CHAPTER 3
RESULTS AND DISSCUSSIONS

Acid depogtion in the Northern part of Thaland has been monitored for a year
(April, 2003 to March, 2004). Wet and dry samples were collected by wet-only
collector and four-stage filter pack, respectively. Chemical parameters of the collected
samples including EC, pH, anions (C, NOs", SO4%) and cations (Na', NH,", K*, M7,
Ca?") were andysed. The meteorologica data of the study site have been collected to
evduate the meteorologicd condition of the aea The sampling dte was
Meteorologicd Station belongs to Faculty of Agriculture, Chiang Ma  Universty,

located at Mae Hia Research Center.

3.1 Meteorological Data of Sampling Site

The meteorologicd data of sampling Ste was collected by daff of Mea Hea
Research Center Office, Chiang Ma Universty. The summary of this meteorological
data is shown in Table 3.1. Annua mean temperatures during study period was 25.7
°C. The highest temperature was 37.5 °C during day time in early and late of May,
2003. The lowest temperature was 5 °C in the night time in late of January, 2004. The
annual mean of percentage humidity (%RH) was 69.3%, whereas 50.4 and 83.8%

were minimum and maximum values, respectively (see dl detain Appendix B).

The highest frequency of rainy days was found in September, 2003 with a number
of 19 days The totd amount of rainfal during study period was 13625 mm. The

maximum precipitation amount was 456.1 mm in September, 2003. In year 2003, the
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tota ran amount in Thaland was lower than normal, Especidly in Northern part of
Thaland which was 13 % lower than the previous year. Before the study period, the
weether was reatively hot. Averages of annua temperatures were in high range.
However, amount of ran in May, 2003 was higher than norma due to the low
amospheric pressure, which passed through Thaland in a short period of time until
Jdune, 2003. Since July, 2003 the rainfdl in the others region in Thaland was increased
excepted in Northern and North Eastern, because party the South West monsoon was
moved to Thaland, especidly in last of July, 2004. Thaland was affected by two
dorms (the tropicad dorm “Cony” and Typhoon “Imbudo’). The number of
precipitetion and amount of rainfal were increased in August and September, 2004
particuarly in September, flood occurred in many provinces in the Northern included
Chiang Mai. In late of rainy season the amount and spread of rain were mostly lower
than norma. Also the high amospheric pressure from China spreaded to the Northern
region of Thailand. The temperature and rainfal were decreased in middle of October

and sgnificantly decreased at the end of October (www.tmd.go.th).

3.2 Wet Deposition Monitoring
The wet precipitation samples were collected by automatic precipitation
collector (wet only collector). Chemical properties such as EC, pH and ion

concentrations were measured.
3.2.1 Comparison of general precipitation data

The number of rainy day obtained from Mae Hia Research Center Office was 80
days. The other meteorologicd data were also provided from the same research center.

However, the recorded of precipitation of this research was found the different data
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between two types of collector (rain gauge and precipitation collector belongs to the
Pollution Control Department). Table 3.2 shows the concluded data of precipitation
days in study period. The precipitations collected by rain gauge were recorded as 94
days while the data from precipitation collector were 98 days. The difference was
found in dry season (October, 2003 to February, 2004). The meteorological conditions
in this season could accurate evaporation rate of ran water samples especidly when
precipitation is low. By the way, ran gauge was desgned as non-cover container. The
samples in the rain gauge aso exposed directly to sunlight during the day time before
next sample collection. So, an absence of sample might be occurred. Another reason
for this event is assumed by affect from wind velocity. In case of smal precipitation
with high wind veocity during precipitation, it might be affected to the direction of

rain drops on the mouth of rain gauge.



Table 3.1 Meteorological data of sampling site
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M eteor ological condition Months Annual
Apr  May Jun’ Jul'  Aug Sep’ | Ot Nov' Dec Jan' Feb' Mar
03 03 03 03 03 03 |03 03 03 04 04 04

M ean Max.daily | 358 345 312 325 317 317 | 316 310 289 307 311 355| 322
t'fmperat“re Min daily | 21.2 223 237 241 232 234 | 213 181 123 105 134 173 | 193
e Monthly | 285 284 278 283 274 2715 | 266 246 206 206 222 264 | 257
Mean Relative Max. daily | 781 777 858 860 875 896 | 9.0 826 894 884 753 746 | 838
Humidity () \1in qaily | 334 485 668 675 712 780 | 630 458 460 362 263 27.6| 504

Monthly | 557 631 763 767 794 813 | 765 642 67.7 623 557 563 | &g
Total Precipitation amount
(mm./month) 947 2510 1617 798 2845 4561 | 146 131 0 65 06 0 |13625
Number of precipitation day
(days) 1 9 1N U G DACHBCIAIHILE o 80

€L



74

Table 3.2 Comparison of precipitation data between rain gauge and precipitation

collector
Months Rain gauge Precipitation collector
Number of Total Number of Total
rainy day* precipitation rainy day** precipitation
(Days) (mm) (days) )
April’03 6 80.9 6 5,394.6
May’ 03 10 84.8 10 5,689.2
June' 03 24 115.2 24 7,721.0
July’' 03 12 50.0 12 3,173.1
Aug' 03 15 176.3 15 11,278.9
Sep’ 03 19 2913 19 19,0404
Oct’03 5 51 8 319.5
Nov’'03 1 8.6 1 537.1
Dec’03 0 0.1 1 5.0
Jan’'04 1 4.4 1 267.4
Feb'04 1 04 1 26.2
Mar’03 0 0.0 0 0.0
Total 94 817.0 98 52,452.4

