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Abstract: A High performance liquid chromatography tandem mass spectrometry ( LC — MS/MS) method for the
determination of five kinds of antibiotics residues in litters from ectopic pig manure fermentation bed was

developed, which was used for the analysis of tetracyclines ( TETs), quinolones ( FLQs), sulpha (SAs),
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amphenicols (AMPs) and macrolides (Mls) levels in litters from 12 ectopic pig manure fermentation beds. After

superfreezed crushing, the moisture of litters was measured by Fischer coulometric titration. The target compounds

were extracted by Mecllvaine — Na, EDTA and acetonitrile, and Solid phase extraction (HLB) clean — up step was

followed. Finally, the antibiotics levels were detected by LC — MS/MS, and the results were expressed as moisture

—free. The data shows 25 kinds antibiotics were found in 12 ectopic pig manure fermentation beds, the total

residual levels in each pig manure fermentation beds were between 0. 7 and 28 g¢/t, TETs residues were the

highest, and its contribution rates of the total residual levels were between 91.3% and 98.8% in the 12 ectopic

pig manure fermentation beds.
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Tab1 MRM parameters of the target compounds

il 488 P s Al 48 FL
e oy BT LIE s s pray  POERN
No. Compound Ton pair (m/z) No. Compound lon pair (m/z)
energy /eV energy /eV
| +EE 461.1/426.2 " 27 " itk P s e 251.1/156.1" 21
(oxytetracycline , OXY) 461.1/443.2 20 ( Sulfadiazine, HAMD)) 251.1/108. 1 32
) WEISS 445.2/410.1" 27 " e B 254.1/156.1* 2
(tetracycline ,TET) 445.2/427. 1 20 ( Sulfamethoxazole ,JEZ) 254.1/108. 1 32
3 SEE 479.1/444.1°" 30 20 itk Jriz e 1 256.1/156 * 21
( chlortetracycline , CHL) 479.1/462. 1 24 ) (Sulfathiazole , HAXZ) 256.1/108. 1 33
. mATHE 445.2/428.2 " 26 3 itk Pz ] P 4 s e 281.1/156 * 22
(doxycycline, DOX) 445.2/154.0 40 ( Sulfamonomethoxine , JJYMD ) 281.1/125.9 28
5 B g 360.2/316.2 " 27 » itk i P i s 265.1/156.1"° 23
( Enrofloxacin N ENR) 360.2/245. 1 37 ( Sulfamerazine ,JJMD) 265.1/172.1 23
6 INTRU 332.2/231.1° 50 3 B4R — H S 311.0/156.1° 23
( Ciprofloxacin, CIP) 332.2/288.2 26 ( Sulfadimoxine , LEMD ) 311.0/108. 1 35
; YRRV R 386.1/299.1° 39 4 itk Jliz ik e 250.1/156.1~ 23
( Sarafloxacin N SAR) 386.1/368.2 32 ( Sulfapyridinc 5 HABD) 250.1/108.1 31
) ERPDE 362.1/318.2* 28 35 Tk e ot FFY 48 M I 281.2/156.1°* 23
(Ofloxacin, OFO) 362.1/261. 1 36 (Sulfameter, DIMD ) 281.2/108. 1 32
0 W2 320.1/276.2° 24 36 T P ARk 281.1/156.1* 23
( Norfloxacin,NOR) 320. 1,/302. 1 30 (Sulfamethoxypyridazine , JYDQ) 281 1,126.0 26
0 A VR 334.2/233.1° 36 37 it Jiie — FJY mg g 279.2/185.9 " 21
( Peﬂuxacin N PEF) 334. 2/290 2 26 ( Sulfamethazine , EJMD) 279 2/124.1 30
