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Preliminary study on soil microbes and soil biochemical activities in

mining wasteland
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Environmental Science, Zhejiang University, Hangzhou 310029 ,China). Acta Ecologica Sinica,2003,23(3) :496~503.
Abstract : Mining , manufacture and disposal of metals and metal-containing meterials inevitably cause soil
contamination. One of the industries formerly causing severe contamination of soils was the non-ferrous
metallurgical industry. Pyrometallurgical production process lead to large emissions of metals such as Cd,
Zn, Pb, Cu,etc. Due to the phytotoxicity of soil containing high levels of available metals, the natural
vegetation cover might have disappeared to leave a bare site behind. Such bare sites pose a risk for the
surroundings because the absence of vegetation facilitates lateral wind erosion of metal contamination
particles ,and may enhance the volume of water percolating through the soil and eventually reaching the
underlying ground water.

Metal contamination of soil ecosystems negatively impacts a number of soil microbiological properties
that could be potential indicators of soil quality and thus could be used as measures of reclamation progress
and/or success. Historically, soil chemical and physical parameters have been used as indicators of soil
quality. but due to the role of the microorganisms in total ecosystem function and the sensitivity of soil
microbial communities to disturbance, biological indicators may also be useful as measures of minesoil
reclamation, The microbial community is an integral component of soil quality due. for example,to the
critical role it plays in the cycling of nutrients and formation of soil structure. Soil microorganisms are also
highly sensitive to disturbance in the soil ecosystem,and changes in soil microbes activities may be effective
early signals of degradation or improvement of soil. Because the goal of the mining wasteland remediation
strategy was a reduction in bioavailability of the metals, microbial indicators should be especially useful in

assessing its effectiveness.
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The copper mining wasteland in Lipu.Zhejiang Province .China.is consisted of stripped mining topsoil
and abandoned minning stone, which is stabilized by a tail mine dam. The wasteland sampled by the
authors is located in a valley which just like many other copper mining wastelands in this mountain area.
As a serious damaged ecosystem, the wasteland often recover slowly and produce an impacting on
environment. No active remedy has been conducted on the copper mining wasteland in Lipu. The objective
of this study is the evaluation of soil biological properties as indicators of the impact of heavy metal
contamination and subsequent remediation at a field site.

Soil samples, selected for degree of contamination (distance from contamination source). Composited
samples consisting of three subsamples were collected (with a minimum distance between samples of 3 m)
from the the top 0~20cm of soil. Soil samples were maintained at 4 C by storage in an ice chest during
transport to the laboratory. All soil samples were sieved to pass through a 2-mm sieve and maintained at
4'C until for microbial analysis. Soil samples were analyzed for Cd,Zn,Pb and Cu using the flame atomic
absorption sepectrophotometry.

A serires of soil microbes, soil enzyme activity and biochemical action intensity in Copper mining
wasteland and non-minesoils were studied comparatively. The results indicated that, the total quanlity of
major soil microbes declined,of which the minesoils was decreased by 68.43% ~80.32% in the top soil (0
~ 20cm) compared with that of the non-minesoils. The proportion of bacteria and actinomyces in the
amount microbes decreased,while that of fungi not obviously changed. The amount of major physiological
group including ammonifiers,nitrogenfixing bacteria,celluosedecomposing microbes,aerobic nitrogen fixing
bacteria and anaerobic nitrogen fixing bacteria all decreased. The activity of soil enzyme weakened which
include invertase, urease, proteinase, acid phosphtase, catalase, polyphenol oxidase and peroxidase. Soil
biochemical action impared which ammonification, nitrification, nitrogen fixation and decomposition of
cellulose. As to the soil basic respiration, the release amounts of CO, decreased, all of which have
demonstrated that biological process are particularly sensitive to soil heavy meatal loadings, and elevated
metal loadings can result in diminished microbial activity,reduced viable bacterial population densities.,
inhibition of organic matter mineralization, as well as decreased leaf litter decompositon in minesoils.
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Table 1 Basic physical and chemical characteristics of soils
pH CEC 2P
Soil No. pH O.M  Total N Alkali-N (cmol « kg~ 1) Size composition
(H,0) %) (%) (mg-kg D 1~0.0lmm 0.01~0.001lmm <C0.001mm
1 4.79 1.557 0.192  174.53  13.50 61.94 24. 66 13. 40
2 5.02 1. 493 0. 154 156. 75 10. 50 59.27 22.95 17.78
3 5.76 1. 448 0.176 153.52 10. 25 58. 74 25.71 15.55
2
Table 2 Heavy metal elements contents of soils
* (mg * kg™ 1) (mg *+ kg™ D
Soil Ne. Pollution Total Available
degree Cu Zn Pb Cd Cu Zn Pb cd
1 Heavy pollution 1626.75 11060.38 2534. 25 15.13 282.27 644.75 487.17 1.
2 Medium 158. 67 1276. 50 441. 95 6.15 23.03 143.77 56. 09 0.
pollution
3 Non-minesoils 41.57 161.75 37.29 0.63 10. 49 58. 24 7. 86 0.03
* [19], Classification of soil heavy metal pollution based on EC

reference standard!!?