Note * Diameter of rain gauge = 150 mm

** Diameter of precipitation collector = 288 mm
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3.2.2 Measurement of Acidity and Alkalinity (pH)

The smply way to define the acid precipitation can ke done by measure pH vaue
of the solution. The acid precipitation refer to any precipitate form which is pH lower
than 5.6. pH of the samples were measured by pH meter. The pH vaues of dl wet
sample are shows in Appendix A (Measurements results of wet precipitation). The
digtribution of pH values are shown in Figure 3.1.
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Figure 3.1 Digribution of pH of wet samples (78 samples)

The didribution of pH vaues of wet sample was made from 78 samples
(precipitation amount > 4 g). Figure 3.1 shows the normd digribution which is the
character of rain samples in cleen area (Sarawut, 2005). Monthly mean vdues are
shown in Figure 3.2. The precipitation was found to be dightly acids (pH<5.6) in 4

months (April, June, August ad November, 2003). Three fourth of them were in dry
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season excepted data of June which is in ealy of rainy season. The changing of
meteorological condition was affected to sample concentrations. However, the annua
mean pH in study period was 5.6. The lowest detected pH was 4.8. There was
approximately 19% of rain samples which pH vaues were lower than 5.6.

7 -
Summer Rainy Winter

6 -
5.6 ]

pH

B e T T T e Sp—

O T T T T T T T T T T
Apr- May- Jun- Jul- Aug- Sep- Oct- Nov- Dec- Jan- Feb- Mar-
03 03 03 03 03 03 03 03 03 04 04 04

Month

Figure 3.2 Monthly weight mean pH vaues from April, 2004 to March, 2003.

Note* December, 2003; Low precipitation amount, pH could not be measured

** March, 2004; No precipitation.

3.2.3 M easurement of Electro-Conductivity

The Electro-conductivity (EC) of samples was measured by the conductivity
meter, Inolab Modd 325. The monthly weight means EC were in range of 0.27-3.6
mS/m as shown in Figure 3.3. The annud mean EC in study year was 0.56 mS'm. The

daly maximum EC was 6.12 mSm in April, 2003 while the dally minimum was 0.16



77

mS'm in September, 2003. The frequency and amount of rainfal were affected to the
EC leves of samples. The highes EC was found in dry season. Due to human
activities in the area around the sampling Ste such as biomass burning and forest fire,
Pollutants were released to the atmosphere. The increased of Totad Dissolved Solid

(TDS) in atmosphere affected to the EC of samples.
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Figure 3.3 Monthly mean EC vaue from April, 2004 to March, 2003.

Note * December, 2003 (1 sample, 5 g.); Low precipitation amount, EC could not be

measured

** March, 2004; No precipitation.

3.2.4 Measurement of ion concentration in rain samples

lons contained in precipitate samples play an important role for changing of
chemica properties of sample. Two types of ions contained in samples were measured

in this study. Three species of anions namey S0, NOs” and CI and five cation
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species namdy NH4*, Na', K*, Ca?* and Mg?* were analyzed by ion chromatograph

Chromatograms of mixed standard are shown in Figures 3.4 and 3.5

-2

4

Time(Min.)

Figure 3.4 Chromatogram of 0.8 ppm mixed anions standard
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0.2

Time{Min.)
Figure 3.5 Chromatogram of 0.8 ppm mixed cations standard.
a) Calibration curve of ion analysis

In each analyticad run, 6 concentrations of caibration standard were prepared and
andyzed for it ions concentration. The cdibration curve of each ion standard was
drawn from concentrations of standard solution versus peak area. Concentration range
was in acceptable concentration coefficient (r?) was set at >0.995 to express the

linearity of the curve 0.1-1.0 ppm. The calibration curve of each ion is shown in

Figure 3.6.
b) Detection Limit

The detection limit in this sudy was obtained by 5 injection of 0.1 ppm standard
solution. Their concentrations were caculated from the cdibration curve in range 0.1-
1.0 ppm. Detection limit was caculated as three time of standard deviation (Taylor,

1987). Results were shown in Table 3.3.
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Figure 3.6 Cdibration curves of ions and their equations, &) Chloride (CI), b) Nitrate (NOs), c) Sulfate (SO4%), d) Sodium (N&).
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Figure 3.6 (Continued) Cdlibration curves of ions and their equations, € Ammonium (NH,*), f) Potassum (K*), g) Cdcium (C&"), h)
Magnesium (Mc™).
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Table 3.3 Detection limit of IC for each ion
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cr NOs SO4* Na* NH4" K* Mg Ca**
Analysistimes
(ppm) (Ppm) (ppm) (Ppm) (Ppm) (ppm) (ppm) (ppm)
1 0.113 0.113 0.145 0.094 0.119 0.115 0.112 0.067
2 0.110 0.093 0.152 0.092 0.119 0.118 0.114 0.067
3 0.113 0.109 0.141 0.090 0.123 0.117 0.114 0.068
4 0.114 0.105 0.149 0.093 0.125 0.119 0.113 0.070
5 0.106 0.105 0.155 0.093 0.129 0.123 0.118 0.069
Average 0.111 0.105 0.148 0.092 0.123 0.118 0.114 0.068
Standard Deviation (s) 0.003 0.007 0.005 0.001 0.004 0.003 0.002 0.001
Limit of Detection; LOD (3xs) |  0.010 0.022 0.016 0.004 0.012 0.008 0.006 0.004
Limit of Quantification; LOQ 0.034 0.074 0.054 0.014 0.041 0.027 0.021 0.013

