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Abstract: The addition of different organic materials to the alluvial flood district of the Huanghe river can improve the soil fertility of the

former. However, the risk of heavy metal pollution to soils and crops is not known. In this study, environmental monitoring tests were con-
ducted in alluvial flood districts for 2 years, and 10 randomized blocks—CK ( control, no organic material ), M1(6 t+hm™ of organic fertiliz-
er), M2(12 t-hm™ of organic fertilizer), M3 (18 t-hm™ of organic fertilizer), S1(6 t+hm™ of straw mushroom residue), S2(12 t-hm™ of
straw mushroom residue), S3 (18 t+hm™ of straw mushroom residue ), B1 (6 t - hm™? of wood mushroom residue), B2 (12 t - hm™? of wood
mushroom residue ), and B3 (18 t+hm™ of wood mushroom residue ) —were marked in a maize—wheat rotation system. The study analyzed
the relationship between the source of heavy metals in the soil and crop quality. Different organic materials were used for this, and the
heavy metal content in the topsoil (0~20 ¢m) and maize graim were determined using Pearson relative analysis and clustering analysis. The
study also evaluated soil pollution by heavy metals using a potential ecological risk assessment and the pollution load index method. The re-
sults indicated that there reached a medium level of potential ecological risk from the organic materials analyzed and that Cd was the main
contributor to this. The effects of organic fertilizer application on corn yield and heavy metal content in the soil were the most significant
when different organic materials were added in equal quantities. This led to the most significant improvement in soil organic content and to
the lowest effect on the heavy content of maize graim from the application of woody mushroom residue. The use of a single material in-
creased the heavy metal content in the soil and maize graim as the fertilizer application rates increased. The Pb content in maize graim ex-
ceeded industry standards by 35% in the M2, M3, and S3 treatments. The pollution load index analysis indicated that, in all treatments, the
Cd single—factor pollution index reached a high level; however, the content of other heavy metals except Cd was far lower than the minimum
standard for soil pollution risk management and control for agricultural land in China. Therefore, overall heavy metal pollution could be con-
sidered within a safe level. Although there was a medium level of potential ecological risk, the heavy metal content in all treatments were
within a safe level. To improve soil fertility rapidly and reduce the heavy metal pollution risk, the application of commercial organic fertiliz-
er and straw mushroom residue should be minimized. The application of wood mushroom residue is more conducive for the sustainable de-
velopment of soil environments and agricultural products.

Keywords: heavy metal; organic material; environmental monitoring; pollution evaluation; maize
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Table 1 Basic state of soil nutrients
AL = AR A AR AT st §s8id patit) KR i
pH  Organic matter/ Total N/ Available P/ Available K/ Available Cu/ Available Zn/ Total Cxr/ Total Cd/  Total Pb/  Total Hg/  Total As/
g kg g kg™ mg kg™ mg kg™ mg- kg™ mg kg™ mg-kg!  mg-kg!  mg-kg'  mgekg! mgekg!
8.58 4.41 0.18 2.63 63.33 14.67 47.91 45.88 2.45 18.53 0.005 7.92

TR BT 4 185 4y 75 2 1 G AR L R, 10 R R 3T =2 i IX.
BB A EFE AL AR YR E 4 8 % L
x£2,
1.3 iRg@ &t

G L B 104N Ab B CK (X B8 S it A7 WL
B M1ICHEHUE A6 t-hm™) M2CHHLAE & 12 ¢~
hm™) M3 CHHLUIE R 18 t-hm™) (ST RS FF 5 4 15
16 t-hm™) S2(FEFF B4k FH 1 12 t-hm™) [ S3(F5FF
J s i A 18 t-hm ™) \BIOK 46 F & 6 t-hm™) |
B2 (A i 7 75 FH AR 12 t-hm ) (B3 OR T 23 A it 18 ¢
hm™) o /NGRS R FH 22 7 1 58 4B AIL X 41 HES , £
Fi 3T IFGER /N X AL B SR FRAAR  BEA/N X
HF 96 m*(K 12 m, 58 8 m) , /70 0.75 m, ¥RIE A
0.25 m, (< H5 24 Hy >J 150 it AL , 44> Ak AR IE 27 43 Sl 4%
A M N 300 kg - hm?, P,0s 72 kg - hm™ Fl K,0 60 kg -
hm™, FF7E KA 3 R0 R A 9 45 58 JUIE— 1,
FEAEFGERE Z e 4:2:4, 3 R ML R g JL AR —
UHEREA

