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Characteristics of Soil Pollution and Source Analys1s of Typlcal Pollutants m“'the

o

Petrochemical Site ' (i Wl & v

ZHANG Yu-rong, LUQ/ Shucu CHEN Yuan, CAO Jun LI Bm LIU “Yuan-yuan ” - N
(Key, Laboratorv of lhef Thref- Gorges Reservoir Region’s Ego# Enylron{rm __,anl%m. of Education, Chongqm‘c' Unlwrsny Chongging 400045 China)

) o
Abstract. Taking the 5611 of a petlochemlad] site in Ghongginig fas { reseth object, the pollution sources’ of heavy metals and volatile organic pollutdms in the study aréa

were quantltam ely ahalyzed usmg principal component analy51s and a positive/definite matrix decompositioft moflél, The researchI results showed that; (D) the ‘average valués of
Cd, Cw, Pb, Hg,land Mn in n the soil of the petrochentical site and its difroundi ling areas were higher than the soil background values in Chongging, and the content of Coin
6% of sdmphm'g points’ was/higher than the risk 5Lreemng1\dlue of the first type of land use for construétion land ( GB 36600- 2018) The pollution level of Hg, Mn,
chloroform , éthylbénzene , m/p-xylétie; and o-xylene in thefsoil of thg}__@lle was.lﬂore sérious than that of the soil around the site. The industrial production activities of the site
will canse blgmﬁeam pollution to the soil of the site. @) Eight heavy metals. mlhesoﬂ could be classified into four sources: 62.50% Cd, 54.53% Ni, 54.12% Cu, 51.26%
Co, 49.34% Pb, and 31.80% Hg were from the mixed sources of industrial emissions and agricultural activities. A total of 47. 61% Mn was from the mixed source of natural
and raw material production activities; 62. 79% Hg, 21.57% As, 19.43% Mn, and 18.42% Cd were from the emission of coal-fired industrial activities; and 78.01% As,
46% Pb, 39.94% Cu, 38.15% Ni, 36.49% Co, 26.12% Mn, and 14.29% Cd were from the original material soil. (&) Seven volatile organic compounds in the soil of the
site were mainly classified into three types of sources; 86.49% dichloromethane and 90. 14% tetrachloroethylene were from human activities in petrochemical sites; 98. 88%
m/p-xylene, 96.28% o-xylene, 84.62% ethylbenzene, and 76.46% toluene were from petrochemical site pollutant leakage sources; and 80.24% chloroform was from the
natural sources.

Key words: petrochemical sites; heavy metals; volatile organic compounds( VOCs) ; distribution characteristics; pollution status; source analysis
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A7 1 R T A o507 S b B o DX 3 A A b 1 A
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Fig. 1 Distribution of soil sampling sites in the study area
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LA+ b AT REAEAE I PR BT T Y ) A0 45 B
S8 | R WL AN R ML . R4y
o oh &)@ As (RO - 2 63 HI 680-
2013) 5 Cr( VL) (B v 48 B KO0 T 7 W s 43 D' o
FEk ,HJ 1082-2019) ; 4:J& Cd, Cu, Ni, Pb, Co FlI
Mn (7K £ HR-H S8R A 45 125 44 BT 7, HI 803-
2016) ; 4@ Hg (30 M ff-Ii F 2¢O, HI 680-
2013). Y5 HE ( M 4R -AORE (3% - 15 HT 605-

2011) , FHE F 52 iz ( AL N A AR -0
7 HI 889-2017) . “BHE R AN (IR | R
JWig | 2-FARM , RIF[a] B RIF[al B, RIF[b]2¢
BRI (k]2 B, & JF[a,h] &, EiJE
[1,2,3-cd JEERIZE) R AAH (3% - 0T 1% (HJ 834-
2017) . R EA LY (U A . 45, S L.
- Ok 1,2-— A ke, 1, 1-— A L, i
X-1,2-2 &, mal-1,2- &, —EH ke,
1,2-—FWEE, 1,1,1,2-WE L%, 1,1,2,2-TAL

o
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L2-Z8 R 1, 4-Z8K, R, R, WHE,
[/ %of - — FR 2R AR A ) SR W 4 2O 68
-k (HJ 605-2011).
1.3 TEEGLRESTEN
1.3.1 TIESESETGY

(1) Mo ZFFE B0 (index of geo-accumulation,
1,.,) i Muller ™ $2 ) Fik50h .