(10xs)

é8
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c) lon contained in rain samples

Detected anion concentrations contained in wet precipitation samples were found
in the different ranges. The results were concluded from 11 months because of un-
precipitation in la sampling month (Mach, 2004). An example of andyss

chromatogram of wet sample for anion and cation are shown in Figure 3.7 and 3.8

ar o

Figure 3.7 Chromatogram of anions detected from rain sample
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Figure 3.8 Chromatogram of cations detected from rain sample

I) Chlorideion

Chloride ion (CI) contained in ran samples was highest in winter and lower in
summer and rainy, respectively. The varigion of CI in ambient ar is shown in Fgure
39. The lowest weight mean concentration was found in September, 2003. The
minimum detected concentration was 0.79 peqgl/L in late of June, 2003. The low
concentrations of ions in ran samples were due to high precipitation. The highest
weight mean concentrations were found in February, 2004 followed by December and
August, 2003, respectively. These pesk concentrations showed high levd of
contaminations in the atmosphere. Others reasons would be effected from biomass
burning in agriculturd area from clearing of the land after harvest and forest fire. The
amount of CI accumulated in amosphere dso affected by the meteorologica

condition such as the rdation between CI' concentration and amount of rainfal. The
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concentrated samples were found in low amount of precipitation especidly in dry
season. However, the concentration in August, 2003 was not follow the reason above.
The dtuation in this month was assume from the dgnificantly increesed of ran
amount. Farmer normaly Start to prepare land to grow plant. Therefore, burning of

biomasswill be done with this purpose.
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Figure 3.9 Monthly weight mean concentration of chloride ion.
Note No precipitation in March, 2004

I1) Nitrateion (NO3)

Concentrations of nitrate ion (NOs”) contained in dl samples were in range N.D.-
137.10 peg/L. Figure 3.10 shows monthly weight mean concentrations during study
period. The minimum detected concentration was 048 pegL. The level of NOs
contamination in winter was dgnificant different from other seasons. Winter season in

Northern region was affected from the North East monsoon (www.tmd.go.th), which
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passed through Chiang Ma City and some agriculture areas Stuation up-wind of the

sampling Ste. Therefore, the main source of NOs™ in winter was from those aress.

Bedde, the meteorologicd condition in winter season (low inverson) as wel as
geographicd  condition of Chiang Ma-Lumphun Basn, which is surrounded by

mountains. Pollutants are possibly accumulated in this area

Moreover, there was less precipitation in this period. Thus, the contaminated leve

was increased. However, the highest weght mean concentration was found in

February, 2004 due to the same reason. Besde, the congtruction activity in the area

close to sampling site could be aso another reason.
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Figure 3.10 Monthly weight mean concentration of nitrate ion.

Note No precipitation on March, 2004

[11) Sulfateion

The detected concentration of sulfate (SO4%) ion contained in ran samples was

found in range 0.21-117.08 peg/L. The weight mean concentration of SO4% contained
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in samples was 4.10 peg/L. The maximum concentration was detected in February,
2004. Figure 3.11 shows the varigtion of sulfate concentrations in 12 months. The
weight mean concentration in winter was adso dgnificant higher than summer and
rany season. It was smilar to NOs™ concentration, which high level in winter and
highest in February, 2004. The man source of this pollutant was probably from
Chiang Ma City. Other sources were biomass burning in agriculturd area and forest

fire
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Figure 3.11 Monthly weight mean concentrations of sulfete ion

Note No precipitation on March, 2004

V) Sodium ion

The concentration range of sodium ion (N&) was detected in range of N.D. to
83.12 peg/L. The minimum detected vaue was 059 pegL. The trends of Na

concentrations were ungable in the sudy period. The highest weight mean
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concentration was found in July, 2003 as shown in Figure 3.11. The sgnificant higher
vaue found in this month was assumed from the effect of South West monsoon which

could transfer Na&' in the cloud from the ocean to precipitate on the land.
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Figure 3.12 Monthly weight mean concentration of sodium ion (N&).
Note No precipitation on March, 2004

V) Ammonium ion

Ammonium ion (NH;") contained in rain samples were found in range of N.D. to
229.16 peg/L while the minimum detected concentration was 046 peg/L. The highest
weight mean concentration was found in winter. The vaues were decreased in
summer and rainy season, respectivey (Figure 3.13). Trend of NH;* concentrations
was the same as NOs;™ and SO, concentrations. As mentioned above, the direction of
North East monsoon affected to NOs™ and SO4% concentrations. It aso the reason of
NH;" level in amosphere. The pollutants released from sources were transferred to

sampling ste by the prevailing wind. The magjor sources of NH;" in atmosphere was
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the high fetilizer used in agriculture ectivities and the combugtion of human and

animal wagte.
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Figure 3.13 Monthly weight mean concentration of ammonium ion.
Note No precipitation on March, 2004

