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Phosphogypsum (PG) Harmless Modification and Its Application in Farmland Soil

Improvement: A Review

LU Weihong'?, WANG Yaofang®, LIU Juan®* REN Lijuan®*, ZHANG Naiming>**

(1 School of Environment and Surveying Engineering, Suzhou University, Suzhou, Anhui 234000, China; 2 Yunnan Soil Fertility
and Pollution Restoration Engineering Research Center, Kunming 650201, China; 3 School of Biological and Food
Engineering, Suzhou University, Suzhou, Anhui 234000, China; 4 College of Resource and Environmental Science, Yunnan
Agricultural University, Kunming 650201, China)

Abstract: The resource utilization of industrial waste is a hot issue in the world. The harmless modification of phosphogypsum
(PG) and its application in soil improvement is one of the key measures to alleviate the massive accumulation of wastes in
phosphorus chemical industry. This paper first reviewed the effects of PG use in agricultural soil improvement, such as in
regulating acid and contaminated soil, supplementing soil nutrients and improving nitrogen use efficiency, alleviating continuous
cropping obstacles, promoting crop growth, reducing greenhouse gas carbon emissions, and environmental risks in the long-term
direct return process. The harmless modification technology of PG in the process of agricultural utilization was systematically
overviewed from the aspects of physical, chemical, biological and other technologies, and the main function mechanisms of
modified PG were further expounded (anion adsorption, pH regulation, increasing efficiency and slow release, regulation of
microbial environment in root zone). Finally, the scientific problems to be solved in the process of agricultural utilization of
harmless modified PG were summarized to provide rational basis for future research of PG and sustainable development of
phosphorus chemical industry in our country.

Key words: Phosphogypsum (PG) modification; Resource utilization; Farmland; Soil improvement
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AR O 6012 t, HAHEILL 242 t 24
(RIS | BB 25 A FIFRAUR 25% 72
fi, BRHEA RIESEDECRIR B = B B
IILE G R R 90% A, HAT KBTS LAHESE K
FOL R E R RRBEAL A, B —K
wEaE R =EY, SRR REEST . ML i W
JCEE oD, 2018 AEBEA B LA IRk
7800 J7 t, RAHFMET T 80%5, BBHEFEH
o T 8344 to XEEREAE M REHEFAAMUEH T+
Wi AL, miExK . g KRR RSB
FIREIR, ISR T HEAF bS8 B RS 7, 30 RBUA
A3 3 £ R T N Rt fe R s v XU, 7
AEBEH ORI AT RS A AT Mk, SoRBEA T
e ey S A DR ey SIE 5 N T X o | B 8

AT BT B 255 R RS T SR . TR B, 54
Wi B2 ICEAN G F2hE T Tl AR P 222
WA IR . b, Tolbag A /K e 28 bk
R M CEER . AT AP AR
25y, TR RRER PR KR DL R S . SR AR
flb A B R LR A R X W e ISR
FNETRIAE AL AR 5 7= i, R G w41 77 0 kAL
HUS A TR g U g el
5 b e RO ST IR R L L SR, B AR AR
A B EAL I A3 R AP AE B B4 SR (U0 Cd . P,
As) R (P BRI BE KU . (R, 7F B4
AP G T WA 8 TCF AR B R BOgE R Ak v FH 28 491
HEEAE b TR ASZIRBE A 5 03 A BRI AR 2 I
NTE R AR U o B e A B = N AN R R )
Ak EEEAR LA E TP E FA S, 5
R A1 B N A R, TR A T AR B A
T I ol A A R Bk B T TR A
Hv, anfiiia oAb B# . A Ca(OH), #47etE . &
MRS . ARSCIRIEL 13T 40 a SRIREBE A B AT
TR RN R, B T BRI AR i 22 n)
ST T WA E T E AR O Y B H R E R AE L
B IR T RO S AR G Ak R S Y 2
WFFTHR T R ) R A R T 5 1o, DA
T E A E I ESCE IR LA R

