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SEA WATER INFLUENCED BY OUTFALLS^

Pia - E lew Mihnea and Eh; ira Cuingioglu
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ABSTBACTt

The a^oinodatioi capacity of Rhocomonas lens to develop
,
cycle in. sea vmtw influonced-1by votes'is

pr^CTt?d:. The "a.Btcs aadlti°"ed to sea i7atcr'~ranei^
w"hin-1:20 al ^ had E3;tisf"d nutrxtionarr eqyestTo^
the^ specics^. The chlorophyll ^ and -ceUular<len^t.rwe^c
.
ra!her. at. the same lev^/i"_'tSe control "and cxperi'Lnted
variants. too. The gro^rth of bo-th fcetcrotrophic~'bactcria
a^d^^odora, 9"Sg''-s "ell as the epeed or the"eelectivity

nitTOgen compounds absorbtion are discussed.

The Somanian inshore waters undargoes to outfalls fflain-
ly coasfcituted by doaiestic wastos waters. The first consequences
of these outfalls are the aodification of physical and cheaical
featurea. Tha conosnteation Isvel of trophic ions and dissolved
organic Batter have a special positiou within them.

Some previous studies have shown how tha physical and.
chemical modifications are reflected on phytoplankfconic commani-
ties (i5, Ig, i2, i@, 19, gg). Besides qualitative phytoplaaktoaic
communities changes the occurence of now taxa was observed. They
came frod freshwater and developed their life cycle due to the
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great adapfeative capacity these algae had. RhodomonaB leng "belongs

to this category. Its presence was observed throughout; 1981-1982
and is first mentioned for the Black Sea". As the frequonce of
this alga was related to domestic oat;falls, the present; study was

pejcformed to explain Rhodoinonas lens accommodafcion to sea water

influenced by them.

MATERIAL AND METHODS

Rhodomonaa lens has been isolated from inshore waters

in August 1982, and. was maiatained both on agari-zed and. liquid
median, pH = 7-7. 5, temperat&re 19-21°G, 4, 000 lx ligtit intensifcy
in a 16:8 hours light: dark cycle.

The capacity of trophic compounds utilization from sea

water influenced by outfalls was studied in four variants of sea

water additioned. with domestic wastes in folloBing percen'bagessl,

5> 10 asS. 20. Results were compared with control, represented by
common medium used for the Black Sea unicellular algae (12).

The sea v;ater was collected from an area 10 Nm far from

ooastg were the outfalls influence was smaller than in the near-
shore waters.

After filtration the sea water was pas'beiu'ized and was

used. for both experimented variants and control.

The domestic wastes source was a -treating plant equiped

only wifch mechanical stepiwssfces were brought into laboratoyy 1-2
hours before to be used.

The species Rhodomon s lens was precultivated in sea

water withou-b nutritive compounds -bhroughout a week before expe-
.pimeatj than i-b was separated by sedimeatation.

The experimenfe was perfornied in a 4, 000 Ix light tnten-

sity, 16:8 hours lights dark cycle, 19-21 0 temperature, in static
conditions with continuous flux air bubbling. Special device to

avoid evaporation and algal culture contamination was used*

Throughout the experiment were observed;

I* cellular density - using Fux-Rhoseathal Chamber;

* life cycle, spreed and its association will be presented J.Q
other paper
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2. di-vision rat;Q K = ln§^ ( ^-- ) (^4)}
5" the chlorophyll ^ coQtoent (25) {
4. heterotrophic bacfceria density: 1 ml of l0~l - l0~4".

dilution of algal suspension was l-aoculated on nutritive agar and
exposed to 20°G over 2^. hours (22, 23);

N-NOg, N-NO^, P-PO^ (^5), N-KH^ (ID and N-urea (21) i5.
6. salinity (25)(
7. dissolved organic aatfcej; and BOD,. (9).

RESULTS

The BhodQmonaB leng population density'(as cell /zl~1)
iQCjeased during the experiment, showing a high correlation wifch
wastes percentage addition (Table 1).

