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Abstract 

Perfluorinated alkylate substances (PFASs) are widely used and have resulted in human 

exposures worldwide. PFASs occur in breast milk, and the duration of breastfeeding is 

associated with serum-PFAS concentrations in children. To determine the time-dependent 

impact of this exposure pathway, we examined the serum concentrations of five major PFASs 

in a Faroese birth cohort at birth, and at ages 11, 18, and 60 months. Information about the 

children’s breastfeeding history was obtained from the mothers. The trajectory of serum-

PFAS concentrations during months with and without breastfeeding was examined by linear 

mixed models that accounted for the correlations of the PFAS measurements for each child. 

The models were adjusted for confounders such as body size. The duration of exclusive 

breastfeeding was associated with increases of most PFAS concentrations by up to 30% per 

month, with lower increases during partial breast-feeding. In contrast to this main pattern, 

perfluorohexane sulfonate was not affected by breast-feeding. After cessation of 

breastfeeding, all serum concentrations decreased. This finding supports the evidence of 

breastfeeding being an important exposure pathway to some PFASs in infants.  
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INTRODUCTION 

Perfluorinated alkylates (PFASs) are widely used to make industrial products resistant to 

water, oil or stains 1. PFASs can have immunotoxic effects, and a major concern is that PFAS 

exposure may undermine childhood immunization programs 2. Due to the particular 

vulnerability of the immune system during early development 3, the sources of PFAS 

exposure in infants are of special interest.  Concentrations of PFOS and PFOA in breast milk 

are generally between 20 and 100 ng/L 4, and a daily milk intake of about 125 mL/kg body 

weight 5 could easily contribute about 6 ng/kg per day or a total of 1 µg/kg for the 

recommended 6 months of breast-feeding 6. These amounts may appear small, but 

elimination of long-chain PFASs in humans is very slow, with half-lives in adults thought to 

be several years 7-9. PFAS concentrations in infant formulas are low 4, 10, and exposure via 

human milk could therefore lead to elevated serum concentrations in breastfed infants 11, 12. 

As a result, serum PFAS concentrations in the infant may eventually exceed those of the 

mother 11, 13. 

Breastfeeding is recommended by WHO as the exclusive food source for infants 

during the first 6 months after birth and onwards partially with supplementary food up to age 

2 years 14. This recommendation focuses on the beneficial effects for both mother and child. 

Although WHO did not consider the possible impact of environmental chemicals present in 

human milk, the risks and benefits of breast-feeding has sometimes been referred to as “the 

weanling’s dilemma“ 15. 

The present study examines the association between months with exclusive or partial 

breastfeeding and serum- PFAS concentrations in the children up to age 5. 
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MATERIALS AND METHODS 

Human subjects. A birth cohort of 656 children born in the Faroe Islands was formed 

during 1997-2000 and followed prospectively.2 A serum sample and informed consent were 

obtained at week 32 of pregnancy. Only singleton births were included in the cohort. During 

a 12-month period of the follow-up period, a subgroup of mothers was invited to bring in 

their children for an examination and blood tests at ages 11 months and 18 months, while all 

children were invited for the examination at age 5 years. The prenatal exposure was assessed 

from the mother’s serum-PFAS concentrations at pregnancy week 32. Sufficient serum 

volume for chemical analysis at ages 11 or 18 months was available for 81 children and for 

538 children at age 60 months.   

The duration (in months) of exclusive and partial breastfeeding was obtained from the 

mothers, who filled in a questionnaire when the children were 5 years old. Our previous 

studies in this population have shown an excellent association between maternal reports on 

breastfeeding duration up to seven years later 16. As traditional intake of pilot whale meat is a 

major source of PFAS exposure 17, the mothers were asked whether or not the child had eaten 

any whale meals by age 5.  

From the clinical examinations, the child’s birth weight and length as well as height 

and weight at subsequent follow-up were obtained to allow calculation of the ponderal index 

(PI; g/cm3). The ponderal index was chosen as an appropriate alternative to the body mass 

index to obtain a standardized measure of distribution volume during the infancy-childhood 

follow-up period. 

