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Biomarkery a biomonitoring

Biomarker: chemicka latka, jeji metabolit nebo produkt interakce mezi
chemickou latkou a néjakou cilovou molekulou nebo bunkou, ktery se
meri v lidskem téle.

Monitorovani prostredi: méreni koncentrace kontaminantu v médiu
(napr. vzduch, puda, voda nebo jidlo).

Biomonitoring Cloveka: primé meéreni expozice lidi toxickym latkam v
zivotnim prostredi mérenim latek nebo jejich metabolitu v lidskych
vzorcich, jako je krev nebo moc.



Biomarker: chemicka latka, jeji metabolit nebo produkt interakce
mezi chemickou latkou a néjakou cilovou molekulou nebo
bunkou, ktery se méri v lidském téle.

Biomarkers of
Susceptibility

—
Measures of Measures of
Biomarker Biomarker
Exposure Effect
— Exposure to risk factors — Altered structure or function
— Internal dose — Clinical disease
— Biologically effective dose =~ — Future significance

— Biologic effect

Based on: Committee on Human Biomonitoring for Environmental Chemicals, 2006
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NEMOC ZIVOTNIHO PROSTREDI
Definovani rozsahu a dopadu
expozice je klicem k pochopeni
environmentalnich nemoci

Zadna $koda bez expozice

Expozice nemusi vzdy znamenat
skodu

Medium of disease

Strassor

Source of safety
or danger

Enabiler of haaith
behavior

Provider of haalth
reSources

Waterborme & airborne disease; microbial
contamination of food

Megative affective states from exposure
1o such physical stressors as
uncontroliable nolse & rechnological
risks; negative health consequences of
residential relocation

Expasure to climatic and geoclogic risks;
injury-resistant envirgnmental design;
mutagenic effects of toxic
environments; occupational hazards

Geographic accessibility of health care
facilities in the community; installation
of health-bahavioral supports in
buildings & vehiclas

Healthfu! lighting & air quality in
buildings, community sanitation
systems

Spread of comagious disease through
interparsonal contact

Wulnerabifity to health problems resulting
from chronic social conflict, isolation,
organizational instability, & abrupt
econamic change

Risk of personal injury resulting from
intergroup conflict, violence, & crime

Intarpersonal modeling of heaith-
promotive behavior & safety
practices; health-promotive cultural &
redigious practices

Legislation pertaining to public health &
safety; avallablfity of organizational &
community health services

Environmental
risk factor
(or certain dose)

+ | Biology

{ Organ / System

R~

Physiological } [ Di
[ Adaptation Isease

Based on: Agency for Toxic Substances & Disease Registry 2002 4



|

Environmental monitoring

media:
|

|

[ Manmade sources: }

dust
sediment
personal care

[ Natural sources: }
4 N\
water
air
food
soil

[ exposure 1

|

Internal dose
absorption

|

Based on: Needham, 2007



Emission Sources

Activity

Chlorine
Production
(e.g. chior- alkali,
hisioncal procassas)

Thermal
{e.g. incinaration,
metal ndustry,

industrial ﬁres}

H

Chlorine Use

(e.g. pulp & paper,
TiQy, Magnesium)

 Reservoirs

{e.g. conlaminated
sites, land(ills,

agricultural soil)

Product

Manufacture

(e.g. pesticides, flame
retardants, PCBs, PV(s)

FProducts

(e.g. pasticides,
flarme retardants,

PCBs, PVCs)

Environmental
Transport

; I.Hlmﬂsphere

Animals/
Cattle

X

» Aquatic

Fish &
Shelifish

Exposure
Routes

Intergenerational

4

/

Inhalation

-4 Food ingestion

r

Occupational

= Arccidental




Adult

» Cardiovascular

diseases Second-hand tobacco smoke
, . Hazardous chemical
Ultraviolet radiation Cancer : o _E_mm ?
+ Dverweight Poor nutrition

