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Petroleum Hydrocarbon Contamination and Impact on Soil Characteristics from
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Abstract: Momoge Wetland is an important international wetland. Crude oil exploration and production have been the largest anthropogenic
factor contributing to the degradation of Momoge Wetland, China. To study the effects of crude oil residuals on wetland soils, the total
petroleum hydrocarbon (TPHD total organic carbon (TOC) total nitrogen (TN) and total phosphorus (TP) were examined, as well as for pH
and electricity conductivity (EC) from oilfield and uncontaminated area in Momoge Wetland. All contaminated areas had significantly higher
(p <0.05) contents of TPH than those of the uncontaminated areas. For 5 a, 10 a and 20 a oil wells, the TPH were 30-fold, 60-fold, and
111-fold of the control sites. Soils from 10 a or over 10 a oil wells in oilfield were the major petroleum contamination area with values ranging
from 16 885 mg*kg ™" to 31 230 mg*kg™' . There was a significantly positive correlation between TOC and TPH contents in oilfield( r = 0.88,
p<0.05). Oil residuals in soil caused the decrease of TN and TP and the maximum of decline were 33% and 28% respectively.
Contaminated sites also exhibited significantly higher ( p <0.05) pH values; C:N and C:P ratios. These trends became progressively obvious
with the length of time the oil well was in production. Soil petroleum contamination also resulted the increase of the EC; however the impact of
TPH on EC were not significant( p >0.05). Collectively, petroleum hydrocarbon pollution has caused some major changes in soil properties in
Momoge Wetland.
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Fig.2 Level of total petroleum hydrocarbon in soils from
oilfield with different length of time oil well in production
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Table 1 Mean values of total petroleum hydrocarbon TPH from oilfield soils with different length of time oil well

in production and soils from control sites; and the mean values of relative soil parameters based on Duncan test
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Fig.3 Level of total organic carbon in soils from oilfield

with different length of time oil well in production
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and total organic carbon in soils from oilfield
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Fig.5 Levels of total nitrogen in soils from oilfield with

different length of time oil well in production
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Fig.6 Levels of total phosphorus in soils from oilfield with

different length of time oil well in production
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Fig.7  Variations of carbon: nitrogen ratios in soils from

oilfield with different length of time oil well in production
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oilfield with different length of time oil well in production
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length of time oil well in production

W IFR X 5. 10 F1 20 a I BE + 38 EC
SEISAE 53 5 4 990,73+ 747.99 Fl 496.87 pS*em™',
Xf R DX SRR 3% EC SFEIME N 436.33 pStem .
JOF A g s T A AR e R, (H
RZEFHAEE (P >0.05), W& 1. HE g
FL S 6 (1 1 K AR AT B I AR P A PR VR 2R
T B IR SR A R b I A R & A 2 A
B 5 7K B B ) 2 B A e AR, 18w J AT
B AR, BT B A ok =5 A il ORI
BB P Ak LA S R g e B S A I 2 1 R 4y
FTRERE N3 A B - 28 SR o AE I AT N S A
WA [, A0 e vy DA 3o 52 2% 1) AU WL A A
T 653 FVAR HMERE TR ) 43 i, T8I 0 56 43 e 20 3 28
e 3 h AR 2RI, g A B 3% rC(E
AT B it I A I 1) 385 o oy 5 0 5 s i i B SR
IS [ (0 18 2 B ) B 3 (I 10D X mT e R R
8 TSR I ) PR 386 0, 38N L33 ep 1) #h 43 FT RERE R
HBRRAR A R SRR 1) ) ] 38 7 SO 1) K