V1) Potassum ion (K™)

The detected concentration range of potassum ion (K™) contained in samples was
N.D. to 200.76 peg/L. The minimum detected concentration was 0.18 pegl/L. Most of
monthly weights mean concentrations during study period were lower than 20 pumol/L
excepted in December, 2003, which was 69.6 pmol/L (Figure 3.14). The reason of
high concentration was the firg rain after long time unprecipitation (45 days) as well
as low rain amount (4.96 g). Therefore the firgt rain leached pollutants in atmosphere

was occurred. The biomass burning in agriculturd areas on the direction of monsoon
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were increesed potassum concentration in samples (Agriculture Office of Chiang

Mai, 2004).
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Figure 3.14 Monthly weight mean concentration of potassum ion.
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Note No precipitation on March, 2004

VIIl) Magnesium ion

The detected concentration range of magnesium ion (Mcf") contained in samples
was in range of N.D. to 17557 peg/L. The highet weight mean concentration was
found in summer, following by rany and winter, respectively (Figure 3.15). The
sources of Mg?* in samples were assumed from ash and dust caused from soil and
agriculturd  activities. Smal amount of ran samples in April to July was another
factor of concentrated samples. The Mg™* contained in dust was formed to bicarbonate
(HCO3) and M¢f* by react with carbon dioxide (CO,) and rain drops during

precipitation, as equation (Howells, 1995);
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MgCOQ, +CO, +H,0® Mg** + 2HCO;’
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Figure3.15 Monthly weight mean concentration of magnesum ion.
Note No precipitation on March, 2004

VII1) Calcium ion

The cdcium ion (Ca") concentration in rain samples were in range of N.D. to
27524 peg/L. The minimum detected concentration was 140 pegL. The Ca*
contaned in ran samples during study period was fluctuated. The weght mean
concentration of C&* in winter season was the highest followed by rainy and summer,
respectively (Figure 3.16). The weight mean concentration of Ca’* was compared to
weight mean concentration of ran amount in the previous result. The sgnificant
relation of ran amount and concentration was found particularly during September,
2003 to February, 2004. The Ca®* in amosphere was emitted from biomass burning,

s0il dust and cement factory. Due to the congruction of the new radio distribution
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pole close to the sampling area in February, 2004. The cement used in congruction

project would be areason of releasing calcium to atmosphere.
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Figure 3.16 Monthly weight mean concentration of cacium ion

Note No precipitation on March, 2004

3.3 Quality Assurance and Quality Control

The results of chemica andyss of precipitation samples were cdculated to R1
and R2 vaues. The andyss results were normdly recorded in mg/L (ppm) unit then
converted to peg/L before used for calculation of ion balance (R1) and EC check (R2).

lon balance and EC check result of wet samples are shown in Figures 3.17 and 3.18

R1 and R2 vaues show the accuracy of ions andyss. Te caculated vaues were
then compared with EANET criteria. Approximately 19% of R1 vaues were accepted,

while 51% of R2 vaues.
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Figure 3.17 Didtribution of R1 (lon balance) of wet samples
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The accuracy of chemicd andyss was done by andyss of the atificid rain
provided by the Pollution Control Depatment (PCD). Artificid rains received from
PCD were number 031 and 032 with serid number 088. The sample number 031 was
high concentration whereas number 032 was low concentration. Both samples were
100 times diluted by milli Q water in three replications (g b, ¢ for no. 031 and d, e, f
for no. 032) before EC, pH and ion concentration anayss, respectively. The results

obtained are shown in table 3.4.

3.4 Dry Deposition M onitoring

Dry deposition samples were collected by 4 stages filter pack holder set to assess
the levd of acid gases and particles in atmosphere. Sampling was carried out a the
sane place and same period with wet depostion. All filters were extracted and
andysed for determination of anions and cations by IC. Each filter was used to collect
and andyse the different parameters. The firgt stage filter (PTFE; FO) was andysed for
CI, NOs', SO4%, Na', NHs*, K*, Mg?* and Ca?*. The second stage filter (Polyamide;
F1) was andysed for CI, NOs", SO4% and NH,*. The akali impregnated filter (F2) in
third stage was andysed for CI and SO4%. The acid impregnate filter (F3) in the last
layer was andysed for only NH;*. The examples of analyzed chromatogram of each

filter are shown in Figure 3.19-3.22.
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Table 3.4 pH, EC and concentration of ion in Artificial Rain No. 031-032

Sample No. pH EC Concentration (umol/L) R1 R2
5 mSm | SO, | NOy | CI' Na' K* ca* | Mg* | NH," |(lon balance)(EC check)

Reference conc. (N0.031) | 452 | 344 | 4470 | 30.90 | 66.00 | 46.10 6.90 | 2050 7.00 | 4830

