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EFFECT OF PRIMARY CLARIFIER ON SEQUENTIAL NITRIFICATION-DENITRIFICATION
PROCESS USING ENDOGENQOUS RESPIRATION

HL R, B8 E R, N RZT
K. MORIYAMA*, M, TAKAHASHI**, T. KITAMURA***

ABSTRACT; Organic substrate in influent is utilized as an organic carbon source for
denitrification reaction in most of the biological nitrogen removal process. Consequently, BOD
concentration in influent is one of the most important factors for biological nitrogen removal
from wastewaters. The BOD concentration can be controlled by either installing a primary
clarifier or not. Therefore, a pilot plant experiment was conducted to study the effect of
primary clarifier on the nitrogen removal and other treatment characteristics in the sequential
nitrification-denitrification process using endogenous respiration. Two pilot plants with and
without primary clarifier were operated with domestic wastewater as influent. It was shown that
the efficiency of total-nitrogen removal in the plant without primary clarifier was higher than
that in the plant with it. From the experimental data, it became clear that the primary sludge
“was a useful organic carbon source with low strength of nitrogen for denitrification reaction.
It was also verified that the ammonification of organic nitrogen in influent could alleviate
the alkalinity deficit in the plant without primary clarifier. As the value of autolysis
coefficient of activated sludge increases with SS in influent, there is little difference
between the two plants in sludge generation rate. The results of this study suggest that the
necessity of primary clarifier and its capacity must be reconsidered to upgrade the nitrogen
removal efficiency.

KEYWORDS; Advanced treatment, autolysis coefficient, biological nutrients removal, nitrogen

removal, primary clarifier, wastewater treatment.
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DER/ICEDHEAKEOBODREOERERE, REBRBEER, BLET7ILVA)BERZICRIETHES.
EFRKEHNESNfOY N TSP ERICEURFLELDOTH S,

ZNE TOML NAEREHRICET 2HFE[&ILS, 1988] Tk, KEOAREYE, MLEORNERZEOED
DUHEHEEHEEL L BRFERMOBROEEES, ERWLOMEBEZHOMILE, LALRIND,
IS ORERIEEBOBRVWEREREHOWEERMSBOAEROTH O, 20D, BIETEE
BEBELELEDZOERREBCRITTHEOERNARTM, BLUHSTE LOEZRLEN, BHTRER
B UTREATHE, 205 ORECEIL, KAke ROTLBHARES N T 2BRFERCERY 25
BICHBETH D LIIC, BMERGCLDEREEDETATKICRD T B2 0AYMFNERBREToE R
B 2REBBOR/EPZ ORREREFMT 2 2DICHELEBNNE 25120 EABNS,

2. RBBE
K—1iEREE 7 O—, £ 1ICHERERT, BODBE IRMBHOLEIED 5 W idRmkiirho
FRICLYZERNZ 0T, REHEZAEL LT, BIHEHEIEWREIRER Plant A) & KirbEH % 3
3% (#¥hE & Plant B) @ 2200F% A C kst Table 1. Pilot plant description.
L ﬁ*}]ﬂ:%{ﬁ{’&l‘%< S5 ]‘ﬁi%‘ilﬂ_"@&é %& Primary @1, 000mm X Ef fective depth 725mm
° - ; ° settling tank| Effective volume: (.5m®
CAWETKIE, FeUTEBEHKRENIE U TS/ [ Biological | W 700m XL 350mmXH 436ma<5
S Bt b > N S t Effecti lume: 0. 5m® (100m*® X 5)
TOKALERS (BAN RIS SR T A, GRS Final Sha ¢883m;‘;?E¥geg$?ve deth 3;10mm
BREO AT, BAEE LERIIHEBREER ARG L C | _settling tank| Effective volume: (.16m®

Wb, )OWMBERBEREKTH S, PIHERT =8I/ Plant A @...ws Eff.
S -
A

B2 FAE T AT K2 EMRICHEAOTEARKE L, # Raw wastewater=
HERTEIRANBEZREL . ZoBi K% HA
BKeUE.

