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A B S T R A C T   

Background: Knowledge about PFAS exposure in Africa is limited. We have previously detected six types of PFAS 
in the serum of infants from Guinea-Bissau, West Africa. The aim of this study was to identify predictors of the 
infant serum-PFAS concentrations. 
Methods: This cross-sectional study was based on a subset of data from a randomized controlled trial of early 
measles vaccination performed in 2012–2015 in three rural regions of Guinea-Bissau. Blood samples were ob
tained from 237 children aged 4-to-7 months, and six types of PFAS were quantified in serum. Location of 
residence was recorded, and information about predictors related to socioeconomic status as well as maternal 
and child characteristics were obtained through structured interviews with the mothers through routine 
surveillance. 
Associations between potential predictors and infant serum-PFAS concentrations were examined in linear 
regression models while adjusting for potential confounding and mediating factors as identified in a directed 
acyclic graph. 
Results: Infants from the Cacheu region had the lowest concentrations of perfluorooctanoic acid (PFOA), while 
infants from the Oio region had the lowest concentrations of all other PFAS. Compared to infants from Oio, infant 
serum-perfluorooctane sulfonic acid (PFOS) concentrations were 94.1% (95% CI: 52.4, 147.1%) and 81.9% (95% 
CI: 45.7, 127.1%) higher in Cacheu and Biombo, respectively. Higher maternal age and lower parity were 
associated with slightly higher child-serum perfluorohexane sulfonic acid (PFHxS) concentrations, while infants 
with higher socioeconomic status and infants breastfed without supplementary solid foods at inclusion had 
higher average concentrations of most PFAS, although the confidence intervals were wide and overlapped zero. 
Discussion: Location of residence was the most important determinant of serum-PFAS concentrations among 
Guinea-Bissau infants, indicating a potential role of diet as affected by the global spread of PFAS, but future 
studies should explore reasons for the regional differences in PFAS exposure.   

1. Introduction 

Pollution with per- and polyfluoroalkyl substances (PFAS) has 
become a global health threat (Pelch et al., 2019). This group of man
made chemicals, frequently referred to as ‘forever chemicals’, are 

persistent and bioaccumulative (ATSDR, 2021). They have been pro
duced since the 1940s and are used in various consumer products 
including impregnated carpets, furniture, water-repellent clothing, 
coated food packaging materials, non-stick cookware, and firefighting 
foam (EFSA CONTAM Panel et al., 2020). Today they are ubiquitous in 
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the environment and found in rivers, soil, air, drinking and rainwater, 
food, and house dust (Cousins et al., 2022; Pelch et al., 2019). PFAS 
exposure have been associated with numerous adverse health effects 
including higher total cholesterol, effects on the immune system, can
cers, thyroid hormone disorders, and changed lipid- and insulin regu
lation (ATSDR, 2021; EFSA CONTAM Panel et al., 2020; Fenton et al., 
2021; Liew et al., 2018). 

In North America, Europe, and Asia, humans are exposed to PFAS 
through contaminated drinking water and food, direct skin contact, and 
inhalation of indoor air and dust (Domingo and Nadal, 2019; Poothong 
et al., 2020; Sunderland et al., 2019). Children are exposed from the 
same sources as adults (Winkens et al., 2017), but they are additionally 
exposed prenatally via transplacental transfer and after birth via 
breastfeeding (Gyllenhammar et al., 2018; Kingsley et al., 2018; Mam
sen et al., 2019; Manzano-Salgado et al., 2016). 

PFAS exposure have been widely examined among populations in 
Europe (EFSA CONTAM Panel et al., 2020), North- and South America 
(ATSDR, 2021; Kurwadkar et al., 2022), the Middle East, and Asia 
(IPEN, 2019), but knowledge about PFAS exposure and exposure routes 
in Africa is still limited (Ssebugere et al., 2020). PFAS have been found in 
sewage, drinking water, fish and invertebrates, soil, crops, and food 
packaging materials in some African countries (Ssebugere et al., 2020). 
Furthermore, they have been detected in maternal serum, umbilical cord 
blood (Hanssen et al., 2010), and breast milk (Macheka et al., 2022) 
from South African women, in breast milk samples from women across 
Africa (KoneTraore et al., 2021), and in blood samples obtained from 
Tanzanian women after they gave birth (Muller et al., 2019). We have 
previously detected six types of PFAS in serum from infants in 
Guinea-Bissau (Timmermann et al., 2020), but the sources of PFAS in 
this area are largely unknown. Knowledge about predictors of exposure 
is needed to potentially prevent further PFAS exposure and to identify 
potential confounders when studying adverse health effects of PFAS 

exposure. The aim of this study was thus to identify predictors of infant 
serum-PFAS concentrations using data from Guinea-Bissau infants. 

2. Materials and methods 

2.1. Study population 

This study was based on data from a trial conducted by the Bandim 
Health Project, which runs a health and demographic surveillance sys
tem in Guinea-Bissau (Thysen et al., 2019). In 2012–2015, children aged 
4-7-months from three rural areas of Guinea-Bissau (Oio, Biombo and 
Cacheu, Fig. 1) were included in a randomized controlled trial of early 
measles vaccination (Fisker et al., 2018). At inclusion, finger-prick blood 
samples were collected from a subgroup of infants living in villages 
within a 2-h drive from Bissau, the capital of Guinea-Bissau, and suffi
cient serum from 237 children allowed assessment of six types of PFAS. 

