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APPENDIX A

PM10 calculation

A-1 Calculation of mini volume air sampler flow calibration
Sampling site . The roof top of the nine-storey Science Complex

Buildingl, Chiang Mai University (SCB1-CMU)

Calibration date 15 July 2010
Time . 8.40 am
Ambient temperature : 305.15 K (Tact)

Ambient barometric pressure : 727 mmHQg (Pact)

Qind (L/min)  AH (inches of water)

6.50 3.40
6.00 291
5.50 2.37
5.00 1.99
4.50 1.57
4.00 1.24

Where Qind rotameter indicated flow rate, L/min

AH

transfer standard pressure, inches of water
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1. Calculation of actual flow rate (Qact)

AH X Tact
Qact = Mg X P— + bﬂo
act
Qg =5 Lmin, AH=199: Q =|57013 x | =20 X315 | 4 4548
act 727
= 5.156 L/min

Where Qact = actual flow rate, L/min

AH = transfer standard pressure, inches of water

mao = slope of linear regression of sampler calibration (5.7013)

b = intercept of linear regression of sampler calibration (-0.0548)

Tat = ambient temperature, K (305.15 K)

Pat = ambient barometric pressure, mmHg (727 mmHg)

2. Calculation of standard correction flow rate (Qa@std)

TStd X Pact

Q@std = Qu X T xP

act std
Qina=5L/min, AH=199; Q =|5156x 298.15x 727
@std 305.15 x 760

=4.985 L/min

Where Qastd standard correction flow rate, L/min

Tstd standard temperature, K (298.15 K)

Pstd standard pressure, mmHg (760 mmHg)
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3. Calculation of sampler flow rate from the linear regression (Qcaic)

Calculate Qcarc (L/min) from linear regression of calibration curve, which

constructed by plotting the different Qing Of sampler flow rate versus Qasta Obtained

from calculation

Y

7.00
6.00 -
5.00 -
= 100 - v=1.048x-0.282
5 R*=0.999
& 300
2.00 |
1.00 -
0.00 . . : :
350 400 450 500 550 600 630 7.00
Qina
Example calculation for Qing = 5.00 L/min
= 1.048X - 0.282
= 1.048(5.00) - 0.282
= 4.958 L/min
Qind AH (inches Quact Qastd Qcalc Difference
(L/min) of water)  (L/min)  (L/min)  (L/min) (%)
6.50 3.40 6.754 6.530 6.533 0.05
6.00 2.91 6.245 6.037 6.009 -0.47
5.50 2.37 5.630 5.443 5.485 0.77
5.00 1.99 5.155 4.983 4.961 -0.45
4.50 1.57 4.572 4.420 4.436 0.36
4.00 1.24 4.057 3.922 3.912 -0.26
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A-2 Calculation of PM10 concentration (ug/m?®)

To calculate the PM10 concentration for a sample taken with the mini volume
air sampler, the volume of air that passed through the filter at ambient conditions must
be calculated.

1. Calculation of the volume of air that passed through the filter during the

sampling period at actual ambient conditions, Vact (m°)

— 60min/hrs X Qcalc X thrs
1000 3
L/m

act

60, x 4.961 x 24

1000
L/m

=7.144 m3

Where tns = sampling period, hours

2. Calculation of the mass concentration of PM10, divide the net mass gain

of the filter by the volume of air that passed through the filter

M
PMaCt = VPM

act

Where PMagt

PM10 concentration, pg/m?

Mepm

mass of PM10 collected on the filter, pg

Mpm = Post-exposure weight - Pre-exposure weight

Example calculation for Mpm = 203ug;



APPENDIX B

PM10 in Chiang Mai ambient air

B-1 Concentrations of PM10 in ambient air obtained from SCB1-CMU, CH and YP stations in dry and wet season 2010

PM10 (pg/md) PM10 (pg/md) PM10 (ug/md) PM10 (pg/md)

Date SCB1- Date SCB1- Date SCB1- Date SCB1-

CMU CH YP CMU CH YP cMU CH YP cMU CH YP

Dry season (n = 51) Wet season (n = 7)

