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Sazetak: Analizirani su nedostaci dana$njeg mono-
medijskog pristupa odredivanja grani¢nih koncentracija
zagadenja medija Zivotne sredine (vazduh, voda, hrana)
sa aspekta uticaja na zdravlje sportista. Na primjeru za-
gadenja zivom u dva geografska podrucja pokazana je
nekonzistentnost i neekonomicnost ocjene ugrozenosti
sportista ako su grani¢ne vrijednosti doneSene u po-
stupku za svaki medij posebno, a na primjeru zagade-
nja vazduha, vode i hrane fenolom dokazuje se da se u
razli¢itim podru¢jima mogu primjenjivati razliCite gra-
ni¢ne koncentracije za istu materiju u istom mediju uz
primjenu multimedijskog pristupa odredivanju grani¢nih
vrijednosti.

Kljuéne rijeéi: sportista, zivotna sredina, ziva, fenol.

Uvop

Cilj utvrdivanja najveceg broja grani¢nih vrijedno-
sti elemenata Zivotne sredine je dati osnovu za zastitu
zdravlja, kako osoba koje se bave sportom rekreativno,
tako i profesionalnih sportista, od negativnih ucinaka
izlozenosti tim elementima. Te se grani¢ne vrijednosti
odabiru tako da je mala vjerovatno¢a negativnih zdrav-
stvenih u€inaka uz nivoe izlozenosti ispod tih vrijednosti.
Negativni u¢inak na zdravlje sportista se u tom kontekstu
najéesce definiSe kao poremecaj fizioloskih funkcija ili
nastajanje patoloskih promjena koje uti¢u na normalno
funkcionisanje organizma ili koje mogu doprinijeti sma-
njenoj sposobnosti organizma da se zastiti od dodatnog
opterecenja (Puki¢,2008).

Grani¢ne vrijednosti se najces¢e donose na osnovu
pretpostavke zanemarivog ili prihvatljivog rizika za or-
ganizam Covjeka. Rizik je statisticki koncept. Ocjenjuje
se na osnovu odnosa nivoa izlozenosti 1 intenziteta u¢in-
ka (,,exposure-effect™) ili nivoa izlozenosti i ucestalosti
ucinka (,,exposure-response), odnosno doze i ucinka
(,,dose-response*, ,,dose-effect™).

UDC: 796.034.6:572.512
Original Scientific Paper

MULTIMEDIA APPROACH

TO DETERMINATION OF
ENVIRONMENTAL EXPOSURE LiMiITS
FroMm THE ASPECT OF IMPACT ON
THE HEALTH OF SPORTSMEN

VELIKO Diukic, CVIJETIN ZIVANOVIC
PanEuropean University “Apeiron” — Banja Luka, Bosnia and
Herzegovina

Correspondence:
Prof. dr Veljko Pukic¢

veljko.n.djukic@apeiron-uni.eu

Abstract: Weaknesses of the current monomedium
approach to determination of environmental exposure
limits (air, water, food), from the aspect of impact on the
health of sportsmen were analyzed. Applying the exam-
ple of mercury pollution in two geographical areas, one
could find inconsistency and inefficiency of the assess-
ment of the sportsmen vulnerability if the exposure limits
were made in the proceeding for each medium separately,
while in the example of pollution of air, water and food
with phenol it is proven that different limit concentration
may be applied in different area for the same elements in
the same medium applying the multimedia approach to
determination of the limit values.
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INTRODUCTION

The purpose of determination of the most limit val-
ues of the environmental elements is to give the base for
the health protection, both for the persons going in for
sports for recreational purposes and professional sports-
men, from the negative effects caused by exposure to
those elements. Such limit values are chosen in a way
that there is small probability of the negative health ef-
fects along with the level of exposure below those val-
ues. The negative impact on the sportsmen health is, in
that context, mostly defined as disorder of physiological
functions or occurrence of pathological changes which
affect normal functioning of the body or which may con-
tribute to the reduced body capacity to be protected from
the additional burdening (Djukic, 2008).

The limit values are mostly made based on the as-
sumptions of negligible or acceptable risk for the body.
The risk is the statistical concept. It is assessed based on
the exposure level and exposure-effect or the exposure
level and exposure-response, namely “dose-response”
and “dose-effect”.
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Razlikuju se dvije vrste uc¢inaka:

* ucdinci s grani¢nim vrijednostima (,,threshold effects*),
tj. uéinci intenzitet, odnosno ucestalost koji pada sa
smanjenjem izlozenosti, odnosno doze, i koji se naj-
¢eS¢e smanje na nulu prije nego je nivo izlozenosti,
odnosno doza, dosla do nule (nivo izlozenosti je po-
stigao grani¢nu vrijednost ispod koje nema ucinka),

* udinci bez grani¢nih vrijednosti (,,non-threshold
effects®), tj. ucinci kod kojih nema grani¢ne vrijed-
nosti, tj. nema tako niskog nivoa izlozenosti koja ne
bi mogla izazvati u¢inak (bilo koja izloZzenost moze
izazvati u¢inak; npr. karcinogeni u¢inci na osnovi ge-
notoksi¢nosti).

