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Enrichment characteristic and risk assessment of heavy metals in wheat and rice organs under mushroom
residue or swine manure recycling

ZHOU Wei, DENG Liang—ji", JIA Fan—fan, LI Han

(College of Resources, Sichuan Agriculture University, Chengdu 611130, China)

Abstract ; Mushroom residue (MR ) and swine manure (SM) not only provide redundant nutrient substance for crops growth, but also bring
pollution risks of some heavy metals for crops. In this study, the experiment with eight treatments, including CK (blank control, no fertilizer ),
CF (conventional fertilizer ), M1(25% N from MR ), M2(50% N from MR ), M3(75% N from MR ), S1(25% N from SM ), S2(50% N from
SM) and S3(75% N from SM ) was conducted in Qiquan of the Chengdu Plain. The concentrations of Cu, Cd, Pb and Zn in root, straw ( stem
and leaf) and grain were determined by atomic absorption spectrophotometer. Bioconcentration factor, potential ecological risk and health
risk index were used to evaluate the enrichment characteristics and pollution statuses of crop organs under different treatments. The results
showed that Cu, Cd, Pb and Zn concentrations in root, straw and grain for all treatments reduced in sequence. And heavy metal concentra—
tions in organs were Zn>Cu>Pb>Cd, but bioconcentration factors showed Cd>Zn>Cu>Pb. Their concentrations in organs of crop were more
under SM than under MR as the same urea substitute, and demonstrated increase trends with increasing the rates of the two organic materi—
als. And heavy metal concentrations and bioconcentration factors in organs of crop under all treatments were in the low risk level. Among
these treatments, the concentrations and bioconcentration factors in organs of crop under S3 treatment had the highest risk. The risk indices
in organs of crop under treatments showed S3>S2>S1>CF>M3>M2>M1. Generally, the fertilizer schedules of 25%~50% N from MR ( P>
0.05) had lower heavy metal risk than the other treatments.
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W& H H#A . 2016-09-04

EERENH H1987—) B LA B T 10 A AR AV R FF R o E-mail : zwszszs2@163.com
*BIEEE R E-mail: auh6@sicau.edu.cn

EEWR - P ARHL S RI B B0 H (2014NZ0044,2013NZ0027 )

Project supported : The Science and Technology Support Program of Sichuan Province, China(2014NZ0044,2013NZ0027 )



JE A2 B R SE N AR AR SRR 231

G D TR ] R AR X — W R IX
B e BAEENERNY, BEL E LR
B, T B KA ALAE IR DL R 2 4 A 7= g
AR T, R SR AT R A T A HLIE R 2
R DX a2 A A B A S PR RN AR b
FHVEFNFREE MY & R , 12 DX 385 24 i £ P 0 2 s A A B 3
R FE N E B ZEA " 5 4 AT 3.0x107 ¢ Fil 4.0
107t fHFRI@AED BERIR, K Wl 2SR
VIR FFWIBE 557 A Be s W AR = A g A 2
BB I 5EmE, 2 A IR BT  BE FE 2RO R
FYRE— B RBA VLSRR it R 2555 A
BLAEAASL RE A 250 e PR 10 22 st A S T A 1) 1 8
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FHAT BB 254 A=K A E Yl >k 2 4 S 1 e XU 7
HTEYSE NS EE SIS, & XL UL BT
AP E ) 2k AR SR — o 1 42 & Ui (B H
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WHKHE
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2014 4F 11 H 3 2015 4 10 H , £ I A g
TS T AS SRR A 7 [l , (M 1 38 498 7 il
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em ) FAL M BT 28 00 22 4300 4 pH 6.45 5 BL Gk
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kg™ 4% (Cd) 0.17 mg-kg™ 5 (Pb) 40.34 mg kg™
(Zn) 81.29 mg kg™,
1.2 fHif#ra

PR Ry A SR AN 5 A VA AR AL 1 B 55
FEPERE, AR 20 5E 73 5118 : TOC 303.28 g-kg™ |

TN 13.36 g kg . TP 21.53 g-kg" .TK 16.72 g -kg™ .Cu
34.43 mg-kg™.Cd 0.28 mg-kg™ . Pb 25.68 mg-kg™.Zn
65.54 mg- kg™,

B S A S A PUIE) 4Rt 2 BE T
W H o SRR REEEAMIE , & TOC 244.41 g-kg™ |
TN 26.41 g-kg™ TP 58.30 g kg™ . TK 7.81 g-kg™.Cu
166.03 mg-keg™ .Cd 1.78 mg-kg™ .Pb 37.62 mg-kg™ . Zn
24495 mg-kg™,

