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TAKING INTO ACCOUNT OF EMISSION OF POLYCYCLIC AROMATIC
HYDROCARBONS IN CRITERIA-BASED ASSESSMENT OF ECOLOGICAL SAFETY
LEVEL OF VEHICLE WITH RECIPROCATING ICE EXPLOITATION PROCESS

O.M. Kondratenko, Cand.Sc.(Eng.), Assoc. Prof., S.A. Kovalenko, MSc, 0.S. Botsmanovska,
Student, N.M. Podolyako, Student

National University of Civil Defence of Ukraine

Chernychevska str., 94, Kharkiv, 61023, Ukraine, E-mail: kondratenkoom2016@gmail.com

In present study was improved methods of calculated assessment of the magnitudes of the complex
fuel and ecological criterion of prof. Igor Parsadanov and the Index of ecological and chemical as-
sessment of prof. Pavlo Kanilo, taking into account: emissions of sulfur oxides and consumption of
engine oil for fumes and emissions of benzo(a)pyrene and other polycyclic aromatic hydrocarbons
in the composition of exhaust gases diesel reciprocating internal combustion engine in power plant.
Set of initial data for calculated assessment for a standardized steady testing cycle ESC was obtai-
ned. Calculated assessment of the magnitudes of the criterion and the index is carried out taking
into account the engine emissions of the specified pollutants.

Keywords: ecological safety, environmental protection technologies, criteria-based assessment,
reciprocating internal combustion engines, benzo(a)pyren, polycyclic aromatic hydrocarbons.

Introduction. The relevance of this study is due to the following. According to the results of
the analysis of the mathematical apparatus of the complex fuel-ecological criterion of prof. Igor
Parsadanov K. in the monograph [1], which also proposed a faceted classifier of such mathematical
apparatuses, found that it should be classified as «Internal» or «Causal». The main alternative to it
is the mathematical apparatus of the integral index of ecological-chemical evaluation prof. Pavlo
Kanilo. The original versions of these apparatuses is described respectively in monographs [2, 3].
The main disadvantage of the K criterion is the absence in the composition of the considered eco-
logical safety (ES) factors, specified in their hierarchical classifier, proposed in the monograph [1].
The same source formulates the concept of improving the mathematical apparatus and methods of
applying the K criterion, one of the main points of which is the partial overcoming of this disadva-
ntage, namely, the introduction of the criterion of new ES factors, which are essentially emissions
of gaseous pollutants. In particular, in the classification of ES factors improved by the author, the
source of which is reciprocating internal combustion engine (RICE) in the power plant (PP), with
the corresponding hierarchical classifier in addition to legally regulated directly gaseous and aerosol
pollutants in the exhaust gases (EG) flow, there are also legally regulated indirectly — sulfur oxides
SOy, polycyclic aromatic hydrocarbons (PAH) (including benzo(a)pyren (B(a)P)) etc., as well as
legally unregulated — emissions of vapors of motor fuel and oil, aerosol of crankcase gases and etc.
However, the analysis of scientific and technical literature by the authors of the study to expand the
range of ES factors taken into account by the mathematical apparatus of the Ky criterion is not re-
vealed, so the implementation of such research and analysis of its results is an urgent scientific and
technical task.

Purpose of the study: expansion of the nomenclature of ES factors, which are taken into
account by the mathematical apparatus of the complex fuel-ecological criterion K, in particular

65



«[Npobaemun eKonoriyHoi 6esnekmn»

B(a)P and PAH. Object of the study: the place of emissions of B(a)P and PAH in the structure of
the influencing ES factors of the complex fuel-ecological criterion K and the integrated index of
ecological-chemical assessment F. Subject of the study: quantitative and qualitative aspects of the
object of the study.

Material and research results. Magnitudes of the criterion K for i-th RICE steady represent-
tative operational regime with value of weight factor WF are determined by formula (1) and its
components — by formulas (2) — (5) [1, 2]. Average exploitation magnitude of criterion Ky is descri-
bed by formula (3) as it was proposed in study [1].