Igeo = lOgZCi/(K -+ S) (D)

X, 1 R BE U, ¢, WITR | S,
S, HICE i FEEPHLIX T el K WIBIE R,
BCL 5P 5 YT SR g 1, <O (R 2 ETS
P),0<1,, <UCREEY) 1<, <2(RPES
Py 2<l, <3(PETGY) | 3 <1, <4(CPIEREETS

gy A<l <S(EEHY) ML, >5(METSYY).
(2) W TEA= 25 KUK 45 £ ( potential ecological risk
index, PERI) iy Hakanson >’ 4 14 , SRS i
T Y R 2 R AR AR R AR
CF, = C,/C, (2)
PERI = > ER, = > (T, xCF,)  (3)
KX, CF, WITR i WG RREG €, WTR i 5
M €, WICR i FEE P IX - 5l T,
RITE i WEETEREG ER, WESJR  MIBTEAS
XU 05 PERI S 3 rh 250 & 4 R 9 25 518 1E
EENEER FESEENEERELSF
Hakanson" ™ FH 4 Ji 557 (B 98 45 51, 50 9008
T, =10, T =30, T, =5, Ty, =5, Ty, =40,
T =5, Te, =5 Ml T,, =1. PERL 9 5} 24 b5
WSO I 1 R, “ F

! r !
1 BEESRRIENS DI 1=/ L
Table 1 Classificati(;n standard of the potential ecological risk“index 'r“'“
VAR A KB R B (ER) WEAE/E 25 KB HE B (PERT) A AR 25 | el
ER <40 PERI < 150 AR AU F F
40<ER <80 | 150 < PERI <300 s | d
— B0<ERZ160] 300 < PERI'<600 AL Vo m
© 160 sTR%320 / 600SPFREZ 200 -0 N
ERE320) "Pfflfé 19000 S AR v
r B ] , f. 4] -
1372 AL VOGS 5 ! Bk SR 1 D L 75 34 W 2 5 A Y 1 T )

“(1 W Nemera 25 45 Jdte it Kk (o) BEWGRE (LIS
YRR AT I T 15 e D A R

TG

Ko, Py REASFEAT R 1 I M 25 515 Y FE 4
C, HICE i AR RS EAE; S, HTE i 7
BEASRAE K AIPEB AR ; max T C/S, B R
i ave B FTA C/S, B H{H. Nemera T 5
G P <0.T(RZENTGY) 0.7 < Py<1(
EMR) 1 <Py <2(FREETEY) 2 <Py <3 (T
VHY) Py >3 (EETGYY).

(2) PR EE 52 BE (ambient severity, AS) 1] PEA
BTG Y Yy 1 FRBE 5 RO A KU T
WP

AS, = c/Ct (5)
TAS = > AS, (6)
K, AS, MICE | IR, ¢, HItE i 5L
WE & C) WInE i IEMARIE; TAS N RIAEE R
M. AS VR IFMARE™ . AS<1.0 H TAS <
1 O(fRIEAEXES ) ; AS<1.0 H TAS > 1.0 (754 ¥

AS > 1.0 H TAS > 1. 015 Y84 K Ho T fe X 5 74
WIEfEE).
1.4 PMF JEf#fT
1E %€ %6 B% 43 f# ( positive matrix factorization
PMF) #581 Hy Paatero 25 ¥ & ). PMF #2801 LK 1R
SEREAKI A 3 fift WA AR B, RO 7 ik (g ) A A
T (f) , LT Al R
X; = ;gikfkj +e; (7)
A, XN L DREAR TR AR A R g, N
55k ANVRXSES | DREARBTTER; f, 5 kAR
55 ) NIRNIEL e AR T DREATES j AN PRN
SIBEE R p NS IR S @ T PMF AL H
B eREL Q fe/ MUK S5 T 153 K F B Rk A 2 i
é;
Q=;;ZHZ] (8)
X, m 25 YW B n O R EEREAR Y
it s w0 L REATES A YIRAN E S
AN E PRI T AR 4l 35 B AR R F PMF 5.0 H]
IREEL R S
u,=./(o xX,;)* + (0.5 x MDL)?

