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Biosorption Characteristics of Copper( II ) from Copper-Benzo[a]lpyrene Co—existed Solution
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(1.State Key Laboratory of Organic Geochemistry, Institute of Geochemistry, Chinese Academy of Science, Guangzhou 510640, China; 2.De-
partment of Environmental Engineering, Jinan University, Guangzhou 510632, China )

Abstract: The biosorption characteristics of Cu** by Stenotrophomonas maltophilia have been studied in a benzo[a]pyrene (BaP)—Cu®* com—
bined pollution system. The results showed that S. maltophilia could adsorb Cu** selectively and reduce NO; to NO;. BaP, initial pH, biosor—
bent dosage, contact time and Cu™ concentration were the significant factors for Cu* removal. The interactions between BaP concentration and
these parameters also showed statistical significance. Moreover, the releases of F-, C1-, NO;z, NO;, PO} and SO7 by different dosages of S.
maltophilia were distinct, while the concentrations of BaP significantly affected the release of F-, NO;, NO; and PO} In the presence of 0, 0.1,
1 mg-L" and 10 mg-L™" BaP, the maximum removal ratios of 2 mg-L™" Cu®* at pH 6.0 were 97.1%, 93.8%, 94.0% and 93.3% respectively,
when the biosorbent dosage was 2.5 g+ L. Morphological characteristics illuminated that co—existed BaP and Cu** did not present obviously
toxic effects against S. maltophilia within 2 h. However, the cells were surrounded by granules after treated 10 mg-L™! Cu®* and BaP for 2 d.
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1 #BREF*%

1.1 #F8

WEZE 55 A BT (Stenotrop homonas maltophili-
a) AT B IR

B2 g L7 BERENH, 10 g- L7 BEAMK,S
g*L ' NaCl,0.05 g-L* MgSO,-7H,0,pH 7.0~7.2,

BaP It F Sigma-Aldrich (St. Louis,MO,USA),
200 mg-L™" BaP £} HH BaP i T 154 H EER 3]
1 000 mg- L™ 8B H1 43 HT4E Cu(NO, ), ¥ TR ik
T
1.2 ik
1.2.1 Ay KSR

AP S. maltophilia TIEFFWRFP, T 30°C 120 +-
min” FBIRPIRGHEFE 24 ho BUARHE 1% R
THE RS, £ EARFATHER 48 h,6 000 -
min~ B0 5 min SRECE K o F] T 5 20 7K V8 Ve T 4k 3
&M
1.2.2 e BT T B PR BE

(1)pH 1 BaP X §R 5L Yy B i s me . OB E
2.5 g L7 B, Zl4m®] BaP ¥ K 0,0.1,1.0,
10.0 mg-L7,pH 2} 3.0.3.5.4.0.4.5.5.0.5.5.6.0.6.5,
7.0.7.5.8.0 ) 2 mg L' B T . 25 °C 100 r*min™
FEIRPIEG AT 120 min J5, T 6000 remin™ B.0> 5
min B_E W E SR, 5% 2 PTG

(2) P4 B AN BaP Xof 4] ik 2 49 % e 144 5
A3 HIBGEE 0.1,0.2,0.5,1.0,2.5.5.0,10.0 g- L Bk,
FnF| BaP ¥ J&F 4 0.0.1.1.0.10.0 mg- L™, pH 4 6.0
i 2 mg- L 7D, FRGALHE 120 min, BSOS E
TH VRO RE v B, T3 2 VAT SRS

(3) Ak 3Es} [R) F1 BaP X e A= M 0 R A2 0 - B
IBE 2.5 g L7 Wik, J3Aim®| BaP Y&k 0.0.1,
1.0.10.0 mg L, pH % 6.0 ) 2 mg L™ S W T, IR
i Ab B 10~7 200 min, T4 BERE (A O .05 B E
TR e MR B, 538 2 AT,

