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Petroleum Hydrocarbon Contamination and Impact on Soil Characteristics from

Oilfield Momoge Wetland
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( 1. Urban and Environmental Sciences College, Northeast Normal Universiy, Changchun 130024, China; 2 State Environmental
Conservation Key Laboratory for Wetland Ecology and Vegetation Restoraton, Changchun 130024, China)

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 hydrocatbon (TPH) , total organic carbon (TOC) , total nitrogen (TN) and total phosphorus (TP) were exammed, as well as for pH
and electricty 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 uncontammnated areas. For 5 a, 10 a and 20 a oil wells, the TPH were 30-fold, 60-fold, and
111{old of the control sites. Soils from 10 a or over 10 a oil wells in oilield were the major petroleum contamination area with values ranging
from 16885 mg* kg™ ' to 31230 mg* kg™ '. There was a significantly positive corelation 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 ratbs. These trends became progressively obvious
wih 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, petroleun hydrocarbon pollution has caused some major changes in soil properties in
Momoge Wetland.

Key words: contamination; petroleuam hydrocarbon; wetland; nutrients; soil

w113l
2
2
[4]
, .
[1.2
. 2
: 2008-09-02; :2008-1+05
’ : (20075014) ;
(2005~ 2009)

) (1967~ ), ,
, 10 000 ,E-mail : wangxy938@ nenu. edu. cn



2395

[57]

[8]

Andrade "
[10] ’
(12227 ~ 12404 E,
4547 ~ 46’18 N) ,
14.4  hm',
80%
WWF GEF
ICF .
, 198 ,
. (Carex tato)
( Cdamagrostis angusty olia )
[11]
20
. (TPH)
CN CP pH
1
1.1
142 m ,
4.2°C, 391.8 cm.
«
» 40

1.2
25% ,
3
20
2007
13
TPH
sampling) . 1.
15
(0~ 20 an) 3
45 ,
3,
2 mm
EPA 3546
[12]
TPH ,
TPH , [ 13].
(TN) ;
EC
1.4
SPSS 14.0
(ANOVA) Dun can

(45°50 ~ 46 18N, 123°55 ~ 1244 F),

? B

( stratified random

10 m

GPS (Magellan Promark)

. TPH
( 1o 1)
TPH 3
< 5%.
(TP)
(TOC)
[14]; pH pH



2396 30
123°51'E 123°S4'E 123°57'E 124°E
< S@
= /ﬁ\ n
17 l \ A 45°57'N
=]
PN
S 0 Mga
=y L]
104 .7 ’ ? ) M i LPYL
<] 5 5 V 45°54'N
4 <
kIR 4.
H ARG =5 (L ¢
/ f “_EQ B i
1] \i LA
L~ 0 e 45°51'N
- g
* RHR
LAl 0 3 6 km
it : !
—_ IR -
B 45°48'N
1~ 5: 20a ; 6~ 10: 10 a ; 11~ 15: 5a ;A~ C
1
Fig. 1 Soil sampling locations Momoge wetland, China
TPH TOC TN TP pH EC 6
t CNCP f‘“ 5t _T_
CN CP .TPH TOC E" Ak ®
Pearson a= Q0. % T
W 3|
& .
? I
21 £ |
- i’g .
2.1.1 B oL _ - P
TH W sa 10a 208
C ) THH (p< 0.05), RAE AL
TPH ( 1.
2
? 5 10 20 a 0 Fig. 2 Level of total petroleum hydrocarbon in soils from
THH 8479 1688 31230 mg* kg s oilfield w ith different length of time oil well in production
TPH (282 5mgkg ') 30 60
111 . R >
) TPH 10 000 mg*kg '
TPH , el Bojes 1
, TPH ( 2. 2 a , PAHs TPH 10 000
TPH 50 000 mg*kg " mge kg’ .
TPH 10 000 mg*kg '
. TPH n TPH 10 000
mgekg ;
10a 10a TPH



2397

[23, 4]

