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B3ANMOJIENCTBUE BAKTEPHIA,
BBUIEJIEHHBIX 3 ITPUT'OPOJIA ITABJIOJIAPA,
C PACTBOPUMBIMH ®OPMAMMU PTYTHU

HeratusHoe BnusiHuE Ha cpeay OOUTaHUS TSKE-
JBIX METAJJIOB HE OTPAHHYHBACTCS HAKOILUICHHEM B
MPHUPOIHOH CPeac TOKCHYHBIX 3IEMECHTOB U COCIU-
HEHUW, HEMOCPEACTBEHHO BO3ACHCTBYIOIINX Ha
OHOLICHO3bI U YCTIOBCKA: OHO BBI3BIBACT TAKOKE Ha-
PYLICHHUS TTTOOANTBHOTO XUMHUYECKOTO H TCILIOBOTO
6ananca 3emau. Cpean OrpoMHOro pazHoOOpa3us
XUMHUYCCKUX BCLICCTB U COCAMHCHUH, MOCTYIIA0-
KX B MIPUPOJHYIO CPELY, OUCHD BAYKHO BBIICIUTh
HauboJce OMACHBIC, OOHUM H3 KOTOPHIX SABISACTCS
PTYTh. PTYyTh OTHOCHTCS K MPHOPUTCTHHIM 3arps3-
HHUTETSIM, TaK KaK OKa3bIBacT PAKTHIECCKOE H HOTCH-
LUATBHO BO3MOYKHOE HETaTHBHOC BO3JACHCTBHE HA
YETIOBEKa, IKOCUCTEMBI H KIIMMAT, CIOCOOHA HaKaIl-
JMBATHCA B MUIICBBIX LCAX, 00Pa3yeT TOKCHYHbIC
MPOAYKTHI XUMUYCCKOH TPAHCGHOPMALIIH U MOJBHIK-
Ha B OKPY>KaroLEH cpeae.

Hs PecriyOnvku Kazaxcran, UMErOLICH Orpom-
HBIC 3aIachl MUHEPATBbHOTO CHIPbS U OOIBINOE KO-
JIMYIECTBO METATUTYPIHUECKHX 3aBOJOB IO UX Iepe-
paboTke, mpobnemMa aHTPOIOICHHOTO 3arps3HCHUS
Ouochepsl TOKCHYHBIMHA HEOPTAHUICCKUMHU HOHAMHU
BecbMa akTyanbHa. Hanbonbimyro onacHOCTH npes-
CTaBJIAET PTYTHOE 3arps3HeHne B Temupray u Ias-
gogape. MOHUTOPUHIOBBIE UCCICIOBAHUS MOKA-
3amy, 4T0 NOBepXHOCTHEIC Boxwl p. Hypsl (r. Te-
MHPTAY) U MOA3EMHBIE BOABI €€ JONTUHEI COACPKAT
3HAYUTEIBPHOE KOTMUIECTBO PTYTH. B ceBepHOM npu-
ropoze r. [laBnogapa nox npou3BoACTBEHHBIM 314~
HHUEM 3aBOJA [T0 IPOU3BOACTBY XJIOPA U ILIETIOYH CO-
pepxxurcs npudauzurensHo 1000 T pryTy U, Kak
CIICACTBHUE, TOYBA M MO3EMHBIC BOIBI 3arpsI3HCHEI
PTYTBIO.

MacmTabsl 3arpsa3HeHus Ouocdepsl PTYTHIO
TpeOYIOT MOHUMAaHHS MEXaHH3MOB B3aUMOJACHCTBUS
MHKPOOPTaHU3MOB C STHM METAILIOM ISl MPOTHO-
3UPOBAHUS PUCKOB, CBA3aHHBIX C PTYTHBIM 3arps3-
HCHUEM, U Pa3pabOTKH OMOTCXHONOTHH OUHCTKH
3arps3HCHHBIX BOJ.