AR R £ oK E E 31, /N 2 A 5 =R
YRR FOKFER R 201746 1 12 H
A, 10 7 16 HWCHR ;2018 4Ek 6 A 23 HFiit, 10 J1
13 Hkesk .
1.4 MEFE

AR KWK S RN X AR TSI 5 AR
WFEYL . BRI ARRT B g A T AR HE
WEEE IR 2T, 4 100 B Je e i , & H HNOs  HF \HC1O,
HA LB, R A A SR R ROt 1% 2k (Solaar
M6, Thermo Fisher Scientific, 2€ [ ) M E R R E 4R 4
it Cr.Cd.Pb Hg As ¥ #t ; F DTPA R4 LI F R I K HE

JEF W TE: (A Analyst 700, 35 )Wl & A 303 Cu.,
Zn g o RERRAE S : FORAEARIBORE 775Xk 20 MRFRALIE
EIRE , 77 B R WORLIS Ak 75 CHET, FRITR , ISR BT
P& 5 ik 60 B Je e, SR FH A R — e SR 1 =X Ak
T4 JE A5 TR bR DN A R [R5 SR v L Ak
IR % R B AR b - VA A L S i
3 pH LAY I 5E R FH 6 2% PXS-215 RIS FRR 1T, /K
+ R 2.5 15 4B T RIS A gt K R Atk .
1.5 HiEahiE

256 20 1 B SR Excel 2010 %23 | 32 ] SPSS
20.0 FAF VA TEHE 24T, Excel 2010 il Origin 8.0 %
RS
1.6 E€BETRITMIRES %
1.6.1 FFA bR iE

AHIFFY - RN FORKF R T 4R i, S IR IR 1
A € B BT o ] M A Y g XU
FrdE GRAT) ) (GB 15618—2018) DL J2 (it 2 4 5
FRUEE S RIS e BR 1) (GB 2762—2017) , L3 3 Al
4.
1.6.2 PG 7k

ASCR AT L TS YR B0 T Y i PR R0
FNPEAE A B PEAN HE B0 A S5 A VRN L3 T 4 R s
P, BT HRBUR LS A A R TR 5 YRR
15 YL A g 15 B 1 PR ER 135 Y s BT S5 (B R i
{H, 28 H 5 Yo 55 7 1) T 4 g U e 0 1 ), AR
Nk

pi= M

S:

PLI.=\/P! x P2 x P3X «-- X P}

F2 BRlIEEES=(mg k")

Table 2 Heavy metals concentration in fertilizer(mg-kg™)

BB} Fertilizer Cu Zn Cd Cr Pb Hg As
JR % Urea 0.15 2.06 0.04 113 0.13 0.04 0.21
4B Compound fertilizer 7.42 21.4 0.13 15.4 2.15 0.13 0.06
i HLAE Organic fertilizer 85.5 256.8 1.23 62.1 142 0.42 5.14
F& A3 487 Straw mushroom residue 123.8 186.7 1.02 733 16.8 0.45 2.12
K45 Wood mushroom residue 35.1 115.6 0.85 55.8 19.2 0.33 6.95
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R3 RERAMTIFESEXEFEEREZE(ng kg')
Table 3 Chinese farmland soil pollution risk screening and

background values(mg-kg™)

xo BEETERESRINE

Table 6 Grade standard potential ecological risk

WH B LR iR ik ik

Tji H Ttem Cu Zn Cr Cd Pb Hg As Item  Slight  Medium Strong  Very strong  Greatly strong
LM Filter values 100 300 250 0.6 170 34 25 E! <40 40~80 80~160 160~320 >320
VLI 5ol 223 626 778 0.13 262 029 10 RI <90 90~180  180~360  360~720 >720

