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Abstract : The Results  of  arsenic poisoning researches in Ronpibul district ,
Nakhon Si Thammarat   province, 2005

Researchers  :  Yuttana  Silaparatsamee  ,Aumphorn   Na ni rojana  ,et al

------------------------------------------------------------------------------------------------
Ronpibul  is district  in  Nakhon Si Thammarat   province  where  tin

minning  occurred  60  years  ago.  Arsenic  contaminated  into  natural  water
resources   and  people  shallow  water  wells  was  known  for  decade. Hundred
of chronic arsenic poisoning  patients  led government  officials , researchers  and
citizen  to study arsenic  contaminated  problem  in  the  area  thoroughly  and
continuously  during  18 years.  Results  of   studies  in  form  of  articles ,topics ,
research  result  papers , government  programs  and  projects  were  published  in
several  journals , literatures ,  personal  documents  ect .

This  study  is  to  collect   all  these   scattered  research  articles  together .
Classified   them   into   main    topics    such as ; situation   analysis ,   etiology ,
propagation, risk ,  remedy  and    rehabilitation. Constructing   relationship  of
knowledge  among  main  topics  in  form  of  mind  mapping  and  transform
this  informations  into IT ; website          “ http:/www.ptho.moph.go.th/arsenic/
index.htm.”, or CD - rom.“Arsenic ,Ronpibul Nakhon Si Thammarat ”31- 10 - 48
 For  easy  access , and  utilization.
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2.1 ,

2.2

2.3

2.4

2.5

2.1
2.1.1 (1)

 (Arsenic)  74.9216   33

 Matcrial  Data Sheet (MSDS)  CAS-No.7440-38-2  UN 1588  

 (Element or Mctallic aarsenic)  

(Arsenic compounds)    (Inorganic  aresnic)       

(Organic  arsenic)   2  +3 

(arsenite)  +5  (arsenate)

2.1.2

 (arsenide) 

 (arsenic sulfide)  (realgar, AsS)  

 (tetraarsenic  tetrasulfide , As4S4 )   (arsenopyrite, FeAsS)  

(orpiment. As2S3)  616 

 450  817  760 
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(1)   (Element or Metallic  arsenic, AS4 )

 (arsenopyrite, FeAsS)    (lollingite, FeAs2)  650-700 

  (AS4)

 3 

(1.1)  (metallic arsenic)  817 

(  36 )

 (arenic trioxide, As2O3)

(1.2)   (yellow  arsenic)

  (arsenic  trioxide, As2O3)

 1.97

(1.3)  (amorphous  arsenic)  3.7

 270 

2.   (Inorganic arsenic compounds)

(2.1)   (arsenic trioxide, As2O3)

  (arsenide)   (Arsenopyrite,

FeAsS)   650-670 

 (arsenous acid,  H3AsO3)

 (arsenite : As (III))

(2.2)  (arsenic  pentoxide) 

(arsenic anhydride, As2O5)

(2.3)   (arsenous acid, H3AsO3)

(2.4)  (arsenic  acid, H3AsO3)

 (arsenic pentoxide)  300
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(2.5)   (arsenites)   1 

(arsenite)    MH2AsO3 ,  M2HAsO3  M3AsO3      M  1 

 1   1  

 (alkaline-metal arsenites)   2  (alkalint-earth

arsenites)   (heavy-metal arsenites)

(2.6)   (arsenates) 

 (calcium arsenate, Ca3(AsO4)2)

 (lead arsenate, PbHAsO4)

(2.7)   (halides of arsenic)

(3)   (Organic arsenic  compounds)  

 (methanearsonic acid)  

(dialdyichoroarsenine)   (trimethylarsine) 

(trimethylarsine  oxide)   (armatic arsenic

derivatives)  (arsenilic

acid)  3- -4- -  (3-nitro-4-hydroxy-phenylarsonic acid)  3- -4-

-  (3-nitro-4-hydroxyphenylarsocic acid)  4-

 (4-nitrophenylarsonic acid) 

