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Degradation and phytoavailability of antibiotics in soils amended with pig manure and changes of soil enzyme
activity

SHI Hui, BAI Cui-hua, ZHOU Chang-min, LUO Dong-lin, YAO Li-xian"

(College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China )

Abstract: A soil incubation and a pot culture experiment using litchi plants ( Litchi chinensis Sonn.) were conducted using soils amended
with various rates(0, 1%, 2%, and 4%, W/W ) of pig manure from an intensive animal farm, to investigate degradation of antibiotics ( chlorte—
tracycline and doxycycline) and changes of soil enzyme activity within 360 d, and examine uptake of antibiotics from pig manure by litchi
plants at different harvest times( 153 d and 210 d). The concentrations of both antibiotics in soils were significantly increased by application
of pig manure ( P<0.05 ). The half-lives of chlortetracycline and doxycycline were 26.84 d and 58.89 d, respectively. Application of pig
manure enhanced the activities of soil catalase, urease, and acid phosphatase. Moreover, the activities of the three enzymes were positively
correlated to the concentrations of soil chlortetracycline and doxycycline when pig manure was applied at a rate of 1% or 2% (P<0.05).
Litchi plants absorbed both antibiotics. With prolonged growth time, chlortetracycline concentration in plant significantly increased, but was
not related to the level of pig manure used. The doxycycline concentration in the plants significantly increased as the manure level in—

creased, but was diluted by the litchi biomass. Chlortetracycline was easily translocated upward, with the transfer factor of 0.595~0.789; how—

Wi HEE.2017-03-14 R HH#3.2017-05-16

EERIN A H(1993—), 2o, RN BT A, 25T )5 10 o L3R40 . E-mail: 1625264770@ qq.com

*EEEE I E-mail: lyaolx@ scau.edu.cn

HEEWB : HEICA M = b5 AR R LI (CARS 33-08) ;A &9 5 H (2014A020208095)

Project supported : The Earmarked Fund for Modern Agro—industry Technology Research System(CARS 33-08 ) ; Science and Technology Planning Project of
Guangdong Province(2014A020208095 )



2040

KA IMERF 217 eI RO

ever, translocation of doxycycline was limited, with a transfer factor less than 0.01. After the harvest of litchi plants, the concentration of

both antibiotics in rhizosphere soil was significantly increased by an increased rate of manure application. Because litchi is a perennial

woody fruit tree, successive and extensive use of animal manure would result in accumulation of antibiotics from the manure in the soil, po—

tentially leading to absorption of antibiotics, particularly chlortetracycline, by the edible litchi fruit.

Keywords : animal manure; antibiotics; soil; litchi; phytoavailability

BEENEPIARATA VUL, — EEF
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B R NP R A T30 B, RER 7 B HE
WA, FEOUERTES HF PR, BFIETN
HAPTA: 2 AR 2R DU PR R IR s R
RIFPPERTSE P IR R B AR (NemR L
% S DN oA ES ST R iR e E@ﬁﬁﬁ‘%ﬁ%%
B FEN PESENE P AP RAEA H L3y R,
T B S E*loigf{@%[ﬁq&?iﬁ,i_%ﬁfgm%ﬁ
NG RE 25 A XU . A K SCkRE
AN I AR FONT T S TG P 4 5 e (R A SC
FiRF 1 BE AL HE A - S BT AE 2008 - S 1 1) 52
M, SEBRAE P e HiAE R R BT A T,
T IEBE S LSRN R SR bR A A KA

SO, DR, AT SIS LR B P 5 A A
IR R I ZENEXT A RS 1 1 50

e E 2 K1 75 8 (Litehi chinensis Sonn.) 4= 7=
[, AR R TR A FE A 2 B X, SR AR
RATERS A7 ARt T & 2 250 S 15,
SR, FATFE R e - et T 8 & 2805, bk RAE R
T35 R XS B A R 0l R ARG k= B
G o AMWFFEAEZH A Pl - ST A [R) I 4 2 5 S 4 2k
7 ARG IR R B A, P HU AR R A
rh R AR S AT - I REE VA8, 2B RS A
FERRRTHT A R R ICR T RE ), 85 78 ZENEAE 25 B
A B2 A it PR SR AT A IS Al