27/2/2010 96.2 106.1 119.4 16/3/2010 249.1 268.4 279.9 2/4/2010  113.7 1182 126.8 15/7/2010 285 212 275
28/2/2010 738 70.0 897 17/3/2010 1757  179.1 187.0 3/4/2010 128.4 129.8 140.0 18/7/2010 226 155 20.3
1/3/2010 824 932 973 18/3/2010  100.0 88.7 86.2 4/4/2010  140.8 140.6  153.2 22/7/2010 156 21.2 30.9
2/3/2010 98.2 1016 105.3 19/3/2010 75.9 57.8 65.5 5/4/2010 133.2 1335 1432 25/7/2010 219 186 26.4
3/3/2010 92.0 89.8 948 20/3/2010 88.2 73.5 84.0 6/4/2010 1554 150.0 164.8 29/7/2010 143 158 18.0
4/3/2010 1045 923 96.8 21/3/2010  105.8 84.2 104.4 7/4/2010 139.7 155.2 167.6 1/8/2010 322 221 28.0
5/3/2010 104.0 101.7 95.0 22/3/2010 80.7 82.6 96.3 8/4/2010 144.3 163.8 192.0 8/8/2010 12.0 21.1 2438
6/3/2010 1245 112.8 1239 23/3/2010 99.4 96.3 106.2 9/4/2010 929 1151 1234
7/3/2010 121.7 106.5 114.9 24/3/2010 126.9 123.2 145.3 10/4/2010 111.7 1134 117.6
8/3/2010 1199 132.3 1534 25/3/2010 1728 179.8 197.6 11/4/2010 1159 1315 1426
9/3/2010 1417 162.2 146.2 26/3/2010  125.7 107.2 115.0 12/4/2010 1141 1331 1453
10/3/2010 118.3 83.1 954 27/3/2010 775 66.4 70.0 13/4/2010  119.3 127.7 1419
11/3/2010 1053 952 100.3 28/3/2010 88.0 72.2 75.9 14/4/2010 83.3 954 102.3
12/3/2010 83.6 804 84.1 29/3/2010 78.2 62.9 68.0 15/4/2010 82.8 957 1133
13/3/2010 127.3 1249 1489 30/3/2010 79.5 77.8 84.5 16/4/2010 79.1 1024 81.8
14/3/2010 149.1 167.8 176.7 31/3/2010 104.1  106.5 106.6 17/4/2010 74.1 77.5 69.6
15/3/2010 2009 2205 2275 1/4/2010  103.6 97.9 109.9 19/4/2010 87.9 89.8 85.8




B-2 Values of PM10 concentrations, EC and pH in ambient air at SCB1-CMU station during dry and wet season 2010

Date PM10 EC D PM10 EC o PM10 EC PM10 EC
(ug/m®)  (mS/m) (ug/m?®)  (mS/m) (hg/m®)  (mS/m) (hg/m®)  (mS/m)
Dry season (n = 51) Wet season (n =7)
27/2/2010 96.2 055 6.68 16/3/2010  249.1 1.08  6.48 2/4/2010 113.7 073  6.47 15/7/2010 285 033 6.67
28/2/2010 738 050 6.77 17/3/2010 1757 0.88  6.68 3/4/2010 1284 077 6.38 18/7/2010 226 028 6.70
1/3/2010 824 041  6.67 18/3/2010 1000 0.73  6.48 4/4/2010 1408 074  6.69 22/7/2010 156 034 6.94
2/3/2010 982 054 6.82 19/3/2010 759 051 6.58 5/4/2010 1332 071  6.45 25/7/2010 219 028 6.95
3/3/2010 92.0 0.43 6.29 20/3/2010 88.2 0.61 6.92 6/4/2010 155.4 0.76 6.39 29/7/2010 14.3 0.30 7.26
4/3/2010 104.5 0.71 6.31 21/3/2010 105.8 0.70 6.68 7/4/2010 139.7 0.72 6.17 1/8/2010 32.2 0.31 6.75
5/3/2010 104.0 0.67 6.19 22/3/2010 80.7 0.62 6.55 8/4/2010 144.3 0.70 6.26 8/8/2010 12.0 0.29 7.09
6/3/2010 124.5 0.75 6.39 23/3/2010 99.4 0.68 6.87 9/4/2010 92.9 0.54 6.61
7/3/2010 121.7 0.70 6.25 24/3/2010 126.9 0.73 6.58 10/4/2010 111.7 0.59 6.40
8/3/2010 1199 0.60 6.43 25/3/2010 1728 0.87  6.70 11/4/2010 1159 056  6.43
9/3/2010 141.7 0.67 6.46 26/3/2010 125.7 0.69 6.83 12/4/2010 1141 0.54 6.44
10/3/2010 1183 0.63  6.33 27/3/2010 775 059 654 13/4/2010 1193 056  6.52
11/3/2010 105.3 0.63 6.30 28/3/2010 88.0 0.61 6.65 14/4/2010 83.3 0.48 6.47
12/3/2010 83.6 0.55 6.51 29/3/2010 78.2 0.34 7.25 15/4/2010 82.8 0.47 6.83
13/3/2010 127.3 0.68 6.32 30/3/2010 79.5 0.52 6.68 16/4/2010 79.1 0.42 6.63
14/3/2010 149.1 0.86 6.08 31/3/2010 104.1 0.61 6.49 17/4/2010 74.1 0.48 6.60
15/3/2010 2009 0.84  6.68 1/4/2010 1036  0.64  6.63 19/4/2010 879 040 6.66

