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161 ~1.67 d, XM EIIRE] 99.7% UL I {0 PG RETE MM A2 LRI AT 21 ~73 ng kg™ FE TR R,
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Abstract; In order to determine the half-life and degradation kinetics of penicillin G potassium in soil, the degra-
dation curves and the degradation kinetics of penicillin G potassium were studied by using sterilized and non-steri-
lized, compost and compost-free vegetable soils as substrates. The results showed that the half-life of penicillin G
potassium was 1.61 ~1.67 d. The penicillin G potassium was degraded by 99.7%, but the lower level of the antibi-
otic 21 ~73 pg-kg™") in soils could still exist for a long time. The degradation kinetics equation showed that the
degradation rate was affected by initial concentration of penicillin G potassium and the degradation rates became
faster along with the initial concentration increase. The degradation curves of sterilized and non-sterilized soils

showed that the degradation process was affected by both biological and abiotic factors. There was no significant
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difference between the degradation process in organic fertilizer and that in non-sterilized soils. The risk of inducing

and transferring resistance genes could increase due to the incomplete degradation of penicillin G potassium.

Keywords: penicillin G potassium; vegetable soil; degradation kinetic; compost

H R ILIE, B85 R ERIRIT NIz
TR B 250088 2 A58 P[] i AR S — s i 5
TEfE sy A= K Dy ) 3z B Y, Chen 289 AN
Klein 5P i 58 T @55 B £ W B 76 A E K A1E
2000—2015 4FH0A: 0 IE Tk, 45 R R W, i A
RITH P BERIN T 65% , & 2015 4ET i HH R
PR Y M A 39% . 2013 4F, TR E 4 I
R RS PUE R RN RER 52% ) B E
WY, S ST A R A SR NS S e 3l B o8 2
e, KA 50% ~90% APtz 2 25 D 25 s A
P aCHE R T T H R R 8 2SR R AR
M E SISk IR P AE R SR I
HH e AR E AR H K AR BRI 5 AR B AE P fAc b KT
X IR A DR v R A i 7 A A P AR
AP AERMIE D IR H &R SR 2
P LA R,

Pk A B () A B0 ) S 5 DA R |
WE AT S RN DU R 2R 2 212 i) G- Bk i A=
FRIBIRAE 4 T A AR A Bl v B2 3 1Rl 7
0.62 ~12 mg-kg ' (H AR 3] ) 2298 F B4R
LR AR IR 7K S S i P 2 A v ) F 5 £
WARGE , EhE ARSI T S X 12 A R
an P E &R, R & 50% , 46 vk
= 1.88 mg-kg™ . XUFMELETHE VLI m L T A
BHAH T ERREBKREN2 mg-kg™' . BT
TR RS S B, S 24 T B AR 25 VY 20 A oA 1) 7
HREBEGHE) P EERKIE R 12 mg-kg™',
Li SR 58 R Y, 1 24 1 7K 28 5k DR AR K i B 2
AR ITAE I, K B & R G AT AR 25, i
LR weg - L7 9%, HILAE b RK () 32 2 R A
TR T B WEWE R (penilloic acid) | T M)A 5 25 AU IR
(penicilloic acid)Fl7 5 2 A4 (isopenillic acid),

PRI, A SO IR & SR A H R P B B- P gk

WPt B—F R R G ¥EN BirbUE R, B
FAE A PR K B e 1 S LA R A HILAE £
BErb R AR AT O I — 3 Jr s T R A
1507 R R WA, O B 1k B AR RO R 8 i TS
AR LR

1 ##l57 % (Materials and methods)
1.1 SR S50k

I H] . H K G H(penicillin G potassium, PG)Fx
HERL(LEE>97% ) R AT 8 % G A1 (peni-
cillin G-d5 potassium salt, phenyl-d5)F5 # & (4 &
98.7% ), ¥ F4%5 = Dr. Ehrenstorfer 23 F] ; AN S 56 H
FHE ) B | M 0 HT IR 45 35 Ry (3% 9], Horr,
A YU FIE T £ Tedia 23 A, H BRI THEE CNW
BHEE A F] s BERR IR — S0 o i 4, W T i
FEAZEIRGR A BR 2 75 5256 % HIUK O Milli-Q 7 4§
Ko KEHER G FbrR S B R A BC A 500
mg - L™ BFRIEAG 25T, B CIRATFAE 4 CUKFRT

