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Heavy metal distribution, risk assessment and source analysis of soil around a
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Abstract: For exploring the spatial distribution characteristics of heavy metals in the surface soil around a coal-fired power
plant in Shaoguan City, South China, the total amount of seven heavy metals (Ni, Cu, Zn, Cd, Ph, Cr and As) in the
surface soil of 20 farmlands surrounding the power plant was measured. The spatial distribution was analyzed. The ecological
risk of heavy metals in the surrounding soil was evaluated and its sources were identified. The results showed that the
average contents of heavy metals Ni, Cu, Zn, Cd, Pb, Cr and As in the soil around the coal-fired power plant were 17.79,
19.59, 159.08, 3.14, 111.01, 96.61 mg/kg and 21.48 mg/kg, respectively. Pollution of Cd and Pb were serious. The

distribution of Zn, Cd, Pb and Cr was closely related to the prevailing wind direction. The comprehensive pollution index
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showed that Cd, Pb and Zn were in heavy pollution. The potential ecological risk index indicated Cd was in a high potential
ecological risk level. The ground accumulation index implied that Ni and Cu were in a non-pollution state, and Cd was in
high pollution. Multivariate statistical analysis represented Zn, Cd, Pb and Cr were obviously affected by the coal-fired
power plant. The sources of Cu and As were not only affected by the coal-fired power plant, but also closely related to

agricultural irrigation water in the region. The distribution of Ni was uniform. It was obviously affected by the natural source.
Key Words: coal-fired power plant; surface soil ; heavy metal ; risk assessment; source analysis
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Fig.2 Sample distribution of soils around coal-fired power plant
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(159.08+80.86) mg/keg>Pb (111.01 £84.67) mg/kg>Cr(96.61+61.53) mg/kg>As (21.48+20.94) mg/kg>Cu
(19.59+7.99) mg/kg>Ni(17.79+6.26 ) mg/kg>Cd (3.14+2.69) mg/kg, 532 Y5 FH{E ) 3.32.3.08 .1.71 .
2.41.1.11 .1.00 5 K% 33.40 1% ; Ni Cu.Zn.Cd . Pb.Cr M As (85 563291 M :55% .60% . 100% . 100% .
100% .55% & 80% .,
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Table 1 Physical and chemical properties of soil around coal-fired power plant

AL B R/ME EFN <N FEE ik 22 R EL
Physical and chemical properties Minimum Maximum Average Standard deviation  Coefficient of variation
pH(H,0) 4.58 6.51 5.46 0.50 0.09

CEC/ ( cmol/kg) 1.35 8.04 4.11 2.03 0.49
TOC/(mg/g) 30.51 68.61 49.27 10.77 0.22

CEC: BHE 722 ¥tz Cation exchange capacity; TOC . A MUK Total organic carbon

F TR T R A 3 oA K, R )2 3 pH AL T 4.58—6.51 Z [8] 34 pH h 5.46+0.5, H:i pH<
5.5 MHBHRAE 5 7 BAREE S0 75% , Fi BEPEAR D™ R SR SR FH 3R 88 I AR E ) (GB15618—2018) Hh +
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HE pH<5.5 WTEMARUETEAT VAN T A B S H A Ni Cu S Cr 19 & 8K TR H 358 75 42 XU 0 16 {8 ; Zn
Ko As W38 8 B AT A HH A 39875 e JRURS: B 26 1L, 07 S5 (L BB AR 35 R 20% 5 Cd 1734 B B R e (i 1Y 10.47
i, JEAF WA A 2.09 15, T BE (A AR RN 95% , B Tl B A AR 80% ; P A2 & S 0 e (B A4 1.39 4%,
T EAE A BAR TN 80% , B HIMELIE PR F N 5%, SCHKE X AL (UL3 3) G i b E 4R
Zn Cd .Pb } Cr 9 & s34 m F A SCER A A T R H I E SR & &, filE®E S Cd . Pbi5
Yedp e E R AR )R i 3 Cd L P SR 2 5L L
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Table 2 Heavy metal contents in soil around coal-fired power plant