No.031 a 497 | 318 46.55 | 30.08 | 69.19 | 4556 577 23.79 594 49.99 -5.75 -5.50

b 470 | 321 46.17 | 30.10 | 68.85 | 45.33 5.78 22.90 597 50.57 -3.24 -0.86

C 461 | 319 46.23 | 30.19 | 69.17 | 46.29 6.58 2219 593 50.59 -2.03 203

Average 476 | 319 | 4632 | 3012 | 69.07 | 4573 | 604 | 2296 | 59 | 50.38 -3.67 -1.45
Standard deviation 019 | 0.02 0.20 0.06 0.19 0.50 0.46 0.80 0.02 0.34
Reference conc. (N0.032) | 480 | 148 | 1200 | 21.30 | 29.60 | 25.60 2.50 4.40 340 | 1510

No.032 d 4.95 1.32 1202 | 2073 | 29.24 255 231 5.6 312 14.14 -2.37 -0.58

e 5.07 1.26 11.92 | 2063 | 2919 | 2651 35 545 31 13.37 -3.30 -1.89

f 481 143 1199 | 2075 | 29.6 24.79 2.33 491 313 14.48 -0.81 0.60

Average 494 1.34 1198 | 20.70 | 29.34 | 25.60 271 532 312 14.00 -2.16 -0.62
Standard deviation 013 | 0.09 0.05 0.06 0.22 0.86 0.68 0.36 0.02 057

De-ionized Water 7.61 12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

G6
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Figure 3.19 Chromatograms of anions and cations obtained from FO filter

Note Mg®* and Ca?* are not detected in this sample.
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Figure 3.20 Chromatograms of anions and cations obtained from F1 filter

Note Mg®* and Ca?* are not detected in this sample.
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Figure 3.21 Chromatograms of anions obtained from F2 filter
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Figure 3.22 Chromatograms of cations obtained from F3 filter

Note Mg®* and Ca®* are not detected in this sample,
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3.4.1 Acidic Gas Concentrations

The andyss results were used to determine the concentration of ar pollutants
namdy sulfur dioxide (SO.), nitric acid (HNOg), nitrogen dioxide (NO,) and ammonia

(NHs). The concentrations of pollutant gases are shown in Table 3.5

Table 3.5 Monthly concentration of pollutants during sudy period.

Months Sample Concentration (nmol/nt’)
SO, HNO; HCI NH3
Apr-03 0.00 2.29 0.00 795.63
May-03 0.00 0.00 32.20 1037.22
Jun-03 5.62 497 24.72 462.50
Jul-03 5.22 5.37 5.05 107.69
Aug-03 1.79 4.29 451 0.00
Sep-03 2.94 241 0.00 79.36
Oct-03 23.27 10.72 1.43 87.50
Nov-03 62.34 2.56 6.97 167.17
Dec-03 20.93 25.45 14.28 153.59
Jan-04 41.33 28.10 9.99 286.30
Feb-04 17.56 37.51 12.74 284.74
Mar-04 31.22 47.73 29.65 509.53
Average 17.7 14.3 11..8 330.9

a) Sulfur dioxide; SO,(q)

The concentrations of SOx(g) were found in range of N.D. to 62.34 nmol/n? as

shown in Figure 3.23. The concentrations of the firs two months of study period were
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non detected. The highest weight mean concentration was in November, 2003, which
collected on 25 Nov to 2 Dec, 2003 (20 days after the last precipitation was detected).
The highest concentration was detected in November, 2003 which was in the early of
winter season. The main source of SO»(g) was emitted directly from fossl fud
burning. Apart from that the north east monsoon in winter season, trangported SO.(Q)
from Chiang Ma City to sampling area. In addition, the change of meteorologicd
condition from rainy to winter (Oct-Nov) was effected to the spread of pollutant

plume in study area. Therefore, high accumulation of SO,(g) might be occurred.
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Figure 3.23 Monthly concentration of sulfur dioxide.

b) Nitric acid; HNOs(g)

The concentrations of nitric acid (HNOs(g)) in amosphere ranged from N.D. to
47.7 nmol/m? as shown in Figure 3.24. The monthly levels of HNOs(g) increased in

winter until early of summer due to changing of the meteorologicd condition. In dry
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condition (less of precipitation), samples became more concentrated particularly in
March, 2004 (un-precipitation). Biomass burning in agriculture area and garbage
burning in communities were assummed to be the man sources of nitric acid in
winter. In addition, forest fire was another source of nitric acid in the summer time,
The areas in Chiang Ma where often had forest fire were Jom Tong, Aom Koy and
Mae Jam Didricts. All together the fire occurred 544 times in one year which covered
6,351 ra damage areas (Forest fire Control Unit.,, 2004). The summer monsoon is
prevailing through those areas, and then took the pollutants to the sampling Site.
Winter
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Figure 3.24 Monthly concentration of nitric acid.
¢) Hydrochloric acid; HCI(g)

The range of hydrochloric acid (HCI(g)) concentrations found in dry depostion
samples was N.D.-32.2 nmol/n?. Most of high HCl concentrations was found in dry
season (summer and winter). There was less of precipitation in dry season therefore

the pollutant remained in the atmosphere. Non detected vaues were found in two
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months (April and September, 2003) as shown in Figure 3.25. In September, there was
high precipitation, so that the concentration of pollutant in ar was decreased.
However, the non detected vadue in April was not the same reason. The high
concentration of blank sample probably from contaminated filters during preparation

was assumed to be amain reason.
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Figure 3.25 Monthly concentration of hydrochloric acid
d) Ammonia; NHs(g)

