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Annotation. The problem of evaluating
the degree of the pollution of aquatic environ-
ments by hydrocarbons is very important, and it
is complicated by the fact that the equal mass
concentrations of oil contaminants with differ-
ent fractional composition have different de-
grees of toxic effects on aquatic organisms. The
paper presents the advantages of using the
method of biotesting for evaluation of the harm
caused to natural water objects by the impact of
accidental oil spills using the example of spe-
cific studies in the Astrakhan region (2013-
2015). The following questions are considered:
determination of toxicity of oil pollutants in the
natural water; calculation and comparative anal-
ysis of safe concentrations LC,y for the petro-
leum products with different fractions; the as-
sessment of damage caused to the water
medium by the impact of emergency oil spills
by taking into account the biological indicator
LCyo. The results of biotesting shows that the
heaviest oil fractions of petroleum products
have the maximal effect on Daphnia magna
Straus. The limiting harmless concentrations
(LCyo) of the heavy oil fractions dissolved and
dispersed in water is 2 times less than LC,, for
the fractions of diesel fuel and 20 times less
than LC,, for the light gasoline and medium pe-
troleum fractions of the petroleum products.

CRUSTACEA, KAK TECT-OBBEKT JIJISI
WCCJIEJIOBAHUS
HE®TAHBIX 3ATPSI3SHEHMIA BOJI-
HBIX CPE]]

®omuueBa auuna IMerposna’ ,
Hacu6ysmuna Boraro3 Mypacosna’
leedywuti unocenep, @uauan «Llenmpa
1abOpamopHO20 AHANU3A U MEXHUYECKUX

usmepenuti no FOxcuomy gpedepanvromy okpyey»
— Llenmp nabopamopHno2o ananu3a u MexHu4ecKux

uzmeperuti no Acmpaxarcroul oonacmu;

? dokmop 6uonozuueckux nayx, npogeccop,

Acmpaxanckuti 20cy0apcmeeHHblil YHUGEPCUMeEN.

AnHoramusi. [IpoGremMa OIIGHKH CTETICHH
3arpsi3HEHUs] BOJIHOM Cpelbl  yIIIEBOAOPOJaMU
KpaliHe Ba)KHA U OCIOXKHESETCS TeM, YTO TMpHu
PaBHBIX TIOKAa3aTeJIsIX MAacCOBBIX KOHIICHTPAILIMMA
HeTSIHBIC 3arpsA3HUTENH, OOJAAIOIINE Pa3HBIM
(paKIMOHHBIM COCTAaBOM, OKA3bIBAIOT Pa3HYIO
CTENeHb TOKCHYECKOTO BO3/CWCTBUSA Ha BOIHBIE
OpraHU3MBI. B CTaThe MPEICTaBIICHbI
MIpEeUMYyIIeCTBa MIPUMEHEHUS MeTozAa
OMOTECTHPOBaHUS B CHCTEME OIIGHKH Bpena,
HAHECEHHOTO TMPHUPOAHBIM BOJHBIM OOBEKTaM
BO3/JICHCTBUEM aBapUIHBIX pa3iIuBOB
He(TenpoAyKTOB Ha IMpHUMeEpe HCCIeIOBaHU B

AcTpaxaHCKOM peruoHe (2013-2015).
Paccmotpensl clenyolume BOIIPOCHI:
OIIpe/ieTICHHE TOKCUYHOCTH  HE(TSIHBIX
3arpsA3HUATENIC B TPUPOJHOM BOJE; pacueT |
CPaBHUTEIIbHBIN aHaJIN3 6e30macHbIX
KOHIICHTpAIIUU bKi He(PTEPOTYKTOB
pa3IMyYHBIX bpakunit; OLIEHKa Bpena,
HAaHECEHHOTO BO3/ICHCTBHEM aBapUUHOTO pasliuBa
HE(PTENPOAYKTOB c y4€ToM 3HAYECHUS
ounonornueckoro mokazarens bK;, . Pesymbrars
OuoTecTUpOBaHMS TOKa3ald, dYTO Haumbosee

TsOKETBIE MaclsiHble (pakiuu HEPTEIPOIYKTOB
OKa3bIBAIOT MAaKCUMaJbHOE BO3/CHCTBHME Ha
Daphnia magna Straus. Ilpemen 0e3BpeaHBIX
koHeHtpauii ~ (bKy),  pacTBOpEHHBIX WU
TUCTIEPTUPOBAHHBIX B BOJE THKENBIX MACISHBIX
bpakuii HeTENPOMAYKTOB B 2 pa3a MEHbIIE, YeM
bKiy ¢dpakuum mmuzenbHoro TormBa u B 20 pas
MeHbIIe, 4eM bKo 1€rkux OeH3MHOBBIX U CPEITHUX

KEPOCHHOBBIX (hpakiuii He(TEPOTYKTOB.
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The harmless concentration of oil
products spilled on the surface of Silver
Volozhka water channel is equal to 0.014
mg/dm’. This is 3,6 times less than the MAC
of oil products in the water of fishery
reservoirs (0.05 mg/dm?), which is taken as a
benchmark in determining the degree of
toxicity of pollution and economic damage.
The use of the calculated index of LC,o and
biological coefficient Cgio (if LCis less than
MAC) allows us to take into account the
degree of influence of hydrocarbons directly
on aquatic organisms and makes the
calculations of damage caused to water
medium more accurate and objective.
Biotesting methods, along with the traditional
analytical methods, should be utilized in
complex studies of oil pollutions of the
aquatic environments.

Keywords: oil pollution,
environment,  biotesting,  toxic
harmless concentration, damage.

aquatic
effects,

Introduction.

Currently, anthropogenic pollution is one
of the main factors that have a significant neg-
ative impact on the aquatic environments. Oil
and petroleum products are examples of the
most dangerous pollutants to the aquatic envi-
ronment. The greatest danger to aquatic or-
ganisms of the entire spectrum of petroleum
products present water-soluble and dispersed
oil components [1,2]. Typically, the following
fractions of the oil are distinguished: petrol
(lighter) fractions, kerosene (average) frac-
tion, diesel fraction, oil (heavy) fraction, fuel
oil [3].