I HE S

1.1 a1t

BRI R AT AR TG L 7 Ik A AR A
LB (113°45'56.32"E,23°14'33.85"N ), it 438 R ok
911%% w ﬁﬁ%ﬁﬁéi,ﬁﬁiﬂﬂc FRPUAE R O LR

o BIEAXT M L 2 mm 5 5 TR SRR
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HERREIER T R ZE R U 2 B i
Z AT M 2 mm 05 £ F o SRAESEREAEAIN &

SRR AR E R, SRR 2,

PER AL SR A A o T B R S T M T
AR DX SRR AT A P SR 7 R R S I S 5
AR I, 76 2 N T b & i, A58 F oK .
TEFPFRZFER 2 A TG, BBk R/ NFEA—E
HA 6 i Bz B AR I T AR
1.2 REAR
1.2.1 HHEs A0

R T 2015 4E 10 A % 2016 4 10 A EAERT 4
KA T o PETRA R 7 R T X Z B AL
JEJit FHEETE 1~200 kg% Ju RN, #5330 A3 F- 34
A %5 330~390 # - hm =550 A0 24 it FH & R
330~78 000 kg-hm™, [HIt, BEEFEZETAE A 0,10,

1 X EEAER

Table 1 Basic physicochemical properties of the soil used

=] SE
pH 4.2+0.2
FHLG/g ke 14.2+0.1
i A /mg - kg™ 44.9+1.2
AR /mg kg 1.0£0.2
B /mg - kg™ 23.0£1.1
S /mg kg™ 30.8+0.5
Mdt/mg kg 50.9+5.9
BFER/mg kg ND
S /mg - kg ND

=2 B EEA R

Table 2 Basic physicochemical properties of pig manure

JH SEE

pH 6.8+0.0
HHLF g kg™ 552.3£1.9
LA lg ke 35.8+0.4
Lg kg 14.9+0.3
2fi/g kg 23.2+0.6
B4 /mg - kg™ 791.4+0.2

M /mg kg 2 954.4%35.0

&7 /mg-kg 138.742.6
I8 %R /mg- kg 72.8+0.9
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20,40 g-kg™, 43Hlic X B CK 1% 2% 4% , B4k
MEL 4 K. BARAREEEES 55 L0 kg) TR
FE AT A 10 L 18 PVC $EME (25.1 emx27.9
em ), JIIA A K AR 135K 43l FH a1 R K 20 75%
JEAT TSR . 1655 0.10.,20,30,40,50 .60.80 ., 100,
120.150.180.210.240.270 300,330,360 d R4 135
FEAS BRI NS0 L R AR 24 250 g+, B4 430l
RAEE 3B R RSN —A LA . LRRIR AR S
KPR AY 3R AT, BI04 5 5 —3
Gy BT BT, B R R CEE-20 CUKFHRAE T
WEPAER(ERER BOER)TE,
1.2.2 Zaks

I T 2015 4E 10 J & 2016 4 5 Aol
KA AT o A I A B R 2% o 5 3
FIE] BRSO WK KA [ G S 000
b 48 (4 k) IRFEII ST, HEA 5 L 168 PVC SR
(19.7 emx19.3 cm) , LA A KK 7Y T 37K 43240 H
[ K 75% , 24K 20 d JG a7 Keah i, B as
e —tk o I8 ] PR - K 424 A a5 KR Y
75% . TEZHFREARIT I 153 d F1 210 d, 43 HIECIR 7 A
TR, [ R ARG B2 BOAR R AR PR 38 . 7 BokE
RIS G , 37 By [l S5 2, KB A SRR A0S sk
FERRAR (28 I, FZEME K 3k FE 20 whidk , R 400 T
FEAR R RI7K 43, FRARL MR o 5 ) 37 RIAR T BB IR, A
=20 CUKFAGRAFF T e PrAE R & i A
S BIR T R R I E B AR R
1.3 {57

