48 4 Vol.48, No.4
2017 7 OCEANOLOGIA ET LIMNOLOGIA SINICA Jul., 2017
( 316022)
), ,
15% 5%
15% 5 5%
P76; X55 doi: 10.11693/hyhz20170300055
, (Wang et al, 1999; ,
Junoy et al, 2013; Faksness et al, 2015; Wei et al, ,
2015) )
( , 2015) (
, R , 2008),
(PAHs) , >
(Venturini et al, 2008; Prince et al, 2016) ( ,

2005; , 2009;
2014; , 2014;

(
, 2012;

, 2016),

*

) , 2016R411015
17858803531@163.com

>

12017-03-15,

s

, 41502261

>

>

2012)

>

(Rinaldi et al, 2002; Lee et al,

. Y201534409
( )

R , E-mail: pyyhj02bh@163.com

:2017-03-30

, YMJH201609

, E-mail:



858

48

2003; Oh et al, 2007) ,

, 2015, 2016)
( , 2005; Kim et al, 2007),
(Gajdo¥ et al, 1995)

1
1.1
1.1.1
1, b
10d
x1 ERARBFRKES
Tab.1 Components of the crude oil before and after
volatilizing
(ng/mL) (ng/mL) (ng/mL)
a 66.74 7.02 3.55
b 64.44 5.42 3.30
1.1.2
s N 025mm
0.5mm 0.5mm
2 2 2
(13 8
(GB/T12763.8-2007)”

1.2
1.2.1

x2 BIMARYRIIRE N
Tab.2 Particle size composition of the tested sediment

(mm) >0.5 0.5—0.25 0.25—0.063 0.063—0.004 <0.004

0.1 66 13.2 20.4 0.3
0.3 36.4 10.6 455 7.2
0 0.1 4 91.4 4.5
67.29g 63.92¢g 100mL ,
1h , 1d
1.2.2
6% 8% 10% 12% 14% 16% 18%
20%
24 ; 5%
6% 8% 10% 12% 14% 16% 18%
20%
24 ;
, 5% 15%
, 2% 4% 6%
8% 10% 12% 14% 16%
48 ( , 2015,
2016)
( , 2004)
s 0.01g
( 80g, 100g),
24h,
1.2.3
24h
) , HANNA
HI98331 ,



4 : 859

5 3d l B b s >
10 30d , >
, Excel )
s s 6% B
, 20% ,
5 2 , y=1031.9x"%*,
R?=0.993; y=442.56x"** R*=0.9475;
2.1 y=44.451x "% R2=0.9133, Archie (Archie,
1 1 1942)
’ 1200 - 140
62¢g 2g , £ 13
& 1000t —B— VB 5
) > ~ b 30 —
¥ goo} i £
, 0052g/d % o— 5E)H 125 g
S 600} X
66 =2 %
65 e 1 - 400 a
23 \\i '?C/I g@
a 64 —8— 7 \/532 % 200 N
m\\m/ﬂ 63+ K
/ | 0
E 62 M 6 8 10 12 14 16 18 20
i &1 SHKE (%)
60
59+ 2
58 Fig.2 Resistivity of uncontaminated sediment under different
6 O XN X A& AN X A O H A
Q(,;'/ Q(,;'/ Q‘O?/ Q@Q Q@Q QQ)(‘) Qq)f‘ QQ;‘\ QQ;‘\ Q@'lf Q@'lf Q@'lf water content
88 R3.B)
2.2.2
1 5% )
Fig.1 Volatile situation of two groups of crude oil 3
2.2 )
4 5 6 4— 6 R
2.2.1
2 y=106.2x """, R2=0.992;
1200 19
s El E 48
¢ 1000 —=— WEEE) 17 -
s v 1) S
g 800 - —— Q;\EE\ 16 9,
9 ‘E] i 5 K’I‘
« » = 600} =
> =2 14 i)
, , < 400 13 2
(Lee et al, 2003; Kim et al, 2007) £ ol 12
R 11
> 0 0
6 8 10 12 14 16 18 20
BKE (%)
( , 2015) , ,
3 ( 5%)

Fig.3 Resistivity of contaminated sediment under different
> water content (5% crude oil)



