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XIE Zhi-yi, LIU Jun, CHEN Duo-hong (Guangdong Ecological and Environmental Monitoring Center, Guangzhou 510308, China).
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Abstract: In this paper, we reviewed the measured data of heavy metals in farmland soils in Guangdong Province since 2010. We

<.

applied a meta-analysis approach to combine the data based on “average concentration” “number of sampling points” and “standard
deviation”. The results showed that the concentration of lead (Pb, 48.83mg/kg) and mercury (Hg, 0.18mg/kg) in Guangdong Province
are among the highest in China, likely influenced by industrial and mining activities. In addition, subgroup analyses explored the
effects of spatial distribution and cropping systems across different cities. The results revealed that heavy metal concentrations were
higher in the economically developed Pearl River Delta and mineral-rich regions. Notably, some of the most polluted cities include
Foshan city (As:18.32mg/kg, Cr:73.5mg/kg, Ni: 35.4mg/kg), Shaoguan city (Pb: 86.61mg/kg), Shenzhen city (Cd: 0.51mg/kg),
Meizhou city (Cu: 61.1mg/kg), etc. Among them, farmland soil Cd concentration was significantly correlated with regional industrial
output value (=0.77, P<0.01), with additional impacts from factors such as the local population and energy consumption. The
analyses of different farming systems showed that Cd, Pb, Zn, Cr, and Hg concentrations in soils were higher in land and paddy fields;
while Cu, Zn, As, and Ni were enriched in orchards and facility-based agriculture, which may be related to the soil physicochemical
properties, fertiliser and the geological backgrounds in different farming systems. This study provides province-wide information on
the spatial distribution of heavy metals in agricultural soils and cropping systems, which is of great significance to the management
and control strategies of heavy metal pollution in agricultural soils in Guangdong Province.

Key words: agricultural soil; heavy metal; meta-analysis; spatial distribution
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Table 1 Number of heavy metal element cases in each city
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Table 2 Classification of geo—accumulation index

e S REE S LREES AREE S e R AT S
(Igeo) <0 0~1 12 2-3 >3
1.4 Hiorir
ARG R Excel 2019 BEATH ks TiiAb 21 F1
Geit- o W A9 E0HE FH Origin 2022 237 Meta 447K
H Review Manager 5.4 T A4-3E1T.

2 HR5WE

21 JUHRAREIERE SR ST QRN
ARG Meta 7 A3 2GR 224

oAk B 458 4 B o R 3) R M a4
JE& Cd B2 Edp K & 0.22mg/kg, N TS S AE 1 3.9
3% T B M B T o AR A 3 g e X A 2 s
(GB15618-2018)!rf Cd i {EAA % 0.18mg/kg,
AEAE— 38 AR 18y e UG, 7 2 AR I i XU
P S LB 5 AR S A A& 3R ) He A1 Zn
WISy 0 0.18,88.88mg/kg, # 1 SefH itk 231%F1
188%, 3055 A H - 39875 e IS A 45 bR v AH 22 0.32 Fil
111.12mg/kg, % F& 2| JL 0 K TR, [FFE 75 ZI X P A
LRI AHE RSB E L 5 FhE SR IR R
TR P g Y X B 4 s oA 1) 0 1, HLAE AR
-4 rp 5 SRR B, AR R B T

R3 FEARKBLRESE TS E(ngke)

Table 3  Average content of heavy metals of agricultural soil in Guangdong Province (mg/kg)

54T Cd Pb Cu Zn As Cr Ni Hg
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WX 4 0.24 43.14 25.24 75.96 12.36 52.64 18.76 0.21
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soil in Guangdong Province
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Table 4 Comparison of the results of this study with other domestic studies and the current status of soil heavy metal pollution in

other countries(mg/kg)
14 LEal SRR B S E= PN
Cd Pb Cu Zn As Cr Ni Hg
IR AR T A4 0.22 48.83 27.51 88.88 11.62 54.68 16.91 0.18 WF9T =47 PNTIE
JTHRAERET 0.148  47.182  20.703  67.844  12.695 47329  18.968  0.165 KFE 15 $=1000 [25]
JUARAR AR T A4 0.195 39.47 25.15 97.43 11.74 53.67 / 0.144 2020 4= [F 6]
A [E A A1 0.24 31.91 28.26 86.73 10.35 58.13 / 0.111 A gk
. 2019 4= [H
A A % 0.24 32.07 28.34 83.29 10.71 62.18 28.17 0.13 . [24]
A [E I 0.29 35.24 26.58 104.28 12.98 72.59 28.69 0.08 2021 2 [27]
Wy LR
A+ 3.76 196.4 28.34 83.29 20.59 67.3 28.17 0.18 724X [28]
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221 FHWESEGIIRE SN SRS ki), Cu 61.1mg/kg(HE/M 1), Zn 140.57mg/kg(HH
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Table 5 Heavy metal content of agricultural soil in various cities of Guangdong Province (mg/kg)

i Cd Pb Cu Zn As Cr Ni Hg
AR5 0.22 49.72 24.23 77.28 11.04 43.41 21.97 0.17
Paeia 0.02 / / / / / / /

