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APPENDIX A
A-1 Chemicals
Table A-1  Chemicals analytical grade using in this study
Number Chemicals Sources
1 Acetone J.T.Baker, USA
2 Baby Shampoo Johnson & Johnson
3 Certified Reference Material (CRM) BCR-397 Institute for Reference Materials and
human hair Measurements (IRMM), Belgium
4 Ethylenediamine tetra-acetic acid disodium BDH Laboratory, England
salt (EDTA)
5 Hydrochloric acid (HCI) J.T.Baker, USA
6 Hydrogen peroxide acid (H,0,) Merck, Germany
7 Nitric acid (HNOs) J.T.Baker, USA
8 Perchloric acid (HCIO,) J.K.Baker, USA
9 Sodiumborohydride (NaBH,) Fluka Chemica, Switzerland
10 Sodium Hydroxide (NaOH) AJAX chemicals, Australia
11 Sodium lauryl sulfate (SLS) Fluka Chemica, Switzerland
12 Standard mercury 1,000 mg L™ J.T.Baker, USA
13 Sulfuric acid (H,SO,) J.K. Baker, USA
14 Triton X-100 Fluka Chemica, Switzerland

A-2  The reductant solution (0.2% w/v NaBH, in 0.05% w/v NaOH)

A-3  The carrier solution (3% v/v HCI)

Dissolve 0.5 gram of NaOH in deionized water and dilute to a final
volume of 1000 mL and then add 2 gram of NaBH, in the solution of NaOH.

The carrier solution was prepared by pipette HCI acid (30%) 30 mL

and dilute with deionized water by adjusting the final volume to 1000 mL.

A-4 Calibration standards

Dilute the intermediate standard 500 pg L™ according to the table

below, to produce a set of standard, used to prepare a calibration graph. The solutions

are made up to a final volume of 100 mL.
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Vol. of 500 ug L™ Hg standard (mL) o 1 2 4 6 8
Final concentration (ug L™) Hg 0 5 10 20 30 40

A-5 The standard addition solution

The mixed solution of digested hair samples from different sources
was prepared as a stock sample solution in standard addition method. The standard
addition solutions were prepared by spiked standard Hg 1-4 mg L™, 100 uL in each

volumetric flask and made volume to 10 mL with the hair digest solution.

A-6  Mercury Analysis System

Figure A-1 Cold Vapor Atomic Absorption Spectrometer
(CVAAS (FIMH 400 Perkin Elmer))

Table A-2  FI-MH-AAS recommended analytical parameters for mercury

Technique AA

Integration Time (s) Peak height, smoothing 0.5 second or 19 points
Lamp Hollow cathode lamp (HCL)

Slit (nm) 0.7

Wavelength (nm) 253.7
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A-7 Operating parameters

FIAS-system
1. Cell temperature: 100°C

2. Pump speed is shown in Table A-3

Table A-3  Programming for the FIAS-400

Step Time (s) Pump 1 Pump 2 Valve Read
(U min™) (U min?)

Prefill 15 100 120 Fill

1 10 100 120 Fill

2 15 0 120 Inject 0

As FI-MH-AAS normally requires only 500 uL, the solution in one
auto sampler vial can be used for a number of replicates. However, reproducibility
for FI-MH-AAS is very good. As a result, the number of replicated determinations
necessary to obtain required precision levels is usually small.
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APPENDIX B

The Questionnaire

‘uUdauaIN

a

@ dy o Y 3 9 1 £ o [ ) aw o =R
LL‘U‘Uﬁ@‘Uﬂ'ﬁJﬂ‘UUuu’]llﬂclclﬂﬂuell@y.aﬁﬂu‘ﬁu\1ﬁ'l‘ﬁﬁUT]']ﬂ'lﬁ'Ji]EJ“UfNuﬂﬁﬂH'lﬂﬁiUuiUu'l
a 4 @ 4 a J a a Ja A Ja
Tn v ualansieH Gluﬁ')%f)ﬁf]ﬂ MIAATEHUTIauuNTaesAISHLazINETAITIIN
@ a a @ J
Glul%umﬂﬂlf]ﬁuﬂﬁ’lﬂﬁﬂ’]ﬂﬁ’lu‘ﬂ‘Ll@]ﬂiiilIﬂEJL‘VIﬂuﬂ@gﬁﬂﬂuﬂu@ﬂ“ﬁ@ﬂ%ullﬂﬂiﬂalL'JHJ’E')i

d’d v @
N Tnasiany
=

Taginaudnlsonazliounseaosumevesaus1a dsenez Il ldinamsgade

9

o o Y 3 A = 1 %
AITUNITIN %11Wi$UUﬂ1iuﬂﬂLﬁuuﬂmum UAANBDNITNIIA
9
ﬁﬂGlﬂﬁGIJaﬂDnmqmwaﬂﬂiﬂmmuﬁﬂumuﬁ L!,azm@ﬁaamuﬁuﬂlmmumﬁﬂu

