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Effect of UV Light Radiation on the Coagulation of Chlorella and Its Mechanism

WANG Wen-dong"*, ZHANG Ke', XU Hong-bin', LIU Guo-qi'
(1. School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China; 2.
Department of Environmental Technology and Ecology, Yangtze Delta Region Institute of Tsinghua University, Jiaxing 314006, China)

Abstract: Considering algae were difficult to be effectively removed in conventional water treatment process, UV radiation was used to
enhance the coagulation of algae in this study. The results showed that with the increase of radiation time, the removal rates of both
algae and turbidity experienced a decrease after an increase, and reached their maximum values at 50 min. When the dosage of PAC
was 5 mg-L ™", the removal rates of algae and turbidity of the radiated sample were 20. 1% and 18% higher than the blank sample,
respectively. When pH ranged from 6 to 9, the coagulation efficiency varied little. At pH 8 and with a radiation time of 50 min, the
removal rates of algae and turbidity reached 93. 5% and 90. 6% , respectively. Meanwhile, the Zeta potential reached the maximum,
and the algae generated extracellular organic matter, which favored the subsequent coagulation. After radiated for 60 min, the algal
cells was destroyed, leading to a release of intracellular organic matter into the solution. Accordingly, the Zeta potential decreased,
which had a negative effect on the subsequent coagulation process.

Key words: UV ; radiation; coagulation; removal; chlorella

IR, 3 B30 e . K e JL-P-#RAL T 5 &
TRl E B IROIRAS, MR KR & B SRl
PEREES G H AU IR, 7K b B R ALK b
ORI ER R SIRIEE | BRI | B
FERUR MV | N AL T R R P R R
ORI N, W, Sl R AR
PR b UL RS el 3 1 T K A B S AR A
SRR (HAE— LB LR A K b oK A /NI SR A
o R AR SRS MK R R AE R E TR
AR AP R B B 22 e 8k, A BF Ik
TREERR I (LRSI A B2 TR BEROR
SRR BERIXE , AN S 10 i R A 2R TUERL
R WRERBORIL

R R ERASOR E NN  TT T TR H AL
TREE T 2000 58 Ak BF 72, 0 9040 L SRR R
BEON AR BREE . BB B R REUR TR LA B
AR A KILUk, EN K b B — B DL

PR T, B AT 5 2 A I LA B x4 g 4
R Z R B B RCR R HE ARk SR
THREF HE T RE R 75 | R A BRI 5 R T [
PAMIH K AL 25 1 o B T L. AR HOR 1
TG AR ) AR AE R K A 3 T 1
JS7 BRI HL H AT AN b AR T £ T
ZTHTER B R T B AL AR [ A AN AR D4R
IO St AR FE L S 50 S T £ 5 K R S
JEK, Dhagsg b g DL /N eR Ry AL BT G,
ERHNAOT W (Y S AR S A BT B, B S A e
X EESSRBE LRI SR AL , T 551 o AL TR BERR HE 1Y
BLA, RIS B iy i A TR BE T S 4 I BB AT

WiE B 2015-07-28; fEiTHHA: 2015-08-31

EE&WA.: ERAKPFAEETHE (21007050 ) 5 PL T AHE [IH
(HM1105) 5 #VLA 7K SRl 2 55 H AR 8 05 52 96 % 1 i gk
435 H

EERIT: F3CAR (1980 ~ ), 5, it BI#d% , FZM5E T 1) Rk Ak
FEHLS 53R, E-mail ; wdwang_xauat@ hotmail. com



188 ¥

i

B % 37 %

1 #RE5FE

L1 SEiyas

H 7R B TOC-VCPH B B AT MLAR /3 Hr A, 35 [
Quanta 600FEG BY 47 & 5} 45 4 f. 45, & #fr TU- 1901
RUROG AR S0 AT UL 43y 66 B 11, 3 1 5 /K 3C Nano-
7890 K Zeta HL A 43 AT, MY3000-6G %4 fit 7 I 5k
SIS PEAY , B HANNA HI93703-11 HU st Esqy
FE[E Thermo 310P-01 & FREE 1T, MGC-100P Y
MR A
1.2 SEEZR S a0k

ELECTRIC BALLAST BOS-1T5 %I4T | 1y 3%
16 W, T 254 nm, 2 UV-C Pk 4745 K 27
em, ALK 22 em M PIKAREY | £ HRE
3 em; MR EL; BAHEILE PAC; 0.45 pm
TUALUBIE s /R, W A Rk B sl UK AR AR I oY
It R BG11 8557 3L 178 5%, TOpa 4514 T 3 Fh
TR b, e Ak B R R P R 3R R R A
1 JREE 25°C + 1°C, G BB SR E2 000 Ix, JGIE L (L:
D) =12 h:12 h.
1.3 SLEITE
1.3.1 5AMEHECE