y

(X, > MDL)
(9)
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6 !FA#F# TANGAEVE 3T, LA SR Al ) A

A, o FIEB2E (B0, 1) 5 MDL 254 Bl CRES UL, TR S DX B e ] A g

J7 AR B . A it v BE ARG T O A O FIR 1 i
18 MDL/2 0%,

PMF R FRENL A1 R B (3 PR - 8 (
&g =2 NPT VOCs: “EHAKNTF) 1817 20
W, BRI F BBCR Q 5 R K/NS 84 R
B 43T, R X ] ttﬁ’”%i%%?rﬁﬁ% f R,
i e A R 8. o X LA = AR B R 2
DX ] B/ X i) H ] A ?‘éféﬁ;ﬁﬂ’]m%lﬂﬁ?kfi
=95 B4 piE -5 EHANAE. RIE Q. F1 Q. B1T
L) B4 B R Run 9 204, VOCs 148 Run 20
S3A. HAJE PMF JB#ENT, Cd BIEMRLLN 1.3, 1%
BN weak” , HAB V5 Y F-IfE LY R TF45TF 2,
B M “strong”. VOCs [ IE AT AR $E R K/
ROK W E N “bad”, HAb 5 e N T &H R
“strong” , A10 B 78 KT HoAh '514 F)]"U\ﬁ‘*ﬁﬁj‘
HERR A10 Ab %0k
L5 RS

IR A e 5 ey
ﬂ:ﬁ’fjﬁﬁﬁ IBM SPSS Statistics 25¢0 ¢Fxcel 365 *ﬂ
Origin 2021 !wtr 1E ArcGIS 10.4 Wﬁiﬁﬁiﬁﬁi
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Fig. 2 Evaluation of heavy metal pollution in soil inside the site
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Fig. 3 Evaluation of VOCs pollution in soil inside the site
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Fig. 5 Spatial distribution of pollutants in soil in the study area

B TR T, AT R B 5 2510 86.268% . [ 6. (b) JEfie B2 ANHFAEAE > 1 B2 N1, ol filf B B 05 2 19

Fer

88.145%.

AR FEX VOCs MY ERAT, 28 o o3 B 4

s

=
H



6940 woom ® % 44 3%
1.25 1.5
(a) &I -3 40 43 2 . As (b) VOCs-F:nf 43433
1.00 " o o Cd
: - LG ]
0.75 i " :4: 1.0 b : %ﬁiﬂﬁ . :
" < Ni A R LA &
= 050 A » Co v I3
¥ *Mhlespezk
= 0.25 v A :!;'ﬂ;ig-m;glx
. s o K24
° % E 0 = :
-0.25 L4 L ]
-0.50 : . . -0.5 L L
PC1 PC2 PC3 PCl PC2
6 e EFHEIER
Fig. 6 Rotation factor loading matrix
2.3.2 PMF JEf#E#T AN TR E AT BT PR Cd
BT, BT SRR TR Ph Y BS I LA R, O 154 AL 17, RIS
ﬁﬁﬁ TS 2N R Sk, XA RN g b f = I SR, 1(Cd, Pb)1TH %%ﬁ%ﬁﬁﬁ?,ﬁTﬂﬁﬁ

