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ABSTRACTs

The paper dealse with the metabolic changes caused by
geveral pollution compounde in marine unicellular
algae. It presents data on cellular division, photosyn—
thesis and utiliz: sion degree of pollution products by

the algae.

Untoellnlsr algae play a prominent part in the cy-
cle of mineral and orgamic matter in water environments, by utlili-
ging the compounds 1in their nutritional metabolism. Among the es-~
sential mineral elements, N has a very important place, its assi-
milatlon belng possible in any of the reduced or oxidized states
(2, g, 2, Z)'as well as from organic producis, such as urea, urilc
acid, amino acids, amldes, etc. (2)s

A great aumber of organic compounds serve as carbon
sources in both photosynthetiic process and mlxo- or heterotrophic
processes. Of these, ethylic, n~propylic, n-butylic and amylic al-
cohols are certaln carbon sources (1l)e

Consequently, occurance of the above products in the en-
vironment, either as a result of organic matter decompositioen, or
from waste water, may signify increase of the avallable nutritive
substances.

The present study is aimed to point out the effect of
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N—Nﬁv area and methanol on algal metabolism and to determine the
concentrations at which these compounds can be used by the algae.

MATERIAY, AND METRODS

The algae Skeletonema costatum GREV.CL., Nitzschis te-
nuirostrls MER. and Chlamydomonss sp. were selected for expe.li-
went, taking Into account the following reasons.Skeletonema 1s one
of the moat wldeapread algae in the coastal phytoplankton and 1ta
development over the last years shows existence of the conditlons
required by this organism.

) Species of the genus Nitzschia are typlcal for the media
where organic decompositien and consequently, generation of ammo-
niacal nitrogen takes place. Laboratoery experiments proved that
the specles Nitzschla clostertum (EHR.) W.SM., can grow in media
where the only nitrogen source was ammonla (3, 4). Nitzschia te-
nairostris is a frequent organism in the phytoplankton of the
coastal zome of the Black Sea, which shows & density Increase tem-
dency over the last years, slmultaneously with the incresse in to-
tal quantity of dissolved organic substance.

ChlamydomoRas Bpe belongs to the group of organisms the
biomass of which began to increase in the coastal waters concurren-
tly with the increase in waste water input. Its preference for
urelc and ammoniscal forms of N, as well as for erganic substances
among which alcohols, are well known (Z).

The experimented substratum was composed of waste waters
which contalned methanol, ammonla + urea, or both the former and
the latter. Concentrations of chemical compounds varied within ex-
tremely wide limits: methsnol o0.34 - 17 mg/l, ammonla o.l-42 mg/l
and urea 0,0019-1.52 mg/l.

All tests were performed on the sams sea water « stored
and pasteurized, according to the usual technigues.

The algae. In the active division stage were separated
from the growth medium, thoroughly washed with sterilized sea watex
in which the experiments were to be dome) and than resuspended in
sea water to which different quantities of waste water had beea
added in erder to obtaln the proposed concentrations to be testeds

Algae growth conditioms - bubbling, illumination (2,000
‘Ix), temperature (19-21%C) were tdentical and constant with all
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specles.

The following determinations were made:

- cellular demsity/l, for pointing out stimulating and
inhibiting concentrations of the tested compounda;

- concentration of existent compounds in the waste wa-
ter during the experiments, for verlfying the sblllty of the algae
to utllize ammonla end urea, by SCHEINER'S method (6), and metha-
nol, by the chromotropic acid method that is used in wine indus-
try and was adapted to sea water;

- P-P04» N—NO5 and N-NO, concentration level (2) for es~
tablishing the metabolism activation degree under the £nf luence of
the upper called compounds;

-~ determinations of photosynthetic level and pH-measu-.
rements, for explaining the actlon characteristics of the ilnvestli-
gated compounds.