iy B VR 370.1/326.2° 27 38 T e A Tl s 315.1/156.1°" 28
( Fleroxacin,FLE) 370.1/352.0 29 (Sulfaphenazolum, BBZ) 315.1,222. 1 26
. RO B 363.1/72.1" 25 29 T e i) A 311.1/156.1° 23
( Marbofloxacin, MAR ) 363.1,/345.2 27 (Sulfadimethoxypyrimidine , JEIY) 311 1,108.0 35
. KR A 358.2/340.2 " 34 40 itk e s b 301.2/156.1° 22
( Danoﬂoxain,DAN) 358.2/283.1 33 (Su]faqumoxa]me,KEL) 301.2/108.1 31
1 R 8 321.1/303.1°* 28 il itk i e s e 279.1/124.1* 30
( Enoxacin, ENO) 321.1,232. 1 46 (Sulflsomidine,, YMD) 279.1/186. 1 23
s IR 8 304.2/217.1° 30 o Ttk P P T 277.1/156.1" 18
( Pipemidic Acid N PIP) 304.2/189.1 43 ( Sulfabenzamide N BJX) 277.1/108.0 31
6 S s i 262.1/216.0* 41 " itk e — P A 268.2/156.1°" 19
( Oxolinic Acid,0X0) 262.1/244. 1 26 (‘sulfamoxole , HAEJZ) 268.2/92.0 34
- ZHU A 400.2/299.1" 40 " Tk e e 404.1/256.2* 18
( Difloxacin , DIF) 400.2/382.2 30 ( Phlhalylsulfathiaz()le , THASZ) 404.1/149. 1 40
18 WEWR 352.1/308.2° 25 45 e 291.1/230.1° 30
( Lomefloxacin N LOM) 352.1/334.1 27 ( Trimelhoprim N TMP) 201.1/261.1 34
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5 ity mry  HERR L ma  CHEULE
. . Collision . Collision
No. Compound Ton pair (m/z) No. Compound Ton pair (m/z)
energy /eV energy /eV
. S e 262.1/202.0* 46 » AEE 321.0/152.1°* -24
( Flumequine N FLU ) 262.1/244.2 27 ( Chlnramphenicol N CAP) 321.0/257.0 -15
20 LRIALY 396.1/352.2* 25 i % IZES 356.0/336.0 " -15
( Orbifloxacin, ORB) 396.1,/295. 1 34 ( Florfenicol , FF) 356.0,/185.0 ~30
) Ellivdd 393.2/292.1° 36 " RS 2 354.0/290.1" -28
( Sparfloxacin, SPA) 393.2/375.2 30 (' Thiamphenicol , TAP) 354.0/185. 1 _24
- ZEUETR 233.1/187" 34 49 I CIE % 407.4/126.2 " 25
(Nalidixic acid, NAL) 233.1,215. 1 27 ( Lincomycin, LIN) 407.4/359.2 25
. [l 03 263.1/217.1* 30 % HILHZE 916.6/772.6 " 41
) ( Cinoxacin, CIN) 263.1/245.1 23 (Tylosin, TLJS) 916.6/174.2 48
o Ttk e s 215.1/156 " 13 s ookt R 869.6/174.1" 56
)5 Tt ! 19 s 271.1/156.1° 22 5 W 837.7/158.1°* 35
( Sulfamethizole ,JXEZ) 271.1/108. 1 32 ( ROXithrOMyCin . LHMS) 837.7/679.3 26
- itk iz — P S I e 268.1/156.1° 19 3 [ Xor % 748.6/158.1" 33
( Sulfafurazole N EJEWZ) 268.1/113.1 21 ( C]arilhroMycin N KLMS) 748.6/590.3 29
- ik e S Ik 1 285.1/155.9* 23 “ B 25 25 22 749.7/591.4* 40
( Sulfachloropyridazine s LDQ) 285.1/108.0 35 ( AthhIUMy('ln N AQMS) 749.7/116.1 78

" E BT (quantitative ion) o BREEER URJEE IR ESL =R, AR LS W3 ESTY L,

2 #RE5HSH
2.1 EFICEATEG LS BER YU ERY

PITE 20 ~ 500 pe/kg Vi B2 I [ Y, itk i S 245 ) | v
IR R IR N R 2R 25 ) FN A 5 = KRG W TE
5~200 pg/kg V&G [ N B, 54 FRARINAE A 019
WEE — ma 7 2 P R A R 9 >0.99(582)

2.2 FEHREE BREMEFRE ERF
PEF, MR R AR VD B 1A i AU EL G i v A
PEAE AR AR, 24 H S/N =3 A Ak H FR Asf Xfi LA 5 2
Rk H 2S5 H S/N =5 % (4 vk BE/E A
BRI, 77 3 A 20K, 2, IR R K
LOD F1 LOQ fH & £ 73 il i & 0 10 pg/kg F