1 BAEERBIEREPFNNAREE
BRI XL B
1.1 B¥AEERETERERRNERRRK

111 R RZIEYe N R T3 ERAES
P R R AL N2 TS Yt 3 e R Y TR

WM, fEmbha e L AsE AT, A4 Cal
Al IO, AR e R AL F R4
AVHIRIEE , 30044 Ca YU FITERE, 7E— g
AR R e R S R Rt pH R
SRR PERE AR 78 Z 28 B0 B R R T5 Y 4 1+
Herpr, o R SAREE FIBRFREE TS T8 HHERZ I K
skl L LR 4MgCO5-Mg(OH),-4H,0)
151 & 7™ ) e R e, Wi B, AT
SR LI AR Ca B i, FRARKIAYE Mg /Ca™,
Gefif - ageh ik i Mg BFEEE RO 5 RIS T 0
pH, #5748 P AR, RRRER A E
S5 A O HE B i, XM 275 Yt g Ak M
RGP TEAAERY, Bsh, BFoeas Rk ik — R0,
FEZZ2BE0 Ry 24005 Y ) - 598 TP A it P B 4 S b
B, AUEE pH, AL, sk, EWE
RS20 W08, K PE Mg™/Ca™ IRk %]
T 92% Vb, T EXT R RZEE R . LBRSS
F R H B K RN oK R A A S R, $E v
T A Y TE AT R AR ), AR HE T IR R
WL AR, X RMEIRIAR R AT . TR E
PR T AL E(CAT . POD. SOD %) 34
A I P AR kN

1.1.2 A HIEPREcR, ERaAReE . 5°
3 (R 591 2 P Bt T 3R ) 2R A 2 498 I i R 1) R
BRI PR, A2 AR SO0 5 3555 23 R R R A A )
R, BOEhSAFEEN P, S, Ca. Si. Mg,
K xR, W, =smEEmmesadh a8 p=
3.0 mg/kg , B Al ik 4345 mgkg; AR S=
15.4 mg/kg, e Al ik 489.0 mgkg; H AL Ca=
21.2 mg/kg® 2, WEREM, KE. 2R, ¥, &
TN & AN NN U S N =3 (B 7)) R ER U v =
AAEA AN FELHE Ca, S FrPiiEInR, Wik
ARSI . A BT R . Rk I S VR AR B
o I K A s AR — e AR R i AR AT it FH S i 3R 43
FIRRCR, FelE N 2R FR SR, nskbas
Sk Esy . RESFRIE RS EEHH, N &R
T FH 4R 2 i AT 3K 2.82% ~ 8.82%°),

1.1.3  ZEERR R EDAK KREMRE
BH it FE A 0 T B ik T - M VR RS, (R b1
WREKEB S B Rt A% ANPOET v 4 g
FEHHEAE 5 a BT LA 30% ZiRE
(N-P,05-K,0: 5-10-15)E FliG A B 5, BEHRS
TACAEMRR . AR ST KT, 50T R A
AR, $em Tk SZmem s, £
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FERRPE B T AT K IX A AR A A R A A e AR
B, X5#AETAYISEP. Ca, Mg, S, K %)
AIfE—E B F e B R B s Ry g
o3 A i ) A G PT28 [lR, AR S B 3 i
FBEAE, AMUTUME YRR, $Rm iR
A R T BRI XA i B R
U RN T B . HORMED 9 iR
Fy= it AT B b P03 e 2 A P2k —
WESE, FEEMEIAET, B 140 kg (98
A, ATRERENE R, WEERES T 10%.
ki AE AR s 4 AL R, FESmME S B P+
e IRA TS A GM EAR LIS, AU
T HERR T P S TR RELE DL EER A
i, W TR AT RO N AR As B
W A AP TR 5T A MLAE B it 1 72 R B
BEACE R AMEEMRIFN S, AR 1
ZLPIAS SR 25 SR R AE B I R A R
Mok RO R, MBS bR, WERIN T bR
TEL R SR MK AR E N T YRR
R BT, 70 T 1A A 49 1 it oMl A
AL BT B BN IR ZES Mn, Co fil Cu - E4 B S T
B, i B REAR AR S5 Cuy Sb. Cs. Ba, T1F
Th JG 2 AR B0 VR FRCR P