Granicne vrijednosti za prvu vrstu ucinaka dobi-
vaju se iz krivulja izlozenosti doze i u¢inka iz kojih se
ocjenjuje NOAEL (,,no-observed-adverse-effect-level®,
,»Nivo izloZenost bez ucinka®). Taj se nivo najcesce dobi-
va na osnovu eksperimenata na Zivotinjama, ali se moze
dobiti i epidemioloskim ispitivanjima na sportistima. Da-
nas se grani¢ne vrijednosti donose za svaki medij Zivotne
sredine nezavisno, prakti¢éno ne uzimajuéi u obzir prisut-
nost iste zagadujuce materije u drugim medijima zivotne
sredine (Peirce,1999).

NAJCESCI UTICAJI ELEMENATA ZIVOTNE SREDINE

NA ZDRAVLJE SPORTISTA

Veliki je broj elemenata zivotne sredine koji mogu
prouzrokovati promjene u funkciji organizma sportiste.
Pojednostavljen pregled najc¢es¢ih promjena prikazan je
u tabelama 1-3 (Vali¢,2001).

U tabeli 1. prikazani su ucinci najces¢ih zagadenja
koja djeluju na zdravlje ljudi koji se bave razli¢itim vido-
vima sportskih aktivnosti.

Tabela 1. Zagadenje atmosfere

There are two types of effects:

» The threshold effects, i.e. the intensity effects, namely
the frequency which is falling down with the reduced ex-
posure, namely the dose, and which are most frequently
brought to the zero before the exposure level, namely the
dose reaches zero (the exposure level reached the limit
value below which there are no effects),

* The non-threshold effects, i.e. the effects without lim-
it values, namely there is no such a low level of the
exposure which might cause the effect (any exposure
may cause the effect, e.g. the cancerogenic effects
based on gene toxicology)

The limit values for the first type of effects are ob-
tained from the curve of the dose-response and dose-effect
and the effects from which NOAEL (“no-observed-adverse-
effect-level”, “exposure level without effects”). Such a level
is mostly obtained based on experiments with animals, but
it may also be obtained applying the epidemiological testing
with sportsmen. The limit values are nowadays made for
each medium of the environment independently, practically
not taking into account the presence of the same polluting
matter in other environmental medium (Peirce, 1999).

THE MoST FREQUENT IMPACT OF THE

ENVIRONMENTAL ELEMENTS ON THE

SPORTSMENT LIFE

There are a lot of environmental elements which
may cause changes in the function of the sportsmen body.
The simplified overview of the most frequent changes is
presented in the Tables 1-3 (Valic, 2001).

In the Table 1, there are the effects of the most fre-
quent pollution which affect the health of people dealing
with different types of the sport activities.

Table 1 — Atmosphere pollution

Elementi / Elements Ucinci / Effects

Pogorsanje astme i hroni€nog bronhitisa / Relapse of asthma and chronical bronchitis

Oksidi sumpora / Sulfur oxide

Smanjenje pluéne funkcije / Reduction of the pulmonary function

Nadrazaj sluznice nosa i oka / Irritation of the nose and eye mucous membrane

Oksidi sumpora uz atmosferske
Cestice /

| Sulfur oxide along with

the atmosphere particles

Dodatni uticaj u razvoju hroni¢nog bronhitisa i emfizema / Additional impact in development of the chronical bronchitis and emphysema
Bolesti diSnih organa mladih kategorija / llinesses of respiratory organs of younger categories

Pogorsanje bronhitisa i kardiovaskularnih bolesti / Relapse of bronchitis and cardiovascular diseases

Dodatni uticaj u nastanku raka plu¢a / Additional impact in the development of lung cancer

Pogorsanje emfizema, astme i bronhitisa / Relapse of emphysema, asthma and bronchitis

Oksidanti / Oxidants

Smanjenje plucne funkcije / Reduction of the pulmonary function

Nadrazaj o€iju i diSnog sistema / Irritation of eyes and respiratory system

Uglien monoksid /
| Carbon monoxide

Povecan opsti mortalitet i mortalitet od koronarne bolesti / Increased general mortality and mortality caused by the coronary diseases
Uzrocni faktor ateroskleroze / Causative factor of atherosclerosis

Olovo / Lead

Posljedice kumulativnog djelovanja (otecenje eritropoeze,perifernog i sredisnjeg Zivéanog sistema) /
| Consequences of the cumulative acting (deterioration of erythropoiesis, peripheral and central nervous system)

