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HEZ3.85 x 10° 1o VRS KB PERIA YL, JEAE
M2, IR MEIR . 4R | B )
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SEEE, RS EERER As Hir, EHES
Ja R R ) T A 5 e A 7 o T 4, BEAE R R,
Jiti FH TR B 5 A BERAEY) Ph &8 LT 23 1 GB
2762 - 2005 (&S h s YR ) B R &
5 AWFFE X A T 3t Xt FH TR AR S 6 A% 7 i ok
PR LR AL, RSB T Ph, As,
Cd ¥JHH FAO/WHO BIFRE" , THALE 4 )8 i br
At 2 2 B e i 4 i AL SKORIAET R BT
NEA H it 2 S8 I E 4TS Ph, As Al Hg 21
Fhin, BORAEDS ) X 3% £ it VA AL 6 4F Y 1 et
freE, ZIARESX N HiErh R 4R B2k
HEAMCHE (HXERECH 0.910), K Wit HE
i oy LN A S A g = G H S R TR
T, =, TR AL B VR RT A F 130 ~ 260
ZHE, B ThEESEE, FHE T ESK
G0 BeAl, FRIEF A A Y IR R 2R ik Rk
s TERER, WHREAMLEREREERT
SRR SRRy R P RS i,
RIPUIR RIS | w2 RNt e — F s e i E R A
RTRIRERE B Y SR S b R 7 A
M, AR HUBALIRAE ) 6 2SI 28 rh gk B 1Y DO 34
FRPUERMT s, @R RW 3 MhiERS
HFBIEY 12,20 ~20. 94 mg/kg, B FEME LA
Eommb FECRRORE YA £k E ., L
PN FE LTI TR T WOK R A, A 10
FOATEBUEZR, HIREJERN 10.1 ~1 090 pe/L, 3
B AEAE B AR T BE S — Su Uk W AR ot I



rhE SRR 2018 (4)

W, FECLEHEUR R 25 LB, B A
LA, IRETWRT R MR RO R,
JE—2PBIE5E . F TR FEDOrE AE A= 7 A0l A8 A AR
WSS, X WA T F YO R ) R bR
e, JOEPRIETR IR Z 2 . NI, TR
W2 A RLRABIESE AR SCRHR TR A H]
LA EHERT 1T o0 M, REE T AR IR AT 1
A TRIAE, Ay 3 TRl U A T AR FH B A0

1 BEBBRS T

IR EIH G TR TS — R B A2 A
BUE A, I ELARYE R AN [R) FL AR 2 APk 22 5
BOR . EEXVREIRW, B RTERS S 3 7 T TAE
FERBAR A P, HEBE WS A PLE30% ~
50% , JEFEFR 10% ~25% , A% 0.8% ~1.5% , W
£0.4% ~0.6% , 1% 0.6% ~1.2% >, i HR
SR EARE, WEENEER K,

BERRNAEY R FEENEEE, iR,
WMERR WA S ., B TR, MEIRESE
WM Zn, Co FHEEREARMA, SRS ER
nAs (e EEH) . Cr (CBRCENE) SaEE
SE, SBEBRbPAEESRE TR BER, 2
AR SY K B, AE R M X R B BF A TR O
As I EGBARRIEE] 60% , MRS ™E, ZBR
M EEIS R ES)R, WAMNASA Cr, Hg, Cd % H
&g, PR ME RN E B, Wk
SEORBHI RN, PR AR RN, DIEEA
s e X BE PR s S HE AR S = 2 S Bk
FHZEN 40% ~90% >, 1AM, TR AR L
TR —LHURE, IRERY], F8REEFYTHE
H 150 ZFp & LB IS AEBORIE, — B A
HIASE, SRR, 1 BB 5 &
TAT . ARAB A M F- 35 K B IR B 7E 30 °C 240,
R AR T E A 58 ~62 C, ToEEMIE A IO IR i
AR EF A AL

2 BEBBERATRERFERE S

HET, VEEEE 2R 7 2 HAEIEH],
BRI B A A DA LR, — 2 DR
TRAE R R, SRR TR R A R
T BCAPUIEEE T, AR A0 2 4
HWEFD TERA R AR . A A 2
TR A LT 0T DA A F 3440, AT
MR I T IR R O i ARG 4 e
I FHRCR T3 T, U X AE Y 7 8 S i J52 77 T ) B
FIZ, FAM T G T S A PU s ROCR A
8, (B TR R A JT TEREAT
2.1 BRI ARE

