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Abstract : Combined pollution of heavy metals and organics in urban soil is ubiquitous. Herbicide such as siduron
is frequently used in lawn management and pollution of these pesticides in urban soil has become a new focus. In
this research, different heavy metal polluted urban soils were selected to evaluate the ecological risk of siduron pol-

lution based on laboratory simulation experiments. Effects of siduron on soil organic nitrogen mineralization, basal
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respiration and soil enzyme activities were studied. It was suggested that: (1) The soil organic nitrogen mineraliza-
tion, basal respiration, arylsulfatase and alkaline phosphatase activities were sensitive to heavy metal and siduron
pollution, while urease and invertase activities were insensitive. (2) In the range of siduron concentrations from 0
mg-kg™ to 1 000 mg-kg™, significant linear correlations were observed between siduron concentrations and the in-
hibition (activation) rates of alkaline phosphatase activity in slightly heavy metal polluted soil N. Significant linear
relationships were also observed between siduron concentrations and the inhibition (activation) rates of arylsulfatase
activities in soil D and G which were more seriously heavy metal polluted. (3) The EC,,sof the effect of siduron on
the inhibition (activation) rates of arylsulfatase activities in soil D and G and on the inhibition (activation) rates of
alkaline phosphatase activity in soil N were 568 mg-kg™', 1 306 mg-kg™(inhibiting value) and 56 mg-kg’(activa-
tion value), 99 mg-kg™, respectively. And EC,,s were 1 901 mg-kg™", 3 806 mg-kg™.,2 321 mg-kg", respectively.
The above results can provide basic data and technical methods for the ecological risk assessment of compound
pollution of heavy metals and pesticide in urban soil.

Keywords: heavy metal polluted urban soil; siduron; nitrogen mineralization; basal respiration; soil enzyme; dose-

effect relationship
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1 ##l57i% (Materials and methods)
L1 A5G

ASCH% 6K B A Malvem Master Sizer 2000
(Malvem Co., England), Elementar Vario EL Il (Hanau
Germany), 341 6% B 1T UV-1700(Shimadzu, Ja-
pan), Z I fig if 4% /X SPECTRA max 190 (Molecular
Devices Co., America),,

B PRE R, 50% AR 7 5 B T i
S JIT PR A 7 0 9% 2t 30 5 JFC Al 25 B e i a5
Ry At
1.2 fa 45

I H JE T R A A B SR T RIR SR A
BRI 0~20 em 3R)Z 13, WL IBOA [m] 5 4 J 75 YA
JER 3 RN D G5 Y : N<D<G) 73 5l 2R
Ko IREEBRARSAEYRAR)S i 2 mm §i, —7
OYRTEE LR R ATCTE A B E T 4 C kR IR
TSR B 48 R o0 A 5 — B 20 L RE

KA, T e e A
1.3 S8k
1.3.1 et & e ab B

PR HE A £ 50% PR R nT IR R 7 4.5
~13.5 kg-ha', #% 10 kg-ha ' §15 4 T 52 14 h ¥R
TR S it FH A A5 3.33 mg - kg, FEILEERY F DL
BN — B G 7 2 RE A S B R S N v
J£59:0.3.30,300.1 000 mg-kg" . FRHL 300 g i hif
3T 500 mL = A R PR B R 75 1R K U i
TAC ] R I A 1R 7K s I 3 itk - b iR
PirE, R A G R e RIS Kt
B K JH 2 [ HE K A 60% , 7 15 0 e B 1
JE BT 25 CHHIRIEFRAE h ot %, RhR 2~3
KPR LI R3S K R SRR REEET R R 32 d,
AT SRS 1.7 15 32 RIBFEE . #Hrp—&
o3 BT T IR | 5 500 2 T8 6l | b
Gl R g G R DS O T e o A e w2 €1
MUAW fb i SEREIFIE A0 e |, FAL S 3 Ik,
1.3.2 W5k

