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AKKYMYJISALUHUSA TSHOKEJIbIX METAJIJIOB BAKTEPUSIMH
POJA PSEUDOMONAS

Hzyuena cnocobrocmoe uemoipex uimammos bakmepuil pooa Pseudomonas
AKKYMYAUPOBAMY U3 pacmeopa medb, Kaomull, yurk u csurey. [lokasaro, 4mo
bakmepuu ucciedyemolx uLMammos ncee0oOMoHa0 U38AEKAOM U3 PACMBOPA
om 7,4 do 64,5% medu, om 8,0 do 25,0% radmus, om 23,6 o 45,56% uunka,
om 51,1 do 83,8% ceurya. Hauborsuieii cnocobHOCMbI0 AKKYMYAUDOBAMDb
msoicenvle Memanivl xapaKmepuayromes baxmepuu wmamma Pseudomonas
maltophilia OHY 329, komopuie 60abue Opyeux uccae008aAHHbLY WUMAMMOB
ussiexarom us pacmsopa meou (64,56% ), kaomus (25,0% ), uurka (45,6% ),
ceunya (83,8% ). Hz uccaedosanmnolx memairos 6aKmepuarbHbie KACMKL
ayuwe nakanausarom ceuney (om 140,0 do 182,4 me/e cyxoeo seca 6uo-
maccot), xysce — yunk (om 17,56 do 33,3 me/e cyxoeo seca 6uomaccet).

Knrwuesovie carosa: ecemepompodprvie 6akmepuu, Cu, Cd, Zn, Pb, akky-
MYASYUS.

3arpsisHeHre OKpY»KarolleH Cpelpl TSKeJbIMH MeTaslJaMy sIBJseTCs ce-
pbe3HOH 3KoJsornueckoi npobaemoi. [TocTynnenne TsxKe bIX MeTaJI0B PO-
HUCXOIUT KaK B Pe3y/bTaTe reOXHMUUECKHX MTPOLECCOB, TaK U aHTPOTIOTEHHOTO
BJIMSTHUS, BKJIIOUAIOLIETO NO0ObIYY U epepaboTKy MeTaJIoB, CeIbCKOe X035H-
CTBO, TIPOU3BOACTBO IJEKTPOIHEPTHH, COPOC CTOUHBIX BOM. TsKesble MeTaJlbl
AKKYMYJUPYIOTCS OaKTepUsaMH U IPYTMMH OpPraHW3MaMH, MEepPeHOCSTCS MO
MUILIEBOH 1eMH U TPEACTABJASIOT OMacHOCTb IJIs1 310POBbs YesoBeka [9].

[Iupoko ucrnosb3yemMble Ha TPAKTHKE (DU3UYECKHE I XUMUUYECKHE METO/IbI
IJ151 yOAJeHUs] MOHOB TSKeJbIX METaJIJIOB U3 MPOMBILINIEHHBIX CTOYHBIX BO[,
OCHOBaHHbIE HA OCaKIEHHM, OKHCJIEHHH, BOCCTAHOBJIEHWH, HCIapeHuH, 00-
paTHOM OCMOCE U Ap., SBJSIOTCS JOPOTHMH U He coBceM 3(PpeKTUBHbIMU. B
KayecTBe MepCcreKTUBHOH albTepPHATUBB! (PU3NUECKUM U XMMHUYECKHM METOIaM
npeaJaraTcs Ouosornyeckue Metonsl [6]. JeTokcukauus u Tpancopmalus
COeIMHEHUH TsKeJbIX MeTasJIOB B NMPUPOAHOH Cpejle 3aBUCHUT, B MEPBYIO
ouepelb, OT »KU3HENeSATeJbHOCTH MHUKpoopraHu3mon. K mexaHuamawm, cro-
COOCTBYIOILIMM H3BJIEYEHHUIO METAJJIOB M3 PacTBOPOB, CJEAyeT OTHECTH, B
nepBylo oyepenb, aAcopOLMI0 KATHOHOB METAJIJIOB HA MOBEPXHOCTH KJETOK,
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KOTOpasl CBSI3aHa C HaJUYUEM Ha Hel OTPULATEJNbHO 3apsKEeHHBbIX aHHOHOB
(PO,*, COO, SH, OH) [8].

