X
Gﬁinré wok o fe s 942 B S W 2023 4E 5

Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol. 42, No. 5 May 2023
Knowledge Web

DOI1:10.7524/j.issn.0254-6108.2022101705

AWERS, TRAT. i @ REE AR U R S B RE R M A B D] . PRI, 2023, 42(5): 1414-1423.

ZHA Xiaosong, YU Yinggqi. The formation of brominated and iodinated nitrogenous disinfection by-products during the chloramination of fish
0il[J]. Environmental Chemistry, 2023, 42 (5): 1414-1423.

& SN ETE R ANRR S S
B R R
éﬂ}%*}l,z sk %ﬂh’ﬁ%‘lz

(1) A2 A SRS A FReAm A W I T i B0 2, TIOR3 e, T, 3631055
2. HITRE IR SRR e, I, 361102)

i E ARURCRAHGME R G, SRS YRR T2 AR B A IR HLA e T 2 A R
o, AN B AR AR AT A Z I BRI S (nitrogenous disinfection by-products, N-DBPs) 4=
WEA . SRR, M M E S, AN R A ML N-DBPs F B A 4EF — R L
(bromoacetonitrile, BAN)., .7 Z I (dibromoacetonitrile, DBAN). — J& fif 3& F! 45 (bromonitromethane,
BNM)., —MLZJi (iodoacetonitrile, IAN). HHt, ZEARMFRZLEEN, BAN, DBAN 5 BNM [ 4 il &
2 [t R B F FLEA HLBR (Total Organic Carbon, TOC) ¥ B A& M8 i ; MR B FkE N 5 mgL™,
TOC 24 20 mg-L™' B, BAN. DBAN 5 BNM Wi KA i 40 1 71,15, 192.36. 27.52 pg'L ™. IAN f 4
e U] Bt 3 25— R TOC ¥ B A 3G m i 34 hn s S4B es ¥R 8 0.5 mg-L™', TOC 4 20 mg-L™' B, TAN 1y
B KA A M 106.95 pg L' 2S4S 4% in it M 5 mg L™ 4% 100 mg-L' B, BAN., DBAN. BNM 5
IAN B4 2 BN 4.62. 33.75. 3.75. 10.29 pg-L™' B AN 5] 49.69, 218.40. 22.34. 123.44 pg-L™. 4 Fif
N-DBPs [ A= Ji et 15 Bl 1 35 Bof (] 9 SR T3S 00, 7EVH 3 72 h J5, 4 F N-DBPs 19 A it 135 31 e K 1A
3% £ 525 N-DBPs ( BAN. DBAN Y IAN) (94 gl it 2 B0 4R pH 0938 0 22 301 S 38 = s b 1)
B, M BNM B AR JCE W BE T I6 pH A3 Jin i AS s 2>
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The formation of brominated and iodinated nitrogenous disinfection
by-products during the chloramination of fish oil

ZHA Xiaosong"* ™ YU Yingqi'?
(1. Key Laboratory of Estuarine Ecological Security and Environmenta Health of Fujian Province, Xiamen University Tan
KahKee College, Zhangzhou, 363105, China; 2. College of the Environment & Ecology, Xiamen University,
Xiamen, 361102, China)

Abstract In this study, fish oil was adopted as the surrogate model compound to simulate the lipid
composition of biologically derived organic matter which widely presented in micro-polluted raw
water. The formation of brominated and iodinated nitrogenous disinfection by-products (N-DBPs)
during the chloramination of fish oil were also investigated. The results showed that four brominated
and iodinated N-DBPs including bromoacetonitrile (BAN), dibromoacetonitrile(DBAN),

bromonitromethane (BNM) and iodoacetonitrile (IAN) were generated from the chloramination of