114 BRI RS KB COo, MHR=ERL
N R BTHR IR 50% ~ 60%, 4% H + 3R = Sk CO,
) L RRIL, e 3 B U T - A W kAT
BT B 43 f VR RNRE ) 5 B A P20 A o
T, AR FAE R P A B AR, A A
fift 13 CO, bR . 2=Z% AW/ N2 Rt it i o
AT E 1 050 kg/hm? B, AJSCM4EF Il Co,
ZHEUSEHE 3.0%; it HEEF] 2 100 kg/hm® B, H
SRUEHHE S E ) 7.0%, LU/NERTT . i
WL R 3 AN Sk A RSN o R, 5
SPRRAR LG, AT SEELEAE 4.0% ~ 12.0%. 3% A] BB T
A REAR 3 pH . S IR bR, o iTE T
S 3R U At B ol B 4 8 IR 2 52 ) - R
it WA FH A B A SR W0 A BILBT I o3 i 4%
Luo P Yang 2 PSR s 5 36 0T, e 2834 A
LRSI 10.0%(FE T 1 B i) A WA 8 T8> CH,
Al NH; B9HERC. WTRER B 6B & A 3 5 A
i 8 340 S5 BRT 5 7 B e BT < AH [ 1) AT BB AT At 7
Wi, MNIREAR T CH, M7= AP a8 X NH; (1)
WHER S CaSO42H,0 ., i B WERR X NH, Fl NH; (1
WA PR A B 5 3 245 it R T B A 500,

1.2 BABEEBERAFEENNERE

1.2.1 XA H 435805 e R0 XU R ¥E
BHHEA Pb. Cd. As FEEJE TR LMY SHF
Y, A R A B 2 S 80 F Y e L4
FRUE AT . BRI, B A K ki
HAFRERH b E4JE Cd. Cu. Zn 1 Pb B
2, Hrh Cd P& ERH T 1.2 mg/kg, it
T E =g BB Y S0 m U I E
&JBICE Cr. As T | GB 15618—2018¢ +
HEIREE TR A M 3T e XU A bR o A T) )
T RLRE BRAEAY 1.15 /51 0.14 151231, Wi B M sz it
YEKAE HHER Cd SRtk E] T 1.8 ~ 8.7 mg/kg™,
PR A B R, WA T HE B DR T SR
535 4 000 ~ 8 000 mg/L, M5 3& A 4% . ki
R i BEURAR ) R B R IR B R 1
AT, Zn, Cd. Cr. Cu. Hg. As Ml Pb (&
U EE 3 R B T X NI A E A 8.0 1% . 5.0 £ .
4.0 1%, 3.0 %, 2.0 %, 2.0 f%F1 1.0 %, Hrp Cd.
Cr. Hg. As F1 Pb 43553 1 3K EF-3 L3 5t
fHEY 20.0 5. 1.8 f%. 25.0 fiF. 1.6 f5A1 1.5 4%, K
LRI H N FHAETE A BRI PR KU o

122 XPRIEWZ2RNE BRI TREY]
WA B 3 A i b 9 B 4 R T RAFAE I A%
AR T, T REHCIE I B) PN XA A4 T T B 14 Ji 3 35
IO AR W) e SN I A/ (H AR R it I 2
15 AR B A BB o e A NI B B AR
v R B TR R T T IESY, SRR, M
B A ) 3 000 kg/hm? B, &S ESEICR
Cd. Hg fE R GREAFE A, AR A FE 5 YK
e, M PR A S 12 000 kg/hm? B, 23580 Cd 7EK
PR R A B VS YK, 22 T A NI
AUEHES SR TR 200 m i BN By A rh b R B, Rk
HE R AEBOB X KT 1.0, XL ABITAE
% BH 510 A E B0 (5 AR, 4554 R oo R AR B0 KU
LN Po>As>Zn>Cd, FEKH Cd Fl As A S0 KUK
M T AT A2 KT, B Cd & FEEREE N Ak,
A A AN [ 2 3 R 3 e o7 it s 4 T A A T
WFoE KR, Horp /N2 R RE F 3 i Bl B B it FH = 1)
SR AN, YA AR AE] 30 000 ke/hm? i, /)N
FHPRL F YRS IAF] T 2.1 ~ 3.5 mg/kg™! s 75 AN [ 65 S (0
. HSE. LT R HIIT SR AR L I it B A
B, nTEHEMTH F A REIREIT 79.1 ~ 265.7 mg/kg,
As SHEILFNT 0.3 ~ 1.6 mg/kg™, B AR [R) #L BE LA
PRELG O HER R T S R AR S &
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2 AR ERSA TR LA

