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Assessment of organic pollution for surface soil in Shenyang suburbs

CUI Jian™ ,DU Jizhong, MA Hongwei, YANG Ze, LI Xiao, WANG Xiaoguang
Shenyang Institute of Geology Mineral Resources,Shenyang 110034, China

Abstract: Urban soils act functionally as an ecological screen in protecting urban environment. As the characteristics of
organic pollutants, such as carcinogenic, teratogenic and mutagenic, are perceived by people, a growing attention is paid to
soil organic pollution. In the context of lack of relevant environmental quality standard at present in China, we identifyied
the surface soil organic pollutants in Shenyang suburbs, evaluated and classified the soil organic pollution quantitatively by
factor analysis assessment method. The result shows that benzopyrene, hexachlorobenzene, DDT and BHC have the largest
contribution to soil pollution load, and are therefore the main organic pollution factors. Then the factor analysis assessment
method is applied, and the organic pollution assessment overall scores of the 34 suburb surface soil sample stations are in
the range of 0—224. 62, mainly slight and moderate pollution. Results of the evaluation and classification basically
consistent with the actual situation. On this basis, we analyzed the main sources of organic pollutants in surface soils,

which is of significance in preventing and controlling the organic pollution of the soils, thus ensuring food and water safety.

Key Words: surface soil ;organic pollutant ; pollution assessment ;factor analysis ; Shenyang
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TR,

B, HIEA G RR ZE P TEA AR 2 2305 R a2 S OR S5 B2 ST BILTS G 0 10 43 A REAE Rk
PRI TR EXT T 2806 W5 Y38 B A 2 A R Y 3 o A ] A R S
FRUEFR AN 75757 R B 2 IO HLTS Gy HE AT PR R PEA DTS B0t RPN R 35805 QL pF Ay
ZAP X E AR S SN Biob + O IS PSR A TR B ST, XE LR - R T e RA
PRER A2 KR

EHE B A T3 7 vk, 78 B RS2 3R AR E R S DL T, XRIFIY X 36 2 3RS A TPRA , LA
S HHEE LG 0 AT IR AT 4R 2
1 HARMREWRRHE
1.1 BRI

VEBHAT AL T 3L TR i 2 308 L i bl A B vy o AR b, b3 AR T pl AR b 1) 75 g 320 T R, 3 %
0.75% , M Tl S B2 V- Y4 R 45—50 mo X NEB U RG340 )32 BRAR BB Fe B X Ah, 150 5% DU R AN B E AR ) i
B, AR U REHIE B R 27 MERRUSE B2 S o, O AS 41 B el (5K DB | BP0 e SR A0, 28 ol
SLANRD | D LD IR 1 38 B A R R RE =72k BH i DX A R e T 2 XU A ST B K
587.5 mm, F-¥ZE & i 826. 8 mm, X PRI f AR L ) VY R AR 2F 42 DX, AL T A O, i K 415. 40 km,
X P Hb T K7 R E HIX 2. 0—7.0 m, T X2 K 12.0— 22.0 m, HAhHBIX 16.0—26.0 m, #F5EIX 14
FEEDIRFHE A ) - ROKAS 4 3 VR R Ot AR R T RS — R A T B
AKFE EK KT R BRAE,

1.2 RAE XA S5 HE A R A

2009 4E 7 H CREEXAL FLE3 = LLN ) A1 2010 4F 6 (CREEIX A FSasu ik LAAR ) M3 4 [ Bk 3 4 7k
FE AT ALK A 25 58 2835040 1 ZKCRABE S BHIE AY Tk el X K [ 5 2 3 34 R 2 H A HLEE
AR (B 1) SRR N 10—20 em, FTAFEMCRHIZEE ELE 23 W) A bR E 02 e B B ik BORE | R E O 10
% A T DU A IR R E 35 19 40 mL A58 VOA /NI, INA R 55 SR BR A TG 15 e i alivoK , B 5 f5
TRV FEFE TR PRAT , ik 31 ] L BRI A AU A™ 7 5 0 W B A oo e A 4G N
1.3 Hamdi

DR R F2 B L MR e 7 K8 34 M dlis (R 1) o U HIRD7 e SRS
AR5 - TR T (GC-MS) e, R I e it FH s B0 AH (355 (HPLC) W2 , A7 HILS AN AT LB A% 25 1 F <A
g (GC) MAE