2.2. PFAS assessment 

As previously described (Timmermann et al., 2020), PFAS were 
measured at University of Southern Denmark using online solid-phase 
extraction followed by liquid chromatography and triple quadrupole 
mass spectrometry. The six types of PFAS measured were per
fluorohexane sulfonic acid (PFHxS), perfluorooctane sulfonic acid 
(PFOS), perfluorooctanoic acid (PFOA), perfluorononanoic acid (PFNA), 
perfluorodecanoic acid (PFDA), and perfluoroundecanoic acid 
(PFUnDA). The limit of detection (LOD) was 0.03 ng/mL for all types of 
PFAS. One child had serum-PFUnDA concentrations below the LOD, and 
the serum-PFUnDA concentration for this child was replaced by 0.015 
ng/mL (LOD/2). All other types of PFAS were detected in all serum 
samples (Timmermann et al., 2020). One extreme PFNA value (16.2 
ng/mL) was determined, and residual serum was insufficient for 

Fig. 1. Guinea-Bissau regions Map 
Modified from free vector maps (Free Vector Maps, 2022) 
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duplicate analysis. This extreme value was excluded from the statistical 
analysis to avoid excessive influence. 

2.3. Potential predictors 

Based on existing knowledge (ATSDR, 2021; EFSA CONTAM Panel 
et al., 2020) and data availability, we examined three groups of potential 
predictors: Location of residence, maternal/child characteristics, and 
socioeconomic status (SES). Residence location was defined based on 
region, i.e., Oio, Biombo, or Cacheu, and maternal and child charac
teristics included child sex, weight, age, maternal age, parity indicated 
by the number of children previously born by the mother, and breast
feeding without introduction of solids. We considered maternal educa
tion, owning a mobile phone or radio, having a generator in the house, 
having a bathroom, roof type (hard or straw) on the home, as well as 
number of people sleeping in the same room and same bed as the child as 
SES indicators. At enrolment all children were weighed and information 
about number of children sleeping in the same room and bed as the child 
was obtained. Information about all other factors were collected through 
the Bandim Health Project health and demographic surveillance system 
(Thysen et al., 2019). 

2.4. Statistical analyses 

Associations between potential predictors and serum-PFAS concen
trations were examined in linear regression models. Because PFAS dis
tributions were skewed, the data were log-10 transformed, and results 
were subsequently converted to express percentage differences in PFAS 
concentrations relative to changes in the predictors. For each PFAS and 
each predictor, we conducted both crude analyses and analyses adjusted 
for potential confounders and mediators as identified in a Directed 
Acyclic Graph (Fig. 2). Mediators were included to estimate the direct 
effect of each predictor on the PFAS concentration. Analyses of SES in
dicators were performed both with and without mutually adjustment for 
all SES indicators, whereas when adjusting for SES in other analyses we 

included only maternal education. Information on maternal education 
was missing for 10% of the participants. In order not to reduce the 
sample size, we divided education into three categories including also 
those with missing information, i.e., no education/1–11 years of edu
cation/unknown. The rest of the variables had relatively few missing 
values, and we thus performed complete case analysis. All analyses were 
adjusted for possible dependence between twins (6 pairs) and children 
from the same villages (37 villages) using the Stata package reghdfe 
(Correia, 2017), which allows for two-way clustering. Homoscedasticity 
and normal distribution of the residuals were examined by visual in
spection of residual-versus-fitted values plots (RVF plots) and 
quantile-quantile plots (QQ plots), respectively. Linearity of continuous 
variables was examined by visual inspection of the RVF plots. In all 
analyses, the assumption about normal distribution of the residuals, 
homoscedasticity and linearity was met. Variance inflation factor (VIF) 
was used to investigate multicollinearity between the covariates in 
adjusted analyses, and all mean VIFs were lower than 5. All statistical 
analyses were performed using Stata BE 17. 

2.5. Ethical considerations 

The original study was approved by the ethical review committee in 
Guinea-Bissau (Comité Nacional de Etica na Saúde) and in Denmark 
(Danish Central Ethical Committee [consultative approval]). Re-use of 
the blood samples for PFAS analyses were approved by the ethical 
committee of the Capital region of Denmark (Journal number H- 
21066975). This study was conducted without access to any personal 
identifiers. 

3. Results 

Among the 237 infants included in the study the median serum-PFAS 
concentration ranged from 0.10 ng/mL for PFHxS to 0.77 ng/mL for 
PFOS (Table 1). The sex distribution was relatively even with 48% girls. 
Sixty-one (26%) of the children came from the Oio region, 141 (59%) 

Fig. 2. Directed acyclic graph (DAG) illustrating the hypothesized associations between potential predictors and child serum-PFAS concentrations.  
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from Biombo, and 35 (15%) from Cacheu (Table 2). At the time of in
clusion in the study, all but one child was still being breastfed (results 
not shown), and 102 children (44%) were being breastfed without 
supplementary solids foods (Table 2). The maternal age ranged from 13 
to 47 years, with 44 (19%) of the mothers being 13–19 years old and 32 
(14%) being 36–47 years old at the time of birth. Only 34 (14%) were 
first time mothers, while 60 women (26%) had given birth to between 
five and eleven children. One-hundred-and-two women (43%) had no 
education (Table 2). 