[ e TG =R BUR 7/ I e At 7 o %53
ARFERMMEAE RN S &, SikAETER
B, A5 AR b 0 Bl B R AR AR
HEAT T R A IR S ek B AR DAk R
7 ORI T e AA B A B A B A, R A
A B PR AR FL AT e A A B, R AT BE R IR Bk
ANTE R BIER ks s, HAT, BEAE AR
FEA LU LR
2.1 B AR

BB PR T CaS0,2H,0 LAAN, i &4 il Y
FME AT, R FIBEIREL . k). APl .
HUHPETT R ME SR ITTRFGR 1) A rhalisEy)

BB R 2R, IR BRI A AR SCHE PR EK .
IKGETEAL AR WA B K IR PERR R SR, | AL 55
WL, b DR A BTG B e BT KR, RV
P R o Al S S K PR DT A BR X BR2%
RORAT K 96.7%02, G 431k LRI 2% SR AEAS IR R A
WA OUORE P 94 93413 22 57 K Xl A1 TP Y 2 Tt A T
IR, EHBRCR A2 Bt 2, BIE I ik R BR
RIAR KT 0.2 ~0.3 mm AYRRL, w] B8/ DA LY |
EPERERREL . ALY SR, P, TRk AGE
TRLAR GG R AN S R B A1 Bt 22, RS
VeI I U A T RO URLZE 1 , DO L B g e
RE, HE— AR MW F A SRR R R I, 51
BRI R A K L B AR Ok g
JFUN 43 Pb S5 BRSO

x1 BMAEPHEZERREINRBEFLRX
Table 1 Main types and forms of impurities in phosphogysum
el FEEAEER e 27 SCHik
WL . BEERER H;PO,. H,PO; . HPO} G [47]
B K. BRRERA Y VA
ALY NaF., F a7 [48-49]
CaF,. CaSiFs. Na,SiFs XV
HHLY WA BB, AL ] MEV [49-50]
TR #5(Ra). %L(Th). 4hU)%: MR [49-50]
E4eRLE Pb. As, Cd. Cr. Hg. Cu, Zn % PR [7,51]

2.2 HEEAMMHE

TRIRWE | MR o A BRI | R e A
WA B AL AR AR O E Y i . Hod, TRk
AR AL 2A IR R RERS S WA B P i B AR 22 AR 45 &/
BA SRIER L B T RO AR SR 2 BREE A B R
HEYR, Rl R2A0, & nT SERe A K
R, KBREEATE W Sio A, £
W R Na,EDTA B4 7 LR AR &R
WL, ZRGRBE . WM EE A E P ESE, FF
W P LRI T 90.6%, Cu. Zn [ GFE
1T 60%; E—Rs s B A B CaSO, 4
KA A -CaCO (KRR (1 1 11 14)7£1 050 C
A HEATIBE I 0 o B, A RUR S
K,0.Ca0.Si0, T4 illik 2] T 4.1%.35.5%.20.0%,
XK BELEIA R T 88%, XIFHLIEE . Ky E . K
ML PN KRR A SRR IS T R G Y ]
IR

B 1 U2 1) FH e R AR A 1 ok SR i A
B EAS R, RN, A E S5 et

A T LB i L BB B s e e T, RDEEAE )
R 45 B R R IR 1 2 2(m - m)T BB,
BEAEY TR, WG PR TS, AT A
B2 A MW 0 X T PR AR 0 A B R, e R A
HATIK 102.4 mg/g, 55— W) 5 Xk BEAH H % B
WET 4 55, ZEm R NP o i 5 e —
WEFNCE T R) . BEBIREF (R - YR
3:7, m mE AT T R RERE, oI B4R
A E RS POs. K,0, CaO, MgO #it,
R B R i A 1 — D AR R T WA N e Rt
MR AR, 8 pH BT 53.3%. Kiga®
WS AfER, KA, #7143 1 100(m : m)IED
P m A B AT R e, W& T EE YN
Ca,AlLSiO;. Ca,Si04 M CasSiOs ik FREL A1) 1 ik 45
PREEAE, HATA GB/T 36207—2018 M & WifgREisK,
A IR AR PR TR R AR

A1 BRI U ) FE A B O A A K s CH At
BRPEY T, AR AR I BR Y , Wi A8 i T ik
W TR R A B AL W 5 Ak S ME A ER, W1 CaHPO,
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Ca(H,POy),, HEIMTU 0 8 24 fe 1B,
1% i 2 N CSDEE B 35 00 8 0B R R 38 A0 A BT K
o, SRIGTEIRIE K 25 ~50 °C, MU ABH B T20m
TR (KRB B S e, T obe 3 = WL S fb i
By, TRFRE A, HIASIRIRES BT IREL Mk, LB T
BB T E Ak
2.3 EWMEAME