Exposure assessment. Major PFASs in serum collected at the clinical examinations 

were measured by online solid-phase extraction and followed by high-pressure liquid 

chromatography with tandem mass spectrometry 2, 18: perfluorohexane sulfonate (PFHxS), 

perfluorooctanoate (PFOA), perfluorooctane sulfonate (PFOS), perfluorononanoate (PFNA), 
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and perfluorodecanoate (PFDA). Quality control samples obtained from the German Quality 

Assurance Programme (Q-EQUAS) are included in each sample series analyzed. Within-

batch imprecision (assessed by the coefficient of variation) was better than 3% and between-

batch imprecision better than 5.6% for all analytes. The children’s neonatal serum-PFAS 

concentrations was calculated based on PFAS ratios between cord and maternal pregnancy 

serum concentrations previously estimated for the same cohort 19: 0.74 (PFHxS); 0.34 

(PFOA); 0.72 (PFOS); 0.50 (PFNA); and 0.29 (PFDA).   

Statistical methods. All PFAS concentrations were log-transformed prior to the 

analyses to obtain normally distributed residuals of the models. The age dependence of the 

PFAS concentration was modeled using a piece-wise linear model: 

 !",$ = 	'" + 	) exclusive",$ + 	*	mixed",$ + 	+	nonmilk",$	 + 	,",$ (1) 

where !",$ is the log-transformed serum concentration of child - at age ., while exclusive",$, 

mixed",$, and nonmilk",$ indicates the number of months that the child was exclusively 

breastfed, partially breastfed, and not breastfed at all by age .. At birth, the serum 

concentration is given by the intercept ('") which is allowed to be specific for each child. 

During the period of exclusive breastfeeding, the log-transformed concentration is assumed to 

change by a slope of ) per month. Likewise, during partial breastfeeding the slope is *, and 

after weaning, the slope is +.  

We first included only the three concentrations obtained at birth and at age 11 and 18 

months. The model was estimated using a linear mixed model with breastfeeding variables 

included as covariates. Heterogeneity between children in the PFAS levels at birth was 

modeled by assuming that the intercept  '" followed a normal distribution with a mean ' and 

a variance /. In this way we allow for correlation between PFAS measurements from the 

same child.  The error terms ,",$were assumed to follow normal distributions with mean zero 

and an exponential serial covariance structure ( cov(,",$, ,",$0) = σ2 exp( -d(a,a’) /ρ),  where 
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2$,$� is the distance between age . and age .�). This addition allows serum concentrations 

at ages close in time to be more strongly correlated than measurements further apart. 

 

We then extended the model to include the PFAS concentration at age 5 years and 

assessed the changes in serum concentrations during the period after weaning. The first 

model included the breastfeeding variables as described in Equation (1)  

Then the analyses were  repeated after adjustment for effects of sex, child size and 

exposure from whale meat intake at 60 months. The effect of the child’s size on the serum 

measured concentration was modeled by including child’s PI as an additional covariate so 

that the serum-PFAS concentration at a given age was assumed to depend on the PI at that 

age. We used the PI at 12 months for correction of serum concentrations at age 11 and 18 

months. Further, the concentrations at age 5 years were adjusted for whale meat intake. We 

also adjusted for sex and for interaction between  sex and breastfeeding variables. 

Serum-PFAS concentrations at birth were collected differently and may therefore have 

been less precise than the subsequent concentrations.  In a sensitivity analyses, we therefore 

allowed the birth concentrations to have a larger variance than concentrations obtained later. 

This was done by modifying equation (1) to include a normally distributed random effect 3",$ 

which is non-zero only for concentrations at birth (a=0). 

All test probabilities were two-sided, and we calculated 95% confidence intervals 

using robust standard errors. Although only 12 children have complete PFAS information, the 

mixed model analysis also includes information for in-complete cases under an assumption 

that data are missing at random20. These statistical analyses were performed using SAS 9.4. 