 (p-arsanilic acid)  (carbasone) 

(4)  (arsine) 

(arsenic hydridce, AsH3)  (trimethyl arsine, (CH3)3As)

2.1.3

(1)

 (arsenious oxide)
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(2)  (herbicide) 

 (monosodium methanearsonate, MSMA)  

(disodium methanearsonate,  DAMA) 

(insecticides)  (zine arsenate)  (calcium arsenate,

CaHAsO4   Ca(H2AsO4)2)  (sodium arsenite)

 (sodium arsenite)

 (copper acetoarsenite, Cu (CH3COO)2 Cu(AsO2)2)

 (food additives) 

(3)  (metallic arsenic) 

(semicondector)  (traisters)  (detector)

 (solar batteries)  

 (arsenic trioxide, As2O3)

(Fergusson, 1989)   

 (tripanosomosis)  (amebiasis)  

2.1.4

(1)

  (arsenic trioxide)

 (H2AsO4

)  (hydrous oxides)  (Fe(OH)2)  (Al(OH)3)

 (Leaching)  
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 (trimethylarsine, (CH3)3As

(oxidize)  (O3 )  (nitrogen oxide, N2 O4)  2 

 (biomethylation)  

 (dimethylarsine, (CH3)

2AsH)

(trimethylarsine, (CH3)3As)

 (dimethylarsinic acid, (CH3) 2AsO(OH))

 (arsenic  trioxide, As4O6)

 (arsenic (III) sulfide)

(2)

  [As(V)]   (anionic)  H2AsO4,

 HAsO4 AsO4  5-12    [As(III)] 

 [As(III)]  [As(V)]  

   (noniomic, H3AsO3)  (anionic, H2AsO3)

 9.22   (methylated arsenic)  

 1  (ug/L) 

2.1.5

  (Inhalation)

 (Ingestion) 

 (Skin  absorption)  

  Fowler's solution 

  (leukaemia)   (asthma)  
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 (Saha, Dikshit    Bandyopadgyay, 1999)   3  [As(III)]

 [As(V)]   [As(III)]

 [As(V)]  

 25-60 

 (Acute  poisoning)   (Chronic

piosoning)  

 (Encephalopathy)  

 (ASH3)

 2-24 

 (Mee's  lines)  

 (half life)   60

 (sulfydryl groups : -SH)

 DNA 

 2
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 [As(V)]     [As(III)]  

 monomethylarsonic acid (MMA)   dimethylarsinic acid (DMA) 

 DMA  trimethylarsine oxide

(TMA)  

 (World  Health Organization : (WHO)  

 2  (ug) 

  (Desquamation of skin) 

2.1.6
-

 1

 1

 (ppm)

 (WHO)

0.05

0.05

0.05

0.01 - 0.05

0.05

0.05

0.25

0.01

 :  (2541)

(Adsorption-Coprecipitation)   (FeCl3)

 (Activated alumina)   (Activated carbon)  

 (Ion Exchange)  Reverse Osmosis



12

(1)  (Adsorption)

 (Adsorption)

 2 

 (adsorbate) 

 (adsorbent)  

 (Adsorption Mechanism)

 2  (physisorption) 

 (Chemisorption)   2 

 (Van der Waals Force)  

 2  (London Dispersion Force)  

(Electrosatatic Force)  

 (monolayered)  

 (reversible) 

 (Desorption)

 Diamadopoulos loannidis

 Sakellaropoulos (1993)   (fly ash)   [As(V)] 

 1  50 

 10  7   Dikshit (2000)  (Kimberlite tailing) 

 0.25 

 90-94 %  

 Singh (1988)  
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 [As(III)]  

(haematite)  96%    7  

20

(2)   (Precipitation)

 (iron salts)  

  [As(V)]  

  [As(III)]   (monovalent, H2AsO4
2)

