Wastewater treatment:

microorganisms against pollutant metals

Today, the level of water pollution has a serious
impact on people's lives and the development of
the world economy. The shortage of fresh water
continues to grow in the world, while industrial and
domestic water consumption has risen by almost
an order of magnitude over the past century. Since
ancient times, man has strived to purify water from
contaminants. If thousands of years ago people
used sedimentation reservoirs, sand, charcoal and
plants for this purpose, nowadays they apply a va-
riety of physicochemical methods and biotechno-
logical processes.

For about ten years, scientists at FLNP have
been conducting research in the field of environ-
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OuncTKa CTOUHbIX BOA:

mental chemistry, studying various composite sor-
bents and biosorbents for heavy metal removal from
wastewater using the laboratory equipment and in-
struments. As an example, a study of the efficiency
of adsorption of zinc, copper, nickel, strontium and
barium in model and galvanic effluents using an in-
expensive, safe and effective biosorbent — yeast
cells of Saccharomyces cerevisiae (brewer’s yeast)
(Fig. 1) is presented. These microorganisms are ex-
tensively used in beverage and food production
and are therefore available in large quantities at a
low cost as a by-product of fermentation processes.

In the case of model effluents, the effect of
contact time with sorbent, initial zinc concentration,

MUKPOOPIraHnN3Mbl MPpoOoTmMB MeTaJ1J10B

CerofiHA ypoBeHb 3arpA3HeHNA BOAHOW Cpefbl
B 3HAUYUTENbHOW CTEMNEHN BNAET HA »KN3Hb NI0AEN
1 pa3BUTME MUPOBOI SKOHOMMKN. B Mype npogon-
KaeT ycunmeaTtbca Aeduumnt npecHol Boabl, Torga
Kak notpebneHune Boabl 419 NPOV3BOACTBA U ObITO-
BbIX HY>K[] 3a NocnefHee CToNeTne BbIPOCIO NOYTH
Ha nopagok. OuncTUTb Bogy OT 3arpA3HEeHUN Yeno-
BEK MbITancA elle B ApeBHOCTU. Ecnu Tbicaun net
Ha3a/ AJ1s1 3TOro OH MCMoJb30BaJjl BOAOEMbI-OTCTON-
HUKW, NeCOK, APEeBECHbIN Yrofib 1 pacTeHus, TO Te-
nepb B XOA4 UAYT pa3HOO6pa3Hble GU3NKO-XUMMYe-
CKre MeTofbl 1 BUOTEXHONOTNYeCKe NPoLecchl.

YueHble JIHO okono 10 net npoBoAAT nuccne-
[0BaHUs B 00/1aCTV SKOMOTMYECKOW XUMUW, U3ydas

pa3fiyHble KOMMO3WTHble copbeHTbl U 6rocop-
GEHTbI 4N1A OUYMCTKM CTOYHbIX BOJ OT TAXESbIX Me-
TanoB U UCMONb3ysa ANA 3TOro obopyrnoBaHue
nabopatopuu. B KauecTBe NprMepa, NpeacTaBneHa
pabota no 3¢pPeKTUBHOCTM MOrNOLWEHNA LUHKA,
MeAU, HUKeNs, CTPOHUMSA 1 6apurisa U3 MOAENbHbIX U
ranbBaHUYECKUX CTOKOB, UCMOJNb3yss HEQOPOrOoW,
6e30omnacHbI 1 3GPeKTUBHDBIN BUOCOPOEHT — APOXK-
XeBble KfneTkn Saccharomyces cerevisiae (nMBoBa-
pPeHHble gpoxxun) (prc. 1). 2T MUKPOOPraHn3Mbl
NCNoNb3yloT B MPOU3BOACTBE MHOFOUYMCIEHHbIX
NPOAYKTOB NUTaHNA 1 HAaMWTKOB, MO3TOMY OHU [10-
CTYMHbI B 6ONbLUMX KOIMYECTBAX M MO HM3KOW LieHe
KaK oTxofbl npoteccos bepmeHTauum.

[1] Zinicovscaia I. et al., Materials 2020, 13(16), 3624; https://doi.org/10.3390/ma13163624

temperature, and pH on metal biosorption was
evaluated. In 15-45 min required for effective metal
removal, and at optimal pH values of 3.0-6.0, it is
possible to purify synthetic wastewaters by 45-
100% (depending on the metal). The main mecha-
nisms of metal removal from solution are surface
adsorption, chemisorption, and ion exchange.

