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WE . U5 Tl/KIRBIE- B3 (UF-RO) T2 HLY AR AT 22 A= 4 ( Br-DBPs ) AR AL ARAE. 208 K o &5 B ik
JER Br™ (45.6 ~50.9 mg- L") TR Z BIA HFRMUEW [ LLEIMRIE SUVA 3.6 ~6.0 L-(mg-m) ' ]; BAEAIRISIFHRE
FIIR & BRI L g bt A = 2 ¥ K i R B D AR E A ML), UF-RO T 20K 7K 48 NaClO T )5,
DBPs FFPSFIv B2 1 238, HL3G N 3225 Br-DBPs, Horfr =R H 5 (CHBr, ) i 8 = 5 e ( THMSs ) 9 70. 48% ~91.50% ,
TR TR (Br,CHCO,H) 5 B % Z R (HAAs) B 81.14% ~ 100% , — 1% Z & ( C,HBr,N) (% & 5 Z 5 ( HANs) F4 83.77% ~
87.45% . UF JiEX} THMs, HAAs Fl HANs B9 2B%R 5301 A 36. 63% ~40.39% | 73.83% ~95.38% #1100% . RO f&n] LI5E 4
Bk HAAs, fHIEXT THMs AAESE 2 KBR. KK SR TEMN 0.35 ~0. 44 mg-L™' EIHE RN T 32% ~69%. ifF
JKIRAL UF-RO RS LAY DBPs FlFLAWA: W35 BT A B 5 T UF Wk Fi RO Heok .
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Formation and Variation of Brominated Disinfection By-products in A Combined

Ultrafiltration and Reverse Osmosis Process for Seawater Desalination

YANG Zhe'?, SUN Ying-xue'“, SHI Na', HU Hong-ying’

(1. Department of Environmental Science and Engineering, Beijing Technology and Business University, Beijing 100048, China;
2. State Key Joint Laboratory of Environmental Simulation and Pollution Control, State Environmental Protection Key Laboratory of
Microorganism Application and Risk Control (MARC) , School of Environment, Tsinghua University, Beijing 100084, China)
Abstract: The characteristics of dissolved organic matter (DOM ) and brominated disinfection by-products ( Br-DBPs) during a
seawater desalination ultrafiltration (UF) combined reverse osmosis (RO) process were studied. The seawater contained high level of
bromide ion (45.6-50.9 mg-L™") and aromatic compounds with specific ultraviolet absorbance (SUVA) of 3.6-6.0 L+(mg-m) ™'
The tryptophan-like aromatic protein, fulvic acid-like and soluble microbial by-product-like were the main fluorescent DOM in the
seawater. After pre-chlorination of the seawater, the concentrations of DBPs was significantly increased in the influent of UF, which
was dominantly the Br-DBPs. Bromoform ( CHBr;) accounted for 70. 48% -91. 50% of total trihalomethanes (THMs) , dibromoacetic
acid (Br,CHCO,H) occupied 81.14% - 100% of total haloacetic acids ( HAAs) and dibromoacetonitrile ( C,HBr,N) occupied
83.77%-87.45% of total haloacetonitriles (HANs). The removal efficiency of THMs, HAAs and HANs by the UF membrane was
36. 63%-40.39% , 73. 83%-95.38% and 100% , respectively. The RO membrane could completely remove the HAAs, while a little
of the THMs was penetrated. The antiestrogenic activity in the seawater was 0. 35-0. 44 mg-L™", which was increased 32% -69% after
the pre-chlorination. The DBPs and other bio-toxic organics which formed during the UF-RO process were finally concentrated in the
UF concentrate and RO concentrate.

Key words :seawater desalination; reverse osmosis; organic matter; brominated disinfection by-products; antiestrogenic activity
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(DBPs) B4 %, Fif A2 i DBPs Fl 28 Ko Ho e 5 37 3|
VK R TR M R AR T

HiER [ 99% HIRICE LA Br BB A7 TilEK
o — B K TR FE A 50 mg- L7 A AN
BEAETERTE O TR S A H BRI ). IR+
SITEE A TH BRI AR BRI , IR R EL A 9 T I
MR RS M, AT 5 A LA R AR Bl L AT 7 A
PR H A R AR R Y (Br-
DBPs) " i L KA ML 3 R IR T A
YA . AN AR B 1 5 A1 Y 43 M, LT
B A PRI AS [Tk FH AR A T V5 7K b BT
TR, R, B KR E RO RGE TR RAT
THEER = AR IE RO RGeAk 2% 25 71 1y ff
FHANHITT RO ek By HE ik SR ms B S22 55 L. AH
FELE AT KK SRR AE I 3R |, 535 T K IR 1k
UF-RO T2 =) PBE2E | ) LRREFN G LM 2K Br-
DBPs (VR R R , JF 0 TR TG PE X TR 72
KB AW BE AT TP