Baktepuu, BblneseHHble U3 MOPCKOU Cpelibl, XapaKTepU3ylollehcs
MOCTOSIHHBIM HM3MEHEeHHEeM YCJOBHH cyllecTBOBaHHS (Temneparypa, pH,
COJIEHOCTb, COJlep»KaHhe TOKCHUHBIX BELLeCTB U T.I.), NPHUCIOCOOJEeHbl K
HeOJIaronpUsiTHBIM YCJIOBUSAM, U, KaK CJeACTBUE, 00/1aJaloT KOMIIJIEKCOM
crieM(UUHBbIX afanTauui, B TOM YUCJe, U K JeHCTBUIO TSXKeJblX MeTaJlJI0B
[6].

Jlns  u3BJeyeHUs MeTasJIoB U3 PAacTBOPOB HCIOJb3YIOT NpeACTaBH-
TeJed pasJUUHBbIX TaKCOHOMMYECKHX TpyMIM, B TOM yHcJge, OakTepu#d poaa
Pseudomonas, xoTopble MOTYT ObITb 3(h(heKTUBHBIMU TIPH aKKYMYJISLIMU MM,
CBHHIIA, KaIMUSl U IPYTUX METaJ/JI0B U3 3arpsi3HeHHBIX CTOYHBIX BOJ [9].

B nocnenHee BpeMs oTaaeTcs NpeanouyTeHUe KOMIJEKCHBIM
H6aKkTepHa bHBIM MIpernapaTam, BKIIOUAIOLUIMM HECKOJIbKO BUIOB a00pUTeHHbBIX
npencTaBuTesied, I/ MPOBeNeHUs OYUCTKU 3arpsi3HEHHBIX yYacTKOB I10UYB
UJIM CTOYHBIX Bof [1].

Llenbo naHHOU pabGoThl OBLIO HW3ydyeHHE CIIOCOOHOCTH OaKTepui pona
Pseudomonas v3BnekaTb U3 pacTBOpa Melb, KaAMUH, LUHK U CBHHELL.

Marepuajbl 1 METObI

OO6beKkTaMu UCCAeNOBAHUS OBLIM PE3UCTEHTHbIE K BBICOKHM KOHIEHTpa-
uuam Cu (0,25—1 mmoan/a1), Cd (0,25—0,5 mmons/.1), Pb (0,3—0,5 Mmmoab/ 1)
LITAMMBI MOPCKHX reTepOTPO(PHBIX OAKTEePHH, U30JUPOBAHHBIE U3 aKBATOPUH
npubpekHbIX BOA ocTpoBa 3MeuHbldl (Pseudomonas stutzeri OHY 330),
a Takxke wTaMMbl Pseudomonas fluorescens OHY 327, Pseudomonas
fluorescens OHY 328, Pseudomonas maltophilia OHY 329 us koJjekuuu
MHUKpPOOpraHu3MoB OeccKOro HAlMOHAJIBbHOTO YHUBEPCHUTETA.

Crnioco6nocTb 6akTepuil akkymyaupoatb Cu, Cd, Zn u Pb onpenensinu
corjiacHo Metonuke, npemsnoxeHHow Sharron McEldowney [7]. Bakrepuu
BbIpatBa/ay npu 25 °C 10 paHHe# SKCIOHEHUHMANbHOU (pa3bl pocTa B Teye-
Hue cyTok Ha MITA. MUKpPOOpPraHU3Mbl C MUTATEJIbHOU Cpelbl CMBIBAlH H
cycnenaupoBasu B 0,2 mmosib MaseaTHoMm Oydepe ¢ pH 6,8 [5], moBoas ux
1o Kouuentpaupn (1,5 = 0,2) x 10° KOE/ma1.

K 6axrepuanbHo#i cycnensun oobemoM 9,9 ma nobasasiu 100 Mka pa-
cTBOpa Meu B KoHUeHTpauuu 3,1 mr/ma, kaamus — 4,0 mr/ma, uuHKa —
1,1 mr/ma, cBunua — 3,7 mr/mu. Takum ob6pazom, B 10 MJI HUCMIBITyeMBIX
ob6pasioB copepxkanoch 310 mkr menu, 400 mkr kagmus, 110 MKr mmHKa,
370 MKr cBHHIIA.

