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A Obecna cast
1 Vyznam stopovych prvkii, expozice a saturace populace

Stopové prvky (resp. jejich ionty) vazané v anorganickych i1 organickych
slouceninach, jsou soucasti ptirody a doprovazeji ¢loveka po celou dobu jeho
existence. V biotickych slozkach prostiedi véetné lidského organismu se nachdzeji
ve velmi nizkych koncentracich.

Stopové prvky lze arbitrarn€ definovat jako prvky, které jsou pfitomny ve
vétsing€ tkani organismu v koncentracich menSich nez 300 pg/g, ¢i prvky, jejichz
doporuceny piivod potravou se pohybuje v mikrogramovych nebo miligramovych
koncentracich. Mohou se také rozliSovat prvky ultrastopové, jejichz koncentrace
jsou ve tkéanich organismu < 1 pg/kg. Stopové prvky maji obecné vyrazny
zdravotni vyznam, at’ jiz pro jejich toxické nebo karcinogenni pisobeni (napf.
kadmium, olovo, rtut’), nebo pro jejich benefitni G¢inky v fadé funkci lidského
organismu. Neékteré stopové prvky mohou mit — v zavislosti na piijimaném
mnozstvi — esencialni i toxické plisobeni (napf. selen, chrom, méd) a jak jejich
nedostatek, tak i nadbytek, miize nezddoucim zptisobem ovliviiovat zdravotni stav
jedince (populacnich skupin). Dilezity je i optimalni vzajemny pomér dvou ¢i
vice prvka.

Stopové prvky 1ze rozdélit do 4 skupin na esencidalni — nezbytné pro funkci
metabolismu ¢loveka (napt. zinek, selen); pravdeépodobné esencialni — prvky, u
kterych esencialita nebyla pln¢ prokazana, ale o kterych je zndmo, Ze maji na
organismus jednoznacné pozitivni vliv (napt. fluor); neesencialni — vyskytuji se
v riznych koncentracich v zivych tkanich, avSak znalosti o jejich plisobeni
nedovoluji rozhodnout, zda patfi mezi esencialni nebo pravdépodobné esencialni
(napt. kfemik, titan) a foxické (napt. arzen, kadmium, olovo, rtut’), u nichz nejsou
zatim 74dné dikazy esenciality™.

Z pragmatického hlediska 1lze ve vztahu klidskému zdravi pro
zjednoduseni uvazovat o dvou skupindch: prvky esencidlni a toxické. Pritomnost
esencidlnich prvkd v lidském organismu v uréitém optimalnim rozsahu
koncentraci je nezbytnd pro spravny pribéh celé tady fyziologickych funkci a
jejich nedostatek ve stravé je — v zavislosti na druhu esencialniho prvku a na

zévaznosti nedostatku — doprovéazena tadou patofyziologickych projevl, napf.



poruchami ristu a vyvoje (nedostatek zinku), krvetvorby (nedostatek médi),
¢innosti srdce (nedostatek selenu) a dalSich. Nezadouci zdravotni disledky jsou
tak spojeny jak s jejich deficitem, tak s jejich nadmérnou, toxickou koncentraci
(Obr. 1). Benefitni prvky jsou prvky jak esencidlni, tak i prvky, u nichZ nebyla
esencialita zatim dostate¢né prokazana, ale které maji na organismus piiznivy
vliv. Naopak pfitomnost toxickych prvkll v organismu nema zadny prokdzany
benefit pro organismus. Spektrum a rozsah toxickych uU¢inki, které vyvolavaji

v organismu, se méni a stoupa s davkou.

Obr. 1 Cesta od expozice k efektu™

Expozice
Interni (absorbovana) davka
Tkanova davka
Bunééna davka
Makromolekulova davka
Davka v kritickém misté
v Biologicky aktivni davka
Efekt Molekularni dosimetrie
Expozice

Pti hodnoceni expozice je nutno rozliSovat profesionalné a neprofesiondlné
exponovanou populaci. Expozice stopovym prvkiim je vyznamnym faktorem pro
vlastni zdravotni efekt a je rozdilnd pro profesionalné exponovanou a
neexponovanou (béznou) populaci (Tab. 1). Expozice muze byt inhalacni,
peroralni, kiizi a sliznicemi. Specifickou expozi¢ni cestu pifedstavuje priichod

placentou.



Tab. 1 Rozdily v expozici®

Profesionalné exponovana populace

Neprofesionalné exponovana populace

Expozice vyssi; zejména inhala¢né a

Expozice niz§im koncentracim; zejména

dermalné. potravou.
Expozice znama, relativné dobie | Expozice komplexnim, obtizné
definovana. definovanym smésim.

Expozice zdravé dospélé populace.

Expozice celé populace, véetné zvysené

vnimavych populaénich skupin.

Expozice (Castecné ) akceptovana. Expozice vétSinou nedobrovolnd a

nevédoma.

Ochrana zdravi legislativné dana —

prohlidky

Ochrana zdravi legislativné dana, ale

zdravotni  preventivni z&visi znacné na poznani rizika a ochoté

(zavodni preventivni péce). spole¢nosti situaci fesit.

Hlavnim zdrojem pfivodu esencidlnich i toxickych stopovych prvkl u
bézné populace je potrava. Na obsah stopovych prvkl v potravé ma vliv napft.
geochemické slozeni pudy, prumyslovd i zemédélskd vyroba v dané oblasti,
dopravni zatéz, ale 1 zpusob zpracovani, skladovani a uchovavani potravin.
Dochézi k ptechodu prvki mezi médii prostredi do biotickych slozek
konzumovanych zivoCichy (hospodéiskymi zvifaty, rybami), ve kterych se
postupn& koncentruji (potravni fetézec)'. Nékteré toxické prvky jako je arsen,
metylrtut’ a kadmium se ukladaji v sedimentech vodnich tokti a ploch a do
potravniho fetézce se zaClenuji postupnou bioakumulaci a biokoncentraci ve
vodnich organismech, pfedev§im v dravych rybach. Pro obsah stopovych prvki
v organismu je dulezita i jejich biodostupnost, ktera je zavisla na celé rad¢ faktort
— napf. na resorpci nebo valencnim stavu (napi. kovovy chrom je pro organismus
nevyuzitelny, trojmocny je biologicky vysoce aktivni a Sestimocny je toxicky).
Nékteré organické slozky potravy, napt. vldknina, mohou vyrazné ovliviiovat
utilizaci nékterych prvkli v organismu (snizovat jejich vstiebavani). Vyznamny
vliv maji také interakce mezi stopovymi prvky v organismu &lovéka™* .
Expozici (event. saturaci) bézné populace stopovymi prvky lze sledovat

nasledujicimi postupy: (1) méfenim koncentraci znecistujici latky v médiich




prostiedi ¢i obsahu benefitniho prvku v konzumované potravé, (2) pouzitim
metod biologického monitoringu ¢i1 (3) vyuzitim matematickych modelt
popisujicich osud latky v prostiedi®®. Z uvedenych postupt je pravé biologicky

monitoring povazovan za nejvyznamng;jsi cestu.

2 Biologicky monitoring — definice a vyznam
Biologicky monitoring 1ze definovat jako prikaz a systematické sledovani

hladin biologickych ukazateli — biomarkerti v télnich tekutindch a tkénich

lidského organismu, prokazatelné souvisejicich s expozici. Biomarker (Obr. 2) Ize
definovat jako samotnou latku, jeji metabolity, produkty interakce mezi
xenobiotikem a cilovou molekulou, i obecné jako biochemickou/fyziologickou
reverzibilni odpovéd organismu snizujici expozici®. Podle charakteru
sledovanych zmén poskytuje informaci o vnitini davce (celkové expozici jedince,
ktera je disledkem vstupu latky do organismu rtiznymi expozi¢nimi cestami),
biologicky uc¢inné dévce, Casnych nezddoucich ucincich expozice ¢i zvySené
vnimavosti sledované populacni skupiny.

Biomarkery lze rdmcové rozdélit do 3 skupin:

(1) biomarkery expozice (v tekutinach/tkanich organismu se stanovuje
puvodni latka/jeji metabolit/adukty s DNA ¢i proteiny. Indikuji souc¢asnou
1 minulou zatéz, popf. informuji o vnitini/biologicky aktivni davce).

(2) biomarkery ucinku (méfitelné biochemické, fyziologické nebo jiné
zmény, ke kterym dochazi v diisledku expozice organismu xenobiotiku.
Signalizuji moZny vznik onemocnéni nebo nezddouci UCinky na
organismus).

(3) biomarkery vnimavosti (detekuji vrozenou nebo ziskanou zménénou
schopnost organismu vyrovnat se s expozici specifické latce, napf.
geneticky polymorfismus u enzymu . ¢i II. faze metabolické piemény,

nebo poruchy reparac¢nich enzym).

Biomarkery mohou odrazet expozici v minulosti, expozici nedavnou nebo

souCasnou a do urcité miry i budouci endogenni expozici (v disledku latek



dlouhodob¢ kumulovanych v organismu — napt. v kostech, ledvinach, tukové

tkani).

Obr. 2 Biomarkery?’

Biomarkery Biomarkery
expozice l ucinku ’
Externi Vstiebana Cilova Biologicky Zdravotni
h — — — —
expozice davka davka ucinek udinek

| |

Biomarkery vnimavosti

Vzhledem k pestré paleté toxikologicky vyznamnych chemickych latek,
které se mohou vyskytovat v lidském organismu, nelze ocekavat, ze by pro jejich
analyzu mohl byt pouzit jediny typ matrice. Vybér vhodné matrice vychazi ze
znalosti toxikodynamiky, toxikokinetiky a afinity danych chemickych latek
k jednotlivym organiim a tkanim.

Mezi nejvyuzivanéjsi t€lni tekutiny patii krev a moc. Jejich analyza ma
nejveétsi vyznam pro sledovani aktudlni expozice xenobiotikim. Jsou ale
vyuzivany 1 pro sledovani dlouhodobé zatéze organismu latkami, které se
dostavaji do krevniho obéhu uvoliiovanim z tkani, kde mohou byt dlouhodobé
kumulovany (napf. v kostech). V krvi jsou prvky obvykle vazany na erytrocyty
nebo bilkoviny krevni plazmy. Nekteré kovy jsou vazany na specificky
transportni protein (napf. u médi — ceruloplazmin). Mnoho neesencidlnich a
toxickych kovil se pfednostné véZe na erytrocyty (napf. kadmium, olovo)™.
Vyhodou odbéru vzorkli moce je neinvazivni odbér a snadnéjsi odbér vétsiho
mnozstvi vzorku. Tento odbér mize byt ovlivnén mnoha faktory, napt. dobou

odbéru, funkei ledvin, problemati¢t&jsi analyzou, atd.?.



Z koznich derivati jsou pouzivany vlasy a nehty. Vyhodou téchto
biologickych materiali je snadna dostupnost, schopnost integrovat expozici

1332 TInterpretace vysledki latek ve vlasech

xenobiotikim a neinvazivni odbér
nebo nehtech ale neni jednoduchd a vyzaduje zevrubné znalosti expozi¢nich
podminek (napi. kontaminaci ze zevniho prostiedi).

V cilenych studiich mohou byt stopové prvky sledovany i v jinych télnich
tekutindch organech a tkanich, napt. v materském mléce, v pupecnikové krvi a

placente, v ledvinach a jatrech, mozku, kostech a zubech.

Biologicky monitoring se stal dilezitym a uziteCnym nastrojem pro
sledovani zatéze lidského organismu plynouciho ze Zivotniho prostiedi. Cilem
biologického monitoringu obecné je:

e sledovani expozice toxickym latkdm z prostiedi, popt. saturace populace
vybranymi esencialnimi prvky,

e sledovani dlouhodobych ¢asovych trendu,

e detekce lokalit s vyssi expozici a populacnich skupin s vy$§im expozi¢nim
rizikem,

e odhad referen¢nich hodnot sledovanych analyti pro danou populaci,

e podil na hodnoceni celkového piivodu toxickych latek do organismu

z riznych mediélnich zdroju,

e porovnavani zjisténych udaji se zahrani¢nimi a vyuzit je pro plnéni
mezinarodnich dohod (napt. Stockholmska umluva pro POPs),
e ziskani odbornych podkladi pro aplikaci napravnych opatieni a ovéfovani

jejich t€inkt ¢i poskytovani podkladii pro preventivni programy.

Referencni hodnoty

Jeden zvyznamnych vystupli biologického monitoringu pfedstavuji
referencni hodnoty. Charakterizuji horni hranici aktudlni expozicni zatéze bézné
populace vybranému xenobiotiku v daném case. Jsou odvozeny z populacnich
studii (profesionalné¢ neexponované populace) zaméfenych na stanoveni
koncentraci xenobiotik (popf. jinych biomarkerl) v krvi, moci nebo jinych

biologickych materidlech. Za referencni hodnoty je povazovan 90 % nebo 95 %



kvantil koncentrace dan¢ latky. Pro stanoveni referencnich hodnot se pocita i 95
% konfiden¢ni interval téchto kvantild a referen¢ni hodnota je stanovena v ramci
tohoto intervalu®®. V ptipadé esencialnich prvki je vhodné stanovit i 5 % kvantil.

Referencni populace musi byt dostatecné velka, aby pokryla
reprezentativni ¢ast neprofesionalné zatizené populace a umoznovala zhodnoceni
matoucich a zavad¢jicich faktorG (napt. ve€k, pohlavi, koufeni, amalgamové
vyplné, nutricni navyky, atd.).

Referen¢ni hodnoty by mély byt stanoveny pro jednotlivé populacni
skupiny (napt. déti, dospé€li, muzi, Zeny, nekufaci, kufaci, apod.) a podskupiny
(napf. v&kové)®. Jsou platné pouze pro danou populacni skupinu & podskupinu
pro kterou byly vytvofeny a pouze pro dané obdobi'’. Referuji o expozici
sledované populace v dob& studia této populace’® ®. Soucasnd by mély byt
revidovany podle zmén v expozici populace sledovanému xenobiotiku®.

Hlavnim smyslem referen¢nich hodnot je vymezeni koncentracniho
rozmezi charakteristického pro danou populaci ¢i populaéni skupinu, které¢ miize
byt pouzito pro identifikaci osob svyS$i interni expozici danému
environmentalnimu  xenobiotiku?®. Znalost referenénich hodnot koncentraci
stopovych prvkil ve zvolenych lidskych tekutinach a tkanich je pfedpokladem pro
zjiStovani zdravotnich rizik expozice toxickym koviim a pro sledovani saturace
benefitnimi prvky™. Mohou byt zakladem pro stanoveni zakonnych limitd
expozice stopovym prvkim.

Referencni hodnoty nejsou totozné se zdravotné vyznamnymi hodnotami.
Lisi se 1 od tzv. normalnich hodnot, které nejsou jednozna¢né definované (jsou to
hodnoty nesignalizujici onemocnéni, nepatologické), které se bézné nachazeji

v populaci’.

Zdravotné vyznamné (limitni) hodnoty

Zdravotné¢ vyznamné (limitni) hodnoty jsou hodnoty, které (podle
vysledkt toxikologickych a epidemiologickych studii) jiz mohou signalizovat
nezadouci zdravotni efekt. Komise pro Biologicky monitoring v SRN definovala

dva stupné t&chto hodnot*® .



Zdravotné vyznamné hodnoty I. typu (tzv. varovné hodnoty, ,,alert values“)

Pokud jsou hladiny xenobiotik niz§i nez zdravotné¢ vyznamné hodnoty I.
typu, je riziko vzniku nezddoucich zdravotnich G¢inka velmi nizké a nevyzadujici
dalsi vySetfeni a opatieni. Hodnoty nizsi nez zdravotn¢ vyznamné hodnoty 1. typu
a vyS$i nez stanovené referencni hodnoty, mohou byt podnétem pro tvorbu

preventivnich opatieni.

Zdravotné vyznamné hodnoty 1. typu (tzv. akcni hodnoty, ,,action values )

Pokud jsou hladiny xenobiotik vyssi nez zdravotné vyznamné hodnoty II.
typu, signalizuje to zvySené riziko vzniku nezédoucich zdravotnich dusledki u
vnimavych jedincl vSeobecné populace. Signalizuji nutnost dalSich kontrolnich
méteni. Pokud nalezené hladiny xenobiotik opakované prekracuji zdravotné
vyznamné hodnoty II. typu, je nutno provést pifislusna preventivni opatieni pro

snizeni expozice.

Hodnoty pohybujici se mezi zdravotné vyznamnymi hodnotami 1. a II. typu

U téchto koncentraci xenobiotik se nepiedpoklada, ze by mohly mit
negativni zdravotni G¢inky na organismus. Tyto nalezené hodnoty jsou diivodem
pro tvorbu preventivnich opatfeni, zaméfenych na kontrolu sledovanych
xenobiotik v biologickém materidlu (napf. v krvi nebo moci) a pro blizsi vySetieni
jedincti i skupin, pohybujicich se ve stejnych podminkach. Pokud opakované
meéifeni znovu prokéaze, ze nalezené hodnoty jsou vyssi nez zdravotné vyznamné
hodnoty 1. typu, méla by byt u€inéna ptislusna preventivni opatfeni zaméfena na

sniZeni expozice.

Biologicky monitoring je v posledni dekadé celosvétoveé rozsiten, je
aplikovan 1 v mnoha zemich Evropské Unie (napf. v Némecku — Human
Biomonitoring Commission of the German Federal Environmental Agency®® ',
nebo v Italii — Italian Society of Reference Values®), kde ma dlouhou tradici.

V Ceské republice je biologicky monitoring (dale CZ-HBM) jednim ze
subsystémtl, které jsou souCdsti Systému monitorovani zdravotniho stavu

obyvatelstva ve vztahu k prostfedi (ddle MZSO). Tento systém vychazi z usneseni



vlady Ceské republiky ¢. 369/1991. V rutinnim provozu je od roku 1994. Do roku
2002 byl realizovan ve spolupraci s pfisluSnymi krajskymi a okresnimi
hygienickymi stanicemi, od roku 2003, po rozd¢leni hygienické sluzby, je ve
spolupraci s ptislusSnymi Zdravotnimi ustavy. V ramci CZ-HBM se u riznych
populacnich skupin v riznych ¢asovych intervalech sleduje cela fada biomarkert
vyznamnych z toxikologického hlediska a relevantnich pro ceskou populaci:
stopové prvky, dusi¢nany a fluoridy, mykotoxiny, indikatorové kongenery PCB a
chlorované pesticidy, polychlorované dioxiny a dibenzofurany a provadi se
cytogeneticka analyza?2. V letech 1994 — 2003 biologicky monitoring probihal u
méstské populace v okresech Bene$ov, Plzefi, Usti nad Labem a Zdar nad
Sazavou. V roce 2005 dosSlo ke zméné sledovanych mést na Prahu, Liberec,
Ostravu a Zlin (Kromé&fiz, Uherské Hradiste). Mezi sledované populacni skupiny
v ramci biologického monitoringu patii dospéli (18 — 58 let), déti (8 — 10 let),
zeny po porodu a vybrané tkané a orgény zemielych. Pocet osob zatfazenych do
sledovani bylo pii zahajeni monitorovacich aktivit uréeno statistikem na

100/1okalitu/rok, tedy celkem 400 osob/rok.

3 Diilezita Kkritéria
Pro spravné stanoveni referencnich, normalnich i zdravotné¢ vyznamnych

(limitnich) hodnot je dilezité splnéni nasledujicich kritérii:

Oblast analytickych metod a postupii — spravny odbér vzorkl; vhodny biologicky
material a vhodna analyticka metoda®; adekvatni zachazeni se vzorky a zabran&ni
jeho znehodnoceni; analyza vzorkii (napf. vhodné nastroje pro odbér vzorkd,
analyza nekontaminovanych vzorka®’; odbéry a analyzy vzorkd v dostatend
¢istém prostiedi; pouzivani nadob s nedetekovatelnym nebo nevyznamnym (ale
znamym) obsahem stanovovanych prvka apod.); vhodnost a dostupnost metody
(pouzivani dostatend citlivych analytickych metod'®. Mgfeni n&kterych
toxickych stopovych prvkl, napf. kadmia v biologickém materidlu je velmi
obtizné jiz vzhledem k tomu, Ze se v biologickém materidlu bézné populace
vyskytuji v nizkych koncentracich. U nékterych Siroce se vyskytujicich latek

(napt. hlinik) existuje riziko kontaminace vzorku ze zevniho (i laboratorniho)



prostfedi, napf. z ovzdusi'™. Nezbytné je pouZivéani standardnich postupi a

dodrzovani pravidel spravné laboratorni praxe®.

