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FHE, HUM 3100145 3. IEHERERELERE, JLaT 100084)

WE. DK =M X ] iSRG LIS KR P oK) RRFSERT 4, 58 T R A AR W30 M o R B A 3 T 20 s ek K
HH R R, 85 RFR W, RAA-AWE M TR B AL B i A R Eh 8 8 . B LR (TOC) 1 UV, 1973 25 5 3 43 Il $2 7
19.2% . 10.4% F1 23.0%. K] JEK K 8 B £ ¥ 55 42 (polycyclic aromatic hydrocarbon, PAHs) . 16 Fh A #HL G K 24
(organochlorine pesticides, OCPs) ., 5 Flixi Z.2 ( haloacetic acids, HAAs) , H Bk EF 4357 53.9 ~100.0, 6.5 ~41. 8, 2.5 x 10°
~1.1x10%ng-L™", R0 1E 5 IR BE AN BN 22 IR 35 J T HLGUAR 2 1) T35 BR300 32. 5% 125, 9%, Hh#y B Ak 3
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Ozone-Biological Activated Carbon for Advanced Removal of Typical Perg;stent
Organic Pollutants from Micro-Polluted Source Water in the Yangtzé Delta
Reglon o | & ¢ ¥ &% U

LAN Yat qlong LIU Rui'*, MA Zheng- JLe ,.r""f CHEN Lu-Jun 3 ) : “
(1. Zhe]1ang Provmmdl Key Laboratmy oW ater Sciencé anl:l Te( hnology, Depaﬁmem of Environment in Yangtze Delta Regmn lnstnute
of Tsinghua Unlvers1ty of Zhejiang, Jiaxing 314006 Chinag’ 2 College of Civil Engmgermg and” Plrclutecture Zhejiang’ Umversq}y of
Technology, Hangzhou 310014, China; 3! Scbool of EnV1ronment Tsinghua Un1ver51ty, Beijing 100084, China)

Abstr’act '0z0ne- l;)lOlOgl(,dl activated carbon (04 BAC) was stu-dwd for the advanced removal of orgarics from micro-polluted source
water in the watex‘supply plant P located in J:City ifr'the 'Yangtz'e Delta Region. The results show that 19.2% of the permanganate
index , 10‘4% of total organic carbon, and 23.0% of UV'254 were removed by the advanced treatment of O,-BAC. Eight types of
polycyclicuaromatic hydrocarbon (PAH) , 16 types of organochlorinated pesticides ( OCPs) , and five types of haloacetic acids (HAAs)
were défected in the source water. The total concentrations were 53.9- 100. 0, 6.5-41.8, and 2.5 x 10°- 1.1 x 10* ng-L™",
respectively. The advanced O;-BAC treatment removed 32.5% of PAHs and 25.9% of OCPs, greatly improving the effluent of the
conventional water supply process. However, HAAs were mainly removed with the conventional process, with a removal rate of 33. 8% -
87.0% . After the advanced treatment with O,-BAC, the amount of chloroacetic acid slightly decreased, while the concentration of
bromoacetic acid slightly increased.

Key words: ozone-biological activated carbon ( O;-BAC); polycyclic aromatic hydrocarbons ( PAHs) ; organochlorine pesticides
(OCPs) ; haloacetic acids (HAAs) ; Yangiza Delta Region; persistent organic pollutants( POPs)

Bl T ARl = B R R 7l<7}?7l<7ﬁﬂ7§m At HAtokEH. ZE4E 3650 788 W R IE AT T K
JUHE, JUHGE R R R R mEErE TR lR s 95 RN 121 RO ALY, EEALSEZ
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POPs) SZ Bz ey BRAEY T 2016 AEXTK BAFSe R ITIEUK A T 16 Bl PAHS YR EETE 17.7
YL KW, ERIEVL . 55 24 | B VAR = i b ~110 ng-L™", T RIS YK, AR
X AR R IR K i BB A A WL BT 320, &