Occupational exposures ;
Lead, mercury, and arsenic

Adolescent Meonatal

» Low birthweight
» Congenital
abnormalities

» Social and

+ Overweight

behavioural
‘ problems
l Fetal °

EXpOsUre

Developmental

Ambient air pollution windows of Hoosdhold irpolidion
Scarcity of access to safe water, susceptibility Hoarsehiold nrockcts
sanitation, and hygiene to environmental Hazard
Hazardous exposures . -Ei. _QUS
chemicals Child Toddler pesticides

+ Respiratory diseases
+ Reduced learning
capabilities

L

« Diarrhoea

* Respiratory diseases

* Neurodevelopmental
prolems

+ Poisoning
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Environmental chemical
internal dose

Absorption:
Ingestion
Inhalation

Dermal

\_ /

Metabolic and chemical
transformation

Storage } [ Elimination }

Modified from Needham, 2007



PROC POUZIVAT
BIOMARKERY?

c e s Vel Bi itori
Klinické pouziti E K’;‘;‘D‘:g;:;'e';g }
Vyzkumné vyuziti 1
[ Descriptive } [ Risk-Based J
Vyuziti v ramci hodnoceni B Ny
VeFejnéhO zdravi — who is exposed? — —
— location of exposure | | T blomarker dose If biomarker dose
_ length of exposure response known response unknown
v s — | tt iet
Tvorba doporuceni (P seEEy |
Ri i Traditional Use modelling
isk analysis . _
of results L or animal
assessment dose

Based on: Committee on Human Biomonitoring for Environmental Chemicals, 2006 10
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Chemical Biomarker Some interpretive options
Polybrominated PBDE in blood and |dentify exposed population, key
diphenyls (PBDE) breast milk information gaps, need for new
toxicity and exposure data
| ead Blood lead Follow population exposures over
time
Organo- Parent compound, Develop reference ranges, evaluate
phosphates primary & secondary | exposed subpopulations, evaluate
metabolites, blood and | public health interventions
urine
Phthalates Primary & secondary | Develop reference ranges, identify
urinary metabolites and follow exposed subpopulations,
Dioxin Dioxin in blood or lipid | Use of pharmacokinetic modeling to

estimate body burden

Modified from Committee on Human Biomonitoring for Environmental Toxicants, 2006




Chemical Biomarker Relative utility in clinical medicine
Lead Blood Lead |dentify and manage lead poisoning in
individual patients — very useful clinically,
Arsenic Urinary Arsenic |dentify recent arsenic exposure — somewhat
useful clinically
Organo- Serum or red blood | High intra- and inter-individual variability,
phosphates cell cholinesterase | overlap with toxic levels, results not available
level in a timely fashion, lab errors common, not
useful clinically
Nitrate/ Methemoglobin Nonspecific and expressed as % of total
nitrit hemoglobin, must be interpreted within the
irite context of full exposure history and physical
exam — somewhat useful clinically
Benzene Benzene in blood Short half-life so only useful within a few