A8 I S 6 A DA B A A A T AR e gt
15, AR DTS AT LAFT FF H A0 A 3 1 B — A4~ 2841
KT8 TR — N BERE IS , PRIEAR 5 35 5) b4 52 5%
HMR I RS, SR AR T LB A B AN 1 R, SR
B, 420 R A I e AR B T ERE IS8 I SR A AT A
FRAGERRT TF IR 58 SN KT il i 2 A2 18 2 B (1] 1) 5%
AR IR G,

— A~ AR

~~— |

A YA

RIMTE

e

S e T

B1 EIMEHTREELEMTE

Fig. 1 Structure diagram of UV radiation experimental device
1.3.2 SSMGEmAIE

TITF SO B 0 5 AT, AR 20 min J5 2
FrEsMlemm g E. LML Bk BT

SO B A BAR T IF s 1] SN T FE R RE
SEHMT Z IE] B v A I i B 3 U A AR Y
A

1.3.3 WP SR E

ZINBR B 95 0 2 R VR OO LA R
LM SE 2R, PRI ARHIEGY LA/ NER 38 B 77 VUFE 680 nm
TGRS (D ) 1 S 38 40 %% B B4 B i A
WEDR) RS B FHREHT TU- 1901 78 805 5346 56 1 Il 43
FEIEEETHIE , B3 YR 2 SR A (A

VW U SRR R TR o R YA O IR
B8 VA VR AT U W R TR ) o e R R
BERCR . ez IR BERCR 2=, PRI R A
7 KM HANNA HI193703 i #5 2h B e A3, B 3 1k
I 45 5 0P 1A
1.3.4  PEANMIZRIA Zeta FEAV AN 2

FEAS[R] B 55 A2 IR Bsf R P, B 2 mL 389
Zeta HLE AT AN & BE A I 1T Y Zeta HLAED) | LY
AR A B AR MR T Zeta HRLALAYAZ L.

1.3.5 DOC &

V0 B S VR 22 ok R A R R B Y R O N &
0.45 pm AUEAR I U8 , SR 5 P A 20 BT A3 L 3200
BT DOC HRFE.

1.3.6 AR

PR EEHIRE S 2. 5% B % RS 5, RS
FHHESE H 30% . 50% . 70% . 90% . 95% . 100% iF
KRB K 5540 5 ~ 10 min, £ R S TG - 4 04
H 2 WK, IR 10min, )5 H CO, Ih 5t s 8, B2
554>, 7F Quanta 600FEG %37 & B 4714 B 55 T W 2%
L0 AN N X 4T 6 235 A 1 5
1.3.7 REESCRAIIE

] 250 mL FEFR R 250 mL B, 42841
2R B A B — 2 B IR EER, L 200 1o min ™ PRGEE
PEFE 1 min, 50 remin ™" 12 # B 15 min, #T 30
min, T T 2 cm ALEUEE.

2 HRE5H

SN BRI B K TR TR 5 58 AR A A 51
HEELCHRE G, S0 AR R X R R I R B
IR, KA AT B 8y, 4 APk R R B TS
KN

D=1
AP, D AN RS B, m)-em Tt T O E AN
SR, mWeem 75 ¢ N HRSTIF ], S ARSI Y 5
ANESREEASTTE, R 0.23 mWeem ™ A4, 8 B



1] EICARA . SEOMESXT N TR BERCRVE R AR ] 189

IR KGR RS SR AN HR S B ) 2 AR T
2.1 ARSI RN FEA R | TR S BRR A

KON RGBS R — N AR EEN S, — 7
AT DR 8 M B A R B 11 A B AR | 55— T T A
KON T ELTT RN R R, LR EET A
PAC #IMi R 4 mg-L™" | %W pH =7 BISIF T, 5
AN R B s 1) Xl BR A /N BR B RO BR R | ORI
S, DA A R AR B AR R AT A B). P T R A
e BRI PR S, T2 AR e R S A
AR B R SR TR bR

M2 BT LU Bl 52 AR IR SR B (] A4 34
TR B8 5 S VAV L B SR M B2 A, 76 RS 50 min B %
SR AIGAA, {5 4k 252 1% in B ST e [, 3okt 3G 384 n 14
P, IREES VA 2R A ARk 5 iR AR fb ks A
2, BIBE R FRGT AR A3, AR 258 BIHE R
AUEFY 7E BT 50 min B A 31 B KA

M3 AT LUE Bl 52 AR RSB [R] A4 3
TREEE PR R 2 LT TR S 178 ST 50
min IR B KAE , B N 2 NS
PR 2 3 A, SRR AL TR BB e RN 25k
AR B — B0 T, BV R I s TR ok P R L o
BTG, 3 2 PR Ry S 00 BT F A 02 ) BGLT 85 5%
18/ INER i BV VAL, TR I VS YR ok AR AT, TR A v T
TF e D g8 28 /L | T LV AR 4 A AT

P A S8 1) R0, 48 Ak B S e ] 5 K e T
AN IRGE I 5 2% 3 . iU ) B AR B A S B0 4%
ANk HR G B (] X6 T 68 i 58 VA B R 3 | Sk R 52
i), 2575 LA 50min 5 284 S A4 BRG]
2.2 RAMESTRAGIREERR B . R

FE BRI FH 45 Fh R X A T X6 B0 R /N Bk
HRS 50 min , SR 5 1M IR [R] & BE 19 PAC 3
ATIRBESL IS TR BE IS 43 a1 V0 VR A e 8 L il

Z A
TRGTEE

R (Deso)

1 2 3 4 5 6 7 § 9 10
PACHEEMi/mg:L™!