®1 TEESENNKER

Table 1 Organic indicators of soil samples

TRFRAE R TEIRA R TRFREL
Types of indicators Name of indicators Number of indicators
G AN LT A2 T O B VA ST WtV N LWy - i ST et < 0 <0 B I
wi ke 2- =R HE N, 2- A R A T b — R IR e IR VR - 2- 15

N i
SR SR AR TR E] R O TR 1,2, 4- =R 5
L7155 ESNC LR b SN S AV 5
AHLEAL VAVAVANRTLH R, OS2 Q3.5 1 ME 7 /0 4N 5
ALY FUECE R R 3
EZ275:3 HIf(a) Bk 1

1.4 H¥sit S5
FIH Excel2003 F1 SPSS17. 0 #5445 345 HILT5 Ye Wyl 25 S Fn BEAL 48 bR 8Os 617 e it 0 b, (35 il b
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Fig.1 Location and soil sampling sites in the studied area
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2 REITEBINGRFEHE

M3 2 W LAE 34 R LTS Gepia s 14 ok 0F (a) BE ARG 6 4G HH S 22, 4908 25 > K
R T3.5% ; HRJEAHMLER L 7S 7S/SFIZSER K S5 19 ASF1 16 A, K R 453518 55. 8% F147.0%
AR RN AR DTS Je s 2R AR T 10. 0% 5 A MLBEAR 25 A I RF T

VCBH TR 2 S i AT BILTS G W e S8 385 3 A1, e T - SJE 345 o A 1 ( GB15618—1995) ) HRAVAT
7N7N 7N I T o PR A LTS G ) B RR v AL, DRI MO SRARE 5 7S 7S 7 R i T A B8 3 A ik - IR 35 o i A
HEY FPHLAE 1 0. 50mg/ kg 1 T 2 -3 B brofie ( 11 28 2830 T — R B B30 A5 R Mm% 14 |
TY34 (40T Jic IR ) Al TY36 (L3 HE i ) )2 - A% (a) BEEWREEAR 1, 205000 4172 F1 1423 ng/g, R H A
WS JLT FEEILER, I (a) B8 SR T B A 7S 75 78 B AS 53 R > 100% , R B LR PLTS G
Py B Jmy i e AR AR B, B i RAR AR

LTS B i 3 Ay 7 ARG A 3l TY34 TY36 \TY28 \'TY29 \TY42 ‘TY43 F1 TY45,
TY34 APk BH T B B HE TS A0 et , TY36 Mk iy DX AL 8 HAT o Az 16 B S, X AR & A LTS e )
BIkz s 8 B TY28 \TY29 o7 Tk FH5K L 55 HE DX, AT HLTS e Wy 38 K iy 6 A, 41 8 A, Fiies (9165 258 3% R AIK
TY42 TY43 I TY45 s A fEDE FHER S Tl BB 6 A HLTS Ged) 3—6 b, R AR A% BR TY25 M1 TY39
(R A /NG ) AR A LTS G Ah  HAAG I A (BRBA A ) 573 A6 R A AL SR 25 TR (a) BEER R
ESERLY/
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x2 TEANSEERMNLERSEITER

Table 2 Organic pollution test results of soil samples

T T R A ffﬂ_ﬁ/_ME ff&jiﬁ ¥iE Wﬁ% . E%?i&ﬁz ffﬁ{li%
Test indicators The number of Minimum Maximum Mean Std. Deviation  Coefficient of Detection rate
detected samples  /(ng/g) /(ng/g) /(ng/g) /(ng/g) variation/ % /%
ZHEM 2 0.86 1.50 1.18 0.45 38 5.8
1,1-Z8& ) 1 1.38 1.38 1.38 — — 2.9
1,2- &) 2 1.18 1.76 1.47 0.42 28 5.8
AR 2 2.18 8.16 5.17 4.23 82 5.8
[ SR 2 0.93 2.98 1.96 1.45 74 5.8
Xt A 2 1.96 8.85 5.41 4.87 90 5.8
1,2,4-=5% 2 0.82 3.17 2.00 1.66 83 5.8
# 7 1.18 2.56 1.86 0.52 28 20.5
EEE S 2 0.81 0.86 0.84 0.04 4 5.8
ZHZE 1 1.54 1.54 1.54 — — 2.9
VAVAVAY 19 0.72 39.44 8.41 11.47 136 55.8
VAY P 16 0.77 57.70 12.35 15.23 123 47.0
T TR 25 0.50 48.59 6.27 9.47 151 73.5
HIH(a) Bt 25 2.82 4172.67 254.62 863.32 339 73.5
FEAh g 34 41