20 pg/kg, BRI 25 SR 25 ) KIR  BBR 2
YW A EE R LOD A1 LOQ {E 34043 51
ENS ng/kg 110 pg/kg,

N 2 PR 52 FRFIIAL A P )73 DR A
61.3% ~111.7% Z [8], MEWR R FNAK o V0 2 572 [m]
WHAE 46% 7247, 45 o I Ak B ) B 1 T ol %8 A
40.8% ~126. 2% Z ], B A A i R = BEAE AE
VR AR AR 1 o i B o B 05 54 R Ak & i it
PN HRTE 0. 7% ~ 14. 2% =2 [a] , 4t 6] [ )i < ) 75
6.4% ~18.3% Z [0, FWIFTEE S (Y7 L RET 2 H
HRINEEK
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Tab 2 Results of methodology test on the 54 kinds of objective compounds

s s=s] AT PEY SR ER/ % EISCRREL/ % A RSD/ % 16 RSD/ %
1 +E/E Y =26400X - 9300, R =0.9964 94.3% 85.2 ~116.3 6.7 ~10.7 14.3
2 U7 Y =20800X —212,R =0. 9995 102.0% 61.7~119.6 5.5~12.6 13.1
3 SHE Y =13400X =992, R =0. 9998 70.6% 64.3 ~88.3 3.0~11.8 17.0
4 iR Y =60700X +5320,R =0.9993 70. 6% 63.2 ~84.3 3.5~8.4 11.9
5 YisS7ixi Y =60500X +26000,R =0. 9965 77.3% 67.8 ~89.0 2.9~4.8 6.7
6 RN 2 Y =63400X +24200,R =0. 9951 68.8% 63.5~90.9 2.5~4.6 6.4
7 VLY R Y =90200X - 26700, R =0.9997 79.0% 66.9 ~116.3 6.2~12.4 15.4
8 AR Y =103000X —38500,R =0.9993 72.1% 65.8 ~95.4 3.5~6.9 10.7
9 R 2 Y =90300X - 83900, R =0.9957 61.9% 56.5~71.5 4.0~11.2 16.8
10 R 2 Y =23000X +2220,R =0.9943 74.3% 63.3 ~84.3 2.8~6.2 9.3
11 PR Y =88500X +30600,R =0.9964 87.6% 76.5 ~112.8 3.9~5.7 7.1
12 ROV 2 Y =52400X +7410,R =0.9983 77.7% 69.5 ~104.2 4.5~6.1 9.2
13 KU A Y =104000X - 14100, R =0. 9981 61.3% 55.2 ~73.0 2.2~11.8 18.2
14 T 5L Y =96300X — 34900, R =0. 9964 47.6% 41.7 ~62.8 3.6~11.5 16.8
15 IR R Y =21900X +9540,R =0.9914 46. 4% 40.8 ~65.0 5.8~10.0 14.6
16 B TR Y =163000X +52500,R =0.9981 77.3% 63.3~93.6 4.5~7.5 9.6
17 TRE Y =61000X +4430,R =0.9964 66.9% 59.2 ~83.8 5.3~9.6 13.1
18 BRIV E Y =80200X -9730,R =0.9977 64.6% 54.5~71.5 2.9~5.9 10.0
19 oL s Y =111000X +7130,R =0.9991 71.6% 62.2 ~85.5 4.5~5.9 9.4
20 IR ¥ =108000X — 32500, R =0.9980 61.9% 52.5~69.3 2.3~6.1 10.8
21 A IHY A Y =87500X —21800,R =0.9985 85.2% 65.8~71.7 2.5~5.8 9.7
22 ZRUER Y =178000X +75400,R =0.9992 75.3% 62.1~93.7 1.6~7.6 13.7
23 iRzl Y =48900X +3380,R =0.9983 92.8% 69.1~116.5 3.4~8.8 12.0
24 i JHe s T Y =19000X —412,R =0. 9968 87.5% 59.3 ~116.4 5.2~11.6 15.6
25 it Jre P W — e Y =42400X + 18400, R =0.9949 84.4% 61.3 ~105.0 9.2~12.2 15.8
