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AHHOTALUMUA

BBeaeHune. Ha coBpemeHHOM 3aTane npuobpeTaer 3HaYMMOCTb YYET KaTeropum 3KONOrmYeckol TOKCUYHOCTM (3KOTOKCUY-
HOCTW) B OL|EHKE XM3HEHHOTO LMKMa CTPOUTENbHbIX MaTepuarnos B COOTBETCTBUN C METOAONOMVEN MEXAYHaPOAHbIX CTaH-
naptos NCO cepum 14000.

Matepuanbl u metoabl. Cpean MeToAoB OLEHKM 3KOTOKCUYHOCTU MOXHO BbiAenuTb ABe rpynnbl. K nepBon oTHocaTcs
TECTbl C MPUMEHEHNEM XMBbIX OPraHN3mMoB (MPEeCHOBOAHbIX OAHOKIETO4HbIX BOoAOpocei, pakoobpasHbix Daphnia magna
Straus, ambproHOB pbIb 1 cBeTALWMXCS BakTepuii), CTaHAaPTU3VPOBaHHbIE HA MeXAyHapoAHOM ypoBHe. Mpuyem ans pas-
HbIX MaTepuanoB UMeeTcs cneuyndrka X NPUMEHeHUs: ANs MAUTHBIX U MNEHOYHbIX — ANHAMUYECKUIA TECT Ha BbiLLenaymn-
BaHuWe, a ANA 3ePHUCTBIX — NepKonAuus. BaxHo He TONbKo nccneaoBaTb 9KOTOKCMYHOCTb ANA BOABI, HO U MOYBbI. BaxkHbIMY
napamMeTpaMu NoYBbl B 3TOM OTHOLLEHWW CTAHOBATCS YPOBEHb aKTMBHOCTU BMOMAacChl MUKPOGOB 1 (PUTOTOKCUHHOCTL MOYB.
Ko BTOpOW rpynmne MeTo40B OTHOCAT pacyeTbl 9KoTokcuyHocTn B Comparative Toxic Unit, CTU..

Pesynbrathl. [1poBeaeHbl uccnefoBaHns AN CTPOUTENbHBIX MaTepuanoB U3 pasHblX rpynn Mo BUAY OCHOBHOMO CbIpbs,
KOTOpble Aanu pe3ynbTaThl, CBA3aHHbIE C KOppensunen AaHHbIX No Bode M noyse. AeKBaTHOCTb MPOBEAEHHBIX UCTbITAHU
1 pacyeToB NOATBEPXAEHA CPABHEHVEM C YXKe MMEBLLUMMUCS ANS psAa Matepuanos NCCnefoBaHNsMm 3apybexHbIx cnewm-
anucToB.

BbiBoAbl. V13 NONyYeHHbIX AaHHBIX MOXHO cAenaTb BblBOAbI O MPUMEHEHUN METOA0B TECTUPOBaHMSA 3KOTOKCUYHOCTU B Ka-
4yecTBe JOMOMHUTENBHBIX NPU OLIEHKE CTPOUTESNbHBIX MaTepuarnos, Tak Kak TOMbKO Npy 61MONOrMYeckon MHANKaLMN MOXHO
NepexoamTb K YCTaHOBMEHWNIO KOHKPETHBLIX TOKCUHOB XMMUKO-aHanMTuyeckumm cnocobamu. Takke caenaHbl NpeanoxeHus
No COBEPLUEHCTBOBaHUIO HOPMATUBHOW NPaBoOBOW 6a3bl B 06racTy onpeaeneHns 3KOTOKCUYHOCTW NPU OLLEHKE XU3HEHHOTo
LMKINa CTPOUTENbHbIX MaTepuanos.
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ABSTRACT

Introduction. At the present stage it is becoming important to take into account the category of environmental toxicity (eco-
toxicity) in the life cycle assessment of building materials in accordance with the methodology of international standards
ISO 14000 series. Among the methods of ecotoxicity assessment, two groups can be distinguished. The first includes tests
using living organisms (freshwater unicellular algae, crustaceans Daphnia magna Straus, fish embryos and luminous bacte-
ria), standardized at the international level. Moreover, there are specifics of their application for different materials: for slab
and film materials - dynamic leaching test, and for granular materials - percolation. It is important not only to study ecotoxicity
for water, but also for soil. The level of microbial biomass activity and phytotoxicity of soils become important soil parameters
in this respect. The second group of methods includes ecotoxicity calculations in the Comparative Toxic Unit, CTUe. Studies
were carried out for building materials from different groups by the type of basic raw materials, which gave results related
to the correlation of data on water and soil. The adequacy of the tests and calculations was confirmed by comparison with
the studies of foreign specialists already available for a number of materials. From the obtained data it is possible to draw
conclusions about the application of ecotoxicity testing methods as additional methods in the assessment of construction
materials, since only in the case of biological indication it is possible to proceed to the establishment of specific toxins by
chemical-analytical methods. Proposals are also made to improve the regulatory legal framework in the field of ecotoxicity
determination in the life cycle assessment of construction materials.

The subject of the study is ecological toxicity indicators of building materials of different nomenclature and methods of their
determination. Several methods of ecotoxicity testing as well as calculation of the indicator within the framework of life cycle
assessment of building materials are considered. The study of ecotoxicity category indicators will improve the quality of life
cycle assessment of building materials.

Materials and methods. Comparison of methods for determining ecological toxicity, both in terms of testing on living organ-
isms (both domestic and international standards), as well as in terms of calculations of toxicity indicators for humans and
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ecotoxicity was carried out. A research scheme was developed in which ecotoxicity becomes a key indicator for further stud-
ies of the characteristics of natural-technogenic systems.

Results. A study was carried out in which ecotoxicity was determined for the same materials by tests in the aquatic environ-
ment as well as soil samples from sites associated with the life cycle of the materials. In addition, the calculated ecotoxicity
values were analyzed and compared with studies by others. The adequacy of the results obtained was confirmed.
Conclusions. Advantages and disadvantages of different methods of ecotoxicity determination are analyzed, assumptions
are made about possible correlation of the results with the data obtained in studies of natural-technogenic systems. Propos-
als for improvement of the regulatory framework in the field of ecotoxicity determination and directions for further research
are made.
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BBEJAEHUE

OnHUM U3 BaXXHBIX KPUTEPUEB B paMKaxX OLIEHKH
BO3JCHCTBUI Ha OKPYKAIOIIYI0 CpeAy IO KU3HEHHO-
MY LIHKIY B COOTBETCTBHUHU C METOIOJOTHEH MEXIy-
Haponubix ctanaaptoB MCO cepum 14000 siBisieTcst
9KOJIOTHUYECKasi TOKCUYHOCTb, KOTOpas CHpaBeIJINBO
BBIBOAMTCS B PAHT Kareropuil BozneiicTsus. Kaxnas
KaTeropus BO3ACUCTBUS IMPU NPUMEHEHUHU CTaHAapTa
T'OCT P UCO 14044-2019' umeer rokasarenu BoIOpaH-
HOTO ypOBHS. B wacTHOCTH, B KauecTBe MPOMEKYTOU-
HBIX MTapaMeTPOB U MPUMEPOB BO3ACHCTBUSA CTaHIAPT
T'OCT P 56269-2014/ISO/TR 14047:2012* paccmarpu-
BAeT KOHIIEHTPALUIO WU NMPUCYTCTBHE TOKCHYECKUX
BEIIIECTB B OKPY)KAIOIIECH cpefie. A B Ka4eCTBE MpUMe-
POB BO3JEHCTBUS KOHEUHBIX MIEMEHTOB KaT€rOPUH KO-
JIOTHYECKOW TOKCHYHOCTH — MOMYJISIINHA KOHKPETHBIX
BUJIOB PACTEHUH U KUBOTHBIX. IIpu 3TOM BO3pacraer
POJIb MoKa3aresiell OnoJIOrMYeCcKO MHANKALINK, HAuH-
Hast OT BbIOOpA BHUJIOB-UHIUKATOPOB U 3aKaHYMBAs Ia-
pameTpamu, OlIeHUBAaeMbIMU JI1s1 3TUX BUIOB [ 1, 2]. On-
HUM U3 BUJIOB ITPOJYKIMH, OLIEHKA )KH3HEHHOTO LIUKIIa
KOTOPOI1 SIBJISIETCS 0COOCHHO aKTyaJIbHOM 10 IPHUYUHE
MIOCTOSIHHOT'O pocTa 00BEMOB ITPOM3BOJICTBA IIPH PA3BH-
THH 9KOHOMUKH, SBJISIOTCSI CTPOUTEIbHbBIE MaTePHAIIBI.
B cBs3u ¢ pacTymuMu Harpy3kaMu Ha OKpY KaroIlylo
cpeay IpH MPOU3BOJCTBE CTPOUTEIBHBIX MaTepHaIoOB
CTOUT YIEIUTh BOIIPOCY 3KOJIOTMYECKOH TOKCHYHOCTH
(PKOTOKCHYHOCTH) OCOOEHHOE BHHMaHHUE M PacCcMo-
TPETh METOJBI ONpPEIEICHHs IOKa3aTelel, a TaKxke
MIPOAaHATN3NPOBATH MOTYYCHHBIE MTOKA3aTeIu IS OT-
JIeNbHBIX CTPOUTENBHBIX MaTepuanoB. MccnenoBanue
KaTEeropuH 3KOJIOTMYECKOM TOKCHYHOCTH SIBIISIETCS aK-
TyaJbHBIM BOIIPOCOM, KOTOPOMY MOCBSIIIIEH LENbIH psif
HAy4YHBIX pador [3, 4].