HAEVLISEY (VOCs) . BHLARZ (OCPs) . £ W#AH: 2017-12-01;#8iTBH: 2018-05-25
F(PAH) KR HRIE AT 0.5 x 10 ~4.2 x  Egaq: hiHETuiCoonan) o
10*,1.5~339, 4.3 ~406 ng-L~", Hr K vOCs Tr I R Rk % AR BEER , E-mail: 939161594 @ qq.

com
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aRiE A WAL B T S R BEA R B RS, RS
AU IRIE TR 36 ST AT 98 JEsK T HiZK PAHS
G VR B R 17.5 ~408 ng- L™, Wi RN 78
AU TR K s A AL 30 B, Hirb e ds
M R APEA ML) 10 B, BRI XS RS Y JFK H RE
A DL TR BE B U R B 2R KA.
RA-AWIEER (0,-BAC) T2 RERASA
b TEVE B B R RS RENE T 1K, BB
WA AR R A . AR ER TR ST Pk
(TOC) &, oot (o | WELFIBR 55 22 WK it 8% F 45
br, $&FHoK BT, Ptk 7 E P AMR R 7K R BE Ak 2 46
AR R Y IR 0,-BAC T 2% HLgs
PR B AMCGE A A HGE, (HXT 0,-BAC X
A LS G K R A MR ALY I L BRBCR I E K
D ARSCUA ALK ) MR RTS ek IR P oK)
AT AR AL BR T2 (0,-BAC) AWFFE R
%, BT HXT K Fp SR RE A WL ( Z 05 )%
AHVEARES) I 2R 2R BOR , LU s e
JFK A RAK T 1A G s e s Al

HE TR AR, K EKERR. PR
N F I TP RS, AAKEUAR A 10 JTm’ -d ™", JRAKIK
U 1 s,

1 JFRAKKE(2015 41 ~8 /1)
Table 1 Raw water quality ( January to August 2015)

LioalIl B e SR FHE
TOC/mg-L " 3.1~4.2 3.8
UV,s5,/cm ™! 0.065 ~0. 110 0. 087
AR R ER R B/ mg - L ! 4.6~5.2 4.9
A/ mg- L 0.36 ~0.45 0. 40
mhJE/NTU 10.3~19.3 22.3
pH 7.3~7.8 7.6

2004 475 RLALHL T 2R _E 3N R 4R
TGP SR BEAL PRI, BUAEFoK T2 A e fh
SEAC TR B i AL Ak B R 2 RS- T
HURPEALIR, anlEl 1 R, Eﬂ?ﬁﬁﬂ/’@*ﬂ%@f(}ﬂi
s, BRI 12 min, — (AR o
M AW 3 mg L7 2 mg L IR
PEgenE R VR . ixiﬂﬁﬁ'lo,m 'y
ﬁﬁz&ﬁﬁﬁﬁ MXFJW( R 300 80~ Eﬁ'z
W5z, Jar“ 2k, T AR AR T“O 3
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Fig. 1 Flow chart of the waterworks process

1.2 HESCREMOAE L

2015 4F 1,4, 6 18 HI:4 WRE PIKIR
K. WM T 2K, —2% 0,-BAC ik, —
0,-BAC /K AN 7K, A6k o A 5 4 R 6 45
B, TOC, &A% H MAEAr, 16 F 2 3 05 &
(PAHs) | 19 FrAHLE A 25 (0CPs) F1 9 B g £ 1R
(HAAs). FIrAg #6046 br BE R 48 1 2 B A

WELP PAHs il OCPs FE S RAEH 10 L 40 1 AR {0
BEIE R, 10% FRfis FRI= 0 8 h, &li 7K v Pk Byt
T, B K % B 5 S Bl is 78 52 56 2 bk 4°C VR L,
7 d NSERFE BRI . K 5 mg A ALEL BT 50
mL B RSB OO, UK R s, &R #EE R
PEOE SRR, B O B 4°CA, 24 h N5
WAERL, FT HAAs K.
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.3 ﬁﬂcj‘ﬁ% F3EE AccuStandard 2\ H].
1.3.1 BRI bR 1.4 JiEfEH

IKRE AR R R PR . R AR ARk
SRR (TOC) 2R FH 5 43 B3 A LR 43 BT A ( EI
A SHIMADZU A5, TOC-Lepy ) 3 UV, K FHEE4M3
6% 3 ( B A8 SHIMADZU 73w, UV-2450) il
U R MUY (€ HACH A ], 2100N)
M5, pH KM pH 3T (#i+ METTLER TOLEDO 7%
F], FE20).