3.1. Maternal and child characteristics 

Serum-PFAS concentrations were generally slightly lower among 
boys than girls, but confidence intervals were wide, and none of the sex 
differences were significant (Table 3). Maternal age was also not 
significantly associated with child serum-PFAS concentrations, but after 
adjustment for maternal parity and education, each one-year higher 
maternal age was associated with 1.6% (95% CI: − 0.1, 3.4%) higher 
infant serum-PFHxS concentrations and a similar though weaker 

association was seen for PFOA. In crude analyses, maternal parity was 
not significantly associated with child serum-PFAS concentrations, but 
child serum-PFHxS concentrations were 6.0% (95% CI: 0, 11.7%) lower 
for each of the mothers’ prior born children, when adjusting for 
maternal age and education. Higher parity was likewise associated with 
slightly lower child serum-PFOA concentrations but higher PFNA and 
PFDA concentrations, though these associations were not statistically 
significant. After adjustment for child age and weight, breastfeeding 
without solid foods by the time of inclusion at 4–7 months of age was 
associated with 13.7% (95% CI: − 1.2, 30.7%) higher serum-PFDA 
concentrations, and similar trends were seen for PFOA, and PFUnDA 
(Table 3). Higher infant age and lower infant weight at inclusion was 
associated with slightly higher serum-concentrations of most PFAS, but 
the associations were not significant (Table 3). 

3.2. Socioeconomic status 

After adjustment for maternal age, parity and location of residence, 
low socio economic status tended to be associated with lower child- 
serum-PFAS concentrations. Thus, each extra person sleeping in the 
same bedroom as the child, was associated with 3.9% (95% CI: 0.5, 7.2) 
lower serum-PFOS concentrations, and similar though non-significant 
associations were seen for the other types of PFAS. Likewise, each 
extra person sleeping in the same bed as the child, was associated with 
9.6% (95% CI: 2.8, 16.0) lower serum-PFOA concentrations, and similar 
but non-significant associations were seen for most types of PFAS 
(Table 4). Having a bathroom in the compound, was non-significantly 
associated with higher concentrations of all types of PFAS. However, 
children living in a house with a hard roof had 24.6% (95% CI: 13.3, 
34.5) lower serum-PFNA concentrations compared to children living in a 

Table 1 
Distribution of serum-PFAS concentrations in 237 infants from Guinea-Bissau.   

PFAS 
n Median ng/mL serum (25th, 75th percentile) 

PFHxS 237 0.10 (0.09, 0.14) 
PFOS 237 0.77 (0.53, 1.02) 
PFOA 237 0.68 (0.53, 0.92) 
PFNA 236 0.21 (0.13, 0.31) 
PFDA 237 0.19 (0.15, 0.25) 
PFUnDA 237 0.12 (0.10, 0.16)  

Table 2 
Participant characteristics among 237 Guinea-Bissau infants and their mothers.  

Maternal/child characteristics n (%) Socio-economic status (SES) n (%) Residence location n (%) 

Children’s sex Maternal education Regions 
girls 114 (48) none 102 (43) Oio 61 (26) 
boys 123 (52) 1-11 grade 111 (47) Biombo 141 (59)   

unknown 24 (10) Cacheu 35 (15) 
Maternal age     
13–19 44 (19) Roof Types   
20–25 62 (26) straw roof 95 (41)   
26–35 98 (41) hard roof 138 (59)   
36–47 32 (14) missing 4   
missing 1       

Bathroom in compound   
Maternal parity no 137 (59)   
0 34 (14) yes 94 (41)   
1–2 80 (34) missing 6   
3–4 61 (26)     
5–11 60 (26) Owns a mobile phone   
missing 2 no 106 (46)     

yes 125 (54)   
Breastfeeding without supplementary solids foods missing 6   
no 135 (56)     
yes 102 (44) Radio in house     

no 43 (19)   
Child age at inclusion yes 188 (81)   
4–5.5 months 108 (46) missing 6   
>5.5–7 months 129 (54)       

Generator/Solar panel in house   
Child weight at inclusion no 192 (83)   
<7 kg 131 (55) yes 40 (17)   
≥7 kg 106 (45) missing 5     

Number of persons sleeping in the bed of the child      
2 persons 56 (24)     
3 persons 130 (55)     
4-5 persons 51 (21)     
Number of persons sleeping in the bedroom of the child      
2-3 persons 118 (50)     
4-5 persons 78 (33)     
6-9 persons 41 (17)    
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house with straw roof, with similar non-significant associations seen for 
most types of PFAS (Table 4). 