. ) . ) ) ) A (D A 4 (2) S A
gtk ORI RAM P e DS EEEY o bk AN
. . . Screening Intervention Standard Coefficient
Statistical Minimum Maximum Average Background L. L
value value deviation of variation
Ni 6.35 32.96 17.79 17.80 60 / 6.26 0.35
Cu 3.47 36.18 19.59 17.65 50 / 7.99 0.41
Zn 73.73 436.07 159.08 47.91 200 / 80.86 0.51
Cd 0.15 13.06 3.14 0.094 0.3 1.5 2.69 0.86
Pb 37.21 456.72 111.01 36.00 80 400 84.67 0.76
Cr 19.40 206.77 96.61 56.53 250 800 61.53 0.64
As 3.17 86.27 21.48 8.90 30 150 20.94 0.97

(1)GB15618—2018 '+ 4% pH<5.5 By ; (2) GB15618—2018 H1 -3 pH<5.5 Byl {E

%3 MAREEIALRETRELEFHEE/ (nyky)

Table 3 Heavy metal average contents in soil around typical coal-fired power plants

HiIX Areas Ni Cu Zn cd Pb Cr As
#4156 Shaoguan 17.79 19.59 159.08 3.14 111.01 96.61 21.48
W4 Karst! ') 96.31 53.99 137.57 0.42 54.26 56.81 18.55
FEX Baoji %) 38.00 30.40 80.10 — 27.90 94.00 —
SEIRYE. Serbial 7! 90.41 36.02 108.12 0.89 58.13 66.62 —
B/R LT Elbistan!'®) 93.30 74.08 109.52 1.16 29.88 74.08 —

AL 3 AT AR R IF S R R 2 LI E 4w & i 2R TP ERAT XU NNW & SSE I+, Zn Cr .Cd & Pb
B 223 (] 53 A 2 B0 A 1) — S0P | R B H RAE NNW 7 1) Rl NNW6 28 12km 93 Bl 913 H 4 7
B R R TARAE SR8 5] Y AR EMIXE] ENE K WSW F . Ni 5 Cu 592045 52 20U 52 00 AN B | 5
TRAEAEPT A~ 5 1) b 43 A 34559, Ni 78 DA J7 ] B 735 3 i K/MERIR R SSE (22.88 mg/kg) >NNW (17.71
mg/kg) >WSW (16.19 mg/kg) >ENE (12.64 mg/kg) , Cu £ PUANJ7 1] L 15735 F i K/ MK IR i NNW (23.35 mg/
kg) >SSE(22.32 mg/kg) >ENE(17.57 mg/kg) >WSW (14.5 Tmg/kg) . As M50 At I A, i {E H BLAE WSW
K NNW J5 ] I R B0AE SSE J¢ ENE Jrfm), ARTTRTERS 7 1n b 22 R, 4 B E R (a=0.05) KW,
NNW J51i] | Ni . Cu.Cr X As #5325 5 (P<0.01) ;SSE J5 1] I Cd Pb As & i #2557 (P<0.05) ; ENE J5
] Ni.Cr.As 2B E 27 (P<0.05) ; WSW J7 [ | Ni Zn Cr 5 5255 (P<0.05) ,Pb B W W #FH 25 (P<
0.01),

