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B APREIE }96.14%, OPHYF /04T F b 113.62%, TMipH 11.0 BE485 °CHIAPF A4 T+ 177.25%, OP;s
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R124272.16., 184.35 mg/L; SCODZM5245 960, 9 030 mg/L; A VATER K ALA 4 T vk B 43512 331, 4 699 mg/L;
ATV PR R R 43 33 523 4 246 mg/L; V5 UR A RIBHCRA I 61.12%A141.07%; NAIPHIRERCR 4
M483.21%F169.97%; pH 1.08545 °CHIAPETA ] 96.14% , OPS T 84358 T 1 12.60%, TiiipH 11.086445 °C
HIAPJR B T T45.92%, OPHIBEINR 124.16%. A5 IERERE . 2RI ALAS L J — RIS YL a s N &, A
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Abstract: Municipal sludge was treated by acid-base(pH 1.0, 3.0, 5.0, 7.0, 9.0, 11.0) method and acid-base combined
low-temperature(5, 25, 45, 65, 85 °C) heat treatment method for 24 h. By comparing the changes of the mass
concentrations of orthophosphate(PO4*-P) in the sludge liquid phase and the mass fractions of total phosphorus(TPs),
inorganic phosphorus(IPs) and organic phosphorus(OPs) in the solid phase before and after treatment, the migration law
of phosphorus in the sludge during treatment was studied. By comparing the changes of dissolved chemical oxygen
demand(SCOD), soluble protein and soluble carbohydrate mass concentrations in sludge liquid phase before and after
treatment, the effects of acid-base treatment and acid-base combined low-temperature heat treatment on sludge cracking
were studied, and the mechanism of sludge phosphorus release was explored. The results showed that when the pH were
1.0 and 11.0, the phosphorus release rate and cracking degree of sludge treated by acid and alkali for 24 h were the
highest in acid treatment and alkali treatment, respectively. The mass concentrations of PO4*-P in the liquid phase were
increased from 5.87 mg/L before treatment to 217.58, 136.87 mg/L, respectively; the SCOD were increased from 267 mg/L
before treatment to 4 369, 6 548 mg/L, respectively; the mass concentrations of soluble carbohydrate increased from
119 mg/L before treatment to 1 649, 2 861 mg/L, respectively; the mass concentrations of soluble protein increased
from 138 mg/L before treatment to 1 813, 3 064 mg/L, respectively; the release rates of sludge TPs were 58.03% and
30.05%, respectively; and the release rates of non-apatite inorganic phosphorus(NAIP) were 78.36% and 54.79%,
respectively. The release rate of apatite inorganic phosphorus(AP) with pH 1.0 was 95.71% and the mass fraction of
OPs increased by 13.11%; while the mass fraction of AP with pH 11.0 increased by 44.21% and the release rate of OPs
was 15.42%. It could be concluded that under the condition of acid treatment, the release of sludge phosphorus mainly
came from the release of NAIP and AP, while under the condition of alkali treatment, the release of sludge phosphorus
mainly came from the release of NAIP. When the pH were 1.0 and 11.0, and the combined heat treatment temperature
was 85 °C for 24 h, in the sludge liquid phase, the mass concentrations of PO43--P were 323.52, 220.10 mg/L,
respectively; SCOD were 6 400, 9 470 mg/L, respectively; the mass concentrations of soluble carbohydrate were 2 696,
5 015 mg/L, respectively; and the mass concentrations of soluble protein were 3 562, 4 258 mg/L, respectively; the release
rates of TPs in sludge were 62.67% and 51.32%, respectively and the phosphorus release and sludge cracking degree
reached the highest; and he release rates of NAIP were 86.22% and 87.94%, respectively. The release rate of AP at pH
1.0 combined with 85 °C was 96.14%, and the mass fraction of OPs increased by 13.62%; while the mass fraction of AP
at pH 11.0 combined with 85 °C increased by 77.25%, and the release rate of OPs was 40.87%. When the pH were 1.0
and 11.0, and the combined heat treatment temperature was 45 °C for 24 h, in the sludge liquid phase, the mass
concentrations of PO4*-P were 272.16, 184.35 mg/L, respectively; SCOD were 5 960, 9 030 mg/L, respectively; the
mass concentrations of soluble carbohydrate were 2 331, 4 699 mg/L, respectively; the mass concentrations of soluble
protein were 3 523, 4 246 mg/L, respectively; the release rates of TPs in sludge were 61.12% and 41.07%, respectively;
and the release rate of NAIP were 83.21% and 69.97%, respectively. The release rate of AP at pH 1.0 combined with 45 °C
was 96.14%, the mass fraction of OPs increased by 12.60%; while the mass fraction of AP at pH 11.0 and 45 °C
increased by 45.92%, and the release rate of OPs was 24.16%. Considering the factors including energy consumption,
chemical cost and secondary pollution, we concluded that the pH 1.0 combined with 45 °Cwas optimal for sludge
treatment.