IToagxonpl K OLlEHKE TOKCUYHOCTHU IS JIOJIeH
U IKOJIOTMYECKON TOKCHYHOCTH B Pa3HBIX CTpaHax
U OpTaHU3aLHUAX MOTYT CHJIBHO oTiiH4athes [5—8]. Tak-
K€ BaYKHBIM BOIIPOCOM SIBIISICTCS U3y4YEHHE KOPPEIAIUN
KaTeropuu KOTOKCUYHOCTHU € APYTMMH HapaMeTpaMu

'TOCT P UICO 14044-2019. Dxonoruyeckuii MEHeKMEHT.
OreHKa >KU3HEHHOTO [UKJIA.

2TOCT P 56269—2014/ISO/TR 14047:2012. Dxonormdeckmuit
MmereKMeHT. OlieHKa )KU3HEHHOTO KA. [Ipumepst mpume-
Herns UCO 14044 k cutyauusm Bo3ieicTBuS.

OLICHKH BO3JICHCTBHH Ha OKPYKAIOIIYIO CPEAY T10 JKH3-
HEHHOMY IIMKITy, & TAK)KE OILICHKU COCTOSIHUSI KOHKpET-
HBIX TIPUPOJHO-TEXHOTCHHBIX CHCTEM.

Mertoamueckas 6a3a ONmpeaeneHNs SKOTOKCHIHO-
CTH BKJIIOYAET MCCIICAOBAHUS C TOMOIIBIO PA3IMYHbIX
JKMBBIX OPTaHU3MOB, a TAKXKE PACUCTHBIC METO/IBI, KOTO-
pble Ha HACTOSIIMI MOMEHT ONUPAIOTCS HA UCTIOJIB30-
BaHME NPOrpaMMHOTO odecriedeHus. M3ydenue n npu-
MEHEHHE ITUX METOJOB, YCTAHOBIICHUE KOPPEISIIUN
MEK/Ty HEKOTOPBIMH MOIXOAAMH SIBIISICTCS aKTyaJIbHBIM
BOIIPOCOM B COBPEMEHHOMN OLIEHKE KM3HEHHOTO LIHKJIA
CTPOUTEIBHBIX MaTepHAaJIOB.

MATEPHAJIBI U METO/JAbI

[Tox TepMHHOM «TOKCHYHOCTB JJISI JIFOJICH ITOHU-
MAaroT HETaTUBHBIM MOTEHIIMAN BO3ICHCTBHS BPEIHBIX
BEIIIECTB Ha YEJIOBEKA, KOTOPBIA PACCUNTHIBACTCS C yUe-
TOM HX TOTAJ[aHusl B aTMOC(HEPHBIN BO3AYX, TOBEPX-
HOCTHBIE U TTOJI3eMHBIE BOIBI ¥ TIOUBHI. [1py 3TOM cToHT
MPUHIMATh BO BHUMAHHE TOT (DaKT, 9TO HEraTUBHOE BITH-
SIHUE 3aBUCHUT HE TOJIKO OT TOKCHYECKOI'o MOTeHIMala
BEIIECTBA, HO U OT NMPOIODKUTEIBHOCTH NPEOBIBAHNS
BEI[ECTBA B KOHKPETHOM KOMITOHEeHTe reocdepsl. Konu-
YECTBO OIIPE/ICJICHHOTO BPEJHOTO BEIIECTBA B BO3IYyXE,
BOJIC W [TOYBE TIOMHOXKAETCSl Ha BECOBOI KO PHUIMEHT,
YUHUTBIBAIOIINH €r0 0COOCHHOCTH, U B JTAJIbHEHIIIEM CyM-
MHpYETCs A7 BCEX BEIECTB BO Beex cpenax. [loreHnu-
aJI TOKCUYHOCTH JUIsl JIFOJIEH BO MHOTHX MCCIIEIOBAHUSIX
MHTEPIPETHPYETCS KaK KOMMYECTBO BPEHOTO BEIIECTBA
Ha eJIMHUILY MacChl TeJIa YesIOBeKa, KOTOPOe HE BbI3bIBa-
€T HEeTaTUBHBIX ITOCIICACTBHI, CBI3aHHBIX C 3200JI€BaHH-
SIMH, (DYHKIIHOHUPOBAHHEM OPraHOB M CHCTEM, CHHKE-
HHEM NPOIOIDKUTEBHOCTH JKU3HH (IIOHATHE MPEETbHO
JormyctuMbIx koHeHTparmi, [T1K) [9]. ITpu ucnomns3o-
BaHMU B OIEHKE BO3JCHCTBHI MPEJEIHHO JOMYCTUMBIX
KOHIICHTPALIUI HMEIOTCS [Ba BXKHBIX 3 (PeKTa, KOTOPhIC
MIOKa HEJOCTATOYHO YUUTHIBAIOTCS COBPEMEHHBIMH Me-
TOAMKaMH. BO-TIepBbIX, 3TO OTHOBPEMEHHOE COBMECT-
HOE (CHHEPreTHYeCKOe) BO3CHCTBHE CPa3y HECKOIBKUX
BEIIECTB, KAKJ0€ U3 KOTOPBIX HAXOAUTCS B Mpeaenax
noneit [1K, Ho o HeratuBHOMY 2 dexTy OHM yCHIu-
BAIOT APYT APYra, MPHUBOJSA K 3HAUUTEIBHBIM IMOCIE-
CTBUSIM. BO-BTOPBIX, METOIMKA MTPEAEIIBHO IOy CTUMBIX
KOHIICHTPAIHA CTab0 YIUTHIBAECT OMOJIOTHIECKOE HAKO-
IUICHUE BEIECTB B XKMBBIX opranu3mMax. [lonagas B HUX
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MUHUMAaJIbHBIMU JIOJIIMU B T€YEHHE JTOCTATOYHO MPO-
JIOJKUTETBHOTO MepHO/ia, HAaKaITMBAOLIUECs BPEIHbIC
BEIIECTBA MOT'YT NPUBOAUTH K CEPHE3HBIM HEIATHBHBIM
TIOCJIC/ICTBHSIM.

TOKCMYHOCTD [1JId JIFOJIE B COBPEMEHHBIX OLICH-
Kax »KM3HEHHOTO [IUKJIA TIOIPa3/IeNaeTCs Ha CBA3aHHYIO
U HE CBS3aHHYIO C BOSHMKHOBEHHEM PAKOBBIX 3a00J1e-
BaHUil [6]. B wacTHOCTH, IIpU pacueTe CpaBHUTEIbHBIX
€IMHUIl TOKCUIHOCTH i moxeit (anrn. Comparative
Toxic Unit for Human, CTU, ) BeIpaxaeTcst OKuIaeMBbIH
POCT CMEPTHOCTH CPEIN BCETO HACEeJICHHs, OTHECCHHBIN
K MaccOBOH €JJMHUIIEC BEIOPACKIBAEMOTO BEIECTBa (KO-
JMYECTBO CIIydaeB Ha KMJIOTpaMM dMHcCHH). Mcmoms-
3yeMas B 3TOM MYJIbTHMENNIHAsE MO/IETb KOHCEHCYCa
USEtox He y4HUTHIBa€T OTIIMYHUS B MPOCTPAHCTBEHHOM
PaCTOI0KEHUH, B TOM YUCJI€ KOHTUHEHTHI ¥ PETHOHBI
MHpa, [P 3TOM clielupHUIecKue TPyl XUMUKATOB
TpeOyIoT nanpHeimei oopadorku [10—12].

B nomonHeHne K MOTEHIMAy TOKCHUYHOCTH ISt
Jro7ieil He0OXOIMMO YUUTBHIBATh TAKXKE TOTEHINAT BPEI-
HOCTH (PUKCUPYEMBIX Ha MPOTSHKEHUH XKM3HEHHOTO ITUK-
J1a BEIIECTB ISl (PyHKIIMOHUPOBAHUS HKOCHCTEM. DTa
KaTeropusi OLEHKU U Oy/eT Ha3bIBAThCS HKOJIOTHUECKON
TOKCUYHOCTBIO, KOTOPast BEIPAXKACTCS IBYMs! OT/ICIbHBI-
MU BeJIMYMHAMU U1 BOJBI M TIOUBHI. [lomyuatoTcs atu

BCJIMYMHBI OKOTOKCUYHOCTU B PE3YJIBTATC YMHOXKCHUA
KOJIMYECTBA (MacChl) TOTO MJIM MHOTO BEIIECTBA Ha €ro
BecoBOo k03 dunment. CyniecTBeHHBIM HEJ0CTATKOM
TaKOTO CItocoba pacueTa sSBISIETCS TO, YTO MOTIaTaHueM
BPEIHOTO BEIIECTBA M3 aTMOC(EPHOTO BO3IyXa B BOLY
Y TIOYBY B JJaHHOW MOJIETIH MTPEHEOPETaIoT.

M3 cxeMbl Ha PUCYHKE CJIEYET, YTO IKOTOKCHY-
HOCTb MOXET ONPENENIATHCS Pa3HbIMU METOJIaMU, a ca-
MO IJTaBHOE — OHA BRICTYIIACT KITFOUYEBBIM MIOKa3aTelIeM
HE TOJIBKO KU3HEHHOTO IMKJIa CTPOUTEIFHBIX MaTepua-
JIOB, HO Ml KCCJIEIOBAHMS COCTOSIHUS dKocucTeM [ 13].