ERiIZ. 4HXY 8AKETCOSHAFTbIhE, WR Plant B Primary effluent @—-DWS Eff.
Fle LN ., N.OBKER, N AHORPHED —FL I P (g
B3 EOBEBHEEhE, NAECHITAN0:-NEBEMNES Screen §
PR OB I B < IRE TRV £ BRI é flon

FHMBHECRITTHELBEYCTHETE RV, FE, — N2 Nitrification tank

j N Flow equalization tank | D : Denitrification tank
LSS ZORPHIBIC & v IR B = LAY, EE (Rl PA: Post aeration tank
5,19907, Charpentier® [1987lick VHEIhTVB 2 t ST: Settling tank

) Grit chamber effluent WS: Waste sludge
EML, FRThoRITIN A TNH.-N%0, Sng/ 112 ER

B4 50RPEI L LT, NiENH-NBEO#BIRTEBEL

Fig.1 Flow diagrams of pilot plants.

Table 2. Operating conditions.

0O, BE, RPREMEELEL =, FERSHE(PA) OBRST Parameters Plant A|Plant B
Bix, D01lmg/1#E% BEME UT—EL LU, 2 OMC [Retention time in reactor, hrs 20 20
. s Primary settling time, hrs - 1.1
.Zhx T‘mﬂimbiﬁﬁﬁé%ﬁﬁ@ﬁ%ﬁ%%ﬁb“C\MLSS Overflow rate of primary se'ttl'ing - 14.0
P RI3000mg/1 % MEREL | TRIRGICRS(LAIES OO R BRI 4 _ tank, n/n*-d
. . __ {Return sludge ratio, % 100 100
EilpAerobic SRTAHER B & DISSRT, 5 W EARENS |Waste sludge, g/day 32.9 | 23.7
N . - . - MLSS, mg/1 2880 2910
Vs i E REEH UL, SRUBH & BHICT LI, RE 1o ") o i
ﬁ%%é%ﬁﬁ@#%ﬁ%ﬁ%&%\2~3HH@LT%§w%,% 82 82
. VI 11 135
D5 EHEREFAL, SRIZ2EHLE, SRT, days 33 50
ERELUSNDEE R B E R2UTRY F 1 SHTIR |forobic SKI, days 1351 19.9
¥ NN ~ . |BOD-SS loading, ke/ke/day 0.068 | 0.038
BHE, BHBELINE, BRECERKZ 0D ARy FEBT |mh-8S loading, ke/kg/day 0.041 | 0.033
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H5b, 2P, ERFOHEFEECB O THERAKE DR Table 3. Performance data.

EHOFRILAH 2 Z L EHE ST 5 [FRLUS,1992], Parameters Influent Effluent
3 F I C SR HIMI CRBOBEK, AHTR TR, & Tlont hFlont BlPlan hiPla ©
N —e Water temp.,”C 23.9 | 23.91 23.9] 23.9
7o WERBEEARLD, 1988 )BT SENKRMORSE ot 4 10| LN O 6
Uk, BRESLFOLS Kok, &84m0y koo | (ARl m/lL| 158 (1 ) 60 4 %,
H1, 2HMEMOERBRESEEZIAL, 2 hichye: DTN ng/l 4.4 2891 34/ 7.8
o : ) NH.-N, mg/1 1.7 1724 o7 o8
BERIng/1FNFhFEML. KRDBCTTERIBPESLE. (N0,N, mne/l @.1 1 <1 <0.1] <01
: NOa-N, mg/1 0.2 01| ns| 6.1
‘ Org.-N, ng/l 21.9] 13.5) 1.3] L4
3. ERERBLUEE 8s, mg/1 248 93 13.4] 9.4
. BOD, mg/l 166 92 .81 6.6
3.1 #EAKHE D-BOD, mg/1 42 39 2.71 3.1
ERABAMGHE, W50H CUEAKEIRELE, REED |T0C, ng/] 139 82 19 14
. . D-T0C, mg/1 48 43 9.7 | 10.0
%@@ﬁﬂ*m%/\7 )(“‘ g G)S[Ziéjﬁg_%’:§~ 2 ~N 3 L../ \To BOD/T‘N ratio 4.3 2.9 - -
BOD-SSE# L IN-SSE M D A RET IR, SRS nSS%# TP, g/l .01 531 2841 286
P0,-P, mg/l 20| L9l 25| 2.7