3 RELTEBVISLIEN

PR 3 AT A0 A A A 3 JBC ) DA 20 i PR 38 22 R P A S P A 7 A AL L, DT X DA e 1 2 g DR R A T 2 U
fai b, #EBE D EO LA ST A 25 G AR i sl o P (AR AR e b PR IR B R AR TR 3R 1 25 L, e
AR TSR b S AT X G A REAE A Bl DR A T A X S AR R 2 - AT A A HLYE Y
B, AR 13508017 22 A WLT5 Y m it S g,

BT R0 B i A LTS BT BAO P RS - (1) BabriEfl ; (2) #iAFr 0 Hr i I b A 1 2
BAERF 5307 5 (3) W3 PR 728 5 (4) R e 7 i At DR 2 o HLA W] Ak (5) THIR DR 115 43 O 3k
AN 9
3.1 KMO K501 Bartlett ERIEAG 5

FIFH SPSS 1 A4:, % 34 ASFE SN 14 TUA ML Qe dabn B br AL A 305 64T T IR it 3, nsk 3,
— B KMO Geit s KT 0.9 B Mt e f,0. 7 LA EATRIE3Z,0. 5 LR A EAER T8, A6 KMO BUE
0. 774 #E—LEDE TAER F 4 al 170 . Bartlett BRIER I ST Sig (/N 0. 01, ULEA & 48458 2 R A77E
B A

y—

ik
1115

£ 3 KMO 70 Bartlett BJ#:38
Table 3 The test of KMO and Bartlett

IURE JE S HE () Kaiser-Meyer-Olkin 4 Kaiser-Meyer-Olkin measure of sampling sufficient degree 0.774

Bartlett #9BRIE BEAG 56 PR 6695. 568

Bartlett sphericity test df 528
Sig. 0. 000

3.2 AT

PAASFRPRAHOC R B P R Al 4 HU A PR BRI R AR R AL 7 22 Do A AR T ko s AR, gk
4,550 T HAAHEF PTG IEE X SR THCR . AT S DA FRREEER R T 1, H BB TTHCRTE 75% LU
e BOMERBGX 5 A B U RE oA AR R 2 R A LTS Yedabn . W H e 5% J7 v SR Bty S I, 10 e e
J BEAS N R A b 28T 43 TC R T I B, PR TR S ) i R A A TR I (3R 5)
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x4 BEEMAEFRHERZRTME
Table 4 Eigenvalue contribution rates and accumulated contribution rates of the common factors
A PF Common factor ¥ F{E Eigenvalue TRk Contribution rate/% EFATTHL R Cumulative contribution rate/%

1 5.238 36.2 36.2

2 1.887 12.2 48.4

3 1.566 1.1 59.5

4 1.196 9.5 69.0

5 1.116 9.4 78.4

x5 REETFER
Table 5 Rotating factors matri
¥ 4547 Pollution indicators ki AT 2 AT AT AT S
Common factor 1 Common factor 2 Common factor 3 Common factor 4 Common factor 5

TR -0.019 -0.215 0.224 0.023 0.798
1,1- 28 L -0.028 -0.252 0.012 -0.126 -0.380
1,2-Z5 L -0.047 0.037 0.086 -0.102 -0.137
RS 0.099 0.083 -0.018 0.025 -0. 006
[ SR 0.099 0.105 -0.020 0.018 -0.004
AR 0.099 0.061 -0.017 0.033 -0.008
1,2,4-=5% 0.099 0.079 -0.018 0.027 -0. 006
ES 0.453 0.258 -0.065 0. 856 -0.111
LIS -0.029 -0.062 0.083 0.001 0.449
R -0.095 0.007 -0. 115 0.306 0.138
VAVAVAY -0.044 0. 859 0.014 0.078 -0.016
VAY B 0.190 0. 869 -0.020 0.011 -0.003
T 0.098 -0.036 0. 853 0.461 -0.538
It (a) B 0. 944 -0.083 -0.024 0.095 -0.041