26 Ttk il — FP S T Y =56200X - 657 ,R =0.9949 83.0% 73.0 ~116.8 4.6~9.9 12.6
27 itk e Gk 152 Y =34000X - 652,R =0.9919 82.5% 64.3~97.6 1.9~9.1 11.4
28 i O T W Y =25300X +3010,R =0.9955 96.3% 62.7 ~123.5 5.7~12.2 15.0
29 it Jrie P ST s Y =34000X - 14200, R =0. 9933 79.3% 63.8 ~100.2 3.0~11.8 14.5
30 i iz 1 s Y =37600X - 52700, R =0. 9993 80.7% 54.9~111.6 0.7 ~10.3 16.0
31 itz ) PR 4 Y =37800X - 10600, R =0.9976 75.8% 59.6 ~94.8 1.6 ~8.0 12.0
32 it i PP e e Y =35300X - 21800, R =0.9932 78.1% 55.4 ~107.4 2.1~12.7 18.3
33 i Jiie 4 — 4 M Y =93000X +3690,R =0.9955 79.6% 54.5~93.4 3.8~5.7 9.5
34 it it Y =46700X +6880,R =0.9921 79.7% 55.9 ~103.6 3.0~8.0 12.7
35 Tt e Xof FR 4 Y =70400X - 23500, R =0.9927 73.7% 64.9 ~105.4 3.5~13.4 17.7
36 it frig 4 ik Y =78700X —34600,R =0.9955 111.7% 55.1~125.2 1.9~ 13.3 17.4
37 il e — PP s e Y =50400X +44800,R =0.9978 76.2% 58.9 ~104.4 3.3~8.3 12.1
38 it g A e s Y =14400X +5280,R =0.9971 80.6% 51.4 ~106.3 5.7~10.4 13.9
39 itk J i) — P 4 ek Y =76400X —24000,R =0. 9945 76.6% 50.3~93.1 4.8~7.4 10.4
40 it g s T Y =64400X -2490,R =0.9972 75.1% 56.5 ~86.5 5.3~8.2 11.8
41 it g 5 W W Y =104000X + 74500, R =0.9976 79.5% 56.4 ~104.7 2.6~11.7 14.2
42 itk e 2 R Tk Y =48200X +39400, R =0. 9946 83.8% 47.4 ~112.2 6.0~9.5 12.7
43 it fdz — Y s Y =29500X - 8730, R =0.9966 66.1% 54.3~95.6 4.8~12.4 16.2
44 VATt g 1 nae Y =11900X -3650,R =0.9978 80.7% 60.0~97.1 3.8~6.8 9.9
45 =Nl Y =112000X +260,R =0.9974 82.1% 68.7 ~104.8 2.2~11.9 16.3
46 SHEE Y =93300X — 10600, R =0.9991 93.4% 64.2 ~126.2 8.3~11.6 12.1
47 FoReH Y =27800X +6660,R =0.9980 71.9% 55.2 ~106.9 3.6~11.1 14.0
48 FREE Y =38100X —4970,R =0.9957 68.3% 56.8 ~84.4 4.4 ~11.7 15.3
49 NI+ Y =45900X + 51400, R =0. 9996 84.3% 60.6 ~100.5 6.6~8.5 11.6
50 BIRWE ¥ =155000X +76800,R =0.9986 96.1% 72.0 ~114.0 3.7~11.9 14.0
51 KR Y =80500X +51700,R =0.9990 77.7% 67.5~91.9 3.3~10.6 12.6
52 VFARE 3 Y =32600X — 1800, R =0.9959 84.8% 60.3 ~110.2 4.5~8.9 11.2
53 HHER Y =37300X + 17100, RV =0. 9965 94.4% 61.1~131.8 4.2 ~11.2 14.9
54 Pl 23 75 3% Y =9530X +3770,R =0. 9973 106. 1% 66.4 ~119.9 5.3~14.2 17.8
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2.3 BEAkpEE ZERWNE3 PN, K3 T
N2 RIEFEG I 500 K& I R OB i, K o3 &
WTE37. 7% ~70. 2% Z (8], H 34 {8 A b 457 {E 47
SR 54. 7% 1 56. 4% , G5 RW EHE 5 AL L