Keywords: municipal sludge; phosphorus release; acid-base method; heat treatment
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A VIR AR, BRITRR BN AL R KA (IR Ak
PG IR IR, RS IRBEREALE, LL
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TSR 55 FHFLAE R 1 mm A0 3 58 B4
U KMER R0, UIRE 8 h Ja ATESTEGE k-
T, FIARMTSIRET 4 cCORF P IRER . &
15URHY pH K 6.86+0.09, TRAHRIFEAMLSS).,
TR WA R LB P A MLVSS) | B b7 A
(TCOD)., SCOD. mI¥HE M. nlEtmok s
Pr. TP, POS—P. ZA(NHs—N)FTHrik 5510
(22 850+560). (17 430+470). (12 020+340). (267+
22). (138+20). (119+12). (10.41+1.30). (5.87+1.28).
(8.04+0.90) mg/L, {5RMEAH TP, 1Py, AEBEKAT
THLBENATP) . BEIK A TCHLBE(AP) . OPs i /4K
A3 51k (15.514£0.23) . (11.62+0.24) . (9.29+0.18) .
(2.33+0.12) . (3.89+0.23) mg/g., & A5 IR H
AR AEYIABES OINATP 5 OPs 52 il TPy 1%
T 84.98%, HH I AT HIE VS e ELA [RISo i v o o
1.2 RT3
B Ak 2L 3275

WFFRIIFRA, 24 pH<3 B pH=9 I 4 fE 4
JHLRE ST Uiz A v i, DIASEGE Rt 2
PR figTE Je iR g Y pH Yo I RITE 1.0 ~ 11.0 f1]
6 1~ 1000 mL () FURAE MR NE#S, 1o BRSSO e
A 500 mL & HAWARI5YE, A5 H 3 mol/L
H2SO4 1 3 mol/L NaOH #4 6 > [ H %) pH 435
WA 1.0£0.1, 3.0£0.1, 5.0+£0.1. 7.0+0.1, 9.0+0.1.
11.0£0.1; H 1A RN #ET 25 CCRIZKIRIE R IR
e, 150 t/min #7735 24 h, FRGWIN], 46 1 h A
TRV pH, AN AAERY 2.
4.6, 8,12, 16, 24 h 535U 20 mL, W15
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KALE IR, 24 h BRFFEURE 20 mL, 2578
AR FEIE SRR & 2. I ER 3 W,
BR AR SRR AL 22 77 IR

TR E100 OB REREIS &, K3
O3 RIAA R ISR 22 R AR (0 ~ 100 °C)#M
fRIERAC IS U6, AT, Kb R R AR
5 ~ 85 °C MUK 500 mL £ P 45180 i) & T
10 ASJhigerh, ¥k 2 41, #@imA 3 mol/L
H2SO4 F1 3 mol/L NaOH ¥ H: A —41 11 pH $5 1l Jy ik
Bl AL PR AS H B Bod etk pH, 75— 40 pH 45l
KGR pH; R 5 ANV A A E T 5.
25, 45, 65, 85 °CIy/KifEIESRZ %5 H, 150 r/min
=7 24 h, HABFERAER 1.2.1,
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JERCABEFE L 105 °CHETF 2=/ 121, HEF ., 78453
WFEE L FLAE A 0.15 mm AT 5 FROEA THARIIAE
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15 IRBE R R

2 GZBREDM
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M 1 A5, 78 25 °CHUTE IR IR A HH R T AL
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f) 6 MRIGLH IR AT PO P (TR EE M 5.87 mg/L
S BT 217.58. 32.98. 40.56. 18.03. 46.34.

136.87 mg/L, 45T T 36.07 15, 4.62 15, 5.91 i,
2.07 fi5. 6.89 %, 22.32 fi5.

