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PRODUCTIVITY OF THE BIOTIC COMMUNITIES IN RIVER WATER

*
OAK EB-1LBHFEHB -&NLE #
Osamu FUJIKI, Yukio YAMADA, Ken MURAKAMI*

ABSTRACT; Rates of photosynthesis and respiration of biotic communities were measured
in large-scale artificial streams and Kanda River. In the artificial streams, two
types of bed were prepared — stony one and flat stainless steel one. Water was recir-
culated in the streams, each of which was polluted with different amount of powdered
milk. The metabolic activities of the biotic community in each stream was estimated on
both BOD and 0, balance bases. The results were as follows.

(1) The stream with stony bed, on which a large amount of periphyton was growing,showed
lower net productivity or higher purification rate than with flat bed.

(2) The average net productivity, that had minus values in all cases, was proportional
to the organic pollutant concentration. The behavior of organic pollutant in the
flowing water - stream bed system could be approximately evaluated from the values
of net community productivity obtained by TOD and O, balance methods.

The characteristics of biotic product and respiration were surveyed in Kanda River,

where algal communities were densly attendant on the concrete bed. 0O, balance method

was applied and following results were obtained.

(3) The activities of epibenthic communities was far more dominant than thoseof flowing
suspended ones.

(4) Primary productivity was saturated when light intensity reached 5klux-10klux. The
increment in light intensity over the limit therefore did not contribute to the
primary production.

(5) Daily average values of the community respiration rate exceed those of primary pro-
ductivity even in Kanda River, which is assumed to be one of the most eutrophicated
rivers in Japan.

KEYWORDS: River, Productivity, Respiration, Periphyton, Eutrophication
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EREBVEL LB L TREBENEOBL TV ARBEHATOH RO LY, KEOEWE L OEHH I
T, AENZEEROE LLBEARDONE LOLE - T b, IR, SENTHEBIKCRG 2R EMAE
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EELI, RACET bhh AROBKKBERBEER T, WICHAT 2 EE. ) VAFES LT
BB EE, WO T LTH RSB WP & 5 A7 - IR AEF & O BIRIC 5 THRA & 47 - T &
rat AlEE SRR, KEICRERE, S LICKBICHT 5EBANE T MEESICEZ TAKOEHE 2
Bieo ERRREBES L OCARMSREDRESIC ED 2EMONEOEINLRT, mi b OFEEN
MEBESRBMANCENT, BENHEDEENONEET 70 NFILEOBEEELFTo

2 BRKEER
21 EBHE
&) B KBS MR
ERTHEALALANERGE, 2E200mO AT Y UARBBABR TS T, BI3500m, BEROIE
500mn, fHEE LEH O 1500m0ARNEEE TS (Figl 2R ) —BEMAEO# v s KIFE I h ok
B, HREY T TKBEBBCELR, HH1L/1000 0kBEHRARTFTLTHUT 227008 EBLLAK
EoThnbe KEEE2KABEOI OMNEILARMICETL TS XE
BInTeh, EKBOL /L, dLhUHREINIERE
ThERkEEBEBCHBTACERTE L, RERTHERLLOI
5KD0OB4AT, 2nFhOoKkKBEXHT512HCRUNI,
RUN2, RUN3, RUN4ELESLDT, 840kKBICD
BETHRC LT B,
B ER&#H !
EERIBRIE, W5 6F9A16B1512H120FTOH
3 HTH B, IBAKBEETARUNS B E IO 3 RKDOKKE
Ricid, EE5om~15mBEORYEIHN2 Omichiz- TH =
Eopto BABICE, BHA 105 (22 hr) O EKERAL, —
RE*EIOBEIRLLEVIEEFXN TN TS, T2bb,
TRy 7 TkBERRBCELRIAZ, H40~500003T
THBMCHET AL, —BEIEILGHEL, BYOBAIBRR
VITHUABERBCXR N B LR B, BEBELE LTE
MROBERAL*ERL, 1 BOAEBEEBE T LHTHIL 1 B
EEEZERKPCHRBIE AR LA L, Tablel KEREH%
BELTRTo RUN1, RUN2, RUN4 BT AT LK
Lo THERAOAMOEEY, RUNI LRUNZAHETAC LI - TREKODELIEEBTAC
ERTE2, 2%, BEREKBORATIRISHLAL2IA LS, RUNSHETHIBEKEDOK S VE L
FEKkER TS, Fig 2 CERPHEFORREN TR0

