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Heavy Metals in Jlanghugongml Producmg Area, Shandong Provmce

YU L}n son'g‘] 11 WAN Fang1 > FAN Hai- ylnl 2, KANG Gui- hngl 2 LIU Hui'*, WANG Dong ping'*, XU Jia"*

(1. Shdndong Instltute “of Geophysical dnd Geochemical Exploration’, nan 250013' Chmd 2. Shandong Provincial Engineering Laboratory for Soil Geochemistry, Jinman
250013, Chma 3. Shandong Provincial Engineering Research Center for Geologlml Prospecting, J'nan 250013, China; 4. College of Earth Sciences, Chengdu University of
Technology, Chengdu 610059, China)

Abstract ; Taking the Jianghugongmi producing area as the research object, As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn in the soil of the study area were sampled and determined.
The correlation of heavy metals was discussed using the multivariate statistical method, the spatial distribution interpolation analysis of heavy metals was carried out using
ArcGIS 10.2, the quantitative source analysis of heavy metal pollution was carried out using the enrichment factor (EF) and PMF methods, and the potential ecological risk
was evaluated. The results showed that the contents of the soil heavy metals As, Cd, Cu, Hg, Ph, and Zn were lower than the screening values specified in the standard for
soil pollution risk control of agricultural land (GB 15618-2018 ), and the soil ecological environment risk was low; the maximum values of Cr and Ni exceeded the risk
screening values, but the risk was low. The main distribution range of pH in the study area was 6. 05-6. 69, which was suitable for rice growth. The Mohe River indicated the
spatial distribution of pH and heavy metals, which was closely related to the supergene geochemical characteristics of the elements. However, Hg and Cd showed different
spatial distribution characteristics under human influence. Hg was distributed in the middle and high value distribution area along the west side of the river, and the spatial
distribution of Cd was significantly different from north to south. The quantitative source analysis results based on the EF method and PMF showed that the main sources of
heavy metals in the study area were agricultural sources, mixed sources, coal sources, and natural sources. The contribution rates of various sources accounted for 24.2%,
35.4%, 9.5%, and 30.9%, respectively. The medium strong ecological risk points of Hg in the study area were distributed along the west side of the Mohe River, whereas
the moderate potential ecological risk points of Cd were concentrated in the cultivated land on hoth sides of the Mohe River, and the potential ecological risk index (E, ) of the
other elements was <40. Cd and Hg were the main potential ecological risk elements in the study area, whereas Cd was still the main potential pollution element in the
cultivated land soil in the study area.

Key words: Jianghugongmi; heavy metals; spatial distribution; source apportionment; potential ecological risk index
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Fig. 1 Distribution of sampling sites and topographic map in the study area
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149,73, 17. 85/~ 61. 98 #126. 93 ~ 176,51 ghg-kg .
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Y 5 (R B DY B R 63.5%, 48, 79
66. 1% 82995 Ml S1. 9% 313 T e 22 LI )2
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Cu., Hg. Pb Fl Zn Y%A FH H A 3575 G XU i 16
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N EAEJR Cr ML NI U RE S0 BE Ry, R 2
IS I3 A A7 AER T IR0 R (A0

®1 REIEELREESHIT/mg-kg™!

Table 1  Heavy metal concentrations in the surface soils/mg-kg ™'

TiH pH As Cd Cr Cu Hg Ni Pb Zn
I + P (EPRR 6.21£0.019 7.16+0.07 0.13+0.002 68.21 0.7 23.13£0.28 0.040£0.015 25.52+0.45 27.15+0.22 62.44 +0.83
H/MH 4.82 3.50 0.03 34.19 11.71 0.018 11.58 17.85 26.93
STONI ] 7.78 12.12 0.28 202. 06 47.30 0.141 149.73 61.98 176. 51
PR 2 0. 40 1.44 0. 04 14.53 5.72 0.016 9.24 4.61 17.17
AR % 6. 46 20.18 34.92 21.29 24.73 38.70 36.22 16.99 27.50
3553 1.64 -0.40 -0.08 15.92 0.91 1.72 76.01 11.19 6.97
it £ 0.41 0.10 0.39 2.11 0.82 2.27 6.02 1.99 1. 80
TS i) 6.43 6.50 0.125 61.10 23.70 0. 028 27.30 26. 10 64.50
o S {2 / 11 0. 097 61 23 0. 065 27 26 74
pH<6.5 30 0.3 150 50 0.5 70 90 200
IR T e i) 6.5<pH<7.5 25 0.3 200 100 0.6 100 120 250
pH=7.5 20 0.6 250 100 1.0 190 170 300

