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Denitrification using PVA as an organic carbon source with aerobic biofilms

B hEx F ERe WG USUE N
Du-Yeon Bang*, Yu-You Li*, Tatsuya Noike*, Yoshimasa Watanabe**

ABSTRACT: Performance of a denitrification process using polyvinyl alcohol (PVA) as a organic carbon
source was investigated by anoxic and aerobic RBC systems at 25 °C and 30 °C. PVA was well degraded
under aerobic condition, but not under anoxic condition. In the experiment using phenol as a co-organic
substrate for PVA degradation, the efficiency of denitrification increased from 38% to 84% as the TOC
loading rate increased from 1g/m>d to 4.2g/m>.d, while PVA-removal and nitrification efficiencies were
above 90% throughout all the experiments. In the experiment using PVA as the sole organic carbon
source, the efficiencies of PVA removal and nitrification increased with increasing HRT, and reached
levels of 95%, and 99%, respectively at an HRT of 10 hours, whereas the efficiency of denitrification
reached its maximum value of 78% at an HRT of 8 hours. These results indicated that PVA could be used
as a sole electron donor for denitrification and that the optimum HRT for the simultaneous removal of PVA
and nitrogen was between 8 and10 hours. The PVA-decomposing bacteria, nitrifiers, and denitrifiers
co-existed in the biofilm, but the populations of PVA-decomposing bacteria and denitrifiers in the surface
layer were 1 to 2 orders of magnitude higher than those in middle and bottom layers indicating that the
surface layer had a higher denitrifying activity.

KEYWORDS: Aerobic biofilm, bacterial population, denitrification, nitrification, phenol, polyvinyl alcohol
(PVA)
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I LDE LTHBEINTV B, 22 THEOAPHE- AR E L THEKIIZ H E 1AM OFN
M, WED, X7 2 H AVELFH L WEHOMAFER ST 5, Harish  Pesari 5713 HIH llullim
TIBBEKHICE TN TV AL T THY P MREWE & L TRIS LTV 5 NG(nitroglycerin)
RE AR & 5 W HEME & BRI ICARET L. NGATBEOATHKEITE LTH WA Z EAHBES Z
EERRL TS,

AT, A0 B AT E O PVA 28 7 0w R OATRSRFE IR & LTV B THEYE 2 JdR
FHCRRET Lo S L ichnz, WFEE AU X APVAMR . AL - IRESOIKEE T X U2 OO
FRSICOVTIIE R T 7%

2. FBREEBRUNIEL

2.1 SEBEEE
ARFFRN V- SRR AP LR d & 2 ik
PHERE B T > 720 DM BT 7 VT, UG Inf

4
HIOTRIS2IL, [IOBBE 10K, [ Ffifiiia \U
041m>, BFMFIL50% Td - 720 HHTL 7/ WA \/
DRUREED 53 % AR BT20OI, SAHED & VT Liquid volume:2.7L  Disk area:0.41m>

WIS T L- 2R LT Disk number: 10 Disk space:1cm (Unit : mm)
Disk diameter:16cm

2.2 {EEEK Fig.1 Process flow diagram and RBC design
AIBRINT BRI R UTRT & R PVAR D
T ANTABREEH74-78)TH 1, PVAIZTAEL500- Table 1| Composition of the synthetic wastewater

\ IR0 b D% TV 7 BB A A Consfituents mg/L
HESELLDIZT7 2 /- VHUIILT, Polyvinyl alcohol variable
Phenol variable
2.3 FHROEIZ (NH,).50, variable
TGS, RHEASILAT 1A PR T W B AR 1T F AL KH,PO, 400
P OAFAUMERBCE OB W PVA % 5747 5 gagl“’@ fg
A LAMAEB A LB L7 ToSo. - O 150
PV A SMAATE % 5. BIBI S 2 2 ]GO BOLR B30 I
__ FeSO, - TH,0 10
WS MY A, VTR, T/ VEIAE NaCl 10
T LTENEHMRIRER, WS b o A RO K_HPO 500
TR t‘_’n}l\/‘f’l%{i\rjo‘l/‘fti 47 ” m]!ﬂllﬁi L N;HCO_Z variable
TOLPVAGRDSIRD L o 7ods, 72 /- V¥ MnSO, - TH,0 7
Lt - B Dl 1112V AS i’;ﬁki’o‘/‘f i, #F2lio KNO, variable

