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Abstract 
Two predominant perfluorinated compounds (PFCs), perfluorooctanesulfonate (PFOS) and perfluorooctanoate 
(PFOA), were detected in 20 human milk samples collected in 2007 from Shanghai, one of the largest cities in 
China. The concentration of PFOA ranged from 112pg/ml to 1061pg/ml with a geometric mean of 360pg/ml and 
a medium of 359pg/ml. The concentration of PFOS ranged from 19pg/ml to 1615pg/ml with a geometric mean 
of 92pg/ml and a medium of 90pg/ml. PFOA and PFOS were significantly correlated with each other in human 
milk from Shanghai. The dietary intake of PFOA and PFOS by breast-feeding infant from Shanghai was 
estimated. The geometric mean of estimated daily dietary intake of PFOA and PFOS were 34ng/kg of body 
weight and 9ng/kg of body weight respectively.  
 
Introduction 
In recent years, perfluorinated compounds (PFCs), referred to as “emerging Persistent Organic Pollutants” 1, 
posed increasing concern for their nature of resistance to degradation in the environment 2, global distribution 3, 4, 
environmental toxic effects and health risk to human 5, 6, 7. An increasing number of studies have shown that 
human is widely exposed to PFCs, while perfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA) are 
generally the most prevalent PFCs found in human 8.  The presence of PFCs in human milk samples was firstly 
reported by Kuklenyik et al. 9. After that, PFCs were reported presenting in human milk samples from some 
studies 10, 11 which implied that the lactational transfer during breast-feeding might be an important pathway of 
the infant exposure to PFCs. In consideration of the potential risks posed to infants and children by exposure to 
PFCs in human milk, information on the levels of PFCs in human milk is needed.  
 
Materials and Methods 
Samples Collection: In 2007, 20 human milk samples were donated by mothers from various regions of 
Shanghai city, China. Locally resident time of donors was all more than 10 years. The average age of mothers at 
the time of sampling was 26 (ranging from 21 to 32) and babies’ ages ≤ 8 weeks. Human milk was collected 
either using a breast pump or by hand expressing the milk into the pre-washed polypropylene container that was 
prepared for every mother. All samples were stored in the refrigerators at -20  until analysis.℃  
 
Reagents and Chemicals: The standard solutions of PFOA and PFOS and the internal standard of 13C4-PFOA and 
13C4-PFOS were all purchased from Wellington Laboratories. Methanol of high-performance liquid 
chromatography grade was purchased from J.T.Baker (Phillipsburg, USA). Milli-Q water was used throughout 
the study. Ammonium acetate and formic acid of HPLC grade were purchased from Dikma Pure (Richmond Hill, 
USA). Ammonium hydroxide (25%) of analytical grade was from Xin Guang (Beijing, China). 
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Extraction and Instrumental Analysis: The extractor lines were purged with water and methanol prior to each 
extraction run. Before spiking on 60 mg/3mL weak anion exchange cartridges (Waters Oasis WAX, Milford, MA, 
USA), internal standards (13C4-PFOA and 13C4-PFOS, 10 µL of a 10 pg/µL solution in methanol) and 8 mL 2% 
formic acid in water were added to 2 mL human milk, followed by sonication and centrifugation. The 
supernatant was transferred to the cartridges preconditioned by passage of 2 mL methanol and 2 mL water. The 
cartridges were then washed with 2% formic acid in water and 2% formic acid solution/methanol (50:50). The 
target analytes were eluted by 2 mL 9% ammonium hydroxide in methanol which was evaporated to dryness, 
then methanol/water (50:50) was added to a final volume of 0.2 mL. The particles in the final solution were 
removed by filtration using nylon syringe filter. 
 
Analytes were separated and quantified using UPLC-MS/MS. A 20 µL aliquot of the sample extract was injected 
with a full loop injection into a 2.1×50 mm BEH C18 column (1.7µm; Waters, USA). 2 mM ammonium acetate 
aqueous solution and methanol were used as mobile phases. The gradient was starting at 20% methanol and 
increasing linearly. At a flow rate of 0.4 mL/min, the gradient was increased to 90% methanol at 5 min, 100% 
methanol at 5.1 min, and was kept at that level until 6 min before reversion to original condition at 7 min, 2 min 
was needed for equilibration. The triple-quadrupole mass spectrometer was operated in the negative electrospray 
mode with multiple-reaction-monitoring (MRM). The capillary voltage was 0.95 kV. The temperatures of ion 
source and desolvation gas were 120 ℃ and 400 , respectively. The cone gas℃  flow was 50 L/h and desolvation 
gas flow was 800 L/h. The mass transitions were 413→369 for PFOA and 499→99 for PFOS. The limits of 
detection (LOD) of PFOA and PFOS were 14.2pg/ml and 1.5pg/ml respectively.  
 