The problem of evaluating the degree of
pollution of water by hydrocarbons is ex-
tremely important, and it is complicated by
the fact that at equal mass concentrations of
petroleum pollutants with different fractional
composition have varying degrees of toxic ef-
fects on living organisms [4,5].

besonacHass koHIEHTpamus HEPTEPOAYKTOB,
pa3IUTBIX HA MOBEPXHOCTH BOJBI B pe3yjIbTare
aBapuM HE(PTEHAIMBHOTO CylHA Ha TPOTOKE
Cepebpsinas Bonoxka cocrasuna 0.014 mg/dm’.
Oro B 3,6 pa3 wmessme, uyem [IJK
HE(PTENPOAYKTOB B BOAE PHIOOXO3SIHWCTBECHHBIX
Bon0éMoB (0,05 mg/dm?), KoTophlii yuuTHIBaETCS
B Ka4eCcTBE KOHTPOJBHOTO T[OKa3aTelas mpu

onpeaeICHIN TOKCUYHOCTH 3arpsi3HEHUs U
SKOHOMHYECKOTO yiepoa. [Ipumenenue
pac4eTHOTO IOKa3aTes OHOJIOTHYECKHU
Oe3omnacHO KOHLICHTpAIUU BbKio u

ounonornueckoro koddunuenta Ky (ecmm BKjg
menbire IIJIK) mo3BONIssET ydYecTh BIHSHHE
YIJICBOIOPOIOB HEMOCPENCTBEHHO Ha BOIHBIC

OpraHM3Mbl M  caenatb  pacu€r  ymepoOa,
MIPUYUHEHHOTO BOJHBIM OOBeKTaM, Ooinee
TOYHBIM u OOBEKTHBHBIM. Mertonst
OMOTECTUPOBAHUSA, HAPSNy C TPAAUIHMOHHBIMU
AHATUTHYCCKUMH  METOJaMH, JIOJDKHBI ~ OBITh
HCIIOJIb30BaHbI B KOMITJICKCHOM HU3yUCHUHN

HEQTSIHBIX 3arPsI3HEHUI BOIHOW CPEIbI.

KiroueBble cioBa: HedTsHBIC 3arps3HEHU,
BOJHAs cpena, OMOTeCTUPOBAHHE, TOKCHYHOCT,
Oe3oracHast KOHIIEHTpAIHs, yiepo.

BBenenue
B HACTOSAIIICC BpeMH aHTp0HOF€HHLIe
3arps3HEHUS]  SBISAIOTCA OJHMM M3  IJIaBHBIX
(bakTopoB, OKa3bIBAIOIIIM CyIIECTBEHHOE

HEraTUBHOE BO3JEHCTBHME HAa BOAHYIO CpELy.
[Ipumep omacHeWIINMX 3arpsA3HUTENCH BOJHOU
cpensl - HePTh U HedTenpoaykTel. Hanbonpuryro
OMACHOCTh M3 BCETO CHEKTpa He(TEHnpOayKTOB
TUIS TUAPOOHUOHTOB MIPEJICTABIISIOT
BOJIOPACTBOPUMBIE " JCTIEPTUPOBaHHEIE
komrioHeHThl Hedtu [1,2]. Ilo dpakimonHomy
COCTAaBy pa3iuyaloT: OeH3UHOBbIE  (JIETKHE)
dbpakuuu, KEpOCHHOBBIC (cpemHue) QpakKiuu,
nu3enbHble  (ppakuuu, MacisHble  (TSDKENBIE)
bpaxun, MasyT [3].

[IpoGnema OICHKH CTENEHH 3arpsi3HEHHS
BOJIHOM cpenbl yIIeBOAOPOAAMH KpailHE BakHA U
OCIIOKHSETCSI TEM, YTO MPH PABHBIX MOKA3ATEIAX
MaccOBOM KOHIICHTpAI1H He(TIHBIC
3arpsi3HUTENH, oOnanaromue pa3HbIM
(GpaKIMOHHBIM COCTAaBOM, OKA3bIBAIOT pPa3HYIO
CTENEeHb TOKCHYECKOTO BO3ICHCTBUS HAa IKHBBIC
opranusMmsl [4,5].
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Thus, it is suggested that it is objectively useful
and timely to study the influence of different frac-
tions of petroleum products on the physiological ac-
tivity of a various type Crustacea by biotesting
methods. In addition, it is important to study the
possibility of using the biotesting in the system for
assessing the degree of accuracy of natural waters
and for calculating the damage caused by the impact
of emergency oil spills. The aim of this work is to
investigate the effect of toxicity of various fractions
of petroleum products on the physiological activity
of crustaceans (Crustacea type) by applying a
method of biotesting.

To achieve this goal the following tasks were

accomplished:
1) We determined lethal and safe concentrations of
petroleum pollutants in natural water. The MAC of
oil products in water of the fishery reservoirs and
results of the bioassay safe concentrations of
petroleum products in the natural water are
compared.

2) We conducted experiments on the bioassay
of different fractions of petroleum with a series of
dilutions in cultivation water. We also compare the
values of MAC for oil products in water of fishery
reservoirs and results of the bioassay - safe
concentrations of various fractions of petroleum
products in water [6,7].

3) We used a comprehensive system for
assessing the harm caused to a fishery reservoir by
oil pollution, taking into account LC,,and the
biological coefficient of the Cgio using the example
of the accident of oil tanker at the Silver Volozhka
river.

Materials and Methods.

In the lower reaches of the Volga river,
among the main groups of crustaceans, the
second place on average in terms of abundance
and biomass is occupied by Cladocera order,
there are representatives of shell crayfish,
amphipods, moines. Representatives of the
Cladocera order (type Crustacea) are an
extremely important key link in the food
networks of natural reservoirs and the most
sensitive indicators of pollution of natural water

[2].

Takum 00pasoM, mpemiaraercs 4YTo OOBEKTUBHO
TIOJIC3HBIM M CBOEBPEMEHHBIM Oy/IeT M3yUeHHUE BIMSHUS
TOKCUYHOCTH Pa3TMYHBIX (DpaKivii HeTerpomyKToB Ha
(MBUONOTMYECKYI0 aKTUBHOCTh  PAKOOOPA3HBIX  (THIT
Crustacea) meronom OuorectrpoBanus. Kpome Toro,
BOKHO  V3YYUTh  BOSMOKHOCTb  HCIIONB30BAHUS
OMOTECTUPOBAHMSI B CUCTEME I OICHKHM CTCTICHU
TOYHOCTH TIPUPONHBIX BOJ M YIS pacyera yiepoa,
MPUYUHEHHOTO  BO3ICKCTBUMEM aABAapHMHBIX PA3IMBOB
Hedu. Llenbro naHHOM PabOTHI SIRISIETCST HCCIICIOBAHNE
BIMSHAS ~ TOKCHMHOCTH — Pa¥IMYHbIX  (ppakimid
He(TeNpONyKTOB Ha (PMBUOTIOTUYECKYIO aKTHBHOCTD
parooOpassbix (Tvn Crustacea) ¢ MpUMEHEHHEM METozIa
OMOTECTUPOBAHKIS.