1022 J0) ) T PVA ZH R RED & VR IE & L7z
INEDRERNIS, m%%fciWA ATBEAICHI2 ) BN 2 L 72 & D(Runl,2,3 40388, PVA-
& 7 2/ VIZHAEHIEBIE L 72 b O(Run5,6,7,8 D BRI ) & F I ZhUiie e LTz, Run5,6,7,80)
FER FHAOBHI MR REATH W AEHR Z v AR E LTPVADRE IV AR A TER 84T L7278,

71 H - THAPEORILD £ kD70 T, BB ORAED/-OIC 7 = /7 -V dt m&
’H (l_'. L 'Cllll;?.?‘:o
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2.4 SEROPMTELE
KA AMAEOFEREMEF L T LDHTV S, ATRTIEZ 0098 L IT->70, 9881 Ru 1405

Run4d ¥ O)TIIEREES X OUFRIWAAFIZ 31T 5 P V ADSMEE) % Ml L7zo Runl 23 DFERIZBNT
MR A MR T B - DI UK LRI A% LTz, F7-EBR TR/, EREESE 2
DINT 7202, USHNITICBET A 2R XA S LICk > TREZBWIEL 2, 98R2 Tid 7=
J—=WhPVAGMOFEMEE LT, IFRERBC Y AT AIIBITAPVADRL, fifl
K OBLEHZ DTN BT DOWTRBFMNEUT 2 A6 2 €T (Rn5HHRun 7 £T) IR ET 70,
YUER3 Tk, PVAZUE—DATBIREIRE LTIV, HRT % 2R 5 100 F TR ST 414
PR B C ¥ A7 LI L AL, BEROREMG L7,

Table 2 Summary of experimental conditions

Exp. Run Oxygen HRT temp. Rotation Operation TOC loading  Charadteristics of influent

No. No. condtion () (C) speed(rpm) period (days) rate(g/m> d) (mg/h)
R1 Anoxic 20 30 11 20 1.0 A100,B100, C 50
l R2 Anoxc 20 30 1 34 3.2 A0, B400, C 100
R3 Amxc 20 30 1 19 2.4 A 0, B400,C 100
R4  Aeobic 10 30 11 15 4.2 A20, B20, D43
2 R5 Aedbic 40 25 10 30 1.0 A20, BX0, DB
R6  Aevbic 10 25 10 120 42 A200, B20,D78
R7 Aeobic 20 25 10 200 2.0 A0, BX0,DRB
3 R8  Aecwbic vaiable 25 10 132 variable A20,B 0,D B

Note; A=PVA, B=Pend, C=NQN, D=NHN

Table 3 The methods of bacterial counts
PV A-decomposing bacteria NH -N oxidizing bacteria NO,-N oxidizing bacteria Denitrifiers

Method MPN MPN MPN MPN
Cultivation 28 28 28 14
period(days)

Cultivation 301 301 301 301
temperature( C)

2.5 KB

pHiZpH- 2-% -, DOC!&Simadzu TOC-5000 CTZ HZ 5 U720 NHN. NO,-N K UNON & A
Frouaw bTI 74 EFKRRIEICE D s LAz PVA idJoseph.H.Finley D JjilPC, 7= /-
Wida-7 3 /-7 »F ¥ Hi(Standard  Methods,1989) & ik T~ b 75 7 4 TERENHTL
726

2.6 FHTAREOFHE
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SENARIEN o B/ EIIBI MR M B 72051, 2o 657 L SFHBIC S L7 7 L P B I

D, BIEIZDSK A 7T AT A4 YUYW L7z, 7 Table 4 Medium for enumeration of

L- N O¥RIUH L AKD ALID T I & [T No.
1& L, 7L-bORIEHIZRu5 T30 H, Run6T
1200 H. Run7T200H HIZZHZNiT- 72,

WEWS 7 AR FDT T2, 7R TAH-% )]
WV, YA 2 TRT A FONIIRICRAN I L7 & 2
A EAPIROFIGE L, FKilid S S Jiii220-100 e m-
DIEE T YW L7z o YUK S 78T 2 208 11
MEJERBO=2>DIV-TI00T, FhENRFET A
PoC B L7-1% . PVASRGR . GG, Biss
M, WEEETTREOG EE T T2 MR ORI
W AEMEMERIE 2 BEIC L, TRENOEER
HHIFIITRTHY Th b,

