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Effects of Heavy Metal Pollution on Microbial Characteristics of Mine Soils in Central Tibet
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Abstract: Soil microbial activity plays a crucial role in soil biochemistry processes, which can be used as a useful indicator to discuss ecolog—
ical effects of heavy metal pollution. Field investigation and sampling analysis of polluted mining soil were conducted to discuss effects of
heavy metal pollution on soil enzyme activity, microbial biomass C, N and P, basal respiration, metabolic quotients(qCO,), and potential
mineral N in Lawu mine, central Tibet. The resulis showed that total and available contents of heavy metals were significantly higher in min—
ing soils than in CK. Soil enzyme activities, microbial biomass C, N and P, potential mineral N decreased with increasing contents of heavy
metals, but basal respiration and qCO, increased with increasing contents of heavy metals. There were significant and linear correlations be—
tween soil heavy metal contents with enzyme activity, microbial biomass, basal respiration, qCO,, and potential mineral N. Dehydrogenase
activity was the most sensitive to reflect changes in soil environmental quality affected by heavy metals, indicating that dehydrogenase activity
might be a useful indicator for assessing change in soil environmental quality in metal mine of central Tibet.
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Figure 1 Sketch map of sampling sites in Lawu mine
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Table 1 Physical and chemical characteristics of soils

A pH B N/mg-lg™  BHAL Plmg-kg™  HBL Kimg-kg™  HPLBU/g-kg? 28 Ng-kg' 2EPgkg’ 25 Kk
1 532 834.89 13.57 12025 2222 375 0.92 3.51
2 5.68 732.31 8.01 91.28 19.89 429 1.01 328
3 5.73 51547 12.15 105.93 15.70 2.52 0.89 3.0
4 6.10 701.26 14.33 107.16 19.44 494 0.89 3.87
5 621 649.21 12.12 103.67 18.25 3.19 1.05 3.04
6 6.38 32171 11.50 116.71 9.50 2.29 0.87 4.06
7 6.36 579.47 9.84 122.06 14.07 354 1.09 334
8 6.39 519.30 831 124.84 1445 2.54 1.04 3.64
9 633 108.21 632 104.73 2.07 1.18 0.99 275
10 6.36 151.47 6.53 74.42 2.01 128 0.67 421
11 633 569.36 9.40 87.11 11.21 3.84 0.82 3.06
12 633 128.63 594 112.02 1.52 1.50 1.39 2.63
13 6.37 361.79 3.90 57.89 7.24 1.91 0.85 2.94
14 6.05 787.15 7.81 116.10 18.38 7.79 1.05 3.69
15 630 350.57 755 68.26 8.48 1.44 0.95 2.57
16 631 629.45 4.87 92.75 10.59 2.89 0.97 2.79
17 6.55 740.66 9.91 95.39 925 2.72 0.98 3.8
R UIRLIBELESE £ J& Cu.Zn.Pb I Cd &8 7 5 2% R + 1Ky 3.45~
Table 2 Heavy metal contents of mining soils 38.00,12.04~24.49 2.57~19.45 F 2.44~15.85 £i%; - 3
. #ht/mg-ke GECEL HAJRE Cu.Zn.Pb Fl Cd BRLE B 559250 R HHEH
Ccu Zn Pb G G Zn P 5.66~36.73.18.46~30.05.13.48~44.98 1 2.06~12.24£%,
1 19824 39804 5441 3304 1898 7678 2349 1322 WX T ELA 4 HE Cu Zn Pb . Cd 45t T 7 2 B
2 13627 39611 4460 3179 14.18 7958 21.78 1277 o - ; " L ’
3 20031 40123 3659 59.42 3524 9827 2609 11.62 FARERENRES X —2F ERTRSIEN (R
4 13821 44543 49.64 2528 3193 9539 2548 10.33 TEH R RO T AR XA R B 25
5 11838 30468 44.00 32.81 1107 84.12 2229 10.22 TEMIRAFREA L, AT X O uE L TR
6 176.00 357.79 42.54 37.73 13.05 77.84 2269 845 B, THEPELSE S BN S,
7 4496 15453 1794 1588 725 7007 1138 243 22 HiEEGENS HIEMEYE
8 10651 18542 2733 950 948 7498 1059 2.85 A M R M LR ITR T A B
9 132.16 147.09 2255 27.14 851 6037 7.82 2.19 bl o S e b F AL
10 10568 16545 2399 914 957 7570 888 3.19 %ﬁﬁ ﬁ%ﬁi’%%dﬁ% dijsi’%ﬁigiﬁﬂé }‘ﬂﬁfﬂg i
11 5894 23684 2903 2276 3137 6775 1118 223 PPN R T 3+ SR B iR S ) R )
12 27252 37749 4256 4558 740 9442 1568 932 FAIERR o I REE MR LI P AR A R
13 15569 159.11 33.12 1160 2077 7505 1897 5.8 BB, ERAE T TG IE T RHE R 57
14 14965 151.58 2832 18.74 41.07 87.88 16.78 1135 A FRE 2 EABEAGRM, WNERITEFEL,TX
15 49588 481.68 13569 4537 47.02 89.80 1368 11.68 REIHE RS AR B L N F SRy
16 12273 24863 94.86 26.88 3689 8571 1479 11.24 U SRR R, AL 7.8 A 11 (RS BeRS
17 1305 1967 698 375 128 327 058 108
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19%6~84%,24%6~72%0.4%~84%F 19%6~92% .
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Table 3 Soil enzyme activity and microbial biomass
B FEERG/mg Suc-g"  JRAB/Mmg NHs-g"  IHEMH/pg TPF-g'  FRIBFERER/mg PNFF-100 g e /r:lig-l o
1 3.77¢ 0.11ab 47.60d 1.00b 577.22 52.2%¢ 2.14ab
2 4.02¢ 0.16bc 47.38d 1.90d 692.08b  58.43cd 4.67d
3 4.04¢ 0.09a 7.56b 0.53a 420.25a 51.56¢ 3.70c
4 4.12¢ 0.15b 2.25a 1.43¢c 429.86a 28.46a 3.79¢
5 2.73b 0.12ab 27.40c 1.55¢ 42736a  43.27b 3.37¢
6 4.16¢ 0.10a 29.50¢ 1.74cd 607.44b 31.48a 2.33b
7 4.60cd 0.1%¢ 125.20e 2.70ef 920.98¢ 62.56d 3.65¢
8 4.51cd 0.1%¢ 188.12f 2.88f 949.54¢ 104.73f 4.14cd
9 5.17d 0.14b 194.79f 2.52¢ 729.87b  126.24g 6.01e
10 8.11f 0.25d 371.05h 2.45¢ 1009.16d  87.91e 4.83d
11 6.08e 0.23cd 340.58h 2.72ef 931.29¢ 63.54d 6.00e
12 1.40a 0.09a 34.74¢ 0.60a 474.55a  35.81ab 1.88a
13 4.05¢ 0.16bc 110.28¢ 2.44¢ 841.13¢ 64.72d 6.66ef
14 391c 0.18¢ 114.37¢ 2.28de 960.67cd  76.95¢ 6.05¢
15 3.82¢ 0.15b 265.83g 2.25de 1122.49d  58.30cd 6.20e
16 4.38¢ 0.20¢ 212.84f 1.07b 869.82¢ 93.79f 6.20e
17 7.20f 0.36d 581.52i 2.74f 1517.59¢  128.00g 6.98f
BRAK 34.56% 40.17% 99.55% 40.24% 37.00%  44.24% 35.79%
A=A PR RRE 5%k E L EREE. TH,
Note : Means within a row followed by the different letters are significantly different at the level of 5%. The same as followed.
® 4 TEESRS I BHEMFHEHEIEREISI
Table 4 Linear correlation between heavy metal and microbial characteristic of mining soils
SR NG IR AN MRUERERRER  MBC MBN  MBP EERNMH AHEN  qCO
e Cu -0.43%* -0.32 —0.49%* —0.45%* -0.43** -0.53%*  —0.20% 0.43%% -0.48** 0.42%%
Zn -0.35% —0.43%* —0.53%* -0.20 -0.50%* -0.67** 021 0.48%%* -0.58** 0.38%*
Pb -0.45%* -0.05 -0.24 -0.13 -0.08 -0.19 -0.10 0.20 -0.06 0.11
Cd -0.59%* -0.63%* -0.68** -0.75%* -0.63%* -0.56%*  -0.35* 0.55%%* -0.67%* 0.65%*
BNEE Cu -0.32* -0.43%* —-0.53%* —0.53%* -0.22 -0.36* -0.10 0.33* -0.42%* 0.26
Zn —0.54** -0.71%* -0.70** —0.57** -0.71%* -0.68%*  -0.30* 0.52%* -0.726** 0.58%*
Pb -0.51%* —0.47%* -0.89%* —-0.69%* —-0.83** -0.81%*  —0.48%* 0.66%* —-0.90** 0.80%*
Cd 0.52%* -0.28* —-0.73%* -0.75%* —-0.64%* -0.60**  -0.39* 0.53%% -0.69*%* 0.56%*

