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Human Biomonitoring in the Oil Shale
Industry Area in Estonia—Overview
of Earlier Programmes and Future
Perspectives

Hans Orru™®, Anu Viitak?®, Koit Herodes*, Triin Vieber? and Mérten Lukk®

' Dapartmant of Public Hoalth and Clinical Medicing, Umed University, Umed, Swedan, ? Instituta of Family Madicing and
Public Health, University of Tartu, Tanu, Estonia, 3 Dapartmant of Chamistry, Talinn Universify of Technology, Talinn, Estonia,
#Instifute of Chemistry, Universify of Tarfu, Tanlu, Esfonis, & Esforiésn Health Board, Talinn, Esformis

Ida-Viru County, in Eastern Estonia, features industrially contaminated sites—where oil
shale has been mined and used for electricity generation, and shale il extraction.
Higher prevalence of respiratory and cardiovascular disease has been found in the region
due to high quantities of air pollution. Within the framework of “Studies of the health
impact of the oil shale sector—S0OHOS,” this analysis aimed to map earlier human
biomonitoring (HBM) studies and identify the suitable biomarkers for upcoming HBM
in Estonia. Altogether, three studies have been conducted among residents: first, among
adults in the 1980's; second, among children in the 1990's; and third, among employees,
with a focus on workers and miners in the oil shale chemistry industry in the late 1990's
and 2000's. In some of those studies, increased lavels of biomarkers in blood and urine
(heavy metals, 1-OHP) have appeared; nevertheless, in last 20 years, there has been
no population-wide HBM in Estonia. According to air pollution monitoring and emission
analysis, the pollutants of concern are benzene, PM4g, PMz 5, and PAHs. In general,
there is a decreasing trend in air pollutant levels, with the exception of a slight increase
in 2018. One of the aims of HBM is to be analyzed if this trend can be identified in HBM,
using similar biomarkers as applied earlier. The future perspective HBM could be divided
into two Tiers. Tier 1 should focus on exposura biomarkers as heavy metals, PAH, and
BTEX metabolites and Tier 2, in later stage, on effect biomarkers as Ox LDOL, TBARS, etc.

Keywords: industrially affected lands, heavy metal, air pollution, PAH, HEM



Heavy metals in adults’ blood (pg/l)
| lead | Cadmium | Mercury | Studyyear _

Tallinn 82 5 1982-1983
Kohtla-Jarve 171.2 9.6 5_3 1983
Voru 74.1 3.4 3.6 1982
Saaremaa 1387 57 6.5 1982
Haapsalu 125 2 3.2 8.2 1982-1983
Hilumaa 915 213 49 1984
Matsalu 822 2 4 79 1982
Viidumae 94 6 21 4.6 1982
Lahemaa 222.3 4.7 8.3 1985
Maardu 160 8.0

Kostivere 133 6.8



Heavy metals in adults’ blood (pg/l)

| lead | Cadmium | Mercuy | _Studyyear

Tallinn

Kohtla-Jarve

\Voru

Saaremaa

Haapsalu
Hilumaa
Matsalu
Viidumae
Lahemaa
Maardu
Kostivere
Estonia

82.5
171.2
4.1
138.7
125.2
91.5
82.2
94.6
222.3
160
133
6.2

9.6
3.4
5.7
3.2
2.3
2.4
2.1
4.7
8.0
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0.4

5.3
3.6
6.5
8.2
4.9
7.9
4.6
8.3

1982-1983
1983
1982
1982

1982-1983
1984
1982
1982
1985

2025-2026



Content of heavy metals in hair in
industrially contaminated sites (ug/g)

Beijing|Poland|France| Swe- | Italy | Brazil India |[Estonia

(Rodu- | fonte ta et al.,
2005) |shkin & ; 2004)

Axelss | 2000)

Lead 11.07 867 156 105 041 09 711 1250 1.46 4.65 0.71
Cadmium 1.3 0./0 007 011 001 0.06 0.23 0.06 0.02 0.13 0.02
Mercury 0.77 062 028 050 066 0.15 062 1.80 0.82 0.24