 

RESULTS 
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All samples contained measurable concentrations of all five PFAS compounds (Table 

1). The children were breastfed exclusively for a median of 4.5 months (interquartile range, 

IQR: 3.5 months; 6 months), followed by partial breastfeeding with supplementary baby food 

for a median of 4 months (IQR: 2 months; 7 months). More than two-thirds of the children 

had eaten whale by age 5. 

We considered the 81 children who had at least one measurement of serum-PFAS 

concentrations at ages 11 or 18 months. Table 1 shows the characteristics of these children. 

Figure 1 shows the trajectories of the five major PFAS for the 12 children with complete 

observations from all examinations. The child with the lowest concentrations (blue dotted 

line) was not breastfed at all, whereas the child with the highest PFOS concentration (black 

solid line) was breastfed exclusively in 6 months and was partially breastfed during the 

following 5 months.  

Results of the linear mixed models are shown in Table 2 (left columns). In the models 

that include only birth, age 11 and age 18 months concentrations, a general increasing trend 

was found for all PFASs, with exception of PFHxS. During months with exclusive 

breastfeeding, significant increases in the concentrations of four PFASs occurred, ranging 

between 18.1% (95%CI: 12.5%, 24.1%) for PFDA to 29.2% (95%CI: 25.3%, 33.1%)  for 

PFOS per month. For months with partial breastfeeding, the PFAS concentrations showed 

less apparent, though still significant increases, and only small, if any, increases were 

associated with the number of months without any breastfeeding. In contrast, PFHxS showed 

a decrease in the serum concentration during all three periods, the steepest and highly 

statistically significant occurring during months without breastfeeding.   

To follow the longer-term development of serum-PFAS concentrations after weaning, 

we also included the age-5 serum concentrations (Table 2, right columns). The months with 

exclusive or partial breastfeeding showed similar effects on the age-60 months serum 
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concentrations as in the models based only on the infancy data. Overall, the development of 

the PFAS concentrations during months without breast feeding showed significant decreases 

for PFHxS, PFOA, and PFOS.  

Assuming that no further exposure occurs, the slope of the (log-) curve for months 

without breast milk can be interpreted as a reflection of the biological half-life of the serum-

PFAS concentration. We find that the child’s serum concentration has decreased by half of 

the peak concentration at the completion of breast feeding after approximately 22 months 

(PFHxS), almost 50 months (PFOA), and more than 52 months (PFOS).  

Predicted time-dependent serum-PFAS concentrations are shown in Figure 2 for two 

children who differ only in number of months with exclusive breastfeeding; one being 

exclusively breastfed for 4.5 months (median duration in the cohort) and one for 6 months 

(duration recommended by WHO 14), neither of them having ever having eaten whale by age 

5 years.   

After adjustment for the child’s PI, sex and whale intake, the changes in serum-PFAS 

concentrations during breast-feeding and after weaning were almost unchanged (Table 3). 

The PI showed a positive, though borderline significant association with the serum-PFOA 

concentration, while the association with the other four PFASs was negative and not 

statistically significant. The children who consumed at least one whale meal before age 5 had 

up to 31.9% (95%CI: -6.9%, 86.6%) higher serum-PFAS concentrations compared to the 

children who had not eaten whale, but there was no statistically significant difference in the 

PI between children who had eaten whale and those who had not. Also we found no 

statistically significant differences between boys and girls in PFAS concentrations levels 

(Table 3) and interaction terms with breast feeding variables were also not significant. 

Finally, the sensitivity analysis allowing for additional variation in concentrations at birth did 

not lead to important changes in the estimated effects of breastfeeding variables. 
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Neither were there any statistically significant difference in PFAS concentrations 

between boys and girls.  

