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Influence of carbon-rich amendments on penicillin degradation during
pharmaceutical sewage sludge composting

XIAO Zufei' LI Gang * CHEN Xinyao' GU Qipeng' ZHOU Jun'
WU Jian' ZHANG Yuan'™
(1.-Suzhou University of Science and Technology, Suzhou, 215009, China;

2: Institute of Urban Environment, Chinese Academy of Science, Xiamen, 361021, China)

Abstract; In order torinvestigate the changes of physico-chemical parameters such as temperature,
organic matter and the degradation of penicillin during the first fermentation cycle of the composting
system with different types of additional impact from carbon sources, different additional carbon
sources (glucose, sucrose and stalk powder) were added during pharmaceutical sludge composting
stage. Results in this study indicated that the contfent of organic matter (OM) in the mixed material
was directly proportional to carbon sources, which also decreased with compost time and became

steady at the later stage of the process. Our result also indicated that thermal degradation might
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contribute to the degradation of penicillin during sludge composting. The dissolved organic carbon
(DOC) and microbial utilization of carbon increased with the rates of carbon source addition, which
is due to the increase of microbial transformation and therefore the increase of the compost
temperature. Adding carbon sources facilitated the degradation rate of penicillin (the control group
94.44% in 15 days and more than 95% in the other groups) , and these rate was the highest in the
mixture of sucrose and cornstalk powder ( within 15 days the degradation rate can reach 99.08%).
Penicillin content was negatively correlated with temperature ( P<0.01) and dissolved organic carbon
(P<0.01) during the warming phase ( middle temperature stage and high temperature stage) in
composting process. The degradation rate of penicillin reached more than 90% within 15 days in all
treatments.

Keywords : pharmacy sludge, composting, penicillin, extra carbon sources.
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1 #BS 7 (Materials and methods)

L1 Ak
PR KI5 UER F IR 25 ) L5 5 K Ab AR G2, S AL B3 28 T S0 35 A 0 30 7 36 KUR) A S B A
ST R DRl S R HENE IR R T DL 1.

R {GUHENC AR

Table 1 Characteristics of raw materials for sludge composting

x4 HAR

v TR . AL

X . pH Total carbon/ Total nitrogen/ ; .

Materials Moisture content/% (gkg) (g-kg™) Carbon nitrogen ratio
gk g-kg

151 87.85 5.65 351.9 66.62 5.28

FORFEFF 16.25 — 442.6 8.18 54.11

ikl 60 — 400.00 — —

T 57.89 — 421.05 — —

VN 8.95 — 469.3 2.40 185.54

1.2 HEEAba

TS IR K %k 87.85% 5T M, 15 R MERE e W IR & /K 3l 60% 224511 PRI I, K W45 Jin 57
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CEPIRBOREFF 2505 REME) AR5 V3 B L 1:2 Y LB AR A Jn | AR ME AR RE Y (PVC MR,
WHRUN S L), HAESERE SR A A 1 i 3 B 2R 57K R AE 60% 2o A7 AR B IR RUAR [R) 2L 58 6 AN Ab BR
ZH(T1-1,T1-2 T1-3 NBA—FRIAL , T1-4 T1-5 T1-6 MRS MRIELL) F1 1 DXFIEL CK, BARY RS L 4
2 FR.

x2 MEACHRITLL

Table 2 Composition of sludge composting

G5 15 A TR Fh&#F NG
Serial number Sludge/g Glucose/g Sucrose/g Straw/g Sawdust/g
TI-1 600 0 0 300 100
T1-2 600 0 300 0 100
T1-3 600 300 0 0 100
T1-4 600 150 0 150 100
T1-5 600 0 150 150 100
T1-6 600 150 150 0 100
CK 600 0 0 0 100

WA R Xy 1 U R, 0 038 XGE % 200 mL - min™", 7EHEAE b S B A AR 00 258, T A
FEAG, BRSO 100 mLe-min™' . — R A BEREIWI N 60 d,iR56 7 WK 2 7, OV g4l s an 18] 1.3 86 30
)45 S IO g T DR R A DAY, B0 3 A PR 350 ) 305 B8 6 35 /K A 0B AT BE T, LSBT0 512 o 3 A 1
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Fig.1 Schematic diagram of compost reactor

Fig.2 The temperature control curve of water bath
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NEAANBYBE . (1) FHEBYEL, 56 1.3.5 K5 (2) miBrBe, 55 7 R 15 K5 (3) B HI B, 56 30 K (4)
BB, 5 45 KA 60 K AEHFEZ ALY B TR MR & FE 5 T -20 CHRAE.