FIT FAN#S A Waters xevo = 250 AH 275 /X ~TQD
( =T DU AT )-MS [ A6 #5% ( 35 E Waters A w] )
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JP200-24 24 LT =NAMKAL (R HEIRAL 25 A BR A
F] ) Sartorius BSA224S H,F K- (3 2 A Bk~ 3%
H PR/ 7] )  Waters Oasis SAX 55 [H B a2 # 4 (6
mL+500 mg™') Waters Oasis HLB [#EFHZZHUFE (6 mL-
500 mg'l)O

HE | OGR4l (Aladdin 23] ), HoAth 5]

BIRRRLE( MAL AR ). S m R bR, (4l
J¥ =80% ) Fl 5k 1 85 2 hn o iy (46 =98% ) ¥l T
Aladdin A F] . SE5G K A EEEK .

PUAE FARMET U - MERR PRI 4 5 2 RN ) B R
YRV T B, BC S 100 mg - L 9T A: RARMERE A5
T TS Pl £ R it P P s R TR A5 A v B VA
BURA PR UERER LA B A5 AR5, e il A 1 ph 26 T
VWL, S HEER R 0.1~1000 pg- L, BEGIRAT

EDTA-Mcllvaine 2% M : FRIBUFTFIER 12.9 g, B

RE N 275 g, L T MEDI R 4N 37.2 ¢ YT KR
JEEZSH] 1 L(pH =4.0),
L4 MEFEFEME

- SRR T e i EL il e, JLTE DL 24 h
J& 100 g +-4E NHs-N (12 5e 53R s 1 S Ak A
1o il T R VR e, VS MR DL e HIHRERY 0.1
mol - L™ (1 R FR B W 2 THER R 5 BRI IR i 15
KBS R At ik 255 ) 24 h 5 100 g -3 rp
T 1) 22 S B R,

ISR SRR R R RS AL
VA ER B T (UPLC-MS/MS ) 5 o HL A A 3o i
N FREGE 100 H 6 94 & 1.00 g, & T 50 mL g0
B, A 10 mL 1F & %¢ \Na,EDTA-Mcllvaine(1:1,
V:V) G2k (pH 4.0) B9IR & W, fE R 10 min,
FEZEHL 15 min, 10 °CF 5000 r-min™ B0 20 min J5 UL
ARPRIUR . FAARI 3 IR I IR G I RS XG0
SRR IECKEZ 40 CHEf 7% % 10 min ERARA
PR o FRETRUCAH 10 mL HEEATD 10 mL 8 4l 7KK
SAX il HLB [EAHZE O eTE AL, PR R IBOR EAT
L, ZUE A 6 mL 4K Wk SAX Fil HLB 41, %
SAX #3524, % HLB H: 40 CHIELZs 2 h LRtk rp
B EAKAY T 0.19% FF R ) e BA: 7, 4 e i
MARREE T, HORKER(LL VIV )ERE L,
i 0.22 wm JENE BRI

UPLC W& 254 3544 Acquity UPLC BEH
C18 #:(2.1 mmx50 mm, 1.7 wm), ¥ 35 °C, §iiE 5
pLemin™, AR 4 pl; WA 0 (0.1%H 2 ) 2
(AN 0.1% F BR /K FE WL (B) o B FEVEBLAR 77 1y :0~2
min, 10% ~40% A ;2 ~3 min,40% ~60% A ;3 ~3.2 min,
60%~10%A ;3.2~4.5 min, 10%A ,

MS A5 A5 14« I 55 2 U5 (EST) , 2 50 2
150 °C, BN 450 °C, B HI LA
L BRI 700 Loh™' 4L/ 50 L-h', 2R
FHZ2 B WA = (MRM) Wi, 455 Zfss 8 &
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MRM S50 3 3, ESI-MS/MS BEEEM: 507 1F 251K
W, ERE R 4 w455 2 ORNaM 778 2 R B 7051 A
0.40.0.03 pg kg™,

