IV. RESULTS AND DISCUSSION

The results of this study were depicted into four parts as

follows:

l. Lignite
2. laterite soil
3. Low volume airbaj P

4.1  Lignite
Lignite sampl Suerfor in AugusSty October and December,

1983. The average cont n lignite samples is
tabulated in Table 3. rports, it was seen that
the results were slig obtained by the EGAT
and were quite different 3\ by Chulalongkorn University
(see Table 4). Owing to ing dates, the heavy metal
contents in ldgnite varied.. ' # period (August-December, 1983)
was closer to EGAT samplir 1982 - October, 1983) than
the other, so the safie lignite laver may he sisnalfdd. It can be assumed
that the heavy metal '

(35)

: in the future may also
vary. From this analy} : was obvic _q:’.i,_ although the average
contents of the heavy megals were so smal)l (in ug/g), they might create the

i i 1) AT SR s v s o

heavy metals werg) quite :un:lntrar.nd in the euil:tﬂl fly n’h.

. AERINITUINIINIAY

There are two types of roads in the Mae Moh Project area, asphalt
and laterite roads. Host of the roads in the Project area are laterite
type, and most of the sampling stations for airborne particulates are
located nearby the laterite roads as shown in Figure 9. In the dry
season, the laterite road can generate the fugitive dust which is blowm
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Table 3 The average content of the heavy f—;
Sampling
| g cd Cu Wi Zn
August 0.30+0.05 © G. 214040 38.7623.50 B.51+0.92
October 0.25#0.0& 4.5340.3. 29, 80+6.00 3.45£0.08
_:;
.‘!’1.; =
Decesber 0.2020.02 5.95+0.33 1 35.71*1.62 |10.0520.21
| K
=9 'IJ
wow|omaes | s FMBNEWBIONT > |
—-

e e IREN TR N TN
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Table 4 The heavy metal contents in lignite compared to the
previcus studies -

EGAT: E]:m:t‘r!.::l.t} Generating Luthnr:lt;r nf T’nni‘..l.l.n:l

wzrmmwm i e
amaﬂﬂ‘mum'mmaa

1A5ENHE
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Figure 9 Types of roads in the sampling areas
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by wind to the atmosphere. Thus, the laterite road is one of the
sources for the airborne particulates in ambient air and also one of the
emission scurces of the heavy metals.

The laterite soils were sampled in December, 1983 at station

L1-L8 and Hl-HB. Three soil samples were collected at each station and
a total of 48 samples were obtained

metal is tabulated in Tables 5 and 6 ' he tables it cam be seen that
the concentratien of mangapese
higher than that of nicke)

lithosphere, manganese wa
(9)

w50il of every station was
nd cadmium. In the
e the others were the

tions, the little
contents of cadmium did ng [ e results obtained

in Table 5 showed that »
metals except cadmium did ngt

traces Also the res

Centents of the heavy

/ ‘ Qreover, these results were
higher than the values‘Gt Stdtions No. I &pd L8. The reasom for such
results was that Stationd Ny ' ‘} in the vicinity of the
laterite roads where the & A g ged by, and the dump ash can
spill and accumulate in the soil 1

K0 7 se areas. Similarly, the data
tabulated in Table 6-ghos At

d% and H5 where the ash
dump truck passed b *y__m:l contents in the
higher levels than t

the increasing nnnr.en f the heavy metals in th n:ll was resulted from

s ol S LS o i

ug/g) and zine (84.4 ug/g) were detected at Etutinn Ko. %whlre is closer

A A N

with the parent material were deposited in the soil, and the nearest area

can be concluded that

to the rock would have higher heavy metal concentration.

(35
Compared to the previcus study }. it was seen that the contents

of the heavy metals in the laterite soil did not significantly differ as
showm in Table 7. Because of the different sampling location, some varia-—

tion of the heavy metal contents can be expected.



Table 5 The average content of each heavy

at Station No. L1 through LS

7o
Statiom
cd Ni n

Ll 0.920.2 27.55.1 87.3219.1 46.923.5
L2 0.820.1 26.921.4 BY.426. 4 © 45.9:7.8
i 0.6+0.1 25,4220 75.0216.5 56.5239.2

0.720.1 27.0%4.7 72.4211.4 48.3:2.8

0.520.2 30 73.9£10.1 37.9%3.6
L& 0.740.1 2} 5: 7£12.7 31.026.6

= |
v e AR TR ARG 5o
LS 0:7:0.0 | [ 2201844 16.7+%.5 461.4+75,9 | 21.0t1.4 34.5¢19.6

* average ® mean deviation of 3 samples

BE



Table 6 The average content of each h at Statiom No. H1 through HS

Scation

cd Cu o & v i Zn
Hl 1.0+0.3 26.823.1 16, j." 190.8+13.5 | 56.7:5.8 41.824.2
B2 0.7:0.0 22.9:0.6 | GEa. 40 5292.3 | 56.2+3.6 36.6£6,7

R
H3 0.7£0.0 34.,043,0 75.0214.6 69,5£39,2
B4 0.920.3 28. 12k .7 | 82.314.1 53.329.5
BS 0.9:0.3 35,045, o 1reeera 695.6¢211.9 | 59.629.4 38.926.0
16 0.7£0.0 2% + ke1d 3 d 52.6:8.1 38.0215.7
41

H7 820, B, 544 : - .
0.8:0,0 ali B¢ b ﬁﬁma 272846, 1
| = 0.740.1 =|| 40.9+4.6 10.740.2  |4,737.04168.4 |134.8210.2 63.425.3

6E

* average * mean deviation of 3 samples
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Table 7 The heavy metal contents in laterite soil
compared to the previous study.