BELE, Zhickd b, TIRERROBOD-SSEFIZMILE
FOM2EFTH S, Zhid, RIBHTHRESNSHSS
R HDBODOMS0% % =D TH D, —F. Wrkies Table 4 Total-nitrogen balances in plants A and B.

OT-NERE, 2 BEOEE TSR, B3 OWAK Factors Plant A[Plant B

£#%5 &, Plant ACETK) OBOMRERPlant BARLHIE | oo o o E R Y

KOW2ETH 5, —F . T-NEBEICOWTIHH 1928 T-N in waste sludge, g/day | 2.2 1.6

A TANBOET ThE, BROW S BT, BRI Donjerified Th, g/day 188 | 12.6

T BRI THRBR RS W VR TFH D wia

04 RRSICE Y EHBNBZ Lickd, —H, BOD 5 ]

DR ASSOUBBR I, BB THES 5 ]

NBZLicns, BOD/I-NLEE RS L RIS o ]

BB L BERBICRFARMBERBZLHHHSB, = 0.5] __tank D, of plant A
BEOTE RRETN, ROUBECHBIREE T ] ot ok e of sl &

NBHERE, ERHRTOARTELIZLOTES & ® =— tank D, of plant B

FREHRORVERIEE TS Y . BIVREES § S T — -

B, B 50 BRI O TR E T B OK B00-55 Loading, ke/ke/day ‘

HREARA % BT 5)Z L& V) AMBIGREICTA 2 #, Fig.2 Influence of BOD-SS loading on

BERIGIC B0 TR TE 2 HRKRE L VA5, denitrification rate.

3.2 EXRERE

F-BIRT M RONBAKT-NBREE A5 &, Plant AGIILER) TIEHEAKSIng/ LSkt U TALEEKS. 8mg/1,
Plant BURIWLA &) CIEFIAKI2ng/ LICH U TR KS. 3mg/1 TH 7=, EBRBETHRAE & > L O0RPHIE%
ERLERER, NAHON-NENO-NOBRER, BRATRIERET, FER2BISEnE 0 TH-o 2,
JLEEIK ONH,-N& Org-NigE L, MR B ZNEN0.7, Ling/1RBETHY ., F— 3ITRT & ICHROUH
KTI-NOZEE, NO:-NBEOETH D,

RIS, EPFPREBRICS & CRFIGR I ZHE IS VREENIEEBR LRI TLEDIC, TSI b
B2 RRNZ 2 RDE, BREERIHFOEHMETE— 41017, REBRE L TOBERZRIEIAR
FEROEBREGHR, RFFRBES L C L HYEY ORBFRERORL LTRDE, —F, BEBRGICE
ZEEBRERR . EWUCHFAKOT-NA SABEKT-NE KREERL LTORRREEEELIIK D Lick
YRDHFE, REERSSYEY DEBREEFERIE. MREEEHT6.1% TH ok, MLSSEEHI000mg/ 1 % Hess
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T3 EDICRBHRBERSIUERE Y H3T%SWHILER T, RBBRICL 2EBEREEN, #ILE
FLVB0.6g/HAE, ZOEEF, REBROBRSERNERE BFFH T 1%OR—EOEH, RE
BRAEROZCHBILEETH S, BECC L 2Z2RBRERICHEL, RFBRIC & 2ERBERE,
miREIChE N, T2, PREREPLERORRERICS 2ERREEDE(.6s/HZ0E 0B, HER
JGIc & 2EBRREBICHBL T/han, LEAST, BIBBOERIC L Y UBEKERREICKERED
THH, Zhid, EPENRBRGICE 2 EEBREROZFELERTHY . AFBRICL 2 BRBERED
BOOBEBIINESWZEFESM R,