PVA-decomposing bacteria

Constituents mg/L
Polyvinyl alcohol 1,000
(NH,),S0, 150
KH,PO, 200
CaCl, 50
MgSO, - TH,0 50
FeSO, - TH,0O 20
NaCl 20
K,HPO, 1,600
Y east extract 500

VAR OF B R ADOPVAIHRR ORHE % Hivs, MPNE:THER L7z, PYASHFER ORI ER
B2 BT AREAEROBERIE00mm DO X - T Uz,

3. FEBRR L B

3.1 ENFE RO REEMCEBIT APVA O R 55E)

400 PVA 200 mg/\

N phenol 200 mg/1
| PVA100mgd PVA 200 mg/)
300} phenol 100 mgn phenol 400 me/t PVA Omg! N
PVA(Inf .E££.) pherol 400 mg/1 J Inf PVA

Concentration(mg/L)
N
3
T

ol STT M/
" BLNONmg/)

. ,m ) EELNOsNmg) £ NHN
10 20 30 40 50 60 70 80 9
—Rum1l t Run 2 } Run 3 t Run4 ~{
i Anoxic ! Aerobic—

Operation period(day)
Fig. 2 Behavior of PVA and phenol under anoxic and aerobic conditions(experiment 1)

M2 ER VBB PVABLY 7 2/ — VO IHRER %R Runl 23,0 BRI TT3-
HERE Lo 78R, 7o/ — R8I S Nc 0 IZx LT, PVADSRIEE 7
CHOLND T2, ZTTRBCOAN-ZAHL, UWERERM (Rund) ICAEZ THEBRL TR,
BI20ZR L7 X 900, MRRERMD O AMERIINCE 2 5 £ WHIKOPVADRIEAHFH 2D
L7

PVASMEZIE, SEBHRIZ S B RFRIEINR Padomonas putida & Prewdomonas sp 53845 L, 205 RmEER
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BAFVFEBEN FOT ELOBEEIN TS I ERHEESHTWAYD, T2, Wi E P
Pewdomonas  putida\" &5 M) 2 00 LT L VO ICOWTIIR L, ZO0MBERIE7 = /- Vild-
THREIND T EEBHELTWD, 72 /- VEIMHBEELE L THWA AN EORimd TIE, 7 =
/- WDGEME T @ 5 Padomonas  putidahs % < RiFH S L. PVA & 5345 B Psewdomonas JE DRI DR
fliew, PVAMESIRESW L2 HN05,

3.2 IFEMAMIRC X APVA D4R & L - BRSO RIMEEST
JEBR 1 X YRR A T
WTPVA #Zaichdc ik s - &
FHLMILA, £IZT, #EB2

100

(Run56,7) Tl 7 = / VAT 80,
TOWA LA FERE LTI, 8
AP AP IR & BPVA DS 5 %
L AL - BREORIBETICO v T 8
BET L7 BI3ICHBR2 1813 @ ©

PVALT7x /) —VOBEEE, M
1L B X OB ISR RIZFTOC- o
BAWOEBERY, PVA, 7=

J—WRUNH,* 2&tik% 0 1 2 3 4 5
WE LK R, TOCATN % TOC loading rate(g/m”.d)

lg/m>.dD 54.2g/m>.dE THIINE & .
Fig. 3 Effect of TOC loading rate on the efficiencies of PVA phenol

x / ) I%t% : ‘i c a nitlogeu remov: l d r aerobic Condition in the experiment
C l-) : alld al unde
IOOK)L%‘H"&S il/;uc;b‘;[‘] L Z Al N0.2

PVAGRREMERICIE TORTERLLNS, T, BERETOCHM ORI E IRIZHImL
720 TOCEMA42gm2dDSMTiE, PVAKREHE, 72/ - VI H, MMLELUEE FRE
ZFhZNh90%., 100%, 0%BLUBI%TH> T, PVADOKRIKRUHE L, BLEA CAME
T BT LT ’ :

3.3 EER2ICBUABRICE L HEREROND

Table 5 Nitrogen balance in the experiment using a co-organic substrate for PVA degradation