e



B-3 lon concentrations from PM10 in ambient air during dry season 2010

lon concentrations  (pg/md)

pate CHsCOO" HCOO Cr NOz PO SO4* Na* NH4* K* Ca® Mg®* Total ions
27/2/2010 0.00 0.00 0.00 1.89 0.00 2.78 0.00 0.71 1.18 0.25 0.04 6.86
28/2/2010 0.00 0.23 0.14 1.52 0.00 2.33 0.00 0.76 0.72 0.00 0.00 5.71
1/3/2010 0.00 0.00 0.00 1.77 0.00 2.10 0.00 0.43 0.68 0.12 0.00 5.09
2/3/2010 0.00 0.00 2.17 2.40 0.00 2.86 0.00 0.59 1.01 0.21 0.05 9.30
3/3/2010 0.00 0.00 2.12 2.01 0.00 3.00 0.00 0.36 0.56 0.12 0.06 8.24
4/3/2010 0.00 0.23 0.81 2.54 0.00 6.22 0.00 0.97 0.86 0.52 0.05 12.21
5/3/2010 0.00 0.00 1.71 2.25 0.00 5.61 0.00 1.10 0.84 0.37 0.00 11.87
6/3/2010 0.00 0.23 1.74 2.74 0.00 6.63 0.00 1.42 1.08 0.46 0.05 14.34
7/3/2010 0.00 0.26 0.85 2.64 0.00 5.97 0.00 1.20 1.06 0.62 0.08 12.67
8/3/2010 0.00 0.00 1.61 2.77 0.00 4.06 0.00 0.83 0.99 0.60 0.08 10.94
9/3/2010 0.00 0.31 1.71 3.24 0.00 4.00 0.00 1.06 1.20 0.48 0.06 12.06
10/3/2010 0.00 0.00 1.62 2.88 0.00 3.32 0.00 0.81 1.42 0.30 0.06 10.41
11/3/2010 0.00 0.60 0.94 2.36 0.00 3.83 0.00 1.09 1.12 0.22 0.06 10.21
12/3/2010 0.00 0.23 0.85 191 0.00 3.77 0.00 0.43 0.87 0.15 0.06 8.26
13/3/2010 0.00 0.25 0.10 3.22 0.00 411 0.00 1.10 1.31 0.25 0.05 10.40
14/3/2010 0.00 0.47 1.21 3.66 0.00 5.52 0.00 1.58 1.56 0.38 0.07 14.45
15/3/2010 0.00 0.27 0.00 4.83 0.00 4.63 0.00 217 1.30 0.37 0.07 13.64
16/3/2010 0.00 0.33 0.12 5.58 0.00 4.88 0.00 3.01 1.95 0.88 0.06 16.82

cve



B-3 (Continued)

lon concentrations  (pg/md)

