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Abstract

This paper showed, that the samples recovered thensubsurface water always contained much
fewer bacteria than those sampled from the sunfaiceolayer. The neustonic bacteria are more
resistant to the heavy metals ions than bactefi@aated from subsurface water. The mean data
obtained allow a statement that copper ions proydke least response, while lead and cadmium
ions - the greatest ones.
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INTRODUCTION

The surface microlayer, often called biofilm, isrfed on the surface of water under
the influence of physical and chemical processbess& processes take place mainly
between compounds (of water, sugars and fats) gatiter on the water surface
(Norkrans 1980). The compounds which compose thglri form a well-arranged
layer that separates the water environment fromathesphere (Horne 1972). Due
to the process of floatation, many chemical sulzgtarwhich migrate from the at-
mosphere into the water, and reversly, from thdobotsediments into water and
atmosphere are trapped in the surface film by acgemmpounds of heavy concen-
tration.

One of such groups of chemical compounds which tat@un the microfilm
are salts and ions of heavy metals. The metal aglation in the surface microfilm
at particular periods of time depends on many facta.o.: the microfilm composi-
tion, physical and chemical form of metals, transgontrolling processes, the film
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duration and the duration of metal occurrence anfitm (Armstrong and Elzerman
1982). Metal occurrence time in film may last franfew minutes to a few hours.

Many metals are necessary for an organisms growthdevelopment, yet
some of them, especially when at elevated cond@ng are harmful for living
organisms. Many heavy metals are deadly for migaisms even at very low con-
centrations (Mills and Colwell 1977). Metal toxicidepends very much on their
compounds' concentrations and solubility in waserg also on chemical reactivity,
i.e. the ability to form complex components witlganic matter fractions, inorganic
compounds and to assimilate living organisms. lanig metals compounds, which
solve well in water, are most toxic; whereas thgaaic ones do less harm. However,
the existing possibility of biochemical releasinfy moetal from the organic com-
pounds puts at great risk all organisms presethtarenvironment.

MATERIAL AND METHODS
Study Area

The investigations were carried out in Lake Jekiddaty. The water body is located
within the town of ftawa and is part of the ltawsKiake District. The lake has no
tributaries nor outlets; only in its northern paris linked with Lake Jeziorak by a
narrow and shallow canal (1.5 m). The water bodyase is 26 ha, and the maxi-
mum depth is 6.4 m.

Sampling

The water was sampled in June (20th June), Julh (tlly) and August (21st
Aug.) 1996 at three different sampling stationg(Ri). The surface microlayer was
sampled by means of four techniques:
1) a glass plate skimming thickness a 109 water layer
2) a plexiglass plate skimming thickness a iis®water layer
3) Garrett's net 1 of 6Am mesh size, skimming water layer of 250 thickness
4) Garrett's net 2 of 20@m mesh size, skimming water layer of 308 thickness.
The subsurface water samples were taken from ththd# 10 cm by means of a
sterile glass pipette with the use of a Pippet-teyice (De Ville). The water sam-
ples, from both microfilm and subsurface layer, eveollected into sterile glass bot-
tles. The samples were transported to the labgramoa thermoinsulated container
with ice at+ 7°C. The time between sampling and the analysiallysdid not exceed
6 hours.

Total Number of Bacteria Counting

The total bacteria number (TN) in the samples vedsrthined by means of di-
rect counting on membrane filters (Millipore) in apifluorescence microscope, in
specimens stained with acridine orange (Zimmernigwy).
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Fig. 1. Outline of the Lake Jeziorak Maly

Number of Heterotrophic Bacteria

The heterotrophic bacteria number (TVC) was deteeshiby means of spread
plate method. Sterile buffered water was used &uti®ns of samples (Daubner
1976). 0.1 ml samples were introduced onto PlatenCégar (Difco) and spread
over by a glass rubbing rod. After a 6 day cuttivaat 20°C the colony heterotro-
phic bacteria number (CFU) was counted and therdlay strains were randomly
picked and transferred onto a semi-solid mediunafese). The strains were kept at
4°C in a fridge for further study, and were transfdronto fresh semi-solid medium
every two months.