2022 4= 10 A 17 H YithE (Received: October 17, 2022).
* fREVE HARBIETE S (2020J05017) ¥EB.
Supported by Science Foundation of the Fujian Province, China(2020J05017).
* * JB{SELAR A Corresponding author, Tel: 15060799930; E-mail: xszha@xujc.co


https://doi.org/10.7524/j.issn.0254-6108.2022101705

54 AR A A0 S T B AR5 0T 2 7 0 14 A T 1415

fish oil. The concentration of BAN, DBAN, and BNM were gradually increased with the increasing
bromide ion concentration from 0 to 5 mg-L™". Specifically, the maximum formation yield of BAN,
DBAN and BNM was 71.15 pg-L™", 192.36 pug-L™" and 27.52 pug'L™", respectively, with the bromide
ion concentration of 5 mg-L' and the total organic carbon (TOC) concentration of 20 mg-L .
Similarly, the concentration of IAN was gradually increased with the increasing iodide ion
concentration from 0 to 0.5 mg-L™". The maximum yield of TAN was 106.95 ug-L™" with the iodide
ion concentration of 0.5 pg-L™' and the TOC concentration of 20 mg-L™. In addition, the
concentrations of BAN, DBAN, BNM and IAN were increased from 4.62 , 33.75, 3.75, 10.28 pg-L™
to 49.69, 218.40, 22.34, 123.44 pg'L™' when the chloramine dose increased from 5 mg-L™" to
100 mg-L™". The yields of four N-DBPs were highly positively correlated with the disinfection time
which reached the maximum yield after 72 h disinfection. The formation of BAN, DBAN and IAN
were firstly increased and then decreased with the increase of inital pH, while the formation of BNM
was decreased constantly with the increase of inital pH.

Keywords nitrogenous disinfection by-products, chloramination, iodide ion, bromide ion, fish

oil.

WHAKIERGR T 20 et w), HH MR8 T R F0K B0 A Y, U1W A K A% G (4% 18 R
17, PRIER K (R 48 4. SR, ZE I Bt B b, T 2500 2 AN Akt S b S5 oK v i) AR LA L SNIE TS e
TeHL A e ROBE, A 20 A Bl . B0 . B8 VE B9 si—— K 35 Rl 7 ) (disinfection by-
products, DBPs). 1974 4F, Rook! 45 & #il, S 1l 7 2 7= 4 = i H i (trihalomethanes, THMs) , 1 4F 5 35 [
R P2 B A — et AR B Bogtk, [#145 DBPs AR T AR 7K Ab B AT G 7 A #RE . i T EUTH
FETEH L M THMs, X £ R (haloacetic acids, HAAs) %5 5% 3] ™ 4% & ¥ 1) & i H 7 8l 7= 9
(carbonaceous disinfection by-products, C-DBPs) , AN /DR FHAK T Sk @ . R4 A& 55 HiAtb
B ORI . UV NIH RN, &5 IR P YT 09 B80S Vi /TR, Bef A 20>
TH# 5 THMs Al HAAs A9 2E i, HA&NETERE W AR iy @ RS2t (a1, BB 6% A 20 i A2 1 rh sk B8 2
R P A AR, A IS K B, AN B 2 S BOH R 5 K R S A&UH B2 R ) (nitrogenous disinfection
by-products, N-DBPs) 4= 1%, #9 ##4 Ji1 ', N-DBPs J2& — Fi #r 2% #9 DBPs, 11 5 i 1t 2 JI§ ( haloacetonitrile,
HANSs) . %18 £ Bt f% (haloacetamides, HAcAms) . i 10 filf 3 1 B¢ (halogenated nitromethanes, HNMs) | i
fili l2 25 (nitrosamines, NAs) %, A1 X} F C-DBPs, N-DBPs 1 9% A5 alg vk B 251K, {020 2 A o & p9 s 15 3 1k
A R 9