Jtst moCTKeHrsT 3TOM LIENM PEILATINCh CIIEAYO-
TIIUE 3a1a49H :

1) Mb! onpene/maM  JieTajbHble M Oe30MacHbIE
KOHIICHTPAIMH HE(THBIX 3arpsS3HATENICH B TIPUPOIHON
Boze. Cpapam 3HadeHwst [1/1K mo wedrenpomykram B
BOZIC PBIOOXO3SHICTBCHHBIX BOJIOEMOB M OC30IMACHBIX
koHmeHTparmn (bKy) HedrenponykroB B mpodax mpw-
PPOITHOM BOTTBL.

2) MBbI mpoBeITH SKCTIEPHMEHTHI TI0 OHOTECTHpPOBA-
HUIO He(TENPOIYKTOB PAa3IMUHBIX (DpaKiMii ¢ ceprien
pa30aBIeHHii B KyJIBTHBAIIOHHOW BOme. MblI, Taroke
cpaBammm 3Hadenust [1JIK mo wedrenpomykram B Bozie
PBIOOXO3SIMCTBEHHBIX BOIOEMOB M PE3YJIBTarThl OHOTE-
CTHpOBaHUS - Oe30nacHble KoHteHTpaiwu bKy Hedre-
TIPOYKTOB PA3TMUHBIX (ppakimii B Bone[6,7];

3) Mbl BBbIICHWIM, TPUMEHEHHE KOMIUICKCHOM

CUCTEMBI OLICHKU Bpea, TIPUYIUHEHHOTO
PBIOOXO3SHCTBEHHOMY BOTIOEMY He(TSIHBIM
sarpssHeHMeM ¢ yuérom BKj u OGuonormueckoro
kopdummerta Kb Ha  mpumepe  aBapum

He(TeHAMBHOTO cynHa Ha Tmiporoke CepeOpsiHHAs
Bonoxxka.

Marepuajibl 1 METOIbI MCCI/II0BAHUIN

B HM30BBSIX peku Boiru cpem OCHOBHBIX IpyIII
PpaKooOpa3HbIX BTOPOE MECTO B CPEIHEM IO YKICIICHHO-
cti 1 6uomacce 3anmmaet otpsza Cladocera, Bctpeya-
FOTCS TIPENICTABUTENH PAKYIIKOBBIX PAKOB, OOKOILIABbI,
Mounbl [9]. Tlpencrasurerm orpsima Cladocera (Tum
Crustacea) SIBISIOTCS MCKITFOUHMTENBHO BOKHBIM KITFOUE-
BBbIM 3BEHOM B IMILIEBBIX CETSIX ECTECTBEHHBIX BOIOEMOB
1 HauOoree YyTKUMH MHIMKATOPaMU 3arpsi3HEHHS TIpH -
POIHOI BOTIBI [2].



Therefore, the biotesting was performed on
the test objects of the Crustacea type: Daphnia
magna, Straus - representative of the Cladocera
detachment (Cladocera); Moina weismanni
Ishikawa - representative of the Daphniiformes
squad; Cypridopsis aculeata - representative of
the order Podocopida (Ostracodes).

The research material was samples of
natural water and oil-containing pollutants
taken and analyzed for toxicity in the branch of
the Center for Laboratory Analysis and
Technical Measurements in the Southern
Federal District - Center for Laboratory
Analysis and Technical Measurements in the
Astrakhan Region

Each sample and its dilution were
replicated three times. Account mortality and
monitoring of the changes in physiological state
of the test objects in acute experiments and in
the control experiments were carried out prior
to the expiration of 96 hours. To determine the
harmless concentrations (BC) we used the
method of direct calculations and method of
probit-analysis using the software Excel.

The quality the control assessment of the
toxicity of pollutants in the experiment was
conducted by determining the sensitivity of the
used test organisms to a reference toxicant — the
potassium dichromate (K,Cr,O,)[6].

Results and discussions.

The results of the sensitivity study of test
objects with respect to oil contaminants of various
origin and toxicity tests (harmless multiplicity
dilution (LCR ) and lethal multiplicity dilution
(LCRs) are presented in Table 2a.

The tests showed that the test objects
studied showed similar sensitivity to the effects of
each of the oily contaminants (moving to the sur-
face of the water, whirling on its side, difficulty
breathing, lack of active power)

It should be noted that after 1 hour from the
beginning of the experiment the sample Ne6
(bitumen) was noted bubbling from the test
objects: Daphnia-100% Cypridopsis-20%,
Gammarus-20%, Moina-10%.

[ToaTOMy, GHOTECTHPOBAaHKE TTPOBOIUIN Ha
tecT-o0bekTax Tuma Crustacea:  Daphnia
magna, Straus - TpeACTaBUTENb OTpANA
Cladocera (BetrBucroyceie); Moina weismanni
Ishikawa - mnpencraButens otpsna Daphni-
iformes; Cypridopsis aculeata - npeactaBuTeNb
orpsna Podocopida (Octpakobrn).

Marepuanom sl UCCIETOBAHUS MOCITYKHU-
T TIpOOBI PUPOTHON BOABI M HeecoaepiKaIix
3arpsi3HUTENEH, OTOOpaHHBIE W MPOAHAIU3ZUPO-
BaHHBIC HAa TOKCHYHOCTh B ¢uimane «lleHTpa
nabopaTopHOTrOo  aHalIM3a U TEXHUYECKHUX
n3Mepenuit no FOxxHoMmy (enepaabHOMYy OKPYTy»
— Ilentp mabGoparopHOro aHanaM3a M TEXHUYECKHX
M3MepeHHi 0 ACTpaxaHCKOM OOMTIACTH.