The concentration of ammonia (NHs(g)) in amosphere was found in range of
N.D.-1037.2 nmol/n?. The highest concentration was in May, 2003 & shown in
Figure 3.23. The main input of NHs(g) to amosphere were the fertilizer gpplication
and nitrification process. The high levd of NH3(g) in summer was due to fertilizer

used to improve the qudity of soil for next agriculture period in rany season.
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However the NHs(g) in other months were dso found, but its concentration was lower

than in summer because the wash out process caused by rain.
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Figure 3.26 The monthly concentration of anmonia.
3.4.2 Acid particle concentration

The acid particles in the atmosphere were adso collected by the 4 stage filter pack
a the same time with gases collection. Concentration of acid particles was obtained by
andyss of extracted samples using ion chromatography. The results of acid particle in

atmosphere during study period are shown in Table 3.6.
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Table 3.6 Monthly concentrations of acid particle collected by 4-stage filter pack

Month Particle concentration (nmol/m?®)

Cl NOs | SO+ | Na" | NHs' | K' | Mg | ca*

Apr-03 | N.D 4.76 0.93 6.59 | 22094 | 26.24 | 5.08 | 40.50
May-03 | N.D 142 | 3034 | 3221 | 12334 | 1747 | 27.94 | 167.62
Jun-03 | N.D 4.84 1.86 N.D 8.44 N.D 7.05 N.D
Jul-03 2.25 4.82 6.89 9.94 1646 | 1096 | 126 | 13.19
Aug-03 | N.D 9.75 0.54 N.D 6.74 6.41 230 | 18.86
Sep-03 | 031 151 7.06 N.D 9.31 208 | 7492 | 4.62
Oct-03 4.76 075 | 5920 | N.D | 10764 | N.D 1.28 6.69
Nov-03 | 051 0.21 3.01 N.D 3.95 0.82 0.02 0.10
Dec-03 | N.D 1203 | 8827 | N.D | 11867 | 21.37 | 0.11 | 10.80
Jan-04 | 1547 | 232 N.D N.D 7.84 2.72 N.D 8.52
Feb-04 | 280 | 30.85 | 23.38 | 249 5419 | 29.72 | 1.87 | 17.65

Mar-04 | 1.75 | 38.02 | 5544 | 10.69 | 100.21 | 52.76 | 4.38 | 34.32

Average | 1.23 491 1223 | 2.73 3435 | 7583 5.57 14.26

a) Chloride particles

Range of detected chloride concentration was N.D. to 15.47 nmol/nt. Most of
the chloride level contaminated in atmosphere was low. The detected chloride particle

concentration was highest in winter season.
b) Nitrate particles

Concentration of detected nitrate particle was found in range of N.D. to 38.0

nmoal/n. The highest detected concentration was found in March, 2004 which was the
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ealy of summer (no precipitation). However the highest weight mean concentration
was found in winter season, while the weight mean concentrations in summer and
rany season were amilar. The pattern of NO3- concentrations found in dry depostion
to the one detected were smilar in wet precipitation. Therefore, the sources of NO3”

could bethe same.
c) Sulfate particles

The concentration of sulfate particle was found in range N.D. to 88.3 nmol/nT.
The highest concentration was detected in early of winter (December, 2003).
However, the highest weight mean concentration was found in summer season
followed by winter ad rany season, respectively. The level of sulfate particles in
summer wes affected by the meteorologica in summer due to high temperature and
long sunlight period. It related to the reaction of sulfur dioxide gas with ammonia in
moist ar.

d) Ammonium particles

The present of ammonium particle in amosphere were detected in range of N.D.
to 220.9 nmol/m?. The highest concentration and seasond weight mesn concentration
were found in summer (March, 2004). The main source of anmonium particles could

probably derived from the use of fertilizer in agriculture activity.
€) Sodium particles

The seasond weight mean concentration of Na was found to be highest in
summer. The main source of sodium was from the marine input especidly in the area
close to the sea However, the sampling dte in Chiang Ma might have less effect.

Therefore the norma contamination levd should be low or non detected. The
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ggnificant high concentration in May, 2003 might be affected from some kind of
activity around sampling gSte such as biomass burning in agriculturd area and forest

fire.
f) Potassum particles

The detected concentration of potassum particles in adl samples was found in
range N.D. to 52.76 nmol/n?. The seasond weight mesn concentration was aso
highes in summer. The high level of potassum particles was assumed from the effect

of fertilizer usage.
g) Magnesium particles

The concentration of magnesum particles in amosphere was found in range of
N.D. to 74.92 nmol/m®. The highest concentration was detected in rainy Season.
However, the highest seasond weight mean concentration was dso found in summer
time like those in wet precipitation andyds. The man pollutant input was assumed

from dust and biomass burning in agriculturd activities.
h) Calcium particles

The monthly cacium particles concentration was found in range of N.D. to 167.6
nmol/n?. The seasond weight mean concentrations were highest in summer and
reduced in winter and rainy sesson respectively. The man source of Ca&' was
assumed from soil dust. Moreover, another important source might be from the same
source as Mg?*, which was added by the C&2* rdleased from cement used in new By-

Pass road congtruction project in Chiang Mal.
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3.5 Seasonal variation of samples concentration
3.5.1 Seasonal concentration of wet samples

The concentrations of ions contained in samples had a seasona variation. The
vaiaions of ion concentrations were dffected by many factors particularly
meteorological conditions. Table 3.7 shows the seasond weight mean concentration of
al detected ions in each season. In the early of this sudy was darted from summer
season (Apr to May, 03 and Mar, 04), rainy (June,03 to Oct,03) and winter (Nov,03 to
Feb,04), respectively. Concentrated samples were found in dry season except Na
which was highest in rainy season. The highest N& due to the effect of South West
monsoon which transfered Na' in the cloud from the ocean to precipitate on the land.
The highest mean concentration in wet sample was NH;". The main source of NHy4" in
amosphere was the high fertilizer used in agriculture activities and the combustion of

human and anima wadte.

