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Effect of Application of Biogas Slurry on Heavy Metals in Soil and Agricultural Products

CHEN Fen', CHEN Sha-sha’, WAN Li-ping' et al (1. Jiangxi Zhenghe Ecological Agriculture Co. , Ltd. , Xinyu, Jiangxi 338000;2. In-
stitute of Applied Agricultural Microbiology, Jiangxi Academy of Agricultural Sciences, Nanchang, Jiangxi 330200)

Abstract To study the impacts of biogas slurry application on the accumulation of heavy metals in soil and crops, experiments were designed
in Jiangxi Province with rice and Pennisetum sinese, and the effects of biogas slurry on heavy metal content of soil and crops was analyzed. Hg
was not detected, and Zn, Cu, Cd, Cr, Pb and As were detected in biogas, none of them exceeded the limit value of heavy metals in NY/T
2596-2014. The results of heavy metals in soil and agricultural products showed that in soil of the rice planting area, Hg had the highest po-
tential risk, followed by Cd, As, Cu, Zn, and Cr and Pb had the lowest potential risk. Hg in the biogas slurry was not detected, therefore the
application of biogas slurry had no effect on the accumulation of Hg in the soil ;but should monitor the accumulation of Cd, As, Cu, and Zn in
the soil ;in soil of Pennisetum sinese planting area, the potential risks of Pb and Zn were highest, followed by As and Cd, while the potential
risks of Hg, Cr and Cu were lowest;the content of Zn in G-BS was highest, requiring pay attention to the effect of long-term application of bio-
gas slurry on Zn in soil;in rice and Pennisetum sinese, Hg was not detected, Zn, Cu, Cd, Cr, Pb and As was detected, and the highest con-
tent was Zn (17.844-23.073 and 9. 665-35. 913 mg/kg respectively) ;followed by Cu (2.638-3. 323 and 2. 816-9. 392 mg/kg respective-
ly) ;the content of Cr, As, Pb and Cd was lowest;heavy metals were affected by the biogas slurry, and there was a positive correlation with

soil heavy metal content.
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Table 1 Basic situation of sampling points

FAERE R

AT A A

ST B DX Sampling point IR Agricultural product FGAC B

No. Monitoring area Samping P Soil sample No. gre P ’ Fertilization condition
information sample No.

1 BAR T K X 2 G K R A X KA -1 XT-CK XR-CK Ftafe
KFEM-2 XT-CF XR-CF Tt AL
JKFEH -3 XT-45 XR-45 BB AL 45%
IKFE -4 XT-55 XR-55 BB AL 55%

2 NI e F BRI LR EAR-1 GT-CK GH-CK i

WS DAY S A B R D, EARI-2 GT-PZ GH-PZ THRARHGAL R 300 t/hm’

BArr-3 GT-PD GH-PD VR AF AN A 300 t/hm?
AR -4 GT-YT GH-YT VR AFEAN A 300 t/hm?

12 HERANIE  VHIRREN 2 LIRS B TG B A e
BEVH A R S e B VR T Al 28 [V 43 B8 S VR (X =
BS 1 G-BS) ¥ o

AR TR R T 22 SRR RIR AT, A3 IR AR K
T AT BRI T4 (0~ 20 em) o IR S AIBRER A
FRANA: Wik F AR T F U 43R 50 JE B 20 g #F Sl i
THHSOFAREERE T 0L 100 HR B, 26 A 8 5 A &4, 1l
AP BORE & T TR PR AT

A7 R S BRSSO VR R R R R Y AR AR, e
WMIEERA 8 5 AHAEh T TR IR
L3 Hmat LR EARE(GB15618—1995) H
T4 PRSI T 1 A T e 1 R D 5 A ™ ik s
i Z A E AR MER i (GB5009. 268—2016 ) X 51 43 J& ) A5
W5 AT R 5 T8 VR 4 T 4% B VR T (NT/T 2596—2014)
HATINRE
1.4 HIESH JH Excel 2016 SPSS 26. 0 #:4> Bl 478k
P b3 & 5 25 i FIAH DG AT o