KoutposbHuble o6pasupl coctosaid u3 9,9 mn maneatHoro 6ydepHoro
pactBopa u 100 MK/ cooTBeTCcTByMOLIero Mmerasnna. PoHoBoe comep:kaHue
MeTaJlJIOB ONpele/sijd B OakTepuUaJbHOH CYCIIeH3UM M B MaJjeaTHOM Oy-
(hepHOM pacTBope. bBakTepuanbHylo CycrneH3ui0 HHKYOUPOBaJU Ha Kauajke
¢ Bpauenuem 150 o6/MuH B Teuenue 2 uacos npu Temmepatype 25 °C.
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Knetku ocaxpanu uentpudyruposanvem npu 8000 g B Teuenuwe 10 muH
npu temnepatrype +4 °C. Ilocse oTGopa HamoCanOUHOH KUIKOCTH KJIETKH
MHUKDPOOPTAHHU3MOB JBaXK/bI NTPOMBIBAIA MajeaTHbIM Oy(epHbIM PacTBOPOM
nentpudyruposanreM npu 8000 g B Teuenwe 10 MUH mpu Temmepatype
+4 °C. B npenBapurtenbHo BbicyiieHHble npu 110 °C B Teuenune 30 MuH n
B3BelLeHHbIE NMEHULU/NNHOBBIE (DIAKOHBI TEPEHOCUIN PeCyCleHIUPOBAHHBIH
OUIUCTUIMPOBAHHON BOIOU KJIETOUHBIH OCAI0K U3 LEHTPUPYKHBIX TPOOUPOK.
3areM ¢aakonsl noBtopHo BbicywmnBaau npu 110 °C B teuenue 30 MuH 1
B3BeILUBAJH AJ ONpefeseHns Beca 6uomacchl 6aktepuit. s paspyuieHus
GakTepHaIbHBIX KJAeTOK nobasasaud 2,5 ma 70% HNO, u BoizepxuBau 30
muH ripu 180 °C. Ilocsie ocTbIBaHUS 10 KOMHATHOH TeMIepaTypbl BO (hJIaKOHBI
n006aBas/M 10 4 MJ1 OUIUCTUIIMPOBAHHOH BOJBI U 3aKPbIBAJIU MJ1aCTUKOBBIMU
KpbILIKaMU. Bo Bce meHULM/IIMHOBBIE (DJIAKOHBI U €MKOCTH C Hal0CaL0uHOH
KHIKOCTBIO U NPOMBIBHBIMK Bomamu BHocuan 70% HNO, mist nomyuenust
koneunoi konuentpaunu 20%. ComeprkaHnue uCC/I€0BaHHBIX METaANIOB KaK
B OTBITHBIX (K/JETKaxX, HaZ0CAI0YHOH KUIKOCTH U MPOMBIBHBIX BOJAX), TaK H
B KOHTPOJIbHBIX 06pasiax onpenessiii ¢ IOMOLIbI0 aTOMHO-a0COPOIIMOHHOTO
cnektpodoromerpa «CaTypH-2» npu AnuHe BoJHbl 324,7 um nas Cu, 228,8
oM mist Cd, 213,9 um nas Zn u 283,3 um ans Pb [4].

PesysabTaTel uccnenoBaHnil oOpabaThiBald CTATUCTHYECKH C HCIIOJb-
soBanueM nporpammbl «SPSS 19 nna Windows» u «Microsoft Office Exel
2003».

Pe3yabTaTbl U UX 00CYyXKAEHUE

[IpoBeneHnHble uccaenoBaHus nokasanu (tabauu 1—4) crnocoOGHOCTH
H6aktepuil pona Pseudomonas usBiekaTtb u3 pactBopa Cu, Cd, Zn u Pb,
KOTOpble HAXOIUJINCh B KOHIEHTPALMSX, HA TPHU MOPSIAKA MPEBBIMIAIIIMX HX
colep:»KaHve B MOPCKOH BOJE M COOTBETCTBYIOIIMX YPOBHSIM 3arpsisHeHHUs
CTOUHBIX BOT [3].

Bakrepuu uccaenyembix 1ITaAMMOB aKKyMyJJMPOBaJd U3 pacTsopa oT 7,4
10 64,5% wenu. IIpu 3TOM B HaLOCANOYHOM XKUAKOCTH ocTaBanoch oT 31,3
no 88,1% weranna. HauGosbiuas cnoco6HOCTb M3BJAEKATh Melb I0KA3aHa
st wramma Pseudomonas maltophilia OHY 329 (taba. 1).