PTAER, AW B, Y FUK AR R TR B AL 1), T 35 5 K oA 2 A2 AR DBPs, i 2%
A EACF LA DBPs A= i ¢, HIRAC AR DBPs 1) 20 M 75 14 Fl st 1% 75 AR 4 S A DBPs 5% 7, 451 1,
Plewa 25 WF52 K B, 15 £ BR AN £ TR 1) 240 J 7 P 73 301l J2 S SR Y 125 A5 FT 500 %5 Muellner 2 5
R IR, W2 (iodoacetonitrile, IAN) Y 353 1% 55 14 /& H 1T C AN #Y DBPs i = 1Y, & A/ LG 74 45, 76
PR, FH A1 v b DX () 7K IR T 4 I I, I NI 1T, 28 4 A2 BB AR A RE I, TV K R S
FBIES (U B 2 — IR K 0 =T 2245 R JLABUO 12, S50H fefi 75 35k 2 b X 4 7 IR K oA A A 2 e vk B
TR RIS - 1 U, T 5 B80T o R v T 25 5 AR R AR AN R Y DBPs. tAh, 7EFR R A6 75 i X
B — B3R A T RO A A AL B T U AT 100 pg- L7103 R AR HR A e AR B i, NS AR R
FF R 397 4 XU, 1T EL 38 23 38 i3 5 A b 1-DBPs B9 H A, 4 F RS A/t DBPs HBFSE £
b7 ALY C-DBPs 4l THMs F1 HAAs 25771, (141 Zha 550 BB A I, IR E T RIWEZ 0.5 mg- L™
BEINE 2 mg LB, 455 A A = IR H BE A 18.31 pg L HE N A 127.60 pg- L' 4R ES T3 M 0 3
Nz 2 mg L B, = BE Y A2 i AN O gL BEANE 317.20 pg L', RIS 454, S5 09 A i T DA
241.97 pg'L FFEZE 96.23 pg L, RUIR Bl T 1 A- 75 2 45 5040 THM [ JRACFIER THMSs #6742
T L BPEAE TR B e B AT, B4R THMs 57R1C HAAs B9 A5 4R S5 B 2 38 . 4 Zhang S5 (1)
SR, R B TR FE R 500 pg L™ B /KR 22 35 )5 A2 g IR THMs 51848 HAAs 73 J12 IR B 1 ik
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JE R 65 pg L7 B 5 A5 5 10 4%, XT3 BLES RO AEAE X H B2 L F2 b N-DBPs A= AT 52 0, H Fi A B
g% Z e B N-DBPs. iff5% & B, HANs, HNMs 5 HAcAms % N-DBPs (194 il S S bEE IR & T
W B 3 T3 m© 8, I HIRAC N-DBPs 19 o Lt 23 Bl 25 VR 5 R B B 15 hn i 34 hn, R BAEAT IR
FHAEMEN T, %18 N-DBPs 237148 N-DBPs §4 745, A1, SO IH B 8 72 IR0 5 g 3 4 20 T4
HEEY, IF HAEMUR A nPE OL T, SO 35 BRI SN B 0T 35— FE F — 2D 0 OBIURR 4801k o LR
AR BRI AE UM I #E R v, AT R S s A TRA AR, N-DBPs A5 B KUK

BEAR, JE A A ALET AR Y B FR 2 L F i R 4 ot 5 220 2 B v iR AC s DBPs (9 A it LAY
wE . BT, EWNA . KSR AR E & E IR 8, ST AR A SRR, fiff JEK
T B Z EIA VL S A IEA P, T Lo A YR AT ML C 2Bk DBPs, 4% 512 N-DBPs i 5 %2
HIARY R 21 2 ) SRR T A ALY R IR ) 1z, MR X, Wiy B 4%, MELLIEAT LR 5T, SR A
A WAL PR AR A HL )12 R A9 77 . Hua 58230 SR AR 1003 & L a0l Fe ky
AU A DL B A AL S B B 5T B 0 DA S 22, 45 SR 3¢ W 40k A 1l i = S0 J6e 0 i) 2 2
THE I FTER Y 1.8 f5F1 16 £, Wei 5524 R IS FE R . 45 1L 2 11 . DNA. JEM 5 Aih B ik & P
PUEWIEA VLG EZ AU AR . A AR . AR DT, IF5R IR . BLES 1% C-DBPs f/E

2 M B R 3, fa TSSOl g D 2R G5 A 22 SAL T BE T, JE U 1-DBPs L AL HIL & 2 2, 7Eml

BT WE R 2mg L B, A2 T 16.97 ng- L™ it — At — G0 FFH e, 10 8 Al R 25 7 1% ) A A il 3.87 pg L' 1)
— L S Bt Yang S5 [ F 58 K B, G B8 22 1R D 45 R4 1 55 K R SR A P14 (natural organic
matter, NOM ) # J% 7 i 25 #4 1) B 7K 14 NOM B 55 JE 1%, 1-DBPs. [fij £y A% 51 22 B 73 — 1 i 7S 45 T B2 B
T, R B AR iR & T e Wikt &4

ARG RGBT B G4, BB K A T2 AR B AR A DL A A= 0 R ML i B i 2
LA, R TN R 357, 53 502 2 TO LTI (B e ) Wk B2 . &8 HL 8%k (Total Organic
Carbon, TOC) . SMHN &L . MBI R] . W45 pH 55 PR 2 X AT LA N-DBPs A= Y 52 M. 3 S0 5%
XA AR B N-DBPs 14 B, PRFE A RO AR B AR K 28 4 BT B2 578 L.

