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Abstract: [ Objectives ] The degree of heavy metal pollution and ecological risks in the soil of vegetable
greenhouses in Tianshui City, Gansu Province was evaluated in order to provide a scientific basis for the safe
production of agricultural products in that area. [ Methods ] 362 soil samples were obtained from 21 villages
and towns in the main greenhouse vegetable production areas of Tianshui City. We used ICP-MS to determine
the contents of As, Ni, Cu, Zn, Cd, Pb, and Hg, and employed the Nemerow comprehensive pollution
index and potential ecological risk index to evaluate the environmental quality and potential ecological risks of
heavy metals in vegetable greenhouse soil. We used correlation analysis and principal component analysis to
explore the sources of soil heavy metals. [ Results | @ The average contents of As, Ni, Cu, Zn, Cd, Pb, and

Hg did not exceed the soil risk screening value of the “Soil Environmental Quality Control Standard for Soil
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Pollution Risk of Agricultural Land (Trial)” (GB15618-2018). However, compared with the soil background
values in Gansu Province, Cu, Zn, Cd, Pb, and Hg had generally accumulated, and were 1.9, 1.4, 3.1, 1.3,
and 5.2 times of the background values, respectively; @ The average value of the Nemero composite
pollution index was 0.508, and 9.9% of the points showed light and moderate pollution. The average value of
the polymetallic potential ecological risk index was 289, and the contribution rate of Hg to the potential
ecological risk index was 61.3%; @ Three principal components of the seven elements were identified.
[ Conclusion ] More than 90% of heavy metals in vegetable greenhouse soil samples were at a safe level, and
the potential ecological risk was mild to moderate, with Hg being the largest potential risk factor. Sites with

light and moderate pollution and sites with strong and very strong potential ecological risks were concentrated in

cities and towns with intensive farming and along densely populated areas and traffic lines.

Keywords: greenhouse vegetables; soil heavy metal; pollution; ecological risk; Tianshui City
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2.1 TEBEESHEIE

2.1.1 FhABAENME MG 54 KK L
B R MHE)Z L4k Ni,Cu,Zn,Cd,Pb, As, Hg 7 Fif
JTCEM R G HEbR W3R 3. HHIN A L5 Sl
Heds, B2 e B As 5 Ni 4, Cu.Zn,Cd,Pb, Hg
5 FhoC 2 1 F A ¥ M HOR A SUE, S R T B
HAY 1.9.1.4,3.1.1.3.5.2 5. T = H L E 55 R
90.16 % ,80.32%,100% ,100% Fl 96.72% , P B X 5
Tl R AEBAE 2 1 A (R 2 B2 i AR B AL, 5 e 4
B E EREHF A He>Cd>Cu>Zn>Pb, 5
(- M8 8 85 0 R P M - S g KUR A B A i GR
1)) (GB15618-2018) KU i % {H (pH > 7.5) #H Lk, 7
e 4x J8 OC K 1 F BE AR TR . HA 5.9/

FEA Cd HbR,13.2% BAE A Cu Bids, MARHE fh E 2
Ay A e L B T A B e R K B AT R
L E A 10~20 a BRHHFAE D L, & 8 br o2
MESEE T IEPRAERRERIER. CdF Cu
R4y 2 0 e 1 2.9, 1.8 1%, = I W5 X # 1
BEIERAEE Cd M CuHA R W R ER G, &
SRR E S B ITRAEA RS SR 2ZERIF
2 B AR T Bl 20 AR AR Wilding AR SRR B 1
32 Ni, As(8.71%,12.92 %) NEHAEF (Cy<<15%)
Zn,Pb(32.48%,18.94 %) Ry i 548 5 (150 <<Cy <<
36%),Cu,Cd, Hg(71.30% ,89.41%,123.29%) M %
FEAR S (Cy=>>36 00) o 78 5 22 B0 i i Hof oo &, 3L W
X 3 FPIT RS MRS AT REZ 8 2 N R G 8
THe. 7PESEICE S M AZEREHET N Hg>Cd
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F3 RAKTEREABHELE(0-20cm)ESEIERHRE ST

P Fe/ME/ R AE/ ¥ fH/ b2 *E 5 Hr ety & 5 - 9 IR B 12
(mg+kg ') (mgekg ') (mgekg " 2H/ % H/(mg-kg') fHIE/% {H/(mg-kg D

Ni 25.81 37.98 32.20 2.80 8.71 35.2 23.13 190

Cu 23.29 180.96 45.31 32.30 71.30 24.10 90.16 100

Zn 63.79 229.03 93.66 30.43 32.48 69.30 80.32 300

Cd 0.16 1.75 0.36 0.32 89.41 0.116 100 0.6

Pb 19.65 55.28 23.61 4.47 18.94 18.80 100 170

As 7.21 14.03 11.22 1.45 12.92 12.60 23.77 25

Hg 0.01 0.66 0.10 0.13 123.29 0.02 96.72 3.4
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RS RATHEIRAMRRE/MRLXESESESH SR