Background values

T R ARE pH>T.5,

F4 FERRPESERERE(mg-kg)
Table 4 The heavy metal limit of Chinese food(mg-kg™)

T H Item Cu Zn Cr Cd Pb Hg  As
FrifE Standard 10 50 1.0 01 02 002 05

KPR a s i B R ICR TG YR EG M2 a
i EAJE T E LI, mg-keg" 3 Si fEa i FiEH 4
J& IR MPRENE , mg-kg s Pr B A8 a s LS n AR
4B ICR M5 Y AR R, PLL 2 o 55 FIE 4R T5 YL
T 464, B IRMEECR LA HIEE SR S 8E
SCES, DR 3,15 Y i Fe B0k s Y o R LR 5

T TE A 2 1 T 4 B0 & i B 2% 4 Hakanson'"”
FE 1980 4 & 57 11, H i R B b b 43 (DR ) 4
JE i IE N R Rz B — R AT

E. =P, xT.

RI = Y E:
i=1

KB P T30 a s b i B A R IUR TR TE AR
AU Z B T QAR R A KR R Ry o R 42
JRICREE BT R SR R EGEL N a S5 n P 4
JEICR A SIS R . R R
e B 4 J R KT AR 0o 4 S 4 e ) SRR
HEMr IRt I 6.

RS TEESEFLEERXDIRE

Table 5 The criterion of pollution grade of soil heavy metals

AR 15 Y8 B PR e
Pollution index criterion of
individual factor

15 Y T8 B0 Gb v
Comprehensive pollution
index criterion

IEE =2 YRR IEE =2 REE SR
Pollution grade ~ Pollution index ~ Pollution grade  Pollution index
1 Clean Pi<l ‘424> Safety P<0.7
LEREE S 1<Pi<2 e, 0.7<P<1
Light pollution Vigilance
SREEC 2<Pi<3 LEREE S 1<P<2
Moderate pollution Light pollution
ERGES Pi>3 RREEC 2<P<3
Heavy pollution Moderate pollution
RGPS P>3

Heavy pollution

2 ZR5EWR

21 BHPRBATEXRFR~ES5 TIEEGVRIEE
FARR
2.1.1 ANFEAEHAERS T TR 2

AN HPRHAS I ERFFRL ™ 54 & 1 BT, m] LA
F SIS [FAG HLA L8 AT K7 i s B [ A
FE B30, RIS I T, 5 K 7= 5 B it FH
AT o 7E 2017 45 M3 F1 B3 Ab B K B 7 5k
B F, 43 ) EE R s 9 CK A B 7 22.00% F1127.68%,
2018 AN A ML RE T B oK 7™ ' A F IRl CK
FE A T 7.08%~29.66% , FoH B1 ¥ 77 45 /N(7.08%)
M3 $ 77 i B K (29.66%) , B3 4k B IR 2
(27.58%) . Ff H 2018 "FEAHE T 2017 4 8L T — A~
BRI B R AE 3.30%~9.33% , Hirh M3 14 5 5 K
(9.33%) , S2 Ab B4 I 55 /N (3.30%) o A5 ALk 25
BHEEMNI B TCHLE RS & RE PR SR
SRR 1 FORXT IR TR B E Y PR R e R
P AR AS I8 S IR E L SET S Manna SE45 R —
H. EFEERT AR TARE RS+ HE
PR S B A = R R AR BRI T 9 G (B2 Ak
SERRL SR BT A SR o T R R, AR S
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B
2,12 HEEALR G A

