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Fig. 1 Location of soil profiles and surface soils in Mo-Pb-Zn polymetallic ore concentration area of Luanchuan.
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JLE (mg/kg) (mg/kg) (mg/kg) (mg/kg) (%) (mg/kg)
Mo 366.85 1.31 32.35 71.77 81.60 113.69 0.98
Cd 6.56 0.12 0.85 1.23 1.17 95.14 0.19
Hg 0.78 0.01 0.05 0.09 0.12 131.35 0.04
As 124.20 2.71 15.00 20.27 18.96 93.56 7.92
Cr 120.00 18.70 67.10 66.31 17.75 26.77 75.80
Cu 438.80 25.70 52.70 74.19 57.88 78.02 29.60
Pb 595.60 16.60 82.70 139.33 130.87 93.93 31.60
Zn 1226.00 86.30 229.70 315.54 240.46 76.21 101.40
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Fig. 6 Characteristics of heavy metal accumulation (a, c) in

typical soil profiles (b, d) of Yihe River Basin.
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Bk Cr 4k, Hgx 7 M & B IR IER 1,
HRH Spearman #H G 73 #1 (3 2). Mo 5 Cd. Zn.
Cu. Pb A3 & %0434 4 0.552. 0.537, 0.359. 0.381,
HA B M KEPE(P<0.01); Cd 5 Zn, Pb, As, Cu #f
KRB 0.830. 0.612, 0.402 F1 0.299, B A i
F M K Pb 5 Mo, Cd. As Fll Zn & 3 AH X
(P<0.01); As 5 Cd. Pb #l Zn i 35 #H % (P<0.01);
Cu 1 Zn B F M (P<0.01) . VA X 3+ Mo,
Pb, Cd. Cu, As 1 Zn & &5, HEZ 20 iEs)
s, HILMoOT R B E M5, 58 Mo, Pb, Cd. Cu
A Zn RV TF R —¥5 YU, BIaTv i sl o BRIk =24,
Cr Fl Cu L BA —E MAH G (P<0.05) .

TR BRI 4 AT, RlfE R T B
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RITDTHRRINF] 82.98%, K BAMFIY X A H 3% )2 + 4%
4R 0T BEAEAE 4 FORUE (35 3). AR o/ Hr
455, Cd. As. Pb. Zn JUE HA & 0T, AL —

— 845 —



a8 Wk

2023 4F
http: //www. ykes. ac. cn

%44

2 R)INHERL SR EXIEHEEE Spearman HIRK RHFE(N=95)

Table 2 Spearman’s correlation matrix for heavy metals in soils of Luanchuan Mo-Pb-Zn polymetallic ore concentration area (N=95).

JCHE Mo cd Hg As Cr Cu Pb Zn
Mo 1

cd 0.552" 1

Hg -0.104 -0.057 1

As 0.142 0.402" -0.063 1

Cr -0.301" -0.073 0.011 0.02 1

Cu 0.359" 0.299" 0.006 -0.105 0.263" 1

Pb 0.381" 0.612" -0.122 0.446" -0.139 0.157 1

Zn 0.537" 0.830" 0.002 0.376" 0.008 0.436" 0.607"" 1

T **FORTE 0.01 BIRV ERFMSG; *FOR7E 0.05 KF ERFMRK.

X3 BRSPIE TR 3.4.2 PMF Jfitir

T ATIFSEIX 95 1A 1 22 + HERE L i BT
B, AR 2 4 R SE R A M E R LR T 4
JBEEA 4 FIORIE, FL 5 T A R — B (| 7),

Table 3 Factor loading factor of PCA.

HRRITR AT 1 A2 AT 3 AT 4
Mo 0.364 0.587 —0.526 —0.103

cd 0.780 0423 —0.151 0.004 U] PMF 455 AT 5 . PME 5T AT 26 th 25 A7
Hg ~0.049 0005 0.010 0.995 WA TEE TR, KT 1 Pb, Cd. Zn 1
As 0819 0320 0.137  —-0.032 As B9 5 R . 223 5 81.5%. 60.8%. 50.4% Fil
Cr ~0.020 0.165 0940 0,011 . e B B FE

cu 0046 08ss  oms 0008 41.5%, H0% Mo, 15 10.5%. BFFER ISV 5 34
Pb 0.788 0142  -0160  —0.107 L2 +3EF Pb, Zn, Cd LA B EE, BRikz
Zn 0.750 0532 0.0%2 0.068 A, KR Gl 44 Hb ST 7 Bl R Ry 5 — b o

ot 28 1147 4 X iR fh~F 21 55 SRR R HE i F
#53; Mo, Cu, Zn A5 207 Cr 5 Hg JTTRHIN  JEiRk45.2022), BF 9% X #5480 B o & 4 Cd. Pb,
WS S . AFRDTRRFl AU TN Zn F0S, R R 1 1SR R AR 3
FERIE TR0, HARUE, TR 88 R 2 o Mo silikic K, 5 88.2%, Hk & Cu. Cd.,
FX . &0 I REAESE LIEPARRICEMEZR  Zn A1 Pb, 2095 39.6%. 37.8%. 26.7% i 16.9%, %
U8 o F T 0T 45 K5 PMF 25 3 — 1T ie . AT R B AR X R 1 + 381922 8 Cu. Zn, Cd.