K =me '(l_B)'103 = f(él(Ak 'Gk )/Gfuel)’%°; 1)

ﬁ(Ak .G )= A(PM)-G(PM )+ A(NO, )-G(NO, )+ A(C,H,,)-G(C,H,, )+ A(CO)-G(CO), kg/h;(2)

m=1

N N
K e = i/ > (KL -WF,; )/ 3. (WF; )-1000, %o 3
i=1 i=1
where the index i indicates the values for a separate representative mode of RICE operation or range
in the its exploitation model; Gl — mass hourly fuel consumption, kg/h; Gx — mass hourly emission
of k-th pollutant in EG flow, kg/h; A — dimensionless index of relative aggressiveness of k-th pollu-
tant in EG flow; h = 4 [4] — number of pollutants in EG flow; n, — effective efficiency coefficient;
— coefficient of relative exploitation ecological monetary costs.

In present study the following methods is proposed for such assessment that takes into account
the toxic influence of B(a)P and PAH emission on a human in accordance of which formula (2)
converts into the formula (4) where value of coefficients 4(B(a)P) and 4(PAH) determine the for-

mula (5) [2, 3].
S (A, -G, )= A(PM)-G(PM )+ A(NO, )- G(NO, )+

m=1

+A(C,H,,)-G(C,H,, )+ A(CO)-G(CO)+ A(B(a)P)-G(B(a)P)+ A(PAH )-G(PAH )kg/h;  (4)
A =ay - ay By -8 =/IMPC,,(CO)-MCP,,(CO))I(MPC,, (k)- MPC , (k))- o - By -8, (5)

where ax — index of relative danger of presence of k-th gaseous or aerosol pollutant in atmospheric
air that a human breathes; oy — correction that takes into account the probability of accumulation of
k-th gaseous or aerosol pollutant in environment components, trophic chains and admission to the
human body by non-inhalation way; Bk — correction that takes into account the probability of forma-
tion of other (secondary) pollutants, more harmful than the original, by the source of the k-th gase-
ous or aerosol pollutant emitted into the atmosphere; &x — correction that takes into account the im-
pact of k-th gaseous or aerosol pollutant on other recipients except a human; MPC,y(CO) and
MPCu(CO), MPC,q4(k) and MPCqi(k) — maximum permissible concentration of reference (Aco = 1,0,
MPC,4(CO) = 3,0 mg/m®, MPCx(CO) = 20,0 mg/m® [1-3]) and k-th pollutant in air average day-
and-night and maximal one-time, mg/m®.

In studies of prof. Pavlo Kanilo which analyzed in study [5, 6] was proposed the integral index
of ecology-chemical evaluation of RICE and degree of efficiency of its improving that in accordan-
ce with develops by author of this study classification of criteria-based mathematical apparatuses
that are suitable for implementation of complex calculated assessment of operation efficiency of ES
management system (ESMS) of the process of accident-free exploitation process that was develo-
ped in study [1] also related to types of «Internal» or «Causal».

Magnitudes of the index F for one complete cycle on testing of RISE of the test bench with
running drums are determined by formula (6) [3, 4].

66



«[Npobaemun eKonoriyHoi 6esnekmn»

Meo M M M M 5CA
Fi =10‘3><{[ €O 4 M ta. 02 4. SOO‘]+(C. % 4. (EG)]} (6)
tc

[co] " [eH]  [NO, ] [soot] ) | [sO,] ~ [B(a)P]

where My — mass of emission of k-th pollutant during one complete cycle on testing of RICE (see
index «ts»), kg/cycle; [kK] = [MPCy]qn — maximum permissible concentration of k-th pollutant,
kg/m* a =3,0; b =3,0; c = 2,0; d = 4,0 — coefficients that take into account the further intensifica-
tion of the total effect of toxic and carcinogenic substances in the composition of EG of RICE on
humans.

In this study was used modified variant of formula (7), i.e. index F, in which instead the values
of mass of emission of k-th pollutant during one complete cycle on testing of RICE M (in kg/cycle)
author is proposes to use the values of mass hourly emission of of k-th pollutant G(k) on individual
regime of exploitation model (in kg/h). Such approach which will allow except solution of problem
of absence of initial data of appropriate type (i.e. values of A4) also obtained the individual regime
values of index F that is values for each separate representative steady operational regime of RICE
exploitation model. Because of this, the index F gets the dimension [kg/h] / [kg/m®] = [m*/h].

The main problem of application of index F and formula (1) is the uncertainty of magnitudes of
empirical coefficients «, b, ¢ and d for RICE of different types and models besides for wich studies
described in monograph [3] was carried out. It this study the values of the empirical coefficients re-
commended in prof. Kanilo's studies were used. In this case appears the need for determination of
middle exploitation value of index F what in this study author is proposes to obtained as the weigh-
ted arithmetic mean i.e. by the formula (7).