Kaxayro npoOy u e€ pa3daBneHus: CTaBUIU B
TpE€X TOBTOPHOCTSAX. YYET CMEPTHOCTH U
HaOIOIeHUE 32 U3MEHEHUSIMU (PU3HOIIOTUYECKOTO
COCTOSIHUSI TECT-OOBEKTa B OCTPOM OIBITE U
KOHTpOJIE TMPOBOAWIN 10 HCTeUeHHus 96 yacos.
Jlna onpeneneHuss Oe3BpeAHbIX KOHLEHTpALUl
(BK) mpuMeHsnu MeToa npsiMOro Mojc4éTra U Me-
TOA TpPOOWT-aHAIM3a C HCHOJB30BAaHHUEM MPO-
rpammbl Excel.

KoHTponp KkayecTBa OLIEHKH TOKCHYHOCTH
MOJUTIOTAHTOB B OJKCIEPUMEHTE TMPOBOAMIN IO
OTIPEICIICHNIO YYBCTBUTEIHHOCTH HCIIONB3yEMbIX
TE€CT — OPTaHU3MOB K MOJIEIbHOMY 3TalOHHOMY
TOKCUKAaHTy — KaJHI0 JIBYyXPOMOBOKHCIIOMY
(KzCI‘zO7)3. [6]

Pe3yabTarhl u 00CyxK/1eHUs

Pesynbrarel Mcc/ie10BaHUSI 1yBCTBUTEIBHO-
CTH TECT-OOBEKTOB 110 OTHOIICHUIO K HE(PTSIHBIM
3arpsi3HUTENSAM PA3TMYHOTO TPOUCXOKACHUS U
TOKCHYHOCTH TIPO0 (Oe3BpeIHON KpaTHOCTH pas-
oaBnenns (bKPj)) m netanpbHON KpaTHOCTH pas-
0asnenus (JIKPs)) mpencrapneHs! B Tabmuie 2a.

[IpoBeneHHbIC HCTIBITAHMS MTOKA3aJH, YTO UC-
CJICZIOBAaHHBIE TECT-OOBEKTHI MPOSBUIIN CXOAHYIO
YYBCTBUTEIBHOCTh K BO3JCHCTBHIO KaXIOTO W3
HedTeconepKaIuX 3arps3HuTeNeil (BCIUIBITHE HA
MOBEPXHOCTh BOJIbI, JIMHBKA, JbIXaHUE 3aTpydHe-
HO, OTCYTCTBHE AKTHBHOTO TTUTAHHUS).

Crnenyer oTMeTHTSh, 4TO Yepe3 1 yac mocne Ha-
qaja dkcriepuMenTa B mpode Ne6 (butym) Obuto OT-
MEUEHO BCIUIBITHE Y TeCT-00heKTOB: naduusi-100%,
uunpuzaoncuc-20%, ammapyc-20%, Mouna-10%.
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At the end of the experiment (96 hours),
test organisms switched to active swimming in
the water column, the death was not more than
10%.The impact of the factor decreased.

With the purpose of studying the influence
of pollution of the aquatic environment with oil
products on the living organisms by method of
CCA and biotesting at the test facility Daphnia
magna, Straus, a comparative analysis of
samples of natural water and film oil selected at
oil spills in 2013-2015 on water bodies Volga
river, Bahtemir, Kizang, Bobyor, Direct Bolda,
Curve Bolda, Serebryanaya Volozhka was done.

Table | shows the results of comparison of
MAC and actually harmless concentrations
(LCyo) of natural water samples, which obtained
by method of probit-analysis using Excel
program.

From the Table 1 it can be seen that in
43% of the samples of natural water
contaminated with petroleum products in the
fact the safe concentrations of LC,, are much
less than the MAC.

To compare the degree of influence of
different fractions of petroleum products on
hydrobionts, a series of experiments on the test
object Daphnia magna,Straus was carried out.

The following pollutants were utilized in
the experiments: gasoline (gasoline or light
fraction); kerosene (medium or kerosene
fraction); diesel fuel (diesel fraction); machine
oil (or heavy oil fraction); Oily waste taken
from the surface of the water in the place of
emergency oil spill on a water surface at Silver
Protoka Volozhka.

Analysis of the results of experiments sug-
gests that the greatest toxic effects on the test
object 1 hour after the start of the experiment
was caused by motor oil and diesel fuel. The
manifestation of the physiological disorders
(moving to the surface of the water, whirling on
its side, no characteristic spasmodic move-
ments, difficulty breathing, lack of active
power) was observed in 100% of the test organ-
isms at concentrations: 0.05 mg/dm?® (polluter-
machine oil) and 0,25 mg/dm?® (polluter-diesel
fuel).

[To 3aBepmenun sxciepumenta (96 yacoB) TtecT-
OpPraHM3Mbl MEPEelUTH K aKTUBHOMY IUIaBaHBIO B
TONIIE BOABI, rHOenb cocraBuia He Oomee 10%.
BozneiictBue pakTopa CHU3UIOCH.

C uenblo M3yuyeHUs] BIMSIHUS 3arpsi3HEHUN
BOJAHOW cpenpl HEPTENPOAYKTaMH Ha  IKHBbIC
opranu3mbl MetorioM KXA u GuorectupoBaHus Ha
TecT-00bexTe Daphnia magna, Straus ObUT IPOBENEH
CpaBHUTENbHBIN aHAIM3 87 P00 NPUPOIHOI BOIBI U
TUIEHOYHOTO He(PTENpOIyKTa, OTOOPAHHBIX B MECTaX
aBapMIiHBIX pa3IMBOB HedrenpomxyktoB B 2013—
2015 1. Ha BOAHBIX OOBEKTaX — pekax Boumra,
baxremup, Kuzanb, booép, Ilpsmas bonna, Kpusas
bonna, mp. CepeOpsinnas Bonoxka.

B Talmiie | npuBeneHs! pe3ylsraThl CpaBHEHHS
ITJIK u axrigeckn Oe3oracHbIX KoHIeHTparmii BK .
PO TIPUPOTHOM BOIIBI, TIOTyICHHBIC METOIOM IPOOUT-
aHaJM3a C UCTIONb30BaHKEM mporpaMmbl Excel.

W3 pganpbix Tabmuiel BUaHO, 4to B 43%
UCCIIEI0BaHHBIX npo6 MPUPOIHON  BOJBI
3arps3HEHHBIX ~ HedrenpomykraMu  (pakTHUecKu
OezomacHple  KoHueHTpaimu (BK) 3HaumTensHO
MeHblie 3HadeHust TTJIK.

