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Introduction  
The Alaska Marine Mammal Tissue Archival Project (AMMTAP) was established in 1987 through an 

agreement between the National Oceanic and Atmospheric Administration (NOAA), the National Institute of 

Standards and Technology (NIST), and the Minerals Management Service (MMS) to help determine 

contaminant levels in marine mammal samples that were taken primarily during native subsistence hunts in 

Alaska
1
. Tissues were collected and banked as a part of the National Marine Mammal Tissue Bank (NMMTB) 

for long-term archival using NIST standardized protocols. Archived samples from the NMMTB were provided 

for this retrospective analysis of emerging contaminants.  

 

Perfluorinated alky acids (PFAAs), mostly perfluorinated carboxylic (PFCA) and sulfonic (PFSA) acids, have 

been identified in wildlife worldwide
2-7

; with some of the highest levels of PFAAs being measured in marine 

mammals from the Arctic. It is not exactly clear how PFAAs are transported to arctic wildlife, but it is thought to 

happen via two major routes: atmospheric transport of volatile precursors and oceanic transport from their 

release in lower latitudes 
8-10

. A previous study has indicated atmospheric transport having a greater influence on 

PFAA contamination in the Arctic by examining the spatial trends of PFAAs in ringed seal (Phoca hispida) 

populations from East and West Greenland
3
. Another study noted that circulation patterns in the Arctic Ocean 

may also have an effect on spatial differences of PFAAs in the arctic region
11

. Due to the large distribution of 

some arctic species it is important to understand if there are similarities or differences in the concentrations and 

patterns among species from different locations. While there have been numerous studies focusing on PFAAs in 

wildlife from the Canadian and European Arctic, few studies have looked at the wildlife in the Alaskan Arctic
2, 

12
. Recognizing possible spatial patterns will help highlight sources of PFAAs to the Arctic and help examine 

atmospheric and oceanic transport.  

 

In this study, 12 PFAAs, consisting of PFCA and PFSA acids, as well as the perfluorooctane sulfonate (PFOS) 

precursor perfluorooctane sulfonamide (PFOSA), were measured in northern fur seal (Callorhinus ursinus) 

livers collected in Alaska between 1987 and 2007 to understand transport of PFAAs to the Arctic and the 

temporal trends. This work was made possible because of the collection and banking efforts through AMMTAP 

and emphasizes the importance of environmental specimen banks as a sample resource for assessing chemical 

trends. 

 

Materials and Methods  
Northern fur seal livers (n=49) were selected for PFAA analysis from the NMMTB. Northern fur seal liver 

samples came from male animals from three rookeries on St. Paul Island, AK. Samples, calibrants, quality 

control materials, and blanks were extracted using a method similar to the potassium hydroxide (KOH) in 

methanol method as described previously
13

 and cleaned-up using a solid phase extraction (SPE) step also 

described previously
14

. NIST Standard Reference Material (SRM) 1947 Lake Michigan Fish Tissue was 

analyzed with each set of samples for quality control.  

 

Samples were injected onto a liquid chromatograph (Agilent 1100 HPLC, Palo Alto, CA) interfaced to a 

negative electrospray ionization tandem mass spectrometer (LC-MS/MS) (API 4000, Applied Biosystems-MDS 

Sciex, Foster City, CA) using the NIST method described in Keller et al.
 14

. The MS/MS method included the 
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optimization parameters for each analyte; and two to three of the most abundant transitions for each PFC were 

monitored. 

 

All statistical analyses were performed using JMP 9.0.0 (SAS Institute, Cary, NC). Statistical tests were 

performed for individual PFCAs, individual PFSAs, total perfluorocarboxylate (ΣPFCA), and total PFAA 

(ΣPFAA) concentrations, which were the compounds detected in >70% of the samples. Compound 

concentrations less than the reporting limit (RL) were set equal to half the RL prior to running the statistical 

tests.  

 

Results and Discussion:  
PFAAs were found in the northern fur seal liver samples (Table 1). Consistently measured PFAAs were the odd 

chain PFCAs, perfluorononanoic acid (PFNA), perfluoroundecanoic acid (PFUnA), and perfluorotridecanoic 

acid (PFTriA), PFSAs including perfluorohexane sulfonate (PFHxS) and PFOS, and PFOSA. PFUnA was found 

to be at the highest concentration measured in all three rookeries. PFOS concentrations measured in this study 

are lower than PFOS concentrations measured in fur seals from the west coast of the United States
15

and ringed 

seals sampled from the Canadian Arctic
5
.  

 

Table 1. Ranges of PFAA concentrations (ng/g, as received) in northern fur seal liver samples 

 
<RL = below the reporting limit 

 

Concentration differences related to year were assessed for these samples. Similar to the other Alaskan marine 

mammal samples
16

, concentrations of PFNA, PFUnA, and PFTriA showed a significant increase from 1987 to 

2007 (p < 0.05, Figure 1). There was no significant increase in concentrations of PFOS seen in the northern fur 

seal samples. Rookery differences were seen for PFUnA concentrations. Polavina and Reefpoint rookeries had 

significantly higher concentrations (p < 0.05) compared to concentrations in the northern fur seals from the 

Zapadni rookery (Figure 2).  

 

 

PFNA <RL - 19.8 0.545 - 13.1 1.17 - 8.55

PFDA <RL - 1.70 <RL <RL - 1.42

PFUnA 1.50 - 122 1.90 - 138 1.69 - 12.2

PFDoA <RL - 2.21 <RL <RL - 2.78

PFTriA <RL - 13.8 <RL - 25.9 0.823 - 4.69

PFHxS <RL - 1.63 <RL - 0.460 0.111 - 0.358

PFOS 0.927 - 15.8 1.07 - 17.5 3.09 - 13.6

PFOSA <RL - 3.99 <RL - 1.39 0.574 - 3.19

Polavina Rookery  

(n=23)

Reefpoint Rookery  

(n=16)

Zapadni Rookery 

(n=9)
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(a)  (b)  

 

(c)  
 

Figure 1. Temporal trend of a) PFNA (R
2
 = 0.57) b) PFUnA (R

2
 = 0.56) and c) PFTriA (R

2
 = 15) concentrations 

(ng/g) in northern fur seal livers from Alaska. 
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Figure 2. Rookery concentrations of PFUnA in northern fur seal livers. Asterisk (*) indicates a significantly (p < 

0.05) lower concentration of PFUnA. Error bars represent the standard deviation. 

 

This presentation will highlight the importance of specimen banking for the purpose of monitoring emerging 

contaminants in samples, helping to understand the implications of the release of PFAAs from lower latitudes, 

their transport to the Arctic, and temporal trends. 
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Certain commercial equipment, instruments, or materials are identified in this paper to specify adequately the 

experimental procedure. Such identification does not imply recommendation or endorsement by the National 
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Institute of Standards and Technology, nor does it imply that the materials or equipment identified are 
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