SR AR A H TR 43 M1 ( Elementar , vario MAX , {8 [ ) 1l 52 . 55 7R FH B & 500 72 . pH (EL (4% 1:5 1)
oK AR ) T pH TN s g A BBk (R ZE KR AR ) B S A BILBR 3 BT AL 531

AP R RAMRE 1 o BERICE RS SIS b B 3 AN EE R LA 105 C N 12 b dlad i
B/ A T B SRJGTE 480 °C FHLE 6 b 3l id AT 4% 4 B i e i A a1 2 A WL
1.4 HHERWE

FESTRAL B B8 7 T4 ( Free Zone 2.5 L, LABCONCO, 25 [#) J5 BYAE S E 1F 100 B 5 , HERARFREX
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2.00 g(KEHHZE 0.01 g) BT 50 mL B0 A LNE-BERRER S vh (0.2 mol - L™, pH 8.0) IKF LN
1:1 FOIRBOK (& 0.1 mol- L' Z DU Z 2 — 4N (EDTA) )20 mL, I HEIR S 1 min J5 , A $2H 15 min,
L 3768 remin”", B0 15 min KPR AL RS BHAR T BRE B B 20 mL OHE BRI 2 W, A TR
WO, 7EAN BT 40 CoKis i B SR 5 Ak 2 250 mLL, i 21 & 5 <2%, F 0.45pm 38 i &
J& A 10 mL B 10 mL Z2 59 (pH 8.0) MR Ak AR 2 BNV (500 mg/6 mL, Supelclean, 3¢ H) . 7E
HA R AEENT SRS B2 BOR LA 5 mL - min~" (93 B8 2 2 B0, FRESERUE , T 10 mL B4k
ARV A | Ak S A B 25 10 min DABRZHE TP 8% B /K 43, 1 10 mL H By oG, WACHE R R ¥k, 76 /U 4
MR Z T (REERITE 40 CLAT) W EESR 2 1 mL, WIEIR S, i 0.22wm JEME, RF.

FEHUR 0.2 mol - L', pH 8.0 BEFRERZZ A : G (V V) = 111, FR A W 74.45 ¢ £ U2
R AN, EAEZE 1000 mL 25 9150.2 mol - L™, pH 8.0 MR 3h 22 vl i W . 43 I B 0.2 mol - L7 Y
Na,HPO, il NaH, PO, 7 , #% V(Na,HPO,) : V(NaH,PO,)=94.7:5.3 IR 4.

KB PR 75 8% 2 44 ( Penicillin ) 0.0050 g (14 F A [ BT T 3800 ( i) A3 BR A F] ) FH Bi i e 45 22
50 mL A2 B H C AR BRI, T T 4 C A TR CORAE BRI T ARV TR0 /KRS B it 25T,
PUBCEL .

ASCHRAG T . B8 2k 50 Ak B %) 4 A 4R B 28 HPLC-MS ( Ultimate 3000 718528 ¢ A1 €2 3% 1%, TSQ
Quantum Ultra EMR = T PU 8 #T 51 3% 1% ( 3€ [, Thermo ) ) I %E. {638 244 . Acelaim C18 & AH 2 1% £
(250 mmx4.6 mm,5 pm) ;FH N 0.4 mL-min~" ;AN 30 °C ; #EFER 10 wl; WEhHH N ZE (B)-0.1%
R KA (A) , B E BRI AR T :0.0—0.5 min,10% B;0.5—5.5 min, 10%-—40% B;5.5—6.0 min,40%—
90% B;6.0—6.5 min,90%—10% B;6.5—7.5 min, 10% B, A54F 7.5 min. B3tk 5505 . 5% g 5555 1F
B R (ESI+) 88 S i WA X ( SRM) Mt 55 25 FLU O 3.2 KV, W25 41 B2 4 300 °C B SRl B <O
F153 914 20 psi F1 5 psi, B TR B IRIE 275 € REESSE S8 0.2 Pa, HEEET RN A ShBERE. 5
TS EOLER 3.

