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Influence of N/P ratio on removal of PAHs from
petroleum contaminated sandy beach

Xia Wenxiang Zhang Danfeng Li Jincheng Meng Jing Yu Yang

( Department of Environmental and Municipal Engineering, Qingdao Technological University, Qingdao,266033 , China)

Abstract

threats to human health and ecosystems. The influence of N/P ratio on the combined bioremediation of oil-pollu-

PAHs in weathered oil attaching to the sandy beach can remain for a long time and may do great

ted sandy beach by biodiesel and nutrients was studied taking naphthalene, anthracene and pyrene as research ob-
jects. Results showed that biodiesel made PAHs release from fine sands and their concentration in seawater rose
significantly. The numbers of petroleum degrading bacteria and total heterotrophic bacteria were the highest when
N/P ratios were 5:1 and 10: 1. In the biodegradation process of naphthalene ,the degradation velocity constants in
5:1 group were 1.3 and 2.9 times,respectively compared to N/P ratios of 10: 1 and 1:1,which was similar with
the results of anthracene biodegradation. However, N/P ratio had no influence on the biodegradation of pyrene.
The results could provide data support to the removal of PAHs from oil polluted sandy beach.

Key words PAHs;biodegradation; N/P ratio;biodiesel ;sandy beach
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Simulated systems of sandy beach
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N5/P1 25 10.6 2.2 5:1
N1/P1 25 2.1 2.0 1:1
N10/P1 25 21.3 2.3 10:1
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Fig.2 Variation of pyrene,anthracene and

naphthalene in fine sand with time
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Fig.3 Variation of naphthalene and anthracene

concentration in seawater with time
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Fig.4 Variation of pyrene concentration in seawater with time
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Fig.5 Variation of total heterotrophic bacteria and petroleum

degrading bacteria with time under different N/P ratios
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Table 2 Dynamic character of naphthalene

and anthracene biodegradation

iRl 81 J=4 77 72 MERE R FEl(D)
%% N5/P1 y=0.137x -0.197 0.867 7.3
%5 N10/P1 y=0.102x -0.172 0.897 9.8
ZE N1/P1 y =0.047x -0.087 0.891 21.3
B N5/P1 y=0.110x - 0.440 0.963 9.1
T N10/P1 y=0.078x -0.342 0.922 12.8
B N1/P1 y =0.040x -0.179 0.885 25.0

K2 el DUE W, TR 2k e B, AW LA
501 Bk LR 1 2w I H B, Lk Oy 1001 R L ]
R ABE 501 Bl Al F ZF MR, X
S5 A TR A . MR 51
B, B P B e 22, ] S R TR Y L B A o
A S T 25 A (T RS RS T
T Yl S I R A O 3RO L R BSR4k
T g I A T T R TR A B BN
5.67: 1, 3% HAHEI A 45 A AL

5 ZERECRTR K B NES 6 KT 4R 28 12
R AH AN T B R B X T R SR AT B KR
MR o e B 2 W BF 5% 7 3C 00 W e6 1 B i 0 )
2, R BUTEAS R 0 bR P I 0 200 d A
A CBAE AR S ) | 22 W58 1 B0 8 37 e b X 26 1 (%
AR /N o B DR B A 4 D IRIR I 23T
$&, T PAHs 1) B fif 5 20 806 56, R 508 22 0wk %
it SEABB DR ZERM B, & 4 R
Y EE A AR L T - 3 TR AR AT RE AN 45 B A v 10 T
Fo WIRAESI I m R B B, RGP AR AR T
1A B o



507

BLOCAR A AR LU X A 75 Se v PAHs 25 BR 1) 52 1)

3523

2.5 AEAABILTERFTROEBRYRE

S0 25 BRI W A AR BA AR VD DXL K DX S B R
i) PAHs M 4% PAHs [ 9] G516 , i1 52 2 05 K 1
AR NE 6 iR

80.0

N1/P1
= ONS/Pl
S EN10/P1

o I [l

B6 ANFERBELT ZH7RMELBRE
Fig.6 Total removal rate of PAH under different N/P ratios

