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Effects of reclaimed water from vegetable residues irrigation
on soil enzyme activity and heavy metals content
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Abstract: The purpose of this study was to explore the effects of different irrigation treatments on soil enzyme
activities and heavy metal contents and to evaluate the potential ecological risks of reclaimed water from vegetable
residues (VW) and tap water (TW) to provide a theoretical basis for farmland reuse of reclaimed water from plat-
eau summer vegetable residues. The indoor soil column simulation test was conducted and tap water was used as the
control. Two irrigation levels of full irrigation (90% field water capacity, 09FC) and inadequate irrigation (70%
field water capacity, 07FC) were set. An irrigation period of 18 days was used and 16 irrigation periods were accu-
mulated to study the spatial and temporal variation characteristics of catalase ( CAT), urease (UE), sucrase
(TA), alkaline phosphatase (ALP) activities and heavy metal (Pb, Zn, Cr, Cd, Cu) contents in soil under dif-

ferent irrigation levels of reclaimed water from vegetable residues, and to evaluate the correlation and potential eco-
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logical risk. The results showed that compared with TW—-07FC, the UE and IA activities in 0~20 cm soil layer un-
der long-term reclaimed water inadequate irrigation were significantly increased by 31.36% and 6.55% , respective-
ly. Compared with TW—-09FC, the ALP activity was significantly increased by 15.63% under reclaimed water full
irrigation (P<0.05). There were no significant changes in CAT activity (P>0.05). With the increase of irrigation
times, the two irrigation levels of reclaimed water increased the contents of Pb, Cr and Zn in soil, but the increas-
ing effect was not significant ( P>0.05). Compared with tap water irrigation, the content of Cd in soil had no signif-
icant change (P>0.05), and the content of Cu in soil tended to decrease. Correlation analysis showed that CAT ac-
tivity was positively correlated with Cu and Zn contents ( P<0.01). IA activity was negatively correlated with Cr
content (P<0.05), ALP activity was positively correlated with Zn content (P<0.05), and negatively correlated
with Cd content (P<0.05). In condusion, long-term irrigation with reclaimed water could increase the activities of
IA, UE and ALP in 0~20 cm soil, and improve the conversion rate of soil nutrients. Reclaimed water irrigation can

cause the accumulation of some heavy metal elements, but it is far below the allowable value stipulated in the soil

environmental quality risk control standard for soil contamination of agricultural land.

Keywords: reclaimed water from vegetable residues; irrigation level ; soil enzyme activity ; heavy metal content

in soil ; ecological risk assessment
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T4 )2 Pb Cd & i, B HEWE BB N, Zn |
Cr.Cu e LR A —E i B VW -09FC 4b
5 VW-07FC AL FRAH LY, T 43 @ & 0 AR Bl A HE R
YR IR0 3 0 22 Rk (P>0.05) . HIER 1

AL KM A K S51F F ,Pb (Cd \Zn ,Cr ,Cu i
TEHHZ L3 (0~20 em +)2) BRECRE N B, HRE
RIS 0, Pb (Cd | Cu A MR )2 13T R 1
B Zn Cr [ F BB AR B, FEEHZ -
e X SR AR R A R — 5K

K1 AEERLERTIETEESESETH/ (ng - kg™")

Table 1  Changes of heavy metal contents in soil layers under different irrigation treatments
ZIRE/cm h¥
igj-ifﬂ:iith Trf;trint Pb Zn Cr td Cu

VW-09FC-72 73.79+1.68a 86.16+1.94a 82.89+0.74a 0.350+0.02a 29.89+0.76a
VW-07FC-72 73.09+3.01a 84.94+0.82a 82.33+4.01a 0.333+0.04ab 29.49+1.00a
TW-09FC-72 67.30+0.17b 83.87+0.91a 82.25+0.37a 0.317+0.02bc 28.87+0.18a
TW-07FC-72 70.83+0.61ab 83.02+2.56a 81.27+1.04a 0.313+0.04¢ 28.71+2.84a
VW-09FC-144 74.61+3.20a 86.85+0.01a 83.58+3.79a 0.356+0.03a 30.36+2.62a
VW-07FC-144 73.94+1.92a 86.05+2.66ab 82.52+2.14a 0.343+0.04a 29.98+1.08a
TW-09FC-144 68.61+2.36b 82.30+2.89bc 81.20+1.67a 0.313+0.08b 28.45£1.58b
TW-07FC-144 67.96+0.56b 81.19+1.68¢ 82.73+2.52a 0.307+0.03b 28.16+0.58b