2400 wooos B 30 &
E’f] é% E& . Atmospheric Administration Seattle, 1995.1-4.
2s (3] MTRY, BEM, KAER. FIRBCEY AR B A S G 0T 5
[I]. BTG RIR ARG B4, 1999, 7(3):110-115.
~ 30 . L4] KoJY, Day J W. A review of ecological impacts of oil and gas
‘E 25 L development on coastal ecosystems in the Mississippi Delta [ J].
f:l- Ocean Coast Manage, 2004, 47(11-12): 597-623.
% 2r . [ 5] DeLame R D, Patrick W HJs Buresh R J. Effect of Crude Oil on a
g 15 - o Louisiana Spartina Alterniflora Salt Marsh [ J1. Environ Pollut,
ﬁ w0l 1979, 20(1):21-31.
Erig L 61 Ferrell R E; Seneca E D, Linthurst R A. The effects of crude oil on
5r  E— i < the growth of Spartina alterniflora Loisel. and Spartina cynosuroides
0 . ¢ . I (L.) Roth [J]. J Exp Mar Biol Ecol, 1984, 83(1): 27-39.
R > ;.é B ﬁ[; ? 20a [ 7] TLin Q) Mendelssohn T A. A comparative investigation of the effects of
: south Louisiana crude oil on the vegetation of fresh, brackish and salt
E10 BEXREFARARERMFRABETIESETL marshes[ J]. Mar Pollut Bull, 1996, 32(2): 202-209.
Fig.10 Levels of electronic conductivity in soils from oilfield [ 8] Lin Q> Mendelssohn I A. The combined effects of phytoremediation
with different length of time oil well in production and biostimulation in enhancing habitat restoration and oil degradation
of petroleum contaminated wetlands [J]. Ecol Eng, 1998, 10(3):
263-274.
3 g'd:': i‘/t\' L 9] Andrade M L, Covelo E F, Vega F A, et al. Effect of the Prestige
N — . N . - 0Oil Spill on Salt Marsh Soils on the Coast of Galicia ( Northwestern
(1) JRATTRIE M I 5 SCHS Ll TR X Spain) [J1. J Environ Qual, 2004, 33: 1947-1953.
4 E(JE?H}?%% : F)TﬁYEE H JT% B #}% GER I:P b [10] Proffitt C E. Effects and management of oil spills in marsh
£ ?EE ﬂ?:/ﬂ\iﬁ% —\l%—:PXQL HE X ( p < 0.05), ﬂ:% 5+ 10 ecosystems: a review produced from a workshop convened July 1996
*H 20 a E](J ‘]EE # }% lil + ig“ié TPH /3\ =) ﬁj\ %IJ j\j 8479, at McNeese State University [ R]. Louisiana Environmental Research
16 885%” 31230 mg.kg—l , %Xﬂ— Hﬁ 'Z i fg TPH é\i Center McNeese State University, 1998.1-5.
El‘] 30 'f%\ 60 ,f% F111 'f% ‘ [11] Pan X, Zhang D, Quan L. Interactive factors leading to dying-off
. s . - X N Carex tato in Momoge wetland polluted by crude oil, Western Jilin,
(2) L3 TPH i3 S e L5 T IR I T A7 China [J]. Chemosphere, 2006, 65(10): 1772-1777.
JT% 10 a [;LJ:E@ EPK’H:H ?Eﬂ#}% Eliig%g%ié?% [12] US EPA 3546 Microwave Extraction[ S1. http://www. epa. gov/
) T, 1T TR B T e 1 et e L - w846/ pdfs/3546.. .
T TR [13] 6%, 0, T 25 040 0 5275 095 130 1
(3) 13T HUBR 5 2 T 5 2 E Gy TEFIRLIIBTTEL 1. R BER4, 2008, 29C1):189-198.

2% T |- BT 7 . ¥ ]
~0.88, p<0.05) B B T R S5 T+ [14] Tﬂfﬁ)ﬁ%%ij%ﬂﬂ%' T iim]. Bl Eig
v A o e A s BEATARHAREE, 1978.62-132.

HER AR BT B, BORT B 930 0 3390 AN [15] Railroad Commmission of Texas ( RRC). Clean up of soil
28% . j:i%“’ﬁ ?EE ﬁ%ﬁg& £ T il;Eﬁll j( Eg i%ﬁ*ﬂﬁz}% 10} B% contaminated by a crude oil spil[R]. Austin: TX.
'TEE g %%ﬁﬁ*ﬂ ﬁ?‘% i} /él\% ’ ﬁﬁﬁ%%% T ﬁz]ﬁi{f\ bt [16] Bojes HK, Pope P G. Characterization of EPA”s 16 priority pollutant
Wﬁiﬁ EtAn pH {E( p< 0.05), iZ$ EFE;%L &E%Ym #JT)T{ polycyclic aromatic hydrocarbons ( PAHs) in tank bottom solids and
ETJ“ I\'ﬂ ilmzlf'l ﬁﬂffﬂ i‘maf'lj( . j:igg ?H:l%jglé il 5] @ EE =i Z‘?i E':] i associated contaminated soils at oil exploration and production sites in
. \ e Texas [ J]. Regul Toxicol Pharmacol, 47(3):288-295.
}JD’ 'fﬂ%%ﬁuﬁﬁmﬁﬁ(p > 005) [17] Salanitro J P, Dom P B, Huesemann M H, et al. Crude Oil
4 'Ié‘ E/“J EE U‘E‘ b i-g A ?EE lké 7 % Xﬂ‘ + f‘g ‘lé‘ /’j?j‘ ‘*D Hydrocarbon Bioremediation and Soil Ecotoxicity Assessment [ J].
pH (B MR, 45 T8 ity >k T S sg i . Environ Sci Technol: 1997, 31(6): 1769 -1776.
L8] AT, sEAk. L3I ahis 3L ] R IRBE RS, 2000, 19
% £ k- (6): 360-363.
[ 17 Teal J M. Farrington J Wo Bums K Av et al. The West Falmouth il (197 FFCHH, SRUAIE, 457 Xt 4 GO 9 S 10, i (o
spill after 20 years: fate of fuel oil compounds and effects on animals HBEORY1997,7(3):28-32.
[7]. Mar Pollut Bull, 1992, 24(12): 607-614. [20] Carls E G, Fenn D B, Chaffey S A. Soil Contamination by Oil and