1 RS

1.1 SEEKHEE

ARSI KA HL R S PRas AT TR KR 1k
UF-RO 2%, T AWM AE 1 Fras, #E7K S K EE )
VS K, B b BEOK B O 206.4 t-d7! (8.6
t-h "), PRIk R 50 tod 7 i UF [FICR N 91%
RO [ K 30% ~35% .

T2 E AR R
Tl , I A0 i e AR e B A T v , 2559018 T
WE B, 25700 2R BV EE | B R
G OLILFR 1. HEKIH BRI AN UF I e 7K 7 16 5
FIIMZ5H BE 4334 1 ~2 mg- L~ " Al 10 mg-L~".

S IA T A RFE S (B L), 5350k i K i
JK(A) ., UF #E/K(B) ., UF H/K(C) ., RO #EK(D) .,
RO H/K(E) . UF #K(F) fl RO #K (G). 7KEEHL
[l S206 % 5, 22 0.22 wm JEME I E DL LBR B R,
T U8 IS K RERAEALE 4°C VKA T T 22 & .
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Fig. 1

Schematic diagram of the seawater desalination UF-RO process
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Table 1 Chemical reagents used in the seawater desalination UF-RO process

EiRilbiiES FEASY Bomor=X
K 37 10% NaClO gk
UF S thise 7k i e 551 10% NaClO 30 min HEH0 1 &
I J5GR NaHSO, sk
BH 35 51 A HLBERER L
2000 mg-L~"' NaClO
UF 1410k iR Ik 1% FriEIR 1~2H1%k
. 2000 mg-L~" NaClO
vt 0. 1% NaOH
- 0.2% HCI
- B 29 .
RO Uk ) 3~6 H1W
-, 0.1% NaOH

0.025% Na-SDS
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1.2 KFHT Tk

WA ALK (DOC) B 5E SR Sievers
5310C( GE, Z& ) B A HLAR /3 B4 , 254 nm 4b %€
AW W E UV, ) 19 % R UV- 2401PC
( Shimadzu, H 4% ) B AN -0] WA S BE T, B
PERER(TDS) 190 % R SX-650 # ( 11 = 1%,
i) 2 Xl 5 R/ TDS/ 3 3, A A
(NH,-N) A9l 72 >k H HI96715 %4 ( HANNA, & K
) SR I A A, B ST (C1™, SO; ) FTFH B
F(K*, Ca**, Na*, Mg ") B9 %E 43 51 % A 1CS-
2000 ( DIONEX , 2 [# ) #l ICS- 1000 ( DIONEX , 2
) BB -5, Br™ 090 2 R FH NaClo A k-l &
%, pH {E I 5 >k F Mettler Toledo Fe20 ( Mettler
Toledo, Hii 1) SE 9 % pH . 45 Fh /K B2 & & 0 58
3 K.

1.3 =D

ALY 56 53 53 A1 R FH = 4 5 66 1% 43 A
2. R F-7000 #9755 43 0% Ot BE it ( Hitachi, H
A I &G (excitation, £ ) L 220 ~420 nm,
[EIF% 5 nm, & 5§ 963 K (emission, E,,) 3 [l 240 ~
600 nm, [A]f% 1 nm. 35K Matlab F Origin B fek
PEATER AL B I DL A R 2 R RAE , LA 2K AR 23
FIRIE K BIPL 2 B, = 4E96EI% I 5 A X 45
REMARL T HFHEEAR( 1 IX) | AR
BEAR(TX) , &EREAEIY (X)) | #
TR AR = (IV X)) MR A LY (V
),

1.4 Br-DBPs [l &
1.4.1 %A% =5 H BE ( Br-THMs ) FHRAR i 2 i
(Br-HANs)

Br-THMs F1 Br-HANs A9l 22 SR FH V0 26 B-<
ARG FREECH (GC/MS) 3170 GC/MS 43 B %
F GCMS-QP2010 Plus % ( Shimadzu, H 7% ) A (a3
FEEBE A, 1 110 mL KEEHHIA 110 mL 24
(TR, 10 pg-mL™")  EIBEHR G WK, IRS]. B
UM 2.5 mL H 50T 5404 (MTBE) | 10 ¢ 54k
B, RIZUHR 4 min HEATIRRZE I, T H#HE 2 min,
AR T3 o . FIIRCR B W B2 A LA
& AR, 2 BHE 2T GC/MS 434, AN KRR
HEE M 2 K.

