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1. Objectives 
The universal importance of analytical reference materials to help ensure accuracy in 
activities such as methods development, monitoring and research has been well 
emphasized. In general terms, intralaboratory quality control defines laboratory precision, 
interlaboratory round-robins determine between-lat) comparability, but only through the 
use of certified reference materials, can one determine the degree of accuracy of any 
analytical process. The National Dioxin Interlaboratory QA Program, conducted by 
Environment Canada from 1988 to 1993, demonstrated the need for improvement in the 
accuracy of data obtained in dioxin/furan analyses of environmental samples. This paper 
describes the development of the first Great Lakes sediment reference materials for the 
determination of chlorinated dioxins and furans. 

2. Approach 
The naturally-contaminated sediment reference materials described in this paper were 
obtained from locations in the Great Lakes Basin. The procedures used for sample 
collection, freeze-drylng, crushing, sieving and blending have been described in previous 
publications''*'. For each reference sediment, more than 5000 subsamples were bottled 
and stored at 4° C in the dark. In addition to the chlorinated dioxins and furans, other 
organic contaminants include 0.5 to 1 ppm total PCB, from 25-3500 ng/g PAHs, and from 
20-300 ng/g chlorobenzenes. 

Homogeneity of the subsamples was assessed using the ANOVA technique*' on randomly 
selected bottles. Results statistically suggest the sample bottles are homogeneous for 
the analytes of interest. The integrity of the subsamples has now been monitored for 
more than 10 years by annual assessments of the stability of the PCB, chlorobenzene 
and PAH content. No signs of loss or degradation for these components in the reference 
materials have been observed In either reference sediment. 

3. Results Obtained 
Reference values for the seventeen 2,3,7,8-substituted dioxin and furan congeners were 
detennined using a multi-laboratory, multi-method approach. To ensure the collection of 
reliable data, eleven qualified Canadian High Resolution Mass Spectrometry laboratories 
of known analytical competence were selected to analyze 10 replicates each of the two 
sediment reference materials, using their own in-house high resolution mass spectrometry 
methodologies and calibration standards. Over the next twelve months, some of the 
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participating laboratories analyzed the sediments as routine QC samples while others 
analyzed the replicate samples in two to four batches. A summary of the data is provided 
in Tables 1 and 2. The estimated uncertainties assume normal distribution of the data 
and are intended to correspond to 95% tolerance limits®'. That is, the analytical results 
for 95% of subsamples should lie behween the upper and lower limits given by the Mean 
+ 95% Tolerance Limit. The calculated means in Tables 1 and 2 include all data 
submitted and are considered to be preliminary reference values only. It is anticipated 
that as outliers are statistically rejected during the process of certifying the reference 
values, the 95% confidence interval will then narrow considerably, especially for the 
pentachloro- dioxin and furan congeners. 

Stability of the samples with respect to the chlorinated dioxins and furans was assessed 
by comparing the current data with that obtained in the five National Dioxin Interlaboratory 
Studies from 1988 to the present. Because only homolgue total data was collected in 
these studies, the congener specific results could not be compared. Although the within-
laboratory and between-laboratory precision has improved greatly over the past six to 
seven years, the comparability of the two sets of data appears to indicate that there Is no 
problem with stability of the chlorinated dioxins and furans in the hwo sediments. 

4. Conclusions 
Two naturally-contaminated lake sediments were developed into reference materials for 
the 2,3,7,8-substituted congeners of dioxins and furans at pg/g levels. The reference 
values were derived from repetitive analysis by eleven Canadian HRMS laboratories using 
their own in-house methodologies and calibration standards. These values were further 

confirmed by several interlaboratory studies. The samples described above are suitable 
for long-tenn in-house or interiatwratory quality assurance applications. In addition, they 
will be valuable tools in the development and evaluation of analytical methods for dioxins 
and furans, as well as for the generation of accuracy statements in in-house and 
interlaboratory quality assurance activities. 
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Table 1 . Preliminary Reference Values for Dk>xln / Furan Congener Data (pg/g) 