T R SRR AR Hh oK o3 5 s, L I8 3l ¥ I A A
Ko R HEBRERE K 73 R PPAS 45 3R B T8, A 52 55
H AR P 25 W Bk B R 2 R B DL K
E

R3 ABRUEBRABHERTKSSE

Tab 3 The moisture levels of litters form ectopic pig manure fermentation beds

K53/ % B RAE/ % B/ ME/ % SEEIAE % A/ %
moisture Maximun valve Minimum valve Mean value Median
1.58.99% ;2 .70.23% ;3 .49.87% ;4 37.65% ;5 .61.40% ;6
60.30% ;7 .41.19% ;8 45.11% ;9 52.21% ;10 .53.74% ;11 | 70.23 37.65 54.73 56.36

61.20% ;12 ,64.86%

2.4 BB FREHM oA SR WE 1 Fos, W
F1 TR, e WA 12 58 3758 3 ) S0 % T PR
A 4 Fh PO ER 2 10 Flds i IR 2 S Rl
25 2 FERG SR 4 FhOR IR N BR 28 259, 295 K
25 PR Z5 ok B L BR B R TE 0.7 ~ 28 g/tZ [,
ESE RN AE ST AN 6.8 g/t FI2.0 g/t

FE 12 FIEFHG I ITA BORHEA 4 FhUER &R
KAgYHAK B, BEE &N T 687.5 ~
27736.1 pe/kgZ W], 4% 2 M T 5 2 K6 11 & &%
B 11 SIS (27. 4% ), XU ER 2282y
V) 5% B Y DTSR AE 60. 8% ~92. 4% Z[H]

12 GEFRHH 3 0 BT A HORME AR v | s i A 25 24
Y RFREE EAE 5. 6 ~ 1858. 2 pg/kg Z 1], BiEVH
EFIART B A 1 23 0 100% |, P 5 0T s v il 25
25 AR B I DT R AE 16% ~ 100% Z [H], 48038
bR RR R Y A 2R U 43 i) A 91, 7% AN
41.7% , HAx 6 Fie H s it B 2 bt bl 25 U &
B

2 FIRHE G (1) HOBHREAS p i i 264k 5 W 5k
AT AR B, Ay 10 IR HOBEAS 1
FREEKEAE 5.6 ~50.2 pg/kg XA PN, fiFf iz ] H
SE W E B KSR ON 72, 7% , K R B (R
7.46 wg/kg, HXTRE M 25 W) 5% B B i 1Y T kR AE
33.1% ~97.9% Z Ia], H AR 259 2 0 % 2
i, 3G 2507 B B AR RE S R 1 Gk B
91. 7% BV LI AER H BRI, X 10 5 FRFA G4

AEF) 10.7 we/kg,

TBER BRI S & L (L 6 KIFTH A HBHH
AR, BAR R AE 8. 4 ~536.2 pe/kg Z [,
bR 1 5 5% 58 3 OB R AS v [R] B 4 1 980 JE %
(582.8 pg/kg) MFFIE K (7. 4 pgkg) 4b, HA
SO B REAR K H R H, WE N
116.3 pe/kg, FOIMEN 45.9 pe/ke,

12 ZIRGH GBI R IR BE S 259
Koy, sk B TE 5.2 ~176. 0 pe/kg Z 1], Horp
Bk B FIAR AT & R A 635 66. 7% , 3 Z Fl
X PN iR 470 TR 24 ) B B et 1 DT TR R Gk )
96% ~100% .

3 e E&R

3.1 WTALE Ik AR, AR SR R
Hh S A AP 25 A DU R 28 R R
PR Ik e B R s S5 R 2 DAL, Jr A ST A
TR T X R LA 25

H T PO PR 28 8 R R A P T IS 245 90 22 o FAOA Tt
52 HRE SR AR e v R BR B 1 77 =X, ke 0 TR B
PR AR X S 2GR . R R KR AR
R B (e s T4, 22 AU T i 2 G55 A
BILVA FREA THE R, SR 11 U B 2 284k A4 (4 9 i [ kg
RPN, XA RS Rk A5 AE 4 JE T
RO REEA R, XA AR R Ca®t |
Mg Fe’* B ¥ Al 5IUMREIEY) B 3 C L0 1
JRBEIE R C 35 C, A B 2 5, B UMETR iU 2
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Fig1 Tetracyclines(A), Quinolones(B), Sulpha(C), Amphenicols(D), Macrolides(E)

levels and the total antibiotics residual levels in litters form 12 ectopic pig manure fermentation beds