Takum 00Opa3oM, U3 CXeMbl BUIHO, YTO IS pa3-
JIMYHBIX LEJIeH MOTYT OLEHUBATLCS CaMU MaTepHallbl,
a Takke BOJA M MOYBA C MECT, CBI3aHHBIX C JKH3HCH-
HBIM OUKJIOM. J[71s BCeX 3THX MCCIeI0BaHNN aKTyalbHBI
CBOM COOCTBEHHBIC METOJBI. PACCMOTPHUM HEKOTOPBIC
WX HUX, Kacalolluecs, B MEPBYI0 0Yepe/b, SIKOTOKCHUY-
HOCTH CAMHX CTPOMTENbHBIX MaTepHalioB.

JuHaMuyecKuil TecT Ha BBILIENIAYUBAHUE T103BO-
JISeT OMpPENesATh BHICBOOOKICHNE HEOPTaHWYECKUX
1 HEJICTYYUX OPTaHUYCCKUX COCI[I/IHGHI/Iﬁ C €AUHUIIbI
MOBEPXHOCTH MOHOJUTHBIX, INTUTHBIX WIN MJICHOYHBIX
CTPOUTENBHBIX MAaTEPUAIOB B 3aBUCUMOCTH OT IPO-
JOJDKUTENTFHOCTH KOHTAKTa ¢ BOmOH. [1pn membITaHmsIx
HU3MEPAIOTCA U OLUCHUBAIOTCA TAKHUEC MMapaMETpPhbl, KaK

MeTOI[LI HCCJICIOBaHUA 3arp913HeHm‘«'l aTMOC(I)CpHOFO BO31yXa, [MOYBbI, IOBEPXHOCTHLIX U IMOA3E€EMHBIX BOI

Pacder mokasaresnst TOKCHYHOCTH JJIs n}oz[eﬁ

Pacder mokasaresns S5KOTOKCHUIHOCTH B CpPaBHUTECJIBHBIX €AUHULIAX

sxotokcuanoctu (CTU )

TOKCHYHOCTD [UTS JIFOJICH B CPABHUTEIBHBIX DKOTOKCHYHOCTb /IS TIOYUBBI DKOTOKCHYHOCTh
enuHuIax Tokcuanocty juis yenoseka (CTU ) 1S BOJIBI
Bemiecrsa, Bemectsa, He B Mozenu He yuuTHIBaeTCSI MOCTYIUICHUE BPEAHBIX BELICCTB M3
BBI3BIBAOIIIIC PAKOBBIC BBI3BIBAOIIIIC aTMoc(epsl B BOIY U [TOYBY
3a00JIeBaHUs paKoBbIe 3a00JICBaHNUS

HenocraTku: cl105)KHOCTB yueTa CHHepreTHIeckoro adgdexra u adpdhexra G1oIOrnIecKoro HaKOIICHHS;
BO3JICHCTBHSI MHOTHX BEIIECTB TPEOYIOT YTOUHEHHS

OHpeE[CJ'IeHI/Ie OKOTOKCHYHOCTHU

TokcuuHocTh BOJbI C MCITOJIB30BAHHUEM 3€JICHBIX
HPECHOBOHBIX OHOKJIETOUYHBIX BOJOPOCIEH
TOKCHUYHOCTBH IO BEIKHUBAEMOCTH MPECHOBOAHBIX
paKkooOpa3HbIX
Ornpeienenre TOKCMYHOCTH BOJIBI [0 BO3/ICHCTBUIO HA HKPY PhIO

YpoBeHb aKTHBHOCTH 0HOMACChl TOYBbI
Konn4ecTBo naToreHHbIX MUKPOOPTaHU3MOB Ha €TUHUILY
MaccChl MOYBBI
CogeprkaHue siMI| TeIbMUHTOB HA €AMHUILY MAcChl TIOUBBI
Konututp
DUTOTOKCUYHOCTS (110 KPATHOCTH)
['eHOTOKCHYHOCTH (110 POCTY UKCIa MyTalluil B CpaBHEHUH
€ KOHTPOJIbHBIMH 00pa3LaMH, 10 KPATHOCTH)

OnpeneneHye HHKECHEPHO-3KOJIOIHYECKUX XapAKTEPUCTUK
TEPPUTOPHUU

OreHka OHOIOTHYECKOTO pa3HOOOpasus

DKojoruyeckasi eMKOCTb TEPPUTOPUU
PenponykTuBHast CHOCOOHOCTH TEPPUTOPUU
Buoreoxumuueckast akTHBHOCTb TEPPUTOPUU

Pacuet nHIEKCOB OHOJIOTHUECKOTO pa3HOOOpa3us:
e unjaekc CUMIICOHA;

e pajekc lllennona

OlLieHKa COCTOSTHUS S9KOCUCTEM

Cxema METOAOB ONPEACICHUA SKOTOKCUYHOCTH CTPOUTEIIBHBIX MATCPUAJIOB U COYECTAHUA ITOTO MpoLecca ¢ MHBIMU UCCIIEN0-

BaHUSIMU
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pa3mep 00pasIoB, Ka4eCTBO BObI, 00bEM BOJIbI HA SIU-
HHUILY TOBEPXHOCTH 00pasiia, BpeMsi 1 TeMIeparypa.

AJBTEpHATUBHBIM CIIOCOOOM JUISl MATEPHAIIOB 3€p-
HUCTOM CTPYKTYPBI SIBJISIETCS OIpeeTICHUE MEePKOIISALNUN
B BOCXOAIIIEM ITOTOKE, IMPHU KOTOPOM YUUTBIBACTCS BbI-
JCJICHNUE HEOPraHNMYCCKUX U HEJIETYUYUX OPraHuYCCKUX
COCHHHCHHﬁ B 3aBUCHUMOCTH OT COOTHOILICHUS <COKHU-
KOCTb — TBepaas (azay.

TecT HAa TOKCMYHOCTH JJId IPpE€CHOBOAHBIX BOJ0-
pociieil MPOBOJUTCSI B COOTBETCTBHU CO CTaHAapPTOM
T'OCT P 54496-2011°. Onpenenenne 6UOMacchl BOJIO-
pocieit pou3BOUTCS ITyTeM 3aMepa (iryopecreHmn
xJiopouiia ¢ ITOMOIIBIO TUTPOBAIBHBIX MHKPOILIa-
ctuH. Mimes naHHbIe 10 (IIyopecleHIMN, MOXKHO Clie-
JIaTh MepecyeT B KOJIMYECTBO KIIETOK MPH ITOMOIIHN KOp-
persronHoro ¢pakropa. Ha ocHoBe Konm4ecTBa KIIETOK
PacCUUTHIBAIOT CKOPOCTh POCTA U BOBMOXKHBIE TIPETISIT-
CTBUSI €My T10 CPAaBHEHHIO C KOHTPOJIBHBIMU 00pa3IaMH.

HccnenoBanus Ha MPECHOBOIHBIX PAKOOOPa3HbIX
ompenenstores crangaptrom [OCT P 56236-2014%.
Juis nadHuMit XapakTepHO MapTEeHOTCHETHYECKOe pa3-
MHOKEHHE, YTO O3HAYaeT BO3ZMOKHOCTh JalIbHEHIIETO
pa3BuTHs 0€3 OIIoHOTBOpEHHs. UyBCTBUTEIBHOCTD HC-
MOJIb3YEMBIX B TECTHPOBAHMM OPTaHU3MOB DEryJIsip-
HO TIEPEIPOBEPSETCS C MOMOIIBIO TUXpoMara KaJlbLHs
B KauecTBe pedepeHcHoro BemecTsa. OcymiecTsisercs
PEryJIsIpHBIN KOHTPOJIb IIPOBOIMMOCTH, BOJOPOIHOTO TI0-
Kazarelisl M CoJepKaHusl Kuciopoya amoara. Ha arame
pactBopenws 1o 5 nadHuii B Bo3pacte 2—24 4 HOMeIaroT-
csi B 2 cocyna (B cymme 10 nadHuit Ha KaxapIid aTan pas-
Oapienus ). OIeHKa TOKCHYECKOTO BO3ICHCTBUSI Ha 1ad-
HHI IPOM3BOIUTCSI Yepe3 CYyTKU 1 Yepe3 BOE CYTOK.

Crnenyromue Ba TecTa €CTh B MEXJIYHapo.-
HBIX CTaHJapTaX, HO OTCYTCTBYIOT B OT€YECTBEHHBIX.
B wactHOCTH, 3TO KacaeTcs MCIBITAHUN OHTOreHe3a
9MOPHOHOB PBIO® ¥ TECTa HA CBETAIIMXCS OaKTepHIX®.

Bce nmepeuncieHHbIE METOABI KaCaIOTCsl OLEHKH
COCTOSIHUS ITPECHOM BOABI. B oTHOIIEHNN HccnenoBa-
HUN OMOJOTHYECKHUX MOKAa3aTeIeH MOYB CIEAyeT OT-
METHTB, 9YTO OTOOP MPOO, UX TTOATOTOBKA IS XHMHUYE-
CKOTO, OaKTEpPHOIOTHUECKOTO U TeITEBMHHTOIOTHIECKOTO
aHaJIM3a OCYLIECTBISIETCSI B CTPOTOM COOTBETCTBUU
c¢I'OCT 17.4.4.02-2017".