Concentration ug/g

335}
Previous study
cu

49-105

0.60-1.25
1924

10-19.4

: Theiffute of Environmental Reskskch, Chulalongkorn
' "}'. |;'-“

AU INENINYINS
ARIAINIUNRINEIAY
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4.3 Low volume airborne partiuclates

The samplings of the low volume airborne particulates were
performed in August and December, 1983 at Station No. L1-LB. At each
station, four samples were collected within two days, two samples in
the morning and the other two in the afternoon. A total of 64 samples
were obtained. The range and avarag

age, content of total particulate
matters in ambient air at eachl Btatid: bulated in Table B, and

the histogram of the averagé.conter particulate matters
is shown in Figure 10. -

In August, t
South (5), South-Southg
winds due to the southwg

fected by the
est (S5W) prevailing
: gura 30). The
sampling Stations No i 3 Mezg 1o pwnwind from lignite
emission sources (the hescrushing unit), and the
Statiomns No. L&, L5, , rom the emission sources.

The decreasing order of th & matter contents tabulated
in Table 9 showed that the

downwind stacions were highsat thas
Station No. L4.

particulate matters at the
he upwind stations, except

, ags of 3.95 mg/m® was
detected at --"' 'ﬂ higher than the

value of 2.46 mg/m® @Stat on N wTwind ﬁltinn}. Since the
Station No. L4 was 1n:l§ad nearby the taritu road where the heavier

:::::1: volume ﬁmnnrﬂm wﬁr]aﬂwj particulates was
n.,.,th.mmﬁﬁ.ﬁ‘m&ﬁ HASHHARIL .

northeast monsoon season (see Figure 32), The sampling Stations No. L4
and L5 were located downwind from the lignite emission sources (the
lignite stockpiles and the crushing unit), and the remained stations were
upwind from the emission sources. As a result obtained in August, it
showed that the contents of total particulate matters in the downwind
stations were also higher than the upwind stations, except Stations NHo.



Table 8 The range and average content of particulate matters
at each station

42

August December
Station
Range Range Average*
mg/m ngfna ny"mﬂ
= ——
L1 n-4.46 — L 07-4.94 | 3.7020.88
12 0.59-9 //A +22.02 | 20.5622.41
13 6.80-10. 3 G, 114 8.84+2,.58
A// ,,- 'ﬁ\
L4 2.12**" ﬁ-— 8.60 |10.95%6.97
‘15 n=-1.69 ﬁ \\ 0-7.75 4.3822.72
|y
L6 0.71-2.11} ':Eﬁ ] .75-5.63 3.14621.76
17 0.91-1. ~ 4 140 2.45¢1.30
L8 1. 5.92+1.66
non=d
snacees Emm:.mmmwm

QW']&Nﬂ‘iﬁlJ NN Y
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Table % The decreasing order of total particulate matter contents
in ambient air

at Stations No. L1-LE in August

Remarks

Rank of Sampling
Particulate Station

Content ,

1 1 L3

2 L2

3 L4

& 11

5 LB

[ L59)

7

& L7

ARI§ N Tl IR R

. to the emission sources

é t‘\ dnd from the emission snmaﬂ

th- laterite road
b

twtivind from the emission sources
\

\ the leterite road

1 7Ind from the emission sources

nearby the laterite road which
the ash dump truck passed by

WL from the emission sources
':""g_- = laterite road

= upnri:ﬁfrm the emission sources
nearby the laterite road with

NN FIERR T o=

1.38 = upwind from the emission sources

1.23 ~ upwind from the emission sources
1.1% - upwind from the emission sources
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L2, L3 and LE (see Table 10). These stations were located nearby the
laterite roads where the heavier traffic volume were observed: the
particulate matter content of 20.54 mg/m® at Stationm No. L2 (upwind
station) was higher than that of 10.95 mg/m® at Station No. L4 (dowvnwind
station), the contents of B.84 mg/m® at Statin No. L3 and that of 5.98
mg/m® at Station No. LB where were located upwind from the emission

sources, were higher than that of V@m at Station No. LS (downwind

etation).

From Figure 10,
the total particulate ma
differ, since this sta

Iun L3 the contents of
her did not markedly
ignite emission sources

iwllo. L3, the result at
articulate contents in

e in December.

where most of the dust
the remaining stations
August Were appro
Since the higher tempecféitu &
better dispersion of the foll ataves L4175
Additionally, the partifulgbes dus v
in the rainy season, and fhe®’l F &

ygust was recorded, the

"a air was occurred.

fom the air by wet deposition

] & very wet and it cannot
generate the particulates. ,ﬁ.,.f_—,_,t_, , @leontent of the particulates in
the rainy season was 1 sion, it may be concluded

-

that the total partich pight air were influenced

by meteorological fncﬁr B ; nn.ﬁdnd speed, precipitations,
ambient sir temperature .r“d humidity. Hnrrewer. the sampling locatiom,

topography etc ﬂﬁ Ejmjlﬂng ﬂ W ﬂ T pnrl:ic:ulaten.

The rlng and average coptent of the heavy meta the low volume
ot h W1 o wi7b N g
:nu:qr. culate matters

were non-detectable at all sampling stations.

The average contents of lead were non-detectable at all sampling
stations, except Stations No. L3 and L4 vhere the contents of 0.19 ug/m®
and 0.09 mug/m® were found, respectively (see Table 11). Since these

stations were located nearby the laterite roads where the ash dump trucks
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Table 10 The decreasing order of total particulate matter contents
in ambient air at Stations Wo. L1-LE in December

Rank..of Sampling
Particulate | Station
Content

Remarks

1 L2 d from the emission sources
arby the laterite road with
» wiest traffic volume
2 L4 d from the emission sources
NBarby the laterite road
3 18 8 ; == Upwind from the emission sources
: ' Nearby the laterite road
4 L8 iind from the emission sources

I}."J the laterite road

5 L5 ! : Dowikind from the emission scurces

i¥
= HNearby the leterite road

; ﬂ“LJ RIS U G 0 enion e

7 3. 1& = Hpml.n& :Eruln emission sources

: ma R T -
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Figure 10 The Ristogram of the Average content of total particulate
matters collected by Low Volume Air Sampler at each station

in August [l and in December —



Table 11 The range and average content of lead in the

low-volume airborne particulates at each station.