£ 3 €BRMEHNERN MRM S

Table 3 MRM parameters of chlortetracycline and doxycycline

s BET TET WAULIN BEERE (REIN
E/0acE S ; ;
m-z mez \4 eV min
SHEE 479 444%/462 35 20/16 2.22
wRNER 445 428*/154 35 29/18 2.36

T FORERT T

1.5 #HELE

H Excel 4 78R A IR A APER] . BAE R R
SRR IR . ] SAS #44: (2002 by SAS Institute
Inc.,Cary,NC, USA) #4745 1140#71, A Duncan 3:3E47
Z 5 W EME LI, IBM SPSS Statistics 20 B4 47
Pearson A HT. BRI P WA R R ERAEL
b 1 R A S0 A T R B, AR

Y=alnX+b (1)
Kia b HEHGY AP HARN SR, mg-kg™;
X JpEEFRmta], d,

PUAE RS ZBIHHE AL N

e R A= R EIRPUAE R R (pg kg )/
MR RP AR T (pgkg™) (2)

2 FHRESH

21 TEEERMENEZNEMBHS

Jite P A 28 - MR 1 4 B 2 R ) A R B sl A N
B 1R o % R - SRS SR ) 34 00 o R b A=
Ko SXTHEACTHAR L, it S 2E AT B A R AR
BRI RERL AR 1%8), 35
LR R TRIE 0~20 d PRETRE, PRI 58.5%+
3.2%;20 d J5 , BlEE IR R AE K, 5 R B AR bR
BHIE . TSI 2% 495536 Ab H 1 35 4 55 R S R AE O~
60 d PR FFE, Z 60d I, FEMERDHN 57.8%
1.1%F1 68.4%+6.3%. ZJM\ 60 d FF4f , iX Wb HE Y
SERTERE NIRRT, IR, 3 A
fb B 34 B K AR AT 88.3%20.6%~95.6%+0.9%
Z 0], 5k B i 4R R & 5 76(0.1£0.0)~(0.3£0.0) mg-
kg™ Z[A] . AN R FE AL BE 4 0 R R S R AE RS
FRHR AR S 2RI BEFRAT, 1Eh
W 15 R B R R (76.6%+5.6% )~(88.9%+1.8% ) ,
5% R AE(0.240.1)~(0.520.1) mg-ke™ 2Z[f],

L triw/mg kg

400
Tt i+ . "\..{h'\-\* .
| L i
0 100 200 300 400
SRAEI E]/d
- CK il 1% .*.. 2% e 4%

B 1 ARAERENETRESERNMRNERQENTEN
Figure 1 Changing trend of chlortetracycline and doxycycline in

soils applied with various rates of pig manure

PRI A 2R 25 Sy it Jon v 2k Ak B D T A i R
AR, SRR, T RR S TS S TR AL
e TR R M R s A P AR
T HHEAA LT, B0 T A 4l R R A s, DA
B TR IR B R AT R R e B
B[R] ZE K, o FH0AE 2 B B 3ERCE YA A
FA™IH. Cu %54 J& oC R R s E e
FHEA PR RIE IR, DT AR T oA 26 0 10 ) A i
2R IR A: Z7E L BRI R 2 10 T A G B R AL
BIESAF(FE 4). 3 MBS E RN R
26.86 d. -4 IR R MR N 58.89 d, T

F®4 TERABHEELETREBRMENBROFLTH(D)
Table 4 Half-lives of chlortetracycline and doxycycline in soils

applied with various rates of pig manure(d)

b ERR BARR
CK — —
1% 27.34 68.23
2% 37.96 61.96
4% 15.25 46.55

T4 26.84 58.89
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Figure 2 Changing trend of enzyme activities in soils applied with

various rates of pig manure
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RS TE AR IR Z B E R EBIR T E B
M= (8E, g pot™)
Table 5 Biomass of litchi plants in various treatments and time