1.3.2  fEAHLYTER

16 FZATE(ZE, JE. &y, ek, 4B, B &K
B, AT [al B AR [ D] IR k%
BRI altE, I a,h ] B AHF[ghi]FE. B
F#[1,2,3-cd ] ¥E, PAHs) F£ & T b B 7 1 R 50 87 7
RS IREZA SR AR RSk [ 16], R
OB 3% 4 ( A SHIMADZU /A ), LC-2010A)
SR R UV R AR R Kol 220, 254
F1295 nm; WondaCract ODS-2 (4.6 x 250 ‘mm, 5
Mm)@ R ATAL RS .*Hzﬁm/j& K H Waters
Oasis HLB (500 mg/6 cc) [EM‘FI$EX1‘£ :%Eﬁmﬂs
i, Eﬁ@?EﬁilmL Y

19 ﬁﬁ*ﬂ%ﬁ*’i[/vm(amc B c}, Y-
BHC 5BHC) % B (p, p'-DDEL D) p’ DDD
p.p'-DDT) B K, A LA Iﬁﬂ
T, e flUY ﬁmJ\#ﬁ&u\mﬁn{#ﬁ&
FEE, KR IJ@H R 375 T 26 OCPquénnTﬁjzl;
Iﬁﬁ/ﬁﬂéﬁﬁﬁ%ﬂﬂ@ EEL7R %ﬂi@t[nj ol
F A X ( H A SHIMADZU A7, GC-2010
Plus) R, i 45 14 . fo 4 AR A 4% (ECD) 5 &
M EHHEE 300°C ; Agilent HP-5 {434+ (30 m x 0. 25

mm x 0. 25 pm) ; BT IF O BERR R B,

AR E &, TSR N FRY.
IOFPR MR (—HLR, — LR, AL,

SR, —R—RA o, ZIRGR, IR AL

MR, “—H LR, —IROTR, HAAs) FE & TAL BE
AT 155 0 5 BRI bR e R SCRR[ 18 ], 2R
FHACH 8,35 4% ( H 25 SHIMADZU 23 &), GC-2010
plus) K. HAAs #5025 ECD #5000 2%, #5000 #%
TR 300°C , HEREFTEFE 250°C, Agilent HP-5 {4
FE(30 m x0.25 mm x0.25 wm). B4R K
AL, WESRUT BEAE L, B IR FR fb i H AT
A2 h, WHREEERD, WERYIN 1,2-1RINLE.
SCHGH A R . IS AR

Faigali  PAHs, OCPs . HAAs YR A5 F N 454 2

AT B, AR AR AR R A B
5AFEMEE 1 AEATRE, BRSO ATES, PAHs,
OCPs Fl1 HAAs 4371 F-A 70038 — 1> BF X6 BERE s (R
4l FIBH X REAE i ( 2R BE AOTRARIA TR ) , B IR
FRIESEHERE 7 U, DRUEACESRG 25 B 7R B bR 7 v e
JLEIN. TEbn i il 2k bR E 2 AN AS R B (L A7 4
HFIRE S IFRZ0#T, 16 B PAHs | 19 Fh OCPs 19 Fif
HAAs [R50 77.6% ~93.2% (RSD 1.3% ~
14.5% ) . 87.5% ~103.0% (RSD 5.8% ~15.5%) .
82.4% ~107.2% (RSD 2.1% ~11.3% ), J5ikKH
B> 4 0.37 ~1.87 ng-L™", 0.02 ~0.17 ng-L~",
0.01 ~0.08 pg-L~". “FATFEAHXIFREIRZEAE 0. 5% ~
8. 0% Z[8). 25 FYRKG Y HARis 4.