WE B = % b (THMs ) f3 45 = & W &
(CHCLy) , —R =5 H % (CHCL,Br) |, —{R—&H
%t ( CHCIBr, ) il =3 B 55 (CHBr, ). CHCL, (3 TH
f%,10.0 mg-L™") ., CHCLBr ( ¥ T W F%, 0.954

mg-mL~") . CHCIBr, (J& T ¥, 1. 30 mg-mL ") Fll
CHBr, (¥ THEE,1.06 mg-mL™") brufERE N I H
o E R R R B

W E B )2 (HANs ) (3 45, — & 2 I
(CGH,CIN), & &5 (CHCLN) . =5 L E
(C,CLN) | — ¥ — 5 & (CHBrCIN) | — ¥ L)
(C,H,BN) Fl —JR 2 (C,HBr,N). C,H,CIN (4f
B >97% ) Al C,H,BrN (4L >97% )W H H A< TCI
/x ), C,HBrCIN (% F N i, 1000 pg-mL™") Fl
C,HCLN (¥ F N B, 5.0 mg-mL™") g H 3%
AccuStandard 2~ A, C,HBr,N (i & 97% ) il C,CI,N
(2 99% ) ) H 75 Dr. Ehrenstorfer 23 ).

1.4.2 AR L AR (Br-HAAs)

Br-HAAs 130 5 SR FH VRO 26 U131 A2 AE-GC/MS
P10 ) 50 mL KB BA 30 WL B 2,3-
TRIR (20 wg-mL ") SEIHRG PR, TR ST A 2
mL WEER R A TR AL, (8 pH <0. 5, M 5k 2 FR HL B
FA 18 g JooKBRER A, 3 i HAAs 1985 15 3 2
LR A WA AL AR U s A 2 mL
FHAR1,2,3- =8 KE R MTBE ¥ 12 BUR) (300
pe L) EIZRY 3 min PEATHGR AR, & 5 min
AR 55353 B

WL 1.5 mL |2 MTBE A HLARE R 2474
HO A 2 mL 10% BB R -FH A T (iR F RS =
1:9) #2515, T 50°C KB AT ERAL I R 2 h.
T AEAEE S KRR FN R =00, A 150 g- L't
FRENV W 7 mL, IR+ 5] J5 BE B 7K A, 76 43 7K A
<0.3 mL; Z8HIA 1 mL 1 RIBRER AR, 47 &
TS I TR W 4R % (=D 4 W), BB = AR
B, BRI L)E AV E A SR, % B e 1T
GC/MS F3 At , B /K A E A E 2 IR

ME MK 28 (HAAs) 35, — A 2 W
(CICH,CO,H) . —& M (Cl,CHCO,H) | =5 L
(CLCCO,H) . —JR LR ( BrCH,CO,H) |, IR Z 2
(Br,CHCO,H) ., =R Z & (Br,CCO,H) , —R—&
J T (BrCICHCO,H) | — ¥ —% £ ( Br,CICCO,H)
Fl—JR — 5 LR (CL,BrCCO,H). ClL,CHCO,H(¥& T
MTBE,194 mg-L~") 1 Cl,CCO,H (& F MTBE, 137
mg-L~") 4 A EIFRBFEFSEBE , CICH, CO,H (IF
F MTBE, 1000 pg-mL™'). Br,CHCO,H (¥ T
MTBE, 1000 pg-mL™") Hl Br,CICCO,H ( % F
MTBE,100 pg-mL ") g H EE AccuStandard 23 Al ,
BrCH,CO,H( 2l & 98% ) Iy A 5 E Dr. Ehrenstorfer
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437, CLBrCCO,H (% F MTBE, 1000 pg-mL™")
H 3 [# Sigma-Aldrich 2\ 7], Br,CCO,H ( 4f & >
97% ) F1 BrCICHCO,H (2l £ > 97% ) W F 35 [F Alfa
NG
1.5 PUMEMERTENE
1.5.1 HEanik4s