T2 AT 3 SR R R B IR 5 R

%xﬁl%u_113£pﬂﬁﬁfﬂﬁ%£

2.3.2.1 #EL)E

%Mnﬁfm%47%1m9%aum1¢%um
2o AT 4 %ﬁhﬁz%ﬂm?“‘” M= l%iﬁ

Qrubusl/Qexpeuedy\ 3. 80 FFKR?IJ 3.45 B&r

ﬁ

:;:-“‘_

ETHE J% Eﬁi”ﬁ*ﬁ?‘ﬂ%ﬁﬁﬂ’]%ﬁ.} 7%7@@!?%%%%1$E’JE%EPMEJ?%
e .-“ iy _--;a-"‘"‘ . i L J ! F s
2.2 22
20l (a) ZH 7R E 3 Bs 20l (b) P P Eh
18} DISP 18l
il | [ BS-DISP ol
14 F 14L
E 12} g 2l
E 1.0+ E 1.0
0.8 ¢ 0.8
06 0.6
0.4 L 0.4
0.2 0.2
e Cd Cu Pb Hg Ni Co Mn y . As - Ccd Cu Pb Hg Ni Co Mn
7 EEREAAETFHERTIMIREGITHFENMAETERELE
Fig. 7 Interval ratios of identifying species of three error estimate methods for heavy metals under three to four factors
x4 ESRBREMHITSHELE
Table 4 Summary of heavy metal error estimate diagnostics
2 W =PI 5 (LSRR T PR N TFE R
Q xpected 140 91 42 -7
Qe 594. 05 323.89 190. 61 99.52
Q robust 532.48 313.99 178.94 86. 82
Qrobust” Qexpected 3.80 3.45 4.26 -12.40
DISP% dQ" /% <0.1 <0.1 <0.1 <0.1
DISP% swaps?) /% 0 6 54 70
BS K TIERL /% 100 100 100 Factor 6:99
As: 42; Cu: 21; Pb: 22; Hg: 30; Cu: 73; Pb: 84; Hg: 89; Ni: 81; Co: y

BS-DISP% swaps® /%

#1%

SN E R

BT 1(As) 5

Ni; Co; Mn) ;

Ni: 175 Co: 11; Mn: 15; #. 50

KF2(Cd; Cu; Pb;
%3(1‘15)

83; Mn: 71

K 1(Cd, Cu, Pb, Ni, Co); HF2

(Mn) ; ¥ 3(Hg) ; B 4(As)

1) DISP% dQ TR LiR2Z M Q FRERI T 20 5 2) DISP% swaps F78 7E B4k iR 25 40 Hr b & A2 IR 128 e B 43 1L 5 3) BS-DISP% swaps
FRTER - B kiR 2= b B AR TR B E A3 b s 4) “—7 TR BdR Rk, R A



12 4] SRUNARATF ;PRI ) Al 7 M S YRR KR IR B 6941

L0 N FERT BS FILELRA 100%,6% )
DISP iz 1T B & A 128 . DU T = R, 45 A
X 8 A 4@ Y TTRR AR A 8 firaR. g 8 A
A @ 0 S E A B E LA SRR R, =
0.9938, R>, = 0.2754, R’ = 0.8039, R}, =
0.5941, Ry, = 0.9953, Ry, =0.7005, R;, =
0. 664 9F1 R;, =0.998 5.

¥ 1 %F Cd. Ni, Cu, Co., Pb Fl Hg B Tk %
29k 62.50% . 54.53%., 54.12%. 51.26%.
49.34% F131.80% . 45 65% . 85% . 100% F197% A
S48 Cu, Pb, Hg 1 Mn # H & BCH X 4 3
TR KW 4 ﬂ:iﬁx)\ﬁ(ﬁdﬁf M 45
K. F2 OV, =3.13 1 CV,,, = 1. 23, FAE R R 5K
[l FE R Cd Al He 52 N3G shrsg m ik /1 5 4%
Bl Cd 7E A10 37 il B4R T 4= 38 R A 50 4h % 1
1. BT DU B RN VR A A AL R A A A Al A 7
AR R, Co 4 Fﬁiﬁﬁ%kéé%ﬁnjﬁkﬁi
AT FF LA Co 1 AU Tl 2 7 e ACHE R
AWK Cd T RER I T4 it A 0 Tl B K
. Cu TGRS ﬁ%ﬁﬁm$ﬂ§@
Ni PR IR T w&mmmWJ@ Tk
F PR ﬁﬁk&émﬂmmﬁ@ﬁ%

Iﬂ? 2 At Mui 55 k388 A ) 4;/,}61%J
Eﬁ}%¢éﬁ n TS
Tt ¢ i@j( %ﬁﬁﬁtiﬂi
m«éaﬁﬁ 1’E

Pb

4
@&WEfﬁa.