Run No. TOC Input Output
loading NH-N
rate (g/m’.dy (%) NH,” NO, NO; N in biomass Net
(%) ' (%) denitrification
a* b* total (%)
5 1.0 100 00 143 458 95 191 286 1.3
7 2.0 100 1.2 28.2 9.2 9.5 19.1 28.6 32.8
6 4.2 100 16.4 0.5 0.1 8.6 19.1 279 55.3

a*: PVA- decomposing bacteria
b*: phenol -decomposing bacteria —903—



AFRICBWTIE, NH ,-NOBRFEME, T-NOBREZBLESGHAHIII AN S NED R
T ERHEL TVD, HAEWORRIC L2 LI E BRI D700, WHIS T XNe CHONE L,
PVA#%RKEL U-WHNCEAREI20.298 g -vss/g -PVA 2, 7 =/ — VEIHEE LMD
B130.600 g-vss/g-7 =/ — VP ERGEL . WARNRIIC X DB EORKI R L HEBBEEEFIEL T
ZORRER-SITIRT,

AR AR R L7EN 3R 2B6%TH Y | %@%ﬂmmﬁﬁﬁ?ﬁ%'ﬁf&)é P V ADYAEDS
95%% o7 2 ) — N X )RRl o 2o FEMBRICB W TIE, TOCHHT 25 1g/m2dD &1 Tid
113%. TOCHTiA%2.0g/m>dDFAFT3280%, TOCE U 4%4.2g/m>dDFRINTS3% L h2nsfiili 2
PVAL 7z /- VeRRBOARRERE L TREM DI EAMERS N,

3.4 PVA’S:"ﬁ?*‘V)U{?(JF & LS

BI4IZFER 2 TR ST H TPVA M- DA IR IR L L RBOEBER R LT
V15, HRTOBNNCHE TPVASFE, AR OBHERITILTHAL, VARFSEB X UWMERIGHR T
10D FRATZENZIS% B L URBWIE LD LT, R EFIHRTSr DS T %D Nt %
RL7ze SNHDRRIZPVA ZIHEOME--OITBIKFERE LTHVA I EFHECH L &, $/ohiaH
DI-ODFEHR Tid8 KHHIETH S L 2mRIB L T5h, HRT 10wDEE, BEFIRTVWAZ L
HRTHETES L, WADHSBOABIKFERIC 2 5 L 0L UHIBEEMAF Ao bsns = &
ERT %o SN, BUSEODORIE L. HRT22hriI BV Tid1.8mg/L. HRT 40hrild\V Tl
42mg/L.Th > T, HAURMIHERSNIOT, KERO RSB X A58
Wi Z L EZRL TV,

100
90}
80
9 & 70}
A g
g 5
Gy
4
o 40 sol
20
30
0 2 4 6 8
0 12
TOC loading rate(g/m’.d)
HRT(hr) . . . .
Fig.5 Effect of TOC loading rate on the efficiencies of
Fig.4 Effect of HRT on the efficiencies of PVA and nitrogen PVA and nitrogen removal under aerobiccondition
removal under aerobic conditionin the experiment No.3 in the experiment No.3
{(Using PVA as a sole organic carbon source) (Using PVA as a sole organiccarbon source)

HISTIEEBR3BIT 5 P VADRRIER, MibRE L OHBRFICMZITOCOM MR T, TOC-
T 1. 7gm2 DI BV T, PVABRZEE, AR RUBERIEZNEN195%, BB NLUTT%% 4 LT
WBAS, TOCHTF ORI TPVA SRR, AR USRI L, TOCTUT8.3g/m*.d D5
HECIRPVARZE, AMEEROTREBRIIENENNY%, GBRUD%ER LTe CHODMREEHZD 7
I NWERFHBE LTHWRGR E B U WA. PVADREHIIRA L, TOCHifi4gm®.d%
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PECIE P VADORBREFEAD 720 SHODOFRIIIITIEH L LT 7 7 VEHWAZ LI X -
TPVADORFIIRELINDZ EERIET S,

Table 6 Nitrogen balance in the experiment using PVA as a sole organic carbon source