1) FRIG T TR )Z SRR L2 75 A8, ORI SCHR (37 ] 5 2) FR PR )Z LM A JRTTS, IR WL SCHR[38 5 3) A Hl 3t - 35 e WU

EEHRE(GB 15618-2018)
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Fig. 2 Correlation plot and PCA plot of eight heavy metals in the surface soil of the study area
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Fig. 3 Spatial distribution of pH and eight heavy metals in in the surface soil of the study area
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Fitting results between measured value and predicted value based on PMF model



4206 ®

L 43 %

L
&

HEHEEREER. mE 6 A, T 1 £/R Cd &
DUBRAR X 5 148 WA OCHE gl e 2 — B0, X
N PC1-3 H Cd 43285 [RIBRE, A 2 IR Cu Ml Zn
(R SRR 7 3 X Hg A 1 BTk R I? 4 %f
N As, Cr, Ni F1 Pb (%= STRREE 43 B0 T 5 4

MY PC1-2(Cu, Zn) Pcz(Hg)ﬂ; PCl-
1(As, Cr, Ni, Pb).
i 100
B T 1 7:L: S—
20 DOk 480 =
i 1o g
= 107 Ja0 =
g 107 - u m m| [ 20 B
10" = =m0
—— 100
B OPET M —
210 - w60 %
= 107 - Ja0 F
41107 /M | m |m 10 =
1074 - 0
- 10 -HEF3 - —— 100 -
2100 ] o 480 &
100 - H60 !
- 0of 0 =
= 1020 100 &
@ 107 u ﬂ Wy =
sl M| g |M ml |® .
7. 1ot B — — wu\e
<00 430 £
20 Jeo
Z10'Hm - - 22
&= 107 u Ja0 = °
@07 ’_| - m| {20
1074 [ | - ;

As Cd (_':' Cu Hg Ni Pb Zn

| E6 ﬂn[t@iﬁFPMFﬁﬁﬁ%EWQmJ

Flg 6 s Factor ptofl.].es and source conlrlbuuoné of eight heavy

". ,"u melals based on PMF in the bludy area

We, nﬁl b LB 76 R Cd, TR
R 61.7% . A5 IX B 3 Cd & B s 5k
A A 25 5 . A BFE R, Cd A AR Sk 5 A
RO TR S G be S | RERKER
R A 2 A ﬁﬁmmﬁﬂﬁiik/\

WA BLR , 4R Cd 3l 2Rk A 7= A br s

JEES R IX M AEGEAE X, JE Tk Al 4345, T
Cd 7 H R BT 43 25 A A AE R T RR e A A, X —
IR IE AL G ZE M ORI = X ik, 1 3%
TNHFHLAR D 5.

K2 Hh#k i Lb 8 R IC R 4G Cu Al Zn, X
HTTHRES ) 49. 3% F1 58. 5% . BFFEIX. Cu Fl Zn
Fra A AT R AR X A LAY A3 18] 43 A RRAE