0~20 VW-09FC-216 75.76£0.52a 88.60+1.35a 85.44+2.93a 0.357+0.02a 30.43+2.00a
VW-07FC-216 74.80+3.02a 87.67+1.48a 83.14+3.35a 0.347+0.03a 29.96+1.76ab
TW-09FC-216 62.91+2.80b 82.72+1.26b 82.03+2.74a 0.317+0.05b 28.82+1.05bc
TW-07FC-216 61.48+4.07b 81.54+1.36b 81.41+1.82a 0.310+0.03b 28.13+0.48¢
VW-09FC-288 75.80£2.77a 88.02+2.40a 86.41+2.31a 0.352+0.05a 31.71+1.50a
VW-07FC-288 74.92+6.99a 87.95+0.49a 85.21+0.99a 0.350+0.07a 30.60+1.49a
TW-09FC-288 65.32+5.94b 82.13+2.66b 82.96+1.18ab 0.313+0.02b 28.42+1.09b
TW-07FC-288 64.08+3.17b 82.22+3.54b 80.79+2.02b 0.313+0.04b 28.21+0.61b
VW-09FC-72 71.60£0.89a 85.13+3.33a 80.33+2.76a 0.347+0.04a 29.29+1.35a
VW-07FC-72 70.03+1.37a 83.31+0.75a 79.13+5.22a 0.340+0.02a 29.61+0.40a
TW-09FC-72 68.60+0.76ab 81.67+2.89a 80.51+4.92a 0.313+0.02b 28.45+0.98a
TW-07FC-72 65.59+0.37b 81.44+1.17a 79.04+2.27a 0.317+0.02b 28.67+0.34a
VW-09FC-144 71.83+1.72a 85.43+3.50a 80.44+2.95a 0.343+0.04a 29.61+2.95a
VW-07FC-144 69.00+3.94ab 83.92+2.90ab 80.38+1.36a 0.334+0.02ab 29.83+0.84a
TW-09FC-144 68.51+2.40ab 80.61+2.99bc 78.73+3.92a 0.320+0.04b 29.76x1.61a
TW-07FC-144 68.00+2.89b 79.51+0.36¢ 79.32+0.39a 0.303+0.03¢ 28.35+0.77a

20~40 VW-09FC-216 68.45+2.25a 83.41+0.01a 81.14+2.47a 0.347+0.01a 30.60+1.02a
VW-07FC-216 66.37+2.96a 82.08+1.08a 80.08+2.18a 0.323+0.04b 29.07+0.17ab
TW-09FC-216 62.82+0.55b 81.58+0.37a 80.21+0.05a 0.317+0.02b 28.89+0.91b
TW-07FC-216 62.83+0.96b 80.52+0.99a 78.32+2.89a 0.307+0.06b 27.99+1.94b
VW-09FC-288 71.56+4.63a 82.38+2.92a 82.38+2.50a 0.350+0.08a 30.77+1.76a
VW-07FC-288 71.43+0.80a 81.32+2.63a 82.46+2.30a 0.347+0.08a 30.40+1.07ab
TW-09FC-288 69.18+5.52ab 79.46+2.63a 81.73x1.17a 0.317+0.05b 28.91+2.01bc
TW-07FC-288 67.42+1.45b 79.59+2.18a 80.66+1.54a 0.320+0.01b 28.67+2.53¢
VW-09FC-72 67.52+0.76a 82.55+2.64a 79.00+1.45a 0.341+0.02a 28.32+1.56a
VW-07FC-72 65.46+3.98a 82.31+0.29a 78.93+4.75a 0.337+0.04ab 28.42+3.81a
TW-09FC-72 65.20+2.17a 80.85+3.78a 79.15+1.33a 0.313+0.02¢ 28.49+1.50a
TW-07FC-72 64.76+3.31a 78.93+2.89a 79.24+4.08a 0.323+0.02bc 27.57+1.06a
VW-09FC-144 68.08+1.93a 82.94+1.38a 79.10+3.92a 0.323+0.03a 29.58+0.87a
VW-07FC-144 67.57+4.40ab 82.10+2.66a 79.51+0.79a 0.320+0.04a 29.25+0.98a
TW-09FC-144 64.42+2.58b 82.20+2.41a 80.91+1.49a 0.310+0.07ab 28.10£0.14a