Kadmij / Cadmium

Ostecenje pluca, jetre i bubrega / Deterioration of lungs, liver and kidneys

Ziva | Mercury Ostecenje zivEanog sistema / Deterioration of the nervous system
Fluoridi / Fluorides Uticaj na zube i kosti / Impact on teeth and bones
Azbest / Ashestos Kalcifikacija pleure, karcinom bronha / Calcification of pleura, cancer of bronchi
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U tabeli 2. navedena su neka zagadenja hrane i vode
koja izazivaju zdravstvene ucinke kod osoba koje se bave
sportskim aktivnostima. Zagadenja vode i hrane jo$ uvi-
jek uzrokuju najvecéi broj bolesti medu svim elementima
zivotne sredine.

Tabela 2. Zagadenja vode i hrane

In the Table 2, there is some pollution of food and
water which causes the health effects with persons going
in for sport activities. Pollution of water and food still
causes most of illnesses among all environmental ele-
ments.

Table 2. Pollution of water and food

Elementi / Elements Ucinci / Effects

Bakterije / Bacteria

Gastrointestinalne infekcije (tifus, kolera, Sigeloze, salmoneloze) / Gastrointestinal infections (typhus, cholera, shigellosis, salmonellosis)

Virusi / Viruses Hepatitis, konjunktivitis / Hepatitis, conjunctivitis

Protozoa i metazoa /
| Protozoa and metazoan

Amebijaza, shistosomijaza, hidatidoza i dr.parasitske bolesti / Amoebiasis, schistosomiasis, hydatidose, arsenom, chromo

Metali / Metals

Otrovanije olovom, Zivom, kadmijem, arsenom, hromom / Pollution with lead, mercury, cadmium, arsen, chromo

Nitrati i nitriti / Nitrates and nitrites ~ Methemoglobinemija / Methemoglobinemia

Nitrozamini / Nitrosamine

Mutageni i karcinogeni ucinci / Mutagens and cancerogenic effects

Fluoridi / Fluorides

Ucinci na zube i kosti / Effects on teeth and bones

Nafta, fenoli / Oil, phenols

Smanjena pitkost vode / Reduced water drinkability

Tabela 3. Zagadenja tla

Table 3. Pollution of ground

Elementi / Elements Ucinci / Effects

Ekskreti Covjeka / Excretes of man

Shistosomijaza, tenijaza, ankilostomijaza / Schistosomiasis, teniasis, ancilostomiase

Kuéni otpad / Household waste

Prisutnost prenosnika bolesti / Presence of the illness transmitters

Smece i prenosnici u smecu /
| Rubbish and transmitters in the rubbish

Bolesti prenoSene glodavcima, bolesti prenoSene insektima / llinesses transmitted by rodents, illnesses transmitted by insects
Zagadenje vode i vazduha zbog loSeg odlaganja / Water and air pollution due to bad putting down

Industrijski otpad / Industrial waste

Uginci metala i drugih zagadenja preko prehrambenog lanca / Effects of metal and other pollution through the food chain

Dubriva / Fertilizers

Zagadenja povrSinskih i podzemnih voda / Pollution of surface and underground water

Pesticidi / Pesticides

Zagadenja vegetacije i ulazak u prehrambene lance / Pollution of vegetation and entrance to the food chain
Zagadenja povrSinskih i podzemnih voda / Pollution of the surface and underground water

Zdravlje ljudi koji se bave razliitim vidovima
sportskih aktivnosti moze biti ugrozeno neposrednom
ingestijom vode ili kroz kozu ili preko hrane. Kako po-
kazuje tabela 2, najvazniji su bioloski elementi koji se
unose ingestijom, preko koze ili vektorima, i hemijski
elementi koji su najcesce posljedica zagadenja vode in-
dustrijskim otpadom (Puki¢,2009).

Hrana se mozZe zagaditi u cijelom lancu od sirovi-
ne preko prerade, transporta, skladiStenja i raspodjele do
rukovanja prilikom priredivanja obroka, a i vodom koja
se pri tome upotrebljava. Glavne su grupe bioloska zaga-
denja (posljedica kontakta hrane s bakterijama, virusima,
gljivicama, helmintima i protozoima) i hemijska zagade-
nja (posebno metali, polihlorirani bifenili te organofosfor-
ni, organohlorirani i karbamatski pesticidi), ali treba uzeti
u obzir i neka prirodna zagadenja kao Sto su hepatotoksic-
ki 1 karcinogeni aflatoksini koji proizvode neke plijesni.