Deter mination of Heavy Metal Concentrationsin Water Samples

A spectrophotometric method was employed to andlysevater samples for
the concentrations of the following heavy metatspper, cobalt, cadmium and lead.
In order to do this NANOCOLOR tests by Machery-Nag& were used, which
have the ISO Certificate. For particular deterniored a Marcel s330 PRO (Marcel)
spectrophotometer was used.
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Examination of Heavy Metal Influence on Bacteria Growth

Bacteria strains were preincubated for 72 hou0AC on a mineral medium
which was composed of the following;MPQO, - 1g; KNG;- 0.5 g; MgSQ@x 7H,0 -
0.4 g; CaGl- 0.2 g; NaCl - 0.1 g; Fegl 0.01 g; HO(distiled) - 1000 ml; pH - 6.8 -
7.2. Then, in form of 0.1 ml suspension of 0.2 opiensity, (reached beforehand and
at 560 nm wave length), they were transplantea anfresh mineral medium, of the
same composition as above, containing a specificamtration of a heavy metal
under investigation. The investigations coveraditffluence of Cu, Co, Cd and Pb.
Metal concentrations were determined on the baseadier studies on concentra-
tions of the same metals in the lake water samples.

The culture containing Cu, Co, Cd and Pb was obthihy mixing with
CuSQ, CoCh, Cd(NG)2x 4H,0 and Pb(NG), respectively. The following concen-
trations were used: for copper: 0; 0.1; 0.2; 0.8;rhg/l; for cobalt: 0; 0.05; 0.1; 0.5;
1.0 mg/l; for cadmium and lead: 0; 0.02; 0.05; xg/I.

After a 24 hours incubation period at 20° C, an&&Q@ nm wave length a spectro-
photometric measurement of the optical densityhefdulture followed with the use
of Marcel s330 PRO spectrophotometer.

Among 400 strains those were selected which eVigleaacted to the metal
presence by showing stimulation or decline in ghgveind also those which did not
demonstrate any response at all. Selected strans wwoculated onto a medium of
higher heavy metal concentrations: 0; 0.1; 0.5; %.0; 10.0 mg/l (equal for all the
metals). Bacterial protein concentration in culsusdter 24 hours of incubation at
20°C was measured by means of the Bredford methbbdhe analyses (microbi-
ological and chemical) were made in the three cafpiins.

RESULTS

Table 1 presents data on Total Bacteria Nun{d@&) and Heterotrophic Bacteria

Number (TVC) found in the investigated water sarspléis quite clear that maxi-

mum TN in the surface microfilm occurred in Julyhereas TVC in August. In June
and August the TN data were slightly lower, yetyvelose. In the subsurface water
the maximum TN was recorded in June, and TVC ig.Jul

Table 1.
Bacteria number in surface microlayer and subsarfeater
of Lake Jeziorak Maly (numbers expressed in /1L)

Sampling Sampling method Average E
date a b [+ d e SM SUB SM/SUB
June 29,25 | 24,75 21,33 18,22 14,10 23,38 14,10 1,65

33,0 171,0 30,0 38,8 43,3 68,2 433 1,57

July 38,31 38,04 19,93 35,04 11,80 32,83 11,80 2,78
69,0 159,6 142,0 183,1 59,3 138,42 59,3 2,33

August | 3252 33,01 21,25 28,32 10,01 29,0 10,01 2,89
58,7 317,0 288,6 95,5 17,8 189,9 17,8 10,67

Explanations: a - glass plate sampling; b - plesdglplate sampling; ¢ - Garrett net 1 sam-
pling; d - Garrett net 2 sampling; e - subsurfamyeet water; SM - surface mi-
crolayer water; SUB - subsurface water; E - enriehtriactor; * - Total Bacte-
ria Number x 10; ** - Heterotrophic Bacteria Numbet (.
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Analysis of surface microfilm data obtained by nearf different sampling tech-
niques showed that similar bacteria number (TNuoed in the water which had
been sampled with the use of glass and plexigléstes Greater differences oc-
curred in the case of Garrett nets 1 and 2. Themmecovered from the subsurface
water always contained much fewer bacteria thasetgampled from the surface
microfilm.

Table 2 presents data on concentrations of theestutbavy metal ions in the
surface microfilm (a-d) and in the subsurface wéagiof Lake Jeziorak Maty. Those
data give evidence of the maximum heavy metal mmcentrations having occurred
in June; slightly lower were recorded in July whiteAugust they were significantly
lower. The average highest concentrations of copper cobalt were recorded in
June and for the surface microfilm it was: 0.1931 @h028 mg/l respectively;
whereas for the subsurface water: 0.085 and 0.04/0 nespectively. The average
highest concentration of lead in the surface biofitas recorded also in June in the
amount of 0.114 mg/l, while in the subsurface wa#ter maximum occurred in July
amounting to 0.082 mg/l. The highest average cdmaton for cadmium in the
surface microfilm was recorded in June amounting.829 mg/l and in the subsur-
face water in July, in the amount 0.178 mg/l. A pamison of metal ions concentra-
tions in both layers resulted in the findings of &ud Co having had significantly
higher concentrations in the surface microfilmntimthe subsurface water, whereas
the concentrations of Pb and Cd were at a simélagllin both layers or even slightly
higher in the subsurface water.