Metabolismus sledovanych prvkii — dostatecna znalost toxikokinetiky a

metabolismu sledovanych prvk.

Referenéni populace — vhodné zvoleny a dostateéné dokumentovany vybér
populace; zvazeni faktori demografickych, geografickych, fyziologickych,
faktord zivotniho stylu ¢i jinych moznych faktorii souvisejicich s neprofesionalni

expozici.

Zhodnoceni a interpretace vysledkii — presné statistické vyhodnoceni; zpracovani

hodnot pod mezi detekce; odhad ndhodnych a systematickych chyb v analytickych

metodach; pouzivani standardizovanych metod; stanoveni spolehlivych

normalnich, referen¢nich a jinych biologicky vyznamnych hodnot sledovanych
52, 73,

prvkil pro neprofesiondlné exponovanou populaci ; stanoveni spolehlivych

referen¢nich intervala dle pohlavi a véku®.

4 Rizikové populacni skupiny

Mezi jednotlivei vystavenymi obdobnym podminkdm existuji velké
interindividualni rozdily, které vznikaji na zaklad¢ vyssi vnimavosti jedinct vici
ptisobeni urcitého agens nebo v disledku rozdili v expozici (napi. stravovaci
zvyklosti, zajmova ¢innost). Nejvice vnimavé k nezddoucim ucinkiim faktort
prostiedi (tedy 1 k toxickému plisobeni tézkych kovii), jsou malé déti a stafi lidé.

Déti jako takové ovSem nejsou homogenni skupinou, protoze v ruznych
vekovych stadiich reaguji razné citlivé na expozici xenobiotikiim z prostiedi.
V riznych vyvojovych stadiich mohou byt vice (ale i mén¢) citlivé na nezddouci
latky z prostfedi. Od dospélych se li§i zejména vyssi expozici toxickym latkam
z prostiedi, dosud ne zcela vyvinutych biotransformacnich schopnosti a vyssi
zranitelnosti svych organti a funkci. Spotfeba potravin v piepoctu na kg hmotnosti
je u déti vyssi nez u dospélych. DEti mohou konzumovat jiny sortiment potravin

nebo potraviny v odliSném mnozstvi v relaci k télesné hmotnosti, jejich potfeba



tekutin v poméru k télesné hmotnosti je vétsi. K vyssi expozici dochazi také
v disledku rozdilného zpiisobu zivota déti (vySsi pohybova aktivita a tim 1 vySsi
expozice latkdm ptfitomnym ve venkovnim nebo vnitinim ovzdusi, vétsi kontakt
s povrchem ploch, expoziéni cesta ruka-Gsta)™. Je nutno zohlednit napf. vyssi
plicni minutovy objem a vétsi povrch kiize ve vztahu k télesné hmotnosti srovnani
s dospélymi nebo negativni vliv urcitych latek (napf. olovo, rtut) na mozkové
funkce déti v prib&hu prenatalniho &i ¢asného postnatalniho vyvoje®’.

Pro jednotlivé populacni skupiny, tedy i déti, lze orientaéné vypocitat
modelovou expozici z doporuc¢enych davek potravin (potravinové pyramidy) a ze

znalosti spotfebniho kose pro primérnou osobu®.



B Metodicka cast

Tato prace je zamétfena na studium variability koncentraci a stanoveni
referencnich hodnot vybranych toxickych a benefitnich stopovych prvkl
v lidském organismu, které jsou sledovany v ramci CZ-HBM (kadmium, olovo
rtut’, méd’, selen a zinek).

Vysledky zde uvedené jsou zaloZzeny na koncentracich vybranych
stopovych prvkil v krvi a moci dospé&lych a déti z lokality BeneSov, Plzefi, Usti
nad Labem a Zd4r nad Sizavou za obdobi 1996 — 2003. Tato data byla
kazdoro¢né¢ zpracovana deskriptivni statistikou. Cilem prace bylo podrobit je
detailni statistické analyze se zohlednénim 0daji o darcich a détech ziskanych
dotaznikem (v€k, pohlavi, lokalita, kufactvi), posoudit vyvoj dlouhodobych
casovych fad a stanovit referen¢ni hodnoty platné pro popula¢ni skupiny v daném

¢asovém obdobi.

5 Material a metodika
5.1  Populacni skupiny
Dospeli

Jako referencni skupina dospé€lé populace byli zvoleni darci krve. Odbéry
vzorki krve a moce probihaly na transfiznich stanicich za podminek stanovenych
Standardnim operacnim postupem. V letech 1996 — 2003 byl odbér uskutecnén u
celkem 3245 dospélych osob (Tab. 2) s minimalni délkou bydlisté ve sledované
lokalité 3 roky. Délka pobytu v lokalité ¢inila v priméru 25 let. Primérny vék
dospélych osob byl 33.1 let (rozmezi 18 — 58 let). Soubor se vyznacoval pfevahou

muzi nad zenami (73 % vs. 27 %).

Déti

Monitorovanou populaéni skupinu piestavovaly déti ve véku 8 — 10 let
(pramérny veék 9.6 let) sbydlistém ve sledované lokalit¢ minimdlné 1 rok.
Primérna délka pobytu v lokalité Cinila 8.1 let. Odbéry vzorkii krve a moce déeti
probihaly ve Skolach. V letech 1996 — 2003 byl odbér uskutec¢nén u celkem 3075
déti (Tab. 2). Ve skupiné déti bylo rovnomérné zastoupeni dle pohlavi (51 %
chlapcti a 49 % divek).



Tab. 2 Charakteristika studované populace

Populacni 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | Celkem
sk./Rok

Dospéli 439 | 402 | 405 | 400 | 400 | 402 | 400 | 397 3245
Muzi 300 | 297 | 320 | 298 | 301 | 288 | 293 | 291 2388
Zeny 139 | 105 | 85 102 | 99 | 114 | 107 | 106 857
Kuftaci 158 | 154 | 151 | 145 | 143 | 140 | 123 | 116 1130
Nekuiaci 281 | 248 | 254 | 255 | 257 | 262 | 277 | 281 2115
Déti 440 | 397 | 401 | 395 | 388 | 377 | 382 | 295 3075
Chlapci 231 | 200 | 212 | 199 | 204 | 181 | 188 | 146 1561
Divky 209 | 197 | 179 | 196 | 184 | 196 | 194 | 149 1502

5.2  Informovanost a dokumentace

Dospélé osoby byly na transfuznich stanicich informovany o vyznamu
monitoringu pisemné informaénim dopisem a ustnim vysvétlenim a byly
pozadany o podpis informovaného souhlasu (Pfiloha III, kap. 11.1) s odbérem
a pouzitim daného mnozstvi krve a moce pro ucely monitoringu.

Pii organizaci odbéri vzorki krve, moce a vlasti u déti bylo nutno ziskat
ke spolupraci feditele Skoly, ucitele a rodice déti. Bylo nutno vysvétlit vyznam
akce a ziskat pisemny souhlas rodict (nebo zakonnych zastupct déti) (Ptiloha III,
kap. 11.2).

Informovany souhlas pfedchézel odbéru biologického materidlu. Kazda
osoba (rodi¢/zdkonny zéastupce d¢éti) vyjadfila pisemné souhlas s odbérem
biologického materidlu a jeho pouzitim pro biologicky monitoring. Text
informa¢niho dopisu a informovaného souhlasu byl schvélen etickou komisi
Statniho zdravotniho ustavu. Ochrana osobnich dat byla Statnim zdravotnim
ustavem garantovana ve smyslu zakona ¢. 101/2000 Sb.

Kazdé osob¢ zatazené do monitoringu byl pfifazen kod charakterizujici
oblast, popula¢ni skupinu, rok a potadi odbéru. Pod stejnym kdédem byly vedeny i
vysledky analyz. Veskerd data byla ulozena v databazi MS Access pouze pod

danym kédem.




5.3  Dotaznik

Dospéli 1 déti, resp. rodice nebo zdkonni zastupci déti, byly pozédani o
vyplnéni dotazniku (Ptiloha III, kap. 11.3 a 11.4), ktery zaznamenal vék, délku
pobytu v lokalité, medikaci, rtg vySetieni, virovou infekei a ockovani v minulych

trech mésicich, suplementaci potravnimi dopliiky ¢i profesiondlni expozici.

54  Odbér vzorki

Odbeér vzorkil pro analyzu stopovych prvkl probihal kazdoro¢né (dospéli)
nebo v intervalu dvou let (déti), vzdy v obdobi biezen — ¢erven. Postup odbéru
vzorkl je definovan Standardnim operacnim postupem. Ten podrobné popisuje
populaéni skupiny, pocet vzorkil, dobu odbéru, odbérové nadobky, jejich ptipravu
pfed odbérem, odbér matric, znafeni vzorkli, manipulaci s biologickym
materidlem po odbéru, teplotni pozadavky na skladovani vzorkd, zplsob
predavani vzorkl k analyzdm a zodpovédnost jednotlivych osob za spravné
provedeni.

Krev (5 ml) se odebirala do sterilnich Monovet s obsahem heparinu.
Monovety jsou specifikované pro vzorky urcené pro analyzu kovi.

Mog byla odebirana do polyethylenovych lahvigek v objemu cca 50 m1®.

5.5  Analyza vzorku

U vsech vzorkli moce byla stanovena hladina kreatininu, kterd umoznuje
standardizovat koncentraci prvkii v moci diky svému konstantnimu vylucovani z
organismu. Kreatinin byl stanoven modifikovanou Jaffého reakci®.

Stanoveni prvkil vkrvi a moci bylo provadéno v mineralizatech nebo
pfimo bez Gpravy vzorku (stanoveni rtuti).

Mineralizace — vzorek krve nebo moce (1 ml) byl mineralizovan s 5 ml
koncentrované HNO; a 1 ml 30 % HO, (Suprapure Merck, Némecko)
v mikrovlnné troub&é Milestone 1200 srotorem FAM 40. Po mineralizaci byl
vzorek odpafen na objem cca 0.1 ml a zfedén mineralizovanou vodou do objemu
5ml.

Viastni analyza® — pro stanoveni prvki byly pouzity metody atomové

absorpéni spektrofotometrie (AAS) v bezplamenovém nebo plamenovém



uspotadani (ETAAS, FAAS) — méd’ a zinek byly stanoveny pomoci FAAS, selen
pomoci ETAAS nebo ve spojeni s hydridovou technikou (HGAAS). Kadmium a
olovo byly stanoveny pomoci ETAAS a rtut’ pfimo pomoci jednoucelového
analyzatoru AMA 254. Tab. 3 uvadi meze detekce jednotlivych prvkil. Laboratote
analyzujici stopové prvky v krvi a moci dospélych a déti v letech 1996 — 2003

jsou uvedeny v Tab. 4. Laboratofe jsou akreditovany u CIA.

Tab. 3 Meze detekce (ng/l)

Cu| Zn | Se | Cd | Pb | Hg
Krev | 50 | 100 | 4.0 0.3 |7.0|0.2

Tab. 4 Analyzujici laboratote

Matrice Krev Mo¢

Populace Dospéli Déti Dospéli Déti
Rok

1996 SzU (CHZP) | KHS Ustin. L. | KHS St¢. OHS Zd4r n. S.

1997 SzU (CHZP) | --- KHS Sté.

1998 SZU (CHZP) |KHS Ustin.L. | OHS Zd’arn. S. | KHS Sté.

1999 SzZU (CHZP) |KHS Ustin.L. |-- KHS Sté.

2000 SzU (CHZP) | --- OHS Zdarn. S. | KHS Ste.

2001 SzZU (CHZP) |KHS Ustin.L. |---

2002 SzU (CHZP) | --- SzU (CHZP) SzU (CHZP)

2003 SzU (CHZP) | --- ZU Jihlava, SZU (CHZP)

pob. Zdarn. S.

5.6  Statistické vyhodnoceni

Pro statistické vyhodnoceni byly pouzity statistické programy Statistica
verze 7, Unistat 5.1 a QCExpert. VétSina dat ziskanych v CZ-HBM nema
normalni rozlozeni vzhledem k tomu, ze jde o stopovou analyzu s jednostrannou
deformaci. K rozliSeni vyznamnosti rozdili byl proto pouzit Kruskal-Wallistiv

test. Tento test patfi mezi neparametrické metody, které nepiedpokladaji normalni




rozdéleni. Graf 1 ukazuje piiklad log-normalniho rozdéleni, které se u
sledovanych stopovych prvki vyskytuje. Grafy obsazené v této préaci byly
vytvofeny pomoci statistického programu Statistica, verze 7. Koncentrace prvki
v krvi dospélych osob i1 déti jsou uvedeny v pg/l, koncentrace prvkll v moci v pg/g

kreatininu.

Graf 1 Koncentrace olova v krvi muzi vletech 1996 a 2003 (ptiklad log-

normalniho rozlozeni)
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6 Vysledky a diskuze

V této casti prace jsou uvedené koncentrace vybranych toxickych a
benefitnich prvkl v krvi a moci dospé€lych a déti sledovanych v ramci CZ-HBM
v letech 1996 —2003.

6.1  Vysledky analyzy toxickych prvku
6.1.1 Kadmium

Hlavnim zdrojem kadmia u neprofesiondlné exponované populace je
potrava a koufeni.

Koncentrace kadmia vkrvi reflektuji neddvnou expozici, vySsi
koncentrace se nachdzeji u kutdkl; zvysuji se s vékem a poctem vykoutrenych
cigaret'™ ** 2 Obvyklé hodnoty kadmia v krvi nekufékii se pohybuji v rozmezi
0.2 — 0.8 ug/l, v krvi kutédka mezi 1.4 — 4.5 pg/1**,

Koncentrace kadmia v mo&i vyjadiuji celkovou tlesnou zat&z**, poukazuji
na dlouhodobou (chronickou) expozici a také reflektuji hladiny v jatrech a
ledvinach', zvysuji se s vékem'”. U Zen se obvykle nachazeji vyssi hodnoty neZ
umuzd. Vys$i hodnoty (2 — 3x) jsou prokazovany u kufdkli ve srovnani
s nekuidky (obvyklé hodnoty kadmia v moc¢i nekutdkt jsou 0.1 — 0.7 pg/g

.24
kreatininu)™.

Vysledky analyzy kadmia v krvi
Dospeli

Koncentrace kadmia v krvi dospélych v letech 1996 — 2003 vykazovala
sestupny trend (Graf 2). U sledované ceské populace nebyly ve shod¢ s vysledky

ce s o7, 42
jinych autora” ** ¢

nalezeny statisticky vyznamné rozdily v hladindch kadmia
vkrvi mezi muzi a Zenami. V poloving 80tych let ve studii MONICA'® bylo
nalezeno pomérné Siroké rozpéti koncentrace kadmia v krvi dospélych osob (< 1.8
— 86.3 nmol/l, tj. < 0.2 — 9.7 pg/l krve). Nizsi koncentrace kadmia v krvi byly

zjistény u neexponované némecké muzské populace (Avg 0.42 pg/1)*.



Graf 2 Koncentrace kadmia v krvi muzia a zen (1996 — 2003)
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Koufeni je jednim z hlavnich zdrojii expozice kadmiu u profesionalné
neexponované populace. ZvySuje hladinu kadmia v krvi kutdkd az 4 — 5x ve
srovnani s nekufaky®’. Vliv koufeni i po&tu vykoufenych cigaret na koncentrace
kadmia v krvi byl prokazéan v jinych studiich (0.40 = 0.47 pg/l v krvi nekutdka vs.
1.32 = 2.55 pg/l v krvi kutaki) 2 4 1% 4 také v ramei biologického monitoringu v
SRN (German Environmental Study, GerES I (1985/1986), GerES 1I (1990/1992)
a GerES III (1998)'" *® a dalsich'®. Ve studii MONICA'* byla pro kadmium
v krvi nekurdkil bez rozliSeni pohlavi odvozena stfedni hodnota 3.6 nmol/l (j. 0.4
ng/l krve).

Z vysledki CZ-HBM z let 1996 — 2003 vyplyva, ze koncentrace kadmia
nalezené v krvi kutdkl byly cca 3 x vyssi nez v krvi nekutakt (Graf 3; Ptiloha II)
a souCasné byly ovlivnény 1 poctem vykoufenych cigaret (Graf 4 a 5). U skupiny
nekufaki byl pozorovan signifikantné sestupny trend koncentrace kadmia v krvi
(Graf 3). Medianové koncentrace kadmia v krvi nekuidkli se ve sledovanych
letech pohybovaly v rozmezi 0.3 — 0.6 ug/l. Pasivni kuidci méli nesignifikantné

vy$si koncentrace kadmia v krvi ve srovnani s nekuraky (Graf 6).




Graf 3 Koncentrace kadmia v krvi kutédkt a nekutdkt (1996 — 2003)
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Graf 4 Koncentrace kadmia v krvi kuraki dle po¢tu vykoutenych cigaret
8 T T T T | T T T
| — Median [ 25%-75% _T_ 5%-95% -
771 _
6 Muzi - kuréci Zeny - kuracky 1
N =868 N =249
5r _
> 4 _ ]
= -
3t _
2+ _
1.4 1.4
. 1.1 1.2 1.1
[ 0.8 0.8 |
— T L =5
0 _!_ L L L L L L
<=5 6-10 11-15 >15 <=5 6-10 >10
Pocet vykourenych cigaret/den




Graf 5 Pocet vykoutenych cigaret za den vs. koncentrace kadmia v krvi kuiaka
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Graf 6 Koncentrace kadmia v krvi nekutdkt a pasivnich kutraka (1996 — 2003)
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Deti
Koncentrace kadmia v krvi déti byla u vice nez 50 % vzorkd pod

detekénim limitem pouzité metody (detekeni limit 0.3 pg/l).

Vysledky analyzy kadmia v moci

Koncentrace kadmia v mo&i Zen jsou obecné vyssi ve srovnani s muzi’” **

67. 8 piedpoklada se zvysena absorpce kadmia u Zen a rozdily v dalsich
toxikokinetickych parametrech (transport, retence a vylucovani kadmia
z organismu)* a také niZ§i zasoba Zeleza v organismu zen” ** *’. Satarug (2004)
poukazuje na neptimou korelaci kadmia v moci a koncentrace ferritinu v séru zen.

V ramci CZ-HBM byly u Zen nalezeny nesignifikantné vySsi koncentrace
kadmia v moc€i Zen ve srovnani s muzi. Medianové koncentrace kadmia v moci
zen se pohybovaly v rozmezi 0.35 — 0.49 pg/g kreatininu, u muzi mezi 0.27 —
0.41 pg/g kreatininu. Byl nalezen snizujici se trend koncentrace kadmia v moci ve

skupiné muzi v letech 1996 — 2003. Koncentrace kadmia v mo¢i muzi i Zen

signifikantné stoupala s vékem (Graf 7).

Graf 7 Koncentrace kadmia v mo¢i nekufaki podle véku (2001 — 2003)"°
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Deti
Koncentrace kadmia v moci déti byla u vice nez 50 % vzorkd pod

detekénim limitem pouzité metody (detekcni limit — 0.2 pg/l).

6.1.2 Olovo

K neprofesionalni expozici olovu dochéazi zejména inhalaci a ingesci. U
malych déti ptipadd v tivahu také ingesce kontaminované ptudy, plidniho prachu a
vy§si dietarni expozice® ¥ 1.

Ovéfenym biomarkerem pro sledovani profesiondlni i neprofesionalni
expozice je koncentrace olova v krvi (plumbémie)”™ ''°. Polo¢as olova v krvi je
cca 3 — 4 tydny. Vyss$i koncentrace olova vkrvi jsou u osob Zijicich
v prumyslovych oblastech. Vyssi hodnoty jsou obvykle nachdzeny u muzi ve
srovnani se zenami''’. V poslednich letech dochazi ke snizovani koncentrace
olova v krvi neprofesionaln& exponované populace’. Divodem je s nejvyssi

pravdépodobnosti zavedeni a pouzivani bezolovnatého benzinu.

