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EXPOSURE MODELLING IN RISK ASSESSMENT OF INDUSTRIAL ENTERPRISES

The provisions and theory of exposure assessmentpasented in the article. According to basic diens of
exposure assessment methods and necessary datdefined. The elements of exposure modeling foerdift
environments and systems of human body are dedkl®pactical application of exposure and dose d#éin to the
process of environmental risks assessment proseggdn.

Posenanymo ocnoeni nonodcenns i meopis oyinku epagicenusi. Busnaueno ocmosmi nioxoou i neobxiomi Oami 0ns
BUKOHAMMA PI3HUX MUNIE OYiHKU epadicenHs. Po3pobieno Komnonenmu MOOent08aHHs PAXCEHHA, NO6'A3AH020 3
OCHOBHUMU KOMNOHEHMAMU HABKOIUUIHBO2O Cepedosuyd i cucmemamu 1oocbkoeo opeanismy. Hasedeno pesynomamu
PO3PAXYHKY 003 i 8PAdCEHHS 8 NPoYeci OYIHKU PUSUKIE.
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I ntroduction Problem formulation

There are a number of different purposes fdvlostly exposure assessment is used in toxicological
exposure assessments, including their use in rigk/estigations to define possible consequences of
assessments, toxicology, trends analysis apdisoning, but this way the investigation is not
epidemiology. Official guidelines and regulatioms i connected with initial sources of poison. The pssce

this field are intended to convey the generdlf assessment of environmental risks imposed by
principles of exposure assessment, not to serve taghnogenic sources usually ends up with calculatio
detailed instructions. As a result, it is necesdary Of negative results probabilities and their magietu

adjust general rules to the specific charactessiic Exposure assessment may give information about
industries and industrial objects as they can BBese negative results in more detailed form by
considered the main sources of pollutantdlculating both doses and reactions related to

threatening to human health. certain chemicals and the exposure routes attdbute
, _ _ to certain types of industrial enterprises or paiu
Background information analysis sources in general.

Exposure assessment in various forms dates backdghcept and methods

the early XXth century in the fields of epidemiojog .
industrial hygiene, and health physics [1_3]'_rhe human exposure means contact of the chemical

Epidemiology is the study of disease occurrence ae%a(agené with the _ViSiblﬁ (;xtéerior ?]f the perhsond
the causes of disease, while the latter fields degf<ll ahd OPenIngs into the body such as mouth an

primarily with occupational exposure. Exposur@osmls)’ or the so-called exchange boundaries

assessment combines elements of all thr here absorption takes place (skin, lung,

disciplines. This has become increasingly importa strointesti_nal tract) [6]. The EEA and the EPA
since the early 1970s due to greater publi efer to define exposure as in the approach [4].

S . a result, exposure assessment is the quastitativ
academic, industrial, and governmental awarene.ssq(jalitative evaluation of that contact. It deswmilige
chemical  pollution ~problems. — Correspondingpensity, frequency, and duration of contact, aften
regulations and directives were developed by thOgga|ates the rates at which the chemical crosges t
national and global organizations, which deal witBoyndary (chemical intake or uptake rates), theerby
environmental issues in relation to human healffjhich it crosses the boundary (exposure route; alerm
hazards [4-5]. Application of this standards showsral, or respiratory), and the resulting amountthaf

the need to amend them from time to time in order themical that actually crosses the boundary (a) dosk
keep them in accordance with the newest scientifise amount absorbed (internal dose).