The division rate

demonstrates a strong
msfeabolic achW.ty within
firsl; and fiilid or third

and .fifth day of expe-
rimenfc depending on the
proportion of wastes

(Fig. l).
Iho analyse of

chlorophyll s, made evi-
dent an active photo-
syuthesia (Table 2). The
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tration piig x l06cel''1)
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7 excepting some sttua-
tlons. Higher values of

chlorophyll ^ correa-
ponded either to. fche

most inteiise photosyn-
thesis (e. g. variants with 1 n2^ addition aithla third and fifth
day of experiment), or to the high density of algal suspension,
which limilpdthQ quantity of penetrating lighl;. Compensation had
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Fig. I - The division rate of
Rhodomonas lens
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Table I

Cell density (/igl"1) in sea water with 1-20 ml^ wastes addition
versus the control

ssa==s=====ss=sss=ss======as=s=====ss==========a!:s=;ss=!saass==:====s

ExperJLaented The tins within obaervationa were performed (deLve)
0 6

Control 15*8 122
1 myl addition 12.8 , 71
5 nl?6 addition I*. 2 120

10 m^6 addition 22. ? 124
20 BtUl addition 21. 9 157

%
274
575
577

%
2?8
^54
576

295
-69
l?9
4l?
58&

ass=s==ss===sssas===:;====s=s=a===s=ass=s====s==; =======================

Table 2

Chlorophyll A content at different time of the experimeat
(as /ug x 106cell8~1)

=======S=SS======S====;;=C===S===!=============S====S========SS==SS

Experimeafced The tiae within obseivationa wer^ performs^
0 6

Control 0. 977 1. 552 1. 459 1*626
1 ml^ addition 1.226 1.718 l. ?60 1. 312
5 ml^ addition 1. 211 1. 069 1*285 1. 582

10 m]% addition 0. 865 1. 525 l. l0? 1*875
20 m131> addition 0.792 1.444 1.511 1.927
s==s==a=sa===sa======ss==s=ss===s=s:===================s»==a:s=====

Tail a ?

The level of some plysical and chBnlcal factors
at tbe starting point of tbe experiment

=a=====ss============s==========================s:========s====;
E i. ent d var ant

the deteriaiaafcioa ^_, __, The aaantity of waatea addi

pH
Salinity (g 5&o)
Organic natter

ZB (^ug-at 1~1)
P-PO^ (^ug-at l~l)
Batio StP

Coatrol-

8.0
20. 52
25. 50
4*40

45. 69
45. 55

1. 00

us

8.2
20. 06
?4*?6
4. 98

70. 69
2.44

28.97

8.1

§
106. 8?

6. 97
15.89

:s=sassa;s»s;ssssssa! -.sssssasasasss:
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occured by a greater synthesis of this piemeafc (e. g. control and
variants with 10-20 cil^, aidltton, after seven days of observations.

The &ynasiics of tropUc substrate iitilization have re-
vealed somo peculiari-ties correlated with different level of fcheir
conceafcsation (Table 5). The differences between the varianfcs with
wastes addition and control were; (1) a lower salinity; (2) a
higher conceatratioa of dissolved organic matter and a correspon-
ding value of BOD^; (5) fchQ quaafcity of niterogeQ is over fche con-
trol-. tho bigger proportion of wastes addition the greater the va~
lua of their coacentratioQ, (4) the phosphorus is auch loner than
the control for all variants; (5) ths ratio botaeen N and P is
deeply modified (the advantage of N being obviously).

The kinetics of nutritive compounds had a greater speed
in the preseacs of wastess thei. t; influx raas 221-58l. 4?S over the
control (Tables 1.-6),

The nitrogen balance (as N0^, N0^, NH ff-urea)
after five days of tho experictent

T, ble 4.