Vysledky analyzy olova v krvi
Dospeli

Vletech 1996 — 2003 vykazovala hladina olova vkrvi ve skupiné
dospélych (Ptiloha II), muZza i Zen (Graf 8) signifikantné sestupny trend, ktery byl
vyrazny zejména od roku 2001. Hladiny olova v krvi muzt byly vyssi nez u Zen.
Tato skute¢nost je obecné znama a je doloZena v jiZ publikovanych pracich”®

104 104

. Vsouladu s literaturou se obsah olova vkrvi muzli i Zen statisticky

signifikantn& zvy3oval s vékem (*°; Graf 9).



Graf 8 Koncentrace olova v krvi muzii a Zen (1996 — 2003)
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Vys8i koncentrace olova v krvi nez v téchto prezentovanych vysledcich
byly nalezeny u skupiny muzii a zen zijicich v nezatizené oblasti Polska (GM 42.5
— 76.8 ng/l krve u muzi a 23.8 — 48.3 pg/l krve u Zen)*'. V krvi muzi a Zen
pochézejicich z Italie® byly hladiny olova (AM 45.1 ug/l a 30.6 pg/l) nalezeny
témert srovnatelné s ceskou populaci. Podobné je tomu v letech 1990, 1994 a 1999
ve Svédsku u skupiny muzi (86, 62 a 49 g/l krve) a Zen (54, 46 a 33 pg/l
krve)'™.



Graf 9 Koncentrace olova v krvi muzii a Zen dle véku (2001 — 2003)
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Koncentrace olova v krvi dosp&lych byla ovlivnéna i koutenim (7*; Graf
10). U kuidkt i nekufdk byl vletech 1996 — 2003 pozorovan signifikantné
sestupny trend. Signifikantné vyssi koncentrace olova v krvi kutédkl ve srovnani s

nekufaky byly nalezeny i v jinych studiich, napt. ve Svédsku

104 (1023
a [talii".




Graf 10 Koncentrace olova v krvi kufaki a nekutrakt (1996 — 2003)
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Tabulka 5 ukazuje rozdilnou distribuci olova v krvi dospé€lych ve prospéch

procentudlniho zastoupeni nizsich koncentraci v roce 2003 ve srovnani s rokem

1996.

Tab. 5 Distribuce koncentrace olova v krvi dospélych (%) — roky 1996 a 2003

Olovo pg/1 | <=20(21-40|41-60 | 61-80|81-100|101-149 | >=150
Rok 1996 12 33 31 12 59 5.4 0.7
Rok 2003 14.9 56.8 20.5 4.3 2 0.5 1
Déti

Hladiny olova v krvi déti nevykazovaly statisticky vyznamnou casovou

zavislost a pohybuji se v hodnotach mezi 38 a 30 pg/l (Ptiloha II). Obdobné jako

u dospé€lé populace méli chlapci signifikantné vyssi hladiny olova v krvi nez

divky (Graf 11).




Graf 11 Koncentrace olova v krvi chlapcti a divek (1996 —2001)
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Ve srovnani s CZ-HBM se koncentrace olova vkrvi déti Zijicich
v nezatizené oblasti Polska pohybovala v rozsahu 29.9 — 62.5 pg/l (GM)*. Nizsi
koncentrace olova v krvi déti ve byly nalezeny napf. v Némecku'”” (GM 25 pg/l,
rozmezi 8 — 154 pg/l), Helsinkach (Avg 26 pg/l, rozmezi 17 — 37 pg/)’* a
Svédsku (GM 21 pg/l, rozmezi 6 — 80 pg/l)*. Naopak vyssi koncentrace olova
v krvi byly zjistény u 7letych déti z Polska — GM 7.94 + 1.48 pg/dl (tj. 79.4 + 14.8
ng/l) s rozmezim 4 — 38 pg/dl (tj. 40 — 380 pg/1)''2.

Koncentrace olova > 100 pg/l (event. 1 nizsi) v krvi déti je povazovana za
kritickou z hlediska neurobehavioralnich a vyvojovych zm&n** **. V roce 1996 i
2001 se ve skupiné sledovanych déti vyskytovaly 3 déti s koncentraci olova v krvi
> =100 pg/l (rok 1996: 148, 179 a 247 ug/l; rok 2001: 118, 151 a 197 ug/l).
Vroce 2001 jsou koncentrace olova v krvi déti posunuty smérem Kk niz§im

hodnotam ve srovnani s rokem 1996 (Tab. 6).



Tab. 6 Distribuce koncentrace olova v krvi déti (v %) — roky 1996 a 2001

Olovo png/l | <=20{21-40|41-60 | 61-80|81-99 | >=100

Rok 1996 8 59 25.6 5.8 1 0.8

Rok 2001 11.2 68.6 16.3 3 0 0.9
6.1.3 Rtut’

Z hlediska expozice bézné populace jsou v centru pozornosti a) expozice
organickych sloucenin rtuti (metylrtut’) potravou, zejména nékterych druhti ryb a
motskych plodd, v jejichz organismu dochazi k biokoncentraci'* a b) expozice
anorganické rtuti zamalgamovych vyplni. Amalgamové vyplné statisticky
signifikantné zvysuji obsah rtuti v krvi 1 mo¢i, coz dokazuje fada publikovanych
praci'"** 71 EFSA (Evropska komise pro bezpetnost potravin) vénuje obsahu
metylrtuti v rybach a jeho zdravotnimu vyznamu ve vztahu ke konzumaci ryb
vyraznou pozornost. Metylrtut’ se absorbuje z 90% z gastrointestinalniho traktu,
kumuluje se vmozku a u téhotnych Zen prochazi placentou. Hlavni riziko
expozice predstavuje neurotoxické plisobeni metylrtuti. Toxikologické ptiznaky u
chronické expozice se mohou projevit predev§im postizenim mozku (neurastenie,
tfes, motorické a mentalni poruchy a pod.). Rizikovou skupinu ptedstavuji t€hotné
zeny pro moznost poskozeni plodu a nasledné neuropsychické poruchy u déti.

Z hlediska biologického monitoringu jsou za vhodné matrice pro sledovani
hladiny rtuti v lidském organismu povazovany krev, moc¢ a vlasy.

Koncentrace vkrvi méa vztah predevs§im k organickym formam rtuti
(metylrtuti). Byl vSak popsan i vztah mezi poctem amalgamovych vyplni a
koncentraci rtuti v krvi a mo&i®®. Koncentrace v mo&i se vztahuje piedeviim
k expozici kovové rtuti ¢i jejim anorganickym formdm a jeji hodnoty jsou
ovlivnény poctem amalgamovych zubnich vyplni. Hladina rtuti ve vlasech odrazi
pfedevS§im z4téZ organickou formou, kterd ptedstavuje zhruba 80% celkové
naméfenych hodnot®. Vysledky analyzy metylrtuti ve vlasech je moZno uZit
k retrospektivnimu odhadu expozice matky béhem té€hotenstvi. Obsah 10 — 20
ug/g rtuti ve vlasech (odpovida koncentraci v krvi 40 — 80 pg/l) signalizuje

zvySené riziko psychomotorické retardace pro plod.



V ramci monitorovacich aktivit CZ-HBM je sledovana celkova rtut’ v krvi
a moc¢i dospélych osob, u détské populace pak v krvi, moci i vlasech.

Koncentrace rtuti v krvi poukazuje na nedavnou expozici, vztahuje se
predevsim k metylrtuti a — jak jiz bylo zminéno - je ovlivnéna konzumaci ryb*. U
neprofesionaln& exponované populace se hladiny pohybuje do 10 pg/1°? (0.1 — 0.7
ug/l)*.

Vylucovani rtuti moc¢i poukazuje spiSe na dlouhodobou chronickou
expozici®? a méa vztah i po¢tu amalgamovych vyplni**. Hodnoty nalézané u osob

1°%). Casné

profesionalni neexponovanych se pohybuji do 10 pg/I** (3 — 7 pg/
nezadouci projevy nervového systému lze pozorovat jiz pii koncentracich mezi 25

— 35 pg/g kreatininu.

Vysledky analyzy rtuti v krvi
Dospeli

V krvi dospélych sledovanych vramci CZ-HBM byly nalezeny vy$si
koncentrace rtuti u Zen nez u muzi (Graf 12). Pro vysvétleni této skutecnosti
existuje nékolik, zatim neprovéfenych hypotéz, zejména rozdilné stravovaci
zvyklosti s vyssi konzumaci ryb u zen, lepsi péce o chrup a tedy i vétsi pocet
amalgamovych vyplni u zen ¢i snad i pouzivani kosmetiky a krémul s obsahem
rtuti. Udaje o poétu amalgamovych vyplni a frekvence konzumace ryb viak
nejsou obsahem dotazniku, ktery je s participanty vyplhovan. V souvislosti
s vysSim obsahem rtuti v krvi zen spekuluji n€kteti autofi o tom, ze urcité¢ druhy
kosmetickych vyrobki (napf. bélici krémy)® nebo bylinnych piipravka™ mohou
také obsahovat rtut’.

Koncentrace rtuti v krvi némecké populace nalezené v ramci GerES 111
byla 0.58 pg/l (GM)" tedy niz§i nez u &eské populace, sjejimiz vysledky se
ramcové shoduji vysledky nalezené u populace Velké Britanie (1.08 pg/l krve)'®.
U 8védské populace se medianové koncentrace rtuti v krvi v letech 1990, 1994 a
1999 pohybovaly v rozsahu 3.8, 2.8 a 2.1 ug/l (muzi), 3.6, 2.6 a 2.2 pg/l (Zeny),
bez rozdilu mezi muzi a Zenami nalezeny'". Vy3§i koncentrace rtuti v krvi Zen ve

srovnani s muzi byla prokazany u populace Francie (0.28 vs. 0.26 pg/1)*".



Obsah rtuti v krvi muzi i Zen CZ-HBM signifikantng stoupal s vékem (*%;
Graf 13).

Zajimavym zjiSténim byla skutecnost, Ze ve skupiné nekuidki byly
zjistény vyssi koncentrace rtuti (vice u Zen) nez u kuiakt (Graf 14). U kuiakt se
pohybovaly v rozmezi 0.58 — 1.24 pg/l krve, u nekutaktt mezi 0.58 — 1.36 pg/l
krve'" Vysvétleni pro toto zjisténi zatim neni znamo, spekuluje se o rozdilném

uvolnovani rtuti z amalgamovych vyplni u kutdki a nekuiaki.

Graf 12 Koncentrace rtuti v krvi muzi a zen (1996 — 2003)
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Graf 13 Koncentrace rtuti v krvi muzt a zen dle véku (1996 — 2003)
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Graf 14 Koncentrace rtuti v krvi kurakt a nekurakt (1996 — 2003)
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Deti

V krvi déti byly nalezeny niz§i koncentrace rtuti nez u skupiny dospélych

(Graf 15). U chlapcii se mediany koncentrace rtuti v krvi pohybovaly v rozmezi




0.38 — 0.56 pg/l, u divek mezi 0.38 — 0.57 pg/l. O néco nizs$i hodnoty byly
zjidtény v krvi 6 — 12letych déti sledovanych v ramci GerES IV (0.20 pg/)'"°.
Medianové koncentrace rtuti v krvi §védskych adolescentt byla 1.1 pg/I®.

Graf 15 Koncentrace rtuti v krvi chlapci a divek (1996 — 2001)
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Vysledky analyzy rtuti v moci

Dospeli

Vyssi koncentrace rtuti v moci, obdobné jako u vysledka analyzy krve,
byly nalezeny u Zen (Tab. 7).

Tab. 7 Koncentrace rtuti v mo¢i muzi a zen (1996 — 2003,
kreatininu)

medidn, pg/g

Rok/populace | 1996 | 1998 | 2000 | 2002 | 2003
Muzi 0.62 | 0.50 | 0.62 | 0.43 | 0.63
Zeny 1.30 | 1.04 | 0.87

1.05 | 1.09




U italské populace nalezena medidnova koncentrace rtuti v moci 0.78 pg/g
kreatininu bez statisticky vyznamného rozdilu mezi muzi a zenami (0.75 vs. 0.83
ng/g kreatininu)*. Koncentrace rtuti v mogi populace sledované v ramci GerES III
byla 0.34 pg/g kreatininu'?, tedy téméf o polovinu niz$i ve srovnani s vysledky
CZ-HBM. Stredni hodnota koncentrace rtuti v moc¢i darct krve ze dvou oblasti
Slovenska byla 0.015 £ 0.02 umol/l (tj. 3.09 = 4 ug/l moce) a 0.021 + 0.007
umol/l (tj. 4.2 + 1.4 pg/l moce)"’.

Deti
Vliv pohlavi na koncentraci rtuti v moci se projevil i u déti. Vyssi hodnoty
byly nalezeny u divek neZz u chlapct (Tab. 8). Medidnové koncentrace déti ze

studie GerES IV byla < 0.20 pg/g kreatininu'®.

Tab. 8 Koncentrace rtuti v moci chlapcii a divek (1996 — 2003, median, pg/g

kreatininu)
Rok/populace | 1996 | 1997 | 1998 | 1999 | 2000 | 2002 | 2003
Chlapci 0.24 | 0.32 | 0.23 | 0.23 | 0.30 | 0.41 | 0.26

Divky 0.26 | 0.44 | 0.30 | 0.36 | 0.40 | 0.44 | 0.32




6.2  Vysledky analyzy benefitnich prvki
6.2.1 Méd

Patti mezi prvky spilsobenim esencidlnim, je =zafazovdna mezi
mikroelementy. Tvofi soucast mnoha enzymi s antioxidacnim plisobenim a tim
zasahuje do ruznych, zZivotn¢ dulezitych metabolickych procest. Jako soucast
nekterych proteinit ma vyznam pro krvetvorbu, tvorbu kolagennich bilkovin a ma
vliv na funkci CNS.

Do organismu u bézné populace vstupuje nejcastéji ingesci (potrava, pitna
voda), méné inhalaci a cestou dermalni®.

Za nizké hladiny m&di v krvi lze povaZovat koncentrace 800 pg/l a nizsi**.
Zeny maji cca o 10 % vy3si hodnoty médi v krvi nez muzi''".

Mo¢i se denné vyluduje cca 0.5 — 3 % denniho pfivodu mé&di', obsah

v mé&di v mo¢i se pohybuje v rozmezi 6.1 — 30 pg/1%.

Vysledky analyzy médi v krvi
Dospéli

Pozvolny nartst koncentrace médi v krvi dospélé ceské populace lze
pozorovat od roku 1996 do roku 2000, od roku 2001 se pak hodnoty prakticky
neméni. Mezi skupinou muzil, Zen neuzivajicich oralni antikoncepci a zen
uzivajicich oralni antikoncepci byl nalezen statisticky vyznamny rozdil (Graf 16;
Ptiloha II).

Zeny uZivajici oralni antikoncepci mély signifikantné vyssi hladiny médi
v krvi nezZ Zeny, které ji neuzivaly. Souvislost mezi uzivanim oralni antikoncepce

h*°* Koncentrace médi

a hladiny médi v krvi Zen byla prokazan i v jinych studiic
v séru slovenské populace naznacuji rovn€z vyssi hodnoty médi v séru Zen ve
srovnani s muzi'®.

Pfiznaky deficitu m&di mohou vyvolat vysoké dietarni davky zinku'®2. Ve
vhodném pomeéru téchto dvou prvkl v potravé dochdzi k synergickému ptisobent,
narueni tohoto poméru vede ke sniZeni aktivity t&chto prvka®®. Proto by mé&l byt
pomér zinku a mé&di vyrovnan a mé&l by se bliZit optimalnimu (8.0%"). Tento byl
nalezen u skupiny muzii (Graf 17; Priloha II). Signifikantné niz§i pomér

zinek/méd’ byl nalezen u Zen uzivajicich oralni antikoncepci ve srovnani se



zenami, které¢ ji neuzivaji (Graf 18; Pfiloha II). Toto koresponduje s vysSSimi

hladinami médi v krvi Zen uzivajicich oralni antikoncepci.



Graf 16 Koncentrace medi v krvi muzua a zen (1996 — 2003)
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Graf 17 Pomér zinek/méd’ v krvi muzi, Zen, chlapct a divek (1998 — 2003)
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Graf 18 Pom¢ér zinek/méd’ v krvi Zen (1998 — 2003)
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Deti

Koncentrace médi v krvi chlapcti a divek se od roku 1996 vyznacuje mirné
se snizujicim trendem (Ptiloha II). Chlapci méli vyssi hladiny médi v krvi nez
divky. U chlapct se hladiny médi v krvi pohybovaly v rozmezi 980 — 1081 ng/l
(mediany), u divek mezi 968 a 1046 pg/l (mediany). Medianova hodnota
koncentrace m&di v séru déti z Némecka byla 20.8 pumol/l (tj. 1320 pg/1)’®. U
skupiny déti ze Slovenska byly nalezeny stfedni hodnoty médi v séru 17.4 pmol/l

(tj. 1104 pg/l séra) u chlapci a 17.1 pmol/l u divek (tj. 1085 pg/l séra)'™.

6.2.2 Selen

Selen hraje vyznamnou roli v metabolismu Stitné zlazy, imunitnim
antagonista kadmia, ¢ i dalsich toxickych prvka® Je soudasti enzymt
(selenoenzymy)™ *°. Do organismu vstupuje selen piedeviim potravou (obilné

produkty, maso, mlé&né vyrobky; napoje), méné inhalaci’.



Sledovéani hladin selenu v krvi se provadi zejména z divodi detekce
mozné deficience. Mezi nejznaméjs$i onemocnéni, kterd jsou zpusobena
nedostatkem selenu patii Keshan disease (kardiomyopatie) a Keshan (Kashin)
Beck Disease (osteoartropatie)”.

Koncentrace selenu v krvi a mo&i informuji o urovni saturace organismu®*
60

Hladinu selenu lze sledovat v séru, plasmé ¢i plné krvi. Koncentrace
selenu v krvi je vyS$i nez v séru/plazmé, protoze je obsazen i v erytrocytech
Pokud je selen méten v plné krvi, je z divodu srovnani dat mozno pouzit faktor
pro piepocet koncentrace selenu v séru/plazmé na koncentrace selenu v krvi. Ten

40, 100
8 , tzn. koncentrace selenu

byl na zéklad¢ literarnich poznatk odhadnut na 0.
v séru nebo plazmé/0.8 = koncentrace selenu v krvi a naopak. Obsah selenu v krvi
je ukazatelem ptijmu selenu v obdobi zhruba 3 predchéazejicich mésici. Hladiny
selenu niz§i nez 0.05 mg/l (tj. 50 pg/l) indikuji jeho deficitni stav*®, pficemz
hladiny selenu v krvi < 45 pg/l jsou spojovany s vyssim rizikem kardiovaskularni

morbidity a mortality (Tab. 9).

Tab. 9 Udavané optimalni rozmezi selenu v séru (upraveno)™

Hodnoceni saturace selenem | ng/l séra | pg/l krve
optimum 100 —140 | 125-175
hrani¢ni nedostatek 70 - 100 | 88—125
mirny nedostatek 55-70 69 — 88
vazny nedostatek 45-155 56 — 69
hrani¢ni hodnota 45 56

silny deficit 20—-45 25-56
kriticka koncentrace <20 <25

Mokti se vyluGuje se aZz 50 % selenu pfijatého potravou® (cca 10 — 600
ng/den, v zavislosti na charakteru pfijimané stravy)®*. Vyludovani je rychlé
s maximem v prvnich 4 hodinach. Biologicky polocas je cca 1 — 2 dny®. Osoby
s normalnim piijmem selenu a bez pracovni expozice maji hladiny selenu v moci

<0.03 mg/l, tj. tj. 30 pg/1™.



Vysledky analyzy selenu v krvi
Dospeli

Koncentrace selenu v krvi dospélych v monitorovanych letech 1996 —
2003 naznacuji vzestupny trend (’; Graf 19; Piiloha II).

Pfi srovnani roku 1996 a 2003 lze konstatovat, ze doslo k posunu hladin
selenu v krvi dospé&lych smérem k vy$§im hodnotam (°; Graf 19; Pfiloha II) a
soucasné se zvysilo procento osob s vys$Simi koncentracemi selenu v krvi (Graf
20). Saturace Ceské populace vSak stale neodpovidd hodnotdm optimalnim, které

jsou 100 — 140 pg/l séra™ (tj. 125 — 175 pg/l krve).