achievements. Depending on the purpose, for which an exposure
As for Ukraine and neighbouring countries, we dassessment will be used, the numerical outputeof th
not have similar standards accepted arskposure assessment may be an estimate of either
implemented at all levels of the state environmlentaxposure or dose. If exposure assessments are done
safety provision. The necessary regulations must be part of a risk assessment that uses a doseisespo
developed to standardize the process of risklationship, the output usually includes an edema
assessment, which is based on exposure assessmefitiose.
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Other risk assessments, for example many of trmse d Although the description of contact with the outer
as part of epidemiologic studies, use empiricadiyveéd boundary is simple conceptually, the descriptioa of
exposure-response relationships, and may characteghemical crossing this boundary is more complex.
risk without the intermediate step of estimatingedo There are two major processes by which a chemical
Table provides the summary of the exposure and daggh cross the boundary from outside to inside the
terms along with examples of units commonly usegbdy. Intake involves physical moving the chemical
in environmental investigations. . _through an opening in the outer boundary (usually
Although exposure assessments are done for anafietine mouth or nose), typically via inhalation, egfin
reasons, the quantitative exposure estimation @n (H drinking. The chemical intake rate is the amount
approached from three different ways: . of. chemical crossing the outer boundary per unit
— the exposure can be measured at the point 4 e, and is the product of the exposure
contact (the outer boundary of the body) whilesit | ncentration times the ingestion or inhalatioe rat

taking place, measuring both exposure concentrati fle second process by which a chemical can cross

and time of contact and integrating them (point-of . o X
contact measurement): the boundary from outside to inside the body iskent

— the exposure can be estimated by separ Qtake involves absorption of the chemical throtigh
evaluation of the exposure concentration and &N OF other exposed tissue such as eyes. Althtegh

time of contact, then combining this informatiorf emical is often contained in a carrier mediure, th
(scenario evaluation); medium itself typ_lcally is not absorbed at the saate

— the exposure can be estimated from dose, whichaf the chemical. Uptake through the lung,
turn can be reconstructed through internal indisatodastrointestinal tract, or other internal barrigiso can
(biomarkers, body burden, excretion levels, etcgceur following intake through ingestion or inhadat

after the exposure has taken place (reconstruction)The conceptual process of contact, then entry and
These three ways are approaches for arriving atabsorption, can be used to derive the equations for
guantitative estimate of exposure. Sometimes tlexposure and dose for all routes of exposure.
approaches to assessing exposure are descril@thé tIn general exposure over some period can be
of “direct measures” and ‘“indirect measures” ofepresented by a time-dependent profile of the
exposure. Measurements that actually involve sampliexposure concentration [7]:

on or within a person, for example, use of personal

monitors and biomarkers, are termed “direct measureg = J' C(t)dt,

of exposure. Use of models, environmental {

measurements, and gquestionnaires, where measusemghlere

do not actually involve personal measurements, 3€is the magnitude of exposure;

termed “indirect measures” of exposure. The ) js the exposure concentration as a function of
direct/indirect nomenclature focuses on the type .

measurements being made: the scenario evaluai'mm/p? _ t' the exposure durationE

— of — contact / reconstruction nomenclature fogase 2 1. : . .

how the data are used to develop the dose estimate. !f ED is a continuous period of time (e.g., a day, week,
These three approaches to quantification of expdsur Year, efc.), therC(t) may be zero during part of this
dose) are independent, as each is based on diffiatan  time. Contact time is the actual time periods (es/en
The independence of the three methods is a usefisodes) during which actual exposure is takiagepl
concept in verifying or validating results. Eachtiog Integrated exposures are done typically for a eingl
three has strengths and weaknesses; using themingfividual, a specific chemical, and a particulathgvay
combination can considerably strengthen the critgibi or exposure route over a given time period. An sME

of an exposure or risk assessment. pathway is the course a chemical takes from iteeda

the person being contacted.

The general equation for potential dose for intake
Here we focused on exposure via inhalation, orgkocesses, e.g., inhalation and ingestion is the
intake, and dermal absorption as these routes afieegration of the chemical intake rate over time:
related to environmental factors. N
The process of a chemical entering the body can

descrliobed in two steps: contact (expgosure), fotl)i/)\kvgz Bepot B I C(OIR(t)dt, @)
actual entry (crossing the boundary). Absorptiathee b

upon crossing the boundary or subsequently, leati®et where

availability of some amount of the chemical todmytally Dot is potential dose;

significant sites within the body (internal dose). IR(t) is the ingestion or inhalation rate.