47

December

|ﬂuﬂqmﬂﬂﬁwwwni

Station

Average *
ngln’

L1 n

12 n

L3 0.19£0.23

L4 0.0920.18

L5 n

L6 == n

L7 n

L8 S - B

Qmﬁﬂ‘f’r‘im NN Y

* gl lerage * mean deviation of 4 samples
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passed by, the dump ash could spill into the atmosphere. As this was a
small sources of lead, it was non-detectable inAugust (rainy season).
Similarly to lead, the higher contents of copper, 0.20 mg/m® and 0.29
ug/m®, were also detected at Stations No. L4 and L5, respectively. It
can be seen that these results supported the above discussion. From
Tables 12 and 13, at all stations studied, the average contents of
copper, 0.10-0.34 ug/n®, and mepga 0.33-2,92 pg/m®, in December
were higher than the values of nousde -0.29 pg/m® of copper and
non-detectable -1.23 ug -~ : wtiglist. The higher concen-
trations of total particulab

7 i the higher concentra-
tions of copper and manganEsaf ety a“:ﬁ”.lifﬁ shown in Tables 14 and 15.
Thus, it can be conclude . contents tended to
increase with the particulate mdtter: apntents {oTeover, the ratios of
each heavy metal to thé p r,-i 4  Lar's “hot markedly different
from the contents of thgfe efs : aterite soil as shown in
Figures 11 and 12.

From the above disg 55305 1 : be @oncluded that most of the
heavy metals in ambient air in itance of 0.5 km around the plant

were derived from the laterité voady the e stockpiles, the crushing
| ¥
The Labour D%rtne nt of ¢ sty unterim‘ Notification
and the Occupational Sa.fgg and Eulthnﬁdn:lniatratiun (OSHA) regulations

of 0.1 mg/m® foff ﬁm ,’Pﬁ ﬁfn’ (Labour Depart-
ment) and D*GEQ/MH 5 " for manganese, 1 mg/m® for
nickel, 5 mg/m® for zinc and 15 %g/m® fo 11 part matters, were -
applied %q:atﬁm:ﬁim‘&%tﬁHﬁMﬁ vy metal impact
assessments ) (see Table 16). Comparing to the detected levels, it was

noticeable that the quantity of the heavy metal at very station were very much
below both allowable limits. From both standard viewpeints such heavy metal

results in ambient air can not cause any deterioration to human healths,

4.2 High volume airborne particulates

Total suspended particulates (TSP) were collected at the level of
about 1 m above the ground via High Volume Air Sampler at Stations No. Hl-
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Table 12 The range and average content of copper associated
with low-volume airborne particulates at each station

Station

Ll

L2

m'a;\\

Lé

7

0.1420. 04

33‘\\\

0.3420. 16

0.20:0.05

0.26:0.09

‘L 5-0.35

0.22-0.39

0.2920.07

0.1320.06

0.10£0.09

L8

0.1520.08

 SWTRhanimainende




Table 13 The range and average content of manganese in the
low-volume airborne particulates at each station

Station .

50

December

L1

L5

Average *
ugﬁu3

1.00£1.99

-.5!. 2492121?“

1.47%1.82

1.2422.06

L6

L7 .

n-|1 ]

1.0941.27

0.1620.31

0.3310.66

* “"‘ﬂ‘ﬁ“&l”él‘lfltmﬁwmﬂ‘i

* avera

t mean deviltinp of & ﬂlhpltﬂ

QW']ENT]‘?QJNW]'JWEI']&EI




at each station in August

E.tti-:nlata I
Station Matters
e Ni Zn

Ll 2.4640.67 I n n
L2 7.9246.48 | n n
L3 l 9.21+1.72 o n
L& | 3.95+1.70 o o
Ly 1.3820.29 n o
L6 1.2320.61 n o
L7 1.1920.26 n n |
L8 1.6740.50 U . n n !
n  moo-detectable l l I I EI

* average * mean deviation of & samples

15



Table 15 The average contents of total ‘

? and heavy metals at each statiom

in December —
?ﬂartir:l.llal:el Ir-3
Station | Matters : 1
3 _ l b

ng/m cd [@ Ni Zn

L1 3.7040.88 n lﬂ% \\\ 041,99 | n n

L2 20.5422.41 n ﬂ ﬁ ‘\‘ .9222, 74 n n

fa"f-‘

L3 8.B522. 58 n ;-; 21 1.47%1.82 n n

LA 10.95%6.97 n L2yt 06 n n

L5 | §.3822.72 n ;“ - .27 n "

L6 3.14¢1.76 o : 364031 n n

3 7]
L7 2.45¢1.30 n hfﬁqﬂi n n
LB 5.9241.66 n q L1550, 33065 n n

QW’]&NﬂiﬂJ SJVI’YJV]EHGEJ

n non-detectable
* average : mean deviation of &4 samples
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Cu content in substrate
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Figure 11 Comparison ul? copper content in lignite, copper comtent in laterite seoil

-3

Ll L

€5

and copper comtent inm total particulate matters at Stations LI to L& in
August and December
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Table 16 Hierarchy of industrial regulation for total particulate
matters and some airborne heavy metals in working lrﬂ”z‘?]

