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3,5- 2,6- 60 % 3
KH,PO,(AR 1.2.2 3,5-
) 24 h
(101-2-S ) UVmini-1240 24 h
DK-S26 SHIMADZU AUY220
pH MCI-250 24 h
1.2 Hem 1 14 28 55 81 115
1.2.1
5~20cm 3
1 1.3
2 mm SPSS17.0
Excel (Mean==SDE)
20 cm Duncans
15cm 18 cm 1.7cm
1 kg 6 BDE-209
0 1 10 50 200 500mgkg 2
CK TI T2 T3 T4 T5
BDE-209 2.1
BDE-209
2 1 BDE-209
Fz1 i TIEEMER
Table 1 Physicochemical properties of soils tested
(g/kg) pH (g/kg)) (cmol/kg) (g/kg) (mg/kg) (mg/kg)
212.5 5.53 19.72 23.57 0.78 89.74 12.37
220.2 5.46 11.66 21.64 1.35 125.89 13.54
%2 BDE-209 Xf7K#E L BEIE 1489 208 (mg/(g-24 h))
Table 2 Effect of BDE-209 on enzyme activity of paddy soil
(d) CK Tl T2 T3 T4 TS
1 6.21+£0.82a 7.15£049 a 7.67£0.17 a 9.24+0.16 b 7.30+038a 6.79+0.29 a
14 10.06 £ 0.63 a 9.91+0.13b 9.32+043b 9.05+0.15b 9.71+£0.13 b 834£092b
28 9.65+0.70 a 8.98 £ 0.54 ab 8.03 £ 0.47 be 7.76 £0.75 be 8.89+035¢ 9.52+033a
55 8.64 £0.09 a 7.50+0.48b 6.81 £0.13 be 5.98 £0.10e 6.26 +0.31 cd 6.32+£0.05 de
81 8.68 £0.78 a 7.14£0.19b 6.64£0.12b 6.71£047b 6.15£1.01b 6.13£0.71b
115 8.19+£0.26a 7.92%0.12a 6.02£0.69 ¢ 5.38£0.59 cd 4.19+£0.29d 596%0.11b
1 0.54£0.02a 0.58 £ 0.00 ab 0.61 £0.01 be 0.60 £ 0.04 be 0.61 £0.02 be 0.62+£0.02¢
14 0.38£0.01 a 0.36 £0.05a 0.35+0.03a 0.34£0.01 a 0.32+0.03a 0.30+£0.03 a
28 0.34+0.01 a 0.31+0.02 ab 0.30+0.03 ab 0.27+£0.02b 0.31+0.03 ab 0.30+£0.02 ab
55 0.37+0.03 a 0.31+0.04b 0.30+£0.04 b 0.28£0.03 b 0.28+£0.02b 0.28+0.01b
81 0.35+0.02a 0.26 £ 0.05 be 0.19£0.03 be 0.21 £0.04 be 0.27+£0.05b 0.20£0.04 ¢
115 0.28£0.01 a 0.16 £0.04 ¢ 0.17£0.00 ¢ 0.17£0.02 ¢ 0.22+£0.03b 0.17£0.02 ¢
1 196.72 £ 5.6 a 187.92 £1593a 157.85+8.46D 144.51 £14.24 bc 134.46 £ 13.46 cd 111.17+£7.80d
14 22353 +£14.65a 193.25+13.17a 208.27+6.07 a 213.44+12.51a 203.62+16.66a 18524+1529b
28 253.94+23.74a 23546+22.25ab 229.59+527ab  207.46 £ 7.63 abc 198.05+5.74 bc 202.39+21.96¢
55 227.92+6.62a 21136 £3.06 a 19427+ 16.83 a 189.11 £23.43a 173.79£23.03a 153.27£41.90a
81 217.92+12.59a 199.17+9.67ab 192.6+9.86b 17698 £547b 183.79+4.49ab 19236+ 12.03 b
115 162.63 £7.30 a 160.69 £291ab  160.69 £ 11.97bc 147.8£6.40 ¢ 15825+ 6.42ab 167.01 £3.07 ab
(P 0.05) (P 0.05)
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209 CK BDE-209 BDE-209
28 1 3 3 1 BDE-209
BDE-209 CK
14 14 BDE-209
28
81 1 14
BDE-209
3 BDE-209 3¥ 3k H LB/ AR M0 (mg/(g-24 h))
Table 3  Effect of BDE-209 on enzyme activity of vegetable soil
(d) CK T1 T2 T3 T4 TS