FEHOTE I T HA Kaiser SRIEACHIIESCHE G 5 a: EREAE 13 YOEAUR 8L

M 4 FIZE 5 AT LR AT 1 TR R R (36. 2% ) | FHAE ) 5 28 3 (a) BE AR 56 22 8046 % {8 %
K, 0 0.944  J e T UL FHIRAR R 2 R IR (a) BE( Z IR A PTG B A5 B RRRIE ; AR+ 2 FIA -+
3 EPITTHR IR T 23. 3% , FRAF ) 5 71 7S GRS 7S 7S I T B 4 AF 56 2R 804 XHE 43510 0. 869 .0. 859 Al
0. 853, FEZL LWL 7757578 AN AR TR B (A HLEARZG ) B9T5 YL R- e s AR 4 FIA TR F 5 STHRFAI XL
AN AR 10.0% , 53 ) S i T 3R 2 T HER (BRER 5 IR 28 ) A S P be ( s AR ) iU BILTS YR iE . AT UL T P
WA R A LTS Y TR (a) EE A AL AR 252,

3.3 HFHESITE

H 150 i REUERE (R 6) , AT LIS H s A IR 150 a2
ST 1=0. 021 x G H BEH EE(E+0. 0081 ,1- 5 LM e BE(E +- -

NHEF2=-0.097x AT BEH BEE-0. 157x1,1- LIk BEAE +-

INHF3=0.037x A BEREE(E+0. 0501, 1- & LG BEH +- -
INHT-4=0.091 x G H ek FE(H-0. 0951 ,1- 5 LK e (H +- -
ST 5=0.597x G BEH BEAE -0. 321 %1, 1- A LG B+

3.4 EKEZHIEAHLIGY

PO Ko gk

+0. 194X (a) MR E(H
=0. 109xHE I (a) U EE(H
+0. 001 x4 (a) BEWRFE(H
+0. 024> (a) EEVR BE(H
-0. 012> (a) EEIRJE(H

B 5 AT B BEATICRAN, TR BHIGR A SRR R 2 B ML R Er G 4 R T 4
SEAT BTG YR BE At AU aA | A5 O | SR T e 8™ B, b, AR 2505 15 0 (0 B 02 S 0 R Y
TSR EIAT P (FR T) o HPACER A 2 AR I BTRRR (R 4)
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x6 EAFRISRY

Table 6 Score coefficients of factors

¥ 48 b7 Pollution indicators CLER AR 2 KT 3 AT 4 AAT 5
Common factor 1 Common factor 2 Common factor 3 Common factor 4 Common factor 5

AN 0.021 -0.097 0.037 0.091 0.597

1,1- =8 ) 0.008 -0.157 0.050 -0.095 -0.321

1,2- RN 0.002 0.050 0.059 -0.063 -0.232

ER S 0.020 -0.001 0.002 -0.048 0.019

[] — 5K 0.020 0.013 0.001 -0.056 0.021

po 0.020 -0.016 0.003 -0.040 0.016

1,2,4- =508 0.020 -0.004 0.002 -0.047 0.018

ES 0.040 0.068 0.003 0.462 -0.025

o 0.014 0. 000 0.493 0.059 0.241

TR -0. 068 -0. 066 -0.073 0.650 0.170

VAVAVAY -0.057 0.525 0.034 -0.018 0.023

A% B3 -0.005 0.526 0.010 -0.087 0.038

T T -0.011 -0.087 0.259 0.341 -0.437

It (a) ik 0.194 -0.109 0.001 0.024 -0.012

H 2R 7, i LIS 34 AR AR Z DIEA VLG S 285 143 7E 0—244. 62 Z ), 4% BRZE GV (E A
WHRMZEFRIT T 6 MAPGRRREIUN, IRT5 Y BRSBTS RS g R TS Y M TS
g, BEEEAHTGRAUE TY34 S (AT ) |, V5 L 80™ M A A2 TY36 (B3R MEMT ) A1 TY29 (JFak H15#EIX)