100 ) (b)

80
60

40 |

P BTRR A (%)

20

o e F Sl
Mo Cd Hg As Cr Cu Pb Zn

[ FESEAWETERY  FEEIWEETTSES
7 AYIHEHS SRR SRR SE PMF IR (2) AR S CRSTRE; (b) AR R AR A kst

Fig. 7 Source apportionment of heavy metals in soils of Luanchuan Mo-Pb-Zn polymetallic ore concentration area by PMF method:

(a) contribution of different source to various heavy metals; (b) contribution of different source to whole soil heavy metals.
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Molybdenum-Lead-Zinc Polymetallic Ore Concentration Area of Luanchuan
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HIGHLIGHTS

(1) Mining activities lead to prominent accumulation of heavy metals in agricultural soil along the rivers in the
studied area.

(2) A Pb/Zn mine and a Mo mine contribute to accumulation of soil heavy metals by 30.6% and 26.8%, respectively.

(3) The concentrations of heavy metals in the part of the soil from river terraces gradually decrease with the distance

from the rivers.

100
; S
: Accumulation T 80
H : ]
£ 60
b : E
5 i = 40
; - 8
: $ 5
$ T : 5 20
@ : | Ecological risk | : =
. 4 0 m
srreeseesaeeaa, Mo Cd Hg As Cr Cu Pb Zn
' Source ;
: apportionment 32.9% 30.6%

Correlation

i 26.8%
PMF 2 mm Parent rock weathering

Mining activities of Au
mm Mining activities of Mo mines
Lead-zinc mining activities of Pb/Zn mines

..........................

ABSTRACT
BACKGROUND: The Luanchuan Mo-Pb-Zn polymetallic ore concentration area, located in Henan Province,

China, has a long-term history of mining activities. Heavy metals have been liberated during mining, which induces
heavy metal pollution of water and soil near the mines. There have been many studies about the pollution of heavy
metals by mining activities, but it is still unclear as to the impact of various mine types in a polymetallic ore

concentration area on accumulation of heavy metals in soil.

OBJECTIVES: To study the impact of various mine types on accumulation of soil heavy metals, pollution level

and ecological risk, and to identify the sources of soil heavy metals.

METHODS: A total of 95 surface soil samples were collected from 29 soil profiles along the rivers in five typical
basins in the Luanchuan Mo-Pb-Zn polymetallic ore concentration area, Henan Province, China. Mo, Hg, As, Cd,
Cr, Cu, Pb and Zn in soil were measured by polarography, atomic fluorescence spectrophotometry (AFS) and
inductively coupled plasma-mass spectrometry (ICP-MS). The I,.,, Nemerow index and potential ecological risk

index were used to study the accumulation, pollution level and source apportionment of heavy metals.

RESULTS: The results showed that Mo was the main pollutant, and part of the soil was obviously polluted by Hg.
Cd, Pb, Zn, Cu and As in soil were also affected by the mining activities in the study area to some extent.
Accumulation extent of heavy metals in soil from various river basins followed Beigou River > Yu River > Shibao
River > Taowanbei River > Yi River. Soil samples from the Beigouhe River Basin were heavily polluted and posed
— 848 —
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a moderate risk level. In addition, soil samples from other river basins contained a low level of pollution and
ecological risk. However, some sites which possessed a higher pollution level and ecological risk were found in all
of the river basins. It was worth noting that soil samples near a river in a soil profile can accumulate more heavy
metals than other soil samples, indicating that accumulation of heavy metals in the soil is affected by the river. The
main sources of heavy metals in the surface soil were parent rock weathering (32.9%), lead zinc mining activities of

Pb/Zn mines (30.6%), mining activities of Mo mines (26.8%), and mining activities of Au (9.7%), respectively.

CONCLUSIONS: Mining activities cause heavy metal accumulation in the soil to some extent, and Mo and Hg
pollution more heavily. Pb/Zn mines account for 30.59% of the source of soil heavy metals, which are higher than
Mo mines and Au mines, indicating mining activities of Pb/Zn should be paid more attention. More heavy metals
from parent rock (32.9%) indicate that it is necessary to measure the speciation of soil heavy metals and

concentrations of heavy metals in crops.

KEY WORDS: Mo-Pb-Zn molybdenum ore concentration area; heavy metals; soil; accumulation; PMF model;

source apportionment
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