Muxkpoopranu3mMsl IPUHAMAIOT AKTHBHOE Y4a-
CTHE B Mpoleccax TpaHCHOPMALIUH PTYTH B OKPY-
skatomiei cpene. OHU CITOCOOHBI OKHUC/ISITh COCAM-
HECHHS PTYTH, BOCCTAHABIUBATE €€, MCTHINPOBATb

U 0CaXXJATh B BHJAC HEPACTBOPHUMOIO cylbduaa.
Haubonee natepecHa B miaHe UCHONB30BAHUS JCS-
TEMBHOCTH MUKPOOPTAHU3MOB AJ1s OHOpEMe THALIIH
3arpsA3HCHHBIX PTYTHIO TPYHTOBBIX M MPOMBILIICH-
HBIX CTOYHBIX BOJ CIIOCOOHOCTb OAKTECPHH MOTIIO-
ATh PACTBOPHUMYIO PTYTh C MMOCICAVIOIIUM €€ BOC-
CTaHOBJICHUEM B KJICTKaX OAKTCPHUH U BEIOPOCOM €
U3 KJIETKU B BUAE METATLTUYECKON PTYTH, 4TO CBOMCT-
BCHHO a3poOHBIM (popMam GakTepuil, a Taroke Crocod-
HOCTb aHa3POOHBIX M HEKOTOPHIX (PaKyIbTATHBHO-
aHA’POOHBIX OakTepHil 0OpPa30BHIBATE B MPOLECCE
JKU3HEICATCTIBHOCTH CEPOBOAOPO, MIPH B3AUMOICH-
CTBHH C KOTOPBIM PacTBOPUMBIC (POPMBI PTYTH 00pa-
3VIOT Cynb(daT PTYTH U BHINAJAIOT B MPAKTHICCKH
HEPaCTBOPUMBIH ocanok. OTpunarenbHbBIM MOMCH-
TOM MOCIEIHErO MpoLecca ABISACTCS TO, YTO MPH
aHa’poOHOH cymbhaTpeayKIuu Haps Iy ¢ 00pa3oBa-
HHEM CyIb(hHIa PTYTH MOXET MPOUCXOIUTE 0Opa-
30BAHUE MCTHIIOBOHM PTYTH, KOTOpas SBIACTCS BbI-
COKOTOKCHYHOH TS YCIOBEKA H HAKAILTUBACTCS 1O
MULICBOU IIEMHU B 3KocucTeMax. B To ke Bpems, pe-
TYIHPYS HEKOTOPHIC YCIOBHS CPEIBI, KOTHUYECTBO
00pa3yIoIEHC s METUIIOBOH PTYTH NIPH POCTE CYIIb-
darpeayuupyrmux O0akKTepUil MOKHO CBECTH 0
MHUHHMYMA.

3ajava HACTOAILICH CTATHH — BBISICHUTH, KAKHC
TpaHc(hOpMaIHH PTYTU CIOCOOHBI OCYIIECTBIISATD
a’poOHEIC U aHARPOOHBIC OAKTEPHH, TPHCYTCTBYIO-
IIHE B 3arpsA3HCHHBIX MOYBAX W HIAX MPHUTOPOAA
[NaBmogapa, ¢ 11eNBIO OLICHUTE BOBMOKHOCTD UCTIONb-
30BaHUS UX JJ1sI Pa3pabOTKu OHOTECXHOIOTHH OUHC-
TKU TPYHTOBBIX BOJ OT PTYTH.

PesynpTaThl H3yueHHUS HIIOB CO THA HAKOTIUTENS
Bankeingak cBHACTCIBCTBYIOT O BRICOKOH MO3amd-
HOCTH PACIPEACICHUS PTYTH (KOJICOAHUS KOHICHT-
paruii prytu cocrasjsitor ot 0,15 1o 439,2 ppm).
AHaJU3 IPYHTOBBIX BOJ MOKA3a/ HECOOBIYAHHO BBI-
COKHMH VPOBEHB (10 3 ppm) 3arpsA3HCHUS PTYTHIO
MOJ3EMHBIX BOJ, MOCTYNAOLIINX U3 CICLIPYAOB B
HakomuTeb baakeligak.