(fresh weight, g-pot™)

Qb IR Yr 153 d AW 210 d A4
CK 3.4420.58a 4.28+0.65ab 6.88+1.97b
1% 3.67+0.35a 4.5920.78a 10.42+0.78a
2% 3.18+0.86a 3.11£1.07be 10.18+2.20a
4% 3.29+0.92a 2.93+0.86¢ 10.83+0.82a

1 : FIGIAS R 7R 2R A B ) 25 5 6 25 (P<0.05) . R[],
Note: Different letters in the same column indicate significant differ—

ences among treatments.The same below.

At BRI, BRAERE2E b 5 70 i R B0 45 5% 43 O
B, B XE AR AR AR 72 43 WS, DA T R RE 26 B H A1
PEREMRAE R PR 26 210 d B, 3 AN TS ISE 20 17,
R AR AR i s, 3 8 R 0 B R eT I,
i it A\ B ) SEE 4, - R AR 2R 04 o 3 T R AR ([
1), X5F 5 ASOAE R R 4 T P A8 /0N [ B8 26 110 2Rl
EFRTTCR AR A T 2 A 7R 43P, TR I S A
Je WA R AR A A K YRR
24 BERBIERRE

CK AbBEZ% B A ARAS RO 1 BB FIAR R85k
K P 2 (32 6) 76 153 d B, il J S8 3 A B0 25 A A
Pt EARAR R G R 5 0 (24.9+0.0)~(25.3+
0.4) pg-keg™ F1(42.1£0.2)~(42.3+0.1) pg kg™, ZbFH
] A P T . 7E 210 d WK, e Ff 4 i &
SRALE (99.424.7)~(122.3%11.4) pg-kg™ 6] ,4%
AEFR 2 T 1% 2%40 3 ; HFERR R SRR
HI2E FORA, 76 (139.7215.3)~(148.8+17.6) pg-kg™
WEIN . 210 d HEARHL FIAMR R & B R TN
153 d (%5fs,  FHA RS 25t A B ) 84 K 75 R 0 A6
K, IR RS R R AR B .

B 153 d WK 1940 FR 7% B IR b3 A A H
S IR 2R A, PSSR A T At i JES Acb SHUART AR SA4G: 1

SRR TE 153 d B, 4%40 B FH5R ) B R S
(1.220.0) wg-kg™, B EE T 2% 31 75 (0.9+0.1)
pg-kgo BEREZE AR S, BRI R IR
R ERE . 2% 4% BRI R R R S
1% PR H5005 . 2 210 d WCHRIN, Z5 kR bk, |38
FIR Z 50 55 K S8 i e 153 d i B R#AR, (847
SRFSTI L Bt 245 P 8 i S 2 A s R X 10
P AR5 ) B R AR I BE 3R ) & R S AR
T, {H 2 T ik A BRI A IR AT
XTI AR AR AR PN ) L5 RS B RE TR A T
FLASRT RN 7)), R R AR S5 R R 25000 5
>4 0.595~0.789 #1 0.010, & A £ 8 KA IR A N 7] |
ERSIRE R, HAR D R TR &R . KW
TR N B R N, 1 i B A R A
B AU AH X B K
2.5 BRVREREIIEREZRSE
FEARTHROCIR I | it A 2 A0 P - TR B T
WA R A0SR (3R 8) . 7E 153 d i, s 1940 ]
TR R N ST R MR N E R SRR (030
0.03) mg-kg™ F1(0.59+0.01 ) mg-ke™, 2% 4% Kb P
TR RN SRR RN ERTEREST 1%4

R ARANRBERTRRAERESBERMRNERE
HHIRAERP R R
Table 7 Transfer factors of chlortetracycline and doxycycline in
litchi plants grown in soils applied with different rates of pig

manure and harvested at different times

SRR RNTER
4t 3
153d 210 d 153d 210 d
CK — — — —
1%  0.589:0.001a 0.73320.080a — 0.030£0.001a