RESULTS AND DISCUSSION

As 1t has mentioned, the products contained in the waste
wabter were tested within very large concentration limlts

(Table 1)'
Table 1

Concentrations of the compounds contalned
in the waste water (ng/l)

. iy Sfuéy varlants
Methanol Ammonia Mixture
Ammonlia _ Urea  Methanol Ammonia Urea

0e 54 6.10 0©.0019 0. 54 0s10 00019
0. 60 0¢20 0,0058 060 0:20 040058
0085 0s30 000095 0¢85 0e30 040095
1l.70 0s70 0.0190 ‘1l.70 0:70 0.0l9%0
6. B0 %:50 0.,0950 Ge 80 3¢50 000950
17.00 7.00 0e 1900 17.00 7.00 0.1900
34,00 10.00 003800 34400 lo.00 0+ 3800
68. 00 21,00 0.7600 68. 00 21,00 0.7600
173. 00 42,00 L5200 173.00 42.00 15200
- F————— 3 ==

CELIULAR DIVISION

a. Skeletonema costatum intensifies its division pro-
cess when concentratlons of the tested compounds have been redu-
ced. Methanol, for example, in concentrations of 0.34-0.85 mg/l,

237 '



implies division stimnlation exceeding the control by B.78%,

while higher concentrations restrict the division rate to its Iin-
hibition - which was the case of the varlants with 68 and 175 ng/l
of methanol (Pig.l).
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Figel - The development of Skeletonema costatum under
the influence of waste waters charged With me-
thanol (in mg/l; Controls sterlized sea water)

Aumonia and ures, betwesen the limits of 0. 1/0.002 and
0.7/0+02 mg/l (N-NH4/urea) glve an increase in cellular density
by 30-73% of the control value (Fig.2); any coancentration excee-
ding the clted upper limit ilmhibits divisien, causing the cells
death during the tlme.

The mixture of the two sorts of waste water concenfra-
tions of ammenia, urea and methanol of ©.1/0c.002/0.34 and 0e 3/
c.01/1.7 mg/l (ammonia/urea/methanol) gave an increase in cellu-
lar density by 23-73% greater than that obtaimed 1n the control
(Fig.3). In this case the optimua increase is obtalned for the
smallest of the concemtration values. Imcrease in concentratien
degree of pollutlon substances glves decrease in division rate
(for instance, 0.7/0.02/6.8 mg/l), or mach more it causes {rre-
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Pig.2 - The development of Skeletonema costatum under
the Influence of waste waters charged with sm-
monia and urea (mg N-Nﬂﬁlmg urea; Control:
sterilized sea wafter)
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Fig.> -~ The development of Skeletonema costatum under
the influence of wasfte walers charged with am-
monia, urea snd methanol (mg N-NH,/ug urea/
methanol %o0; Comtrol: sterilized sea water
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Fig.4 =~ The development of Nitzschla tenuirostris
under the influence ol waste wauers charged

wittk methamol (in mg/l; Control: sterilized
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with apzonia and urea (&g N-Hﬂafmg urea %oi
Control: sterilized sea water)
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versible degradation of cells,

b. Nitzachia tenulrostris. When the tested products
had, separately or in mixture, low concentration degrees, they
caused stimulation of cellular division. Higher cellular density
was obtained as compared with that' of the control - by 45 - loo%
for methanol, loo-200% for ammonia and ures, and 35-100% for the
nixtures of these products (Figs. 4-6).
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Fig.6 =~ The development of Nitzschla tenuirostris
under the influence ol waste waters charged
with emmonia, urea and methanol (mg N-NH,/
g urea/mg methanol %o0; Control: steri- .
lized sea water) ’

The stimulatory concentrations are o0s34—43 g/l for me-
thanol, with a maximum increase between 0.1 and 0.7 mg/l. For am-
monia the limits are o0el-0.?7 mg/l, the maximum stimulstion belng
produced at concentrations of 0. 1-0.34 mg/l. To these aammonia
concentrations the following_urea levels corrasponds‘o.ooz -
0.02 mg/l as stimulation limits, with maximom division between
0.002 ~ 0.0L g/l
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When the two kinds of waste water are nixed, the concen-
tratlions of emmonia, urea end methanol (In this order) whiek fa-
voured Gevelopment were Oel/0.002/0¢34 f0 6.7/0.02/ L7 wgfL 8ud
saximam growth was cbtained when these products had concentrations
Prom 0. L/0e002/0s 34 §0 0035/0001/0.85 mg/ Lo

ce Chlamydomonss Sps

Methanol stimulates division in concentrations of
Ce 34=34 mg/l. The most actlive increase in cellulsr division was ¢b=
tained between 17-34 mg/l (Fig«7). The difference between the va-
riants with optimum growth and the control reached 3%0%. At concer-—
trations above 34 mg/l methanel ls inhibltory, causlng cassation
of cellulsr division or even the death of %the algse.
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Fiz.? -~ The development of Chlamydomonas spe under
the influence of waste wasers coarged wilth