PEEARIE 2 22 R e A AT , 2002 IR R
(7 N 46% ) L BERRES (3% P05 12% ) FIEHAL (3 11 1
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WA 24 b /N2 L E 2 (N P05 Ky0 43531 Ky
180.90.,90 kg hm™) Fl/K Ff 5 it NE £ (N P,0s  K,0
55 150.75.75 kg+hm™) Fy it HE AR o L i 55 15 11
8 ANALFL, 43 5] Ry A UM B (CK) CHRARIE (CF) VA
LN 25% (ML), BFEAE N 50%(M2) . BRIk N
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P05 1 K.0 A 2 HABIEAN 2, BAIREG 7 R W4 1,

JINFEFIKRE St o Ay 2 4 B R, 232 N 22 3
SHBEA 2115, /N5 T 0 S 58 4 BEALIX
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L4 MEFERFREI=H

A B G R M ARG AT AT /N2 ZRUSOR B R K
TR IABINLRAE 5 S AR A — MR
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22 HNO, \HF \HCIO, 1 7 3 , SR A7 287 I 1l
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Zn Fik,

L 45 B M < e/ INAE SR R SOER ST ML R £
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DM E Cu Pb Fl Zn {54,
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Table 1 Experiment schemes(kg+hm™)
/IN#Z2 Wheat season JKFHZE Rice season

B L o A T et O AN
CK — — — — — — — —
CF 391 150 750 — 326 125 625 —
M1 293 54 98 3102 244 45 82 2585
M2 196 — — 6204 163 — — 5170
M3 98 — — 9306 81 — — 7755
S1 293 128 — 1703 244 106 — 1419
S2 196 106 — 3407 163 88 — 2839
S3 98 83 — 5110 81 70 — 4258

IR BTN E « pH (EHE UK 1 501, SR H]
pH 11 (pHs=3C, 108G % B 243 A B2 w DI 5
A ML (OM ) R I E B8 R B A1 i #4300 5 s TN R 2
TR TT FRIEI5E s TP SR ] NaOH J Rl -S04 He (a1
T 5 TK 2R A NaOH # fil— KR 6 RE 0 R o

T KR PR B - OM SR J 8% R 4 A1
TINFAE I 72 s TN R HoSO,— 55 47 — TR A AL 550 1 2
TLIAE 5 TP 2R A H.SO,~HNOs—4AH ¥ He (il o s TK
K HaS0,~HNOs— S B BN 5E .

RGBT R B R e g4l 4#r F K 359 R i
Milli—Q 4S5 il B B4y s 4tk o BEHEARE b 7 T A el 2 v
TN - ERRAE A ARAE AN A (AR R AW s
L5 itEAR
151 HERK

5 B T IAG A A58 FH AR BE R /N 22 AR ARG

HE ZEMFRERLG B4 A RS pl 2 A
EWoF

BF{ =C"/SC; (1)
K :BFOAEY) o 28 F | HEEBITRERMNEEREGC!
IVEY) o 27 | EAJE IR TN E &, mg kg3 SC; Ny
+4 i EEJRITR LR S, mg-kg .

/NAE FK AR BB BT 3% Cu (Cd Pb F1 Zn 1
gk 2 R,
1.5.2 WAEA S KB PN

2o R e b R ) VR AR R ZE M 20 ik
H s/ B B 5L R R o B TR AR Fn 2R nt
TEAE R AR vl H RSO/ FE 48, AT REX AN [R]
AT IR R TE A AR, AR 4 H AT T
KA b 4 s Ve XURS T 1 SEL B S T ik, LA
HRFNZEN F BT () - 58 I & A s 9 L e R An o

R2 NEKERHPTEEEEEE (ng-kg')

Table 2 Heavy metal concentrations of soil at wheat/rice mature (mg-kg™)