T REERE K T AR, SECERG ™A1
TR TR T E IR ANRE , B s i A
FHRCR ., BRI, R EFRCREA LRI
IR XETER, BFEA (0.03% ~0.08% ), W
(0.02% ~0.07%) . # (0.05% ~1.40%) % KEE
FOCHEME M, 2 B wETD ., MEERITR,
WEA 17 FRESERR IS YRR s Rk Z, R
Rk, R AR e Bk, ARG
5kt S SEOUEFRBSYE AR E ™ IR
TCEFMEIEAR T NY 1107 -2010 AUER, AHLES
AR TG EA S NY 525 = 2012 Bk (£ 1), Bk
AP R, (HRETTRESEEAL, ML E NY
525 2012 Bk (#£2),

JEUBEAS [] B 7R A3t 7 H V8 T TR VR 78 3R R
SRS, JFHIEFITRNZERRK, Wi
FERE 0 2 38 VR I VR 3 o o i, MRS R,
AtV N A AL R AT e F TV IS RIS RO & T A g 5
Sk AR IR ZE RN s e 7 s 2 5, VAR S
PR e & bt F A R4 P i TR RO A D e R 2
TCI A% R ™ it B ARG e Ve, an el PRI v A Y 7
il oI i — 2P Y

R1 ARERBREE LR

Dt AHHLUE (¢/L) 2% (g/L) W (/L) 28 (/L) SCHRA IR
peE — 5.71 0.12 1.75 T Rt
b — 0.17 ~0.75 0.03 ~0. 19 0.26 ~1.11 g (24]
K — 1.04 0.06 0.32 Z5 1 g e 131
brisis — 4.20 0. 04 0.35 N AR
e 1.29 2.90 0.31 0.31 #H g
b 1.12 1. 45 0.26 0. 59 A
AT 2.72 0.29 0.24 2.93 ksl
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F2 AEERBENELRE
R AP (%) 2R (%) 2k (%) 28 (%) SCHRR I
AT 49.53 (a) 2.11 1.92 1.85 g A 13
s 47.40 (a) 2.62 1.99 0.48 g
FEFF 60.30 (a) 1.94 0. 06 0.23 )
LEES 41.80 (b) 2.70 1.93 0.62 TheARD
52 53.37 (b) 3.41 1.36 0.49 g A ]
e 55.46 (b) 1.62 0.77 1.38 Tipe R

T a R APUBINE D W M7 i (BB RaeR et (M), dbat: i ER L M, 2000. ) 5 b SRon A LB E O ¥ 1%

NY 525 —2012 bR,

2.2 EERESHETE

FI BT E SRS R RIS, &
HEEMEPESE S EE, R Co F1 Zn B0
Wi, M As, CrikRZ™ ) BHRRERY, S BEE
JEAHENE B A B IR A, FREA VLR —
BB 4 Ja 44 N A RE B AR AR, iR e R R
& I TETR R T ) R v JC vk o3 1 R B 1 i i ]
RESZ M AN SO MR . gk 3, Hassgt
WIS EIR, KA 4R & AT E
KO FHERIRREY FIARERRIE, JLHAR
SRV e B 2 TR R A A T R T K T A
e, ARSI Y, WA~ kM, 3
VRV )8 S bR, BB AR B 9T 5 B M X
FITEANE, S HEEBE K BbRE (GB 5084 - 92)
A 2 BRBR Ph MBI 4 B B FEA BRI A,

DL As B, BERR R 60% 5 MTEE TN As &
WA 11,06 mg/kg, A H NY 525 - 2012
As BRI ER (15 mg/kg) . wa  ERETE
BEEE SR, KIHEIE As TEIEF 21,6 mg/kg,
B NY 525 2012 2R, KWl H & 5 4 8 E i
PEERR FE T EhES R EE, RSk
FREL R A, ZEUE G R IR R K 2 R
FEE A 0 I I A % B U 7 AR W TR RO IR s, R
E4ABHMLT NY 1110 - 2010 1 NY 525 - 2012,
T L A S 1 TE TR W AT g 238 BRI IR
Bo %% 5@ %t + 8 - HHY) RS E & w40,
FWNANEH As A1 Cd f R AR, AR AL BRI
BRI, 5 NY 525 —2012 big, aJ L3 As
Fr AR AT RETEROR . A KRR T As 5
B BEE, B REE g As FRLEFG YL,

*3 AEAEBBERENESESE (mg/kg)
JE Hg As Cd Pb Cr Cu In SCHRA U
TR B <0.01 <0.05 <0.03 <0.06 <0.07 — — (3]
TR 0. 06 31.00 0.10 0.02 2.50 140 120 TR AR
brE — 0.176 — — 0.10 2.13 2.50 fopagt 2 (24]
hriEe — 8.21 — 4.59 20.33 124 140 gk o [24]
it w3 0.12 52.5 0.52 9.87 19.3 1270 5 060 T
FEFF 0.11 5.53 0.24 12.8 14.2 26 66 oA
e — — — — — 853 2628 T oo
e — 3.94 — — 15 1016 2 628 ]