8
1 TPH b
Table 1 Mean values of total petroleum hydrocarhon TPH from oilfield soils with different length of time oil well
in production and soils from ntrol sites, and the mean values of relative soil parameers based on Duncan tes
TPH TOC TN TP EQ H
/mgkg~! /g kg™ ! /e kg ! gokg! HSean- ! P
282 ¢ 0.213 b 12 a 0.36a 436.33 a 7.86b
Sa 79 b 0.246 b 1 17 ab 0.37 a 990. 74 a 802b
10 a 16885 ab 0.331 ab 067 c 0.32a 748. 0 a 8 07 ab
20 a 31230a 0.456 a 0&c 0.26 a 49. 87 a 8 68 a
1) (p< 0.05)
-1 Al
10000 mg* kg . = 20
[26.,27]
2 a’ . 2
( Carex tato) ( Calamagrostis angusty olia )
2 28
: 1986 37400 hm e
2[11
2000 28340 hm™ . 2.2
, 221
TPH , TOC
, , TOC, 10 a TOC
’ ’ (p < 0. 05, 1) .
, TOC
, , (3. ., 510 20a
[ 18]
> ) TOC 0.246 0.331 0.456
[ 1] -1 -1
. ) g°ke TOC 0.213 g* kg .
, 20 a TOC ,
TOC 114%.
2.1.2 0.7
TPH 0.6 = L] —T—
TPH , 05|
TPH s R 2 .
Q 04+
, g 1
= 03
&
[20,2]] M 02 l
o1f -
0 ! I I I
X} I 5a 10a 20a
’ SRFE g
(2]
) 3
’ Fig. 3 Level of total organic catbon in soils from oilfield
with different length of time ol well in production
2

TOC

[29]

. Lin



2398 30
TOC TPH 2
. TOC TPH (r= 4
0.88, p< 0.05, 4). 20 a TOC 2|
TPH 0.94 (p < 0.05). AL 201 .
18 |
Danvish " , T0C ] T
[31] oy
, TOC 2 14f —‘7
WM o101
‘ e5a 0.8 - l T
T ST ;;3: ° o 06| . — -
& oV¥° 04 I
g 4 o 02 I L L L
2 pagil 5a 10a 20a
ma 3L v KA RALE
N 2
g 1+ y=8 5i7(;t;810 775 Fig. 5 Levek of total nitrogen i soils from oilfield with
lf@ ol e v n :45 different length of time oil well in production
1 I I
0 0.2 0.4 0.6 0.7
BEHLR/g kg ! .
0.6 -
4 L]
Fig. 4 Relationship between total petroleum hydrocatbon - 05
and total organic carbon in soils from oilfield ":‘Z —‘7
a 041
&= ] .
3 — T
2.2.2 203} I
TOC TPH : L + @
TN TN
(1) (p<005). TR s s
, TN ( 5). Kbt i fr B
5 10 20a TN .
~1
117 0.67 0. 84 g kg ’1 Fig. 6 Levels of total phosphorus in soils from oilfield with
TN 1.26 g°* kg7 , 5 10 different length of time oil well in production
20 a TN ™
T% 41%  33%. CN
N CP( 7 8. CN CP
TP 5 10 20 a 2 a ,C N C: P 57. 98
TP 0.37 0.32 0.26 184. 25, 4.2 4.0
g°kg |, TP CN CP ,
2.78% 1% 28%( 6). ™ ,
TP o
TP (p>0.05), 1 , GN  CP 10
, i TN 307, , C:N( 13.74)
TP C: P(46. 03) CN(IOLD) CP
, (30 1) (p> 0.05).
CN CP (7

) .



8 2399
CN  CP , pH
, (9. 510 20a
pH 802 807 868 pH
CN CP S 2.04% 2.67%  10.43%.
pH
el pH
pH ; pH ;
100 ’ ’
. pH ,
*
H
80 * ‘{ p ’
o 60 I 9.5 .
° 40 - 9.0 T
* t
1 85
20 - T § T T
T 80
0 I I I I
%} 5a 10a 20a 750 .
KEERAE
7.0 l
101, * ,p< 0.05 °
7 6.5 I I I |
poyi 5a 10a 20a
RFE AL E
Fig. 7 Vanatiors of carbon nitrogen ratios in soils from
oilfield with different length of time oil well in production 9 pH
Fig. 9 Levels of pH in soik from oilfield with different
300 length of time oil well in production
*
250 5 10 20a EC
200 | x 990.73 747.99  49.87 US*cm ',
-1
o [ EC 436. 33 VS .
1) 150 |
100 * ’
i T (p> 0.05), 1.
50 | T
0 1 L L L
P 5a 10a 20a
K RALE
a1, * ,p< 0.05 )
8
Fig. 8 Variations of catbori phosphorus ratios in soils fran ’ ’
oilfield with different length of time oil well in production ’
, EC
pH ( 10).
( ) pH , 10a 20 a pH )
pH (p< 0.05, . 1,