A5 53 Z B ( Coefficient of Variation, CV) 81T 20% 0, TG s S HIEFE & ER 2500 &
Z N 1 Je 3K 2 PR BT KSR P R R IEE 4R Cu Zn Cd Pb . Cr & As 97857 R0 51002 0.41.,0.51
0.86.0.76.0.64 } 0.97, 13 CEC 5 TOC W85 205004 0.49 5 0.22, )8 T h 448 Sy [, AT 85 i
Z3 () S e, BRMERL ) R A SR )R b R L S R R TR RE AR AR B A3 B R 30 At Tl HE i
LB YIADE T 2014 AFFRPEH S o e ) A IR 228000 (1 PG L 5 N 04 JC R B A, i S A
R As Cr & Cd, HA5 54051 10.83 mg/kg 25.65 mg/kg 2 1.64 mg/kg' ™, HIZIAMEE ) Rk 521, A K19
TERA SR 0 Tl AR5 2 Juiis — R KALG B K WiEE " Ml 6—9 km 44 —ZF4L T.) IEfEiE
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Fig.3 Spatial distribution of heavy metal in soil around coal-fired power plant
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22 HEEESLSEIGYIEM
221 ZERIGRIEEULITEM AR

HRIELE AT YR BORVE M bR IE (36 4) ,20 AR [R] HBCR 4R (1) 26 )2 + HER ) 8 45 @ 5 Yo R B K /INHE P A
KK Cd>Zn>Ph>As>Cr>Cu>Ni BRI L T HABRIE 7= A (IR 08 = ) vh B 4 B 45 e M HEIY R B, B 5 #5211
As Cd \Pb 4bFK/NHERF B RIS, T HMERE & 1Y Cu Ni Ab T A 31 (K B, X — B4 2 BB B 7 vp Y T
SRR AR KRR B TR TR ) i e A Ts e o ) (SR B Zn BB THEE R
FIE 4 E  H i T2 XA IR, X 1 8 P EOZ M X i 3 Zn 95 R B E K, RIFER), IR As
B K PR BT %) RBe & B AR P BT PR AR Y As B0 I S EUR L) R R As YRR
ik, MWHEFRERDRE AT R0 4% Cd 15 e 5ol ™ H (95% b s i 1 P KT 3) ,Zn P {5 442
FER 2 (60% M SALE P, AT 50% ik AL 8 P, KT 3), As Fl Cr J& FH 4815 4 (25% Mo e S AL %) P, F
P, KT 3),Cu S Ni V5 fR B AR, B 07 B 48 & /K A FARIG e ROei5 ez 1], B A48 3hiZdik
ST IR ) REDNE SR FEAT I A & B Pb (Cr (Cd (As V-3 P {35174 1.6 1.4 16.2.,1.9,Pb .Cd 1Y P {51
0 /INT AR T R P A R G R Y P E, VLT R ) S i - P Ni Cu Zn Cd ,Pb Cr
() P {HAL T 1.05 2 3.10 Z 8], M AY Cd Zn K Pb () P HIR TAS RS X E 0 3 b i P, el
UL R T R - e Y Cd Zn B P SPECT i IX 4 B 4 S A T R TS YIRES (85% S Y Pl
KTF3),

F4 BER B TEESREFREITMN

Table 4 Evaluation of heavy metal pollution of soil around coal-fired power plant

Sﬁzi Ni Cu Zn Cd Pb Cr As P, RI®
P, f/ME 0.36 0.2 1.54 1.56 1.03 0.34 0.36 0.71 —
S ON1 1.85 2.05 9.10 138.94 12.69 3.66 9.69 35.26 —
¥E 0.99 1.11 3.32 33.43 3.08 1.53 2.41 8.53 —
brif 2 0.36 0.46 1.73 29.38 2.41 1.09 2.35 7.43 —
E® /M 1.78 0.98 1.54 46.73 5.17 0.69 3.56 — 68.56
SN 9.26 10.25 9.1 4168.09 63.43 7.32 96.93 — 4291.55
¥l 4.99 5.55 332 1002.8 15.42 3.06 24.13 — 1059.28
bR 1.81 2.32 1.73 881.42 12.07 2.18 23.53 — 903.71
1., fe/ME -2.1 -2.93 0.04 0.05 -0.54 -2.13 -2.07 — —
FoRfE 0.3 0.45 2.60 6.53 3.08 1.29 2.69 — —
¥E -0.7 -0.6 0.99 4.02 0.82 -0.29 0.18 — —
bRz 0.57 0.79 0.65 1.32 0.72 0.98 1.22 — —