HAr, AEARIE Y5 EE L Cu Al B, ATREEE T Cu, Zn SRR, WS gk
In HEP L (F B IR KIS YW HETORR 4 R A P2 S B4, B3 Cu Al Zn 10 & B
(AR EZ WLAR) M CR 5 R 5 e 1 il b o ) B, ok 853 F2 628 me/kg, LimHit T (fE

(GB 4284 —84) MIET Cu, Zn FRE, HALM
KA WL R FRAE (NY 525 —=2012) X% Hg.,
As, Cd, Pb, Cr AR EER, X Cu, Zn KR

EJE PG AC bR AEY P E AR Zn, Cu AYBR D,
Z M (B EBKEFRE)  (GB 5084 -2005) %
FTELEOE, BHRTIA TR R, L
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Cu. Zn BBARR 0K 237% . 1 624.5% ), W5
RIL, WIS Cu, Zn Sk 780, 2 060 mg/
kg, FEFETIEBES Cu, Zn SHENGAFE] 1016, 2 628
mg/kg' | TH# Cu, Zn &8 & THWE, WAL,
Cu, Zn Fatl 5 HRERT A 6, BFoE R, DIk
v FIE SR SR ERHG TR AR R Y Cu, Zn & B
& WU 18] % 3 e Bl A 23 ~ 93, 132 ~ 422
mg/kg' ' AHUAEH ) Cu, Zn & EBEFRL . WA
Guesly, AW AN R, WERGEE . Har,
Al FB A AE AR PR R TR SR T
0.05% 5% 0.5 g/L BN i F A ARFER, DL EEdE %R
WIVEWR B W Y = Tz i, (HVBIEAS TR T 7K i e
B, HARE 2R, S AREMAEY, Cu, Zn By
e T RERZ M AN B A 250k . TRL, YRR
A RN AL Cu, Zn 25 s A1)
2.3 BUAER S R AR Tk

Yok ZRAURII R B, KR4 BEZE IR HE
WAk, AR FIENRUEY EA —E R, 7
SRR TSR BUA R Y A KA R, JOF L
AEE AR R AR, 3 T 38 o P G
RMNFA A AR PR R 2R IE TR A
R, HPA A E SRR, TR R,
FAH G E DU RS | RS | v IR 2SR
WNEEE, Hh IR R gk y £, °H
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LA R R0 YRR R R R R
900 mg/L B, VH W H A9 V0 2R 5E W =N 14,52
mg/L, TR E &R 636.7 mg/kg[mO WFoR
R, 5 0 K R e, R e T e O o
3.1, 3.2 pg/L, HERAREERAZBEE S, 1
FHEP R RN, IR 10 R R ik
1090 pe/L, i FRCHKKREEF A ZBE (10
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TIERUK IR hh A ROBES L, BB BB
PUERMIRED, FEESEE RIS, AEA
A& RES By AR & Z/yiE R, ik
RPN YK a2 THE . Rk, Bt
AERPUERFN SR TE L EW Ca, Zn, Hg 20#H
EME, RELSBE S AERNE TGRS
InbTrE LR =E R, 4 I AR 26 A T R AR BT
AERMES BN PE . 2 AFEHLE], ATRES
A BB 5 5

HT, PrAERRm kA M, wx
TR . MRS . S EREEEY T
TR A5 O T A AR B TR AE €3 R B
TR 23 B 45 40, 43 B T 092 K TS U8 v e L Y
11 Fpr Hyt A&, %k 73.0% ~ 105. 2%,
AEXF PR HENRG 228 3.1% ~10.2% . 5 it
R R Ry | T AR AL P S L R AR
GB/T 32951 -2016 (AR LR, WHFEK,
SREEW RN &8I E S SO A A5 )
AT HLIERE ™ i T i 8 s P i B A 2% R
PEUtR AR S
2.4 PR IR

HAT, EpRMRAES R 2R 25 H T ik gh
ALK, CHEMMEREAY FEN TR E %
BEAERR, X5 R B S — 20, THE A
W TR MR B A58 W B |
PR EEAR , BUCER DI T EE LB
R AR S A R SR T AR =
BEBFHEE SR AR, RVEER 50 68
it MK A VAR TS e R S BRI
ER WA OCHESE, mafhfde s, KR, \ER Ak
VB 7 oM 2% [ s 3 2R R e K 3R ) A HE T
FIHHAT N X Y M K RGP A AR B E
PR AR T vk A SR (6C), WA
Wk (LC) ., W - FUHE: (LC-MS) ., E4EH
A (CE) FIEHEfaesk (ELISA) 2520 BBy
BOWIEME R kAR 2, #FE A —E A
A, HEZLUMAEE ST, DIRE IS 7
R, MR TR AN E R E e, HIt,
X FAQASE  3% I SR e ) R AR O v, R
— W RIEAE, BeAh, AHUIEAR IR XTI R
YIBTHAT IR, OB BOL 2 XU B 200

