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Influence of endosulfan and its metabolites on enzyme activities in purple soil
XIONG Bailian' , ZHANG Jinzhong' >, DAI Juan', XING Ze', XU Weihong'

1 College of Resources and Environment, Southwest University, Key Laboratory of Eco-Environments in Three Gorges Reservoir Region, Ministry of Education ,
Chongqing 400715, China

2 Chongqing Key Laboratory of Agricultural Resources and Environment, Chongqing 400716, China

Abstract; Purple soil samples were treated with technical grade endosulfan at 5 concentration levels (0, 5, 10, 20 and 100
mg/kg) , and incubated in glass flask in dark environment for 60 d so as to study the effect of endosulfan and its main
metabolites on soil enzyme activities, such as urease, nitrate reductase and polyphenol oxidase. Meanwhile, the mass
concentrations of a-, B-endosulfan, endosulfan sulfate and endosulfan diol in the soil were determined. The results showed
that both of the degradation processes of a- and B-endosulfan accorded with the first-order reaction kinetic equation, and the
half-times were obtained as 32—99d and 69—116 d, respectively. The half-time increased with the amount of endosulfan
spiked in the soil. The concentration of endosulfan sulfate increased continuously in the first 20 d, and kept basically stable
after incubation for 30 d. While the concentration of endosulfan diol first increased and reached maximum at the 15th day,
and then decreased gradually. Compared with CK ( without endosulfan) , urease activity in the soil spiked with 5 mg/kg of
endosulfan at the 5th day increased 20. 0% . Besides this, urease activity in the soil spiked with 5—20 mg/kg of endosulfan

gradually turned from no significant change to inhibition with time, and the inhibition reached maximum at the 60th day.
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Urease activity was significantly inhibited and the highest decrease percent reached 94.5% at the Sth day in the soil spiked
with 100 mg/kg of endosulfan. Pearson correlation analysis indicated that there was significantly negative correlation
between urease activity and the concentration of a-, B-endosulfan, endosulfan sulfate, and endosulfan diol, while that was
negatively related to the concentration of endosulfan sulfate at the confidence level of 0. 05 based on partial correlation
analysis. The partial correlation between urease activity and the concentration of a-, B-endosulfan, and endosulfan diol was
not significant. It revealed that endosulfan sulfate was an inhibitor to urease. Nitrate reductase activity in the soil spiked
with 5 mg/kg of endosulfan increased significantly at the 5th day, and was inhibited with the increases of endosulfan
concentration and incubated time, and the highest decrease percent in the soil spiked with 100 mg/kg of endosulfan reached
89.9% at the 60th day. Pearson correlation analysis indicated that there was significantly negative correlation between
nitrate reductase activity and the concentration of a-, B-endosulfan, endosulfan sulfate, and endosulfan diol at the
confidence level of 0. 01, while that was negatively related to the concentration of endosulfan sulfate at the confidence level
of 0. 01 based on partial correlation analysis. The partial correlation between nitrate reductase activity and the concentration
of a-, B-endosulfan, and endosulfan diol was not significant. It revealed that endosulfan sulfate was an inhibitor to nitrate
reductase. Polyphenol oxidase activity in the soil spiked with endosulfan changed greatly with time. In general, polyphenol
oxidase activity in the soil spiked with 5 mg/kg of endosulfan was inhibited, and that spiked with 10 mg/kg of endosulfan
was similar to that of CK, whereas that was significantly lower than that of CK at the 60th day. Compared with CK,
polyphenol oxidase activity in the soil spiked with 20 mg/kg of endosulfan had no significant change at the 5th and 30th
day, and significantly increased at the 10th and 15th day, and then reached maximum at the 20th day, which was
significantly lower at the 60th day, and that in the soil spiked with 100 mg/kg of endosulfan was much higher before the
60th day, and the increase percent reached maximum (139.9% ) at the 15th day, and then decreased continuously, finally
reached CK level at the 60th day. Pearson correlation analysis indicated that there was significantly positive correlation
between polyphenol oxidase activity and the concentration of «-, B-endosulfan, endosulfan sulfate, and endosulfan diol at
the confidence level of 0.01, while the partial correlation between polyphenol oxidase activity and their concentration was
not significant. These results indicated that the concentrations of a-, B-endosulfan, endosulfan sulfate, and endosulfan diol

have little effect on polyphenol oxidase when they exist alone in the soil.