LED ST, BAEBoR B, NAEREEECUT, BERE) FFRLUS, 1988 IcE82 51, MikE
RTCERERESIUERI Y BDETL, N N2 BRECERESEIBRICh > @RTEs, LA
T, BEREOHREBBIC OV TR, EEDICLY, BOD-SSAMAEEANT A—aL L, BERGCHET
SEHBRPOBEABWENESEEETIVARESNTH D [FILS,1992], ZOET IV, BOD-SSH
VB, TOER, ERERYEOBVREBOEEEROEREEMAHEE L. ToBHEEICHHIL T
B RY, > THRBHBLE BB L LELDTH S, 22T, ANERISEBEL W ENERSE
B (20CIcH 1T 5 HEICHE) L BOD-SSAEFOBFRE KD D L R-221E 50, BOD-SSAFOE W& T ol
HEOKRZEWZ LATEDHILS, ‘

BEnz s, ROl s &t h Wkt ClIEERAT BRAWMT 545, BOD-SSER OIS & V¥
MUEBRAFU LOBRERE D ERALEL, Z2ORE, MWHEKEBERBESNEEZAFH OBV B %
BIEEBELYBETTZLPHRTES,

3.3 #HETRELEE

BB AR L IRFMBERBLEREORVEAFMET I L E. FREOBELBEETH D, L. F
TEARBRERELRE, 270 —>ay2 Y7 HABDEL Y HFHASSEEBVEBLZ LD Z LARENT
WHLHETKEDHS, 19911, Eo L&D LM TEWLBRNRE 20MESMCR > THWRY, 2T,
AT, HAKSSREDOBNDVRFBRBERICRIITHEICOVWTRET 5, T CIC. EFSIHRAD
DVIEMEN 2 SURBERE O ACB T A BREAROFEFREERE LT3 FRIUS,1902],
Zhid, R—1IERT LI BAETO—ICH T 2 EHRRBTOBEMYIRZR 2 BEL THEOSHh, RATESR
N IEEBR WSS O HEH BB ERK DV ELOBRTET 2L LEEDTH D,

QoCo— (Ao Qu)Cr+YQo (So~Sk) —QwC 5 02
ky= (1) g 1
Ccv =
Zzic, g a
N K] 1 Plant A
Quv: RFEERE HEZ &, n®/day & 0.1 0"
s & _ o B p»
C :MLSSE&RE. mg/l © | ~ 7B
. j 2 Plant B }// o @
Qo:PEAKE, m®/day _Z’ 1 B _:‘Q;/usl o o
Co: BEAKSSHREE . mg/1 2l ee . '

Ce: ANFHIKSSTRE . mg/1

Y :¥EARYEBOD OMLSSA DR FHL . meSS/mgBOD
So: GRAKIEMRYEBODIREL . mg/1

S L ALEEKIEFRPEBODIRE . mg/1

0

200 400
SS in influent, mg/l1
Fig.3 Influence of SS in influent on

autolysis coefficient.

