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Biosorption of a combination of phenanthrene and copper pollutants from aqueous solutions by a Pseudomo-

nas aeruginosa biosorbent

ZHANG Yan—ping', ZHANG Dong', LIU Xing—yuan®, ZHAO Hong—ting""

(1.College of Materials and Environmental Engineering, Hangzhou Dianzi University, Hangzhou 310018, China; 2.Guangdong Dazhong Ag-
riculture Science Co. Ltd, Dongguan 523169, China)

Abstract: In this study, the adsorption behavior of coexisting phenanthrene and Cu™ pollutants by a Pseudomonas aeruginosa biosorbent
was investigated. It was found that the coexistence of phenanthrene and Cu* could significantly affect their removal by bacteria, suggesting
a potential synergistic effect. Compared to the single pollutant system, the adsorption capacity of the bacteria (0.5 g+ L™, pH = 5.0, and
25 °C) for phenanthrene was found to be 1.15 mg- g™ (16.84% higher), whereas the adsorption capacity for Cu** was 4.70 mg- ¢ (5.50%
lower). As the Cu® concentration increased from 0 to 5 mg - L™, the adsorption coefficient for phenanthrene (Ky) increased from 2.54 to
4.73 L+ g'; whereas, as the phenanthrene concentration increased from 0 to 1 mg-L™, the adsorption coefficient of Cu® (K:.) increased from
4.89 10 5.06 L-mg". In the co—contamination system, the adsorption coefficients of phenanthrene and Cu* were found to have negative lin-
ear relationships with temperature. Scanning electron microscopy (SEM) analysis showed that the surface morphology of the biosorbent
changed only slightly after phenanthrene adsorption, but showed obvious concavity after Cu* adsorption. Fourier transform infrared spec-
troscopy (FTIR ) analysis showed that Cu® adsorption was related to the triple bonds and the accumulated double bond functional groups of
bacterial cells, thereby influencing the adsorption in the co—contamination system.
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Figure 1 Influence of co—existing pollutants on removal rate of

phenanthrene and copper
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Figure 2 Influence of co—existing pollutants on biosorption of phenanthrene (A ) and copper(B)
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Figure 3 Adsorption isotherms of biosorbent on phenanthrene(A) and copper(B) in the combined pollutants system
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00T o e thR) o

O HE(EAHKR) o
4001 O 4i(Bp—fkR)
B H(EAHRR)

Q-0

t+Q7/min-g-mg™

0 100 200 300 400 500

t/min
B8 E_Heh HFEIE &

Figure 8 Pseudo—second—order model fitting curves



201942 B

S ST, 45 A 1 Y R RG BEE 580 X A v S B 0 Y W BB 5T 427

i DAL RN
A (3)
Q. KQ Q.
A R R IS ] min s Q. 7678 S I B Q.3
NS I A ¢ B (R W BRI, KO 7R — W o 5 0,
mg ' +min”'
2.5 RIE

R TR R A A R P R A R B RS e
ML, 2R FH 141 H 85 (SEMD) FIME BLIN 3 B 2T A3
(FTIR) 2558 T W B 750 082 675 S 0 i 10 4 R 2 vl 2
SUIE S FE RE A AR 4k, an el 9 FE 10 s . MIET9 1Y
SEM MG o] LLF H , 4 B R B B —JE 5 1T 2R T AR5
B K 25 A8 Ak (L P 9a AT O ) 5 1 W o 46 2
T AR R ISR MY (AN 9¢) |, ] 9d X
BTG Y R B AT LA 0 2 I S B AT 0 1My
18 BH 4 D B R A AN [ ) SR T R B A T

NN 10 AT LAF H , 200 1R W B e 0 22 i, 4 3=
A1 E RE T3, W BTG e AR A T R o R B
F SR AR A 3272~3289 em™ &b B I I U4, S [ 41 i
BE b8 BN AR 9 C—H  N—H F1 O—H 14 {1 45 4
301 52923~2934 cm™ b (W W, A B L1 AR R Ak
1) C—H B 45 4R 35 ; 2100~2400 em™ & 24 1 21
XU DX S0, 1627 e AR IR WA OGS, R BRI T 47, 2
C=0 W45 3RSl ; 1538 em™ AW IS , b IE i IT 45, 2

Ca, W BRITHT s b, W BN BRI 5 ¢, R BRE B —H 5 5, WM 525 JERNSIAS )

9 4R IR TS SRR /S SEM B (10 000 £%)
Figure 9 SEM images before and after adsorption of bacteria
(x10 000 times)

EHI%

60 -
50
100
90
80
70 -
60 -
50
100
90
80
7071
60
50
100
90
80
70
60 -

1002 S
90

80

70 F

ENHI%

EHI%

B %

50 1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
WA/ em™

100 40
HE+4

Qw
|

98

9%

gk
o4}

% i
92+
90 1 1 1 1 1
2400 2380 2360 2340 2320 2300
W/ em™

B 10 B WM RMBTEE FTIR B (A) FBEMAE (B)
Figure 10 FTIR spectra of bacteria before and