: Industrial Regulation Value:mg/m®
Pollutant Species
& ik
. |Labour Department
Cd and its EW = 0.1
Cu and its c ' 0.1
Pb and its e 0.2
Mn and its i e : 5
Ni and its | : + 1
Zn and its coufo ' 5
ald'-l_
Total parti . 15
J—
t:'_.l
AN,
* OSHA : Oecc ' - tration
#% Labour De : Notification

AULINENTNEINS
PRI TUAMINYAE
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HB in August, October and December, 1983. The sampler was set at each
gtation for four daye, Bo it can collect four dally samples. A total of
92 samples were obtained. The range and average content of the TSP in
ambient air at each station are tabulated in Table 17, and the histogram
of the average content 18 illustrated in Figure 13,

In August, the project ang g directly affected by the 5, S5E

and S55W prevailing winds. The & ; er VA ELeT that the Flant, laterite
road and ash disposal were Iy g uhe' TSP in the rainy season,
since the m-t-n’.ﬂﬂ gctivi - L ‘ ) FOWTY ol n.mlms Stations Hﬂ-El,H.z

and H7 were located dowpdfit #7em the plant, “and. the other stations were
upwind., The decreasing : iu shown in Table 18.
It can be seen that Or.11 mgp/n® wvas detected
at Station No. H5 (up | here Wwas located in the vicinity of
the heavier traffic aregl ogbufin Lol 3 ebn ifructing activities of
the Power Plant Units & . e Lok : \‘ nts of 98.76 ug/w® and
59,49 ug/m® were found 3 7% T d (upwind statioms),
respectively. Such resulfs W& Gocurs ol the dump truck activities,
since these stations were neath L pite roads where the ash and

overburden dump tru ations were close to

the existing mine ~"i‘_’f: hé 10w ISP conte: 7\ folnd owing to the shut-
down mining utivitieﬂ t be concluded that in
August most of the TS rnaulted fram the constructions and the laterite

et -} 1o Eﬁfﬁmﬂ i, 201
very low TSP co ug/m®, 20,61 ug/m®
and 5.47 ug/m® wﬂ'e detected, regpectively Hcm:.ne the fgot that they were

= PYRORS DAY AR

In October, the meteorological factors that influenced on the TSP
contents were similar to those of in August except wind direction. The
Project area was directly affected by the NW and NNW prevailing winds.
The sampling Stations No. H3, H4 and H5 were located dowvnwind from the

Plant whereas the remaining stations were upwind. The decreasing order

of the TSP contents is illustrated in Table 19. Comparison with the results



ticulates in ambient air at eachk staruon

JENNN
/8= PN

* average * mean dﬂi&tiﬂn%f 4 samples

- No sample was collected

Sampling : August December
Station ] 4
Range | Average® 4'\ Range Average*
ugfa’ ug/fa’ " ngfa’ agln’
|l 16.93-24.52 | 20.61+3.49 25.21-107.70 61.21241.50
B2 19.23-94.29 | 46.87£32.77 214.45-463. 26 299.152117. 14
B3 73.99-1368.13 98.76+28. 86 L 809.83-1,620. 088 1,114.712353. 19
BY 44.86-80.62 | 50:49:15, 341, 558. 54-957.91 651.862216.43
HS 92.37-120.17001.11+12.82 | 90.01=254708 75.89-155.51 123.61+34.38
B 36.95-52.62 34.77-71.18 45.09£19 .40
H7 1.48-10.59 - =
RS 28.30-56 .05 32.50%14.57

since the road to the station was too muddy.

Ls
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Table 18 The decreasing order of the TSP contents in ambient
air at Stations No. H1-HB in August
Rank of Sampling / Remarks
TSP Station . /
Content - __/_ﬂ
H5 | ,;:?\::\\ he laterite road
A-\pvindSfxcm the plant
2 0NN \
2 H3 P '11:;E~"h terite road, exist-
;’\ '.,\::*.%.. pit and dumping area
f, “\E \ \- the plant
3 Hé& z E 1‘-}\‘- laterite road
;'E’ pwind from the plant
4 H2 = £ by the laterite road
: d from the sources
5 n e e e plant
) slaterite road with
ghtly law traffic volume
[}

@pwind from the plant

ek Qu o
gh traffic v

" ARTAN I AT TR

q very low traffic veolume

= in the forest
H7 5.47

downwind from the plantc

- nearby Hual Luang Research
in the forest




TS5F contents in ambient

the plant

from the plant

¥ the mine pit, dumping
8 and laterite road

- nearby the laterite and asphalt-

3 ;111.1; plant

Al iitingg

- nearby the asphalt road

'
. Table 19 The decreasing order of the
air at Stations Ko, HI-HE in October
Rank of Sampling
* TSP Station
Content
1 H5
2 H2
3 H3
'
4 H4 o
5 H8 |
la :
. | Augingyaid
el e
; AN I
B H7 5.31

- upwind from the plant
- nearby the reservoir
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in August, it was seen that the results just varied although the different
wind direction showed some pattern of effect. If can conclude that the
season in terms of rainfall was more influence on the TSP contents in®

Mae Moh ambient air than the other factors.

In December, the Project area was also directly affected by the
NW and NNW prevailing winds, likaewldes in October. The decreasing order
of the TSP contents are tab \}} 7 'Faty€ 20. From the Table it can
be seen that the highest. '-f.-..,__; ent o arTllid] ug/n® were found at

Station Ho. H3 where was locaced rb‘ymwinﬂ area and laterite

road where the dump truck *n.. Horeover, it was
dovmwind from the existig //

directly affected by «fhe

651.81 ug/n®, was found'at ,.

the pit, the southwest of 4 L’
leading to the dumping arge

g position that was

i rank of TSP content,
gas in the southeast of
parby the laterite road
g in a position that

was also directly affeciied vailing winds. The 3rd .

rank of TSP content, 299. iion No. H2 where was
nearby the laterite road les . h Luang (see Figure 9). Such
high TSP contents cam p iy be attrib the fugitive dust raised
from the laterite ”;ﬁ: wPlume was observed.
The 4th rank of TSP at—&tation No. H5 where was

in the same direction™ 8 Station No. L4 from the"tmission sources. Since

it was in the 1 Urces n Station Ko. HY, the
lower TSP cont Bﬁ % snw ﬁ 'Iﬁ TSP contents seemed

to diminish 'uil:h the distance frgm the misslnn snurnu. The slightly

- AN Ny S,

of 45.09 ng/m® and 32.50 ug/m® were detected at Station No. H6 and HS,
respectively. Station No. H6 was located nearby the asphalt road where the
heavier traffic volume was observed, whereas Station No. HE was nearby the
laterite road with slightly low traffiec volume. The above analytical
results corresponded to the monthly rainfall (see Table 27). The higher

TSP contents otcurred in the dry month whereas the lower contents occurred



Table 20 The decreasing order of the TSP contents in ambient
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gir at Stations Ho. Hl-HE in December