il 0.35 58.56 44.20 / 18.32 73.50 35.40 /

M 0.28 47.96 46.89 135.79 18.15 70.74 20.06 0.18
A 0.15 4591 16.74 57.21 12.62 4031 14.89 0.20
filisk 0.22 53.21 21.54 94.93 7.05 45.05 12.95 0.21
| 0.24 46.50 / / 12.20 75.60 / 0.30
|| 0.51 51.21 19.89 62.26 / 43.96 12.60 /

i 0.28 53.95 22.41 75.39 10.63 30.74 12.74 0.15
T 0.18 24.95 19.14 49.83 4.50 52.01 17.01 0.16
Wiy 0.13 58.46 20.12 65.50 4.57 41.67 13.70 0.11
EN 0.12 31.20 16.60 / 12 / 14.70 0.13
FHYT. 0.22 36.66 20.58 57.71 12.69 36.63 12.93 0.30
HBS 0.28 86.61 24.61 140.57 5.27 69.28 20.05 0.17
HEMI / / 61.10 / / / / /

oA 0.18 30.15 22.17 63.32 13.98 59.54 17.92 0.12




" ST > ALY N
1436 A 45 &
’{%g& (WCAAIFBRIHIE (m/ke, 95% CD gg;ltj (OPbATEHNIIE (mg/kg, 95% CD
% - PRSI (s 1% b A
BT - - ‘ war [ - X
Hep Y : A SRR A A A ° : o FH B R A
i |- —_— g - —
T k- 1 1
ﬁ’f ® | W - |
P o — . 1
Wt —_e—
I — ! !
P i;j_: - : s’ - :
LT .
B ot - Ur :
an b ! RIES —— !
ol . ! M - - !
Heli e Al . !
=8 . X s - — !
KREE —— : HR5E - - :
At - 1 Jept - —— 1
1 1
L L ! f | ! L L L < I L
04 02 0.0 0.2 04 0.6 0.8 10 50 0 50 100 150
J’%d’ (©)Cuty FA IR E :<mg/kg, 95% CI) i (@70 IEFIRIE (me/kgs 95%.{;”
WX —— ' wmx b ——————
i - - B _
i RIS B - R ]
il : | ity - |
ity - —_—e—————— | B !
L - : HUT - - :
i |- — Wi - —— :
. 1 1
P iT - | o | - |
X — 1 |
k= s b : awsk —— !
A - - i A - - |
1 1
=t —— - e |
1 1
I . s - H
o - ! 1
i - . eh - —— !
vk L 1 ik Py 1
Stk L L L L L L Sl L | I
-40 20 0 20 40 60 80 100 120 100 0 100 200 300
?’2"; (OASBIFHISHIE (mejke] 95% CD ff;lé (OCrEJFRNARTE (mg/kg, 95%CD !
WK - —— WK —_——
1 1
BT - —— LR BT - . !
K - —— | Bty - —— KRR
ity - - ' T — '
WL —e— : WE - . :
Wiz - —_—— : wl —— :
B ok . | bl - 1
& sk —— : sk —— :
M L —— ' o —_— ,
o ———— ! M — !
Weli ————— 1 il | . 1
1 1
e - | RoE - |
Hehr | —— X Heh | — '
I [ 1 . 1
SECN | - ) | . Rk . = ) |
0 10 20 30 40 50 0 50 100 250
i (@ONIAFRNHKSE (mgkg, 95% CD 1 hli (WHg A FFRKIE (mgkg, S5ACD T
WX —— : wm b —— :
BT = . LSRRI | BRI —————— '
HK - - ! e b —e— !
ity | R | e Y —— o
AT |- —— : i - zzmxrmmmm:
it | — I - I
. 1 e ——e—— 1
= oyt - | . |
1 a1 3] 1 [ o L 3 1
F -~ i sk — - '
s
HM - - X '
s | - - |
| 1
Bl — I I - — I
" b - | A3 —— |
it | —— ' b | —— '
1 L _ 1
BiE T L <, L L I adk L N 1 L L ! 1
20 0 20 40 60 80 005 010 005 020 025 030 035 050 055
7 i (mg/kg) Trh(mg/kg)

B3 ) 2RAE S i AR A e o ) AR A AR 0

Fig.3 Spatial variation of heavy metals of agricultural soil in Guangdong Province
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Table 6 Accumulated index of agricultural soil in various cities of Guangdong Province (/y.)

Wi Cd Pb Cu Zn As Cr Ni Hg
AR5 1.39 -0.12 -0.36 0.12 -0.27 -0.80 0.02 0.54
= -2.07 / / / / / / /
il 2.06 0.12 0.51 / 0.46 -0.04 0.71 /
Il 1.74 -0.17 0.59 0.94 0.44 -0.10 -0.11 0.62
BN 0.84 -0.23 -0.89 -0.31 -0.08 -0.91 -0.54 0.77
wilisk 1.39 -0.02 -0.53 0.42 -0.92 -0.75 -0.74 0.84
b 1.51 -0.22 / / -0.13 0.00 / 1.36
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