BEIEHI%

after adsorption(A) and partial enlarged drawing(B)

N-H 1925 il 4z 2 5 C-N A 44k 2 10 8, 3 5 A4~ i
B ARG . 13931455 em™ AW i , 43
S T2 43 T — CH B8 X6 R S ) R 25 il 4
80151227 em™ BT AW OISR O—H TR 25 i iR 2y, AT
REILA P=0 AR IR 5 5 1053~1056 em™ Kb il W i i
F 2R B BEA C-0-H i 4aR sl , LA & E2E C-0-C
B ZE IR o0, ol BB A PO P 45 4R 3l

PRI R S 0 B I RE A ARk, PR
PIELAMETER R AR ARL, 355 200 TR7 R o I 32 22 2 A0 A
FH T AT 22/ A R 2 T B RE = — 30 .



428

URIEIRCX ity S 385528

A X ) I R ) T R B R 1 RE
AT, S B R R R G, 4k 10
SRR IE (B, 41 B W B B — 4] (A - 2 5 5 e
Jei  AE 2350 em™ Ak fr) W WS 3R 535, 24 PO T AR B o 7
7] 290 i ) 2 R SR RO B RE AL i R s A K [
I, ] 5 1 A L A 2 HE N RN 28 5 )5, R T
40 T B S50 Xk A2 45 e A I

3 #ie

(DEAERFREFEE B EF W P. aeruginosa W
BAE R0 X I L IR B . 35 cCsF AR R B &R £k (3.55 L
g )15 C(T.49 Leg ) T FE T 52.63% ; 5 i W T 52 4%
M 21.64 Lomg ' F S 3.84 L-mg™'. A9 %5 I W 5
LR, LR B0 5 450 30 3 o T i/ 0] %) 45 T
W2 5tk FH Langmuir 858U HLA 24 P W 5 500 %o 0% Fff 6
Fifi 7 U0 B 38 T T R RAE o pHL I R e ) 2 B, X EE
FIA) 2 o0 DA S5 e A ik 2

() AR F D, 4 T W B E S 240 7t 3% 1 M 3 1
B RE A B/ 40 3R TR RE AT, R B EE R B
Ry BEAEF W R B, 2 TR T S A AT MY
B 5 2T R T 2 B AN SR RRODURRE B B A 2% S S
TEATE Y0

Sk

[1] Ma X K, Wu L L, Fam H. Heavy metal ions affecting the removal of
polycyclic aromatic hydrocarbons by fungi with heavy—metal resistance
[J]. Appled Microbiology and Biotechnology, 2014, 98(23) : 9817-9827.

[2] Goswami L, Manikandan N A, Pakshirajan K, et al. Simultaneous
heavy metal removal and anthracene biodegradation by the oleaginous
bacteria Rhodococcus opacus|]]. 3 Biotech, 2017, 7:37.

BB B, Ry, 55 . 13 ROk E SR N
A Y BB W TEE (D). fL 124, 2017, 68(6) :2219-2232.
YANG Yue-suo, CHEN Yu, LI Pan—pan, et al. Research progress of
heavy metals and polycyclic aromatic hydrocarbons in soil and ground-
water[J]. Journal of Chemical Industry and Engineering, 2017, 68(6) :
2219-2232.

[4] Chen B L, Wang Y S, Hu D F. Biosorption and biodegradation of poly-
cyclic aromatic hydrocarbons in aqueous solutions by a consortium of
white—rot fungi[J]. Journal of Hazardous Materials, 2010, 179( 1/2/3) :
845-851.

[5] Zhang D, Zhu L Z, Li F. Influences and mechanisms of surfactants on
pyrene biodegradation based on interactions of surfactant with a Klebsi-
ella oxytoca strain|]). Bioresource Technology, 2013, 142:454-461.

[6] Zhang D, Zhu L Z. Effects of Tween 80 on the removal sorption and bio-
degradation of pyrene by Klebsiella oxytoca PYR=1[J]. Environmental
Pollution, 2012, 164:169-174.

[7]1 Zhu L Z, Lu L, Zhang D. Mitigation and remediation technologies for
organic contaminated soils[J]. Frontiers Environmental Science Eng-
land, 2010, 4(4):373-386.

[8] Reddy D, Harikishore K, Harinath Y, et al. Biosorption of Pb( Il ) from
aqueous solutions using chemically modified Moringa oleifera tree
leaves[J]. Chemical Engineering Journal, 2010, 162(2) :626—634.

[9] Xi Z M, Chen B L. The effect of structural compositions on the biosorp-
tion of phenanthrene and pyrene by tea leaf residue fractions as model
biosorbents[J]. Environmental Science Pollution Research, 2014, 21
(5):3318-3330.

[10] Ge S M, Ge S C. Simultaneous Cr( VI) reduction and Zn( I ) biosorp-
tion by Stenotrophomonas sp. and constitutive expression of related
genes|]]. Biotechnology Letters, 2016, 38(5) : 877-884.