JInst  cpaBHEHMSI CTENCHM RIMSHUSL — PATAYHBIX

¢bpakimii  He(TENPOIYKTOB  Ha  TWPOOFIOHTOB  ObUTa
TPOBEZICHA CEpUsi  OIBITOB HA TecT-00bekTe  Daphnia

magna, Straus.

B xavecTBe MOJUTIOTaHTOB OBLIN UCTIOIb30BAHBI:
OeH3uH (J1€rkue i OeH3MHOBBIE (DPAKIINH);
KEpOCHH (CpeIHHE WM KEPOCHHOBBIC (DPAKIINK);
TM3ETbHOE  TOIUIMBO  (nu3enbHas — (pakius);
MalllMHHOE Maclio  (TSDKENbIE WM  MAaclsHbIC
(bpakum); HeTECOMESPIKAIIMA OTXOJ, OTOOPAHHBIN
C TOBEPXHOCTH BOJIbI B MECTE aBapHIHOTO pa3JiiBa
He(pTENPOyKTOB Ha BOAHOM OOBEKTE MPOTOKA
Cepebpsinast Bonoxkka.

AHaM3 TIOMYYEHHBIX PE3YJIBTATOB 3KCIIEPUMEHTA
CBUJICTEIIECTBYET O TOM, YTO HAMOOMBIINI TOKCUYECKUN
adext y TecT-00beKTa yepe3 1 vac mocrie Hadana orbITa
BbBBUTM MAIIIMHHOE MACTIO0 M JIM3CIBHOC TOIUIMBO.
[posierenne (HrBUOIOrMYECKX OTKIOHEHWH (BCIUIHITHE
Ha TIOBEPXHOCTh BOIbL, KPY)KCHHE Ha OOKY, OTCYTCTBHC
XapaKTePHBIX CKaUKOOOPA3HBIX TIBIDKCHH,
3ATPYIHEHHOCTh  JIbIXaHHS, OTCYTCTBHE aKTUBHOTO
mutanust) y 100% TecT-opraHm3MoB HAaOMFONAIOCh YK
npu  KoHueHTpapsix: 0,05 MM’ (3arps3HUTEIL -
ManmHHOEe Macno) ¥ 025 mr/mv’ (3arpsBHuTensh -
JI3EITHOE TOTUIHBO).
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With the exposure time 96 hours, similar
physiological changes in the test organisms
were observed for different concentrations of
the pollutants in the water. (see Table 2).

Analysis of the Table 2 show us that the
greatest toxic effects in the test organisms 96
hours after the start of the experiment were
caused by the engine oil, the waste oil and the
diesel fuel. From Table 3 one can see that the
harmless limit concentrations (BC,y) dissolved
and dispersed in water heavy oil fractions of oil
2 times less than BC,, fraction of the diesel fuel
and 20 times less than BC,, light gasoline and
medium  petroleum  fractions  petroleum
products.

Table 3 shows the results of comparison of
the values of MAC and actually harmless
concentrations (LC,y) of different fractions of
petroleum products, which obtained by method
of probit-analysis using the Excel program.

According to the degree and nature of the
toxic effects on the test object, the waste taken
from the site of the emergency spill on a water
body occupies an intermediate position between
the heavy and light fractions of oil. Its harmless
concentration (LC10) is 3.6 times lower than=
the MAC value.

The results obtained in the course of our
experiments fully confirmed that the toxicity of
hydrocarbon pollutants of natural water which
different fractional composition, accordingly,
can be significantly different for the same
quantitative content of the pollutants.

In scientific literature there are various
points of view on which method of determining
the toxicity of the aquatic environment is the
most precise and efficient: chemical, biological
or other methods. In the practice of
environmental organizations in Russia the
calculation of the amount of the harm (damage-
D(VY) from accidental pollution of water body
by oil products is determined by the formula
No2 Methodology [8].

D(y)ZKBr*Kﬂn*KB*KnH*Hi (1)

in that:

Kgr - coefficient taking into account natural
and climatic conditions depending on the season;

[Ipn Bpemenu skcno3unuu 96 4yacoB cxof-
Hble (PU3UOTOTUYECKUE U3MEHEHUS y TecT-opra-
HU3MOB HAOJIONAINCh MPU pa3HbIX KOHLIEHTpa-
LUSX 3arps3HATENeH B Boje. (Tadu. 2).

Anamn3 TaOmmipl 2 IOKa3bIBAcT, UTO
HauOONbIIMK TOKCHUYecKud d3pdext y Tect-
Oopranu3mMoB uepes 96 wyacoB 0T Hayana
MOCTAaHOBKHM OMNBITa BBI3BAIM MAIIMHHOE MAacJo,
OTXO0J] HEPTEIPOLYKTa U AU3EIbHOE TOIUIHNBO. U3
Tabmuiel 3 BUAHO, YTO TIpenen Oe3BpEeaHbIX
koHueHtpauuit  (bKj),  pacTBopéHHBIX U
JUCTIEPTUPOBAHHBIX B BOJAE THKENBIX MACISHBIX
dpakuii HeTENPOIYKTOB B 2 pa3a MEHbIIE, YeM
bKiy ¢pakumm muzenpHOro tomausa U B 20 pas

Menbire, 4eM bKjy I6rkmx O€EH3MHOBLIX U
CpEeAHUX KEpOCHHOBBIX bpakuuii
HEPTETPOAYKTOB.

TaOmuiia 3 moKa3bIBaeT pe3yNbTarbl CpaBHEHUS
[TJK u daxrgecku 6e3omacHbIx koHIeHTparmii bK o
He(TEenpOMYKTOB Pa3MIHbIX (PPaKIMii B BOAE, MONTY-
YeHHBIC METOJIOM TPOOHT-aHAII3a C UCTIONB30BAHHEM
nporpammbl Excel.

Mo crenenn u Xapakrepy TOKCHYECKOTO BITHSTHUS
Ha TECT-OOBCKT OTXO/l, OTOOpaHHBIA C MecTa
ABAPUITHOTO pa3iMBa HA BOIHOM OOBEKTE, 3aHSUT
CpeIHEe TMOTIOKEHUE MEKIY TDKEINBIMUA U JIETKUMU
¢dpaximsiva  HeTenporykTtoB. Ero  Ge3BpenHas
xonueHTparmst (bK10) B 3,6 pa3 Hike 3nadenys [1/IK.