34
86 | —m—

el —o— Wi 132

130
. 82+ los _
% 0T {26 E
& | I-_o
% 1s4 %

% 76 422

74 420

72 + 118

70 - 116

0 20 40 60 80 100
SR I ) /min

B2 REEERME, M EXREREINRS E T &
Fig. 2 Relationship between UV radiation time and turbidity,

turbidity removal rate

0.032
90 - —m— R KRRR
—o— Wi 0.030
88 - 1 0.028
86 I 0.026
£ E
@ 84 - 0,024 &
& 8| 0.022 &
=2 b
ooy L 0.020
% 80
28k 0.018
76 1 0.016
0.014
74 1 1 1 1 1 L
0 20 40 60 80 100 120
94 B ) /min
B3 BEREALREZE. EXEEREMN
EL5MNER ST B A9 TS 1L B 4%

Fig. 3 Relationship between UV radiation time and algae,

algae removal rate

JE IR HAE. S HEERGIIEAE i b A EAT S A
LRI, BRI A [R) B2 B PAC HEATIR BESL T
SHMRG IR AR BESCR AN 4 | 5 P,

M 45 AT LAFE Y TR EE B8 A [ i, AR

90

80

70 +

60

W g BRRER%

50

a0 -

30 +

PACHHN#t/mg-L™"

4 RRBHIERERERR

Fig. 4 Algae removal with or without radiation



190 AN 5%

B 37 %

SEPAE ) s g R ok B IR s R, L
PhE LRI T A (AR, R U0 SRR A e
AR AR B TS R, Y PAC B R S
mg- LB, BRI BR BRI B T 94.5% , AR IR

il EE NTU

ACHEN Ak /mg- L™

SR T 20. 1% , i HLZE 53K 20 AR 5] f0 B i 3%, BR)
FEFTEEIN A4 TR 5 57 B BN T a3 AR, R e R A N
85% Hif, B B AF 1) R B 7] 45 B iR R B 25 I RE Y
1/3.

90 (b)

ol HE B A%

PACHE N Hk/mg-L™"

5 HRESEERRA R R

Fig. 5 Turbidity removal with or without radiation

M PAC FEHNEE N 5 mg- L BRETRE 9 223 %
KRBT 91. 3% 5K BB I 4 57 18% |, [RIFE | ik 3]
AR IF] ) 253k 3 ) RESREAE 5 om A Y 8 ) 22 /N TR
PG, BRETAERY PAC 0050 3 mg- L' A, B2
EBRFMELIRF] T 79. 6% , M55 FARER) PAC BEm
A 10 mg- L7 I, R LBRF AL F] 80.2% . X
Tl B2 AN SR SRR AT — 2 AR AL VR
2.3 pH {E X 2SN S o Al TR BB 1 572 e

pH BRI 75 W 8 PR UK 1) Zeta FEL AT, 5 1l
IRt S 3l F3 2 R pH (B P a2 TR B 57 1)
K AR 2 TR BBE SR 7K fife 7= ) A S AN | vk B R H AT
L. R, pH AR b B i 58 A SRR AL TR 8 L
T SRl B Y L BRARCR. SO i) 5 BRI ) 9
VAR o6 R R S SR Ak ke R T BEV VR Y pHL {43
WK5.0.6.0,7.0,.8.0,9.0,10.0, 11.0,1M)5%
il 2% A 2k BE G A1 PAC 4% i & 43 il 4E 50 min Al
4 mg-L~"  PHATIREESCE. EHE WL ASF pH (H
AR ORGSR | M AR %% pH
(BN 58 4/ N S5 e A TR BB 11 5

S5 RW], 2 pH (ETE 6 ~ 9 JuFE NI, R R
TE 85% ~95% 2 I , = BRAR Ui (R 6). pH
5 B, BREERPERAE UM 57% ; pH (HK T 9 B,
FROESITIR T . X R pH o 8 sl i i 45 0k 3
AF). R ZBRSCRBE pH (E Y2 A6 5 B R Y
AR B IR pH B R 8 B I
. RATRAE 7K AR — S B M | 3 1 ] S B
I 58 S S AL TR 58 0 75 X IR K i pHL 47 9

100

N
2~ e N N
80 § 7 7
N
N
60 |-
2 R
% 40 +
20
]
5 [ 7 8 9 10 11
pH{i

6 ZEOMBAPRLBEAEME, RIEEM pH ENEL
Fig. 6 Relationship between pH and turbidity

removal rate, algae removal rate

RERLREIA BB R A RICR.
2.4 CEOMESSRACTREEAIYLE] BT

SRR B A A ST ) /N IR T ) — S R 2 114 D
T (Degy =0. 15, A BEFE AT S HE 7K AR I K A P £ 38
Af RS S AN IR, BRI D 0, 10,
20,30, 40,50, 60, 70, 80, 90, 100, 110 min, 7E
Xt 7 HERF AR ) P, BRCH — %E S B 0. 45 pum (19
DRMEERT BE A, U 58 FE DOC R B2 O B — & 4
W, Zeta B AT AN 5E . Zeta HLA.