Exposure modelling
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Summary of exposure and dose terms
Term Refers to Generic units Specific example units
Exposure | Contact of chemical Concentration x time| Dermal:
with outer boundary of (mg/L water) - (hrs of contact),
a person, e.g., skin, (mg /kg soil) - (hrs of contact).
nose, mouth Respiratory:
(ppm in air) - (hrs of contact),
(ng/m3 air) - (days of contact).
Oral:
(mg /L water) - (min of contact),
(mg /kg food) - (min of contact).
Potential Amount of a chemical | Mass of the chemical: Dermal:
dose contained in material | Dose rate is mass of| (mg /kg soil) - (kg soil on skin) = mg in soil ajgu
ingested, air breathed, | the chemical/time; to skin.
or bulk material applied mass of chemical/unit Respiratory:
to the skin body weight - time (ng/m3 air) - (m3 air breathed/min) - (min exposed
ug in air breathed.
Oral:
(mg/L water) - (L water consumed/day) - days
exposed = mg ingested in water
(also dose rate: mg/day)
Applied Amount of chemical in | As above Dermal:
dose contact with the (mg/kg soil) - (kg soil directly touching skin)%6f
primary absorption chemical in soil actually touching skin) = mg
boundaries (e.qg., skin, actually touching skin.
lungs, gastrointestinal Respiratory:
tract) and available for (mg/m3 air) - (m3 air directly touching lung) - (6
absorption chemical actually touching lung) = mg actually
touching lung absorption barrier.
Oral:
(mg/kg food) - (kg food consumed/day) - (% of
chemical touching g.i. tract) = mg actually touahin
g.i. tract absorption barrier
(also absorbed dose rate: mg/day),
chemical available to organ or cell
(dose rate: mg available to organ/day)
Internal The amount of a As above Dermal:
(absorbed) | chemical penetrating mg absorbed through skin,
dose across an absorption mg absorbed via lung.
barrier or exchange Respiratory:
boundary via either mg absorbed via g.i. tract
physical or biological
processes
Delivered | Amount of chemical As above Oral:
dose available for interaction dose rate: mg absorbed/day or mg/kg - day

with any particular

organ or cell

Mg available to organ or cell

(dose rate: mg available to organ/day)
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Equation (1) can also be expressed in discrete foffor effects such as cancer, where the biological
as a summation of the doses received during variotsponse is usually described in terms of lifetime
events: probabilities, even though exposure does not occur
Do =2.C; [R [ED,, (2) over the entire Iifetime, doses are often preseated

i lifetime average daily doses (LADDs). The LADD
where takes the form of equation (4), with lifetime (LT)

ED; is the exposure duration for evént replacing the averaging time (AT). The LADD is a

If C andIR are nearly constant (which is a goodery common term used in carcinogen risk
approximation if the contact time is very short)assessment where linear nonthreshold models are

equation (2) becomes: employed.
= = For absorption processes, two methods can be used
Dpor = CHRIED, 3)( for calculating internal dose. The first, commonly

where used for dermal absorption from a liquid where at
ED is the sum of the exposure durations for aleast partial immersion occurs, is derived from the

events, andC and IR are the average values forequation for internal dose,

these parameters. t)

Equation (3) is used in cases whé&endIR vary D,y = jC(t)D(p [BAt)dt,

considerably and (2) can be used if the exposure ca t

be broken out into segments, wheleand IR are

approximately constant. If even this conditiohere

cannot be met, equation (1) may be used. Kp is the permeability coefficient;

Doses may be expressed in several different waysAis the surface area exposed.

For risk assessment purposes, estimates of ddasth C andSAvary over time, an&p vary not over
should be expressed in a manner that can fime, but over different parts of the body.
compared with available dose-response data. Permeability coefficient expresses relationship
Solving equations (1)—(3), for example, gives altotyepyeen the flow and the exposure concentration

dose accumulated over the time in question. nd is experimentally measurable. The flow means
Exposure assessments should take into account ﬂsg flux of the chemical across the barrier. init
time scale related to the biological response. F ’