Kl 6 s AN 8] EUE LL A5 1 RGEXT 2305 K 1)
EBRRERB AR, Hd N5/PL 4 Z KI5 12 10 5 B
g, 2B LB &4 5 ik B 70. 9% |
51.2% ,f19.1% ;7 N1/P1 441 N10/P1 44 %} £ %
F5 R0 BRI B AR, Hoh N1/PL 4% 28 B
R R, 4l 25. 0% (19. 4% F1 7. 9% , 1fi
N10/P1 X} 2% & BB R BRBAF 8 Z 0, £ W
T ) N/P WA e PAHs i — 20 R A AW
et it

TE LA M B4 A T e 0 A W e A g i o v
ML NOS -N e i 22 S 45K, Il Venosa AL D. 2517
KN, NOS -NREEN 1.5 ~2.0 mg/T i) Al LI [ i
AT AR W) 3K B e KRG B 3 T Du Xiaoming
SN0 NO, -N Wk B AR 10 mg/L i it I 8 B fl
T T B 2R ) I s Abn CLOHL U R IR ST AR R Y
N ¥k BEAE 6.25 ~400 mg/L Z[a] , 45 F % 1] ,25 mg/L
AL . AW R B NO, -N Mk EE 43 ] R
10.6.2.1 F121.3 mg/L, 45 B0, NO, -N ¥ J&F Ky
10.6 mg/L EBELL N 501 BB RSO R bF . 7T W
RN 2 5 AN 2 B 22 BT, 3o i B2 0 A il R i
B AR TR o IR i A U A5 R G
BRI AR DEIC , i A WF A5 F TR Ay 20 1, )t
i e o 7 R R EL B LA 50 1 B O SR

3 & i

(1) e on 2By 5 il ol LA 40 9 b i) PAHSs B ik

B R SR K T PAHSs RS I 25 T

(2) BB 252 W R G0 B9 4 At L N/
Py 51 R M BOR e 2, O S R R RO
OBl fie iy 5 T N/P g 100 1 59 50 T R KR s o

() AEANF R W EE T, 25 VU4 Wy e fige 19 o 52
WIPAE 25 d DL, HL Rl R S N/P Dy 51 I
AHIEN/P 10T FI1:1 9 1.3.1.4 F12.9.2.8
i, RWVARE L 2T — 2 TR R BRI — 5 i A= W

(4) eeE MR 19 22 00 = 15 200 d, R B 4 36
(O EEXE LB 28 R W B A . sh 1 eE e i R R
i EC X EE 19 A Ak T R0 RO T- B AT 2, i 2251 A
1 208 I i T A L B o

(5)SEHAMET 2R AP S uh -5 Jf SR A 18
SARAU A1 T Y VD, TS L R L 51 1

TE TV i 11l 75 Y U WE Y 2R W48 &2 52 B, AT LA
AR YA 0 114 286 L R I Y A 05 2% 1 5 = N A AL S
0 ff 3 L Y R L, A O A T O A Y 2R
TREAT O TSR SR AE R AT, T PR
PP LB TR 0], LA sl S X $R 55 217 S A F 2

2 & Bk

[ 1] Sugiura K. ,Ishihara M. ,Shimauchi T. et al. Physicochem-
ical properties and biodegradability of crude oil. Environ-
mental Science & Technology,1997,31(1) ;45-51

[l 5V JR . 20 1 20 K Hp ]I VA 8 I e A k. b T
5 5 7 )7, 1999 323

(3] W V5 A A B, U b2 Tolk B AL,
2002 :268-279

WE KB B AN, . AT R EP 2R TR0
BT B A2 S U PR . 2R 28 5 AR PR B 4 4, 2011 ,27(5) ¢
4247

—
[\S)
[

~
i

Pan Feng, Geng Qiujuan, Chu Hongjie, et al. Analysis of
polycyclic aromatic hydrocarbons in petroleum contaminated
soils and its ecological risk assessment. Journal of Ecology
and Rural Environment,2011,27(5) :42-47 (in Chinese)
[5

[}

Teal J. M. ,Farrington J. W. ,Burns K. A. et al. The West
Falmouth oil spill after 20 years: Fate of fuel oil compounds
and effects on animals. Marine Pollution Bulletin, 199224
(12) :607-614