Obdobné vysledky ukazala i studie z r. 1998 sledujici koncentrace selenu
v séru &eské populace s primé&mou hodnotou 74 pg/l (tj. 92.5 pg/l krve)™. Stiedni
hodnoty koncentrace selenu v séru muzi (70.7 pg/l séra, tj. 88.4 pg/l krve) a zen
(64.9 pg/l séra, tj. 81.1 pg/l krve) v Recku' byly téméF srovnatelné s vysledky
nalezenymi u ¢eské populace. Koncentrace selenu u populace Kanarskych ostrovii
byla 74.7 + 25.2 ug/l séra (Avg)" (tj. 93.3 + 31.5 ug/l krve). Vyssi hodnoty
selenu v krvi byly nalezeny u populace Danska (115.9 + 15.4 pg/l a 102.5 + 9.6
ng/l)*® a zejména u populace USA* — 124.5 ng/ml u muzi (tj. 156 pg/l krve) a
122.0 ng/ml u Zen (tj. 153 pg/l krve).

, .o, . 15, 16, 35, 50, 58, 65, 78
V souladu s vysledky jinych autort 3 7

nebyl ani v nasi studii
nalezen statisticky vyznamny rozdil mezi muzi (Me 69 — 116 pg/l) a Zenami (Me
61 — 103 pg/l). Naopak vyssi koncentrace selenu u Zen ve srovnani s muzi byly
prokazany v Barcelong (83 pg/l a 80 pg/l plazmy™, tj. 104 pg/l al00 pg/l krve).
Nekufaci maji v porovnani s kufdky signifikantné vyssi hladiny selenu
v krvi (°; Graf 21). Vyssi koncentrace selenu v krvi nekuiaktl byly pozorovany i
vjinych studiich, napt. u sledované populace Barcelony’’, Polska® i v ramci

studie NHANES III*.



Graf 19 Koncentrace selenu v krvi dospélych (1996 — 2003)
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Graf 20 Distribuce koncentrace selenu v krvi dospélych (roky 1996 a 2003)
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Graf 21 Koncentrace selenu v krvi kutrakti a nekutrakt (1996 — 2003)
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Hladiny selenu v krvi déti byly niz$i nez u dospélych a — na rozdil od

dospélé populace — nebyl pozorovan vzestupny trend (Pfiloha II). Medidny

koncentrace selenu v krvi chlapcii se pohybovaly v rozmezi 66 — 72 ng/l, u divek

mezi 65 — 72 ng/l.

Nizsi hodnoty selenu v krvi byly nalezeny rovnéz u détské populace
v Mad’arsku — Avg 0.81 umol/l (tj. 64 pg/1)**. Vyssi koncentrace selenu v plazmd
byla nalezena u détské populace v Némecku (Avg 0.77 £ 0.68 pmol/l)™® (tj. 75 +

66 ng/l krve).

rozdil.

6.2.3 Zinek

Mezi chlapci a divkami CZ-HBM nebyl nalezen statisticky signifikantni

Vyznam tohoto prvku je u profesiondln¢ neexponované populace

predevsim benefitni. Zinek je soucasti vice nez 200 dilezitych enzymi, podili se

na syntéze proteind, je obsaZzen v insulinu. Spolu smédi je zastoupen

v antioxidacnim enzymu

superoxidismutaze,

ktery patii mezi ochranné



mechanismy aterogennich a onkogennich procesi. Do organismu vstupuje

predevsim ingesci (potrava, pitna voda)™ .

Hladinu zinku lze sledovat v krvi ¢i séru, v moci i1 vlasech. Vzhledem
k pfitomnosti zinku pfevazné v erytrocytech jsou koncentrace v plné krvi asi 3x
vy$§i nez v séru &i plasme™®.

Ztraty zinku moci jsou malé (pohybuji se v rozmezi 8 — 10 umol/den, tj.
0.522 — 0.653 mg/den) a zlstavaji relativné konstantni pfi riizném piijmu zinku ve

strave®,

Vysledky analyzy zinku v krvi
Dospeli

Koncentrace zinku v krvi monitorované populace vykazovala v zacatku
monitorovaného obdobi vzestupny trend, ktery byl v obdobi 2001-2003 vystiidan
mirnym poklesem u muZil. Zeny mély ve srovnani s muzi niz§i koncentrace zinku

v krvi (Graf 22). Tyto rozdily dokladaji i jiné publikované prace'® 3% 3:5% 81,

Vzestup koncentrace zinku v krvi dospélych (Ptiloha II) byl pozorovan na
zaCatku monitorovaciho obdobi v roce 1998. V letech 1997 — 2003 byly hladiny

zinku v krvi dospélych stabilizované s hodnotami a letech 2001 — 2003 byl u

muzl pozorovan mirny pokles koncentrace zinku v krvi.



Graf 22 Koncentrace zinku v krvi muzt a zen (1996 — 2003)
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Déti

U déti se koncentrace zinku v krvi v jednotlivych letech monitorovani
ptili§ neménily (Pfiloha II). U divek byly koncentrace zinku v krvi nesignifikantné
nizsi nez u chlapci.

Mediany koncentrace zinku v séru belgickych déti byly 12.24 pmol/l (.
800 pg/l séra)”® bez vyznamnych rozdild mezi pohlavim. Koncentrace zinku
v séru polskych déti byla 920 pg/1°".

Vysledky analyzy zinku v moci
Dospeli

Koncentrace zinku v moc¢i za obdobi 1996 — 2003 byly opét signifikantné
vy$$i u muzi nez u zen (muzi 394 pg/g kreatininu, Zzeny 353 ng/g kreatininu).
Nesignifikantné vyssi hodnoty byly zjistény u kurakd (397 pg/g kreatininu) ve

srovnani s nekutraky (376 pg/g kreatininu).




Deti

Koncentrace zinku v moc¢i chlapcti se pohybovaly v rozmezi 324 — 603
ug/g kreatininu, u divek mezi 315 a 530 pg/g kreatininu. U chlapct (od roku
2000) a u divek (od roku 1999) miizeme pozorovat vzestupny trend koncentrace

zinku v mo¢i.

6.3  Referencni hodnoty

Stanoveni referencnich hodnot platnych pro populaci ¢i populaéni skupiny
v urCitém casovém obdobi predstavuje jeden z nejvyznamnéjSich vystupt
biologického monitorovani (Kap. 2, str. 12).

Vysledky CZ-HBM ve sledovanych letech 1996 — 2003 poskytly
dostatecné mnozstvi relevantnich dat k tvorbé referencnich hodnot pro hladiny
kadmia a olova v krvi déti a dospélych (obdobi 1996 — 1998) a jejich revizi
v obdobi 2001 — 2003. Referen¢ni hodnoty pro koncentrace kadmia, olova a rtuti

v moci dospélych a déti jsou zaloZzeny na sledovéani v obdobi 2001 — 2003.

CZ-HBM: Referencni hodnoty pro kadmium

Referencni hodnota pro kadmium v krvi dospélych-nekutdk pro obdobi
1996-1998 byla stanovena na 1.2 pg/l (Tab. 10). V prib&hu monitorovacich
aktivit v letech 1996 — 2003 postupné dochéazelo ke snizovani hladin kadmia
v krvi dospélych-nekutaka (viz Graf 3 na str. 25). Proto byla referen¢ni hodnota
piehodnocena a pro obdobi 2001 — 2003 byla pro tuto popula¢ni skupinu snizena
na 1.1 pg/l. Z rozdilnych referen¢nich hodnot na zacatku (1996 — 1998) a na konci
monitorovaciho obdobi (2001 — 2003) vyplyva, ze postupné dochézi ke snizovani
zatéze kadmiem z prostfedi a tim i zatéze lidského organismu. Pfesto jsou
zminéné referencni hodnoty u ceské populace o néco vyssi nez referencni hodnoty
kadmia v krvi platné pro détskou i1 dospélou nekutackou populaci v SRN, kde
byly referencni hodnoty u dospélych stanoveny na 1.0 pg/l vr. 1999 — 2003, vr.
2005 pak u déti i dospélych piehodnoceny dokonce na 0.5 pg/l. Diivodem tohoto
rozdilu miize byt nejen vyssi expozice Ceské populace potravou ¢i v disledku

kutactvi, ale (zejména u déti) i ponékud nizsi citlivost pouzité metody, kdy



hodnoty pod mezi stanovitelnosti jsou arbitrarné nahrazeny polovinou této
hodnoty.

Referencni hodnota pro kadmium v moci dospélych — nekutdkd je 1.2
ng/g kreatininu, ve shodé¢ s literaturou je i referenc¢ni hodnota o néco vyssi u zen
nez u muzu (Tab. 11). Rovnéz pro hladinu kadmia v moci jsou referen¢ni hodnoty
CZ-HBM o néco vyssi nez pro dospélou nekuiackou populaci v SRN, kde byly
stanoveny hodnoty v r. 1999 — 1.0 pg/g kreatininu, v r. 2003 — 0.8 pg/l a v r. rok
2005 — 0.5 pg/l. Ani vysledky CZ-HBM, ani vysledky némeckého biomonitoringu
nedosahuji zdravotné vyznamnych hodnot I. a II. typu (Tab. 11).

Tab. 10 Referencni hodnoty pro kadmium v krvi (pg/l)

CZ-HBM Némecko
Populaéni skupina 1996 — 1998*' | 2001 —2003" | 1999*° | 2003'*® | 2005'"”
Dospéli — celkem 3
Dospéli — nekuiaci 1.2 1.1 1.0 1.0 0.5
Dospéli — kuiaci 4.5
Mui 3.5
Zeny 3
Déti 0.8 0.5

Tab. 11 Referen¢ni hodnoty pro kadmium v moc¢i (ug/g kreatininu, neni-li

uvedeno jinak)

CZ-HBM Némecko HBM hodnoty*®
Populaéni skupina | 2001 —2003" | 1999% | 2003'*® | 2005'” | HBM L. | HBM II.
Dospéli — celkem 1.3 2% 5%
Dospéli — nekuiaci 1.2 1.0 | 0.8 ug/l | 0.5 pg/l
Dospéli — kuiaci 1.8
Muzi 1.3 ] #* 3 *x
Zeny 1.5 1 ** 3wk
Déti 0.5 1 3

*> 25 let; ** <25 let




CZ-HBM: Referencni hodnoty pro olovo

V ramci CZ-HBM byly navrzeny referen¢ni hodnoty pro olovo v krvi
dospélych 1 déti pro pocatecni i zadveéreéném obdobi 1. etapy monitorovéani (1996 —
1998 a 2001 — 2003). Environmentalni zatéz olovem postupné klesa, coz je
dolozeno jak dlouhodobymi sestupnymi trendy plumbemie (Graf 8, str. 29), tak i
poklesem referencniho hodnot v obdobi 2001 — 2003 vs. 1996 — 1998 (muzi 80
vs. 95 ng/l; zeny 65 vs. 80 pg/l a déti 55 vs. 65 pg/l). Referenéni hodnoty jsou
podrobnéji uvedeny v Tab. 12. Referencni hodnoty pro olovo v krvi ceské
populace nedosahuji zdravotn¢ vyznamnych hodnot I. a II. typu (viz tab. 12). Na
zaklad¢ vysledkii biomonitoringu populace v SRN byly stanoveny obdobné
referencni hodnoty pro olovo v krvi muza v roce 1999 (120 pg/l), Zen (90 pg/l) a
déti (60 pg/l); v roce 2003 (muzi 90 pg/l, zeny 70 pg/l) a v roce 2005 (déeti 50
ug/l). I v tomto ptipadé je patrny vyrazny pokles, ktery je pfipisovan piredevsim
zdkazem pouzivani benzinu s pifidavkem tetraetylolova jako antidetonacniho

ptidavku.

Tab. 12 Referen¢ni hodnoty pro olovo v krvi (ug/l)

CZ-HBM Némecko HBM hodnoty*
Populaéni | 1996 — | 2001 — | 1999*° | 2003'" | 2005'” HBM 1. HBM II.
skupina 1998*' | 2003"
Dospéli- 75
celkem
Dospéli- 75
nekuraci
Dospéli- 80
Kufaci
Muzi 95 80 120 90 150 250
Zeny 80 65 90 70 150 (100 *) | 250 (150 *)
Déti 65 55 60 50 100 150
Chlapci 55
Divky 55

* Zeny v reproduktivnim véku




Referencni hodnoty pro rtut’

Tab. 13 uvadi referen¢ni hodnoty rtuti v krvi dospélych a déti. Referen¢ni
hodnota pro dospélou populaci pro obdobi 2001 — 2003 byla stanovena na 3.5
ng/l. Jelikoz u nasi populace nebyla sledovana ani konsumace ryb ani pocet
amalgamovych vyplni, nelze referencni hodnotu pro ¢eskou populaci jednoznacné
srovnat s referencni hodnotou platnou pro populaci SRN, ktera byla pro dospélou
populaci limitovana konzumaci ryb < 3x mésicné a stanovena na 2.0 pg/l pro r.
1999 1 2003.

Pro détskou populaci byla navrzena referen¢ni hodnota pro rtut’ v krvi 1.5
ng/l. Vysledky biologického monitoringu SRN uvadéji obdobnou referencni
hodnot pro rtut’ v krvi déti 1.5 pg/l (rok 1999) a 1.0 pg/l (rok 2005).

Referencni hodnoty rtuti v moc¢i dospélych 1 déti uvadi Tab. 14. Ve
srovnani s jinymi stty jsou nami nalezené referencni hodnoty pro dospélé —
celkem (6.8 pg/g kreatininu) vysSi ve srovnani s vysledky biologického
monitoringu SRN (rok 1999 — 1.0 ng/g kreatininu; rok 2003 — 1.0 pg/g kreatininu)
a sreferenénimi hodnotami pro italskou populaci (3.66 pg/g kreatininu®).
V nasem piipad¢ nebyl bran v tvahu pocet amalgamovych vyplni jako u populace
SRN. Obdobna situace byla nalezena 1 u ceské détské populace (4.2 pg/g
kreatininu). Referen¢ni hodnoty rtuti v mo¢i némecké détské populace byly 1.4

ng/l (rok 1999) a 0.7 ng/g kreatininu (rok 2005).



Tab. 13 Referen¢ni hodnoty pro rtut’ v krvi (ug/l)

CZ-HBM Némecko HBM hodnoty*®
Populaéni skupina | 2001 —2003" | 1999 | 2003'*® | 2005'” | HBM L. | HBM IL.
Dospéli — celkem 3.5 2.0 * 2.0 % 5 15
Dospéli — nekuraci 34
Dospéli — kuraci 3.6
Muzi 3.1
Zeny 4
Déti 1.5 1.5% 1.0 * 5 15
Chlapci 1.3
Divky 1.7

* konzumace ryb < 3x mési¢né

Tab. 14 Referencni hodnoty pro rtut’ v moci (ug/g kreatininu, neni-li uvedeno

jinak)
CZ-HBM Némecko Italie | HBM hodnoty*
Populaéni skupina | 2001 — 1999%° | 2003'%® | 2005'” | 2002 | HBM 1. | HBM II.
2003"

Dospéli — celkem 6.8 1.0 * 1.0 * 3.66 5 20
Dospéli — nekuiaci 6.8

Dospéli — kuitaci 8.8

Muzi 5.4

Zeny 12

Déti 42 1.4 ug/l 0.7 * 5 20
Chlapci 3.7

Divky 5.5

* bez amalgamovych vyplni




7 Zavér

Cilem ptedlozené¢ prace bylo (1) souhrnné zpracovat a vyhodnotit
existujici data tykajici se koncentraci stopovych prvki v télnich tekutinach ceské
populace ziskana vramci biologického monitoringu Systému monitorovani
zdravotniho stavu c¢eské populace ve vztahu k prostfedi a (2) za pouziti
sofistikovanych statistickych metod vytézit zexistujicich dat biologického
monitorovani co nejvice informaci o (a) souc¢asné urovni expozice c¢eské populace
vybranym toxickym a benefitnim prvkim, (b) dlouhodobych ¢asovych trendech,
(c) rozdilné expozi¢ni urovni populacnich skupin z hlediska geografie, véku,

pohlavi a zivotniho stylu (aktivni i1 pasivni kutactvi).

Vysledky shrnuté v predloZené praci upozornily na nasledujici skute¢nosti:

1. Koncentrace olova v krvi se zvySuje s vékem a je vyS$s$i u muzt a chlapct nez
u zen a divek; koncentrace u déti jsou pfitom nizsi nez u dospélych.

2. Hladina olova vkrvi dospélé, ne vSak u détské populace vykazuje
signifikantni sestupny trend, koncentrace v poslednich letech neptesahuji
limitni hodnotu 150 pg/l, jejiz prekroceni ptedstavuje prvni varovny signal
moznych nezddoucich zdravotnich ucinkt. Vysledky zjisténé u déti i u
dospélych odpovidaji i pozadavku WHO, Ze median koncentrace olova v krvi
by nem¢l ptrekrocit hodnotu 54 pg/l.

3. Hladina kadmia vkrvi je vyznamné (cca 3x) zvySena u kufdkl a
nesignifikantné vyss$i je i u pasivnich kufakli ve srovnani s nekufaky. U
nekuracké populace byl prokdzan signifikantné sestupny trend. Hladina
kadmia byla signifikantné (v moci) a nesignifikantné (v krvi) vyssi u zen.
Koncentrace kadmia v krvi 1 mo¢i déti byly u vice nez 50% pod mezi
stanovitelnosti pouzité metody.

4. Koncentrace rtuti v krvi i moc¢i dospélé populace se zvySovaly s vékem a byly
vyznamné vys$$i u zen 1 u dévcat ve srovnani s muzi ¢i chlapci. Paradoxné
vy$§i hodnoty u nekuracek ve srovnani s kufackami vyzaduji dalsi sledovani a

hledani vysvétleni.



Hladina médi v krvi je vyznamné vyS$i u Zen nez u muzil; zeny uzivajici
hormonalni antikoncepci mély vyznamné vyssi hodnoty nez zeny, které ji
neuzivaly.

Hladina selenu v krvi vykazuje u dospélé populace, ne u déti, vzestupny trend.
Koncentrace vsak stale nedosahuje hodnot povazovanych z hlediska saturace
organismu za optimalni. Niz§i hodnoty byly nalezeny u kuraki.

Koncentrace zinku v krvi i v moci jsou vy$si u muzii nez u zen.

U zadného ze sledovanych toxickych ani benefitnich prvkl nebyly prokazany
vyznamné rozdily ve vztahu k misté bydlisté. Lze tedy usuzovat, ze vysledky
zde prezentované charakterizuji celkovou uroven expozice profesionalné
neexponované ¢eské populace.

Stanoveni referencnich hodnot pfedstavuje vyznamnou zakladni informaci pro

srovnani dat dal$ich studii na narodni i mezinarodni Urovni.
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11.1 Informacni dopis a informovany souhlas — dospéli
Vézena pani, vaZeny pane,

lokalita, ve které¢ bydlite, byla zafazena mezi Ctyfi lokality, které se ucastni
rozsahlého preventivniho programu ziizeného vladnim usnesenim ¢. 369 zr. 1991
s nazvem ,, Systém monitorovani zdravotniho stavu obyvatelstva ve vztahu k zivotnimu
prostfedi“. Ukolem tohoto programu, fizeného Statnim zdravotnim Gstavem v Praze, je
zjistit a pribézné sledovat, do jaké miry je nase populace zatizena Skodlivymi latkami
z prostiedi a ze stravy.

Je znamou skutecnosti, ze chemické latky, které znecistuji zivotni prostiedi,
mohou prostfednictvim vzduchu, vody a pfedevSim potravy ovliviiovat i organismus
¢lovéka. Aby bylo mozné tento problém fesit, je dulezité védét, o jaké chemické latky se
jedna, zda skutecné tyto latky pronikly do naseho téla a hlavné v jakém mnozstvi. Tyto
dilezité informace je mozné zjistit nejlépe prikazem téchto latek v télnich tekutinach
Clovéka. Pomoci citlivych analytickych metod mohou byt zjistény tyto latky jiz
v mnozstvi, které bezprostfedné¢ ani dlouhodobé¢ neohrozuje Vase zdravi, ale muze
signalizovat stav zat¢Ze populace v dané lokalit¢ obdobi. Informace takto ziskané jsou
dalezita pro sledovani dlouhodobych Casovych trendli a v pripadé potieby k prosazeni
postupt pro snizeni ptipadnych rizik.