(4)%5mHe 2R BaP o 4 A #0019 32 i) - S
2.5 g L7 ik, 4 BN E] BaP ¥ E K 0.0.1.1.0,
10.0 mg-L™,pH 24 6.0 {1 0.02~12.50 mg - L™ 55 &
o, R AL FE 120 min, B30 5 B LI VRN E A VR
TV 2 TS

1.2.3 SRR YR S R A B B 124k

A3 BUGEE 0.1,0.2.0.5.1.0,2.5.5.0,10.0 g-L*
B, #mF] BaP ¥ JF K 0.1.0 mg- L7, pH 46.0 (1) 2
mg- L WP, IR % AL H 120 min J5, F 6 000 r-
min™ B0 5 min X EER, AHEFEIE{ICS-900
(Dionex,Sunnyvale, USA )&l F-.ClI.Br NO; \NO; ,POY
1 SO% ¥REE . 43HT4E A Dionex IonPac ® AS14(4 mmx
250 mm), HEh4E4 3.5 mmol - L Na,CO; 1 1.0 mmol -
L™ NaHCOs, Jii# 1.2 mLemin™, JEREKFR K 10 pL, 3k
R 3 #PA75c .
1.2.4 WEBIIEAMTT

B 2 mg - L7 Cu®* AR fff 2 mg L7 Cu?*+10
mg- L™ BaP ¥ 120 min (R, WM TR R
BTG, FHARF R 3% (Thermomicroscopes,
USA) WL AR TR 2 , 5 B B Al A A A7 %) B
S

Sr AR B 1 mg- L™ BaP.10 mg-L™ Cu** 41 10
mg-L? Cu* + 1 mg L' BaP 2 d JFARYE W | mL 33T
0.22 wm PES JEE |, F-57~-60 CAEHTH: 24 h, &K
PR, AP R T 28 (PHILIPS XL-
30F SEM)#EATIEE AR . 73 BFERGEK T 2 d
AR PR ARV X RS

2 BEREHSH

2.1 pH F0 BaP X 2 490 W Bf B0 %5 1)

W B pH {25 R B B — PR R, X4
JBE T LA AR R E B M TE SR
B SAE BERW . Y pH EHSKE, K
HEF AW E -, pH B S, SR ES
EETFH Ksp )5, &EBETSEBEEMYIE,
TR R A R B FE X 68 1R S BRas iR B 1 %S
Rl B, pH B2 A2 0 Hel ok 7 AR R, 24 pH K
F 5.5 I, B P ISR T T R S

2 b s ey 2 SR 0 2 B (181 2),pH 28 3.0 B, i &
X5 KPR BT RCR A2, Wy 18%~26% , T 24
pH % 3.5~8.0 B, I fHACR A B AP AR, MRS
ZRIEA K, 2 pH IR, IR RE M 112
0T 0 R S0 T L o R ) PR R A 1 A
DIRB AR, B 59 W X SR R R RE S . B
Pkt pH 2 FEAE R YE L, U8RI AT pH AY3E K
BEJISR, AR TR AHRZESRE G RIARMIEH T,
L5785 R pHL XHARA) 1A VR B 4 522 0 R B A X e ) IR
BRSO, I8 T8 B AR TE I A i R P TR
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30 ¢ (F-ratio=18.3, F—crit=1.8) MISZIRWILE] T B EMK
25} Vo BEEEN 0.1~1.0 g- L B, BaP X4 KK 2

7 2.04 ikl EHE, YW ERTF 1.0 g- L7 i}, BaP 19
E s TN 50 A MR B B S R A R o XL TR T 3 2 VR
g MR E ST R EERE,
= 1.0
® 8
0.5
0 | . | | 6 -0~ O mg-L™ BaP
4 5 6 7 8 T —&- 0.1 mg+L* BaP
pH 20 > 1.0 mg-L™ BaP
1 pH{EXRRETLKZI mﬁ 4 —%- 10.0 mg-L" BaP
Figure 1 Effect of initial pH on concentrations of copper g