3.3. Location of residence 

PFAS concentrations in infant serum differed markedly between the 
three Guinea-Bissau regions included in the study (Biombo, Cacheu and 
Oio), with infants from Oio having the lowest median serum concen
trations of all types of PFAS, though median serum-PFOA concentrations 
were comparable between Oio and Cacheu (Fig. 3). Children from Bio
mbo had significantly higher serum-concentrations of all types of PFAS 
compared to children from Oio, while children from Cacheu had 
significantly higher serum-PFOS, PFDA, PFOS, and PFUnDA concen
trations than children from Oio (Table 5). The most pronounced dif
ferences were seen for serum-PFOS concentrations, which were 94.1% 
(95% CI: 52.4, 147.1%) and 81.9% (95% CI: 45.7, 127.1%) higher 
among children from Cacheu and Biombo, respectively (Table 5). 

4. Discussion 

Serum PFAS-concentrations in the present study were generally 
lower than among children in high-income countries (ATSDR, 2021; 
EFSA CONTAM Panel et al., 2020), but serum-PFDA concentrations 
were similr to those seen among Danish 18-month-olds (Højsager et al., 
2022), and serum concentrations of both PFDA and PFUnDA were 
higher than among North American 3-5-year-olds (Ye et al., 2018). We 
found location of residence to be an important predictor of serum-PFAS 
concentrations among infants in Guinea-Bissau, West Africa, while 
maternal parity, age, breastfeeding without solid foods, and socio eco
nomic status played minor roles. 

4.1. Residence location 

Infants from the regions of Biombo and Cacheu had significantly 
higher serum-concentration of most types of PFAS compared to Oio in
fants. Such regional differences have also been seen between South Af
rican communities, with the highest concentrations found in urban and 

semi-urban areas (Hanssen et al., 2010). In our study, most children 
lived in areas that would be considered rural as compared to the urban 
areas of South Africa, but there might still be differences in urbanicity 
with some of the children living closer to the capital, Bissau. However, 
there are no known PFAS pollution sources in neither Bissau, Oio, 
Cacheu, nor Biombo except for the assumed PFAS pollution from the 
Atlantic Ocean (González-Gaya et al., 2019), the atmosphere, and 
rainwater (Cousins et al., 2022; Kurwadkar et al., 2022), and as the 
villages were sampled due to their proximity to Bissau, rainfall is fairly 
similar across the three regions. The regional differences in child 
serum-PFAS concentrations in our study could be due to dietary differ
ences between the regions. Fish is a major part of the diet in all regions, 
and families in Oio are likely to consume more freshwater fish, while 
families from Cacheu and Biombo might have better access to marine 
food, due to proximity to the ocean (Fig. 1). PFAS exposure has been 
associated with intake of marine diet (Dassuncao et al., 2018) and also 
found in freshwater fish (Barbo et al., 2023). However, PFAS contami
nation of fresh water fish is likely to depend on the proximity of surface 
water to manufacturing facilities, landfills, and airports. Thus PFAS 
concentrations in Guinea-Bissau freshwater fish could be very different 
from those found in industrialized counties. In a study from four West 
African countries (Benin, Cameroon, Mali, and Nigeria), PFAS were 
found in fish samples with a detection rate of 89% for PFOS and PFUnDA 
and 67% for PFNA, PFDA and perfluorododecanoic acid (PFDoA) 
(Vaccher et al., 2020). In Cameroon, marine fish contained more PFOS, 
but slightly less PFNA, PFDA, and PFUnDA than fresh water fish 
(Vaccher et al., 2020). PFAS concentrations in marine and fresh water 
fish from Guinea-Bissau are unknown. 

In addition to fish, exposure to PFAS in Guinea-Bissau could also 
occur via contaminated soil and water due to the global spread of PFAS 
via the ocean, atmosphere, and rainwater. Thus, across Africa, PFAS 
have been detected in ambient air and water systems (KoneTraore et al., 
2021). In addition, Guinea-Bissau’s import of pesticides have increased 
due to population growth and gradual increase in agricultural activities 
(Domingos Raimundo Lopes, 2018), and the imported pesticides could 
potentially contain PFAS (United States Environmental Protection 
Agency (EPA), 2022). Soil contamination can lead to uptake of PFAS in 

Table 3 
Associations between maternal/child characteristics and child serum-PFAS concentrations in linear regression models.   

Maternal/child characteristics 
Precent difference in child serum-PFAS concentration (95% CI) 