or expelled breath

hours of high exposure — not useful clinically
outside of occupational setting

Modified from Committee on Human Biomonitoring for Environmental Toxicants, 2006




Environmental chemical Exposure guidance BE Units and CHMS data
(biomarker, if different), values matrix
CHMS cycle
Sub- Age group n GM*(95% CI) 85th percentile (95% C1)
population  [years)
Cadmium, 2009-2011 RID (L1.5. EPA, 2004): 1.5 pg/L urine Non-smokers  6-11 1052 025(0.21, 0.30)  0.87(0.64, 1.1)
SE-04 mg/kg-d
12-19 944 0270022, 032) 0.81(0.68, 0.94)
20-39 1008 0.33(0.28, 0.39)  1.1(0.90, 1.3)
40-59 969 0.42(0.36,049) 1.8(13,23)
60-79 918 048(043,053) 2.0(1.6, 24)
Smokers 6-1 MA  NA MA
12-19 96 029(0.22, 0.38) 0.76(0.54, 0.98)
20-39 310 0.40(0.32, 0.50) 'I.Eb{ﬂ..‘}'l. 1)
40-59 258 097083, 1.1) 3.2(2.4, 39)
60-79 166 1.1(0.80, 1.5) 4.1%24, 5.7)
DOT (sum of DOT, DDE), TOI {WHO, 2000): 40,000 ng/g Plasma 20-39 526 96(78,120) -
2007-2009 0.01 mgfkg-d lipid
40-59 596 170{140, 210) g90"(430, 1400)
60-79 546 290250, 350) 1600%690, 2200)
Hexachlorobenzene, TDI {Health Canada, 2507 nglg Plasma 20-39 525 - 23910, 35)
2007-2009 1996): lipid
SE-04 mg/kg-d
40-59 506 9.7(85,11) 25(22,27)
60-79 545 13(11,15) 36(23, 50)
PBDE 99, 2007-2009 RfD (LS. EPA, 2008): 520 ngfg Plasma 20-39 526 - 1411, 17)
1E-04 mg/kg-d lipid
40-59 594 - 129(8.5,15)
60-79 545 - 14%(5.3, 22)
PCBs (based on sum of Concentrations of 1800  ng/g Plasma Males 20-39 240 34(28, 43) 130771, 190)
PCB 138, 153, 1807), 2007~  concern (ANSES, 2010) lipid
2009
40-59 281 9985, 120) =
60-79 280 200(180, 230) 640{490, 790)
700  nglg Plasma Femnales 20-45 396 40033, 49) 150(97, 200)
lipid
1800  ng/g Plasma Females 46-59 204 110099, 130) 3300240, 420)
lipid
60-79 265  170{150, 200) 460(350, 570)

Abbreviarions: BE, Biomonitoring Equivalent; CHMS, Canadian Health Measures Survey; Cl, confidence interval; DDE, dichlorodiphenyldichloroethylene: DDT,
dichlorodiphenyltrichloreethane; GM, geometric mean; HC, Health Canada; PBDE, polybrominateddipheny] ether, PCB, polychlorinated biphenyl; RID, reference dose;
TOI, tolerable daily intake,

*If =40 of samples were below the limit of detection, the GM was not calculated.

PData are used with caution as coefficient of variation is between 16.6% and 33.3%,

‘Data are considered too unreliable to be publishedas coefficient of variation is greater than 33.3%.

dCalculated as per Aylward et al. (2010) using a more recent TDI (Health Canada, 1996),

“Calculated as 1.7 = 57(PCB 138, 153, 180), per conclusions in ANSES (2010).



UROVNE DETEKCE (LOD) CHEMIKALII Vv ZIVOTNIM PROSTREDI
A V TELE JSOU NYNIi VELMI NiZKE

**PPM (parts per million) mg/L or mg/kg
“*PPB (parts per billion) ug/L or ug/kg
**PPT (parts per trillion) ng/L or ng/kg
**PPQ (parts per quadrillion) pg/L or pg/kg

1 miligram (mg) = 1/1 000 gram = 0,001 gram

1 mikrogram (ug) = 1/1 000 000 gram = 0,000001 gram

1 nanogram (ng) = 1/1 000 000 000 gram = 0,000000001 gram

1 pikogram (pg) = 1/1 000 000 000 000 gram = 0,000000000001 gram



Priklady radovych hodnot urovni detekce pro nékteré biomarkery

Marker Matrix Units
Polycyclic aromatic hydrocarbon Urine ng/l
Cotinine Serum ng/ml
Benzene Blood ng/ml
Organophosphate metabolites Urine ng/l
Arsenic Urine ug/l
Bisphenol A Urine ug/l
Lead Blood ng/d
Polybrominated diphenyl ethers Serum ng/g

lipidu
Dioxin

P NN I
Cduolractitu murtt

/g lipid
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Biomarkery jsou nejuzitecné;jsi,

kdyz jsou znalosti jak ,,upstream”