Z FNAHLIE Y TY25 F1TY39 (BIAR KNG ), MR AE 3R 2 RN e Ts Yool B V5 e V5 Yo Fe i 9F
AP, G5 A A RFE S BRI S, T LUE H BB 45 28 70 36 )2 1 A HLTS Y 2 B Pl o 3R A R 4T IS e > b7
I HE Tl > JF 5 HE X > Tl FH S A > K H SR S AR P A Z/NBE, PR 25 5 S 53 -5 S B i LSS AR AH AT, 31X
FOUI T 7E H AT Z - EA WL Y B bR HE RIS B0 T A Bh R T ar Mo ik BT X R 2 R IR ML
Pu i) AP IR RIS

KT BRERREIEENSPENER

Table 7 Evaluation results of organic pollutants in surfer oil at all sampling points

RS ART 185 ART28 ART3IES AFTF48S ARTFSES  HGHES 1Y HEA TS YFREE

Sampling  Score of Score of Score of Score of Score of Integrate Pollution Pollution
point  common factor 1 common factor 2 common factor 3 common factor 4 common factor 5 score ranking classification
TY25 0.00 0.00 0.00 0.00 0.00 0.00 1 *
TY39 0.00 0.00 0.00 0.00 0.00 0.00 1 *
TY27 -0.01 -0.06 0.18 0.24 -0.31 0.01 3 E=35 3
TY43 -0.05 0.46 0.03 -0.02 0.02 0.04 4 B
TY53 0.02 -0.08 0.03 0.08 0.52 0.06 5 E=3i 3
TY44 -0.07 0.67 0.04 -0.02 0.03 0.06 5 R
TY33 -0.13 0.52 1.04 1.27 -1.63 0.10 7 g
TY31 0.08 0.13 0.01 0.90 -0.05 0.13 8 B
TY30 0.58 -0.49 0.45 0.67 -0.80 0.19 9 g
TY58 0.64 -1.16 1.84 2.34 -3.39 0.20 10 B
TY48 0.79 -0.44 0.00 0.10 -0.05 0.24 11 B
TY35 -0.11 0.70 2.47 3.67 -4.02 0.29 12 iz
TY38 0.34 1.61 0.18 -0.04 -0.12 0.33 13 Bz
TY63 1.32 -0.68 0.08 0.09 -0.35 0.38 14 Bz
TY26 0.83 0.63 0.64 0.76 -0.94 0.43 15 g
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Sampling Score of Score of Score of Score of Score of Integrate Pollution Pollution
point  common factor 1 common factor 2 common factor 3 common factor 4 common factor 5 score ranking classification
TY60 0.99 -0.58 0.47 0.25 0.78 0.44 16 g
TY54 1.17 0.85 0.46 0.56 -0.58 0.58 17 B
TY37 0.21 3.63 1.11 1.00 -1.27 0.62 18 B
TY55 4.17 -1.58 0.42 0.94 -0.80 1.38 19 e
TY49 4.70 -2.86 0.64 1.39 -1.33 1.43 20 W
TY62 2.89 5.25 2.93 2.35 -3.47 1.91 21 i
TY57 4.78 0.77 1.00 1.32 -1.44 1.93 22 R
TY32 1.85 14.65 1.03 -1.21 -0.02 2.46 23 i
TY52 3.97 11.90 1.11 -0.28 -0.24 2.97 24 i
TY47 3.39 25.80 3.23 0.76 -1.66 4.66 25 e
TY50 13.97 -10.59 12.72 18. 64 -22.02 4.88 26 e
TY28 10.36 6.39 4.67 6.33 -6.54 5.04 27 e
TY42 2.33 35.73 1.88 -2.64 0.89 5.25 28 e
TY61 22.82 -13.25 1.31 4.40 -3.42 6.90 29 e
TY45 9.42 29.75 2.30 -1.47 0.39 7.20 30 e
TY40 23.09 -8.22 1.24 3.36 -2.78 7.57 31 e
TY29 32.74 -11.36 1.86 7.31 -3.73 11.04 32 L3
TY36 276.00 -155.77 3.36 36.70 -20.34 83.05 33 Ly
TY34 809. 88 -447.53 6.94 102.29 -53.45 244.62 34 G

4 RETEBHTERIE

WIHTTIRAR R 2 R 2R 0f (a) B R R LTS Je I, R R w183 73.5% , WESE R W, 80T
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