pate CHsCOO" HCOO Cr NOz PO SO4* Na* NH4* K* Ca® Mg®* Total ions
17/3/2010 0.00 0.27 0.16 3.99 0.00 4.63 0.00 2.23 1.75 0.56 0.09 13.66
18/3/2010 0.00 0.26 0.14 3.19 0.00 3.66 0.00 1.75 1.02 0.25 0.05 10.32
19/3/2010 0.00 0.00 0.00 2.24 0.00 2.50 0.00 0.98 0.81 0.08 0.06 6.67
20/3/2010 0.00 0.32 0.23 2.27 0.00 3.09 0.00 1.24 0.93 0.27 0.07 8.41
21/3/2010 0.00 0.25 0.12 2.52 0.00 4.04 0.97 1.63 0.96 0.19 0.00 10.69
22/3/2010 0.00 0.00 0.09 2.21 0.00 4.17 0.00 1.42 0.91 0.27 0.06 9.14
23/3/2010 0.00 0.26 2.42 2.68 0.00 412 0.00 191 0.79 0.18 0.00 12.36
24/3/2010 0.00 0.00 0.05 2.67 0.00 4.43 0.00 1.84 1.19 0.41 0.07 10.65
25/3/2010 0.00 0.26 0.07 3.80 0.00 5.67 0.00 2.52 1.60 0.79 0.08 14.79
26/3/2010 0.87 0.00 0.00 2.98 0.00 3.85 0.00 1.56 0.89 0.43 0.07 10.65
27/3/2010 0.00 0.00 0.08 2.48 0.00 3.14 0.00 1.14 0.61 0.21 0.05 7.71
28/3/2010 0.81 0.00 0.00 2.32 0.00 3.62 0.00 1.07 0.75 0.29 0.05 8.91
29/3/2010 0.00 0.00 0.00 2.18 0.00 3.02 0.00 0.62 0.87 0.00 0.00 6.69
30/3/2010 1.30 0.00 0.00 1.72 0.00 3.06 0.00 1.06 0.83 0.13 0.00 8.11
31/3/2010 0.93 0.00 0.00 2.25 0.00 3.60 0.00 1.82 1.12 0.08 0.00 9.79
1/4/2010 0.00 0.00 0.00 244 0.00 3.82 0.00 161 0.96 0.37 0.08 9.29
2/4/2010 111 0.25 0.00 2.92 0.00 5.39 0.00 2.95 1.08 0.65 0.12 14.47

eve



B-3 (Continued)

lon concentrations  (pg/md)

pate CH:COO" HCOO Cr NOs PO SO4* Na* NH4* K* Ca® Mg®* Total ions
3/4/2010 1.39 0.31 0.00 2.71 0.00 5.34 0.00 2.05 111 0.14 0.00 13.05
4/4/2010 1.28 0.00 0.00 2.67 0.00 4.86 0.00 2.03 1.47 0.23 0.05 12.58
5/4/2010 0.00 0.31 0.00 2.63 0.00 4.47 0.00 1.78 1.13 0.18 0.06 10.57
6/4/2010 0.93 0.27 0.00 2.89 0.00 4.39 0.00 2.30 1.44 0.37 0.07 12.65
71412010 0.00 0.30 141 2.88 0.00 4.13 0.00 1.55 0.97 0.37 0.07 11.68
8/4/2010 0.00 0.25 0.00 2.93 0.00 4.55 0.00 1.49 0.95 0.57 0.10 10.83
9/4/2010 0.00 0.00 0.00 2.17 0.00 3.55 0.00 1.02 0.68 0.24 0.06 7.72
10/4/2010 0.00 0.24 0.00 2.39 0.00 4.42 0.00 1.20 0.54 0.19 0.07 9.05
11/4/2010 0.00 0.00 0.00 1.89 0.00 3.50 0.00 1.03 0.67 0.33 0.09 7.50
12/4/2010 0.00 0.25 0.00 2.32 0.00 3.97 0.00 0.74 0.45 0.26 0.07 8.06
13/4/2010 0.00 0.00 0.00 2.24 0.00 3.93 0.00 1.30 0.49 0.17 0.07 8.21
14/4/2010 0.00 0.00 0.00 1.67 0.00 3.19 0.00 1.16 0.41 0.00 0.05 6.48
15/4/2010 0.00 0.00 0.00 1.85 0.00 2.40 0.00 1.87 0.42 0.00 0.08 6.61
16/4/2010 0.00 0.00 0.00 1.62 0.00 2.17 0.00 1.87 0.32 0.00 0.05 6.04
17/4/2010 0.00 0.00 0.00 1.81 0.00 3.77 0.00 1.53 0.33 0.07 0.07 7.58
19/4/2010 0.00 0.00 0.00 0.53 0.00 0.71 0.00 1.39 0.46 0.00 0.00 3.09
Average 0.17 0.14 0.44 2.55 0.00 3.94 0.02 1.40 0.95 0.29 0.05 9.95
SD 0.40 0.16 0.72 0.82 0.00 1.14 0.14 0.61 0.36 0.21 0.03 2.89

vve



B-4 lon concentrations from PM10 in ambient air during wet season 2010

lon concentrations  (pg/md)