- PR A AN A < bR A SRR A
L PR, 0.5 mol - L™ NaPO, &b 5, FHIOEAT 8 &R
45 Malvern Master Sizer 2000(Malvern Co., England)
M7, ME pH MEKEER 15, 2SS LB KR
SPIRAT R 30 min JEIAE A MUK A
FHERmRAL B | WAL B S, £ o6 R 43 H1 4L Ele-
mentar Vario EL Il (Hanau Germany) il i& A #L B
T,

T B G A I B 100 B Y 1A
mn 0.25 g, FH 0 38 20 555 W I B R LY (HY/T 166—
2004) ) HCL-HNO,-HF-HCLO, ¥ 4 i + 38 , 114 i
FEMIIN 1 ~3 WERER N 101 $h, T AlK ER R
50 mL, A 88 0 J5 - W 43 O Ok BE I 2 Cd
i, 11 ICP-MS & Cu ,Pb #l Zn i,

- S DU A ¢ ORI T A 0 SR FH R 1 - UK
ARREN LY A A NH,-N 7E B bR A K 578
nm Ab He @ G g - NH,-N(g-3 h)y' R, 35
LR TR e T e 100 00 o o P SR A - A5 L
U A LAY -l 1 7E B AR A K 400 nm 4b L
o, BTV wg - n-fEAEM (g -3 h) ' R, BEMERE IS
PEDIE R 3,5- il SE K A7 R be a3kt A L 3-
-5 HK A R TEBEFR X (SPECTRA max 190)i%
1 508 nm Ab HL (8, BG4 FH mg - A& (g 12 h) ' 3%
o TR R O M D R FH R OR ANt
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U A B AR PR B 1 660 nm Ab HE (5 T
M pg-W(g-24 h)' s,

A PLAT L E R R AR AR
FH KCL 1245 By ik Ho ik T840 0Ot U v-
1700)9% 1 625 nm Ak Ho A&
- S Ak T U SR FH 288 PR A TR A

gL

SR Wy S - SRR 45 46 BR 52 PR B RS A )
P R ok AN R A=

R= (b-2)/ax100%

i R AW (BT ) 5 (% ), TR R s AR
F, GBS IGIVEF s a X BRALINE(E ; b AIFE
W Ah BRI 2 A
1.3.4  SEEHE AT

K H SPSS 18.0 AR AF A7 B A+ [ 15 43 M 2
IR & 43 BT DPS 7.05 B0 3647 07 2243 Br

1.3.3

(ANOVA); Sigmaplot 12.0 3 FAEK

2 #£ R 5% %7 (Results and analysis)
2.1 JrESHr

ANV o5 - 48 | 355 55 B ) R A R v 3 Xk 4% 1k
IR () 7 220 T e R UL ER 1, MR 1 A,
ANTRVAE R 408 55 5 s ) R S o e %o - B A=
VIR A AR5 e 4138 B . 25 K (P<0.01)
2.2 N[AVRE A A X 45 g A8 A ) 52 i)

FAEN AR S E AR & LR
2, nge 2 R, 3 AR IER pH EESR T 8, K
Tl - 58 s A7 AL 3 = = AU 8 . G>D>N, fie i 2
N 1.94% s FEA D HHERT RS R R R A 1.97%
oAty 2 Fb A HEAORRL S AR T 20% BT N AR
3R D 4 B R S R AR, AR TR T
Pb & AR B E —HhRYELL A, CA & Mt T —

