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Table 1 The conditions of biomass burning
/C 630 621 720 785 652
1%
21 20.9 21 20.5 21 20.7 21 20.7 21 20.8
2.2
2 [-TEQ .5
2.59( ) .16.78( ) .1.44( ) 5.15( ) 34.12( ) ngekg!
. PCDFs/PCDDs 1.81.1.21.0.82.0.49.0.54 N
PCDFs > PCDDs N N PCDDs > PCDFs. I-TEQ
0. 26( ) 1.04( ) 0.10( ) 0.31( ) 1.49( ) ng'kg_l
. PCDFs/PCDDs 3.76.3.09.4.18.4.85.4.11
PCDFs > PCDDs.
2 ( ‘ngekg ™)

Table 2 Emissions concentration in dioxin of biomass burning ( units: ng*kg™")

I-TEQ I-TEQ I-TEQ I-TEQ I-TEQ
2 3 7 8-ICDF 0.16  0.016  0.46  0.046  0.079 0.0079  0.23  0.023  0.91 0.091
123 7 8PeCDF 0.22  0.012 0.57  0.028 0.088 0.0044 0.22  0.011 1.18  0.059
2 3 4 7 8PeCDF 0.22 0.12 0.78 0.39  0.087 0.044  0.32 0.16 1.21 0.61
12347 8HxCDF 0.25 0.025 0.87  0.087  0.098 0.0098  0.21  0.021 1.34 0.13
1236 7 8-HxCDF 0.18  0.018 0.87  0.087  0.073 0.0073  0.20  0.020  1.24 0.12
234 6 7 84HxCDF 0.16  0.016  1.02 0.10  0.048 0.0048 0.15  0.015  1.33 0.13
12378 9-HxCDF 0.060 0.0061  0.15  0.015 0.013 0.0013 0.090 0.0093  0.20  0.020
123467 8HpCDF N.D.*  N.D. 3.03  0.030 0.080 0.00080 0.040 0.00040 3.22  0.032
123478 9-HpCDF 0.050 0.00051 0.24  0.0024 0.006 0.00010 0.030 0.00030  0.29  0.0029
OCDF 0.36 0.00036 1.22  0.0012 0.072 0.00010 0.19  0.0002 1.05  0.0011
23 7 8-TCDD 0.010  0.0081 0.050 0.047  N.D. N.D.  0.010 0.0071 0.04  0.035
1237 8PeCDD 0.070  0.036  0.10  0.051  0.024 0.012 0.070 0.035  0.17  0.087
12347 8HxCDD 0.040 0.0038  0.46  0.046  0.026 0.0026  0.020  0.0021  0.42  0.042
12367 8HxCDD 0.050 0.0046  0.49  0.049  0.022 0.0022 0.030 0.0034  0.46  0.046
12378 9HxCDD 0.030  0.0026 0.33  0.033  0.012 0.0012 0.030 0.0027  0.34  0.034
123467 8HpCDD N.D. N.D. 2.48  0.025  0.064 0.00060 N.D. N.D. 2.88  0.029
0CDD 0.73 0.00073 3.66  0.0037  0.64 0.00064 3.30  0.0033 17.84  0.018
Total PCDD /Fs 2.59 0.26  16.78  1.04 1.44 0.10 5.15 0.31 3412 1.49
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2
I-TEQ I-TEQ [-TEQ I-TEQ [-TEQ
T,CDF 0.16 0.016 0.46 0.046 0.079 0.0079 0.23 0.023 0.91 0.091
P5CDFs 0.45 0.13 1.34 0.42 0.18 0.048 0.53 0.17 2.39 0.67
Hy CDFs 0.65 0. 065 2.90 0.29 0.23 0.023 0.66 0.065 4.11 0.40
H,CDFs 0.050  0.00051 3.27 0.032 0.09 0.00090 0.080  0.00070 3.51 0.035
04 CDF 0.36 0.00036 1.22 0.0012 0.072  0.00010 0.19 0.00020 1.05 0.0011
Total PCDFs 1.67 0.21 9.20 0.79 0.65 0.081 1.69 0.26 11.97 1.20
T,CDD 0.010 0.0081 0.050 0.047 N.D. N.D. 0.010 0.0071 0.04 0.035
P;CDD 0.070 0.036 0.10 0.051 0.024 0.012 0.070 0.035 0.17 0.087
Hy CDDs 0.12 0.011 1.28 0.13 0.06 0. 0060 0.080 0.0082 1.22 0.12
H,CDD N.D. N.D. 2.48 0.025 0.064  0.00060 N.D. N.D. 2.88 0.029
04, CDD 0.73 0.00073 3.66 0.0037 0.642  0.00064 3.30 0.0033 17.84 0.018
Total PCDDs 0.92 0.056 7.58 0.25 0.79 0.019 3.46 0.054 22.14 0.29
PCDFs/ PCDDs 1.81 3.76 1.21 3.09 0.82 4.18 0.49 4.85 0.54 4.11
a. N.D.
0.2—1.06 ng ITEQ-kg ™" *
0.30  0.22 nglTEQ-kg ™" *; 52—891 pgTEQ*Nm ™ "
0.63—10.25 ngl TEQ kg ".
2.3
5 3
2. 0CDD
2 3 47 8PeCDF 50%  PCDDs 1237 8PeCDD.
3 ( %)