Zagadenje tla bioloskim elementima jo§ uvijek je
medu vaznim uzrocima infekcija u seoskim i poluseo-

Health of the people dealing with different types of
sport activities may be jeopardized by direct ingestion of
water or through the skin or through the food. As shown in
Table 2, the most important are biological elements taken by
ingestion, through the skin or vectors and chemical elements
which are most frequently the consequence of the water pol-
lution caused by the industrial waste (Djukic, 2009).

The food may be polluted in the whole chain from
the raw material, through the processing, transport, stor-
age and distribution to the handling while preparing
some meals, and also with water which is used in this
process. The main groups are biological pollution (the
consequence of the food contact with bacteria, viruses,
fungi, helminthes and protozoa) and chemical pollution
(especially metals, polychlorinated biphenyl and organic
phosphor, organic chlorinated and carbamate pesticide),
but one should also take into account some natural pol-
lution such as hepatotoxic and canceroreginic aflatoxin
caused by some toxins.
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skim podruc¢jima u kojima se obavljaju bazne pripreme
sportista, pogotovo u slabije razvijenim podru¢jima (shi-
stosomojaza, leptospiroza, antraks, Q groznica, mikoze,
tetanus, botulizam), dok je zagadenje tla otrovnim he-
mikalijama, koje se sve viSe primjenjuju u poljoprivredi
(dubriva i pesticidi) i industriji (otpadni materijal), opa-
snost za zdravlje sportista u razvijenim zemljama. Glavni
elementi zagadenja tla i uinci koje izazivaju prikazani
su u tabeli 3. (Puki¢,2013).

PREDMET ISTRAZIVANJA

Na primjeru zive u glavnim medijima zivotne sredi-
ne pokazujemo nekonzistentnost i neekonmicnost ocjene
ugrozenosti sportista od zagadenja koja uzrokuju ucinke
s grani¢nim vrijednostima, ako su normativi doneseni
u postupku za svaki medij posebno (monomedijski pri-
stup).

Kako samo Zziva koja je usla u organizam i koja
je tamo zadrzana moze negativno djelovati, izraCunata je
koli¢ina zive koja se dnevno zadrzava u organizmu spor-
tiste uz izlozenost grani¢nim koncentracijama u mediji-
ma zivotne sredine (dnevna retencija iz vazduha, vode,
hrane'Rvazduh’ Rvoda’ R'hrana'

REZULTATI I RASPRAVA

Pretpostavljen je sportista tezine 64 kg koji udise
prosje¢no 22 m?3 vazduha i pije prosje¢no 3 litre vode
dnevno. Najcesce upotrebljavane granicne koncentracije
za zivu su lpg/m® za vazduh i 1 pg/L za pitku vodu i
0,02-0,5 pg/g za razli¢ite komponente hrane.

Dnevna retencija zive iz vazduha:

anaun — grani¢na koncentracija x dnevni udah vaz-
duha x apsorpcija zivine pare (80%) = lpug/m® x 22 m® x
0,8=17,6 pg

Dnevna retencija Zive iz vode:

R . = granina koncentracija u pitkoj vodi x pro-
sjena dnevna koli¢ina potrosene pitke vode x apsorpcija
anorganske Zive iz probavnog sistema (<10%) = 1ug/L x
3Lx0,1=0,3pg

Dnevna retencija Zive iz hrane:

R, = zbir umnoZaka prosjene dnevne potros-
nje hrane biljnog i zivotinjskog porijekla odrasle osobe
i grani¢nih koncentracija zive u toj hrani x apsorpcija
anorganski odnosno organski vezane zive (pretpostav-
lja se relativna koli¢ina anorganski vezane zive u hrani
80%).

U tabeli 4. prikazan je nacin izracuna dopustivog
dnevnog unosa zive hranom. Prosje¢na dnevna potrosnja
uzeta je iz ocjene Medunarodne komisije za radiolosku
za$titu na osnovu analiza u sedam geografskih regija.

Ground pollution with biological elements is still
among important causes of infections in rural and semi-
rural areas in which the base preparation of the sports-
men are carried out, especially in poorly developed areas
(schistosomiasis, leptospirosis, anthrax, Q fever, mycosis,
tetanus, botulism), while the ground pollution with poi-
sonous chemicals, which are more and more applied in
agriculture (fertilizers and pesticides) and industry (waste
material), danger for the sportsmen health in developed
countries. The main elements of the ground pollution and
effects caused are presented in Table 3 (Djukic, 2013)

RESEARCH SUBJECT

Applying the example with mercury in main envi-
ronmental media, we show the inconsistency and inef-
ficiency of the assessment of the sportsmen vulnerability
from pollution causing the threshold effects, provided
that the standards were made in the proceeding for each
medium separately (mono medium approach).