Co to pro Vas bude znamenat: pokud projevite svllj souhlas na tomto letacku,
budete pozadan o vzorek krve a moce. Ve vzorcich krve a moce budou analyzovany
vybrané kovy i stopové prvky s benefiénim uc¢inkem na zdravi. Soucasti vysetfeni krve je
i cytogeneticka analyza informujici o pfipadné zatézi latkami s genotoxickym ucinkem.
K témto vzorkim bude vyplnéna kratka privodka s udaji nezbytnymi pro posouzeni
vysledki.

S ptipadnym  vybocujicim nalezem ve vzorku budete seznamen(a)
prostfednictvim VaSeho oSetfujiciho lékatre. Statni zdravotni ustav v Praze garantuje
ochranu veskerych osobnich dat ve smyslu zékona ¢. 101/ 2000 Sb.

Dékujeme za spolupraci

Prof. MUDr. Milena Cerna
Statni zdravotni Gstav Praha

Informovany souhlas
Souhlasim s odbérem vzorku krve a moce a s pouzitim mnou uvedenych dat pro ucely
programu ,, Systém monitorovani zdravotniho stavu obyvatelstva ve vztahu k Zivotnimu
prostiedi®.

S udaji bude nakladano ve smyslu zakona ¢. 101/2000 Sb. o ochrané osobnich udaj.

JMEno, PIMENT. . ..ot



11.2 Informacni dopis a informovany souhlas — déti
Vazeni rodice,

obracime se na Vas s prosbou o spolupraci. V rdmci Systému monitorovani zdravotniho
stavu obyvatelstva ve vztahu k zivotnimu prostfedi se Statni zdravotni ustav v Praze spolu s
regiondlnimi zdravotnimi tstavy zabyva vyzkumnym ukolem, ktery zjistuje, do jaké miry je nase
populace zatizena chemickymi latkami z prostfedi véetné potravy, a na druhé strané, zda ma nase
populace dostatek stopovych prvkii s ochrannym u¢inkem.

Chemické latky mohou znecistovat zivotni prostiedi a prostfednictvim vzduchu, vody a
predevsim potravy vstupuji do organismu ¢lovéka. Piitomnost téchto latek Ize zjistovat v télnich
tekutinach ¢lovéka, nejcastéji v krvi a moci a podle jejich koncentrace miizeme odhadovat jaka je
zat€Z organismu z prostfedi. Na druhé strané lze timto zpisobem zjistit také pritomnost prvki
s pfiznivym ucinkem, jako je selen ¢i jod, tedy ovéfit, zda je organismus jimi dostateCné zasoben.
Bez analyz vzorki biologického materialu (krve, moce a vlasi) toto nelze provést.

Zjistit pritomnost mnohych skodlivin v téle je velmi naro¢né laboratorné i financné, a
proto se bézn¢ neprovadi. Soucasné laboratorni postupy umoziuji pfitom zachytit i tak nepatrna
mnozstvi, kterd nemaji nezaddouci zdravotni Ucinek, signalizuji vSak urcitou uroven zatéze
z prostiedi, kterou je nutno systematicky snizovat.

Proc je toto sledovani zaméfeno na déti? Détska populaéni skupina je zvySené vnimava
k pasobeni faktor prostfedi a k nedostatktim ve stravovacich zvyklostech. Na druhé strané neni
dosud zatizena zlozvyky dospélych (alkohol, koufeni, 1éky, nespravny zivotni styl).

Pro Vis je to pak jedinecna prilezZitost ovérit, do jaké miry je VaSe dité vystaveno
pusobeni konkrétnich $kodlivin a zda ma dostatek latek s ochrannym tu¢inkem.

VySetieni zahrnuje ndsledujici iikony: vyplnéni stru¢ného jednostrankového dotazniku,
odbér malého mnozstvi krve (max. 3 ml), vzorku ranni moce (cca 50 ml) a vlast (0.5 g) a jejich
vySetieni na cizorod¢ latky (toxické kovy — olovo, kadmium, rtut’) a vybrané stopové prvky (selen,
jod, zinek, méd’). Soucasti vysetfeni je i vySetieni krevnich bunék, jehoz vysledek upozoriiuje na
pusobeni latek s genotoxickym ucinkem. V moci bude stanovena i hladina kotininu, ktera
informuje o ,,pasivnim kufactvi® ditéte.

Zabezpeceni studie: Odbér vzorkt bude probihat ve Skole. Pro odbér krve jsou zajistény
bezpecné jednorazové pomiicky a odbér bude proveden skolenym zdravotnickym personalem
zkusenym v odebirani détské Zzilni krve. Vzorek ranni moce prosime odebrat do piidélené,
specialné vymyté nadobky. Vzorek vlasi bude ziskan odstfizenim malého praminku vlast v §ijové
oblasti hlavy. Udaje o ditéti i vysledky budou zcela anonymizovany, zakédovany a vedeny pouze
pod timto kédem. Pro déti bude zajisténa mald odména.

S vysledky budete sezndmeni po zhodnoceni vysledk z celé republiky, s pfipadnymi
vybocujicimi nalezy budete sezndmeni co nejdiive po zjisténi prostfednictvim oSetfujiciho 1€kare
vaseho ditéte. Statni zdravotni Gstav Praha garantuje ochranu veskerych osobnich udaji ve smyslu
zak.¢.101/2000Sb.

Pokud souhlasite s uvedenymi odbéry, oddélte prosim dolni ¢ast letiku a vyplnénou
ji odevzdejte ve Skole. Termin odbéru bude ozndmen s dostate¢nym pi‘edstihem.
Dékujeme Vam za porozuméni a spolupraci.

Prof. MUDr. Milena Cerna
Statni zdravotni ustav, Praha



11.3 Dotaznik — dospéli

Pruvodka k biologickému materialu - dospéli

(Zaskrtnéte spravnou odpovéd’ nebo vpiste prislusny kod)

Kod vzorku -|A[/[0]3]/]0 Datum odbéru 0f 3

Jméno Piijmeni

Rodné ¢islo Hmotnost kg Vyska cm

Adresa Typ odebraného vzorku: K-krev | Ano Ne
M-mo¢ | Ano Ne

Délka bydlisté v lokalité v celych rocich

Profese kodem

Skodlivinal:

Kurak |[Ano| |Ne

Délka koureni v celych rocich

Byvaly kurak - nekouii mésicti

Pravidelné uzivani léka

Pracuje jako

Pocet odpracovanych let v expozici
(1-chemie, 2-hluk a vibr., 3-zafeni, 4-infekce, 5-jiné)

Pocet vykourenych cigaret denné

Byvaly kurak
(nekoufi vice nez 6 mésicu)

Ano

Ne

Kouieni v domacnosti prip. na pracovisti | Ano

Ano

Ne

Druh uzivanych 1éki

Ne

(040-analgetika, 100-antibiotika, 300-cytostatika, 370-hormony, 480-sedativa, 560-vitaminy, 580-mineralni latky)

Virové onemocnéni v poslednich 14 dnech | Ano

Rtg vySetieni v poslednich 3 mésicich

Jiné:

Ne

Ano

Ne




Informovany souhlas

Souhlasim s odbérem vzorkid moce, krve a vlastii a s pouzitim mnou uvedenych dat pro tcely
programu "Systém monitorovani zdravotniho stavu obyvatelstva ve vztahu k Zivotnimu prostiedi”
za podminek stanovenych zakonem ¢.101/2000Sb. o ochrané osobnich udaja

u mého dit€te (JMENO @ PIMENT)......ouieie ittt
narozen¢ho dne............... DYdlStEM. ...
OSCHIUJICT LEKAT . ...\ttt e
ZS e, tHda. ..



11.4 Dotaznik — déti

Privodka k biologickému materialu - déti
(Zaskrtnéte spravnou odpoved’ nebo vpiste prislusny kod)

Kod vzorku -1 I1/710] 1f/ Datum odbéru 011
Jméno Piijmeni

Rodné cislo Hmotnost kg  VySka cm
Adresa Typ odebraného vzorku: K - krev [ Ano | |Ne

M-mo¢ [Ano | |Ne

V -vlasy |Ano | [Ne

Délka bydlisté v lokalité v celych rocich

Skola

Trida I:I Koufi nékdo ve spole¢né domacnosti? Ano Ne

Pocet kuiaku v domacnosti

Pocet vykourenych cigaret v domacnosti denné

Pravidelné uzivani léku | Ano Ne

Druh uzZivanych léki
(040-analgetika, 100-antibiotika, 300-cytostatika, 370-hormony, 480-sedativa, 560-vitaminy, 580-mineralni latky)

Virové onemocnéni v poslednich 14 dnech | Ano| | Ne

Oc¢kovani 14 dni pfed odbérem |Ano | | Ne

Rtg vysetieni v poslednich 3 mésicich Ano| | Ne

Jiné
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CADMIUM EXPOSURE PATHWAYS IN THE
CZECH URBAN POPULATION

Puklova V., Batariova A., Cerna M., Kotlik B., Kratzer K., Melichercik J., Ruprich J., Rehtikova ., Spévackova V.
National Institute of Public Health, Prague, Czech Republic

Devoted to the 80" anniversary of the National Institute of Public Health foundation.

SUMMARY

The article describes the exposure pathways of cadmium in the Czech urban population. The data on Cd concentrations originated from the Environmental Health
Monitoring System, which has been realized in 30 cities since 1994. The data on cadmium content in particular exposure pathways - diet, drinking water, ambient air and
soil - were processed for the period 1994-2003. The estimate of the daily dietary intake for an average adult population amounted to 11-19 ug/d, i.e. 0.17-0.30 parkg bw/d,
which represents 17%-30% of the PTWI (provisional tolerable weekly intake). The contribution from drinking water to the oral exposure is low; on average 0.5 pg/d. Potential
exposure to airborne Cd was estimated at about 0.02 pg/d. The additional Cd intake from urban soil ingestion probable in small children was found to be insignificant based
on Cd concentrations in the soil of kindergarten playgrounds.

Biomonitoring outputs characterize the recent and life-long cadmium burden of the Czech population from general environment. In 1994-2003, the median blood Cd
levels ranged in the interval 0.9-0.4 g/l blood, in smokers being more than double that in non-smokers. Blood Cd levels detected indicate slightly decreasing trend as well
as urine Cd levels (range of median values 0.44-0.28 uglg creatinine). Since 1996 the levels in children have been found in more than 50% cases below the detection limit
of the methods used.

The estimated total cadmium intake in the Czech urban population does not signalize any increased risk of health impairment considering non-carcinogenic effects.

Key words: cadmium, pathways of exposure, exposure estimate, biomonitoring

Address for correspondence: V. Puklov4, National Institute of Public Health, Centre of Environmental Health, Srobarova 48, 100 42, Prague 10, Czech Republic.
E-mail; puklova@szu.cz

INTRODUCTION of particulate matter. In the urban environment the daily inhalatory
exposure to cadmium should not exceed 0.2 pg (5). Deposition of
Average Background Intake Cd in the lungs, which varies between 10 and 50%, depends on the

Humans are exposed to various doses of cadmium depending on  size distribution of airborne particulate matter. A significant factor
the pathway of exposure, dose amount and the exposure duration.  influencing the cadmium intake is the smoking habit. Depending
For the general population the dominant pathway is ingestion, on the origin of the tobacco, cigarettes produced in Europe and
excepting the smoking habit. In professional exposure the respi- North America contain 0.5 to 2 pg Cd per g (dry weight). Blaha
ratory tract is the most important way of entry (1). Human dietary et al. (6) investigated the Cd content in the cigarettes sold in
exposure has been described in the recent opinion published by  1980s in the former Czechoslovakia; it amounted to 0.7-1.97 ug
EFSA (2). Cadmium exposure intake via food commodities is of  per cigarette. According to (6), 30-70% of the Cd content was
public health concern, as long-term exposure to cadmium gives released by smoking; that represents the theoretical Cd amount
rise to accumulation of cadmium in organism. Daily cadmium that could be inhaled. Dermal exposure is generally not regarded
intake with food of 0.14-0.26 mg per day for more than 50 years, to be of significance (7, cited in 8).
or a cumulative intake of > 2000 mg cadmium may result in below
described adverse effects, such as renal tubular dysfunction (3).  Toxicity and Adverse Effects
Drinking water contains very low concentrations of cadmium Cadmium has an exceedingly long biological half-life (15-30
in non-polluted areas, usually in the range of 0.01-1 pg/l (4). years)resulting in its great capacity to accumulate in the organism.
Therefore, the share of drinking water in the oral intake of Cdis  Critical target organs in long-term exposure to low concentrations
minor in general. An increased intake from drinking water may  of cadmium are the liver and namely the kidneys (kidney cortex)
be caused by release of cadmium from galvanized piping, fittings, ~where 30-60% of ingested Cd is deposited. The higher exposure
faucets or heaters. The cadmium content in drinking water can  to Cd may result in renal tubular dysfunction with defective
be higher in regions supplied with soft water of a low pH thatis re-absorption, e.g. of proteins and amino acids manifested by
aggressive against the piping materials. proteinuria (3). Chronic renal effects have been observed not
At present, for inhalatory exposure in cities and in the vicinity  only in certain professions but also in the general population (3).
of traffic lanes the greatest Cd source represents fuel and oil  Another effect of cadmium accumulation in the organism is a de-
combustion, and secondarily airborne particulate matter. In the fect in calcium metabolism and the appearance of kidney calculi,
ambient air most of the cadmium is bound to the respirable fraction =~ which in combination with e.g. nutritional deficiency leads to the
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development of osteomalacia and osteoporosis. Experimental
data as well as data from the surveys (9, cited in 8) point to a
possible relation between exposure to cadmium and hypertension,
a risk factor of cardiovascular diseases. From the point of view
of carcinogenic properties, the IARC classifies cadmium and its
compounds as a class 1 human carcinogen, US EPA considers it
to be a probable human carcinogen in group B1, as based on the
limited evidence of increased lung cancer in humans and on the
sufficient evidence in experimental animals. Quantitative estimate
of carcinogenic risk from oral exposure was not made due to lack
of evidentiary data.

Aim of the Study

The aim of the presented study was to make an estimate of the
exposure to cadmium in the Czech urban population using relevant
data on cadmium concentrations in various components of the
environment such as foodstuffs, drinking water and airborne par-
ticulate matter. The data come from an integrated Environmental
Health Monitoring System that includes the systematic collection
of data on environmental pollutants, population exposure esti-
mates as well as health outcomes and risks assessments. Within
the framework of the study the estimates of possible additional
cadmium intake from unintentional soil ingestion in preschool
children has also been included. An integral part of the cadmium
burden estimate in the Czech Republic is the information on Cd
levels in human body fluids.

MATERIAL AND METHODS

For the estimation of cadmium population exposure the generally
used approach was applied assessing the possible pathways of
exposure and their contribution to the total intake. More sophis-
ticated methods, like a probabilistic exposure estimate, would
admittedly provide more precise risk assessment, nevertheless
such principle is out of the scope of presented study. Cadmium
concentrations in various environmental component parts have
been followed up in the framework of Environmental Health (EH)
Monitoring System, set by a respective governmental resolution
(10). It has been realized within eight projects in 30 participant
cities and in 2 associated ones since 1994. For the purpose of this
study, the data on airborne cadmium from another 12 cities were
included. Data come from the period 1994-2003.

Besides a certain number of drinking water samplings, no
systematic data are available on levels of cadmium in the rural
environment with all its specific traits (individual sources of
drinking water, modes of heating, partial home production of
foodstuffs, etc.). Therefore, the estimate of cadmium burden does
not implicate the rural population.

Sampling

The estimate of the cadmium population intake from food is based
on the hypothesis that all food is provided from the community
distribution network. The cadmium concentrations in foodstuffs
were monitored in 12 cities within the EH Monitoring System.
In the first period of the program (1994-1998), the total of 160
most frequently consumed foodstuffs had been sampled and mixed
resulting in 46 composite samples from each of 12 cities. The food
consumption was derived from the consumption survey performed

in 1991 (11). In the second period of monitoring (1999-2003),
the sampling mode was changed based on knowledge of statis-
tical insignificance of Cd content in the commercially available
foodstuffs from particular cities.

The number of analyzed food commodities increased up to 195.
They were combined to 108 composite samples. The samples were
taken in identical 12 cities, but for analyses they were mixed to 4
regional samples A-D (Fig. 1), thereby 432 composite samples
were made. The average food consumption for the second period
was estimated from the survey performed in 1994 (12). In both
periods, samplings were carried out in five sampling time intervals
over the year taking into consideration the seasonal character of
the sale regarding certain foodstuffs.

Data on the cadmium content in drinking water in the public
water mains of cities under monitoring come from the period
1994 through 2003. The selection of sampling points was made
to meet the conditions of randomized selection and of stable
sites characterizing critical points in the water supply network.
The methodology of sampling was based on the respective ISO
standards.

The scope of cadmium concentrations monitoring in the ambi-
ent air gradually dropped off from 120 sampling points in 44 cities
at the beginning of the 1990s to 69 points in 38 cities in 2003.
The number of sampling sites in a city ranged from 1 up to 10.
Samples were taken in the form of 14-day summation samples of
airborne particulate matter. There are no systematic data available
on cadmium concentrations in the indoor environment so far. The
inhalatory exposure scenario is therefore “conservative”, i.e. it is
assumed that the indoor concentrations (non-smokers) are equal
to those in the outdoor environment.

For the purpose of estimate the potential additional exposure
in children, the data on Cd soil concentrations obtained on play-
grounds (out of sandpits) in a total of 117 kindergartens in 5 cities
differing in size and pollution level were used. Soil samples were
taken to the depth of 5—10 cm from five sampling points. Chemical
analyses were carried out after homogenizing to a mixed sample
of each playground.

The exposure factors applied for exposure estimation are
presented in Table 1.

Region B:
Jablonec (7) ENV-II
Usti n.L. (5§) ENV-I'{

Region C:
Hradec Kralove (6) ENV-III
Sumperk (11) ENV-I

Osdfam (12) ENV-IV|

Region D:
Brno (9) ENV-III

Zdar n.S. (4) ENV-1
Znojmo (10) ENV-II

Region A: ‘
Plzen (1) ENV-IV
Benesov (3) ENV-I

Ceske Budejovice (2) ENV-II

Plzeri = name of sampling place, (1) - number of sampling place used in database,
ENV-IV = level of environmental pollution

Fig. 1. The network of sampling places divided into regions in the Czech Republic...
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Table 1. Exposure factors

Table 2. Limits of quantification/detection

Exposure factor Value used Ref. Medium Limit of quantification/detection
Body weight (integral of lifetime weight) 64 kg 1" Foodstuffs 0.1-2.0 pglkg
Ingested drinking water 11d 14 Drinking water <l gl
Inhaled air 20 m¥ld 5 Airborne particulate matter 0.0001-0.003 pg/m?
Ingested soil by children 200 mg/d 15 Soil (dry weight) 0.3 mglkg
Body weight - children 15kg 16 Blood 0.3 pgl*
Urine 0.2 pgll*
The blood and urine cadmium levels are the most often used Har 25 phkg (0.5 g analyzed)

biomarkers for assessment the total cadmium burden of humans
regardless of the exposure pathway. While the blood cadmium
level foremost expresses the current overall exposure, the urine
Cd level reflects the life-long load of the organism with this
element with its accumulation in the kidney cortex as its target
organ. The biomonitoring data from Environmental Health Mo-
nitoring System were embraced for a comprehensive view of the
Czech population burden with cadmium. Since 1994, a regular
follow-up of blood and urine Cd levels in adult blood donors and
school children has been running in 4 cities. The adults are 20 to
55 years of age numbering 100 subjects per city annually; school
children are 810 years of age numbering 100 subjects per city at
one- to two-year intervals. For the blood sampling, commercially
available polypropylene heparinized monovettes for trace element
analysis (Sarstedt) were used.