WEPRER G2 WP W . FREN 24.0 ¢ TR — 480, T
AiKERZE T L, HBRIETTW pH 230,

ftik R LA HUIE . A S i H -k A i
T4 X ) — B 28 3 52560 B 2% M (121.278933° W,
30.788379°N), IZHUAE Z HITFY 5 4F N At A HLAE,
R HFR)Z HHEREE 0 ~20 em)ily [, 28 { SR KL
TG, BRI AR S DBk, SRR 10 B, fRAFAE
4 CHEE, AHUIERE HILHIEY B IRHMENE 18 d
JRBIREFE  RAFAE 20 CEFREE, BT JH 38 A Bl
JEXARA BArbr AR BT aNER 1 s,

148 5 44 ). Waters Xevo TQ-S Micro 15 % ik
AR T 5 B 5 ik A% (36 [ Waters 2y A)), (443 A£ K
ACQUITY UPLC® BEH Cl18 collumn (2.1 mmx50
mm, 1.7 pm) (3 [F Waters 2% & ); CEM MARS
CLASSIC = He (o 3 g A B (35 ) CEM A A

F1 AT IEMERE U

Table 1

The basic physical and chemical properties of the soil

LY/ K Y%

Material Moisture content/%

Total organic carbon/(g-kg™")

BA YR (g-kg™) PHE F35 et /(coml - kg ™)

Cation exchange capacity/(coml-kg™")

+ 3¢ Soil 7 .64 32.1

471 70
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PLINN O P15 %

YXQ-LS-50G 7. 30 77 28 VA K TR i (il PR B2 7
H WAL 5y A FR 2 W) ; Fotector Plus =il & 4 H
BlE AR A B (T T & BH A A R F]); AUTO-
EVA 4 H 3 AW A AL (JZ T TE R A BR A )
Oasis® HLB 60 pwm (6 mL, 500 mg)[FlAHZE Bk (25
Waters 2y ) ); Milli-Q # 4li 7K % (32 [E Millipore 2y
Fl); LDG-0.3C Ikl E 25 ¥ R T pL (B i R IEGE
HAEWEARATR),
1.2 FEfESEE
1.2.1 HHEER G BRI A IR 5 5 1 1 e
1) ok ik S 3

HERRFREL(50.000 + 0.0001) g(F 5)jd i -4 T
100 mL BEdRH , 3 B K A PR K4, K E e
121 CHMFFIBHAKEE 3 K, MR E R 24 h, %
P R B R B AR L3 SR AT
e B HAN R B 430 1.5 A1 10 mg-kg™' AR5
WEBEpR e T X T 24 h, TR 2R % 700 W B kT
J& , K B e i R 4K 8 £ R R 30% .,
Jor W R A TG B 11| 7 S B | BE AL
H AR E T 20 CHEER IR 3 R R
FREIEANFERE SR K Sy, B AR S AT 2R, 4
FRip S5, TEEFR5E 0.1 .3.5.7.14 .21 .28 35
142 RAEIPEURE I 43 S b b A R sk
&, FidsR,
1.2.2 HER GHERMS KRB INA HLUIL S 5 H
48 b ) R i S

rh A LA MY D90 22 A1 1 ol 5 S b IR 1) - ¢
AHLBPRFFTE 1.5% HI7KF, X5 T 150 000 kg #HEZ
I F | BAEEA AL E N R 450 kg, ARE
AHUERA PR S (12%) R ERA R H LS
FHUER B A 1:0.025, AHUIEZER R HU5E 0 K

— UGS, BIERFREL 50 g H3E(TE)M 125 ¢
AHUE(TE) T 100 mL Bprh, FR LK SRS
12.1 H—2,
1.3 FERPEES S

W IR SRR R TS, B &k 20 B
VERRFREL(1.000 + 0.0001) g T 100 mL )% % B
HUA 10 wL 5 mg- L™ B NARYD, A 50 mL 2
G- ER E R(V: V = 1:1), T 65 C &4 T ik
ZH30 min, JEEEHUA RIEBOR M B R TRS
AN ET B 5k
1.4 FEaI oy