2 HFR5ITE

2.1 HHUKE ?‘éﬁﬂk

2015 4F 1 A8 P KTTIEUK ﬁa%ﬂabﬁ
k. 0,-BAG HIK K B A8 b AR
N3 2 AR SRR K A T 25 A o i _ﬁm
4mﬁﬂmdUm4ﬁ%ME%ﬁ)§ﬁ“@ﬁ
K2 (1 7 )PLE 2 (8 ) Mg, i SR T e
st LA SR, T Pk ki
ST K | A I, KRS | K I Tk
SARELG . T KRR ER TR B, A R
pH B3 CEH R HAK DAARHE) (GB 5749-2006)
ER .

P K H BT 200 SRR B 1 S B R ik #
95% FiAy, K E RS HKZE 0. 02 mg- L™,
0.4 NTU LLF. A T2 XA LY 45 o5 TOC

Viosy o il MR R FE B 11 L BR800 3 Ry 32. 6%
58.5% | 67.0% , Hria BAb B T 207 35 LB R 5y
R 22.3% . 27.8% . 39.9% . O,-BAC kb H
TK TOC ., UV, . = 2 48 B0k B 73 il B 28 2. 59
mg+ ‘L7'.0.065 cm™" . 2.0 mg-L"~ ! , R RBRTE
HRAC B T 2R E AR T 10.4% | 23.0% |
19.2% , AT UL 0,-BAC X TA2 7 A F-A3 WL LB
RO, JUHIEXS UV, T AR 10 05 7 PR 451 5
LRSS A HLY 0 KRR TR K, iR TR
SAREE PR MO B IR AT AR, A R T How A W R fi
B E R W, Al UV, (8 53 R0
2.2 KhZHHRAEL

LT R ELA W 0 =80 i i A% S2 %
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Table 2 Conventional indexes of raw water and effluent in different treatment units
Rl 7 \ = \ i

JFK  HELT K 05-BAC K K Bk HWHLT MK 05-BAC K WK
TOC/mg-L~! 4.6 3.7 3.2 3.1 3.1 2.3 2.0 2.1
UV,5,/cm ™! 0.112 0. 105 0. 096 0.073 0. 108 0. 094 0. 068 0. 059
AR IR RSB mg - L' 5.7 3.0 2.6 1.9 4.2 2.9 1.5 1.4
A/ mg-L"! 0.42 <0.02 <0.02 <0.02 0.36 <0.02 <0.02 <0.02
4 EE/NTU 19.3 0.2 0.5 0.4 10.3 0.6 0.2 0.1
pH 7.3 7.5 7.5 7.4 7.8 7.9 7.8 7.7

. EE EPA % 16 Fh PAHs WAL Je4 1504,

FoFE b e rp 12 Fp PAHs #E 4T 3 5 5 o122

2015 41, 4, 6.8 H4rRIxt P oK) JRK AN T B
KA EPA fE e 410G 16 A PAHs 3470081, 455
WK 2 MK 3 . oKk PAHs SO FETE 53.9 ~
100.0 ng-L~", Hr 1 AMB ST H, X5HM
ARG R —2. AEH G EAK A PAHSs
FRARALR K, FEELL 2 ~4 FRM9 PAHs B3, (5
1% 80.6% ~93.9% , 5 WA I[ a] EEAH LR
WL AR B ST R GE < X kT 6 Ak

PAHs JEK HRG H B R BEAE 1 ~ 40 ng- L1, 4G AP
KEZNZE . JEE 2 ~3 3 PAHSs, '3Z$Htlﬁx,-P“

JK) JEIK PAHSs Iﬁ’](? IR 558 Vs =4 &
«pmr%AzaﬁpMkmzH%ﬁfﬁ%~
53.2% , 7K HE 1 PAHS ,U/M“E 293 ~46.8
ngeb! ) A i (RT3t 7J<7J<ﬁ%ﬁ//¢>>(cm* 206-
ZOOSH)PAHS ,u/zzrt?z g L I BRAE, 5 2 TR T