ANALYSES, QA/QC

Analyses of food samples were preceded by culinary treatment
the procedure being established for each commodity on the basis
of'a questionnaire survey of current ways of cooking preparation.
In exposure calculations a correction factor for the culinary pro-
cessing of foodstuffs is included, which expresses the change in
mass of the samples by culinary processing (13).

Cadmium was analyzed after microwave mineralization of
samples (except for water samples which were only stabilized with
1% HNO,), with the atomic absorption spectrometric techniques
(FAAS, ETAAS, HGAAS) or by optical emission spectrometry
with induction coupled plasma (OES ICP). Soil samples were
analyzed by X-ray spectrometry.

Limits of quantification of the methods used are presented in
Table 2. In every case there are applied chemicals of high purity
(Suprapur, Analpur) and demineralized water (Millipore).

The accuracy of results has been verified with the aid of
certified and/or control materials (RM, CRM). All laboratories
participate in interlaboratory comparison tests on a national as
well as international scale. Most laboratories are accredited at the
Czech Institute for Accreditation.

RESULTS AND DISCUSSION
Cadmium Concentration Levels in Particular Exposure Sources
Concentration in Foodstuffs

Within the whole country, the concentrations of cadmium in
commercially sold foodstuffs did not differ statistically among

* In human biomonitoring and drinking water monitoring the detection limit is used due to the
majority of analyses being under the limit of quantification

12 cities that were originally selected for sampling according to
the different quality of the environment (17). All the commodities
were handled according to the habits of Czech customers and un-
derwent a common cooking treatment (peeling, stewing, boiling,
roasting, etc.) based on questionnaire surveys (11-13). The data
presented come from the monitoring period 1999-2003 due to
methodology changes in the course of monitoring described in
“Material and Methods”.

Cd concentrations in meat ranged in the interval 0.3-2 ng/kg
with a few higher levels in hen and rabbit meat (3—5 pg/kg). Fish
meat contained 1-3 pg/kg, even less in freshwater fish. However,
smoked fish contained much more Cd (30-70 pg/kg). The repre-
sentative Cd content in fruit is 3 pg/kg with about twice higher
levels in berry fruit. Plant-based foodstuffs contain higher Cd
concentrations. Both root and leaf vegetables contain similar Cd
concentrations, 20—60 pg/kg. Values of flour Cd ranged in interval
20-30 pg/kg, similar concentrations were found in bread. This
concentration range is representative also for potatoes. Rye and
wholemeal rolls had Cd content in the range of 3040 pg/kg,
wheat rolls containing about two thirds of those levels. Liver
cadmium levels were found not to be anyhow excessive, amoun-
ting to 30 ng/kg. The average cadmium concentrations in selected
food commodities that represent important exposure sources are
presented in Fig. 2.
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*average Cd concentrations in rice and potatoes from the period 1994-2003

Fig. 2. Average cadmium concentrations in selected composite food samples in the period
1999-2003.




Table 3. Cadmium concentrations (ug/l) in drinking water from water supply networks in the total of 32 cities, 1994-2003

n Min-Max Arithmetic mean Geometric mean Median 90" percentile
Water supply networks in the monitored cities 4173 <1.0-11.0 0.07-1.70 0.04-0.59 0.05-1.00 0.10-5.00
Table 4. Airborne cadmium concentrations (g/m®) in the total of 40 cities, 1994-2003
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Arithmetic mean 2.1E-03 2.2E-03 24E-03 1.6E-03 1.7E-03 1.4E-03 1.2E-03 1.2E-03 1.1E-03 1.5E-03
Geometric mean 5.6E-04 4.0E-04 6.8E-04 T.7E-04 6.7E-04 6.6E-04 5.8E-04 6.0E-04 5.9E-04 6.0E-04
Median 6.7E-04 3.7E-04 6.5E-04 7.2E-04 5.9E-04 6.5E-04 5.2E-04 5.2E-04 5.5E-04 5.0E-04
Max. annual mean 7.1E-03 4.8E-03 4.9E-03 44E-03 4.6E-03 4.7E-03 4.6E-03 4.5E-03 4.TE-03 4.TE-03

Concentration in Drinking Water

Drinking water from the urban public supply network contains
very small amounts of cadmium. Cadmium concentrations in wa-
ter supply networks in the monitored cities (3.3 mil. inhabitants)
ranged between the values below 1 pg/l to 5 pg/l in the years
1994 through 2003 (n = 4,173), with five isolated findings up to
11 pg/l. Since no samples taken at waterworks outlets (n = 539)
exceeded the limit value, the source of cadmium and the reason
for the excess findings at consumer probably consists in a combi-
nation of inappropriate material at the end distribution point and
longer stagnation of the water in the piping.

The median values of Cd concentration over the period 1994—
2003 in water from the individual urban water supply networks
were in the range of 0.05 to 0.5 pg/l. In cases of determinations
falling below the limit of quantification, one-half of these limits
were assumed for calculations. In each city under monitoring the
proportion of findings below the limit of quantification (i.e. below
1 pug/l) was at least 50%. From the total number of drinking water
samples from all of the cities, 75% fell below the value of the limit
of quantification in the period 1994-2003. Only in five water sam-
plings (0.1%) did the Cd content exceed the maximum limit value
(5 pg/l) set in Decree on Drinking Water Quality No. 376/2000
Dig. The range of Cd concentrations in drinking water from the
water supply networks of 32 cities is presented in Table 3.

The findings of drinking water cadmium concentrations in the
period 1994-2003 are in agreement with those from the 1980s
when out of 2,628 results of Cd determinations only 2 isolated
findings exceeded 10 pg/l, 1,945 findings (i.e. 74%) being below
the 1 pg/l limit.

As regards the cadmium content in drinking water from wells
which supply about 14% of the population in the Czech Republic,
more consistent information is available about the public and com-
mercial ones. From the cadmium content survey performed in the
1990s (n=985) resulted that 90% of cases were below the limit of
quantification. A half of the findings over the limit of quantification
did not exceed the value of 1 pg/l. The limit value of 5 pg/l was
exceeded in 1% of the samplings. Based on recent information
it is not possible to rule out a singular cadmium contamination
of a well of the order of micrograms per liter. However, a lasting
general exceeding of the limit value is not probable.

Concentration in Urban Air
In the first half of the 1990s, high annual mean concentrations
of cadmium in particulate matter up to tens of ng/m* have been

detected. In the period 1994-2003, the mean annual concentra-
tions ranged from values below the detection limit (in Hodonin,
2002) up to 0.02 pg/m?® (AVG) and 0.007 pg/m* (GEOM) (in
Ostrava, 1994). In most urban localities the annual Cd concen-
trations were found to be below 0.003 pg/m?®. Long-term mean
concentrations of airborne cadmium air are close to lower end
of the 0.003-0.05 pg/m? interval usually found in urban ambient
air (3).

Higher polluted city is Ostrava (steel industry, coking plants)
and Pfibram (smelting plants) where the mean annual values lie
close to the limit. The concentration time trends can be considered
as stable at most cities, concentrations varying around relatively
low values or decreasing moderately. The inter-annual course of
the mean airborne cadmium concentrations in selected cities, and
the weighted mean of Cd concentration (potential exposure) in
a total of 40 monitored cities (over 3.5 mil. inhabitants total) are
presented in Fig. 3. In Table 4, the concentration characteristics
of Cd in urban air are described.

Concentration in Soil

Results of Cd concentration samplings in the top layer of soil in
kindergartens (n= 117) in five cities were in the range of 0.3 mg/kg
to 1.32 mg/kg. Statistical characteristics of Cd concentrations in
the soil of kindergartens are presented in Table 5. The draft limit
for Cd content in uncontaminated soil included in the amendment
of the Decree of the Czech Ministry of Health amounting to
0.3 mg/kg was exceeded in the large majority of kindergartens.
There have not been found any significant differences between
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E
5{ Sl Annual limit and WHO guideline value 0.005 p1g/m°)
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—— - Brno - - = Ostrava Karvina

Fig. 3. Trend in airborne cadmium mean concentrations in Selected cities, the weighted mean
of Cd concentration (potential exposure) in a total of 40 monitored cities.
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Table 5. Cadmium concentrations (mg/kg) in the soil of kindergartens in 5 cities, 2001-2002

of ki::::z::tens Min Max Median Aritmetic mean :;i?;?;:
Hradec Kralové 27 0.15 061 040 0.38 0.11
Kroméfiz 10 041 1.18 0.50 053 024
Klatovy 10 040 0.71 048 0.51 0.10
Olomouc 45 <030 0.66 041 039 012
Karvina 25 040 1.32 0.61 068 024

the group of kindergartens situated in industrial areas and the
group in areas of the usual “background” urban environment.
Likewise, there was found no relation between the magnitude
of Cd pollution and detailed localization (downtown or suburbs,
vicinity of a heavy-traffic lane).

Estimate of the Total Intake

Oral Intake

At its fifty-fifth meeting, the JECFA evaluated the dietary intake
of cadmium using data from a number of countries. Estimates of
the mean national intake of cadmium ranged from 0.7-6.3 pg/kg
bw/week. Mean dietary intakes, derived from GEMS/Food regi-
onal diets (average per capita food consumption based on food
balance sheets) and average concentrations of cadmium in these
regions, range from 2.84.2 ng/kg bw/week. For some individuals,
the estimated total intake of cadmium might exceed the PTWI of
7 ng/kg bw because total food consumption for high consumers
is estimated to be about twice the mean.

Regarding the major dietary sources of cadmium, the following
foods contributed 10% or more to the PTWI in at least one of
the GEMS/Food regions: rice, wheat, starchy roots/tubers, and
mollusks. Vegetables (excluding leafy vegetables) contribute
> 5% to the PTWT in two regions. In a recent SCOOP report (18),
thirteen Member States of the EU submitted data based on some
of'the 16 food categories, relevant for the estimation of cadmium
intake. The resulting mean intake was around 100 pg/week (range
2.7-176 png/week) or 1.6 ng/kg bw for a 60 kg adult. It was noted
that none of the Member States reported intake data for all food
categories (range 2/16—13/16). Since children have a lower body
mass, their body burden per kg body weight will generally be
larger than that for adults, but remained below the PTWI.

The estimate of the daily dietary intake in the Czech Republic
is based on food consumption data derived from the household
budget surveys and the Cd content in particular components of
the food basket containing commercially available foods. This
estimate for an average person (64 kg) ranged in 1994-2003 in
the interval 11-19 pg/d, i.e. 0.17-0.30 png/kg bw/d, that represents
17-30% of the PTWI value WHO 7 pg/kg bw/w, or RfD US EPA
1 pg/kg bw/d. The US EPA exposure limit value (19) relates
to the cadmium intake from foodstuffs with an expected 2.5%
biological availability, and is based on the highest level of Cd in
the human renal cortex not associated with significant proteinu-
ria, with NOAEL being 10 pg/kg bw/d (with uncertainty factor
10 for interindividual variability). The intake estimated for the
Czech population can be also compared with a stricter criterion,
which has been determined by the Agency for Toxic Substances

and Disease Registry (ATSDR) in Atlanta. The minimum risk
level (MRL) of chronic oral exposure according to that source
is 0.2 pg/kg bw/d (20, cited in 8) on the basis of the NOAEL
2.1 kg/bw/d for renal damage as the critical effect with the same
uncertainty factor as used US EPA.

A similar estimate of the daily intake is given by Vermeire
et al. (21, cited in 8) for the Dutch population 0.28 pg/kg bw/d.
Another estimate for the Dutch population (1988—1989) was 0.22
ng/kg bw/d for males and 0.17 pg/kg bw/d for females (8). Jarup
etal. (9, cited in 8) estimates the average daily intake for Swedish
population at 0.22 pg/kg bw/d.

Exposure data obtained within monitoring the consumer food
basket represents an estimated exposure for the average indivi-
dual. The values of foodstuff availability found by the method of
representative structured survey of household budgets were used
for calculations reflecting the social distribution of the population
in the years 1991 and 1994. Data on individual consumption are
not available yet. Important Cd exposure sources for the Czech
population are potatoes, pastry and other cereal products and flour,
somewhat less vegetables. The share of foodstuffs of animal origin
on exposure to Cd is low in comparison with that of plant one.

The trend in dietary exposure doses (Fig. 4) has been calculated
with the aid of the model of standardized foodstuff consumption
for 5 type-population groups — children 4-6 years old; adult
males over 18 years of age; adult females over 18; pregnant and
breast-feeding females; and the elderly over 60 years of age (22).
For calculations of exposure doses the recommended doses of
foodstuffs for those specified population groups according to
(23-26) have been implemented. The recommended dose has
a standard value for the whole monitoring period unlike the
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Fig. 4. Trend in dietary exposure to cadmium based on consumption model of recommended
foodstuffs doses .
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Table 6. Daily cadmium intake (ug/person/d) by the Mean Adult Population from various foods in European countries

Food group BE* DK* FI* FR* DE* HE* IR* IT* NL* NO* PT* SE* UK* | Mean | CZ*
Mik mikproducts | 010 | 035 | 042 | 005 011 026 | 042 017 [o06 |02 | o009
mfk‘d:;:z:ep;:“udgiru | oo | 0w 0.2 147 0055 | 007 | 029 | 008
Fas and ois 0.0 0.2 001 011 007|008 | o4
Fritand vegetables | 791 | 421 | 180 | 573 877 | 117 1500 | 940 [300 |11 [18 [532 [es4 | 410
Confectionary 030 | 003 042 017 | 0.8 02 | 030
3:;::'3 & bakery 457 | 825 | 636 | 169 | 545 | 134 340 | 43 | 745 |03 |39 |00 |43 | 6
Meat 330 | 029 | o009 | o066 | 207 [ o 714 | 075 035 |05 | 154 | 03
Offal 003 ot0 | 024 |02 | 04 0.03 008 | 016 | o4
Fish meat 029 | 032 | o020 [o18 | 19| oo | o1t | ot [3% [ox [0t [ote | 1e2 [ 02
S;fg:p:;f;gia”s 034 015 | o068 | 009 | 214 | 032 105 068
Eggs 000 | 001 | 000 | 002 [ 040 0,085 0005 | 001 | 003 | 00ts
Sweeteners 000 | 005 | 006 001 [ o047 o000t [o45 [o13 | o006
Salts and spice 043 1 0.08 147 0.56 0.29
Beverages 1.85 0.01 085 | 159 097 | 047 0.11 0.19 0.74 0.06
Ready to eat 033 | 0.8 ot |02t | 0z
Composite food 0.99 0.99
Sum 1630 [ 16 | 930 | 1060 | 1920 [ 1930 | 030 | 2020 | 2510 | 1580 [ 1650 [ 640 [ 1210 | 1440 | 1192

*Including drinking water. *The acronymes of states: BE = Belgium, DK = Denmark, FI = Finland, FR = France, DE = Germany, HE = Switzerland, IR = Ireland, IT = Italy, NL = The Netherlands,
NO = Norway, PT = Portugal, SE = Sweden, UK = United Kingdom, CZ = Czech Republic. Source: European Commission, 2004(2)

actual food consumption. The result in fact reflects the trend in
the concentration of Cd in the whole consumer food basket. The
estimate of the development of the population burden according
to this method has a tendency to vary without any marked trend.
The exposure in children is greater in view of the relatively greater
food intake per unit of body mass.

Information on the daily Cd intake from various food by the
mean adult population in several European countries in compa-
rison with the Czech data is presented in Table 6.

The estimate of the contribution to the total oral intake from
drinking water is based on the median Cd concentration in all
monitored public water networks weighted by the number of the
inhabitants supplied from the respective water network. With the
common consumption of about 1 liter drinking water per day, as
found in the Health, Life Style and Environment survey (HELEN)
in the Czech urban population (14), the mean value of Cd intake
from drinking water amounted to 0.5 pg/d. This value represents
1.5% of the reference dose set by IRIS US EPA (0.5 ng/kg bw/d)
considering the supposed Cd absorption from drinking water to be
5% (19). The share of drinking water in the oral intake 2—3% is
in compliance with the WHO guideline value for this proportion
to be at most 10% of the total oral intake (4).

Inhalatory Exposure

For the Cd exposure assessment from inhalation, there has been
applied the value of 1.04E-3 pg/m?® over the period under study
at 40 cities. That potential exposure — “supply” — was calculated

as the mean value of annual concentrations in all monitored cities
over the period 1994-2003, weighted by the number of potentially
exposed inhabitants in the respective city. Assumed a contemplated
daily consumption of air amounting to 20 m?, the estimated inha-
latory intake of cadmium amounted to 3.25E—4 pg/kg bw/d, i.e.
2.08E-02 pg per person and day. Considering the retention in the
lungs to be 25% (5), the deposition could amount 5.2E-3 pg/d.

The smoking habit represents a significant but avoidable source
of exposure to cadmium. In smokers one cigarette represents a
substantial additional intake of about 0.1-0.2 pg of cadmium (5).
It has been estimated that with each cigarette smoked the blood
Cd level increases by 1.6% (27). According to a recent survey on
the smoking habit (28), 25% of the Czech population were regular
smokers in 2002. About 50% of the Czech smokers consume more
than 10 cigarettes daily, it means further contribution of at least
1-2 png Cd per day.

Additional Cadmium Intake from the Topsoil in Preschool
Children

In consequence of the environmental pollution the soil in urban
agglomerations can take a share in an increased exposure to toxic
substances by ingestion of soil and dust namely in small children.
Results of surveys have confirmed a correlation between the soil
contamination with toxic metals and the increased exposure of
urban children (e.g. 29). For the potential additional exposure
estimate in the child population, the soil Cd concentrations in the
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playgrounds in 117 kindergartens in five cities have been used.
For this rough estimate the ordinary ingestion of soil (contrary
either to a pica episode or to geophagy) was contemplated. The
conservative value of the mean soil ingestion according to US
EPA (15), 200 mg/d has been used.

The mean daily exposure to cadmium through unintentional
soil ingestion was obtained by the mathematical model calculating
the mean daily dose for non-carcinogenic substances according
to (30). Calculations were based on the median value of soil Cd
concentration and the exposure factors presented in Table 1,
with use of the probable exposure duration of 210 days/year for
the central European conditions. The estimated exposure dose
amounted at most to about 0.5% of the oral intake limit. Expressed
by the Hazard Index of 0.004, no importance for the urban child
population is resulting as for non-carcinogenic effect. However,
the bioavailability of Cd bound in the soil was not considered.
The results obtained have to be rated as little representative owing
also to limited number of investigated localities.

Human Cd Levels in Body Fluids and Tissues

In the period 1996-2003, the median blood cadmium levels in
adults ranged from 0.4 pg/l to 0.9 pg/l blood with a decreasing
tendency in time. Part of the results has been published already
(31, 32). Since the blood cadmium level is markedly influenced by
the smoking habit and there were 36% of smokers in the surveys,
the summary results (Fig. 5) are presented separately for smok-
ers and for non-smokers. The median values in non-smokers are
not influenced by gender or locality. The Cd level in smokers, in
comparison with non-smokers, is more than twice as high. The
insignificant difference between males and females corresponds
with less cigarettes smoked by females.

The presented results correspond with values obtained in the
1990s within the framework of project MONICA. In a group of
406 non-smokers the values (mean and SD) of 0.40 + 0.47 pg/l
have been measured, while in smokers (n = 205) the mean values
ranged from 1.32 to 2.55 depending on the number of cigaret-
tes smoked (33). Cadmium blood levels monitored within the
framework of a WHO project in three urban localities of the
Czech Republic in 1984 revealed in non-smokers GM values in
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Fig. 5. Blood cadmium levels in adults in 1996-2003 (smokers vs. non-smokers).

the range of 0.81-1.54 pg/l, depending on the locality monitored
(34). The burden of the Czech population in the past decades and
the decreasing trend over time reflect results of a retrospective
study of the Cd content in deep-frozen sera from the period of
1970-1999 (35).

Results of monitoring the blood cadmium concentration in the
Czech population correspond with the usual values given for non-
-smokers in the range of 0.2—0.8 png/l (36). Comparing the results
in the Czech Republic with similar data in European countries,
the largest data series represents the German Environmental
Survey (GerES III). The median blood Cd levels in the German
adult population in 1998, including a total of 4,646 participants,
were 0.28 pg/l in non-smokers and 1.17 pg/l in smokers (37).
Similar values with those in the Czech Republic were found in
the nonsmoking population in Umbria (central Italy) (38) and in
Spain (39).