  H3AsO3)

 [As(III)]  [As(V)]   

 (Joshi, 1996)   Karen

(1995)   [As(III)]  [As(V)]  

(FeCl3)  3-10  81-96 %  20

 23-71 %  7.18-7.8  

 7  90%

2.1.7 (2)

1)
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2)

3)

4)

5)

6)

2.2
2.2.1 (3)
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 “Research”  

2.2.2 (4)

(1)

 40 
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(2)
 “ ”

“ ”    

           “ ”

 “ ”

 “ ”

  “ ”   “ ”

(2.1)
                 

  “ ”   (development and

engineering )

  “ ”
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 2 – 3 

    

 “ ”  “ ”

 “ ”   “ ”

 “ ”   “ ”

1)   “  “  

2)   Technomart

.

                   3) 

" "

. .

  “  “ 

  “  “  

-

.

  ( )

 50 .

" "
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-

. .

(2.2)

 " "

2.2.3 (4)

 " "

 " "

 " "

( )  (feedback)

(1)
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 2 

(process)

     (1.1)   5
1)

2)

3)

4)

5)

  5  

(1.2)
       4 

  “ ”  “ ”

 “ ”

(1.3)  “ ”

              -

       -

(1.4)
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 (commitment)  

 “ ”

( )

    (Management  by  participation)
   (Paarticipation)   2 

  (Kinds)  4 

                     1. 

                     2. 

                     3. 

                     4. 

(2)

  2    10000    10 

 2539    7 

 5   600-700  

 10 

  10-20 
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  “ ”

2.3 (5)

                     2.3.1
 “Evaluation Research”

 ( )

 (Evaluation research is the systematic of social research procedures in assessing the

conceptualization and design, implementation, and utility of social intervention programs)
(6)

/ /

 4 

1.

2.

3.

4.
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)  (

)  (

)  (

)

2.3.2

1.

2.

3.

4.
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2.3.3

”Post Evaluation program  Summative Evaluation Program  Impact Evaluation Program” 

 2 

 2 

 2 

2.3.4

 3 

2.3.5
 3 

 3 



24

1.

2.

3.

2.3.6  ( Effectiveness Program Evaluation )

 “Net  Outcomes” 

 “ ”

2.4 (7)

      2.4.1 
 (Process) 

                    

(Resource Person)

       “ ”

      2.4.1  3

(1)

                 (2) 

                 (3)  “ ”

   2.4.3  4 
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(1)

 ( 

)

 ( heterogeneity)

 (homogeneity)

(2)

 4 

-   (Responsiveness) 

-  (Innovation)

-  (Competency) 

-  (Efficiency) 

(3)

 " "

 Best Practice

(4)

" "  " "

2.4.4
 " "

(1)  " "

(2)  " "

 Project team  " "

(complex-adaptive system) 

(3)
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best practices  " "  (capture)  

2.5  (Management  Information  System  :
MIS)

2.5.1

Laudon  and  Laudon(8)   “ 
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  ”

Davis  &  Olson(8)   “ 

 ( )

  ”

2.5.2   (Classification  of  Information  Systems)
  4

2.5.2   (Classification  by  organizational  structure)

2.5.3   (Classification  by  functional  area)

2.5.4    (Classification  by  support  provided)

2.5.5   (Classification  by  system  architecture)

1)   (Department  information  systems) 

2)   (Enterprise  information  systems) 

3)   (Interoganizational  information  systems) 

  EDI

(Electronic  Data  Interchange)   (Electronic  commerce)

1)  (The  accounting   information  system )

2)   (The  finance   information  system )

3)   (The manufacturing information system )

4)   (The  maketing   information  system )
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5)   (The  human  resources

management   information  system )

1)   (Transaction  processing  system :

TPS)    TPS  

2)   (Management  reporting  system : MRS)

  (Preplan  report)  

  (summary  report)

