RO IER 22 2012,31(5):913-919

Journal of Agro-Environment Science

Hg B T BB H 5 T 51
WiEE, XA, N H, BX%, FFX
(PEAAFHE K F ISR I5, BEDY vk 712100)

i ECRAERRRASEERITH, AR FEAEER L, BN EAREIRR, f X R E LA R BRI (R
¥t Rt 8 g ) B e - 3k R B BUE IR RS M 1 1) L SRR AR RS DR RR T N SR S Hg MR R
TTHT. SRR, He M B iR R 4 (LS, (A A U B ; SRR R B A0 , Ry BRIl 3B s A
BRRREMEZ BI0E] . He W S5 0RA I U0 SRR S MR35 B & Bk B UM R R, 7 H HAE — e R I ] R 1FE 138 Hg
VBRI , AL B RS A R Bt s 115 Hg Bi5 YRt ¥ EDyo {H 0.000 5~0.59 mg-kg™. THEAFPUTF pH Xf —HRKRE
FHEIYW

KR He; T30S A ST BARRE M £ 5H &

FESHES X53  XEIRES:A  XEHS:1672-2043(2012)05-0913-07

Impact of Mercury on Soil Enzyme Activity

TIAN Hai—xia, HE Wen—xiang, QTAO Yuan, LU Jia—long, WEI Ge—hong

(College of Resources and Environment, Northwest A & F University, Yangling 712100, China )

Abstract: Mercury(Hg) is one of heavy metals which can lead to serious environment pollution. It is of great importance in terms of theory
and application to investigate the eco—toxicity of Hg on soil enzyme activity. This article used laboratory simulation methods to explore the re—
lationships between Hg and soil urease, alkaline—phosphatase, invertase, and dehydrogenase which play a significant role in the cycles of
carbon, nitrogen, phosphate and microbiological activity using four representative soils including cinnamon, sandy soil, lou soil,red soil. The
results showed that Hg could inhibit the activities of soil alkaline—phosphatase and invertase without evident regularity. Hg could substantial—
ly inhibit soil urease activity at high concentrations, while slightly increased soil urease at low concentrations. Similarly, Hg could dramatical—
ly inhibit soil dehydrogenase activity and the total enzyme index(TEI). Significantly or highly significantly negative correlations existed be—
tween Hg and soil urease, dehydrogenase, and TEL Therefore, they could be used as indicators to evaluate Hg pollution in soils; especially
TEI, as an overall index parameter, could be used other than individual indicators. The critical values of ED,, for all soils were among 0.000 5
mg-kg™ and 0.59 mg-kg™. Both soil organic matter and pH affected the value of ED,.
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£ (H B IRIE S % 1. Hap Udic Ferrisols), 1.
P+ B+ F YR B K BB -1 41
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TEI( The total enzyme index )™= z Xi/X' ;
n=1

HoH X, A8 | RIS T, X, R | RS AR
HE,

2 HR5iTiE

2.1 Hg X} HIEAREEE AR
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(1)AR#EIN Hg B, [7]—28 AU 1 52 44 IR B 15 M6
BEA DL & BT R m, B S5 AR (r=0.72%) . &
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Table 1 Physic—chemical properties of soils tested

. oM/ L% TN/ T P/ A&, Alk—hydrolyzabe N/ CEC/
+#¥£ Soil samples 475 No. ﬁmﬁf o gk . éﬁ#k . WARA l}; io yzabe L ket pH(H:0)
g-kg g-kg g-kg mg-kg cmol -kg
#H#+ Cinnamon 1 26.07 0.77 1.83 101.93 8.05 8.15
2 14.59 0.38 0.80 61.33 741 8.63
K P+ Sandy soil 3 19.46 0.51 1.04 101.39 7.27 8.13
4 17.63 0.31 0.44 60.37 4.49 8.69
5 0.92 0.02 0.22 5.87 1.63 8.94
2+ Lou soil 6 23.66 1.78 1.59 141.28 1691 8.34
#T 3% Red soil 7 20.02 1.43 0.66 126.70 14.48 5.48
8 8.22 0.69 0.45 61.85 6.23 4.03
9 9.60 0.83 0.34 57.38 13.22 5.00
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()M R TR BT , SR XS 4 b+ 8 v JIR g
EERIM IR EAR, X5 TR K, A
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TR E E , TR Hg iR BRED, A3
55 AN S ERIK,9 5 13 pH B/ H AL
B EWARD, PRI R+ R FEE AR,
£ 0.5 mg- kg 'Hg* Bt IR A5 283 il o