M7 o DOC #eJE S AL £k T i Bt 45 4
2 MRS TB] B340, PR DOC e E ANy BT, iR
S5, BT IR EEAN K, IR 60 min BF_E TR EE 5
RIS X ETHGE18. S3 BTk R A2k B 5 )



1] EICARA . SEOMESXT N TR BERCRVE R AR ] 191

11, A0 2% 25 30 20 40 3 EOM (e Ah 4 ik
V), SEOE W D DOC WRE BT, 4 BT B[] 2y 50
min I, 7T DOC ¥REEH 3. 41 mg-L~" X 2E{IK ik
JE A LAY 5 TREE N 25 G (A 22 A P 1) I 4 4
FERE I, AR FIasLiRgE. Y4 B R T 60
min i}, A fIRETE SRANRAE T N 2, R+ ALY
BB AN , 750 DOC W 2R BTt X s ik
FERA L) 5 1R B R 25 5 8 L4 B SOk & 5
SRR o N[22 ) 2 ) 1918 31 IS B e
e A3, Koy T A L EA T B E 4, DOC
VR b TR V.
6.5 —28

6.0 —u— DOCH g
55 | —®— Zetalifi
5.0
45
4.0
35
3.0
25
20
1.5
1.0

05 1 1 I I I ! -
0 20 40 60 80 100 120

RSB )/min
B7 RAEETRH DOC, Zeta B {IBELL MRS EIFI L MLk
Fig. 7 Relationship between UV radiation

/m

DOCHe JiE/mg L™
ta L

T T T T T T T T T T T

time and DOC, Zeta potential

LT H Zeta AL AR R 6 W] 0, Bl 2541
LR MRS TR] A BE 0 , Zeta HRLO 5228 ETHIR B R4
FOIAE 50 min IB BN KA, /AT IRGTRI 4%
AR TR 23 i 2 BT B AR 1) EOM BRI, (H e %
HHLY R EAAE KT EOM BB, T3 Zeta H
P AN AR R [, AR = R 2R 5
REVIVE, A F T )5 221 6 Y4 MG I A i 60
min B, SR 24, R 0 i PN A BILA R Ok
JHL PN 22 9T R A FLA B BRI B KT 5
AR 13| 7 11 2 L 55 T FL AN 1 185 A 75 95 4 i
1l Zeta FEL AV AS T B2 1T e A1, 756 200 B %) 2
Tt AR T4 Z 8] i RIEDINE , TG Le iR EE.

SR 53 M58 A/ BRI TR 6T 35 240 it 235 44 1 s i LA
B A Bof [] 58 1 246 JEURE T 358 200 if B 2 S e 4, 28
H T R BRI A LER T AN [ B 1) [0 i 200 285
B 07284k, S5 R 8 iR,

L8 AT LU H, A< 20 b B A /N ER 358 200 it 235 44
SEUFTCHR ; L AMIRET 50 min ST, W20 45 4Gt B AR
PREFTEHE AR ISR, R EOM e H 30 3
BV, (0B A 1 A SR B i i 1), A R T TR B DT
LA 60 min J5, A0SR 2, A0 M 45 4 & R
RKFREE AL, A LS | 40 4 k™

H RS AT 41, 48 AR BB B 50 min B, R
M) Zeta FL AN A A fe AR, A3 Bl 1% B R oh AP FH 1

(a) 25 FISEAIM; (b) SE4MEHT S0 ming (c) 2E4MBAT 60 min
B8 RELESREE TR aEE

Fig. 8 SEM micrographs of algal cell surface morphology with different radiation time

PEAT ,EOM ¥ 3. 41 mg-L ™" [RIRERT 3 1 25 B
FBHEEAE A . IR B B TIE T 28 4h R BB 5 50
min FEAHMIZE PR R 2 5 B M AT A 5 4R th Ok 4
ANMLEE A S A M I B A R TS
SRYRBE. DRI EE A R SR AN S 2 7 AN IR 5 41 i
SER AT T 38 A 2l AR EEAN A Zeta HLAL | fE R AN
JH 3 WP B ) BLAT B BEAE A EOM DA 1T X 38 7
TREE PR E] T ik Ve .

3 g

(1) TR T VR0 B e 30 R 25 ik A 4 B R A 2k
FRSS AP [] 25 D AF DG, RSP s (1) ok 4 B3 aek 6 349 %67 o5
AR F 2R HT 58 A0 BRI 50 min IR BE ROR
5350

(2) BN IR MR BEA — 5 1y s AL E . 5
AR HRET 50 min J5, R 5 mg-L~" PAC X 38 i i



192 2N 5%

2% 37 %

TTIRBE L BR, BREER T IK 94, 5% , B BRI A 4 5
20. 1% . ZEMULAY , b AREOR BT 3 1 18% .
(3) FHE pH SRR 01 4 5H A 5 3k
TREET AR A2 A 3 R B PRI AT R T TR
AR HELT. fE pH =8 | AP IRST 50 min, PAC
Fhnit 4 mg- L7, BREER A LM AP H1AH] T

93. 5% #190. 6% .