[L0] 2 3, b, 2Rbpk, 45 . BUAYEE DI RE TR AR K B AR AT R

B PL> Zo? P REDL AL ALIRAI T[] R ~F a4, 2015, 42(7) ;
1224-1233.
LI Jin, FENG Chong-ling, LI Ke~lin, et al. Biosorption of Pb ( I )
and Zn( I ) by the growing strain/dry biomass of a resistant fungus:
Optimization and mechanism studies[J|. Journal of Microbiology,
2015, 42(7) :1224-1233.

[12] Zhang J, Yang K, Wang H Y, et al. Biosorption of copper and nickel
ions using Pseudomonas sp. in single and binary metal systems[J]. De-
salination and Water Treatment, 2016, 57(6) :2799-2808.

[13] Zhu W, Xu X ], Xia L, et al. Comparative analysis of mechanisms of
Cd* and Ni** biosorption by living and nonliving Mucoromycote sp.
XLC[J]. Geomicrobiology Journal, 2016, 33(3/4):274-282.

[14] Bazrafshan E, Zarei A, Mostafapour I K. Biosorption of cadmium from
aqueous solutions by Trichoderma fungus: Kinetict, thermodynamict,
and equilibrium study[J]. Desalination and Water Treatmentt, 2016,
57( 31):14598-14608.

[15] Robalds A, Naja G M, Klavins M. Highlighting inconsistencies regard-
ing metal biosorption|J]. Journal of Hazardous Materials, 2016, 304 :
553-556.

[16] W el FCIS 08, IR 4, 458 . 0l TRTME O B K v i 88 ) = Pk
BEHEREL) ). FRIFERL:, 2014, 35(2) :669-677.

HU Xiao —jing, ZANG Ting—ting, GU Hai—dong, et al. Biosorption
characteristics of Cu( Il ) by spent substrate of pleurotus oyster{J]. En-
vironmental Science, 2014, 35(2) :669-677.

[17] &3, T A, WHERER, A5 . W 22 2 L B0 T X A 11 I R 4R
PS5BS H ). IEERRE, 2013, 34(1) :217-225.

BAI Jie—qiong, YIN Hua, YE Jin—shao, et al. Characteristic and ion
exchanges during Cu ( Il ) and Cd ( Il ) biosorption by Stenotroph-
omonas maltophilial]]. Environmental Science, 2013, 34(1) :217-225.

(18] 2%, WAL, SR8 TR AR T I X B4 s Cd™ . Cu™ Zn™

FIPH> B HERFPELT]. BRIERL2224412, 2010, 30(3) :477-484.
PAN Rong, CAO Li-xiang, ZHANG Ren—duo. The biosorption char-
acteristics of heavy metals cadmium, copper, zinc, lead by Penicillium
and Fusarium fungi[]]. Acta Scientiae Circumstantiae, 2010, 30(3) :
477-484.

[19] S5, RRLRE, s S, S . HR A AR A B0 5 RS A IR B ). 2R
BiRls2E 4, 2017, 37(6) : 2107-2113.



HL T, 5 - BSR P LATR BRI X K 405 A e O 5 429

SHI Guang—yu, CHENG Yuan—yuan, SHI Qi, et al, Study of the bio-
sorption characteristics of copper and lead by Pseudomonas aerugino-
sa[l]. Acta Scientiae Circumstantiae, 2017, 37(6) :2107-2113.

20148 25, 5% AR IR, A5 ST RS AR el e - A AR
HLET. Ab AR, 2010, 61(3) :747-753.

DENG Jun, YIN Hua, YE Jin-shao, et al. Interaction mechanism be-
tween Arthrobacter gxydans and BaP—Cd[J]. Journal of Chemical En-
gineering, 2010, 61(3) : 747-753.

I ZHRIF, I R 7 % BUEYXK =TI R I [a]tE -4
HATERAE I AEAFREAI, 2010, 19(12) :2966-2972.
PENG Su—fen, YIN Hua, DENG Jun, et al. Remediation of benzola]
pyrene—cadmium combined pollution in water and sediment by micro-
organism([J]. Ecology and Environmental Sciences, 2010, 19 (12) :

2966-2972.

[22] Chen F, Tan M, Ma ], et al. Efficient remediation of PAH-metal co—
contaminated soil using microbial-plant combination: A greenhouse
study[J]. Journal of Hazardous Materials, 2015, 302:250-261.

[23] 2R IGEEL . 4—(2-MHIE (3 280 — )48 I ' J8 vk DN 5 . 8 BH 23 B 2
(A ARLERL), 2005(3):90-92.

LI Xiao—yi. 4—(2-pyridine azo) —resorcin spectrophotometry copper
[J]. Journal of Shaoyang(Natural Science Edition), 2005(3) :90-92.

[24] BB, A MR, S5 VB AR A R K e -
FGUAGREVELT]. A PR, 2013, 32(3) :629-634.

QIU Yun—yun, YIN Hua, YE Jin—shao, et al. Research on characteris-
tics of removing combined contamination of pyrene and cadmium in
water by Stenotrophomonas maliophilia|l|. Journal of Agro— Environ-

ment Science, 2013, 32(3) :629-634.