JINZE Y] Wheat mature

TKFE M Rice mature

HL R Treatment
Cu Cd Pb Zn Cu Cd Pb Zn
CK 36.91+0.18b  0.173+0.003d  40.31+0.03d 81.28+0.36¢ 36.88+0.10c  0.172+£0.001e  40.33:0.01b 81.35+0.06e
CF 36.95+0.31ab  0.177+0.001c¢  40.33+0.02cd ~ 81.36x0.08bc ~ 37.08+0.05b  0.183+0.001b  40.42+0.02a 81.51+0.03d
M1 36.96+0.05ab  0.176+£0.002cd  40.34+0.01bc ~ 81.44+0.08bc  37.12+0.04b  0.173+0.001de  40.44+0.03a 81.59+0.03d
M2 36.99+0.06ab  0.176+£0.001cd  40.36+0.01ab ~ 81.51+0.08bc  37.14+0.04ab  0.174+0.001d  40.47+0.08a  81.66+0.04cd
M3 37.03+0.08ab  0.175+£0.003cd  40.38+0.01a  81.59+0.04ab  37.18+0.16ab  0.178+0.00l1c  40.53+0.05a 81.74+0.04c
S1 37.05+£0.09ab  0.178+0.001bc  40.34+0.01c ~ 81.5320.06bc ~ 37.19+0.06ab  0.183+0.001b  40.44x0.02a 81.68+0.04c
S2 37.17+0.07ab  0.181£0.001ab  40.35+0.01bc  81.69+0.03ab ~ 37.27+0.06ab  0.185+0.001b  40.46+0.07a 81.84+0.04b
S3 37.31+0.09a  0.183+0.001a  40.37+£0.01ab  81.87+0.04a 37.37+0.15a  0.187£0.002a  40.52+0.05a 82.02+0.04a

T RN NG B 2R ) — G 3% BTN ) R A 20 LA ] 22 53 8 35 (P<0.05 )

Note: Different letters indicate significant differences at P<0.05 level at the concentration of same heavy metal in soil under the different mushroom

residue/swine manure recycling.
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Table 3 Grade standard of potential ecological risk evaluation

BEC BRI B0 AU AR AU
Index  Low risk  Moderate risk  Considerable risk Very high risk
Et <30 30~60 60~120 =120
P <50 50~100 100~200 =200
m
THI= Y HI, (8)
1

K ADL AR | AR TR M H HHRIGE,
mg kg™ -d™;C, SRR B4 JE TR S A &
mg-kg™; IR N H VEYIFF R EE A & kg d ™ EF S $k
A d-a™ s ED NEEAAERR a5 EA S T4 R (g
NV A i ki, 4LLL 6 2 RifE™) a4 A
R EXT GRS a; BW JpPIIKE kg; AT
MR ARE], d;RD W H Y | AR IR S E |
/K% US EPA(2000),Cu.Cd .Pb . Zn 4354 4x1072,
4x107° . 1x107 3x107" mg kg™ -d"", HAWA LS EE
L3 4,

AN HQ i EEIE TR S SEE, HL J a &Y
EEAEE B o B9 n M E S B CR S a2 M,
THI 1 d INEEA m R0 AT B s fa a5z
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1.6 #iRGIT 2T

K FH SPSS 20.0 B EHE T 5UE 2, 5 1 LA
K2 77 25 (ANOVA )X} 1-4% Cu.Cd .Pb 1 Zn 55, /)
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Table 4 Parameters values in health risk assessment

IRikg-d"*
251 Catego PES Gender EF/d-a™* EA/a¥* AA/a* BW [kg#** AT/
oy /N#E Wheat 7K A% Rice 8
JAE Adult B Male 1.2x107" 2.8x107" 365 75.7 46.2 63.6 10 768
% Female 9.5x107 1.9x10" 350 80.9 48.4 51.6 11 863
%11 JL. Young child 5 Boy 5.4x107 1.2x107" 18.8
300 6 3.6 876
% Girl 3.3x107 8.5x107? 18.1

TE IR EF A1 AA MRIESEHIIAAEAT R BA 51T AR AR Y 2013 455 REEFEEE . BW 255 DU A8 IR & ) 2 A 19 (2014 441 48 T I
PRBTEIN AR o BENLG IR0 BT 7ER o RBEAT IR AL , Wi 2 [l — 20 ) — 4 3 A A 8oRE A i 2 20 Ao
Note: IR ,EF and AA is basis of field surveys in Qiquan town. EA refers to household health data in 2013 published by Chengdu City Health Bureau. BW

is according to Communique on Constitution Monitoring about People in Sichuan Province in 2014 issued by Sichuan Province Sports Bureau. The research

chose villagers around the testing ground as respondents by random sampling and selected more than 20 available samples of every gender and category.
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PRIty F365F52H