100 -
80 -
R 60F
B | - Omg-L™" BaP
§ 40 -0 0.1 mg-L™ BaP
4 —A- 1.0 mg-L" BaP
20F ¢ 10.0 mg-L" BaP
0 1 1 1 1 1
3 4 5 6 7 8
pH

[ 2 pH 0 BaP %t 2.5 g- LS. maltophilia WM 2 mg- L $HEGES00
Figure 2 Effect of initial pH and BaP on the biosorption of
2 mg-L™? Cu* by 2.5 g+ L' S. maltophilia

FREEARTE D, LU SR ATEY 2 mg- L7 Cu™i
W HY pH (B (5.3~5.4),

24 hb BHAR R > BIAEFE 0.1,1.0,10.0 mg -L-'BaP
B, A0 8% % B R 4 2 AR R 9 A8 fk ke B, T E A
BB ERFEM , pH(F-ratio=2 195.1, F-crit=1.8)
F1 BaP ¥ ( F-ratio=101.5, F—crit=2.7) }iX 2 MR &
IAHEAE R, R4 I B 472 T i B 2R 24 pH
/NT 6.0 B, BaP 2 X0 e (4 IR Bt = A= il VR T L (B2
4 pH 2 6.0~8.0 I+, BaP ST MiARHE T 4 Kt
2.2 R EHEFA BaP X4 R4 40 R B B9 5 0

W BSR4 T B2 R R BE 6 JR AR R R B S ]
. K3 2R, YREREN 0.1~1.0 g- L7 B, FAf &
RO ) I B 2 PR P B G I 2 A T R
FRERERN 2.5 gL B, RN E R E G T A
DHIR WA RIS R , R T IE N R EE R AR
T, R R 55 R B R A9 BB DA T A
BT AR Co™pfib . Jr 20 gs iR,
R BB (Foratio=638.4 , F—crit=2.3 ) % 4 (1 T FH 5% i &
3E BaP (F-ratio=48.9, F—crit=2.8) 1 BaPxi&H &

0 2 4 6 8 10

B/ 1
& 3 EEM BaP X 2.5 g- L S. maltophilia
R Bff 2 mg- L $EBIR 0T

Figure 3 Effect of biosorbent dosage and BaP on the biosorption of
2 mg-L? Cu* by 2.5 g+ L' S. maltophilia

2.3 SbIEATEIFN BaP 3o A 490 UK B B R 0

K 4 W7~ , 10 min N S. maltophilia B2, T K
3 IR B, IR B SR 3 Rk 909 LA L, B T B R 2
IR FESEIN . J7 2200 TR B, W R RHE] ( F-ratio=27.0,
F—crit=1.9) .BaP( F-ratio=29.0, F—crit=2.7 ) F11 1 [} Bs}
[E]xBaP( F-ratio=6.2, F—crit=1.6 )% 4 A= 41 W% B (4 FH
BhE T BERKF . (HE, SR pH AR E
SEAHLG, WA A B i Y e AR I BN TR R
PIZ o W2 MR R B B R R 2 s R (3R
1)ZRM, AR BE BaP 78 105 B At 358 %ok 4 152 9 %) 52 il
AR o BEE B (] B9 HERR , BIAAXT BaP RFFAE 4T

100
90|
g 801 ~<>~0mg-L" BaP
g 8- 0.1 mg-L" BaP
= O & 1.0 mg-L' BaP
>4 10.0 mg-L* BaP
60|
50

10 I 3IO I 6IO I 1&0 I 1440 I72I00I
A} 1) /min
B 4 g MEIEFD BaP 3t 2.5 g+ 1! S. maltophilia
W5 B 2 mg- L™ $ERGR M
Figure 4 Effect of contact time and BaP on the biosorption of 2
mg- L Cu* by 2.5 g+ L™ S. mdltophilia
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1 RBHETEIFN BaP XRG4 490 IR Bt AN 77 22 53 4
Table 1 Analysis of variance of influence of BaP concentration on Cu* removal in different time