Having in mind that only the mercury which entered
the body and which was kept there may have adverse im-
pact, the amount of mercury which is daily kept in the
sportsman body was calculated, along with the exposure
to the limit concentrations in the environmental media

(daily retention from air, water, food-R ., R R

air” ~ water” © food”

RESULTS AND DISCUSSIONS

The assumption is as follows: the sportsman, whose
weight is 64 kg who breathes in 22 m? air on average and
drinks 3 1 of water on average. The most frequently used
limit concentrations for mercury are 1ug/m* for air and
1 pg/L for drinking water and 0,02-0,5 pg/g for different
food components.

Daily retention of mercury from the air:

R, = limit concentration x daily breathe in of air x
mercury steam absorption (80%) = 1pug/m® x 22 m* x 0,8
=17,6 ng

Daily mercury retention from water:

R .. = limit concentration in drinking water x av-
erage daily amount of the consumed drinking water x
absorption of the inorganic mercury from the digestive
system ((<10%) = 1ug/Lx3 Lx 0,1 =0,3 pg

Daily mercury retention from food:

R, = sum of products of average daily consumption
of food of vegetal and animal origin of an adult and limit
concentration of mercury in that food x absorption inorgan-
ic, namely organic linked mercury (the relative amount of
the inorganic related mercury in food of 80% is assumed).

In Table 4, there is a method of calculation of the al-

lowable daily amount of mercury with food. Average daily
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Aposrpcija anorganski vezane Zive iz probavnog si-
stema je 10%, a organski vezane 95%.
R =52 x 0,1 x 0,8(anorg. Hg) + 52 x 0,95 x

hrana

0,3(org. Hg)=18,98 pg

KakosuR_ .. R iR izraCunate vrijednosti
zadrzane koliCine zive u osoba izlozenih grani¢nim kon-
centracijama zive u tim medijima, moZe se zakljuciti da
bi to trebale biti maksimalno podnosljive koli¢ine dnev-
no zadrzane Zive u organizmu, tj. one ispod kojih ne treba
oc¢ekivati negativne ucinke. Razlike izmedu tih izracuna-
tih vrijednosti (17,6 ug dan; 0,3 pg dan; 18,98 pg dan)
nisu male, pa je tesko prihvatiti da sui 0,4 pg d i 18,98
ug d, vrijednosti koje su u odnosu 1:64, prihvatljive mak-
simalno podnosljive zadrzane koliine Zive u organizmu,
tj. one iznad kojih se mogu ocekivati negativni ucinci.
Ipak, ako se te vrijednosti prihvate, dobiva se da je uku-
pno dnevno podnosljivo zadrzavanje Zive u organizmu iz
svih medija 17,6 + 0,3 + 18,98 = 36,9 pg dan. Privremeni
podnosljivi sedmicni unos (Rovisional Tolerable Weekly
Intake) utvrden od FAO/WHO Joint Committee on Food
Additives (JECFA) samo za aditive hrani je 5 pg/kg tje-
lesne tezine; 5 pg/kg/sedmicno = 320 pg/64 kg/sedmicno
=46 ug/64 kg dan.

Tabela 4. Dopustivi dnevni unos zZive u organizam hranom

consumption is taken from the assessment of the Interna-
tional Commission for radiological protection based on the
analyses in seven geographic areas. The absorption of the
inorganically linked mercury from digestive system is 10%,
while it is 95% when it comes to the organically linked one.
R, ., =52 x 0,1 x 0,8(anorg. Hg) + 52 x 0,95 x
0,3(org. Hg)=18,98 pg
Since the R, R and R,  are the calculated
values of the retained amount of mercury with persons
exposed to the limit concentrations of mercury in those
media, it can be concluded that it should be at maximum
tolerable amounts of daily retained mercury in the body,
i.e. the ones below which the negative effects should not
be expected. Differences between those calculated values
((17,6 ug day; 0,3 ug day; 18,98 ug day) are not small, so
it is difficult to accept that both 0,4 pg d and 18,98 pg d
are the values that are in the ratio 1:64 acceptable at max-
imum tolerable retained mercury amounts in the body,
i.e. the ones above which the negative impacts may be
expected. However, if those values are accepted, it is un-
derstood that totally daily tolerable retention of mercury
in the body from all media 17,6 + 0,3 + 18,98 = 36,9 ug
day. Provisional Tolerable Weekly Intake determined by
FAO/WHO Joint Committee on Food Additives (JECFA)
only for the food additives is 5 pg/kg of the weight; 5 ug/
kg/weekly = 320 ng/64 kg/weekly = 46 nug/64 kg day.