140000

450

Fig. 1. Diagram of artificial stream

-
. T T T cH
Tabie 1. Experimental Conditions in Artificial Streams = FU “ W o ] 20 ‘;g
o ; e
RUNL RUN2 RUN3 RUN4 ~ 30 ;l 6 ‘“‘"
o
a5 I
pollutant (powdered ] ‘ I
milk) loading 625g/day 125g/day 625g/day 3750g/day E e
°
ces stainless ‘& j ot
bed condition stony stony steel (flat) stony g K §'§
el o £
mean depth *(cm) 10.3 10.2 14034 10.4 " ke
o 8o
s
mean velocity (cm/s) 24.6 24.8 30038 25.4 ; 1
o~
o
retention time **(day) 1.9 1.8 2.2 1.8 @

* Standard level is set on the surface of stony bed for RUNs 1, 2, 4. Fi 2 Wat ¢ 1 diati
**.The pore water in stony bed is taken into account as well as flowing 1g. 4. ater temperature, solar radiation
water. ) and rainfall in the artificial

stream experiment
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2.2 HiKKEEBERMEMRED

Fig 3oLV —4—F +— b, ERBHRKOERHMET OFELK
BxzRlLidbOoThHb, HHK, BOD, T—N, T—P, P—B
OD (K F#BOD), O—N (F#M=E%), P—P (KTHEsL
J>v), chl.a(zwano74na ) TdhsT, BRIEDABAKE L
BE%OETH» 5, BBEEORUN1, RUN2, RUN4K-DL
T, BKERB L AEBEHAOHBECH L CRIZHEMUDO v 2 —
YERTH, RFVUVRBEORUNS I O—N& chl.a EBE XM
Yﬁﬁ’\]VC%}(, ﬁﬁtﬂ@ﬁﬂﬁ;iﬁ%o P TR~ X 21, % Fig. 3. Average concentrations
KABZE#MEHOLLVRUNL, RUN2, RUN4EHEBELT, RUNBUEBEBREHMOLED ZEHENB
THTHAEEZ LR L,

L UHKBBERICHEDLBHERO LK1 5mx 1 5mO@lT oz~ 2 v — FRFBEEL T &,
CHhETHOCRHELTEECAET 2BEDER 2 HWM Lizo Figd KRN EREMOLBEREF L
chl. aBEOKRAE(NERT, NEMENMEEL, ERERR
BAE L b —BRRICHENLLRES L, KO bRRHTTH e nuns
BEEmT s, BRNEMEYOLBREBREE L chl. a BEOE »—= RUN2Z

2 400 +—a RUN 3
Boog- Y@ ECoHLTRY, (EMEMERABRORL 58 o= RUN 4
25, HEBEMEOLMNC L > TRESNBTEERLTL Do ;gm
TOLORNEMENRBOEDE, Hkrb LELEBRESH e
20070, chuHERERREOMN - HlEAREICREC By
BLERBRLTN S, Figd TRAMY, RENEHTER T e oy

RUN4>RUN3S>RUNI>RUN2OETH B4, Th
BHFTRLV— PRECHELLMENEERLELOT,
EROBKICHETAIMEVERLEZREZ b, BICEBERTH,
RUAKFEEHBETCIBEAMOEERBELOLT A LA DORES L
b, KB2KONEREVEB L TN IEMT 5 L% %,
KBOBKRAK—FKEHBROBBEEKE T Tl L, REK

HETBMENE PSR - TEOBREREHE Lo € OR D e iy
B, AUAFEHEHBEK2NT, 2v— MRECHT2BERER Fig. 4. Changes in dry weight and chl.a of
KHET 2MEMEO I, RUNIT4L2, RUN2 T69 e ncriara T ieies atcendane
RUN4A4TAT ThHoto RUNBORFVUVRABELICHBETAHRAEDMEIA LV - RELABETD B
b, BEBROBEKEAT VYV ABERICKN, FEBREVENERICENT AL E25, LL, &0
KB INT S, BRGEREDH LB KRKFOREREYVHIBR—KLTED, ELO XS ZBEERFLEK
IAHHE - BEBEDEOEVR, BEVKRATIBERKORREITOE,, d50EHEHOMNEEOLPT &
OENCERTLIOEEZ LR B,

