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Mapping Critical Loads of Heavy Metals for Soil Based on Different

Environmental Effects

SHI Ya-xing, WU Shao-hua” , ZHOU Sheng-lu, WANG Chun-hui, CHEN Hao
(School of Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210023, China)

Abstract: China’s rapid development of industrialization and urbanization causes the growing problem of heavy metal pollution of soil,
threatening environment and human health. Therefore, prevention and management of heavy metal pollution become particularly
important. Critical loads of heavy metals are an important management tool that can be utilized to prevent the occurrence of heavy metal
pollution. Our study was based on three cases: status balance, water environmental effects and health risks. We used the steady-state
mass balance equation to calculate the critical loads of Cd, Cu, Pb, Zn at different effect levels and analyze the values and spatial
variation of critical loads. In addition, we used the annual input fluxes of heavy metals of the agro-ecosystem in the Yangtze River delta
and China to estimate the proportion of area with exceedance of critical loads. The results demonstrated that the critical load value of Cd
was the minimum, and the values of Cu and Zn were lager. There were spatial differences among the critical loads of four elements in
the study area, lower critical loads areas mainly occurred in woodland and high value areas distributed in the east and southwest of the
study area, while median values and the medium high areas mainly occurred in farmland. Comparing the input fluxes of heavy metals,
we found that Pb and Zn in more than 90% of the area exceeded the critical loads under different environmental effects in the study
area. The critical load exceedance of Cd mainly occurred under the status balance and the water environmental effect, while Cu under
the status balance and water environmental effect with a higher proportion of exceeded areas. Critical loads of heavy metals at different
effect levels in this study could serve as a reference from effective control of the emissions of heavy metals and to prevent the occurrence
of heavy metal pollution.

Key words: heavy metals; critical loads; soil mapping; environmental effects; health risks
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Main parameters and their source
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HE WA M
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W B R F o), [26]
W F K TR bR ifE Water critera 2
HEBEA RS %4 RID 3
TIEE SR KA R, %4

ik
[14]
[17]
[18]
[19]
[19]
[19]
[20,21]
[20,21]

[19]
[19]

[24]
[25]

[17]

el Fodia

G

i AT

HAb KA

ASBIFFE IR FE T AR IR AANE A At B DU F) s 5t
Gy, 35 B K B — ZBTER AR E A H A

PO BR(ELR A - S8 HE 4 Jm 9 i S5 Bk S B,
HOKIREE B AR IE LA S 4500 R H AR A S H 173

W2 % 3.
F2 KIREREARAE/mg kg
Table 2 Water environment quality criteria/mg-kg ~!
JLHE I % I I %
Cd 0. 001 0. 005 0.01
Cu 0.01 0.1 1
Pb 0.01 0.01 0.1
Zn 0.05 1 2

%3 Cd, Cu, Pb 7 Zn HABAS X E
Table 3 RID of Cd, Cu, Pb and Zn

JLHR ST E/ kg d ! Heil
cd 0.0005 [27]
Cu 0. 14 [28]
PbY 0. 004 —
Zn 0.3 [27]

1) Pb 19525 4 i 5 0 K 12 25 )

TRESRRKESN T ERYK, BT ESE
JERIR | X HHOK B S HL AP
FHEL MR i Bl ™ W E SR TR S 1
SERALPE R (pH AL, B i) 2547 19 73
Br, AT R R e 6w KR 25 s [l 9 5
TR 4.

®4 ITEESEKBRSSERAEAE

Table 4 Regression equations to calculate K for heavy metals in soil

JLHE fig e pH SOM clay F P
cd -1.55 0. 04 0.49 0.10 3.14 0.01
Cu 0.71 0.03 0. 45 0.23 8.90 0. 00
Ph 0.70 0. 04 0. 47 0.21 6.50 0.00
Zn 1.18 0. 04 0. 47 0.11 5.70 0. 00
) EREE T Cd, Pb Wyl gy LA S 3 T {a@ B AU T Cu

2.1 FETORRIRON G ST HE A

AN 6 2R A6 AR [R) RN B9 1l 5 006 22 52 W
2, He Cd il B G0A (B R/, P IR Z, Cu #lI
Zn BER. TN [R) A 0 3 A AS [) B 20 358 R0 R B9 Il
RO EMAAAEZE T (WL S5) , He T KRR

Zn WG S AT Y B OR. X Cd JTTR R U, H
45 IAR P A7 10 1 55 0107 A /DN, 366 T £ B XU
IR 22, J T K B B8 %00 Y e K, BE 23 i ok
0.08 (a).0.13 (¢)F11.20 mg-(m*-a) ' (b),
B/MEM 0.03 mg-(m’-a) ' (a), I KMEBH
A 1.70 mg-(m*-a) ~' (b).

®5 ESRHRATHEITSE/ mg- (m’-a) ™
Table 5 Basic statistical parameters of the critical loads of heavy metals/mg-(m?*-a) ~'
P FET IR (a) FETKIIE0 () H TR (¢)
Min Max Mean Min Max Mean Min Max Mean
Cd 0.03 0.12 0. 08 0.43 1.70 1.20 0. 05 0.19 0.13
Cu 7.23 25.49 17.58 4.31 14. 08 9.33 25.31 82.54 54. 68
Pb 1. 14 3.24 2.00 4.80 9. 66 7.18 2.07 4.17 3.10
Zn 10. 60 69. 04 36.51 17. 89 100. 78 59. 06 24 138 80. 44
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Cu JCE T BUR A7 A9 11 5 fop (K T3 F
IKIRBEERON A A, {5 L I T f A A (2 /),
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