860 48

y=22.161x """, R?=0.909; y=0.9113x 1074, 350
R?=0.9854, Archie (Archie, 1942) _ 300 . TR
4— 6 £ 250 —a— SSESTARYEBAR (RM5%)
’ [e]
¢ 200F
’ % 150
100
’ 501 i~
’ 0 1 1 1 1 S\l% ]
, , 6 8 10 12 14 16 18 20
14% BKE (%)
0 b
; 20% 6

Fig.6 Resistivity variation of contaminated and uncontaminated
silty sand with water content

19.8—63.0Q'm ,

, , ( ,2016) , 5%
, 2.3
b b 7
’ “ » 8 9 , (15% )
(5%
) ,
40
351 >
£ 30} = FOSRTRIEEE :
g 25¢ —— SSRTVRIEBMAR (FRH5%)
i 20 ’ (
8451 90-m):
Bl 0.9Q-m); .
5t ’ ’
0 L . g ( 730Q'm)
6 8 10 12 14 16 18 20
SKE (%) Gajdos  (1995) ,
4 b b
Fig.4 Resistivity variation of contaminated and uncontaminated >
silt with water content ,
1200 ,
1000 5
£ 800f - SSRTRYIEER (FRH5%) (Oh et al, 2007, > 2016)
G b
i 600
g s
# 400
200 [ 5
0 ) 5 5
6 8 10 12 14 16 18 20
BKE (%) > >
> 2.4

Fig.5 Resistivity variation of contaminated and uncontaminated
medium sand with water content 0,



861

10 12.00
9 11.80
’g_ 8 11.60 ’g
a7 11.40 S
6 11.20 B
o | =
o 5 1.00 o
= 4 10.80 2
= 3 —— 2 {060 2
€ 2 ——RE {0.40 &
1 10.20
0 —_— 0.00
2 4 6 8 10 12 14 16
SHE (%)
7
Fig.7 The impact of oil content on silt resistivity
1200 - 1250
2 1000F 1200 2
a -
5 800 e
& 4150 %
® 600f P
= . =)
E 400 i 1% 8
E —— BT 0
€ 4 ®
200} 50
0 2 4 6 8 10 12 14 16 0
SHEK (%)
8
Fig.8 The impact of oil content on medium sand resistivity
1200 - 150
£ 1%
1000 -
S - 40 <}
5 8001 130 %
= 430 &
£ 600 {25 8
= 420 %
;E 400 115 &
I 110 M
% 200f &
45
0 2 4 6 8 10 12 14 16 0
SHE (%)
9
Fig.9 The impact of oil content on silty sand resistivity

11

1995),

10

) (Gajdos et al,

181 o mma% - Rm10%
= [Rf4% —o- [RH12%
1O e me% — Fm14%
- == [RM8% — [RH16%
c 14
S}
M 1.2
ey
i
1'0i
0.8¢L
0.6 . . . . . . . . )
05.28 05.31 06.03 06.06 06.09 06.12 06.15 06.18 06.21 06.24
B (2.68)
10
Fig.10 Resistivity variation of slightly damp silt with time
45 - N N
40 — [RH16% = [R)H8%
a5 | T REB14% A [Rm6%
a0l O RE12% - [Rm4%

- [RB10% —— [RiB2%

0 1 1 J
05.28 05.31 06.03 06.06 06.09 06.12 06.15 06.18 06.21 06.24

B8 (B.6)

11
Fig.11 Resistivity variation of damper silt with time

; 15% .



862

48

, 20%

()

Archie
83.3—1000.0Q'm;
333.3Q:'m;

3)

Q)

15% ,

8%

, , 15%
;5%

, 2014,
,45(1): 88—93

, 2004.

,26(1): 83—87
, 2016.

, 16(1): 282—287

s >

7
46(3): 651—658

s >

402—406

s >

, 2005.

, 2012,
,31(5): 543—547

, 2014,

, 34(3): 752—757

. , 24(3): 9—12
. 2008. GB17378-2007,

, 2009.

,28(2): 187—191
, 2015.

, 2005.

, 20(2):

, 2016.