3TOCT P 54496-2011 (MCO 8692:2004). Bona. Onpenere-
HHE TOKCHYHOCTH C UCIOJIb30BAaHUEM 3€JICHBIX MTPECHOBO/I-
HBIX OJIHOKJICTOYHBIX BOJOPOCIICH.

4TOCT P 56236-2014 (ISO 6341:2012). Boga. Onpenencnue
TOKCHYHOCTH MO BEDKUBAEMOCTH TIPECHOBOAHBIX pakooOpas-
HbeIX Daphnia magna Straus.

SISO 15088:2007. Water quality. Determination of the acute
toxicity of waste water to zebrafish eggs (Danio rerio).

SO 11348-2:2007. Water quality. Determination of the inhibitory
effect of water samples on the light emission of Vibrio fischeri (Lu-
minescent bacteria test). Part 2. Method using liquid-dried bacteria.
"TOCT 17.4.4.02-2017. Oxpana npupossl. [Toussl. MeTop!
0TOOpa M MOATOTOBKH MPOO TSI XUMHYECKOTO, OaKTEPHOIIO-
THYECKOTO ¥ TeJIbMUHTOJIIOIMYECKOTO aHAIIN3a.

KroueBbIM moKazaresieM COCTOSHUS MI/IKpO6I/IOTI)I
TIOYBHI SBISIETCS YPOBEHB aKTHBHOCTH OMOMACCHI (MAKPO-
60B). CrereHb BBIPQ)KCHHOCTH HETaTUBHBIX MPOIIECCOB,
MPOMCXOJISAIINX B MUKPOOUOTE, OIPEIEIISIETCS! 110 CHHKE-
HHIO YPOBHSI aKTHBHOCTH OMOMACCHI IO CPABHEHHIO C KOH-
TPOJBHBIMH 00pa3amu. J[OImyCTHMBIM OOBIMHO CUNTACT-
Csl yMEHBILIEHHE aKTUBHOCTH He Ooliee 4eM B 5 pas.

ComracHO CTaHJApTHBIM METOAMKAM, OIMpPEeisi-
10T CAHUTAPHO-TUTUEHNYECKOE COCTOSIHUE MTOYBEHHOTO
IOKPOBa MO KOJIMYCCTBY MATOICHHBIX MUKPOOPTraHU3-
MOB, npuxoasmuxcsa Ha 1 r noussl. Konururp npen-
cTaBisieT co00l HaMMEHBIIYI0 Maccy 00pasla MOUBBI,
U3MepsieMyI0 B rpaMMax, B KOTOPOil 00HapyKuBaeTcs
1 xumegnas mamgouka. JKn3HecrmocoOHOCTh 3TOTO BHIA
0akTepuii CHIIBHO 3aBHCHUT OT TIOKa3aTelIsi KUCIOTHOCTH
nouB. Hampumep, B kucneix nmousax (yposens pH ot 2,9
10 3,7) BEIMHpaHUE KUIICYHOH MMalOYKU ITTPOUCXOINUT
3a 7-10 nuei, a B HelTpansHOW cpeae (ypoBenb pH
ot 5,6 10 6,3) 9Ta 6aKTepHs PA3MHOKAETCS K OCYIIECT-
BIISIET KU3HEACSITENFHOCTh Oosee 3,5 mMecsies. 3ary-
XaHHE Tpollecca Pa3MHOXKEHHUSI KUIICUYHON MalOuKH
6BICTpCe IMPOUCXOOUT B MOBEPXHOCTHBIX CJIOAX ITOYBHI,
CHIKASCh B TIECYAHBIX TPYHTAX B CPABHEHUH C CYTJINH-
kami. JIro00e KOIMYeCcTBO SIUIl TeIbMUHTOB B | KT 110-
YBBI CBUJICTEIIBCTBYET O €€ 3arps3HeHHH.

ITouBeHHBIE TUIACTUHKY SABIIAIOTCS METOAUYECKON
OCHOBOH ompeJiesieHHss (PUTOTOKCHYHOCTH ITOYB U I10-
3BOJISIIOT (PMKCHUPOBATh YMEHBIICHHE KOJMYECTBA MPO-
POCIINX CEMsIH, BBICOTY IPOPOCTKOB M TOAABICHHUE MX
pOCTa B CPaBHEHNH C KOHTPOJBbHBIMH 0Opa3ziamu. Kpu-
TUYCCKUM 3HAYCHUEM (I)I/ITOTOKCI/I‘IHOCTI/I, TOBOpAIIUM
0 3HAUUTEJILHON CTETIEHH JEeTPaJaliiy TTOYBEHHOTO I10-
KpOBA, SIBIISICTCSI CHIPKEHHUE KOJIMYECTBA MPOPOCTKOB 00-
nee yeMm B 2 pasa. [Tokazarens paznooOpasust Mme30dayHbl
MIOYB TAKXKE XapaKTEPU3YeT SKOJIIOTHUECKOE COCTOSHHE
nouB. [Togcyer Gecrto3BOHOYHBIX MPOBOMAT IO CETKE
¢ IIMHOM cTopoHb! 10 ¢M ¢ mOBTOpeHneM 2 pasza JIo TIy-
OWHBI BCTPEYaEMOCTH TIpENICTaBUTEeH Me30(ayHBI.

W3ydeHne reHOTOKCHYHOCTH — 0o0Jiee CII0KHOE
UCCIIeIOBaHIE MYTAareHOB 110 CPABHEHHIO C KOHTPOJIb-
HBIMH 00pa3maMu. B mouBax, mperepreBmnx cepbes-
Hble U3MEHEHMs, HAaOI0IaeTCsl YBEIMYESHHE KOJNIECTBa
MmyTaruii 6oee uem B 1000 pas.

BaxxHb! Takke Mmoxas3aresin OHOJIOTHIECKOTo pas-
HOOOpasus. B yacTHOCTH, peub MOXKET UATH 00 MHJIEK-
cax Cumncona u llleanona. Hanpumep, nmst orieHKH
JKIM3HEHHOTO IIMKJIa OMOTOITBA Ha OCHOBE CEJIBCKOXO-
3CTBEHHBIX KYJIbTYp [14].

Bbi60p MarepralioB CBsi3aH ¢ pa3HOOOpa3ueM BUIOB
OCHOBHOTO CBIPBsI M 00JIACTEH MPUMEHEHHSI MaTePHAJIOB.

PE3VYJIBTATHI HCCJIEJOBAHUA

IIpuMeHsieMbIe METOJIBI KACAIHCH HE TOJIBKO CaMIX
MaTepuajoB, HO U KOMIIOHEHTOB Teocdepsl (B 4acTHO-
CTH, MMOYBEHHOTO MMOKPOBA) B MECTaX PACIOIOKECHUS
9TAIOB KU3HEHHOTO LUKIIA 3THX Marepuayios. MHTe-
PECHOH IPU 3TOM SIBJISIETCS MOIBITKA COMOCTABICHHS
PEe3yJIbTaTOB ATUX JIByX HAIPABICHUI UCCIIEIOBAHUI.
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Tabu. 1. ITokazarenn 5JKOTOKCUYHOCTH A7l BOJBI M TIOUBBI HEKOTOPBIX CTPOMTEIBHBIX MATEPHUAIIOB

ITokazarenu mo4BbI
T10 )KU3HEHHOMY ITHKITY
(HauXyaIme MoKa3aTesn)
HammenoBanme cTpouTeIbHOTO Teer Teer Hkpa
Mare I/IESIa pH Ha BOZO- Ha LIp6 Sponery
p pocx nadHIsIX p AKTUBHOCTU DuToToKCHY-
OromMacchl HOCTh
(KkpaTHOCTH (XpaTHOCTB)
YMCHBIIICHHS)
TTonrmepOeTOH Ha OCHOBE 3MOKCHIHON
CMOJIBI: 9,6-9,7 2987 526 34 43 11
* TMEPKOJISIINS, 9,3-9,5 531 89 11 ? ’
* JIMHAMUYECKHN TECT HA BBIIIICIAYNBAHUC
I'paBuii u3 nenocrexia 9,6-9,8 5 <2 <2 1,3 1
Kepamzuroberon 9,5-9,7 <2 < < 1,5 1,0
I'a300eTOH Ha OCHOBE IIEMEHTA 9,7-0,0 3 <2 <2 1,7 1,11
IlenonnacT moaUCTUPOIBbHBIN: 3761 632 4
* TePKOJISLNS; ) 6,2-7.,5 678 98 71 49 1,13
* JIMHAMWUYECKUH TECT Ha BHIILICIAYNBAHUE
[leHOMUIIACT IEHOTIONIY PETAHOBBII:
* TEPKOJISILINS, 6,2-7,5 3997 679 >3 5,1 1,18
PROJIAMAL b 712 114 26 ’ ’
* JIMHAMHUYECKUH TECT Ha BBIIICIIAYNBAHUE
KposenbHast MeMOpaHa n3 62-72 <2 <2 <2 3.6 1.05
MOMUN300y THIICHA
KpoBenbnas memOpana U3 3TuneH-
- < <

npoIieH-1ueHoBoro monomepa (EPDM) 3,6-8,1 3 =2 =2 2.2 !