In Reference Sediment DX-1 

CofiQstwr M M H O I D I U 

t o t 

OalaPobils 

Stondaid 

M v l g t k x f 

KCMt f l cMnt 

ot Variation 

95%Tatoranc« 

I n t a n a r 

2378-TCDD 

total TCOO 

12378^>8CDO 

total PeCDD 

123478-HxCDD 

123878-H}[CDO 

12378*+txCDO 

total HiCDD 

1234678.HpC0D 

total HpCOO 

OCDD 

TOTAL PCDD 

TOTAL PCDD + PCDF 

259 

404 

22 

226 

23 

77 

54 

638 

637 

1222 

3905 

6507 

237a-TCDF 

total TCDF 

1237W>0CDF 

23478-PoCDF 

total PaCOF 

12347B+l)(Ct3F 

123678-HxCOF 

1237B8-HXCDF 

234S78-HXCOF 

total HxCDF 

234678-HpCDF 

234789-HpCDF 

total HpCDF 

OCDF 

TOTAL PCDF 

89 

832 

41 

62 

836 

714 

110 

31 

58 

1830 

2373 

135 

3652 

7064 

14322 

20970 

115 

115 

90 

105 

85 

102 

94 

113 

113 

114 

115 

106 

115 

115 

102 

104 

111 

96 

103 

44 

88 

115 

115 

110 

115 

116 

111 

105 

28 

92 

4 

71 

4 

13 

13 

165 

97 

228 

465 

22 

765 

12 

16 

3S8 

138 

36 

24 

19 

408 

405 

31 

1020 

1190 

2817 

3361 

11 

23 

18 

32 

19 

17 

24 

26 

15 

19 

12 

11 

24 

92 

30 

26 

46 

19 

33 

79 

33 

22 

17 

23 

28 

17 

20 

16 

62 

204 

9 

159 

10 

30 

29 

365 

214 

504 

1028 

1543 

48 

1692*" 

27 

36 

861*" 

309 

80 

5 9 — 

44 

901 

895 

68 

2255 

2632 

6242 

7478 

Standard deviat ion o l t tw sample using (n-1) dsg iees of f reedom. 

Two-s ided to le iance limits such that there is 9 5 % probabil i ty that 9 5 % of the d s t r i b u t o n of data 

wil l be Included in the range def ined as the Mean ± 9 5 % Tolerance UmiL 

' T h e distr ibut ion m p l i e s less than 9 5 % conl idence. / \ny negative deviat ion is inadmissable. 
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Table 2. Preliminary Reference Values for Dioxin / Furan Congener Data (pg/g) 

In Reference Sediment DX-2 

Congenar 

2378-TCOD 

total TCOO 

12378-PoCDO 

total PoCDD 

123478-HxCDD 

123S7W1XCDD 

123789+lxCDD 

total HxCOO 

1234«78-H)CDO 

total HpCDO 

OCOO 

TOTAL PCDO 

2378-TCDF 

total TCDF 

12378-PeCDF 

23478-PoCDF 

to ld PeCDF 

123478-HxCOF 

12367a+t(CDF 

1237e9-HxCDF 

234678-HxCDF 

total HxCDF 

12346784tpCDF 

12347B»4tpCOF 

total HpCDF 

OCDF 

TOTAL PCDF 

TOTAL PCUU-f PCDF 

Haan of Data 

262 

412 

28 

253 

27 

84 

60 

700 

753 

1489 

4411 

7334 

136 

906 

82 

898 

825 

143 

39 

68 

2100 

2883 

146 

4040 

7830 

15848 

23269 

f o t 

DataPoInu 

117 

117 

96 

107 

96 

111 

102 

117 

113 

116 

116 

106 

117 

117 

105 

104 

112 

103 

105 

67 

90 

117 

110 

111 

117 

117 

112 

106 

Standard 

Onlatlon' 

28 

65 

7 

75 

12 

17 

14 

174 

159 

377 

620 

951 

30 

362 

5 

20 

199 

201 

45 

25 

23 

407 

607 

38 

883 

1480 

2125 

2909 

%Co«nid«nl 

ot Variation 

11 

16 

25 

30 

43 

21 

23 

25 

21 

25 

14 

13 

22 

40 

12 

25 

22 

24 

31 

65 . 

33 

19 

21 

26 

21 

19 

13 

13 

9S%Tolannc* 

Intanar 

62 

144 

15 

168 

26 

38 

32 

383 

353 

834 

1372 

2115 

67 

799 

12 

45 

441 

448 

99 

58— 

51 

896 

1347 

B5 

1902 

3?fiR 

4714 

6472 

Standard deviation of the sample using (n-1) degrees of fieedotn. 

' Two-sided tolerance timits such lhat there is 95% probability that 95% of lhe distribution of data 

will be Included In the lange defined as the Mean ± 95% Tolerance Limit. 

' The disttibution implies less than 95% confldencs. Any negative deviation is ii\admissable. 
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