3)   (Office  automation  system : OAS) 

4)   (Decision  support  system : DDS) 

5)   (Executive  information  system : EIS)

6) Expert  support  system   Expert  system  

1)   (Mainframe  based  system)

2)   (Standalone  personal  computer : PC)

3)   (Network  computing  system)
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2.5.3

1)   (Reliability)

2)   (Validity)

3)   (Completeness)

4)   (Accurate)

5)   (Relevant)

6)   (Verifiable)

1)   (Timely)

2)

3)

1)   (Flexible)

2)

3)



  3

(Documentary  research)  (Survey

Research)   (Cross  -  sectional Survey)    2548

1. . .2530 . .2546

75

2.    403  2 

  202   201

3.        29

 Taro yamane 

 95  5  403  ( )

 census

 Systematic Random Sampling

202
    1 169 17

    2           500      53

 12   728     76

  13   434      45

  15     104       11
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201
   3           467         25

   4   301         16

   5   359         19

   6    255         13

   7          714         38

   8             390         20

   9      276         14

  10     411         22

  11     200          10

  14     192         10

  16     247         13

1

1.1

1.2

1.3

1.4

1.5

        1.6  / 

2.

2.1

2.2

2.3

2.4
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 (CONTENT  VALIDITY) 

  4 

1.

2.

3.

4. /

 2548



 4

 2  1) 

 2) 

1.
 75 

 (Full paper)  21  13 

12  29  11  7 

3  63 

 46  12 

 2 

1.1

http://www.ptho.moph.go.th/arsenic/index.htm   (  1)

 1 
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1.2  Mind mapping
 Mind map 

 (  2)

 2  Mind map 

2.
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2.1
      2.1.1 

 2530 

“ ”

 2.17-2.67  ppm  0.07 ppm (

 0.005 ppm)   10.48 (10)

 12  

(11)

2.1.2

 2530    

 2530 -   2531     1-4 

 971  824  147 
(12)

 419 

 15,988  2.6 

(13)

104  21 ,  47  3 ,
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 18  11 

 14  13  6 (14)

 6  19-69 

(15 )

2.1.3

. .2530
(16)

 12  50 

5300 ./ .  5,253.29 ./ .

 120  6,700 ./ .  2,168.89 ./ .  0.026 

1.45 ./ .  0.24 ./ .

(17)

(18)
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/

 20  2535-2540  1.005 ./ .

(19)

 (Eichhornia crassipes)

 (Sinotaia ingallsiana) (20)

 (Eichhornia crassipes)  (Sinotaia ingallsiana)

(21)

  soil gas 

(22)

 0.05  4 

,
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 17.40 

(14)

   2533   2534     400  

 44  40 atomic    absorption

spectrophotometer-hydride generation method

  7.45   mg/kg    

 0.26-19.70mg/kg 3.14 mg/kg   0.10-

13.50 mg/kg (  )

 ETAAS 

 (SRM 2704, SRM 2710, and SRM 2711)

 (CRMs) 

 Cattle dip sites, 

Extractograms

( )

   7-269   Mg/l ,  4-20  Mg/l  (dry weight) , AsV 

   AsIII (  )

 2.1.4 ,

   29  

 1,467  2,421 
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 672 

 0.1 

 (p  0.015)  (p 

 0.004) 
(15)

 5 

 3.69  (  2 )

 (  5 

)   

 2 

 (6.29 x 10-5)

 6  1.90 x 10-5

 8.11 x 10-7 (16)

2.1.5

1)

. .2540  1, 9  15 

. .2540 . .2537

12  13 (17)

2.)

5  2 



40

(18)

 2 

(19)

   2533   2534

  ( )

. . 2530

    2   

 66  

 ( )

2.1.6
1)
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 6-9 

 529  75 

 (>1 )  14.7 

15.5  10 

48.4, 21  17.6 

 (p(-<)0.01) 

 14, 7 

5
(20)

  (r) = 0.220 (p = 

0.030)  0.140 (p = 0.171) 

 (p<0.01) 

(21)

 13 . .2542-2543

 539  13  1,549 

 83 ./ .  (  1-751 ./ .