Preliminary study for the

biomonitoring of pesticide residues

CRRee UUDISED v RAADIO LASTELE JUPITER

Inimeste teavitamist toidus sisalduvate taimekaitsevahendite jadkidega seotud riskidest

uudised EESTI ARVAMUS MAJANDUS VALISMAA KULTUUR SPORT MENU TEADUS
tuleks parandada

o o _ R o Riigikontroll: anallGusid ei ndita sisse soddavate
TALLINN, 10. juuni 2019 - Riigikontroll on seisukohal, et kuigi taimkaitsevahendite piirnormide i o 5
iiletamisi leitakse taimses toidus iiha vihem, tuleb Veterinaar- ja Toiduametil ning taimemurkide tegelikku kogust

Maaeluministeeriumil parandada inimeste teavitamist toidus sisalduvate taimekaitsevahendite 26
jadkidega seotud riskidest. Olgugi et Eestis siiiiakse vdga palju taimset importtoitu, voetakse proove EESH
peamiselt kohalikust tava- ja mahetoidust, mis on aga vorreldes imporditud toiduga oluliselt 10062010001
puhtam, ning analiiiisid ei peegelda seetottu adekvaatselt iildpilti tegeliku taimse toidu ostukorvi

kohta. Samuti esitatakse laborianaliiiiside tulemusi viisil, mis jatab toidust puhtama mulje.

Konjunktuuriinstituudi uuring eestlaste ostukorvi kohta niitab, et hinnanguliselt 76% puuviljadest, 66%
varsketest ja kiilmutatud marjadest, 64% makaronitoodetest, 43% varsketest koogiviljadest on
imporditud. Eestis voeti 67% proovidest aga hoopis siin kasvatatud vai valmistatud toidust ja vaid 33%

importtoodangust, mis ei ole aga proportsioonis ostukorviga. Niiteks oli Soomes véetud proovidest D a
vaid 16% omamaisest toidust, 84% proovidest voeti importtoidust. Ning Eesti kohalikust toidust véetud
proovides oli omakorda ebaproportsionaalset suur mahetoodete osakaal (ligi 1/3). g O

Koogiviljalett turul. Autor/allikas: Priit MUrk/ERR

Eesti puu- ja koogiviljades on aga 2-3 korda vahem taimekaitsevahendite jaake kui naiteks Laane- voi

Léuna-Euroopast imporditud toodetes. Mahetooted taimekaitsevahendite jd4ke eelduste kohaselt ei Kuigi Eestis stiliakse vaga palju taimset importtoitu, votab veterinaar- ja
sisalda. Veterinaar- ja Toiduameti raporti seireandmed naitavadki, et taimekaitsevahendite jadkide toiduamet proove peamiselt kohalikust toidust, mis on marksa puhtam.
piirnormide (letamisi leitakse jarjest vihem: aastatel 2004-2010 oli selliseid proove keskmiselt 3,6%, Seetdttu ei peegelda anallilisid sisse so8davate taimemiirkide tegelikku
aga 2011-2017 vaid 0,8%. kogust, selgus riigikontrolli auditist.

. . . . . i i o i i i o "Olgugi et Eestis stiliakse vaga palju taimset importtoitu, voetakse proove
Tarbijatele esitatava info pinnalt vib tekkida ekslik arusaam, et k&iki taimekaitsevahendite toimeaineid peamiselt kohalikust tava- ja mahetoidust, mis on aga vérreldes imporditud
anallitsitakse kdikides vdetud proovides. Tegelikult uuritakse tihe konkreetse toimeaine sisaldust ainult toiduga oluliselt puhtam, ning analiiiisid ei peegelda seetSttu adekvaatselt
0sas proovides kuid avalikkusele jéﬁb mulje et see aine puudus kogu analiitisitud toidus Uldpilti tegeliku taimse toidu ostukorvi kohta. Samuti esitatakse laborianaliitiside

tulemusi viisil, mis jatab toidust puhtama mulje," tddeti auditis
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Pesticides