®1 FEHERLTE EFRNEFIREREREINKGIERE 7T E 55

Table 1 Variance analysis of different soils, culture time and siduron concentrations to experimental indexes
J5 AR
AYLAT it - LA T 0 L . g B 8 1 R
e o WRRE BRAGTEYE MR ,
Organic nitrogen Soil basal Alkaline phosphatase
. L o Urease activity ~ Arylsulfatase ~ Invertase activity o
mineralization respiration . activity
activity
% . " " v - -
Soil 0.0001 0.0001 0.0004 0.0001 0.0001 0.0001
01
BRI 1] . " " w - .
. 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Culture time
. . 0.0001 0.0001 0.0001 0.0001 0.0001 0.0002
Siduron concentrations
% P<0.01,
Note: ** P<0.01.
F2 #WilTEEABUEREESESE
Table 2 Basic physicochemical properties and heavy metal contents of the tested soils
LA i/ i/ i/ B/
(= TR B3 AHLR/% (<2 pm)/%  (mg-kg') (mg-kg!) (mg-kg')  (mg-kg!)
Sampling point pH SOC/% Clay Cd/ Cu/ Pb/ Zn/
(<2 wm)%  (mg-kg') (mg-kg!) (mg-kg')  (mg-kg!)
8.44 1.14 21.65 0.22 108 18 382
D 8.45 141 1.97 033 337 89 1122
G 8.30 1.94 27.90 0.92 1425 279 4797
—ZhrifE
0.20 35 35 100
T RS Primary standard
[t R R it/ 73
0.60 100 350 300
Environmental quality Secondary standard
standard for soils?!! = RARAE
1.0 400 500 500

Three level standard
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PARUE,Cu M Zn FEMEA T —HhrifE, A D - T NGRS PR S SR AR AR T R E A A e
HE Cd A1 Pb E AN T — bR, Cu BT T MU 4, HIEFLAREACE T pH 1 A ALK KRG

PbRUE, Zn S A 5 T SRR UE, IR TG YK
o FEAS G MR Cd & BT = AR, Pb H2
TARE, T Cu Al Zn F i BN S bR 4 F5 R
10 f5 2247, #4E Hakanson #8074 BE5 N .D M1 G
T IEE S RE AT AR R 8.89 172 F157.8,

AFRE S IR AR AR bR R 2 E R
GEILNLR 3, HFR 3 MTLAE & s e e
YisbR R Z A B E 25 MM G RN A b
A AR 2= T N ORI D, AR N R
Rt | Py T R ot R T Rl Tl 2 S 1 A
FHET DM G,

XIFE N.D Al G HIESLARBAL M T 4 )R

KL R R LU E VS MR B AR . SR
4 PR BB ot | SRR I 55 R B R 1
PEY pH FIAT HLGR 75 52 10 35 R B ARG R R
Forp 1 Al A L SERE RN P S pH B2 AARSG,
AN IEASC, BE& pH BN AA HLIR 7 A%
AR, 0B P R SRR 0 A AR 170 5 5 7 PR P
WA, 5 pH BIEMSE, 5 A HLAK 2 S, B, B
A pH EAHEIRTA L 5 0 R AR, 57 5 0 7R i
BEREVERTIN . D380, R i R A 5 B B
TEARSE Bl R 5 o i 3, S fe i, iR
Tt | TR T RT3k 3 b S AR
A 2

®3 FAREERTENKBBFGFHSELR

Table 3 Multiple comparisons of different soils on experimental indexes

HHLE L " ; I3 BB R e g i
) - e £ = BIEE g TR W B
. mg-kg . . (g g . - .
FERT o /(mg-kg™) Ang-g™) /(mg-g™) WtE(ng-g™)
. . Organic nitrogen ) o o Arylsulfatase o )
Sampling point ) o Soil basal respiration Urease activities o Invertase activities Alkaline phosphatase
mineralization activities
. (mg-kg™") Apg-g™h) . Amg-g™) activities /(pg-g™)
(mg-kg™) Ang-g™)
N 735+1.03 b 89.5+3.81 b 7894227 a 111+2.53 a 8.88+1.03 a 573+891 a
D 245+033 ¢ 100+3.11 b 43.1+2.52 b 58.1£0.65 b 3.16+0.12 b 435+193 b
G 143+124 a 118.+5.82 a 50+6.58 b 26.7+0.88 ¢ 2.81+0.16 b 403+138 b
. P<0.05,
Note: P<0.05.