Table 4. Tolerable daily intake of mercury in the body with food

Namirnica / Food

Prosjecna dnevna potrosnja (g dan) /
| Average daily consumpion (g day)

Dopustena koncentracija (ug/g) /
| Tolerable concentration (pg/g)

Dopusteni dnevni unos (ug dan) /
| Tolerable daily intake (ug day)

Meso / Meat 125 0,03 3,75
Masti i ulja / Fat and oil 31 0,3 9,3
Riba / Fish 23 05 11,5
Jaja/ Eggs 19 0,05 0,95
Milijeko i proizvodi / Milk and products 360 0,02 7,2
Zitarice, brasno, riza / Cereals, flour, rice 323 0,04 12,9
Povrée, voce / Vegetables, fruit 325 0,02 6,5
Ukupno / Total 52,1

U tabeli 5. prikazane su konkretne situacije iz dva
podruéja u kojima je dokazana izloZenost Zivi iznad gra-
ni¢nih koncentracija. U tim je podrucjima potrosnja ribe
s relativno visokim koncentracijama zZive znacajna (pro-
sjeno 350 g ribe sedmi¢no); u drugim namirnicama sa-
drzaj Zive je zanemarljiv.

In Table 5, there are concrete situations in two areas
in which the exposure to mercury above the limit concen-
trations is proven. In those areas, the fish consumption
with relatively high concentration of mercury is signifi-
cant (350 g of fish weekly); in other kinds of food, the
content of mercury is negligible.
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Tabela 5. Koncentracija i zadrzavanje zZive u dva podrucja

Table 5. Concentration and retention of mercury in two areas

Podrucje / Area Vazduh / Air Voda / Water Riba (50g d) / Fish (50g d)
Koncentracije / Concentration
A 1,5 ugimd 100 pg/L 0,5 uglg
B 0,01 ug/m? 10 pg/L 0,4 uglg
Dnevno zadrzavanje u organizmu / Daily retention in the body
A 20m3x1,5ug/m*x0,8 2L x 100ug/Lx0,1 50gx0,5pg/gx0,95
=24ug =20ug =24ug
B <0,16ug =2ug =19ug

Ukupno dnevno zadrzavanje (ug d) / Total daily retention (ug d)

Podrucje A/ Area A: 24 +20+24=68

Podrucje B / Area B: 0,16+2+19=21

Prekomjerno dnevno zadrzavanje u podrucju A:
ukupno dnevno zadrzavanje-maksimalno podnosljivo
dnevno zadrzavanje = 68-32=36 pg dan. Uz zabranu
upotrebe pitke vode koja sadrzi Zivu smanjilo bi se pre-
komjerno zadrzavanje na 36-20=16 ug dan. Uz zadrza-
vanje iste prosjecne potroSnje ribe, trebalo bi iz prehrane
iskljuciti ribu sadrzaja zive iznad 0,15 pg/g (smanjenje:
50 g ribe x 0,35 x 0,95 = 16,6 pg d) i pored normativne
monomedijske grani¢ne koncentracije zive za ribu od 0,5
ug/g. Druga bi moguénost bila smanjiti potrosnju ribe na
jednu tre¢inu sadasnje (potrebno smanjenje potrosnje: 16
: /0,5 x 0,95/ = 33,7 g, dakle na 50-34=16 g d, odno-
sno 112 g sedmi¢no). Na taj nacin bi se smanjilo ukupno
dnevno zadrzavanje Zive u organizmu na prihvatljivo,
pa ne bi bilo neophodno posti¢i tehnicki komplikovano
i skupo smanjenje koncentracije zive u vazduhu ispod
normativne granice od 1 pug/md.

Ukupno dnevno zadrzavanje u podruc¢ju B mnogo
je manje od maksimalno podnosljivog (21 pg d <32 pg
d), pa je stanje u medijima zivotne sredine prihvatljivo
za sportiste. Ipak, uz primjenu monomedijskog norma-
tivnog pristupa trebalo bi, znacajno smanjiti koncentraci-
ju zive u pitkoj vodi koja je 10 puta visa od normativno
dopustene (10 pg/L : 1 pg/L).

U multimedijskom pristupu donoSenju normativa
dopustilo bi se prekoracenje grani¢ne vrijednosti u jed-
nom mediju, ako su koncentracije u drugim znacajno
nize od grani¢nih, a sve uz uslov da nije prekoraceno
maksimalno podnosljivo ukupno dnevno zadrzavanje za-
gadujuce materije u organizmu sportiste iz svih medija
zivotne sredine.

Na primjeru fenola prikazujemo kako se mogu
izvesti 1 opravdano primjenjivati razliCite grani¢ne kon-
centracije za istu materiju u istom mediju uz primjenu
multimedijskog pristupa donoSenju normativa. U tabeli
6. prikazane su pretpostavljene koncentracije fenola u tri
medija Zivotne sredine u dva podrudja.