®1 BB ERE SRS RRE T POS—PHIRERE

Table 1 Mass concentrations of PO4>-P in sludge liquid phase at different time points after acid-base treatment

PO P JF IR /(mg L)

pH

2h 4h 6h 8h 12h 16 h 24h
1.0 117.41+10.40 166.05+13.34 189.46+13.32 197.07+14.77 207.09+14.70 211.12+15.36 217.58+12.70
3.0 41.05+5.48 41.95+6.50 40.57+6.34 38.96+5.20 35.16+6.54 33.46+5.80 32.98+4.20
5.0 28.224+5.60 30.15+5.80 32.46+6.78 34.28+5.78 36.48+6.26 38.23+5.11 40.56+6.50
7.0 7.81+2.69 9.18+3.77 11.47+3.96 13.20+3.57 15.06+4.02 17.11+4.43 18.03+2.86
9.0 36.96+5.14 38.81+6.22 40.90+7.69 42.64+6.27 43.17£7.99 45.86+6.45 46.34+5.74
11.0 76.92+7.98 103.58+6.49 113.99+7.89 121.01+8.46 127.21+10.70 131.2349.24 136.87+10.18

MFE 2 Al ZRRAL S pH b 1.0, 3.0,
5.0, 7.0, 9.0, 11.0 B9 6 MREL TP, BB >
1k 58.03%. 15.28%. 8.58%. 1.10%. 2.39%.
30.05%, UitETE IR LE BRI ol it b 2 5 Bl AT

RF A PERRGERY,  HREE Ah PR 114 5 5 A
5, TS URREE R AR BOR Y, o pH 1.0 5 pH
11.0 150 2H 5075 R 5 Ak FEZH 75 e BRSO fi
U, BRSO ST It T HAd e 2 A

*2 BRELEESEEEDTRESHENRES Y

Table 2 Mass fractions of different forms of phosphorus in sludge solid phase after acid-base treatment mg/g

pH TP, 5 5t 53 4K IP, [543 4 NAIP i34k AP [T 534K OP, [T & 434X

1.0 6.51+0.20 2.11+0.14 2.01£0.12 0.10+0.05 4.40+0.24

3.0 13.14+0.21 8.89+0.28 8.74+0.33 0.15+0.03 4.25+0.22

5.0 14.18+0.23 10.50+0.23 8.92+0.16 1.58+0.13 3.68+0.25

7.0 15.34+0.17 11.44+0.27 8.37+0.28 3.07+0.17 3.90+0.27

9.0 15.14£0.16 11.64+0.13 7.75+0.10 3.89+0.22 3.50+0.18
11.0 10.85+0.19 7.56+0.26 4.20+0.18 3.36+0.14 3.29+0.24

M 2 IWATAE T, I5iRAmmA S, 151k
FIESBER Er AP AR R . e AL
PR, TP, BRI EZRIET NAIP 5 AP 1 1P 1)
Rk, FiE pH FFE, TP RRHCHR ORI, NAIP
5 AP WRHCRMREZ FF- Y pH 155 1.0 B, NAIP
g B FH AL FRET Y 9.29 mg/g T REE 2.01 mg/g,
BRI N 78.36% ; AP Jtit 3 HH AL BEHTHY 2.33 mg/g
TREZE 0.10 mg/g, BEHCRHM 95.71%; OPs )5 543
b 3.89 mg/g FIHE 440 mg/g, FTFT 13.11%.
FEREMAL T, TP, (RS E 2R AT NAIP (98
i, T AP TR EORIE T, Y pH k%] 11.0
i, NAIP R F RS 4.20 mg/g, BHUORN
54.79%; AP Jia 50 T2 3.36 mg/g, BFHT
44.21%; OPs T PR 2 3.29 mg/g, R
g 15.42%.

SR, TCIR R POS—P IR
W& TP BBSHCE, pH 1.0 5 pH 11.0 RIS 15
Ve REBBCRER LTI i T pH iy 3.0~9.0 IXIRZH Y,

Al L, pH 1.0 F1 pH 11.0 235 AR AL PR 5 AL PR Y5
TR RIS pH 4504, H pH 1.0 iS5 IR AR
BERCRALT pH 11.0 iI2H 1Y .
2.2 ERMRACIEXT IS RARARAYRZ 0