(1) P, BB—T RIS RARH; (2) B, B— RN T (3) L,  MEPHEE; (4) Py GBS RTSRAEEG (5) R EE R XK T
Syl

2.2.2 ARSI AR UL IR 45

A SRS R BOE PN S5 R AN & 4 Fos BRI T T8 H 80 48 Cd Ab ™ B e A SR (70%
S E o, KT 600) , Hofth 6 Filv i 43 A AR PSR A K, H E (98T 100, FRN I 7 i i 4 49>
As.Cd .Pb .Ni Cu.Zn X% Cr i EJMKT 16, RI {4 T 28 % 41 Zf6], A &R [F XU e bl &
4% J& As Cd.Pb Ni Cu.Zn & Cr () EF/NF 10, RI 4bF 33.2—38.5 Z [A] S8R AbFrh S 7 AR 8RB it
A, SRR R ) AR ARV AR A S KU e SR A A KR 32 Cd R T (B o5 R A 94.66% ) . M T
FORFE BRI NNW 1) b PR A A AU fe ey, 4 R VAR AR AR XU (B AR AR IR B R 64.32 &8 2201.94, -
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Fig.4 Spatial distribution of heavy metal potential ecological risk index of surface soil around coal—fired power plant

2.2.3 M RBUREEIHN S
WA b B AFRBOE TR (B S) o Ni Al Cu SRR AL T80 1 T RS A SR A5 Ni 9 SR BHE 5034/
T 0, ARG T I T5 YR 25, Cu B NNW12 km \WSW1.5 km SSE3 F19 km &b T Joi5 YL | rh IS JUIR A0, Ay
e S AT AL T II5 YRS . As 76 NNW 700 1.5 & 12 km JEHE AL T To 75 Ye 2 B 5 GRS, WSW1-3 km
T P AL B S Y 25 75 YR A AR b A7 A TF IS YRS . Cr BR T NNW J7 ) b B 57 4k F
FEIG YR SN, HAt A4 T IC 15 G AR 25, 55% s AE Y Zn Fll Ph &b T I8 75 YL ) v B V5 Gtk 25, A NNW12 km i
Y A FREIGYARE . 75% 5500 Cd B3 T 5w I5 5 L RS NNWO K 12 km MR 540 15 Yt o0 ™ 5, 4351
TR T RS YL O T Y RN RS YIRS . - H L Kiitahya HLJJE 3 42 # 4 8 Ni As . Cd ., Cr.Cu . Ni,
Pb Zn WSF- 4 BRFE B/ IMEIR A 2.7 .-1.6 0.6 ,-2.3 1.8 . —0.1 - 1.3, Hy5 e ™ & FL 1 07 /N T AR 05
T R R RIGE L T T 0 - 3 5 Y I O
SRITEREM A R —3, Zn Cd B Pb 2R R R R B I5 Y AR, Cr As 175 YL e
RZ,Ni Cu FERRSE ) RO IR R G H 8N, 5B T5 A BOL R A T 8 LI dE & s fa R
5 4 R O e PR DA OG TR A A S XU 8 B0 v, Cd B9t 17 DR AR X 48 0, Cd AR T A A 25 XU
BRI T HAD 6 R 4R 2 REUSEOGE VN A B, M S Y CA(CEIIME 3.14 me/ke) & S EURIER T
Jil 30 g A ™ e R A TR SRR PE O i 34 e WA R TR A T ] R 2 NNW s A
ez R EHE w5 Y i N E
PRI R 30 T R A s g, — 5 TR AT BESE TR X AMHE O A R s A s U o B
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Fig.5 The ground accumulation index of different heavy metals in surface soil around coal—fired power plant
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RO 2 %M X R TR E R ER RN R M X T R AR TR VIR B P (pH<6.5) , X fili £ 3 P i
& JE I RGO KA 48 AW, DTN 3 E 4 TR S Xz L T R IR B
2.3 FZIugitrE S E AR HT
2.3.1 Pearson FHCES T