2400

30

N
w
T

1 S 2 (EC) X 10%/pS-cm™
> S
|
[ ]
[ ]

10 -
5+
= 3
0 Il 1 1
pait 5a 10a 20a
R R E
10
Fig. 10 Levels of electronic conductivity in soils from oilfield

with different length of time oil well in production

(1)

(p< 0.05), 510
TPH 8479
TPH

20 a
16885 31 230 mgkg ',
30 60 111
(2) TPH ,
10 a

(3) (r
= 0.8, p< 0.05),
. 33%
28% .

B

pH  (p< 0.05),

: (p> 0.05).

(4) ,
pH ,

[ 1] Teal JM, Farington ] W, Bums K A, et a . The West Falmouth oil
spill after 20 years: fate of fuel oil compounds and effects on animals
[J]. Mar Pollut Bull, 192, 24(12): 607614

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

Materjals Response and Assessments - Division National Oceanic and

[ 4]

[5]

[6]

[7]

[ 8]

[9]

[ 10]

1]

[12]

[13]

[ 14]

[15]

[ 16]

[17]

[ 18]

[19]

[20]

Atmospheric Adminisration Seattle, 1995 +4.

[J]. , 199, 7(3): 110-115.

KoJ Y, Day J W. A review of ecobgical impacts of oil and gas
development on coastal ewsydems in the Mississippi Delta [ J].
Ocean Coast Manage, 2004, 47( 1L-12): 597623.

Dd.aume R D, Patrick W H J, Buresh R J. Effect of Crude Oil on a
Loukiana Spartina Altemiflora Salt Marsh [ J].
1979, 20(1): 2+ 31

Ferrell RE, SenecaE D, Linthuist R A. The effects of crude oil on

Environ Pollut,

the grovth of $artina altenflaa loisel. and Spartina cynosuroides
(L.) Roth [J]. J ExpMar Bol Ecol, 1984, 83(1): 2739.
LinQ, Mendelssohn I A. A comparative investigation of the effects of
south Louisana crude oil on the vege ation of fresh, brackish and salt
marshes| J|. Mar Pollut Bull, 1996, 32(2): 202-209.

Lin Q, Mendelssohn I A. The combined effects of phytoremediation
and biostimulation in enhancing habitat restoration and oil degradation
of petroleum contaminated wetlands [J]. Ecol Eng, 1998, 10( 3):
263-274.

Andrade M L, Covelo E F, VegaF A, @ al. Effect of the Prestige
Oil Spil on Salt Marsh Soils on the Coast of Galicia ( Northwestern
Spain) [J]. JEnviron Qual, 2004, 33: 19471953

Proffitt C E. Effects and management of oi spills i marsh
ecosystems: a review produced from a workshop @wnvened July 1996
at M dN eese State University [R]. Louisiana Environmental Research
Center McNeese State University, 1998. }5.

Pan X, Zhang D, Quan L. Interactive factors leading to dying off
Carex tato in Momoge wetland polluted by crude oil, Wesem Jilin,
China [ J]. Chemosphere, 2006, 65(10): 17721777

US EPA 3546 Microwave Extraction [ S]. hittp:// www. epa. goy
sw84( pdfy 3346. pdf.