pate CH:COO" HCOO Cr NOs POs* SO Na* NH4* K* Ca* Mg?* Total ions
15/7/2010 0.00 0.00 0.00 0.51 0.00 1.30 0.00 0.00 0.15 0.00 0.04 2.00
18/7/2010 0.00 0.00 0.10 0.33 0.00 0.89 0.00 0.00 0.19 0.00 0.00 1.52
22/7/2010 0.00 0.00 0.00 0.61 0.00 1.04 0.00 0.00 0.37 0.00 0.00 2.03
25/7/2010 0.00 0.00 0.00 0.36 0.00 1.06 0.00 0.00 0.16 0.00 0.00 1.59
29/7/2010 0.00 0.00 0.00 0.00 0.00 0.88 0.00 0.00 0.22 0.00 0.00 1.10
1/8/2010 0.00 0.00 0.00 0.56 0.00 0.93 0.00 0.00 0.39 0.00 0.00 1.87
8/8/2010 0.00 0.00 0.00 0.37 0.00 1.29 0.00 0.00 0.15 0.00 0.00 1.81
Average 0.00 0.00 0.01 0.39 0.00 1.06 0.00 0.00 0.23 0.00 0.01 1.70
SD 0.00 0.00 0.04 0.20 0.00 0.18 0.00 0.00 0.10 0.00 0.02 0.33

Gve



APPENDIX C

C Carbon (C), hydrogen (H) and nitrogen (N) contents of biomass samples

Concentration (%)

Biomass types No.

C H N

1 36.88 5.36 0.27

2 36.57 5.15 0.26

R-MR 3 36.36 5.03 0.29
Average 36.60 5.18 0.27

SD 0.26 0.17 0.02

1 37.09 5.00 0.33

2 36.89 5.18 0.40
R-DK 3 37.46 4,94 0.24
Average 37.15 5.04 0.32

SD 0.29 0.12 0.08

1 34.70 5.17 1.05

2 34.90 5.43 1.11

R-CD 3 34.85 5.28 0.97
Average 34.82 5.29 1.04

SD 0.10 0.13 0.07

1 38.86 4.98 2.15

2 39.17 5.12 1.88

M-MR 3 39.56 4.99 1.9
Average 39.20 5.03 1.98

SD 0.35 0.08 0.15

1 39.68 6.20 1.32

2 39.51 5.83 1.27

M-MC 3 39.43 5.99 1.15
Average 39.54 6.01 1.25

SD 0.13 0.19 0.09

1 42.98 6.06 1.12

2 42.68 5.91 1.09

M-CD 3 42.71 5.93 0.79
Average 42.79 5.97 1.00

SD 0.17 0.08 0.18
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C (Continued)
. Concentration (%)
Biomass types No. C v N

1 46.23 5.88 0.52

2 46.00 5.56 0.51

L-MR 3 45.78 5.84 0.62
Average 46.00 5.76 0.55

SD 0.23 0.17 0.06

1 48.80 6.01 0.50

2 48.57 6.11 0.63

L-DK 3 48.49 6.03 0.82
Average 48.62 6.05 0.65

SD 0.16 0.05 0.16
1 4497 571 0.24

2 44.75 5.85 0.2

L-CD 3 4431 5.59 0.18
Average 44.68 5.72 0.21

SD 0.34 0.13 0.03




APPENDIX D

PM10 samples from biomass burning in the combustion chamber

D-1 Gas concentrations emitted from biomass burning for collecting PM10

samples
_ Gas concentrations

B;;)lg;zss No. ppm EFs (g/kg)
(6{0) NO NO: SO (6{0) NO NO: SO
1 705.0 70 106 0.0 48.2 05 12 0.0
R-MR 2 746.6 6.6 73 19 51.2 05 08 03
3 840.8 11.0 107 0.0 580 08 12 00
1 27577 9.7 120 97 188.0 0.7 1.3 15
R-DK 2 1053.4 105 145 0.0 720 08 16 00
3 920.1 102 154 7.0 63.7 08 18 11
1 564.5 151 156 1.9 37.9 1.1 1.7 03
R-CD 2 792.6 83 224 00 55.2 06 26 00
3 524.5 156 134 0.0 36.4 1.2 15 00
1 309.9 81 126 0.0 42.7 12 28 00
M-MR 2 235.2 12.5 69 0.0 32.1 18 15 00
3 305.3 9.3 7.7 00 42.2 14 18 00
1 295.4 132 150 0.0 39.5 19 33 00
M-MC 2 178.2 16.0 105 0.0 24.7 24 24 00
3 246.7 206 108 0.0 34.4 31 25 00
1 408.3 55 124 0.0 564 08 28 0.0
M-CD 2 350.9 12.1 71 00 48.0 18 16 00
3 354.6 14.5 92 00 475 21 20 00
1 325.7 88 150 0.0 43.6 1.3 33 00
L-MR 2 314.0 13.0 129 0.0 41.5 1.8 28 00
3 477.6 11.0 126 25 63.6 16 27 038
1 603.8 11.4 51 0.0 82.8 1.7 1.2 00
L-DK 2 481.9 142 122 0.0 66.3 21 28 00
3 466.4 100 129 0.0 64.5 15 29 00
1 273.3 109 132 03 37.0 16 29 01
L-CD 2 298.4 16.1 101 0.0 41.2 24 23 00
3 338.8 119 134 26 45.4 1.7 30 038