S LR
*‘*('@gl) L

HE IR RN R T TR A TR (10% )

%%UfE%AEEFLﬁ#ﬁfﬁ

S, DN 7 e Mn BT BE R VR T 3 2k 7 0 B L
B K HER. T A SRR p Ak 4 @ Mn 3508 3 8 G
HuIX I S )] USRI R 5 X N 2
- HE Mn AR (ESCE. Rk, v LI 7 2 &
st JEOREAE 7 1 S HERCE AN [ AR VR LAY TR A TR
¥ 3 X Heg B 5T#k R i K, h 62.79%, Hik
H21.57% As. 19.43% Mn F118.42% Cd. BF5EIX
o He J& b BT 4, F B 13 i i kB gy
DX BRBEER N 1038 17 SR iR e Fe 1R I 1 1 S AT
W AR RY] Heg 5B Bbe . R HER
S0 TR As T Ni B R SRR R
3O Rk, AT LA R 3 R R Tl 3 B
HECIR.
[HF 4 % As. Pb, Cu, Ni, Co., Mn il Cd #y57
AR 3 0y 78.01% . 46%. 39.94%, 38 1,,%
36.49% . 26. 12% l 14.299% . 254141 d%m
5347 51 50, AP Cu Fil Ni E%ffﬁ 1& H
As. Ni Fl Co 1&%/'\%%&&@&@9&{& iﬁéﬁf
ST ARG R Ac, N AL Cul
E%%WMWFpmﬁumﬁl¥f%&it
JRIE. “5"' ; & ) J ( “..-’ |
A1 8 % F’MF L 7 4 e ﬁ@é
E%Eﬁa,gﬁﬁﬁmiﬁﬁmﬁﬁﬁyﬁ
W (43% ) . 4 JEURE AR N B
BRI
v S S HE IR (19% ) Fs £ B R (28% ). +

Cd Cu

Hg

—

6.85%

8 BEFHNESERENTHE

Fig. 8 Contribution rate of each factor to heavy metal concentration distribution



6942 2D 53

oo 44 %

i%tlﬂii)%éﬁ%?)?éﬂﬁi%ﬁé,{B%)\ﬁiﬁzﬂmﬁ
MR ER B TELSBENTBAEIIKS . 5
%’i P, BT DA 2% 3 b PN AT e 1 R 4 Vs e Y
A AT A WA
2.3.2.2 VOCs
HT VOCs-F BT 5 Hrwl 201 B RHAE I -1~
BT AERE M SRR B9 b R TR T,
[ /% - F R RN 4B-— F 2R 1Y DISP X [H] 4 & &

2.00, 439353 2. 10 12,30, K E = T4
9 —— - —
] @ T i .
DISP
Tr [ Bs-DIsP

X be A
]

fLHrLJQW A

el

15

14 | (b) ZFEFH R

12 |

11
10 F

[EqlNEA

—_— b W b h S~ OO
T T T T T

0 Ml 7 l_b-,i—l,l_lns—\
| 2 3 4 5 6 7
24
2y | (©) PR R 5 —
20F
1.8
7
16 F é
= 14t Ym
2ot ?
= 10l %
i I.{T %
0.8 7
0.6
0.4 Z
02
ﬂ 1 L

1 2 3 I 4 I 5 6 7
L AL 2 &5 ,3. MR M 4. IR,
5. L6, [l /% - HISE 7. 4R- R
B9 VOCs ERREFHIERT 3 REMIT A ERN
REMETERELLE
Fig. 9 Interval ratios of identifying species of three error estimate

methods for VOCs under two to four factors

I 2 3 4 5 6 7 B

il A AR PR AR R, UL AT DAHERR DU PR 45 5. —
M =TT, BN BS X (8] HAE
JEH K, {HH: DISP F1 BS-DISP X [f] . ff W H &A1,
RPN T IR 2( IR 298 ATREAR FE 70
o 7 2 W RE RIS IR, 3 5 "I H1, DISP%
dQ <0. 1%, DISP % 22 3 Hr 45 J R g Bk a1 A
AT R =T, Q0 Qe t,U\o 81 TR %
0. 39, FEMa e A, PRl Ao = B 71 5 2 a1
VOCs JEfgEMHT . =R EF BS R FILELR
4 100% , DISP iz 17 B BoR K A R F 58 4. = K118
HOF 8 Al VOCs BT R AL 10 fros. L3 7 F
VOCs 14952 0 AF A0 00 {8 4005 45 5 02 R e =
0.9835, Rl =0.999 8 Riyyus =0.8159 Riy =
0.9914, RS, =0.9978, Ry sz = 0.9960 gl
Ry 5wy =0.9999.