)   60 

  ACGIH (  50  ./ .    )

 50 
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(  )

   1999 – 2000  Case  Control  

Acute  Lower  respiratory   tract    Infection  ( ALRI ) 

   140   169  ,

(  )

 Cell   (  )

  sodium arsenite 0.05 and 50 ppm   3 – 6 

(  )

 (As3+)

 0.05  50 

 3  glucose 

tolerance test  As3+  0.05  3 

 tunica 

media  descending aorta  islets of Langerhans 

(  )

2)

(22)

 10 ppb 

 10 ppb (23)

 2537 

 5.114 ./ .  96 As(V)
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2  12 

 3 

 38  1,168, 0.620  0.290 ./ .

 As(III)  40 

 2  12 

 168.10-174.80 ./ .  212.11-305.00 ./ .

 2 

- -

 1-30  7 

 2,500 

-  50 

./ . 80

 7-10  2  12 
(24 )

 (acid digestion)    (AAS)  

  2   ( )

 MeOH/ water ultrasonic  HPLC-ICP-

MS  

( )
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  4  ,

,

, ,   4   150

(  )

  Batch sequential extraction techniques

(  )

2.1.7
         1) 

-
Chlorella sp.

Chlorella sp.  35%  1 (25)

 Pityrogramma calomelanos ( ) Pteris vittata   (

)  5,000 

Pityrogramma calomelanos ( ) Pteris vittata ( ) (26)

Colocasia esculenta (L.) Schott ( )
(27)

 2 Vetiveria zizanioides (Linn) Nash 

Vetiveria nemoralis (Balansa) A Camus 
(28)

      -  RRMT2-40I 

 (potato dextrose broth) 

Paecilomyces  pH 5.0 

 pH 7.0  27 (29 )

 -  

 4.50  34.29 
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 20 

75 (30)

                 -  (alum)  (manganese dioxide) 
(activated carbon) 

(31)

        - 

 90 

 120  6.6-6.9 

 78  300 

 11.1-11.4 

 0.3 3/ 2/ (32)

        -  3  5 
 2 

(NaCl)  (FeCl3)
(33)

                     -
0.025  1.70  1.50 

 3.7 BV/hr 

(34)

- Alcaligenes xylosoxidans subsp. xylosoxidans
 2/6  3/18    (arsenate) 

 (arsenate)  

(35)

-  Bioremediation
Thiobacillus ferrooxisdans 

(36)

         - 



46

 1  4      

  2 (  )

-     Pityrogramma 

calomelanos  

  25% (  )

-

 24 

 0.0061-1.3167 

 0.5  150  6 

 24  ionic strength (NaNO3)  (SO4
2-)

 leaching test 

( )

(+5)  (+5) 

 20 BV/hr 

 220 BV  129.2 ./ .

 3 BV/hr. 

 160 BV  121.7 ./ .

 7  132.2 / .

3  7 

  142.5 ./ .  138.3 ./ .

 0.2 

 10  154.3 BV

 3.08%  127.52 ./ .



47

 90 BV 

 2.14%  120.54 ./ . (  )

-   33  219  700 

 3  33  AsR-17, 

AsR-19  AsR-20  2,400  AsR-17 

 AsR-19  AsR-20 

/

 800  100 

(  )

-   19     2   

  6   Pityrogramma 

caiomelanos   Pteris vlttata (  )

-

  2   

   Pityrogramma calomelanos and Pteris vittata (  )

2)
            - 

 (+3)  (+5) 

 As (+5)    Fe/As   4/1 

 7  90% 

 Fe (+2) 
(37)

              - 
(38)