H AR AR 2 04 MR ol o = OB £
T AR T RO S, VRORH i S TS A A
0.5% H R KA, T sh Al B i G, i 4 0.35 mL
-min”HEFERE N 2 pL, BEEEVEBLRR T N0 ~2.2
min,84% B;2.2 ~5.5 min,84% ~5% B;5.5 ~6.0
min,5% ~84% B;6.0 ~9.0 min,84% B, Jii% 5
1« >R FH HL M 55 2 TR E B TR (EST+), 7 =X
22 NS TR I (MRM) , B 4145 fL A 3 kv, i
VAR BE R 500 °C, BRI A 1 000 L -
h™' o P BER BT A 3R 28 1 T2 U R A ] 3R
G e B, 1 A o il VI L R 1.37 ~ 500 pg -
kg™, AMRBE A R A b, ASC5 i 1 £E R 0 A A, 223 1l
PRUEMZE . HARPUAERNEE T T3 T brifEihgk
FE PR AU BRATIAR R SCRAES AR 2 PR,
1.5 Hdsmatr

Bl 3 UOPAT S50 1 S AR M, L5 4
i Origin 2017 #4T RN J1# i 3 J1%¢ )5
LG, W PR A Br R BRI 3R T 25 00407

(1) % fiff 52 36 B W $U & — A 20 12 7
C,=Ce™

F2 B RRIARE L AN IR 2R A0 NR B4 3
Table 2 The standard curves, detection limits, quantitative limits and recoveries of antibiotics

) Lioalll]fs3 SRR
2 I 1 ¥Rl (MRM) » o B /% (n=6)
Multi reaction RGeS (hg-ke™) (hg-ke™) ies/O
VAN = =
o . _ Limit of Limit of Recoveries/% (n=6)
monitoring mode Regression equation . . .
(MRM) detection quantification
-1 -1
Apg-ke™)  Apgkg) 100 perken 200 peke
HEZH G #(PG) . o
) 367.137/159.65""/ Y=0.6961x+
Penicillin G 0993 001 0.034 90.95+5.7 78.1323 41
216.82""" 0.808189

potassium (PG)

SRR, RRER TR, R REETE T,

* T P T T
Note: = represents parent ion; represents quantitative ion;

represents qualitative ion.
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it HAE A 0B DT =)
ﬁi%ﬁi%¢%%%ﬁ%ﬁm=ﬁﬁh
C ke™
(2) WAt S5 0 O 900 4 — S A A 30 0 2 R
L_1
¢ o
it FE S S0 DT, =

Stk 55 £ P 0B = O =
k
(L+kt)2
G
K€ Wy LA 2RI e ke s C, A
[ ¢ Bf 3P R IR T, mg kg™ 5 ¢ MEFTE](d); k
MR Y TR (g kg +d ™).

2 455 (Results)

2.1 R S5RKE X A KR 5 m
DI &R G HVIREIE R 10 mg kg™ R, 5

FRFEWI g rhhe AR Y 5R A e RN R R ARk

Il 1(a) 1 (c)JT 7 (B i R L& 5 — 20U v 311 )

FSEOT RS ), TEARKEN 3, L5 5

0.1.3.5 Al 7 RIFEAEHRI 51N 432 .2.83,1.22,
0.53 F1023 mg-kg™'-d™', 7658 7 K, Pk R iR
H>97% , AR ML 4, 7 d 5 BRI R <001
mg-kg™ -d” EIREERE, HER G M7E LT
IAWRIE R 29.8 ng kg™ o FEKEH EHErp SCEGH
0.1.3.5 Fll 7 KA AR H 551 1.53 .1.31,0.96
0.70 A10.52 mg-kg™' -d™" £ 7 K, Pk R AR
H<60% ,7 d S LA bR R Ak SR i, B 14 d
V%N 0.06 mg-kg™' -d™ (AR 94% ), 25
SR YU R RLIRE R 226 pg-ke™',