AN TR R RS Tt 38 ML 7 s i B TS ] (&
2), 2018 4F A [F) 4k B - HE A AL BT % 5 A AL T 2017 4F
AR FE ST, B iR A 3.449~28.86% , Ho v B3 4b
P 1 £z /N (3.44% ), M2 4b P 3 1 fiz K (28.86%) o
2018 A4 A B - HE A ML & S AH LU CK AR R = T
51.90%~100.71% , H:H B3 &b BRAT L5 45 i B e K
(100.71%) , M1 4b BEAG HLJ5T B2 FH i 3 Fe /1N (91.50% ) o
AN NS, 3 BT 7 ok bl o it FH S A 384
T, SRR IR, X A7 HLT AR T2 K
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Figure 1 Maize yield given the addition of different materials
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Figure 2 Soil organic matter content in different treatments
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Table 7 The soil heavy metals content under different treatments(mg-kg™)

QLT Treatments Cu Zn Cd Cr Ph Hg As

CK 15.488+1.547¢ 48.15+2.94e 2.48+0.62b 45.11+0.97b 18.66+2.17¢ 0.005+0.001g 7.95+0.09h

M1 15.781+0.525¢ 66.51+7.73bc 2.94+0.16ab 46.96+1.28ab 19.11+0.3bc 0.007+0.002fg 8.97+0.61a

M2 19.639+1.666ab 74.88+4.1ab 3.01+0.34ab 47.16+1.72ab 20.27+0.52abe 0.01+£0.001de 9.10+0.49a

M3 20.401+1.852ab 81.54+8.11a 3.13+0.2a 47.83+1.16ab 20.59+1.23abe 0.016+0.001¢ 9.20+0.18a

S1 19.169+0.925ab 50.96+3.24e 2.61+0.12ab 47.00+0.97ab 20.60+0.54abc 0.011+0.002d 8.76+0.02a

S2 19.859+1.246ab 62.66+6.13cd 2.67+0.05ab 47.93+1.36ab 21.50+0.2a 0.019+0.002b 8.99+0.67a

S3 21.883+2.596a 73.63+9.74ab 2.71+0.25ab 48.48+1.88a 21.79+2.4a 0.023+0.003a 9.18+0.23a

B1 18.612+1.586b 48.57+1.87¢e 2.59+0.23ab 46.46+1.04ab 18.87+0.74hc 0.005+0.003fg 9.41+0.13a

B2 19.213+1.74abh 54.76+6.19de 2.66+0.14ab 46.76+2.67ab 21.11+0.69ab 0.008+0.001ef 9.60+0.84a

B3 19.375+1.915ab 57.67+4.15cde 2.73+0.26ab 47.14+0.87ab 21.59+0.55a 0.012+0.002d 9.64+0.49a

s [RIFUAS R 7 B 2 R Ak #10R) 22 57 1 2 (P<0.05) o R 1],
Note : Different letters indicate significant differences among treatments (P<0.05). The same below.
RS ERMHNIESENRE
Table 8 Content of heavy metals in maize grain

4hF Treatments  Cu/mg-kg™ Zn/mg kg Cd/pg kg™ Cr/mg kg™ Ph/mg- kg™ He/pg kg™ As/mg-kg™
CK 1.216+0.056¢ 18.6+0.745bc 37.556+2.342¢ 0.219+0.012¢ 0.115+0.032d 3.079+0.012e¢ 0.019+0.009b
M1 1.447+0.053b  19.903+1.793abc 39.04+1.515bc 0.237+0.005bc 0.151+0.019¢d 3.266+0.182de  0.026+0.008ab
M2 1.579+0.091ab  21.083+1.536ab 39.113+1.257be 0.244+0.045abc  0.206+£0.062abec  3.485+0.034cde  0.026+0.003ab
M3 1.608+0.061a 21.853+0.163a 39.772+0.806abc  0.251+0.008abc 0.229+0.03ab 3.787+0.004abc  0.029+0.003ab
S1 1.545+0.058ab 15.877x1.6d 39.34+2.452bc 0.248+0.007abc  0.159+0.041bcd 3.58+0.09bed  0.021+0.004ab
S2 1.624+0.064a 17.66+1.146¢d 41.053+0.78ab 0.251+0.045abe  0.181+0.037abed  3.947+0.429ab  0.027+0.002ab
S3 1.642+0.053a 18.82+1.421be 41.807+1.244ab 0.254+0.024abc 0.243+0.048a 4.161+0.49a 0.029+0.003ab
B1 1.451+0.047b 16.07+1.896d 41.394+0.579ab 0.224+0.054¢ 0.159+0.048bcd 3.199+0.024de  0.025+0.002ab
B2 1.649+0.114a 18.03+0.884cd 42.476+1.913a 0.291+0.039ab 0.161+0.04bcd 3.367+0.108de  0.031+0.014ab
B3 1.683+0.106a  19.657+1.455abe 41.765+0.85ab 0.306+0.041a 0.18+0.008abed  3.583+0.098bed  0.034+0.007a
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Table 9 Correlation analysis between the contain heavy metals of maize grain and the pH of farmland soil