T 1 A 0T A 2 4 3 ﬁ%ﬁﬁ
53514 86. 49% il 90. 14% . i% X FfG e n%ﬂqﬁ.ﬁﬁ
ﬁEfE%ﬁPﬁEﬂciﬁfﬂzﬁP (EP=3 %W&%mﬂl%
akﬁﬁﬂkﬂéﬂ??%ﬂﬁﬁifﬁﬁﬁ HAE e b &
ﬁjv‘ﬁ%ﬁ'_ﬁﬁﬂ’ﬁ—ﬁé}% @ 3). BTSSR
ﬁk@ﬁmm %E%%ﬂ??ﬁ%%ﬂﬁ*ﬁﬁﬁ/\ﬁ;

lﬁ% 2 %ﬁl‘ﬁﬂ/xﬁ-:ﬂﬂﬁi\ é‘B-:Eﬁ%\ a%ﬁlﬁﬂ
Y TR R B, 4 Gl 98.88%. 96.28%,
84. 62% F1 76. 46% . W 5% X Ik J& T 1% v 72 KU IX
(B 3),IFHix 4 Fiis G i) s (e X R 2 4E P fe
3 (5 ) . INITTIA R IX 4 B Y 32 2R T
ATl A A = AR AR SRR A 7 X A A
DR 126 45 T RI A A7 DX B ' i TR S e R R
Rl 2 A LA A S A s T e itk e .

K 3 X5 A DTk R K, hy 80.24% . HH T
A AR P R R O AR S, A DT EE
FEX IR b 3 A LU A (18] 5) . A WFSEIE B 05 T
T 3 R ARA LAY T ) AR FIAE BRI e b 55 20
B BRI R A 2 R, BT AR
T3 2 ARV,

K110 & W, PMF 5@ At L3 7 FhE 4
J@ BB R 3 kIR, 4 R A Ak A AR
WohR (34% ) . A 1L3 Hays Ye it s U8 (52% ) il
HARVR (14% ). T VOCs T LIGE i W b | #5 % |
IR R R Ao S 3 R ) A A A B RS A T, T
DL 88 ) KARUKEE R, B LA 3 b VOCs 1)
A FRARK . iz A MU A7
SO A 77 X VOCs B8 SCHER Y W 42 DL X8 18 <%
PER R 15



12 4]

SRUNARATF ;PRI ) Al 7 M S YRR KR IR B 6943

£S5 VOCsiREMITISHBE

Table 5 Summary of VOCs error estimate diagnostics
210 ZHFE S =P I P 1 FH P 5
Qexpected 196 147 98 49
Qe 170. 29 57.00 16. 46 1.73
Qo 157.96 57.00 16. 46 1.73
Qrobust” Qespected 0.81 0.39 0.17 0.04
DISP% dQ/ % <0.1 <0.1 <0.1 <0.1
DISP% swaps/ % 0 0 0 0
BS [H-FILHC %/ % 100 100 Factor 4 :80 Factor 1:94
_ THW BT 46, 47, WAL THEWEE32; A5 34; WAL
| . . = 5 H 5 5
BS-DISPY% swaps/ % ;xﬁ%??%géoiffj’ WRE a0, MA21; 225, W/ H526; W 23; 25265 /- —
; P T30, AB-THIA 33, 50 I 29, AR-TIE 25, 8440
N . I Y.
B AT W W (T, maed), TR SR TR
HIERT VOCs KR 205) ; AT2(W2E, 2% W/ HWF2(WH, 2K, H/A-—F d@%)f @¥4(ﬁ/ﬁ_f¢|$ o _
K- 4B AT MG T e
- ..-'"".- -
] AR
86.49%
5.45%
[/ -

0.13%

2.55%

1.16%

h

B
[
e

10 BHEFXARE VOCs iREM T E

Fig. 10  Contribution rate of each factor to VOCs concentration distribution
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