R3 HERMHEE TR T ARHERE R

Table 3 Parent ion, product ion and collision energy of Penicillin

Hir L& R BR8] HEF ERCER Tl g
Target compound Retention time/min Parent ion(m/z) Product ion(m/z) Collision energy/eV
HEEM 5.88 333.6 193.1* ,91 15,32

o EEE T # |, quantitative ion’

J5 % 8 IS 36 R YRR - HERRARER O 173 2.00 ¢ FEAN (15 TR SHEARTE 1:1 IR A) b4 kxR R S5
Forpas (5 AR (200 pge L) FIEAR (5000 pg-L71) 4 3 43 4 Sl AT AL 30 % I 5[] LTk | [mDIsc 3 4 b
22 (INBRAE: f A AS S SR Uk FA AR it I A5 25 28 )[R A bR HE ) o 1) B398 {22 Lo T5C i v BE AR o 10
20.50.100.200,500pmg - L SIFRME TAEWR A 1.2.5.7 .10 mg- L™ BUBRIE TAE M. i TAEW 4 HPLC-MS
DU Je , DA TR RRURIDOT R vie 2R W SRz h e, DR AR U805 1 LU it R S BR (S/N=3) .

1.5 HdEawr
BAE TR Excel 2016 ,Origing.0 1 SPSS18.0 #E4T , i Mk /R P8 £ 7 2543 7.

2 R 5118 (Results and discussion)

2.1 5 URHEAC AR XS BRAL M R AR R
2.1.1 HEARAS A HH XTI B ) 5 M

Tk 85 2 BT HE I F) S 2 ) 2 T AR b, 4 S R A K T A ) RN S BTG AR TR
T S T 3R vl A ML A R R RS . 2 e e N RS R [ 364 G 3 A DA v ) LAE - B4R TRE I
HAER B S 50—55 °C LA I, 4EHF 5—7 d, T LA 8 U B0 18, 96 2 2808 I8 E Ak T A bR v
Bl 3(a) FIE 3(b) ATAT 7 ASALEEZEA: 30T LU EE SR 21 50 °C AL, JFREED HEA S R i AR &
TRV FEI4ERE 8 d DAL, /2 LISRBEEOE TR, MM S B0 AR 1k 2 TG 3 Ak 25K a6 v v T B B, T 8 A8 £ i
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Fig.3 Temperature changes during the composting of single carbon sour¢é (a) and mixed carbon source (b)

2.1.2  HEAEARXT pH {E 5

pH (B M i 4 A BB Y SR R 28 T B B pH PRBE by v R R0 55 At | 2o v s A Y
pH (BT 235 M ME AE 527 9 1 85 R4 T i IE i ) L A8 Ak — J7 1 P T e 3 P A 2 9 A A K e o B T
15, OB P oA LR , AT 350 pH (B IIFRAIC, 55— T e th 1% /A AL o =2 NH-N T 5380 pH
{6 LT N 4 s, Brf b B2 748 A HERE R0 P9 pH (B A 25 A R 3R SO R] , 76 v T 0 8 31 e o
ZJ5 , pH AETFAR RS T . MEREWIAS T DA A BRUEAS ], pH (B B 8 10 22 5 S (AOR B0, i A 26
B RERE IO AL PR pH (AR T A8 AR K B FF 0 kb R ZH . MENE A0 46 pH B 5 R T1-2 i A E M 1 Ak 29 25
(3.86) K TXTHEAL GK(7,78) Al T1-1 HE N EKFEFF AL AL (7.25) 45 Ab B4l w1 b pH (0T LR
BRI T R A W A () Ak BRAEL pH WA (B34 /IN T 73X 0T BB SR T T R ) 2 W R AR
A R 343 53 A HLER > (49w , 7E U E W 45 0F R T 40 M TR AR ) , DT R ARG 1 HE 1A
WG pH (. —RA BESE IR, pH (E# T a4
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Fig.4 Variation of pH values during composting
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2.1.3  HEARSE AR ML Y 5