FH7J<£$}WE>(GB 5749-2006) fIER. § H %Ix -

Bt PAHS EBRRITH 1 ~6 k22, ] Al SR B
Wi, PR PAHs A9 0 B Ok i #A L B OIR B
PAHs # W BHAERRAR ). % 8L T 24 PAHs 224K
WA, ERERIET. 4% ~15.0% , Hrhogs . 36,
FIF[al EHERA LA XA TR T A5
PAHs A4 25 bk = 2038 1 R 40 R R A0 A g e fige

{EITTE M B e FP W R PAHSs AOTTRR B 5 A Kt i
B, A TREE TR KA TR 8 0,-BAC 1
7K PAHs MW & 2%, KBRFEERAT 21.6% ~
43.3% , Hh—2 0,-BAC 1 —%% 0,-BAC 43 7il42
THEBRF 12.8% ~25.5% . 8.8% ~17.8%. NNl
FUETE FOW I B P2 A R 3 ) i 3 (- OH) fiff PAHS
ARSI, T PAHs BATE /K P A IE 2 B -2k 7 i
TR R A, BT B T T i
0,-BAC X2 13 6 PARs ZBRAECRHET A 5 3
PAHs, %ﬁﬁ#“” MWL R — 2 l,drmﬂ
PAHs k2% éﬁ‘?‘ﬁﬁﬂi’ém Wit St 2. %Lﬂ%af‘dj
7K PAHs WA g KURE BB o %{ﬁaﬁj‘
7J<EP$IEHL*§E’J§£L/\'?P4HS KR }FFF -
AR A (D JelluibL. —
' 2 L

100 —

_ o J5ik
~ % = _ o WM TSk
Yy 80 ¢ 0 —4#04-BAC
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Fig. 2 Removal efficiency of PAHs in different treatment units

£3 FAMETEZHTHK PAHs JRE" /ng-17

Table 3 PAHs concentration in raw water and effluent of each unit/ng-L ™!

Wi JEK W T Z K 0,-BAC Hi/k K

WG CPME £SD WKEVEE PIE+SD WETEE CPfE+SD  WREEM )M +SD
S 9.9~14.6  14.1%3.4 51~153  10.2+4.1 0.9~7.3 4.1%2.3 2.5~7.3 4.5+1.7
TE M 15.0~33.1 22.6+6.6 15.3~27.6 21.5+50 55~18.0 12.5+4.8 6.19~16.3 11.7 3.9
E[H 10.2~23.3 15752  7.2~23.4  15.0%57  51~119 8.4£2.5 3.9~7.6 6.3+1.5
Jaa ND ~2.5 0.6+1.1 ND ~2.4 0.6+1.0 ND ~3.9 0.74 £1.3 ND ~3.0 0.7+1.3
i ND ~21.5 13.4 9.6 ND ~20.0 8.1%8.5 ND ~16. 1 5.8+6.6 ND ~7.1 2.9+3.1
] ND ~19. 1 11.5£5.4 ND ~18.7 8.4+6.7 ND ~14.3 6.0+5.2 ND ~14.7 6.5+5.3
B[ bW ND ~19. 1 11.7 £8.4 ND ~16.0 7.9+7.9 ND ~14. 1 6.3+6.4 ND ~16.5 6.9+7.2
HIf[al e ND ~9.8 3.2+4.0 ND ~4. 15 2.0+2.0 ND ~2. 4 0.7+1.0 ND ~3.5 1.1+1.4
ZPAHS 53.9~100.0 83.7+18.5 47.0~91.2 73.8+17.3 35.3~48.8 44.8 £5.5 29.3 ~46.8 40.7 £7.1
1) ND FmAKH ; SD RonbrEfm 2, Wik n =4, TH
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2.3 AMELKZ L
OCPs J&=— P (i B 5, B, BT,
FRAOIAEA A 2k o) 03 2R e g A
Wi B IR BE N 2 50 AN HE S S 21 R EE A MR
ML 2015 481, 4. 6., 8 A4t Pk 5K
Fgs T B K TR 19 Ff OCPs #E47 2087, 45 S dn
3 M 4 iR, P7J<FJ$7J< 1 ~8 A oCPs 4
i, BRI IF 16 AP, SV ETE 6.5 ~ 41.8
, IS/ S Pk 1 ks o 3, 290
MY 63.2% ~80.4%. Ht1 4.6 A5%EM
AU PAHs — S B m T 8 A. #HHEP
aﬁ%ﬁfm KT R 5 Bk P A4S 2 Ff OCPs 7E 9 (1)
AA NI Wi B I fE 14.6 ~15.8 ng-L7".
J??iﬁ%r“ff eI B A SRR TEK R AR S 3 ﬁlﬁ
OCPs, MVEEE 3.2 ng-L™". Ry R 405 4
Tu'%/ﬁmil:%n%%if%&(ﬁ}llﬁ) H10 FpA HLA LK
iR AE 1.9 ~7.6 ng-L7' 1 1.31 ~6.7
ng-L~". BILAT UL P /KT JEZK OCPs 154 7J(5|Z7FH5(]L
KA 12 B OCPs £ iy fé#&fﬁﬁ 7.4
~13.6 ng-L_l. F1L
20.0% »69. 39% 4, H HUAL BT 255 OCDs 30 3%
fIE (2 0. 9%. ;»26 §9. JILIE 8K cmﬁ"%
PARMIBEOLTF, R T 2% OCPs LA B,
B SR BRILAE T BT 4R — 3L Jé,l7j(r/\7j(qj