(3)Kf Hg BBy BEHG 0, B 4.6.7 5 025 mg kg™
#10.50 mg-kg™ WS, L AENREETEMEZ BIMMEH], B
KEHWE T G ZF BB BEKE . HkE
K3 20.0 mg-kg™ B, A A A IR EEE M P R 5

27%~100%

(4)24 Hg R B E =0.5 mg-kg™ B, ZDEIRAHE
PERE RIS R FH A 3, XrTRERMRME L EAMHT
Hg BEEGRAVGR, 87 B B - 3 IR B LU a1
UK

(5)% Hg JR 2k (C) 5 IRBHE M (U) % U=Ax
In(C)+B A9, R (3R 3) BRkR 5.8 5 14
Ab, AR Ik 2 Btk B 2 A, #R 7R IR BB TE—
FEEE LW RAE 58 Heg IR E K/, X5 Sophie
Chaperon £ 45 _—32, THER 2]+ Hg B
54L& EDy {E2% 0.13~0.81 mg-kg™s
2.2 Hg 3t T IEm i BEERER & M A5

FATIEH:

(1) T EBERR B TE M 5 A PR (r=0.77") M 28k
(r=0.76") 2 B E EAHR LR T T SE0R i mh AR i 15 14
AR R 38 T A FE AR,

(2).5A & Hg 1] T TR mRR RS 4 , 4o
A Hg 7£ 20 mg kg™ i ,4 S +HERFIER /NN 1%,5 5

R 2 FEIRE Hg 3t - BEARESE AR 00

Table 2 Soil urease activities affected by different concentration Hg

Hg %% Hg Concentration/mg-kg™

45 No.

0 0.25 0.5 1.0 5.0 10.0 20.0
1 35.19a 34.77a 30.15b 30.71b 25.11¢ 24.50d 25.30c
2 7.73a 7.73a 5.35b 4.02¢ 3.48¢ 3.33¢ 3.27¢
3 42.10a 40.26a 38.39b 35.00c 32.28d 29.56e 28.91e
4 25.63b 26.71a 22.28¢ 20.60d 18.98f 19.52¢ 18.64f
5 0.26a 0.03b Oc Oc Oc Oc Oc
6 12.35b 15.22a 12.69b 8.43¢ 6.39d 4.92¢ 4.79¢
7 9.79b 10.85a 8.81c 4.37d 2.73e 1.52f 1.44f
8 5.72a 5.73a 1.11b 0.66¢ 0.66¢ 0.50d 0.36d
9 1.48a 1.18b Oc Oc Oc Oc Oc

T R TEURE R A R 785 W] Duncan’s 2 2 5 B (P<0.05), TR,

Note: Different capital letters in the same row mean significant difference at 5% level. The same is as below.

R 3 TBREENLS Hg RERENAFE

Table 3 Regression equations between soil urease activity and concentration of Hg

45 No. #1452 Regression equation HE Z %K Correlation coefficient EDy/mg- kg™
1 U=-2.19xInC+30.19 -0.935" 0.51
2 U=-0.86xInC+5.22 -0.862" 0.13
3 U=-2.62xInC+36.18 -0.988™ 0.52
4 U=-1.5xInC+22.33 -0.867" 0.61
6 U=-2.35xInC+10.63 -0.953" 0.81
7 U=-2.14xInC+6.67 -0.942™ 0.37

#:8 EBELF n=2=4,r 405 = 0.811,r00; =0.917, T,

Note: Freedome n—2=4,ro0s =0.811, roq1 =0.917.1t is the same with below figures.
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% BB E R ST R P MR AR RIS YR
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AHIZRA X G ASCEE R = 22 5 1) T2 R R T AR
AR A X 22 B T EURH o
2.3 Hg 3 TiE# W ERE RN

£5 8%

(1) B E 5 HUE (r= 0.767) Fl 2
(r=0.79") 2 B E IFAH,

(2)TEAGVR BE ) 45 -3 AL i A R — 3, 4
Hg W& 0.25 mg-kg™ B, X 2.9 5+ (LA A
TSGR, S IE - BIAF] 15% 1 14% , Ay H 4
ARV LR 9%~33%