B} [B)/min 10 20 30 40 60 920 120 240 1 440 4 320 7 200
F-ratio 8.114 19.126 3.685 12.495 0.930 3.932 16.567 4.490 9.559 5.305 5.068
P-value 0.008 0.001 0.062 0.002 0.470 0.054 0.001 0.040 0.005 0.026 0.030

F-crit 4.066

B L7 B, IR R 47%~60% o SUF 3 2 M HTER , 4

H e R YRR E 2 A BB SR — B B
PRI BB, TP B AR R AR R A
DR B AR AR ; 55 — I Be R A N AR R B, H T A4l
MR N A2 B T3 M, K B R R
PSR A BB ALY , s i PR R R T HL
AReS 5 HMIT RS- E S, g i
SN2 B B
2.4 SAFREFN BaP X455 4 4 R B B B4 Ml

ARSI BAE LU 7 R e T ER e B 2
mg L 2B = e . S BoR AR IR
FEAR Y BE G T R R, ¥R 0.02~0.13 mg-L™
B, S. maltophilia FIHIR RBRIEW P BT, RS,
W B Be A B ARME T R E S, 4R 12.5 mg-

100

80 L

~>~ 0 mg-L™ BaP
60 | —&— 0.1 mg-L™ BaP
>¢ 1.0 mg-L* BaP
-+ 10.0 mg-L™" BaP

BB/ %

0 2 4 6 8 10 1z 14
Cu ¥ fE fmg-L?

B 5 $FREEFA BaP Xt 2.5 g+ L S. maltophilia W Bt $R B9 2500
Figure 5 Effect of initial Cu® concentration and BaP on Cu( Il )
uptake by 2.5 g+ L1 S. maltophilia

40

e B (F-ratio=1578.4, F—crit=2.2 ) ¥1 BaP ¢ & (F-ra—
ti0=26.2, F-crit=2.7 ) ¥ 43 .35 i 52 M4 %) A R R 28
SR, A BaP H B 0 38 I 2 40 4R 2R R
BaP 554 B BRG0P AR X R T3 Ge M B9 He B iR e
RIAKRIR,
2.5 $AfREYRMHERERIEE FEL

T 1 2 L %o 4 R 100 S A R T BB X AR Y
A AR AL RO, BRI, AN S X N R 4R =AY S
maltophilia 7 BaP ¥R E R 0.1.0 mg- L7 B}, W4 S
R ES T8 Ab BT T A, 22 2 FIR 3 4R ERM,
Cl".NO; \PO% 1 SOTEA 2 FEH TN & 135 Ko 1g
s T NOs B EERIAR I, 2 T Rea s, X UBl Cly
NO; PO SOTHYRE N 5 B B A K, NOs Y B #F%
AV 252 BT B AT R BAS A  F A TRI BT , 25 IR B NOs B
L NOsIBJEN NO; . Jr 2 HTRI(GR 4)  EE L
F-.CI"\NO; \NO; .POT Il SOTHYZAEfL B EAHX; (A2
BaP H4:%f F- \NO; \POY IR AL A 2 (1) %2 ) . BaP
AR B T A2 B BRI EE .
2.6 EEREREUE

AFM 2B RBI(J& 6), Sl BaP 1A 1 BRI AR
B AR B2, A R 2R, R BRIk
LA TR AR, & S PR 2R 1 2o 4 A IR B 7 A
S {E AR BaP AN B R I R IETE A 7 R T
WEERYREMR o X2 PR O T A X S Al BaP 3E 1 BE )
B9, T H S35 B TS ik BEA R R BRI,
BB TSR WA A B FEA.