AR VH (G-BS) W 4 & & b A il , Hogh R
L3 2,Br Heg JCER N & 8K TR 7 32 T B AR A th 5,
Hi4x 6 FhdE 428 (Zn Cu.Cd .Cr . Pb Fil As) ¥4iAG i, Ho,
X-BS VAW Zn & & 5, 35 87. 017 mg/kg; Bifi J5 4K 2
Cu.Cr, Har 543 Wk 23.265.9. 350 mg/ke; i As . Pb 1 Cd
Fy 5 R ARXREAIR L 23510 0. 2590 196 110, 037 mg/kg; 1 G-
BSH W ', Zn A1 Cu By & & & =, 20 7 A 114, 205,
96. 859 mg/kg; H: 4y Cd.Pb,Cr 1 As 1y & 88K, 43 5 K
0.034.0. 154 .1.938 F10. 579 mg/kg. KA ¢ gt 2 41787
RSP ESE BV, BRERENESR S 27
1B 2525 5 (MR B0k 0. 862, @254 0. 013 /NF0.05)
X 2 B M I 25 S5 VR VR L 4 TR W A SRR AE B S AR R K
FEM] | LR T Y M SR A AR ] R 20 158 22 AR BRI A2

S He R E B ALY (NY/T 2596—2014) ki n 1,2 4178
WM ESE S ESRB R rEF N ESERE,{H Cu
A Zn S AR . X5 R A AR ) ep e 1 A
Cu Zn FHAEEICE NIURA 5. TBIAE R IE 2 R A K e

2 H#RE5HH ARIAY, LB & CuZn S RS2 R b Cu Zn
2.1 BRPELESENHT XTRIIEAWHE (X-BS) e A HIER
*2 REBERPELEREIRE
Table 2 The limit standard of heavy metals in China’s biogas fertilizer mg/kg

ik #% Pb i cd P As % Cr K H i Cu B 7n
Biogas slurry H H o g
X-BS 0.196+0.027  0.037+0.015  0.259+0.027  9.350+1.910 ND 23.265+0.994  87.017+1.490
G-BS 0. 154+0. 032 0.034+0.018 0. 154+0. 032 1.938+0. 738 ND 96.859+44. 412 114.246+14. 215
CTHRMEY FRAERR £{H“ Bog Fer- <50 <10 <10 <50 <5 — —
tilizer” standard limit value

1 :ND FRAR TR 5 75 A U R

Note :ND means lower than the lower limit of the test method
2.2 BREAMITESEESESENHM MR 3 ATHL K 68. 131~ 133. 545 mg/kg; Bifi J5 K K /& Pb ., As Cu, Cr Hg Fil

e EEL R X SR B A f B M ( pH 2hy 5. 23~ 6. 03) , LA
Al Zn F iR IR AR R,y 61. 157~ 113. 486 mg/kg; /S KIR
J& Cr.Pb.Cu As Hg Fl Cd, H & 435k 53. 648 ~ 82. 260,
20.318 ~ 32. 36, 16. 314 ~ 25. 235 11. 776 ~ 16. 856.0. 318 ~
0.434 F10.123~0. 213 mg/kg, i 247 ELFAE X IR 4 Hi A
T REIBE R, BIERERT TS B ET KB E + 3Rk
JUHE (pH 2 4. 17 ~5.16) , HoAE b (Y Zn & & 8 &, 0

Cd, Ho 543 51 25. 236 ~ 53. 058,6. 182~ 11. 698 3. 296 ~
7.878.3.448~6. 404 0. 026~ 0. 156 £l 0. 016~ 0. 126 mg/kg.
X B FE A C 3P S5 o A - 45 e AU A 4 A
#E) (GB15168—2018) Wl M1, FEAAE W AT , 45 Sk i
R < ARG T o A R R 9 e XU T
L, 33K 2 WA 98 99 T < s 95 UG AR, e P 9 i o A
AN A 23R AP a2 4]
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Table 3 Heavy metal content in the soil at the sampling point