Table 3.7 The seasond weight mean concentration of wet samples.

Month Weight mean concentration (peg/L)

ClI" [NO3 |SOs%-|NH4 | Na" | K* |Mg*| ca®

Summer 48 (131|157 (31.0| 05 | 41 | 78 | 131
Rainy 44 | 45 | 56 [113| 35 | 37 | 32 | 101
Winter 65 | 187372529 | 16 | 28 | 06 | 104

3.5.2 Seasonal concentration of dry samples

The seasond mean concentrations of acid gases and particles are shown in Table

3.8 Mog of the high concentration samples were found in dry season especidly
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summer. Ammonia and ammonium ion were found as highest concentration in dry

samples due to agricultura activities.

Table 3.8 The seasond mean concentrations of acid pollutants collected by 4-stage

filter pack

Gases (nmol/nT) Particles (nmol/n?)

Seasons
SO, HNO4 HCI| NH3 |SO,*[NOs | CI' [NH, | Na"| K* [M¢?*| Ca®*

Summer 10.4 | 16.7 | 20.6| 780.8 | 28.9 | 14.7 | 0.6 | 148.2|16.5|32.2| 12.5 | 80.8

Rainy | 78 | 56 | 711474 | 151 | 43 |15|29.7| 20|39 |174| 87

Winter | 355|234 (11.0( 223.0 | 28.7 | 114 | 4.7 | 46.2 | 0.6 |13.7| 05 | 93

3.6 Deposition amount
3.6.1 Wet deposition

The depodtion amount is the value of ion concentration deposited per area unit.
In this research, the deposition amount per square meter (n?) was caculated. The

deposition amounts of wet samples are shown in Table 3.9.

The total wet deposition was 1361.2 mg/n?. The mgor ion of wet deposition
was NOs™ with 319.2 mg/nt as 23.4% of total wet deposition. However, SO4* was the
second major cause of wet deposition. It was 313.0 mg/n? as 23.0% of totd wet
depogition. Therefore, it could be assumed that the mgor sources of pollutant cause
were from anthropogenic activities which probably from the vehide internd
combustion and fud burning in indudtrid processes. The proportion of esch ion

parameter are concluded in Figure 3.27.
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Table 3.9 Monthly wet deposition amount

Month Deposition amount (mg/n¥)
SO | NOs | CI' | NHs | Na*" | K* | Ca®* |Mg*
Apr-03 85.84| 7859 | 20.19 | 5545 | 1.22 | 15.36 | 33.76 | 7.55
May-03 2550 3345 | 792 | 2189 [ 084 | 822 | 816 | 6.83
Jun-03 38.28| 6254 | 1524 | 4692 | 599 | 17.19 | 16.57 | 7.05
Jul-03 827 | 1509 | 851 | 1490 (1822| 9.62 | 11.75 | 6.52
Aug-03 37.35| 30.19 | 36.37 | 29.68 |16.09| 41.87 | 69.69 | 6.36
Sep-03 73.47| 54.05 | 3258 | 28.66 | 7.65 | 17.52 | 21.61 | 3.79
Oct-03 6.39 | 7.17 1.72 332 | 056 | 055 321 | 011
Nov-03 18.47| 6.76 1.32 841 | 0.32 | 0.40 141 | 0.04
Dec-03 028 | 011 | 004 0.13 | 0.02 | 0.22 0.08 | 0.01
Jan-04 3.80 | 6.83 144 323 | 0.09 | 0.64 0.91 | 0.02
Feb-04 154 | 196 | 0.30 108 | 0.06 | 0.24 041 | 0.03
Mar-04 7 - - p - - - -
Total deposition |312.99( 319.20 | 125.63 | 228.82 | 51.06 | 114.64 | 169.23 | 39.66
Per cent of 230 | 234 9.2 168 | 3.8 8.4 12.4 2.9

deposition (%)

Note No precipitation on March, 2004
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Figure 3.27 Percentage of ionsin wet depostion
3.6.2 Dry deposition

The concentrations of pollutant in amosphere collected by 4-stages filter pack
were reported in concentration unit per volume of ar samples (nmol/nT). Its
deposition amount can be cadculated by multiply with the depostion velocity factor
(Vo). Sarawut (2004) cdculated the depostion velocity (Vq) of Mae Moh Digtrict,
Lampang Province and found out that the velocity was 0.53 cm/s. Therefore, this
factor was applied to calculate te deposition amount of dry samples in this sudy. The

dry deposition amount in each month of study period is shown in Table 3.10.