2%  0.597£0.016a 0.744+0.182a 0.005+0.000a 0.005+0.000c
4%  0.598+0.004a 0.891+0.186a 0.007+0.000a 0.007+0.000b
FEHME  0.595£0.010 0.789+0.164  0.006£0.000  0.010+0.010

F6 AR RABRELEHZREREARBIRNENEBRZMRNBENIECETE, pe-keg")

Table 6 Concentrations of chlortetracycline and doxycycline in litchi plants grown in soils applied with different rates of pig manure and

harvested at different times(lyophilized weight, pg-kg™)

BER [EVIE 3
JGEL 153 d 210 d 153 d 210d
Hh FF HRZ Hb Hh R Z b F iiE
CK ND ND ND ND ND ND ND
1% 24.9+0.0a 42.3+0.1a 108.0+1.4b 148.8+17.6a ND 11.0£0.8¢ 0.220.0c 7.220.4¢
2% 25.3+0.4a 42.3+0.6a 99.4+4.7b 140.3£35.1a 0.920.1b 157.8+2.6b 0.620.0b 112.1£3.9b
4% 25.240.2a 42.120.2a 122.3+11.4a  139.7215.3a 1.2+0.0a 175.542.4a 0.8+0.0a 124.3+5.6a
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xR 8 AEWRETE AR EZRRRE T ESERM
BABREHEE(ng-kg')
Table 8 Concentrations of chlortetracycline and doxycycline in
thizosphere soils applied with different rates of pig manure
and harvested at different times(mg-kg™)

153 d 210d
Kb — =
SHE O WABE  ABE BHGE
CK ND ND ND ND
1% 0.30+0.03b 0.59+0.01b 0.26+0.01¢ 0.58+0.01c
2% 0.67+0.04a 1.19+0.12a 0.46+0.04b 1.10+0.03a
4% 0.78+0.11a 1.20+0.17a 0.65+0.01a 0.85+0.07b

PP 22 AN s & 210 d, il A 2 3 1
S PIRMHTAE 2 1 153 d A S R FR B TR, X2
1T on AR T S 2 RO A 3R b R i i
B (L 1) o B 49040 P E 395 Ty 8 31 oh, L3RR
PUAE AT RO 2SR R iy {225 4 5 (P<0.05 ).

3 g

3.1 AESEX HIEEEENZ
KR gn g R, BRI O — e BT
AR, HREARE AT 25 1R i 3 3 RS
R S PRSP A i & o [T, 3R
9 nI%, MEFENEHE R 1980 2% WAL EE, 3 FPEEE S
ISR RS B EA I AR R,
AMIEERIIN 1~300 mg-ke™ [ 48 R AU R 15 3] £
AT I ] A B R W TS R (P<0.05), HAWI
RBEPL A R R 3G m g i, 55 4h, Liu 2%
BAMEI NG R R AL 1 d A g4 = P IR
%9 FRIASHENE L EMEESRERSEN
Pearson tHX B %
Table 9 Pearson correlation coefficients between soil enzyme
activities and antibiotics in soils applied with

various rates of pig manure

b a2 TS TR BER

1% FURER (o) 0.757+* 0.743%*

JIg ity 0.334%% 0.336%*

PR DR Al 0.288* 0.289%

2% 1 AL A i 0.765%% 0.732%%*

i it 0.4507% 0.549%*

PRI DR il 0.486%* 0.518%*

4% FURER (o). 0.857+* 0.740%
Jig ity 0.005 0.114

PR 5 P i 0.161 0.327%+*

T SRR ZES IR 5% 1% 2K
Note : *and** indicate significant difference at 5% and 1% level,re—

spectively.