OmnpenencHre coaep:kaHus PTYTH B o0pasmax
MOJICBBIX NPOO IPYHTOBBIX BOJ IMOKA3AII0, YTO HC-
TOYHUKOM TOCTYILICHHUS PTYTH 4epe3 TPYHTOBBIC
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BOJBI B 03. baJKeImaak sSBIAIOTCSA CIIELITPYABI OTXO-
JIOB PTYTH 3aBoAa «XuMIpom». Tak, B BOJE U3 CKB.
Ne 4 6b110 0OHapy2KeHo 0,0196 Mr/a pTyTH, YTO IIpE-
Boimaet [IJIK mist pprOoxo3siicTBEHHBIX BOJAOCMOB
B 196 pa3z u B 39,2 paza npessrmaet [TJK s crou-
HbiX BoA. B Bome u3 ckB. No5 GbL10 OOHAPYKEHO
0,014 mr/n pryy, uro npesrimaet [HIK ams priGo-
XO34HCTBEHHBIX BOM0eMOB B 140 pa3 u B 28 pa3 Beime
ITIK ams cTOYHBIX BOZ.

N3 zarpa3HeHHBIX TTOYB U HIIOB OBITH BBLIC-
JCHBI a’poOHBIC U aHA’pOOHBIC OaKTEPUU, KO-
TOpbIE OTOUPATUCE IO MPHU3HAKY YCTOHYHBOCTHU K
pactBopuMbIM GopMam pryTH. Mcnonp3oBanuch

cneayromue konuenTpanuu HgCl,: 0,005; 0,02 u
0,05 mM.

Konneknus aspoOHEIX OakTepuii, yCTOHYUBBIX K
pTyTH, OBLIIa IPOBEPCHA HA CIIOCOOHOCTD MOTJIOIATh
PacTBOPHMYIO PTYTh BHYTPb KiIeTKU. Pesymprarsl
MOKA32JH, YTO a3pOOHEIC GAKTEPUH CITIOCOOHHI MO-
riaomarpk 10 121 MKr pTYTH Ha rpaMM CHIpOH GHo-
Macchl KJICTOK. DTOT SKCHEPUMEHT MO3BOIMI OTO-
Oparp A5 JaapHEHIICH padoThl 3 mramMma a3pod-
HBIX OaKTEpUil, OTHOCAIIUXCS K poay Pseudomonas
(mrammer KS28, 52 u 19), koropeie moriomann
GOIBIIOE KOMHIECCTBO PTYTH U UMEITTH XOPOLIYIO CKO-
pocth pocta (tadm. 1).

Tabmura 1. Pe3yIsTaThI ollpe/esTe HIS CIIOCOOHOCTH a3POGHBIX GaKTepHii MOTI0MATH PTYTh

Ne mramma | IloBTOp- Kon-Bo nornomennoit prytu, Ne mramma IIoBTOp- Kon-Bo nornomenHo# pryTy,
OakTepuii HOCTB MKT/T ChIpO# GHOMAacChl OakTepuii HOCTB MKT/T' ChIpOit GuOMacchl
1 cepus 2 cepus 1 cepus 2 cepus
0,05 mM HgCl,| 0,05 mM HgCl, 0,05 mM HgCl, | 0,05 mM HgCl,

57 1 17,73 16,24 114 1 43,11 98.89

2 15,20 11,60 2 55,50 88,89
46 1 31,62 22.80 19 1 126,17 50,93

2 22,82 23,62 2 64,88 133,91
6 1 31,20 15,04 1.2/6 1 564.,1 33,79

2 17,02 22,70 2 475,41 38,63
T 1 45,21 30,40 KS/28 1 614,96 29,48
11/10 2 56,87 46,32 2 29,75 35,26
T 1 26,99 23,04 1.2/7 1 29,53 27,92
11/12 2 20,68 28,06 2 497,28 40,91
52 1 110,55 93,92 2 1 41,04 29,65