N N N
F= zl (F;-WF,)/ zl (WF,); zl (WF,)=10. @)
1=! 1= 1=!
Thus, distributions of magnitudes of values criterion Ky and index F on operational regimes fi-
eld of 2Ch10.5/12 autotractor diesel engine obtaines with using of proposed in study [4, 5] approa-
ches are illustrated of Fig. 1.

BERNNWOWWAAODD NN
VOoOUOUWOoO OO OO ou

Nks, IpM

a
Figure 1 — Distribution of magnitudes of index F (a) and criterion Ky (b)
on operational regimes field of diesel engine 2Ch10.5/12

It is necessary to be noted that from structure of formula (1) can be seen that the larger the
index F the lower the ES level of exploitation process of RICE on separate operational regime un-
like the complex fuel-ecological criterion Ky and generalized desirability function of Harrington D.

Conclusions. Thus, in this study methods of calculated assessment of the magnitudes of the
complex fuel and ecological criterion of prof. Igor Parsadanov and the Index of ecological and che-
mical assessment of prof. Pavlo Kanilo, taking into account: emissions of sulfur oxides and consu-
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mption of engine oil for fumes and emissions of B(a)P and other PAH in the composition of EG
diesel RICE. Set of initial data for calculated assessment for a standardized steady testing cycle
ESC was obtained. Calculated assessment of the magnitudes of the criterion and the index is carried
out taking into account the RICE emissions of the specified pollutants.
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BPAXYBAHHSA BUKUAY HOJIHUKITYHUX APOMATHYHUX BYTI'JIEBOJHIB B
KPATEPIAJIbBHOMY OLIHIOBAHHI PIBHA EKOJIOT'TYHOI BE3IIEKH
EKCIINIYATALII ABTOTPAHCIIOPTHUX 3ACOBIB 3 IOPIIITHEBUM /IB3

O.M. Konopamenko, k.m.u., ooy., C.A. Kosanenxo, mazicmp, O.C. boumanoecvka, cmyo., H.M.
Ilooonako, cmyo.
Hauionansnuii ynigepcumem yuginibHo2o 3axucmy YKpainu
Byi1. UepHuinescrka, 94, m. Xapkis, 39600, Ykpaina. E-mail: kondratenkoom2016@gmail.com

VY 11poMy AOCIHIHPKEHH] BAOCKOHAJIEHO METOJI PO3PaXyHKOBOT OLIIHKHM BEJIMYMH KOMIUIEKCHO-
ro majBa Ta eKoJoriyHui kputepi. npod. Irops Ilapcaganosa Ta iHAEKCY €KOJIOTO-XIMIYHOT OIliH-
ku nipo¢. Iasna Kanina, 3 ypaxyBaHHSIM: BUKHIM OKCHUJIB CIPKH Ta CIIOHBAHHS MOTOPHOTO Macla
Ha yrap Ta BUKUJIU O€H30(a)MipeHy Ta 1HIIUX MOTIIUKIIYHAX apOMaTUYHUX BYTJICBOJIHIB Y CKJIaIl
BIJIIPAI[bOBAHUX Ta3iB JU3EIBHOTO MOPIIHEBOTO JBUTYHA BHYTPIIIHBOTO 3TOPSHHS y CKJaJli eHep-
roctanoBkd. OTpuMaHO HaOip BUXITHUX JAaHUX TSI PO3PaXyHKOBOI OI[IHKH sl CTaHIapPTH30BaHO-
ro crauioHapHoro BumnpoOysangbHoro 1ukiry ESC. 3nilicHeHO po3paxyHKOBE OIIHIOBaHHS 3HA4YEHb
KPUTEPIIO Ta 1HACKCY 3 ypaxyBaHHSAM BUKHJIIB y CKJIaJll OTOKY BiAMpaIlbOBAaHUX Ta3iB JIBUTYHA 3a3-
HAYCHHX TOJIOTAHTIB.