Pesynbratel, nonydeHHbIE B XOA€  HAIMX
SKCTIEPUMEHTOB, TIONHOCTBIO TIOATBEPIIA TO, YTO
TOKCHYHOCTb YIIEBOJIOPOIHBIX 3arps3HUTENEH
TIPUPONHOM BOIBI  KOTOpbIE  OQNAZIalOT  Pa3TMuHbIM
(PaKIMOHHBIM ~ COCTABOM, ~ COOTBETCTBEHHO, MOMKET
3HAYUTEITBHO OUIMYATECS.  TPU  OIMHAKOBOM

KOJIMYECTBEHHOM COJIEPYKAHNH 3T PS3HSTIOLLVIX BEILIECTB.

B  nHayuHol  sjuTeparype = CYILLECTBYIOT
pa3nuyHble TOYKH 3pEHHUS Ha TO, KAKOW MMEHHO
METOJI OTIpEeJesIeHUs] TOKCUYHOCTU BOAHOM Cpembl
HanOonee TOoYeH W A(P(EeKTHBEH: XUMHUYECKHUH,
OMONMOTUYECKH WM WHbIE METOnbl. B mpakTuke
IIPUPOOOXPAHHBIX opranu3aunii B Poccun pacuér
pasmepa Bperma (ymepba) OT  aBapHIfHOTO
3arpsi3HEHUST BOAHOTO 00bekTa He(TenpoayKTaMu
omnpenensercs no gopmyne N 2 Meronuku [8]:

V=Ku*Ku*Ks* K *Hi (1) ,

rne: Ker - Ko3(h(uIMeHT, y4YUTHIBAIOUIHIA

IPUPOJIHBIE U KIMMAaTUYECKHUE  YCIOBUS B

3aBUCUMOCTH OT BPCMCHHU IOIad;
6



Kg- coefficient taking into account
environmental factors (state of water bodies);

Kun — the rate of indexation that takes into
account the inflationary component;

Kui - coefficient taking into account the
duration of the negative impact of harmful
(polluting) substances on the water body in case of
failure to take measures;

H; — is the fee for calculating the amount
of damage in accordance with Table 8 of
Methodology [8]. Hiset taking into account the
MAC and total mass of oil products. The
biological indicator LC;o of aquatic organisms
actually safe for hydrobionts in cases of
accidental spills is often several times lower
than the MAC value.

The idea of using biotesting to assess the
damage caused by the impact of accidental
spills of petroleum products on natural water
bodies of fishery importance is follows. In order
to improve the quality of the assessment of
damage, it is proposed to introduce an
additional biological coefficient Cgio (K5) in the
generally accepted formula Ne2 Methodology
[8] for calculating of the damage. Cgo takes into
account the multiplicity of exceeding the MAC
for petroleum products in relation to the
biological LC,p, which is determined by
biotesting on water test objects (Daphnia, etc.)

Ceio=MAC/LCy, (2)

in cases where the actual LCy is a more
limiting indicator then the MAC,

LCi <MAC (Cgio > 1)

Let us consider the wuse of a
comprehensive system for assessing the harm
caused to a fishery reservoir by oil pollution,
taking into account LC,, and the biological
coefficient of the Cgio by the example of
accident of an oil tanker of the Silver Volozhka.
For this emergency situation, the estimated
indicator of biotesting is a LCy=0,014 mg/dm’,
and the MAC (maximum permissible
concentration) for oil products MAC=0,05
mg/dm’. From the above it follows:

Cgio = 0,05 mg/dm* / 0,014 mg/dm’ = 3,6

Kg- ko3¢ dunment, yauTeiBaromuii 3K0I0TH-
yeckue GakTopbl (COCTOSTHUE BOIHBIX OOBEKTOB);

Kun - ko3 pummentT wHmekcanuu, y4uThIBa-
fo1U i HHPISIUOHHYIO COCTABISIONIYIO;

Kui - ko3ppunuent, yduThIBalOMUN JITH-
TEIbHOCTh HETaTUBHOTO BO3ICHCTBUS BPEIHBIX
(3arpsI3HAIONINX) BEIIECTB HA BOJAHBINA OOBEKT
P HETIPUHITHH MEp 0 €0 JTUKBUIAIUY;

Hi - Takca myis ucuucnenus pasmepa Bpena
B COOTBETCTBUM ¢ Tabauied 8 Metoauku [8§]
ycraHaBiauBaercs ¢ yuérom 3HadeHus [I/IK mo
nokaszaTento He(TenpoaAyKThl W OO0IIel Macchl
HedTenpoaykra. DakTUUECKH TOMYyCTUMBIA IS
rUIPOOHMOHTOB OHoiornueckuii mokazarens bK B
CIy4yasix aBapUWHBIX pa3IMBOB HE PpEAKO B
HECKOJIbKO pa3 Huxke 3HadeHus [1J1K.

Unes npumMenenuss OMOTECTUPOBAHUS IS

OLICHKM Bp€la, HAHECEHHOIO BO3JIEHCTBUEM
aBapUUHBIX  pa3IMBOB  HE(TENPOAYKTOB  Ha
MIPUPOAHBIX BOJIHBIX o0beKTax

pBIOOXO3MCTBEHHOTO 3HAYEHHUS 3aKIIOYaeTCs B
cienyomeM. B 1ensx TOBBIIIEHHS KayecTBa
OIICHKH BpeJa, MPUIHMHEHHOTO BOIHBIM 00BEKTaM
BCJIC/ICTBUE aBapUMHBIX pa3iuBOB HepTH U
He(TEMPOAYKTOB B OOIIEPUHITYIO opmyiry Ne2
Meroauku [8] mist pacu€ra Bpena mpeasiaraeTcs
BBECTHU JIOTIOJTHUTETbHBIN OHMOJIOTHYE CKHIA
KO3(DUIIUEHT. Ks YUUTHIBAT KpPaTHOCTh
npesbiieanst  [IJIK mo wedrenpomykram mo
OTHOILICHUIO K OMOIOTHYECKOM BK,
onpenensieMol OMOTeCTUPOBAHMEM HAa  BOJHBIX
TecT-00bekTax ([laduus u T.1.):
Ks=TIAK / BKjo, (2)

B ciIydasix, korja ¢gaktudeckast bKo siBnsercs
OoJiee TMMHUTHPYIOIMUM TIoKa3aresnem, yem [1JIK,

bK< ITAK (K5 >1).