D-2 EC and pH values of PM10 samples

Biomass EC Biomass EC Biomass EC

No. pH No. pH No. pH
types (mS/m) types (mS/m) types (mS/m)

1 7.42 5.1 1 3.18 5.3 1 2.81 5.2
2 5.70 5.0 2 3.11 5.7 2 2.50 5.1
R-MR 3 9.94 5.0 M-MR 3 4.31 5.2 L-MR 3 2.92 4.7
Average 7.69 5.0 Average 3.53 5.4 Average 2.74 5.0
SD 2.13 0.0 SD 0.67 0.3 SD 0.22 0.3
1 6.38 4.7 1 3.64 55 1 3.95 4.9
2 3.42 5.1 2 4.84 5.7 2 2.48 4.8
R-DK 3 7.87 5.0 M-MC 3 6.26 5.4 L-DK 3 3.19 5.1
Average 5.89 4.9 Average 491 55 Average 3.21 4.9
SD 2.27 0.2 SD 1.31 0.1 SD 0.74 0.1
1 9.32 5.0 1 7.83 5.2 1 1.42 5.2
2 6.06 5.1 2 6.42 5.6 2 2.75 5.0
R-CD 3 1.47 4.9 M-CD 3 10.79 55 L-CD 3 1.90 4.8
Average 7.62 5.0 Average 8.35 54 Average 2.03 5.0
SD 1.64 0.1 SD 2.23 0.2 SD 0.68 0.2

6v¢



D-3 EFs of PM10 and ions species from biomass burning

. PM10 EFs of ions (mg/kg)
Biomass o Total
types (o/kg) CHsCOO" HCOO CI NOs PO SO Na* NH4* K* Ca?* Mg* ions
1 0.7 0.00 0.20 49.32 10.88 0.26  18.27 0.67 519 5269 0.13 0.00 137.60
R-MR 2 0.9 0.00 030 36.25 6.64 0.08 1231 0.34 797 4042 000 0.00 104.31
3 0.9 0.00 0.29 75.56 9.90 116  16.90 0.27 1008 8171 0.00 0.00 195.87
1 0.9 0.00 036 37.84 7.40 355 17.66 185 1074 3383 0.21 0.04 11347
R-DK 2 0.2 0.00 014 2233 3.99 0.14 9.62 0.12 547 2492 002 001 66.77
3 0.7 0.00 031 5113 1046 335 19.23 241 1110 56.06 0.17 0.05 154.26
1 0.7 0.00 033 60.20 10.04 1.02 27.49 093 1940 5298 0.00 0.00 172.39
R-CD 2 0.5 0.00 0.14  38.60 9.88 042 18.13 0.08 1180 3868 0.00 0.00 117.74
3 0.8 0.00 032 41.23 9.38 0.84 24.02 0.34 1377 4054 0.07 0.00 130.50
Average  0.69 0.00 0.26  45.83 8.73 120 18.18 0.78 1061 46.87 0.07 0.01 13254
SD 0.23 0.00 0.08 15.46 2.26 1.33 5.38 0.82 436 1647 0.08 0.02 3842
1 0.7 0.00 0.24 39.09 14.09 0.00 14.89 0.89 8.15 5257 000 0.00 129.92
M-MR 2 0.4 0.00 0.22 4452 7.24 0.00 13.87 0.23 831 50.84 049 0.00 125.73
3 0.9 0.00 0.28 60.44 1043 0.00 18.84 0.10 1114 7294 000 0.00 174.17
1 1.3 0.00 053 36.37 14.60 0.12 28.75 023 1789 3445 000 0.00 13293
M-MC 2 0.9 0.00 0.23 55.86 10.13 0.13 4490 0.00 3060 36.32 0.00 0.05 178.22
3 1.4 0.00 0.26 84.81 11.12 0.00 46.19 0.00 26.08 78.86 0.00 0.00 247.32
1 0.8 0.00 0.42 100.00 20.37 0.08 46.84 047 1751 11729 0.00 0.00 302.99
M-CD 2 0.8 0.00 0.29 99.94 10.56 0.00 20.36 0.74 710 13270 0.00 0.00 271.69
3 0.9 0.00 3.01 19193 14.26 159 4784 0.87 3135 19412 0.00 0.00 484.98
Average  0.90 0.00 061 79.22 1253 021 31.39 039 1757 8556 005 0.01 227.55