Key Words: endosulfan; endosulfan sulfate; endosulfan diol; purple soil; soil enzyme activity
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HERR A 10k B P R R SRR S 0—20 em + 2 iZ ARG IOl G PR 2510 s, ELRKS i P B
FRUT=H . RAEM L HERE A 22 A SR AT BRI 40 5id 1 mm A1 0. 25 mm G5 45 FH, HBEARBAL PR L2 1,

F1 X TEOEREBLERO0—20 eom +2)
Table 1 Basic physicochemical property of the tested soil (0—20 cm depth)

AR PHES F32 2R EX FIEHIALL L Soil mechanical composition/%
pH Organic matter CEC Total nitrogen  Total phosphorous s A A Fiki

/(g/kg) /(emol/kg) /(g/kg) /(g/ke) Sand grain Particle Clay fraction
6.23 23.51 28.02 0.65 0.38 42 50 8

1.2 FERGR AR R

- TS (98% ) B-FiSfF(98.7% ) brifi i [ 3 [H Sigma 23 7 ; B SHARER R (98. 5% ) i ST B (99. 4% )
brdE S H 2% Dr. Ehrenstorfer 23 7 ;

TS HE 250 R ARG A AT FRA /] 46 96% , 2 5E o B-Bi ST i HE A 62.66:37. 34

N B R a3 4t ( 26 [ Thermo Fisher 23 1)) 5 HoA i 14 H 20 r 4l

Florisil [EAHAEHU/INVE (92 [ Welch A ] ) :500 mg/6 mL, FRTZIE CLelG 1k,
1.3 SCRP BRI
1.3.1 - HERER S S e

[l 0. 25 mm G i 38 I A T A0k i B PR 2, e RIS R AT T e i R S 15 8 i
WA 1.00 g/kg MBRFHE G+, AEid 1 mm GRS H 3 I AGE fE (075 YL B + | 29 BRIR AT, 1 v i
24391 0.5 .10 20 F1100 mg/kg, 1538 CK . T,—T, 25 FabBE . FRECGHIFS 89 +FE 300 o, HT &k 2
FH () e R AF 7K Y 60% AT PO, 55 EARZE 76 (25 £1) C IR IR A h G EE 37, A il 3 1k
FA, AR R K B 2 B KRR dE R A EOK I EE . 55 5.10,15.,20 .30 F1 60 KRR+
B 7 B0 - SRR TG ORI A kR 2 1y AT I P T 43 ) FH PR R B B s SR 1 L £ T R
AR L ki e 5 T A A RGBS D kI 2 R A T 3 Dl R 22 1 4R 1
il 1 M AR XS AR EAR 25 (RSD) 205118 5. 1% 4.2% F14.4% (n = 5)
1.3.2  IEPER P AR P PR S ik

A g g P R LA 4 4 BRUZE SO 4T R Kumar 2820 )5 g B B DAk, 7EH53% 0.5.10,
15.20 30 #1160 d B FRIBCH S T 20 g T M35 14 A 50 mL NER B A £ 30 min, Whatman 42 5 %€ 1
PEARIYE , /A SR 2 R PR IS i, RS REE RS 2 s T, A 10% B9 NaCl %5 100 mL, 2351 50
50 F130 mL A7 {MBER T HEEC 3 W, BERIREE 5 min LU, &2, 5L FIZNEIK B, REURZ TEK
Na,SO, FEWEK G55 e8I, 40 °C /KU IRAE 2351, A 2 mL A ik, FER R 5 . K 2 mL W46
W% 2 WS TR AR Florisil [EIARAHUIME , H 10 mL B8/ 1E O %6 (65:35) Wk, A2 I i, /AT, EAff
A 2 mL ZNE , e 7 s A , At = 80RO 4 33% ( HPLC) 43#r .
1.3.3 G fh RHACH = P il 5 o A

K HPLC ( Shimadzu Sil-20A ) 43 % . SPD-20A £ 1 #% M %2 6% FF A H AR 7= 9 (0 & 1, 3% 4.
Diamonsil ™ (&5 —4%) C, WAHETEFE (4.5 wm,250 mm X 4.6 mm) ;7 SHAH : 7K (70:30 RTS8k | 25
VMG, WEN 1.0 mL/min; PEREAAFR 20 pL; K%K 214 om" ' AMpik @, o B-FLPE B PHRL AR £6 A 1)
TREART DU FR 52 0. 1 mg/L,4 B WILE 6 AN IR K TR 45 1 7 2 [l 2253 51 Ry 96. 67% \95. 17% |
95.33% f197.50% , AHXSFRifENR2E (RSD) 43934 6.91% 6. 03% .6.81% F17.24% |,
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Fig.1 Variations of the concentrations of endosulfan and its metabolites in soil with time
R — GRS 8l )~ AU L SR B P B R 6 18] B B e | ARAT N6 2 B9 ER . — %A% I
IDR=IVIE RV