The Environmental Public

tak ,downstream” kompletni Health Cont (EP”G}

Primarni zdroje kontaminantu
Source/Stressor

zivotniho prostredi jsou pochopeny "~ . = o Disease
Cesty/cesty expozice jsou znamy | %k :
. v v o 7 .",_ Ib-:ﬁ: .Ir_“-:: £ -h'.‘:'
Expozice ¢lovéka souvisi s R &5
toxikologickymi studiemi na  Tnsomaton . % Cg /  SwmecumelFanion
zviratech *, I i T
Vztah mezi expozici a davkou je s % E— 4 Y
pochopen tld-'::_;:?j'?. Characterization Effect IH;::\_;Q‘
Je znamo nacasovani a trvani % &, i T
. -4 B .:
EXpOZICE .5::1 % Exposura Dose ‘-x:‘h
* Individual
* Community
* Population

US Environmental Protection Agency
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] LIMITACE
VYHODY BIOMARKERU BIOMARKERU

“Potvrzuje vstiebavani do lidského  **Nedefinuji zdroje, cesty nebo trvani
téla expozice

/ . . ’

**Nachylné na podradné nebo

s Zjistitelné velmi nizké Grovné . Y y
) bezohledné analytickeé laboratore

expozice
**Nedostatek smysluplnych

**Pomaha testovat a ovérovat oo, ,
referencnich Urovni

modely expozice
**Nedostatek toxikologickych a
epidemiologickych informaci o velkeé
**Pomadhad vyhodnotit zasahy do vetsiné chemickych latek v Zivotnim
verejneho zdravi prostredi

**Pomaéha sledovat expozicni trendy



METODICKE OBTIZE

“*Analyticka technika

s*Kontaminanty zivotniho prostfedi a kontroly

ssLaboratorni kontaminace a zajisténi kvality

“*Spravna volba biomarkeru pro navrh studie a otazku

“*Zdlvodnéni pro vybér environmentalnich chemikalii, které jsou pfedmétem zajmu

“*Koordinace se souvisejicim vyzkumem — epidemiologie, toxikologie, farmakokinetické modelovani, hodnoceni
expozice

WHO



PROBLEMY S KOMUNIKACI
Kdo z%l!a;/glv(yéedky a proc?

Expozice potrebuji kontext
Zdroj a trasa

Biologicka dostupnost
Toxicita

RS

Ohrozené komunity mohou mit nerealistickd oek & & 7~ = R IV S

Prodleva mezi vyzkumem a intervenci
ProC nejsou biomarkery vzdy uzitecné

Neuplné znalosti o toxicite
Nevhodné klinické pouziti vyzkumnych néastroju

20



Etické problémy

“*Informovany souhlas

% Schopnost informovat nebezpecné exponované/rizikové osoby
“ Biobanking genetickych materiall

% Etické standardy se mezi vyzkumniky a komunitou liSi
**Individualni hodnota versus hodnota komunity
**Industrializované versus rozvojové zemé

% Stfet zajmu

Centers for Disease Control and Prevention



EXISTUJE MNOHO NARODNICH A REGIONALNICH
PROGRAMU BIOMONITORINGU

“+V USA desitky let biomonitoringu
**Rostouci poCet monitorovanych environmentalnich chemikalii

% Rostouci pocet zapojenych programul a agentur

WHO
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PRIKLADY BIOMONITOROVACICH PROGRAMU

Ve Spojenych statech.

L V Evropé a Kanadé:
HEI: Human Exposure Initiative

HHANES: Hispanic Health & Nutrition Examination

survey | | Kanada: Iniciativy biomonitorovani
NHATS: National Human Adipose Tissue Survey Health Canada

NHANES: National Health & Nutrition Examination , . , ,
Survey Evropska unie: Evropsky lidsky

NHEXAS: National Human Exposure Assessment Survey biomonitoring

Némecko: Human Biomonitoring
Commission

Svédsko: Svédska agentura pro
ochranu zivotniho prostredi pro
latky znecistujici Zivotni prostredi



US CDC

<*NHANES

s*Zacal v roce 1971, velky, celostatné
reprezentativni vzorek

**Pohovory a fyzické zkousky
**Podmnozina dostane biomonitoring
**Vynikajici pro identifikaci expozic a
trendd na Urovni populace

s*Narodni program biomonitoringu
**Narodni zprava o expozici
**PUlrocni, reprezentativni vzorek
**0ddéleno podle véku, pohlavi,
rasy/etnického plivodu
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PRIPADOVE STUDIE



