FACT SHEET

Stressor: Alkylphenols (AP)

General information: APs are used as additives in plastics and as surface-active ingredients in industrial detergents and emulsifiers. Several APs such as nonylphenol (NP) are persistent, toxic, endocrine-disrupting chemicals. 

Matrix: Human blood serum, cord blood serum and breast milk have been described as a suitable matrix for APs, though comparisons of AP levels in maternal blood and breast milk are missing so far. 

Kinetics: 
- APs are ubiquitously present in food and are also detected in water and air samples


- Other routes of exposure include absorption through skin and inhalation or ingestion from pesticide sprays



- APs generally are rapidly metabolized



- In fish, biological half lives are estimated to be around 10-15 hours

Sampling conditions: Both blood and breast milk sampled can be gathered and stored using standard procedures. Samples are stored at -20°C
Analytical aspects: - Standard measurement methods include combinations of GC, LC, MS and HPLC techniques;

- ELISA methods have been developed for APs in the range of 5-500 ppb;

- Detection limit of LC/MS of<0.5 ng/ml serum;


- Detection limit of RP-HPLC with coulometric-array detection is 0.5-1 ng/ml.
Performance characteristics: - Reproducibility in breast milk is around 2.5-5% using GC/MS

- In blood samples, relative standard deviations of 10% are found using LC/MS
Validation: Analytical methods have been validated for a wide variety of matrices
Confounding factors: No correlations between APs and confounding factors are so far described
Concentrations reported in literature: - Nonylphenol in breast milk: 0.3 mg/kg


- NP in umbilical cord blood: N.D. – 15.17 ng/ml


- NP in blood serum: 
0.58-16 ng/g serum (The Netherlands), 





14-222 ng/g serum (Japan)

Dose-response/effect relationships:  Dose-response relationships are observed in rats:

- Dose 0–60-90-120 mg/kg body weight: dose-response with uterine weight, expression of progesterone and estrogen receptor

- Dose 0-50-100-200 mg/kg body weight: dose-response with testes and prostate weight, daily sperm production and sperm counts
Time trend, geographical variation, susceptible groups: No clearly defines groups with increased susceptibility, this may depend on exposure situations.
FACT SHEET

Stressor: Arsenic (As)
General information: Arsenic is a metalloid which is widespread through the earth’s crust. Arsenic occurs naturally in rocks and can be released through erosion, particularly in water, but it can also be released through human activity (e.g. burning of fuels, production of metal, through agriculture and waste, and through cigarette smoke). Inorganic As is more toxic than organic.

Matrix: - Inorganic As and its metabolites (DMA, MMA) in urine are good markers for recent or chronic exposure   

- Finger nails or hair may be used to detect chronic exposure 

- Blood As is only useful for high-level exposure
Kinetics: - The principal way of exposure is through ingestion, with rapid and extensive absorption in the gastrointestinal tract



- As in inhaled airborne particles is well absorbed in the lungs



- As is rapidly cleared from the blood, and distributed among liver, kidney, lungs, nails, hair, bones



- As is mainly excreted via the kidneys, secondary routes are hair, nails, sweat and feces



  - 45-75% of the dose is excreted within a few days to a week. Half life of elimination is about 40-72 h.

Sampling conditions: - blood and urine can be samples using standard protocols


- Freezing at -80°C is recommended
Analytical aspects: - Total As can be measured using AAS or ICP-MS


- Speciation of arsenic is effective to differentiate between inorganic and organic As, and between tri and pentavalent As.


- For speciation, various types of chromatography or chelation-extraction techniques are combined with AAS, ICP-AES or ICP-MS methods


- Sensitivity is about 0.5-1 µg/l for total As
Performance characteristics: - Analytical reproducibility is 3-15 % for total As


- Inter- and intralaboratory variability is around 5-30%
Validation: International intercomparison programs and certified standards/reference materials are available
Confounding factors: - Diuresis has to be taken into account for urinary arsenic


- Other confounding factors are: age, sex, smoking behavior, food preference, area of living,…

Concentrations reported in literature: - Normal concentrations range from 0.08-0.25 µg/g hair and 0.34 µg/g nail  - The normal range of As in urine can be 5-40 µg/day


