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Effects of the long—term application of sludge on heavy metal accumulation and soil nutrient content in soil—
radish system
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Abstract: To explore the effects of the long—term application of different amounts of sludge on soil nutrients and the contents of heavy
metals in soils and radishes, a long—term positioning experiment was conducted. The effects of the accumulation of heavy metals, such as

lead(Ph), cadmium(Cd), chromium(Cr), nickel (Ni), copper(Cu), and zinc(Zn), in soils and radishes were studied by applying chemical
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fertilizer(CK) and different levels of sludge(4.5, 9, 13.5 t-hm™, and 18 t-hm™). The pH values, organic matter(OM) content, and the total

and available nutrients of nitrogen (N), phosphorus(P), and potassium (K) in soils were also analyzed. The results showed that continuous
application of the chemical fertilizer and sludge for 10 years had little impact on the yields of radish, and the contents of Pb, Cd, Cr, Ni, Cu,
and Zn in the soils and radishes were increased with the increase of sludge dosages. When compared with the other treatments, the
accumulation of heavy metals in treatments of medium=high and high amounts of sludge were significantly or extremely significantly high.
However, the contents of Pb, Cr, Ni, and Cu in soils treated with above—medium levels of sludge exceeded the national soil environmental
quality standard. Furthermore, most heavy metal contents in radishes were not beyond the national food safety standard, except for the Ph
content in radish with a high amount of sludge. The soil pH values, OM content, and the total and available nutrients of N, P, and K were
higher than those of the CK treatment. The soil pH values increased from 0.58 to 0.71 units. The contents of OM and nutrients increased
significantly and extremely significantly, respectively. Therefore, after 10 years of applying different amounts of sludge, the contents of
heavy metals in soils and radishes increased with the increase of the amount of sludge. Among them, Pb, Ni, Cr, and Cu exceeded the soil
safety standard but only Ph content in radish in the treatment of high amounts of sludge exceeded the food safety standard. However, with
the increase of test years or the amounts of sludge, more attention should be paid to food safety considerations.

Keywords: long—term application; sludge; soil heavy metals; accumulation; soil nutrients; radish
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Table 1 Basic physical and chemical properties of the soil and sludge

Wi el U el KPR AR A AL
It(;ms Total N/ Total P/ Total K/ Hydrolysable N/ Available P/ Available K/ Organic matter/ pH
(g-kg™") (g-kg™") (g-kg™) (mg-keg™) (mg-kg™") (mg-kg™") (g-kg™)
+ 4 Soil 1.64 0.39 15.7 83.94 12.60 44.06 20.5 5.09
1572 Sludge 2.15 2.09 0.83 — — — 277 7.85
— 0648 — http://www.aed.org.cn
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F2 il EMBTREEESE (ng-kg")

Table 2 Contents of heavy metals in the soil and sludge (mg-kg™)

it H Ttems Pb Cd Cr Ni Cu Zn

-4 Soil 25.1 0.16 23.3 11.5 11.4 100.0
15 Sludge  210.0 0.72 527.8 2563 3273 393.0
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15U (S3,13.5 t-hm™) ; & 58 (S4, 18 t-hm™) .
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Figure 1 Yield of radish after long—term application of sludge

with different dosages

Wb bt Ph SRR SR e A
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R AEAAESERAERATE NfMHHWEEESE(ng-kg)

Table 3 Heavy metal content of radish leaves under long—term application of sludge with different dosages (mg-kg™)

AbFH Treatments Ph Cd Cr Ni Cu Zn
CK 0.008+0.003a 0.013+0.004b 0.198+0.033¢ 0.146+0.089d 0.298+0.008¢ 3.05+0.36d
S1 0.010+0.005a 0.014+0.003ab 0.231+0.014bc 0.665+0.325¢cd 0.499+0.068b 5.32+1.34cd
S2 0.011+0.003a 0.014+0.006ab 0.241+0.009b 1.360+0.246bc 0.639+0.105a 7.63+0.53bc
S3 0.012+0.004a 0.020+0.002a 0.311+0.015a 1.681+0.396ab 0.717+0.059a 10.41+0.61b
S4 0.013+0.004a 0.020+0.002a 0.322+0.019a 2.390+0.721a 0.741+0.063a 16.30+3.75a
T [FAUA R ING SRR RAS R AL L2 ) (1 1 2 22 55 (P<0.05) o R I,
Note : Different lowercase letters in a column represent significant differences among different treatments (P<0.05). The same below.
®4 AERAEFSREKPEATE hMPEEREEE(mg-kg')
Table 4 Heavy metal content in radish under long—term application of different sludge dosages(mg-kg™)
AbFH Treatments Pb Cd Cr Ni Cu Zn
CK 0.024+0.004b 0.008+0.000¢ 0.116+0.004b 0.105+0.040e 0.235+0.07d 1.47+0.45d
S1 0.035+0.003b 0.010+0.000¢ 0.146+0.004ab 0.546+0.204d 0.399+0.12¢d 2.12+0.42¢d
S2 0.052+0.002b 0.012+0.001¢ 0.150+0.003ab 1.122+0.146¢ 0.603+0.08bc 2.93+0.57bc
S3 0.091+0.015a 0.021+0.004b 0.175+0.022a 1.652+0.061b 0.709+0.03b 3.45+0.04b
S4 0.119+0.025a 0.028+0.005a 0.181+0.037a 2.039+0.260a 1.525+0.261a 4.56+0.86a