Rk RIRIRTE 5% 1%KL ERBE,

Note:“*”and“**” mean significant difference at the 5% and 1% level respectively.
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8 S S P TR A O W YT A AR X BB T B
X 4 R S B S A S AT R O — 2, T
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27%~89%, FRWHiZXIR - HMEN A EZRNE
SIRBYMEEE W, Li F% T ARRINES RS
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Table 5 Basal respiration, qCO, and potential

mineral N in mining soil

B T HEELRPIR/ qCOY/ A N
- CO-C mg-kg*-d™ d mg-kg™
1 61.97d 0.11c 25.87b
2 66.08d 0.10bc 25.94b
3 59.92¢d 0.14¢ 7.54a
4 64.21d 0.15¢ 6.41a
5 62.35d 0.15¢ 28.4b
6 63.28d 0.10bc 22.85b
7 51.79¢ 0.06b 48.85¢cd
8 62.05d 0.07b 41.63¢
9 51.60c 0.07b 55.06d
10 31.95a 0.03a 43.87¢
11 59.81cd 0.06b 38.68¢
12 69.44d 0.15¢ 26.84b
13 63.69d 0.08b 43.36¢
14 54.88¢ 0.06b 41.4c
15 60.53cd 0.05ab 42.54¢
16 53.20¢ 0.06b 37.15¢
17 42.19b 0.03a 64.54¢
R 16.23% 43.41% 47.34%
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