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Introduction 

Na^� Mmh\dahef� =hgo^gmbhg� hg� J^klblm^gm� Ik`Zgb\� JheenmZgml� "JIJl#� "+',#� aZl� Z]him^]� Z�
`eh[Ze�fhgbmhkbg`�ieZg�"AGJ#�h_�JIJl�mh�ikhob]^�\hfiZkZ[e^�fhgbmhkbg`�bg_hkfZmbhg�hg�ma^�
ik^l^g\^�h_�JIJl�eblm^]�bg�;gg^q^l�;&�<�hk�=�h_�ma^�=hgo^gmbhg�Zg]�mh�_heehp�\aZg`^l�ho^k�
mbf^�Zg]�Zll^ll�ma^�^__^\mbo^g^ll�h_�ma^�f^Zlnk^l�mZd^g�ng]^k�ma^�=hgo^gmbhg�"-#(�;�k^`bhgZe�
ZiikhZ\a�[Zl^]�hg�ma^�_bo^�k^`bhgl�h_�ma^�Ogbm^]�HZmbhgl�pZl�ikhihl^]�Zg]�bfie^f^gm^]�
hg�Z� k^`bhgZe�[Zlbl� "OH� k^`bhgl#(� J^k_enhkhZedZg^� ln[lmZg\^l� "J@;M#�p^k^�ghm� Zfhg`� ma^�
bgbmbZe� mp^eo^�JIJl� Zg]� Zemahn`a�i^k_enhkhh\mZg^lne_hgb\� Z\b]� "J@IM#�]h^l�ghm� _heehp� ma^�
mrib\Ze�iZmm^kg�h_�ma^�[khfbgZm^]�Zg]�\aehkbgZm^]�JIJl&�ma^�lZf^�\hk^�fZmkb\^l���Zf[b^gm�
Zbk�_hk�^gobkhgf^gmZe�Zll^llf^gm�Zg]�anfZg�fbed�_hk�anfZg�^qihlnk^���Zk^�k^\hff^g]^]�
_hk�ZgZerlbl(�>n^�mh�ma^�ar]khiabeb\bmr�h_�J@IM&�lnk_Z\^�pZm^k�pZl�Z]]^]�Zl�Z�\hk^�fZmkbq�_hk�
ma^� J@;M(� Na^� Ogbm^]� HZmbhgl� ?gobkhgf^gm� Jkh`kZff^� "OH?J#� bl� Zllblmbg`� ]^o^ehibg`�
\hngmkb^l�pbma�\ZiZ\bmr�[nbe]bg`�Zg]�lZfiebg`�bg�]^o^ehibg`�\hngmkb^l�Zg]�ZgZerlbl�bg�^qi^km�
eZ[hkZmhkb^l� mh� \hgmkb[nm^�pbma�gZmbhgZe�]ZmZ(� @hnk� k^`bhgZe�ikhc^\ml�p^k^� bfie^f^gm^]� bg�
;_kb\Z&�;lbZ� "bg\en]bg`� ma^�JZ\b_b\� CleZg]l�\hngmkb^l&�a^k^Z_m^k�Z[[k^obZm^]�Zl�J;=#�Zg]� ma^�
FZmbg�;f^kb\Zg� Zg]�=Zkb[[^Zg� \hngmkb^l� k^`bhg� "ALOF;=#� _khf�,*+0� mh�,*,*(� Nabl�iZi^k�
lnffZkbs^l�ma^�k^lneml�`^g^kZm^]�[r�ma^�J@;M�eZ[hkZmhkr�maZm�ZgZers^]�Zee�lZfie^l�_hk�J@IM�
".&/#&� i^k_enhkhh\mZghb\� Z\b]� "J@I;#� "0#� Zg]� i^k_enhkha^qZg^lne_hgb\� Z\b]� "J@BqM#� "1#&� Z�
\hfihng]�ghm�r^m�eblm^]�bg�ma^�Mmh\dahef�=hgo^gmbhg�[nm�Z`k^^]�[r�\hngmkb^l�mh�[^�bg\en]^]�
lbg\^�pZl�k^\hff^g]^]�_hk�eblmbg`(�
�

Materials and methods 

;ee� ZgZerl^l� p^k^� i^k_hkf^]� bg� ma^� J@;M� eZ[hkZmhkr� h_� GNG� L^l^Zk\a� =^gm^k&� �k^[kh�
Ogbo^klbmr� nlbg`� Z� ebjnb]� \akhfZmh`kZia� "F=#� \hnie^]� mh� Z� mkbie^� jnZ]knihe^� fZll�
li^\mkhf^m^k�]^m^\mhk�"GM'GM&�R?PI�NKM�QZm^kl�=hkihkZmbhg&�Gbe_hk]&�OM;#�"2'+*#(�<kb^_er&�
^qmkZ\mbhg�pZl�fZ]^�nlbg`�lheb]'iaZl^�^qmkZ\mbhg�"MJ?'Q;R�\Zkmkb]`^�"0�fF&�+/*�f`&�-*�²f5�
QZm^kl�=hkihkZmbhg�Gbe_hk]&�OM;#5�pa^k^�g^\^llZkr&�Z�\e^Zgni�lm^i�pbma�?HPC'=Zk[�MJ?�mn[^l�
pZl�Z]]^]�Z_m^k�ma^�MJ?�\Zkmkb]`^�]nkbg`�^enmbhg(�;ebjnhml�h_�+*�²F�_khf�ma^�_kZ\mbhgl�Z_m^k�
MJ?�p^k^�bgc^\m^]�hg�Z�<?B�"^mare^g^�[kb]`^]�ar[kb]#�=��'\henfg�"+(1�²f&�,(+�ff���+**�ff5�
QZm^kl�=hkihkZmbhg�Gbe_hk]&�OM;#(�Gh[be^�iaZl^l�nl^]�p^k^�f^maZghe4pZm^k�1*4-*�"o)o#�";#�
Zg]�+**��f^maZghe�"<#�pbma�,�fG�Zffhgbnf�Z\^mZm^�bg�[hma�iaZl^l&�_hk�ma^�anfZg�fbed�
lZfie^l&�f^maZghe�pZl�k^ieZ\^]�[r�Z\^mhgbmkbe^�"+*#(�Nph�fZll�mkZglbmbhgl�"iZk^gm�bhg)ikh]n\m�
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bhg#�_hk�^Z\a�ZgZerm^�p^k^�fhgbmhk^](�<kZg\a^]�blhf^kl�h_�J@IM�p^k^�jnZgmb_b^]�nlbg`�ma^�
ihmZllbnf� lZem� h_� Z� m^\agb\Ze� `kZ]^� J@IM� \hgmZbgbg`� 12(2�� i^k_enhkhhZ\mZg^'+'lne_hgZm^�
"ebg^Zk�J@IM&�F'J@IM#�Zg]�,+(,��h_�Z�fbqmnk^�h_�[kZg\a^]� blhf^kl� "[k'J@IM#� "Q^eebg`mhg&�
An^eia&�IH&�=ZgZ]Z#(�@hk�Zf[b^gm�Zbk&�_bo^�J@IM�ik^\nklhkl�"i^k_enhkh'+'h\mZg^lne_hgZfb]^�
"@IM;#&� f^marei^k_enhkh'+'h\mZg^lne_hgZfb]^� "HG^@IM;#&� ^marei^k_enhkh'+'
h\mZg^lne_hgZfb]^� "H?m@IM;#&� ,'"H'f^marei^k_enhkh'+'h\mZg^lne_hgZfb]h#'^maZghe�
"HG^@IM?#&� Zg]� ,'"H'^marei^k_enhkh'+'h\mZg^lne_hgZfb]h#'^maZghe� "H?m@IM?##� p^k^�
bg\en]^]� "Q^eebg`mhg�FZ[hkZmhkb^l&�An^eia&�IH&�=ZgZ]Z#(�>^mZbel�hg�ZgZermb\Ze�ikh\^]nk^l&�
jnZebmr� ZllnkZg\^)jnZebmr� \hgmkhe&� ]ZmZ� aZg]ebg`� Zg]� lmZmblmb\Ze� f^mah]l� Zk^� ]^l\kb[^]� bg�
k^eZm^]�in[eb\Zmbhgl�"2'++#(�
�
MZfie^l�bg\en]^]�..�gZmbhgZe�ihhel�h_�ikbfbiZkZ�fhma^kl�_khf�.,�\hngmkb^l&�-/0�Zf[b^gm�Zbk�
lZfie^l�\hee^\m^]�[r�iZllbo^�Zbk�lZfiebg`�"J;M#�nlbg`�ik^'\hg]bmbhg^]�ihernk^maZg^�_hZf�
]bldl� "JO@#� ^qihl^]� _hk� mak^^�fhgmal� bg� .+� ]^o^ehibg`� \hngmkb^l&� Zg]� +..� lnk_Z\^�pZm^k�
lZfie^l�\hee^\m^]�Zm�ma^�fhnma�h_�kbo^kl�hk�̂ lmnZkb^l�bg�,,�\hngmkb^l(�Ghlm�lZfiebg`�pZl�]hg^�
bg� ,*+1),*+2(� J@IM� ]ZmZ� lahpg� a^k^� k^_^k� mh� ma^� lnf� [r� Z]]bmbhg� h_� F'� Zg]� [k'J@IM�
]^m^kfbgZmbhgl(�J@I;�Zg]�J@BqM�k^_^k�mh�ma^�ebg^Zk�blhf^kl(�
�

Results and discussion 

;f[b^gm�Zbk�
=a^fb\Ze�ZgZerlbl�h_�bg]bob]nZe�JO@l���lZfie^l�_khf�,*+1���h_m^g�`Zo^�k^lneml�[^ehp�ma^�ebfbm�
h_�jnZgmb_b\Zmbhg� "FIK#5� ma^k^_hk^&� _hk�^Z\a�\hngmkr� ma^�^qmkZ\ml� _khf� ma^� lZf^�r^Zk�p^k^�
\hf[bg^]&�\e^Zg^]'ni�Z`Zbg&�\hg\^gmkZm^]�Zg]�ZgZers^]�Z`Zbg(�Na^l^�lZfie^l�p^k^�gZf^]�
ZggnZe�lZfie^l�Zg]�ma^�k^lneml�]bob]^]�[r�ma^�gnf[^k�h_�JO@l�mh�Z]cnlm�ma^�k^lnem�mh�+�JO@�
Zg]�Zeehp�\hfiZkblhg�pbma�ma^�jnZkm^ker�k^lneml(�@khf�,*+2&�Z�ihkmbhg�h_�ma^�^qmkZ\m�pZl�nl^]�
mh�`^g^kZm^�ma^�ZggnZe�lZfie^�[^_hk^�?HPC�=Zk[�Zg]�MJ?�lm^il(�@bgZeer&�-/0�]^m^kfbgZmbhgl�
p^k^� ZoZbeZ[e^� pa^k^[r� -3� lZfie^l� ]b]� ghm� iZll� ma^� K;)K=� lh� maZm� gh� J@;M� \hne]� [^�
jnZgmb_b^]5�Zghma^k�gbg^�JO@l�"_khf�hg^�\hngmkr#�p^k^�ZgZers^]�Zg]�k^ihkm^]�[nm�ghm�_nkma^k�
bg\en]^]�bg�k^`bhgZe�hk�hma^k�Zll^llf^gml�lbg\^�ma^�Zfhngml�h_�J@IM�Zg]�J@BqM�p^k^�fZgr�
mbf^l�ab`a^k�maZg�Zgr�hma^k�f^Zlnk^f^gm(�L^f^]bZmbhg�phkdl�Zm�ma^�Zbkihkm�p^k^�b]^gmb_b^]�
Zl�ma^�\Znl^�h_�ma^�^e^oZm^]�e^o^el�"ni�mh�-0***�i`)JO@�_hk��J@IM#5�ma^l^�Zk^�ghm�bg\en]^]�
bg�ma^�_heehpbg`�mZ[e^�Zg]�_b`nk^(�@bgZeer&�,.0�jnZkm^ker�Zg]�0,�ZggnZe�k^lneml�p^k^�`^g^kZm^]�
"3#(�Na^�k^lneml�_khf�ma^�-*2�]^m^kfbgZmbhgl&�Z]cnlm^]�mh�hg^�JO@�Zg]�-'fhgma�^qihlnk^�bl�
lahpg�bg�NZ[e^�+(� � Cg�@b`nk^�+�Zg]�NZ[e^�+&�bm�\Zg�[^�l^^g�maZm�f^]bZg�oZen^l�h_�J@I;�bg�Zee�
k^`bhgl�^q\^im�_hk�ma^�JZ\b_b\�CleZg]l�\hngmkb^l�"J;=#�p^k^�ab`a^k�maZg�_hk�J@IM(�@hk�J@IM&�
ab`a�lmZg]Zk]�]^obZmbhgl�"M>#�p^k^�h[l^ko^](�Mn[l^jn^gmer&�ma^�f^Zg�oZen^�_hk�J@IM�bg�ma^�
Akhni�h_�FZmbg�;f^kb\Z�Zg]�ma^�=Zkb[[^Zg�"ALOF;=#�pZl�ab`a^k�maZg�ma^�f^Zg�oZen^�_hk�
J@I;�"NZ[e^�+#(�Na^�f^]bZg�oZen^l�_hk�J@BqM�Zg]�@IM;�p^k^�Zm�s^kh�_hk�mak^^�k^`bhgl&�^Z\a�
Zg]�hger�J;=�aZ]�fhk^�maZg�aZe_�h_�ma^�J@BqM�jnZgmb_b^]�Zg]�ALOF;=�_hk�@IM;(�Cm�lahne]�
[^� ghm^]� maZm� @IM;� \hne]� [^� jnZgmb_b^]� bg� hger� .0�� h_� ma^� lZfie^l5�pa^k^Zl� ma^� hma^kl�
aZ]�83*��]^m^\mbhg�_k^jn^g\r(�Na^� ebfbm�h_�jnZgmb_b\Zmbhg�_hk� ma^�hma^k�J@IM�ik^\nklhkl���
HG^@IM;&�H?m@IM;&�HG^@IM?&� Zg]�H?m@IM?�pZl� ,**� i`)JO@� Zg]�fbllbg`� oZen^l�p^k^�
[^mp^^g�.0(/��Zg]�21(*��hg�Z�k^`bhgZe�i^k�\hfihng]�[Zlbl(�Io^kZee&�ma^�J@IM�ik^\nklhkl�]b]�
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ghm�ieZr�Zgr�khe^(�@hk�]^mZbel&�k^_^k�mh�"3#(�
�

Table 1. Descriptive statistics for PFAS concentrations according to region (concentrations in 

pg/PUF, adjusted to 1 PUF and 3 months) (n=308). SD = standard deviation 
(79;@?� �8B;53� �C;3� �(+"��� &��� %F7B3==�

�?3=ID7C� �$������ �$����� �$������ �$����� �$������

&�%)� �

#73?��)��� ��������� �������� ���������� �������� ���������

#76;3?�0#;?��#3H1� ��	��0������1� ����0�	������1� ���0�����1� ���0�����1� ���0������1�

#;CC;?9� ����	��� ���	��� �����	���� ����	���� �����	���

&�%��

#73?��)��� ��������� ��������� �������� �������	��� ���������

#76;3?� ����0�������1� ����0��	������1� ���0��	������1� ����0������1� ����0�������1�

#;CC;?9� �����	���� ���	���� ����	���� �����	���� ���	����

&��H)�

#73?��)��� �	�����	��� ��	����	��� �	�����	��� ��	�����	��� ��	����	���

#76;3?� ��0�����	�1� ��0�����	�1� ��0������1� ��	��0�����1� ��0�����1�

#;CC;?9� ���	���� ���	���� ����	���� ������� ����	����

�%)��

#73?��)��� ��	�����	��� �	�����	��� ��������� ��	�������� ��	��������

#76;3?� ��0�����1� ��0�����1� ��	��0������1� ��0������1� ��0������1�

#;CC;?9� ������	���� ������	��� ������	���� �����	���� �������	���
�

� �
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�

Figure 1. Bar plot (left) presenting mean values and error bars presenting the standard deviation (SD) 
and box plots (right) scaled for region in the air samples (n=308); all values refer to one PUF and 3 
months exposure. The whiskers represent minimum and maximum concentrations without outliers. The 
lower border of the box represents the first quartile (25%), the line inside the box the median and the 
upper border is the third quartile (75%). The dots outside the whiskers are outliers, which were defined 
as all concentrations greater or smaller the interquartile range multiplied by 1.5 
�
QZm^k�
;�mhmZe�h_�+..�pZm^k�lZfie^l�pbma�..�lZfie^l�_khf�;_kb\Z&�0*�_khf�J;=&�Zg]�.*�_khf�ALOF;=(�
Na^�oZen^l�_hk�"lnf�h_�F'�Zg]�[k'�J@IM#�SJ@IM�kZg`^]�*(*-�g`)F�mh�0(,-�g`)F&�_hk�J@I;�_khf�
*(*/�g`)F�mh�.(*,�g`)F�Zg]�_khf�*(*-�g`)F�mh�-(/+�g`)F�_hk�J@BqM(�Na^�k^lneml�Zk^�oblnZebs^]�
bg�@b`nk^�,(�MmZmblmb\Zeer�lb`gb_b\Zgm�]b__^k^g\^l�[^mp^^g�k^`bhgl�p^k^�_hng]�hger�_hk�ma^�J@I;�
\hg\^gmkZmbhgl� bg� ma^� ;lbZ� JZ\b_b\� k^`bhg� "++� \hngmkb^l#� bg� \hfiZkblhg� mh� ;_kb\Z� "l^o^g�
\hngmkb^l#�Zg]�ALOF;=�"_bo^�\hngmkb^l#(�
�

� �
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�

Figure 2. Bar plot (left) presenting mean values and error bars presenting the standard deviation (SD) 
and box plots (right) for each country scaled for region for the water samples (n=144) 
�
BnfZg�fbed�
@khf�,*+0�mh�,*+3&�..�anfZg�fbed�lZfie^l�_khf�ikbfbiZkZ^�p^k^�\hee^\m^]�bg�.,�\hngmkb^l&�
ihhe^]� bgmh� hg^� gZmbhgZe� lZfie^� Zg]� ZgZers^]� _hk� J@IM&� J@I;� Zg]� J@BqM(� J@I;� pZl�
jnZgmb_b^]�bg�Zee�lZfie^l�[^mp^^g�0(,*�i`)`�_(p(�Zg]�-1(.�i`)`�_(p(�J@IM�pZl�jnZgmb_b^]�bg�-0�
lZfie^l�[nm�Zm�Z�fn\a�pb]^k�kZg`^�maZg�J@I;�"60(,�i`)`�_(p(',+,�i`)`�_(p(#(�J@BqM�pZl�
jnZgmb_bZ[e^�bg�hger�_hnk�lZfie^l�pbma�Z�fZqbfnf�oZen^�h_�+++�i`)`�_(p(�"@b`nk^�-#(�J@IM�pZl�
ab`aer� \hkk^eZm^]�pbma� J@BqM� "J^Zklhg� \hkk^eZmbhg� \h^__b\b^gm� L7*(3/#� Zg]�p^Zder� [nm� lmbee�
ihlbmbo^er�pbma�J@I;�"L7*(..#(�MmZmblmb\Ze�ZgZerlbl�"Zee�hg�i6*(*/#�lahp^]�maZm�J@IM�Zg]�J@I;�
bg� ?nkhi^Zg� \hngmkb^l� "Q?IA%=??#� p^k^� lb`gb_b\Zgmer� ]b__^k^gm� _khf� mahl^� bg� ;_kb\Z� Zg]�
ALOF;=(�
�

� �
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�

Figure 3. Bar plot (left) presenting mean values and error bars presenting the standard deviation (SD) 
and box plots (right) scaled for region for human milk national pools (n=44) 
�
JZmm^kg�
Nak^^�o^kr�]b__^k^gm�\hk^�fZmkb\^l�Zl�k^\hff^g]^]�[r�ma^�Mmh\dahef�=hgo^gmbhg�aZo^�[^^g�
ZgZers^]�_hk�ma^�mph�eblm^]�Zg]�hg^�k^\hff^g]^]�i^k_enhkhZedZg^�ln[lmZg\^l(�Cg�hk]^k�mh�
Zll^ll�]b__^k^g\^l�hg�k^`bhgZe�hk�fZmkbq�[Zlbl&�ma^�iZmm^kg�h_�ma^l^�mak^^�J@;M�p^k^�ln[c^\m�
mh�lmZmblmb\Ze�Zg]�fnemboZkbZm^�ZgZerlbl(�>n^� mh� ma^�gZkkhp�mbf^�i^kbh]&�gh� m^fihkZe� mk^g]l�
\hne]�[^�ZgZerl^](�@khf�ma^�.30�lZfie^l�ZgZers^]&�.-/�aZ]�Zm�e^Zlm�mph�J@;M�jnZgmb_b^]�Zg]�
p^k^�nl^]�_hk�iZmm^kg�ZgZerlbl�[r�nlbg`�ma^�i^k\^gmZ`^�h_�^Z\a�h_�ma^�J@;M�mh�ma^�lnf�h_�ma^�
mak^^�J@;M(� Na^�[hq�pabld^k� iehml� bg� @b`nk^� .&� e^_m&� lahp�Z� \hfik^a^glbo^�ib\mnk^�h_� ma^�
iZmm^kg�h_�ma^�mak^^�fZmkb\^l�bg�^Z\a�h_�ma^�k^`bhgl(�Cm�\Zg�[^�l^^g�maZm�_hk�Zee�lZfie^�mri^l�
Zg]�bg�Zee�k^`bhgl�ma^�f^]bZg�oZen^l�h_�ma^�f^Zlnk^f^gml�p^k^�`k^Zm^k�_hk�J@IM�maZg�_hk�
J@I;5�J@BqM�]b]�ghm�ieZr�Z� khe^�Zm�Zee(� Na^�ho^kZee� eZk`^lm�]b__^k^g\^�pZl� _hk�anfZg�fbed�
"f^]bZg�J@IM�7�1-�&�f^]bZg�J@I;7�,-�#&�ma^�lfZee^lm�_hk�Zbk�"J@IM7/-�5�J@I;7.1�#(�Na^k^�
p^k^� lhf^� ]b__^k^g\^l� bg� ma^� k^`bhgl� [nm� Mi^ZkfZg� \hkk^eZmbhg� aZ]� o^kr� ab`a�
\h^__b\b^gml8*(325�manl�gh�lb`gb_b\Zgm�]b__^k^g\^l�\hne]�[^�]^m^kfbg^](�;l�^qi^\m^]&�ma^k^�bl�
Z� lb`gb_b\Zgm� g^`Zmbo^� \hkk^eZmbhg� [^mp^^g� J@IM� Zg]� J@I;� "k7'*(3+5� pbma� o^kr� ab`a�
lb`gb_b\Zg\^�i7,(,�+*���#(�Jkbg\biZe�\hfihg^gm�ZgZerlbl�_hk�ma^�.-/�lZfie^l�lahpl�Zg�Zefhlm�
\hfie^m^�ho^keZi�h_�ma^�mak^^�\hk^�fZmkb\^l�iZmm^kgl�Zehg`�ma^�g^p�mph�fZbg�]bf^glbhgl�
"J=+70.�&�J=,7-0�#&�pab\a�^qieZbg�+**��h_�ma^�oZkbZmbhg�"@b`nk^�.&�kb`am#�
�
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�

Figure 4. Box plots of PFAS measurements in air, water and human milk (HM) as ratio of PFOS, 
PFOA or PFHxS to the sum of these three PFAS (left). PCA with ellipses around the matrices (right) 
�
Nh�\hg\en]^4�

• Air samples with PAS/PUFs: Low sorption capacity of PUFs hamper analysis and quantification 
of PFAS; where quantified, PFOS and PFOA dominated over PFHxS and PFOS precursors. 

• Surface water: Using the standardized sampling protocol (12) and analyzing for three PFAS, these 
data may serve as a baseline for future monitoring activities and the starting point for trend 
assessment. 

• Human milk: PFOA was found in al samples and in relatively low range; PFHxS was rarely 
detected. 

�
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