PaccmoTprM nipriMeHeHH e KOMITIEKCHOM CUCTEMBbI
OLICHKU BpeZa, MPUYMHEHHOTO PHIOOXO3SIHCTBEHHOMY
BONIOEMY He(bTSIHBIM 3arpsisHEHHEM C y4éroMm BKiy m
ouonormyeckoro  koodduimenta Kb Ha mpumepe
apapuM  HE(PTCHAMBHOIO  CydHA HA  IPOTOKE
CepeOpsinast Bonokka. [Ins aBapuiiHON cuTyanuu
Ha np. CepeOpsinas Bonoxka onpenenéHHbIM
OMOTECTUPOBAaHUEM pacyeTHbIN mokazarenb bKig
= 0,014 wmr/mM3, a mokazarenp IIJIK mo
nedrenpoaykram [TJIK = 0,05 mr/nm3, Torma:

Ks=0,05/0,014=3,6



This indicates that in this case, the level of
the LCy, for oil products is 3,6 times lower then
the MAC. So the 1 ton of the oil products
trapped in the Silver Volozhka channel and 3,6
tons of the oil products with a LC,y = MAC =
0,05 mg/dm® has toxicity equal to that of
toxicity. Damage for this case, taking into
account the Cgio will be:

D(Y):KBr*K;U[*KB*KI/[H*Hi*CBIQ(3) (3)

where: Hi — the tax for calculating the amount
of the damage in accordance with Table 8 of
Methodology [8] is equal to 962000 RUB;

Ker = in accordance with Table 1 of
Methodology [8] is equal to 5;

Kg _ in accordance with Table 2 of
Methodology [8] is equal to 1,41;

Kun — in accordance with paragraph 11,1 of
Methodology [8] is equal to 1.

The amount of damage caused to the
water body of the Silver Volozhka channel by
accidental contamination with oil products,
tacing into account Cgio was:

D(Y)=962000 RUB * 1,15 * 5 * 1, 41*1 *
3,6 =7799415 RUB * 3,6 =28077894 RUB

The damage caused to the water body of
the Silver Volozhka channel, excluding Csgio
amounted to:

D(Y)=962000 RUB *1,15 * 5 * 1,41 * 1=
7799415 RUB

The actual damage taking into account Cgio
is 3,6 times greater than the damage calculated
only on chemical analysis

DTO CBHIETETHCTBYET O TOM, UYTO YpPOBEHb
bK,y mo medrenponykram B 3,6 pa3 HUXKeE, 4yeM

OOIIEeNPUHATHIN TS PBIO0X0341CTBEHHBIX
BogoémoB  mokazarenb IIJIK, Te. ToHHa
He(TEenpoayKTOB, TMOMABIIUX B BOAOEM TIp.

Cepebpsinast Bonokka 005a7a€T TOKCUYHOCTBIO,
pPaBHOW TOKCHUYHOCTH 3,6 TOHH HEPTEIPOIYKTa C
BKo = ITJK = 0,05 mr/mm®. Yimep6 misi JaHHOTO
ciydas ¢ yueroM KicocraBu

y:KBr*Kﬂn*KB*KV]H*Hi*KE (3)

rae: Hi - Takca nns mucumcneHus pasmepa
Bpezla B COOTBETCTBHH ¢ Tabnwuiiet 8 MeToauku
[8] paBHa 0,962 muH.py0.= 962000 py6.;

K, - B coorBercTBHM ¢ Taduuiei 1 Meto-
nuku [8] cocrasnser 1,15;

K. - B coorBeTcTBUHM C Tabnuneii 4 Meto-
nuku [8] cocraBuser 5;

K, - B coorBeTcTBHH ¢ Tabnwmiel 2 MeTo-
nuku [8] cocrasnser 1,41, Tak Kak MepBI 11O JIUK-
BUJAIINH pa3uBa HEPTEPOIYKTOB HE IPUHUMA-
JINCH;

Kiuw - B coorBercTBuM ¢ myHKTOM 11.1 Me-
tonuku[8] paseH 1.

Y=962000 py6. * 1,LI15*5* 1,41 *1*3,6=

7799000 0 py6. * 3,6 =28077894 pyO.

Pasmep Bpenma, NPUYMHEHHOTO BOJHOMY
o0bekTy mporoka CepebOpsiHas Bonoxka 6e3 yde-
ta K§ cocraBu:

¥ =962000 py6. * 1,15*5* 1,41 * 1 =

7799415 py6.

@dakTnueckuil ymepd npuHUMas BO BHHMa-
nue Ks, B 3,6 pas Bblle, yeMm yuiepO UCUUCIICH-
HBII TOJIBKO IO pe3y/IbTaTaM XUMHUYECKOTO aHAJIH-
3a.



Conclusion.

In conclusion, we can say that the use of
bioassay in the Crustacea such as test objects in
the system to estimate damage caused to natural
water bodies influence of accidental oil spills
objectively useful and timely. The application of
a calculated indicator of biological safety
concentration LC,, and the biological
coefficient Cgio (K5) at the test facility improves
the quality of assessment of the degree of
accuracy of oil-contaminated water
environments and the accuracy of calculating
damage to natural water objects (if LC; <
MAC; Cgio < 1). Based on these results, it can
be concluded that the proposed solution is
promising and the possibility of its application
in the practice of state control of environmental
organizations.
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3akiaoueHue

B 3akmroueHme  MOXKHO — CKasarb, 4YTO
NpUMEHEHHE OMOTECTUPOBAHMS Ha TECT-00BEKTaxX
turma Crustacea B cHUCTEME OIICHKH Bpena,
HAHECEHHOTO TPUPOAHBIM BOJHBIM OOBEKTaM
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Table 2a