Haxoxxaenue npsMoil Koppessiiuy IIpu TAKOM IOAXOAE
BPSIJ] JIM TIPEACTABISIETCS] BO3MOXKHBIM, HO 00I11ast OLIeH-
Ka JKU3HEHHOT'O IMKJIa MOXKET OBITh JJaHa C OIPE/IeIICH-
HOM cTeneHpto TouHOCTU. CI0XKHOCTBIO B peaau3aluu
CPaBHUTEIBHOTO aHAJIN3A SBIJINCH HECKOJIBKO Pa3HbIC
CPOKHU MCHBITaHUM U pa3Hble cpenbl. s sxoTokcuy-
HOCTHU MPUMEHSIUCh CAMM MaTEepHalIbl, a JUIs OLICHKH
KU3HEHHOTO [TUKJIa 00Pa3Ibl TIOUBBI C MECT, CBSI3aHHBIX
C UX JKU3HEHHBIM IIUKJIOM. Pe3ynbTarsl HcciaeoBaHuN
NIpUBE/ICHBI B Ta0. 1.

W3 tabn. 1 MOXHO clenarb BBIBOJ, YTO Mare-
pHaNbl ¢ CONEPKAHUEM IOJIMMEPHBIX KOMIIOHEHTOB
JIEMOHCTPHUPYIOT Oojiee cepbe3Hble MPOOIEMBI C KO-
TOKCHUYHOCTBIO. B TO e BpeMs OIMH U3 MOKa3aTelel,
KOTOPBIH OTpakaeT Harpy3Ku Ha OKPY’KarolLyto CPedy
0 )KMU3HEHHOMY UKy MaTepuaia, — 3TO KPaTHOCTb
YMEHBIICHUS YPOBHSI aKTUBHOCTH OMOMAacChI (CM. ero
M3MEHEHHUs 11l HeOpraHu4ecKux Marepuainon). [Janee
IpeasaraeTcss pacCMOTPETh HEKOTOPhIE U3 TOKCHYE-
CKHX BEILIECTB, KOTOPBIE MOT'YT IPUCYTCTBOBAaTh B pac-
CMOTPEHHBIX MaTepHaax.

@Topu OB BEIZIENICH U3 TIOMMEPOeTOHA Ha OCHO-
BE SMOKCHHOM CMOIIBI, @ TAKXKE U3 TPaBHsI HIEHOCTEKIIA
B paznuuHoM konudectse (ot 0,1 no 1,1 mr/m). Takxe
MoJMMEpOETOH Ha OCHOBE JITOKCHUIHOM CMOJIBI M Tpa-
BUS M3 TIEHOCTEKJIA COJCPIKUT XJIOPHUA (KOJIUYECTBO
ot 1 o 27 mr/m). PaznuuHoe xonnvecTBo cynbharo
B uamna3one ot 1 mo 6,8 Mr/i comepxkarcs B TAaKUX Ma-
Tepuanax, Kak KpoBelbHbIe MeMOpaHbl, moaumepoe-
TOH UM I'PaBUH U3 NEHOCTEKIA. B cilyyae KpoBeJIbHBIX
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MeMOpaH ObITN YCTaHOBJICHBI B BH/IE KATHOHOB MOBBI-
HIeHHBIC BeMM4nHBI IUHKA (0T 40 10 100 Mr/m), kaab-
s (ot 0,6 mo 2 mr/m). B amroatax monmmmepOeToHa
Ha OCHOBE SMOKCHIHOW CMOJIBI OBUIN TAKXKE YCTAHOB-
JICHBI KATHOHBI CEPBI, HATPUS, KaJIUsI, MATHUSI, KaJIbIIU,
KpEeMHMsI, INHKA, CTPOHIMA, ME/IM, Mapranua, oopa,
MBIIIbSKA, ATFOMHHMS, MOJIHOIEHA, KOOAIbTa, BaHAIMS.

Jis meHoruiacta Ha OCHOBE IEHOMOJUCTHPOJIA
0COOEHHO B)XKHBIM SIBJISIETCSI TPUCYTCTBHE TAKOTO Be-
IeCTBa, KaK MCIOJIb3yeMbI B Ka4eCTBE aHTHUIIUPEHA
rekcabpommukinononekan (HBCD). DTo BemectBo
1 (PTOpPUPOBAHHBIE YIIICBOIOPO/IBI MTPEACTABIISIFOT OTIac-
HOCTB C TOKCHKOJOTHYecKor Touku 3peHus. HBCD
B HACTOSIIIIEE BPEMSI BCE MEHBIIIE TIPUMEHSETCS B TIPOH3-
BOJICTBE TICHOIJIACTOB, TaK KaK SIBISICTCS yCTOWYHUBBIM
B OKpY)KaIollel cpesie, crocoO0eH K OMOIOrHYeCKOMY
HaKOIUICHHIO, YTO CIIEyeT YUUTHIBATh PH YTHIM3ALHN
(mepepabotke) n3nenuii. B yactHocTH, OH pa3pyriaercs
COJIbBOJIM30M WJIM MHBIMH METO/IaMH (HapuMep, ¢ I10-
MOIITBIO BRICOKHX TeMmeparyp) [15, 16].

IToMumo ompeneneHns: SKOTOKCHYIHOCTH Pa3ind-
HBIMH TE€CTaMH C y4aCTHEM >KUBBIX OPraHH3MOB CTO-
UT PacCMOTPETh U pacueTHbIE METOJIbI ONPEICICHUS
HKOTOKCHYHOCTH, @ TaKK€ TOKCHUYHOCTH JUIsl JIIOACH
M0 yKa3aHHBIM BbIlIE (hopMysiaM. Pesynbrarsl onpese-
JICHUS! [TApaMETPOB JUISl PA3JINYHBIX CTPOUTEIBHBIX Ma-
TEpHaIOB IPUBECHBI B Ta0MI. 2.

[Tpu cpaBHEHNM TaHHBIX O PA3IUYHBIX CTPOUTEIH-
HBIX Marepuaiax (pyHKIHOHATbHAS eqUHAUIA — | KT)
TaKke Bce 3 mokasarens (pakoBas TOKCHYHOCTh, Hepa-
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Tabua. 2. PacueTHble IOKa3aTeIM TOKCUYHOCTH JUTL J'[IOI[GfI 1 SKOTOKCUYHOCTH IJIs pa3JIMYHBIX CTPOUTEJIbHBIX MaT€puajioB

Pe3ynbTaThl 110 JaHHBIM UCTOYHUKOB [17, 18] Pesynbrarsl uccaenoBanus
HaunmenoBanue TOKCHYHOCTD IS TIOJICH, TokcHYHOCTD IS JTIO/ICH,
CTPOUTEJIBHOTO CTUh DKOTOKCUYHOCTb, CTUh DKOTOKCHYHOCTb,
Marepuana He CTU, He CTU,
KaHIIepOT€HBbI KaHIIEPOTeHbI
KaHIEPOTeHbI KaHLEPOTeHbI

Pambr u3
AJTFOMHUHHUEBOTO 2,19E-05 3,64E-04 421 838,75 2,17E-05 3,72E-04 445 724,52
cruiaBa
CranbHbIE pamMbl 1,67E-08 4 24E-08 1,72E-08 4,33E-08 54
Pambr u3 [IBX 2,43E-05 1,39E-04 183 431,25 2,51E-05 1,44E-04 191 223,31
[lena u3 IITY 2,06E-09 1,12E-07 303,64 2,11E-09 1,18E-07 311,58
Kamennas Bara 5,1E-09 1,2E-08 30,24 4,97E-09 1,13E-08 28,57

KOBast TOKCHYHOCTh U 9KOTOKCHYHOCTH) XOPOIIO KOppe-
JUPYIOT JIPYyT ¢ APyroM. B 1ienoM u3 gaHHbIx Tabdi. 2
MOJKHO CJIEJIaTh BBIBOJ O XOPOILEH CXOAMMOCTHU pe-
3yJbTATOB MCCJCIOBAHUS C JAHHBIMHU, [TOJYYSHHBIMH
3apy0eKHBIMU crieraancTaMu. OIHAKO IPaKTHYECKH
BCE MapamMeTpbl TOKCHYHOCTU (IKOJOTHUECKOU | JIs
JIOJICH) B MCCIIEIOBAHUN HECKOJIBKO BBIIIIE, YTO CTOUT
000CHOBBIBaTh HEKOTOPBIMU OCOOCHHOCTSMH OTEYe-
CTBCHHOI'O )XM3HCHHOI'O IMHUKJIAa BCEX PAaCCMOTPEHHBIX
marepuanos. [loaydyeHnHast HH(GOPMAIHS MOXKET BKJIFO-
4aThCs B IKOJOTMYECKUE JICKIIapallii U UCIIOIb30BaATh-
Cs1 ISl OLIGHKH KHM3HEHHOro 1ukia. [1o HepocTaTkam,
HaJl KOTOPBIMH CTOUT PaboTaTh B OYIyHIEM, CTOUT YII0-
MSIHYTh HEOOXOJUMOCTh 00Jiee MOIPOOHOTO PaccMo-
TPEHUsI KAXK/I0r0 U3 ITAMOB KU3HEHHOTO IIUKJIA, YTOOBI
HE IPOITYCTUTh BAKHON HH(POPMALIUH; TAKIKE PEKOMEH-
JIYFOTCSI CTaHAAPTU3AI[MsI METOIOB pacueTa rmokKasare-
Jieil, B TOM 4YuCiIe MyTeM paboThl HAJ MPOrpaMMamMu
o pacuery, ¥ popMmupoBanue 60a3 JaHHBIX M0 MOKa3a-
TEJISIM TOKCHYHOCTH JIJIsI JTFO/IEH U 9KOTOKCHYHOCTH.