(4) 5L AR ST i e K TR B Ao R ) £l A ) 32
EAASPIRYER: R4 IE T R VAN S S S T )
IR 60 min J, 56 200 L BE 1 2, 86 R v I e
AP 2R T R T A BT R S R, A Zeta
HLAL T B, AN A T IR SER BEM HEA T
SE
[ 1] Plummer] D, Edzward J K. Effects of chlorine and ozone on

algal cell properties and removal of algae by coagulation[ J].

Journal of water supply: Research and technology, 2002, 51

(6):307-318.

[ 2] Sukenik A, Teltch B, Wachs A W, et al. Effect of oxidants on
microalgal flocculation [ J]. Water Research, 1987, 21 (5):
533-539.

(3] BRA, Edk, UM, % 855 s LIRS L bR Wiy
[J]. BREETRESAR, 2007, 1(3) : 66-69.

(4] Al $NnE &R AERMEREEARIM]. Jbat, 3T
Al AL, 2001.

[5] ke, IR, &7, WAL (L IREE L BRE ¥
WHELI]. FERESAR, 2013, 33(1) ; 73-78.

[6] EilDF. KEEERMLILGIHR[I]. A% 588,
2005, 30(6) : 63-65.

(7] Jaa, Wmnot, BRtedR, S5 ARWilsn H X KA On s i A4
KAIHERLT]. A E KK, 2007, 23(17) : 37-40.

(8] XUff, 7. Wb Sl Ib X S A0 Al m B /e I K LB
BEOLER[)]. FREERLAAR, 2002, 22(1) ; 24-28.

(9] BUEM, HEAMS, NI, S5 AR B K B w3 20 3
FIFERIFCER[T]. LHESURZE SR (A RFER) | 2006,
22(4): 617-621.

[10] KR, BREAK, S0, . SRR ML G 2477 s Ak IR 5t
BRBEBR IR L [J]. MR U Tl K% %440, 2004, 36 (6) :
736-738.

(117 AR, B%, ZAR, S W0, KRR A5 L TR BERR 3E
IBIE[)]. FEERkA22IR, 2001, 21(2) « 251-253.

[12] REW, M2, JIEM, 55 328 fpEs i AL TR BE X K
AR LB BFIT[T]. KA AR, 2014, 40 (11) : 28-
31.

[14]

[15]

[16]

[17]

[19]

[20]

[21]

[29]

SRR, EI, TR, A BRI K TS AR A TR BERR B
RIGHFFE[ 1], PESKHEK, 2015, 31(3) : 116-119.
PR, 28, NI, & R JRILIR BERR B T2 b iR E
REAAMNIIT[T]. R, 2014, 35(11) : 4171-4175.
EEfE, TR, REF, % BRI E T L4
PR HOKMBFFE[ ). BREERIEE, 2008, 29(11) : 3071-3076.
BE, N, A, L OREDKANE T AR B asor
rsm[J]. HEYSKHEK, 2005, 21(3) ; 5-7.

Kiuru H J. Development of dissolved air flotation technology from
the first generation to the newest (third) one ( DAF in turbulent
flow conditions) [ J]. Water Science and Technology, 2001, 43
(8): 1-7.

Scriven R J, Ouki S K, Doggart A S, et al. The impact of
physico-chemical water treatment on a novel flotation/filtration
process[ J]. Water Science and Technology, 1999, 39(10-11) .
211-215.

Officer J, Ostrowski J A, Woollard P J. The design and operation
of conventional and novel flotation systems on a number of
impounded water types [ J]. Water Science and Technology:
Water Supply, 2001, 1(1): 63-69.

Eades A, Brignall W J. Counter-current dissolved air flotation/
filtration[ J]. Water Science and Technology, 1995, 31(3-4) .
173-178.

B, skoelg, Tk, . TRBESTRAL BRI S K
KBTI [T, IR A SR =24, 2015, 30 (1) 41-
46.

XA, ek, ZRWIE, 45 AR EER R AL BREE | Bl
WsE[d]. EZKHK, 2010, 26(5) : 80-83.

XIBAE, ZER, ik, . m oK BRI R BERLE K %
SHESHTT]. PEASETIE, 2005, 21(11) ; 1323-1325.
XV le, Bk, R BT, AE. e DK TR SR A TR R I
FRPEWFST[J]. BRI, 2009, 30(7) : 1914-1919.
skeiEAE, WrEAE, SRR, RS TAL IR AL 55 AP TH RERCR
MIRFFEL ], TEZARHEK, 2009, 25(15) : 96-99.

XUPh, SRR, JUFESE. SRR A K T B A A 50 5%
[J]. %isKHEK, 2004, 30(9) : 12-16.