Z A8 22 53 B3 PR RS Je A FR A N o Cu Zn 5 &
BN BRGS0 3 25 S5 b LR Ts YR A PR I 2 1 0 R
AL 3 156.6%~548.9% .99.3%~210.2% , = & 5 Jfe 4k H
Y1 R & E T H b Ab P 115.19%~548.9% | 32.2%~
210.2%. i isJesbiE b P Cd M Cr )5 i
435024 0.119.,0.028 mg-kg ™ F10.181 mg-ke ™", B Ak
FEPhEEARAN , AR A 1 (B i 2 A2 R AR £ o
Hig Je ) R ) (GB 2762—2017) A PR 15 4R (Pb<0.1

mg- kg, Cd<0.1 mg-kg"' . Cr<0.5 mg-kg"), AJ ULi%EZE
Jti 10435 e fe , 2 b b 4 Je i A A, {H R
T G AL FE Ph AR AL , HAB AL IARIA TE 2 A
W Z .

AHOCHE 73 At (6 5) B, 7K 00t FH V5 e 19 %A
TLm e HE 58 N Ph & R AR OCHEA B2LH
15 HAh T 4 J S 0 S E A G, A 56 R EGE £ 0.690
(Cd).0.916(Cr) ,0.914(Ni) .0.900(Cu) ,0.927 (Zn) ;

x5 SRAEBEE MNHE NESESEZHEMBEXXRE

Table 5 Correlation between sludge contents and heavy metal contents in leaf and radish

43 J& Heavy metal A7 Position V5 IR 5 T 4 R A )7 R 3t Sludge contents and heavy metal contents equation AR EL
Pb NI Leaf ¥=0.000 2x+0.008 4 0.452
# N Radish ¥=0.005 4x+0.015 4 0.923%*
Cd B NI Leaf ¥=0.000 5x+0.011 9 0.690%*
% | Radish y=0.001 1x+0.005 5 0.921%*
Cr B NI Leaf ¥=0.007 3x+0.195 2 0.916%*
| Radish y=0.003 6x+0.121 3 0.805%
Ni 2 N Leaf y=0.122 3x+0.147 4 0.914%*
4 | Radish y=0.110 6x+0.097 7 0.980%
Cu B NI Leaf y=0.024 5x+0.358 2 0.900%*
4 | Radish y=0.064 2x+0.115 9 0.886%*
Zn B N Leaf y=0.702 1x+2.224 8 0.927%%
3 | Radish y=0.167 0x+1.403 0 0.919%*

03 5% 53K (P<0.05) , 03 1% M i &K (P<0.01) . n=15. FIdl.

Note: * represents the significant level of 5%(P<0.05) ,and ** represents the extremely significant level of 1%(P<0.01). n=15. The same below.
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g Zn i SAE MR R 2, S
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H165.3% , H B A P+ 3 7n & B SR E AL BROC B 5 22
S, P R R AL B Zn 5 FU AR AL B R
37.4% F149.1%., W] UL, , v sy £ F s o Vs 8 i 2 it
104FERE i 2 4 -3 Cd .Cr Ni . Cu Zn & .
HELE 10 4t TS IR , 475 TR AL BRAY 6 Fh E 4
& e R B P S A 3G i3 n, e Ph . Cd L Cr N
Cu Fl Zn 75 54371 b 3 ity 1+ 3838 0 37.85~49.02 ,0.12~
0.20, 91.14~282.48 , 32.18~56.79, 37.07~123.65 mg -
ke F153.43~110.08 mg kg . A0 H 41 Cd 1 Zn
P IR o (R T AR b 1 T e XU
EVARUEY (GB 15618—2018) 3 H &5 1 1 5 1475 Je b
P 438 rp Ph 5 E AR (Ph<70 mg-kg™) , it
RS YR AL H A HE R Cr Al Cu AR (Cr<150

mg- kg™ Cus<50 mg-ke™) ; Hy a5 YR AL+ HEH N 7%
AR (Ni<60 mg-kg™) , X BE 541K ¥ YR A HiL4% H 4
J& AR R -
232 TGS R E 4 R & A DG

et RS LIRS ES S SRR IR
7), IR B W B K ISR AR R
Pb.Cd.Cr.Ni, Cu.Zn % 5 £ & R £ 5 5l 4 0.639
0.861.0.975.0.839.0.960.0.808, [ T 5 E 4 J& Pb 1%
AR A OC (P<0.05) A1, 5 At HE 4 i ik BA ik
FAH A (P<0.01) , W15 Uit FH ) T3 b di 4
J& BRI K