*4 BHELAITEEXABUER . E€ESENGEFRIERSREIEREEXES T
Table 4 Correlation analysis of the basic physicochemical properties, heavy metal contents
and the comprehensive pollution indexes of different soils and experimental indexes

AILET J5 FERR R Pk
Organic nitrogen Arylsulfatase

B P P
Alkaline phosphatase

Invertase activity

IR Jix i

Soil basal respiration ~ Urease activity

mineralization activity activity

TRWE pH -0.852™ -0.760" 0318 0.720" 0.485 0.598

A HLA% SOC 0.674" 0.939™ -0.426 -0.802"" -0.640 -0.657

Hiki Clay 0.921™ 0.353 0.453 -0.084 0.237 0.116

i Cd 0.839™ 0.941™ -0.443 -0.860" -0.642 -0.728"

i Cu 0.826™ 0.941" -0.466 -0.872" -0.659 -0.747"

5 Pb 0.768" 0.966"" -0.543 -0.915™ -0.729" -0.801"

B Zn 0.829™ 0.941" -0.460 -0.869" -0.655 -0.743"
LTS YR AL

Comprehensive 0.829™ 0.942™ -0.460 -0.869™ -0.656 -0.742"

pollution index

. P<0.05,%* P<0.01,
Note:” P<0.05, ** P<0.01.
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A A IR 5 4 FhEE 48 i
FLEFA 15 YL B8RRI 0 35 AR S 3 W IE A G R
Bl 4 e E I AN 2 A 05 YR B TR, A
e R ST T 2 A 5 i 5 S R Tl R
PERERRBEG M5 4 FhEE 48 & MR AT Qe 4L
I E R S A DG R Bl A T 4 R R Y
R TRNZE G5 Y AR B TR, 31X 2 P A0 76 R A
JIR B A E RIS 3X 4 FhE &8 & AT
PFRBAH A B

DAL Ik, RO Tt 0 7 5 T 305 2 5 AR F 5 T s 1) 1 458
(1R A BA I o M o 4 A AR S RN 1
2.3 RELRETS Yt 45 S IS AR I R
2.3.1  BRFRETS Yt A HLAR Ak ) R

FEL T AT (DG SRS 1 RAEE 7 K3 MR
IR A QB ) 2R RIS — R B
RN, Bt A e o Y 85 1) T o 7T T o, R A N B
-, RS D A1 G S A AR
VR B o R A T RS, RS 15,32
K, 3 ABE R R AL R RS ) 2R 7 -
MR RAEAI ., 2)FE AL D HHERE SR 15 Rt
RN 1000 mg- kg™ BA b BTSSRk,

1200

FEriN
. . I 3 mgkg1
Sampling point N 1 30 mgkg 1

N 300 mg kg 1

%

21000

®
=1
S

Y
S
S

&
S
3

B

S

S
L

organic nitrogen mineralization/!
o

[ 1000 mg.kg-1 |

KE] 1 500% ,3 A HIEA AT LRI EHIRAE 3 mg-
kg PRE AL R 35 B ok, 4 -100% , {H 2 R
PRI, AE A NI BRAESE 1 R M G I BLEE
97 R FER D MBITESS 32 K, B HE SRS 1 R
FER 7 KA 310 X IR ¥ e 7 4 A
JE%, I HL RISk B ) 30) RN R

HIEAET AR F IR —, LA
TE S AP o3 il 2 A B AR A5 IR AR T AL BUAS [RTTE
ASAMAEYROR ] o B Bt A%+ i A= 9
B S TG M 7 A S e DT 52 M) = S SR A AN A
BRI ARSI BE (3 ~ 30 mg - kg™ PR [ Fifi b B
[ AR AR Z B X 3 M R IR s T
fHIFER . EL-Ghamry 555 WF5x 3 W, 2 P ms fth pie
BRI -3 B A TR, iR R AR Y
T NAIFSEAS s F WY Ut e | P it e 7R s i e 55
B Pt RS I 2R 4 B S AR T BB B fk i, Kizildag
S LA SRR R () AF 9t 2 B, PR AECDR AR A B
13 NO,-N Frim B F KT X B -4 1 Haney %5
WA LI, 35 TR 55 1F T R B0 B ARy e AR o gl
g B AR R, X S A S v vk
(300~1 000 mg-kg™" )AL BRZE R —EFL

1200

FEsiD

g . . N 3 mgkg1
Sampling point D [ 30 mgket
N 300 mg.kg-1
[ 1000 mgkg-1

%
H
H
g

organic nitrogen mineralization/%
.