1 3.80£0.39a 395+0.26a 3683+0.14a 386+021a 424+022a 391+£029a
14 6.02+040a 7.67+0.15d 6.87 £0.15 ab 7.42+0.13 cd 7.21+0.23abc 6.73 +0.43 bed
28 6.90+0.09a 7.10+0.16 a 691+0.18a 6.31+0.09b 586+023¢c 6.13+043Db
55 538+024a 491 £0.16 ab 3.70+0.11d 397+0.12 cd 520+0.61bc 541+022a
81 559+0.18a 517+041 a 453+121a 424+0.99a 508+1.00a 5.13+0.39a
115 4.69£0.07 a 4.14+£0.27b 422+0.24b 3.56x+0.17¢ 3.81%x0.11c¢ 3.61+026¢
1 0.86 £ 0.04 abc 0.84 £ 0.02 ab 0.81+0.02a 0.87+£0.06 ¢ 0.84 £0.08 bc 0.81+0.04 a
14 045+0.02a 042+0.03a 043+0.03a 0.44+0.04a 0.44+0.09a 042+0.03a
28 0.57+0.03 a 0.45+0.03b 043+0.03b 042+0.05b 0.32+0.09b 0.36+0.05b
55 0.57+0.03 a 0.45+0.04b 0.38+0.02¢ 0.32+0.03 ¢ 0.37+0.04 ¢ 0.34+0.02¢
81 0.66+0.08a 0.61 +£0.01 abc 0.58 +0.03 be 0.55+0.01 ¢ 0.65+0.06ab 0.59+0.01 abc
115 0.58+0.06 a 0.55+0.06 ¢ 0.55+0.07 ¢ 0.51£0.02¢ 0.60+0.04 b 0.52+0.03¢
1 179.67 £10.53a 173.42+24.08 a 170.86 £28.63a 16643 +423a 165.01 £27.66a 167.13 £7.55a
14 291.80+£8.52 a 221.52+£14.05¢ 24424 +13.13b 260.19+10.34b 267.97+15.75b 267.73+9.67b
28 27542 +15.84a 231.43+1894¢ 239.75+19.80b 254.34 +£13.61 ab 228.84 +£6.30 bc 200.48 + 13.96 ¢
55 237.41+17.58a 212.03+3.879ab 19452 +535bc 197.44+11.68bc 188.92+8.52cd 171.9+2.68d
81 218.19+12.36a 205.55+12.60 abc 190.54 +4.35 ab 182.6+295bc 176.52+324c¢ 177.71 £7.65bc
115 166.31 £10.73a 156.34+10.22a 166.07 £9.03 a 163.15+1.46 a 161.2+1195a 16898 +7.09a
CK 28 BDE-209 3
BDE-209
2.2
[18-19] BDE-209
BDE-209 1 1 1 1 ~50 mg/kg
BDE-209
BDE-209 48.82%
14
BDE-209 (201 27.45% BDE-209
BDE- 209 1" Zhang 1%
200 500 mg/kg BDE-209
BDE-209 2]
1.63  0.63 BDE-209
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Fig. 1 Efficiency of BDE-209 on sucrase activities of paddy soil and vegetable soil
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Fig. 2 Efficiency of BDE-209 on urease activities of paddy soil and vegetable soil
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Fig. 3 Efficiency of BDE-209 on aid phosphatase activities of paddy soil and vegetable soil
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BDE-209
BDE-209 [21,28]
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4
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5 BDE-209
6
BDE-209
[24]
3
(1) BDE-209 100 mg/kg
1301 BDE-209
Fz 4 FRELIEFEEBIREE ST ERXRE
Table 4 Correlation coefficients between dynamics of soil sucrase activity and urease activity in different treatments
CK T1 T2 T3 T4 T5 CK T1 T2 T3 T4 T5