] E4 ] v
pawaaanfuuuumSeuiidrevualszuanisgevesvundie lny InvounszAND
Y Ay ¥ o a o Ao 1 09/' ] Y
EUE]11ﬁ‘ﬂllﬂﬁ]']ﬂl,!fﬂ‘llﬁ@‘]_lf]'li.lfl]31!WW'ﬂUl‘]J'JLﬂﬁWgTTﬁ'Jllcluﬂ'li'J%ﬂwnuu UINNIUABINIT

U
]

niuwans weseilsnalsenludusnvesiiu iuannsansen ¥o feg Nauisn
a 1 [ 9
anaenaula
d' L
Nogaanig
4
TUTMA . e e

UNA ﬂﬁ'lﬂiﬂi' DOUNDY

XY

WYY
email: s4522065@maliwan.psu.ac.th



1. 013N
] uaunnd
] daeiuaunnd
(Tadnfnuiuaunnd 3l s

Y Y -4
[] uﬂ?iﬂy"mumwm s

[] éuq ..............................
2. Ndl
Ll v e
3. 0 eeeaeennn, 1)
4 IR e, nlansuy
5. e
Ll wns [ asad loaaw

6. wpanssulumssvisemueiviis
dy o A w
6.1 i dInTulszmu
Y
a o L4
¥ Ho/dlanvi
2
Wewiy
lﬂs‘ %
ey
pWEINZIM ...
A
UK ..

v Y
6.2 anudlumssudszmuian (e / dla)

1 iSualszmualan 113
‘14-6 179
(11012 [ gue (CEAT) -

[

Y 1 Y
6.3 suauiiodamsulsemunoiie
Y
(11 wan Tooni 20 n3u)
Y s Y Y
L] 1 Funana @szuna 20-50 n51) rulvinawnulatounsamuluaigug 1 Fu
9
L1 g sz 50-100 5W) wuivnamidulainuinanais 1 67

T30 100 N5 UTVIAMINULaIN T NIATIAD



53

v d‘ 1 [ 1 =) 9 1 [
6.4 anyuzmslisomsdsznlaiimusulszmuies cden 1dnna1 1 ed1)
LI noa L An Ll Llaan
1 < 1 o 4
[ ogluunaiia [ ogludué T NG T R
a d‘w ] A 9 1 ]
6.5 wiavesansulsemutes ¢asn lau1nnI 1 9819
[lay [T1lansena ey
Y [
Candd Tanina CBUN G2 v eeeeeeeennnnn.

= A 9 [} = 1 ~ [ A I ] 1 a 4

¥uavosnasuNMulFlusianal 1 mou neuNvzaanINeIUA108191ATIZH
o =3 4
L anvia BELLITG L uwunu
[ dfada I a@iin CBUN G2 vreenennannnn,

a = A 9 1 A 1 A o A 2 o ' a 4

¥uavoenIuuIaNuNM Ll lugianar 1 1w neuNvzAanua UA10819ATITH
Caia 15v00d Ll uwuinu
[ dfada I a@iin CTOUN G2 veeeeanannnn,

[ o A o ~ A [ 1 A 1 ~ o A I o 1 a E4
MUASTIIFNN MR BL) 1150 1 1UEI9a1 6 D UNDUNIZAAMNLINDIT UAIDE1UATIZH
@ laaeinulidein)

ine T aiae
9 o A a 091 o A ~ 9
. dunemany vilavesieianui 1y
U wne [ aTuaa L] Tauau
[Jasseediia [ luduouds L CEA )
dy ~ Y o 1 a o = A o A A A 1
- Tuvaziinunlddudredalumsimszidinadidmnmumsidivaosgnie li
gy 0w
d' o :JI % 4
. ANUD IUMIATINY @AIUIUATI/ d1la)
()13 [ ]4-6 [ ]7-9
TG NCEAT) I

oA A Y v o A '
. WTUNWH%Q@@Q&@ZNQﬂNWﬁ@WN

13 )i
Y =\ A 9 v o A
13.1 ﬂWﬂWHNWu%q@ﬂﬁﬂ@%ﬂJﬁﬂﬂJﬂ“ﬁ

[]1-2 []3-4 []5-6 L]7-8



14.