- Concentrations of the sum inorganic As + metabolites (MMA + DMA) are generally < 10µg/g creatinin and most of concentrations are < 15 µg/g creatinin (German reference value: 15 µg/L)
Dose-response/effect relationships:  - Inorganic As is a carcinogen classified in group 1 by IARC


- Increased As doses may lead to increased risk of dermal lesions, skin cancer, neurological, haematologic, cardiovascular, hepatic, endocrine, developmental and reproductive effects


- Reference values: oral cancer slope factor is 1.5 (mg/kg/day)-1 and RfD and MRL of 3.10-4 mg/kg/day for non-carcinogenic effects for chronic exposure by oral way
Time trend, geographical variation, susceptible groups: - Some areas in the world have naturally high levels of inorganic As in water
FACT SHEET

Stressor: Bisphenol-A (BPA)
General information:  BPA is extensively employed in the production of epoxy resins and polycarbonate plastics and has estrogenic activity
Matrix: BPA can be analyzed in blood (serum, cord, red blood cells), in breast milk, urine and feaces 
Kinetics: - Food is the main uptake route of BPA



- Exposure from water and atmospheric pollution may be relevant



- In rats, BPA is rapidly absorbed, metabolized and excreted (2-3 days)



- Data from humans show BPA metabolization and excretion within 24 hours, with virtually no accumulation


Sampling conditions: Both blood and breast milk sampled can be gathered and stored using standard procedures. Samples are stored at -20°C
Analytical aspects: - Standard measurement methods include combinations of GC, LC, MS and HPLC techniques;


- Detection limits in breast milk are reported below 1 ng/ml, and 0.6 ng/ml in fresh and seawater 
Performance characteristics: Recoveries of spiked BPA in cord blood are 65-120% and coefficients of variation are blow 15%. Intra- and inter-day variability is generally below 15%.
Validation: Validated analytical methods are developed for cord blood, urine, and other matrices
Confounding factors: BPA patterns may depend on food consumption patterns
Concentrations reported in literature: - Breast milk: 0.8-1.1 ng/ml

- Urine: 1.28 ng/ml


- Cord blood: ND – 4.05 ng/ml


- Blood levels: 0.41 ng/ml
Dose-response/effect relationships: - significant increase in prostate size, decreased epididymal weight and longer anogenital distance in mice
Time trend, geographical variation, susceptible groups: No consistent data are available
FACT SHEET

Stressor: Brominated flame retardants (BFRs)
General information: - Three major classes of BFRs in Europe: 
· tetrabromobisphenol A (TBBPA), 
· hexabromocyclododecane (HBCD)
· three commercial mixtures of polybrominated diphenyl ethers (PBDEs), namely deca-BDE, octa-BDE and penta-BDE. 
- Europe has banned the use of penta- and octa-BDE in electrical and electronic equipment 
- Deca-BDE is the main PBDE of concern, and consists of a mixture of 97-98% BDE-209.
Matrix: BFRs can be determined in blood and adipose tissue, although breast milk is often preferred.
Kinetics: - Major uptake routes include food (fatty fish, milk products), inhalation of dust particles and directly through aerial exposure



- TBBPA and DeBDE have very low uptake rates, with 90-99% of the dose eliminated in feces and gut



- Daily PBDE intake ranges from 0.0001-2.6 µg/kg bw, depending on which congeners considered



- Half-life of Deca-BDE is 11-18 days, and 2 days for TBBPA. 
Sampling conditions: Although routine procedures are appropriate for sampling and storing samples, the omnipresence of BFRs is an obvious contamination risk. Samples are stored at -20°C.
Analytical aspects: - Methods generally are analyzed using GC-MS, with a wide variety of pretreatment, extraction and clean-up procedures

- LOD in human milk is 0.3-0.7 pg/g milk for PBDEs


- LOQ is < 10 pg/g serum fat or breast milk for TBBPA and 30-1500 pg/g for HBCD and deca-BDE

Performance characteristics: -Analytical reproducibility imprecision is around 25% for Deca-BDE and HBCF. 