2.3 HEMAEEHORE

ke T, LOBRBEOENEES LUFRYIBRIENEC - TEreRT 1 DOHERELELT,
FINOBEMAEIVNBET ObN L, REFRKE-T, BEMEEINEOH %2 LEEK L 55 EERH O 2,
BALHBEBRBEREVC IZ2EBNIBEHOHIVEBL TSI LEZTLINTDA 5, AIlOMEY, ¥
KRAIKNEREDORBTEHIHRESOEE LTI, B AKBoEEHORMECEL(EAIL TS
PRE © v i, ANCEBLTNALRSHE, & T T, BHAKRICS T 5N AEYEER DA E N % (1)
BODWK#H LD ONKED 2 SO FETHEL, ZONMELELE,

o = — ™
o o o I
@
w

chl.a density (mg/100cm?)
<

=)
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A BODIRXE (ARHINIE)

HEOMNE & L) BHRABCENTD, A (B) REHET 2BEBOREEBLERT 5T LEB
HDTHETH 2, 2 THEMREVEREPHICER LA L, HE - FRCI2EBRYOBBR T T
HARPOEBMBEECRMENDLHNETLLE, ROIIZBODORERNRK D AL Do

g_lt‘: _%.’_ R s (1)
L:gKkTFOoBOD®EE (g 2)
T @ KBS IR (day )
R . BEM4EESH (9BOD L. day )

CCTREBYISELLTBODERALLY, 20MOBELANAI LI THETH L, RIZH¥EBE
PRERGFEAKFOREAREZECERET 2ETD 28, AEBROLIICHEREHOBH S AXEH 2 FH
TH, TEREDK LDEE - PBEARKECKREN HBE CREMICERLENDEEZ LD M
L, CLTRREEREARLTIV, 2%, —REKBRAFKEFLBODOFEHRERECENI %
b %L,

CCTHIERMARABMOBODEE Y Lo — 4L &<, BISMABABBET t=04L L, CORKAET
BODBEXRALEG ERLTCLi K224 0LF 5,1 A0 t=10%"T, BODEERXHU Lo —
ALIKET T2 EBESN L L, AB»PLOBODAMEEZNERET AL, FRAKD21T, kKO
2ODEEREHNRIALT 5o .

L=Lo at t =0 (BlsmIALBAER) s (D)
L=Lo—4dL at t=1 {(BEBALBALSLIAK) o (3)

LERO2HODOBRAEH#ZA TR DO TR ER S, Bonk 2 20nbLle s kT 5L, RALSE

%0
1 4LET
RZT <L___e__l> e (4)
1—e T

zolk, ALEBEBABAKCIAZBODREECLR (m /L), t HBRERIAB AL LHKFEKE COM
RARIRE (%9 0.1 Tdays ) TH b,

EHHICAELILHEKFOBODEE»UREFROWTRABOBODKREHRE (—R ) 28R T 5L,
Fighb DI oK% b, EBOBEFLHEKOKBRE» R DETLTWII»hbH6T (Fig2 BR),
BODBREEBEIIABIKI > TRBE—EOMEE>Tl by FHLWTHhOKBTIRSOTH-T, B
BYOAREROFAEEE LE - THAT L Hbh b, Figbld, BKEOBODREEEOFLE &
BODRWRLOBELERLT A, BEKORUN1, RUN2, RUN4kxI T, (BODRKE

oo  RUN !
e~ x—x  RUN 2 100k
S o—a  RUN 3 3
N o—a  RUN 4 5
:
g 100t %
L | T T £
31 s 10f
3. 1op o o s

-
5 R o e v i £
5 ¥ 20 40 T 60 80 g . w2 | )
8 A Y 1 100
8 time (day) a
= 2 BOD loading (mg/¢ -day)
Fig. 5 Changes of BOD removal rate Fig. 6. Relation between BOD loading and