R R XA R 2R R 2%, & e
YR EWTEAWE L, N7 &R K E UK
AWM AR, FEAGLIETE ., BIFEF R,
PR FT R B BE K TR RE . KIAFFI I % &
B, ERROE ., W R ER DY R, BWhA
SESE U WA B I R B ROR Y AR
RIEAL AT DL G 2 RS R W R i, P 3 ATk
1>92.9% , (HPREAIEALSE A TR IR AT & A A s vk B
SRR B, AREs B 0 ET R
JERM, TRWP A RO, VA NS A N 102 ~
538 ~/mlL, PHBAMEE T FERIKSE, &
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i B 68 ~2 700 4N/g, FEAATHER AR A7
W98 K BLIE W h A ) & =8 107 ~ 107 CFU/ml,
KIGFF B 2 8 A7 AE A9, Bonetta 257 R B, 73
s AN 7 o Bl o vl < I = W N 0 = T
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A TAERRUE A8 VR B 22 4 F) FH A 46 11
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AR, TN S AR | B R Y R R K A
57 RV AR — R IR R e, Wb
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AR B, JF B A0HIA F A iE . A,
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AT B R AT R AR, AR HR 26 88 253
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ment, so as to determine soil alkali-hydrolyzable nitrogen, available phosphorus and available potassium contents, as well as
soil catalase, urease, sucrase and phosphatase activities at all growth stages of Capsicum annuum L.. The results indicated
that soil alkali-hydrolyzable nitrogen, available phosphorus and available potassium contents, as well as 4 soil enzyme activities
at all growth stages of Capsicum annuum L. were remarkably higher than those in CK when the water supply pressure was con-
trolled at —5 kPa to —15 kPa. Among them, -5 kPa treatment significantly increased soil nutrients and enzyme activities.
Correlation analyses of soil available nutrient contents and enzyme activities indicated that, under negative pressure water sup-
ply conditions, soil enzymes showed distinctly positive correlation with soil available nutrients among the 4 soil enzymes, a-
mong soil alkali-hydrolyzable nitrogen, available phosphorus and available potassium, and among soil enzymes and soil nutri-
ents. Principal component analysis revealed that the first principal component had great contribution to the comprehensive soil
fertility level. In addition, the second principal component suggested that available phosphorus and available potassium de-
creased as catalase and sucrase decomposed and decreased. In conclusion, adopting the negative pressure water supply manner
can promote soil enzyme activities of Capsicum annuum L. , which is beneficial to the transition of soil nutrients of Capsicum
annuum L. . Furthermore, the effect on improving soil fertility of Capsicum annuum L. is more outstanding when the water sup-
ply pressure is stable at -5 kPa.

Key words: continuous negative pressure water supply; soil enzymes; soil nutrients
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The safe analysis of biogas residue and slurry in agricultural application

TU Cheng, YAN Xiang”, LI Xiu-ying, WANG Man-ru (Institute of Agricultural Resources and Regional Planning, Chinese
Academy of Agricultural Science, Beijing 100081 )

Abstract: As biogas residue and slurry have been widely used in agriculture, the security risks should be seriously consid-
ered. We reviewed the problems of biogas residue and slurry in agricultural application as fertilizer. The instability of nutrition-
al components directly affects the quality of biogas residue and slurry as fertilizer, and the content of major elements and organ-
ic matters in biogas residue and slurry is below the legal limit. The level of heavy metal, especially the arsenic (As), usually
exceeds the standard of organic fertilizer, and the highest content of As can reach up to 52.5 mg/kg. High concentration of
copper (Cu) and zinc (Zn) is harmful to the crops as well as the soil environment. However, the current organic fertilizer
standards do not cover the content of Cu and Zn. Furthermore, antibiotic residues in biogas residue and slurry continuously
contribute to the pollution of antibiotic resistant genes ( ARGs) in the environment. In addition, few studies have been con-
ducted on hormone content and pathogenic bacteria in biogas residue and slurry, and such necessary research is urgently needed
in the future. Finally, some suggestions were accordingly put forward to help control or reduce the risks during the agricultural
application of biogas residue and slurry, and the directions of further research were also prospected.

Key words: biogas residue; biogas slurry; agricultural application; security risks