Knrouoei cnosa: exonoriuna HeOe3meka, TEXHOJOTT] 3aXUCTY HABKOJUIIHHOIO CEPEOBHUINA,
KpUTEpiaJibHE OIIHIOBaHHSA, TIIOPUIHEBI JBUTYHH BHYTPIIIHBOTO 3rOpsiHHs, OeH3(a)mipeH,
MOTIITMKIIIYHI apOMaTUYHI BYTJICBOTHI.
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K BOITPOCY YCTOMYHUBOI'O PA3BUTHUS NIPEJINPUSATUAI
TOPHO-METAJIJIYPTUUECKOI'O KOMILIEKCA

E.B.Mamyxno, k.m.n., o0ouy., A.B.Cubupv, k.m.H., o0oy., Kprwoxosea H.A., mazucmp,
Canvnuxkosa 10.B., mazucmp
Hayuonanvnasa memannypzuueckas akaoemus YKpaunol
[Ip. Tarapuna, 4, r. Tnenp, 49005, Ykpauna, E-mail:Helen_mt@ukr.net

OnpeneneHpl 1eIb W 33Ja4d  WCCJICAOBAHMS JKOJOTHYECKHUX AaCIEKTOB YCTOWYMBOTO
pPa3BUTHUS OTEYECTBEHHBIX MPEANPHUATHI TOPHO-METAJUTYPTHYECKOTr0 KOMILUIEKCA. BBISBIEHBI H
CHUCTEMATU3UPOBAHBI (haKTOPHI, BIUSIONINE HA SKOJOTUUECKHE MMOKA3aTeIN YCTOMYHMBOTO Pa3BUTHUS
TOPHO-METAITYPrUYeCKOro  KoMmIuiekca  YKpauHbl.  lIpeniokeHbl  peKkOMeHJaluu 1o
COBEPIIICHCTBOBAHUIO JKOJOTUYECKONW KOMITOHEHTHI YCTOWYMBOTO Pa3BUTHUS MPEANPUITHH TOPHO-
METaJUTyprHueCcKOoro KOMILIIEKCA. Brimonnenue JTHX peKOMEeHIaluit ITOBBICUT
KOHKYPEHTOCIIOCOOHOCTh TPEANPUITHI U TMO3BOJIUT MPOAYKIIMH, MPOU3BOJIUMON OTEYSCTBEHHOM
TOPHOJOOBIBAIOIIECH MPOMBIIUIEHHOCThIO, COOTBETCTBOBAaTh TPEOOBAHUSM EBPOMEHCKOTO H
MHPOBOTO PHIHKOB.

Knrouesvie cnoea: ycmotyugoe passumue, 3K0102U4eCKAsi 0OE30NACHOCMb, 20PHO-
Memaniypeudeckull KOMNIeKkc, 9Koao2uieckue acnekmsl, OKpyicarowas cpeod

BBenenue. B KoHTEKCTE CTpeMJIEHUS MHUPOBOTO COOOIIECTBA K YCTOMYMBOMY DPa3BUTHIO
BOIIPOCBI ~ OXpaHbl ~ OKpPYXKAalOUIEH  cpedbl, HOKOHOMHUHM PECYPCOB U palMOHAIBHOIO
MPUPOJIONOIB30BaHUS CTAHOBATCS MepBoouYepeHbIMU. B CBsi3u ¢ 3TUM 0CO0YI0 aKTyaabHOCTb
NpUOOPETalOT BOIMPOCHl HKOJOTHYECKOW OE30MacCHOCTH T'OPHO-METALTYPTHYeCKOTO KOMIUIEKCa
('MK), xak omHoW H3 Haumboyiee pecypco- U DHEPrOEMKHX, a TaKKe IKOJOTHYESCKH OIACHBIX
oTpaciaeil 3KOHOMUKH Y KPAUHBI.

HecmoTps Ha Hanuuue 3HAUYUTEIbHBIX U30BITOYHBIX MOIIHOCTEH MO MPOU3BOJICTBY CTAIH B
MHpE, C YI€TOM IIPOrHO3UPYEMOTro pocTa nmorpedHocTy B cTaim Ha 51 % x 2050 roxy oT ypoBHS 1O
cpaBHeHuto ¢ 2011 rogom [1], YkpanHa MOKET COXpaHUTh CBOIO HUIILY B MUPOBOM 3KCIOPTE CTAJIH.
BMmecte ¢ Tem, mOTpeOHOCTh B 3aMEHE METANIOEMKOTO O0OPYAOBaHHS B IMPOMBIIUICHHOCTH MU
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	Рисунок 1 – Калібрувальний графік диклофенаку
	де х –концентрація диклофенаку; y – площа;