2 121,53 * 2 2425 45,88
T.11/13 1 30,02 88.33 41 1 20,6 484

2 125,98 484,06 2 21.5 30,7
T.2/8 1 27,53 39,84

2 59,74 224,65

HewmanoBakHeIM NPH OLICHKE BOBMOKHOCTH UC-
MOIb30BaTh OAKTCPHH I OUMCTKH I'PYHTOBBIX BOX
OT PTYTH ABISICTCA NOAOOP TAKHX IITAMMOB OaKTe-
PHI, KOTOPBIE YCTOMYUBBI K HU3KAM TEMIIEpaTypam
rpyHTOBHIX BoX. [loaTOMY aspoGHbIe GakTepuu, 0TO-
OpaHHEBIC KaK MEPCIEKTUBHBIC AT UCIIOIb30BAHHUS
B LICsMX OHopemeauaniu, OblTd U3YYCHBI HA IPEA-
MET UX OTHOILICHUS K TeMmepartype. Pe3ynsraTsl no-
Kas3aJi, YTO BCE UCCICAYEMBbIC OAKTCPHU XOPOLIO
pactyt npu temneparypax +4 u +28 °C, Ho He cmo-
cobuel pactu npu +35 °C (puc. 1). Ito mozsonmuIo
CUHMTATh, UYTO OTOOPAHHBIC GAKTCPUH TOAXOAST AJIs
HCTIONIb30BAHUS UX AJIS1 OYUCTKH TPYHTOBBIX BOJ OT

PTYTH, Tak Kak B TPYHTOBBIX BOAAX MPeoOIagaroT
HU3BKUC TCMIICPATYPHI.

Hcnoas3oBanue Gaxtepuii mpu pas3padboTke
OMOTCXHONOTHH OHOPEMEIMAIIMH MPEAMONIAracT
HEOOXOAUMOCTD UX 3AKPCILICHUS HA MOAXO0ASIIEM
copOeHTe, YTO MOBHIIACT 3P PEKTHBHOCTD MPO-
necca. M3yuenne cnocoGHOCTH a3poOHbIX DaKTe-
PpHI ODPUKPEIISITECS K KEPAM3UTY, aKTUBUPOBAH-
HOMY YI'JIFO U CHHTCTUUCCKOMY BOJIOKHY, KOTOPBIC
6I>IJ'II/I BbI6paHbI B KQUCCTBC INOTCHIUAJIBHBIX COP-
OCHTOB, MOKA3a/0, YTO OAKTCPUU JIYUIIC BCETO
COpOMPYIOTCS HAa KEPaAM3UTE U AKTHUBHPOBAHHOM
yrie (puc. 2).
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Puc. 2. UmmvoOunmmzanus aspoOHbIX OakTepuit Pseudomonas sp., KS28 Ha ucnbITyeMbIX copOeHTaxX
(1 — cuHTETHUECKOE BOJIOKHO, 2 — KEpaM3UT, 3 — aKTUBU POBAHHLIH yIroib)
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JpyruM BO3MOKHBIM ITYTEM MUKPOOHOH TpaHC-
(hopMaLi PTYTH ABISACTCS YIACTHE B 3TOM MPOLIEC-
ce daKyIbTATUBHO-aHA3POOHBIX OAKTEPUH, YCTOH-
YHUBBIX K PTYTH, KOTOPBIC MPH POCTE C THOCYIb(da-
TOM B aHa3POOHBIX ycnoBusx oopasyror H,S. Takue
OakTepuy ObLTH BBLACICHBI M HACHTH(ULIMPOBAHHEI
kak Citrobacter freundii, 8.

Hannbii nporecc Mor Obl MPEICTABIATh HUH-
Tepec Ans OHMOTEXHOIOTHH, TaK Kak OaKkTepuu
crnocoGHbl BoccTaHaBnuBaTe Na S O, 1 B MUKpO-
a3’po(UIbHBIX YCIOBUAX, T. €. Ans npoaykuuu H S
GakTepHaM HE 00s3aTEBHO CO34aBaThL CTPOro aHa-
3pOOHBIC YCIOBUSL.