PRIPADOVA STUDIE: HLADINY
OLOVANEHO BENZINU A OLOVA V KRVI

- USA
+*Olovo odstranéno z benzinu _
“*Technickd norma Predicted blood
“*K ochrané katalyzator( v automobilech lead decline

**Zdravotni standard

220

-
o

**Hladiny olova v krvi u déti klesaly soubé&zné s olovem
ve vzduchu
**Mnohem vice, nez modely pfedpovidaly

-
ot
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—
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—
m

150

**Nové chdpani dulezitych zdroju olovaexposure in
children

=
C1pg B spese pow] poo g ebodeny
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PRIPADOVA STUDIE: OLOVO A

BENZIN

= -
—
s

Mnoho zemi po celém
svete odstranilo olovo
v benzinu s
podobnym snizenim
expozice obyvatelstva

www.free-stockphotos.com/images/pumping-gas.jpg.
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PRIPADOVA STUDIE: KOTININ A
SEKUNDARNI EXPOZICE TABAKOVEMU
KOURI

“*Kotinin se vyskytuje u déti ve vysSsSich hladinach nez u dospélych
s»*Poskozeni zdravi zdokumentovano

“*Na verejnych mistech se mnozi zakazy koureni
“sExpozice populace klesla o0 70 %

“*Biomonitoring identifikuje populace s rozdilnym rizikem
s*Déti, nehispansti ernosi
s*LepSi moznosti pro cilenou intervenci

s»Zakaz koureni na verejnosti ucinny

Serum cotinine (ng/mL)

0.3

0.6

04

0.2

0.8

0.6

0.4

0.2

0.8

06

04

0.2

E Non-Hispanic whita
® Non-Hispanic black
S Meaxican Amarican

Al11-4 yr
® -

[ ¢

> 20 yrs

|

4
. o
1, -
i Eiﬁ é*a

| ] 1 I
1988-1991  1991-1994  1999-2000  2001-2002
NHANES study

Pirkle, Environ Health Perspectives, 2006



PRIPADOVA STUDIE: CCT v mateifském mléce - SVEDSKO

Zakazy mohou byt u¢innym nastrojem

—

4,000

W
o
)
o

5 000
.
' 1
¢ ¢ -
' ‘e
0
1,000 ¢

1960 1970 1980 1990 2000
Year

Loncentration (ng/g hpid

Solomon. Environ Health Perspectives 2002
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PRIPADOVA STUDIE: PBDE v matei'ském mléce -
SVEDSKO
Biomonitoring ukazal, ze:
PBDE mohou ovlivnit hormonalni

funkci @ mohou byt toxické pro
vyvijejici se mozek

Lad L
= =
-]

i

Déti pravdépodobné ziskaji nizsi
skore v testech dusevniho a
fyzického rozvoje

Y
=
L]

=
-

9

& &
s §a0 1G85 19G0 15 20
Year

-f"i

Concentration (ng'g hipid]
=

Kli¢ k identifikaci dfive neznameé
eXpOZICe pOPUIace Solomon. Environ Health Perspectives, 2002
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PRIPADOVA STUDIE: ZLEPSENI KVALITY VNITRNIHO VZDUCHU -
MEXIKO

**Hruba kamna na drevo pouzivana k vareni vystavuji zeny a déti nebezpeCnému
znecisténi vnitfniho ovzdusi

*»Pred a po intervenci studovalo 10 dospelych a 10 déti

ssZasah: Cisteni sazi, dlazby na podlaze, nova kamna s kovovym kominovym
pruduchem

s*Biomarker dukaz sniZzené expozice a snizeného poskozeni

“*Snizeny karboxyhemoglobin (COHb) a poskozeni DNA

Levels of carboxyhemoglobin

Before risk After risk reduction
reduction program program
Mean (% COHDb) 4.9* 10
S.D. (% COHDb) 4.3 0.14
%<2.5% 45 100
%>2.5% 55 0.0
Range (%COHDb) 1.05-13.88 0.65-1.30

b S
Based on: Toreres-Dorsal, 2008, Sci Total Environ 390: 362—-368 Exposu re Ma rker (