17 SNK #5156 .
2 ZER57i8

21 Bt BEIHTEZESEER

H/NFEOKFEFE RS S 9 (R SR AT, R A
T IR T AL AR (ST AN S2) 552 A Fp i B A 3
FH et PR IES (ML T M2 ) Ak B 114 /N 22 KR AR %
Tl FT 77 2 BE 8 M0 IR A 8 (CF) S8 25 & ) 3.88 %~
19.42%(P<0.05) . AN[FAbBEXT H A3, B -5 AL IR fd
Jiti (M1~M3)/NAEFF 7 o 22 5 AN i 2 (P>0.05) , I i
Fh 28 SRR B (S1 F1 S2) R /N KR 7 i
FETREEBIGA M (S3)(P<0.05), FHif 5 2 i
T NE 25 b 31 2Z 18] i /N2 RS A 7 i 22 R B 3 (P>
0.05); M1 M2 1 S2 AbHE R /K AFFFRL™ 5 4 2 5 0L
b it JE Ak 35 (P<0.05 ), I F b i TR i 2 T it £k
NE I HH T /KRR AT i i e T o A S S Tt
FEREARBE(P<0.05) .
22 HiB BELHTZHREREELESEREE
HHE
221 ZWAHERESR T ®E

B JEESA HA T N RS A T E AR S
Fo, MAMERPTKHREESRGTEYEN Zn
(20.09~54.36 mg-kg™")>Cu(4.96~11.51 mg-kg™)>Pb
(0.158~5.00 mg-kg")>Cd(0.127~0.481 mg-keg™) . 4
BT T oA R BUARSZE N > kR, 52 A R
G I8 O 5 i R A0 ) b B R e T 5

*5 BEMEETHLET/MNEKTEEE(kg-hm?)
Table 5 Yield of wheat/rice under mushroom residue/swine manure

recycling(kg+hm™)

b3 /NFZ Wheat 7K# Rice
Treatment  ¥f§; Grain  F5FF Straw  F4Ki Grain 5 FF Straw
CK 1911+69d 1942+40c¢ 5070+52d 5689+158¢
CF 3583+58¢ 3595+40b 6447+75¢ 7174+86b
M1 3835+75ab  4221+42a 6849+38a 7566+97a
M2 3905+42a  4171t14la  6968+63a 7662+68a
M3 3952+119a  4475+108a  6560+99¢ 7165+41b
S1 3722+53b  4222+157a  6699+66b  7471+11la
S2 3814+37ab  4293+222a  6863+76a 7668+70a
S3 3599+20¢ 4185+26a 6510+65¢ 7253+59h

T R PR NG FEEFRIR /N ORI 7 S AEAN R AL 2 7] 22 5 )
#(P<0.05),

Note: Different letters indicate significant differences at P<0.05 level
at the same yield of wheat/rice under the different mushroom residue/swine

manure recycling.

W2, MWYEYIZRAE  KFEH 250 H Cu,Cd .Pb
Fl Zn i e /NAE T 0.49%~34.70% 5 TFFRLH AT Fir A
[, ZKAFFFRL Cd A1 Pb & 5 /N2 W% 75 3.77% ~
11.62% {5 Cu 1 Zn Fr&5 Fb/NEAK 12.33%~21.95%
XER AR AR TR AR —EY a5 & i
HAT 22 54k iRl — B 4R s R EEAFED Fas B
B S B AEZEAR R, X AR BE N EI A B B4
J& S AT, Cd TEAE D a8 B h & i B A 2 L 26
SRS TR > FLACAE S T 5 LIS TR i, Cu #1 Zn 5
TR N S1~S3>M1~M3>CF, i Pb & HAHEA K
HIE , W AEIET Pb &aig/b ., AR, Ab3E
[ H 4R & 25 5, AT RE S A IR R A R T A
[ 5%, Bt APk AR E 48 SR 2  /EYE
o e B A ) e
222 FEW&tEESE SRR
MERE W HESESERE(E DS, He
JBIEAEYI A B S £ R AR B Cd>Zn>Cu>Ph, 7] I
Cd 1 Zn A H 4 8 15 Stk s s e M 22 T )
EEYI S s B e 5 E AT, ELEITREEY
A E Y E R R AR RS ZE > ke, 5 AR
HAHF. CATREN, X—ALFEELRAHEY
RN 2 SRR R AR i A A, BB B
PRI X FE B P 8 B 1) % SR A o B 2R I RR R A
B, AR CRIER R E R R
15, — 7 TH AT BETEI A M VR T S AR i T AR FE 4
Ja& (AW SR R , o) — 7 TR B4 @ Je 3R i AR N 52
BN T LRSS AR, (AR AR B AR A Y
B4R E e XA MEHRE D Cu,
Cd 1 Zn ‘& 5 R ECATA5 8 ZEM0 it AL AL A 1 L AR ]
HE N He B TR A At AL AR AR PR 5, IEBE R A AL
YRHBC it f0 AT A 2 1) 41 5 A AL R it £ N Ak 2R 328
WG XS LUAEY) & 25 B Ph s 4 REUN AT 15 2]
T i A ALY R G i A AE A B i A A HLA R T
JEAb B BT KA, 38 25+ AU It RE S5 AR R4 N B f31) 2R
T ANt AT A B 22 1] 1) 22 S 08 i 2 (P>0.05) . 7]
AEF T Pb MBS sl PR 2, (45 Ph & 4 REUEAR, %5
WP B 25 AN B,
23 B BELHTEZBEREESBNRIEN
2.3.1 HURNZENE 4 8 I 7E A S KU PEA
YEVIRR R 8 4 O sy, WO sl 3w P AR AT 5%
ey, XFERTRES S A R SR I5 A
W PR Z: BRCE T A ™ ™ B A5 5T i 3 A )
(HJ/T 332—2006) % /E Py 2 4 Ja % i 64 7 AU 7F