S3AKJIIOYEHHUE U OBCYXAEHUE

HccnenoBanue 3KOTOKCUYHOCTH CTPOUTEIBHBIX
MaTepHaoB MPECTaBIACT HHTEPEC Ui HACHTH(U-
KaIlM U OLIEHKH BBIJICICHUS BPEIHBIX BELIECTB U3 Ca-
MHUX MaTepHalioB, a TAK)KE B MECTaX, CBA3aHHBIX C UX
JKU3HEHHBIM LIUKJIOM. Be3ycIoBHBIM IPeUMyIeCTBOM
UCTIOJIb30BAHNUS KATETOPUH SKOTOKCUYHOCTH SBISIETCS
peaxiys JKUBBIX OPTaHU3MOB Ha MOMAJaHUE BPEIHBIX
BEIIIECTB, KOTOPOE OLIEHUBAETCS KAaK IPU aHAJIN3E HIT0a-
TOB MaTE€pHaJIOB, TAK U B AJIEMEHTAaX Cpe/ibl (Harpumep,
B IOYBE). DTO TOpa3mo Oojee MOTHO XapaKTepHU3yeT
CUTYaIUIO 110 CPABHEHHUIO C MPOCTHIM OIpPEIEICHH-
€M KOJIMYEeCTBa TOr0 MM MHOTO BPEAHOTO BEIECTBA.
[Tpu moMo1u onpeneneHus SKOTOKCUYHOCTU BO3MOXK-
HO NIPOSICHEHNE CUTYAIlNH, KaKHe U3 CTPOUTEIILHBIX Ma-
TEPUAJIOB CTOUT U3yUYHTh C OMOILBIO HCYEPIIBIBAIOILECH
XMMHUUYECKOU aHauTUKu. [Ipy noMolnu Takoro noaxona
(cHauasa ornpezaeaeHne SKOTOKCHYHOCTH, 3aTEM XHMHU-
YyecKas aHAJIWTHKA M UACHTH(HUKAIWs BPEIHBIX Be-
IIIECTB) MO’KHO COKOHOMHTB CPEJICTBA HA IOPOTOCTOsI-
IIMX UCCIIe0BaHUX. TakuM 00pa3oM, OHOIOTHICCKHIA
MOJXOJ K OLIEHKE COBCEM HE MPOTHUBOPEUUT XUMUKO-

AHAIIUTUYECKOMY, a JINIIb SIBISETCS BCIIOMOTATElNb-
HOW cocTaBisronIei u nononaeHueM. OOIIHe 3aTpaThl
BPEMEHHU HCCIICIOBAHNSA SKOTOKCHYHOCTH JITI0ATOB (MX
BJIMSIHUSL Ha BOJOPOCITH, TahHUH WK CBETAIIHECS OaK-
TEPHUH) COCTABISAIOT OT CYTOK 110 moiyTopa. [Ipu aTom
MIPU MOBBINICHHBIX 3HAYCHUSX TOKCHYHOCTH MOXKHO
MPEKPaIIaTh UCTIBITAHHUS C COOTBETCTBYIOIIIMH BBIBO-
nmamu. Jlanee MOXHO TIpU HEOOXOAMMOCTH MPOIOIKATh
TECTHPOBAHME €IIe OANH JeHb (HampuMep, IPOBECTH
SKCIICPUMEHTHI C 3apobIlIaMu pbi0). TecThl Ha TOYBE
Gosee 3aTpaTHBI IO BPEMEHH, HO B HEKOTOPBIX CITydasx
JAroT OoJiee TOUHBIN Pe3yNbTaT (HampuMep, KPaTHOCTh
YpOBHS aKTUBHOCTH OmoOMacchl). B 3aTparsl BpemMeHH
HA HUCCJICIOBAHMSI CTOUT BKJIFOYATh TOATOTOBKY P00,
3aMephl U ONEHKY JAaHHBIX. ClleayeT OTMETUTh Toa4ac
CWJIBHBIC KOJICOAHUS JAHHBIX UCCIICIOBAHUS OT MPOOBI
K Tipo0e, 9To TpeOyeT BHUMATEIBHBIX TTOIXO00B K TPaK-
TOBKE pe3ynbTatoB. [10 BpeMeHU onpeecHue 3KOTOK-
CHYHOCTH BITOJIHE COIIOCTABUMO C HMCCIICTOBAaHUSMHU
CTPOUTEIBHBIX MATCPUATOB XHMHKO-aHATATHICCKIMHU
Metomamu [4, 19, 20].

Kareropuro u pe3yapTraThl OLEHKH YKOTOKCHYIHO-
CTH JIeT4€e BKJIIOYATh B KH3HEHHBIH IIUKJI TT0 CPAaBHEHUIO
¢ mapaMerpamMu OMOTEOIIEHO30B B MECTaX, CBSI3aHHBIX
C JKU3HEHHBIM ITUKIIOM CTPOWUTEIBHBIX MaTepHalioB,
B TOM YHCJIC 10 IPHYUHAM pacueTa Ha KOHKPETHYIO
(hyHKIMOHATBHYIO equHUIYy. OTHAKO HAa COBPEMEHHOM
JTare KJIFYCBYIO POJIb HAUMHAIOT HTPATh OLICHKA OHO-
pa3HOOOpa3us MO KU3HEHHOMY LUKy MaTepHaoB.
JI1s 9THX HCCleOBaHUI TECThI HA 3KOTOKCHYHOCTD
TaKKe UTPArOT BaXHYIO POJIb, TaK KaK IIOMOTAIOT I10-
HSTh HA KAYCCTBCHHOM H KOJIMYECTBEHHOM YPOBHE TOK-
CHYECKHE COCTUHECHUS, MPUCYTCTBYIOIINE B KU3HCH-
HOM IIMKJIC CTPOUTEILHBIX MATEPHAJIOB.

MeTonb! onpeneneHns SKOTOKCUIHOCTH TPEeOyIoT
BHUMATEIIFHOTO PACCMOTPEHUSI HEKOTOPBIX BaKHBIX BO-
MIPOCOB, K KOTOPBIM MOYKHO OTHECTH CIICAYIOIINE:

* pas3NUYue YyBCTBUTCIBHOCTH HCIIOIB3YEMBIX
B TECTAaX OPTaHU3MOB,

* CpaBHCHHE PE3yJIbTAaTOB TECTOB MECPKOJISALIUAU
1 TTHAMHYECKOTO BBIIIETIAYMBAaHIS aeT HanOoIee To4-
HBIC PE3YJIbTAThl U UCKITFOYACT HEaJJCKBATHBIC BBIBOIIBL;
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* aKKypaTHOCTbh TPAKTOBOK IOJYYECHHBIX PE3YJib-
TaTOB U COIOCTABJICHHS PAa3JIMYHBIX METOJIOB OIpese-
JICHUS SKOTOKCUYHOCTH.

BaxHbIM HanpaBlIeHUEM SIBISCTCS U3y4CHHUE KOp-
peNsIlIuM KaTeropuu dKOTOKCHYHOCTH C KaTeropuei
TOKCUYHOCTH JUIS JIFOJICH, a Tak)Ke ¢ MHBIMHU Iapame-
TpaMH >KM3HEHHOTO LHUKJa (MOTeHIMAT NapHUKOBOTO
3¢dexra, MOBBIMIEHNE KUCIOTHOCTH, IBTPO(HUKAIIHS,
MOTEHIIMAJ Pa3pyLICHUs] 030HOBOTO CJIOSI, MOTSHIUAI
o0pa3oBaHUs (POTOOKCHUIAHTOB), a TAKKE C TAKUMU
napameTpamMu, Kak HHXEHEPHO-IKOJIOTHUECKUE XapaK-
TEPUCTHKHU (IKOJIOTHYECKAsi EMKOCTh, PEIPOITYKTHBHAS

CIIOCOOHOCTH), OMOMHAMKAIIMOHHBIC TOKA3aTEIIN, HH-
JIEKCHI OMOJIOTHYECKOTO Pa3HO00pa3wsl.

AKTyalbHBIMH HAMPaBJICHUSMH HCCIICIOBAHUS
TEMEI SIBIIIOTCS pa3padOTKU B cdepe mporpaMMHO-
ro obecneuenus cucrem no tuny GABi, SimaPro,
Ecoinvent, a Takxe USEtox, TO3BONISIOMINX pPaCCUUTHI-
BaTh MOKA3aTE/IM IKOTOKCUYHOCTH 110 )KU3HCHHOMY I[H-
KIIy B aBTOMaTHUYCCKOM pekuMe. TakKe CTOUT yACTHTh
BHUMAaHHE COBEPIICHCTBOBAHMIO HOPMATHBHOM IPaBo-
BOIf 0a3bl. B yacTHOCTH, 3TO KacaeTcsi HEKOTOPBIX CTaH-
JIApPTOB 1O KOHTPOJIFO KauyeCTBa BOBI METOIAMHU OIIpe-
JICTICHHST SKOTOKCUYHOCTH.
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INTRODUCTION

One of the important criteria within the life cycle
assessment of environmental impacts in accordance with
the methodology of ISO 14000 series international stan-
dards is environmental toxicity, which is rightly placed
in the rank of impact categories. Each category of impact
in the application of GOST R ISO 14044-2019' standard
has indicators of the selected level. In particular, as in-
termediate parameters and examples of impact standard
GOST R 56269-2014/ISO/TR 14047:20122 consid-
ers the concentration or presence of toxic substances in
the environment. In addition, as examples of exposure
of the final elements of the environmental toxicity cat-
egory, populations of specific plant and animal species.
At the same time, the role of biological indication indi-
cators is increasing, from the choice of indicator spe-
cies to the parameters evaluated for these species [1, 2].
One of the types of products, the life cycle assessment
of which is particularly relevant due to the constant
growth of production volumes during the development
of the economy, is building materials. Due to the growing
environmental loads in the production of building ma-
terials, it is worth paying special attention to the issue
of environmental toxicity (ecotoxicity) and considering
the methods of determining the indicators, as well as
analyzing the obtained indicators for individual building
materials. The study of the category of environmental
toxicity is a topical issue, which is the subject of a num-
ber of scientific works [3, 4].