PTG PR, Bl S 0] T IREE A TS M, 2 12 d B
R Al 1k 64.4% . Bansal i3 a8 1 G p 315 R
5 AMNEES M PO IR 2R 19 5 S 0E b o 3R S5 IR A
Z5RIEAMIR, 22500 T AGRES h A FORIE T4
2%, 1 Bansal ™l Liu W H R HTLA RIFWK S 11
TRA VA TIFSE . 03K 2 PR R ESA WL & e, 1 HL
A AR TR IS ZE R RN T iR
Wya] I R R U, DR B R T AR B, AT 4
1 IR TE PR, e, R RS R S A b A
R, ARG FE I AT A Al S M A TR
Chen M THUAER(LRHR) EHERIMA LI Bt
AR SRR 5 E A R AR A
HeXf RS PRS2 25 R R Bl R -
SEAE 100 d DA IR Bol 1ok e 1 Tt 1 A o 4 A Ul T
PERAR AN K, it B 7 -8 R S DL R AN 4
B ZR A it P %) A 3 - 49 r R e BRI Tt 1 42
o A S TS P A T A R AL, TH 3 A
A RIERHUAE R AR R 22 5 S bRA:
P BUAE RO R BE A A 3, I A
FABTAE R AR S EREE R0, S bt AE RN TT e
WS, EINAF G SEBRAE 715 1
32 BERREZHANALSYHEAXEE

- BERE IR A R A I A5 R R I ok A Y
VUIRZR AP R AR AT 13 b A BAE -3 5
SE AT R B ARISOGR S AR —E mE 5k . B
FRW], B FH IEMHRBO i TR bt A R puhE AL
TS e i E 2R IS, ZENErhhiE R AR,
SNt U W 25 PR AR R ), NI PR R
PSR, X RIS A U T R
PRI 75 ] LLGE A FEAE - - VR i 7 B B AR
EE , W —METFR AT ST R

FR e R SRR 25 L, W SR ZE N it i AR
(1 190 2940 3), WU R EHUAERTE LI
R, DI AE W ) B TR 23 8, B 3 ASRE AR I
W4 B R B 77 Bt FsF [ B 1T S 5 B o A SRR e 2
PR, BAR T LU PRt AR 287 R R A, (R 7R 00
WE R = T oA R p ] BE S EUEYIR I
WEMBAER, N EAIRR R 153 d B I8 R &
ST 210d B, 7540, ARERTHTA RNk
RE AR RR 22 5, I A R R B AR RS R 1M
et A 3 AL SRR O S TRk A i 2
MR AMELURICE REE R, K MR ZENE
H AR R O BRGNS ZEE A =
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KA IMERF 217 eI RO

AR, IS ST A R REA K.

AT SR IR e A R I (8] 4, v AN
S84 FLSE SO FE N it AR Bl - 35 B A A SR Y
RO SR IIRE S o (I, AT TESE SRR
B, 2SN A 13— 4R 5, BEFEACHEA LSRR AE R
ATIRAE -39 BB S R Rl AR 1) b3 i < %
RAGR N R, R R Tom DR m B
Jrding . PR RIBUERMENAFIARTAER, K
JATR A AT RE S EOMR 25 0 A IR, 4
SR T T I (o7 3, P FNE e A R A B
RAZATAE SRR o

4 #ig

(DB SRR AR a8 R M ) 85 R 7w Lo
Ff A R 2R 0 I E (88.3%+0.6% ) ~(95.6%+0.9% ) Fll
(76.6%+5.6% )~(88.9%=x1.8% ) 0], iFhHi 4 R 7E 1
S v A % B A g D e A AR PSR A AL B, DR
R it 4 26 AT REAF (R DT AE R AE L b R
PR o

(2) BARSEFE A —E BRPUE R, (A
Fen] iy L A S IR PR I T A
H YR TR 1% 2%, 13 3 R 1k 5
EEE R R R R G R IR (P<0.05),

(3 )% Bohek nT Wk 4 2 0 B R AN )
R, HEREAMX TR S 85 ) AR RE S i

SE k-
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