Table 5. Comparison of the SS balances

ka:MLSSOD B T4 ARHEJE 2 3. day ™ in plants A and B. (mg/1)

. : e 3 Factors Plant AlPlant B
LRESCLVELE S8 S . Influent : QoCo/Qo 247 93
ZIZTE, ZOREROTARBEEREBEICOVWT Production : YQo(So-Se)/Qo 28 25
B — . - . Effluent ¢ —(QoQw)Ce/Qo| -13 -9
ﬁﬁ‘j‘ L 7::0 &i&{%ﬁy LT Li\ Rittmann® [1985] N Autolysis . _kdEV/Qo -207 -89
RUTHW L ERYOFIHIBRLEIS O ERHNE Waste sludge : -GuC/Qo 55 | -40
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BEIC0.65RELE, Plant A, BoWTXL)&Y
ko %3R8, FAKSSEE L OBRERLESDHX-
3TH5, MAKSSBESNE 2 ICEWk BB &

lons based on

‘ 300 /YQo(So—SR)/Qo
HIENRND. FTAKSSREAN O DL E Dkl Y T
BREAIOBESUTAEMELE L 20k 55w 7 o

~k4CV/Qo

‘(QO‘QW)CH/QO%

LhE, ZOMICONWTIE. 0.08day * L WHEEF QoCo /00

DR EBRRICL VHAKSSE S £ R VWREBOEWET

—

=3

>
L

SN

the influent flow rate, mg/!

83 concentrat

0 / g . / 77
JEODNARAD S FES[1978]IA RSO TS, T, increals)tla iecrease increase  decrease

e ant Pl B
FE S 3—EDBFFE[1980, 1980 TR EEHFE 0 hik Fig.4 Comparison of the SS g:lances
SRHEE L, BREEEORMEEDI/I0 T TH in plants A and B.

B, DNATRENEFEEFBROSBEE L VIZ, KEVWZLEHELMCLTWS, i, BBEEEEOH
BYOESFPEREBRELUTEEYRAATOAZERRRLTWS, 2honz k&EX AL, NSSELTH
ESNDHRAICIITAKSSBREICIEC TZOSSHEENTE Y, ZOEDIC, B—3ITRT & O L3R
BohtbnEILND,

Ric, EBHMEbOEEEEZHOT, SSORTE2RIFLE, BEE2E- 5. B—41CRY, MAKREE
HEDSSIBE L U THEZRL TWS, BB S 0ARBEREIX, Plant A, BICBIT B2 HA KB OEBEEB
DBEAR-SIKTRTLIOCFABETHHED, BLALENLRY, AT BSSEHET 5 &, Plant AlB
ORI METH 2 W, HRBLER (RFIBR+LEKSS)dPlant BO1. MG BE kA ok, Zhid, B—3
IRT D ICHAKSSIREDOE WEH TOEEFROBCHBEBEEZBNIKRE NV EDHTH S,

Pk, BAKSSREICISCEHOABEBEEROE(MEEZERT I LICEY, ROUBHOERICL DR
FERBEROEEMFEATEL D Z L ERLE,

3.4 ZILHUERX

BT MCBWTHLEhEBRBELFOLECHBESNETZ VA E 2R —5ICRT, Plant AT
%, Plant Bicwt U THIMU 2R AKT-NEEICIGUE7IVA ) EFRBOBMA RSB B, —F, Wlkah
FEZBELFOLZOWMLERE(NMEICBIT27ILA) BEOBREN— 6ICRT, ZHASORDS,
BBy BT TR TNEERREFE L LIBECE. ZhIEREY 7Vh ) ERBESER L T
WAHZEAMBEING, 220, A7O0EACHB T 2BRIUBROEELS 7 IV A ) BIEICRIETEELRL
ZEBOCKRFLE, 2702207 VAV ERZREL Y, EEREBOBLEARR(N A 07 VA Eid
RRITRENS, S, IhX ToOMR1988, 1990 TRRE A TWERLE TCORBRIEO 7 VA Y BIX
FIERIFTHELERLE, ChiR, EPEICHICBT 2 LHERICHT WL L EMICB I EhE
NORBEROFE(BROR— 7, £ 6hoFHa. DENZIACHEALELDOTHS,

M=M + MM+ M +My + My + M, @) 100

~

M R (N D D7V ) & 3 ] . 5ot e
M RAKZIVAVUE é : o /G”)
WM REEIC & 5 1587 U ) B . -/',D;/D‘, 08 o plant 4
M. A SEEREOB 7 3 (L I P