Rank of Sampling
TSP Station
Content
1 H3
2 HE
3 H2
&

, AFIAN

Al e

| ‘j ai N ﬂﬁ ﬁm ﬂ:m émission sources

aterite road

om the emission sources
15 n \\\ laterite road
L a0\

SO\
\\ :

" R

from the emission sources

TET%"

» laterite road

. \II
A% ]

¥

om the emission sources

by the laterite and asphalt

¥ the emission sources

Sldlterite road
T
NE lt_ﬂ:J Et

- ind from the emission sources

‘ypu ,
'ﬂﬂ%&gﬂt road with high
:'lﬁﬂuad with

glightly low traffic volume

- nearby the asphalt road

= upwind from the emission sources
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in the rainy monthe as shown in Figure 13. GSinece the TSP were eventually
removed by the precipitation inm rainfall and the laterite roads could not

generate the dust because the roads were very wet in the rainy season.

The reported results showed that very high TSP contents were
found in the areas which were in the vicinity of the existing mine pit,

dumping areas end laterite roads Wi the heavy traffic volume was

cbserved, particularly in the dry ' sedsy plrt from these areas,

cmiﬁm 'Iﬂ'it o j mal TV, !
quality standard of 330 aFn® 04 L1 “\\‘{""

3. seen that at all stations,

‘;}t\\ :low the NEB standard,
& \- () 85 illustrated in

\ ause some deterioration

-~.. using safety equipment,

loard (NEB) annual air

the TSP contents detecty
except Stations NHo. H3
Figure 13. 5Such exce

effects, but the serio

gafety mask and air con

‘= er, these sites were
quite remoted from the \

The range and lvmg
the TS5F which collecte
Tables 21-26. 17

ach heavy metal .in

are tabulated in

From Table El,mcndniun CHCENLS in ambiem air at all sampling
stations ranged from nog-detectable togS.d ng/m?. It was seen that the

cadmium :mtmtﬂwum fﬁ ﬁ ﬁwmﬂ %d the values

during three-month period variad from station to station m-'r:l.:ng to

LT NS FU AN r) ey

in 1ign:i.te. and laterite soil, (see Tables 3 to 5), the air pollution
resulting from hazardous cadmiuvm should mot occur.

The range and average content of copper in the TSP

in ambient air at each station in August, October and December are
tabulated im Table 2Z.



Table 21 The range and average content Of \cexiedl; each station

11 mn—:ler.ecutbﬂ

* average * mean deviation of 4§ samples

- No sample was collected since the road ‘to the statiom was too muddy .

Sampling August J odtob ' - December
Stacion : ; - : :
Range Average*
ng/n?® ngfa®
Hl m-1.8 0.5+0.13
H2 n 0.520.1
H3 0.4=5.4 }.Etﬂ.i
H4 n 1.8+0.6
HS 1.3 0.7+0.8
B6 n-2.9 0.620.5
H7 n =
HE o=1.3 0.220.4

%9



Sampling August : December
Station -
Range 1 ; : Eange Average*
ngfn3 rid - agla’ e
Hl n-11.8 3.525.6 - ,ﬂ.. 12.1-25.0 | 1B.927.1
H2 15.3-57.9 | 30.8219.2 +783 | 35.2-108.3| 55.7£35.2
H3 15.9-58.8 | 33.9+19.8 5. +7.7 | 5B.6-118.9| 89.5¢26.6
HS% 5.9-35.6 | 23.3¢ .6-323.3|235.5£104.0
HS 16.3-42,2 | 30,421 0.7-192.7| 61.687.6
HE 11.0-15.8 | 13.622.2 8.2¢3.9 |* 10.7-25.0 |.15.846.5
7 0.9-9.6 %60 | | fm- =
B8 n-31. 4 21.5-74,0 | 39.5:23.9

n nun—detecl:ahleq

* average * mean deviation of & samples

- No sample was collected since the road to the station was too muddy

g9
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In August, the high copper contents of 33.9 ng/m®, 30.8 ng/w®, 30.4 ng/m®
and 23.3 ng/m® were detected at Stations No. H3, H2, HS and H&,
respectively (see Table 22). This was because Stations No. H2, H4 and
H> were located nearby the laterite roads where the ash dump trucks
passed by. Some dump ash could spill into the atmosphere. In additionm,

whenever the heavy trucks passed b3, highly remained copper in the
soil at these stations which oe A},'Ih e accumulation of the
spilled ash could also be gdi®persed a ﬁeﬂ in the ambient air.

At Station No. H2 (dovnwind SLae g ; 4--‘."-'. it was in a position

that was affected by the Sy g |

the laterite road consistifip 6§ ropp \\f\
generated into the ambfenis F o S \\ B and H6 where were
located upwind from thg \ cag \ m. '8 of 15.2 ng/m® and
13.6 ng/m® were detected s fect =ah A \ emarkable that even
Stations No. H7 and H1%wey D DI, \ lant, the low copper con—
tents of 5.3 ng/e® and : '- -alp sctively. These

corresponded to no other afed around except the plant,

60 the copper contents in >' 21T Lthese stations were lower than
the others,

winds, and was nearby
copper could be

e T—

In October, V-'" ent air, 58.8 ng/m®
™

and 30.0 ng/m®, were '!I nd at STHCIONE 14 and » respectively, since

both stations were located downwind frog the plant, and were nearby the

laterite roads ﬁﬂﬁ ‘Gahlﬁtﬁ ﬁ mﬂ |= copper contents
of 18.0 ng/m®, ng/m®, 1 m? and 14 were detected in

ambient a ation m g from the
plant), ﬁﬁaamﬁ ﬂiﬁﬁd&ﬁa laterite

roads, som ' copper in the laterite soil could be generated into the
atmosphere. The low contents of copper in ambient air, 8.2 ng/m®

and 2.2 ng/m®, were found at Stations No. H6 and H?, respectively, since

both stations were upwind from the plant and were not located nearby the
laterite roads.
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In December, the similar pattern of the distribution of copper
content in ambient air as in October was notified. At Station No., H4,
the highest copper content, 235.5 ng/m®, was observed and those of
Stations No. H3, H5, HZ, HE, Hl and H6 were 89.5 ng/m®, 61.6 ng/m®,