F12 mol-L™" HCI 5% H,S0, 1475 7K ££ (500
mL) pH f % 2.0 0. 1, 88 J5 ¥ /K # 3 i+ Waters
Oasis HLB [EAHAEBUNME. KR 194 HLY 23 1k
HLB /NEW S, %) HLB /MEFIE 25 5 min. R
10 mL FF PS8 56 e W RS A9 L, 45 3810 %) 8 ot R A
s B BT T, TR BRI T 250
pL ZH B ( DMSO) H1 75 31 ik 452 000 1% (#F
PR FR AR B B R FR ) BB it FH T Bt e 3% 0
I3,
1.5.2  BUMEMETETE

I A KRR TR A R A A R E2 1Y B LB
TE R S 15 1 1 B8 0 o P10 Vi 4 7K FE I oD 3R
W 7 A R U4 58 ( Two-hybrid ) 52567 4t
MR AR AL = ) At 5 25 (TAM) Ay X HR )
J5T 308 3 00 5 A [] 9 B R R TAM X -2 FUME H
it 400 1 2R, A5 3 KRR R TAM A9 47 0 38 2% 7% 1 57
TN IR 26, SR 5 15 51 L5 JH B E 9 3R A Y
(1) TAM ¥ B2 R AE AU AE i (00 B0 ME VR TG P, B
mg-L7".

2 ZR5itie

2.1 AKEKRAE
2.1.1  HE UK BURHE

UF-RO T 2Lk /KK o MK B an e 2 fw , He
DOC Fll UV,y, 5354 0.8 ~ 1.4 mg-L~" 1 0.044 ~
0.051 em ™', L2 AN IS {E SUVA (UV,,,/DOC) Ny
3.6 ~6.0 L-(mg-m) ~". W WL K J & A A
DHYVE i PEA HLY (DOM) FI#K i Y SUVA. SUVA
RRIRA D)5 T B AGERFE IR, 2 SUVA (RT3
L+ (mg-m) ~'Bf K& HRZ 5K DOM FiikZ
(5 T2 USSR 2SI IR . — RISk A B —
AP K EY SUVA /NT 3 Lo (mg-m) ~' 1072 i
JKH) SUVA I ¥E 1 ~ 4.5 L-(mg-m) ™' A 5 M
s i Dy 1S LI 4 1 1B g i AR
KSR EHISA Y.

ARHFFTHEKIEKAY TDS A 33.2 ~33.4 g-L7",
Hipcl™, SO, Na* fil Mg** Mg /K i) =25
T, 294 TDS (1) 98. 06% ; Br™ WY N 45.6 ~
50.9 mg-L™', £ ZH FA Bro & Tk AR
(HOCL) %Ak E L IR B2 (HOBr ) , HOBr FHUC 1% M
= T HOCL, 23 58 DLW B A= 1w P 38 5 1Y Br-
DBPs s i HAE B AEFERYTE IR, 36 P AR G 4
551 DOM 1 DBPs A= iU G2 A0 R BT Ok, AT &2
L THMs A i BT

x2 BKEINKEIER

Table 2 Seawater samples characteristic parameters

DOC UVysy SUVA TDS NH, H Cl-
/mg'L’l Jem ™! /L’(mg’m)’1 /g’[f1 /mg-L’] p /mg’L’1
0.8~1.4 0.044 ~0. 051 3.6~6.0 33.2~33.4 0.3~0.5 7.6~7.8 18967.1~20012.5

Br~ S03~ K* Ca®* Na* Mg?*

/mg-L~! /mg-1~! /mg-L~! /mg-L"! /mg-L~! /mg-L~!

45.6 ~50.9 3182.8~3934.0 215.4 ~272.6 214.6 ~308.7 8947.8 ~9520.8 1457.2 ~1549.8

2.1.2 AL R

MK R LY B A B O R B R
BB ) | o ek A A = 1 (X B
V) s B a4 (DO ), LI 2. 38k Xt ok
R AR R 43 ] A 0 SR 28 05 A T AR T
47.17% 5 BEFRPESCAE DA ™ W) A e B R 25 L
Yol 17.52% T 14, 22% . 57K By 55 75 6 4K
P24 3t 32 B R T DA A RN A 2 4 R R AR
OB A I B AR s e I R
FHRFEME BIRFEA YL Z DOM 4L B DBPs 1Y
ig%ﬁl@ﬁiﬁ}:ﬂ,ﬂ,ﬂjﬂ .

2.2 UF-RO RGIHTEA VLY ZLRHE

UF-RO RELITHE DOC, UV, F1 SUVA 2240
fEANPE 3 (a) ~3(c) Fias. #EK#EKE DOC 12
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Fig. 2 Fluorescence spectroscopy of DOM in the seawater
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Fig. 3 Characteristics of DOM in the UF-RO process
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