Table 3 The main composition of dioxins in biomass burning ( congeners % )

0CDD 0CDD 0CDD 0CDD 0CDD
(28.20) (21.82) (44.73) (64.09) (52.28)
OCDF 1234678HpCDF 1234 7 8HxCDF 2 3 4 7 8-PeCDF 123467 8HpCDF
(13.92) (18.07) (6.81) (6.16) (9.44)
123478HCDF  1234678HpCDD 123 7 8PeCDF 2 3 7 8-TCDF 12347 8HxCDF
(9.64) (14.81) (6.12) (4.54) (3.94)
123 7 8PeCDF OCDF 23 4 7 8-PeCDF 123 7 8-PeCDF 23467 8-HxCDF
(8.63) (7.29) (6.08) (4.21) (3.91)
2 3 4 7 8PeCDF 234678HxCDF 123467 8HCDF 123478HCDF 1236 7 8-HxCDF
(8.61) (6.06) (5.58) (4.14) (3.61)
2 3 4 7 8PeCDF 23 4 7 8-PeCDF 2 3 4 7 8-PeCDF 2 3 4 7 8-PeCDF 23 4 7 8-PeCDF
(44.62) (37.50) (44.00) (51.61) (40.94)
1237 8PeCDD 2346 7 8HxCDF 123 7 8-PeCDD 1237 8PeCDD 12347 8HxCDF
(13.85) (9.62) (12.00) (11.29) (8.72)
ITEQ 12347 8HxCDF 12367 8HxCDF 12 3 4 7 8-HxCDF 2 3 7 8-TCDF 23467 8-HxCDF
(9.62) (8.37) (9.80) (7.42) (8.72)
123678HxCDF 1234 7 8HxCDF 2 3 7 8-TCDF 123478HCDF 12367 8HxCDF
(6.92) (8.37) (7.90) (6.77) (8.05)
2346 7 8HxCDF 123 7 8PeCDD 12367 8HxCDF 12367 8HxCDF 1237 8PeCDD
(6.15) (4.90) (7.30) (6.45) (5.84)
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Fig.2 The distribution of congeners and homologues in biomass burning
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Table 4 The main composition of dioxins in biomass burning ( homologue)
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5 (ngekg™)

Table 5 The concentrations of dioxins in biomass ( ngekg™")