Table 2
Heavy metal concentrations (mg/l) in surface migyel and subsurface water of
Lake Jeziorak Maty

Sampling Copper (Cu) Cobalt (Co) Lead (Pb) Cadmium (Cd)
B ) ] S B S ] )
) - ] - [ -~ ) -
method | S E] §1 s S E §> g < E §, g = 3 % S
” < z ~ < z - < 2 - < z
a 0.193| 0.15d 0.004 0.1350.028| 0.006( 0.002 0.01p0.040| 0.015( 0.00: 0.01p0.229| 0.101] 0.00: 0.11p
b 0.141] 0.139 0.00f 0.0930.017| 0.008 0.01 0.01p0.040| 0.019] 0.02 0.0%60.128| 0.046/ 0.13] 0.06p

c 0.104| 0.15Z 0.002 0.0860.016| 0.010] 0.00¢ 0.00B0.075| 0.033] 0.003 0.0370.023| 0.180] 0.042 0.08fL

d 0.118| 0.089 0.000 0.0§00.015| 0.008 0.00¢ 0.00170.114| 0.018 0.00¢ 0.04¢0.013| 0.108] 0.032 0.05{

e 0.085| 0.063 0.026 0.0980.010| 0.006| 0.002 0.0060.052( 0.082] 0.043% 0.0990.069| 0.172[ 0.00§ 0.088

Explanations: a - glass plate sampling; b - plesglplate sampling; ¢ - Garrett net 1 sam-
pling; d - Garrett net 2 sampling; e - subsurfaegen

Low concentrations of metal ions (0-1 mg/l) provéKeur types of response
bacteria: B - no response, S - growth stimulatiergrowth impediment, S/I - stimu-
lation at lowest concentrations/impediment at iasegl concentrations. Table 3 pre-
sents a percentage pattern of strains number angotral their response types. An
average of 59,6% did not demonstrate any respamdbet metal ions presence;
whereas 6,3% responded by growth increase. Then@Ca ions revealed a growth
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impediment in around 11.5% of the strains, andhimm ¢ase of Pb and Cd ions the
phenomenon occurred in 30.2 % of the strains. W@ithand Co ions the S/I reaction

type occurred in about 20.2 % of the strains; whilth Pb and Cd ions it was re-

corded for 5.6 % of the strains. The percentagepaof the bacteria groups demon-
strating a particular response was subject to etasr changes depending on the
seasons. Between June and August the strain numiben did not show any feed-

back to the metal ions presence decreased by aFétut

Table 3
Percentage of bacteria strains showing particelsponse types to low concentra-
tions (0 — 1,0 mg/l) of heavy metals (values aveyag

Metal type: Cu
Type of June July August Average
response
I 5,8 15,2 10,4 10,4
B 72 54,5 52,8 59,7
S/ 16,4 16,2 28,8 20,4
S 5,8 14,1 8,0 9,3
Metal type: Co
Type of June July August Average
response
I 9,3 13,1 14,9 12,4
B 75,6 54,6 54,0 61,4
S/ 5,8 24,3 29,9 20,0
S 9,3 8,0 1,2 6,1
Metal type: Pb
Type of June July August Average
response
I 16,3 34,4 32,3 27,3
B 77,9 55,6 55,1 62,8
S/ 2,3 4,0 4,6 3,6
S 3,5 6,0 8,0 5,8
Metal type: Cd
Type of June July August Average
response
I 25,6 38,4 35,8 33,2
B 58,1 52,6 53,9 54,8
S/ 9,3 7,0 6,8 7,7
S 7,0 2,0 3,5 4,1

Explanations: | - growth impediment; B - no distimesponse; S/l - stimulation at lowest
concentrations and impediment at higher conceotigtiS - growth stimula-
tion.



The influence of heavy metal ions on neustonic becte 59

At the same time, lead and cadmium bacteria strahish reacted with growth im-
pediment increased by 13% on average. Bacterimstshowing a S/l reaction type
to the presence of copper and cobalt ions increbgeti8%. No clear differences
were noted in the response to low concentrationseafry metal ions presence be-
tween the surface microfilm and subsurface watairst.