55.7 ng/w®, 39.5 ng/m®, 18.9 ng/m® and 15.8 ng/m®, respectively. The
explanation of such results waﬁ 3,“ ionms No. H4 and HS (dowvmwind
station from the plant) a > ‘ ‘ nd station from the plant)
were nearby the laterite woad Shere thes ' p trucks passed by, so the
high copper contents we Th ippes.Contents in ambient air,
55.7 ng/m® and 39.5 n 1 8 =.‘-*:;.- & No. HZ and H8, since

both stations were upwil

Rhey were nearby the

contents were detected
at Stations No. Hl andffif Shérgé wer : he plant and were in a

L A8s of copper in the TSP
during three-month period”at’s ""f'r sl is 1llustrated in Figure l4.

It was seen that the coppe Lt @mbient air at all stations
in December were muchlhigher than 68 in Auglise L 2pd October. Owing
to the high rainfall An Augut : % lin the TSP was

removed from the mhigr. air. : prship ﬂwun the copper
content and the TSP cm}ent in the nﬂ:-ilnn air as shown in Figure 15

aain 103 8 111 /P 1 1 0 1 s
but no exact tion of both
was depended ﬁcm the mtanrnln cal factops, which were @ery variable.

NSNS NATINE TR

F:I. re 16 showed the comparison of copper content in lignite,
copper content in laterite soil and copper content in TSP in ambient air
in August, October and December at Stations Ne. Hl to H8 in the unit of
mg/g. It could be totally concluded that the content ratios of copper
to TSP in ambient air was higher than the sum of copper contents in
lignite and in laterite soil at every station in each month. This meant

that copper in ambient air was emitted not only from lignite and laterite,
soil, but alsc emitted from fly ash and dump ash.
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Figure 14 The histogram of the average content of copper

in the TSP at each station in Augugt, October
and December
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1 . 200 TSP
um"ns

Figure 15 The relationship between copper content and TSP
content in the ambient air
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The range and average content of lead in the TSP in
ambient air at each station in August, October and December are
tabulated in Table 23. From the Table, it was seen that lead contents
in ambient air markedly differed from each statiom and each month as the
following:

In August, the highest lead,content of 185.5 ng/m® was found at
Station No. H3, since this stat o ted nearby the laterite road
where the ash dump trucks passed by }tr.n:s of 76.4 ng/n®, 66.1
ng/w® and 47.9 ng/m? wess ﬂna, H5 and HB, respec-
tively, since stations-N&. Lorhrd HE Wer neaTHy the asphalt road leading

to the Mae Moh Projech Miearby the asphalt road

leading to the Power E ¢ under construction.
All these roads were oh

affic volume occurred.
Hot only the motor veRic = bt .» e dump &5 ere considered to
increase the lead cont feot amt since there were some
and Stations No. H3 and
5580 'I:r:.r showed the higher lead

tions.

amount of lead found in
HS where closed to the asl

contents in ambient air th ?

of 23.4 ng/m®, 19.6 ngj” ~Fh g ™ 2.6 ng/m® were found at
Stations No. H2, HigHl and . respectively. Th

The low lead contents

- ;,;-_ was because Station
Ho. B2 was nearby vi r"“ oh Luang; Station

No. B4 was nearby t'h:md 3TE on i iew of

dump trucks passed
by whereas Stations No.fHl and H7 wereglocated in the forest without any

traffic h”'ﬂ%‘ﬁ“}ﬁ%%ﬁ%ﬁﬂ"ﬂﬁ“ sreas of low traffic

volume. Althougl Stations No. Hé and H7 were downwind from the plant, the

ot 1ans 0 L TETHTT Ty Tary = =

In October, the high lead contents were also found at Stations No.
H3, H2, H6, H4, H5 and HB, since these stations were located in the heavy
traffic area; and Stations No. H3, H4 and H5 were nearby the ash dump road.
Additionally, Stations No. H4 and H5 were downwind from the



iat each station

——
- "".
- 3
Sampling August : ; Decemher
Stationm - ﬂ;
Range Average® YR s Eange Average®
ngla ng/m’ fa®: f,:j ng/a’ ng/m”
» '.ul_: .
Hl 0.8-49.7 19.623.3 | n-SE— £27.8| 17.6-41.1 | 27.8212.2
B2 [15.5-28.8 | 23. ' | @2.5-28.7 | 25.122.6
B3 16.5-452.2 |185.5+ 5.3-160.0050,2+11.5
B4 0.3-31.9 14.2%1 17.4-75.3 | 45.1226.7 (S449.7-90.6 | 64.9£17.9
BS 2.5-91.6 %zﬂ. 115.9489.0
BE 53.2-101.5 | 7 . 0. .6 [ 52,31, 61.2-166.8106.,3246.0
C v
HT D.2-27.7 7 ' = ) -
|
[ -
ES8 n-79.8 9§ | 38.68-74.9 | 52.7%15.6

n  oon-dectectable

* gverage * mean divation of 4 samples
- No sample was collected since the road to the statiom was too muddy

gl
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plant, and were in a position that was affected by the NW and WKNW
prevailing winds. The low lead contents were detected at Stations MNo. Hl
and H7 where were located in the forest.

In December, at Station No. H3, the lead content was higher than
those of Stations No. HS5, H6, H4, HE, H2 and Hl. Owing to the same

distribution patterns of lead in : er, such results should be explained

J téﬂm average content of

lead associated with | stalitmeduring three-month peried.

as these sccurred in October.