For the evaluation of temporal trends and reference values
computing the results obtained in non-smokers have been applied.
The blood cadmium levels in non-smokers in particular monito-
ring years presented in Fig. 6 (males) and Fig. 7 (females) show
a decreasing tendency in both genders.
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Fig. 6. Blood cadmium levels in non-smoking men.
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Fig. 7. Blood cadmium levels in non-smoking women.
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Urine cadmium levels in adults were monitored at two-year
intervals. The values (median, pug/g creatinine) are presented in
Fig. 8. Part of the results was already published in the form of
descriptive statistics (40). Contrary to blood Cd levels, no signi-
ficant differences have been demonstrated in the urine of smokers
and non-smokers. The urine levels reflect cumulative exposure,
and the effect of smoking does not have to be evident. Similar
results have already been presented in a study (34). In the group
of non-smokers insignificantly higher values have been observed
in females (Fig. 9). That is probably related to the higher resorp-
tion rate of Cd in females (41). Median urine Cd levels ranged
0.28-0.44 ng/g creatinine in the period 1996-2003, indicating a
decreasing trend. Somewhat lower values found in the German
population (42) in the GerES III study (median 0.18 pg/g creati-
nine) can be partly explained by a lower detection limit, partly by
a higher exposure of the Czech population in the past. The latter
reason has been also evidenced by results from the mid 1980s (34)
when the mean cadmium levels in the urine were in the range of
0.45 to 1.33 pg/g creatinine in non-smokers.

Blood cadmium levels in the child population monitored since
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Fig. 8. Urine cadmium levels in adults (non-smokers).
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Fig. 9. Urine cadmium levels in men and women (non-smokers).

1996 were in more than 50% of cases below the detection limit
of the method used (< 0.3 pg/l blood). Urine cadmium levels in
children reached the median value of 0.24 pg/g creatinine in 1996,
in 1997 and 1998 that was 0.1 pg/g creatinine. In the following
years of monitoring the values have been found below the detec-
tion limit in more than 50% of samples.

Cadmium concentrations were also measured in children’s hair.
Results from the period 1994-2001 were published in the form
of descriptive statistics (43). The cadmium values in children’s
hair, 0.14 pg/g (median) and 0.47 pg/g (90" percentile), do not
signalize any marked exposure in children. Senft et al. (44) con-
sider normal levels in the child population to be in the range of
0.3—1.5 ng/g. Nevertheless, the Cd level in hair is not considered
to be an entirely reliable indicator of exposure from the general
environment (45).

CONCLUSIONS

On the basis of systematic monitoring of cadmium concentrations
in foodstuffs, drinking water and the ambient air an estimate of the
overall cadmium intake in an average urban adult population in the
Czech Republic has been made. This estimation was performed
within the framework of the integrated Environmental Health
Monitoring System (46) in the period 1994-2003. The oral Cd
intake from food and drinking water was estimated to range in an
interval of 0.18 pg/kg bw/d — 0.30 pg/kg bw/d, which represents
18%—-30% of the PTWI WHO. This oral Cd intake does not differ
from the range of the most frequently reported intakes in other
European countries. The estimated exposure dose 12.7 pg/d found
in 2003 is in agreement with WHO conclusions that exposure to
cadmium in the European population ranges mostly close to the
lower end of the interval 10-25 pg/d.

Higher dietary Cd intake is naturally expected in children due
to the relatively greater food consumption per unit of body mass.
Additional exposure of preschool children from unintentional
ingestion of soil on children’s playgrounds in the ordinary urban
environment was assessed to be marginal, and does not represent
any significant health risk (for non-carcinogenic effects).

Exposure to cadmium from the ambient air of 0.021 pg/d
cannot be by current knowledge considered to be significant.

Results of biological monitoring in the period 1996-2003
characterize the recent and long-term cadmium burden of the
Czech population from the general environment. The data ob-
tained indicate a moderate decreasing trend in the exposure to
cadmium and confirm the importance of smoking in relation to
higher cadmium levels in the blood. Low values in the blood, urine
and hair of children compared to the adult population reflect the
functionality of the placental barrier for cadmium.

The estimated cadmium intake in the urban population of
the Czech Republic at the present time does not signalize any
increased risk of health impairment considering non-carcinogenic
effects. Differences in human susceptibility given by physiological
conditions make it otherwise difficult to speak of any unambi-
guous link between Cd intake and health effects. Nevertheless,
also human cadmium bio-levels do not signalize any serious
public health problem in general. However, population groups
under risk and residents in spot-contaminated localities need to
be investigated further.
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Abstract

Over a 5-year period, from 1996 to 2001, blood selenium levels were recorded in a set of 2414 healthy blood donors (1781
men and 633 women; 880 smokers and 1534 nonsmokers) living in four selected areas of the Czech Republic. About 100 blood
samples per year and region were analyzed using the HGA method. The internal and external quality controls of this method
were performed throughout the duration of the study. In general, blood selenium concentrations (81.9 and 106.7 pg/l for median
and 90th percentile, respectively) did not reach optimum values; in approximately 10% of the population sample, values lower
than 60 pg/l were detected. Nonetheless, the values obtained increased significantly, with median concentrations of 73.2 pg/l in
1996 and 91.5 ng/l in 2001. The percentage of subjects with a whole blood selenium level of less than 60 ng/l also decreased
from nearly 20% in 1996 to 0.2% in 2001. No substantial regional or gender-related differences were observed, but significantly
lower blood selenium levels were found in smokers as opposed to nonsmokers. Although mild selenium deficiency continues to
be observed, the data presented do not indicate extremely low selenium levels in the population sample.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Selenium (Se) is an essential trace element with
well-defined values of deficiency and toxicity. Since
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the 1950s, when its vital role was discovered, a
large number of its biological functions have been
studied (Rayman, 2002; Levander and Burk, 1994).
Selenium, functioning as part of glutathione perox-
idase, is recognized as not only a cellular antiox-
idant, but possesses other antioxidant functions as
well (Xia et al., 1989). Selenium plays an important
role in the thyroid hormone metabolism and affects
the immune system; it also has apparent antiin-
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flammatory and antiviral effects. Selenium is also
known to have prophylactic effects against the
adverse effects of cadmium (Wilber, 1980; Badiello
et al., 1996).

It is generally recognized that selenium status may
reflect population health (Bates et al., 2002a).
Selenium deficiency is associated with several patho-
logical symptoms. To assess nutritional selenium
status, a number of human fluids and tissues (blood
serum/plasma, hair, and toenails) were analyzed for
their selenium content. One of the most useful
parameters for revealing selenium intake is the
selenium serum/plasma level. Selenium serum con-
centrations below 45 pg/l (0.57 pmol/l) may be
implicated in increased risk of oncological and
cardiovascular disease (Salonen et al., 1982, 1984,
1988; Virtamo et al., 1985).

The former Czechoslovakian state had the highest
premature mortality rate for men from cardiovascular
and oncological disease in the world (WHO, 1990).
Several studies carried out in Czechoslovakia in the
late 1980s and early 1990s determined the selenium
status of the Czech population as relatively low, with
mean serum values ranging from 53 to 77 ng/l
(Kalouskova et al., 1987; Korunova et al., 1993;
Kvicala et al., 1995; Benes et al., 2000) compared with
about 80 pg/l, as commonly detected in healthy
western European populations (Thorling et al.,
1986). Since 1994, monitoring blood and urine Se
levels in the Czech population has been included in the
Biological Monitoring Project, a part of the nationwide
Environmental Health Monitoring System in the
Czech Republic (Kliment et al., 1997, Cerna et al.,
1997). Selenium concentrations were measured in
whole blood, to establish lead, cadmium, and mercury
levels, as well as chromosomal aberrations.

This paper presents data on blood selenium levels
and trends in the Czech population from 1996 to
2001.

2. Subjects and methods
2.1. Population sample
Blood samples were obtained from healthy adult

blood donors aged 2045 years, resident for a period
of not less than 2 years in four selected urban areas.

Two of these cities (Plzefi, Usti nad Labem) are
characterized by high levels of industrialization and
traffic load; the remainder (BeneSov, Zd’ar nad
Sazavou) represent more rural areas with lower levels
of industrial and commercial activity. About 100
blood samples were collected annually in each area
from March to May (to avoid the effect of season-
ality); altogether, 2414 blood samples were analyzed
during 1996-2001. Informed consent was obtained
from each subject. A short questionnaire was com-
pleted by each blood donor, recording data pertaining
to age, weight, height, and individual lifestyle (smok-
ing habits, duration of residency in each location,
medication, employment, and supplement intake).
The population sampled received no specific dietary
instructions or supplements.

2.2. Sample collection and analysis

A detailed standard operation protocol for the
sampling, storage, and transport of biological samples
was devised. Blood samples of approximately 5 ml
were collected through silicone-coated needles into
Monovettes containing heparin as an anticoagulant for
trace element analysis (Sarstedt 02.1064.400).

The same blood samples were used for the analysis
of other beneficial and toxic elements (cadmium, lead,
mercury, copper, and zinc) and for cytogenetic
analysis as well.

Blood selenium concentrations were determined
using hydride generation atomic absorption spec-
trometry (HGAAS). A volume of 1 ml of whole
blood was mineralized in a Milestone MEGA 1200
microwave oven with a mixture of 5 ml 65% of
concentrated nitric acid and 1 ml 30% hydrogen
peroxide. The mineralisate was evaporated to a
volume of about 0.1 ml using an evaporation rotor
and microwave oven. The sample was then adjusted
with demineralized water (Millipore) to a volume of
5 ml. Aliquots of 2.5 ml were used for the
determination of Se by HGAAS (reduction with
NaBH, in HCl) using a Perkin Elmer 3300 AA
spectrometer and FIAS 400 instrument.

The internal quality control of the analytic proce-
dure was conducted throughout the duration of the
study. Control reference materials supplied by
NYCOMED (Norway), Seronorm Whole Blood OK
336 (404 107)—level 1 and Serum 704 121, were
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Table 1
Quantity and structure of the population under study in 1996-2001

1996 1997 1998 1999 2000 2001 Total Total

N) (%)
N 419 402 395 399 399 400 2414 100
Men 285 297 314 298 301 286 1781 74
Women 134 105 81 101 98 114 633 26
Smokers 153 154 148 144 142 139 880 36
Nonsmokers 266 248 247 255 257 261 1534 64
Male 112 120 129 114 104 108 687 39
smokers
Male 173 177 185 184 197 178 1094 61
nonsmokers
Female 41 34 19 30 38 31 193 30
smokers
Female 93 71 62 71 60 83 440 70
nonsmokers

analyzed simultaneously with each series of samples.
External quality control for the determination of
selenium in plasma has been applied since 1996; the
laboratory was partially successful in the annual
International Interlaboratory Testing (EQUAS) organ-
ized by the German Society for Occupational and
Environmental Medicine (Erlangen, Germany).

2.3. Statistical analysis

Statistical analyses were undertaken using the
Statistica Version 5 software, with ANOVA and the
Kruskal-Wallis test. Differences were considered
significant at levels of P<0.01 and <0.05.

3. Results

The characteristics of the population groups
studied for each year of monitoring are shown in

Table 2

Table 1. About 74% of the study population were men
and 26% were women. A total of 36% were smokers
(39% smoking men, 30% smoking women) and 64%
were nonsmokers (61% nonsmoking men, 70% non-
smoking women). The mean age of the monitored
population group was 33 years (age range 18-55
years). The mean duration of residence in the area was
25 years (range 2—-54 years).

Table 2 shows the descriptive statistics of blood
selenium concentrations (expressed in pg/l) for the
study population throughout the monitoring period.
Significantly lower levels of blood selenium
(P <0.05) were found in smokers than in nonsmokers.
This significant decline in blood selenium levels
(P<0.01) was only evident among the male smokers
(median, 79.3 vs. 83.5 g/l in nonsmokers). No
statistical difference was recorded between female
smokers and nonsmokers.

The blood selenium levels in individual years
presented in Fig. 1 show a significant upward trend
in time (P <0.05), with median concentrations of 73.2
pg/l blood in 1996 and 91.5 pg/l in 2001, respectively.
No significant differences in blood selenium levels
were apparent if broken down by gender or area.

The frequency distribution of blood selenium
levels in the whole series presented in Fig. 2 reveals
that 10.4% (252 adults) of the study population has
blood selenium concentrations lower than 60 pg/l.
Most of the donors (73.1%=1768 adults) had blood
selenium levels between 60 and 100 pg/l; 16.3% of
the study population (394 adults) had blood selenium
levels 100 pg/l or higher.

The proportion of the subjects with blood sele-
nium concentrations under 60 ug/l declined from
almost 20% in 1996 to only 0.2% in 2001. The
percentage of healthy adults with blood selenium

Blood selenium concentration (ug/l) according to gender and smoking habits

N Median Kvpr5-Kvg.7s Kvo.10-Kvo.90 AveragetS.D. GM (95% CI)
Total 2414 81.9 70.4-94.4 59.6-106.7 82.4%20.2 79.6 (78.7-80.5)
Smokers 880 80.0 69.5-92.7 60.7-104.5 80.9£19.3 78.3 (76.9-79.7)
Nonsmokers 1534 82.8* 71.7-95.8 59.3-107.6 83.4£20.6 80.3 (79.2-81.5)
Male smokers 687 79.3 69.2-92.7 60.0-104.0 80.6%£19.5 78.0 (76.4-79.6)
Male nonsmokers 1094 83.5%* 71.5-96.5 59.0-108.6 83.8+21.7 80.5 (79.1-82.0)
Female smokers 193 82.5 70.3-92.9 60.8-105.1 81.8+18.7 79.3 (76.4-82.3)
Female nonsmokers 440 81.5 72.0-94.4 60.1-105.7 82.4%18.6 79.9 (78.0-81.9)

* P<0.05 (smokers vs. nonsmokers).
** P<0.01 (male smokers vs. male nonsmokers).
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Fig. 1. Blood selenium concentrations in healthy adult blood donors (1996-2001).

concentrations over 80 and 100 pg/l had an increasing
trend (Table 3).

4. Discussion

Selenium status is most often expressed as the
concentration of Se in serum (plasma) and reflects
recent dietary intake. In our study, selenium concen-
trations were determined in whole blood because
other monitored parameters could also be examined
in the same blood sample. Moreover, the whole
blood selenium level represents a longer-term indi-

cator of selenium status. However, as selenium
accumulates in erythrocytes, its levels are higher in
whole blood than in serum. That is why a conversion
factor of approximately 0.8, as deduced from the
literature (Hansson et al., 1989; Minoia et al., 1990;
Alfthan et al., 1991; Longnecker et al., 1996), was
used for comparison of whole blood and serum
results. This means that the limit concentration of 45
ug/l for selenium in serum corresponds to approx-
imately 60 pg/l of the whole blood selenium
concentration, used in our study as the cutoff value
for the detection of a population group at risk from
selenium deficiency.

1000
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Fig. 2. Frequency distribution of blood selenium concentrations among healthy adult blood donors during the monitoring period 1996-2001.
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Table 3

Blood selenium concentrations below 60 pg/l, between 60-80 pg/l,
80-100 pg/l, and above 100 pg/l in healthy adult blood donors
during the monitoring period 1996-2001 (in %)

Years  Se Se Se Se
Below 60  Between 60—  Between 80—  Above 100
ng/l (%) 80 pg/l (%) 100 pg/l (%)  pg/l (%)

1996 19.5 48.0 27.0 5.5

1997  26.3 48.7 21.0 4.0

1998 6.3 28.0 37.5 28.0

1999 8.0 439 40.0 8.3

2000 1.2 21.6 50.4 27.0

2001 0.2 21.5 52.5 25.8

The present study has revealed that blood sele-
nium levels in the Czech population were relatively
low. This particularly applies to the period at the start
of the study (in 1996), when the median blood
selenium level was 73.2 pg/l. Similar results were
found in the adult Slovak population, with mean
serum selenium levels of about 65 pg/l (Brtkova et
al.,, 1997; Brtkova et al., 1999). However, in our
study, the blood selenium content rose significantly
with time, and in 2001, the median value reached
91.5 pg/l. Our data correlate with those obtained from
dietary exposure monitoring, which likewise have a
rising tendency (Environmental Health Monitoring
System in the Czech Republic, 2001). In spite of this,
the selenium status of the healthy Czech adult
population continues to be lower than its European
counterparts; for example, the mean selenium con-
centration in the whole blood of Belgian blood bank
donors exceeded 100 pg/l (Van Cauwenberg et al.,
1990).

Smoking is one of the factors that may cause
changes in selenium levels in human tissue. One of
the possible explanations for this is the suppressant
effect of cadmium in cigarettes on selenium levels in
blood (Ellingsen et al., 1997). In some (but not all)
studies, significantly lower blood selenium has been
noted among smokers (Lloyd et al., 1983; Ellis et al.,
1984; Korunova et al, 1993; Berna et al., 1997; Bates
et al., 2002b; Luty- Frackiewicz et al., 2002). Similar
results were obtained in this study: We found a
statistically significant decrease of blood selenium
levels in smokers than in nonsmokers. In terms of
gender-related differences, significantly lower values
of blood selenium levels were found in male smokers,
whereas no difference was detected between female

smokers and nonsmokers. Possible explanations for
the latter are that the number of female study
participants was four times lower than the number
of male subjects and that the women were mostly light
or moderate smokers.

In conclusion, our presented data do not suggest
that the population of the Czech Republic is endan-
gered by an extremely low-selenium status. The
increasing trend in blood selenium levels and decline
in population numbers with a blood selenium level
under 60 pg/l, as observed in our study, constitute a
promising development. It is recommended that the
long-term monitoring of selenium status in the Czech
population be continued, as it has not as yet reached
optimum levels.
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Abstract

The Human Biological Monitoring (HBM) project was launched in the Czech Republic in 1994 as a part of the nation-
wide Environmental Health Monitoring System to assess the exposure of the Czech general population to a broad
spectrum of environmental contaminants. Over the years 2001-2003, the concentrations of lead (Pb), cadmium (Cd), and
mercury (Hg) were determined in whole blood of 1188 adults (blood donors) and 333 children and in urine of 657 adults
and 619 children. In adults, the median blood lead (B-Pb) level was 33 ng/l. Men had higher B-Pb levels than women
(medians 37 pg/l vs. 25 pg/l). Significantly higher B-Pb levels were observed in smokers compared to non-smokers (36 pg/1
vs. 31 pg/l). In children, no sex-dependent differences were observed (median 31 pg/l). In total, the median blood Cd level
(B-Cd) in adults was 0.5 pg/l. Smokers showed a median B-Cd level about 3 times as high as non-smokers (1.3 pg/l vs.
0.40 ug/1). Neither sex- nor age-related differences were observed in B-Cd levels. In 65% of children, B-Cd levels were
below the limit of detection (LOD). The overall median urinary cadmium level (U-Cd) in adults was 0.31 pg/g creatinine.
Significantly higher U-Cd levels were found in women (median 0.39 pug/g creatinine) compared to men (0.29 pg/g
creatinine). No significant differences were found between smokers and non-smokers. In more than 50% of children, the
U-Cd level was below the LOD (=0.2 pug/l). The median blood mercury (B-Hg) level in adults was 0.89 ug/l. Significant
differences were found between smokers (0.80 pg/l) and non-smokers (0.92 pg/l), and between men and women (0.86 pg/1
vs. 0.94 pg/l). The median B-Hg level in children was 0.42 pg/l and no sex-related differences were observed. The median
urinary mercury (U-Hg) levels were 0.63 pg/g creatinine in adults and 0.37 pg/g creatinine in children. Significantly higher
U-Hg levels were obtained in women and non-smokers compared to men and smokers, respectively. The B-Pb, B-Hg,
U-Cd, and U-Hg levels significantly correlated with age. The following reference values were recommended for the period
2001-2003: 80, 65 and 55 pg/l for B-Pb and 3.1, 4.0 and 1.5 ug/l for B-Hg in men, women and children, respectively;
1.1 pg/l and 1.2 ng/g creatinine for B-Cd and U-Cd, respectively, in adult non-smokers; 5.4 and 12.0 pg/g creatinine for
U-Hg in men and women, respectively, and 3.7 and 5.5 pg/g creatinine for U-Hg in boys and girls, respectively. The
previous reference values for B-Pb and B-Cd needed revision and were reduced.
© 2006 Elsevier GmbH. All rights reserved.
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Introduction

The Human Biological Monitoring (HBM) project
was launched in the Czech Republic in 1994 as a part of
the national-wide Environmental Health Monitoring
System (Kliment et al., 1997) with the aim to determine
the exposure of the Czech general population to
environmental contaminants. HBM results are reliable
indicators of total exposure irrespective of the way of
exposure and enable evaluation of internal doses of
environmental pollutants and of the resulting health
risks to the general population (Pirkle et al., 1995).