1 MRS 7 (Materials and methods)

1.1 25 5

— 8 Z & (bromoacetonitrile, BAN, 97%) 4 H Macklin, —J& Z i ( dibromoacetonitrile, DBAN, 97%)
5K (43 B4l ) 1 H Aladdin, TIAN(>98%) W H S Ay &, — IR i3 B ¢ (bromonitromethane,
BNM, 97% ) W3 H i R 2%, AR 1,2- PS5 (1000 mg- L F B 3L RCT 8% ) W 1 _F 4235, il
(18%EPA, 20%Q3) WK { & B, B 3L T Lk (a4l ) 193K § TEDIA, S L8 (I gal) | AR
ATt IRAREN (b at) | BRARBRER Bh (S Hr 4l 390 [ PG B Rl MR B (A al) i 3 ik T
INEAG A7 S A PR A A A EE (A4t W 2548 B b0 A BR A |
1.2 AIUKFEAY D

B 15 mL ff31, SR R LK BT E 25 2 1000 mL, e & 5 i g 45 W, #0 oh  fs, HE B ue ak
1wk, BRI IFRT 4 °C FRAE. BRUKEER TOC R FH EA MLER > BT (TOC-VCPN, B, HA)
WRE , 53 BT 78 MR S8 AR -E A BT A MR . U TOC 5 0 FH i 47 22 S 38 o %8 A 2 (0.1 mol-L ™)
A EALH(0.1 mol-L ™) ¥ pH 1877 2= Hh bk, FEANAMEE R S mmol- L AYBEIRER % vy 5 /K BE 1) pH=
7.2.
1.3 FAME L

— AN NaClO 5 NH,CLE W (TFF —# Bi i [ 4 mg' L' Cly:1 mg'L™' NH,'-N) FUKKIE T
AR A SN 30 min il 75, 75 90 EEAC. HIA5 7R H NON-Z G 56 -1,4-28 e 43 6 B il g H—
S A (LI,

PR 1 B 20 mL1.2 719 o C ) A A ASE UL K ORE T R DU 9 £ MR R 0 T8 IS B b, A —JE = 1Y)
TRALSH (C(Br)= 500 mg-L ™) 8 AL 5 (C(1)= 100 mg-L )%, 85 Lh C(TOC):C(Cly)= 1:5 fil A S i
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THEEN, FHEIREEFRAE N 25 C G 72 h, )N 5eEe S5, BUH 7K EE, 100 mg-L' ) Na,S,0; il 4
1B
1.4 HANs 5 HNMs A9 % &4 7 ik
14,1 JKEEFIAL B 75 1%

K PR TR A B2, ELAR T 300 U 5 58 545 /KRR, I AERER (1 mol- L) K pH 75 = 2.0, il A
50 uL 1 mg-L™" B9 1,2- VR %EE ARSI, A 5 mL £ MTBE 15 2B, BN A 8 g S Abah LA ik
Y, WENR P 1.5 min, #E 5 min 702, 8 L2 AHPUAHBE, A 3 g JoKGRER M (4 T 22 5 3k b
400 °C % %% I F| MTBE V%% ) i 38 2= W48 f, /R &4 HLAH 4% 0.5 mL, 5 J5 Fl MTBE & & &
1 mL, $588 B AE AR/ SRR 5 A
1.42  GC-MS /- #riiat 214

ABFSE b HEAT E T 89 BRAC AL N-DBPs 40 HANs 5 HNMs # k2%, Hii, HANs 26
BAN. DBAN, IAN, HNMs ¢ BNM. HANs 5 HNMs (5% & 434 7725 % EPAS51.1 fil Carter™ 2511
D71, XA R Thermo Trace-1300 1SQ-Mass S AH (4335 - B i Bk FHAN, (23 #1524 HP-5MS UI(30 m x
250 pm x 0. 25 pm). #EFE FREE A 150 °C, AR 280 °C, Rl £ Bk 290 C. FHEFR T4 35 C
A4 5 min J5, LA 10 °C-min™' B3 T2 65 C P-4:F 3 min, fzJ5 L 20 C-min' (93 BT+ 2 260 C fR-1F
5 min, 3£ 26 min; ST A IR, SERE R 2 pL, A E AL, A ECN 1.0 mLomin, R
JHEL BT, FLES L R 70 eV.