[6] Bragg J. R., Prince R. C., Harer E. J. et al. Effective-



3524

A

-
i

T

e

o
=

il 9B

[7]

[10]

[12]

ness of bioremediation for the Exxon Valdez oil spill. Na-
ture, 1994, 368:413-418

Venosa A. D. ,Suidan M. T. ,Wrenn B. A. et al. Bioremed-
iation of an experimental oil spill on the shoreline of Dela-
ware Bay. Environmental Science & Technology, 1996, 30
(5) :1764-1775

G ARV, HCHGE s Qe i MR AR B A2
S Mo B IR N M A M. I R VAR 4R, 2008, (4) .
109-115

Li Jincheng, Zheng Xilai, Xia Wenxiang, et al. Bioremedi-
ation practice of oil-polluted beach and strategies of nutri-
ents addition. Transactions of Oceanology and Limnology,
2008, (4) :109-115(in Chinese)

Taylor L. T. ,Jones D. M. Bioremediation of coal tar PAH in
soils

using biodiesel. Chemosphere, 2001, 44 (5).

1131-1136
LSO KR, AT S R AR S 2 R i 4
FUW E Al RS AE 5. BR R DR 2 4k, 2014,8 (1) ¢
87-91
Xia Wenxiang, Zhang Danfeng, Xiao Xingchuan, et al.
Simulative study on removal of crude oil from coastal
structures by biodiesel. Chinese Journal of Environmental
Engineering,2014,8(1) :87-91 (in Chinese)
Xia Wenxiang, Li Jincheng, Song Zhiwen, et al. Effects of
nitrate concentration in interstitial water on the bioremedi-
ation of simulated oil-polluted shorelines. Journal of Envi-
ronmental Sciences,2007,19(12) :1491-1495
HATNL B S, ThAR R, 55 A 1 Sl AR ot Tl 35 e 6
WL R ARG . PRBE LA E 4 ,2012,6(3) :1047-1050
Xiao Xingchuan, Xia Wenxiang, Ma Linfeng, et al. Appli-
cation of biodiesel to release oil from crude oil contamina-

ted sand. Chinese Journal of Environmental Engineering,

[13]

[14]

[15]

[16]

[17]

[19]

2012,6(3) :1047-1050 (in Chinese)

Fernandez-alvarez P. ,Vilab J. ,Garrido J. M. ,et al. Eval-
uation of biodiesel as bioremediation agent for the treat-
ment of the shore affected by the heavy oil spill of the
Prestige. Journal of Hazardous Materials, 2007 ,147 (3) :

914922
LSO, R IR BRSO A ) TR A R K
#,1998

fof RLAg , 2578 BRI, 55 . il Bk W R A 1 o 7
S B AR AL PR B ,2004,25(1) 19194

He Liangju, Li Peijie, Wei Dezhou, et al. Nutrient balance
and mechanism of biological degradation of oil. Environ-
mental Science,2004,25(1) :91-94(in Chinese)

W3, M T, 5K, 46 e Mt T X S I v 22 36 07 I e i
YE BRI 058 . AL PR35 £/ 47 ,2000,19 (1) :53-55
Chen Yong, Zheng Xiangqun, Zhang Cong, et al. Primary
study on degradation of the polycyclic aromatic hydrocar-
bon in compost by bacteria. Agro-environmental Protec-
tion,2000,19(1) :53-55(in Chinese)

Du Xiaoming, Reeser P. ,Suidan M. T. Optimum nitrogen
concentration supporting maximum crude oil biodegrada-
tion in microcosms // Proceedings of 1999 International
0il Spill Conference. Washington, DC : American Petroleum
Institute , 1999

Ahn C. H. The Characteristics of Crude Oil Biodegradation
in Sand Columns under Tidal Cycles. OH, USA ; University
of Cincinati, 1999

Pritchard P. H. , Mueller J. G. , Rogers J. C. , et al. Oil
spill bioremediation; Experiences, lessons and results from
the Exxon Valdez oil spill in Alaska. Biodegradation,1992,
3(2-3):109-132