It was seen that at ea
the difference of traff
were usually higher
except Stations No.

varied a bit due to
d conteénts in December
ober (see Figure 17),

#olume in the areas of
both stations were unc

upen the traffic lpad moy

lead content depended
ny . However, the lead
content in the ambient dir te0h e A el he TEF increased. The actual
relationship between lead’ A

is illustrated in Figure 13.:.. [t l::r
into 2 types ¢nnsia ] i
the sampling areas 1_{,
the areas where were fgarby L ing area and existing
mine pit. Thus, the p nrtiml:ll:y nI lead to TSP in ambient air in Mae

Moh Basin varieﬂ ﬂ:ﬂﬁ gﬂ mﬂ mﬂTur:es

I-‘ig;ure showed the nnm?arism of 1aaﬂ n:untent lignite, leads
content ir in August,
October ammmmmm ﬂitlng Lyg. Similarly

to copper, it could be totally concluded that the content ratiocs of lead

to I5F was also higher than the sum of lead . contents in lignite and in
laterite soil. This meant that lead in ambient air was emitted not only

ontent in Mae Moh ambient air

his relationship can be divided
fhd line 1 was found in

" he other line was in

from lignite and laterite soil but also from the other sources such as
motor vehicles, bottom ash and fly ash.
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Figure 18 The relationship between lead content and TSP
content in the ambient air
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The above results showed that the high lead contents were
significantly found in the sampling areas of the heavy traffic velume.
It could be concluded that most of lead in Mae Moh ambient air was mainly
derived from lead additives in motor fuels. However, slightly high lead
content was detected at the areas where were downwind from the plant,

and/or were nearby the ash trans

The range and averag@ conbet émse associated with TSP

8 Jrarhcd pu 8 I:I:-hl!r and December are
tabulated in Table EA7 ‘

In August, the highe
detected gt Station

of 95.0 ng/m?® was

¢ the ash and overbur-
den dumping areas, and ikerite soill contained
a lot of manganese (see Mz
was detected at Static

&ince both stations werg

& contents of 76.5 mg/m®
\-‘ was at Station No. HS
aterite s0il containing with
o. HE was located in the

a the soil was found. It was
501l could contribute
.'I'.imm, the slightly

high manganese as shown ig
area where the highest manganese-
expected that the i} anese
ECme manganese in &
low contents of manga ations were far away
from the laterite roa@® with heavy traffic lnnd,a"thun manganese
)21 X i

Similarl§ to August, the rmlts of manganese content in the

= RN ST UV

Inf0ctober, the highest of manganese content of 2144 ng/m® were
found at Station No. H5. The manganese contents of 151.8 ng/m®, 110.1 ng/m®
and 104.5 ng/m® were detected at Stations No. H2, HE and H3 whereas the

low manganese contents of 31.2 ng/m®, 19.0 ng/m® 13.2 ng/m® and 3.1 ng/m®
were detected at Stations No. H4, H6, H1 and H7, respectively.

In December, at Station Wo. H3 the manganese contents of B871.1
ng/m® was higher than those of 644.5 ng/m® (Station No. H2), 602.0 ng/m®
B



TSP at each stationm

August Decesher
Stati
taktion
Range Range verage*
ng/m’ ngfa’ ng/a’
Hl 0.3-22.2 | 7.9:10.3 ¥ !f: 1 33.2-1346.1 | B1.8:54.9
H2 16.9-59.8 | 37.5219.4 468.2-1,038.% 644 .5%265.5
3 67.9-112.0 | 95.0FTpeai—28-t=to9- 1042800 s 6-1,023. d 871, 1+121.4
B4 2.5-63.9 ,zas.anl ,347.1] 602025085
E—E 51-9_91-5 Tﬁ--J‘!}.’E-' E-E—m-ﬂ w-itghﬂ 33-2—"‘15’?-2 5]-515‘:'-'9'
ARALARIB IR EAN] NS | :
16 17.7-80.7 A1 2 33,8 | 52.56221.8
ET E"‘?-? —
Lﬂ =y
HE u-ﬁl. 103.5450.2

n  non—-detectable
* awerage * mean deviation of & samples
= Ho sample was collected since the road to the station was I‘.ﬂl:l--.lul’ﬂjf

84
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(Station No. H4), 103.5 ng/m® (Station Wo. H8), 91.5 ng/m® (Station
No. HS), 81.8 ng/m® (Station No. H1) and 52.4 ng/m® (Station No. H6).

The above results showed that the high manganese contents in
Mae Moh ambient air were in the areas where were nearby the laterite
roads with heavy traffic load for example: Stations No. H2, H3, H4, HS
and H8, and the laterite soil of EhesE fageas contained a lot of

sui.l.{g] . Especially in

t very high particulates

nerate uspended in the atmosphere.
{.// ‘:\\\\Q‘\% s the atmosphere due to

mEnganese that is one of m
the dry month, the latnlj_ e
containing with manganeg
These particulates and g
the high rainfall in r=

/ \ months. Thus, in
the dry month (in Decembyg 2 f \\ ent air was ususally
higher than those in gife 3 y ¥ \ i October) as shown in

Figure 20. Compariscn | nd TSP content in ambient
air showed that the mangs eazediwit -\ SE content as illustrated in
Figure 21. However, the' exfict podpont ality was not obtained due to

the fluctuation of factor upon both contents.

1‘ 8 one of the elements
that was more concent '!I ted in bottom s it in@nitl:nd fly ash,
During three-month ptried the high magganese contents of 95.0-871.1

nm’u and 21.4 ?J ﬂh m {}ﬁ?hn: air at Stations
. H3 and H4 regpectively. ese s ons were in the area of ash dump

trucks Etu atu ould be

mﬂ.ﬁhﬁ AEGIKIL i fa it it X S

only from da nganese containing in soil particulates but also from manga-
nese concentrating in the dump ash (bottom ash).

Figure 22 showed the comparisen of manganese content in lignite,
manganese content in laterite soil and manganese content in TSP in August,
October and Deceober in the unit of wg/g. It was seen that the content
of manganese in lignite can be negligible when it was compared to the
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Figure 20 The histogram of the average content of manganese in

the TSP at each station in August, October and
December '
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Figure 21 The relationship between manganese content
and TSP content in the ambient air
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content of manganese in laterite scoil. Therefore most of airborme

manganese content should mainly come from the laterite soil. 'The other

emission sources such as fly ash and bottom ash were minor sources.