R 2 WEEIERE BT EREF RN

Table 2 Effect of biosorbent dosage on release of anions during the biosorption of Cu*

Eid e F cr

NO;

NO; POT So%

0.1

0.001 8+0.001 6

0.230 8+0.191 9

0.2 0.005 0+0.000 2 2.073 7£0.265 5
0.5 0.005 4£0.001 1 2.896 6+£0.318 9
1.0 0.005 5+0.000 6 3.438 1+0.109 2
2.5 0.007 3+0.002 2 4.535 7£0.255 4
5.0 0.006 6+0.000 7 5.451 3+0.289 3

10.0

0.006 2+0.001 5

9.586 0+0.721 6

0.101 1+0.015 8
0.122 2+0.008 7
0.151 7+0.005 9
0.218 7+0.010 3
0.867 7+0.092 7
2.021 9+0.089 2
2.810 8+0.043 4

4.387 3+£0.263 0
4.365 1+£0.104 8
4.347 4+£0.381 7
4.139 6£0.273 4
3315 7+0.381 9
1.990 3+0.232 8
1.093 2+0.164 8

0.055 2+0.032 6
0.121 1£0.023 5
0.157 9+0.009 5
0.131 3+0.017 9
0.204 8+0.032 8
0.239 5+£0.038 5
0.382 3+£0.078 1

0.231 5+0.137 1
0.348 7+0.038 7
0.635 1+0.056 7
0.725 7£0.190 9
0.666 8+0.088 2
1.000 0+£0.154 8
1.170 9+0.138 6
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Table 3 Effect of biosorbent dosage and BaP on release of anions during the biosorption of Cu**
HH R/ LY F- Cl- NO; NO; POY SOT
0.1 0.005 0+0.000 4 1.792 5+£0.181 3 0.162 2+0.010 7 4.394 5£0.355 2 0.143 0+0.006 2 0.325 6+0.030 3
0.2 0.003 1+0.001 1 2.031 7+0.239 3 0.112 0+0.003 6 3.787 4+1.481 4 0.133 6+0.007 5 0.275 3+£0.109 3
0.5 0.004 3+0.000 5 2.509 5+0.108 2 0.120 3+0.013 7 4.035 8+£0.229 7 0.142 4+0.005 3 0.631 7+0.118 2
1.0 0.004 9+0.000 6 3.060 7+0.159 0 0.118 2+0.004 9 3.574 7+0.448 0 0.207 5+0.067 0 0.399 4+0.021 1
2.5 0.004 8+0.001 2 5418 7+£0.842 5 0479 1£0.372 0 2.720 0£0.652 1 0.163 4+0.005 0 1.266 5+£0.213 1
5.0 0.004 8+0.000 4 5.890 4+0.233 4 1.124 3£0.285 7 1.561 5+£0.355 9 0.335 7+£0.052 4 0.871 6+0.119 8
10.0 0.004 3+0.000 6 9.705 4£1.854 9 1.808 4+0.050 6 0.475 3+0.054 0 0.510 3+0.023 8 1.115 2+£0.205 5
R 4 REE BaP MWW R TR E FEBNTESH
Table 4 Analysis of variance of effects of biosorbent dosage and BaP concentration on anions release
. p i F cr NO;
F-ratio P-value F-ratio P-value F-ratio P-value
il 6.000 2.445 4.765 0.002 134.951 0.000 266.731 0.000
BaP ¥ 1.000 4.196 8.038 0.008 2772 0.107 10.349 0.003
R HAEH 6.000 2.445 5.071 0.001 2.031 0.095 13.025 0.000
NO; PO} SO%
ZHIR df F—crit
F-ratio P-value F-ratio P-value F-ratio P-value
BEE 6.000 2.445 43.970 0.000 65.301 0.000 39.278 0.000
BaP ¥ & 1.000 4.196 7.830 0.009 19.026 0.000 0.142 0.709
R HAEH 6.000 2.445 0.294 0.935 4.581 0.002 7.262 0.000

i1 SEM Z55R 0] WL (B 7), % B AR AL B 1 mg-
L7 BaP JE BRI 2 MNEI S, X2 RTIEN
IK ISR, (H2, b3 10 mg- L™ Cu> K H 5 BaP &
I YLE , 4N HLA N0 T A | T EL 40 A T A
T/MNORELE . HRZRAZREHT 10 mg-L™ Cu®
N B A A AR E T T B AT B T A AR o
T, A S B AR AL, 2R TS B