Approaches to the assessment of toxicity to hu-
mans and ecological toxicity can vary greatly between
countries and organizations [5-8]. It is also an important

! GOST R ISO 14044-2019. Environmental management.
Life cycle assessment.

2 GOST R 56269-2014/ISO/TR 14047:2012. Environmental
management. Life cycle assessment. Examples of the applica-
tion of ISO 14044 to exposure situations. Examples of appli-
cation of ISO 14044 to exposure situations.

issue to study the correlation of the ecotoxicity category
with other parameters of life cycle assessment of envi-
ronmental impacts, as well as assessment of the state
of specific natural-technogenic systems.

The methodological basis for the determination
of ecotoxicity includes studies using various living
organisms, as well as computational methods, which
currently rely on the use of software. The study and ap-
plication of these methods and the establishment of cor-
relations between some approaches is a topical issue in
modern life cycle assessment of building materials.

MATERIALS AND METHODS

The term “toxicity to humans” is understood as
the negative potential for human exposure to harmful
substances, which is calculated taking into account their
ingress into atmospheric air, surface and ground water
and soil. It is worth taking into account the fact that
the negative impact depends not only on the toxic poten-
tial of the substance, but also on the duration of the sub-
stance’s stay in a particular component of the geosphere.
The amount of a particular harmful substance in air, wa-
ter and soil is multiplied by a weighting factor that takes
into account its specific characteristics and is further
summarized for all substances in all media. The toxic-
ity potential for humans in many studies is interpreted
as the amount of a harmful substance per unit of human
body weight that does not cause adverse effects associ-
ated with diseases, functioning of organs and systems,
and reduced life expectancy (the concept of maximum
permissible concentrations, MPC) [9]. When using
maximum permissible concentrations in the assess-
ment of impacts, there are two important effects that
are not yet sufficiently taken into account by modern
methods. Firstly, it is a simultaneous joint (syner-
getic) impact of several substances, each of which is
within a fraction of MPC, but in terms of negative ef-
fect, they reinforce each other, leading to significant
consequences. Secondly, the methodology of maxi-
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mum permissible concentrations poorly takes into ac-
count the biological accumulation of substances in liv-
ing organisms. Entering them in minimal fractions over
a sufficiently long period of time, accumulated harmful
substances can lead to serious adverse effects.

Toxicity to humans in modern life cycle assess-
ments is subdivided into cancer-related and non-cancer-
related [6]. In particular, the calculation of Comparative
Toxic Units for Human (CTU, ) expresses the expected
increase in mortality in the whole population attribut-
ed to the mass unit of the emitted substance (number
of cases per kilogram of emission). The USEtox multi-
media consensus model used in this does not take into
account differences in spatial location, including conti-
nents and regions of the world, with specific chemical
groups requiring further processing [10-12].

In addition to the potential for toxicity to humans,
the potential for harm to ecosystem function of life-
cycle fixed substances must also be considered. This
category of assessment will be referred to as ecological
toxicity, which is expressed as two separate values for
water and soil. These ecotoxicity values are obtained
by multiplying the quantity (mass) of a substance by
its weighting factor. A significant disadvantage of this
method of calculation is that the penetration of harmful
substances from atmospheric air into water and soil is
neglected in this model.

The scheme in figure shows that ecotoxicity can
be determined by different methods, and most impor-
tantly, it is a key indicator not only for the life cycle
of building materials, but also for the study of the state
of ecosystems [13].

Thus, it can be seen from the scheme that the ma-
terials themselves, as well as water and soil from life
cycle sites, can be evaluated for different purposes. For
all these studies, their own methods are relevant. Let us
consider some of them, primarily concerning the eco-
toxicity of the building materials themselves.

The dynamic leaching test determines the release
of inorganic and non-volatile organic compounds from
a unit surface of monolithic, slab or film building ma-
terials as a function of the duration of contact with wa-
ter. The test measures and evaluates parameters such as
specimen size, water quality, water volume per unit sur-
face area of the specimen, time and temperature.

An alternative method for granular materials is the de-
termination of upstream percolation, which takes into ac-
count the release of inorganic and non-volatile organic com-
pounds depending on the liquid-to-solid phase ratio.

The toxicity test for freshwater algae is carried
out in accordance with GOST R 54496-2011 (ISO
8692:2004)°. Determination of algal biomass is per-

3 GOST R 54496-2011 (ISO 8692:2004). Water. Determina-
tion of toxicity using green freshwater unicellular algae.

Methods of research of atmospheric air, soil, surface and ground water pollution

Calculation of toxicity to humans

Calculation of the ecotoxicity index in comparative ecotoxicity units

(CTU)

Toxicity to humans in comparative human
toxicity units (CTU, )

Ecotoxicity to soil Ecotoxicity to water

Substances that do not
cause cancer

Substances that cause
cancer

The model does not take into account the transfer of harmful
substances from the atmosphere to water and soil

Disadvantages: difficulty in accounting for synergy and biological accumulation effects;
the effects of many substances need to be clarified

Determination of ecotoxicity

Water toxicity using green freshwater unicellular algae
Toxicity by survival of freshwater crustaceans Daphnia Straus
Determination of water toxicity by effects on fish eggs

Soil biomass activity level
Number of pathogenic microorganisms per unit of soil
mass
Helminth egg content per unit of soil mass
Colititre
Phytotoxicity (by multiplicity)
Genotoxicity (by mutation number growth compared to
control samples, by multiplicity)

Determination of engineering and environmental
characteristics of the territory

Biodiversity assessment

Ecological capacity of the territory
Reproductive capacity of the territory
Biogeochemical activity of the territory

Calculation of biodiversity indices:
* Simpson index;

« Shannon index

Assessment of the state of ecosystems

Scheme of methods for determining the ecotoxicity of building materials and combining this process with other studies
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formed by measuring chlorophyll fluorescence using
titration microplates. With the fluorescence data avail-
able, a conversion to cell counts can be made using
a correlation factor. Based on the cell counts, the growth
rate and possible growth impediments are calculated
compared to the control samples.

Studies on freshwater crustaceans are defined by
the standard GOST R 56236-2014 (ISO 6341:2012)".
Daphnia are characterized by parthenogenetic repro-
duction, which means that further development without
fertilization is possible. The sensitivity of the organisms
used in the test is regularly rechecked using calcium
dichromate as a reference substance. Conductivity,
hydrogen index and oxygen content of the eluate are
regularly monitored. During the dilution step, 5 daph-
nia aged 224 hours are placed in 2 vessels (total of 10
daphnia for each dilution step). Toxic effects on daphnia
are assessed after one day and after two days.

The following two tests are in international stan-
dards, but are absent in domestic standards. In particu-
lar, it concerns tests of fish embryo ontogenesis® and
the luminescent bacteria test¢.

All the above methods relate to the assessment
of fresh water condition. With regard to studies of bio-
logical indicators of soils, it should be noted that sam-
pling, their preparation for chemical, bacteriological
and helminthological analysis is carried out in strict
compliance with GOST 17.4.4.02-2017".

The key indicator of soil microbiota condition is
the level of biomass (microbial) activity. The degree
of severity of negative processes occurring in the micro-
biota is determined by the reduction of biomass activ-
ity level compared to control samples. Usually not more
than 5-fold decrease in activity is considered acceptable.

According to standard methods, the sanitary-
hygienic condition of the soil cover is determined by
the number of pathogenic microorganisms per 1 g
of soil. The colititre is the smallest mass of a soil sam-
ple, measured in grams, in which 1 bacterium coli is
found. The viability of this bacterial species is highly
dependent on the acidity index of soils. For example,
in acidic soils (pH level from 2.9 to 3.7), the extinc-
tion of E. coli occurs in 7-10 days, while in neutral
environments (pH level from 5.6 to 6.3) this bacteri-
um multiplies and is active for more than 3.5 months.

4 GOST R 56236-2014 (ISO 6341:2012). Water. Determina-
tion of toxicity by survival of freshwater crustaceans Daphnia
magna Straus.

SISO 15088:2007. Water quality. Determination of the acute
toxicity of waste water to zebrafish eggs (Danio rerio).

©ISO 11348-2:2007. Water quality. Determination of the in-
hibitory effect of water samples on the light emission of Vib-
rio fischeri (Luminescent bacteria test). Part 2. Method using
liquid-dried bacteria.

7 GOST 17.4.4.02-2017. Nature Protection. Soils. Methods
of sampling and preparation of samples for chemical, bacte-
riological and helminthological analysis.

The attenuation of bacterium coli reproduction is faster
in surface soil layers, decreasing in sandy soils com-
pared to loams. Any number of helminth eggs in 1 kg
of soil indicates soil contamination.