KGR KE 3 RFERREREN T HEE G
B S 2 A RN 3 i, SRR,
TEASZHG MR FEJE I N (1 ~ 10 mg-kg™), — 2 s 1
205 R G0 B ) 2 5 R H REAR 4 i 01 A S 2
B, — 8 15 BRAA O R B4 FE 0.951 ~
0997 ZIal, K 8 Jj2& 07 B A M O R (P ) 1
0.85 ~0.975 Z[H], Bk R 5P E R IWPIR WA
Koo MFEI AL HFER G MERE LR
WITE 448 ~6.48 d Z[H), 7E A K T 458 v (1) 2 52 10
TE161 ~1.67 d ZIH, HH8ER G HTEKE LIETHY
e 2 TR KB R R S AR
YRR ER G RS ERNER, 5
PR PR R (<7 d), EREE TS
GYFRTTAS 2 5% B 6%

®3 PGCEREMARELE LWERIINESH
Table 3  Kinetic parameters for the degradation of PG in sterile and non-sterile soils

LG R o CIVIES g
Amg-kg™) First-order kinetics Second-order kinetics
. Jb 35 = T -
Initial PEHI(DTS, )/ 2 WI(DT,,)/d
) Treatments Iy iR
concentration . 7 50% degradation . r 50% degradation
. Equation ) Equation .
Amg-kg™) time (DTs,)/d time (DT5,)/d
K C,=1.03337xe B340 (98135 531 L —o2axe 093129 381
Sterile t ' ' C, 109297 : :
1
FKKH 1 1
C,=098339xe 08145 099729 161 —-=0.9307xt+ 097481 1.05
Non-sterile ! G 1.01936
KR 1 1
= -0.10692 ¢ ——=0.03589x ¢+
Sterile C,=536336xe 095171 648 c S5153 085027 505
5
FRKH 1
C,=5.11273xe™4157¢ (98610 1.67 —=0.16253x ¢+ 0.94183 1.18
Non-sterile t 520114
R C,=9.86046xe 0145 (98905 448 L —03082xer— L 0.93742 3.10
Sterile 17 : ‘ C, 1045883 - :
10 T
KA -042074 ¢ 1 1
= - ——=008311xt+
C,=10.2619xe 099519 1.65 c Toa0s37 093791 1.16

Non-sterile
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ooz 4R 15 &

M DI X A A 2R A (1 52 1

B IN SRR G WER A HUIE 3y
B P R RN A R AR AL NP 1(b) 1 ()BT /R (R fiff i %
UG R — U S 2 S EO T AR ), U R
2 G FRIHEHREE S 10 mg kg™ i, AT LA L, 3
TR ER G 8RB A (B S A, ZE R TR 7
K PUA R PG, 5 0.1.3 .5 F1 7 KA %
I35k 371 261.1.29 064 F10.32 mg-kg ™' -d™", FEf#
RS T RZIGaTY%, SRS 7 R, LD ER

2.2

2 o
(a) —u—1 KJ# Sterile

—a—1 KK Non-sterile
O,M P

10F .
—=—5 K# Sterile
—A—5 K K# Non-sterile

W
T

SR/ (mg-kg™)
Residual/(mg-kg™")

oo {
—=—10 ‘K# Sterile
——10 A K #Non-sterile

++j_
e o

29 35 41

0 4 8 12 16 20
i a)/d
Time/d

e
[(c) — a1 K# Sterile
a1 KK FNon-sterile

A
[wd—a n = - . a a n

—u— 5 KA Sterile
4— 5 K #Non-sterile

—8— —a— —a— —a
= ot ot f——]

—=—10 K4 Sterile
A 410 & KENon-sterile

3

HR/(mg-kg ! -d )
Degradation rate/(mg-kg™'-d™")

O =N W RO =N WA O =N W A
r »