15.

16.

17.

18.

19.

55

vim"lﬂwuﬁummwf‘fﬂﬁzqwé’qqmﬁa%
sz 1 deu Clalszuna 2 heu a5z 3 @eu
sz 4 @eu Cllszuna 5 aeu sz 6 heu
[ auq (CEAT) I

1 = A o a @ < a [ A A
NMUUBDINTITNUAUATUHNIN U (L‘]J‘LlaiJW‘H an] AR ﬂ181U§$ﬂ$L3ﬁ1 6 IADUNNIUNN

n3e 'l
mE R
tiruau uauiy) nuedunnumila oo T TR gl

Y = 1 9 A Y
DINUDINIG WTUL!WLH@Q%']ﬂﬁ'HWﬂGlﬂ L 100 2 7 0 1

1 dw o v U d Y1 U d CV U d
suvgeumuae i mSunuanmmE,aeiuaunnduazindnsiuaunnd
o d‘ d' 9 [ 9 2%
p1gMIMnuineIdeItums ez iany
1 = o =
17.1 Mulogmania ... ....... 1
o ) ] 4 o an @ A o o
17.2 S1uug Tue / ddendt lumsmnulusatinnuanssunumagaily ... ¥l
3 Y U 91 % 4 PR U PR Y 4 A [
mulagailudile duaunnd), 1dsegailu @aeiuanwnd) nie'll
1 7 WAL
18.1 1 lgviuldgaily, sregailu na/diat
11-5 "l6-10 [111-15 116-20 [ oue 524y,
MsMseNaTNany
1 = A ]
19.1 Mue3 oo se 1l
Cwsewes [ li'ldmSeues
19.2 a1l lAws e snu ld Indganuiaqeziiany Tasmsgailulddieduau
2
sz ... asa / dlad
Y
19.3 duaseueaniumsen (A9 / dala)
11-5 16-10 11115 116-20 [T oue 5.
19.4 Tuvaigh w3ow/gailu vuldgeiionde lu
o 3 o '
lmnass L ldiduwnenss (] 1874
1 U 1 A 1
19.5 Tuwmez N w3ow/gailu iuldginssitaihn, ayn wie la

4 Y
dmanss [ 14iuinanss (1 a8



55

{ U 1 1 4 @ 1
19.6 Tuwmz w3owgailu iiuldgdnsaitlosnuamie li
:Jl I z [
ldmnass L lddluwenss (1 a8 %4
A o A Y 1 aa Y]
20. aouinanu (Mmuaetegluaatiniuanssy)

% @ J a Y a J
[ T5anen1naiuans suANE IUALNNE UHIINGGETIVAIUATUNS

sziannaiin Sy Iue / dilanineg lunaiin

BELITR

L2

Llhaweny, vaalswan
Ll aalu, daflundelsyan
[Ti6in

(I {lpadu

L PTU, U5mM5 11, wonan

IR CR TR TR T ICE A TRT:) P
L TaMONNA00NFU) e e e v e e veeeeeeeees eeeeann
N G B oo 3
Clegunaudy
T N 2T
o 4
21. MI3LERIMATUARTNTUANTTNIIWNNADUANTIIUINUN A
) A 1 1 Ay
"3aNTeNT lined luuaazaounae)

21.1 auTnsn (adszgmihians lildinTealsuena)

R Frlua/dansd 1 i
21.2 Waauszu1e01e

R FATua/dansd Wi
213 1501l

R Frlua/dansd 1 i3

NIANAINIVENUTUNUWDNIVDTO VDN 1 HOIFINT MAINTOHFING TH 2 AaziiUe-
¢ Y = :’ dd’ a lﬂ' Y
unnamans 1u naesdina (ive sa.nwg AIaNs RaNalinas)

Yo UNsZAMIUANNTINIG



56

APPENDIX C

Digestion Procedure
Hair samples were digesting by using method of Teflon bomb
decomposition is heating in a domestic microwave oven (Loring and Rantala, 199s).