The range and average content of mickel in the TSP in
ambient air at each station in August, October and December are
tabulated in Table 25, spled Bf pickel content in ambient air
at all stations were as the followil

ng oF arﬂl content in ambient

, 14.0 F
\}.\ \\ g/m® ng/m*
inE Ne. H3, H5, H1, H6, H2,

In August, the d
air was 22.4 ng/m®, 20
13.9 ng/m®, 9.0 ng/m®
H4, and H7, respectived Ll 7 \

In October,
81.0 ng/m® and 80.5 ng/
ng/m®, 18.6 ng/m®, 16.5 nff/s
Ho. H3, H2, HE and H1,
content of 5.6 ng/m® was
was at Station No. HJ.

e%high nickel contents of
y low contents of 25.7
8re detected at Statioms
on No. H6, the very low
est content of 2.2 ng/m?

In December V_ z=—simtizrl: ctobe 1;: e high nickel
contents of 67.3 ng/m li l" were detected at
Stations No. H3, H4 afd@ H5 whereas the low conte -1 5 were obtained at

g i) 1) 1T B
o Jﬁ?ﬁ"’fﬂf\‘iﬁ sHisr T e

copper con tﬂ were the gemilar. Thus, the same explanation of both heavy
matal should be expected. The high nickel contents were often found at
Stations No. H3, H4 and HS where were located downwind from the Plant,

and were nearby the ash dump road and laterite road; the remaining

stations where were located far away from the emission sources showed
the low nickel content.



Table 25 The range and average conten

TSP ac each station

Z/EN

Range fge , AAverage®’ | Range Average®

ng/a’ LAY oo ng/fa’
Hl 0.8-39.2 | 14.1218.0 9.8-19.9 | 15.7414.5
a2 12.6-15,4 11.2-32.6 | 23.029.1
B3 10.6-32.1 giil §. 6450 .0-100.7] 67.3225.4
HE 0.4-25.4 b + 46.5-68.8 | 56.9211.2
BS 8.2-20.1 15-315..‘ 72.6-92.6 | 80.5¢11.3 | 32.0-55.8 |40.0211.0
B 1.6-20.8 ﬂ ‘ ﬁb‘.ﬁ—m.ﬁ, 29.826.5
H7 n-12.8 | == =
H8 13.3-20) 1] maﬂ 20.726.7

o non—-decectable
* average * mean deviation of & samples
- Mo sample was collected since the road to the station was roo muddy.

Y8
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The histogram of the average content of nickel im the
TSP at each station during three-month period as in Figure 23
showed that nickel content at most stations in December was higher than
those in the other sampling months. The nickel content increased with
the TSP but the exact relationship between each other could not find
(see Figure 24), since the distrihd of both Were depended upon

the meteorological factors whil -,&=.1  ﬂ/ﬂ. x

The nickel content IW™¥4enig l:e go0il and in T5F were
also compared as shown TEurts, '- r “thesother heavy metals.
It was seen that the ;
nickel content in ligni
nickel in ambient air wa
soil but alse from th
as emitted fly ash from
dispogsal. ,

-

gher than the sum of

rer w\\\-\q. indicated that

\* - nr.h lignite and laterite
SRAN

Tready explained, such

ottom ash from ash

The range and aveplge Cont = ' in the TSP
at each station in August, O - ST and, zmber are tabulated in
Table 26, and the ':_‘ of t e
is illustrated in } { ]
Table 26 to airborne - ; and the histogram of
the wem;e zinc conte t in Figure 26 to the huﬂgﬂm of the average

wegwdpn 1 1515111V} {11013l WG
both heavy net:ﬁ ﬂ iod were the same,
just the diffnrun content of b:-rl:hr henw ﬁtﬂa was ubta.ﬁa,l Corresponding

to the ﬂtﬁﬁﬁa ﬂq t&lﬁnr and trace
elmr.a the airbenre Be f.'l.‘mt was higher than the airbonre

zine ::lmtin'r.. Moreover, the zinc content to TSP content at every

station during three-month period was just higher than the zinc content in
lignite and in laterite soil as shown in Figure 27, likewise manganese in
Figure 21. So the same explanation for such results could be concluded
that most of zinc in ambient TSP was mainly arised from the laterite soil.
However, some zinc was also resulted from plant's exhaust and ash disposal
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due to the high content found in the area  influenced by these
activities. As the other heavy metal contents, the zinc content tended
to increase with the TSP (see Figure 28) but this relationship did not
exactly find due to the large fluctuation of the influenced factors.

There was no cu [ ¥ standards or guidelines
available for the heavy a#tadud /& id. " The KEB 24-hour .anbiint lead
standard of 10 ug/m v ' = B, AR : d of 1.5 .gughn’L' were applied
in light of the heavy gietal fin agses8mants N As can be seen in
Table 23, the lead contghts 5 samp 11y kiod (August, October and
December, 1983) were michy er Rlrany; gwable standards. Thus,
it could be concluded thEc : V; ent ‘ ; Moh ambient air should

not cause any deteriorated eff fa i Beings and the enviromments.
The generally low content of ~.’r.. cheriheayy metals in Mae Moh smbient
air were also found evel, Addi -_.._., had prevented the
;{ rostatic precipitator,

r.. —_—
a!'.i—l_
using water spray inte 4‘. some saféety equipments

| ' ¥
such as air conditionef truck, safety mask. Thus, it could be expected

:::;z':::;:“:ﬁmtmﬂwmﬁ?“ =
’QW']ax‘iﬂ‘iﬁlJ um'mma ¢

air pollution prob



93

- b " N -
L % h
I|l - \ "’- i"-.h
f_d.' "-
b s IR \ A\
" T

B‘
227 \
J&
B N

]

EH_EI’J‘VIEWI’?WEI’]TI’J‘
qﬁwmmmmwﬂmaﬂmﬂ e
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