Excessive daily retention in the area A: total daily re-
tention — maximum tolerable daily retention = 68-32=36
pg day. Prohibition of use of the drinking water which
contains mercury would reduce the excessive retention to
36-20=16 pg day. With retention of the same average con-
sumption of fish, the fish of the mercury content of more
than 0,15 pg/g (reduction: 50 g of fish x 0,35 x 0,95 =
16,6 ug d) also apart from the standard monomedia limit
concentaration of mercury for fish of 0,5 pg/g, should be
excluded from human consumption. Another possibility
would be to reduce the consumption of fish to one third of
the current (the required reduction of consumption: 16:/0,5
x 0,95/=33,7 g, so to 50-34=16 g d namely 112 g weekly).
In that way, total daily retention of mercury in the body is
acceptable, so it would not be necessary to achieve techni-
cally complicated and expensive reduction of the mercury
concentration in air below the standard limit of 1 pg/m?.

Total daily retention in the Area B is much less than
maximum tolerable (21 pg d < 32 pg d), so the situa-
tion in the environmental media is acceptable for sports-
men. However, the application of monomedia standard
approach should significantly decrease the mercury con-
centration in the drinking water which is 10 times more
than the one allowed by the standard (10 pg/L : 1 pg/L).

In the multimedia approach to determination of
standard, the excess of the limit values (10 pg/L : 1 pg/L)
in one media would be allowed, provided that concentra-
tions in other ones are considerably lower than the limit
ones, everything provided that the maximum tolerable
total daily retention of the polluting matter in the sports-
man body from all environmental media is not exceeded.

Applying the phenol example, we show how to con-
duct and apply in a justified way different limit concen-
trations for the same matter in the same media applying
multimedial approach to development of standard. In
Table 6, there are assumed concentrations of phenols in
three environmental media in two areas:
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Tabela 6. Koncentracije fenola u dva podrucja

Table 6. Concentration of phenol in two areas

Podrucje / Area Atmosfera | Atmosphere (ug/m’)

Voda / Water (ug/L) Dimljeno meso / Smoked meat (ug/g)

A 3a

1° 2

B 1049

10° 18

a - podrucja bez specificnih izvora zagadenja

b - najcesce koncentracije u pitkoj vodi

¢ - najniza koncentracija mjerena u dimljenoj Sunki i kobasi-
cama

d - podrudcje s izvorima emisije fenola

e - zagadena voda

f- najvisa koncentracija mjerena u dimljenoj Sunki i kobasi-
cama

Tabela 7. Izracunati dnevni unosi fenola iz pojedinih medija
u organizam odrasle osobe, koja se bavi sportskim aktivnosti-
ma, izrazeni u ug/kg tjelesne tezine

a - area without specific sources of pollution
b - the most frequent concentration in drinking water

¢ - the lowest concentration measured in the smoked ham and
sausages

d - area with sources of the phenol emissions
e - polluted water

f- the maximum concentration measured in the smoked ham
and sausages

Table 7. Calculated daily intakes of phenol from some media
in the body of an adult, going in for sport activities, expressed
in ug/kg of body weight

Medij / Media Podrucje / Area A Podrucje / Area B

Atmosfera / Atmosphere W = 1.03pug/kgd 104yg6{:;c3gx22m3 = 35,8ug/kg
Voda / Water % = 0,03ug/kg % = 0,3ug/kgd
it HTEEON —ogougrhgt gt = 80ug g

U tabeli 7. prikazani su izracunati prosjecni dnev-
ni unosi fenola u organizam odrasle osobe koja se bavi
sportskim aktivnostima. Kako je apsorpcija fenola u or-
ganizmu iz svih medija visoka, brza i podjednaka, pret-
postavljena je prakticno potpuna apsorpcija.

Ukupni dnevni unos fenola u organizam u podruc¢ju
Aje 1,03 +0,03 +0,89 =1,95 pg/kg d, a relativni dnevni
unos iz pojedinih medija je 1,03/1,95 x 100 = 52,8% iz
vazduha, 0,03/1,95 x 100 = 1,5% iz vode, te 0,89/1,95 x
100 = 45,6% iz hrane..

Ukupni dnevni unos fenola u podru¢ju B je 35,8
+ 0,3 + 8,0 =44,1 pug/kg d, a relativni dnevni unos je
35,8/44,1 x 100 = 81,2% iz vazduha, 0,34/44,1 x 100 =
0,7% 1z vode, te 8,0/44,1 x 100 = 18,1% 1z hrane.

Maksimalno podnosljivi ukupni dnevni unos feno-
la za odraslu osobu koja se bavi sportskim aktivnostima
(ocijenjen toksikoloski na osnovu ispitivanja na Stakoru
pa ekstrapoliran na ¢ovjeka) je 60 ug/kg d. Maksimal-
no podnosljivi dnevni unos iz pojedinog medija moze se
izvesti dodjeljivanjem toj vrijednosti iste proporcije koja
je dobivena izraGunavanjem relativnog unosa na osnovu
analize prosjecne izloZenosti doticne populacije, kako je
prikazano u tabeli 8.