ARTE ALK Cd Hg As Ph Cr Cu Zn
Sample number Sampling batch pH mg/ kg mg/ kg mg/ kg mg/ kg mg/ kg mg/ kg mg/ kg
X-CK I 5.57 0.177 0.382 14.457 24. 096 68.388 18.518 65.079
ond 5.23 0.213 0.434 16. 856 32.360 78.378 25.235 83.313
X-CF 1 5.76 0.123 0.320 13.227 21.297 55.559 16.314 61.157
ond 5.71 0.172 0.341 11.776 22.531 54.337 18. 169 62. 871
X-44 I 6.02 0. 149 0.318 12.674 20.318 53.648 16. 704 67.763
ond 5.88 0. 147 0. 340 13.000 22.029 54.797 18.642 65. 095
X-55 ™ 6.03 0.128 0.397 14.717 22.588 82.260 18. 479 68. 081
2ond 5.87 0. 189 0. 345 13.788 25.855 78. 744 22.502 72.086
G-CK I 4.63 0.042 0.094 10. 004 53.058 5. 669 4.986 113.489
o 4.81 0.027 0. 156 6.182 43. 564 4. 465 3.296 75.395
G-PZ 1 4.43 0.042 0.094 10. 004 53.058 5. 669 4.986 113.489
2ond 4.60 0.016 0. 100 7.523 41.195 3.448 3.355 68. 131
G-YT 1™ 4.53 0.038 0.088 9. 690 25.236 4.716 7.380 129. 542
ond 4.96 0.035 0.071 6.782 28.735 4.833 6. 681 133. 545
G-PD 1 4.53 0. 058 0.026 11. 698 25.607 6. 404 7.878 130. 076
ond 5.16 0. 126 0.028 10. 804 28.532 4.001 6.985 111.390
TE 1 R ARAEYRIHRIRAE ;2" RV R SRS
Note: 1% is for sampling before planting;2™ is sampled after planting of crops
%ﬁﬁﬁg?*lﬁﬁ%XﬂLi%ﬁlﬁl ¢$$Egi1ﬁﬁgﬂi L0 W Wi M Pbo MC M HEIn
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FEKFEAAE DX (] 1), Hg 8 H 7 2 F 174 08 A XU e e, FL
HRIEHCH 0. 636~0. 868; i J5 j& Cd \As Cu Zn, HH R K Eg
Bk 0.308~0.710.0. 393 ~0. 562 .0. 326 ~0. 505 ,0. 306 ~
0.417;1f Cr F1 Ph (B FR KU AR XS BAIC, B 22 48 5003 31
0.215~0.329 f10.203~0. 405, 454 78% (X-BS) h i 4 )&
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] () 4 SR AL IS & B AEAE — 8 25 57 (A 3R B0 Pb
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4351k 0. 170~0. 292 0. 090~ 0. 420, Hg  Cr 1 Cu [V TE XK
FEXFHAR , 2R 455053 514 0. 020~0. 120,0. 023 ~0. 038 Fil
0.066~0. 158, % TVHW (G-BS) H Zn JUE & it i W A
FEAL, U, kit AW, 38 Zn ST R (E i T
TR 5 o
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As Pb il Cd & EAHXHRAR, KA 0. 128 ~0. 511.,0. 104 ~
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Fig. 1 Single factor index analysis results of heavy metals in soil

samples from rice planting areas
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Fig. 2 Single factor index analysis results of heavy metals in soil

samples from Pennisetum sinese planting area
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Table 4 Heavy metal limit standards in brown rice samples mg/ kg
=R =] . N - -
Frah i % Ph 4 Cd S As % Cr 5k Hg i Cu % 7n
Sample number
XR-CK 0.051+0.008 a  0.067+0.016 b  0.104+0.016 a  0.128+0.004 a ND 2.638+0.319 a  18.426+2.048 a
XR-CF 0.073+0.011 b 0.045+0.003 a  0.141+0.024 a  0.286+0.041 b ND 3.323+0.365 a  23.073+0.283 b
XR-45 0.122+0.021 ¢ 0.086+0.016 b 0.136+0.025 a  0.497+0.025 ¢ ND 3.187+0.286 a  22.437+1.470 b
XR-55 0.056+0.011 ab 0.046+0.004 a  0.108+0.015a 0.511+0.101 ¢ ND 2.945+0.156 a  17.844+1.587 a
4R R 0.2 0.2 0.2"" 1 0.02 — —

Heavy metal limit value *

T RPN RNG RN AR R Al 1] 2257 8% (P<0.05) o ND SRl AR5 ik il FRR.
FARELD G 5 Je B ) (GB 2762—2017) ity “ A4 B

* 7 FoRTE A4 RIS I E R g e

“ o " FRIRIZAA I TCAUR R AR, X T A T AL PR e ) £ ] Sl s

A R OK AR TC LB R R, A6 2 TEALR 5 7500, 5 P 2 e LA

Note ;: Different lowercases in the same column indicated significant difference between different samples at 0. 05 level. ND meant lower than the lower limit of

the test method. “ * ”

meant that the heavy metal limit refered to the “grain and its products” in the national standard *“Contaminant Limits in Food of

the National Standard for Food Safety” (GB 2762-2017). “ # # ” indicated that this value was the limit value of inorganic arsenic. For the food with the
limit value of inorganic arsenic,the total arsenic could be measured first. When the total arsenic level did not exceed the limit value of inorganic arsenic,
the inorganic arsenic did not need to be measured. Otherwise , inorganic arsenic should be remeasured