40~60 TW-07FC-144 64.28+2.65b 80.40+1.10a 78.54+1.71a 0.303+0.02b 28.02+0.74a
VW-09FC-216 68.15+3.88a 82.85+1.43a 82.40+2.16a 0.337+0.04a 30.82+3.59a
VW-07FC-216 66.86+3.41a 81.76+1.86a 81.56+0.99a 0.317+0.04b 29.29+0.08a
TW-09FC-216 65.97+1.87a 79.06+0.44a 81.40+2.79a 0.313+0.06b 27.08+0.76b
TW-07FC-216 65.05+0.30a 79.40+2.57a 79.62+2.57a 0.297+0.04c 27.34+1.54b
VW-09FC-288 71.16£3.25a 80.88+1.90a 83.85+3.48a 0.340+0.09a 30.68+1.25a
VW-07FC-288 71.88+4.37a 80.06+1.30a 82.61+3.68a 0.329+0.07a 29.95+1.08a
TW-09FC-288 69.85+2.66a 79.84+1.71a 80.14+3.64a 0.307+0.04b 27.54+0.84b
TW-07FC-288 63.48+2.39b 78.62+2.79a 80.44+1.49a 0.303+0.01b 27.05+0.16b

T R A A B 50T R R HE R 1R 5 K580 5 1) AS [) 5 Bk 2 7 ] — )2 A () 988 T8 R E 0 A [l b B 22 ) A 7 W 25 22 57 (P<0.05)

THE,

Note: The treated figures in the table indicate the irrigation days. The different letters after the same column of data indicate significant differences

between different treatments with the same irrigation days in the same soil layer ( P<0.05). The same below.
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23 BAEKEBREIEESERBEESKEITME
%% 2 A1, Pb Zn Cr.Cd ,Cu XF + HEFREE 18 i,
H= 25 K& B AN A . Cd>Pb>Cu>Cr>Zn, Hix 5 Ff
H4 )R Er YL T 40, RI W KT 150, S AR
A KA 2% - e S i 5 e
24 TEBEESESESENHEXEST
ShatE—25 o B B AR K b A TR O A A O
FISIE , PEB T FEA K 72,144 216,288 d #3550
~ 60 cm )2+ T 4w G P EA T AR
KM, INEE 3 iR, CAT 5 Cu Zn 4 B3 IE
XK R (P<0.01) , F R 5308 0.64.0.79, 5
Cr.Cd 2HRMLEKR, HMHEHEAEE (P>0.05);
IA 5 Pb.Cr.Cd 2RAMXEKR, HYS Cr BE MM
X, AHHK BB CH-0.59 (P<0.05);UE 5 Zn Cr 171
FRKR, 5 Cd BIEMKICR AR B E
(P>0.05) ;ALP 5 Zn Cu RIEMXEXR, HE Zn B
FIEMIE(P<0.05) , ML RE N 0.70, 5 Cr.Cd &2
TAHXICR, HY Cd BE A (P<0.05) ,MHKE R

K2 BEKEREIEESRSREBEEESRK R
Table 2 Soil heavy metal pollution potential ecological

risk coefficient after irrigated

o SRS ZE
iiﬁ?ﬁéﬁi@xhhgﬁ .