BEAERFIIE /NI
3 iTig

A B R IK A R B e X IRk E R 4
JE R KA BR R Ab B2 AR R FCR IR 2 LA

B9 A6 B B AR R A e, A R E 2R R
A WAz M TS g TR S B R

(a) X FREE (2 pum) 5 (bW 2 mg L Cu™ 120 min JREYER(S pm) ; (¢ )b 2 mg-L* Cu®Fl 10 mg- L BaP 120 min FHIEEA(3 pm)
(a)image of control sample(2 pm) ; (b )image of cell after biosorption of 2 mg+L™ Cu*(5 wm); (¢ )image of cell after biosorption
of 2 mg+L™ Cu* and 10 mg+L" BaP(3 pm)
6 Stenotrophomonas maltophilia ) AFM &
Figure 6 AFM images of S. maltophilia
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(a)XF BB ; (b)ALTE 1 mg L BaP 2 d JERYEE R ()W HH 10 mg- L7 Cu* 2 d JE AR (d)MRER 10 mg-L" Cu®#1 1 mg- L™ BaP 2 d JR HY T {4
(a)image of control sample; (b )image of cell after biodegradation of 1 mg+ 1! BaP; (¢ )image of cell after biosorption of 10 mg-L™ Cu®;

(d)image of cell after biosorption of 10 mg+L™ Cu* and 1 mg-L" BaP
7 Stenotrophomonas maltophilia &) SEM
Figure 7 SEM images of S. maltophilia

DL, A T B R 75 Qe K BRI ke, DA R 4
Pt oA TS R T . LI 20 a FUBTFY, B3k
BT G R A W O T e A A T TR
L™ B R UTE N R B R W
JEARZ AR R MR (B2, AR
S. maltophilia N F T4 ¥ W B J7 T ST IR AR 3 20
Ptk , A SCRYBT T 45 A BY T3 & A YR B B BT A
Fo LICHRIGE R A L, S. maliophilia Xof T4
B0 PR 2 B N BB S1 B SR . AN Aspergillus niger™
Enteromorpha proliferd®. Mucor rouxii®fLemna minor™
XA 43 IR B pHL 43 511 4~5.3.5~4.5.5~6 Fil 4~
6, Candida utilis" Pseudomonas aeruginosa™ Entero—
morpha prolifera®™ Mucor rouxii®#l Lemna minor®4} 7]
FE 5.15.20.20.,40 min fitt e SR A R Fff B B , T
S. maltophilia 75 pH 2 3.5~8.0 B X4 4 W8 B 255 SR 3
R HBER, 7E10 min Y BIEZ R AR E.
HEBTEZWESBEE T RN ALY
MEMRIVEENR, EERFNPR P, R T
B ERLASMR AN 5 FHEA T o 15 B R M A 25 T

AR R TR 5 15 Y g AR O A 3 Y OB, 2 1 B
15 ety i A A A AR SO PR R LR, R
e YA M EE 5T, R HRTES R AY
W BB 55 T 55 3R 1T I R EUR SI0I 5E t
RETFHEFWESRERMZ 5, AT
TER i i AR BRI B R A R FF B o 41 Ngah
W S W B9 T 5o BRI 5~30 mg- L7 Pb?)5E , o5
FEREIL Ca Mg K*Fll Na*S5 85 AR, TEH T Pb>
AR B AR TE B F 28 #,