1.2.2 bl ) ; )

(Martin) 3 s .

Stephenson MPN ,MPN ; N s (Ashby)

1.2.3 [6.17] - ; - ; - ;
- ; - ; -3,5- ; - o

1.2. 4 bsd 20g 500ml , .
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Lol s Fig. 1 Soil basic respiration
, , [13]
rm’
15 B, .
2.2
[23 . , [23]’
[24
2.2.1 C 3 s 3 ) s 1,2 )
. . 71.49% ~ 82.50% . 15. 14 %~
42.99% . > > e 3 ,
(21]
. 3 ; ) 68.43% ~80.32% .
2.2.2 C.N
s 24~26 . ( 3) s
.’ ’ <3 ) Ny
1,2 > 12.45~22.82 15.70~67.09
N, , N o
N f2l,] 3 . (3 , 1,2
) N ’ 92-82%N97-79%9 N D
pH 15] N ,



500 23

(247 (3 ) R 74.91% ~
95.90% , ,
, 3 ) s C.N .
’ . N . ’
C‘N . [5~8]
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Table 3 Soil microbes number under different pollution degree( X 10° « g~ ! dry soil)

Nitrogen- Cellulose- Nitrogen
Soil No.  Bacteria Fungi  Actinomyces  Total =~ Ammonifiers fixing decomposing fixing
bacteris microbes bacteria
1 2785.5 25.13 501. 4 3312. 03 259.6 0.011 0.135 0.016
2 4539. 4 26. 94 746. 3 5312. 64 475.8 0. 047 0. 827 0.052
3 15920. 1 28.75 879.5 16828. 35 5923.7 0.738 3.296 0.724
2.3
[16] s
o 9 ’
[16.17]
2.3.1 C s 3 ) N N
a,2 > s (P<C0.05), s 1.15~2.11
[27]
b
o s 35.14%~59.49%,
s 2.14%~5.35%., (& s
N ) N S .
s 3 s C¥ N o
. ’
, S «C D , 3 . (1,2
) s (P<<0.05), 24.65%~50.30%
[28]
o b 9
[29] 5
4
Table 4 Soil enzyme activity under different polution degree
Soil enzyme activities
Acid Polyphenol
.. Urease . Proteinase ° Peroxidase © y,p e Dehydrogenase
Soil No. Sucrase Phosphatase B oxidase - .
(NH;3;-Nmg (NH;-Nmg (0. 1(mol « L™ 1) B I.P.F
1y (mg + g™ b 100+ =1 phenol (mg + KMnOuml 71)(0. 01(mol « L= ( 1y
. nOml » mg *
s & (100g) ! 1 g Iomleg 1) 878
1 3.24 1.77 19.53 2.50 0.11 0. 90 0.02
2 5. 96 1. 83 31. 27 3.79 0.15 1. 02 0.14
3 6. 84 1. 87 48. 21 5.03 0.16 5.70 0.37

LSDy. o5 0.78 0.12 15.27 1. 09 0. 07 3. 86 0.11
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2.3.2 C O s N
s 3 1,2 ) 6.33~5.59 ,
(P<<0.05); (P<<0.01), 62.16% . »Brookes
[30]
) , [27]
2.4
. . N ,
) C.N N
05l
5
Table 5 Soil biochemical indensity under different pollution degrees
Soil biochemical indensity
Soil No. N
Ammonification Nitrification Nitrogen fixation Decomposition of cellulose
(g- kg™ D (g+ kg™ D (g kg™ H) (g +kg™H)
1 0.104 0.013 0.025 1.21
2 0.197 0. 048 0. 085 2. 67
3 0. 348 0. 165 0. 206 5.96
C 5 , 1,2 , 3 ) s
) . N 43.39% ~70.11%.70.91% ~
92.12% .58. 7T4%~87.86%  55.20%~79.70%., L2,
C.N s ,
( Elsholtzia harchowensis Sun) . .
3
3.1 s s s ( )
3.2 s
. C.N .
3' 3 b .
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