In Table 7, there are the calculated average daily in-
takes of phenol in the body of an adult going in for sport
activities. Since the phenol absorption in the body from
all media is high, quick and roughly equal, the full ab-
sorption was practically assumed.

Total daily intake of phenol in the body in the Area
Ais 1,03 + 0,03 + 0,89 = 1,95 pg/kg d, while a rela-
tive daily intake from some media is 1,03/1,95 x 100 =
52,8% from air, 0,03/1,95 x 100 = 1,5% from water, and
0,89/1,95 x 100 = 45,6% from food.

Total daily intake of phenol in the Area B is 35,8
+ 0,3 + 8,0 = 44,1 ug/kg d, while a relative daily intake
is 35,8/44,1 x 100 = 81,2% from air, 0,34/44,1 x 100 =
0,7% from water, and 8,0/44,1 x 100 = 18,1% from food.

Maximum tolerable total daily intake of phenol for
an adult going in for sport activities (toxicologically as-
sessed based on the tests applied with rats and extrapo-
lated to the man) is 60 pg/kg d. Maximum tolerable daily
intake from some particular medium may be obtained al-
locating the same proportions to that value which was
obtained by calculating the relative intake based on the
analysis of the average exposure of the respective popu-
lation, as presented in Table 8.
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Tabela 8. Maksimalno podnosljivi dnevni unosi u podrucjima
A i B izrazeni na kilogram tjelesne teZine osoba koje se bave
sportskim aktivnostima

Table 8. Maximum tolerable daily intakes in the Areas A and
B expressed per kg of the body weight of persons going in for
sport activities

Medij / Media Podrucje / Area A Podrucje / Area B

Atmosfera / Atmosphere 60 pg/kg d x 0,528 = 31,7 uglkg d 60 pg/kg d x 0,812 = 48,72 pg/kg d
Voda / Water 60 pg/kg d x 0,015 = 0,9 pg/kg d 60 pg/kg d x 0,007 = 0,42 uglkg d
Hrana / Food 60 pg/kg d x 0,456 = 27,4 pglkg d 60 pg/kg d x 0,181 = 10,86 pg/kg d

Iz tih vrijednosti podnosljivih relativnih unosa
mogu se izraCunati grani¢ne koncentracije fenola za po-
jedine medije.

ZAKLIUCAK

Grani¢na koncentracija odredene zagadujuce mate-
rije u pojedinim medijima zivotne sredine ne mora biti
jednaka u svim geografskim podrucjima, kao $to je to
danas kao posljedica monomedijskog pristupa donoSenju
tih vrijednosti. Takva grani¢na koncentracija u jednom
mediju moze biti viSa, ako su koncentracije istovremeno
u drugom ili ostalim medijima niZe. To je vazno ne samo
pri ocjenjivanju ugrozenosti sportista nego posebno pri
eliminisanju ugrozenosti. MoZe se izabrati sniZzenje kon-
centracije zagadenja u mediju u kojem je to tehnicki i
ekonomski najlakse uciniti, ili bilo koju kombinaciju po-
stupaka, uz uslov da ukupni unos u organizam sportiste
ne prede unos toksikoloski ocijenjen kao podnosljiv.

U multimedijskom pristupu donoSenju normativa
dopustilo bi se prekoracenje granicne vrijednosti u jed-
nom mediju, ako su koncentracije u drugim zancajno
nize od grani¢nih. Na primjeru fenola pokazano je kako
se mogu izvesti i opravdano primijeniti razli¢ite grani¢ne
koncentracije za istu materiju u istom mediju uz primje-
nu multimedijskog pristupa donoSenju normativa.
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Limit concentrations of phenol for some media may
be caclulated from those values of the tolerable relative
intakes.

CoNcCLUSION

Limit concentrations of some polluting matter in some
environmental media should not be equal in all geographical
areas as it is today, being the consequence of the monome-
dia approach to making those values. Such limit concentra-
tion in one media may be higher, provided that concurrently
the concentrations in another or other media are lower. It is
important not only while estimating the vulnerability of the
sportsmen but especially while eliminating the vulnerabil-
ity. Reduction of the pollution concentration in the media
may be chosen or any combination of procedures provided
that the total intake in the body of the sportsman does not
exceed the intake toxicologically assessed as tolerable.

In the multimedia approach to development of the
standard, the excess of the limit value in one media would
be allowed if the concentrations in other are considerably
lower than the limit ones. It was shown applying the phe-
nol example how to conduct and apply in a justified way
different limit concentrations for the same matter in the
same media applying multimedia approach to develop-
ment of the standard.
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