(3) il Hg ¥ B3 0, + 3855 (L B V5 1R AR fh p A

ISR, W05 5 TR AR B R 15 G SO LR
B, BRSNS Ge it A S A BRTE AR /N o FISCHE
EPRFRWAS RIS, (BRI RY] He BEH
il AL EEE Y, POE Z AR TEAR G O AH DG , B
HALBHE A — R E L] /AL Hg 15 4R ALE,
PRI Heg 7 A0 BTG M A 30 iV F 22 B T HBE
5 R AR AL T B B R Rk B B AL AR S 25 S 3T
AR E A5, AT 5 R 7 A R 38 A el A 4
o TIEFEAVBRE XS He 15340 BA—2, H
AT RE R T SR A X 22 B 8, B R — 2P

(O¥_EXRUECERO)FEMR, L4114
B ETAR B E RS THERBAERKE ED, /Y
JLFEH 0.74~4.48 mg-kg™'
2.4 Hg X4 3/ SEE MR

ISR R S, R TS A Y 4
W, BB R A VLIRS, R S MVER , HE
R/INE 5 S e+ S A Wy B A, ATV
BEEESREGREIRY, HERTATLUESR:

R 4 FREIRE Hg Bt BEERERE 1R 0T
Table 4 Soil alk—phosphatase activity affected by different concentration Hg

Hg e Hg concentration/mg-kg™

i
o
Z

0 0.25 0.5 1.0 5.0 10.0 20.0
1 105.51a 90.89d 98.07b 96.89b 92.16¢ 93.93¢ 92.83¢
2 54.62a 55.72a 52.67b 51.74b 51.24b 50.39¢ 49.97¢
3 99.90a 98.90a 97.00b 89.50e 92.70d 94.70c 90.00e
4 55.50b 52.67d 54.63¢ 57.32a 54.85b 54.19¢ 54.48¢
5 2.79 2.59b 242¢ 2.37d 2.17e 1.95¢ 1.62g
6 50.06b 53.29a 48.99¢ 49.53be 49.79¢ 46.97d 47.78d
7 22.42a 21.47b 19.78d 20.11c 19.08e 19.99cd 19.37e
8 4.21d 4.08e 6.14b 3.96f 6.28a 5.19¢ 3.24g
9 331a 1.45d 1.56¢ 1.56¢ 0.86f 1.27¢ 2.27b
R 5 FRRE Hg MU EEEIER R
Table 5 Soil urease invertase activity affected by different concentration Hg
H2 No Hg % Hg concentration/mg-kg™
0 0.25 0.5 1.0 5.0 10.0 20.0
1 1.00a 0.67b 0.69b 0.61c 0.63¢ 0.62¢ 0.64¢
2 0.55b 0.63a 0.53b 0.53b 0.48¢ 0.43d 047¢
3 1.01a 1.00a 1.01a 0.96b 0.79¢ 0.72¢ 0.75d
4 0.44a 0.40b 0.35¢ 0.36¢ 0.37¢ 0.28¢ 0.33d
5 0.01a 0d 0.01c 0.01d 0.01c 0.01c 0.01b
6 0.54a 0.54a 0.49b 0.45¢ 0.45¢ 0.44c 0.41d
7 0.20a 0.16b 0.15b 0.14bc 0.16b 0.13¢ 0.13¢
8 0.12a 0.08b 0.09b 0.09b 0.06d 0.06d 0.07¢
9 0.07b 0.08a 0.07b 0.06¢ 0.06¢ 0.05d 0.05d
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(1)Hg et T 3R ST RS He R 38 in i
VBN, 5 A B AT 1 2 B TR WS Hg +
e, UYREER R 20.0 mg-kg! B,5.8.9 B HREAIE
TSR SE M, oA T RERR IRtk 3] 68%~92%

MR F - FERRRF , BRI E KR 20.0 mg-
kg™ B, Btk - R R 68%~100% , 353K 3] 82%;;
Btk A 7 S AR RS H A S 1, HLRR IR
H 83%, SHEVLEBALK 8 51 9 S FEAE He
WREH 5 mg-kg™ B, B U BGRI 78 Rl . RIAZERR
P T RIFEET R, ONFERRMESM T, 13
ME SR FE B T8 ; pH SR P iE s b
SRE SRR, 15 MEAGE , XA P B 3wl

T 3 L Z IR,

(3)Hg BB (C) 5B AMHENE(U) UG FR
(3% 8) /8, I X R IR E Z Bk & MK, 16
A ERSTE—E R E AT RIE T He 1542

(4)IH BRI EZSSERAE EDy O 0.88~4.5 mg-kg™'s
HAA LR & BIRA A EDy (EHEIR, ¥ LA
MU &5 H EDs [HRETHIR T, PIEIRBI R
FHIEMXK(r=0.89"), RIAGHLER Hg (5L BA —
EZMHER o
2.5 Hg X T35 SkERE R