J A IR A T 2RI SRR SR PP 235
R6 BB SEELTHAETEREREEEERE(ng-kg)
Table 6 Heavy metal concentrations in wheat/rice organs under mushroom residue/swine manure recycling(mg-kg™)
I /N#E Wheat JK A Rice
Cu Cd Pb Zn Cu Cd Pb Zn
2 Root
CK 7.13+0.19b 0.390+0.011d 3.34+0.02¢ 42.19+0.73d 9.53+0.10e 0.424+0.017¢ 4.04+0.16e 47.83+0.56e
CF 7.99+0.51ab  0.434+0.003b 3.61+0.10d 43.79£1.67cd 9.98+0.19d  0.462+0.006ab  4.31+0.07d 48.95+0.16de
M1 8.17+0.86ab  0.410+0.002¢ 3.85+0.07¢ 44.58+0.76¢ 10.160.16cd  0.442+0.011bc  4.55+0.07c 49.83+0.44cd
M2 8.30+0.48ab  0.415+0.003c 4.08+0.08b 45.24+0.79bc 10.39+0.08¢  0.447+0.008bc  4.83+0.07ab 50.57+1.04¢
M3 8.58+0.60a 0.429+0.002b 4.32+0.08a 45.64+0.79bc 10.89+0.02b  0.458+0.003ab  5.05+0.17a 51.02+0.54¢
S1 8.73+0.59a 0.440+0.003b 3.80+0.06¢ 45.60+0.75bc 10.76+0.06b  0.463+0.007ab  4.46+0.10cd 50.97+0.16¢
S2 9.00£0.42a 0.451+0.004a 4.03+0.10b 47.14+1.02ab 11.34+0.22a  0.471+0.013ab  4.76+0.07b 52.69+1.12b
S3 9.16+0.33a 0.460+0.003a 4.28+0.03a 48.63+0.77a 11.51+0.31a  0.481+0.006a 5.00£0.13a 54.36+0.83a
250} Stem and leaf
CK 5.09+0.42b 0.322+0.013d 1.56+0.15b 24.59+0.63b 5.57+0.38b 0.327+0.004d 2.07+0.38b 30.39+0.96d
CF 5.17+0.47ab  0.350+0.006c 1.98+0.12a 25.58+1.24b 5.69+0.30b  0.361+0.004bc  2.59+0.30ab 31.70+0.85¢
M1 5.23+0.50ab  0.338+0.009cd 1.97+0.14a 27.34£1.12a 5.81+£0.50ab  0.341+0.01lcd  2.65+0.23ab  32.66+0.18bc
M2 5.36+0.45ab  0.341+0.007cd  2.03x0.07a 27.57+1.05a 6.04£0.17ab  0.346+0.005¢d  2.64+0.25ab  33.29+0.99ab
M3 5.58+0.34ab  0.342+0.006cd ~ 2.12+0.15a 28.31+0.75a 6.23+0.48ab  0.348+0.003cd  2.86+0.15a 34.04+0.63ab
S1 5.60+0.38ab  0.358+0.010bc 1.95+0.14a 27.94+0.73a 6.28+0.49ab  0.366+0.003bc  2.62+0.14ab  33.77+0.93ab
S2 5.83+0.14ab  0.373+0.008ab  2.02+0.27a 29.28+0.76a 6.52+0.36ab  0.378+0.019ab  2.66+0.24ab 34.67+0.29a
S3 6.07+0.07a 0.387+0.010a 2.11£0.25a 29.61+0.57a 6.81+0.28a 0.393+0.024a 2.81+0.19a 35.09+0.39a
ki Grain