Table 4 and Fig. 2-5 present data on heavy metatesurations (1-10 mg/l)
affecting the development of bacteria biomass dgreent, expressed as strain per-
centage that react to the phenomenon by a declibadterial protein concentration.
Beside the above mentioned response types, ancddiB/I reaction type was iden-
tified where strains did not respond to the conegians of 0.1 and 0.5 mg/l;
whereas at higher concentrations (1.0; 5.0; 10.0)mgowth impediment was re-
corded. The average data obtained allow a statethahtopper ions provoked the
least response, while lead and cadmium ions - teatgst ones. Besides, in a fairly
great number of strains (SM - 31.2 %; SUB - 21.4%gjmium provoked an S/l reac-
tion type which might suggest that despite the radigmroccurring toxicity, when at
very low concentrations, it may positively affelbetmicroorganism development. In
the case of cobalt ions, a stimulation of bactgnawth was noted in the strains
originating from both the surface microfilm (3.2 @)d the subsurface water (4.1%).

DISCUSSION

The increase in water ecosystem pollution is aceomga by changes and distur-
bances in the functioning of whole water bodiese Tain reason for those changes
is a disorder or even an interruption in the ndtonatter circulation, one of the main
element being the bacterioneuston closely attatbdtle water surface microfilm.
The pollution which significantly affects the grdwtate, and indirectly the bacte-
rioneuston number, is caused by heavy metals.

The available data on total bacteria number ocogrim Lake Jeziorak Maty
point to the fact that the water body surface nfikrocontains much more bacteria
than the subsurface water, which is in accordanitle @arlier investigations (Ma-
rumo et al. 1971; Crow et al. 1975; Kim 1983). Thaximum number data obtained
for July and August in Lake Jeziorak Maly confirmibdse arrived at by Niewolak
(1973). The heterotrophic bacteria number was higber in the surface microfilm
than in the subsurface water. This resulted froendtcurrence of higher concentra-
tions of many organic substances acting as nusri@darlson 1983) in the surface
microfilm.

The data on heavy metal ions concentrations oldainethe course of the
study indicate that their greatest concentratiaoth In the surface microfilm and in
the subsurface water took place in June; where#@sigust the metals occurred in
trace amounts. This might have happened due tadugt immobilization of metal
ions having inflowed along with spring thaw watetich formed complexes with
organic components. On the other hand, a furtheplgwf the ions of the studied
metals was lower than the complex forming proceaselsthe bacterial accummula-
tion. Due to different relationships of particuians to complex forming with or-
ganic matter there happened clear differenceseimibtal ions distribution.



60 Donderski W., Walczak M., Mudryk Z., Skérczewski P.

Table 4
Percentage of bacteria strains in different watgels showing particular
response types to higher concentrations (1,0-16/0 of heavy metals
(values average).

Metal type: Cu
Type of Sampling method Average
response a b Cc d e SM SUB
I 41,1 19,4 41,6 27,3 42,8 32,3 42,8
B/| 0,0 8,3 16,6 13,3 4,7 9,5 4,7
B 24,4 38,8 27,7 46,1 26,7 34,2 26,7
S/l 34,4 33,3 13,8 13,0 25,5 23,6 25,5
S 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Metal type: Co
Type of Sampling method Average
responsej a b C d e SM SUB
I 43,3 48,3 25,0 44,5 62,5 40,2 62,5
B/l 33,3 35,0 16,6 16,1 12,5 25,2 12,5
B 6,6 16,6 27,7 17,8 8,3 17,1 8,3
S/l 16,6 0,0 22,2 16,6 12,5 13,8 12,5
S 0,0 0,0 8,3 4,7 4,1 3,2 4,1
Metal type: Pb
Type of Sampling method Average
response a b C d e SM SUB
I 24,4 61,1 38,8 59,9 67,8 47,5 67,8
B/l 37,7 19,4 30,5 11,1 18,4 24,6 18,4
B 31,1 8,3 0,0 6,6 0,0 11,5 0,0
Sl 6,0 33,3 25,0 22,2 12,5 16,1 12,5
S 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Metal type: Cd
Type of Sampling method Average
response a b c d e SM SUB
I 53,3 52,7 27,7 37,1 65,4 45,7 65,4
B/| 13,3 27,7 55 22,8 13,0 17,3 13,0
B 0,0 0,0 16,6 6,6 0,0 5,8 0,0
S/l 33,3 19,4 38,8 33,3 214 31,2 214
S 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Explanations: | - growth impediment; B/l - no reape at lowest concentrations and impedi-
ment at increased concentrations; B - no respddke; stimulation at lowest
concentrations and impediment at higher conceotigtiS - growth stimula-
tion; a - glass plate sampling; b - plexi-glasselsampling; ¢ - Garrett net 1
sampling; d - Garrett net 2 sampling; e - subserfaater; SM — surface mi-
crolayer water; SUB — subsurface water