A B AR A ) R e ) G AR M IR B e R
A 25 W 0 B R B A SR R R B AR | A
ZEFUFTTA |« M A 2 FLAT TR 45 ) ok S Bt A 8 T AL AN
BEIRAL A PR . AFE R, AR AT SR i AR
NI — 2 LI 8, ASART AR MR 00 TR e
pH, 1 HIAGEUEHE IR 2 E, A2 pEHE R A9 8 5
PEHERRI S ARG | FORFEFFLIR 1 2 2.5(m © m,
PLFHETBIR, FIA 10% ZANBEaOE . &
P2 Bl A 0 BT 90 S A TIE 5 i SR AE T ST B ES g VR
Freemt e i WAk K, HERAYIEsILTE R, B, LU
R AR A LR O A B I R ) ZRRERE
S N OOFER R B 5 S B A IR0 A (5 i e M
JELF4 95 G S AR HIE IO T M AL 5 R () S v % B,
WRIVT WA SBEaFRE I e @ 97.6%
NH; Fll 54.4%1 H,S HFika, M 7ML S 5=0
(N+P,05+K,0)18.3% ~ 22.9%, VBB 5 5182
A= A TRV A (8 P X v S A 7= it it B 9D HE A it
e EA RS A RROR . B AN
FERFEaF AN R e A rh, A 20% ek aE, W
AR HE T SRR A PO T IR I R T
BFE], BT HERR R R R, AR TR
MIZSTE . KEPE NOs-N it R T & 279550, K
THEREF=HRY pH ., KT NHE-N &, {2E 7 e
JEAALIERE, H pH, &E . S FLBE FRRK LR
JEAAEAR B E . NY/T 2118—2012 BR3E T 1
i) BOARAEELR . X AEAs KRB g 45 R b A5 2
— L BTESE BV e | o A e b RORE 2 | A v R
BF, 20% A8 I AU HAT R AL
Prh . B, SER. NHG . A ROHE . AR
o SR R B 1, A R T HEAE i AR R AR
AN, DREEETE, EEEARMK T EAE Cu. Cd
FlAs AR & i, BEIR 30035 10.3% . 7.0%. 13.1%,
Xf Pb. Cr B4 T —Em TR, FEiEiA
26.3%. 46.1%, HADIEIRIEIAE] T A YL Ik AR
#E NY 525—2012 ZLK . b4k, HiE GM(Glomus
mosseae)sy, DS(Diversispora spurcum) R B 7 51E
RO E (Y 40 g/kg) B RCAT, A0S R ME N 4

JEICER M E EHFEP<0.05)Y, 2= TICHE P. S 1
M AT sk SR, W] R R 4R F 1
AR A e ) S B A B 1 T Ak, iR 3
FEIRALA R H 8.
2.4 Hith
A, B BT LSRR | AR
AR AL REEIERL . A HLTCHLR TR AR A5 B Al
BT Y AR AL, A AL TR R g R
B, X R A O E R — R AR
GOPEA E S E REERL I FH 7 - 498 5 1R Ak Y A
H, ORAORT B S A Ak 3 A LB . B A AL
BB . HERKE | Bk RBEFRRIR, @Mdl 1 1%
FIER | PR AN S R R R ), B T+
BOKEE ca®, Mg®t, K S Ah, BB SR
JIESF14 7 FH 34 T B 38 ARG AR Ak A 19 1) M BFF L L B8 e
Na® & &AL EE (BSP)Y, X bbb Aok £ . 455k
FERE B4 =R DA S A A A A A A B B S Y
PRHERLIRTT