ng-L~'

OCPQWEEEJ—A"E&VF mﬂﬂ@u}iiaﬁﬂﬁﬁﬁ &7

A T2 X 0QPs Eﬁ%lﬁa&%ﬁ_;

BEBRSR. XIS &Y ABFSEIN S OCPs KZ 5
ACESR , R T2 S B TR b R AR R A
LPTREAE B 25 B, I IR A R
17, WREF A OCPs WAL, 0,-BAC BREAL
FEXT OCPs 1 L BRACHR W%, — 9 0,-BAC X &
OCPs [ZBRFE N 5.4% ~18.5% , —Z% 0,-BAC X
A OCPs IR KA 9.7% ~18.2% , 4 0,-BAC
TREEAD PR S OCPs (19 K BR3FE 15. 1% ~36.6% ,
Yk il M VDI 7o 0 O ot NN AVAWANNE S5 N
T TR T 5 bR 28 AR TR IR K AR AR E) (GB
5749-2006) A ER. X AED 0 & B A A N %
HL S 0 13 ok o 5 A BRI RDRURE S =
PIRE NS 5538 PR b 24 58 A1 586 OCPs 43 hy
INFFAN, $25 BAC B YR mdE:, (HXE
P Wi A s A B

50

o JFK

a0l = o WHL LAk
_ M _ 0 —#40:-BAC
T'., _ 0 ~#03-BAC
2 30 ik
=
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Fig. 3 Removal efficiency of OCPs in different treatment units