AR e AR AR IV E R A ML A A, DR L A e At oA ML 7 B R AN TR AR A0 > R 1L 5
AL, TCIE AL A A 2 HREH , A WL A L S A T o 1 e A EL AR MERE R B (R B B ) s i
B B AT AL 5 e e i TR NE = 3] (Y AN B ) A L5 38 it A X 212, X 2% R S HE R 0 38 (PRI 9 B )
o B B A A i B RE %, R a6 ik £ AT LB B i 1 COL, I HL, O, {45 A 1L 5T 25 it a1 B ME T
Je WV E TR B THFETR IS TR ) S Re R R XE R A A LT (AnEF iR ORI R 55 /RS R o, A it
OIS AL 3 A A X 2818 . — R R e 45 AR 45 A B ML B o S i/ AN 4 T/, 480 2 AR R R AR 2
RESE = HENE R HILIST Y B AR A5, RV 005 P A P s o (L2 SRS T KA %o HE AR LA L
JOT ) R A R AR R I AN B S [R]BF 8 T R -5 R RS AR MR S8 v, A WIS A o2 fie o o s
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Fig.5 Variation of OM degradation during the composting

R4 LSS AP S SR B

Table 4 Organic matter content and change after composting

45 Serial number T1-1 T1-2 T1-3 T1-4 T1-5 T1-6 CK
B8/ % 39.35 29.23 31.21 21.95 17.15 24.02 30.24
HHLFOR > 8/ % 35.10 47.52 48.71 59.15 63.15 57.62 7.81

2.1.4  MENEIE AR XA A B SRR S R

FEHE AT 32 2 Hh SR A= WA BRI FH ARk v 1 [T 8, e 3 DA P L 7 TP A ek %) T o fe
AT K R T A B Jo A RE R T AN 6 (a) TR, DOC Bl 2 3 A A4 3 A7 3 1k 1 S B0 [k 34
Wit 75 M A A T 2 1, 6 b BRZE AN 1SR IRZELIY DOC B ik BB WTFRAIG, X 5 Said—Pullicino 252 W5
B8 AR ] (B2 AR BRA T1-1 22 FHERY B BL DOC W BEARX T X v RE 1 T8 X — B B, BUAR T E )
PYAERAREREAE T2 1 DOC , (B HENL KL BT v & A Kt (4 2 B A A DB B G2E ) 43 i, A= i DOC, AT
#FET DOC.HEACZE o i | AbBHZH T1-1,T1-2.T1-3 T1-4 ' T1-5 F1 T1-6 #J DOC & 4351~ 12.34 9.34
13.96 .12.77 .11.96 g-kg ' Fl 11.51 g-kg "k T Bernal 25" $2 H AU HE AL JE 28 H5 (DOC<17 g-kg™') , 3
HHHEAE 2 58 425 24

e T HE A 2 TR 1 A SR S - S A W o3 i A AL P 3l A DR TG T8 ] A A L Fr S | 2% SR
B HLBRAS W B T AR el 2 A Sz E R 1 X — L A HE AT A Al S R ST ARG (R A ] =2 ) A 4
fie T RS AR, BAR A 6(b) k.

R o v R 2R A Ak T A HE AN T T+ 2R ) [ AR . SRR [ R U R TEHLR
SR R AN BT A R 2 O HE NE B B P — B 43, AR B G A R 0 Ak 235 & s Ak R il
AR I 6 () R, HERE SR 91, Bixd BRZE A0, BRI & i 22 A K AR AR S FE v, R
P o IR 2 2 IR R AT 5 LS R AT e 2 bl R w0, 5Ok b SR R DA LA B e, Hoh 2R
S 2 O L R B AR IE S, Bl G A HE A AR B RR e b 1T, A WL M (L RS S 2 A 45 & L &
HAS R AT RE Y SR Ak S5 AR F 1 A = k.



2.2.1

1734 7 A A 37 &
160 440 - (b)
| @ —+—T1-1 3 ——TI1-1
140} +—T1-2 4203:5 , +—T1-2
w — 114 4003t s
e \
& at v TI1-4 A v T1-4
< 1205 < TIs ~380FEE “ TIS
S r ' R R
3 | »TI-6 o T ud »T1-6
3 100 e ' ——CK L:_,D 360 L‘\E ——CK
13} RAY = \ \c
g i gad0p N &
§ so|* £
5 80ty 8. [
S L \ © 320 \
32 \ = - i e s 3
= U SEVT NN , :
21 E i N S t - 3
A sp 0N 280 g
4, N\ - ~—— 3
[N — — 260 ¥ i 1
201} X3 —~ - G —— "
i ———— 240 - 1 1
0 PR R S R S TR T ST S S S 70 L 0 P P
0 10 20 30 40 50 60 0 10 30 40 50 60
t/d t/d
22 - © —— T1-1 I
e T2 ~
20 : e ——TI1-3 460
I v Tl-4 1 —:
18|\ <+ TI1-5 150 v‘:’o
i » T1-6 1 =
Ny g\ —a— (K 140 ¥
2 16 Y7 B o
@ | L EF) g\‘_ 'y 130 i
= =
%14l -y 1 5
£ ks ! . 120 gﬂ
g T b 1 4 £
= ial \ - ¥ =
£ 2 ANy 10 =
= L > [ T < ﬁ
oF Ao P—T—g 1 5 0
L e — ,,,{:ﬁ 7;1: — :710
8 — T -
1 1 1 1 1 1 1 1 1 1 1 ,20
0 10 20 30 40 50 60
t/d