The highest dry depostion in gases form was ammonia with a number of 35.8
ugnt (69.6% of tota dry depostion in gas form). Ammonia contained in air samples
was assumed from the fertilizer used and the changing of nitrogen compound in nature
by nitrification process. However, dry depostion in paticle foom was sulfate with a

vdue of 141 pgn? (39.9% of tota dry deposition in paicle form). Sulfae particle
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was emitted from fud burning in indudtriad processes. The comparison chart of acid

pollutants in gas and particle form are shown in Figure 3.28 and 3.29

14.0%

NH;
69.6%

Figure 3.28 Percentage of gases depogtion.

ca®

2+
Mg 10.4%
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Figure 3.29 Percentage of particle deposition.



Table3.10 Monthly dry deposition amount in Sudy period
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Deposition amount (x 10 pug/mrs)

Month Gases Particles

SO, | HNOs | HCI | NH3 | SOs~ | NOs cl NH,* Na* K* Mg* | ca™

Apr-03 0.0 0.1 0.0 7.2 0.05 0.2 0.0 2.1 0.1 0.5 0.1 0.5

M ay-03 0.0 0.0 0.6 9.4 1.5 0.05 0.0 1.2 0.4 0.4 0.4 1.9

Jun-03 0.2 0.2 05 42 0.1 0.2 0.0 0.1 0.0 0.0 0.1 0.0

Jul-03 0.2 0.2 0.1 1.0 0.4 0.2 0.04 0.2 0.1 0.2 0.02 0.1

Aug-03 0.1 0.1 0.1 0.0 0.03 0.3 0.0 0.1 0.0 0.1 0.03 0.2

Sep-03 0.1 0.1 0.0 0.7 0.4 0.05 | 0.01 0.1 00 | 004 1.0 0.1

Oct-03 0.8 0.4 003 | 08 3.0 0.02 0.1 1.0 0.0 0.0 0.02 0.1
Nov-03 2.1 0.1 0.1 1.5 0.2 001 | 001 | 004 00 | 002 | 0.0002 | 0.001

Dec-03 0.7 0.9 0.3 1.4 45 0.4 0.0 1.1 0.0 04 | 0001 | 01

Jan-04 1.4 0.9 0.2 2.6 0.0 0.1 0.3 0.1 0.0 0.1 0.0 0.1

Feb-04 0.6 1.3 0.2 2.6 1.2 1.0 0.1 0.5 003 | 06 0.02 0.2

M ar-04 1.1 1.6 0.6 4.6 2.8 1.2 0.03 1.0 0.1 1.1 0.1 0.4

Total deposition| 7.2 5.7 2.7 | 358 14.1 3.7 0.5 7.4 0.8 35 1.6 3.7

Per cent of

deposition (%) | 14.0 11.1 53 | 69.6 39.9 10.4 15 21.1 21 | 100 4.6 10.4

A%}



3.6.3 Total deposition amount
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Total depogtion amount was concluded from wet and dry depostion vaues. By

the way, the deposition amount of SO4%, SO,, HNO3, NHs, NOs and NHs* were

cdculated to sulfur and nitrogen depostions. The concluson of total depostion of

eachionisshown in Table 3.11 and Figure 3.30

Table3.11 Totd depostion in Sudy period

Type Deposition amount (pg/n¥)
of S N Cl N Na* K* | ca® | Mg
deposition
Wet 10.4 25.0 12.6 17.8 5.1 115 16.9 3.97
(x10%) | (s0) | (NOy) (NH,")
Dry 8.3 21 3.2
35.2 0.8 35 3.7 16
(SOs“+ | (HNOs+ (NHg+
SO,) NO3) NH4")

Nitrogen was the mgor part of acid depostion in Chiang Ma. Due to the humen

activities such as fetilizer used in agriculture activity, vehicle internal combustion and

the rdeasng from naturd sources. The increasing of fadilities demand due to growth

of communities was rised up the pollution trend in this region.
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Figure 3.30 Percentage of total ion deposition during study period
Note S= total deposition amount of sulfur compound (SO,*, SO,)

N = total deposition of nitrogen compound (HNOs;, NH3, NOs', NH,")
3.6.4 Comparison of deposition amount

Depogtion amount caculated in this sudy was compared with other studies such
& Daa from Ressach and Training in Re-Afforestation Station in  Nakorn
Rachasrima Province, which was aso qudified as rurd dte. The comparison daa is

shown in Table 3.13
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Table 3.12 Comparison of total deposition.

Sampling site Total Deposition amount (ug/n?) x 10°
S N cr N Na* | K* | ca® | Mg
(&)42_1 (HNO3! (NH31
0,) | NOy) NH,")

Chiang Mai 104 | 250 | 126 | 178 | 511 | 115 | 169 4.0

Nakon- 369 | 246 | 188 | 272 | 30.8 7.1 20.0 7.5

Rachasrima

Depodtion amount of the Research and Training in Re-Afforedtation Station was
higher than the result of Chiang Ma paticulaly the magor pollutants such as sulfur
and nitrogen compounds. The main pollutant in Chiang Ma was nitrogen compound
from vehicle combustion (HNOs and NOjs’), while sulfur compound from fossl fud

burning was the mgor pollutant in the comparison Ste.