3 HMBAEETENRPHIERINE

3.1 HESEE F R

A T 5 24 W o AT DA e i L R
AT RIES FIs g LBk . WFE R, ik THkA
B 1 A 5 ] A L TR BE T 2 B e R,
HL(EC). pH WA T —E RN, XiU#E
ABBRBBRAY TR R AT SEET, 5
CEC HINY, ARt L, BT
W Ca JUEE RIS AR ) ROk A B R Y H/C
B, RHAEYFRA K T F&E NS E BRI Ca it
PR 3386 R i P 1 B 5 36 W B v LA T B A1
M, 8 T B AEY B K FTIR JGi% B/R7E
698 cm ' AbHEIN T —A> Ca*t R Itk A BYFRAE I, T
FE 1 065 cm ' Ab3E N T —AW A C=0 F fig A4k
IS e, SR ENGIA, BT AR
TSR T, KRR T AR S, ek
T AW R Y B T, A R RS B
BET 5 FRRRAERRMEAME T, R TR O
YRR IE LT, R T AR AT A POS . CrO3 il
HCrO %5 B T AW SRR 71, R BR324 | i
B A5 TR AR Y | I B AT AR S B 3R Wl A
PERE R T AW e i A2 W B A, fiE it T AR Bk
FiKE MBS T (N Ca®) BRI, XK
MO HE T BERR SR B T I DTIE . BEMR R 75 A4 W Tk
T AR B 1) 575 — o T L B B TR e 0 i 1T S [0 =2
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VF1) By B AR s 4t S 3 RO, B R i A ) R
W S B35 12 5 P AL P B i e R B . 2% IAT U AN
[T
3.2 WL pH

HOPERE A B RE A (R Bl + 4% pH, X
SR T A B R AR NE AR 7 e B R B R 0
BRI A R AR, FBCE R H ek
W, HSEEA A S pH 3K, 2970 2.0 ~ 4.9, il
B R A - R RR A Y Ak, B
) CaSO, 5 HIEEE A HCO; Al CO3™ Sl A ik,
Ca(HCO;),.CaCOs, MMiEhAk + 1) NaCl W5 SO; 45
G IR R/ Na,SO47, T E HCOsF
CO; FHEdE Na™ AUkYE, BT H b Al 4R
T ARt pHTTT
3.3 MEMERMMN

WA 2 R 2R 4 7 o T S 0 R 0 R 1 &
PIVERIRCR . R R T iEFG o 3 2y
11 : OYFLRHRG, W T RAL AR IR R ;. QB
AE RN, SRIEMS, BT IRRE B R pH,
W TR RS OBAEREA 2 MK, R
F RS FoK MR 12, IRE W=y
(NH4),COs; Al 5 CaSO, ZA=H /il Ny, F= BN
FERY (NHg),SOy, HEIMTHE S T 2K A A R 750,
34 AEREX T EMEMIRE

AT T A A A A2 05 U T 4 ) o R R R A T
&, P EA MR . A . W EonESE,
ALXFAE YA X 3 8 A R B8 7= A R 300 7F
AN AR 7 T, XAR XA T TP B R T AT T
WETRTR . A |« JERETE TR SR T 1 4 B
W PR SR T 81, ik B 20 B S o IR R A
YA 78% ZeAA1, DA PR oM T, T
M EFREE [ FRAR T I FLR SR A, i IR e
KB, fieh B ) YA F.
St A A POEVT P A R T AT B X R0 =00
HAE 5 a BAEA M FE A 30% B IRIE(N-P,05-K,0:
5-10-15)i e s G e, g T R RRIE AR
RGBSR SRR, A G e 1 LTI IX AR A %
VEBERG ), 3] RS2 R A B T & A — o i
Ca. Mg. S. KSEFT0R, B TAERPRIR K
Ml R RIS, A4 T A6 AR R TR ) B R A o X —
JFHITE Ohki 25 A8 7R [ 0B SR R & AL
Hl AT TERZI B RH R U A 4R R A
Y, —A R A R S B S 21 8 ST 5 T 43 T4
F, 5 — e AN 37 MR P 28— i D 1)

AR O B AR A A TP RSO R
FRAE T

4 TEERER R RIS

B A B AR HE AN T b, SR T
IRBEIRU , B2 T IR .« BRICA Tl T Hp s
&, IRRBL A BB A B SRR SO E A HR 2 52
i 3 R A T 7= b P 35 ) R AR ol 1 0 G A e [
BEEREZ —, Hil, CAKEITREY, o
B IEAOM SREA BAF WS RAC R IR R, Rt
et HHEER AL . kbR e L SRS AR A
GE e 1 AR A | A L & AR S )y T 2
WAL R, WAATEE SR RGN, EAREE
HSERALFI, WG REE EIR SRR, Rl 2 AE
IR i A L T BRI B S5 R o ik, 20 m
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