SD 0.31 0.00 091 4892 3.79 052 1490 0.36 9.73 53.09 016 0.02 116.42
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D-3 (Continued)

. PM10 EFs of ions (mg/kg)
Biomass

types (g/kg) CH:COO® HCOO™ CI NOsy PO#& SOZ  Na* NHS  K'  Ca* Mg* TIS;Z'
1 2.0 000 066 689 2201 000 3040 130 1340 2077 013 006 9561
L-MR 2 15 000 048 1152 1192 000 2121 070 1330 1356 000 003 72.72
3 1.4 000 042 1427 1865 000 1775 095 1020 1938 000 005 8168
1 3.0 000 040 3762 884 000 2365 013 2824 926 000 007 10821
L-DK 2 1.4 000 075 1375 1096 000 1608 000 927 1776 000 0.10 68.67
3 1.2 000 066 2664 1599 000 2321 036 1364 3795 000 000 11845
1 0.7 000 031 38 1334 000 1083 103 633 890 005 000 4461
L-CD 2 11 000 046 1222 1814 000 2611 000 869 3253 000 000 98.14
3 1.4 000 048 314 1534 000 1451 000 886 558 000 003 47.94
Average  1.52 000 051 1443 1502 000 2042 050 1244 1841 002 004 8178
SD 0.65 000 014 1117 418 000 616 051 644 1090 004 003 2570
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APPENDIX E

Water-soluble samples from biomass burning in the combustion chamber

E-1 Gas concentrations emitted from biomass burning for collecting water-

soluble samples

Gas concentrations

B;;)lg;zss No. ppm EFs (g/kg)
(6{0) NO NO, SO, (6{0) NO NO: SO,
1 1079.5 6.3 146 0.0 75.4 0.5 1.7 0.0
R-MR 2 791.7 9.0 53 00 55.2 07 06 0.0
3 521.8 139 111 0.0 36.4 1.0 1.3 0.0
1 667.4 12.7 99 00 46.2 0.9 1.1 0.0
R-DK 2 1261.6 136 158 0.0 87.8 1.0 1.8 0.0
3 691.0 89 157 0.0 48.4 0.7 1.8 0.0
1 880.0 115 188 0.0 61.2 09 22 00
R-CD 2 413.1 105 203 0.0 28.6 08 23 0.0
3 592.9 201 146 0.0 40.3 15 1.6 0.0
1 467.3 6.4 145 0.0 62.1 09 32 00
M-MR 2 476.1 7.0 15.8 0.0 64.7 1.0 3.5 0.0
3 387.0 100 134 0.0 53.7 15 31 00
1 410.7 15.0 14.8 0.0 56.2 2.2 3.3 0.0
M-MC 2 365.9 77 186 0.0 48.7 1.1 41 00
3 295.4 6.3 171 0.0 40.5 09 38 00
M-CD 1 297.0 50 164 0.0 41.3 08 37 00
2 376.4 82 167 00 51.7 1.2 38 0.0
1 271.9 103 102 0.0 37.1 15 23 00
L-MR 2 369.3 92 173 0.0 51.3 1.4 40 0.0
3 312.6 147 138 0.0 43.4 22 32 00
1 483.3 105 168 0.0 67.5 16 38 00
L-DK 2 408.9 109 156 0.0 55.2 16 35 00
3 427.6 6.2 133 0.0 58.8 09 30 00
1 427.6 6.2 133 0.0 59.7 09 30 00
L-CD 2 293.6 32 203 0.0 40.4 05 46 00
3 245.2 106 179 0.0 33.9 16 41 0.0




E-2 EC and pH values of water-soluble samples

Biomass EC Biomass EC Biomass EC

No. pH No. pH No. pH
types (mS/m) types (mS/m) types (mS/m)