3 3 "%, TSRAMRIAIE)S, pH 43510
1.0, 3.0, 5.0, 7.0, 9.0, 11.0 {1 6 MAKLHITIEIK
#H SCOD HIACFERTIK) 267 mg/L 435 F T+ 4 369,
524, 416, 366. 804, 6 548 mg/L, 434k FRRT
1) 16.36 ff5. 1.96 5. 1.56 fi5. 1.37 f5. 3.01 fi%.
24.52 fif; ATEPERRK AL G vk B Pl AL BT Y
119 mg/L 735 EFFE 1649, 216, 197, 171, 355,
2 861 mg/L, Zr 2L FERTAY 13.86 5. 1.82 1i5.1.66
f5. 144 5. 2.98 1%, 24.04 fi5; AlEMEE AR
R AL BRRTAY 138 mg/L 435 EFFE 1 813,
314, 268, 247, 407 3 064 mg/L, 24 BRI 13.14
5. 228 1%, 1.94 6%, 1.79 f%. 2.95f%. 22.20 %,
AHEEF pH K 3.0~9.0 164, pH 1.0, 11.0 55
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Table 3 The SCOD and mass concentrations of soluble
carbohydrate and soluble protein in sludge liquid

phase after acid-base treatment mg/L

AETEROR LS Y AT TR R

pH SCOD

Bihhik Bihhik
1.0 4 369+106 1 649+99 1 813+74
3.0 524429 216+18 314+27
5.0 416+37 197+17 268+24
7.0 366+31 171£21 247+28
9.0 804+46 355425 407+£23
11.0 6 548+237 2 861+107 3 064+129

175 8 22 FR BB B 5 YRAH HH 1 SCOD | T il
IKAR G RN AT i 2 B B VR KRR T, 1
pH 1.0, 11.050564H /975 e i A A 2 i HAth 306
HI . EEFEK, FRGH PR A
LI S5 15 R B A BRI AR L B 8RpH 11.0
RIGAAHSCOD . RIVEER KL A A ] bk

EATT R E S TpH 1.0, (H b Toh
S WO P I BEIRER 25 5 Ca2 R AR N AE AP,
(I, pH 1.OIIRA BRI TpH 11.0IR52H Y
2.3 BRBEXARIERAIEST S R AR
FH 4 FI5R 5 AT, 7RI ST 5. 25, 45,
65. 85 °CI¥) 5 NI F, 4 24 h PRAHUEIEF,
2 pH N 1.0 B, 15U POS—P B vk AL
AT 5.87 mg/L 430 B 166.68. 217.58.,
272.16.303.43.323.52 mg/L, $2F+ T 27.40 1% .36.07
5. 4536 1%, 50.69 1. 54.11 15, TPs IBR S
4 53.13%. 58.03%. 61.12%. 61.83%. 62.67%:;
2 pH 24 11.0 B, V5U8AHT PO —P BTV
39 EFEE 99.89. 136.87. 184.35. 206.87. 220.10
mg/L, BRI T 16.02 1%, 22.32 %, 30.41 1%,
34.24 f%. 36.50 %, TP B HIN 12.57%
30.05%. 41.07%. 46.87%. 51.32%. Al WL, JCit/&
WAH POS> P MR A 2 TP IR, kil

F4 BRI A RIRALIER ERE R A S RiRIEPPOS—PHI R EIRE

Table4 Mass concentrations of POs*-P in sludge liquid phase treated by acid-base combined low-temperature heat treatment at different time points

i EE/ POS—P JiTH ¥ & /(mg-L™)
P Tee 2h 4h 6h 8h 12h 16h 24h
1.0 5 83.36+9.30 114.27+9.44 135.46+9.72 150.07+10.10 160.09+12.67 164.12+11.48 166.68+13.12
25 117.41+10.40 166.05+13.34 189.46+13.32 197.07+14.77  207.09+14.70  211.12+15.36 217.58+12.70
45 165.41+12.60  217.05+12.70  233.46+11.43 248.07£13.30  256.09+14.50  262.12+15.50  272.16£13.47
65 192.81+12.51 240.18+13.33 262.47+13.64  27120+11.80  285.06+1532  293.11+11.64 303.43+11.90
85 217.96£13.94  262.81+15.64  287.90+13.42  296.64+1627  307.17+15.16  314.86+14.32 323.52+16.69
110 5 53.60+6.79 66.39+7.23 76.53+7.54 84.94+7.70 90.12+8.23 94.18+7.48 99.89+6.75
25 76.92+7.98 103.58+6.49 113.99+7.89 121.01+8.46 127.21£10.70 131.23£9.24 136.87+10.18
45 117.9249.34 144.58+8.97 154.99+10.34 161.01+10.21 171.2149.64 178.23+10.68 184.35+11.33
65 135.92+10.66 157.58+9.31 172.69+11.76 181.01+6.42 193.21+12.97  201.23+12.68  206.87+11.63
85 149.24+11.98 171.64+9.53 188.99+10.97 197.24+8.43 207.21+9.58 214.28+6.44 220.10+10.58