BOD removal rate
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MIE (m9/2L +day)) = 0713 X (BODRME (m/L + day )} % 2 WEAG bR, BODARK
RICHELIEHOBH I IGENC Edb, RERRIZIZ—FOM(T0~95%) Erb, —F, X7 L
ABEORUNI KDV TE, FHBODKRERNE 4L 6 B L BBKOBECHRTHE VKL & - Thb,
BUBRABEZRLTROLHOERCH T, FIIKFOREEL, EHRHOEBENETLIF)IOMA
EHEMAIELY, DIREOERNOGHET ZRETR, YCHEEN*ROSELEANOD BT &
BHH LR TND, ABOEBRTEM UL BRI, »2 b OREREEEHL TLALRE TS,
HEHBAREOERY TH L0, RO LI AERCE -2 DEEZ LR B,
® DOowXE

LOFHE, H.T. Odum#», HEHEXKPOMEVBOEENEAET 2L CERELILIOT,
it ( diurnal curve method ) & %ﬂ?bihéz

Fig.7 & Fig8, #hZhMMm5 641 11 68~2 1 BICEAISALKAE, AHEE, RUNI
OHKFDOREOENERL TS, COBMUMP, HBRENAZ1IBS2% 1254 L T2HHECECEA
Lo
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Fig. 7. Variations of water temperature (black circles) and solar radiation (histogram)
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160 - .
14,0(080 o o - -~ - R
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Swoof K 2 e R . & . s 0% o
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Fig. 8. DO variation in the artificial stream RUN 1 (Nov. 16th-21st)

HAROBMERRK T ABMEBEH L, BEVBEOLE - FREHICHK > BENZ,

black circle: running water

white circle: pore water

takozxMmeEind, BRAKBHEKFODOOEHIERAICHE I,

40 . —
=K (Co—cC

C:¥#HAKDO (m/ 2 ),

}+q (Cin—C ) +8
Ce T#AFIDO (mg, 2 )
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Cin : ¥4k DO (mg/2), B  BEMEEN (M0, /L «hr ), Ko : KBEBER->SH% (1,/hr)
q KEFRE (1,/hr )
EROEDAC/dt 22 HRCEML, 0 (FHE) OR oK, 2RpAIE, BEMAEES B O A WES
R HT LI ERTX S, Fig.9d, RUNI1EKSWLTOH

RThb, FoKBCIBHEMERE L, BEIEE, ®EG oL (RUN 1)
BOERD, AHBENAEL 25 L, BEORSHET ; )
HYBELEKORREX FAZZE%RLTI B, 0

® o o &°
P pufio  ERD e’
3 5

BHABEEC I 2HERSTHLAT, FREBOL L %
B Ehb, BEKBLEPTIBHETFREELRD, BEKNSE
BEVBERERTFELOBREMNIONFig10 TH 5,
HEMREDER KR YE, KBE2EXKOBEFREE DT KX
hbo Fig. 9. Variation of net community productivity

: in RUN 1. (Nov. 16th-2lst)

Fig 1l cBEMEeEN L AHBELOEFEER T, RUN
1, RUN2, RUN3BOBEMEENIL, 025~05(MJ ) TIRIZHMICEL, 2hLOBHE
&, RERKESLZzA, RUNAOHMEZENR, W15 (MI/M) FTEKOHACERLTL S,

(mgo?/e-hr)

17th 18th  19th 20th 21nd

net community productivity

- 81 (RUN 1)
400 gL o °
%HZDO © RUN4 4t . o 0. 0o 00 oo" oo
o b 2fo © 2 o ° ° o&w
. o 20 o
.E.wao o RUN1 0 pogrt——® Pt +- —t—
o 9 b 0" 50 100 150 200
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?)' 50 ~4F
: © RUN2 -6
o] 25
E o RUN3 8F (RUN 2)
Qo S S | 6F
< 250 500 750 1,000 1,250
dry weight of periplzlyton per unit flat bed " ir o °
area (mg in d.w./cm®) z 2»000"5 °o° L0 P @009?00%
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Fig. 10. Relation between periphyton 3 OF% o 150 200
density and respiration rate \%’; “2F° solar radiation (0 01 M]J/mt)
-4
-
-, pe b
O HRYRLLELEDORKEIL LB, Hik-BRRCET &
“
LEBRYEEOKE 3 8 (RUN 3)
N . o 6
PECRLIEBONZELDORIBEDOREELRT 5 B,
P
CERE-T, MAK—BERRCEPT2E8D0OT % % BBRH ig 2 bo o e
? © o’ o
- > ~ - | ~' 0 &
CIRABCEHRTRD, TYEZT OIS DONER LI 100 150 200
s _,
* lar radiation (0 01 MJ/m')
WAL, FRMIEELLTTOD (RBAUOD) #MaL § o O