Samples of hair were digested as follows

1. All of the human hair sample homogenate were digested by weighing t

he sample directly amounts 0.2 g in to the Teflon bomb.

Figure C-1 Teflon bomb

2. Add concentrated of HNO3; 2 mL and H,O, 1 mL for digested in 40 mL
Teflon bombs. The cap is placed on tightly and the bomb is ready for
microwave heating. In microwave heating excessive pressure can
occur particularly during experimental stages. The LORRAN bomb
has a pressure relief hole just outside the sealing area. Should
excessive pressure occur, the vapors would escape through the pressure
relief hole. It is important that the cap is well tightened.

3. Place the bombs containing the mixtures in a microwave pressure
cooker. As a precautionary measure to prevent the leakage of acid

fumes into the microwave oven show in Figure C-2.
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Figure C- 2 The bombs containing the mixtures in a microwave pressure cooker

Cover the microwave pressure cooker with its lid, and place the
microwave pressure cooker in an unmodified domestic type microwave
oven. A domestic microwave pressure cooker available from a retail
store is used to contain any possible leakage of acid fumes. The
cooker accommodates 5 Teflon bombs at a time. A flat bottom dish is
placed in the cooker to compensate for its concave bottom. The
pressure cooker is under pressure. According to the manufacturer, the
cooker will contain steam to 10 pounds per square inch before the
pressure regulator will start releasing excessive pressure.

Place 50 mL beaker containing water in the microwave oven to protect
the magnetron damage (Figure C-3).

Figure C- 3 The microwave pressure cooker in an unmodified domestic

6.

The sample is heating for 90 seconds at full power (10, 700 W), follow
by half power 5 minutes.
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The cooker is then taken to the fume hood. Cool the bombs in water
for 10-15 minutes and open slowly until brown vapors were observed
to escape through the pressure relief hole incorporated into cap of the
bomb.

When the vapors stop, open the cap slightly in clean bench and this
opening was continued gradually until on further vapor is observed.
The contents of the bomb are then transferred into a 10 ml volumetric
flask and made up to a volume with deionized water.

The solution is stored in a vial is ready for analysis.
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APPENDIX D

Table D-1  Absorbance of mercury produced from different NaBH,4 concentration
analysis by FIMH 400 Cold Vapor Atomic Absorption Spectroscopy

NaBH, concentration (%ow/v) Absorbance SD
0.1 0.44 0.02
0.2 0.52 0.02
0.3 0.52 0.03
0.4 0.54 0.03
0.5 0.58 0.04
1.0 0.58 0.03

3 Replications, RSD < 10%

Table D-2  Effect of HCI concentration on mercury analysis by Perkin Elmer
FIMH 400 Cold Vapor Atomic Absorption Spectroscopy

HCI concentration (%v/v) Absorbance SD
0.5 0.50 0.02

1 0.51 0.02

2 0.53 0.03

3 0.53 0.02

4 0.53 0.03

5 0.52 0.02

7 0.51 0.03

10 0.49 0.02

3 Replications, RSD < 4%

Table D-3  Effect of reagent for pre-washed process on mercury analysis by
Perkin Elmer FIMH 400 Cold Vapor Atomic Absorption Spectroscopy

Sample ID ugHgg*
Repl*1 Repl 2 Repl 3 Average SD %RSD

Acetone 2.19 2.22 2.25 2.22 003 122
1% Baby shampoo 2.47 2.46 2.48 2.47 0.01 045
1% EDTA 2.44 2.46 2.51 2.47 003 1.26
1% SLS 2.21 2.14 2.22 2.19 003 151
1% Triton-x 100 2.17 2.23 221 2.20 0.03 1.18
1M HCI 231 2.24 2.30 2.28 003 131
1%HNO3 2.52 2.56 2.49 2.52 0.03 1.19
DI water 2.50 2.52 2.46 2.49 0.02 0.96

