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Introduction 
Polybrominated diphenyl ether (PBDE) congeners and the complex mixture, toxaphene, are stable 
in the environment and readily bioaccumulated into wildlife and human tissues.  PBDEs are 
presently used in large quantities worldwide as flame retardants in textiles, furniture, computer 
equipment and cables 1.  Measurements in human and wildlife samples have demonstrated that the 
PBDEs are increasing with time which is in line with the continued use of these compounds 2-4.  
This observation along with studies showing the toxic effects from PBDE exposure, have fueled 
extensive new research on the occurrence, fate, and toxicology of PBDEs5.  Toxaphene is a 
complex mixture of chlorinated bornanes and bornenes that was at one time the most heavily-used 
pesticide in the United States until it was banned in 1982; however, some countries still 
manufacture and use toxaphene 6.  Toxaphene is persistent in the environment and responsible for 
fish consumption advisories in some locations 7.  This presentation discusses the current activities 
of NIST aimed at providing reference values for these classes of compounds in Standard 
Reference Materials (SRMs).  The materials chosen were SRM 1945 Organics in Whale Blubber 
consisting of cryohomogenized pilot whale (Globicephala melas) blubber 8; SRM 1588a Organics 
in Cod Liver Oil which was prepared from a commercial cod liver oil 9; and SRM 1946 consisting 
of cryohomogenized lake trout (Salvelinus namayacush) fillets collected from southern Lake 
Superior 10. 
 
Materials and Methods 
The materials used in this study were prepared for analysis using methods similar to those given in 
detail elsewhere 10,11 but are summarized here.  One gram of SRM 1588a or SRM 1945 or 3 to 4 
grams of SRM 1946 were mixed with anhydrous sodium sulfate, then added to a pressurized fluid 
extraction cell (ASE, Dionex, Salt Lake City, Utah) along with a mixed internal standard 
containing PCBs not occurring in Aroclors, deuterated and 13C-labeled analogs of selected target 
analytes.  Samples were extracted with dichloromethane using the ASE.  Interfering high-
molecular weight compounds were removed by size exclusion liquid chromatography.  This 
extract was initially separated using an aminopropyl silane liquid chromatographic method into 
two fractions for the measurement of PCBs and pesticides by GC-MS.  The fractions were then 
recombined for PBDE and toxaphene determination.  Some elements of toxaphene were found to 
split between the two fractions, hence the need to recombine the fractions.  PBDEs eluted in 
fraction 1, but were quantified from the recombined fractions.   
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Toxaphene was quantified in the sample extracts using gas chromatography mass spectrometry  
with negative ion chemical ionization (GC-MS-NCI) equipped with a 60 m x 0.25 mm x 0.25 µm 
DB-5ms capillary column (J&W Scientific, Folsom, CA) using a method similar to that described 
elsewhere 12.  Total toxaphene was determined from a calibration curve made from SRM 3067 
Toxaphene in Methanol and either 13C cis-chlordane or endosulfan-d4 as the internal standard.  A 
calibration curve was also prepared from toxaphene congeners 32, 50, and 62 (Parlar) that were 
obtained from Promochem (Wesel, Germany) and these congeners were quantified using the same 
internal standards as mentioned above. 
 
PBDE congeners (Table 1; congeners were obtained from Cambridge Isotope Laboratories, 
Andover, MA) were quantified by GC-MS in the electron impact mode (GC-MS-EI) using 
selected ion monitoring utilizing a method similar to that described elsewhere 13.  A calibration 
curve was prepared using three to five congener concentrations.  Either PCB 198, PCB 204, or 
13C-PBDE 99 was used as the internal standard. 
 
Results and Discussion 
Concentrations of PBDE congeners determined in SRMs 1945 and 1588a are given in Table 1.  
The major PBDE congeners detected in these two materials were PBDE congeners 47, 99, 100, 
153, and 154.  The PBDE congener concentrations were within a factor of four or less of three of 
the major PCB congeners present in these two materials (Table 1) indicating that PBDEs are 
important components in the SRMs.  The PBDE congener concentration in SRM 1945 were 
considerably lower than those observed in long-finned pilot whales 14.  In that study, the average 
concentration for PBDE 47 in five pooled samples of pilot whale blubber was 1060 ng/g lipid 
mass (660 ng/g lipid mass).  The concentration of organohalogens in SRM 1945 tend to be lower 
than most often observed in pilot whales stranding on the US East Coast 15.  PBDE concentrations 
determined in SRM 1945 were comparable to those determined previously by the Canadian 
Wildlife Service (Table 1).   In general, PBDE concentrations in SRM 1588a were higher (greater 
than 10-fold) than observed in herring oil and were in the range found in North Atlantic salmon 16.   
 
Toxaphene concentrations determined in SRMs 1945, 1588a, and 1946 are given in Table 2.  Total 
toxaphene and toxaphene congener concentrations in SRM 1945 and SRM 1588a were 
comparable.  For instance, total toxaphene in SRM 1945 was 1210 ng/g wet mass (127 ng/g wet 
mass) versus 1960 ng/g wet mass (133 ng/g wet mass) in SRM 1946.  Total toxaphene in SRM 
1946 is in the range observed previously in Lake Superior lake trout 7,17.   Total toxaphene and 
toxaphene congeners in SRM 1588a were higher relative to the other SRMs (Table 2).  Total 
toxaphene in SRM 1588a was 3890 ng/g (248 ng/g) which was in good agreement with the 
average total toxaphene value determined by a toxaphene interlaboratory study using this material 
(Table 2 and 18).  
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Compound SRM 1945 SRM 1945 SRM 1588a
Mean 1 SD n (CWS)* Mean 1 SD n

PBDE 47 52.9 3.8 5 54.9 82.7 2.8 3
PBDE 99 32.0 2.3 5 23.3 10.9 2.1 3
PBDE 100 14.0 0.6 5 14.9 16.9 3.0 3
PBDE 153 22.4 1.5 5 18.3 < 1 -- 3
PBDE 154 28.2 2.0 5 30.0 24.7 5.5 3
PBDE 183 < 1 -- 5 -- < 1 -- 3
ΣPBDE 150 7.0 5 141 135 12 3
PCB 118** 74.6 5.1 -- -- 176 3.8 --
PCB 153** 213 19 -- -- 274 7.7 --
PCB 180** 107 5.3 -- -- 105 5.2 --
*No error estimates were provided.
**Certified values along with expanded uncertainty.

Table 1: PBDE concentration values (ng/g wet mass) in SRM 1945 Organics in Whale Blubber and SRM 1588a Organics in Cod
Liver Oil. The Canadian Wildlife Service (CWS) values were provided by B. Wakeford (personal communication). Certified
values of selected PCB congener values (ng/g wet mass) are shown for comparison.

 
 

Compound Cong 26 Cong 52 Cong 60 Total
Toxaphene

SRM 1945 Mean 42.0 68.8 36.9 1210
1 SD 4.9 7.5 3.8 127

n 6 6 6 6

SRM 1588a Mean 154 199 106 3980
1 SD 18 23 16 248

n 6 6 6 6

SRM 1588a Mean -- -- -- 4080
(Andrews et al., 1995)17 1 SD -- -- -- 1860

n -- -- -- 17

SRM 1946 Mean 31.0 86.6 54.6 1960
1 SD 3.7 5.6 4.1 133

n 6 6 6 6

Table 2: Toxaphene congeners and total toxaphene concentration values (ng/g wet mass) determined in SRM 1945
Organics in Whale Blubber, SRM 1588a Organics in Cod Liver Oil, and SRM 1946 Lake Superior Fish Tissue. 
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