, 47(2):
461—466
, s , 2015.
, 35(3): 880—889
, 2012. LNAPL
, 33(5):
1744—1752
Archie G E, 1942. The electrical resistivity log as an aid in
determining some reservoir characteristics. Transaction of
American Institute of Mining Engineers, 146(1): 54—62
Faksness L G, Altin D, Nordtug T et al, 2015. Chemical
comparison and acute toxicity of water accommodated
fraction (WAF) of source and field collected Macondo oils
from the Deepwater Horizon spill. Marine Pollution Bulletin,
91(1): 222—229
Gajdos V, Kral V, 1995. Influence of hydrocarbon pollution to
soil conductivity//Proceedings of the Symposium on the
Application  of  Geophysics to  Engineering and
Environmental Problems. Tulsa: Society of Exploration
Geophysicists, 785—789
Junoy J, Castellanos C, Viéitez J] M et al, 2013. Seven years of
macroinfauna monitoring at Ladeira beach (Corrubedo Bay,
NW Spain) after the Prestige oil spill. Oceanologia, 55(2):
393—407
Kim Y S, Oh M H, Park J, 2007. Laboratory study on the
dielectric properties of contaminated soil using CPT
deployed probe. Geosciences Journal, 11(2): 121—130
Lee J H, Oh M H, Park J et al, 2003. Dielectric dispersion
characteristics of sand contaminated by heavy metal, landfill
leachate and BTEX (02-104b). Journal of Hazardous
Materials, 105(1/3): 83—102
Oh M, Kim Y, Park J, 2007. Factors affecting the complex
permittivity spectrum of soil at a low frequency range of
1kHz-10MHz. Environmental Geology, 51(5): 821—833
Prince R C, Nash G W, Hill S J, 2016. The biodegradation of
crude oil in the deep ocean. Marine Pollution Bulletin,
11(1—2): 354—357
Rinaldi V A, Cuestas G A, 2002. Ohmic conductivity of a
compacted silty clay. Journal of Geotechnical and
Geoenvironmental Engineering, 128(10): 824—835
Venturini N, Muniz P, BICego Mar C et al, 2008. Petroleum
contamination impact on macrobenthic communities under
the influence of an oil refinery: integrating chemical and
biological multivariate data. Estuarine, Coastal and Shelf
Science, 78(3): 457—467
Wang Z D, Fingas M, Page D S, 1999. Oil spill identification.
Journal of Chromatography A, 843(1—2): 369—411
Wei L, Hu Z W, Dong L et al, 2015. A damage assessment model
of oil spill accident combining historical data and satellite
remote sensing information: A case study in Penglai 19-3 oil
spill accident of China. Marine Pollution Bulletin, 91(1):
258—271



4 : 863

THE STUDY ON RESISTIVITY CHARACTERISTICS AND INFLUENCING
FACTORS OF MOBILE PHASE OIL CONTAMINATED MARINE AND
COASTAL SEDIMENTS IN ZHOUSHAN

YI Guo-Jie, PAN Yu-Ying, CHEN Lin, SHI Yu-Xin, TONG Sen-Wei, TONG Yi-Han
(Fisheries College Zhejiang Ocean University, Zhoushan 316022, China)

Abstract Marine sediments is considered as the final destination of the petroleum pollutants degraded difficultly, and
the monitoring of pollution degree is very important. Through collecting in-situ marine and coastal sediment samples in
Zhoushan (including medium sand, silty sand and silt), and selecting mobile phase crude oil as typical representative, the
resistivities of standard crude oil contaminated sediment samples which were prepared indoor were measured using single
factor analysis method, and then effect of sediment types, water content, oil content and time on the oil contaminated
sediment resistivites and the according changing rules were discussed. Results showed that the resistivities of clean and
oil-contaminated medium sand, silty sand and silt all decreased in the form of power function with the increasing water
content and conformed to the Archie formula. When the water content was 15%, the resistivity rose with the increase of oil
content overall. While the water content was 5%, the change rules of resistivity of three kinds of sediment were different.
The resistivity of medium sand presented a small increasing trend, and the resistivity of silt decreased slightly firstly, rose a
little afterly, and then decreased slightly again. The resistivity of silty sand decreased largely firstly, rose slightly afterly
and decreased slightly. The contaminated sediment resistivities with 15% water content kept rising, while with 5% water
content the resistivities rose firstly, decreased slightly, and then rose largely. Research results can provide theoretical
support to the fast monitoring of oil contamination of marine and coastal sediments by the method of resistivity, and then
provide the decision-making basis for the marine environment management department.

Key words marine sediment; coastal sediment; mobile phase crude oil pollution; resistivity characteristics
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