WiH FR: H 43 Ji Heavy metals of grain
[tem Cu Zn cd Cr Pb Hg As
pH{E pH value -0.238 -0.275 -0.274 -0.178 -0.127 0.254 0.127
1385 4 8 & & Heary metals content in soil 0.575%%* 0.636%* -0.018 0.106 0.416%* 0.689%* 0.740%*
A HLAE & Amount of organic fertilizer 0.726%* 0.580 0.234 0.268 0.676* 0.8227% 0.249
FREAF 5 435395 FH it Amount of straw mushroom residue 0.849%* 0.179 0.746%* 0.470 0.804 % 0.630% 0.701*
A JF 4 F 5 Amount of mushroom residue 0.846%* 0.495 0.539 0.693* 0.304 0.614 0.479
TE :* FRIRTE0.05 K EARE, o 7R 7E0.01 K EARK
Note: * indicates significant correlation at P<0.05,** indicates significant correlation at P<0.01.
®10 AEAAEBETEEREFEATTN
Table 10 Assessment of heavy metals pollution load under different treatments
Ak H Treatments Pe, Pu, Pes P, Pu, Pu, Py Pu
CK 0.155+0.015¢  0.161+0.010e ~ 4.127+1.026b  0.184+0.010b  0.110+0.013¢ 0.001+0g 0.318+0.004b  0.136+0.013f
M1 0.158+0.005¢  0.222+0.026bc  4.898+0.273ab  0.188+0.005ab  0.112+0.002bc  0.002+0.001fg  0.359+0.024a 0.160+0.010de
M2 0.196+0.017ab  0.250+0.014ab  5.017+0.572ab  0.189+0.007ab 0.119+0.003abc ~ 0.003+0de  0.364+0.020a 0.178+0.002bc
M3 0.204+0.019ab  0.272+0.027a  5.213+0.341a  0.191+0.005ab 0.121+0.007abc  0.005+0c 0.368+0.007a  0.196+0.006a
S1 0.192+0.009ab  0.170£0.011e  4.354+0.202ab  0.188+0.004ab 0.121+0.003abc  0.003+0d 0.35+0.001a  0.168+0.004cd
S2 0.199+0.012ab  0.209+0.020cd  4.455+0.077ab  0.192+0.005ab  0.126+0.001a 0.006+0b 0.36+0.027a  0.190+0.002ab
S3 0.219+0.026a  0.245+0.032ab  4.513+0.424ab  0.194+0.008a  0.128+0.014a  0.007+0.001a 0.367+0.009a 0.205+0.015a
B1 0.186+0.016b  0.162+0.006e  4.314+0.376ab  0.186+0.004ab  0.111+0.004bc 0.002+0fg 0.376+0.005a 0.148+0.004ef
B2 0.192+0.017ab  0.183+0.021de 4.434+0.225ab  0.187+0.004ab  0.124+0.004ab 0.002+0ef 0.384+0.033a  0.163+0.004cd
B3 0.194+0.019ab  0.192+0.014cde 4.551+0.433ab  0.189+0.003ab  0.127+0.003a  0.004+0.001d  0.386+0.020a 0.177+0.009bc
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Table 11 Heavy metal contents in maize grain and the ratio of

samples that exceeded the standard

Tolm  EBERE g ke BRSO R
Heavy SLH(E  BU/ME  BOK bRiEfis FB Over-limit

metals Mean  Minimum Maximum  STD CV/% ratio/%

Cu 1.544 1.179 1.788 0.149  9.622 0
Zn 18.756  14.033  22.589 2,199  11.727 0
Cd 0.040 0.035 0.045 0.002  4.888 0