W, AT, SRAREE, 4 SEAMRIHREBORTE B A K AR 3
HEREILI]. HEZKHEK, 2010, 26(19) : 81-83.
TR, W, R, 5. AN I X i 2t e e TR B 2
BRegsgma[J]. ISR (A RRHERR) , 2011, 39(6)
879-883.

Drikas M, Chow C W K, House J, et al. Using coagulation,
flocculation, and settling to remove toxic cyanobacteria [ J].
Journal American Water Works Association, 2001, 93(2) : 100-
111.



HUANJING KEXUE Vol.37  No. 1

Environmental Science ( monthly) Jan. 15, 2016

CONTENTS

Investigation of Carbonaceous Airborne Particles by Scanning Proton Microprobe —«+stsssvesesssssessssmsimmsneisinininiinneens BAO Liang-man, LIU Jiang-feng, LEI Qian-tao, et al. ( 1 )
Atmospheric Polybrominated Diphenyl Ethers in Eight Cities of China; Pollution Characteristics and Human Exposure «+:«+«sseseeeeerenseneeeenes LIN Hai-tao, LI Qi-lu, ZHANG Gan, et al. ( 10 )
Light Absorption Properties of Water-Soluble Organic Carhon (WSOC) Associated with Particles in Autumn and Winter in the Urban Area of Guangzhou «++++s+esseseeeressenenensinnscninnnnens
.................................................................................................................................................................. HUANG Huan, BI Xin-hui, PENG Long, et al. ( 16 )
Investigations on Sulfur and Carbon Isotopic Compositions of Potential Polluted Sources in Atmospheric PM, 5 in Nanjing Region «+++++++ SHI Lei, GUO Zhao-bing, JIANG Wen-juan, et al. ( 22 )
Pollution Level and Health Risk Assessment of Heavy Metals in Atmospheric PM, 5 in Nanjing Before and After the Youth Olympic Games «+eseseeressersossesenenssinnsenniiinennnee
......................................................................................................................................................... ZHANG Heng, ZHOU Zi-qiang, ZHAO Hai-yan, et al. ( 28 )
Enrichment Characteristics and Source Analysis of Metal Elements in PM, 5 in Autumn in Nanchang City »e+eereeeseeeresesssseinnesnn LIN Xiao-hui, ZHAO Yang, FAN Xiao-jun, et al. ( 35 )
Contributions of Factors That Influenced the Visibility In North Suburb of Nanjing In Winter and Spring —«+«+essessessessesssnenensssnensnnienens MA Jia, YU Xing-na, AN Jun-lin, et al. ( 41 )
A Case Study on the Rapid Cleaned Away of PM, 5 Pollution in Beijing Related with BL Jet and Its Mechanism — «+eeeseereesessenesesnnenees LIAO Xiao-nong, SUN Zhao-bin, HE Na, et al. ( 51 )
Characteristics of Chemical Components in PM, s from the Coal Dust of Power Plants +++eseseseseereesesmensseiemieisinisniini WANG Yu-xiu, PENG Lin, WANG Yan, et al. ( 60 )
Improvement of Air Quality During APEC in Beijing in 2014 «eeeseseesresresstsinnenisntisinintisss s CHENG Nian-liang, LI Yun-ting, ZHANG Da-wei, et al. ( 66 )
Evaluation on the Effectiveness of Vehicle Exhaust Emission Control Measures During the APEC Conference in Beijing ««+++++sesee+: FAN Shou-bin, TIAN Ling-di, ZHANG Dong-xu, et al. ( 74 )
Chemical Compositions and Sources Apportionment of Re-suspended Dust in Jincheng —+«+eeeeererrersesssmsinsnnininsiininiee WANG Yan,PENG Lin, LI Li-juan, et al. ( 82 )
Characteristic of Particulate Emissions from Concrete Batching in Beijing —«-«+eeeseessessesseemensnmmniniininsnnis XUE Yi-feng, ZHOU Zhen, ZHONG Lian-hong, et al. ( 88 )
Anthropogenic Ammonia Emission Inventory and Its Spatial Distribution in Chang-Zhu-Tan Region «+«+esesrereeessesenenseinenennenes YOU Xiang-yu, LIU Zhan, ZHANG Qing-mei, et al. ( 94 )
Seasonal Variability of Greenhouse Gas Emissions in the Urban Lakes in Changchun, China «++stssseseereesenssimneninmineninnicnens WEN Zhi-dan, SONG Kai-shan, ZHAO Ying, et al. ( 102 )
Absorption Characteristics of Particulates and CDOM in Waters of Chagan Lake and Xinlicheng Reservoir in Autumn «++seseeveeeseeseneesneenne LI Si-jia, SONG Kai-shan, ZHAO Ying, et al. ( 112)
Hydrochemical Characteristics and Influencing Factors in Different Geological Background; A Case Study in Darongjiang and Lingqu Basin, Guangxi, China «+:eseerseeeesemensenenenennes
SUN Ping-an, YU Shi, MO Fu-zhen, et al. ( 123 )
Community Structure of Aquatic Community and Evaluation of Water Quality in Laoyingyan Section of Dadu River = »«+sereseeeeseeseeeens HUANG You-you, ZENG Yu, LIU Shou-jiang, et al. ( 132)
Characteristics of Nitrogen and Phosphorus Losses in Longhong Ravine Basin of Westlake in Rainstorm Runoff YANG Fan, JIANG Yi-feng, WANG Cui-cui, et al. ( 141 )
Soil Phosphorus Forms and Leaching Risk in a Typically Agricultural Catchment of Hefei Suburban -+ -+ FAN Hui-hui, LI Ru-zhong, PEI Ting-ting, et al. ( 148 )
Concentrations and Distribution of Metals in the Core Sediments from Estuary and City Section of Liaohe River —+eseserereesesesenenes WANG Wei-jie, ZHOU Jun-li, PEI Shu-wei, et al. ( 156 )
Distribution Characteristics and Pollution Status Evaluation of Sediments Nutrients in a Drinking Water Reservoir — «+«+«sseseesessessenseenenninnes HUANG Ting-lin, LIU Fei, SHI Jian-chao ( 166 )
Effect of Low Molecular Weight Organic Acids on the Chemical Speciation and Activity of Mercury in the Soils of the Water-Level-Fluctuating Zone of the Three Gorges Reservoir
........................................................................................................................................................................ YOU Rui, LIANG Li, QIN Cai-ging, et al. ( 173 )