methanol (in mg/l; Control: sterillzed sea
RELELe
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The waste water containing ammonia and urea hes a stimo-
lative effect only when the quantity of ammonia ranges within o.l-
7 wg/l and at the same time, urea takes concentrations betiween
0:02-0+2 mg/l. The optimum cellular division is reached in vari-
*ants wWith 043-0.7 wg/l N-NH, and 0.0l-0.02 mg/l urea. Within these
limits, ammonia and urea make much better stimulative substratun
than methanol, the optimum growth exceeding that of the comtrol
solution by about 50% (Fig.8). When ammonia exceeds 7 mg/l - cor-
respondingly, ures o.19 mg/l - ceasing of metabolic functions oo~
curs, which 1s followed by loo% culture suppression.
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Fig.8 - The development of Chlamydomonas s o under
the influence of waste waters charged with

emmonia and urea (mg N-NH,/mg urea %o;
Control: sterilized sea aater)
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The presence of the three compounds gives a stimulating
effect on division within the following concentration limits: wme-
thanol 0e34-17 mg/l, N-NH, ce 1=7 mg/l and urea 0.002-0+2 ng/ e
However, the stimulation exceeds the control value only up to 0%
(Fige%). In conseguence the effect on the algse 1s much simllar
%o that which was obtained in the presence of ammonia and urea.

The maximum cellular division value was obtained at 0e3-
7 ms/l N-NHy » but at a lower gradient of methanol concentirations
6. 8-17 mg/l, a8 compered to 17-34 ug/1l, when methanol wes tested
alone.

THE INNER MOTIVE OF THE INTERRELATION RETWEEN ALGAE
ARD EXPERIMENTED COMPOUNDS

Additton of waste water brings about modifications in.
the reaction of the medium: slightly toward acid, with methanol,
and toward alkaline, in the presence of N-NH, (Table 2). If, in
case of methanol, the pH difference from the control 1is very
small - 005 - in chat of ammonlia, pH rises from 6e5 0 loe5s Butb
after the lnoculatlon of the algae the reaction of the medium re-
establishes at values colnclding with those of the control. I%
was fourd out, however, that the studied algse have different pH
re-establishing st ilitles (Tsbles 2=5)e

Table 2
pH variation of the med fum under the
inf lusnce of waste wafer as a function of the experi-
mented vartants (Conirol =6.5)

== -

" Methanol Ammonia . Mixture

Conce In mg/l pH Concs in m;/fl  pH Conce in ng/l pH
N-NE, Uresa Methanol N-NH, Urea

0s 354 6 0el ©Ce00l3 6.5 0s34 0.l 060019 65
0e 60 6 Ce 0.,0038 7.0 060 0e2 ©0e0038 605
0485 6 0e3 00095 745 0¢85 Ce3 ©0e0095 645
1l.70 6 Oe 7 00130 8e0 1, 7¢ Ge7 040100 840
6. 80 6 5-5 Oe 0950 8.5 6. 80 3.5 Oe 0950 8.5
17.00 6 7e0 0e 1800 Ge0 17.00 7.0 0e1900 9.0
34, 00 © lo. 0 03800 9.0 34,00 lo.0 ©0¢3800 De0
68+ 00 6 2l.0 067600 D5 68,00 21le0 07600 9u5
173. 2] ] 6 42.0 1. 5200 10'5 175. Q0 U420 1. 5200 10-5

——— o —— i e e s s et
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Table 3
pH modification in the experimented varlants under the in-
fluence of the alga Skeletonema costatum at 24 hours (1) and
48 hours (2) after the insemination (Control =6e¢5-7)""

Methanol _ pH Ammonia DE Mixture (me/1) pH

(me/1) TSND8 Capfl) ) 2 Methan. Ammonia 1 2
Os 34 Ge Oel 665=7 6o Oe 54 Cel Be5=7 6