PRIPADOVA STUDIE: CHLORPYRIFOS, TOXICITA A CITLIVOST

263 téhotnych zZen v centru mésta biomonitoring materské a pupecénikové
krve
**CPF nalezena u 98 % matek, 94 % pupecnikové krve
***Pfi expozicich odvozenych ze standardnich vzorct pouziti
**Snizeni porodni hmotnosti, porodni délky, statisticky vyznamné (ale ne
klinicky abnormalni)
*»*Bylo zjisténo, ze CPF je nezdvislym determinantem
Perera, 2003

404 parl kojeneckych matek v centru mésta
s Detekovatelny CPF u matek s deficitem paraoxindzy byl spojen s malym,
ale vyznamnym zmensenym obvodem hlavy u déti

Berkowitz, 2004



PRIPADOVA STUDIE: TELESNA ZATEZ, ZNECISTENI U NOVOROZENCE

%10 novorozencl narozenych v nemocnicich v USA v srpnu az zafi 2004

“Testovano 413 prumyslovych a spotfebnich chemikalii

%287 nalezenych, primérné 200 na vzorek pupecnikové krve

%180 karcinogenu, 217 neurotoxickych, 208 vyvojovych toxickych latek

**VétSina na urovnich extrémné nizkych koncentraci

“*Financovano soukromé, provadi nevladni organizace, akreditované laboratofe/technika
% Skodlivé nebo uzitecné?

Industrial pollution begins in the womb

Hundreds of toxic chemicals measured
in newborn babies

WHO



Shrnuti

“*Pochopeni expozice je kliCem k pochopeni environmentalnich nemoci

“*Monitorovani Zivotniho prostfedi spojené s modelovanim expozice je jednim z pfistupl k odhadu expozice, ale
podléha chybam a nejistotam

“*Biomonitoring je schopen meéfit integrované expozice v lidském téle, ale sam o sobé& nedokaze vysvétlit, kde a
jak k expozici doslo, ani toxicky potencial této expozice

“*Pro uplné pochopeni environmentalnich nemoci je nutny integrovany pristup, ktery vyuziva vSechny typy dat
podél kontinua environmentalnich nemoci



Monitoring v EU

HBM4EU

= Clear, factual,

open evidence
for policy making

Share excellence, spread best practice, promote capacity, communicate —
Knowledge Hub and training

Promote sustainability

Slide by Sofie Ngrager

3rd HBM4EU Training School, Brno, June 17-21, 2019
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Co je to riziko na zaklade dat z HBM ?

: __ | Exposu
s - re X -
7 — Exp
AU - /;rfz:.erna/ AN Internal
Human
BioMonitoring
— Guidance Value:
RCR, ;. — HBM :l / HBM  HEM T
rnal __level .+ BE
- HBM4EU HBM-GY
+ Internal DNEL
RCRInte

0. 9 / - _ 0. 9
(ug/L urine)
rnal

3rd HBMA4EU Training School, Brno, June 17-21, 2019




Derivation of a Human BioMonitoring Guidance Value (HBM-

GV)

y

3rd HBM4EU Training School, Brno, June 17-21, 2019

Increasing confidence

G e e
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HBM integruje zdroje expozice, trasy a regulacni sila

Vzduch (vnitrni + venkovni), potraviny, materialy ve styku s
potravinami, spotrebni zbozi, (pitna) voda, pracovni

Oralni, dermalni, inhalacni

REACH, pesticidy, biocidy, spotrebni vyrobky, kosmetika,
lécCiva, veterinarni léciva...

HBM je z definice holistické s ohledem na smeési

Identifikujte subpopulace ,,vysoce vystavené* smésim (napr.
ftalatim)

HBM muze zvysit silu epidemiologie, snizit zavislost na
toxikologii
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Dékuji za pozornost