RXABERIET Cu(NOs), H1 NOsZELIEN,
F 80 T NO:z PO F1 SOTEEE AU E A4k, A
T B O T R R TE AL B Cu(NOs), I, T AR 1
B Cu**s ANFETE BaP B, BEHAXT NOs BYAL I DLA= Py
IR 77T . BRI B3, NOs (i & #1
NO; fHE B A AR M C R MR
BB AR y=—-0.357 Tx+4.363 1.y=0.294 55+0.087 3
#10.951 9.0.958 4, 11 4FF1E BaP B}, S. maltophilia %t
NO; [ BB TR RSN , A A e it o FL IR A 45
TWE, &5, BRI AT ERS BaP /8RR, 41
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o, NOsBEAE A A IE A0 AR 5 Uk, BaP X R 2
BAEYFNE, SETSEARMEZHR, XE4HHEXT
NO:; AT T AFERB I AE MR I . PRIAZR I ML S
FFSTIERA , 1 mg- L BaP 7 2 d (N A% B A=A
ALRAL I ONIE AR, L, BaP i A Z 5]
T NOSVRIE T RERITTIRA K. BER BB RHART,
BaP 2 T WG MYER

4 #ig

pH R BB AL FREH] | 5 ik B F BaP 2 5 Wi 5
BR—G RR R TR - IFalE B BT R R P
AR A LR K, BaP FX 4 MR A AR
XPER A B IR B T B KR,

R BaP (10.0 mg- L) 23kl 8R 94407
Mo 1B, ZE LI BAE U FEKF, BaP FIERTE 2 h Y
BWHE R ERREEENAE L ; 43 10 mg-
L7 Cu* 5 BaP ME BTG 2 d Ji , RIRRE
TR

S. maltophilia T] AR R BF Cu, FHHENO;
EIF R NO; . R E B b, F.C1\NO;
NO; \PO%F1 SOTEEES 1 IR A2 8. 3 12 , BaP
2B FNO; NOsFI POT MR KT, 24
BaP (¥ E /34 0.0.1,1.0,10.0 mg- L™ fF,2.5 g- L™
B AT pH 2 6.0 YRR 2 mg - L A5 I A4 IR B 2R
SrBEs 97.1%.93.8% .94.0% F11 93.3%,

BE Wk

[1] Amaraneni S R. Distribution of pesticides, PAHs and heavy metals in
prawn ponds near Kolleru lake wetland, India[J]. Environment Inierna—
tional, 2006, 32(3) :294-302.

[2] Sprovieri M, Feo M L, Prevedello L, et al. Heavy metals, polycyelic aro—
matic hydrocarbons and polychlorinated biphenyls in surface sediments
of the Naples harbour(southern Ttaly )[J]. Chemosphere, 2007, 67(5) .
998-1009.

[3] Tang X J, Shen C F, Shi D Z, et al. Heavy metal and persistent organic
compound contamination in soil from Wenling: An emerging e—waste re—
cycling city in Taizhou area, ChinalJ]. Journdl of Hazardous Materidls,
2010, 173(1-3) : 653-660.

[4] Geffard O, Geffard A, His E, et al. Assessment of the bioavailability and
toxicity of sediment —associated polyeyclic aromatic hydrocarbons and
heavy metals applied to Crassostrea gigas embryos and larvae[J]. Marine
Pollution Bulletin, 2003, 46(4):481-490.

[5] Ribeiro C A O, Vollaire Y, Sanchez—Chardi A, et al. Bicaccumulation
and the effects of organochlorine pesticides, PAH and heavy metals in
the Eel (Anguilla anguilla)at the Camargue Nature Reserve, France[J]].
Aquatic Toxicology, 2005, 74(1):53-69.

[6] Kan C A, Meijer G A L. The risk of contamination of food with toxic

substances present in animal feed [J]. Animal Feed Science and Tech—
nology, 2007, 133(1-2).84-108.