2 25 54518 (Results and discussion)

2.1 /RS B0 X RAC AU N-DBPs A= 1Y 52 ik

Ao R, BE I T A, ST B FE P Y DBPs SR 1 AR RN L AR . Kt AR5
57 G A AR AN RV B VR B T AL AR RS LR, 4 S TH B ), AR N-DBPs 119/
211 JREFHEANE X BAN A2 i 1520

B 1 J2EEARFR TOC SR E TIRIE T, My UK FE L SN 5 5 BAN (1942 sl i A& Ha]
PIEH, FERBOIMIRE T BT, 4 FATE TOC #eBE T /Y fa AR 48l ORE 28 e T 35 5, Y AR KGN 21
BAN A9 A5 %, 17 24 R B Tk B3 2 0.5 mg- L B, 4 FhOR R TOC #eBE R AR IDUK BE H A 21 1 /0
) BAN, H BAN (14 i i B % /K TOC ¥ B B 338 Jon i 434 Jon.

800 - —O— TOC=5mgL!

—O— TOC=10 mg-L"!
—A— TOC=15 mg-L!
—O— TOC=20 mg-L™!

BAN concentration/(ug-L™")
= N
(=] (=]
=3 [=3
T T

)

o
o
T

T 1 1 |
0 1.0 2.0 3.0 4.0 5.0
Br™ concentration/(mg-L™")

Bl 1 TOC 55 E 1B XT BAN AR 520
GEAA R £ C(TOC):C(NH,C)= 1:5, pH= 7.2, 2 J} i) 72 h)
Fig.1 Effect of TOC and Bromide ion concentration on BAN formation
(Initial reaction conditions: C(TOC):C(NH,CD)= 1:5, pH= 7.2, disinfection time: 72 h)

AR, YIRS TR E M 0 mg- L™ AN ZE 5 mg L' I, 4 FAR[H] TOC ¥ JE T BAN fi4 4 i B2 43
Badm, MBS T N 5 mg L I, 4 FOR R TOC #e T 19 BAN BY A= 1 & 347 3% 3 5 K AE, 43 91K
483, 17.82, 46.13, 71.15 pg-L™'. —J7 1, B& iM/KEE A9 TOC, $24L T 3 £ %) DBPs A HLATIA Y, 15
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BAN 14 25 J -t il 22 384 0, 35k 150 W £0 3 4SS 400 A g 5 143 BAN A SRR O — 5 T, MK e A
TR TFARAERT, UK A R B ) Uk SRR 23 S 5 VR B 1 RO Y, 77 A YR TR IR, YR TRR 5 7K v 1 e ik S Ji
N7, AE BGIR B 5V G , AT S T M L e 5 P, T 25 ) 5 R AL R SO AE B BAN. X 7K
TOC — & i}, R 55 IR GE e 1) A A i 2 I A TR 25 R S A 5 o T S DB 84, JECAS W b 5 LG4 42 J
N7, SR P BAN A9 AR i A 14 .

UEAh, LT I8 0] LA B, SR FE I TOC Y FE PR RS, BAN 9 2E o i A% 25 Bl TR B8 Tk
JEE V) 1E T 326 3457 T v, (R RS SR S5 B T 2% . 3K 1T B B R MK AR TOC ARG LT, ZKAE P R
S HE AL A MLAT IR A BRI, I B 2 V5 25 VR B A AN RT3 o, Gaie 15 960 85 IS I T i %) 6 e 2 30 1ot
AL 35 PR A S N TP o — TR, VR T A K r 2 TR i O, PRI I 2k e 4 i 6 S T B T RN 2 (A
BAN A4 it KRG 55— J7 T AT g2 B TR 8 TR B 14 hn 4175 45 5 %) BAN [1] DBAN #% 78, ALtk
BAN {4 B e 38 0 A5 i T B
2,12 JREFHEANE X DBAN A= R 1I5 0

