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1. Introduction 
The indeciduous pine tree grows in every areas except for Okinawa (the most southern 
prefecture) in Japan, and its needle has the lipophil cuticle on the surface. This suggests 
that the pine needle might be a useful biomonitoring indicator for air pollution by lipophilic 
substances. In fact, several researchers estimated air pollution by PCDDs and PCDFs 
using spruce needle as an indicatori-3). On the other hand, in recent years, toxic 
coplanar PCBs (Co-PCBs) having similar biological effects to PCDDs and PCDFs have 
been the subject of much concern in the environmental field. Therefore, PCDDs, PCDFs 
and Co-PCBs have been treated with so-called dioxin analogues. 
In this study, we developed a suitable analytical method for dioxin analogues including 
Co-PCBs in pine needle, and surveyed their pollution levels in pine needle samples from 
various locations in Japan using the developed method, in order to estimate the air 
pollution at each location. 

2. Experiment 
1) Sample 
About 1 kg of pine needle was collected in Osaka in January, 1995. The sample was 
lyophilized, cut into a length of ca. 3 cm, and then stirred well up. The specimen was 
used for investigation on analytical method. For survey study, samples of pine needle 
were collected at various locations in January to April, 1995. These samples were also 
treated with the method described above. 
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2) Examination on a suitable solvent for extraction 
After spiking of intemal standards (five i3Ci2-PCDDs and five isCj-PGDFs, each 400 pg, 
three i3Ci2-Co-PCBs, each 500 pg), 30 g of pine needk' sample was homogenized with 
300 ml of four kinds of extract solvent (see Fig. 1) by a ultramixture machine, and then 
extracted for 3 hrs. under reflux. After addition of silicageil (30 g), each extract was stirred, 
filtered and concentrated to less than 0.3 ml, followed by adjusting to a volume of 10 ml 
with n-hexane. The solution was purified on multi-layer and alumina columns, followed 
by HRGC-HRMS analysis according to our method descibed elsewhere^). 
3) Examination on extraction time 
After spiking of internal standards, 30 g of sample was e)rtracted with 300 ml of toluene for 
1 hr. under reflux. After removing the extract, same amounts of Internal standards and 
toluene were again added into the original sample and extracted for 1 hr. The trial was 
repeated more 6 times. Each extract was analyzed according to above method. 
4) Examination on reproducibility of analytical data 
After spiking of internal standards, each three 50 g of sample was extracted with 500 ml of 
toluene for 4 hr under reflux. Each extract was analy.sed according to above method. 
The coefficient of variation for each dioxin analogue was calculated on the analytical 
data. 
5) Survey on pollution levels of dioxin analogues in pine needle samples 
Samples (each 50 g) from 11 prefectures (see Tables 1 and 2) were analyzed for dioxin 
analogues according to the analytical procedure in the teirm [4)] of Method. 

3. Results and discussion 
1) Extraction solvent 
In published papersi-3), methylene chloride was used as the extraction solvent for PCDDs 
and PCDFs in pine needle. As shown in Fig. 1, however, the extractive ability of the 
solvent was poorer than did toluene. The relative magnitude of extraction efficiency for 
PCDDs/PCDFs was arranged in order of toluene (100), methylene chloride (27), benzene 
(18) and hexane (12). Therefore, toluene was used as the extraction solvent in this study. 
2) Extraction time 
As shown in Fig. 2, it is revealed that a great part of extractive amounts of PCDDs and 
PCDFs was derived from a period of the first 1 hr extraction time. 99.9% of PCDDs and 
100% of PCDFs were extracted for the extraction time of 3 hrs. The suitable extraction 
time was concluded to be 4 hrs. 
3) Reproducibility 
In the triple analysis, the coefficients of variation for PCCiD and PCDF congeners were 3.7 
to 10% and 2.4 to 5.1%, respectively, indicating the reproducibility of our method to be 
very excellent. 
4) Pollution levels by dioxin analogues in pine needle samples 
As shown in Tables 1 and 2, total actual concentration of Co-PCBs, PCDDs or PCDFs 
was in a wide range of 2.48 to 124 pg/g, 26.7 to :'61 pg/g or 17.7 to 1166 pg/g, 
respectively. The major congener for Co-PCBs Wcis 3,3'4,4'-TCB at all locations. 
However, the majors for PCDDs and PCDFs varied among the examined areas. 
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As well as the actual level, the TEQ level of Co-PCBs, PCDDs or PCDFs was also in a 
wide range of 0.04 to 5.40 pg/g, 0.02 to 4.57 pg/g or 0.43 to14.2 pg/g, respectively. The 
contamination level was remarkably high at urban and/or industrial areas such as Tiba, 
Kanagawa, Shizuoka, Nara, Osaka and Fukuoka. While the local areas with a small 
population density such as Hokkaido, Iwate, Tottori, Shimane and Oita showed the lower 
pollution level. Thus contamination tendency was also seen in a case of blue mussel 
survey for sea pollutions) por example, the ratios of total TEQ of (3o-PCBs, PCDDs and 
PCDFs in blue mussel at Osaka versus Hokkaido were 14 and 375). These values were 
almost same to that (15) In this study. 