many noncancer effects, risk assessments considdfctly measurable, and dependents on nature of
the period of time, over which the exposur&€hemical and barrier, active transport versus passi
occurred, and often, if there are no excursions Miffusion processes, and concentration of the
exposure that would lead to acute effects, averagbemical contacting the barrier. Thus the internal
exposures or doses over the period of exposure aigse is:

sufficient for the assessment. These averages are _ _

often in the form of average daily doses (ADDs). Dy =CLK,[BALED,

An ADD can be calculated from equation (1) by

averaging Dpot over body weight and averagingyhere

time, provided the dosing pattern is known so thgA s average surface area exposed:;

integral can be solved, which happens not VeIXpp,, (average daily internal dose defined from the

often. Using equation (3) instead of (1) or (2}g|ation of O, with body weight and time period as
involves making steady-state assumptions aliut . n (3))

andIR, but this makes the equation for ADD easi !

to solve. For intake processes equation (3) becomgghe second method of calculating internal dose uses
_ empirical observations or estimation of the

ADD =[EEIR [ED] /[ BWAT], (4) absorption rate. It is useful when a small or known
amount of material (such as a particulate) or a
chemical (such as a pesticide) contacts the skia. T
potential dose of a chemical to the skib),, can
often be calculated from knowing the concentration,
%, and the amount of carrier medium applibtleq
either as a whole or on a unit surface area basis.

where

ADD, is the average daily potential dose;

BWis body weight;

AT is the time period over which the dose i
averaged (converted to days).
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Thus, potential dose from dermal contact with solh general, not all data necessary for calculation
can be calculated using the following equation: performance are known and available (especially, if
D,,=CM,.=CLF,, SAED, we consider subsequent transformations and transfer
where proce_sses . wit'hin the org_ani.sm, for example,
Mmegis amount of soil applied: chemicals in air, food, or drinking water normally

Faan is the adherence factor for soil (the amount &Nter the body through the intake processes, ad th
soil applied to and adhering to the skin on a unft'® ab_sorbe_:d through internal uptake in the ang or
surface area per unit time). gastrointestinal tract). So, common assumption is
The relationship between potential dose and appliggt for intake processes, the potential dose squal
dose for dermal exposures is that potential dode applied dose. Although arguments can be made
includes the amount of the chemical in the totdhat this assumption is likely to be more nearly
amount of medium contacting the skin, and appliegccurate than for the case of soil contact, thielisal
dose includes only that amount of the chemicadf this assumption is unknown at this point.

pot

which actually directly touches the skin: Essentially, the assumption of equality means that
ty whatever is eaten, drunk, or inhaled touches an
D pot = D [ (D)L, (5)absorption barrier inside the person. As a refit t
ty

following equations can be formed:
where
f(t) is nonlinear absorption function, usually notD,,

measurable, having the dimensions of mass absorbed

per mass applied per unit time. ADD,, =[ COR[CED[AF] /[ BW[AT] .

The absorption function will vary due to a numbgér o

factors (concentration gradient of chemical, carrieAlthough equations for calculating exposure, dose,
medium, type of skin, skin moisture, skin conditionand their various averages are in widespread use in
etc.). If f(t) could be integrated over time from theexposure assessment, the assessor should consider
start of exposure until tim&, it would yield the the implications of the assumptions used to derive
absorption fractionAF, which is the fraction of the the equations. Simplifying assumptions used in
applied dose that is absorbed after tiifie The deriving the equations may mean that variations in
absorption fraction is a cumulative number and caskposure concentration, ingestion or inhalatioe,rat
increase with time to a possible maximum of 1 (germeability coefficient, surface area exposed, and
100% absorption), but due to competing processggsorption fraction can introduce error into the
may reach steady state long before reaching 100 &&imate of dose if average values are used, asd th

= Dyyp CAF = D, [AF =C ORED [AF;

pot

absorption. must be considered in the evaluation of uncertainty
Equaﬁuon (5) then becomes Depending on the use of the exposure assessment,
Dine = Dapp LAF estimates of exposure and dose in various forms may

and if all the chemical contained in the bulk miaier be required. In case of industrial enterprise tlagee
are assumed to come in contact with the skihree acceptable directions of modelling and

eventually, therDap, equalsDye and calculations.