Xyxe NPYrux MeTasjioB MCCJAedyeMble ILTaMMbl aKKyMYJHPYIOT Kal-
muii (ot 8,0 1o 25,0%). llltammel Pseudomonas maltophilia OHY 329 u
Pseudomonas fluorescens OHY 328 cnoco6HBEI H3B/I€KAThL JUb 10 25%
pacTBopeHHOro Kagmus (taba. 2).

Kak BugHO 13 TabJuLibl 3, HCCIeIOBaHHBIE ILITAMMBI ICEBIOMOHA U3BJIe-
KatoT ot 23,6 10 45,5% uuuka. Hanbosbliel cnoco6HOCTIO aKKYMYJIHPOBATh
LMHK XapakTepusyetcs wtamMmm Pseudomonas maltophilia OHY 329.

Haubosee akTHBHO UCC/eqyeMble LITAMMBI TICEBIOMOHA/ U3BJIEKAIOT U3
pactsopa cBuHell — oT 51,1 10 83,8%. Ycranosseno (taba. 4), uTo 6aKTepuu
wramma Pseudomonas maltophilia OHY 329 3dp¢heKTHBHO aKKyMyJ/JUPYIOT
He TOJBbKO Me/ib, KaAMUH U LIMHK, HO U 83,8% CBHHLA.
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Tabauua 1
U3zBneuenne Cu M3 pacTBopa ucciaenoBaHHbIMU OakTepusimu (n=3)
Table 1
Cu accumulation by studied bacteria (n=3)
Oonapyxeno Cu, MKr
Liramm Kaetku Ha)iﬁ;ii‘;‘;‘;a” ”"03":)':3'“""’ Bcero BbisiBeHO
Mmi % | M=m| % |M=zm| % |M=m| %
Pseudomonas
fluorescens %goi 18,7 Q?fff 75.0 7(’)54i 94 | 2080 | 96.1
OHY 327 ’ ’ ’
Pseudomonas
fluorescens U ss2 | PO s | %0 30 | 3090 | 997
OHY 328 ’ ’ ’
Pseudomonas
maltophilia 28%i 645 92’? +| 313 1(()),(3)1 32 | 307.0| 99.0
OHY 329 ’ ’ ’
Pseudomonas
stutzeri OHY | 235 | 74 | 2730% go 1 | 341 11 | 9994 | 966
1,0 14,2 0,1
330
B xaxnyio npoby BHeceHo 310 mkr Cu.
Tabauua 2

U3sBneuenne Cd u3 pactBopa uccienoBaHHbIMU GakTepusivu (n=3)

Cd accumulation by studied bacteria (n=3)

Table 2

Oo6napyxeno Cd, Mkr
W | Koeran | rocarowan [ pomnie [y geno
Mmi % |M=m| % [M=xm| % |[M=m| %
Pseudomonas
fluorescens 3121i 8.0 31486; 86.5 8(’)55i 2.1 | 3865 | 966
OHY 327 ’ ) ’
Pseudomonas
fluorescens 120; 95,0 21%111 65.3 2?;’gi 58 | 3840 | 96,1
OHY 328 ' ’ ’
Pseudomonas
maltophilia 1goli 25,0 %‘ff 66,3 271’%i 68 | 3920 981
OHY 329 ' ’ ’
Pseudomonas
stutzeri OHY %Ogi 150 331 = gog | TL=] 1o 13987 | 996
330 , 16,2 0.3

B kaxknyro npo6y BHeceHno 400 mkr Cd.
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Tabauua 3
U3BneueHue Zn u3 pacTBopa uccienoBaHHbIMU OakTepusmu (n=3)
Table 3
Zn accumulation by studied bacteria (n=3)
Oo6HapyxeHo Zn, MKr
Wramy R el I [P —
Mmi % |M=m| % |[M=zm| % |[Mxzm| %
Pseudomonas
fluorescens 2182i 25,5 7230i 66,4 5(’)62i 5,1 1066 | 97,0
OHY 327 ’ ’ ’
Pseudomonas
fluorescens 3291i 35,5 %Gf 50,9 9(’)7; 88 | 1047 | 952
OHY 328 ’ ’ ’
Pseudomonas
maltophilia 5203i 455 4287i 436 1%’%i 10,9 | 110,0 | 100,0
OHY 329 ’ ’ ’
Pseudomonas
stutzeri OHY | 0% | 936 | 8% | 709 | #6=1 49 | 1086 | 987
330 1,2 3,0 0,2

B kaxnyio npody BHeceno 110 mkr Zn.