B EBRALME TR R , %o B PR P4 P AN 1R
Yo I ) B R bR RE A 225, IR 38 2 ) 5K AR Bl

®o TIRBRUBmENS He RERENSHE

Table 6 Regression equations between soil invertase activity and concentration of Hg

%5 No. #4752 Regression equation HI32 Z& %k Correlation coefficient ED,/mg-kg™
2 U=-0.03xInC+0.54 -0.871" 448
3 U=-0.07xInC+0.92 -0.958" 1.35
6 U=-0.02xInC+0.48 -0.895" 0.74
9 U=-6.5x10"xInC+0.07 -0.973" 294
R 7 FEIRE Hg 3 50 SERE HEE R0
Table 7 Soil dehydrogenase activity affected by different concentration Hg
£ No Hg #¢¥ Hg concentration/mg-kg™
0 0.25 0.5 1.0 5.0 10.0 20.0
1 2.67a 2.41b 1.96¢ 1.61d 1.48e 1.10f 0.78g
2 2.38a 2.30b 2.16¢ 1.74d 0.77e 0.50f 0.40g
3 2.80a 2.67b 2.35¢ 2.02d 0.86e 0.67f 0.60f
4 1.93a 1.66b 1.24¢ 0.73d 0.28¢ 0.21e 0.15f
5 0.07a 0.04b 0.02¢ 0.01d Oe Oe Oe
6 3.23a 2.73b 2.49¢ 2.14d 1.37e 1.15¢ 1.03f
7 1.84a 1.58b 1.78a 1.35¢ 1.06d 0.36e 0.31e
8 0.99a 0.82b 0.64¢ 0.38e 0.01e Oe Oe
9 0.74a 0.61b 0.45¢ 0.36d Oe Oe Oe
® 8 LIRBISEENS He RERENMESHE
Table 8 Regression equations between soil dehydrogenase activity and concentration of Hg
%5 No. #4552 Regression equation FHRZ %X Correlation coefficient EDy/mg- kg™
1 U=-0.32xInC+1.82 -0.968" 0.16
2 U=-0.48xInC+1.70 -0.990" 0.39
3 U=-0.52xInC+1.95 -0.986™ 0.33
4 U=-0.34xInC+0.98 -0.957" 0.11
5 U=-0.001xInC+0.02 -0.930" 0.004
6 U=-0.41xInC+2.12 -0.994" 0.16
7 U=-0.34xInC+1.34 -0.946" 0.39
8 U=-0.20xInC+0.47 -0.959" 0.12
9 U=-0.15xInC+0.36 -0.964™ 0.13
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Table 9 Effect of Hg on soil total enzyme activity

Hg #¢ ¥ Hg concentration/mg kg™

%5 No
0 0.25 0.5 1.0 5.0 10.0 20.0
1 10.06 9.14 8.57 8.04 7.40 7.01 6.81
2 5.68 5.85 5.12 4.65 3.56 3.14 3.14
3 11.27 10.94 10.47 9.57 7.88 733 7.18
4 6.46 6.12 5.27 4.75 4.17 3.88 3.90
5 0.18 0.10 0.10 0.09 0.08 0.07 0.07
6 6.71 6.56 5.89 5.11 4.24 3.82 3.63
7 3.60 332 3.27 248 2.11 1.30 1.23
8 1.82 1.55 1.08 0.75 0.38 0.33 0.30
9 1.08 0.92 0.65 0.54 0.19 0.17 0.19
10 TEEKEENES Hg RERENNEHE
Table 10 Regression equations between soil total enzyme activity and concentration of Hg
%5 No. #14F2 Regression equation FHEZ %X Correlation coefficient ED,/mg kg™
1 U=-0.52xInC+8.25 -0.989" 0.07
2 U=-0.64xInC+4.75 -0.984" 0.57
3 U=-0.93xInC+9.65 -0.990" 0.59
4 U=-0.48xInC+5.07 -0.953" 0.21
5 U=-0.009%x1nC+0.094 -0.983" 0.000 5
6 U=-0.66xInC+5.41 -0.985" 0.39
7 U=-0.51xInC+2.69 -0.975" 0.34
8 U=-0.27xInC+0.95 -0.943" 0.08
9 U=-0.17xInC+0.58 -0.952" 0.10
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