- Repeatability is in the range of 5-9% and 1-10% relative standard deviation 

- Reliable quantification of Deca-BDE, HBCD and TBBPA remains a problem, with reported CV% of 63% and 53% 
Validation: No uniform, internationally accepted guidelines for BFRs in biological matrices developed yet
Confounding factors: Occupation (e.g. computer work) and diet may be important confounders
Concentrations reported in literature: - BFR concentrations are increasing in the general population, with a doubling of dose every 5 years. 

- Concentrations in North America are 10 times higher than in Europe or Japan
Dose-response/effect relationships: - A general lack of high-quality toxicity data on BFRs


- Acute toxicity is low and no mutagenic potency has been observed. 

- Epidemiological studies generally have not shown adverse effects of occupational exposure  

Time trend, geographical variation, susceptible groups: - An exponential increase in BFRs with a doubling time of 5 years
· Recent data seem to indicate that levels are stabilizing again. 
· Apart from occupational exposure, no obvious susceptible groups are identified.
FACT SHEET

Stressor: Cadmium (Cd)

General information: Cd, a by-product of zinc production, is a cumulative poison that can cause kidney and bone damage following prolonged exposure in the environment and the industry.   
Matrix: Blood and urine (untimed urine sample) are the biological samples commonly used to monitor exposure to Cd.  
Kinetics: - Inhalation is a main source of exposure in smokers and occupationally exposed persons. For others, food contributes to the majority of the intake


- Cd is mainly stored in the liver and kidneys, and is excreted via urine


- The biological half-life of Cd is about 100 days in blood and more than 10 years in urine

Sampling conditions: Blood and urine should be collected in containers free of any metal contamination. Samples can be stored at 4°C or frozen. 

Analytical aspects: - atomic absorption spectrometry (AAS) or ICP-MS

- Sensitivity in 0.01 to 0.1 µg/l



Performance characteristics: - Analytical reproducibility is around 1-2 %

- Inter- and intralaboratory variability around 5-10%
Validation: Various national and international intercomparison programs are in place, methods are well defined and a wide variety of certified standards and reference materials are available
Confounding factors: Diuresis is a potential confounder of urinary Cd concentration. Smoking is a confounder for both blood and urinary Cd
Concentrations reported in literature: - Cd in blood of adult non-smoker: < 2 µg/l


- Cd in blood of adult smokers: < 5 µg/l


- Cd in blood of children: < 0.5 µg/l

- Cd in urine of adults: < 2 µg/g creatinin


- Cd in urine of children: < 0.5 µg/g creatinin
Dose-response/effect relationships:  
	Cd in blood (µg/l)

or in urine (µg/g cr)
	

	< 2
	Normal 

	2-5
	Tubular proteinuria unlikely 

	5-10
	Risk of tubular proteinuria in susceptible individuals

	> 10
	Dose-dependent increase in the risk of tubular proteinuria


Time trend, geographical variation, susceptible groups: Few comparative data exist about the geographical and temporal variations of Cd body burden in Europe. Although a decrease of the Cd body burden has been reported in the general population of some countries, human exposure shows little change compared to the drastic decrease of lead exposure. 

FACT SHEET

Stressor: Dioxins
General information: - a theoretical maximum of 75 polychlorinated dibenzo-p-dioxins and 135 polychlorinated dibenzofurans. 
- Dioxins are generally present as a mixture of compounds, and therefore toxicity and effects are expressed in toxic equivalency factors (TEFs). 
- The most toxic dioxin, 2,3,7,8-TCDD has a TEF value of 1 and the toxicity of all other dioxins and furans is expressed relative to this value (range: 1-0.0003). 
Matrix: - Adipose tissue but mainly blood and breast milk have frequently been used as matrices for dioxins
- Expressed on a lipid basis, correlations between different tissues are generally good.