Results and Discussion 
PFOA and PFOS were found above the LOD in all samples. The concentrations of PFOA and PFOS in samples 
were list in table 1. The concentration of PFOA ranged from 112pg/ml to 1061pg/ml with a geometric mean of 
360pg/ml and a medium of 359pg/ml. The concentration of PFOS ranged from 19pg/ml to 1615pg/ml with a 
geometric mean of 92pg/ml and a medium of 90pg/ml. The sum of PFOA and PFOS in human milk ranged 
between 214 pg/ml and 2676pg/ml with a geometric mean of 475pg/ml and a medium of 467pg/ml. The 
exposure level of PFOA in samples was significantly higher than that of PFOS by almost four times (P<0.05), 
which was not observed in previous studies. However, in the sample HM18 which had the highest PFCs 
concentration, the concentration of PFOS was higher than that of PFOA. PFOA and PFOS were significantly 
correlated with each other in human milk samples from Shanghai(r=0.686, P<0.01). The association between 
PFOA and PFOS in human milk suggests common sources or/and pathway for human exposures in Shanghai.  
 
Concentrations of PFCs in human milk have been examined in a few of studies conducted in Sweden, China, 
Germany, USA and some Asian countries10, 12, 13, 14, 15. In Figure1, the exposure levels of PFOA and PFOS in 
human were compared between some recent studies. The PFOS level in human milk from Shanghai was about 
50% lower than that from Japan and Sweden, while human milk PFOS from Shanghai was comparable with that 
from USA, Germany and Zhoushan which is a city near Shanghai. The extremely high PFOA level has been 
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observed in this study. The human milk PFOA from Shanghai was significantly higher than that from other 
studies, even higher than that from the North Rhine-Westphalian (NRW) Sauerland area in Germany13, where 
highly PFOA contaminated industrial waste was mixed by a recycling company into a so called soil improver 
and disseminated by farmers on agricultural land.  
 
No certain source for the high PFOA level in human milk from Shanghai was identified in our study. However, 
the high PFOA concentration and proportion in the water of Yangtze River collected in Shanghai16 suggested 
possible association between surface water PFCs contamination and human exposure. The PFOA concentration 
(up to 260ng/ml) and proportion (87.8%) in surface water from Shanghai was comparable with that from PFCs 
case in NRW (Germany), where a high concentration of PFOA in water of the Ruhr River (446ng/ml) was 
detected after PFCs contamination in an upper tributary of Ruhr River, Mohne River that was impacted by the 
PFCs-containing soil improver17. In that case, a 4-8 folds increase in blood PFOA concentration was found in the 
residents near that river system18. 
 
Table 1 Concentrations of PFOA and PFOS in human milk samples (pg/mL) and daily EDIs of PFOA and PFOS 
by infants in Shanghai (ng/kg body weight) 

Concentration  EDI Concentration  EDI  
PFOA PFOS PFOA PFOS 

 
PFOA PFOS PFOA PFOS 

HM1 112 185 11  18  HM11 548 104 52  10  
HM2 296 102 28  10  HM12 397 88 38  8  
HM3 387 168 37  16  HM13 313 68 30  6  
HM4 875 99 83  9  HM14 275 35 26  3  
HM5 376 92 36  9  HM15 404 62 38  6  
HM6 435 91 41  9  HM16 526 70 50  7  
HM7 300 99 29  9  HM17 342 125 33  12  
HM8 244 70 23  7  HM18 1061 1615 101  154  
HM9 244 52 23  5  HM19 287 90 27  9  
HM10 195 19 19  2  HM20 504 64 48  6  
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Figure1 Comparison of PFOA and PFOS in human milk from some studies 

 
The daily estimated dietary intake (EDI) of PFOA and PFOS via human milk were calculated on the basis of 
levels of PFOA and PFOS in human milk samples, infant ingest data (742 mL/day) and body weight (7.8kg) data 
from the U.S.Environmental Protection Agency (23) assuming that human milk is the only food source for 
nursing infants (1-6 months old). The EDI of 20 infants from Shanghai was list in Table 1. The geometric mean 
of estimated daily dietary intake of PFOA and PFOS were 34 ng/kg of body weight and 9 ng/kg of body weight, 
respectively. 

 
After the PFCs case in NRW, the provisional tolerable daily intake (TDI) values of 100ng/kg of body weight 
were derived for PFOA and PFOS from an assessment of their health effects performed in Germany by Federal 
Drinking Water Commission and the Federal Institute for Risk Assessment19. In 2008, European Food Safety 
Authority established the TDI value of 1500ng/kg of body weight and 150ng/kg of body weight for PFOA and 
PFOS respectively20. In our study, one infant’s daily EDI of PFOS (154ng/kg) slightly exceeded both TDIs 
recommended by Germany and EU, while the daily EDI of PFOA (101ng/kg) for that infant slightly exceeded 
the TDI of PFOA recommended by Germany. Although the TDI refers to the lifetime tolerable daily intake and 
the period of breast feeding is relative short, the potential risk for infant derived from PFOA and PFOS exposure 
should be concerned in Shanghai due to infants’ susceptibleness to chemical contaminants. 
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