Cr 0.253 0.189 0.352 0.038  15.054 0
Pb 0.178 0.091 0.295 0.049  27.644 35
Hg 0.003 0.003 0.004 0.001  14.637 0
As 0.027 0.009 0.046 0.007  25.481 0

K 38 LA 22 A K, Cd o FEMAESAEFE
DUk T
234 HIEE SRR

A3 AT R IAS [FIRHES fin 34 2= 01+ 398 32 B AN [R] 72
FEE AR B, EL v i e A P - R 4 S TS YRR Y
AEVRLAE 25 S o AN BB B2 R B s ok, PR Mo 45 4k
PREA KB 2007 (& 3) , I 4 B 5 AN A TRl 2K 3
H—25:CK.S1.Bl T 48 5 2 B i/ N, L)
RIS IR AS 2 UK 3848 By , R U5 v] B R fE e
R s i g RV n = S D TEL 1 I NG R T N B 1 B
B AP 8 T2k B2 B3IALI T HIEH AR TS
YRR AN MRS I F Zn .Cd .Cr Hg i 7%
BEAR T I A RS I, U BH A e P A P R B s v A AL
TR A UL DL SRS o 4 s S T R A, o
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FARE IO D/ AT HIUAE LA R RS AT IR 208 9 %) e

K12 I BEPESRBEESEETTNSN

Table 12 Evaluation and analysis of potential ecological hazards of heavy metals in soil

b
AL Ee, Ez Eca En, Ey, Ex RI
Treatments
CK 0.774+0.077¢ 0.161+0.010e  123.800+30.776b  0.368+0.020b  0.549+0.064c  0.055+0.014g 3.178+0.036b 128.885+30.939h
M1 0.789+0.026¢  0.222+0.026bc  146.933+8.201ab  0.376+0.010ab 0.562+0.009bc  0.082+0.02fg 3.589+0.245a 152.553+8.076ab

M2 0.982+0.083ab  0.250+0.014ab  150.500+17.159ab  0.377+0.014ab 0.596+0.015abc 0.114+0.007de 3.639+0.197a 156.458+17.187a

M3 1.020+0.093ab  0.272+0.027a
S1 0.958+0.046ab  0.170+0.011e
S2 0.993+0.062ab  0.209+0.020cd
S3 1.094+0.130a

B1 0.931+0.079b  0.162+0.006¢
B2 0.961+0.087ab  0.183+0.021de

156.383+10.220a  0.383+0.009ab 0.606+0.036abc 0.184+0.007¢ 3.679+0.073a 162.527+10.364a
130.617+6.066ab  0.376+0.008ab 0.606+0.016abc 0.133+0.018d 3.503+0.009a 136.364+6.099ab
133.650+2.296ab  0.383+0.011ab  0.632+0.006a  0.227+0.018b 3.597+0.267a 139.692+2.119ab
0.245+0.032ab  135.383+12.712ab  0.388+0.015a  0.641+0.070a  0.275+0.030a 3.673+0.090a 141.699+12.854ab
129.433+11.287ab  0.372+0.008ab 0.555+0.022bc  0.063+0.014fg 3.763+0.052a 135.279+11.253ab
133.017+6.761ab  0.374+0.021ab 0.621+0.020ab  0.09+0.014ef 3.838+0.335a 139.083+7.092ab

B3 0.969+0.096ab  0.192+0.014cde 136.533+12.979ab 0.377+0.007ab  0.635+0.016a  0.141+0.020d 3.857+0.197a 142.704+13.103ab
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Figure 3 Cluster analysis of heavy metals content

in soil under all treatments
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