[J]. ,2008, 29(1): 189-198.
[M].
, 1978 62-132.
Railvad Commmission of Texas ( RRC). Clean up of soil
contaminated by a crude oil spilll R]. Austin: TX.
BojesH K, Pope P G. Characterization of EPA’ s 16 priority pollutant
polyeyelic aromatic hydrocarbons ( PAHs) in tank bottom solids and
associated contaninated soik at oil exploration and production sites in
Texas [ J]. Regul Toxiol Pharmacol, 47(3): 28%-295.
Salanitro J P, Dom P B, Huesamann M H, et ad. Cmude Oil
Hydrwcatbon Bioremediation and Soil Ecotoxicity Assessment [ J].
Environ Sci Technol, 197, 31(6): 1760-1776.
, . [J].
(6): 360-363.
, , . [J1.
,1997,7(3) : 8-32.

Cads E G, Fenn D B, Chaffey S A. Soil Contamination by Oil and
Gas Drilling and Produdion Operations in Padre Island National
Seashore, Texas, USA[J]. J Environ Mamge, 1995, 45(3): 273
286.

, 2000,19



8 2401

[21] Samanta S K, Singh O V, Jamn R K. Polycyclic aromatic [29] Lin Q, Mendelsohn I A. A canparatve investgation of the effeds of
hydrocarbons:  environmental pollution and bioremediation [ J]. south Louisiana crude oil on the vege ation of fresh, brackish and salt
Trends Biotechnol, 2002, 20(6): 243-248. marshes[ J]. Mar Pollut Bull, 1996, 32(2): 202-209.

[22] Barakat A O, Qian Y, Kim M, et a. Chemical characteriztion of [30] AFDawish H A, Abd E¥Gawad E A, Mohammed F H, et d .
naturally weathered oil residues i arid terresrial environment n Ak Assessment of contaminants in Dubai coasal region, United Arab
Alamein, Egypt [J]. Envion Int, 2001, 27(4): 291310. Emirates[ J]. Environ Geol, 2005, 49(2): 240-250.

[23] Bollag J M. Decontaminating soil with enzymes [ J]. Envion Sci [31] Schreier CG, Waker W J, Bums J, & al. Total organic carbon as a
Technol, 1992, 26( 10): 1876 188I. screening method for petroleum hydrocabons [ J]. Chemosphere,

[24] Cunningham S D, Anderson T A, Schwab A P. Phytoremedition of 1990, 39(3): 503-510.
soils contaminated wih organic pollutants [J]. Adv Agron, 1996, [32] AtlasR M, Batha R. Stimulated biodegradation of oil slicks using
56 55-114. oleophilic fertilizers [ J]. Environ Sci Technol, 1973, 7(6): 538%

[25] Hanbrick G A, DeLaune R D, Patrick W H. Effed of etuarine 1.
sediment pH and oxidatiorreduction potential on microbial [33] Nyman J A. Effect of Crude Oil and Chemical Additives on Metabolic
hydrocarbon degradation [J]. Appl Environ Microbiol, 1980, 40 A ctivity of Mixed Microbial Populations in Fresh Marsh Soils [J].
(2): 365-309. Miaob Ecol, 1999, 37(2): 152-162.

[26] Coredor J E, JM Morrell, Casillo C E D. Pemsistence of spilled oil [34] Jobson A, McLaughlin M, Cook F D, et al. Effed of Amendments
in atropical intertidal environment [J]. Mar Pollut Bull, 1990, 21 on the Microbial Utilization of Oil Applied to Soil [ J]. Appl
(8): 385-388. Miaobiol, 1974, 27(1): 166-171.

[27] Burns KA, Garrity S D, Levings C. Review: How many years until [35] Braddock JF, Ruth M L, Catterall P H, et ol . Enhancement and
mangrove ecosysems recover from catastrophic oil spilk? [J]. Mar inhibition of microbial activity in hydrwcabor contaninated arctic
Pollut Bull, 1993, 26(5): 239-248. soils Implications for mitrien-amended bioremedmtion[ J]. Environ

[28] Nyman J A, Kletks P L, Bhattacharyya S. Effeds of chemical Sci Technol, 1997, 31(7): 2078 2084.
additives on hydrocatbon disappearance and biodegradation in [36] Sandvik S, Lode A, Pederson T A. Biodegradation of oily sludge in

freshwater marsh microcosms[ J]. Envioon Pollut, 2007, 149( 2):
227238

Norwegian soils [ J]. Appl Envion Microbiol, 1986, 23(3-4): 297
301.