C,=Cye™" (1)

TR BRI N
L= In2/k (2)
P o R BN E] (d) 5 Co 1 C, 2053 g S R PH A 00 i o HE R ¢ 15 220 ROV JEE (mg/keg ) 5 b R SO T %

HE(dT)

2 LI AT BBl ) 2 R R - B PHTE 5 6 b B R A AR R AS B DR E R TR
0.935—0.995 Z [0l B FH) ik o Xof B ik S o 3 S5 i B0AT — 8 5], T, —T, Ab PRI oo~ 110 4 i 3ok 36 4
FHZEAN KT, Ab A 3 5 B AR /N T,—T, Kb B B-B FH 4 A R 5403, WL /N T, A ER Y
0.01/d, 315 a- B-FiFHOEEEW 43 98 32—99 d Al 69—116 d, ik B (R P 48 (5 4 vh [ gt o 18
2.2 BRPFALFENT A SRS 0 R

B PHAL BT A S5 Tl 0 P Y 52 e G [ 2—T& 4 BT, MNIEL 2 W, CKAh BRI IR S R 0. 13—0. 14
mg-g +24 h™ S IIBR S A A) e B R IR 6 PRI . 35 5 KA, T, b3 IR A AR 25 R L ¢ CK 3 m
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20.0% (n = 3, P <0.05),T, AbPEXFIREFR R B BIEE A, HS CK 27 A 835 BRILZ A0, B 734k B iR
TSR BOETE . 55 5—20 KRBT T,—T, AbFRIREEE MERERS 0] & Az i 8, H R 5 CK 257 A 3%,
AT, AEFRAESS 10 KHF4E CK FF%16.2% (n = 3, P < 0.05) ;55 20—60 KHF T, —T, AbH IR G P B st a) 45
SRR, 55 60 KA AZ 2 B AP A CK /9 R 19.2% 34.8% F146.9% (n = 3, P <0.01), T, ZbBEXIR
it 16 AT SR AU A I RIVE D 265 5 .10 .15 .20 30 1 60 K435 R % 94. 5% 85.0% .68.8% 90. 1% .56.7% Fl
71.9% (n = 3, P <0.01),

x2 TEH o B-HARBHNNFEFTE(=7)

Table 2 Dynamic equations of endosulfan degradation in soil

Wit wE SR A Yk 3
Endosulfan Treatment Dynamical equation Rate constant/d™!  Determination coefficient Half-time/d
a-Hifk T, C,= 2.965exp(-0.02¢) 0.020 0.976 35
T, C,= 6.149exp(-0.022¢) 0.022 0.993 32
T, C,= 12.062exp(-0.017¢) 0.017 0.995 41
T, C,= 57.850exp(-0.007¢) 0.007 0.966 99
B-Fi St T, C,= 1.747exp(-0.01¢) 0.010 0.983 69
T, C,= 3.453exp(-0.007t) 0.007 0.978 99
T, C,= 6.803exp(-0.007:) 0.007 0.935 99
T, C,= 34.660exp(-0.006¢) 0. 006 0.974 116

M 3 A%, CK AL BRI A PR IA IR G PE 0. 950—1. 161 mg-g 24 h™', T, AbBH, 45 5 KXl BR 140 5 il
EITEER 8 CK 3N 12.3% (n = 3, P <0.05) ;%5 20 fl60 KX, MGt CK Z5 A8, Rk 4k, 6
A PP P 30 i i 1 R I Wl g A P B A 0 B P40 e B A 284 I i i v 5, T, —T,
Aob PR PR 8 AR A R A A ], U RH X 3 A Ak JHDGT A 2 45 i it 356 2 1) VR FE LI R REAH R] 5 T, AbBEEE 510
15 .20 30 1 60 KA GG PEES CK 43 9 F B 54. 8% .70. 1% 72. 8% .84.3% .88.8% F189.9% (n = 3, P <
0. 01) , & BH = W B G P s 1 ) V= UnT Re  A: T28 1k