E6 MACHR DAL (a) SR (b) FLEE (¢) Ik
Fig.6 Variation of dissolved DOC(a) ,TC(b) and TN(¢) during the composting

2.2 HEREIE R R R R R N ER B A A

HERE 1 A o 7 e 2R R AR R

I SIS ARAT T R R RS N 2 ] R G R BT B R MR FR A DR AN 2R 5 TR, A G R AL
R*>4 0.9928 F10.9992 A Zebt 4ty | J5 ik MISCRAE 57.16%—66.07% Z 18], Al FH 75 85 2 5 0 72 . 4
7 B, METE A6 BE P S e e 1R N 75 & R AR B, A L BRI X IR AL, R R E AR
3381.6 wg-kg ' (T1-1) [ 3428.3 pg - kg ' (T1-2) .3615.9 pg- kg (T1-3).3536.1 pg- kg (T1-4) .
3463.8 pg-kg ' (T1-5) 3481.9 wg-kg '(T1-6) F13228.3 wg-kg ' ( CK) [ 2 BEAR T 07 WA I B, A P £
] 53501 45 .45 .45 .45 .30.30.45 d.15 d NJITA RbBEZH 75 25 3K R Af R 34 m] LIk 3] 909% DL - (X R4 7
T RN F I 94.44% , HAB A KT 95%) .

RS ARAERIZLIETL ] AR R

TR BRI BR S f FRA [l e

Table 5 Linear range, correlation coefficients, limit of detection, limit of quantification and recovery of penicillin

(Bl R AR R 2%

Pk Rk Gl
iEE ./)L(‘ PG ﬂ]%%éﬁ . o Ll ) Recoveryztstandard error( % ,n=3)
o Linear range/ Correlation coefficient Limit of detection/ — —
antibiotic (o D R (ne-k -1 ) (=Y AR
& eke High standard Low standard
) 10—500 0.9928
GESS3 1.73 57.16+7.52 66.07+9.26
1000—10000 0.9992
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Fig.7 Change of concentration of Penicillin during the composting

FHRREW DA B-INBLIES 5y 20 R 8%, B R el AR B L 75 %5 3R 5 1 5 2R 50 Heller
AERUR R RANTEK MSERZLLY 3 R A TP R E PESEA T ST, R L TE TR A AREREE ], H 2 ]
A7 RS R R R G MR, ELIR AR 2 B G Al B2 1) T g T R, B AR Rl 808 T e ) L R
SR A W38 Ay T i TRLEE 2 IR A= R K AR S R T L T e PP iR B 195 5
REHENLAL 5 e B2 025 R e, R 6 TR, T 5 R RO g B B e A T L B BRI R LB B X 5 T 4
ARSI T Y N A 3 P o A e DU PR 3R 2 A 3R o AR A TR Y B (I B B v U
BrB) RS RAHTR.

R 6 ML R A B B B R AR

Table 6 The degradation rate of penicillin during the composting process

% R EL BB e
Serial number Medium temperature phase/ % High temperature phase/% Rotten phase/%
T1-1 58.84 36.62 4.54
T1-2 72.68 25.39 1.93
T1-3 71.46 26.36 2.18
T1-4 72.06 25.93 2.01
T1-5 80.03 19.05 0.92
T1-6 76.93 21.24 1.83
CK 73.36 21.08 5.56