®7 SREAESTEESREAEZHMIEXKR
Table 7 Correlation between sludge contents and soil heavy

metal contents

V5 I S 4 e Ay R

B ]

Soil heavy Sludge content and h.eavy metal ;\E;; .
metals content equations
Ph y=1.086 4x+56.757 0.639*
Cd y=0.004 6x+0.16 0.861%*
Cr y=13.610x+42.382 0.975%%*
Ni y=1.525 8x+33.939 0.839%*
Cu y=5.234 5x+22.917 0.960%*
Zn ¥=3.980 1x+100.15 0.808**

24 KYEAAEAESEM TEH EHHERR
s A
2.4.1 AR ARG TR X 14 pH FIAT HLIE & i A5 1R
K 09 it AS ) D 4 95 e ¥ i 2 4 5 - 48 pH
(F8), HBH 15 Vit F = 34 , 48 pH A Z i 7+
e AR 3 V5 PR AL B X R R 5 T 0.58~0.71 4 A .
15 U845 X - 88 pH A S 22 R B 3, R
5 Vet P 7E 4.5~18 t-hm™ 22 [A] I X 338 pH G i 2%
SO 55 LA - A B, 1 e VS Ve ) 1 48 pH 42
i 1 0.23~0.36 4~ B, 114 A B it A0 N A o e Ab 3L
H A3 pH R T 0.35 4507, 150 W I 5 it Ak I 25
A 13 pH .,

xo FARAAEFEKPEATIHEEERESE (ng-kg)

Table 6 Soil heavy metal contents under long—term application of sludge with different dosage (mg-kg™)

Ab P Treatments Cd Cr Cu Pb Zn
CK 0.168 3+0.016 4c 45.45+23.91e 37.08+5.25¢ 33.86+9.39d 54.93+6.55a 104.09+14.21¢
S1 0.174 7+0.022 4c¢ 97.75+7.48d 39.41+3.01¢ 37.08+2.09d 62.95+4.99a 115.43+12.39¢
S2 0.190 9+0.007 Obe 169.15+16.32¢ 43.67+4.88bc 62.49+2.38¢ 67.20+14.29a 129.73+16.67bc
S3 0.221 6+0.021 4ab 222.90+38.61b 54.17+4.97ab 93.05+4.91b 73.47+10.93a 158.55+29.63ab
S4 0.249 3+0.024 7a 289.09+19.50a 64.02+12.63a 123.66+11.06a 74.12+10.29a 172.08+30.44a
http://'www.aed.org.cn — 651 —
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Table 8 Soil pH, contents of organic matter and NPK under long—term application of sludge with different dosages

fhg AL ) X7 Exil Bl 40 A B
Treat ’ . pH Organic matter/ Total N/ Total P/ Total K/ Hydrolysable N/ Available P/ Available K/
reaments (g-kg™) (g-kg™) (g-kg™) (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
CK 4.74+0.14b 20.48+1.85b 1.30+0.01b 0.60+0.01¢ 17.60+0.43a 82.19+16.04b  50.98+12.02¢  70.03+6.73a
S1 5.32+0.17a 20.67+2.27h 1.40+0.01a 0.80+0.04bc 21.00+0.17a 99.45+6.36ab 51.19+£5.92¢  109.30+20.56a
S2 5.32+0.05a 21.65+0.94b 1.40+0.00a 0.80+0.01abc 21.00+0.16a 95.04+4.45ab 80.91+2.59b  98.08+27.20a
S3 5.42+0.07a  23.23+0.70ab 1.50+0.01a 0.90+0.01ab 20.60+0.19a 102.74+19.39ab  107.96+8.00a  98.56+21.80a
S4 5.45+0.04a 24.60+1.15a 1.50+0.00a 1.10+0.01a 19.10+0.21a 118.15+8.90a  121.41+26.78a 105.10+42.08a

M8 AT LU H K it AN IR 5 e 4 e v
AP, HA U A S Vet b
TR, e e A TS TR AR R - A L
Jrer e S AT B 22 5w Ts e b P - e
MU & 025 1 T AL B, T 5 PR A R - A HL
JT Er 8 24.60 g- kg, I 35 R R A I A A Ak
S rpE s Ye b2 F R 2 ) ERE R AR
b K b A PR 5 20.1%.19.2% .13.6% F15.9%.
2.4.2 RJA] RV e ko A B U B S A S

SR REAA L, R PN [ 05 e Y Rk i 4
e 4 b R AR R o, FLAMAR B
PRRE TS et P g w2 8) . Hpisllekt
PRI - 38 4 00 0 3 T AL, X R
7.7%~15.4%, 1550 P2 RITC R E 2 . mEislk
SRR A T A, R AR T YR b T L
S 52 T T IR 50.0% F1183.3% , A B Al p e Ab B S
X B2 (BTG B 25 5, Ry i AbFL S rp o b R i A R
6] TG 2 5 (H i A P A i B S S TR AL
PR, A AbHR e A T0 B 2R S R
15X H IR
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