[7] Ke L, Luo L J, Wang P, et al. Effects of metals on biosorption and
biodegradation of mixed polycyclic aromatic hydrocarbons by a freshwa—
ter green alga Selenasirum capricornutum|]]. Bioresource Technology,
2010, 101(18):6961-6972.

[8] Majumdar S S, Das S K, Saha T, et al. Adsorption behavior of copper
ions on Mucor rouxii biomass through microscopic and FTIR analysis[J].
Colloids and Surfaces B:Biointerfaces, 2008, 63(1):138-145.

[9] Ertugay N, Bayhan Y K. The removal of copper( Il ) ion by using mush—
room biomass(A garicus bisporus )and kinetic modeling[J]. Desdlination,
2010, 255(1-3):137-142.

[10] Ye J S, Yin H, Mai B X, et al. Biosorption of chromium from aqueous

solution and eleciroplating wastewater using mixture of Candida lipoly—
tica and dewatered sewage sludge[J]. Bioresource Technology, 2010,
101(11).3893-3902.

[11] Uzel A, Ozdemir G. Metal biosorption capacity of the organic solvent
tolerant Pseudomonas fluorescens TEMO8[J]. Bioresource Technology,
2009, 100(2):542-548.

[12] Gupta V K, Rastogi A. Biosorption of lead from aqueous solutions by
green algae Spirogyre species : Kinetics and equilibrium studies [J].
Journal of Hazardous Materials, 2008, 152(1) :407-414.

[13] Serna D D, Moore J L, Rayson G D. Site—specific Eu( Il ) binding
affinities to a Datura innoxia biosorbent[]J]. Journal of Hazardous Mate—
rials, 2010, 173(1-3):409-414.

[14] Das N. Recovery of precious metals through biosorption: A review[]].
Hydrometallurgy, 2010, 103:180-189.

[15] Silva R M P, Rodriguez A A, Oca]M GMD, et al. Biosorption of
chromium, copper, manganese and zinc by Pseudomonas aeruginosa
AT18 isolated from a site contaminated with petroleum(]]. Bioresource
Technology, 2009, 100(4):1533-1538.

[16] Zu Y G, Zhao X H, Hu M S, et al. Biosorption effects of copper ions on
Candida utilis under negative pressure cavitation[J]. Journal of Envi—
ronmental Sciences, 2006, 18(6) :1254-1259.

[17] Veit M T, Tavares C R G, Gomes —da—Costa S M, et al. Adsorption
isotherms of copper ( Il ) for two species of dead fungi biomasses[J].
Process Biochemistry, 2005, 40(10) : 3303-3308.

[18] Vijayaraghavan K, Jegan J, Palanivelu K, et al. Batch and column re—
moval of copper from aqueous solution using a brown marine alga
Turbinaria ornate[J]. Chemical Engineering Journal, 2005, 106(2) .
177-184.

[19] Dursun A Y. A comparative study on determination of the equilibrium,
kinetic and thermodynamic parameters of biosorption of copper( Il ) and
lead( I ) ions onto pretreated Aspergillus niger[J]. Biochemical En—
gineering Journal, 2006, 28(2).187-195.

[20] Ozer A, Giirbiiz G, Calimli A, et al. Biosorption of copper ( I ) ions on
Enteromorpha prolifera: Application of response surface methodology
(RSM)[J]. Chemical Engineering Journal, 2009, 146(3):377-387.

[21] Saygideger S, Gulnaz O, Istifli E S, et al. Adsorption of Cd( Il ), Cu( 1I')
and Ni (I ) ions by Lemna minor L. Effect of physicochemical envi—
ronment[J]. Journal of Hazardous Materials, 2005, 126(1-3) :96-104.

[22] Ngah W S W, Fatinathan S. Pb( I )biosorption using chitosan and chi—
tosan derivatives beads:Equilibrium, ion exchange and mechanism

studies[J]. Journal of Environmental Sciences, 2010, 22(3):338-346.



