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Chemical Composition of Water-soluble Ions in Smoke Emitted from Tree

Branch Combustion
LIU Gang, HUANG Ke, LI Jiu-hai, XU Hui

(Jiangsu Collaborative Innovation Center of Atmospheric Environment and Equipment Technology, Nanjing University of Information
Science & Technology, Nanjing 210044, China)
Abstract: Water-soluble ions in particulate matter (PM) from tree branch combustion were determined. The results showed that the

average content of total water-soluble ions in flaming PM from dry branches was (28.88 +17.54) g-kg™'. The major components

included C1~, SO~ , and K*, the mean emission factors (EFs) of which were in the range of 101.0 to 118. 2 mg-kg ™'
1

. In addition,
the mean content of the total ions in smoldering PM was (6.38 £2.79) g-kg™'. The main constituents contained Na*, SO}~ , K*,
and C1™, the mean EFs of which varied from 101. 1 to 245. 7 mg-kg™'. The average content of the total ions in flaming PM from green
branches was (22. 13 £13.52) g-kg™'. Their major components were SO;~, CI~, and K* , with mean EFs ranging from 136. 4 to 197.6
mg-kg™'. Furthermore, the mean content of all ions in smoldering PM derived from green branches was (15.71 £19.09) g-kg™'. Cl~,

1

SO2™, and Na* were the main components, with mean EFs varying from 298. 6 to 869. 1 mg-kg™'. Significant correlations were found

between the contents of C1™ and K* in PM from dry and (or) green branches burned under each condition. Similar relation also existed
between EFs of C1~ from the dry branches burned in smoldering condition and the moisture in them. The EFs of C1~, K* , and Mg>*
were positively correlated with moisture while the green branches were burned in flaming condition. The EFs of C17, Na*, NH," , and
Mg’ * were significantly positively correlated with moisture as well when the fuels were combusted in smoldering condition. Combustion
conditions, tree types, and moisture in wood fuels all had impacts on the chemical compositions and EFs of water-soluble ions in PM from
tree branches. This may have significance in estimating the quantity of the pollutants from forest fires.

Key words :tree branch; combustion; water-soluble ion; smoke; emission factor
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Table 1  Correlations of water-soluble ions in flaming PM from dry branches

Cl- S02- Na* NH; K* Mg**
Cl- 1 0.53 0.70 " 0.75" 0.88" 0.29
S03° 1 0.78" 0.82° 0.55 -0.01
Na* 1 0.87 0.47 -0.01
NH, 1 0.55 0.13
K* 1 0.30

Mg** 1
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Table 2 Emission factors of water-soluble ions for dry branches ( fuel burned, dry basis)/mg-kg

-1

- cl- S03- Na* NH,/ K* Mg+ Ca®*
BUPES ke WA S IR Bke IR ke WA 5% BUPES Bge WA [5e
HER  122.3  50.2 63.4 33.5  198.2  31.4 12.3 53.8 32.4 5.8 46.9 56. 8
FiE 197.5  97.1 116.4 88.0 35.1  158.0 45.4 144.9 82.0 1.9 38.3 89.5
gk 120.2  39.7 132.8  87.9  24.1 207.9 32.0 150.1  169.7 5.7 54.8 109. 7
JRER 36.0 28.4 127.3 2852  32.4 2887 23.1 26.2 41.3  62.7 2.0 54.1 9.5 109.2
Fiptay 22.4  17.6  90.5  43.0 17.5  325.9  21.1 34.8 344 39.4 1.9 33.0 41.9
ETN 67.1 65.8 132.0 261.1 36.7  213.1  45.9 13.2  39.4 517 4.9 57.9 99.6
JIME 135.0  60.7 84.5  96.1 23.2  138.0 15.6 155.7 147.6 4.0 39.4 66.5
5 249.6  330.5 124.3 1146 529 167.6 15.8  52.1 315.4 246.3  10.4 25.8 21.7
M 63.3 176.4 163.0 461.1 62.8  366.7 9.1 26.7  40.1 151.2 5.9 59.5  25.8 167.9
FEM 160.0 144.2  110.3  706.4  58.8 393.4 33.6 839 346 933 9.8 64.3 128.6
P 118.2 101.1 114.4 238.2  37.7 2457 27.3 356 101.0 107.6 5.2 47.4  17.6 89. 1
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PR

cl- S02- Na* NH,! K* Mg?* Ca®* K
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S0%~ 1 0.73* 0.58 -0.15 0.76 0.70" 0.49
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ions in PM from green branches
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Table 4 Emission factors of water-soluble ions for green branches (fuel burned, dry basis)/mg-kg ™!
oo Cl- S03- Na* NH,f K* Mg?* Ca®*
R [P PN B 4k S A B RS B IR Fige  Bike
HERY  830.2  6610.8 196.1  591.4 84. 4 606. 1 95.2  1552.0 559.9  344.6 22.4 95. 4
FH O 124.6 367.9  214.6  590.4 88.2 301.8 92.1 55.3 14.9 70.7  131.6
Ty 75.3 219.9 23.2 34.1 239.7 12.2 7.0 87.0 66. 1 5.8 59. 1
JRAR 34.2 49.2 1525 226.5 28.9 149.9 24.7 31.0 32.9 11.2 54.8  111.4
WA 83.2 194.8 3142  171.6 83.7 291.2 62.0 20.0  50.3 48.9 12.5 40.7
ESU/N 96. 6 69.8 199.0  313.5 51.7 289.2 70.3 48.5 35.4 59.5 10. 4 60.7  63.1
FRE  181.3 309.2  208.9  396.5 61.5 304. 4 36. 1 10.1  176.2  115.2 8.7 51.9  113.9
gt 263.7 253.8  295.1  667.6 64.2 367.6 80. 2 122.3  113.6  231.7 8.5 49.5  177.4
) 44.3 393.0  183.5 1330.1 38.9 217.4 11.8 38.1  109.0  141.2 15.7 39.4  112.6
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Table 5 Correlations of EFs for water-soluble ions in flaming PM from green branches
al- S0%- Na* NH, K* Mg?* Tk
Cl~- 1 0.15 0.48 0.74" 0.96" 0.39 0.68"
S03° 1 0.63" 0.59 0.02 -0.06 -0.14
Na* 1 0.82° 0.40 -0.08 0.31
NH, 1 0.55 -0.10 0.31
K+ 1 0.55 0.77*
Mg** 1 0.70*
TRH 1
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Table 6  Correlations of water-soluble ions in smoldering

PM from green branches

Cl-  SO;~  Na*  NH; K* Mg?*
cl- 1 0.06 0.69° 0.99* 0.71* 0.57
S03- 1 0.09 0.00 0.43 -0.16
Na* 1 0.74* 0.78*  0.67"*
NH, 1 0.75*  0.55
K* 1 0.35
Mg? 1
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Table 7 Correlations of EFs for water-soluble ions in smoldering PM from green branches

cl- S03- Na* NH; K* Mg+ Ca* FrKFE
cl- 1 0.12 0.88* 0.99* 0.82°* 0.84" 0.41 0.76*
S02- 1 0.09 0.08 0. 40 -0.06 0.25 0. 40
Na* 1 0.94* 0.87* 0.76" 0.44 0.66*
NH; 1 0.84* 0.89" 0.70 0.80*
K* 1 0.58 0.71 0.60
Mg? * 1 -0.12 0.80*
Ca®* 1 -0.37
KR 1
3 mn R BBRIR R 1™ | S0% ™ K*%Mﬁﬁﬁ%%ﬂﬁi
ZH1e
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