ICEBERT VA E % ] -

Mo R EHIC BT D IRBRIGIC L 2ERTIVA U E
Wo: RIS 35 1 BB RISIC & B AR T VA U B % A ; ™
Nitrified nitrogen, mg/l

M RIATGIEAR (R VLIBHIN ) = B 1 B LRSI Fig.5 Relationship between nitrified nitrogen

CEDERT VAU K and consumed alkalinity in the
(BN mg/1) nitrification tanks.
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MM, M ~Ma DB IBORIE, BHTHERERTE-6HIOR
3. hb, BRHCEBHREOLHEZAVWE, 20
FEHEEFWE IO ARICE T 5 TARENEE, 7V
AVEOEMER - TIRT, ZOREYFKa, bo
EARE B,

ek, BB SO AD7IVA Y BRFZICHET S
BETRE, MBRIGICE 5 700U EERAEREE A
TWaH, E—60#EREF. T LbbBAKTER
REROB7? I MHLICL 2R P NAVEDFPIVAYD
ERNERICHT2EEROFVILERLTVWS,
E51C, L~ OB EAD L HBBOFERIC LD E

—
=3
S

= ]

¥ b

3 4

§ 504 :’D e O

s 1 we 00O

= p Plant B —=@ o0 O ne—Plant A
B [ ] LY o

(=Y

20 40
Nitrified nitrogen, mg/l
Fig.6 Relationship between nitrified nitrogen
and alkalinity at the end of

the nitrification tank.

0

HEHSNLON, BIRBBERIEVSE, r———
FAKHOMMT 2BHE, K- 3FRENBE 5l N e
DCHBBER THEED, M7 I b as o Y 7
7 VA EN EMEE 2 Z LD S L TRV AN A g 80 3
nkSic, BIGBRERI 2 VEE, BRTL | 305
AU EOMYEFD 7IVA Y ERBIROB Z LA
HohLRoE, 0 .
b BRBET OtREFAKBD/T-NLICET C Y £ P
PER Fig.7 Nitrogen and alkalinity variations.

R ER Ing % HE Y 5 OIS HELBODEE, Table 6. Stoichiometric analysis of alkalinity,
RS R MBLY DAL BRI HI2. 86ng T H Nry:total nitrogen in influent Pl;gt : Pégnt Bmg/ 1
U, FEEREREEETNVEEROSTHEMO |NocNa-Y in influent 18 18 mg/l
EAFb LD, NREHMU, 3. Tngaiger P N o vo T
BB, ULENST, Bt - RAEBRZSERIGEBAYIC |NazN0sN in final effluent 2.6 6.3 mg/l
. A RBENTETHEOT. EWRRRA I\;;R:NO;;—N in return sludge égg ggo mf/l
AKOBOD/TNLE LT i, BODRDAGCMTE o | mdeniirifionon rauo e fls 030 0.0 -
ES<HBEINEAOELEELTH, B~ 3 TR |Nio:NHs-N in tank N, 1.1 0.4 mg/l
L%Plant BOBO/I-NE2 9T ARRT BT kic [t llalhnity in influent P R
%, —F, Plant ACTESHE=BOD/T-Nitb4, 313, [M: :43.57(a-B8) Nr, 56 42 ng/l
RHMOBAREBECEEY 5 LEEVIR | e e b/ 0 1 e
Wi, 1988 JRHLA T 0K = LBODIEEATR UL, (Mo i:ﬁ;ﬁi&:ﬁﬂ?ﬁiﬁf - - o Eﬁ
SEMEEWMELELHELVALLD, Mca:calculated value of "M’ 14 26 mg/l

Kic, DAEICBNTHRL T BBRIERT |00 ol G BT 2.5
Ot A CHLERABMBRERICOWTHEBES |Map/¥n  (average:-3.2) -3.22 -3.24 -

EAFHTYLEE ZhHB0D/T-NLZRET 2 LD
ToLH>THB., METE, 2EMLET S,

Mca

@ = ratio of nitrogen that is not removed by wasting of

excess sludge to Ni:.