The test objects of the Crustacea type
No. Oil contaminant Daphnia magna,Straus Moina weismanni 1. Cypridopsis aculeata
LCRyo LCRs LCRyo LCRs LCRy LCRso
1 Oil sludge 1 35,4 10,0 32,6 9,2 38,5 10,9
2 Oil sludge 2 38,5 10,9 38,5 10,9 42,0 11,9
3 Oil sludge 3 46,7 13,2 46,7 13,2 46,7 13,2
4 oily wastewater 1 6,9 4,5 6,9 4,5 5,2 1,8
5 oily wastewater 2 8,0 49 8,0 49 6,3 3,0
6 Bitumen 1,0 - 1,0 - 1,0 -
Tabmuma 2a
TecT-00BeKTHI KiTacca Pakoobpa3Hbie
r-yi[ He?;gg;{eppg{;il}l,mﬁ Haduus Mowuna Hunpunoncuc
BKPi JIKPso BKP; JIKPso BKP;g JIKPs
1 Hedremnuiam 1 35,4 10,0 32,6 9,2 38,5 10,9
2 Hedrenniam 2 38,5 10,9 38,5 10,9 42,0 11,9
3 Hedrenuam 3 46,7 13,2 46,7 13,2 46,7 13,2
4 H/c crounas Boga 1 6,9 4.5 6,9 4,5 5,2 1,8
5 H/c crounas Boga 2 8,0 4.9 8,0 49 6,3 3,0
6 butym 1,0 - 1,0 - 1,0 -
Table 1

Comparison of the values of MAC for oil products in water of fishery reservoirs and harmless concentrations (LC o)
of petroleum products in the samples of natural water

Name of indi- Ne ipo6bI
cator 16 | 17 [ 18A | 185 | 18B | 18T | 1871 | 18E | 19A | 195 | 20B | 20r | 20E | 20
MAC,
mg/dm’ 0,05
LCio, mg/dm’| 0.061 | 0.07 | 0.034 | 0.036 | 0.136 | 0.118 | 0.111 | 0.107 | 0.059 | 0.031 | 0.038 | 0.038 | 0.067 | 0.04
MAC: LCy | 0.82 | 0.71 | 143 | 139 | 037 | 042 | 045 | 0.05 | 0.85 | 1.61 | 1.32 | 1.32 | 0.75 | 1.25
Tabnmma 1
CpaBHUTENBHBIN aHanmM3 Oe3omacHbIX KoHIeHTpau bK10 nmpod npupoxHoit Bomxs!
v 3HayeHus [1JIK mo HeTenponykTaM B BOJie PbIOOX03sIHCTBEHHBIX BONOEMOB
Haumeno- Ne poGBI
BaHHUE T0- -
xasarens | 167 | 17 | 18a | 185 | 18B | 187 | 187 | 18E | 19A | 195 | 20B | 20r | 20E | 200
IAK,
(mr/mv?) 005
(ME/I;;Z3) 0,061 | 0,07 | 0,034 | 0,036 | 0,136 | 0,118 | 0,111 | 0,107 | 0,059 | 0,031 | 0,038 | 0,038 | 0,067 | 0,04
ITJIK: Ky 0,82 | 0,71 | 1,43 | 1,39 | 0,37 | 0,42 | 0,45 | 0,05 | 0,85 | 1,61 | 1,32 | 1,32 | 0,75 | 1,25
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Table 2

The effect of the oil concentration in water samples (mg/dm®) on the physiological characteristics of the test objects
96 hours after the start of the experiment.

Physiological changes Gasoline [Kerosene| Waste oil product|diesel fuel |machine oil
y g & mg/dm’ | mg/dm’ mg/dm’ mg/dm® | mg/dm’
Recovery of motor function of the organism, i ) Ot 0.025 Ot 0.025
normalization of processes of respiration, nutrition 1o 20 1o 0.05
Death 10% (LKO) 0,25 0,25 0,012 0.025 0.012
Death of 50% (LK50) 2 2 0,05 0,25 0.025
Fatal 100% (LK100) 20 20 20 0.05
Active sudden movement in the water column,
movement of the valves is uniform, breathing and
nutrition without deviation from the norm, the lethal 0.05 0.05 0.012 0.012 0.012
outcome (10%) was observed in
Binsane conepkanus He(QTEMPOLYKTOB B IpoGax BOABI (Mr/mm’) Tabmuma 2
Ha QU3HONOrHYEeCKHe PU3HAKU TeCT — 00beKTa Yepe3 96 yacoB mocsie Havaa OmbITa.
Otxonm Hedre- |[InzenpHoe| MammaHOE
bensun, |Kepocus,
Om3nonornieckne N3MEHEHUS 3 3 MIPOIYKTA, TOIIJIMBO, MacIo,
Mr/ M Mr/ M 3 3 3
MI/OM MI/oM Mr/om
BOCCTAHOBJICHHE JBUTATCIBHBIX (YHKITHIMA
opraHu3Ma, HOpMaju3aIus IpoIecCoB - - Ot 0,025 mo 20 - Ot 0,025 mo 0,05
ITBIXaHUS, TUTAHUSA,
Uleranbubiii ucxox 10% ( BK10) 0,25 0,25 0,012 0,025 0,012
UletanmpHbrid nexon 50% (JIKS0) 2 2 0,05 0,25 0,025
Uleranpasbnii ucxox 100% (JIK100) 20 20 20 4 0,05
IAKTUBHBIE CKa'{KOO6pa3HI>I€ NIEPECABUIKCHUS B
[TOJILIIE BOABI, IBUKEHUA CTBOPOK PABHOMEPHBIC,
ITbIXaHHe ¥ IUTaHue 0e3 OTKJIOHEHHI OT HOPMEL, 0,05 0,05 0,012 0,012 0,012
imetanbHbIN uexon (> 10%) He HaOmMonaNCs

Table 3

Comparison of the values of MAC for oil products in water of fishery reservoirs and safe concentrations LCyo
of various fractions of petroleum products in water (exposure time 96 h)

Name of indicator Gasoline Kerosene | Waste oil product Diesel fuel |[Machine oil
MAC (mg/dm?) 0.05
IDeath 10% (LC,o) exposure time 0,337 0,320 0,014 0,028 0,012
96 h (mg/dm®)
IMAC: LCy 0,15 0,16 3,57 1,79 4,17
Tabmmma 3

CpaBuurenbHbli aHamm3 3HaueHus [1/IK mo HedrenpomaykTaM B Bosie ppI00X03sIHCTBEHHBIX
BOZI0EMOB 1 _Oe3omnacHbIX KoHIeHTpaunu bKy HedTenponykToB pa3nuuHbIX (pakiui B Boje

HanmenoBanue nokasarenst bensun Kepocun Orxon negre- | Jlnsensioe Maumrnoe
MPOIYKTa TOILIMBO Macio
IIK, (Mr/am’) 0,05
BKo (Mr/mm3) 0,337 0,320 0,014 0,028 0,012
ITK: BKio 0,15 0,16 3,57 1,79 4,17
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