OxanHako pe3yapTaThl PpabOTh MOKA3AJIH, YTO KO-
audecTBO obpasyemoro Oaxrepusmu Citrobacter
freundii, 8 cepoBomopoaa He mpeBbimano 78,9 mr/m,
YTO CYLIECTBCHHO MCHBIIIC TOT'0 KOJIUYECTBA, KOTO-
poc o0pasyior cyabdaTpeayuupyommue CakTepun,
HO €r0 TCOPETHYECCKH AOCTATOYHO TSl OCANKICHHUS
MPUCYTCTBYIOWIEH B cpeae pTytd. B To ke Bpems
pe3ynbTaThl 1a00paTOPHBIX IKCICPHUMEHTOB MO3BO-
JUITH OOHAPYIKUTE, YTO 3HAUYUTEIBHBIC KOTHICCTBA
PTYTH HE OCAXKIAIOTCS B TAKHUX VCIOBUAX (Talm. 2),
a mpu pocte OaKTepUi B aHA3POOHBIX YCIOBUAX H
npoayuuposanuu umMu H,S obpasyercs sHaunTenn-
HOC KOIIMYECTBO METHIOBOH pTyTH (10 0,5 MKI/m),
4yt10 B 10 pa3 npesrrmaer [JIK.

[Tony4yeHHEIC PE3yIBTATH CBUACTEIBCTBYIOT O
HELEIeco00Pa3HOCTH UCIIONb30BaHUs (haKyIbTATHB-

HOo-aHa3poOHbIX Gaxtepuii Cifrobacter freundii, 8
Ut OHOpEeMEeINAaH IPYHTOBBIX BOJ, TAK KaK MPH-
MEHEHHUC TaKUX OAKTEPUH MOXKET VBEIHUUTbh PHCK
NONaJaHus METHIOBOUM PTYTH MO MUIIEBOU LECTU B
OPTaHH3M YCIOBECKA.

JKCIEPUMEHTHI € aHA3POOHBIMHE CyIbdaTpeny-
mupyiomumu dakrepusmu (CPB) mossonmmu oue-
HUTh 3(QPEKTHBHOCTE GAKTEpUN MPU OCAKICHHH
PacTBOPUMOU PTYTH

B nauane paboThl ¢ 0OTOOpaHHBIMH IITAMMAaMHU
CPB 6r1110 peweno npoBepuTh 3¢ HEKTUBHOCTD HC-
creayeMbIx OaKTCpui s OCAKICHUS PTYTH ITyTEM
OTIPEICTICHUS COACpX aHus OOIIeH PTYTH B PacTBO-
pe npu pazsurnu CPb u ocakneHuu pTyTH B BHIE
HgS. lpeanonaranock Opeskae BCEro BrIOpATh Ta-
kxoit mtamm CPB, mpu pasBUTHH KOTOPOTO PTYTh
o0Ias B pacTBOPE UM HE OOHAPYKUBACTCS, WM
0OHApPYKUBACTCS B MHHUMAIBHOM KOIHYCCTBE.
O6napy»xenne Hg . B dunbTpare B IpucyTCTBHM
CPb moskeT KOCBEHHO CBHACTEICTBOBATE 00 00pa-
3oBanun MeHg® Oakrepusmu, Tak Kak B HPUCYT-
cTBuH Gonpmoro konudectsa HoS Bes neopranuyec-
Kas PTYTh BbINIaAacT B ocafgok B Buae HgS u oOHa-
PYKHBacMas B PACTBOPE PTYTh MOXKET ObITh TOJIBKO
opranmieckod dopmoit pryta — MeHg®. UzBectHo,
uro a1s ocaxaenus 1 moms HgClL tpebyercs 1 monnb
H_S, a uccneayempie GakTepuu MpoayLUPYIOT 3Ha-
9UTEIbHO Oombinee KomuuecTso HoS u 310 roBoput
o ToM, uto cpeaa mpu pocte CPB nacbimena H,S.

Tabmuua 2. Copeprxanne Hg . B guiibTpare npi pocre Gaxy/IbTaTHBHO-aHa3pOOHBIX Gakrepuii Citrobacter freundii, 8
B aHAIPOOHBIX YCIOBHSX, MKT/IT