Kinetics: - For the general population, more than 90% of the total daily intake is derived through food
- For different European countries, total daily intake is around 0,8-2 pg TEQ/kg body weight/day. 
- Dioxins are generally very resistant to metabolization and excretion, with half-lives of several years. 
Sampling conditions: Standard sampling methods for blood, adipose tissue or breast milk should be followed. Samples are stored at -20°C.
Analytical aspects: - Mostly combinations of high resolution gas chromatography and mass spectroscopy (HRGC/HRMS). 
- Bio-analytical methods (in vitro and ligand binding assays) have been developed as a rapid, relatively cheap and sensitive alternatives, though they cannot replace chemical-analytical methods.
- For milk and serum, levels of detection for individual congeners are around 0,05 pg/g lipid.
Performance characteristics: - For almost 20 years, WHO/EURO has been coordinating inter-laboratory quality assessment studies for dioxins in breast milk ald blood. 
- Generally good inter-laboratory comparability (relative standard deviations of 13%), though variability for individual congeners can be considerably higher.
Validation: Analytical methods have been validated by several international agencies (e.g. USEPA, EC).
Confounding factors: Age, food patterns, body mass index and gender can have profound effects on dioxin levels in human tissues.
Concentrations reported in literature: - Median dioxin levels in breast milk ranged from 3,34–22,3 pg/g fat

- Concentrations in blood are reported to be around 20-60 pg TEQ/g fat. 
- Daily intake concentrations are estimated to be around 0,8-2 pg TEQ/kg bw/day. 
- Critical total daily intake values are around 1-4 pg TEQ/kg bw/day
Dose-response/effect relationships:  - Several dioxins are presumed to be human carcinogens, both for acute short term, and chronic long term exposure. 
- Dioxin TEQ exposures within roughly 3-fold of current background levels may be carcinogenic.
- There are indications that in utero exposure to dioxins may result in (neuro)developmental delays, chloracne, alteration of thyroid hormone status and decreased long function. 
Time trend, geographical variation, susceptible groups: - Dioxin levels in breast milk are decreasing, in some countries up to 50%. 
- Global dioxin levels are highest in Western Europe highest. 
- Babies, small children, and humans exposed through diet, are the most susceptible groups.
FACT SHEET

Stressor: Disinfection by-products (DBPs)
General information: - Trihalomethanes (THMs) and trichloroacetic acid (TCAA) may be used to measure human exposure to drinking water disinfection by-products. 
- DBPs are formed through reactions between residual chlorine (and other halogen compounds) and natural organic materials such as fulvic and humic acids. 
- THMs are volatile, while HAAs are classifies as non-volatile.
Matrix: Most efforts have been concentrated on measuring THMs in blood and exhaled breath and HAAs in urine.
Kinetics: - Uptake routes include ingestion, inhalation and dermal absorption. 
- Contributions of different exposure routes to total uptake depends on which DBP is monitored.
- Generally HAAs are mainly taken up through drinking water
- THM uptake is through inhalation or ingestion from water. 
- THMs have very short biological half-lives, only measurable in minutes following exposure. 
- HAAs have longer biological half-lives, integrating exposure over several days.
Sampling conditions: Blood and urine samples are gathered and stored using standard procedures. Exhaled alveolar air can be sampled in valved glass tubes, steel canisters or Tedlar air sampling bags
Analytical aspects: - Most methods combine gas chromatography and mass spectrometry techniques.
- Detection limits depend on the method, matrix and compound measured. 
- General ranges of detection limit for DBPs in blood are < 1 pg/l - 0,1 mg/l (THMs) and > 1 ng/l (TCAA), 0,3-0,5 µg/l for TCAA in urine and 0,1-0,5 µg/m³ for THMs in exhaled alveolar air.
Performance characteristics: Analytical reproducibility is generally good for THMs and TCAA in all matrices, with relative standard deviations of 2,8%-8,5%
Validation: A number of standard methods for the measurement of DBPs is available from the USEPA.
Confounding factors: Age, sex, and occupational exposure may affect the observed DBP concentrations.
Concentrations reported in literature: - Concentrations in water (shower, drinking, pool) are generally in the range of 10-50 µg/l, in shower and pool air between 10 and 200 µg/m³. 
- Concentrations in exhaled air generally range from 4-54 µg/m³, plasma levels from 0,56-5,23 µg/l, and urine levels from 0-30 ng/min if excretion is followed in time 
Dose-response/effect relationships:  No clear dose-response relationships are available
Time trend, geographical variation, susceptible groups: Children, frequent swimmers and occupationally exposed persons generally have higher risk of exposure.