Pyt AT ek v U PR 3R 2 20 B A I Y S
ik, JE A4 0. 1 mol/L Mcllvaine — Na, EDTA
VAR BURC A5 5 7K 5% TR 50 [ A 26 BU/INRE (SPE)
{56 . Mellvaine — Na, EDTA ¥ W BE 45 % T U B
BB 259 KT M RK PR RR e T | g ol
TR 4R T B S g A R
fik Pl A RT3 T 2 24 3 fe P B L 2 45 AL
VR THEE, PO SRR, 40 I VE FEBUA R

I, AT R AL B R R IR T, A e
B BRI 1) SRR JE 7 i A i v A 4R
W, 238, TEAR TR 26T SR e 75 i 1) 4 OO
ARE , HAE C18 #E B (i1 h 5y Z e rh R
MY T, W, CA PR, 20 64% MR
Je25 LUERL )y 3 i PRICHE S i sh e IR i A
WFFE i 35 0 O JE 7B M 19 %5 A, LU OR 42 Tl
Atk
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52 EIKERR R SPE /NE e ik it 8 v X A AILAH
FZKAR A EE SR AR ™07 (R S e ARMEFR BT 5 28
YR, IR, SR B Mcllvaine — Na, EDTA ¥
WAREL, BLA 2K EBE R SPE /ME¥AL” fin - 2
AT B (1 07 SO A TR B vl K
SPE HEVEB 5 NGO G 91 )5 , W T B3
RIAT AL
3.2 RUABRERAS>EE —MAEMHFEHT
TR P AR 265 R 2 ~ 4 IR T TE S & B R
N SRR SUR R IR e DRI ET G B -d
R PR R A T B AR A R S S
BLR TR BB K A3 452 I TE 37% ~45% ZTa], 52158
PP SR AR [ I ] LA B Mg obf et | s ibk 25 AR &
PR R B85 555 22 F DR 3RS ), R T DR Rk TPk 4 i
W B MR BEAR T, W] BE™ B T P00 #Okk rh b 1 25 ) 5%
B EPEAL 28T DU 9 0 1%, AT AR K 43 1
T ARy ik () BE B[R] R 5 B 0 24 ) 5% 7 o
APEA T 2 B A 5 % T B I 2 HL K 43 1) AH
X di, fH 105 °C AR BT IR EE T8 A X A
i 52 BT IR 259, BeAh, DR 2 th K A
FEEEXT 7K I B i 0 355 ) B R L, 100 25 S i R
PR 2%, HLt R A T e T Jon 3R i ) 58 ST 4 1
DRV BRI RRh 35 R I A B BT 25 9 0 R 5 R 2
PRI SR, EL I 5 B B AR /D OAR O 1 R 9%
PR PG 5 6 HEA T /K 4 S i . SR R AR ¥
BRI 1 2CIRE | BRAT R 0800 e o A rp kLR
st HP R K A48 AR i o Ao R R i S K A3
(ARG . 12 R 10 A0 % I IR ok
RESh KSR 37. 7% ~70.2% 2 18], H X E
B9 R 54. 7% 1 56. 4% | W 1 T35 B4R 25
HW S XA R85 K A e Oy =R AR
FI [ R A s ] 22 ] 4 I B i 37 9 4 2 ¥ Tk
M RERRA K, 2EET FERERFOLLEIR
Xof RS 2 75 Ab BERE i, R TR A T, #OkbK
SRR 66% ~ 76% Z. (8], 5 AR 56 45 5 4
HE
3.3 RUABABRRFTS KEREHNERES
#H R 12 IR I SO0 & TR IR kL o

R 5 K25 FhL @i, 5 RPI2E H
S EHET A - TR R 2K (6665 ng/kg) > M
DS (84.7 we/ke) > BEREEES (59.5 peg/ke) >
FIRNEER (41.4 pg/kg) > (15.4 neg/ke) ,
X —HEFI T A5 G % 58 Bt 14 245 90 8 FH A% 190 74 B
GER W FEA AT A 5 D I IR v 185 28 531 26 7 1 L A9
UG WA SRR} T T TR 24 ) 5% B R N ) A DG R A
P fH 5 — 6 E B S rh B T 245 ) 5k R A 45 2R
FIFEF, Zhao %180 X b [ 8 N4 KA SR 4 H A
(ARG I 45 SR s | 85 28 0 4 85 25 1 3R B8 24 (43 4
}959.06 mg/kg 1 21.06 mg/kg, H N b 2 F1 B
R sk B E B A 330 98 mg/kg
33.26 mg/kg, Yevenes K 4500 A6 % BH 2 (i v py
I B R R BE R B 2 R EEAE 1.4 ~
300 mg/kgZ [H],