LT rE, kFE LUBKCHET 2TODOEHEHIKS L
WTHRA DALY AL Do 8 (RUN 4)
6
ﬁiﬁ — ,_i — 4 ° o o
S TPt s ®) 2 L e Lo e
BdMm ENoc TR T
Adt e ﬁz (7‘ -2 o solar radiation ( 0.0l MJ/m)
S HATOTODBE (n5/2) 0
M . %EEVC ﬁ% L ’CﬁfE?‘ A5TOD ( 9/7".2 ) Fig. 11. Relation between net community

productivity and solar radiation
(Nov. 16th-21st)
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F BERALOWMAK L > TABLLMHBEINETOD (m,/ £+ day )

a IFHKkESSBE~DOTODEXE (mg,/£ « day )

AR ('), BEBEIE (m)

T kAR (day )

B i EMEMBIC L AMEES (10, ¢ » day )

B, MR BEMEMBIC L AMMAERES (m0,/L « day )
L TRBEHERENBCLAMEENB KETAF— 20820 0T B =0 LREL, B, =8 (KELIKL
DOHEFEN) Lo BIRCOD:r STODH L TdS/dt =0 LS REEF &, HAKDCODer @
F—ahbaBstBINd, AKBR L HLBZFEL, at f (=8,) 0z DRECA/ATIIT, BERM
EEBMBOEFH IM/ dt #EET LT LD TEx b, Table2d, 1181 TH~19HBOHEADPDOE
CODer DF— 2 &b LICLTEHALI, B, dM/dtOfE Table 2. Changes in TOD on Stream Beds
ZRLTVA, FOKBLEHTS aDEAETH ST & ABov. 17 - 19)

L, BRUONEMENBRE~ORE S 5T LBEEOH R, a 8 d/de
(mg/1-day) -d (g/m*-day)
BB 0 & K~ O RUBE TR L D AR 0T L Ab o me/Ldey) | (oe/liday) | Geindey
RUN1 10.5 -3.2 0.84
LhLBL0LY, BRTAECHEEY LEA2FH « AKX
RUN2 0.7 -1.7 -0.11
BRfThbhTnbZ itk b, dM/dt 2R LEBEKLLT
RUN3 3.5 -3.3 0.03
Hnid, RUN1, RUN2, RUN4 CTH, BERIKGET
RUN4 80.6 -61.1 2.26

LERMEBEIENERK, RUN2 TEELERALCD 2, %
per unit surface plane area of stony bed for
b, COFEFESDLOREXHRE L TEF D, HiC, B RUNs 1, 2, 4 and per unit wetted bed area for
RUN3.
WEHDOFXENEZRUNI~OBRACEMERD S LT 5,

3. EEooAIICEKITIRE
#mEEHOME
31 FHEWME
KEBERBE&L, FRKK
TEBRBORXT AR L
BRBHGAN, MmE)NCE
NT, RS EREYMHOL
EHOREERATzo Figl2
CRERNRRMERT, O
X+ ~tays)— +#
KT, #O&MICESpirogyra
sp- P Oscillatoria sp- HO#E
Mp—mMICEEL T 5, |k
B bIEIKSt.). 2, 303
DOBEMAERG, 3EKCDH
7o AR 2 ARRMERFAR
T ~tedt, ZTOHEBA L
&, KE, WRGE#HENE
% Table 3 KR T,

Fig. 12. Map of Knada River. V indicates the sampling station.
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Table 3. Flow, water quality and periphyton deunsity in Kanda River

average concentration at (st. 1 - St. 2)
survey date avetage flow water tempe- st. 1, 2, 3 (mg/2) “ "

No. (m*/8) rature (°C) . - periphyton den- Chl. a density
BOD T-N T-P sity (g in d.w./m?) (g/mz)
1.5 5.28 0.09
1 ;981'2_3 0.57 24-28 4.1 6.13 0.21 360 -
P 3.4 5.63 0.16
1981 1.5 8.77 0.04
2 oor. 22.23  0-84 13-17 1.6 8.62 0.04 120 1.2
ct. 22~ 1.6 7.19 0.05
8.5 6.72 0.29
3 0.41 2-6 6.4  5.88  0.28 220 - 2.3
b 4.9 5.43 0.23