           -  5, 10  15 

 5, 10  15 

 51.34% 62.50%  70.98%  5, 10  15 

 16.52%, 24.55%  30.36% 
(39)
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                  - 

 60 

 As (trivalence)  As (pentavalence) 
(40)

  -   electro-chemical 

precipitation    KCL   200 V/m  pH     3  

   WHO (  )

2.2

   2.2.1  403

 40-59  (

47.84  12  85 )  82.13 

 (  24.3)  (  21.8)

 46.3 (  55.8) 

 66.9 

 13 ( )  10 

 10 

 2 

N=202 N=201

82 50.1 95 47.3

120 59.4 106 52.7

 ( )   Max 85 Min 12  Mean 47.84 SD = 16.50
 20 4 2.0 22 10.9
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    20-29 3 1.5 28 13.9

    30-39 32 15.8 33 16.4

    40-49 53 26.2 47 23.4

    50-59 50 24.8 26 12.9

    60-69 33 16.3 27 13.4

 69 27 13.4 18 9.0

110 54.5 99 49.3

72 35.6 50 24.9

9 4.5 43 21.4

11 5.4 9 4.5

44 21.8 93 46.3

31 15.3 33 16.4

19 9.4 5 2.5

49 24.3 23 11.4

44 21.8 31 15.4

………. 15 7.4 16 8.0

118 58.4 107 53.2

25 12.4 48 23.9

 / . / . 38 18.8 41 20.4

18 8.9 5 2.5

3 1.5 0 0

109 54.0 161 80.1

. .2510 53 26.2 15 7.5

. .2521 18 8.9 4 2.0

. .2531 12 5.9 13 6.5

. .2541 10 5.0 8 4.0
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196 97.0 196 97.5

6 3.0 5 2.5

N=6 N=5

. 2 33.4 2 40.0

 / . 4 66.6 3 60.0

0 0 0 0

13 6.4 0 0

 / 189 93.6 201 100

N=13

      1 9 69.2 0 0

      2 3 23.1 0 0

      3 0 0 0 0

 3 1 7.7 0 0

N=13

10 76.9 0 0

3 23.1 0 0

N = 10

10 100 0 0

0 0 0 0

0 0 0 0

0 0 0 0

 73.8  51.2  
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 (  86.6  65.0) 

/  6 

 3 

149 73.8 103 51.2

53 26.2 98 48.8

N = 149 N=103

129 86.6 67 65.0

. 4 2.7 20 19.4

9 6.0 5 4.9

5 3.4 4 3.9

2 1.3 6 5.8

 / 0 0 1 1.0

N = 149 N=103

36 24.2 25 24.3

 / 79 53.0 54 52.4

 / 16 10.7 4 3.9

17 11.4 14 13.6

 / 1 0.7 6 5.8
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N = 149 N=103

2 1.3 1 1.0

        2 9 6.0 1 1.0

        3 13 8.7 7 6.8

        6 59 39.6 35 34.0

 1 53 35.6 46 44.4

 1  1 13 8.7 13 12.6

 40.0 

.

 (  52.5) 

(  24.3) (

 20.5)  (  35.2) 

 (  32.9) 

 (  74.3) /  (

61.1)

 4 

79 39.1 85 42.3

123 60.9 116 57.7

 ( ) N = 79 N = 85

57 28.2 45 22.4

. 16 7.9 39 19.4
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3 1.5 1 0.5

2 1.0 0 0

1 .5 0 0

N = 78 N = 85

16 7.9 30 14.9

19 9.4 26 12.9

41 20.3 28 13.9

2 1.0 1 0.5

N = 78 N = 84

14 6.9 5 2.5

 / 58 28.7 27 13.4

 / 1 .5 0 0

5 2.5 52 25.9

 / 0 0 0 0

(  8 )

 5 

188 93.1 186 92.5

151 74.8 161 80.1

41 20.3 61 30.3

76 37.6 84 41.8

166 82.2 181 90.0

189 93.6 187 93.0
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