12 ZIRFH G R REA h ) DU PR R 5k B8 B
T, REEE AR R R IR R W) A%
B E BRI DT R AE 61% ~94% 2z [8], MG IR (4R
AR 168 5) " LB R MR X EME
YERIS & ARV AR S & A I . 7E
IXEEFEFE A U 19 HERK F IR A kLR 10 ik
Kt 73 13 LR B R R T 3 Lk i+ 8
R, ZHHRFEHTEEIGKIBIT A, K,
HoR Rk EY B E T L ERMERE,

12 FZIRFH R REA oh ) VD BRI T 1
BRI R 100% . B 1 SFHEGHBEA 3R
NYERBEERER TRIGDEREEIN(P <
0.05) , Hax 11 RFEHGHRBIEA T RNV B 5% B
IR BRI 1/3 ~1/7 X SR &
SRRV B AT e B YD B A A R R AR B
T R HEBRTE S K i R v 2 iR AR
T L AT BE RN RS it — AP WFFEIESE

Tk e S 3 W R e [ PR AU g g )2 i T
T B 2Rk 2 T NS 1) 5 T AR B S 5 F AR e A
IS 25 Wy 3 OR) A BRI, 7E
SO TR X 3 P S 25 A R
Horp i i (] Y UM BE (S{EH 7. 46 pg/kg) TE8 K
Fr 5 S A SRR AR RSy | O] it e 21 24 1 3 B
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A TTHRRAE 33.1% ~97.9% 2 [, KHWILIK i
JE S 2k B et S A A 7 it B 2 A A N i) R
AT A, i e VI Db R i e [ea) P 4 o A0 2 4
PR b o o e A 1) R BB R, BRI, 7E 12 K
T SHRREA T (L 4 51 7 5 3R B R R AR
R AR T 6 pe/kg MR — W EIE . 3X —J7 I
53k JLGR SR 5 3 WA 1) (1 FH Wl 2 48 O 1R R e
L H R E R A O, — 5 T T RE S R R 2 MK
VPR G, ThOCHE AR SR T M AR A B 5 R v
Jie2s DUBRZRIS i RS 2 W i vk E AR Al e # oK
Ve P AR iR TR e 1 M R i R S B PR IR

BRE F A PUTA TS T A ) SR 2 5 A
AR TE B B IR I T e, 12 RIS HOR
A R JEE A 30k 83.3% HER 1 53751
GHEEA TR JE % 3R B 1R 582. 8 ng/kg b,
HAR 9 MHEA TR ER B T 60 pe/kg. 151
2 SIS HOE R T RS % B[R] 3 43 A
H7.37 pg/kg 10,68 we/kg I,

1 12 FIFHGHREA T |9 KRR
AR K AL HH K IR IR S B s 25 9 5% 23
SRR TR IR R 58% ~100% , 3% 58K % 2 %t
TRYT MREAT 4 | T2 FRAT P JRR e R S S A B e A R
BECRAT O, MRT B R BURAT % 83. 3% A 2R,
B3R BB IE T 26 we/kg, Al fie 55X 2L 3558 37 4d
(14 2> ik b R RO 2 ER R AP B 2 IR R A G

SRR 12 KRB T 5 KISHUR
25W5R B M ETE 0.7 ~ 28 g/t Z I8, R 1 7
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F2 W5k R e, O R P TR 254 A%
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PRERE I ) i 1 2 5 3 (2009 4F 5
1.2 g/t) #ORHEAS th BT T 25 1 5% B i DR lE e
R, AR B R B 25 W5k B BT A 8 4
W S A57 SR T PR Ot B i), 38 15 3 3 1) 3 B 4
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EESSFESN

ARWFTTHENL T A S R PR ARl v U 3R R
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