Ab3g Potential ecological risk coefficient SRR
Treatment of a single heavy metal (Er) o E‘E’ s

Pb Zn Cr Cd Cu
VW-09FC-72 5599 1.046 1947 30.174 5.119 43.885
VW-07FC-72 5485 1.032 1.932 29.360 5.120 42.929
TW-09FC-72 5288 1.015 1944 27413 5.020 40.680
TW-07FC-72 5290 1.003 1.925 27.703 4.970 40.891
VW-09FC-144 5.641 1.051 1954 29.709 5.239 43.594
VW-07FC~-144 5.536 1.038 1.948 28.983 5.210 42.715
TW-09FC-144 5300 1.010 1.936 27413 5049 40.708
TW-07FC-144 5266 0993 1.934 26541 4.945 39.679
VW-09FC-216 5.584 1.050 2.001 30262 5.373 44.270
VW-07FC-216 5470 1.036 1.968 28.692 5.167 42.333
TW-09FC-216 5.041 1.003 1.958 27.529 4.960 40.491
TW-07FC-216 4979 0995 1.924 26570 4.882 39.350
VW-09FC-288 5746 1.035 2.031 30.291 5.450 44.553
VW-07FC-288 5739 1.027 2012 29.826 5.321 43.905
TW-09FC-288 5374 0995 1.968 27.238 4.945 40.520
TW-07FC-288 5.127 0991 1.944 27209 4910 40.181

R3 ITEBEHSESETRSEEEX LN

Table 3  Correlation analysis between soil enzyme activities and heavy metal contents

Eljeﬁm%nt CAT 1A UE ALP Pb Zn Cr Cd Cu
CAT 1.000
1A 0.100 1.000
UE -0.167 0.402 1.000
ALP 0.584" 0.368 -0.351 1.000
Pb 0.147 -0.446 0.062 0.084 1.000
Zn 0.785" " 0.183 -0.365 0.700 " * 0.096 1.000
Cr -0.486 -0.590 " -0.364 -0.342 0.260 -0.453 1.000
Cd -0.255 -0.396 0.413 -0.569 * 0.513* -0.444 0.448 1.000
Cu 0.636" 0.147 0.015 0.455 -0.107 0.509 " -0.524" -0.085 1.000

L BUBKEE , = = FRTE P<0.01 /K F W& = FIRTE P<0.05 KF B3,

Note:In the two-tailed test, * * means significant at the level of P<0.01, and * means significant at the level of P<0.05.

BoN-0.57, FITEWFSE X CAT o] —EREE %
ML 4R Cu.Zn BYV5 YL FREE, ALP A] it Zn HYT5
YUTRRE  H Cu.Zn X CAT ALP i 7E HA — & Byl
BAERT, M E 428 Pb, Cr, Cd %48 K 2 Bl 5 A 11
HEH

3 W 1w

3.1 BEKERX TIEEEENRIN

IR SRR o W i B A A
PRI T, S A R IR T 3 A e 1Y
VoS3 | - HETR I3 B A s A FRAE 1 R BUE 3UA
A - SERE 3 RN R AR W B, A T UK
PeAZSHRER Y S LR M I R AR,

IOy i R Y AR B AR 2 it T 2K AL
it AHY AR 7 2 A 2 RN 4 e A 3 235 ) -
WA FP 2 RIIE L 28 Ry 1A K T T 2
TE—E R i R T AR R
FRAE K P FPRE AL ST 148 CAT TG PESETH RS, i
KHIMEA 5 HARKFEM T B 22 571X 5 Meli
UV AR — 5, H A K TR £ HE CAT
VRS T A I B 78 20 e, Ud BH A2 0K 58 03
TEWRAR 72 & A 2 1 i B S A HY)
JiT, B by 52 3| HE 26 35 Y ) i R, £ E T CAT %
PEBR i, {H i o T B I [ S 4 AN AR, i Ak
AEA FEY D, L CAT 1Y I P 8 F
IR R HAE 0~20 em +)2BCRE NI &, FA
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JKIEE T I 3 0~20 em )2 3 TA A1 ALP 3%
P AR OK T 2Z 10 25 55 R K, X 5wk 7R 46
AR, SRR, HA KPR E A
R BT A DU IR0 LU SRR e R A A R
AR, B35 43 FOGCAE ) A A i o OB i A 3 (o +
ez o MU Y R AR A5 2R = Y
i 1€ ALP 1 1A W& MR 24T, AHESE &3, AH
Lo K S 30 A KR A 4R 0~ 20 em +)2
+ 38 UE 354, B ) UE 35 26 0 2 B ARG, (H K 20
A KIEFE T EEE 0~20 em )2 11 UE {GE1EE
1o TR AR K FE 4 E , 15 IR U R AR UK R TR 40 T
T F T H R R AL LR A T
3.2 BEKERWNTEESENEI