FACT SHEET

Stressor: Fluorinated surfactants
General information: - A very diverse group, which all share an extreme persistence towards degradation. 
- Major groups are perfluoroalkylsulfonic acids (e.g. PFOS), perfluorinated carboxylic acids (e.g. PFOA)  and fluorotelomers. 
Matrix: - Perfluorinated alkyl substances (PFAS) are often associated with plasma albumin binding, which makes blood a suitable matrix. 
- Few studies have shown significant concentrations of PFAS in human milk

- Cord blood may be a good indicator matrix as well.
Kinetics: - The major exposure pathway of PFAS in by food
- Also exposure through inhalation of particle-bound PFAS has been observed

- PFAS are generally very inert and not likely to degrade

- Serum elimination half-life in occupationally exposed workers is estimated to be 8.7 years.
Sampling conditions: - Blood samples can be taken using standard procedures, and are stored frozen at -20°C. 
- Fluorotelomers are more volatile and need special attention.
Analytical aspects: - Because of the ubiquitous nature of PFAS, avoiding contamination of the samples is a major challenge. 
- Analysis is usually performed using GC/MS or LC/MS techniques 
- Detection limits depend on which matrix and compound is analysed 
Performance characteristics: - A first worldwide interlaboratory study highlighted that there are large differences  in analytical performance 
- Variations are mainly due to extraction and clean-up procedures.  

Validation: No particular guidelines for PFAS analysis in human tissues are available.
Confounding factors: Only gender has been illustrated to be a confounder, with higher serum concentrations of PFOS in males.
Concentrations reported in literature: 

	
	PFOS Female
	PFOS Male
	PFHxS Female
	PFHxS Male
	PFOA Female
	PFOA Male
	PFOSA Female
	PFOSA Male

	Maximum (ng/ml)
	81
	72
	3,3
	3,4
	30,9
	38,1
	5,8
	5,8

	Minimum

(ng/ml)
	2,5
	1,3
	0,2
	0,2
	2,4
	3,5
	0,7
	1


Dose-response/effect relationships: - Most toxicological data is available for rodents, 
- Very little epidemiological data for humans is available 
- The NOAEL for males and females was considered to be around 0,03 mg/kg/day and 0,15 mg/kg/day respectively.
Time trend, geographical variation, susceptible groups: - Substantial increases of PFAS concentrations in the environment have been reported over the last decades. 
- With the voluntary production stop of PFOS, concentrations are expected to decrease in the future. 
FACT SHEET

Stressor: Lead (Pb)

General information: a widespread environmental pollutant that can cause neurological, haematological and renal effects in exposed populations

Matrix: Blood is the best biological matrix to monitor Pb exposure

Kinetics:
- Uptake generally through inhalation or ingestion

- Absorbed Pb mainly stored in bones. Pb can cross the placenta and the brain- blood barriers


- Pb is mainly excreted via urine and bile


- Elimination follows the kinetics of a three compartment model with half-lives of 35 days (blood), 400 days (soft tissue), and 20 years (bones)

Sampling conditions: Blood should be collected in containers free of any metal contamination. Samples can be stored at 4°C or frozen

Analytical aspects: - Measured through absorption spectrometry (AAS) or ICP-MS

 

    - Sensitivity of measures is 0.05-0.1 µg/l

Performance characteristics: Analytical reproducibility is 1-2%, inter- and intralaboratory variability is 5-10%

Validation: Measurement methods are fully validated, intercomparison programs and certified standards and reference materials is available

Confounding factors: Smoking, alcohol consumption, menopauses and hormone-replacement therapy

Concentrations reported in literature: 
- Mean values: adults 30-50 µg/l






    
           children 10-30 µg/l






- Critical values: children: 100 µg/l

  




- Occupational biological dose limit: 300 µg/l

Dose-response/effect relationships:  

	Effects
	Pb in blood (µg/l)

