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Source Apportionment and Spatlal Distribution Slmulatlon of Heavy Metals in a

Typical Petrochemical Industrial Clty [ u

SUN Xue-fei', ZHANG Li-xia’ DONG Yu- long , ZHU Lin- -yu', WANG Zheng , LU Jian-shu'"
(1. College of Gea“gllraphy and Env1r0nment Shandon’g Nur-mal University, |Ji?han 250358 €h1na 2. Shandong Geologlcal
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Abstract. IdentIfy'lng the quantitative source and hazatdous’ areds of heavy metals in/ soﬂs plays a plvotal role in soil pollutlon resedrch 4
and can provide a basié for regional soil risk monitoring and environmental managément., For this%plrpose, a total of 175 ‘samples were
collected in topsoils from Linzi, a typical petrothémical industrial city in Shandong Provinde. Positive matrix factorization ( PMF’ 5’ and
factor analysis with non-negative constraints (FA NNC) receptor models were applied to analyze the sourges of the heavy metals. Based
on'the milltivariate statistiGal simulation methods of /min/ max a_l_utocorrelatlon factors ( MAF) and sequential Gaussian simulation
(SGS) , thedistribution of heavy metal and pétential pollution areas were determined. As, Co, Cr, and Mn were mainly affected by
natural slom‘rces, their “‘concentrations were dominated by the parent materials, and the high-value areas were distributed in the south of
the study area. Hg was the most serious pollution element among the 10 heavy metals analyzed in Linzi and originated from atmosphere
deposition from industrial emissions and coal combustion, and the highest values were distributed in the northeast of the study area.
Cd, Cu, Ni, Pb, and Zn were dominated by natural sources and human activities. The hot-spot areas were mainly concentrated in the
middle of the study area. The potentially contaminated areas of Cd and Hg were 580. 80 km’and 666. 60 km’®, about 85.04% and
97.59% of the total area, and should require more attention. The potential pollution area of most elements was small and scattered
across the study area, accounting for less than 1% .

Key words : heavy metals in soils; source apportionment; multivariate geostatistical simulation; potential polluted area; petrochemical

industry city
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Fig. 1 Location of soil sampling sites in Linzi
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Table 1 Descriptive statistics of heavy metals in the soils from Linzi/mg-kg ™!

WiH As cd  Co Cr Cu  Hg Ma [N Pb Wz [N
/M 520 0.07 9.00 5620 17.80 0.02 | 414 2010 17.80 2525.547.80 .33
N1 12,40 0.41 28,90 109.10 123.50 1.57 | 1/096 63.00, 112.00 4217 393.50..8 45
S 9.29  0.16 I1.96 69.50 28.04 0.10580.05 31.06 28.23 3747. 10--“'“74_.;_01'”“ 7,98
i ZFRFEEL -0.527,0.65 /70.65 -0.47 -0.23 211/ =0.72-20.23 4,-0.36 -0.45 £0.27 <3
HENT 0.98 J1.15| 092102 114 2.9 “ojg7 104 109 — @07 =
L ES 0.15 | 0:28 ) 0448 #0710 0.41  1.907% 0.13 0.167 032 0.08 0.43" 10,03
i ey -0.12 ,.““'1.9.4‘1"_,;.-5.:;25*' 174 631 632 /247 | fy76¢7 538 -1.13 7.66 ' -0.86
U174 + B 4w gt 8.9 0077 126 643 223 0.016 608 | 24.4 245 3400 60.9  —
o FiT M -+ B YL o i 1) M bhog' —F 250 100 34y “am Yo — By Y I
KAV SR e 20 |00 | 180 L 2000 3 &4 150 400 — "

g pil £7. 3 IR L 2) R B AR bR
2.2 | KA RE SR Ry T
I As, CdY Co, Cr, Cu, Hg, Mn, Ni, Pb fi
Zn 2500 FocZ  FIHA R (3) THE A E B KT
R m M & i A E] PMEF BRI, 76 PMF )
AR, a2 A R R I S
93 I 4GB /NG Q HON3 204, 74 SR ZE (A AE -3
~3 ZIJa],R* 1£0.51 ~0. 99 2 [a], ELY5IME/ Wil (e

i

(P/O)BIHER 1 (R 2) SRR A 4R, it
AWFFEHE PMEF 1Y T80 8 3 4~ FA-NNC 115
SERAETERE 3 A EH T AR PLARCR , 4k
SRR T A EORNRE A Wl E LA ROR, B R 1E
0.33 ~0.98 ZI[a],P/0 $3T 1, 25 R Rt BT 5
X 4498 5 4 J@ 19 K J5. PMF F1 FA-NNC 45 31 1) e I8
TUERZE Rk 2 s,

%2 IGEXLEESLE PMF # FANNNC BRBER/ %
Table 2 Contributions of PMF and FA-NNC modeling of heavy metals in the soils of Linzi/%

e PMF FA-NNC

P/0 HF1 HF2 HF 3 P/0 FHF1 HF2 ¥ 3
As 0.98 78.24 6. 24 15.52 1.00 83.54 3.42 13.04
Cd 0.96 69.23 8.47 22.30 1.03 76. 58 3.31 20.12
Co 0.98 74.27 6.72 19.01 1.00 81. 21 2.47 16. 32
Cr 0.99 74.79 7.32 17.89 0.99 85.79 4.15 10. 06
Cu 0.93 64. 69 14.33 20. 99 1. 00 69. 34 5.08 25.57
Hg 0.87 0.01 98.31 1. 68 0.96 0.01 94. 63 5.36
Mn 0.99 76. 30 8.32 15. 38 0.99 82.98 5.19 11.83
Ni 0.99 66.21 7.31 26. 48 1. 00 80. 78 3.76 15.47
Pb 0.95 56. 10 12. 11 31.79 0.99 47.88 5.26 46. 85
Zn 0.97 36.32 8. 74 54.94 0. 96 69. 51 4.08 26. 41

1 % As. Co. Cr 1 Mn 25502 10 & 1 Tk
B K, PMF #5578 (1) 37 35 B ik SR 45 R 1t 70%, FA-
NNC 25 52 0] #8 i 80% ; ¥k &y Cd., Cu. Ni #

Ph, R i A9 45 2R 39K T 50% . 3t HERFE 2
&GN T AT 4 R R iX 8 MOCERAE LI If
ARSZBIFERA TG, B RS TAR(E. BF5EXR
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Fig. 4 Spatial distribution of heavy metals concentration in the soils of Linzi
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Fig. 5 Potential polluted areas of heavy metals in the soils of Linzi
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