For galvanic industrial effluents, the effect of
pH and biosorbent concentration on the process of
heavy metal removal was studied. At a biosorbent
concentration of 10 g/L, by changing pH, it was pos-
sible to reduce the concentration of copper, barium,
strontium and nickel ions below the maximum per-
missible level. The maximum efficiency for removal
of Zn ions was achieved in two stages (first, by

adding the biosorbent at a dosage of 20 g/L, and
then adding 10 g/L of yeast biomass to the effluent
obtained after the first stage of purification) at pH
6.0 and contact time of 60 min. The additional treat-
ment to remove zinc ions was necessitated by a
higher concentration of this metal compared to
other contaminants (Fig. 2).

Thus, it has been shown that the yeast Saccha-
romyces cerevisiae is a promising candidate for
treatment of complex industrial effluents. As noted
in the study [1], biological sorbents that cannot be
regenerated after several cycles of industrial waste-
water treatment can be used as additives for road
construction materials.

Fig. 2. Two-step scheme of zinc ion removal from industrial effluents.
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Puc. 2. ﬂByXCTyI‘IeH‘-IaTaﬂ CcXemMa nsnevyeHnAa NOHOB LUMHKa U3 MPOMbILLNEHHOIO CTOKa.

BbINo oLEeHEHO BAUAHME BPEMEHM KOHTaKTa C
61MOCOPOEHTOM, HauaslbHOM KOHLEHTPaLUW LINHKA,
TemnepaTypbl 1 BOQOPOAHOro nokasarens (pH) Ha
6rocopbLMIo B MOZENbHBIX CTOKaX. 3a 15-45 MUHYT,
HeobxoaVMbIX AN1A 3GHEKTUBHOMO yAaNeHNA MeTasl-
NOB, N NP ONTUMasbHbIX 3HaYeHuAxX pH ot 3,0-6,0
yOaeTca OYMCTUTb MOAENbHble CTOKN Ha 45-100
NMPOLEHTOB, B 3aBUCUMOCTM OT MeTanna. OCHoB-
HbIMW Me€XaHU3MaMWn yaaneHna metannoB U3 pac-
TBOPa ABMATCA NOBEPXHOCTHAA aACcopPOLUA, XeMOo-

copOLUMA 1 NOHHbI OOMEH.

bbino nsyyeHo BanAHme 3HaueHUA pH 1 KOH-
LeHTpaumn buocopbeHTa Ha NpoLecc yaaneHus Ta-
XKesblX MeTasJIOB U3 rasibBaHNYECKOro MpoOMbILU-
NeHHOro CToKa. [Mpr KoHUeHTpauuy buocopbeHTa
10 rpamm Ha nUTp, MmeHAA pH, yaanocb CHU3NTb CO-
JeprKaHune NOHOB Meau, 6apuis, CTPOHLNA U HAKeNA
HUXKe NpeaenbHO JoNyCTUMOro YPoBHA. pdeKTrB-

HO OUNCTWTb BOAY OT MOHOB LIMHKAa yAanocb B ABa
3Tana B TeueHue Yaca npu pH 6,0: cHayana gobas-
nasa 6GuocopbeHT B f03MpoBKe 20 rpamm Ha nnTp,
3aTem 10 rpaMm Ha NUTP K CTOKY, MpoLueaLuemy nep-
BblI 3Tan O4YNCTKU. [JononHuTeNbHbIe Warn Ana yaa-
NEeHNs NOHOB LMHKA 0BYCNOBEHbI MOBbILIEHHbIM
CofepXaHMemM 3TOro MeTajifla Mo CPaBHEHUIO C
OCTasIbHbIMW 3arpAsHUTENnaAMun (puc. 2).

Taknm 06pa3om, 6b110 MOKA3AHO, UTO APOXKKI
Saccharomyces cerevisiae ABRAIOTCA NePCNeKTMB-
HbIM KaHAMAATOM A1l OUMCTKM CITOXKHbIX MPOMbILL-
JIEHHbIX CTOKOB. Kak oTmeueHo B nccnegoBaHum [1],
6uonornyeckme copbeHTbl, KOTOpble He nognexat
pereHepauuy Nocsie HeCKONbKMX LUKNOB OUYNCTKM
NPOMbILMEHHbBIX CTOKOB, MOXXHO MCMONb30BaTh B
KauyecTBe [06aBOK ASiA MaTepPUaNioB AOPOKHOFO
CTpouTenbCTBa.