N %4 J%k%ﬂﬂiﬁknh OCPs iRE" /ng-L"!
o : Table 4 OCPs concentrations in raw water and effluent/ng-L ™!
SiH _ JE Ik “”%“ij'll*zttlwk _ 0,-BAC HiZk _ HK
WHEERE P £SD WREVERE CP¥EH +SD  WREEERE CPXME+SD WREEVER EHIE + SD
a-BHC ND ~17.5 11.4 6.8 ND ~12.2 8.8%5.1 ND ~5.1 2.3+1.8 ND ~3.1 1.2+1.2
B-BHC ND~1.7 1.0 +0.7 ND ~0.9 0.4+0.4 ND ND ND ND
y-BHC ND~1.7 1.2+0.7 ND~1.4 0.6+0.6 ND ~4.5 1.5+1.7 ND ~5.4 1.8+2.2
8-BHC ND ~2. 1 1.0+1.0 ND~1.3 0.7+0.7 ND~1.5 0.5+0.6 ND ~1.2 0.3+0.5
L&A 0.61 ~2.7 1.5+0.8 0.6~3.3 1.8+1.0 0.76 ~1.8 1.1+0.4 0.6~1.4 1.0£0.3
SRR ND ~4.9 1.2+2.4 ND ~1.7 0.4+0.7 ND ~0.9 0.2+0.4 ND ~0.4 0.10.2
WELEA ND~1.0 0.4+0.4 ND-~1.1 0.5 0.5 ND ~0. 8 0.4+0.4 ND ~0. 6 0.3+0.3
st 1 ND ~6. 3 3.1+2.2 ND ~9.2 3.5+3.4 ND ~5.3 2.5+2.0 ND ~3.6 1.7+1.3
oSt ND ~0. 8 0.2+0.4 ND~1.2 0.3 0.5 ND ~0.9 0.2+0.4 ND~1.5 0.4+0.7
p,p'-DDE ND ~0.3 0.1=0.1 ND ~0.2 0.1x0.1 ND ND ND ND
Gl ND ~0.3 0.1%0.1 ND ND ND ND ND
SR 1.35~11.2  6.3+3.7 3.0~8.9 5.4+2.3 1.5~5.8 3.1+1.7 1.4 ~6.1 3.1%1.7
il ND~1.4 0.7+0.6 ND~1.3 0.7 £0.5 ND~1.6 1.0£0.6 ND~1.1 0.6+0.4
p.p'-DDD ND ~0.3 0.08 +0. 1 ND ~0. 4 0.09 +0.2 ND ND ND ND
p,p'-DDT ND ~3.8 1.8+1.6 ND ~3.2 1.4£1.3 ND ~0.9 0.6 +0.4 ND ~0. 8 0.5+0.3
PP ST T ND ~2.0 0.9+0.9 ND ~2.0 0.8+0.9 ND~1.5 0.7 0.7 ND ~1.4 0.5+0.6
> ocps 6.5~38.9 31.0%14.2 8.0-~33.4 255x10.2 7.5~17.1 14.2+£4.0 7.4~13.6 11.6 £2.5
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2.4 K O

WK K 2R (HAAs) 20k B T b1 5
FEA I EE R (CL-DBPs ) F T 401 & i fr s >k
KA Y 5T R HAAs A IR Rt
MEE], EERINAEREMEFTHE, M
HORFE HAAs Z A BA ndgson ©, Hp —J o m
=502 1R 1Y S0 PR s Zhang RO
13 7K IEZK 1 C1-DBPs i 9K 4 8 A i 58 % 31 HA As
Ik, B8l =AM A LR L.

2015 4F 1,4, 6,8 AXF P /K JRUKFI4 T2 B
K HAAs #EA750H0r, 45 R 4 Mk 5 s, 1,
4.6 A PAKJTIEKPHRH HAAs WETE 8.6 ~10.7
pe-L7, BT KIEK =5 2852, 8 H K
HAAs ﬂi@ 2.5 pg L7, JLKGH 5 Bl HAAs, ﬁtlﬂh
HEU—HO]R., AN E, 5K HAAs B
WREH) 74.9% ~91.5% . 254 a2 Xf b 75 bk
7 LA A R K 5K 4 B HAAs #5478 UK
WL P HAAs ¥R A . P /KT 8 8L T 25 K
HAAs MRBETE 0.3 ~7.1 pg-L™', B3R 1E33.8%
~87.0% , BERACR D . P 0FBAC R A2

Xt HAAs ZBRFAE 8, 1% ~17. 7%, XT%W@Z;M%_“

HEGHE, Momom, —n— ALEE
m.ﬁﬁﬁkﬁ,iﬂ%%ﬁ@ﬁ&%F A i3

INGETH R 7K HAAs WG I 17. 4 ~
38.7 ng-L™', RO, AL RECEERH
JK TUEAREY (GB 5749-2006) SR, HZ(8 H)
KOREMBEETAE( A), X5EAEWH
o2 B3, T HAAs 094 BN 52 Tk B 5%
B, R R R B N R R, HAAs AR K
P HTT UK HAAs AR 2R EAE 12.7 ~
15.0 pe-L7' ZH, AR E =N 38.7% ~
55.3% , T o7 L) S vk B T B b AR R
TcE —ﬁﬁT BT P KJ KUK R 2, HFE
R raT R & R 5 O — 5 T AT RS T ) K
TAHBEEBrT, FEEAH LB B AT 5 IKAR
(HOCI) 52 4= i, HOBr, T1fii HOBr . HOCI fb27 1%
PERR, BAL SA MY kA KRR, BREZ
IRACEN =4 X e AT 1 — A MR

