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Fig. 2 Distribution of sampling points in 2008 and 2018
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HEABE T S0(E . 2008 4F 8 25 + 8 H 4 8 u R 1Y & 1T B0 R W B A IR EE AT S (E 19 9.00,
1.56. 2.06. 4.27. 0.96. 1.30. 1.79. 1.00 %, 24 FE 17 S(HM 11.69. 2.78, 2.88., 4.87. 1.12,
1.57. 2.28, 1.194%; 2018 4 8 K HIEHE & BT R M & & T8 0l 2 W p A 1 R 5875 B )
12.55, 1.36, 2.16, 5.56, 0.99, 149, 240, 1.02 %, BEZELHEARETF FEMN 1630, 244, 3.03,
6.35. 1.16. 1.80, 3.06. 1.20 fi%, X Ui K2 HHERRL I N L Cd A Pb o 1) + 1 4 8 R4
M EE SR ITRNE ST REBUNT 20% B, #0w CIRAE S 5 RZECH 219%~50%, 8@ Ll
ARSI s AR REN 51%~100%, B A AR B s AR S 2B T 100% B, 95 R i AR
SEREERS 2008 4F, X Cr AW EAR S, Hg. CuMINi N EAESR, Cd. As. Pb 1 Zn N #5248 F
JE, 20184F, CrMINiJg& TR, Hg, As M CuJ8 TiRZEFE, Cd. Pb Ml Zn & T & A48 7
By 2 WIAR SRR T U, DRRIX 8 R E A R & B AR R, #OERE, SRR
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Table 1 Statistical analysis of soil heavy metals in 2008 and 2018

WA
BME R T

wbery oz O ORI TR e Rl RERE BRRNG PRl TR

(mg'kg™) (mgkg) (mgkg) P oo

(mgkg™) (mgkg)

Cd 0.085 10.900 1.134 1.525 24.419 4.592 134.492 0.126 0.097
Hg 0.028 0.684 0.181 0.109 4.040 1.758 60.532 0.116 0.065
As 3.697 639.050 32.294 54.343 101.719 9.379 168.274 15.700 11.200
Pb 20.900 2950.000  126.701 267.243 81.653 8.238 210.924 29.700 26.000
2008 Cr 15.600 190.000 68.195 28.777 2.092 0.907 42.198 71.400 61.000
Cu 7.640 205.000 35.426 23.096 23.875 4.053 65.196 27.300 22.600
Zn 26.000 1638.000  169.353 212.349 28.241 4.966 125.388 94.400 74.200
Ni 6.010 112.900 31.985 19.157 4.229 1.822 59.894 31.900 26.900
Cd 0.174 19.780 1.581 2.469 29.156 4.920 156.157 0.126 0.097
Hg 0.059 0.741 0.158 0.107 9.199 2.622 67.684 0.116 0.065
As 5.175 146.157 33.900 28.052 6.664 2.445 82.751 15.700 11.200
Pb 19.100 2794.000  165.054 331.829 39.141 5.853 201.043 29.700 26.000
2018 Cr 26.000 156.000 70.780 20.777 2431 1.067 29.354 71.400 61.000
Cu 12.000 323.000 40.666 34.676 40.856 5.781 85.271 27.300 22.600
Zn 41.000 2801.000  227.016 347.409 32.226 5.319 153.033 94.400 74.200
Ni 8.115 117.400 32.395 15.886 6.316 1.900 49.040 31.900 26.900
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M 2 KR T G R PR 4R B (18] 3 &k 2) ATAT, 2008 4FF 2018 AR Y LA R R P T 1Y
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HERT 2 620938 Cd T Pb, HES S 2 A7 A9 38 Ni A Cry 2 I BCHE Cd Y 5 B2 15 4 i o7 88 3 80%,
Cr Fll Ni B3R5 G2 S0 ¥ 8 60% . MR 40 5 DX 48 B S 80 T 40 4394 . 2008 4F, Cd 1 Pb J& T
WY, AsJR TP EEV5 Y, Hg. Cu. Zn FINiJ& TS, Cr)g TIEI5Y; 2018 4, Cd il
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Fig. 3 Assessment of heavy metal pollution in top soil based on the single factor index method
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YA, Cd Fl Pb 7E 2008—2018 4E— fi4bF @  Table2 Statistics of single factor index of heavy metals in soil
S L vy f i

BEVE YRS, FLABEVS Y i AT LT s Cr— of survey region

FATAEG YR, M ORI LR gy o R
18, VW] Cr AR CAMAR A Zn th UK 1 TRk R R R
JE 75 AR A 22 Ay o BE T R L BRI Zn A ch e B
RESZ I T AP, S EUBBRA RN K fe o 2ne0 03z IA0T Tl
ARTCH IR R I LA, BT 2B AT U s @A aRE 2l D
i , E'JZIKJ:%?#%KHEO 2008 Pb 4.46 35.67 24.84 35.03
fh BF 5 X P9 G 20 25 45 05 2 1 BT B 45 o meEEe b o
(%% 3) mEa . 2008 fli, Wﬁ?%%{%%?&ﬁjﬁ Cu 38.22 54.14 4.46 3.18
T3MA T 12MBEABREZ, 50K A 03T S0%6 9 89
324 F 691 4, I 2008 4EBF 5 X 35 etk i Nooos st 3B
MR RIS 2018 4F, P ilES GG TS R IR Lol aE el
B R T 3 A T 12 REA RO R % fe o3 A0S0 826 oel
ﬁ:}‘jnﬂjjil 248 /I\ﬂ] 526 /. %%H%E%{Z{W}ﬁ As 21.49 37.19 23.14 18.18
TREEBR. G 2 BRI A, BT a0 U0 R e B
PO 4 R BE SR A TS B B T R A R
2008—201833, %ﬁiﬂ]ﬁﬁ@ﬁ%ﬂﬁfﬂﬂ%ﬁ? Cu 23.97 66.12 5.79 4.13
W, ol T M LA B 330 — 25 o Ao AR AT A
Ni 60.33 34.71 4.13 0.83