2 ; 4 60? i ) 6.;—; 'g

6
0e 60 6 65 042 0. 60 0e2 6o
0e 85 6 605 00;3 7 6e5 0485 0e3 6e5=7 65
1. 70 6 6.5 0e7 7=7e¢ 5 6.5 1. 70 Oe? ? 6e5
6e 80 6 6e5 3.7 B8-845 645 6. 80 37 7+5 6e5
17.00 6 6o5 7.0 lo ?7 1l7.00 7e0 8 7
34,00 6 6:5 10e0 lo 7.5 34,00 1loe0 9 7

s s e i ke S vy e et

- s T Y e =

Table 4
pH modificatlion in the experimenfied varlants under the in-
fluence of the alga Nitzschia tenulrostris at 24 hours efter
the insemination (Control =6,5-7)

== zEEsm==sos Sxssmc=soomsmos
Methamol . Ammonls . Mixture (mg/L)
mz/1) (mg/1) Methan, Ammonia

0434 6057 Oel 665-7 0434 Oel 6e5=7
O 85 6e5=~7 Qe 3 6o 5=7 06 85 0e3 66 5=7
) I ?0 6o 5"7 G 7 6e 5-7 1. 70 0e? 6e 5-7
6. 80 ©» 5-7 5. 5 % 5-7 6e 80 3. 5 e 5"’7
1?000 G 5-7 7-0 705 17. 00 7-0 Ge 5-7
34400 Be 5=7 1000 7.6~-8 34,00 les0 7

— T Ty Ty Py

- ———+ - —F——
Teble 5
PH modification in the experimented variants under the in~
fluence of the alga Chlamydomonas sp. at 24 hours after the
: insemination (Control =6.5-7)

Msthanol - Ammonia "~ " “Wixture (mg/1)
(ng/ 1) (me/1) P8 Wothen, Ammonga _ PB

°0_3q', 6e 5=7 Oel 6¢5=7 Oe 34~ Osl 6e 5=7
Ose 85 ©e 5-7 Oe 3 6o 5-7 Oe 85 Ce 3 6o 5-7
1. 70 6o 5=7 07 6e 5=7 1.70 Qa7 66 5=7
6‘ 80 6. 5-? 50 5 6. 5"'7 6. 80 3. 5 6- 5"'7
17. 00 Ge 5—? 7. (] 7. 5 170 00 7. [+ 6“5-7
34, 00 6e 5=7 10e0 7¢5-8 34.00 los0 7

x/ The quantities of urea corresponding %o each variant are not
mentioned in the tablea,
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Thus, the re-establishing of tl1e reaction of the med Lum
occurs after 48 hours cultlvatlon for Skeletonema, while Nitzschia
and Chlamydomonas needs only 24 hours.

Photosynthesis measurementis on the algae Skeletonems
and Nitzschis showed sharp reduction of the process after the ini-
tial 24 hours, from which correlative intemsificatlion of respira-
tion is inffered. Using the formulsa:

v -
D = 100 x 1’2.x »00 0
N ¥ - M

-}

wheres
Dx =% 02:‘1 as related to control,

Vx,a,x vee = 02/1 in experimented varlant,
¥, = 02/ 1 In sea water without algae,
¥ = 02/1 in sea water with slgae,

pmodifications of the photosyntheiic process were obtained as pre-
sented in tables 6 amnd 7.

The shock induced by the tested preducts shows specifl-
city as a function of the orgarnism. Oxygen consums 18 Skeletonera
{s nuch intensive im the presence of N-KH, than of methanol; in
Nitzschia, on the contrary, the most intense effect is produced
by methanol. Moreover  N-NH, concentrations of 0.1-0+3 mg/l sti-
mulate photosynthesis; its reductlion, slong with intensifying res-
piration, takes place only when N-NH4 concentrations exceed the
above mentioned limits (Tables 6 and 7).

In both algae, the mixture of the tested compounds
showed reduction of photosynthetic activity and respiration inten-
sification in & much higher degree than in case of separately tes-
ting of each compound.

The comparing of pH modifications with those of photo-
synthesis shows that by changing the reaction of the ned ium the
photosynthesis is reduced in the alga and thelr 02 consumption by
respiration is intensified, which explains the mechanism of pH re-
establishment. Therefore, even if the algae do not survive the to-
xic concentrations of the experimented compounds, they exert a pH
re-astablishing effect on the medium.