As shown in Fig. 3, there was a difference in the contributions of PCDDs, PCDFs and Co-
PCBs to the total actual concentration among surveyed areas. The values were 1.7 to 
28.0% for Co-PCBs, 30.4 to 85.9% for PCDDs and 12.3 to 63.2% for PCDFs, respectively. 
In Hokkaido and Fukuoka prefectures, a great part of the total was occupied by PCDDs 
with 86 and 79%, respectively. While more than 50% of the total was attributable to 
PCDFs in Tiba, Kanagawa and Shizuoka. In addition, the relatively high contribution of 
Co-PCBs was seen In Iwate, Osaka, Tottori and Oita. These results suggest that the 
contamination source might be different among tested locations. 
Now, we are analyzing pine needle samples from other locations, and the data will be 
presented at this conference. 
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Fig. 1 Amounts of 2,3,7,8-PCDDs and 2,3,7,8-PCDFs in pine needle extracted 
with various solvents 
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Fig. 2 Extraction rates of 2,3,7,8-PCDDs and 2,3,7,8-PCDFs in pine needle 
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Fig. 3 Contributions of PCDDs, PCDFs and Co-PCBs to total concentration 
in pine needle from 11 locations 
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Table 1 Acutual (pg/g) 

Compound 

3,3' ,4,4'-TCB 
3,3 ' ,4,4 ' ,5-PeCB 
3,3 ' ,4,4 ' ,5,5 ' -HxCB 

Total Co-PCBs 
Total TEQ 

2,3,7,8-TCDD 
others 
1,2,3,7,8-PeCDD 
others 
1,2,3,4,7,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2,3,7,8,9-HxCDD 
others 
1,2,3,4,6,7,8-HpCDD 
others 
OCDD 

Total PCDDs 
Total TEQ 

Hokkaido 

2.28 
0.12 
0.08 

2.48 
0.04 

0.06 
2.80 
N.D. 
2.91 
4.82 
N.D. 
N.D. 
4.29 

11.7 
18.2 
78.7 

124 
0.74 

and TEQ (pg/g) concent ra t ions C( 

Iwate 

16.1 
2.52 
0.90 

19.4 
0.46 

0.26 
3.17 
0.48 
1.33 
0.96 
0.50 
1.09 
1.22 
3.06 
1.19 

13.5 

26.7 
0.80 

Sam 

3-PCBs of and PCDDs In p ine need le samples 

ip l ing loca l ion 

Ch iba KanagawaSh lzuokc 

73.1 
42.0 

9.44 

124 
5.40 

0.22 
199 

1.91 
151 

1.03 
1.72 
N.D. 

89.0 
23.3 
36.8 
92.2 

597 
1.78 

79.6 
29.1 

9.36 

118 
4.17 

0.13 
210 

1.25 
90.8 

1.44 
1.91 
N.D. 

78.4 
37.6 
46.9 
91.8 

560 
1.56 

35.9 
11.2 

2.87 

49.9 
1.62 

0.03 
25.0 

0.93 
28.9 

0.64 
0.91 
0.48 

26.5 
34.3 
28.4 

196 

343 
1.24 

1 Nara 

110 
25.9 

5.93 

142 
3.99 

0.99 
30.6 

0.62 
39.4 

0.55 
0.90 
0.47 

43.0 
42.2 
62.6 

143 

364 
2.06 

Osaka 

115 
23.80 

5.43 

144 
3.80 

1.29 
6.28 
2.94 

65.3 
4.82 
4.67 
4.39 

68.5 
31.8 
30.2 

108 

329 
4.57 

Tottor i 

34.1 
4.30 
0.09 

38.5 
0.78 

N.D. 
40.0 

N.D. 
13.9 
N.D. 
N.D. 
N.D. 
6.87 
1.86 
2.05 
5.40 

70.2 
0.02 

Sh imane 

45.2 
6.32 
0.61 

52.1 
1.11 

6.95 
113 

1.57 
28.5 

1.31 
2.68 
1.92 

21.2 
2.21 
4.37 

10.5 

195 
8.36 

Fukuoka 

69.7 
10.2 

0.63 

80.5 
1.75 

0.04 
45.6 

0.70 
22.8 

5.78 
0.26 
N.D. 