Marketed pesticides in Estonia
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residues in food in 2024
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CRRee UUDISED v RAADIO LASTELE JUPITER

uudised EESTI ARVAMUS MAJANDUS VALISMAA KULTUUR SPORT MENU  TEADUS

Riigikontroll: analtiusid ei naita sisse soddavate

EESTI
10.06.2019

6.2019 0001

lju taimset importtoitu, votab veterinaar- ja
proove It il toidust, mis on marksa puhtam.
Seetottu ei peegelda analiilisid sisse séodavate taimemiirkide tegelikku
kogust, selgus riigikontrolli auditist.
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Current biomonitoring




PARC

Whatwedo Thematic areas News & events Results Synergies About us

Study process - DARLC

Study design, obtaining approvals, and agreements with collaborating partners

Subject brings urine The nurse gives the
Family physcian/nurse or The subject receives a sample and question- samples to the UT's
occupational physician/nurse urine sample container naire to the nurse. contract partner
invates subject into study and a questionnaire The nurse takes blood (Synlab) and the
and hair samples questionnaire to the UT.

25.05.2026 samples are collected from ~850 participants.




Biological material we collect

Hair Urine

3cm = Mainly ~ On average
2—3 months metabolites 1-4 weeks



Study participants

Number of study participants: . . Al Sy Effect
adults and children Heavy metals Pesticides me_ta- BTEX PFAS phthalates, bio-
bolites DINCH markers
Blood Hair Urine Hair Urine Urine Blood Urine U/Nv
> 140 Kohtla-Jarve residents N N N u | N
?; *E-: 140 Narva residents O u C N
E 8 140 Luganuse area residents H | m N N
P ® 80 oil shale industry employees u H O N N\
§ 100 fishermen and their families [ [ I
;% _g 50 farmers and their children [ C H u |
§- ﬁ 50 from nitrate sensitive area [ [ [ I
S %5 50 organic food consumers O O u C
33 70 Tartu residents R B | H N N N
§ 80 Tallinn residents N [ | B N N N
100 Southern-Estonia residents N | B H N N N

m All subjects from the group Selection of subjects from the group



Analytical process

Effect PEAS
_ analyses
biomarkers (Uppsala)
Urine into anaIySeS
Heavy metals ks (Synlab)
analysis chemistry lab Long-term

(Estonian storage of
Health Board userum

Serum Pestitcide
separation analysis

(Synlab) PAH metab.
. t and BTEX BPA
o ong-term ’
Pestitcide storgge of analyses DINCH,
analysis hair phtalates
analyses
(Lund)

Urine into Freezing
UTartu urine
chemistry samples
lab Long-term
storage of
urine

Blood into ezl Heavy metals
: . . UTartu blood analysis
Health registry Questionnaire 00 (Estonian

data data chemistry samples Health Board)
lab




Biomarkers to be analyzed

* Heavy metals
* Pb, Cd, Hg, Cu, Zn, Cr, As, Ni and V

* Polyaromatic hydrocarbon metabolites

* 1-hydroxypyrene, 1- and 2-naphthol, 1-, 2-, 3-, 4- and 9-hydroxyphenanthrene and 2- and 3-hydroxyfluorene

* BTEX (benzene, toluene, etylbenzene, xylenen)

* Pesticides and their metabolites

* Per- and polyfluoroalkyl substances (PFAS)

* Plastificers (phthalates, bisphenols, DINCH)

* Creatinine, cotinine

* Cholesterol, thyroid hormones, inflammatory markers, ...




Next steps

* Creation of a biobank — additional samples collected

e Statistical analysis of survey data and biomarkers of

exposure and impac
* Presentation of resu
* Giving personal feec

t (first half of 2027)
lts to decision-makers (mid 2027)
back (2027/2028)

e Comparison with ot

* Formation of a coho

ner PARC study countries (2027/2028)

* Linking biomonitoring data with health registries (2030+)

rt (our study will last until 2050)
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