Por observimg the metsbolisatien process of the experi-
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Table 6
Modifications of the photosynthetic pro-
cess in the alga Skeletonema costatum during the ing-
tilal 24 hours of experiment (intensificatlion or reduction
of photosynthesis {n % 02/1 as related to control=

=Dx)
n Experimented variants --f=======
Rixture

Methsncl Ammonia Methano l+Ammonda

Conce (mg/ L) D, Conc,. (mg/l) D, Conce {mg/1) L
0s 54 - 32 Oel -~ 89 Oe34/0s1 =~ l03

0. 85 - 129 0e3 - 289 0+85/0¢3 - 450

.70 ~ 153 0s7 - 326 le70/0e7 - 465
6. 80 - 426 3e5 - 371 6.80/3.5 - 478
17. 00 - 471 70 - 392 17.00/7.0 - 498

Tasse 7
Modifications of the photosynthetic pro-
cess in the alga Nitzschia tenulrostris during the
initlal 24 hours of experiment (irntensificatiocn or reduc-
tion of photosynthesis in % mg 02/1 as re‘ated
to control =Dx)

" = Mixture
Methanrol Ammonia Methanol+Ammonlia
Conc. (mg/1) D, Conc.(mg/1) Dy Concs (mg/1) Dy
0e 34 T 59 Oel + 141 Oe 34/0. 1 - 130
0:85 =~ 134 0¢3 + 18 0685/0¢3 =~ 171
l.70 = 139 0e? - 95 1. 70/0¢7 - 185
€480 - 254 365 - 131 6. 80/3,5 - 265
17,00 -~ 273 7.0 - 148 17.00/7e0 = 316
34,00 - 202 lo.0 - 249 34400/10.0 =~ 323

rwented compounds, the alga Chlamydomonas sp. was chosen, as its
growth showed the best stimulatlon by the waste waters.
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The activation of %the respliraiicn precess fuplies lnien~
ze consumption of the energevic substratum. P—PG4 éssage from the
cedlum incicated its ccompleve absorpiLon after 24 hours of experi-
went. The recover of the erergevic reserve i merked by the star-
ting coment of che celiular division,; during which the needs for
nutrients are intensified. After 2% hours of observaticn the cel-
lular division log phase starts and concurrently, the abseorption
of the trophic elements (Flg. 7-9 and Table 8).

7/0.2//7
K 3s/01/68
- ;;\( 0.7/6.802/1.7
F680 A [ e 0.5/0.”//[265
i

pﬁgﬁb"ay%amyaa
“f

3 | //{r/ i &
3 2000 * /5 Contro/
| 4
S 7
< % 4;
RS l! &M
. i A/
é i v
1000 4 Y
{ £
| // / !
o 5
‘ |2 . | 5‘9-9’5, Vi clci/.f’/itgz‘/'m
‘ ) 3 4 g B 7

Fiz.3 -~ The development of Chlamydomonas spe underxr
the influerce of waste wavers coarged with
ammonia, urea and methanol (mg N-NH,/mg
urea/?g methanol %o0; Control: sterlilzed sea
water

The following of the N-NH, dynamics pointed out the pos-
sibllity of its total eliminstion from the wed ium after four days
of cultivatlon when tested concentrations reached 3.2 and 6.8 mg/l

(Table 8). Take into account the N-NO, and N-NO3 utilization
both in control amd In the experimented variamts, 1t could be inf-
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Utilization of ammoniacal nitrogen, nitrates and
nitrites by the alga Oblamydemmonas sp. (mg/1)

Table 8

variants : N- ’;Hu & N - W0, 5 W05 5
LN 18t ond 4B raipia) 15 2nd 4tR

Initial day day dey Initial day Ay -Ne% Gay. AEv By

Ammonia 2200 2Boo 250 O 758,5 671,6 667 513,7 7,49 8,20 16,20 8,76

Ammonia 6800 2600 230 0O d 607,7 605 597,2 lo,40 11,20 7,42

Mixture

Ammonia

Methanol

(6,5 mg/1) 3400 1800 1l4oo O " 645,1 616,7 543,6 " lo,03 17,10 16,4

Mixture

Ammonia

Methanel

(16,6 ng/1) €700 2%00 2300 0 it 696,5 692 670,9 " 9,40 17,90 21

Methanol

(6,5 ag/l) 0 0 0 o 4 423.6 20,3 12,7 s 4,50 0 0

Methanol

(16,6‘mg/1) (4] (¢) 0 0 " 316,8 42,3 40,6 - 3,75 7.5 1,5

‘Control 0 0 0 0 " 511,8 128,7 23,2 .

lo,40 12,7 4,76



fered that algae have the possaibility to oxtdlze or %o reduce the
disponable forms of nitrogen. Hence, the N-NH, could be transfor-
med in N oxidized forms. But 1t is possible, too, that N-NH,
should be uttlized directly; the guantities of N-—‘No3 and N—N02
which remain nearly constent during the initlal two days and di-
minish only together wilth the exhaustion of ammoniacal nitrogen
may be o confirmatiion for the letter way of utillization.