14.2 
25.4 
32.9 

614 

761 
1.86 

Oita 

51.0 
7.28 
0.45 

58.8 
1.26 

0.18 
39.1 

0.76 
20.8 

0.67 
0.93 
0.10 

11.3 
4.77 
6.74 

40.7 

126 
0.82 m 

o 



00 o 

(D Z 
S o 2c/) 

Table 2 Acutual (pg/g) and TEQ (pg/g) concentrations of PCDFs In pine needle samples 
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Compound 

H 

2,3,7,8-TCDF 
others 
1,2,3,7,8-PeCDF 
2,3,4,7,8-PeCDF 
others 
1,2.3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
1,2,3,7,8,9-HxCDF 
2,3,4,6,7.8-HxCDF 
others 
1,2,3,4,6,7,8-HpCDF 
1,2,3,6,7,8,9-HpCDF 
others 
OCDF 

Total PCDFs 
Total TEQ 

okkaldo 

1.78 
7.05 
0.78 
0.78 
4.68 
N.D. 
0.62 
N.D. 
N.D. 
0.75 
0.72 
0.13 
0.17 
0.27 

17.7 
0.68 

Sum total* 144 
Sum total TEQ"' 1.45 

Sampling location 

Iwate Chiba Kanagawa 

0.82 
5.31 
N.D. 
0.95 
3.93 
0.81 
1.50 
1.33 
N.D. 
1.22 
2.44 
1.03 
N.D. 
3.93 

23.3 
0.96 

69.5 
2.22 

11.9 
433 

18.8 
13.5 

324 
10.3 
15.9 
N.D. 

20.5 
118 
64.2 

1.06 
13.0 

8.14 

1052 
14.2 

1773 
21.4 

12.0 
432 

14.2 
12.9 

252 
18.0 
24.6 
N.D. 

36.2 
166 
100 

9.32 
46.3 
42.3 

1166 
17.4 

1844 
23.1 

Shizuoka Nara 

2.30 
118 

0.51 
7.03 

115 
8.92 

12.3 
N.D. 

23.2 
90.3 

162 
N.D. 
N.D. 

35.4 

575 
9.86 

967 
12.7 

3.83 
187 

0.17 
5.86 

112 
4.47 
7.87 
N.D. 

14.3 
87.8 

131 
N.D. 

57.5 
bl.B 

663 
7.35 

1169 
13.4 

Osaka 

9.78 
20.8 
14.0 
13.5 

133 
12.1 
12.71 
2.62 

15.7 
64.5 
64.4 

3.33 
20.1 
15.7 

403 
13.4 

875 
21.8 

Tottori 

0.98 
38.2 
N.D. 
0.53 

10.1 
0.74 
0.99 
N.D. 
0.71 
5.64 
8.50 
N.D. 
N.D. 

lU.B 

77.3 
0.70 

186 
1.50 

Shimane Fukuoka 

2.27 
106 

9.29 
4.96 

39.9 
3.00 
3.44 
1.82 
2.99 

10.6 
5.01 
0.09 
0.61 
0.05 

190 
4.35 

437 
13.8 

1.90 
75.9 
N.D. 
N.D. 

18.7 
0.61 
0.81 
N.D. 
0.37 
5.88 
5.26 
N.D. 
1.25 

l i i . / 

123 
0.43 

965 
4.04 

Oita 

1.90 
71.7 

0.11 
N.D. 

19.9 
1.31 
1.85 
N.D. 
1.72 
6.39 
7.22 
N.D. 
N.D. 
1.26 

113 
0.76 

298 
2.84 

a): Sum total concentrations of PCDDs, PCDFs and Co-PCBs 
b): Sum total TEQ of PCDDs, PCDFs and Co-PCBs 
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