1 1.44 4.6 1 0.71 5.2 1 0.96 4.8
2 0.88 5.1 2 1.12 4.9 2 1.08 4.8
R-MR 3 0.96 5.0 M-MR 3 1.04 4.8 L-MR 3 1.04 4.8
Average 1.09 4.9 Average 0.96 4.9 Average 1.03 4.8
SD 0.31 0.2 SD 0.22 0.2 SD 0.06 0.0
1 1.46 5.0 1 1.46 4.7 1 1.21 4.7
2 1.60 4.8 2 1.20 4.7 2 1.15 4.6
R-DK 3 1.29 4.7 M-MC 3 1.23 4.7 L-DK 3 1.11 4.7
Average 1.45 4.8 Average 1.30 4.7 Average 1.16 4.7
SD 0.16 0.1 SD 0.14 0.0 SD 0.05 0.0
1 1.41 4.7 1 1.01 4.9 1 1.24 4.7
2 1.44 4.7 2 1.07 4.7 2 1.11 4.8
R-CD 3 1.38 4.7 M-CD 3 1.04 4.8 L-CD 3 1.14 4.7
Average 141 4.7 Average 1.04 4.8 Average 1.16 4.7
SD 0.03 0.0 SD 0.03 0.1 SD 0.07 0.0
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E-3 EFs of ions species from biomass burning

EFs of ions (mg/kg)

Biomass Total
types CH3COO" HCOO CI NO,  NOs POs S04 Na' NH4* K* Ca%* Mg* ons
1 201.3 25.2 50.1 70.9 25.2 0.0 154 21.1 334 454 359 1.9 525.8
R-MR 2 287.1 51.0 67.1 1385 6.6 0.0 8.9 47.3 155 795 68.3 3.6 773.5
3 96.9 39.7 38.0 51.4 13.2 0.0 17.0 0.0 196 49.0 0.0 1.8 326.6
1 3235 81.3 10.3 56.2 16.0 0.0 8.6 0.0 18.0 8.7 33 0.0 525.9
R-DK 2 204.2 59.3 24.3 9.3 18.1 0.0 10.8 1.8 240 184 247 0.0 394.9
3 199.7 54.2 17.6 61.5 16.0 0.0 7.2 0.0 15.8 159 59 0.0 393.7
1 326.2 75.7 13.7 116.3 17.8 0.0 7.0 4.4 332 163 411 07 652.3
R-CD 2 227.4 63.3 13.8 128.0 20.8 0.0 10.5 22.1 190 69.0 127 0.0 586.6
3 248.7 61.0 9.7 123.0 13.3 0.0 19.3 15.0 274 511 158 0.0 584.2
1 146.5 28.7 55.9 260.8 12.7 0.0 14.8 26.7 10.4 115.8 56.4 1.2 729.6
M-MR 2 219.6  106.0 60.6 144.1 33.9 0.0 29.1 0.0 30.7 135.1 81 0.0 767.2
3 80.9 46.6 69.5 228.7 25.2 0.0 411 1.7 39.2 142.1 0.0 0.0 675.1
1 5495  129.3 48.3 146.4 37.4 0.0 74.3 0.0 87.4 148.6 13.6 226 1257.2
M-MC 2 111.1 74.9 209 1156  40.8 0.0 28.2 0.0 375 18.2 0.0 0.0 447.2
3 121.1 86.6 305 1648 479 0.0 83.5 19.8 379 136.3 144 48 747.5
1 205.7 90.6 46.0 227.8 32.3 0.0 36.6 17.7 30.5 1329 274 15 849.1
M-CD 2 160.5 65.1 28,5 2452 26.1 0.0 13.7 9.4 19.2 114.6 00 0.0 682.3
3 240.8 91.2 95.4 2016 22.7 0.0 19.3 9.7 309 803 458 00 837.7
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E-3 (Continued)

EFs of ions (mg/kg)

Biomass Total
types CHsCOO" HCOO CI NO2 NOs PO S04~ Na* NH4' K* Ca?* Mg? ons
1 273.1  105.1 14 155.6 13.8 0.0 20.7 139 135 879 176 0.0 702.6
L-MR 2 2720 103.7 98.8 3310 56.1 0.0 11.6 542 246 1216 984 26 11745
3 3123 101.0 51.1 14238 42.4 0.0 14.5 0.0 222 65.6 21.7 0.0 773.6
1 320.7 99.0 12.1  250.1 35.9 0.0 22.5 206 260 1050 186 0.0 910.5
L-DK 2 324.1 85.3 0.0 189.7 21.6 0.0 25.0 0.0 30.6 49.0 0.0 0.0 725.4
3 354.2  110.6 82 226.0 30.0 0.0 18.5 234 364 67.7 0.0 0.0 875.0
1 540.3 1171 0.0 96.6 9.3 0.0 16.0 0.0 19.9 46.1 0.0 0.0 845.2
L-CD 2 117.6 62.9 23.2 252.2 46.6 0.0 7.9 326 120 949 56.9 1.3 708.1
3 203.3 91.5 68.0 232.7 1753.3 0.0 45.1 9.5 1437 36.5 575.0 6.1 3164.7
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