PRI ) 50 322 T E AL 5 B F 4 R & Y pearson FHOCHEZMTANGS 4 PR, 45 SRR AR BF9E %
B R I E AR S R B eI AR B X R AN A KNG FRE AW R & B A T BRI
P A L BRI v 25 7 B 4 J () A S S &2 B, Zn-Cd-Pb-Cr 5 12 3% IE M6 (P<0.01) ,3X %
HH 3K ST 2 ] R AZ B BRAE F T KR 300 Tk HE BT A SR (521, Cu-Zin, Cu-Cd , Cu-Cr 776 %5 5 18 35 IE A ¢
(P<0.05) ,iXUEH] Cu B IE AT BESZ B BRARIE L SR A5 LI B 20 o 107 Ni As 5 F 3R 4 8 2 [A]AH DG M
AR E (P>0.05) X £ Ni As Al BB Hifth 4 8 A B AR5

T4 BREBRTEABORETFEENERFINEELE Pearson HEXMES T

Table 4 Pearson correlation analysis of physicochemical properties and heavy metals of surface soil around coal-fired power plant

Ni Cu Zn Cd Pb Cr As
pH 0.39 0.49* 0.28 0.30 0.03 0.30 0.44
TOC -0.06 0.06 0.28 0.46* 0.47" 0.03 -0.42
CEC 0.16 0.34 048" 0.48* 0.34 0.45* 0.13
Ni 1
Cu 0.56 " 1
Zn 0.31 0.69 " 1
Cd 0.09 0.54" 0.92"* 1
Pb -0.11 0.42 0.87"* 0.92*" 1
Cr 0.18 045" 0.64"" 0.69 " 0.49 "~ 1
As 0.34 0.44 0.22 0.27 0.15 0.27 1

# FIRTE 0.05 K (XU ERFAG; =+ FIRTE 0.01 KCF (U b B FAK

232 FRSr b
F RG] DUA R A e B 4 B A B TR 7R AR 18] A B B A9 56 &R, 48 Kaiser-Meyer-Olkin ( KMO)
F1 Bartlett ERIEMEAK I 5, (KMO BN 0.725 , BRIE XA KB R 0) , K FH kaiser AR AR 1 1E 28 e 4% B 04T
PCA 7381, W3 5, B 2 B E 3 MR T (FMER KT 1) (K 6) , B T 76.77% 0 BB 7 2,
*5 BEBTEALREHETRARTRINERS S

Table 5 Principal component analysis for selected variables in surface soil around coal-fired power plant

R F 284 (IE3CERE ) Factor load (orthogonal rotation)

ik A AL
Variable Variable commonality Hi—ERTF o ERT H=EHT
Principal component 1 Principal component 2 Principal component 3
Ni 0.853 -0.03 0.13 091"
Cu 0.815 0.30 0.16 0.74"
7n 0.939 091" -0.03 0.34
Cd 0.945 0.96" 0.05 0.12
Pb 0.891 0.93" -0.18 -0.02
Cr 0.591 0.72" 0.25 0.14
As 0.529 0.13 0.57" 0.54*
pH 0.749 0.24 0.77" 0.33
CEC 0.602 0.57* 0.52" -0.02
TOC 0.763 0.34 -0.80 0.05
U7 Z TR/ % / 38.82 19.61 18.35
FBUTIE/ % / 38.82 58.43 76.78
# [T A >0.4
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Fig.6 Spatial scatter plot of principal component analysis for surface soil around coal—fired power plant
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(2) AT AR EOE R W BB EL 3 E 48 Cd Zn Cd B Pb J&™EH 5%, As 1 Cr J& BTG 4
A S AR FE B R B < Cd Ab T 7™ BT TR AR IS USRS 5 b R AR H: R0 Cd b TR T5 44 DL FARAS B NNW
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