[ 2] Hoff R Z. Responding to oil spills in coastal marshes: the fine line
between help and hindrance [ R]. Washington USA: Hazardous

Materials Response and Assessments Division National Oceanic and

Gas Drilling and Production Operations in Padre Island National
Seashore, Texas» USALJ]. J Environ Manage, 1995, 45(3): 273-
286.



8 M

/N T AR B BRI il P TSR DX A Tl R G RO 3 Y B R

2401

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Samanta S K, Singh O V, Jain R K. Polycyclic aromatic
hydrocarbons:  environmental pollution and bioremediation [ J 1.
Trends Biotechnol, 2002, 20(6): 243-248.

Barakat A O> Qian Y, Kim M; et al. Chemical characterization of
naturally weathered oil residues in arid terrestrial environment in Al-
Alamein, Egypt [J]. Environ Int, 2001, 27(4): 291-310.
Bollag ] M. Decontaminating soil with enzymes [ J]. Environ Sci
Technol, 1992, 26(10): 1876-1881.

Cunningham S D> Anderson T A; Schwab A P. Phytoremediation of
soils contaminated with organic pollutants [J1. Adv Agron, 1996,
56: 55-114.

Hambrick G A5 DelLaune R D, Patrick W H. Effect of estuarine
pH and
hydrocarbon degradation [ J1. Appl Environ Microbiol, 1980, 40
(2): 365-369.

Corredor J Es ] M Morrell, Castillo C E D. Persistence of spilled oil
in a tropical intertidal environment [ J1. Mar Pollut Bull, 1990, 21

(8): 385-388.

sediment oxidation-reduction  potential on  microbial

Burns K A, Garrity S D> Levings C. Review: How many years until
mangrove ecosystems recover from catastrophic oil spills? [J]. Mar
Pollut Bull, 1993, 26(5): 239-248.

Nyman J A, Klerks P L, Bhattacharyya S. Effects of chemical
additives on hydrocarbon disappearance and biodegradation in
freshwater marsh microcosms[ J 1. Environ Pollut, 2007, 149(2):
227-238.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Lin Q> Mendelssohn T A. A comparative investigation of the effects of
south Louisiana crude oil on the vegetation of fresh, brackish and salt
marshesJ]. Mar Pollut Bull, 1996, 32(2): 202-209.

Al-Darwish H A, Abd El-Gawad E A, Mohammed F H, et al.
Assessment of contaminants in Dubai coastal region, United Arab
Emirates[ J1. Environ Geol, 2005, 49(2): 240-250.

Schreier C G» Walker W J, Burns J» et al. Total organic carbon as a
screening method for petroleum hydrocarbons [ J1. Chemosphere,
1990, 39(3): 503-510.

Atlas R M, Bartha R. Stimulated biodegradation of oil slicks using
oleophilic fertilizers [ J1. Environ Sci Technol, 1973, 7(6): 538-
541.

Nyman J A. Effect of Crude Oil and Chemical Additives on Metabolic
Activity of Mixed Microbial Populations in Fresh Marsh Soils [ J].
Microb Ecol, 1999, 37(2): 152-162.

Jobson A, McLaughlin M> Cook F D» et al. Effect of Amendments
on the Microbial Utilization of Oil Applied to Soil [ J1. Appl
Microbiol, 1974, 27(1): 166-171.

Braddock J F» Ruth M L, Catterall P H, et al. Enhancement and
inhibition of microbial activity in hydrocarbon-contaminated arctic
soils: Tmplications for nutrient-amended bioremediation[ J1. Environ
Sci Technol, 1997, 31(7): 2078-2084.

Sandvik S, Lode A, Pederson T A. Biodegradation of oily sludge in
Norwegian soils [ J1. Appl Environ Microbiol, 1986, 23(3-4): 297-
301.