Ta6auua 4
U3sBneuenne Pb u3 pactBopa uccienoBaHHbiMU GakTepusivu (n=3)
Table 4
Pb accumulation by studied bacteria (n=3)
Oo6Hapyxeno Pb, mkr
LWramm Kaetku Hanocanounas Mpombisaeie | g1, puiganeno
KHAKOCTb BO/bl
M=m| % [M=m % M =+ m % M=+=m| %
Pseudomonas
fluorescens 11%01i 51,4 lﬂi 40,3 3?’?1i 81 369 | 99,7
OHY 327 ’ ’ ’
Pseudomonas
fluorescens lggi 53.0 1‘26; 36.8 43’%i 108 | 370 |100.0
OHY 328 ’ ’ ’
Pseudomonas
maltophilia ?éof 838| %o | 73 321’%i 86 | 369 | 997
OHY 329 ’ ’ ’
Pseudomonas
stutzeri OHy | 200 | 541 | 144 % | 359 [ 290+ 6o | 369 | 997
330 9,2 7,1 1,2

B kaxknyro npo6y BHeceHno 370 Mkr Pb.
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pGSYJ'IbTaTbI HaKOIlJIEeHU TA>KeJbIX MeTaJlJIOB 6aKT€pHHMI/I B epecyeTe Ha
rpaMM CyXoro Beca OakTepHuasbHONW GUOMACCHI MPEACTABJIEHbl B TaOJHLE O.

Tabuuua 5

Hakongaenne Cu, Cd, Zn v Pb kierkamu 6akrepuii (n=3)

Table 5
Accumulation of Cu, Cd, Zn and Pb by bacterial cells (n = 3)

Mr MeTaJula Ha I' CyXoro Beca 0uMomacchl 6akTepui
Lramm
Cu Cd Zn Pb
Pseudomonas fluorescens 446493 | 929418 | 175+ 16| 1533 « 6.4
OHy 327 b —_ 9 b —_ b b —_ b 9 —_ b
Pseudomonas fluorescens
OHY 398 90,0+3,2 | 90944 | 229=+1,8| 140,0x=5,6
Pseudomonas maltophilia
OHY 329 111,044 | 83,3+4,2 |33,3+22| 182472
Pseudomonas stutzeri
OHY 330 17,7 1,7 | 46,2 +25 |20,0=+1,7| 1429+ 5,5

Kak csienyer w3 maHHBIX, MpeACTaBAeHHBIX B TabJulle D, HanOOJbLIEH
AKKYMYJIUPYIOLLEH €eMKOCTBIO [0 OTHOLLEHHIO K MeTaJlIaM 00/1afanT OakTepuu
mramma Pseudomonas maltophilia OHY 329. Onu HakaniuBamT OoJiblie
IPYTHUX WCCJAEIOBAHHBIX ILITAMMOB MeIH, [IMHKA M CBHHIA HAa I'PaMM CyXOH
6UOMaccCHhI.

Jlyudie 1pyrux mMeTasaoB OaKTepra bHbIE KJIETKH aKKYMYJIHPYIOT CBUHEL
(ot 140,0 no 182,4 Mr Ha rpamMm Cyxoro Beca 6MOMacchl), Xy»Ke — LUHK (OT
17,5 no 33,3 Mr Ha rpamMM CyXoro Beca 6UOMacCHI).

M3sBectHo, yto Cu®, Zn?*", Pb’" HakaniuBaTCs BHYTPH KJIETKH, XOTS
He3HaYMTesJbHOE KOJUUECTBO METAJIJIOB CBSI3bIBAETCS C HUX MOBEPXHOCTHIO.
Bnaropaps cuctemaM TpaHCMoOpTa MarHusi, MapraHiia U KaJbliys 4acTh KaaAMHUs
MOCTyTaeT BHYTPb KJETKH, B TO BpeMsi, KaK OoJsblias ero 4acTb HaKarauBa-
ercs Ha nosepxHoctH [10, 11].