 

DISCUSSION 

The present study aimed at examining the profile of serum-PFAS concentrations 

during the first 5 years after birth. Because of the substantial number of children examined in 

a prospective design, the results add considerable information to current insight into PFAS 

exposures and kinetics. As PFAS may occur in elevated concentrations in human milk 11, 12, 

as compared to infant formulas 4, 10  neonatal exposures were assumed to depend on the 

duration of breast-feeding 21. As we used log scale transformations of PFAS concentrations, 

the higher milk concentrations from mothers with elevated serum concentrations 12, 13 were 

included in the model by default. However, neither the newborn baby’s PFAS concentrations 

and the concentrations in milk were measured in this study, which instead relied on the 

maternal serum concentrations measured at a specified point during pregnancy. Although the 

reliance on maternal serum may be a limitation of this study, it avoids variability in cord 

serum associated with gestational age and in milk levels associated with the time of sampling. 

Our results show that four of the major PFASs tended to increase substantially during the 

breast-feeding period, thereby suggesting that human milk is a main source of exposure 

during infancy. The peak serum concentration was reached at the completion of breast-

feeding and was relatively greater for PFOA than for PFNA that was greater than for PFDA, 

thus suggesting a possible dependence on chain length.  

However, the steep decrease in the children’s serum-PFHxS concentrations during the 

nursing period – in contrast to the steep increases for the other PFASs measured – suggest 

that early postnatal PFHxS exposure in the Faroes mainly originates from sources other than 

human milk. Although the calculated neonatal serum concentration may have been slightly 
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inaccurate, the results based on all 81 children, whether breastfed or formula-fed, support the 

trend of decreasing serum concentrations of this PFAS during early childhood in this 

community. Our study did not attempt to characterize other exposure sources, apart from 

whale meat intake. Due to the wide variety of PFAS uses, 1 multiple indoor sources 22 and 

food items 23 can potentially contribute to human exposures, also during childhood. We note 

that PFHxS has been used to stain-proof upholstery and carpets and therefore also occurs in 

house dust,24, 25 which may constitute an important exposure source in later childhood and 

onwards. Such sources may explain the increases in serum-PFHxS concentrations shown in 

Figure 1. Although this figure is based on only twelve subjects with complete data, the 

general pattern is similar to those seen in Figure 2 based on the complete study group, where 

missing data were modeled.  

While human milk is unlikely to be the sole source of exposure, a PFAS transfer of 1 

µg/kg during 6 months of exclusive breast-feeding 6 would support the notion that human 

milk could be the dominant exposure source for infants. Because the cohort children were 

breast-fed for different durations, exclusively and partially, we were able to calculate the 

associations between serum concentrations and lactational exposure. Our results are also in 

agreement with previous reports that exposures from baby food were negligible.4, 10  

The calculated elimination half-lives are in reasonable accordance with previous 

reports based on serum-PFAS concentration profiles in adults. More specifically, a half-life 

of 5.4 years for PFOS in retired workers is quite similar to our calculation of 53 months (4.4 

years) for children. Likewise, our finding of 50 months (4.2 years) for PFOA in children is 

reasonably similar, though somewhat higher than estimates for adults of 3.8 years 7 and 2.3 

years 9. However, our finding of 22 months for PFHxS months is much lower than the 

estimated half-life of 8.6 years in adults 7. All of these studies relied on serial serum 

measurements following a peak exposure, while assuming that subsequent exposures were 
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negligible. As this assumption is likely to be wrong, the half-lives are most probably 

exaggerated. Also, it should be noted that the present study relied on blood samples obtained 

from infants and children after parental consent, and that substantial attrition may mean the 

study population differs in some respects from the background population. Thus, no definite 

conclusion can be drawn at this point whether elimination kinetics in children differs from 

adults. Nonetheless, the results support the notion that the PFASs accumulate in the human 

body, and these data may be useful to extend modeling studies that calculate the long-term 

build-up of PFASs in the body starting at early development. 26 

Adverse effects of PFASs reported in children with similar serum-PFAS 

concentrations include immunotoxicity, as revealed by decreased antibody concentrations 

toward childhood vaccines 2 and increased frequency of common infections 27. Given the 

importance of postnatal development of acquired immune function, the shape of the serum 

concentration profile may be important for PFAS-associated immune deficits. Our recent 

study 2 focused on serum concentrations measured only prenatally and at age 5 and may 

therefore have underestimated the impact of the changes in serum-PFAS concentrations 

during infancy. The results of the present study suggest that future research should more 

closely monitor early postnatal PFAS exposures, especially during the breast-feeding period.  