AR, e h I 4 8 V5 YLl s R 2R =
BEE, i 4 R B i AR R TR
e R AE M B EE P A E R, 2 HiE
ol ) 2 bkt AR 0 fee B s A 0 i TR R R
BRI AR 77 3o B P AE A AR 24 18 AN B B
FH i B2 ) A R it FH B P 2B K AR BT 2 AR SRy
FRAEm L, BRE A K &AE —EEELSE ST
R TCHUAHLIE Yy, 2 H I v BR ol 4 R 2%
ARG RFW A K B S T R E S
Ja i, KA K I ST, T R v A
X, #H4 )& (Pb.Cd . Zn . Cr Cu) EHF)ZE T4 (0~ 20
em 1J2) W BB T O B HA 052 T
Bras X RS A K P & B 7 LI i B
RV BRI R FH R 124 K b s 4 IR 3R 3R TR VR Y
SEIR KNS SR P A KIS L S Al E 4
J& (Pb Zn Cr Cd, Cu) & % T b i R 17
PR FE A A KRR 38 R 2 0o 18 A 35 s T e
X5 K ZH I —8
33 ITEMEMHSIEESESENEXN

AWFFT I, 5 4 8 X 4 G P A R e AR
K, I 4 JE 1 R 28 Rk B OR [], 2 [R) A 7
FEFEHTE I RIVE O A St X A R
TR, HAE N IS Yt A Y T e T
B mEEEE T R EA R EEM, L
X - SRR Ak 0 £ b B N A AR KRR BE R i,
A ) A A 0 1 A R B D R PN R B i
(R JA5 4300 AT PR AR - ST %) (H th A5 T
FEFM A e 4 S 0 A ELAT B RO AR
W KB, Cr .Cd 5L AL S M G | DR it
WRIR B AAAE A 2R I X I Ah T 4 JB e R
Xof 2B HER BT IR . Zn 0 R A
W B EA KR, Zn Cu Hi E AL S i 2k 0

IEARKR(P<0.01) B Zn™ Cu™ HIES 5
S b G R Tl TR G A L ) R S N, T A D
Zn  Cu XiF 3 G Ak ST R Bl P ol 1 Tl LA — S PR DT
YRR, 3X 5 Wy iy 45 F ge 25 S A s, 4 Ph
Zn Cr Cd ,Cu 75 2 X] g B3 P 52 W R K, ] g2
4 T - 49 G R AE I v LAt g ) T 2 S O
XX 5 FP 4 R UBE A &, X 5 R EHCEEE TR
SEL g ) IR AR R A e AR b s Ak
PR AR (1 [ st 7 38 000 7 4 A L Bk T ks A
IR BT, ] B ) 2 5 B4 1) P2 7K R R 7K, R
E RS2 P A K [0 B v vk A e 4k

4 4 i

1) B3R A KR T3 0~20 em )2+ 3
A \UE Fl ALP &P, IR 78 70 8 0 A 1) T 1 48
AEHAL,

2) B HAKEBAERS RS ELE TR
(Pb.Cr.Zn) At & R,fﬁ:@ﬂ%?*ﬁ%lﬁﬁgﬁ[m , 2
PR R A K TR K YA 20 A B v 5 U

3)Pb.Zn Cr.Cd ,Cu A= 25 KUK 28 500 /NI
A : Cd>Pb>Cu>Cr>Zn , B 7E 4 25 KU 2 BIORn % 4k
TRAE AR S XU R BGEAIS T R E A RS

2 % X k.
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