	
	Children
	Adults

	Cognitive or hearing impairment
	50-100
	

	Vitamin D3 reduction
	100-150
	

	Erythrocyte porphyrin elevation 
	150-200
	200-300

	Reduced haemoglobin synthesis
	250-300
	500

	Increased urinary delta-aminolevulinic acid
	400
	400

	Frank anaemia 
	700
	800

	Encephalopathy
	800-1,000
	1,000-1,200


Time trend, geographical variation, susceptible groups: In countries where leaded-gasoline has been banned, concentrations of lead in the blood of general population have rapidly decreased to levels that are now about 70-80% lower than those prevailing in the 1970s

FACT SHEET

Stressor: Organochlorine insecticides
General information: - The use of organochlorine insecticides was discontinued after the 1960s due to their persistent contamination. 
- However, they can still be detected in biological samples. 
- Nine organochlorines (aldrin, chlordane, DDT, dieldrin, endrin, heptachlor, hexachlorobenzene, mirex and toxaphene) are subject of the Stockholm Convention on POPs
Matrix: Biological monitoring can be carried out in blood, fatty tissue and urine
Kinetics: - uptake through inhalation, dermal uptake or ingestion


- Detoxification through induction of cytochrome P450 activates organochlorines to genotoxic species
Sampling conditions: Standard sampling procedures should be taken into account

- Since a significant number of compounds may be present in the general “unexposed” population, pre-exposure sampling is recommended for comparison with post-exposure levels
Analytical aspects: - Serum or plasma is extracted using liquid or solid-phase extraction and analyzed using GC and ECD or MS

- Comparable methods are used for other lipid rich matrices such as adipose tissue or breast milk


- Metabolites in urine can be detected in the ng/l level in urine using SPE and GC-MS-MS
Performance characteristics: No data available
Validation: No data available
Confounding factors: No data available

Concentrations reported in literature: No data available
Dose-response/effect relationships: - Organochlorine insecticides are linked with STS, non-Hodgkin’s lymphoma, leukemia and, less consistently, with lung and breast cancers. 

- They may also affect fertility mechanisms at relatively low levels (0.41 ng/ml)
Time trend, geographical variation, susceptible groups: No data available
FACT SHEET

Stressor: Organophosphate pesticides (OPs)
General information: - Organophosphate pesticides are chemicals often used in crop protection. 
- OP’s main mechanism of toxicity is the inhibition of the activity of cholinesterases (ChE).
Matrix: Mainly blood, amniotic fluid and urine
Kinetics: - Exposure to OPs occurs through ingestion, inhalation or dermal contact



- Excretion is usually rapid (80-90% of the total dose within 48 hours)



- Metabolites in urine reflect recent exposure (couple of days)
Sampling conditions: - Standard procedures for blood and urine analysis should be followed


- 24 hour urine samples are advisable


Analytical aspects: Analytical techniques generally are a combination of GC and MS methods
Performance characteristics: Repeatability of cholinesterase inhibition is generally good
Validation: Urinary p-nitrophenol is accepted as a biological exposure marker by the American Conference of governmental Industrial Hygienists
Confounding factors: Urine output may vary

Concentrations reported in literature: 
Dose-response/effect relationships: - Most OPs are rapidly absorbed, metabolized and excreted as non-toxic derivatives

- Methamidophos is suspected to affect male fertility and to produce transmissible adverse embryonic effects after paternal germline exposure
Time trend, geographical variation, susceptible groups: Groups mainly at risk are farm workers, pesticide applicators and manufacturers
FACT SHEET

Stressor: Parabens
General information: - Parabens are chemicals used as preservatives in the cosmetics and pharmaceutical industry. 
- Animal tests show weak oestrogenic activity
Matrix: Non-invasive matrices include urine and skin, with a high potential for hair as a matrix. 
- Breast tissue is only available for the study of breast cancer cases.
Kinetics: Uptake of parabens mainly takes place through the skin.
Sampling conditions: Urine and hair samples are taken and stored using routine methods. 
Analytical aspects: Generally, chemical analysis includes HPLC/MS or GC/MS methods.
Performance characteristics: - Recovery estimates from the extraction procedure for breast cancer tissue gave an average recovery of around 50%. 
- No information is available on inter- and intralaboratory variability.
Validation: No internationally recognized validation schemes
Confounding factors: Because the major source of parabens is through cosmetics and pharmaceuticals, use patterns are extremely important factors.