The cobalt ions demonstrated a strong tendencyrt®v@rming complexes with

organic matter, whereas copper compounds dissalggdwell in water, hence the
occurrence of significantly higher concentratiofibath metals in the surface micro-
film than in the subsurface water of the water bodn the other hand, lead and
cadmium compounds, which dissolve hard and are sidie migration from
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Fig. 2. Bacteria response types to higher conceéoiof Cu ions
Explanations: | - growth impediment, B/l - no regpe at lowest concentrations and impedi-
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Fig. 3. Bacteria response types to higher concéotiaof Co ions
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Fig. 4. Bacteria response types to higher concémtiaof Pb ions
Explanations as on Fig.2
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surface microfilm into the subsurface water, inyJahd August revealed higher con-
centrations of those metals ions in the deep whger in the microfilm.

In contrast to Kim (1985) no significant differescerere recorded in the re-
sponse of bacteria strains originating from paldicwater layers to metal concentra-
tions occurring in the environment at that time. #&werage of 60% showed no feed-
back to the presence of natural concentrationsyhesetals that occurred in Lake
Jeziorak Maly. That result was fully justified byetfact that the optimum conditions
of microorganism growth in laboratory cultures makem resistant to toxic factors,
and also that the complex forming properties ofganic and organic compounds
(included in the cultures) might weaken the iongdity (Nriagu 1983). Neither did
the microorganisms respond by a heavy growth impedt as they had been adapted
to such concentrations in their habitat environméntthe water body. The fairly
great differences between the copper and cobadt iompeding influence on bacteria
growth must have resulted from their differentufhces on microorganisms in gen-
eral. Lead and cadmium ions being toxic to micraoigms and influence for bio-
logic processes make up group B; while copper afmlt ions being microelements
whose low concentrations are favorable for micraaigm development make up
"Borderline" group (Beveridge and Doyle 1989). Thigst also be the cause of dif-
ferences occurring between the two pairs of metéls regard to S/l reaction types
in the strains studied.

The data analysis enables a comment that seadwarad&s in the percentage
shares of the particular response types were etecelwith the seasonal changes in
heavy metal concentrations in the water of the lakestigated. In a June sample of
the highest heavy metal concentration, an averb@&% of the strains proved resis-
tant to the environmental concentrations of heaetal ions, while in an August
sample with the lowest concentration of heavy nsethle number of resistant strains
diminished by 17%, but on the other hand, an ire@éa the number of strains sensi-
tive to those metal ions' environmental concergretiwas recorded. The data con-
firmed the ones by Mills and Colwell (1977), whoimained that bacteria originat-
ing from the water containing heavy metals ionseeded a better tolerance to heavy
metals than those from unpolluted environments.

Data provided by experiments with higher conceitrest of heavy metal ions
indicated that strains in the subsurface wateraiegegrowth impediment more fre-
quently than bacteria in the surface microfilm. @epions had the least toxic effect,
where the | response type occurred in 32.3 % niloradtrains on average, and in
42.8% subsurface water strains. The most toxic wesad ions, and in the case of
cobalt a growth stimulation was recorded in a femcpntage of strains which con-
firmed the thesis of this metal being one of mitoeents. In reference to cadmium
ions, very interesting yet hard to interpret resulere obtained. In both microfilm
and subsurface water strains a fairly great peagen{31.2 and 21.4% respectively)
demonstrated a S/I type response which suggestedrizagrowth stimulation ex-
erted by that metal ions at low concentrations wvgiteimultaneous lack of ions of
other metals. Another possible explanation of gietnomenon is that low concentra-
tion cadmium ions completely entered a complex wWithcompounds included in the
medium.
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WPLYW JONOW METALI CEEZKICH NA BAKTERIE NEUSTONOWE
Streszczenie

Uzyskane wyniki badawykazaly,ze liczebnéé bakterii w podpowierzchniowych
warstwach wody byla znacznie mniejsza mi btonie powierzchniowej. Bakterie
neustonowe byly bardziej odporne na jony metalikich niz bakterie wyizolowane
z wody podpowierzchniowej. Najbardziej hamog na wzrost bakterii wpltywaty
jony otowiu a w najmniejszym stopniu dziatanie intbrowe wykazywaty jony
miedzi.