One final issue is worth consideration. Breast-feeding represents an excretion pathway 

for the mother, although apparently not for PFHxS. Serial analyses of human milk have 

shown that concentrations of PFOA and PFOS may decrease by an average of 46% and 18% 

during 6 months of breast-feeding 11. Calculations based on cross-sectional data also support 

the conclusion that breast-feeding leads to higher serum concentrations in the child and lower 

in the mother 21. These findings suggest that several months of breast-feeding may 

substantially lower the mother’s own body burden, thereby possibly representing a maternal 

advantage.   
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Table 1. Characteristics of 81 members of the Faroese birth cohort with serum-PFAS concentrations at birth and at ages 11, 18, and 60 

months.  

 Birth   Age 11 months  Age 18 months  Age 60 months 

Variable N (%) Median (IQR)  N (%) Median (IQR)  N (%) Median (IQR)  N (%) Median (IQR) 

Sex  

(Number, girls (%)) 81 (100%) 32 (39.5%) 

 

-- -- 

 

-- -- 

 

-- -- 

            

Age (months) 81 (100%) 0 (0,0)  68 (83.95%) 10.8 (10.8,10.8)  70 (86.42%) 17.3 (16.7,18.4)  76 (93.83%) 59.4 (59.1,59.8) 

PI (kg/m3) 81 (100%) 22.5 (21,23.9)  69 (85.19%) 21.7 (20.6,23.0)  69 (85.19%) 21.7 (20.6,23.0)  76 (93.83%) 14.7 (13.9,15.5) 

Whale intake  

(Number, yes (%)) -- -- 

 

-- -- 

 

-- -- 

 

74 (91.36%) 53 (70.7%)  

Breast-feeding (months)           

Exclusively  81 (100%) 0  73 (90.12%) 4.5 (3.5,6.0)  73 (90.12%) 4.5 (3.5,6.0)  73 (90.12%) 4.5 (3.5,6.0) 

Partial 81 (100%) 0  73 (90.12%) 4.0 (2.0,5.0)  73 (90.12%) 4.0 (2.0,7.0)  73 (90.12%) 4.0 (2.0,7.0) 

None  81 (100%) 0  75 (92.59%) 1.8 (0,5.3.0)  75 (92.59%) 8.7 (5.2,11.5)  75 (92.59%) 50.3 (47.6,54.4) 

Serum concentration (ng/mL)           

PFOS 80 (98.77%) 6.0 (5.2,7.2)  68 (83.95%) 23.2 (14.9,34.7)  33 (40.74%) 24 (20.2,29.1)  71 (87.65%) 13.3 (10.6,16.6) 

PFOA 80 (98.77%) 2.0 (1.7,2.7)  68 (83.95%) 8.2 (6.1,10.9)  33 (40.74%) 6.1 (5.1,10)  71 (87.65%) 3.8 (3.1,4.9) 

PFHxS 80 (98.77%) 1.9 (1.3,2.8)  68 (83.95%) 0.8 (0.5,1.1)  33 (40.74%) 0.8 (0.6,1.0)  71 (87.65%) 0.5 (0.3,0.7) 

PFNA 80 (98.77%) 0.3 (0.2,0.4)  68 (83.95%) 0.8 (0.4,1.1)  33 (40.74%) 0.8 (0.5,1.0)  71 (87.65%) 0.9 (0.8,1.2) 
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PFDA 80 (98.77%) 0.1 (0.1,0.1)  68 (83.95%) 0.2 (0.1,0.3)  33 (40.74%) 0.2 (0.1,0.2)  71 (87.65%) 0.3 (0.2,0.4) 

a Count and percentage. 

Abbrevations: Median, geometric mean. IQR, interquartile range. PI, ponderal index 

EBJ jeg har indsat to gange ”.0” – jeg håber at det er rigtigt – undgå dette format en anden gang.
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Table 2: Percentage change in serum-PFAS concentrations per month during exclusive breast-

feeding, partial, and none.   