016 L —e—CK -0 T3 ——CK --6-T2 -o-T4
% - Tl --o0--T4 —_ - <-T1 —--0—-T3
= L N -T2 w
) 0.14 S d /% /§ = j2f
Sont 3PS . B 1 }\//i\%
'sn S el Ty e 1.0 - 3 -
#2010 DAL #E Kv I
ZE - B Bz o8k 5 Y. Pl
25 008 | T~ & S LR Y S
E£ 5 =5 R R e -
5 0.06 |- g5 0or o N
: P g2 T
2 oo | A — £ 04l o =
5 ' .‘\. 2 7 'q'é B
0.02 t a K e 02} e
o 2 Rl ——
= 5 - TrTmrTese.
0F ‘ ‘ ‘ ‘ ‘ s Z 9 s ‘ ‘ s ‘ s
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Fsf i) Incubation time/d I}l Incubation time/d
2 PR L HRAREGE RO RN B3 FAat + R R R 1
Fig.2  Effect of endosulfan on urease activity in soil Fig.3 Effect of endosulfan on nitrate reductase activity in soil
P B A « S

ML 4 T, CK A BRI 22 B S AL B P8 0. 57—0.72 mg-g™'+2 h™' B& T, Kb % it % 1 06 o A 5
15 K, T,—T, AP HBAESE 20 K, T, ACFEXF Z By A AL B R 30— i Pl /E H L, 58 10,15 .30 11 60 KB
BV PER CK 309 F I 12.6% 12.3% 25.3% F122.7% (n =3, P <0.05) B%5 5 F120 FK X 1E M52 0
ANEE T, AT 22 By A A BEE PE RS M A K, A 60 F k3¢ 30 M 5o (X4 ik 4 1, i 05 %8 CK R F%: 14,
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(5 60 X) " Y2k % 5 5.10,15.,20 #1130 X, T,
Ak FEH 22 W SR A RS A VP T P CKC 331 3 T
92.6% 93.6% .139.9% .83.8% #131.3% (n=3, P<

Z YA AL BRE
Polyphenol oxidase activity/(mg-g™'-2h™")
=
T

0.8
0.01) ;45 60 F , Z M FUALNETE MK 2 3] CK KT M
PR 3E, BE VRINBH0 H 380, T AL G eer D2 I —
PESE I (T, 2b3) —ICRZMA (T, Ab3H) —3#0E (T, M 0 10 20 30 4 50 60
T4 ﬂ‘fi) . E@Efiﬂf‘%ﬂo 5f 4] Incubation time/d
2.3 BiFHRE S EEE R R B4 HAx LIS B LR R

@'ﬁ Tf i% ':F' LA gﬁ: j‘fﬁ_ﬁé 511: ’ﬂﬁ , @ﬁ Eﬁ, @fiﬁ%’i %H Ejl’i Fig 4 Effect of endosulfan on polyphenol oxidase activity in soil
TR LA R B R AR R 32 AR
W B2 HEAT Pearson AHICHT ARG 73BT A5 R WK 3,

R3 TEBEESHRARERESMRENEIXR

Table 3 Correlations between the enzyme activity and the concentration of endosulfan and its metabolites in soil

JIk Urease fiF R 14 Jfif§ Nitrate reductase Z W % AL Polyphenol oxidase

o] Pearson FHC R 5L T G R B Pearson A5G R 5L riAE 5 R AL Pearson FC R 4L i AH S R AL
Compound Pearson correlation ~ Partial correlation Pearson correlation ~ Partial correlation Pearson correlation Partial correlation

coefficient coefficient coefficient coefficient coefficient coefficient
ot -0.587*" 0.098 -0.683"" 0.206 0.823 " 0.034
B-Fi St -0.661*" -0.290 -0.743** -0.170 0.813** 0.022
BB -0.795** -0.522 * -0.876 ** -0.691 ** 0.628 ** 0.109
LR gL -0.475* 0.260 -0.639** -0.177 0.842** 0.363

w o GEMEKIE0.01; « BEMKFE0.05

M Pearson MR RBORF , L IENRAE AL S RHEYE S - B-TRFT BRPHBRIR £h FAR S v B2 1 1L
FEARC, 2B A ALBHG T S R B IEASC, al UL, e 4 il S 4 0] IR I RIS TR 1 Jir il 106 2 247 362 1
AR Xk 22 M S AL B PR O M . B2, Y 2R 0 DR R [R] IR A7 7RI, Pearson A5G 73 B A BE L5 S 1k
AR ARG OC AR o DRI, 855 G -5 B sl LA 7= o S A R S O B I, o B i B A 1Y
S AT R AR S 34T