R

A —a - &

e e
29 35 41

B al/d
Time/d

2 G IR ] 0.07 mg- kg™, RN 993% , 7
SIREEHUS  BiA E R R 287 ng-kg',

WA DL LR AR ERENEEER G
PR REE S AT A R 4 PR, S5 RE,
TEAR SIS A JE R N (1 ~ 10 mg-kg™"), — 23l /s
SRR TGk B 12 07 B REAR S s AL A S I 4
B, — G D12 T FRLA O R (P )TE 091 ~0.978
ZiE, HRFE4nH,EER G AERN T AR
St - 0 185 ~239 d,

2 f—— f—— f——
(b) — w1 AJiti B! Compost-free
8 a1 it Compost

ot e s = " "

10F T
— a5 AifiI! Compost-free
45 Jiti /It Compost

|
or B ™ s 'Y "
10F Py —
—a—10 AKJifii i Compost-free
—+—10 Jiti Il Compost

HR A/ (mg-kg™)
Residual/(mg-kg™")
-

n

0 4 8 12 16 20 207735741
i fi)/d
Time/d

e
F(d) —u—1 Rttt Compost-free
—4—1 Jiiill Compost

[ Rty ¢ — s & & a
Py S—
—=— 5 KJiti/lt Compost-free

45 Jiti it Compost

— . —a ™ ™ s

[ gt % /(mg- kg -d)
Degradation rate/(mg-kg™'-d™")

[ &\ —u—10 Kiiiil: Compost-free
1 410 Jiti AL Compost

O =N W RO =N WERO =N WA
F ]

i i)/d
Time/d

1 PG 7E#EH 18 ch % B SR R R MR BRI
LA S A0 B3R 3T PG I GRS M 1.5 AT 10 mg-kg™ ;(a).(c)F/R PG 16 K 5 £ K4 HHed iy
5 B AR R, (b) (d)FER PG ZEE N HLAL 5 A i A AL 4 - 48 v A1 % B8 e R e i e

Fig. 1

Residue and degradation rates of PG in vegetable soil

Note: 1, 5 and 10 denote the initial concentration of 1, 5 and 10 mg-kg™' for PG in soil, respectively;

(a) and (c) denote residue and degradation rates of PG in sterile and non-sterile soil;

(b) and (d) indicate residue and degradation rates of PG in compost and compost-free soil.
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Table 4 Kinetic parameters for the degradation of PG in vegetable soils with compost
WA E — g o ZgEh iz
Amg-kg™") First-order kinetics Second-order kinetics
Initial concentration R ¥
e 2 DT,,/d 2z 2 DT,,/d
Amg-kg™") Equation Equation
1 1
_ ~0.37438 ¢ ——=0.79487 x t+
1 C,=09791xe 099117 1.85 C X 109297 097768 123
1
_ -0.29011 ¢ —=0.1063 xt+
5 C,=5.23582x%e 0.98983 239 c 533504 092784 1.76
1 1
_ ~0.35176 ¢ —=0.06524xt+
10 C,=10.5359%e 098334 197 c, 1062675 091066 144

3 iFi ( Discussion)

HHR G AR KA AU 58 b
fRATIER 35 22 5(P<0.05), R K HIEFHFHR G
B R i R R KB 3, HLJG IR R K T A
ERKHE T, FRER G HMREmE S 512
s el T, HER G el — M RK
FARFONTF S E R ZE R SRR SR E
ROV Al & AE 100 g - kg™ )TE 3 - AEAR K I 1]
Al BESSAFAETS 3 R PP i PR ) 7 A e % 1 XL
G, R, HE R G e S R Bk
VSR FEE R e, X —45R 5 Andreozzi
SEPURIR G B B P AR ) R T 2 AR AR AR W OK A ) AN
AR ETS PP R YRR ) — 3L, Liu FPI0F5R
D S M N o R o BT 5 D AR ) 5 Al A R SR LS e
WA B P B 174 5 i o 2 e B- DN TR Y B 1) T 34 52 38 A
PyFnAEA= Py A R SR s