0 lﬂ ] .J:l.lﬁ
| | Lll| | |ul
200 . . 200 T
1 7 15 32 1 7 15 3
i ??fﬂﬂﬂ]/d B Rt ] /d
Time/d Time/d
1200 TG
\ . PP N 3 mgkg1

— Sampling point G 30 mgke1
§ 5 < ! I 300 mg kg 1
M oS [ 1000 mg.kg-1
o E
EZE
=g 2
E=ZE 600
;2 =
2 5
2= @ 400
=z
= 532
= =
KE 2 200
= < £
- H

&

° 0 o E v-vI ..ﬁlﬁ iﬁin

| |
-200 - v T
1 7 15 32
Higrmsial/d
Time/d

B1 REESENIEGNET HKENZN

Fig. 1

The effects of siduron pollution on soil organic nitrogen mineralization
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2.3.2  PRWRRE TS YL T A IS T 0 () 5

IR FEE G Yo LA TR s e DL 2, fR
B2 ATLAE . (DIEFRE 1 R A EESFEAN &
ST T A ) (RO ) R 2 B R A A 3R - G
F PR R U B T, S R, R
FUG L R 00 7] RO ) AL AR I — i TR A
JEE AR, Bl B R v B v, A QB ) R A —
FREETH  H 2 30 mg-kg” 1 300 mg-kg PI ik BE
(RSN 25 S AN AR W &, T RE s, D - HESLRIIE W 1)
BT ) e i A AR ) e A2 2%, BE9R 5 7.15.32
K3 AFE L A A R A0 ] (B ) AR 1k 14 TE W
WAHI SR O R, RS 32 K, 3 M LI
SERH TR 5] (BT ) AR T J LR AR AR /N T, X ]
RE S A A B BT 32V F A OGPt nT B J2 PR
REAE 3 b 20— BE i (a1 (9 - 5, el 1 3ROk
(A R S BV E T AR B 2
RERT ()5 FRE 7 K RES D M G SRR IR I 2
TEFARR IR E 3 mg kg AbH B 3 ANEE L ik
T H-65% , B R FR 00 RAE SR 7255 1 KA A
N A5 = TN 1 000 mg - kg &b, K 65%

FERIN
Sampling point N

,DI 1 JU !D!D

I 3 mg.kg-1
[ 30 mg.kg-1
60 4 N 300 mgkg-1
[ 1000 mgkg-1

7 1'5 slz
i gk /d
Time/d

ZE LTI B3R 1 KB - LRI IR I X 3 R T
Y [N 48 A O, S HL B BR A AR -k

I R 7R X = ALl TR 1 52 i ot B 58 2% A1 1) A
EA AR, Sun 5P 5E T %= IR 905 DF o
TSNS R A5 3 ] 7R 52 o3 80500 %o 4 FH
T HERFIE A N, O HE Bk (%) 5w, 25 S B, 7R B
(NH,), SO, AT, 75 2 AN A BAf 0 LI
JC 5 2 R B S A T R DR A
LR AR T SRR RS IR R R T
T G 5N £ BB - SR G i S R
R AT A e IR N 1 T i e
WP, ZEAESEP IR R, LR TR 2
2 JRAR R 4 FhI 55 ) - S9E IF W % FBE F)  0ie) 96 BHL
R T - R R
2.3.3  IREREYS YT A S5 RS M A R

A 3 ATAL (DB FR58 7 KRR N L HEIR i
TP A O ) 236 2 0 e A O, o A R o e
FER T, A QRO ) 2R Bl 2 AR, 2 B0 - o
BT RE 25 DN G - HE IR S P GO R

. TR D
Sampling point D

.

60 1 N 300 mg.kg-1
[ 1000 mg.kg-1

I SL R IR A RO F %

i 7 15 2
B R /d
Time/d

80 TN
FEE G
Sampling point G
60 4 Sampling point C
<3
3 g e 404
e
EEg
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Fig. 3 The effects of siduron pollution on soil urease activities
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