40

o JFK

o W Tk
|l 0 —#05-BAC

0 T 4K05-BAC

HAAs B i ug- L™
(=] T
= =

=)

VLRG|, O AU LR TR ADRN G T e
Jie, i /) \ﬁ?%f@ﬁm{ﬁ 'JF‘#Z HAAS El’ﬂj—igﬁﬁ . B4 REIZBTI HAAs KRR
'ﬁi%{” 48] e Fig. 4 Removal efficiency of HAAs in different treatment units
x5’ Eﬂﬁu%lzimwk HAAs iKE"D /pg-L!
Table 5 HAAs concentrations in raw water and effluent/ g+ L~

Wi Rk T2k 0,-BAC Hi/k K

WRESEE P £SD WETEE P £SD W FfE+SD  WIETEM M +SD
—H 1.3~7.8 4.7+2.3 ND ~4.6 2.2+1.6 ND ~4.2 2.0+1.5 6.7 ~19.2 11.2 +4.7
—IRZBR ND ND ND ND ND ND 0.2~1.2 0.7 +0.4
TR 0.2~1.4 0.8+0.5 ND ~0.9 0.5+0.3 0.3~0.5 0.4+0.1 1.7 ~4.2 2.9x£1.1
ZH R 0.7~2.7 1.8 £0.8 0.3~1.6 1.120.5 0.3~1.3 0.6+0.4 0.4~2.1 1.4£0.7
——A LR ND ND ND ND ND ND 3.3~6.7 4.5+1.5
TR ND ND ND ND ND ~0. 4 ND 4.0~5.9 5.0£0.7
—IR AL ND ND ND ND ND ND 0.3~0.9 0.6 0.3
TR ND ~0.3 0.1+0.1 ND ND ND ~0.2 0.1+0.1 0.6~1.9 1.3+0.5
IR ND ~1.3 0.9+0.7 ND ~0.9 0.5+0.4 ND ~0.3 0.1+0.2 0.4~2.14 1.5+0.8
> HAAs 2.5~10.7 8.1+3.3 0.3~7.1 4.2+2.5 0.8~6.3 3.34£2.0  17.4~38.7  27.2£7.9
3 &R FT1710.4% . 23.0% . 19.2%.

(1) P K LA WAKAE oK R K, KoK
ZER MR, £FKEHEZTHEZE. O, BAC
UREE AL T 2060 5 A I Fe br i 42 T+ oA S
H, TOC., UV, . %R 48 BOF 1 2 B R 2 il 42

(2) PKJ K H G i 8 ' PAHs Al 16 Ff
OCPs, AWE454 53.9 ~100.0 ng-L™ ' F16.5 ~
41.8 ng-L™", PAHs FE DL 2 ~4 A FE, H A
PAHs ) 80. 6% ~93.9% , OCPs B LL/N/N7N . i
FET . RKICHI N E, 294 5 OCPs 1Y 63.2% ~
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80.4% . 0,-BAC JREEALHEXT PAHs Fll OCPs [ 25 BR
BRI BER THMT L, BBRFES T 21. 6%
~43.3% . 15.1% ~36.6% , HKEae k3 (4
YK TAERRAEY (GB 5749-2006 ) HIESK.

(3) PAKT JRUKH ARG H 5 Fh HAAs, Bk E N
2.5~10.7 pg-L7', U—HLWR, AN E.
HAAs Bl LLH LT 2, KBRFE R 33.8% ~
87.0% . 0,-BAC T 4b P XF 518 2 FR g A 25 %,
HRR LM EH AN IMEERE R K
HAAs MHREETE17.4 ~38.7 ng-L™", Hh &R 2
di i HAAs 19 38.7% ~55.3%.
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