2R B R A Y SRR 3R ) Cu, Zn T
R K2 A48 5Pk nT e 5 R 25 55 K
TR G RS A 2 & B, Ak SR+
Herp Cu 5 HA R 42 )8 2 () 3 A B 1 2 b
ERICME Zn 25 A Bl A 25 10 A 4 F i i 20 2
FL AT X o 22 Sk = b HIX N AEER . AR
R R S A A R A el R S el o 3R . EL A X 3,
XTRY T Cu Fl Zn 23 [8) 23 A 08 S (B o A X e Ah,

| -

Cu 1 Zn F FAAVE S8 AR AL SN 4 PR RE 088 Ty
)2 TR R R 2 2R Ge b 22 0 fof S 481
&S HER B K 2 Bl BE R SRR W] LLF 3L Cu, Zn 7E
JEl i A e ) SR s AR ARBF ST R Cu M Zn 58
[i) 53415 55 A8 3 2 1 B ISR AT, &l 3 (e) M3 (i)
FRATIAE 490 25 A 0T 2R D ) 2 B | AR AR I T 4 S A %
BT Cu Fl Zn B H S E A . 256 DL Bigik I
Cu 1 Zn (45347 AT BE [RIE 28 i T A 245 95 1 3¢ 38 15 55
HEBCRRAE. Pt AN T 2 FomiR A

KW 3 5L & I % J& He, H otk R R
64.8% . W5 X Heg B4 T8 > 1.5, B BEEURE &
Z | JRmA R IUR. AR, He M5 Yok RS
TV IR 5K A2y AR R
FIVERIE BRI 02070 25 359 55 N S 10 A 7= A= i 2 D A
K WRFE X R AR X, AR T 2 I3 4y
1. RS R Haﬁlikf&mﬁw&’ﬁﬂffaz%%
#Héd?ﬁ%k% BEBEJE SR 3(f>FJ?/T Hg (1)
e L XK 9 SR W 2 AR 23 %%ﬂ’m&ﬁﬁ
RO RAE RN RIRREE 32 3 1 He A5 5% %}‘%‘xm G
Jﬁ(lﬁfwév 58034 )1999 '+ 2018 4E S LKL, o Ix
31 20 4F AR T 1) IR (ESE) 3, 2.5
KUEIAFIER 10, 55% . s 4 U] 520 T 75 /TWHJ%’—T
e B W55 7, B0 7 O 7 ) %%Fiigﬁtiﬂ
Hg A& 4E. IJﬂ: TH T 3 R IRIEA.

BT 4 338 M0 2 N As, Cr, Ni #1 Pb, %
HBTHRR 50 51.6% . 48.2% , 53.3% F143.9% .
R X E 4R E LW 531Kl L, As, Cr, Ni F1 Pb
EERNTED AT 0.5 ~ 1.5 ZE. U5 A, Cr
FUNi 11 58 AH 2C 20 A 5 8 4 B 0 a8 3 il 4 2o 72 A
KT gty Cr A Ni AR HER T 2F R AR B H
B BE G S A As | Ph 7R 322 55 JE X T 3
PR Y SR IR L R O, DAL S R 3
H LY As . Cr, Ni F Pb USSR K H PR e 228
[ 43 R AIE S il A 7 B — . TMTX — 2538 5 Nanos
LSS PEHE S Duero River i 138 4 J& VR AT 17
WFoEasie—2. Pk, iTUCH T 4 Fom FARTE.

FRAE LA e BT XA 4 R 4@ ok R, R Ak
Mg IR | A& 25055 52 RS AR A TR L BRIETR
FE SRR R UR A TTER R 53 501K 24.2% | 35. 4% |
9.5% #130.9% (&l 7). ¥ 1(Cd) #1H ¥ 3 (Hg)
YERFRITER 075 Y I8 5Tk 5 L ik 33. 7%, 1M Cd
AT SEAIF 5 X B 1l ) BT AE TS YT .

3.5 WEASKEITN

PUsYT R 2 L Ekfb 2  =E EAS
FUAE, XA 5T X Bk b+ 198 7 4 i o0 RV e A S XU
TRBGHAT T 53T (3R3) , el 7 HF9E IX 4 )8 T



8 1

TR . TR M+ R s

ST o3 A DR AT B Al 25 AU DA 4207

O Wy BEF? OFF OFRP4

Wb el
AR 24.2%
30.9%
i i WA
9.5% mmsaenm
35.4%

7 EFPMF NI EESEARRTLRTHE

Fig. 7

pollution sources based on PMF model
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of Hg, Cd, and eight heavy metals in the study area
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