®5 B AREALERSEREFTARESHIRES K

Table 5 Mass fractions of different forms of phosphorus in sludge solid phase after acid-base combined low-temperature heat treatment mg/g

pH REEC TP, it /4K IP, BT 54314 NAIP it /48 AP T 534K OP; it /34K
1.0 5 7.27+0.19 2.93+0.21 2.79+0.19 0.14+0.01 4.34+0.14
25 6.51:£0.20 2.11£0.14 2.01£0.12 0.10+0.05 4.40+0.24
45 6.03+0.13 1.65+0.20 1.56+0.17 0.09+0.02 4.38+0.18
65 5.92+0.16 1.50+0.11 1.40+0.20 0.10+0.01 4.42+0.28
85 5.79+0.19 1.37+0.20 1.28+0.18 0.09+0.03 4.42+0.11
11.0 5 13.56+0.24 9.55+0.18 6.26+0.13 3.29+0.14 4.0140.20
25 10.85+0.19 7.56:0.26 420+0.18 3.360.14 3.29+0.24
45 9.14+0.27 6.19+0.14 2.79+0.10 3.40+0.20 2.95+0.21
65 8.24+0.18 5.77+0.28 1.70+0.17 4.07+0.15 2.47+0.20
85 7.55+0.21 5.25+0.08 1.12+0.08 4.13+0.20 2.30+0.22
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A PR B ()T RS R, TS TR R RERICR
o R ARAT Y RRTRIE S P FRIR R3] 85 CH,
TP RS HCR AR AH POS—P 91 Rk 3l g, 1
FRICA AL FRIEE N 85 °C. pH N 1.0 B, T5URRsmE
FIRF Ry ARSI G FRIR 45 °C, 4kZ:
P v A TR X PR I 5 ATl R A B U R 1Y)
PEHEVE R IRRES , Horp MR G AL PR 45 °C
pH K 1.0 B, V5UeR@EN 61.12%, HItiE&
i 1.55 AN E 4305 o $ i AP BE B R THAE RV Rl &
R, XN A B ESR A, SORAR R T I
SRR . ZEA 5 ERBRESOR | RRRERN SN,

WM IEERNZ)G, pH 1.0, i 45 °CIREA A BTG
TBAEBRISEL

HER 5 IR, TEIRESTAIN 5. 25, 45, 65,
85 °CHY 5 MR, 2 24 h IBRGHUEFE, pH
1.0 B, NAIP R334 69.97% . 78.36% .
83.21%. 84.93%. 86.22%, AP (KR ZS> 51K
93.99%. 95.71%. 96.14%. 95.71%. 96.14%, ifij
OP, JiT i 43 BUmE f b F, AR RT3 53 m T
11.57%. 13.11%. 12.60%. 13.62%. 13.62%; pH
o 11.0 B, NAIP BUREHCE ST 1R 32.61%.54.79% .
69.97%. 81.70%. 87.94%, Ifii AP Fif/ B L I
FHaH, BAFRFETR S HEM T 41.20%. 44.21%.
45.92%. 74.68%. 77.25%, BRALHRIEIE K 5 °CHf,
OP, [l it /- BB A FRET I N T 3.08%5k, AL
HA 25, 45, 65, 85 CHy 4 MR OP Y RE
RN 15.42%., 24.16%. 36.50%. 40.87%.
2.4 BEREEAARIERAIEST SRR