EGRAG AT AN IR 1 o S VR X AR A B- N I M S BT AR 3R e ) R 1 5 ) 4
ST SN I AT L HE g B- AR AR 3 Hh IR (9 L BRACR , AR | REHE ek 3 A s rh 4y
BEAE g A INBRIEIRS , XF B- PN BERE R BT A 38 K P IR A8 25 BR AR foe o AR SE B ) 405 R mT LU H SMAin e U 34
FES i 2575 e HENE AL i e b 7 3 R AR A A De b4 P, ELAMIRERE 15 TORFS AR 0978 5 Bl I AL BELZH 7
B R AR A PR (15 d IR AT IR H] 99.08% ) . 3X AT RE A& AMINBR IR IS | SAE 40 R JH A8 Ak 43 Ak e il
FURESE, FHLL B B R B0, T AR R B- NSt A 3 OCBE R A 1 , A 0] 7 %o 95 5 3R A A 5 — ik
DRALFRAL T | HE AT AR = TR B A RERE AL BRA (T1-2) 1) 75 55 25 1 B A ik R AR X B s TR A el 4 Ak
FRZE b HERCATT IR 55 T B B A REME VRS AT AL B2 (T1-5) 975 5 3R 1 5 ekt S 0 A b — J T T g
Je T HENC AR 28 b el R R SN A2 2 | EL AR 2 W A S AT S 2 s 8l i S7 RIVRI B A= W0 R, TR ADLSE A , it
JETE AR T N i THIL B BE, AW 04 B LU/ | R SRR o S ARl FEE R e A T S T O ph T A
b PR B AR AR, DR R A S AR Xt T A 2 W S A TR B B SIS S AT A — g R i
2.2.2 HMERC AR R i SN R B bR AR SR A

1T 95% LA b 1175 B 28 KR AR A0 5 A A V1 iR B B i AR B B, SO AH S A 70 BT S % S FES 9 o i o B
F i TR BOECHE AT 40 Fr . AN 7 o, IR B 2 ME T o R b 4 iR B BRI v T B B 77 8 R e A 11 2 285
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Wi P ZR , i il RESZ B IR pH AL B 0 BRI A A AL 1) 2 N e v il o B
He il B BETT 6 38 S SRR U (P <0.01) , A —BRIFA T8 R i SiE 2 A5 (P <0.05) ,
RAMIEHEER SR SEE R AP <0.05) AR i B Bemn = 5B B 7 55 2% & i 5 A L
S B IERC (P <0.05) , i—f IR A FH R R & & SAPUR S R 2IEHK(P <0.05) , # R IEA LIRS
HEAR R R R SRR IEASC (P <0.01) 3% Ul Wil B2 2 75 % 2% [ A 1 S B DN 3% TR I 52 9 A A ALK 1)
SONE LA 2 Ty EL R A A mT LA b 7 R SR i i e A T

RT OSRGOS AR YR AL L 5 B R A DG R AL

Table 7 Correlation between properties of samples and Penicillin content in different types of carbon source treatment group

HE B e

Pﬁeif\lin Tem{;]irxature Orgﬁil I\r;itter pH e il DOC
IEEEN-E e giiRaf ) -0.959 0.931" -0.842 0.822" 0.803 0.958 **
B RRIRA R R A R BIE -0.916" 0.954* -0.815 0.856* 0.824 0.964 **
IRE B R &R AE -0.936* 0.863 -0.867 0.768 0.810 0.934*

T AE 0.05 K (RUM) B WA = fE 0.01 A (U b WEHK.
# 5 0.05 level (bilateral) significantly correlated; * #* ; 0.0llevel (bilateral) significantly correlated.

3 %518 ( Conclusion)

(1) HERC BRI 393, AT 25 S BRI A2 Ak, U A 18 A A S o e L 30 e o S Ao a8 P Y
YEH AR S SRR

(2) HENC T PR BE R AE 15 d EARRAR AT 3R 51909 LI L W A2 3 2R A AE TR B B (kB
BRI B ) |, R R W 7T B AR A 114 35 2 DAL (e Rl A s L B B A 7 3R A T R A
0.017KF B 1= 225 FAARSE ) LSS SR 25 e FEC I 07 I A DN R AR ST mT AT 25
B 2575 Ve i) JCH ALAL B, ] 25 75 98 Hh 7 Ba 1 ik B B R MR IE R HE AL 7.

(3) FRFEFFH FHREWETE A5 B U A HRLEDG il 75 55 22 1) RAR A A R e £
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