PFHxS PFOS PFOA PFNA PFDA PFUnDA 

Child sex 
boys crude (n 237a) − 7.2 (− 15.9, 2.4) − 6.0 (− 17.2, 6.8) − 7.7 (− 18.1, 4.0) − 4.3 (− 18.0, 11.8) − 0.0 (− 11.3, 12.7) − 10.0 (− 20.3, 1.7) 

adjustedb (n 237a) − 5.5 (− 13.4, 3.1) − 6.7 (− 17.5, 5.4) − 6.5 (− 17.3, 5.6) − 3.1 (− 18.2, 14.8) 0.4 (− 10.3, 12.4) − 9.0 (− 20.0, 3.4) 
Maternal age 
per year crude (n 236a) 0.1 (− 0.9, 1.1) 0.3 (− 0.9, 1.5) − 0.1 (− 0.9, 0.7) 0.2 (− 1.0, 1.5) 0.5 (− 0.4, 1.4) 0.5 (− 0.4, 1.4)  

adjustedc (n 234a) 1.6 (− 0.1, 3.4) 0.7 (− 1.2, 2.5) 1.0 (− 0.4, 2.4) − 0.9 (− 3.3, 1.6) − 0.1 (− 1.4, 1.3) − 0.0 (− 1.4, 1.4) 
Maternal parity       
per child crude (n 235a) − 1.7 (− 3.9, 0.5) 0.2 (− 3.1, 3.6) − 0.9 (− 3.2, 1.4) 1.3 (− 2.1, 4.8) 1.8 (− 0.5, 4.2) 1.5 (− 0.7, 3.8) 

adjustedd (n 234a) − 6.0 (− 11.7, − 0.0) − 0.9 (− 5.8, 4.3) − 1.5 (− 5.8, 2.9) 2.2 (− 3.6, 8.3) 2.5 (− 1.2, 6.4) 0.9 (− 3.4, 5.3) 
Breastfeeding without supplementary solids 
yes crude (n 237a) 1.4 (− 9.5, 13.6) 3.3 (− 9.1, 17.5) 6.6 (− 7.5, 22.8) − 2.5 (− 20.0, 18.8) 11.3 (− 2.1, 26.5) 4.2 (− 6.7, 16.3) 

adjustede (n 237a) 1.5 (− 9.6, 13.9) 1.1 (− 11.2, 15.0) 6.7 (− 9.9, 26.4) − 1.7 (− 19.8, 20.5) 13.7 (− 1.2, 30.7) 6.1 (− 6.9, 20.8) 
Child age at inclusion 
per month crude (n 237a) 0.4 (− 8.0, 9.6) − 4.5 (− 12.7, 4.6) − 1.0 (− 9.4, 8.2) 2.4 (− 8.1, 14.2) 0.8 (− 7.0, 9.4) 2.4 (− 5.2, 10.6) 

adjustedf (n 237a) 1.3 (− 7.2, 10.5) − 4.3 (− 12.7, 4.9) 1.0 (− 9.2, 12.4) 2.3 (− 7.9, 13.6) 4.2 (− 4.2, 13.3) 4.3 (− 4.5, 14.0) 
Child weight at inclusion 
per kilo crude (n 237a) − 4.4 (− 10.9, 2.6) 0.9 (− 6.8, 9.2) − 3.5 (− 8.2, 1.5) − 2.9 (− 12.4, 7.7) − 0.9 (− 6.7, 5.4) − 3.4 (− 8.9, 2.5) 

adjustedg (n 237a) − 3.7 (− 10.3, 3.3) 2.1 (− 5.7, 10.4) − 2.6 (− 7.8, 2.9) − 2.6 (− 13.0, 9.0) − 0.8 (− 6.3, 5.0) − 2.3 (− 8.3, 4.1) 

CI: confidence interval. 
a n is one lower for all PFNA analyses. 
b Adjusted for child weight. 
c Adjusted for maternal parity and maternal education. 
d Adjusted for maternal age and maternal education. 
e Adjusted for child age and weight at inclusion. 
f Adjusted for breastfeeding without solids and child weight at inclusion. 
g Adjusted for child sex, breastfeeding without solids, and child age at inclusion. 
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plants, including fruits (Brendel et al., 2018; Costello and Lee, 2020) and 
roots (Costello and Lee, 2020; Ghisi et al., 2019). Rice, sweet potatoes 
and fruits are parts of the daily diet in Guinea-Bissau (Domingos Rai
mundo Lopes, 2018) and these foods may constitute sources of exposure. 
Geographical differences in agricultural land use may thus explain the 
regional differences in serum-PFAS concentrations, but we do not have 
data to support this. 

4.2. Maternal age and parity 

In accordance with previous studies from North America (Kingsley 
et al., 2018), Taiwan (Lien et al., 2013) and Sweden (Mamsen et al., 
2019), our study showed slightly higher infant serum-concentrations of 
PFHxS with older maternal age at childbirth. One reason might be that 
maternal serum-PFAS concentrations tend to increase with age since 
these chemicals are poorly excreted and thus accumulate in the body 
(ATSDR, 2021; EFSA CONTAM Panel et al., 2020). Furthermore, older 
women have a larger placenta, and their children might therefore be 
exposed to increased transplacental PFAS transmission during fetal life. 

Because PFAS are transferred across the placenta and through 
breastmilk, maternal serum-PFAS concentrations decrease with 
increasing parity (ATSDR, 2021), and accordingly, infant serum-PFAS 
concentrations will be lower with higher maternal parity. In our 
study, higher parity was likewise associated with lower child 
serum-PFHxS concentrations. 