ADD,, =[E[Mmed CAF] /[ BWAT] 1. Exposure concentrations are useful when

or comparing peak exposures to levels of concern such
as short-term exposure limits, permissible levdls o

Din = Doy LAF . influence and so on.

This approximation will by no means always give. Exposure or dose profiles describe the exposure
credible results: unfortunately, almost no data agncentration or dose as a function of time.
available concerning the relationship betwee@oncentration and time are used to depict exposure,
potential dose and applied dose for dermglhile amount and time characterize dose; graphical
exposures. Experimental data on absorptias tabular presentations may be used for eithes typ
fractions derived for soil commonly use potentiahf profile. Such profiles are very important foretia
dose rather than applied dose, which may make thex assessment where the severity of effect is
experimental data at least in part dependent ®pendent on the pattern by which the exposure

exptla_'ri(TentaI conditions such as how much soil Wag,cyrs rather than the total (integrated) exposure.
applied.
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For example, a developmental toxin may onhAs a result, the assessor is able to answer such
produce effects if exposure occurs during guestions: are there individuals at risk from expes

particular stage of development. Similarly, a singl, the substances under study: to what risk leaeis
acute exposure to very high contaminant levels m ersons subiected: and what is the average
induce adverse effects even if the average expost 8_ p ) J C _ ) 9
is much lower than apparent no-effect levels. individual risk? In addressing these questiongg ris
Integrated exposures are useful when a total erposgdescriptors may give estimation of the probability
for a particular route is needed. The integratepms_me that an individual in the high end of the distribut

is the total area under the curve of the exposufled may suffer an adverse effect; probability that an

Exposure profile (a picture of exposure concemimiall i iidual at the average risk may suffer an adwers

over time) contains more information than an iraegt ] . o :
exposure (a number), including duration and pegitydi effect; or probability that an individual will swf an

of exposure, peak exposure, and shape of the adea uadverse effect given a specific set of exposure
the time-concentration curve. circumstances. All these calculations and modelling
results are of the greatest interest to risk maisage
) ) ~ when considering various actions to mitigate risk.
Exposure and dose information are often combined

with exposure-response or dose-respongieferences

relationships to estimate risk, the probability aof
adverse effect occurring for different technogeni
objects. There is a variety of risk models, wit
various mathematical relationships between risk and ;
dose or exposure. A major funCtFi)on of the exposuﬁéandards — background / W.A. Cook // Arch. Environ
modelling as part of risk assessment is to prothée Health. — 1989. Mlg; - P. 272"276'

exposure or dose values, and their interpretations. 3: Upton A.C. Evolving perspectives on the concept of
The offered modelling provisions give possibility t dose in  radiobiology and radiation protection /
evaluate human health hazard coming from certafaC. Upton // Health Physics. — 1989Ne55. — P. 60-69.
type of industrial enterprises via the most impatrta 4. Guidelinesfor Exposure Assessment. — Washington:
environmental components, which are water, air arighvironmental Protection Agency, 1992. — 126 p.

soil, to the dominant exposure path-ways 5. Humanexposure assessment for airborne pollutants:
inhalation, indigestion and dermal contact. advances and applications. — Washington: National
The exposure and dose information available allowcademy Press, 1990. — 86 p.

estimates of individual risk or population risk, ofs. Brown S.L.Exposure assessment. Toxic substances

both. Risk assessments almost always deal withg human risk / S.L. Brown. — New York: Plenumsgre
more than a single individual. Frequently, indivadlu 5500 _ 237 .

risks are calculated for some or all of the persons Lioy P.J. Assessing total human exposure to
the population being StUd'ed'.and are th_en put NBntaminants / P.J. Lioy/ Environ. Sci. Technol. —
the context, where they fall in the distribution o w24(7). — 1990. — P. 938-945

risks for the entire population. : ' T '

Conclusion

. Guidelines on studies in environmental
gpidemiology. — Geneva: WHO, 1983. — 47 p.
CookW.A.Problems of setting occupational exposure
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