(analyses perforned only on the medium; in /ug-at 1~1)
====:=SS======SS;3=;S=;=======s====s============. :=====^.-=^., _...., _.,., _.,

Expsriaented
variant

2; NT. x
0

The absorb- The absorb-
ZN'I'p*8 SNT-INd?^ fci-on (as ^) tion magni-

-5 '--o-'-"-^5 versus the tade versus
starting fehe control
point - (as ^) ssss

Control 59. 09
1 ml^ additioa 71. 26
5 ml^ addition 106. 85

10 nl% addition 155. 90
20 EL  addition 184.. 19

?0. 09
27. 51
^5. 95
50.27
91. 52

9. 00
^5. 75
62. 88
85. 65
92. 6?

25. 02
61. 59
58. 8$
65. 00
50. 51

167
156
17^
118

KK
Ig = the s'L-arting point of experimenfc
T^ = fche fifth day of experiment;
5'he^nUrogen_^uaatity (EN) on th® fifth day of observafciona

>. 6/ug-at 1~A was considered as 100 %7
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Table 5

§

The nitrogen kinatice on the fifth days of the experiment
(analysea performed only on the medium» in ̂ g-at 1 .*.)

]«a»«iaiBa=SBOS=a==s^===a==nBS*msmxsmai

Experimented
variant

Control

1 nl $6 addition
5 n] ^ addition

10 nl 56 addition

20 nl 56 addition

csisiS!=:siCisssa=aaaa=xa:isassstavs*naiaaastStxatssss:wsasmstStwa

N-NO

To T5 To-T5 T-

N-NO

I, To-/D5

2. 0? 12. 20 +10. 1?'
0. 4.1 1. 27 + 0. 86
0.99 °-78 0. 21
4.. 49 O. y<- 4. 15
8.45 1.^ 7.05

57. 19 15.50 21. 69
50.85 21. 75 59.00
65.74 55.79 51.95
80.68 45.46 55. 22

104. 5^ 85. 80 20. 7^

2. 62
7. 72

56. 02

42.02

^-. 52

N-NH^

^ To-J!!?

1.4 1. 22
5. 2 4. 52
6. 8 29. 22

0. 9 41. 12

1.8 52.72

T.

N-urea

^ To-'r5

1. 81 1. 99 0. 82
2.40 l. ?l 1.09
4.08 2. 58 1. 50

8.71 5.57 5. 24
16.68 4. 52 12.16

«..»«.««»«««-»-«-.»«"»»===°=-==ssc8cs==aa:=ss=ssa=;a===assass=ss:cas===;°aasacsscssan°a°s!eac°
a Wlt;h plus was narked the i-norease of tho concentration



The ratio betweon hefcerotrophic bacteria number
and algal number throughout the experimenl;

Table 6

Experimented
variant

Control

1 nl^ addition

5 ml^ addition

10 ml^ addition

Tia
0

76. 85
87.95
88.37

192. 47

211. 27

when observations were done

255. 95
583.20
525. 20
635. 08

612.40

15. 57
17. 12
17. 08
9.08
6. 09

7. 55
10. 58
4. 62
4. 22
5.75

d

7

1. 71
0. 78

1.25
2. 84
2. 29

c===i //-//Os
czzi/y-/y<?,

^-W4
ES3//-Z//-A?

20 mI^S addi.tioa

The nitrogen ab-
sorbtiou depends upon
the species of fcMs
element which are avai-
table in fche medium, as
well as of tbeis con-

centration levels CPa-

ble 5, Pig.2). The oxy"
dated states of nitro-

gen (ITOg,NO ) are meda-
ly absorbed into the

control and in the va-

riant with 1 ml^ wastes

addltii.cn· One can suppose
the exisfcance of an en-
zyinatiG activity speci-
fie for oxydtated nlfcro-

!!^ !?^te!s, . ab.sorbtion wh^le an increase of ff-N02 concentration
^!-?ot8^ !'n the m®diuln* lrlle P92'ceatage of N-NOg, "NO absorbtioa
decreased in the variants with mstea addition o^er l'?nl^. A N^NH..
and N-urea absorbtioa was characfcerisfcic for the mentioned
variants (Fig. 5).