2.3.2 AW X AT R AR A AR, AT R 7
P& R B A S R U2 5, B Hg U RN & &L
D73 R R AR 1 41, Hor 6 Fh 42 J& (Zn Cu (Cd [ Cr,
Pb il As) 4 4 k th, Horh Zn SR & & e, 9. 665 ~
35.913 mg/kg; Hk & Cu, Fr i H 2. 816~9. 392 mg/kg; Pb.,
Cr As 1 Cd (35 BEARXH A, AKX A 0. 668 ~ 3. 080 1. 206 ~

1.860.0. 102~0. 141 F1 0. 028 ~ 0. 039 mg/kg, M EFinifE
ket BA:RRUE) (GB 13078—2017) Hry “ fal Rt ERE” brifi &
WA BATERE S Y Cd Pb Cr As Fll Hg 5 Fp 8 43 Jm %
AR H B (L, 35 2 P VA 8 et S A B R 5 e o 4 R A
MR L &

x5 EMNEERTHESREREIRE

Table 5 The limit standard of heavy metals in the samples of Pennisetum sinese mg/ kg
ﬁiﬁimber 4 Ph #i Cd B As % Cr ¥ He 4 Cu 5% 7n
GH-CK 1.929+0.077 ¢ 0.033+0.001 a  0.126+0.015 ¢  1.206+0.113 a ND 2.816+0. 114 a 9.665+0.957 a
GH-PZ 3.080+0.138d  0.028+0.002 a 0.102+0.001 a  1.860+0.057 b ND 4.252+0.326 b 28.737+1.141 b
GH-YT 0.668+0.040 b 0.027+0.008 a  0.141+0.089 ¢ 1.860+0.238 b ND 9.392+1.822 ¢ 35.913+8.314 b
GH-PD 0.135+0.034 a  0.039+0.014 a  0.116+0.001 b  1.268+0.072 a ND 6.719+1.808 ¢ 30.327+0.484 b
ELE R R 30 1 2 5 0.1 — —

Heavy metal limit value *

T BN RNG 5 B R AN A i 7 22 57 .35 (P<0. 05) o ND 27 fIR A7 2 i R R

1) (GB13078—2017) Hp i A — el e SR

* " RN 4 J B 2 R I G R T A o

Note ; Different lowercases in the same column indicated significant difference between different samples at 0. 05 level. ND meant lower than the lower limit of

the test method. “ 7
metals
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refered to the “feed-feed raw material” in the national standard “Feed Health Standard” ( GB13078—-2017) for the limit of heavy
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Fig.3 Correlation analysis of heavy metals in Pennisetum sinese

samples from different plots and soil samples ( before

crops are planted)

Cu.Cd .Cr.Pb 1 As #5945t , o LA Zn (Cu I35 B i,
(BRI NY/T 2596—2014 XHH W AE E 48 i BR A, B
BB A A G5 o ¢ K5 43 B 3, TR WORE: b )
1) HE 4 S B B AR B 25 5 X R AN TR b Skt o 4
& P A LR AR RS ), LA 224 7 B RLASE R MEE >
PR E

TRVRGA H 338 KA 7= i 1) B 4 T A I 45 SR B YR [l
Tt A5 | R 398 R A 7= i B 4 i L 3 ) R R (1 B
{H A ER T W00 X P -3 w1 , 1)1 -3 o 4 s ()3 A% S AE
PAED P I & 5, R e PR BT A7 A — S TV A XU

TEB AT K X 2 U s A K FEFR AR X, He 8 1 13
4 15 Y DRSS U 2 1L 1 75 7 XU B v, B JS 2 Cd L\ As (Cur,
Zn,1fii Cr Pb PV LE XU e 1% 5 25 5 VR (X-BS) H 42 & 41
BURFIESM AT R B, HH YR He RABER: T, it , T A%
JE TR VBT 7 A - 48 He 1) BB HTFZEWEI Cd \As .Cu Zn
Wit it R = 4 v i RABUE O, L2 Cu Zn S5
RN ESE . TR AR 5 CREK) |, B Hg
KPS, H Ay Zn (Cu Cd (Cr Pb Fl As Y8 i, Hor,
Zn SRR, N 17.844~23.073 mg/kg; HK R Cu, &

» I

7 2. 638~3. 323 mg/kg; Cr.As . Pb I Cd 1% & 12 A0 % i A o
A, R EEARER XA T S P Zn Cu B BR 2, (ERE K
PR R Zn Cu BB 2 AR AR A ik — 2T
TSN T E B B TR, 25 + R HE S i
SEAR A R R B2, AS [l b (8] %) 55 4 @ 20 BRI A7 R — 28
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