W3 naHHBIX JUTEPATYpPbl U3BECTHO, YTO HAKOIJIEHHE TSKeJbIX METaJlI0B
Pa3JMYHBIMM MUKPOOPTaHU3MaMU MOKeT K0J1e0aThCsl OT HECKOJBKUX NECATKOB
10 coTeH Mr/T cyxoli 6uomacchl. MakcumanbHoe Hakomaenue Cu, Cd, Zn u
Pb cocraBasno gns Pseudomonas stutzeri 96,9 mr Cu, 278 mr Cd, 17,7 mr
Zn u 270,4 mr Pb Ha r cyxoro Beca 6akTepuaabHoi 6uomaccsl [11].

Wccnenosanusi, npoeenennble Hamu B 2002 T., TOKa3aJ/u, 4TO pe3UCTEHTHbIE
K TSDKeJIBIM MeTaJsjiaM OakTepuu pona Pseudomonas, u30JMpOBaHHbIE U3 TIPH-
6pesxHoi yacTh O[eccKOro 3ajuBa, akKyMyJMpPoOBaJu KaaMuil 10 7,5 Mr/r
cyxol 6uomaccsl [2].

Takum o6pasom, wramm Pseudomonas maltophilia OHY 329, ahdexTnBHO
M3BJIEKAIOIIMH U3 pacTBOpa KaJMHH, IIMHK, MeIb U CBHHEL, MpeACTaBJ/IseT
HHTepeC A/ NaJbHeHIInX OHOTEXHOJOTHYECKUX UCCJIe0BaHUH.
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AKYMYJISILLIS BA)KKUX METAJ1iB BAKTEPISIMU POLY
PSEUDOMONAS

Pedepar

BuBuena 3naTHicTb YOTHPBOX LITAMIB 6aKTep1H pony Pseudomonas Ha-
rpOMaXKyBaTH 3 PO3UUHY Milb, KaAMil, IMHK i cBUHellb. [lokasaHo, 1o 6ak-
Tepil JOCAIMKYBaHUX LITAMIB [ICEBAOMOHA/ BUIYUalOTh 3 PO3UYUHY Bin 7,4 1o
64,5% wini, Bin 8,0 no 25,0% kanmimo, Big 23,6 1o 45,5% wuuHKy, Bix 51,1
1o 83,8% cauno. Haii6inbiuoo 31aTHICTIO 10 aKyMysiLii BaXKKUX MeTaJliB
xapaktepusyBaaucs 6akrepii wramy Pseudomonas maltophilia OHY 329,
IKi BUYUaloTh 3 po3ukHy 64,5% mini, 25,0% kanmiro, 45,5% wusky, 83,8%
CBUHLIIO. BOHM HAaKOMUUYIOTh Milb, LMHK i CBUHELb OiJIbllle {HINUX DOCJimXKe-
HUX LITaMiB Ha rpam cyxoi 6iomacu. I3 mocaimxeHux mertasiB OakTepiasbHi
KJITHHY Kpallle akKyMyJaolTh ceuHellb (Big 140,0 no 182,4 mr/r cyxoi Baru
6iomacu), ripme — wuHK (Big 17,5 1o 33,3 Mr/r cyxoi Baru 6iomacu).

KnwuoBi camoBa: rereporpoduni 6akrepii, Cu, Cd, Zn, Pb, akymysnsuis.
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ACCUMULATION OF HEAVY METALS BY BACTERIA
OF GENUS PSEUDOMONAS

Summary

The ability of four strains of bacteria of the genus Pseudomonas to
accumulate copper, cadmium, zinc and lead from solution was investigated.
[t is shown that bacteria of the studied Pseudomonas strains remove from
7.4 to 64.5% of copper, 8.0 to 25.0% of cadmium, from 23.6 to 45.5% of
zine, from 51.1 to 83.8% of lead from the solution. The greatest ability to
accumulate heavy metals is marked for bacteria of the strain Pseudomonas
maltophilia ONU 329, which retrieve 64.5% of copper, 25.0% of cadmium,
45.5% of zinc, 83.8% of lead from the solution. They accumulate more
copper, zinc and lead per gram of dry biomass than other strains. Bacterial
cells accumulate lead better (from 140.0 to 182.4 mg/g of dry weight of
biomass), and zinc worse (from 17.5 to 33.3 mg/g of dry weight biomass)
than other metals.

Key words: heterotrophic bacteria, Cu, Cd, Zn, Pb, accumulation.

ISSN 2076—0558. Mikpobiorozis i 6iomexHoroeis. 2012. Ne 4 ~— ——— 83