Fig,

C /% !7, /s?, so?,
£'x/?er//7?w/e^ vsr/^ff/
J^/ffs/ /^f w^/rs/

2 - The absorbfcion of different
Socms of aifcrogea
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ff'W^-/f{W3
ft

^

ff-^.Mj

/% f7t M7i sff7i

rx/wr/men/e^ var/a/}/

Fig. 5 - The aLsorbtion of SN-NOg, N0^
and CH-NH4, N-urea aft&r ^h(
fifth day of obseryation

The haterotcqEiiic bac-

teria density was obtaln-
ed as a ratio between
their number and Rhodoi mo-

nas lens deasity (no*
cells x ml )f or each mo-
nent of harveafcing (Table
6). This ratio had in-

creased ovev tisst 24

hours* Its valae was de-

pendent of the quantity
of wastes addition. 1'lie

ratio between heterotro-

phic bac'-eria and algal
cells decreased during 24

hoars throughout the end

of the experi-meat.
Table 7

The BODc and dissolved organic matter content
during the observations

Time when ob erv -b on

Experinieated

varj-ant BOD °.rJ:
Control 4. 40 25. 50

1 mlSS addition 4. 98 54. 76
5 ml56 addition 5. 10 55. 71

10 ail?6 adcLition 5. 16 56. 02

20 ml56 addition 8. 79 59. 50
ss=sss==s=sa2sasss=3S=asss==ss=sss!

we e don

6

BOD org.
t.

BOD org<
1?»

BOD org.
mat*

54. 98 85, 00

17. 20 59. 50
22. 80 56. 2?
15. 00 52. 7?

58.28 77. 10
19. 40 41*08

56. 20 56. 88

11. 20 52*77
11. W 48. 0325. 20 45. 19

48. 84 67. 51
23. 00 4.3. 61

21.80 44. 8?

29. 80 57. 51
33. 'K> 5^. 67

The quantity of dissolved organic matter and BOD^values
have increased in con.cen'bration througtiout all observation time,
both in the control and in the variants with wastes waters addi-

tion (Table 7).



DISCUSSION

The variation of division rate depended on the experi-
menfced variant and duration of observation. In other words it was
a matter of the concentration level of trophic ions (Tables 8,9).

T ble 8

The nitrogen kinetics within the fifth and the seventh day of fche
experiment (analyses performed only on fche medium; in /ig-at l~l)
=====a===s=s==:

Chemical state/conoenfcratioa level/ absorbed
quantity (in g-at 1-3

E3qperimented

variant

Control
1 ciyS addition
5 ml^ addition

10 ml^ addition
20 HLU6 addition

N-HO
T T ~T

6. 55 5. 65
0. 95 0. 52
o. 79 +o. 01
0. 54 +0. 20
0. 45 0. 97

N-NO

T 1; -T

17. 55 +1.85
15. 50 6. 25
5. 66 ?0. 15
5.46 42. 00
2. 66 81.14

N-NH,,

T T -T

2. 20 +0.80
5. 75 +2. 75
5. 10 5. 70
2. 50 +1. 60
5*25 +1. 4.5

H-urea

T 'P -T

1. 78 +0. 79
7.49 +6. 18
2. 88 +0. 50
1. 4.5 2. 14
1. 52 5.00

A differencs between division rate in 1 al^ addition
variant and the other addition variants was obvious even in the
first 24 hours of experiaeQtation. In one peroent wasfcee addition
variant the division was goiag oaly ap to tiie fff-th day due to the
trophic ions that were limitative. The bigger the volume of wastes
addition, the longer and higher the division rate*

Table 9
The kinetics of P-PO^ throughout the experingatation?0^ throughout the

(in ̂ a g-at 1~1)
=sss==========s==s=======s==saK;=====; ;=s===========ss====s:===s==a

Experimented
variant

Control
1 1^ addition
5 B3^6 addition

10 nl?6 addition
20 ml% addition

Time/eoncentra.tion level/absorbed quantity

To
43.44
2*44

.