 

	 	 	 Mixed	model	up	to	18	months	 	 Mixed	model	up	to	60	months	

PFAS	

(ng/mL)	 Variable	

	

Change	 95%CI	 p-value	 	 Change	 95%CI	 p-value	

PFOS	 Exclusive	 	 29.2	 (25.3,	33.1)	 <.0001	 	 30.2	 (26.2,	34.3)	 <.0001	

	 Partial	 	 4.4	 (1.0,	7.8)	 0.0108	 	 1.0	 (-1.2,	3.2)	 0.3762	

	 None	 	 0.7	 (-0.5,	1.9)	 0.2693	 	 -0.9	 (-1.2,	-0.6)	 <.0001	

PFOA	 Exclusive	 	 27.8	 (23.6,	32.1)	 <.0001	 	 31.2	 (28.0,	34.5)	 <.0001	

	 Partial	 	 3.9	 (0.5,	7.3)	 0.0252	 	 0.1	 (-1.6,	1.9)	 0.8951	

	 None	 	 0.7	 (-1.1,	2.5)	 0.4528	 	 -1.3	 (-1.5,	-1.0)	 <.0001	

PFHXS	 Exclusive	 	 -1.0	 (-7.9,	6.3)	 0.7723	 	 -7.5	 (-12.1,	-2.7)	 0.0032	

	 Partial	 	 -4.2	 (-8.9,	0.7)	 0.0874	 	 1.3	 (-1.4,	4.0)	 0.3518	

	 None	 	 -9.3	 (-10.9,	-7.6)	 <.0001	 	 -1.2	 (-1.5,	-1.0)	 <.0001	

PFNA	 Exclusive	 	 20.8	 (15.7,	26.1)	 <.0001	 	 19.6	 (15.9,	23.3)	 <.0001	

	 Partial	 	 5.2	 (1.0,	9.6)	 0.0172	 	 2.9	 (0.7,	5.3)	 0.0108	

	 None	 	 -1.5	 (-2.8,	-0.2)	 0.0303	 	 0.7	 (0.5,	1.0)	 <.0001	

PFDA	 Exclusive	 	 18.1	 (12.5,	24.1)	 <.0001	 	 16.1	 (12.2,	20.1)	 <.0001	
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	 Partial	 	 4.8	 (0.2,	9.7)	 0.0412	 	 3.3	 (0.8,	5.8)	 0.0099	

	 None	 	 -0.2	 (-2.7,	2.4)	 0.8924	 	 1.3	 (0.9,		1.6)	 <.0001	
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Table 3: Percentage change in serum-PFAS concentrations per month during exclusive breast-

feeding, partial, and none, as compared to the effect of a 10% increase in ponderal index (PI) and 

whale intake. All results are adjusted for changes in PI and whale intake. 

	 	 	 Mixed	model	up	to	18	months	 	 Mixed	model	up	to	60	months	

PFAS	

(ng/mL)	 Variable	

	