CK 5.01+0.31b 0.127+0.005d  0.158+0.007b  23.95+0.70c 4.96+0.26b 0.134+0.002¢  0.168+0.006b  20.09+0.27d
CF 5.10£0.48ab  0.147£0.004ab  0.173+0.007a  25.64+0.50b 5.04£0.24ab  0.162+0.003a  0.181+0.005ab  20.43+0.26d
M1 5.20+0.33ab  0.135+0.005¢  0.175+£0.008a  26.64+0.62ab  5.17+0.20ab  0.151+0.002b  0.184+0.006ab  20.95+0.38¢
M2 5.32+0.25ab  0.137£0.003bc  0.178+0.003a  26.71+1.96ab  5.29+0.11ab  0.152+0.003b  0.185+0.006ab  21.19+0.15¢
M3 5.52+0.21ab  0.139+0.004bc  0.181+0.003a  27.02+0.69ab  5.49+0.16ab  0.153+0.003b  0.188+0.010a  21.31+0.24c
S1 5.55+0.44ab  0.146+0.007ab  0.175+0.010a  27.32+0.84ab  5.50+0.24ab  0.160+0.003a  0.183+0.007ab  21.32+0.20c
S2 5.69+0.44ab  0.152+0.005a  0.179+0.008a  28.14+0.84a 5.55+0.20a 0.164+0.003a  0.186+0.008ab  22.09+0.22b
S3 5.88+0.44a 0.156+0.003a  0.182+0.004a  28.92+0.51a 5.67+0.24a 0.166+0.003a  0.189+0.007a  22.79+0.35a

T PRV NG FREFRIR /N DK AR R A% 5 (] — 5 B0 5 RS [ TR/ 260 T AR P R] 22 53 12 2% (P<0.05 ) ¢

Note: Different letters indicate significant differences at P<0.05 level at the concentration of same heavy metal in same organ of wheat/rice under the dif—

ferent mushroom residue/swine manure recycling.
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Different letters indicate significant differences at P<0.05 level at the bioconcentration factor of same heavy metal under the different

mushroom residue/swine manure recycling
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Figure 1 Heavy metal bioconcentration factors in wheat/rice organs
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Table 7 Potential ecological risk assessment about root
pisa] /N# Wheat KA Rice
Treatment Ee, Ec En Ez, P Ee, Eq En, Ez I
CK 0.71b 39.03d 0.2le 0.21d 40.16e 0.95¢ 42.40c 0.25¢ 0.24e 43.84c
CF 0.80ab 43.37b 0.23d 0.22¢d 44.62¢ 1.00d 46.23ab 0.27d 0.24de 47.74ab
M1 0.82ab 41.13¢ 0.24¢ 0.22¢ 42.41d 1.02cd 44.20bc 0.28¢ 0.25¢d 45.75bc
M2 0.83ab 41.50¢ 0.26b 0.23be 42.82d 1.04c 44.67bc 0.30ab 0.25¢ 46.26bc
M3 0.86a 42.90b 0.27a 0.23be 44.26¢ 1.09b 45.77ab 0.32a 0.26¢ 47.44ab
S1 0.87a 44.11b 0.24¢ 0.23be 45.45¢ 1.08b 46.33ab 0.28cd 0.25¢ 47.94ab
S2 0.90a 45.25a 0.25b 0.24ab 46.64b 1.13a 46.97ab 0.30b 0.26b 48.66ab
S3 0.92a 46.16a 0.27a 0.24a 47.59a 1.15a 48.03a 0.31a 0.27a 49.76a

T R A/NG B 2R RS ) — T 2 A TR AR 25 U

Note: Different letters indicate significant differences at P<0.05 level at the potential ecological risk index of same heavy metal in root under the different

mushroom residue/swine manure recycling.