Arsenic Content and Speciation in the Surficial Sediments of Liangshui River in Beijing WANG Xin-hui, SHAN Bao-ging, TANG Wen-zhong, et al. ( 180 )
Effect of UV Light Radiation on the Coagulation of Chlorella and Its Mechanism + WANG Wen-dong, ZHANG Ke, XU Hong-bin, et al. ( 187 )
Photocatalytic Oxidation of p-arsanilic Acid by Ti0, +«teeresreresesreresssnsnmennisie XU Wen-ze, YANG Chun-feng, LI Jing, et al. ( 193 )
Photodegradation of Ciprofloxacin Hydrochloride in the Aqueous Solution Under UV ++sssessessesssssssesmsnmmensnsnnincninsincnees DUAN Lun-chao, WANG Feng-he, ZHAO Bin, et al. ( 198 )
Adsorption of Phosphate by Lanthanum Hydroxide/Natural Zeolite Composites from Low Concentration Phosphate Solution - LIN Jian-wei, WANG Hong, ZHAN Yan-hui, et al. ( 208 )
Experimental Research of Hg( Il ) Removal from Aqueous Solutions of HgCl, with Nano-Ti0, «+++eeresessessssusssmsmssnsniniinians ZHOU Xiong, ZHANG Jin-yang, WANG Ding-yong, et al. ( 220 )
Development of Chemical Exposure Prediction Model for Aerobic Sewage Treatment Plant for Biochemical Wastewaters +-«+xesveeeeeresnesvenenes ZHOU Lin-jun, LIU Ji-ning, SHI Li-li, et al. ( 228 )
Degradation Characteristics of Three Aniline Compounds in Simulated Aerobic Sewage Treat System GU Wen, ZHOU Lin-jun,LIU Ji-ning, et al. ( 240 )
Advanced Treatment of Effluent from Industrial Park Wastewater Treatment Plant by Ferrous Ion Activated Sodium Persulfate «+-++++++++++ ZHU Song-mei, ZHOU Zhen, GU Ling-yun, et al. ( 247 )
Recent Distribution and Sources of Polyeyclic Aromatic Hydrocarbons in Surface Soils from Yangtze River Delta +«++xeeseeeereerseneeienieneneeienens LI Jing-ya, WU Di, XU Yun-song, et al. ( 253 )
Preliminary Study on Linear Alkylbenzenes as Indicator for Process of Urbanization seseneneess XU Te, ZENG Hui, NI Hong-gang ( 262 )
Pollution Assessment and Spatial Distribution Characteristics of Heavy Metals in Soils of Coal Mining Area in Longkou City «++++++xsseree2 LIU Shuo, WU Quan-yuan, CAO Xue-jiang, et al. ( 270 )
Effects of Reduced Water and Diurnal Warming on Winter-Wheat Biomass and Soil Respiration WU Yang-zhou, CHEN Jian, HU Zheng-hua, et al. ( 280 )
Effect of Recycled Water lrigation on Heavy Metal Pollution in Irigation Soil - -+ ZHOU Yi-qi, LIU Yun-xia, FU Hui-min ( 288 )
Effect of Biochar Application on Soil Aggregates Distribution and Moisture Retention in Orchard Soil «+:++steeeeerssessesnensseneneininieninnnns AN Yan, JI Qiang, ZHAO Shi-xiang, et al. ( 293 )
Effects of Three Industrial Organic Wastes as Amendments on Plant Growth and the Biochemical Properties of a Ph/Zn Mine Tailings «+«+«+«sesssessesessesenensnienienenininininsininsne
PENG Xi-zhu, YANG Sheng-xiang, LI Feng-mei, et al. ( 301 )
Effects of Arbuscular Mycorrhizal Fungi on the Growth and Ce Uptake of Maize Grown in Ce-contaminated Soils «+««+seeeseeeressenerssneeenenees WANG Fang, GUO Wei, MA Peng-kun, et al. ( 309 )
Distribution Characteristics and Risk Assessment of Phthalic Acid Esters in Agricultural Products Around the Pearl River Delta, South China — «eeesesesrereeresemeneneinenensininennse
........................................................................................................................................................................ LI Bin, WU Shan, LIANG Jin-ming, e al. ( 317)
Bioaccumulation and Biomagnification of Heavy Metals in Three Gorges Reservoir and Effect of Biological Factors «+weseeeesessesvervsereneenes WEI Li-li, ZHOU Qiong, XIE Cong-xin, et al. ( 325 )
Comparisons of Microbial Numbers, Biomasses and Soil Enzyme Activities Between Paddy Field and Dryland Origins in Karst Cave Wetland «««eseererrereeresenemesinsicnnesnsceneens
............................................................................................................................................................... JIN Zhen-jiang, ZENG Hong-hu, LI Qiang, et al. (335 )
Analysis on Diversity of Denitrifying Microorganisms in Sequential Batch Bioreactor Landfill = +«-vesererereererenensssienneinnsnneieens LI Wei-hua, SUN Ying-jie, LIU Zi-liang, et al. ( 342 )
Synthesis of Fe/nitrogen-doped Carbon Nanotube/Nanoparticle Composite and Its Catalytic Performance in Oxygen Reduction ++++sesseseeeees YANG Ting-ting, ZHU Neng-wu, LU Yu, et al. ( 350 )
Application of Microbial Fuel Cells in Reducing Methane Emission from Rice Paddy =~ +«+ereeereresrererrensienmennssinencnne DENG Huan, CAI Lii-cheng, JIANG Yun-bin, et al. ( 359 )
Effect of Aeration Strategies on Emissions of Nitrogenous Gases and Methane During Sludge Bio-Drying ««+etoveeeserseessesesessneneienienenns QI Lu, WEI Yuan-song, ZHANG Jun-ya, et al. ( 366 )
Treatment of Flue Gas from Sludge Drying Process by A Thermophilic Biofilter CHEN Wen-he, DENG Ming-jia, LUO Hui, et al. ( 377 )
Application of FCM-qPCR to Quantify the Common Water Pathogens ««+-++s+sstevesessssstsnssmssniminsiniiennn s WANG Ming-xing, BAI Yao-hui, LIANG Jin-song, et al. ( 384 )
Effect of Acetonitrile and n-hexane on the Immunoassay of Environmental Representative Pollutants —«+«+sxsseseeseseserensennnencnennenes LOU Xue-ning, ZHOU Li-ping, SONG Dan, et al. ( 391 )
Compositional Variation of Spent Mushroom Substrate During Cyclic Utilization and Its Environmental Tmpact — ++esvesveeeeeenesneneeeees LOU Zi-mo, WANG Zhuo-xing, ZHOU Xiao-xin, et al. ( 397 )