Concentrations reported in literature: 

	
	Benzyl-paraben
	Isobutyl-paraben
	n-Butyl-paraben
	n-Propyl-paraben
	Ethyl-paraben
	Methyl-paraben
	Total paraben

	Mean (SEM) ng/g (in breast cancer tissue)
	0,0

(0,0)
	0,9

(0,4)
	2,3

(1,0)
	2,6

(0,9)
	2,0

(0,5)
	12,8

(2,2)
	20,6

(4,2)


Dose-response/effect relationships:  No clear dose-response relations are available for humans.
Time trend, geographical variation, susceptible groups: No information is available
FACT SHEET

Stressor: Pesticides

The “Review of Biomarkers of exposure and effects” contains more information on pesticides than merely organophosphate and organochlorine compounds. However, information is generally fragmented, and the reader is referred to the original document for additional data on other pesticides. Data is available on:
14.1 Inhibition of acetylcholinesterase and butyrylcholinesterase

14.3 Paraoxonase (PON1)

14.4 Inhibition of neuropathy target esterase (NTE)

14.6 Carbamate insecticides

14.7 Pyrethroids

14.8 Phenoxyacetic herbicides

14.9 Dithiocarbamate fungicides

14.10 Coumarin rodenticides

14.11 Quarternary ammonium compounds

14.12 Biomarkers for genotoxicity in pesticides biomonitoring

* Chromosomal aberrations

* Micronucleus test

* Sister chromatid exchange

* Single cell gel electrophoresis (SCGE, comet assay)

FACT SHEET

Stressor: Phthalates
General information: - Phthalates are dialkyl- or alklarylesters of 1,2-benzenedicarboxilic acid. 
- Di-2-ethylhexyl phthalate (DEHP) is the most produced compound and thus receives the most research attention. 
- Most phthalates are used as plasticizers, from which they can leach. 
- The most common use of DEHP is in polyvinyl chloride (PVC)
Matrix: - Blood, urine and saliva can be considered as matrices. 
- Other, less common biomarkers include breast milk and amniotic fluid
Kinetics: - Phthalate uptake generally occurs through foods into which phthalates have migrated from packaging, inhalation and dermal absorption. 
- Uptake is in part determined by the type of phthalate concerned
- Exposed to long chain phthalates is mainly through ingestion, shorter chain compounds are more likely absorbed or inhaled
- Exposure of DEHP through food is estimated at 10 µg/kg BW/day. 
- Metabolism is specific to differences between compounds and uptake routes. Because of rapid metabolization of DEHP, it is not expected to bioaccumulate. 
- Typical half-lives of phthalates are in the range of 6-12 hours.
Sampling conditions: Routine sampling procedures for urine, breast milk or blood. Saliva is collected in glass tubes and kept at -40°C.
Analytical aspects: - Blood or urine samples can be analyzed using HPLC or multidimensional LC/LC and tandem MS. 
- Detection limits are in the range of 0,01-0,5 µg/l in blood and breast milk, and 1-30 ng/l for urine
Performance characteristics: No data on inter- and intralaboratory variability is available
Validation: No internationally harmonized programs are available
Confounding factors: Oxidative metabolism of phthalate esters is significantly greater in children than in adults
Concentrations reported in literature: Very little information is available on concentrations in the general population
Dose-response/effect relationships: NOAEL for DEHP metabolites ranges from 3,7-8000  mg/kg bw/day in urine. 

Time trend, geographical variation, susceptible groups: - The use of phthalates in medical devices represents a significant source of exposure, particularly for neonatal patients and patients undergoing blood transfusions. 
- Biomonitoring studies have provided evidence that children may have higher average exposure.
FACT SHEET

Stressor: Polycyclic aromatic hydrocarbons (PAHs)
General information: The most commonly used biomarkers of PAH-exposure are metabolites of PAHs, particularly 1-Hydroxypyrene (1-OH) and PAH-DNA or –protein adducts.