L[] S 6 i ] FRAH ) A 3825 F T, AN TR) vk B Y
Pk R R R R I B R R(P<0.05), LA R

PR B | R R T (A [R1 00 4 v 2 e A
FRAE A S A Y AR — B B AR R
. TC T I 22 5, BV G AR e AR 3R 2k 2 0 0
B, FAREPNERR G RIS
% POPs [EPRA L1 AL A fh e AR 3L, A
BUTE B3 i /N T 1 S A ok B ki) B
HTHGERER S FMNH I REM ], R 80E %
R IR WT i A B E  E BUB e ARG Y
Zhang PSR U FE R 898.51 mg-kg ™! HYH B
R ST kI H BRI E RN 17
d, TEHENETR B RE b 8 N 25 28 I T 1 Xof M JE ol
B M 22 500 HENE A sl 2B 1 ) 3% PR T A e kAR
o SASLIGZE A, Yang 5PV 5 it i 1% e 1

- Y B S AL, B T 1,10 F1 25 mg -
kg '3 MVREE R IR 400 2 (18 F134 d 00
Shy v VA R PR o s W A ) T - R A R A S
BT B R R R, Selvam SFPAF 5 U
IR BRI R T 28 US55, U R 12w 1
115 d, B, T DB, i A AR R,
P R IA VBRI A sE N HARAE
YIfE e B &R R R i AR .

iz FH SPSS 24 X SE56 B b A AL AR INAT HL
JIE A SRS A HLIE 38 1 5% B B A T AR R R
T3 2200, I 2 A8 22 S5 AN BH (P>0.05), T fE
JEH T ARSI MR 18 d J5 B LR, 45 fy
TEAVICHER A2 LT EEE™ ) Ha s
BUAE LA /Iy , S ai 0] o - S9em U5 72 2, S80S hin
A HLREAS A 55 i 335 o 4 38 v B A 0 O i, X+
ey E R WA YRR N, LRSS R 2
Fith s EER GHEEY<B0 pg kg, EZRA
KBRS ATA A LR A & 5 F W e i
LR R A=A B R

e RAE LR ARG, BRAEYIREAR LIS 0
HA PR sz, g R b 5T -5 L
PRI R A B8 R 28 A0 R SIS AE RO IR BE T
17, YEHEX 0 A 2R A 1452 ) v] 2006 AT PR
Ak A Y g 3 B K fif AN SRR SR e, A
FER  B-INBERE I B A R 45 1Y) B- R IR R
FE  EME TR S ZTRWE . M ELEE T
FEBT R B-PN G iz e %) R, e A TG G R W 4 T
I AERPUA R R EREREY ) FRELMAR
FEFRYE P B B D, 468 K AR K N, B-
P BRFEBRES A 46 4> Jg B3, 451 11 Chen 45 F7 B
FERIL,Fe' e 5 20N VAR A R JEFARUR AL, £ 2
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AR WK RN, EARASFN S B BT Sk 7 5
B IIKARAT R, R BEAE 25 ~45 C Bt &R K
fiFf 23 i T TP g T A U2 T A v o T
KA RN B EA T, FEBAZE PR OY 4 RYUERTE
10 FOR[R] - 58 b A B AR AT Ry, S5 SR 3 B, R R
THEMERK S ESREMREREAMECKER, -
AL S RO b A R B AR R 11 pH AN
BH S 728 S LT A e i e R R

Zil AR R, HEER G WA LR
fif A FEAR PR, 7 d PIREFR SRR B 97% D b, ARSEE
JEMIN@2 OFER G A LUK (<100 pg-
kg )E IR RN AE HELIE e 4 T HE G
B K T 5 A K T 1 S - 38 %) I it il £t |
R e sz A Wy AR A i E AL RS2, Bl ) 240
AR, TFER G A R R 5 T 5 IE A
X AHAE I SR E TR E LR 61 ~1.67 d);#%
JiH EE 1:0.025 (358 A HLAE) I [ SR MEAE 18 d J5
IR TR G I I AR %, B AR
FERR I INAHUAR L TG B 2 5

BIRAEEE A LARFEA965—), F, - XX AZR IR
W ERHR T AR ESRYP S ER S,

HEBEHIEER N R EHF(961—), F, TFH L AR,
EBHR T QAR EDHER AWEE ASER KFEM
HAe A el
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