2 SEFEANEY) TOC SR ES FHREE T, iUk B 28 ST 52 /5 DBAN (1925 i1 . MR T
PLE H, AR BANTR B F RO R, 4 MR TE TOC W E T By i 0l KRR 2 S 3 5, 2 AR A I 21
DBAN 142 . 4V B e M E) 0.5 mg- L' I, 4 Fh AR 5] TOC ¥ B2 TR AR DL K RE 446 10 31 1 /0
() DBAN, A= il B2 733311 0 5.60, 7.13, 7.96. 8.35 ng-L™', H. DBAN YA i B /KA TOC ¥ B B 1 i
M. X2 B F 7K FE TOC 34, (45 7K vh & 4 58 2 () DBPs f RG4S, K1 DBAN A9 2E i i il 2
B, BRI 24549 2 DBAN M9 ZLURTIRY), iX 5 BAN 19 A pRL A — 250 78 T8 B Ik 3 A IR ), 8
(R BRI AT B AR 58 42, A2 % DBAN 75 s 45 /0, Bifi 25 V6L B35 YR B S i 38 i, 4 RO TR TOC ¥R T
DBAN 14 i 2t 2 s A0, SRS TR B2y 5 mg L' I, 4 FUR[R] TOC T DBAN F9 A 1 43 51 35 5
57.03, 111.97, 133.71, 192.36 pg-L™". BEMRES TR B, —J i (7K rb o= A (4 Y6 e 5 VL SR e 15 2, —
AW A LR AR Y KA O 5 o — T T, TR T I R R I KR e A2 B BAN [] DBAN $447,
&Il DBAN A= i & 3 .

200.00 —0—TOC=5mg-L"!
—O— TOC=10 mg-L™!
—&— TOC=15 mg-L"!

15000 - —O—TOC=20 mg-L!

100.00

50.00

DBAN concentration/(ng-L™")

0 1.0 2.0 3.0 4.0 5.0
Br~ concentration/(mg-L ")

B2 TOC 5{RE T WX DBAN AE s A5 M
G W 444 C(TOC):C(NH,CD= 1:5, pH= 7.2, J W iffE] 72 h)
Fig.2 Effect of TOC and Bromide ion concentration on DBAN formation
(Initial reaction conditions: C(TOC):C(NH,C1)= 1:5, pH= 7.2, disinfection time: 72 h)

2.1.3  WETFHINE X BNM Az B A4 52

Kl 3 JEFEARTRN) TOC S E FHE T, fimBUK R 2 S 58 /5 BNM B4 i . AR Hoe]
PIE Y, FEARBINTRE FHE LT, 4 FR R TOC #e BT By o Jm B 4Bl RE 22 S T 45 5, Y ARG I 21
BNM (9 42 5. 4R T 1 M EE 3 I E] 0.5 mg L' B, 4 B A [R #e B TOC T (458 $DL /K R 25 4G I 2] T
BNM f 4 /. {HJE 5 BAN A4 LA AR TH], BNM A8 A= i 3% AT Bl TOC ¥ B B4 88 iy H B K s A
K. X AT RS R A, HNMs () 5 ST AR Y 2 S 20 A 0", 1A 98 3 B B ALk & W fa i /S —F
A SCRENR T RS A ALY, AN /& BNM W E EEFTIARY). 55— 5 T, BEPUK AR IR FE7E X HNMs /Y
TE A 55 A RS PR Eh 25 5, HL WA R h 22 &AL S5 TR L NOLCL, SRR iRtk &AL, 5 5
A 05 AL SIS A A ) S A SR U AR i SRS R
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32.00 —0—TOC=5 mg-L™!

—O—TOC=10 mg-L™
—— TOC=15 mg-L"!
24.00 | —O—TOC=20 mg-L™"

16.00

x

=3

S
1

BNM concentration/(ug-L™")

0 1.0 2.0 3.0 4.0 5.0
Br~ concentration/(mg-L™")

B3 TOC 55 E T BNM AL IR
GEIAR N ZF: C(TOC):C(NH,C)= 1:5, pH= 7.2, JX BLH}{A] 72 h)
Fig.3 Effect of TOC and Bromide ion concentration on BNM formation
(Initial reaction conditions: C(TOC):C(NH,CI)= 1:5, pH= 7.2, disinfection time: 72 h)

TiAk, 2KEER) TOC Y — 2 B, Bifi 45 V6L 35 7 VR JE (W 34, BN 174 A gt 30 S 184 o, A6 VR 5 1
WER 5 mg L' B, 4 #AN[R] TOC ™ BNM A4 Bl 23 51 R 18.87. 19.12, 26.71, 27.52 pg L. BLAHIR 5
TR B R 3G 0, A A5 K rb AR R VR R SR e B, TR 55 YR S A LAY RN T A R £ 1
BNM.