The selection of pollutant classes that are included in
the Czech HBM project is based on their potential
influences on human health, on the availability of
sampling procedures, and on analytical methods that
are well-proven and suitable to analyse a large number
of samples. The broad spectrum of pollutants analysed
in human body fluids and tissues of the Czech general
population (Kliment et al., 1997) included also selected
heavy metals — lead, cadmium, and mercury.

Historically, the levels of trace elements in blood and
urine of the Czech and Slovak population determined in
the 1980s and the early 1990s were reviewed by Kucera
et al. (1995). The results obtained within the
Czech HBM project in the period of 1996-1998
were already reported (Bene$ et al., 2000, 2002) and
the reference values for blood lead and cadmium
levels for the same period were established (Cerna
et al., 2001). For the interpretation of biomonitoring
data, knowledge of reference values is critical (Apostoli
et al., 1998). They refer to the exposure of a reference
population (or reference population groups) at the time
the population was studied (Ewers et al., 1999) and serve
as an appropriate comparison. Reference values are
usually defined as the 95" percentile (or upper
confidence interval of the 95™ percentile) of the
concentration values (Ewers et al., 1999; Wilhelm
et al., 2004).
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In this paper, we present the data of the HBM project
obtained in 2001-2003 and the proposed reference
values for Pb, Cd, and Hg in blood and Cd and Hg in
urine of the Czech adults and children.

Materials and methods
Sampling

Blood and urine samples were obtained from healthy
adult blood donors aged 18 to 58 years and children
aged 8 to 10 years, residents for a period of not less than
2 years in four selected urban areas. Two of these, Plzen
and Usti nad Labem, are industrial, and the other two,
Benesov and Zd’ar nad Sazavou, are rather agricultural
and recreational. The population under study is
described in Table 1.

In adults, blood samples were collected each of the
three years from March through June, urine samples
were collected only in 2002 and 2003. In children, blood
was collected only in 2001; urine was collected in 2002
and 2003. Approximately 100 samples per locality per
year were obtained in each population group.

Informed consent was obtained from each donor and/
or children’s parents. For each subject, the information
on age, gender, place of residence, length of stay in the
area, medication, health status, and for the adults
smoking habits and occupational exposure were re-
corded in a questionnaire.

Collection was done according to the Standard
Protocol design. For blood, S-Monovette Sarsted
(Metall Analytik) tubes containing heparin as anti-
coagulant and appropriate siliconized needles were used.
Specimens were frozen at —18 °C until analyzed.

Spot morning urine samples were collected in poly-
ethylene containers prewashed with 10% nitric acid and
demineralized water and stored at —18 °C until analyzed.

Table 1. Characteristics of the population under study
Groups/Year 2001 2002 2003 Total n Total %
Bloodn Urinen Bloodrn Urinen Bloodn  Urine n Blood n  Urine n Blood n  Urine n
Adults total 397 ns 396 335 395 322 1188 657 100 100
Men 284 289 251 290 246 863 497 73 76
Women 113 107 84 105 76 325 160 27 24
Smokers 137 123 104 115 100 375 204 32 31
Non-smokers 260 273 231 280 222 813 453 68 69
Children total 333 ns ns 349 ns 270 333 619 100 100
Boys 161 172 136 161 308 48 49
Girls 172 177 134 172 311 52 51

n — number of samples.
ns — not sampled.
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Analysis

Blood

Each blood sample (1 ml) was mineralized with 5ml
concentrated HNO; and 1 ml of 30% H,O; (Suprapure
Merck) in a microwave oven Milestone 1200 equipped
with an evaporation rotor FAM 40. After mineraliza-
tion, the solution was evaporated to a volume of
approximately 0.1ml and diluted with demineralized
water (18.2MQcm™") to a final volume of 5ml. Lead
and cadmium in blood were determined by electro-
thermal atomic absorption spectrometry (ETAAS).

Total mercury concentrations were determined di-
rectly, without mineralization, using a single-purpose
atomic absorption spectrometer AMA 254 (Altec, Czech
Republic).

Urine

Each urine sample was diluted with demineralised
water (1+3); cadmium and lead were determined by
ETAAS. Mercury was determined using a single
purpose instrument AMA 254.

Creatinine was determined by means of the modified
Jaffé reaction (Szadkowski et al., 1970).

For the internal quality control of the analytical
procedure, the reference materials (Seronorm OK 0336
level-1 whole blood, Biorad 69061 — level 1 urine) were
analyzed simultaneously with each series of samples.
External quality control for the determination of metals
has been carried out since 1996; the laboratories took
part in the annual International Interlaboratory Testing
(EQUAS) organized by the German Society for
Occupational and Environmental Medicine (Erlangen,
Germany).

Statistics

Data were processed using the statistical software
packages Unistat 5.1 and Statistica version 7. The
results in the form of descriptive statistics are expressed
inpg/l (blood) andpg/g creatinine (urine). Geometric
mean (GM) and median levels are presented because the
distributions of values are non-normal. The 95
percentile levels and appropriate confidence intervals
are used for reference values proposal. Non-parametric
Kruskal-Wallis test was used for statistical analysis. A
probability value (p) less than 0.05 was regarded as
significant. For statistical calculation, the data below the
limit of detection (LOD) of the method used were
replaced by a value equal to half of the LOD. If the
proportion of results below the LOD was greater than
50%, the descriptive statistics was not calculated.

LOD were calculated as 3¢ of the reagent blank.
Relative standard deviation values for all analytes and
matrices were in the range of 2-6%.

To evaluate age-related differences, subjects were
classified into terciles.

Results

In 2001-2003, a total of 1188 blood samples and 657
urine samples of adults and 333 blood samples and 619
urine samples of children were analyzed (Table 1).

As no local-related significant differences were ob-
served, the results are presented as geometric means
(GM), medians and selected percentiles for each overall
population group studied, as well as being stratified
according to sex, age, and smoking habits. Concentra-
tions of Pb, Cd, and Hg in blood are given in Table 2,
and concentrations of Cd and Hg in urine are shown in
Table 3. Concentrations of Pb, Cd, and Hg in blood and
urine of adults by age are given in Figs. 1 to 4.

Levels in blood

In adults, blood lead (B-Pb) levels were 33 pug/l
and 72pg/l (median and 95" percentile), respectively
(Table 2). LOD for B-Pb was 7 pg/l. Gender, smoking,
and age were significant influencing factors. Men had
higher B-Pb levels (p <0.05) than women (median 37 pg/
1 vs. 25ug/l). Slightly (but significantly) higher values
were also observed in smokers than in non-smokers
(36 ng/l vs. 31pg/l). B-Pb levels increased with age
(Fig. 1). In children, B-Pb levels (median and 95™
percentile) were 31 pg/l and 54 pg/l, respectively; no sex-
dependent differences were observed.

Blood cadmium levels (B-Cd) in adults are summar-
ized in Table 2. The values were mainly influenced by
smoking habits. The median B-Cd level in smokers was
about 3 times as high (1.30 ug/) than in non-smokers
(0.40 pg/l). Neither sex- nor age-related differences were
observed. In children, altogether 65% of the B-Cd levels
were below the LOD (LOD=0.20pg/l); therefore
descriptive statistics was not calculated.

Blood mercury levels (B-Hg) in adults (median and
95" percentile) were 0.89 and 3.45ug/l, respectively
(Table 2). LOD for B-Hg was 0.20 pg/l. Statistically
significant differences (p <0.05) were observed between
smokers (0.80 pg/l) and non-smokers (0.92 pg/l), and
between men and women (0.86 pg/l vs. 0.94 ug/l). B-Hg
levels showed an upward trend with increasing age
(Fig. 2). In children, B-Hg levels (median and 95"
percentile) were 0.42 pg/l and 1.44 pg/l, respectively; no
sex-related differences were observed.

Levels in urine

Overall, the median urine cadmium level (U-Cd) in
adults was 0.31pg/g creatinine (Table 3). No signi-
ficant differences were found between smokers and
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Table 2. Blood lead, cadmium, and mercury levels in adults and children under study (ng/1)
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Substance/Groups n P25 P 50 GM P75 P95 CIP9S Reference value
Lead

Adults Total 1188 24 33 33 44 72 69-80 75
Men 863 27 37* 37 47 76 70-85 80
Women 325 19 25 26 33 64 50-74 65
Smokers 375 27 36* 36 47 78 68-98 80
Non-smokers 813 23 31 32 43 71 68-78 75
Children Total 333 25 31 31 38 54 50-64 55
Boys 161 26 33 32 40 55 50-74 55
Girls 172 24 30 30 36 53 46-68 55
Cadmium

Adults Total 1188 0.3 0.5 0.6 1.0 3.0 2.7-3.3 3
Men 863 0.3 0.5 0.6 1.1 3.2 2.7-3.6 3.5
Women 325 0.3 0.5 0.5 0.9 2.7 2.2-3.4 3
Smokers 375 0.8 1.3*% 1.3 2.3 4.3 3.9-5.4 4.5
Non-smokers 813 0.3 0.4 0.4 0.6 1.1 1.0-1.3 1.1
Mercury

Adults Total 1188 0.55 0.89 0.82 1.40 345 3.06-3.69 3.5
Men 863 0.52 0.86* 0.78 1.31 3.07 2.68-3.47 3.1
Women 325 0.59 0.94 0.94 1.60 3.94 3.52-5.22 4
Smokers 375 0.43 0.80* 0.71 1.22 3.60 2.90-4.70 3.6
Non-smokers 813 0.58 0.92 0.88 1.46 3.36 2.87-3.77 34
Children Total 333 0.26 0.42 0.43 0.66 1.44 1.19-2.02 1.5
Boys 161 0.25 0.41 0.41 0.69 1.24 1.07-2.03 1.3
Girls 172 0.27 0.42 0.44 0.65 1.63 1.19-2.49 1.7

*p<0.05 (smokers vs. non-smokers and men vs. women for Pb and Hg; smokers vs. non-smokers for Cd).

n — number of samples; P 25 — 25™ percentile; P 50 — median; GM — geometric mean.
P 75 — 75 percentile; P 95 — 95 percentile; CI P 95 — confidence interval of P 95.

Table 3. Urine cadmium and mercury levels in adults and children under study (pg/g creatinine)

Substance/Groups n P 25 P 50 GM P75 P 95 CIPO9S Reference value
Cadmium

Adults Total 657 0.13 0.31 0.29 0.56 1.29 1.14-1.45 1.3
Men 497 0.12 0.29%* 0.27 0.55 1.24 1.10-1.43 1.3
Women 160 0.17 0.39 0.33 0.64 1.48 1.22-1.46 1.5
Smokers 204 0.13 0.31 0.30 0.62 1.78 1.27-2.36 1.8
Non-smokers 453 0.12 0.31 0.28 0.56 1.20 1.04-1.38 1.2
Mercury

Adults Total 657 0.20 0.63 0.61 1.78 6.80 5.59-9.09 6.8
Men 497 0.18 0.52% 0.52 1.56 5.35 4.51-6.97 5.4
Women 160 0.35 1.07 0.96 2.72 11.8 8.81-29.5 12
Smokers 204 0.17 0.55% 0.58 1.77 8.73 5.87-18 8.8
Non-smokers 453 0.20 0.65 0.62 1.78 6.74 5.06-8.56 6.8
Children Total 619 0.16 0.37 0.45 1.12 4.18 3.64-6.09 4.2
Boys 308 0.17 0.36 0.42 1.05 3.64 2.06-4.65 3.7
Girls 311 0.15 0.39 0.48 1.19 5.47 3.56-8.24 5.5

*p<0.05 (men vs. women for Cd and smokers vs. non-smokers and men vs. women for Hg).

non-smokers. Significantly higher levels (p <0.05) were
recorded in women (median 0.39 pg/g creatinine) than in
men (0.29 pg/g creatinine). The U-Cd levels significantly
increased with age (Fig. 3). In children, altogether 60%

of the U-Cd levels were below the LOD (LOD=

0.20 pug/).

The median U-Hg levels in adults were 0.63 ug/g
creatinine (LOD for U-Hg was 0.20 ug/l). Significantly
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Fig. 1. Blood lead levels in adults by age (median). *p<0.05,
Kruskal-Wallis test, (for men). “p<0.05, Kruskal-Wallis test,
(for women).
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Fig. 2. Blood mercury levels in adults by age (median).
*p<0.05, Kruskal-Wallis test, (for men). “p<0.05, Kruskal—
Wallis test, (for women).
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Fig. 3. Urine cadmium levels in adults (non-smokers) by age
(median). *p<0.05, Kruskal-Wallis test, (for men>35yrs).
‘p<0.05, Kruskal-Wallis test, (for women).

higher levels (p <0.05) were detected in women than in
men and in non-smokers than in smokers (Table 3). The
U-Hg levels increased with age (Fig. 4). In children, the
median U-Hg levels were 0.37 ug/g creatinine with no
significant sex-related difference.
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Fig. 4. Urine mercury levels in adults by age (median).
*p<0.05, Kruskal-Wallis test, (for men). “p<0.05, Kruskal—
Wallis test, (for women).

Reference values

On the basis of the presented results, new and revised
reference values for the Czech general population or for
population groups were proposed on the basis of the
95" percentile and are within the range of the 95
confidence interval. When appropriate, reference values
for subgroups are given (see Tables 2 and 3).

Discussion

The monitoring of xenobiotics in blood and urine of
the general population yields information about (a)
current background exposure levels and their upper
margins (reference values), (b) long-term time trends, (c)
area-, age-, sex- and lifestyle-dependent differences
among the population subgroups, and (d) proportion
of the population with concentrations above the HBM
values derived on the basis of toxicological and
epidemiological studies (if any) (Ewers et al., 1999).
Indeed, the HBM project run in the Czech Republic
since 1994 has provided relevant data on the levels and
time trends of heavy metals in occupationally non-
exposed groups of the Czech population. Generally
speaking, no significant locality-related differences were
found for any of the metals analyzed. The differences in
exposure levels for particular toxic elements and
population groups are specified below.

Lead

The B-Pb level is a widely used parameter for the
evaluation of both occupationally and environmentally
exposed population groups. An extensive study of B-Pb
levels in Czech adults was carried out within the
MONICA project in the late 1980s (Koreckova-Sysalo-
va and Skopkova, 1994), the median levels in men
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(n=138) and women (n = 128) being 51.6ug/l and
41.6 pg/l, respectively. The first data obtained within the
nationwide environmental health monitoring system in
1995 were similar to those from the MONICA project,
with median levels of 51.5pg/l in men (n = 515) and
40.0 pg/l in women (n = 153). A slightly lower median
level (39.7pg/l) was found in 810 year-old children
(n = 599) (Cerna et al., 1997).

It is known that environmental exposure to lead has
decreased considerably in countries that have banned
leaded gasoline (Thomas et al., 1999). The gradual
reduction of Pb in gasoline was repeatedly reflected in
decreased B-Pb levels in the general population of
industrialized countries (Bono et al., 1995; Becker et al.,
2002; Stromberg et al., 2003). A similar descending
trend was also observed among Czech population
groups in a study done in 1996-1998, with median
B-Pb levels of 46.0 ug/l for men, 29.0 ug/l for women,
and 34.0 pg/l for children of both sexes (Cerné et al.,
2001). A further downtrend was confirmed in this study
with the respective median B-Pb levels of 37.0pg/l,
25.0pg/l and 31.0 ug/l. The downward trend was also
reflected in the updated B-Pb reference values for the
period 2001-2003, i.e. 80 pg/l and 65 pg/l for men and
women, respectively, when compared with the respective
values of 95 pg/l and 80 ug/l established for the period
1996-1998 (Cerna et al., 2001).

Generally, the B-Pb concentrations are linked to sex,
age, and smoking habits. Women generally have lower
B-Pb levels than men do, mainly because of lower
exposure, lower haematocrit (WHO, 1995) and differ-
ences in the metabolism of lead (Popovic et al., 2005).
The increase of B-Pb levels with age observed in this
study was previously reported (Solé et al., 1998) as well
as higher B-Pb levels in smokers than in non-smokers
(Jakubowski et al., 1996; Mortada et al., 2004; Qu et al.,
1993; Yang et al., 1996).

Cadmium

B-Cd concentrations reflect recent exposure to cad-
mium. In the general population, the B-Cd level is
markedly influenced by smoking habits (ATSDR, 2002;
Shaham et al., 1996). In non-smokers it usually ranges
between 0.2 and 0.8 pg/l (Elinder et al., 1994). The
results obtained in the 1990s for the Czech population in
the MONICA project showed the B-Cd level (mean and
SD) to be 0.40+0.47pg/l in non-smokers, while the
mean values in smokers ranged from 1.32 to 2.55ug/l,
depending on the number of cigarettes smoked (Kor-
eckova-Sysalova, 1997). Based on the data from 1995
collected in the first year of the nationwide environ-
mental health monitoring system, the median B-Cd level
for adult non-smokers was 0.65 pg/l (Cerna et al., 1997).
A significantly lower median B-Cd level (0.5 pg/l) was

reported for the period 1996-1998, and a further
decrease (median level of 0.4 ug/l) was observed in this
study.

The Czech non-smoker median B-Cd level was
slightly higher (0.4 pg/l) than the median B-Cd level of
0.28 pg/l established for the German non-smoking
population in the German Environmental Survey
(GerES III) of 1998. However, a more sensitive method
was used in the GerES III, with the limit of quantifica-
tion (LOQ) of 0.12 pg/l (Becker et al., 2002) being lower
than the LOD applied in the Czech study (0.20 pg/l).

In contrast to B-Cd levels, U-Cd concentrations in
Czech adults were not influenced by smoking habits.
Our results, consistent with the data previously
obtained, do not indicate any substantial effect of
smoking on the level of urinary cadmium in the Czech
population (Cikrt et al., 1992). However, some studies in
other countries reported higher U-Cd concentrations in
smokers than in non-smokers (Mortada et al., 2002).
Women are reported to have higher U-Cd levels (Kido
et al., 2004; Sirivarasai et al. 2002), and we found the
same in our study. A declining time-related trend in
U-Cd levels has been observed in the Czech population.

The reference values currently proposed for B-Cd and
U-Cd levels in Czech non-smokers are I.l1pg/l and
1.2 ug/g creatinine, respectively. For German non-
smokers, the reference value for B-Cd is 1.0 g/l and
for U-Cd is 0.8 ug/g creatinine (Wilhelm et al., 2004).

Mercury

The blood and urine concentrations of Hg are linked
to sex and smoking habits. Surprisingly, significantly
higher B-Hg and U-Hg concentrations were found in
women than in men. We can only speculate that
differences are related to different nutritional habits
(increased consumption of fish in women) and effects of
better teeth care with more amalgam fillings or removals
in women, but, unfortunately, no such information
about the subjects under study is available. Some
authors also mentioned women’s use of skin lightening
creams and soaps (McRill et al., 2000) or herbal drugs
(Li et al., 2000) possibly contaminated with mercury.
Another unexplainable finding was higher B-Hg and
U-Hg concentrations in non-smokers than in smokers.

The reference values for B-Hg levels currently
proposed for the Czech population are 3.1pg/l for
men and 4.0ug/l for women. This means that our
reference values are lower than the value 5.8 pg/l which
is considered to be safe (Rice et al., 2003). The reference
value for B-Hg levels reported for the German popula-
tion is 2.0 pug/l (Wilhelm et al., 2004). No values above
58 ng/l (National Research Council, 2000) were found in
any adult and child.
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In conclusion, the Czech HBM project provides
representative data on populations’ internal exposure
to Pb, Cd, and Hg. On the basis of these data reference
values have already been defined for lead and cadmium
in blood. The now available results will lead to a
revision of these values and to an estimation of new
reference values for mercury in blood and for lead,
cadmium and mercury in urine.
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