Table 8 Potential ecological risk assessment about stem and leaf

i B BOEAS [ TRV /4 2 A B ) 22 57 i 28 (P<0.05) o

fhFR /N#E Wheat JKFE Rice
Treatment Eq, Eu En, Ey, P Eq, Eq En Es P
T34 [ Returning application
CK 0.47b 32.23d 0.10b 0.12b 32.92¢ 0.56b 32.70d 0.13b 0.15d 33.54d
CF 0.48ab 35.00¢ 0.12a 0.13b 35.73b 0.57h 36.13be 0.16ab 0.16¢ 37.02be
M1 0.49ab 33.77cd 0.12a 0.14a 34.52h 0.58ab 34.10cd 0.17ab 0.16bc 35.01ed
M2 0.50ab 34.10cd 0.13a 0.14a 34.87h 0.60ab 34.57cd 0.17ab 0.17ab 35.51ed
M3 0.52ab 34.23cd 0.13a 0.14a 35.02b 0.62ab 34.77cd 0.18a 0.17ab 35.74cd
S1 0.53ab 35.80bc 0.12a 0.14a 36.59b 0.63ab 36.60bc 0.16ab 0.17ab 37.56bc
S2 0.55ab 37.30ab 0.13a 0.15a 38.13a 0.65ab 37.83ab 0.17ab 0.17a 38.82ab
S3 0.57a 38.73a 0.13a 0.15a 39.58a 0.68a 39.33a 0.18a 0.18a 40.37a
B ;573508 Raw material of edible fungus culture medium

CK 0.47h 24.18d 0.16b 0.12b 24.93¢ 0.56b 24.53d 0.21b 0.15d 25.45d
CF 0.48ab 26.25¢ 0.20a 0.13b 27.06b 0.57b 27.10bc 0.26ab 0.16¢ 28.09bc
M1 0.49ab 25.33cd 0.20a 0.14a 26.16b 0.58ab 25.58cd 0.26ab 0.16bc 26.58cd
M2 0.50ab 25.58¢d 0.20a 0.14a 26.42h 0.60ab 25.93¢d 0.26ab 0.17ab 26.96¢d
M3 0.52ab 25.68cd 0.21a 0.14a 26.55b 0.62ab 26.08cd 0.29a 0.17ab 27.16¢d
S1 0.53ab 26.85bc 0.19a 0.14a 27.71b 0.63ab 27.45be 0.26ab 0.17ab 28.51be
S2 0.55ab 27.98ab 0.20a 0.15a 28.88a 0.65ab 28.38ab 0.27ab 0.17a 29.47ab
S3 0.57a 29.05a 0.21a 0.15a 29.98a 0.68a 29.50a 0.28a 0.18a 30.64a

T PR RV ING T AEFR R ZE0 ] — B s AR A A 25 B, 28 B5OFE AN [ BT/ 20 T A B ) 25 7 (2 25 (P<0.05 )

Note: Different letters indicate significant differences at P<0.05 level at the potential ecological risk index of same heavy metal in stem and leaf under the

different mushroom residue/swine manure recycling.
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Table 9 Health risk assessment about grain

AbF /N Wheat JK i Rice
25 Category £ Gender THI
Treatment Cu Cd Pb 7Zn HI Cu Cd Pb 7Zn HI
CK JAE Adult 5 Male 0.23b 0.24d 0.07b 0.15¢ 0.69d 0.54b 0.58¢ 0.18b 0.29d 1.59d 2.28e