% i H Ni Cu Zn Cd Pb As Hg
F/ME/(mg « kg™ D) 26.5 25.3 72.2 0.2 19.6 9.5 0.04

e KM/ (mg» kg ') 36.3 76.3 155.9 1.7 26.4 14.0 0.65
;%thif)) I/ (mg « kg 1) 32.6 38.7 106.2 0.5 22.7 11.7 0.18
P 1 2 2.8 13.8 22.4 0.5 1.9 1.3 0.16

WEERE Y 8.7 35.6 21.1 103.2 8.4 11.3 88.9
fe/ME/(mg » kg™ 1) 30.4 25.5 77.5 0.2 21.6 9.8 0.03
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% 5 Y ARSI 15 Y HR B A/ %
I/ME I KME - {H R BATs gL HhRE T e TG

Ni 0.13 0.25 0.17 100 — — —
Cu 0.18 1.81 0.40 96.7 3.3 — —
Zn 0.16 0.76 0.29 100

Cd 0.22 2.91 0.53 93.4 3.3 3.7 —
Pb 0.12 0.48 0.14 100 — — —
As 0.29 0.58 0.45 100 — — —
Hg 0.01 0.19 0.03 100 — — —
P 255 TS YL 4 0.23 2.11 0.51 90.1 7.4 2.5 —
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Cu>Pb>Ni>Zn, HH Ni,Cu.Zn,Pb,As it T
TR A AU 7K SF- 5 Cd R EB 43 (68.8 %) s A R ak T
A A KU K F s Hg 36.9 % s A BOah F v 25 4 25 K
B 7K 4 31.1 %6 a5 Ao B4 F 5 A 285 RUBS: 7K -, 14.8 %6 55,
P TAR 5 A 25 XURS: 7K 5 13.9 Vo s Ao $i Ak T 1 5
AR KO W A AR S KU F8 2 (RD - ¥ R
289.1 , H AR A A5 KU AK S A5 A B 23.7 %6, A
He 25 KUK K S A 8 G 46.8 %6, 5 A 2 RV K SF- s f7
b 19.7 % AR 88 A 25 KRS K P A 80N 9.8 %, K
FAKM RS R L EE SR L Trh R EES
DB K- o N ) 5 4 i v v 7E A 2 KU 48 2800 BT ik
REETHME S E AR BEESNEIHS R
ff. Ni,Cu,Zn,Cd.Pb,As #l Hg 7 & 4 J& X} 15
A A RS 8 B STBR R 43 o 1.620,2.9%.0.4 %,
28.6%.2.2%,3.1% F1 61.3% , Hirh Hg XF i 76 24 &
DS $5 B4 Y o7 ik A A, R W Hg & W 78 19 KUK I
T INE 4 0T LLE W, b i B A 2 KU 55 2% 2 2 5y
A AE N 198 B R S8 38 A AR AR R L o A A B

AR I B A WO K T A B N
BLIEK B LR,

RT RATHIAMIBEESEEBEESKBITNER

- TR AR A R 45 Bl g it e A TS SR B A/ )%
TOBUME O RCRME THIE BEOPE R RE ORE
Ni 35 66 46 1000 — — — —
Cu 38 375 83 1000 — — — @ —
Zn 07 33 13 1000 — — @— @ —

Cd 34.4 4521 82.6 3.3 688 21.3 33 3.3
Pb 5.2 21.6 6.3 100.0 — — — —
As 5.7 11.6 9.0 100.0 — - — -

1322.1
1439.1

177.1 3.3 36,9 3L.1 148 13.9
289.1 23.7 46.8 19.7 9.8 —

Hg 29.6
RI 85.0
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T G R S R B B K B B4 A AR
YRR T 3l (0 5 ) L B AR 17 0 7 32 N6 3h iy
SRANVEH, O T EAA SO I B4 LR E SR
Ge T N5 Qe WOk IR . JT R 8] A4 A 5GP RE 68 S bk
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Ni-Pb, Ni-As,Cd-Pb Z [A] A7 1 3 i 1E A G M, 136 B

BEESKREZEHR)
4 <150(%% )

m 150~300(F %)
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4 RATHEFAMLEEEESKEERZE W HE

®8 HMRARIEESEHEMNBEXRH

TLE Ni Cu Zn Cd Pb As Hg
Ni 1

Cu 0.180 1
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Cd,Zn,Pb 5 4 J& , 1 1A %5 4 it F A BB J2 i Bl KM %
% Cd,Cu,Zn #1 Pb & & R FE B A, K Ll 56
TR E N IERHE . He A1 Cu 7245 3 M4 I
AR R AT AR A RS He A Cut L LS =
FR AR GIR . ZE LR 5T X+ e 4 R w4
FEZANE A HUE A2 A G B SRR

x9 HARRIESEESEEIHNIIWER

5 H ' : ‘?%"m’ji?% W VR RBUIZ/
Ni Cu Zn cd Pb As Hg 0 %
TR 1 0.839  —0.030 0.163  —0.360 0.350 0.864 0.059 2.155 32.78 32.78
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