Run No. HRT Input 7 Output
(br) | NH,N
(%)
Net
NH,' NO, NO, N in biomass denitrification
(%) (%) (%)
8 2 100 36.4 22.6 2.1 9.0 29.9
8 3 100 24.1 26.8 2.7 8.4 38.0
8 4 100 13.0 239 29 6.8 534
8 6 100 1.5 15.2 4.9 4.4 74.0
8 8 100 0.0 124 6.1 3.7 71.8
8 10 100 0.0 114 12.0 3.2 734
F-6TCIHEBITRO L BHENLDOF-¥ i1
To WA ff"ﬁ; *@fﬁ)‘i}(ﬁ& Lfmb‘f RJI/I\ 4007
LPVASME, AL - B A Tbi, PVADBE do 5
OH—DABBHIRE LTINS E LHTHTH 3 % g
BILEFELTVA, E ool 2Ny dyo £
PVA % Mi—DiRFER & LTIV 72 598k (92 g g
BT, ONLE 41, MLSSIRSORAmlL, BT & | 1 5
DIRBE0TC, REFI20pmICBWTHIe L Y] 2 z
LA L9\, [ CRISHUCBYTP VAR, & . 1, &
NH, DB L X UNO,DBRAATI N F L7, wor e E
Ny
5 ORI o 5 10 15 a0 T
() HRTOWEMDEG Run 5) Reaction time(hr)

Z DFLT AT AR D LA

WiASE < | 380400 um Lo 720 F 72h0
HODORAEI4 1mg/ & IR 5 7:D T D% contion
HIB TRV RN 2 O 3FFHAE T [ ERETE, ARSI EIHI DD EE XL
N5, 2078, D BRI E 7D 5 U CHIREE i L 720 RN ROMITH BT
ZRY o PVA! \ﬁ@% T 7 HACMIBE, WRRERE IR R OIS L 2 h 59X 107, 1.97 X 107
, 82 X10', 273X 10'MPN/mg .. SS &I & I J)%; SV ERIEUC BV TPVAS MR, AL
R UBEEREA RIEL TOAZ L 2L THE Y, VAR, AL OBREOHISAHT - /- Wit
IiTiER C L 2T Tw 5,

Fig.6 Removal of PVA and nitrogen in baich experiment using

PVA as a sole organic carbon sourccunder acrobic

@ HRT0HMIOES Run 7)
—205—



S DL BTIAIFNE2200 1 m(1 2F T ONBOE T OB L TWwize SOOI IR 4

L JEEDODOBIED e Y T b &

Table 7 Bacterial composion of biofilm in the experiment Run 5

Z oA, EYIEE SOOI
I, MR R E L, KRS

Constituents

Bacteria numbers (MPN/mg.SS)

EDEROMBE B E/RL7Z R 7D
TR 22000 £ TRAERELZD
1 BRI L 2 R oMl i
PSR IMR L 720 Th -7, M-
TWRT L 92, PVASHRE., LMl
BB X UMEE SR A: IR 55 2

Denitrifiers

PVA-decomposing bacteria

Nitrate reducing bacteria

Ammonium oxidizing bacteria

Nitrite oxidizing bacteria

5.98X107
3.99X10°
2.73X107
1.97X107
8.72X10’

BOWTIHEL TWA DS, WK, JREIC L C
HAB L OWED BT D RRIBVTIVA-
SR E SRRl 2L 24— —13k%
RS Nz F7EBIZ BT HPVASMHIA &4l
{LAIEASE N ZIUO LA E L Tz,

G) HRTIOKFHDYE Run6)

Run6 i3 RmSOFEEREHRT % 10hrl 22 2. TH 5 120-
PP L 7= DA S DT 2 1 1 72
TRERE A RSN SIS B W T A RS <k
L., WHE 28 HOPIRKTIZ2800-3000, mE T
FEL, WH, et 108HOIBI e L7/
Wl SN L. FH R OMI RSN & T
L7ze RISITRT XIS, PVAZMRIR R U'NO,N-
RV 2 UBCH DI OIS /% AL
L72D42xd LT, NH NEEHIR IoBCH O D
JiNg o7z, BEENMRIRPVAIMRRIR DS &2 <
AT AREBIRICBNTE G,

bacterial numbers(MPN/mg,SS)

w*

et e |

Valal
—0 o—d‘

PVA- demoifiposing ba

10

ria

Nitrate reducing bacteria

10°

= P — . H
Ammonium oxidizing bacteria

r_t—o—o—
s s

| I

Nitrite:
0 |_oxidizing bacteria — " |
L]
10°
e
1 ! a 1
0 500 1000 1500 2000

biofilm thickness Wm)

Fig.7 Profilcs of intrinsic bacterial populations in acrobic

biofilms in Run 7(Disk No.1)