4.3. Breastfeeding, child age, weight at inclusion, and sex 

As a consequence of PFAS transfer in breastmilk, several previous 
studies have shown higher average child serum-PFAS concentrations 
with increased duration of breastfeeding (Mogensen et al., 2015; Mon
dal et al., 2014; Papadopoulou et al., 2016). Likewise, we found that 
infants breastfed without supplementary solid foods at inclusion had 
higher average concentrations of most PFAS, but the associations were 
not statistically significant, possibly due to limited variance in data since 
almost all children in Guinea-Bissau are breastfed. 

Although not statistically significant, higher infant weight was 
associated with lower serum concentrations of most PFAS among the 
Guinea-Bissau children after adjusting for child age, sex, and breast
feeding, perhaps because smaller bodies exposed to the same amount of 
chemicals as larger bodies, will result in higher concentrations. How
ever, due to the cross-sectional nature of this study, we cannot exclude 
the possibility of PFAS exposure having affected infant growth, as pre
natal PFAS exposure have been associated with reduced body weight 
(ATSDR, 2021; Lee et al., 2021). 

Though again we did not find significant associations between child 
age and serum-PFAS concentrations, older children had slightly higher 
serum concentrations of most PFAS, while taking into regard differences 
in child weight and breastfeeding. Likewise, previous studies have 
shown increasing PFAS concentrations in German children from birth to 
the age of 6 months (Fromme et al., 2010) and in Faroese children from 
birth to 11 months of age (Mogensen et al., 2015). 

Median serum-concentrations of most PFAS were slightly lower 

Table 4 
Associations between indicators of socioeconomic status and child serum-PFAS concentrations in linear regression models.   

Socio-economics status (SES) 
Procent difference in child serum-PFAS concentration (95% CI) 

PFHxS PFOS PFOA PFNA PFDA PFUnDA 

Maternal education (ref:none) 
1–11 years crude (n 237a) 8.0 (− 5.4, 23.4) 13.1 (− 3.2, 32.1) 7.5 (− 7.7, 25.3) − 5.1 (− 19.0, 11.2) − 0.7 (− 11.4, 11.4) − 4.0 (− 13.2, 6.2) 

adjustedb (n 234a) 3.6 (− 10.2, 19.5) 7.7 (− 5.6, 23.0) 7.9 (− 8.4, 27.1) − 8.5 (− 26.6, 14.2) − 0.8 (− 10.3, 9.7) − 7.2 (− 21.2, 9.4) 
mutually adjustedc (n 225a) 4.5 (− 9.7, 20.9) 9.1 (− 4.9, 25.2) 11.8 (− 5.7, 32.6) − 3.3 (− 23.4, 21.9) 2.6 (− 8.2, 14.6) − 3.6 (− 18.3, 13.9) 

unknow crude (n 237a) − 7.4 (− 21.7, 9.5) 4.0 (− 17.9, 31.8) 18.8 (− 5.5, 49.4) − 5.4 (− 24.5, 18.6) 5.0 (− 12.6, 26.3) − 12.1 (− 26.8, 5.5) 
adjustedb (n 234a) − 5.7 (− 20.5, 11.9) 13.7 (− 8.1, 40.8) 21.7 (− 6.4, 58.1) 0.5 (− 20.9, 27.7) 12.6 (− 7.5, 37.0) − 8.3 (− 25.5, 12.8) 
mutually adjustedc (n 225a) − 4.2 (− 20.8, 16.0) 13.2 (− 11.0, 44.0) 22.5 (-7.7, 62.5) 1.7 (− 21.0, 30.9) 14.5 (− 8.9, 44.0) − 7.6 (− 27.2, 17.3) 

Roof type (ref: straw roof) 
hard roof crude (n 233a) 4.1 (− 8.6, 18.6) − 4.5 (− 19.6, 13.4) − 8.3 (− 20.3, 5.5) − 26.0 (− 36.2, − 14.3) − 5.7 (− 16.9, 7.0) − 8.9 (− 18.4, 1.6) 

adjustedb (n 230a) 1.2 (− 11.1, 15.1) − 6.6 (− 17.2, 5.4) − 7.7 (− 19.4, 5.6) − 24.6 (− 34.5, − 13.3) − 4.7 (− 14.0, 5.7) − 10.2 (− 19.1, − 0.3) 
mutually adjustedc (n 225a) 1.9 (− 9.5, 14.9) − 4.3 (− 16.7, 10.1) − 7.7 (− 19.2, 5.5) − 24.7 (− 35.2, − 12.4) -1.1 (− 13.8, 13.3) − 7.0 (− 18.7, 6.4) 

Bathroom in compound 
yes crude (n 231a) − 0.9 (− 15.5, 16.2) 11.9 (− 2.5, 28.5) 10.3 (− 8.3, 32.7) 17.1 (− 3.2, 41.6) 8.1 (− 7.4, 26.1) 11.5 (− 6.2, 32.6) 

adjustedb (n 228a) 0.4 (− 12.9, 15.7) 14.6 (− 2.3, 34.3) 10.2 (− 7.8, 31.7) 17.2 (− 1.8, 39.8) 8.6 (− 4.7, 23.7) 13.7 (− 3.4, 33.9) 
mutually adjustedc (n 225a) 2.0 (− 10.3, 16.1) 12.6 (− 2.9, 30.5) 7.9 (− 8.5, 27.2) 7.6 (− 10.2, 29.1) 5.5 (− 7.6, 20.4) 11.1 (− 7.4, 33.3) 