7t Female 0.22b  0.18d  0.07b 0.14¢c  0.61d  036b 038  0.12b  0.19d 1.05d 1.66e
1)L Young child % Boy 0.30b  0.30d  0.09b 0.19¢c 088  0.65b  0.70c  0.22b  0.35d 1.92d 2.80e
% Girl 0.19b  0.19d  0.06b 0.12¢  056d 048  0.52¢  0.16b  0.26d 1.42d 1.98e
CF AE Adult % Male  0.24ab 0.27ab  0.08a  0.16b  0.75¢  0.55ab  0.70a  0.20ab  0.30d  1.75bc  2.50d
% Female 0.23ab  0.21ab  0.08a  0.15b  0.67c  036ab 046a 0.13ab  0.20d  1.15bc 1.82d
1)L Young child % Boy 0.30ab  0.35ab  0.10a  0.20b  0.95¢ 0.66ab  0.85a 0.24ab  0.36d 2.1lbc  3.06d
% Girl 0.19ab  0.22ab  0.06a  0.13b  0.60c  049ab  0.63a  0.17ab  0.26d  1.55b¢  2.15d
M1 FAE Adult I Male  0.24ab  0.25c¢ 0.08a  0.17ab  0.74¢  0.56ab  0.66b  0.20ab  0.30c 1.72¢ 2.46d
4z Female 0.23ab  0.19¢ 0.08a  0.16ab  0.66c 0.37ab  043b  0.13ab  0.20c 1.13¢ 1.79d
#1)L Young child 5 Boy 0.3lab  0.32¢ 0.10a  0.2lab  094c 0.68ab  0.79b  0.24ab  0.37c¢ 2.08¢ 3.02d
4 Girl 0.19ab  0.20c 0.07a  0.13ab  0.59¢  0.50ab  0.58b  0.18ab  0.27c 1.53¢ 2.12d
M2 AE Adult I Male  0.25ab  0.25bc  0.08a  0.17ab  0.75¢  0.57ab  0.66b  0.20ab  0.31c  1.74bc  2.49d
4z Female 0.23ab  0.20bc  0.08a  0.16ab  0.67¢  0.38ab  0.44b  0.13ab  0.20c  1.15bc 1.82d
#1)L Young child 5 Boy 0.3lab 0.32bc  0.1la  02lab 095¢ 0.69ab  0.80b  0.24ab  0.37¢  2.10bc  3.05d
1 Girl 0.20ab  0.21bec  0.07a  0.13ab  0.6lc¢  0.5lab  0.59b  0.18ab  0.27¢  1.55bc  2.16d
M3 FAE Adult I Male  0.26ab  0.26bc  0.08a  0.17ab  0.77¢  0.60ab  0.66b ~ 0.20a  03lc  1.77bc  2.54cd
%z Female 0.24ab  0.20bc  0.08a  0.16ab  0.68c  0.39ab  044b  0.13a 0.2¢ 1.16bc  1.84cd
1)L Young child % Boy 0.33ab  0.33bec  0.1la  0.21lab 098 0.72ab  0.80b  025a  0.37c¢c  2.14bc  3.12cd
% Girl 0.2lab 0.21be  0.07a  0.13ab  0.62¢ 0.53ab  0.59b  0.18a  0.27¢  1.57bc  2.19cd
S1 HAE Adult % Male  0.26ab 0.27ab  0.08a  0.17ab  0.78bc  0.60ab ~ 0.69a  0.20ab  0.31c 1.80b 2.58¢
7 Female 0.24ab 0.21ab  0.08a  0.16ab  0.69bc  0.39ab  0.46a  0.13ab  0.20c 1.18b 1.87¢
%)L Young child % Boy 0.33ab  0.34ab  0.10a  0.21ab  0.98bc 0.72ab  0.84a  0.24ab  0.37¢  2.17b 3.15¢
4 Girl 0.21ab  0.22ab  0.07a  0.14ab  0.64bec 0.53ab  0.62a  0.18ab  0.27c 1.60b 2.24¢
S2 AE Adult I Male  0.26ab  0.28a  0.08a 0.17a  0.79ab  0.60a  0.7l1a  0.20ab  0.32b 1.83a 2.62b
7t Female 0.25ab  0.22a  0.08a 0.17a 0.72ab  040a  0.47a  0.13ab  0.21b 1.21a 1.93b
%)L Young child %3 Boy 0.34ab  0.36a  0.11a 0.22a  1.03ab  0.73a  0.86a  0.24ab  0.39b  2.22a 3.25b
4 Girl 0.21ab  0.23a  0.07a 0.14a  0.65ab  0.54a  0.63a  0.18ab  0.28b 1.63a 2.28b
S3 AE Adult I Male 0.27a  029a  0.08a 0.18a  0.82a  0.62a 0.72a  02la  0.33a 1.88a 2.70a
2 Female 0.26a 0.22a 0.08a 0.17a 0.73a 0.41a 0.48a 0.14a 0.22a 1.25a 1.98a
%)L Young Child % Boy 0.35a  037a  0.la  023a 1.06a 0.74a 0.87a 025a 0.40a 2.26a  3.32a
4 Girl 0.22a  023a  0.07a 0.14a  0.66a 0.55a  0.64a  0.18a  0.29a 1.66a 2.32a
b B PRI 7 0 PRI — T O R PR 3 R e 65 FL AL B2 5 9 P0.05).

Note: Different letters indicate significant differences at P<0.05 level at the health risk index of same heavy metal in grain under the different mushroom

residue/swine manure recycling.
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