10’ —y— 106
> . —~ PVA:- decam bager
5100} PVA decSipmsingpaderia 2 poshg fpasna o a
7] ) ————— @ [Nitrite oxidizing E==m==4
°E° 10°+ g 't Nitrité oxidizing bacteria %“ . g bacteria
> Nitrate ST P
E 10’ t reducing bacteria % Nilrau'dmting bacteria __ E ! —irgmg‘_jl)_e;ntrlflers
> sbbadyppeisoaiiyieininins . 1 i --7-:-------'1 o g oxidizing bacteria
% 10°[  Nitrite N 105 p—o—btifrs = i
£ 3 Demtrifiers 2 5 H
£ 105k oxidizing bacteria —= E £ I
100} Eiott [ 3 |
[} E— : J ; i
ERL A L - T S— 3
: Ammonium ——- P ryrra . 3 L.
é . oxidizing bacteria o _Ammomum oxidizing bacteria 10°k
1 1 L 1 1 K S i ! 1
0 1000 2000 3000 0 500 1000 1500 0 500 1000
biofilm thickness gllm) biofilm thickness wm ) biofi ilm thickness wm)
(Disk No.1) (Disk No.6) (Disk No.10)

Fig.8 Profiles of intrinsic bacterial populations in aerobic biofilms in Run 6
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3.6 MEMEMIBIC BT ABEBRDEE
ARG CIRIFEIAEME I BV TORP VAR Wi E s b v 7z, TOREE LT
RD=ZDOHEZ LI, :
() AROFERART LR & - 2B AT BT I & > THE L7-DOAUFEPEMIR < X 0 i
BRAOINBZEIZEY, HOFERIMEMIEBLE 25 2 EBER OB, BEERUGNE Z DB HIR
ICBVWTHEETS B TN Do ~ CH,~ CH~ CH,~ CH~— CH,~ CH— CH,~ CH—CH,
Suzki® |, IS IIPVA S EFEHNIIION X 5 1Tk LT ! ! ! !

OH OH OH OH
Who AT, BRREDOKF TR FEDO T TOVAIRE
BOABE L LT b hdo/oh, FEMEEICPVAN O!j PVAAX L& —¥
BEOHREE U ibh/-Eind, Ko gisks o H,0,
BERBHE, T TONATVAGIRERICE > TRILSIUE oy oy copt,- o CH,— C— CH—CH—CH,
FECARL 7B A IR & R YRS Atk T b2 o S S ou
EMEE IS,
@ »HEEDODIIHET AR BT SRR EY FF- 72 H,0 PVASA K5 —t
REMEOAAE Z b, S DBEMRAIZ)DPVA- \l

SMBAREE CH R S U IR & AT TEIRE LCAUBT G G o G Gl HOOC— CH~ Gl
BT D B0 b L
0 HVIRDOFIBIHIZBV-TPVASMIFHIE & Blaslifidstic

RV BT . BRI YEMIROIATER < By

THBGHLTWA D ED D, o DUAIEVAS MRS Fig.9 Aerobic degradation on pathway of PVA
BPVASHFRR R UM COBERRE b RIS 5

WD EZ LB,

4. M

BRI X 2 M B R E Cd AIVA R ONEFE ORI DOV THERII TGS L
ToRER. ROKEEPELNII,
(1) EREFESM: TRPVARESL MRENE olz DI LT, 7 o /- VEr 8¢ 05Tl
WA BE AR E NI, _
@ WA, 7z /- VEUNHN%EETBOKE RIS TR Lo . HEATTOCEM ORI & 4L
WAL, 1gm?- d, 21m? - AR U42m? - dDFIFTORBFAIEENETN38%, %l UBBTH 72,
®) WA ZME—OREBRFERE L THAEMR B ClZ X ANHNSHBEKROMAL, BREEITOWTIERL
KR, VAR R URHERISHRT OB > THER L. HRTIOD A CENEN9% K UD%IE L
7o LT, AR HRTS DS TRASHDORDIE L 2o Z DR FIIPVA 2 BLEEOME D AR
FRELTHCAZENFTRRTHLZ L, FHBRED-ODEBHR T I I8HEHNHTH S = & &30
LTwh,
@ PVASEH. AR B & OIS FME A PO R B VTR LT 525, AMIEDIE Ol
L7358, shiiRE, JBURICIR U OB 3 X OWERAT 14058 T & 2 0B IC BV TPVA MR & g 54
HiZ 12wl 24— -3 {FHE N,

ZE K
D BA: FEKOBICAEIZ IS 52, 305, SERATF VRS, pp.60,1966
DIEATERE, IS« I3BBKICA A ATHER T OA WMoY, FAERB&E Vo .2, pp.
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