Owns a mobile phone 
yes crude (n 231a) 2.6 (− 11.5, 7.2) 12.1 (− 2.8, 29.2) − 0.4 (− 9.9, 10.2) 3.1 (− 14.9, 24.9) 4.6 (− 8.9, 20.1) 0.1 (− 12.3, 14.2) 

adjustedb (n 228a) − 5.4 (− 14.0, 4.2) 10.2 (− 4.7, 27.4) − 0.9 (− 10.4, 9.7) 4.6 (− 12.3, 24.7) 5.4 (− 8.6, 21.5) 0.2 (− 13.1, 15.5) 
mutually adjustedc (n 225a) − 6.8 (− 15.1, 2.2) 6.8 (− 7.6, 23.4) − 3.8 (− 13.1, 6.6) 4.8 (− 12.0, 24.8) 3.3 (− 9.9, 18.5) 0.9 (− 11.5, 15.1) 

Radio in house 
yes crude (n231a) 8.6 (− 3.6, 22.4) 6.0 (− 9.6, 24.2) 7.9 (− 6.6, 24.7) − 13.2 (− 30.8, 8.9) 2.0 (− 11.0, 16.9) − 2.2 (− 12.0, 8.6) 

adjustedb (n 228a) 7.4 (− 4.4, 20.6) 5.7 (− 9.6, 23.6) 11.2 (− 3.8, 28.5) − 9.5 (− 28.3, 14.3) 3.0 (− 8.1, 15.3) − 4.2 (− 12.2, 4.6) 
mutually adjustedc (n 225a) 7.1 (− 5.7, 21.7) 5.8 (− 10.4, 25.0) 10.2 (− 6.1, 29.3) − 7.3 (− 25.8, 15.8) 4.1 (− 8.8, 18.8) − 0.1 (− 9.6, 10.4) 

Generator/solar panel in house 
yes crude (n 232a) 0.4 (− 12.4, 15.1) 3.0 (− 13.9, 23.1) − 0.2 (− 16.8, 19.7) − 8.3 (− 26.1, 13.8) − 6.4 (− 20.5, 10.2) − 4.7 (− 15.8, 7.7) 

adjustedb (n 229a) − 0.8 (− 12.8, 12.8) 2.9 (− 15.3, 25.1) 1.6 (− 16.5, 23.7) − 5.7 (− 26.9, 21.8) − 4.5 (− 20.3, 14.5) − 4.5 (− 16.6, 9.4) 
mutually adjustedc (n 225a) − 4.0 (− 14.7, 8.0) 1.4 (− 15.1, 21.1) − 0.3 (− 17.3, 20.2) 2.7 (− 21.2, 33.7) − 5.0 (− 21.0, 14.1) − 0.1 (− 13.0, 14.7) 

Number of persons sleeping in the bed of the child 
per person crude (n 237a) − 4.9 (− 10.1, 0.6) − 5.7 (− 12.5, 1.7) − 9.3 (− 15.3, − 2.8) − 1.7 (− 13.0, 11.1) − 2.2 (− 9.6, 5.7) 5.0 (− 1.9, 12.5) 

adjustedb (n 234a) − 3.1 (− 9.4, 3.6) − 5.3 (− 12.7, 2.8) − 9.6 (− 16.0, − 2.8) − 3.7 (− 15.7, 10.1) − 3.1 (− 10.3, 4.6) 5.4 (− 2.8, 14.3) 
mutually adjustedc (n 225a) − 3.7 (− 11.3, 4.5) − 4.4 (− 13.7, 6.0) − 8.5 (− 17.2, 1.0) − 4.2 (− 15.7, 8.9) − 1.4 (− 10.3, 8.4) 5.8 (− 3.8, 16.2) 

Number of persons sleeping in the bedroom of the child 
per person crude (n 237a) − 1.7 (− 5.4, 2.3) − 2.3 (− 5.4, 0.8) − 2.4 (− 5.9, 1.2) − 0.5 (− 4.6, 3.9) − 1.0 (− 3.9, 2.0) 0.2 (− 3.1, 3.6) 

adjustedb (n 234a) − 1.6 (− 5.2, 2.2) − 3.9 (− 7.2, − 0.5) − 3.4 (− 6.8, 0.2) − 2.8 (− 7.9, 2.6) − 3.0 (− 6.0, 0.1) − 0.7 (− 3.9, 2.6) 
mutually adjustedc (n 225a) − 1.7 (− 5.9, 2.7) − 3.0 (− 7.3, 1.6) − 1.7 (− 6.3, 3.1) − 0.6 (− 6.9, 6.2) − 3.1 (− 7.3, 1.3) − 1.2 (− 5.5, 3.2) 

CI: confidence interval. 
a n is one lower for all PFNA analyses. 
b Adjusted for maternal age, parity and residence location. 
c Adjusted for maternal age, parity, residence location, and other SES factors. 
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among boys, but none of the differences were statistically significant, 
and existing studies have likewise reported conflicting results on sex- 
differences. Studies on infants from Spain, Taiwan, and North America 
(Kingsley et al., 2018; Lien et al., 2013; Manzano-Salgado et al., 2015) 
have found lower serum-PFAS among boys, while a Danish-Swedish 
study (Mamsen et al., 2019) and Chinese study (Pan et al., 2017) 
detected higher PFAS concentrations in boys. 