CK -0.9677** —-0.940* -0.883* -0.905* -0.933* -0.927* -0.771 -0.84 -0.808 -0.789 -0.845 -0.816

T1 —-0.652 -0.529  -0.396 -0.444  -0.526 -0.495  -0.877 -0.82 -0.719  -0.662 -0.719 -0.705

T2 -0.366 -0.245  -0.148 -0.164  —0.249 -0.255  -0.72 -0.656 -0.532 -0.46 —0.587 -0.542

T3 0.446 0.544 0.541 0.573 0.569 0.504 -0.819 -0.709 -0.578 -0.502 -0.579 -0.563

T4 —0.623 -0.499 -0.411 -0.439 -0.459 -0.469  —0.943* -0.847 -0.76 -0.714 -0.675 -0.705

T5 -0.624 -0.474  -0.352 -0.424  -0.392 -0.359  -0.943* -0.929* -0.881* -0.855 -0.826 —0.844

ro.01=0.878 roes =0.959, * P<0.05 ** P<0.01,n=6



694 46
F5 AEILIEREGFIE LB EENTTUEXRY
Table 5 Correlation coefficients between dynamics of soil urease activity and acid phosphatase activity in different treatments
CK Tl T2 T3 T4 TS CK Tl T2 T3 T4 TS
CK -0.872  -0.688 —0.971** —0.987** —-0.959** -0.910* -0.951* -0.776 -0.888* -0.896* -0.925* -0.806
T1 -0.882* —0.688 —0.939* -0.966**  —0.946* —0.893* -0.946* -0.863 —0.863 -0.872 -0.826 —0.626
T2 -0.871 —-0.668 —0.894* -0.903* -0.922*  -0.900* -0.892* -0.867 -0.777 -0.784  -0.716 —0.492
T3 -0.906* -0.72 —0.931%* -0.933* -0.928* -0.899* -0.859 -0.872 -0.723 -0.725 -0.649 -0.419
T4 -0.823 -0.611 —0.888* -0.960%*  -0.927* —0.839 -0.866 —0.855 —-0.794 —0.813 -0.688 —0.413
TS -0.81 -0.577 -0.877 —0.942* -0.946* —-0.880* -0.871 —-0.854 -0.774 -0.79 -0.692  —-0.439
* 6 ARLEEEHBMERMEHBRIEETENSTHEXRY
Table 6 Correlation coefficients between dynamics of soil sucrase activity and acid phosphatase activity in different treatments
CK T1 T2 T3 T4 TS CK Tl T2 T3 T4 TS
CK 0.733 0.493 0.912* 0.993** (0.987**  0.909* 0.925* 0.961**  0.917* 0.887* 0.742 0.506
Tl 0.269 0.066 0.598 0.73 0.712 0.609 0.950%* 0.785 0.992**  0.980**  0.960**  0.847
T2 -0.059  -0.271 0.313 0.477 0.511 0.42 0.829 0.646 0.944* 0.940* 0.897* 0.794
T3 -0.634 -0.666 —0.394 -0.361 -0.244 -0.189 0.856 0.604 0.940* 0.941* 0.972%*%  (0.923*
T4 0.32 0.13 0.636 0.681 0.727 0.711 0.938* 0.748 0.909* 0.892* 0.956* 0.911*
TS 0.518 0.474 0.716 0.61 0.608 0.665 0.991**  0.915* 0.935* 0.909* 0.887* 0.746
2 BDE-209 from an e-waste recycling region in Southern China,
Concentrations, source profiles, and potential dispersion
BDE-209 and deposition[J]. Journal of Environmental Sciences, 2009,
407:1105-1 113
BDE-209 [5] Liu WX, Li WB, Hu J, Ling X, Xing BS, Chen JL, Tao S.
Sorption kinetic characteristics of polybrominated diphenyl
3) BDE-209 ethers on natural soils[J]. Environmental Pollution, 2010,
158:2 815-2 820
[6] Zhang K, Zhang BZ, Li SM. Regional dynamics of
persistent organic pollutants (POPs) in the Pearl River
Delta, China: Implications and perspectives[J]. Environ-
mental Pollution, 2011, 159: 2 301-2 309
(71 ) , , ~
1. , 2009,
. . 22(6): 670-673
[1] Jing YF, Wang XT, Kun Z. Occurrence, compositional
patterns, and possible sources of polybrominated diphenyl (8] ’ ’ - PCBs
ethers in agricultural soil of Shanghai[J]. China Chemos- 91 > 2007, 27(12):
phere, 2012, 89: 936-943 3 398-5.407
[2] Ni HG, Zeng H, Tao S, Zeng E. Environmental and human (0] Liu WX, Cheng FF, Li WB. Desorption behaviors of
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and Chemistry, 2010, 29: 1 237—1 247 163: 235-242
[3] Braune B, Mallory M, Gilchrist H, Letcher R, Drouillard K. [10] Shih Y, Chou H, Peng Y, Chang C. Synergistic effect of
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1976 to 2004[J]. Science of the Total Environment, 2007, Bioresource Technology, 2012, 108: 14-20
378:403-417 [11] > >
[4] LuoY, Luo XJ, Zhen L, Chen SJ, Liu J, Mai BX, Yang ZY. [7]. s
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2011, 22(4): 837-844
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Effects of Decabromodiphenyl Ether on Enzyme
Activities of Two Type Soils

FU Ling-fang'?, LI Miao-ling'?, QIN Hua-ming'*", YIN Hua’, MO Ce-hui'?
(1 Environmental School of Jinan University, Guangzhou 510632, China; 2 Key Laboratory of Water/Soil Toxic Pollutants

Control and Bioremediation of Guangdong Higher Education Institutes, Guangzhou 510632, China; 3 College of
Environment and Energy, South China University of Technology, Guangzhou 510006,China)

Abstract: Using different concentrations (1, 10, 50, 100, 500 mg/kg) of decabromodiphenyl ether (BDE-209) as the extra
pollution source, the activity of hydrolase (urease, sucrase, phosphatase) of paddy soil and vegetable soil from 1 to 115 days was
investigated. The results showed that the three soil enzyme activities were influenced differently in paddy soil and vegetable soil.
The sucrase and urease activities of paddy soil were significantly enhanced at the first day, but the inhibitory effect occurred on
acid phosphatase; the same phenomenon delay to 14 d for vegetable soil. Basically, in 1 to 50 mg/kg BDE-209 treatments, the
promoting/inhibiting effect on enzyme activity enhanced with BDE-209 concentration increasing, but which in the 200 and 500
mg/kg BDE-209 treatments were not obvious. The dynamic change of urease activity in paddy soil had a significant correlation
with the acid phosphatase activity, while the sucrase activity in vegetable soil had a significant correlation with the acid
phosphatase activity. It suggested that the effect of BDE-209 on soil enzyme was related to soil media and the proper soil enzyme
should be selected as pollution index of soil BDE-209 according to soil type and property.

Key words: Decabromodipheyl ether, Paddy soil, Vegetable soil, Sucrase, Urease, Acid phosphatase
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