6-?7
12. 66
23.91

:======ss;s;===s==;

(in
T

35. 75
0. 62
0. 81
1. 06
8.55

e-at~i::ir

<2^
9.6?
i.si
6. 16

11.60
15. 58

20. 62
1.04.
1. 45
1:^

T -T

15-lj
+0.4S
0. 64-

+1. 29
4. 56

Tlia chlorophyll ^ concenfcrabion pT oved a normal phofeo-

synthesis state even thoagh fche dLvision rate dec jeased or stopped.
Exceptional Mgti value df this pigment occarred after
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N-HH^ and. N-urea in

seven days of observations and corresponded fco coafcrol and to va-
riants with 10 and 20 mI^S wastes additioQ.In the latter cases cell

density reached high values (Control: 295 x 106cell x 1~1( 10 ml^
addition: 41? x 106 cell x l~li 20 ml% addition: $80 x 106 cell x
I"1, in table no. 1). implying a decrease of penetrating light;. TMs
fact requested fco intensify fche chlorophyll s, synfchesi-s.

The kinetics of different; nitrogen oompounds focalized

the attention on some aspects}

a. the preferential utilization of

variants with a bigger conoentration of these compouncls;

to. a higher speed of total nita-ogen absorbtion in va~

rianta with wastes adldition.

Many evidences on uaiceUular algae utilizing N-urea QXQ

available (Z»§» 1§> §§)< A test performed, on 26 »micellular algae
showed that 88^ of febaia grew better on N-urea than other nitrogen
compounds (I). N-NH^ is a good source of nita?ogen, -fcoo, being suc-
cessfuly utilized by some algae (10, 15, ^g). The explanation of
N-NH^ and N-urea p.refereatlal absorbtion could t)e the modification
of algal enaimatic equipmeat when these nitrogen sources are pre-
seat*

state of nitrogen (g6).
A heavy content of dissolved organic matter characteri-

zed all variants. It supported the heterotrophic bacteria dsvelop-
meat up to 24 hours (Tables 6, 7). A cessation of heterotrophic
bacteria Increase took place after 24 hours, even if the level of
dissolved organic matter had not decreased. One can suppose that
the development of Bhodomon. s Len could, clarify those events.

Many references on algae bacteria relationship are
known. BERLAJTD,BONIN and MABSTRINI (^, 5) have shown that bacteria
utilize dissolved organic mafcfcer excreted by dead or alive algae.
Ip. fcura, bacteria supply algae with some stimulant p.t'oducta (§§).
Some unicellular marine algae have the potency to synthetize

antibiotics (§, 5, §, g^). This antibacterial activity against a
variety of marine isolates takes an important place in natural
relationship between the two categories of oirganiams.

In the present study It seems thafc the two latter sorts
of relationship acted: (1) algal divi-sion began only when hetero-

N-NB,, aud N-urea inhibit; the specific enzimes for oxyAsixSi
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trophic bacteria deasitey was reachadj (2) the algsJ. developnent
reduced heterotrophic escm number, even if excreted onganlc natter
was enough during all experimentation time.

ECOLOGICAL BIFI.ICATIONS

In natural environment, wastes are mixed with sea wator

at experimented percentages. In the case of large volane oufeCalls,
which rate is 1 to? mx s , the experimented perceafcages are lo-
cated as follows :

- 20nl?S close to the outfall;
- 10 Bil^ IKm far from the outfall;

- I ml ^ over 2 Km rCarther from the outfall.
The values cifced could vary due to the physical facbas.

The presence of these concentrations in the aatural envij'onaent

explains the appearance and development of a freshwater species
ia this area. The lower salinity as well as the existence of
trophic compounds requested, by Bhodomonas lens have favoared its
accomodatioa to sea water*

CONCLUSIONS

1. The experiment has proved the potency of Bhodomonas
lena to develop in sea water additioned with domestic wastes.

2. The division rate and the speed of tropliio ions ab-
sorbtioa are stimulated "by domestic wastes.

5. rl?he stimulants are mainly supposed to be
N-area.

4. The hsterofcrophic germs seeia to have a close rela-
tionship with Rhodomona len as they have shown fco be inplied in
triggering its cellular division.
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