M 3 AR T &5 R T LAt RS PES - BB PH AN h — B JE2 1] #S) s AH G 28 50K Rk £ J
FKF FRIIX 3 AL W B A P IS FIR IS A 64582 WA 20 A8 DA 5 JORIBEHS P TR 2 A B I £ i A G 2R
KO -0. 522, 1 0 25 GUMISG X RGP I VR o il B SRS A 5 - BB A B — e 4 J52 1) i
KNEA ., KWK 3 Pl A G 1y S P IR TG 1 14 2 O 538 i PR s D 0 5 A R 66 1] 4 i A 5%
FHCN-0.691, 50 GOARSE, AN AR R G PR M A . 2B SRS RS - B-BRT BRI BR AR ER
B F A R [ ) i A S 2R B AR B R 50K SR WTIX 4 Al Al 45 1) S A P o 22 0 A TR P ) B

Y
3 e

TEA H IR ALY T AR AL T B R IR AR DG I T e A A A i S R AR L
VFZ A ARG HIRR BE R0 456 — G 8 )RR, 2 sl 3 2 — W80 BRI o
B-BFH 53 5y 32—99 d F169—116 d, BEERSH0I 4 ok BE AR IR 1M K A2 IS . Awassthi 552 AT 3
B AP 98 B R it 3 2 B AT A v P O I s v, G DA AT BE R AR N B R AR, SRR )
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WRBEE S o B-B P AR G B2 Eh e B 18] (1) Pearson H156 %0 (-0.587 .—-0.661 F1-0.795) KT AH 5
F40(0.098 ,-0.290 F1-0.522) , FHATX 3 Fifb G 4[] Bof A7 A Fof XoF R il 355 2 1) 5% o L JHE B8 A2 AE B3, Soto
LA Wan 252 BFSE KB, a- B-B SRR ST R £ 0 i 2 AK A= A2 W) AR BB & B TR — 1A
Yy, FBHR R PEER . HILE K, - G- PRI R AR A7 s XoF IR 4 1 9 okl v T o — b
Yy, A6 ST BEGE 2 AR IR A TG, (EJE B2 o T, AbBR S d BEIREETE M T CK, R B M 1E
L, SHEI IR LSS AST . 3 T BRI A 4 e sp A7 /e AR 2C A0 IR A 20 . — I W B 7 - 6 PSR A+
Sy 0 A DRI 5 2 DA B A AE T 0 E W20 e v g i S DRt . A ML SRR 24 0 i o ELA B, T
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TEYELL CK K, BB 15 R ) 8380, N3 0L 6 - 30 040 ke A= 400 400 B e 4 IR 338 17 A 1 P ) k2 9 A
TR AN PR JOR G, A P 3E FER S 1 N PR B A . T, (T, AT, AR3EL S d B JRR A 1 o 2 0 1
F, AT RES B P AR BE 55 5 45 5%, Nasreen 262 (R 58 2 W1, B PHits FH & 0 1. 0—7. 5 kg/hm® (£ 8 10—75
mg/kg' ?") B X B KG + ( Black clay soil ) W IR B B0EAE T, ABFSEEI & L 10—100 mg/kg B S1-4b B AT 1141 £5
o R IRBEG R 5 S8 PR B K F) 10. 0 kg/hm® (24 100 mg/kg ™) BF | X6 Mk TG 14 %) 52 00 P 380 76 1) 411
L2 , SIS 100 mg/ kg B S S8 €0 1 o R I 05 4 R 25 SR —2X . Sannino 22 [30] K AR —Fhfe 25 (B E
JBE ST A ) AR, AS [) 28 78 0 39 v JOR I 2 1 B 0 o RS ) PR SR R TR 45 SR . i L Ok,
Xof A SR MR 5 () 5 M T BB AT O

TR A Tt 35 1 5 B P B P Rk AR — vk J3E 8] () Pearson M€ R B0 (-0. 743 . -0. 876 Fl
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T O 5 ARV I BE R ) 25145 3 Al ) Kalyani 2570 R, B PHZE 98 d PN W] 240 ) - 2 [ 4
BRI 7= A P [ 20 . Buff 56 DA BT AT LA BT 1 20 BT 200 AR ASE , 20 A A0 A P9 358 5 B P9 AR RS A, o [
BB TR EAE 0 AR, &2 A 3 60 d P R R R 3 v M A2 B F | i A
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