Change	 95%CI	 p-value	 	 Change	 95%CI	 p-value	

PFOS	 Exclusive	 	 30.0	 (26.0,	34.0)	 <.0001	 	 30.5	 (26.4,	34.8)	 <.0001	

	 Partial	 	 3.2	 (0.0,	6.5)	 0.0481	 	 0.6	 (-1.5,	2.7)	 0.6021	

	 None	 	 1.0	 (-0.1,	2.2)	 0.0738	 	 -0.9	 (-1.4,	-0.3)	 0.0012	

	 PI	 	 -3.5	 (-7.7,	0.9)	 0.1137	 	 -0.2	 (-4.8,	4.6)	 0.9251	

	 Whale	 	 --	 --	 --	 	 0.2	 (-17.3,	21.4)	 0.9834	

	 Sex	(boy	vs	girl)	 	 -4.9	 (-16.0,	7.7)	 0.4248	 	 -4.3	 (-16.8,	10.0)	 0.5349	

PFOA	 Exclusive	 	 29.0	 (24.8,	33.4)	 <.0001	 	 29.7	 (25.6,	34.0)	 <.0001	

	 Partial	 	 2.6	 (-0.4,	5.7)	 0.0893	 	 0.1	 (-2.1,	2.5)	 0.9059	

	 None	 	 0.8	 (-1.0,	2.7)	 0.3909	 	 -0.6	 (-1.1,	0.0)	 0.0567	

	 PI	 	 0.5	 (-4.8,	6.1)	 0.8555	 	 5.3	 (0.0,	10.8)	 0.0479	

	 Whale	 	 --	 --	 --	 	 -2.8	 (-20.6,	19.1)	 0.7851	

	 Sex	(boy	vs	girl)	 	 -6.0	 (-20.8,	11.6)	 0.4762	 	 -2.0	 (-17.6,	16.6)	 0.8206	

PFHXS	 Exclusive	 	 -3.6	 (-10.2,	3.4)	 0.2990	 	 -7.5	 (-12.5,	-2.2)	 0.0060	

	 Partial	 	 -2.0	 (-6.5,	2.7)	 0.3972	 	 0.9	 (-2.1,	4.0)	 0.5539	

	 None	 	 -9.1	 (-10.8,	-7.3)	 <.0001	 	 -2.4	 (-3.4,	-1.4)	 <.0001	

	 PI	 	 2.7	 (-5.2,	11.2)	 0.5081	 	 -3.6	 (-11.0,	4.4)	 0.3688	

	 Whale	 	 --	 --	 --	 	 31.9	 (-6.9,	86.8)	 0.1189	

	 Sex	(boy	vs	girl)	 	 -0.3	 (-17.8,	21.0)	 0.9794	 	 10.0	 (-12.3,	38.1)	 0.4071	
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PFNA	 Exclusive	 	 21.1	 (15.5,	26.9)	 <.0001	 	 20.5	 (16.5,	24.6)	 <.0001	

	 Partial	 	 4.3	 (-0.1,	8.9)	 0.0530	 	 2.5	 (-0.1,	5.1)	 0.0606	

	 None	 	 -1.0	 (-2.0,	0.1)	 0.0838	 	 0.3	 (-0.1,	0.8)	 0.1581	

	 PI	 	 -4.9	 (-9.6,	0.2)	 0.0579	 	 -2.1	 (-6.3,	2.3)	 0.3393	

	 Whale	 	 --	 --	 --	 	 15.3	 (-10.2,	48.2)	 0.2622	

	 Sex	(boy	vs	girl)	 	 7.3	 (-11.0,	9.2)	 0.4380	 	 8.6	 (-7.7,	27.8)	 0.3160	

PFDA	 Exclusive	 	 17.3	 (11.1,	23.8)	 <.0001	 	 16.3	 (12.1,	20.7)	 <.0001	

	 Partial	 	 4.7	 (-0.5,	10.1)	 0.0732	 	 2.9	 (0.1,	5.9)	 0.0452	

	 None	 	 0.6	 (-1.5,	2.8)	 0.5608	 	 1.0	 (0.5,	1.5)	 0.0002	

	 PI	 	 -4.3	 (-9.8,	1.6)	 0.1374	 	 -1.2	 (-5.7,	3.5)	 0.6022	

	 Whale		 	 --	 --	 --	 	 11.2	 (-11.4,	39.7)	 0.3564	

	 Sex	(boy	vs	girl)	 	 0.2	 (-17.5,	21.6)	 0.9869	 	 0.1	 (-14.1,	16.7)	 0.9875	

 

 

 

 

 

Figure legends: 

 

Figure 1: PFAS trajectories for 12 children with complete data on serum-PFAS concentrations at 

ages 0, 11, 18, and 60 months. Note the different exposure scales.  

 

Figure 2: Predicted PFAS trajectories for two children breastfed exclusively for 4.5 months 

(average for the cohort) and 6 months (WHO recommendation), both being partially breastfed 

during the subsequent 4 months.  



21	

	

 

 

 

 



22	

	

 
 
 
 


