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Human exposure to plasticizer chemicals – correlation between indirect 

and biomonitoring exposure estimates in a Norwegian human cohort 

Plasticizers used as additives in numerous consumer products have a continuous release 

into the environment (pseudo-persistent), leading to consecutive human exposure which 

might cause adverse health effects (e.g. endocrine disruption, Bui et al. 2016, Wormuth et al., 2006). 

Indoor air quality and house dust may have significant impact on human health because 

people spend most of their time indoors, where the concentrations of plasticizers are 

comparatively high. 

Inhalation and dermal exposure through air, transdermal exposure through dust adhered to 

the skin, oral exposure through diet and unintended dust ingestion (hand to mouth contact) 

have been considered as major exposure pathways (Koch et al., 2013a;Latini, 2005;Wittassek and Angerer, 2008). 

On the other hand, daily intake of plasticizers can also be determined through analysis of 

urinary metabolites. The human biomonitoring approach allows the detection of 

plasticizers  in specific populations, by taking into account all possible routes of exposure 

and all relevant sources (Alves et al. 2014, Angerer et al. 2007). 
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Objective 

The aim of this study is to determine the presence of phthalate 

esters and alternative plasticizers in samples from a Norwegian 

study population (61 adults from households in the Oslo area). The 

external routes of exposure is under investigation using validated 

analytical methods, in order to estimate the human intake rates and 

compare them with defined acceptable tolerable daily intake values 

(TDI) for children and adults. At the same time, using the human 

biomonitoring approach we performed a risk assessment for the 

Norwegian study population based on the plasticizer urinary levels. 
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Questionnaires 
Biomonitoring estimation 

Percentage change (%) in urinary phthalate metabolites (95%CI) 

5-OH-MEHP 

Smoking   

No  Reference   

Yes  77.2 (5.3; 197.7)** 

Washing hands   

≤8times/day Reference   

>8 times/day -28.9 (-46.5; -5.6)** 

Consumed foods with plastic packaging a   

<10 foods/day Reference   

≥10 foods/day 30.1 (-0.7; 70.4)* 

5-oxo-MEHP 

Education    

≤12 years Reference   

13-16 years -38.9 (-69.7; 23.5)* 

≥17 years -26.5 (-62; 41.9) 

Smoking     

No  Reference   

Yes  71.9 (-8.3; 222.8)* 

MnBP 

Age (per year) 2.6 (0.7; 4.5)** 

Smoking 

No  Reference   

Yes  70.2 (-15.9; 244.9)** 

Eating with hands    

<4 times/day Reference   

≥4 times/day 33.4 (-10.2; 98.4)* 

MBzP 

Age (per year) 1.3 (-0.5; 3.2)* 

Education   

≤12 years Reference   

13-16 years -58.5 (-80.7; -10.5)** 

≥17 years -47.5 (-74.4; 7.8)* 

Smoking      

No  Reference   

Yes  203.7 (52.8; 503.8)** 

MEP 

Age (per year) 5.0 (2.2; 8.0)** 

Eating with hands    

<4 times/day Reference   

≥4 times/day 71.8 (-5.2; 211.4)* 

PCP in the last 24 hours   

≤5 PCPs/day Reference   

>5 PCPs/day 251.5 (80.2; 585.5)** 

MiBP 

Age (per year) 1.9 (0.6; 3.2)** 

Wash hair    

<4 times/week Reference   

≥4 times/week -25.0 (-43.4; -0.7)** 

Wearing gloves when house cleaning    

No  Reference   

Yes  -26.5 (-47.1; 2.1)* 

Consumed foods with plastic packaging a   

<10 foods/day Reference   

≥10 foods/day 23.1 (-4.1; 58.1)* 

OH-MINCH 

Washing hands    

≤8times/day Reference   

>8 times/day -67.2 (-89.7; 4.2)* 

cx-MINCH 

Wearing gloves when house cleaning    

No  Reference   

Yes  253.2 (-34.7; 1810.6) * 
aAverage number of consumed foods packaged in plastic during the 2 days. 
*p-value<0.2 and **p-value<0.05 of Wald test. 

Pharmacokinetic modelling 

Figure 4. Conceptual diagram of the modified Lorber PK model 

(Lorber et al., 2010; Lorber and Koch, 2013). Mass transfer 

rates (1/h) are depicted as k whereas mass fractions are given 

as f (unit less). 

Air sampling with personal and stationary pumps, and Solid Phase 

Extraction (SPE) with ENV+ cartridges. 

Handwipe samples were collected by using glass wool. 

Indoor dust from floor and elevated surfaces was extracted with 

Microwave Assisted Extraction, and cleaned up with SPE NH2. 

All samples were analyzed with GC-MS/MS. 

Homogenized food samples from a 24h duplicate diet were 

extracted with modified QuEChERs, and analyzed with Q Exactive 

Hybrid Quadrupole-Orbitrap Mass Spectrometer. 

• Total daily intake based on inhalation, dust ingestion and dermal 

exposure indicates low exposure to the selected PEs. 

 

• Diet is the most important exposure pathway. 

 

• The cumulative risk assessment for combined plasticizer exposure, 

expressed as HQs and HI, was below established risk limits, even 

considering the worst case scenario (i.e. maximum values). 

 

• Significant associations were found using uni- and multi- variable 

analysis, between phthalate & DINCH metabolites and lifestyle & 

sociodemographic characteristics (e.g. number of personal care 

products used per day, consumed food with plastic packaging). 

Figure 1. Daily intake estimates  (DI)  from different external media (i.e. dust, air) and 

comparison with tolerable daily intake (TDI). Bekö et al. 2013  

Figure 2. Hazard quotients (HQ) and hazard index (HI) for the 

Norwegian human cohort based on acceptable doses (USEPA, 

1987; EFSA, 2005a, 2005b, 2005c; Bhat et al., 2014). HI was 

calculated based on chemicals with anti-androgenic health effects 

(DINCH and DMP were excluded). 

Figure 3. Median urinary MEP (in μg/g creatinine) by three 

consecutive urine spots and by number of personal care 

products used in the last 24 hours. 
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Table 1. Multivariate linear regression mixed models of phthalate ester 

and DINCH urinary metabolites by lifestyle characteristics. 