4.4. Socioeconomic status (SES) 

In high-income countries, high SES has sometimes been associated 
with higher PFAS concentrations (Colles et al., 2020; Montazeri et al., 
2019; Tyrrell et al., 2013). In these countries, employment and income 
are often used as indicators of SES, but in rural Guinea-Bissau, maternal 
education, household assets (radio, mobile phone, generator), and 
housing conditions (compound with bathroom, hard roof on house, 

number of people in same bed and bedroom), are better indicators of 
economic wealth. Using these indicators, we mostly found slightly lower 
serum-PFAS concentrations among children with lower SES indicating 
that increased SES may provide access to more PFAS-containing con
sumer products (Ssebugere et al., 2020), even in this setting. However, 
our results were not consistent across all types of PFAS, and having a 
straw roof was associated with higher serum-PFDA concentrations. This 
might, however, be a spurious association. 

4.5. Strengths and limitations 

Our study took advantage of data collected for a previous study 
(Fisker et al., 2018) and data from the unique health and demographic 
surveillance system under the Bandim Health Project, which gave us 
access to detailed data that are otherwise difficult to collect in a rural 
African setting. However, the aim of the previous study was unrelated to 

Fig. 3. Child serum-PFAS concentrations (ng/mL) by residence location. The box and whisker plots indicate minimum values, 25th, 50th and 75th percentiles, 
maximum values and outliers. 
*One child from Biombo with a serum-PFHxS concentration of 1.8 ng/mL was excluded from the graph.**One child from Cacheu with a serum-PFUnDA concen
tration of 4.2 ng/mL was excluded from the graph. 

Table 5 
Association between residence location and child serum-PFAS concentrations in linear regression models.   

% difference in child serum-PFAS concentration (95% CI) 

PFHxS PFOS PFOA PFNA PFDA PFUnDA 

Residence location (ref: Oio) 
Biombo crude (n 237a) 28.4 (10.5, 49.2) 81.5 (46.2, 125.2) 24.9 (1.7, 53.4) 63.9 (28.5, 109.0) 44.8 (23.8, 69.4) 26.8 (11.6, 44.2)  

Adjustedb (n 237a) 27.0 (9.0, 48.0) 81.9 (45.7, 127.1) 25.6 (3.0, 53.2) 65.7 (29.6, 111.8) 46.9 (25.1, 72.6) 27.5 (12.2, 44.8)  

Cacheu crude (n 237a) 23.8 (0.6, 52.3) 95.2 (54.6, 146.4) − 2.6 (− 22.9, 23.1) 37.1 (2.7, 83.0) 51.4 (17.3, 95.4) 64.7 (12.5, 141.2)  
Adjustedb (n 237a) 20.7 (− 3.4, 50.9) 94.1 (52.4, 147.1) − 3.2 (− 22.5, 20.9) 41.4 (5.8, 89.1) 55.9 (21.4, 100.1) 68.8 (14.8, 148.0) 

CI: confidence interval. 
a n is one lower for all PFNA analyses. 
b Adjusted for maternal education. 
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the aim of this study, and therefore, we did not have information 
available about all potential predictors of serum-PFAS concentrations. 
Potential predictors that would have been of interest include maternal 
diet including intake of marine and freshwater fish, use of 
PFAS-containing products (clothing, carpets and furniture), and PFAS 
concentrations in house dust, drinking water, rainwater, fish, crops, and 
soil. Furthermore, in the present study, PFAS were not measured in 
maternal serum nor in umbilical cord blood, and we were thus unable to 
estimate to what extent PFAS was transferred to the infants from the 
mother via breastfeeding and at the fetal stage via the placenta. 

Despite the lack of some information, we were able to identify 
several predictors of infant serum-PFAS concentrations. This informa
tion may be useful when identifying potential confounders in future 
research on the health effects of PFAS in low-income settings. 

5. Conclusion 

This study contributes to the limited knowledge about sources of 
PFAS exposure in African infants. Our results suggest that particularly 
location of residence was an important determinant among Guinea- 
Bissau infants, pointing towards important environmental sources due 
to the global spread of PFAS. Child serum-PFAS concentrations ranged 
from 0.10 (PFHxS) to 0.77 (PFOS) ng/mL, which is lower than in most 
Western countries. However, due to the persistent nature of these 
chemicals, permanent exposure can lead to health problems in children 
(ATSDR, 2021; EFSA CONTAM Panel et al., 2020; Fenton et al., 2021; 
Liew et al., 2018). Thus, although serum-PFAS concentrations are rela
tively low among infants in Guinea-Bissau, the exposure may well have 
clinical implications (Timmermann et al., 2020), especially if the sour
ces of exposure are not removed or reduced. 
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