETE FRALFEHR (TP, TN, TOC, 48K a) B2 B F M IEAHSC AHZ i T 1-THMs 4=
B2 FRBE , SRR AR R REm 203 TP it 28k B 5 i 7 S [R) A9 245 A AS R S A Sk, (E IR AR 3R
KK TP M2 B 2 ) 1-THMs W& BE v , EARDLGIA frdt— 2450

R 1 KW -THMs K5 & B IR F IR G b

Table 1 Correlation between I-THMs and eutrophication parameter in Taihu Lake

_ UV,sy SUVA

Chlorophyll a TOC TP TN NH;-N NOj3
CHCLI FHIM: 0.594* 0.537* 0.96** 0.882"* -0.244 0.385 0.070 -0.022
BEK 0.025 0.048 0.006 0.000 0.402 0.174 0.812 0.941
FEMm L 14 14 14 14 14 14 14 14
CHCIBrI  AH2HE 0.596 * -0.070 0.224 -0.010 -0.336 -0.130 0.053 0.071
BEM 0.024 0.812 0.441 0.974 0.239 0.659 0.858 0.809

FEMm AL 14 14 14 14 14 14 14 14
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%5 Pl M R A iy
e R A e o s
CHBryI  AH2GPE 0.432 0.295 0.720** 0.648* -0.333 0.145 0.023 0.005
B 0.123 0.305 0.004 0.012 0.245 0.620 0.937 0.987
RSk 14 14 14 14 14 14 14 14
CHCII, AHSEHE 0.729** 0.112 0.522 0.312 -0.230 0.034 0.417 0.390
N 0.003 0.703 0.055 0.278 0.430 0.907 0.138 0.167
FE iR 14 14 14 14 14 14 14 14
CHBrl,  AHSGHE 0.432 -0.097 0.650* 0.239 -0.515 -0.071 0.175 0.235
N 0.123 0.743 0.012 0.411 0.060 0.809 0.550 0.419
FE R 14 14 14 14 14 14 14 14
CHI, AR 0.606* -0.026 0.635" 0.186 -0.431 -0.185 0.087 0.096
2 0.022 0.929 0.015 0.523 0.124 0.526 0.768 0.745
B 14 14 14 14 14 14 14 14

. * P<0.05; ** P<0.01

AT AR BB 28 TP A B WL AL A A7 AE 25 5755 TRk T<EHMss A= AR i i R[] 38 i R
[ AR B 1-THMs FHOEHE AT (32 2) , o] AR 6 1-THMs AR lise i K e, o e it —
AT BE SR O E BRI S % F SR CHCL, L CHCIL, 5 AHE B HA 3 IEAH X (r=0.607, P<0.05;
r=0.716, P<0.05) ,1fii CHBrl, 52 ¥ (r=-0.576, P<0.01) Ml (r=-0.574, P<0.01) 5 & A,
CHBr,I St 2 W AR (r= -0.572, P<0.01) (At A 70 AR B, AOM 2 I-THMs 7E H SR 7
AR Z —.

T2 KM I-THMs -5 AN [ 882 1) 4 v B AR S 150 A

Table 2  Correlation between I-THMs and eutrophication parameter in Taihu Lake

R e INREE EHFF S FHEHE T i iE 3 EE TOE ¥
Melosira sp. ~ Microcystis sp. ~ Cyclotella sp.  Synedra-sp. Navicula sp.  Crucigenia sp.  Scenedesmus sp. — Qocystis sp. — Ankistrodesmus sp. Tetrastrum sp.

CHCLI FH6#E 0085 ~0.294 0.09% -0.211 0.607* -0.196 -0.424 -0.435 0.198 -0.267
BEHE 0TH 0.307 0.743 0.559 0.048 0.503 0.149 0.158 0.560 0.377

FEAB 14 14 14 10 11 14 13 12 11 13
CHCIBI #1%4E 0121 ~(0.340 0.156 0.059 -0.093 -0.264 -0.188 -0.058 -0.020 -0.266
BERE 0681 0.234 0.593 0.871 0.787 0.362 0.539 0.859 0.954 0.380

BB 14 14 14 10 11 14 13 12 11 13
CHBr,l Aitt  0.221 ~0.392 0.045 -0.249 0.428 -0.073 -0.572* -0.546 -0.065 -0.323
B 0 0.166 0.877 0.488 0.189 0.345 0.041 0.066 0.849 0.281

R 14 14 14 10 1 14 13 12 1 13
CHCIL, #Xt  -0.008 -0.259 -0.231 0.502 0.716 -0.193 -0.172 -0.306 0325 -0.299
BER 0980 0.372 0.427 0.139 0.013 0.508 0.575 0.333 0.329 0.322

R 14 14 14 10 11 14 13 12 1 13
CHBrl,  HJEHE 0.207 -0.576* -0.058 -0.062 0.183 -0.353 -0.574* -0.461 -0.087 -0.303
BERE 0479 0.031 0.845 0.865 0.59 0.216 0.040 0.131 0.800 0.314

FEAB 14 14 14 10 11 14 13 12 11 13
CHI; Atk 0.414 -0.482 -0.067 -0.108 -0.241 -0.186 -0.380 -0.441 0.243 -0.281
BEE 014 0.081 0.819 0.766 0.476 0.524 0.201 0.151 0.472 0.352

R 14 14 14 10 1 14 13 12 11 13

# P<0.05; ## P<0.01
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3 %5 ( Conclusion)

ARSI T IR IIAG 7K 5 A A = S 8 (L-THM ) 8943 A0 R AIE , Al 7k 09w B2 W 25 s T oK
1 R i AN B A0 25 [R) A3 AR A7 AR — R 22 5 R K I B T T-THMs % B (8 25 3 T R X i =
K B 32 A7 B K s ), FE AR A B R ¥ 5 AR R AR — B K B 8 i 1) 12 A D R A X A e 3
BB 28 B 43 A FEAE 6B AT -THMs 32 24 U5 F 5 K HE B AH & M I-THMs Fh2or A 1R, 25 9L o L
6543l 22 1-THMs , 2 B A] REFEAE MR AR 1 T-THMs A= BAL I ——— SR AR WL T 4H 6 PR 23 B
FW HB5> 1-THMs 5 —S8 5 85 350 F8hR 48 K a, TP, TN, TOC EoF 3 IEAHSE , i SHE B BA TEAH
Kotk BRI T AOM J2& [-THMs 4= AR Z — & I-THM SREE LIRSS FIHLH L B 1-THMs 5 3254 HL
PG & i e — 2D SR
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