G DA BG5S Y i

PICd, Hg. As., Pb, Cr, Cu, Ni, ZnH B SR P A i ) R
e N, : 3 : A S RIE TN
AL BFK 2 WIFR R R g e 0 T RIS ERE AR
Table 3  Assessment of soil heavy metal pollution based on

frageitor (%% 4)o MR B, 2008 4, BR Nemerow comprehensive index
CdPASh, Hg. As. Pb. Cr. Cu. Ni. Znfble  “ 0,700 wn  mmem ek gk

%TFi '5 H'/‘ % jt ’ ﬁj jt j": 60%; {X Cd. As, 2008 0 16.56 55.02 2.63 25.80
Pb U3 A A5 7 A A 3, Cd ™ i A g 2 2018 0 15.08 54.34 4.96 25.62
9.55%, LRI 78.34%, As & TES
15 1.27%, Pb k#2515 1.91%, 2018 4, & Cd M Pb 4+, Hg. As. Cr. Cu. Ni, ZnfksG{3d
Kb K, P A0 60%, 7™ E ¥R AN 0 Cd. As. Pb, Hrp Cd ™
Mo A P 250 13.22%, AR S Y 82.64%, As KA R Y 2.48%, Pb R AY 2K 3.31%.
2018 4F 45 2008 47, FREE i A HIEIE IE AN 45 5 Cd. As. Pb A& RSN LA E R, X558
WP EOF M Mg R A, BB KW ZE Zn, 2008 4F, Zn 1% 2R 285 H 15.92%,
2018 4F Zn WY& 4= FI 25 15 b 97.54%, ¢ 4= FI FH 2 Le 491 A% Ak i B O 81.62%, 7E H R 48 BT A
t, Zon AR R IUREAR, TS0 S e, SRR BT 2R P A5 A — B, Ui SE IX L g
fE7E Cd. As. Pb {5y, WAFTE Zn 5 Yt iEad.
23 RETESESEMTZTRMBN

X 2 WO A 2 (R A R 2 R &R W 2s a) o A T (1B 4). v B A A 75 (Kriging) A1
2 BE B AR 2 (IDW) J2& 2 Flvd AR E . S5 B SR EE AR R, IDW AT 250 S5
IEARARRT, IDW & —Ff AT fE] B 2 s, BT BT XA ST o AR AT A RO,
REIMANN 6PV RS R B, A KRG IR M H AR NV iZ& ik Bk, FRATM A IDW k2 il i
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Table 4 Assessment results of soil heavy metal based on environmental quality categories

e Sl
RAEEEGY  MTLR (NSRS LA FERR S
KRR Wil RERECEAS Wfile SREEEdEAS LBl
cd 19 12.10 123 78.34 15 9.55
Hg 157 100.00 0 0 0 0
As 98 62.42 57 3631 2 1.27
Pb 106 67.52 48 30.57 3 1.91
2008
Cr 155 98.73 2 1.27 0 0
Cu 145 92.36 12 7.64 — —
Zn 132 84.08 25 15.92 — —
Ni 148 94.27 9 5.73 — —
cd 5 4.13 100 82.64 16 13.22
Hg 121 100.00 0 0 0 0
As 78 64.46 40 33.06 3 248
Pb 73 60.33 44 36.36 4 331
2018
Cr 121 100.00 0 0 0 0
Cu 115 95.04 6 4.96 — —
Zn 3 2.46 119 97.54 — —
Ni 121 100.00 0 0 — —
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Fig. 4 Spatial distribution of heavy metals in top soil in 2018



%3 BAAF s RO L B 5 Y i 2 AL S X L 849
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Fig. 5 Distribution of temporal and spatial variation on heavy metals in top soil from 2008 to 2018
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Abstract The historical data of 2008 and the latest data collected in 2018 in the study area are 278 samples in
total. Eight heavy metal elements of Cd, Hg, As, Pb, Cr, Cu, Ni and Zn, which are often mentioned in soil
environmental pollution, were analyzed and tested. The single factor index evaluation method, Nemerow
comprehensive index method and soil environmental quality evaluation method were used to evaluate the soil
environmental quality types around the two rivers in the research area, Xihe river and Leishui river. Combining
the inverse distance spatial interpolation method and map geometry analysis, the spatial and temporal variability
of heavy metals in soils of the research area from 2008 to 2018 was visually displayed. The results showed that:
except for Cr in these two-period data, Cd, Hg, As, Pb, Cu, Ni and Zn in some points of the surface soils were
beyond the standard, indicating that a total heavy metal pollution occurred in the research area. According to the
single factor index evaluation, the average values of single factor index for Cd and Pb were ranked in the first
two order, while the average value for Cr was the smallest. The points in the research area where Cr in the two-
period data was over 98% belonged to the priority protection category, some points where Cd, As and Pb
exceeded the intervention values set in Soil Environmental Quality Risk Control Standard for Soil
Contamination of Agricultural Land (GB 15618-2018) were observed. Pollution aggravated areas were mainly
distributed in the upper and middle reaches of Xihe river with high-density distributed mining and smelting
enterprises, the upper reaches of Leishui river and the lower reaches of Leishui river, in order to prevent soil
heavy metal pollution from further aggravation in the future. It is suggested that appropriate management
measures should be taken in these three high-value areas.

Keywords Leishui river basin; soil heavy metals; spatial and temporal variability characteristics;
environmental quality classification
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