It was notlced that the presence of methancl in concen-~
tration of 6.5 mg/l stimulates the process of N-NH, removing from
the medium.

The methanol 1s sbsorbed by Chlamydomonas according %o its
concentration in the medium as well as the presence or absence of
N-NH, . Selecting two variants of optlmum growth of the cells -
6.8 and 17 mg/l - it was noticed that methanol utilization in the

0 /236 01236 &
/ 2

a./

I\

17 4
/6 1.~ Methano! 6.8 mg/€
15 2.~ Melhano/ 17,0 mgle
/1 35— Methano/ 68 myff
N-My 3500 Lg/€
. Ures 95 g/l
3 2 1 4— Methanol 17,0 mylE
NV 4 N-HKHy 7,000 Kg/l
S | Ures 790 rgfl

!

¥

S, 8 1

R,

6‘ <

5 -

4 A

3 4

2 -

/

M Days of observolions
12386 3.6
J

2‘ e ’ U
4 Lxperimentsl varants

Figelo -~ Methanol absorbtion by unicellnlar alga
Chlamydomonas Spe under the influence of
waste waters charged with methanol as
well as those charged with methanol, am-
wonia snd urea
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absence of amnanis occurs after 3 days of cultivatlion, coming %o 50%
and respectively, 65% of the initlal concentratlon (Fige lo)s Tke

ebsorbtion value is proporfiional with methanol concentration. In

the presence of N-NH, , methanel absorbtion occurs from the first

cultivating éay, reaching 50%, and after 3 days of cultivation L&
exceeds 80% of the inltial value.

‘CONCTUSTONS

1. Methanol and ammonia have a positive synergic actic:
on the process of cellulsr division when the concentration of the
tested compounds 1s low; the synergism is also valid as regards
the toxlc effect - a process occurring along with Increasing the
quant ity studied compounds,

2. The values of methanol and asmmonia (and urea, Llmpli-
citly), concentrations which generated a pregnant growth of the
algaes range within oe3-34 mg/l methanol, 0.1-7 mg/l N-NH, (corres=-
ponding to 0.002-0.2 mg/l urea) when these products are tested se-
parately, and within 0.3-17 wg/l methanol, 0s1l-7 mg/l smmonia
{corresponding to 0e.002-0.2 mg/l urea) when mixing the two catego-
ries of waste water.

3, Certain optimum concentrations of the three menti-
oned compounds correspond to each of the experimented algae.

4, The algae Chlamydomonas sp. and Skeletonema costatum
show special affinity for methanol, tolerating high concentratlons
of this compound: 0.3-34 mg/l and 0.3-68 mg/l, reapectively.

5. Ammonis is utilized within low concentration linits
(0e1-7 mg/l), both separately end in mixture. The highest effi-
ciency of N—KH4 utllization occured in Nitzschia, which developed
cellular division by loo-200% more intensive than that of the con~
trol at concentratlons between 0.1 and 0.7 mg/l; the best tolera-
tlon of N-NH, was shown by Chlamydomonas spe., which was stimula~-
ted by comcentrations of 0.1-7 mg/l.

6. The experimented algae have the ability to re-esta-
blish the pH of the medlum by modlfying the photosynthesis/respli-
ration ratio.

7. The synergism of wethanol and N-NH,, also appeares in
the photosynthesis/respiration process, as well as in the ammcnig
utilization by the algse, but most of all in methanol utilization.
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8 In the presence of ammonis, methanol absorbtion rea-
ches 67.7-85% of the total quantity, as comparing with 50=65%,
shick 4= utilised in 1ts ebsence.

9. Methanol utilizatlion in the presence of N-NH,_I_ occurs
after the first dey of cultivation, whereas in the absence of N-
By, 4the process begips unly after > days of caltivation.

10. In an environment where the total quantity of orga-
niec spbstance is steadily increased, it 1s possible to &assume
that one of 1ts ways of utilization is through the primary decom~
position products as N-FNH,, urea, and methanol.
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