IIpogomxuTensHOCT BRIpAIIBaHKSI GaKTepHii, CyT
Conepixanne HeCl, B cpeze, TloBTOpHOCTEL 3 7 10
mM cepus cepus cepus
1 1 2 1 2
0 1 5,95 0,20 0,60 22,75 0,95
2 0,60 15.35 4,55 0,45
Cpexnnee 5,95 0,400 7,97 13,65 0,7
0,005 1 333,50 34,25 54,00 33,70 41,15
2 101,00 417,00 38,45 47,30
Cpexnnee 333,50 67,60 235,50 36,00 4422
0,02 1 925,00 445,50 287,00 271,00 146,00
2 481,00 278,00 228,00 707,00
Cpexnnee 925,00 463,25 282,50 249,50 426,50
0,05 1 5350,00 2730,00 1265 765,00 975,00
2 590,00 3975,00 1065,00 | 930,00
Cpexnnee 5350,00 1660,00 | 2620,00 915,00 952,50
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B T0 ke BpeMs MpeacTaBIsUIOCh BAXKHEIM Y3HATD O
KomdecTBe mMpeamonaracMori MeHg® B pacteope.

s 3KcnepruMEeHTOB OBLT B3AT IITAMM CyIb(aT-
peayuupyromux Oaktepuit Nel2, otHocsIumiics K
poay Desulforomaculum, KOTOpEH XOPOIIO POC HA
Cpeae ¢ TaKTaToM U aueTaToM IMpH BCEX UCCICHO-
BaHHbIX KoHNEeHTpanusax HgCl, u oGpasosriBa 3Ha-
IUTEIbHOE KomriecTBo HS.

Haubonee BicOkHE MOKA3aTEH MO COACPIKAHUIO
Hg ... B pacTBOpe ObLM OGHAPYIKCHBI B BAPHAHTAX
npu pocrte Desulfotomaculum sp., 12 ¢ nakratom.
[Tpu pocre Oaktepuii ¢ aneratoM B QUIABTPATE CO-
Acpxanne Hg OBLIO 3HAMNTENBHO HIDKE M BHIPA-
JKaIoCh B HAHOTpaMMax. Pe3ynbraTel mokas3au, 4To
uccaeayembie CPb cnocobnsl mpoayuuposats H S
B KOJIMYCCTBE, JOCTATOUHOM AJISl OCKACHHS PTYTH
B Buzae HgS, a ucmons3ys anerar B kauecTse HCTOU-
HUKa OPTaHUYICCKOTO BEIIECTBA, MOYKHO CHU3UTH J0
MHUHHUMYMa BEPOSTHOCTH oOpa3zoBanus MeHg® cynb-
daTpeyUPYIOIUMH OAKTCPUSIMHU.

Taxum 00pa3om, B 3arpsA3HCHHBIX PTYTHIO UIaX
u mousax npuropona IlaBromapa nmpucyTcTBYIOT
VCTOWYHMBEIC K PTYTH a3poOHbIC, (aKyIbTaATHB-
Ho-a3podubic u CPB, xoroprie MoryT B3aumMonei-
CTBOBATh C PACTBOPHMBIMH $OpMaMU PTYTH H
MpeoOpa30BEIBATh €€ B METAITUYCCKYIO, CYIb(HI-

HYIO I MeTuiaupoBaHHyio (opmer. [Ipouecch
a3poOHOTO MOTJIOMECHUS PTYTH U OCAXKIACHUS PTYTH
B BUJAC cyapduaa ¢ ucnonszosanueM CPB MoxHO
HCMONB30BaTh B LEIIX OHOPEMEIHALIH TPYHTOBBIX
BOJ OT PTYTH.

B 10 ke Bpems npu BOSHHKHOBCHUH ONITUMAJTb-
HBIX YCIOBHH TS pa3BUTHA (PaKyIbTATUBHO-AHAD-
pobHeIx Saxteputi Citrobacter freundii B TPYHTOBBIX
BOJAX MOTYT YCHUIIHUBATHCH OMACHBIC MPOLECCHI
METHIHPOBAHUS PTYTH.

Pezrome

TlaBnosap Kajgachl MaHbIHJAFbl CHIHAIIICH JIACTAHFAH TO-
mbIpaK TeH falijan OeiHIN anbiHFaH a’pod, (akyiIbTaTHBTI-
aHaspol KoHe CYIbhaThIABIPATYIILI GaKTEePHSIIAP/IbIH ChIHAT-
THI TYPJICHY MPOIIECTEPIHAET1 POili KOPCETIITCH.

Summary

The role of aerobic, facultative-anaerobic and sulfate re-
ducing bacteria isolated from mercury polluted soil and silt of
pavlodar suburb in mercury transformation processes was
shown.
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