2.1.4  TOC 5HlEs 7% IAN A i 52

K 4 BIEARRA TOC 5 PR, Ml K A2 SN 95 TAN i s ol I 4 Fa]
PIA H, EARBINME AR B R, 4 PSR TOC e FE R Y £ i ALK RE 2 G 75 05, Y AR T 51
TAN F4 A= i, T 24 il B 7~ 110 9 B2 389 %) 0.1 mg- L' I, 4 R[] TOC #e B R (A48 K RE 2 46 3] T
IAN 194 B, H IAN B4 i 23 B E /K FE TOC ¥k B2 B3 in i BB B 354K 78 TOC — & I, B2 il
BFHOmEM 0 mg L HNE] 0.5 mg L', IAN B4 il 2 i3 . 24 TOC & 20 mg- L™, Ml &5 7 ¥k i
H90.5 mg L7 I, TAN A9 A2 i ik B 8RB, 9 106.95 pg L7, & T7E 5 mg L™ W B 71 0~ BAN fY
Az R 3K AT BE SR PR BIURE BE R, LA SR 0 5 HLRT IR & AR SR A IR I AR T, T Liu %59 1 &
I, FEH B R, R TR R SR> R teAh, X Wei 5524 AFFE AT LRI, EHEHEE T,
IAN A2 GRS T-THMSs (9 25 SR — 380, Az nidat A A2 Bl 2 B -k B8 g 185 i 34 .

12000 - —O—TOC=5mg-L™"

—O— TOC=10 mg-L!
—— TOC=15 mg-L"!
—O— TOC=20 mg-L"!

90.00

60.00

IAN concentration/(ug-L™")

30.00

0 1.0 2.0 3.0 4.0 5.0
I” concentration/(mg-L™")

Bl 4 TOC 55l 13 B2 X IAN A2 Y 520
GRIE N 4542 C(TOC):C(NH,C1)= 1:5, pH= 7.2, KW} H] 72 h)
Fig.4 Effect of TOC and Iodide ion concentration on IAN formation
(Initial reaction conditions: C(TOC):C(NH,C1)= 1:5, pH= 7.2, disinfection time: 72 h)

2.2 GMEH xR ALY N-DBPs A= [ 52 i

Bl 5 JRTEAN RSB T, fAymBUK A 2 A MEH % )5 BAN. DBAN, BNM 5 TAN B4 i1
. IS AT AR H, 4SRN 5 mg- L' iF, BAN, DBAN, BNM., TAN (#4480 5 0 4.62.
33.75. 3.75. 10.29 pg L' Tl 4 S 0B 38 in £ 100 mg-L™" B, 4 F' N-DBPs (144 ji it 2435 3 i K
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18, 43914 49.69. 218.40. 22.34, 123.44 ug-L™". BAN, DBAN, BNM. IAN i 4= i & 4 I 2 58 e 45
(1A HE TN T 38 . 33X mT AE2 PRL O B S 9 0 n i, BB o SR A IR 8 7™ A B 2 () TR TR R, 1 0 U TR TR
5 e Bl R SN, 7 A T 2 B TR I AR U, AT 1 T VRN | IR S A MLRT IR RO, T SR 2 1Y
TR N-DBPs. 75 —J7 11, S8k B 38 T Ge 8 o i 410 A 8~ il R R AR , Yk B 1Y) 2 A% AR g ) J it
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Fig.5 Effect of the dosge of chloramine on the formation of brominated and iodinated N-DBPs
(Initial reaction conditions: TOC= 10 mg-L™!, C(Br)=5 mg-L™', C(I')= 0.5 mg-L"', pH= 7.2, disinfection time: 72 h)
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Fig.6 Effect of disinfection time on the formation of brominated and iodinated N-DBPs
(Initial reaction conditions: TOC= 10 mg-L™', C(NH,Cl)= 50 mg-L™', C(Br)=5mg-L"", C(I)=0.5 mg-L"', pH=7.2)
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Fig.7 Effect of pH on the formation of brominated and iodinated N-DBPs
(Initial reaction conditions: TOC= 10 mg-L™', C(NH,Cl)= 50 mg-L"', C(Br)=5mg-L", C(I')= 0.5 mg-L"', disinfection time: 72 h)

3 %512 (Conclusions)
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