Soil plates are the methodological basis for deter-
mining the phytotoxicity of soils and allow to record
the reduction in the number of germinated seeds, height
of seedlings and suppression of their growth in compari-
son with control specimens. The critical value of phy-
totoxicity, indicating a significant degree of degradation
of the soil cover is a decrease in the number of seedlings
more than 2 times. The indicator of soil mesofauna di-
versity also characterizes the ecological state of soils.
Counting of invertebrates is carried out on a grid with
a side length of 10 cm with repetition 2 times to the depth
of occurrence of mesofauna representatives.

Genotoxicity studies are a more complex study
of mutagens compared to control samples. In soils that
have undergone serious changes, an increase in the num-
ber of mutations by more than 1,000 times is observed.

Biodiversity indicators are also important. In partic-
ular, it can be Simpson and Shannon indices. For exam-
ple, to assess the life cycle of crop-based biofuels [14].

The choice of materials is related to the variety
of basic raw materials and material applications.

RESEARCH RESULTS

The methods used were not only concerned with
the materials themselves, but also with the components
of the geosphere (in particular, the soil cover) at the loca-
tions of the life cycle stages of these materials. What is
interesting is the attempt to compare the results of these
two lines of research. A direct correlation is hardly
possible with this approach, but a general assessment
of the life cycle can be made with a certain degree of ac-
curacy. A difficulty in realizing the comparative analysis
was the slightly different testing times and different envi-
ronments. For ecotoxicity, the materials themselves were
used, and for life cycle assessment, soil samples from
sites associated with their life cycle were used. The re-
sults of the studies are summarized in Table 1.

It can be concluded from Table 1 that materials
containing polymeric components show more seri-
ous problems with ecotoxicity. At the same time, one
of the indicators that reflects the environmental loads
over the life cycle of a material is the multiplicity of re-
duction in the biomass activity level (see its variation
for inorganic materials). In the following, it is proposed
to consider some of the toxic substances that may be
present in the materials considered.

Fluoride was isolated from epoxy resin-based
polymer concrete as well as from expanded glass grav-
el in varying amounts (from 0.1 to 1.1 mg/litre). Also
the polymer concrete based on epoxy resin and the foam
glass gravels contain chloride (amounts ranging from 1
to 27 mg/litre). Different amounts of sulphate ranging
from 1 to 6.8 mg/litre are contained in materials such
as roofing membranes, polymer concrete and expanded
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Table 1. Ecotoxicity indicators for water and soil of some construction materials

Soil indicators by life cycle (worst
indicators)
Name of building material pH Water- | Daphnia | Fish Biomass .
weed test test roe activity level Phytotoxicity
(multiplicity of (multiplicity)
reduction)

Polymer concrete based on epoxy resin:
« percolation: 9.6-9.7 2,987 526 34 43 1

pereotation: 9395 | 531 89 11 ' '
* dynamic leaching test
Foam glass gravel 9.6-9.8 <2 <2 1.3 1
Expanded claycrete 9.5-9.7 <2 < < 1.5 1.0
Cement-based aerated concrete 9.7-10.0 < < 1.7 1.11
Polystyrene foam: 3761 632 "
. percolgtlon; . 6.2-7.5 678 08 21 4.9 1.13
 dynamic leaching test
Polyurethane foam board: 3.997 679 53
. percola%tlon; . 6.2-7.5 712 114 2% 5.1 1.18
 dynamic leaching test
Polyisobutylene roofing membrane 6.2-7.2 <2 <2 <2 3.6 1.05
Roofing membrane made of ethylene g < <
propylene diene monomer (EPDM) 3681 =2 =2 2.2 !

glass gravel. In the case of roofing membranes, elevat-
ed values of zinc (40 to 100 mg/litre), calcium (0.6 to
2 mg/litre) were found as cations. Cations of sulphur,
sodium, potassium, magnesium, calcium, silicon, zinc,
strontium, copper, manganese, boron, arsenic, alumin-
ium, molybdenum, cobalt, vanadium were also found
in the eluates of epoxy resin-based polymer concrete.
The presence of a substance such as hexabromocy-
clododecane (HBCD), which is used as a flame retardant,
is particularly important for polystyrene foams. This sub-
stance and fluorinated hydrocarbons are dangerous from
a toxicological point of view. HBCD is nowadays less
and less used in the production of foams, as it is stable
in the environment, capable of biological accumulation,
which should be taken into account in the disposal (recy-
cling) of products. In particular, it is destroyed by solvol-
ysis or other methods (e.g., high temperatures) [15, 16].
In addition to the determination of ecotoxicity by
various tests involving living organisms, it is worth
considering calculated methods for determining ecotox-
icity and toxicity to humans using the above formulae.

The results of the determination of parameters for dif-
ferent building materials are given in Table 2.

When comparing data on different building materi-
als (functional unit — 1 kg), also all 3 indicators (cancer
toxicity, non-cancer toxicity and ecotoxicity) correlate
well with each other. In general, from the data in Table 2,
it can be concluded that there is a good convergence
of the results of the study with the data obtained by for-
eign experts. However, almost all parameters of toxicity
(ecological and for humans) in the study are somewhat
higher, which should be justified by some peculiarities
of the domestic life cycle of all considered materials.
The obtained information can be included in environ-
mental declarations and used for life cycle assessment.
The shortcomings that should be worked on in the future
include the need for more detailed consideration of each
of the life cycle stages in order not to miss important
information; standardization of methods for calculating
indicators, including by working on calculation pro-
grammes, and the formation of databases on human and
ecotoxicity indicators are also recommended.

Table 2. Estimated human toxicity and ecotoxicity for different building materials

Results according to sources [17, 18] Results of the study

Name of building Toxicity to humans, CTU, . Toxicity to humans, CTU, o

: Ecotoxicity, Ecotoxicity,
material not not
cancerigenic L CTU, cancerigenic L CTU,
cancerigenic cancerigenic
Aluminium alloy frames 2.19E-05 3.64E-04 421,838.75 2.17E-05 3.72E-04 445,724.52
Steel frames 1.67E-08 4.24E-08 47 1.72E-08 4.33E-08 54

PVC frames 2.43E-05 1.39E-04 183,431.25 2.51E-05 1.44E-04 191,223.31

FPU foam 2.06E-09 1.12E-07 303.04 2.11E-09 1.18E-07 311.58

Stone wool 5.1E-09 1.2E-08 30.24 4.97E-09 1.13E-08 28.57
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CONCLUSION AND DISCUSSION

The study of the ecotoxicity of building materi-
als is of interest for the identification and assessment
of the release of harmful substances from the materi-
als themselves, as well as at sites associated with their
life cycle. A definite advantage of using the ecotoxicity
category is the response of living organisms to the in-
gestion of harmful substances, which is assessed both
in the analysis of material eluates and in environmental
elements (e.g. soil). This is a much more comprehensive
characterization of the situation than simply determin-
ing the amount of a particular harmful substance. With
the help of ecotoxicity determination it is possible to clar-
ify which building materials are worth investigating with
exhaustive chemical analytics. With this approach (first
ecotoxicity determination, then chemical analytics and
identification of harmful substances), costly studies can
be saved. Thus, the biological assessment approach does
not contradict the chemical analytical approach at all,
but is merely a supporting component and complement.
The total time required for ecotoxicity studies of eluates
(their effect on algae, daphnia or luminescent bacteria)
ranges from one day to one and a half days. In this case,
if toxicity values are elevated, the tests can be terminated
with appropriate conclusions. Further testing can be con-
tinued for another day if necessary (e.g. experiments with
fish embryos). Soil tests are more time consuming, but in
some cases give more accurate results (e.g. multiplicity
of biomass activity levels). Sample preparation, measure-
ment and data evaluation should be included in the time
required for research. It should be noted that there are
sometimes large fluctuations from sample to sample,
which requires careful interpretation of the results. In
terms of time, the determination of ecotoxicity is quite
comparable to studies of construction materials using
chemical-analytical methods [4, 19, 20].

The category and results of ecotoxicity assess-
ment are easier to incorporate into the life cycle com-
pared to biogeocoenosis parameters in locations related
to the life cycle of construction materials, including
for reasons of calculation per specific functional unit.
However, biodiversity assessment through the life cycle
of materials is beginning to play a key role at the pres-
ent stage. For these studies, ecotoxicity tests also play
an important role as they help to understand at a qualita-
tive and quantitative level the toxic compounds present
in the life cycle of building materials.

Methods for determining ecotoxicity require care-
ful consideration of some important issues, which may
include the following:

* the difference in sensitivity of the organisms
used in the tests;

» comparing the results of percolation and dy-
namic leaching tests gives the most accurate results and
excludes inadequate conclusions;

* accuracy of interpretation of the results obtained
and comparison of different methods of ecotoxicity de-
termination.

An important direction is to study the correlation
of the category of ecotoxicity with the category of tox-
icity to humans, as well as with other life cycle param-
eters (greenhouse effect potential, acidity increase, eu-
trophication, ozone depletion potential, photo-oxidant
formation potential), as well as with such parameters
as engineering-ecological characteristics (ecological ca-
pacity, reproductive capacity), bioindication indicators,
biodiversity indices.

Current areas of research are the development
of software systems such as GABI, SimaPro, Ecoinvent,
and USEtox, which allow the calculation of life cycle
ecotoxicity indicators in automatic mode. It is also worth
paying attention to improving the regulatory framework.
In particular, it concerns some standards for water quality
control by methods of ecotoxicity determination.
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