£ .

CGrER=ZNE 6

K FH H

BIES: B RE BN

EHREZERS

%OE. (REREEHT)
3 N iy -
TENL  FAERE FIE F44r H O N H O OF L
S, o == 2z
AOKE KEE X s w0 RS ARE
v N N N -
PREFEIE BmAE 2 AR RS Rl Fokd w B
B B9 W N W W BIEK
-
w3 ENVIRONMENTAL SCIENCE
( H};J{AJ‘NJINC;;‘: KE)ﬁ(JLTJJE) (Monthly Started in 1976)
(HHl 1976 4% 8 UREID)
2016461 B15H #37% H1 Vol.37 No.1 Jan. 15, 2016
e & TEPER Superintended by Chinese Academy of Sciences
F i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e 7 (USSR RF) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
A = - - Protection
e % KK [ School of Environment, Tsinghua University
i Editor-in -Chief ~ OUYANG Zi-yu:
. BAREAE) G E RS Ed;t:(: } ) by The Editori ll}]l:omd f Envi tal Sci (HUANJING
L0l 2871 {2548 ( T D DL B y e Editorial Board of Environmental Science >
18 5, MR 4% : 100085 ) KEXUE) )
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn F-mail :hjkx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn http://www. hjlex. ac. en
H KR 44 3 " " m Published by Science Press
It B A AR 7 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
EN Rl 3£ 4T dtmcdbAkEpRI Printed by Beijing Bei Lin Printing House
% 1T 4 4 & K i Distributed by Science Press
35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT M l 4> [E 44 M B HR, S5y Domestic All Local Post Offices in China
Eih 2L r ] [ B 52 5 VA ) Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. O. Box 399, Beijing 100044 , China
—erim  ISSN  0250-3301 s f =
nEHS ——————— X
RERETS: 1805 x EREZ RS 2-821
B A E fir:120.00 T ESEZITRS: M 205

BRSNS FET