-TEQ 1-TEQ 1-TEQ -TEQ 1-TEQ
2 3 7 84CDF N. D. N. D. 0.65 0.065 0.067 0. 0067 0.14 0.014 0.72 0.072
1 237 8PeCDF N.D. N.D. 0.15 0.0077 N.D. N.D. N N.D. 1.11 0.056
2 3 47 8PeCDF N. D. N. D. 0.41 0.2 N.D. N.D. N N. D. 0.8 0.4
1 2347 8HxCDF N. D. N. D. 0.46 0.046 N. D. N. D. 0.14 0.014 0.93 0.093
12367 8HxCDF N. D. N. D. 0.69 0.069 N.D. N.D. 0.14 0.014 1.05 0.1
2346 7 8HxCDF N.D. N.D. 0.38 0.038 N.D. N.D. 0.25 0.025 0.34 0.034
1237 8 9-HxCDF N.D. N.D. N.D. N. D. N.D. N.D. N.D N.D. 0.16 0.016
123467 8HpCDF 0.43 0.0043 0.76 0.0076 N.D. N.D. 0.3 0.0022 5.84 0.058
123478 9-HpCDF N.D. N.D. N.D. N. D. N.D. N.D. N.D N.D. 0.51 0.0051
OCDF N. D. N. D. 0.7 0.0007 0. 0. 0003 N. D. N. D. 2.33 0.0023
2 37 84CDD N.D. N.D. N.D. N. D. N.D. N.D N.D N.D. 0.05 0.046
123 7 8PeCDD N. D. N. D. 0.23 0.11 N.D. N.D. N.D N. D. 0.25 0.13
12347 8HxCDD N. D. N. D. 0.16 0.016 N.D N. D. 0.19 0.019 0.44 0.044
12367 8HxCDD N. D. N. D. 0.19 0.019 N.D. N.D. 0.16 0.016 0.62 0.062
12378 9-HxCDD N.D. N.D. N.D. N. D. N.D N.D. 0.15 0.015 0.53 0.053
123467 8HpCDD 0.57 0. 0057 2.65 0.026 0.3 0.003 N. D. N. D. 5.26 0.053
OCDD 4.01 0.004 13.85 0.014 2.88 0.0029 7.63 0.0076 60. 38 0.06
Total PCDD/Fs 5.01 0.014 21.28 0.62 3.55 0.013 9.10 0.13 81.32 1.28
T,CDF N. D. N. D. 0.65 0.065 0.067 0. 0067 0.14 0.014 0.72 0.072
Ps;CDFs N. N. D. 0.56 0.21 N.D. N.D. N. D. N. D. 1.91 0.46
Hy CDFs N.D. N.D. 1.53 0.15 N.D. N.D. 0.53 0.053 2.48 0.25
H, CDFs 0.43 0.0043 0.76 0.0076 N.D. N.D. 0.3 0.003 6.35 0.063
0z CDF N.D. N.D. 0.7 0.0007 0.3 0. 0003 N. D. N. D. 2.33 0.0023
Total PCDFs 0.43 0.0043 4.2 0.44 0.37 0.007 0.97 0.07 13.79 0.84
T,CDD N.D N.D. N.D. N.D. N.D. N.D. N.D N. D. 0.046 0.046
P;CDD N.D. N.D. 0.23 0.11 N.D. N.D. N. D. N. D. 0.25 0.13
Hy CDDs N.D N.D. 0.35 0.035 N.D. N.D. 0.5 0.05 1.59 0.16
H,CDD 0.57 0.0057 2.65 0.026 0.3 0.003 N.D N. D. 5.26 0.053
0gCDD 4.01 0.004 13.85 0.014 2.88 0.0029 7.63 0.0076 60. 38 0.06
Total PCDDs 4.58 0.0097 17.08 0.19 3.18 0.0059 8.13 0.058 67.52 0.44
PCDFs/PCDDs 0.094 0.44 0.25 2.36 0.12 1.19 0.12 1.22 0.20 1.91

5 5.01( ) \21.28( ) .3.55( ) 9. 10(
) \81.32( ) ngekg ™!
0.014( ) .0.62( ) -
0.013( ) .0.13( ) 1. 28( ) ngekg ™
; PCDFs/PCDDs
0.094.0.25.0.12.0.12.0.20 PCDDs PCDFs PCDFs/PCDDs
1.81.1.21.0.82.0.49.0.54 PCDFs

PCDFs PCDDs. PCDFs/PCDDs 0.44.2.36.1.19.1.22.