3.2 DONXHIKIIBEMEENOHETE

BRAKOOKEAFCELITCOBMEBILE, FLrO0BREXERBKANLE, BHKBTT-LL5KBO
DRZLOEENEHETLCLE, CCTHARBURTD S, 22T, MBI OHAEN KX M % FA KON HE
FERPHERKHEL T8 >ONMXEICAHFE L, KEHEK L - TENEOMNRELZKBEEERD %, DOR
XRBESOTARSAEREMHOBEREEN*HE L, TTRFEREDC I ZBREHEEER 0F 5
ERB, 2HO0HOBERCHEKERAKLTERECELED, 10T, 20C, 30 CORRERHE
ORFITHEMBEELRELILEIA, ROLS>AEERE LN,

Rr=663%X10"° (1084)TQ - reiereeees (8)

T:Xk&(T), C:DO®EE (mg/2)

Lo Ehh, MRNCET2REREYOREBBEER, MEREVEHNTERTXIBRETDLC
tBbh b, FRFEAKPO /oo TA N aBEZAI~9 (r?/L) T, ARKCHFET L7027 41 a
BEHBRLT (Table 3R ), BHEREOXSROBBIBRTXSLLEELI b5, Fig 13k, £1MHHE
PEMKE T EFAKRI WS b OBEMEEHNOBMES L R T, Fig MR, ALF— 4 e BEMEENE
KETORELrOBEBBRTRLEIDO TS L, RKMAXERE X BRIEAOA TS L5, BEMEE T
BOME% by, REOHEMCHE->-TERL, BREEL %5, LA LMEENL 5kl ~1 0RLux TE— 7
KEL, 2hPDEORBERIXREGHELES LAVWE»D T, DL THIIEDLI - CEEXHETLHE
METZR LN B,

3

oy

>
7 .. B
5 = 2 2 o oo
LI Ho SE

~ el oo
g8 1 . 8 &
o o ol H
oo % o S a B
B~ 9 shay . & . o
- 1300 © 1@3 0:00 ot;gg" 12:00 &
.‘é N %OQ;Am%wM C light intensity (klux)

©
g ¢ o St1~5t2 L
3 -2 ¢ (St.1~St.2)
© \_ A St.2~5t.3 o
9 -3 g -3
g
Fig. 13. Diurnal variations of net commu- Fig. 14. Relation between net community
nity productivity in Kanda River productivity and light intensity

{1981, Sep. 2nd-3rd)

33 ERHERILZNHER « FREE OHE

HMANBERCHRP RN LAGERENIKEERZCHELRD, XK - FREROHEEHAE T
ARHFigls KWRTHERBREBE TR TOL I ZATEET» o

(1) MBIy (FEMI00w) CESBOMKMNEHREDRR LA AEAL, CAHECDORERAER %
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# LA

2) BAeBHELLELBEORZHFTT, 1 5~2 0480 lamp
AN A A N

DOEILEBET 50 JON ZININ N
3 MEXRTHR, BRryIDVABEmMLHL, CREES ‘

; [elNe]
Mz 5o Eiﬂoo

2 BB FAHICRE LA R A R AR S T, kA o | i E
DHECE LRI R AR — NG &N Am— BEMEE Figlh 0z sensor -~ i
EFiglTKRT, EFOprimary productivity &EV5® = s
HDOZE Dbk bh BHATENIC, REAMETHES B stirrer
WL % AP b DD Bo WARERE I & % 5 D RS0 200 dncabatdon borrie
klux T, ZEBOENIODORX»LE LN Figld LE%Z D, Fig. 15. Apparatus for measuring the photo-

synthesis and respiration rates.

BORELBEOTFTTCIFAR IANREAROBERIROAZ 1N,
FLNER—BEHEE, 20 C~30CTEAOREEREFE2RL T 5B,

8 * 12
~ Py~
fearw . 8%
e S
206 o 10
o3 oo
1%} . Q-
] e
B e -]
wea 4% B
A o0 .
o N~ hd
e
B 3
L 48 6
[PR-1
2% e
- 4l
01 2 3 4 5 6 7 8 9 10(x10klux) 0 5 10 15 20 25 30 35 40(°C)
light intensity water temperature
Fig. 16. Photosynthesis - light intensity Fig. 17. Photosynthesis - temperature curve
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