*Repl =Replicate
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Table D-4  Effect of drying temperatures on the analytical results by Perkin Elmer
FIMH 400 Cold Vapor Atomic Absorption Spectrometry
Temperature (°C) ugHg g™
Repl 1 Repl 2 Repl 3 Average SD %RSD
Descicator (25) 2.33 2.31 2.28 2.31 0.02 0.95
60 2.50 241 2.48 2.46 0.04 1.50
90 2.49 243 2.39 2.43 0.04 1.64
Table D-5  Effect of acids using in digestion process on the analytical results
analysis by Perkin EImer FIMH 400 Cold Vapor Atomic Absorption
Spectrometry
Acid ugHg g*
Repl 1 Repl 2 Repl 3 Repl 4 Repl5 Average SD %RSD
HNO; 2.38 2.26 2.18 2.24 2.28 227 007 595
HNO; + 2.26 2.05 2.21 2.30 2.27 222 009 410
H.0,
HNO; + 231 2.41 2.25 2.37 2.25 232 007 280
H,SO,
HNO; + 227 2.27 2.39 2.33 2.28 231 005 204
HCIO,
Table D-6  Effect prolonged half power of digestion times, after 90 seconds full

power, on analytical results by Perkin Elmer FIMH 400 Cold Vapor
Atomic Absorption Spectrometry

Time (minutes) ugHg g*

Repl 1 Repl 2 Repl 3 Average SD %RSD
5 2.78 3.25 3.28 3.10 0.23 7.38
10 3.09 3.09 3.11 3.10 0.01 0.30
15 3.25 3.22 3.11 3.19 0.06 1.88
20 3.00 3.00 2.76 2.92 0.10 3.36
25 2.90 2.96 2.95 2.94 0.03 0.89
30 2.07 2.87 2.71 2.55 0.35 13.55

Table D-7  Calibration curve

Hg concentration (ug L)

standard curve

STD addition (Mean + SD)

0
10
20
30
40

0
0.201
0.387

*

0.707

0.53 + 0.006
0.65 +0.003
0.75+0.004
0.84 +0.003
0.93 + 0.002

* don’t use these value



Table D-8  Linear dynamic range for FI-MH-AAS
FI-MH-AAS
Concentration (ug L™) Absorbance

0 0.00

5 0.0517
10 0.1241
20 0.2738
30 0.4364
40 0.5936
50 0.7348
60 0.8531
70 0.9482

Table D-9

The % RSD calculation from hair sample

61

Order

Hg concentration

(na g%

Average
(ngg™)

Standard Deviation

%RSD

Boo~vwourwNnk

0.33
0.34
0.34
0.33
0.33
0.34
0.33
0.33
0.33
0.35

0.34

0.01

1.98

RSD = Relative Standard Deviation
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Table D- 10 Mercury concentration in hair samples (ug g1 (M = male, F = female)

DT DTAAS  DTS4/47  DTSG/46  DTS5/47 DTS 6/46 DTS6/47  HYR
M F M F M F ™M F ™M F M F M F M F
179 160 097 091 041 277 213 077 090 086 121 180 104 101 234
345 115 266 060 050 107 421 115 228 121 148 127 089 176
215 523 272 065 123 205 167 115 281 223 208 202 069 1.39
175 385 210 111 183 158 281 122 108 209 174 318 093 131
253 170 245 119 0.38 044 080 4.8 088 089 107 221 160
149 348 257 116 0.88 237 301 0.99 093 362 177 083 252
124 593 277 141 043 181 079 1.05 132 150 085 106 0.36
172 108 195 242 111 145 147 0.84 116 051 233 093 175
178 g7 117 115 1.93 264 115 267 2.03 109 131 3.82
240 120 0.44 1.18 2.40 1.02 2.35 085 135 126
1.72 1.21 0.95 1.37 2.70 0.85 306 254 182
2.00 1.19 0.64 1.33 154 1.33 176 115 169
1.98 1.38 0.37 0.92 1.38 224 274 075 186
4.00 3.75 1.07 1.32 2.83 150 071 2.46
1.35 1.61 3.99 1.24 1.63 123 064 127
1.59 1.39 1.23 1.29 0.53 164 071 183
1.69 2.74 4.02 1.19 0.27 204 077 129
2.00 0.82 1.86 1.70 154 094 074 093
1.40 2.42 0.68 059 069 0.43
1.76 1.26 0.72 021 067 0.38
1.23 0.54 064 069 064
1.35 2.05 232 111 119
3.66 0.50 119 099 176
0.93 025 103 123
1.98 091 100 201
4.42 174 112 053
2.34 085 099 057
084 072 092
152 044 087
1.96 0.75
1.65 141
1.59 0.50
1.46 1.03
1.15 2.46
0.37 1.74
1.38 0.90
1.34 2.15
1.04
1.94
2.73
412
1.89

212