% 6 I, ERRATRE R 5. 25, 45, 65,
85 °CI 5 MR, 28 24 h RS AR ,
4 pH A 1.0 B, SCOD FHAMHETTHY 267 mg/L 435
EFZE2090, 4369, 5960, 6270, 6400 mg/L,
SPRTET 6.82 1%, 1536 1% 21.32 4%, 22.48 1%,
22.97 A%, WK G T e R R A BT Y
119 mg/L 5351 T2 949, 1649, 2331, 2400,
2696 mg/L, TFT 6.97 f%. 12.86 f5. 18.59 5.
19.17 5. 21.66 f%, AT HHE 5T Rl b3
HIFA 138 mg/L 435 EFFZE 10401 8133 523.3 543,
3 462 mg/L, HHRFT 6.54 fi5, 12.14 %, 24.53
. 24.67 £, 24.09 £%; 24 pH 24 11.0 i}, SCOD
435I EFEZ 3100, 6 548.9 030, 9 280.9 470 mg/L,

2T T 10.61 £5.23.52 £i%5.32.82 1i5.33.76 5. 34.47
W, AT PEmOKAL G BT EE 30 B3 1 061,
2861, 4699, 4899, 5015mg/L, /HETFT 7.92
fi5. 23.04 1%, 38.49 1%, 40.17 fi5. 41.14 f%, "%
PEEE AU TR IR I 00l B FEEE 19743 064, 4246,
4249 4258 mg/L, #£T+ T 13.30 £%.21.20 £5.29.77
fi5. 29.79 5. 29.86 i, KA ALFRETE URBAE
SCOD. Ay MRk Ak A9 R AT 5 P B 11 Jo o et ok
JEEHRIE A PREE IR L B g, 2R BT % 85 °C
IR B E ;R SIMRIRERAZ 45 °C)F,
PLE 3 TFEARAY_E T8 B T LR 8

6 EAELA KB ARG S RRIEPHISCOD 5 7]

AU SRR E A RN RERE
Table 6 The SCOD and mass concentrations of soluble carbohydrate

and soluble protein in sludge liquid phase after acid-base

combined low-temperature pyrolysis treatment mg/L

) TTRTEOK | TATEELR
pH REFC  SCOD ity Wbk
1.0 5 2 090454 949436 1 040+26

25 4 369+106 1 649+99 1 813+74
45 5960+158 2 331+106 3 523487
65 6 2704247 2 400+113 3 543+133
85 6 400+233 2 696+128 3 562+137
11.0 5 3 100+87 1061+54 1974439
25 6 5484237 2 861+107 3064+129
45 9 030+204 4 699+129 4 246+76
65 9 280+303 4 899+117 4249+127
85 9 470+286 5015+147 4 258493

3 HSitie

PR Ak 3 43 5312 FH R AL 25 1 F4T B
15 TAEEIRBBERCR , X2 R TR PR sl ik
I N RRIRAL PR S 5 e P A AN R R I g, A
TS Ve R i rh iy, AEmRAb A0 4 5
B PRI, pH 1.0 5 pH 11.0 iX3G4L A5 TR
Wi o FIARIE A Y, SO i T YA EAEE Y
pH 4 3~9 B, RIRAbHE &5 e 2, HARed
TS IR, SR YRR B s 22— AR
(pH<3 B pH=9)}, &FEITIeff 2 AN IERL,
KRS T5 e woRei 2 WA 2!, pH 1.0 5 pH 11.0
I WA SCOD FInl eI A . ATgE
BB T e v T AR A Y, X — 25 AR
8N TS e A R R UM N P B LR
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IRA A Bk o — A T IS e, MR
B Z i T5 e S P, RO i R S
— AR T RO (75 VR FR AR . TR A $Aih 2
PAEIRETRRT, fE—ERE T, ISR RIEIMNEE
YI(EPS) R L VR FNEEAY, , SRS AA) ) Vs 1
IR, V5 U R 4 %) 20 R R A R e A g 243,
Pt i5 e ZARTERR M 55 14 T dE— 2 RERE FK A, B
LB R o TSR T A P A 2R R
H , 155 40 RE -k S1 EPS , {#15 OH 8 5, 7K f# EPS
T AN, FTRE AN T S, 3 a3dn a2y
MNP RR U4, AERA B TR, Y4
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KAEEY . IR R R 2 BT R
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A 85 °CHY, 15 IR B IR S AH 1 PO —P )3T
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MANFIRERT 45 °CJR, TSR BHCR S5
H SCOD., AT MERR K AL A4 AN AT P2 1 o
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ST RN, J5 L PR e R X T e i
FILE HEVE FHIF LRSS , PN 4 SRR i et R AR

PR AL TG 45 S R B, PR b PRI S A b R
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EL R A BRI (NAIP . AP)2 I, A%
ERBART POS—PUO, i, fliF NAIP B9tk
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