Matrix: - DNA- and protein adducts are determined in blood (white blood cells or lymphocytes) or placenta.

- 1-OH is determined in urine.
Kinetics: - Total intake of carcinogenic PAHs is estimated at 3 µg/day for non-smokers. 

- Main sources of PAHs for non-smokers are occupation, food and air pollution. 

- Tobacco smoke adds around 2-5 µg/day for a 1 pack/day smoker. 

- The half-life of 1-OH is about 18-20 hours, 

- The half-life of DNA-adducts is in the order of months

- Half-life is 20-120 days for protein adducts, depending on the type of protein.
Sampling conditions: Urine or blood samples can be gathered and stored using standard protocols.
Analytical aspects: 1-OH is mainly analysed using either HPLC and fluorescence detection, or GC/MS. 
Performance characteristics: - Detection limits are around 0,05 µg/l for HPLC, and 0,1 µg/l for GC/MS. 

- DNA-adducts are measured using ELISA and ³²P-Postlabelling techniques. 

- Protein adducts are measured in blood proteins using GC/MS, HPLC or ELISA.
Validation: Standardization of ³²P-postlabelling was organized by IARC
Confounding factors: Higher intake of vitamin C may affect the level of DNA adducts in the placenta, and also ethnicity may have an influence of DNA adduct levels
Concentrations reported in literature: 

Dose-response/effect relationships: - Significant correlations are observed between individual personal exposure and DNA-adducts. 

- PAH exposure also correlates with oxidative stress, comet assay and other genotoxic endpoints.
Time trend, geographical variation, susceptible groups: - PAH levels are frequently higher in winter than summer due to residential heating. 

- Studies have additionally suggested an increased susceptibility of the developing foetus.

FACT SHEET

Stressor: Polychlorinated biphenyls (PCBs)
General information: - A mixture of aromatic chemicals, manufactured by the chlorination of biphenyl.

- Theoretically, there are 209 possible PCB congeners, only about 130 congeners occur. 

- PCBs have been widely used for their insulating and non-flammable properties. 

- Certain PCBs have dioxin-like properties due to their structural similarity with 2,3,7,8-TCDD. Toxicity Equivalency Factors (TEFs) range from 0,1 (PCB-126) to 0,00001 (PCB-167).
Matrix: PCBs are generally analyzed in blood (plasma or serum), adipose tissue, breast milk and cord blood.
Kinetics: - Exposure generally occurs through food, mainly dairy products, meat and fish. 

- In newborns, PCBs are transferred in utero and through breast feeding. 

- Daily intake estimates of total PCBs range from 0,05-1 µg/kg bw. 

- Excretion of PCB congeners is dependent on their rate of metabolism to more polar compounds. 

- Half-lives vary between PCB congeners and range from a few days to 450 days.

Sampling conditions: - Breast milk, blood and other matrices should be stored using standard procedures.


- Samples are generally stored frozen at -20°C.

Analytical aspects: - PCBs are generally analysed using GC/ECD, high-resolution MS, or related techniques. 

- Bioanalytical methods use receptor based assays. 

- Levels of detection are around 11-19 ng/kg tissue.
Performance characteristics: The variation coefficients for interlaboratory PCB measurements range 7-14%
Validation: There are internationally accepted validated methods for PCB analysis in different matrices.
Confounding factors: - PCBs bioaccumulate in fatty tissues, so age is associated with higher body burden. 

- As food is a major source of PCBs, dietary habits have an important influence on PCB exposure.

- There is also an 11% decline in total PCBs per 5-unit increase in BMI.
Concentrations reported in literature: - Median concentrations of PCB-153 in human milk are in the range of 8-155 ng/g fat. 

- Large differences among constituents, regions and times are observed.
Dose-response/effect relationships:  - Dose-response relations are not easily made for PCBs because of the different toxicological properties of various congeners and isomers and the large variability in kinetics. PCBs are classified as carcinogens, particularly with regard to the liver. Also reproductive and developmental effects may be related to PCB exposure. 
Time trend, geographical variation, susceptible groups: 