= My +AM+M Mo +M 5+ My, Map = AM+M;+M,+M5+M,,

REDN5 & 4 H SR, BFREBOHOETTHE0T, —BICIFEAKLEBRON%REE % it
BEHZLMNTEL, LENS T, FETHEL 42 W RICHEFAKDOBOD/T-NIIZ, 3.7065%, Thbb
2,4kk5, ZD&DHBBOD/T-NIZ, —RICEB BB RBEL AL ETEBONIOT, DA TR

BHENANRIATELHEORVI L SEMRTE S,
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BHE, ERBREXOHREBZHNL L TR T AMMEEADDH Y, BRAIK - X5y THR0ZE
E, BBREEOBASELLARIAOOATVS, LEOBBETHHLMR LI, TOE2OMRIE
RBRERH B 25ELE, B/T-NLZE<T O LABREELRD, ULEd, £OFERENHBOD/T-NI,
RV B A K DBOD/T-NEL & FHiAKDBOD/T-NLLOBHICHEET 5L D TH D, LENST, ERKKT
O 2OBRERHFICHE-> TR, BRAN - A7y THR, WEH - REFORER Y LItic, EWRUG
T AKDBOD/T-NEL % BRI EKICHBREICT 2729, BB ERET NENL DD, 5DV IZEH
Tt oo KIERE 8L & BODEAY . ERESD OUBRHE OB LK HRT 2 BBV H 5D,

5. &HYIC
AR TR, BUTEBOR BN REREEOERREDPERTHIC IZTHEL T RIS 5
DICVETKEHANVERLOY N TS5V VEREZERLE AR TESQEELERI. UTOBY TH3,
DATKICE E N 2B0DD50%A, ROTLEHIC B 5SSBREICHEVBREShE, —F, 2B R, 20%E
UhBREEhBM ok 58> TRAOWERE H v E5E, BOD/T-NEL X AR NERREICAMLR@EL k5,
D BMBHIE TR, EEBR IO A0LD TEREZEDTEIEBREERVEVEBRRETHY ., &

FHRETO R RACBVWTEDICEHTE 2 HABREETH S,

) EAN D H &L, BOD-SSEAFOELE2E L THERSREICHER2 LA, AR TCHREEELD
WERLUYBHPHUORETL., N NPBREICERELE, —F, MWERTE, TVERFEE 234, B
D-SSEFICIE L EREFEE D LRFFA FIcAEL, BFLABKLEZRENEONS, 2B, /T
EREEROBOIBRERECEADIHFEIDTITHHE,

DEEBRICB T 2RMWEBHOERICE Y RKNANTAT LB 2 KT 2L, DERIILERON T
fBETH5H, HFRELBRROMAEROLIMHGBERI >, Zhid. HASSBEOBWEAT OEME
ROBOABEEEEDAE L DEHTH L LIRENE,

D)MILBARTRIMET REERBENE RN, ZhidEEEERL UTHEIBHEICHATZOT. 2ol
7IBETTIVAYENEREN, PILAYERENERSADZ LN, PV BNEZRFLVES
MIEhi=,

PEb, ZHROBEREZFIFEL 200, WIS RMIEEH % &8 O REARL - WERSBEBICELTWS
ZENEBAE R, AMROKRE., EMENWERRET UL ACHBT 2 RPWEBHOLER:, HiH0
. REICEH OWEEIER, RE kg ItId. BODBRE®R B L L SO A ORIMEE B 285
MOERBTILBEOHLZERERLTNWDEERXS,

(& % X W]

FE D (1978) © WEHEBROB I 55750, B1AERAE T2 AL MIEHR L, op.8-13.
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