1.91 PCDFs PCDDs ( )

PCDFs/PCDDs 3.76.3.09.4.18.4.85.4.11 PCDFs (

). (P,_sCDD/Fs) N.D..1.44.0.067.0. 14.2.93 ngekg "'
( P_sCDD/Fs) 5.01.19.84.3.48.8.96.78.38 ng*kg ';

0.68.1.96.0.28.0.85.3.51 ng*kg ™' 1.91.14.82.1.17.4.29.
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Fig.3 The distribution of congeners and homologues in biomass
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1278
6 Cl S Cu (mgeg™)
Table 6 The content of CI S Cu in biomass ( mgeg™")

cl S Cu
0.57 0.62 1.20 x10 3
1.44 0.83 5.90 x10°
0.50 0.12 2.70 x10~7
0.51 0.08 1.51x10°°
0.78 0.92 1.37x10 73

2.6 2347 8PeCDF

2 3 4 7 8PeCDF PCDD/Fs.PCDFs  PCDDs I-TEQ

4.
0.70 Ypepp. = 18. 37X, - 2. 64; I-TEQ

Yoo =29. 35X, =3.34 Yy = 10. 97X, -
: YP(,'I)I)/Fs =2. 56X2 -0.038 YP(,'])Fs =2. 03X2 -0.029 YP(:])D, =

0.53X, -0.0056. R’ :0.98.0.97.0.91.0.99.0.99.0.94. SPSS
P 0.000.0.003.0.011.0.000.0.000.0.006( P <0.05)
p 0.150.0.436.0.310.0.462.0. 259
0.843( P >0.05) 2 347 8PeCDF  PCDD/Fs.PCDFs  PCDDs
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THE EMISSION CHARACTERISTICS OF DIOXINS IN BIOMASS BURNING

CHEN Deyi'* PENG Ping ‘an' HU Jianfang' REN Man' CHEN Pei'®
(1. State Key Laboratory of Organic Geochemistry Guangzhou Institute of Geochemistry Chinese Academy of Sciences
Guangzhou 510640 China; 2. Graduate School of Chinese Academy of Sciences Beijing 100049 China)

ABSTRACT

In this paper open fire buring of five kinds of biomass were simulated indoor. Their smokes were
collected as samples and the level of dioxins in biomass and combustion products was analyzed. The emission
factors of corn stalks straw pine eucalyptus pine needle are 2.59 16.78 1.44 5.15 34.12 ngekg™'
their corresponding I-TEQ concentration are 0.26 1.04 0.10 0.31 1.49 ng * kg™'. The largest
contribution to the concentration is OCDD the percentage is 28.20% 21.82% 44.73% 64.09%
52.28% ; the largest contribution to the total toxic equivalent concentration is 2 3 4 7 8-PeCDF the
percentage is 44.62% 37.50% 44.00% 51.61% 40.94% . The contents of dioxins in the five biomass
are 5.01 21.28 3.55 9.10 81.32 ngekg™' which are large when compared with the emission factor of
dioxins in biomass burning. I-TEQ contents are 0. 014 0.62 0.013 0.13 1.29 ngkg™' which are small
when compared with the emission factor of dioxins total toxic equivalent in biomass burning. The dioxins in
biomass burning came from the raw materials particular OCDD as well as from the formation especially the
low-chlorinated dioxins ( P,_sCDD/Fs). The 2 3 4 7 8PeCDF has a good linear relationship with the total
concentration or the total toxic equivalent concentration with R> >0.91 P <0.011.

Keywords: biomass combustion dioxin emission characteristic.



