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Teeraporn Makaroon 2012: Chemical Values of Water for Livestock Consumption in
Thailand. Master of Science (Veterinary Epidemiology), Major Field: Veterinary
Epidemiology, Department of Veterinary Public Health. Thesis Advisor: Assistant

Professor Phitsanu Tulayakul, Ph.D. 107 pages.

The study of chemical quality of drinking water uses for livestock in various farming
area in Thailand were investigated. Questionnaires and water samples for chemical quality
include heavy metals analysis from sixty-eight pig farms, thirty-five chicken farms and nine duck
farms were collected. There found that water for livestock consumption had pH, hardness,
chloride and TDS were higher than standard limit for livestock. In the part of heavy metals,
generally the median of manganese and iron levels in water for livestock were higher than 0.05

and 0.3 ppm, respectively, throughout the country.

The median of pH value in groundwater was 6.85 which significantly (p<0.05) lower
than in surface water of 7.23, while the median of hardness level of 169.5 ppm was significantly
higher than surface water with the levels of 112 ppm. All of chemical quality values of both water
resources were in the range of water chemical quality standard for livestock. The levels of
manganese and iron in surface water were 0.183 and 0.506 ppm, of which both levels were
significantly higher than groundwater and even over limits compared to standard of drinking
water. The levels of pH, TDS and chloride in groundwater from pig farms were significantly
higher than in poultry farms at 7.02, 448 and 170 ppm, respectively. The calculation for logistic
regression model can be concluded that factors associated with excessive of manganese level in
water was the water from farm located outside western region of Thailand and using surface

water for their livestock consumption.
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Nitrite ppm 10 10 1
Nitrate ppm 300 - 10
Nitrite + Nitrate ppm - 100 -
Total dissolve solid ppm = - 500
Sulfate ppm = c 250
Fluoride ppm 3 2 4
Iron ppm 3 - 0.3
Manganese ppm = 0.05 0.05
Copper ppm 0.5 0.5 1.3
Zinc ppm o 24 5
Lead ppm 0.1 0.1 0.015
Chromium ppm 5 1 0.1
Cobalt ppm 1 1 >
Cadmium ppm 0.5 0.05 0.005
Arsenic ppm 0.5 0.2 0.05
Mercury ppm 0.01 0.01 0.002
Selenium ppm - 0.05 0.05
Nickel ppm 3 - 0.1
Aluminium ppm - 5 0.05-2
Boron ppm 5 5 -
Vanadium ppm - 0.1 -
Beryllium ppm - - 0.004

3: Faries et al. (1998); Bagley et al. (1997b); Environmental Protection Agency [EPA] (2003)
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® 6.8- 7.5 (Standard value)
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Hardness
® <180 ppm (standard value)
® >180 ppm
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Chloride

® <250 ppm (standard value)
® >250 ppm
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Tor

Total dissolved solid
0-500 ppm
® 501-1000 ppm
® >1000 ppm
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Calcium
0-50 ppm
® 51-100 ppm
101-250 ppm
>250 ppm
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Magnesium
©  0-50 ppm

® 51-100 ppm
® >100 ppm
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Phosphate
7 <10 ppm
¢ 11-50 ppm
® >50 ppm
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Sulphate
<50 ppm
50-100 ppm
101-200 ppm
>200 ppm
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Nitrate
2 <10 ppm
10-25 ppm
26-50 ppm
>50 ppm
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Fluoride
<0.5 ppm
0.5-1 ppm
1.1-2 ppm
>2 ppm
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Manganese
®  <0.05 ppm (Standard value)
® >0.05 ppm
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®  <0.3 ppm (Standard value)
® >0.3pm
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ﬂ’%mmiamwuﬂnﬂ%uﬂagiummmmwmzfm UALKAIHIAIAUATIINUNNYT N

v [

< PN 1 (] o Aa A
HINMTALAZIMANTINUAIIATTIUEENNTBEIAYNIEDA 1 0.183 1ag 0.0225 ppm

o

o QU d'
AMUAAY (A5 19N 13)



H % g o [ L4 v J 1 ’é I 1 %’ a a 1 % 1 ’é
M31ef 12 AndsegIuvesgamumanivestihdmiuasalgdainnunanihldaumasunanimau nsuiiouanuuanaeiuannasgiui

dmsudeaadat
AUNINNIN MUY undahldau undahiiifu Anasg g msy p-value **
A BT Q1 Q3 NBe91U Ql Q3 L"gmﬂqﬁ’ﬁf” uvanilday unaahiinau

pH - 6.85% 6.48 7.17 7.23 6.85 7.47 6.8-7.5 <0.001 0.003
Hardness ppm  169.50*  108.00 36500 11200  47.75  170.75 180 0.247 0.005
TDS ppm  265.00 153.00 536.5  286.00 198.00  435.00 1,000 <0.001 <0.001
Sulfate ppm  14.00 6.00 36.47 12.00 7.00  45.00 125" <0.001 0.003
Nitrate ppm 7.48 5.28 11.55 8.14 638  17.93 100" 0.06 0.641
Chloride ppm  29.00 13.10  198.00 7125 2412 100.00 250 0.005 <0.001
Fluoride ppm 0.30 0.20 0.62 0.45 0.14 0.62 2" <0.001 0.001

1 v J ?)I I 1 1 % a A .
HUELHA * = ﬂ'lll‘ﬁ8;@1uﬂlﬂﬂﬂmﬂ’lWﬂ’NLﬂﬁﬂl@\?uWﬁQu’lcl,gllﬂuu@]ﬂ@n\ﬁ]'lﬂllﬁﬁ\?u1W'Jﬂu (Mann-Whltney U test, p-value 0.05)
v @ o w 1 ' 1 %,‘ ' %,‘ o o 1 v J
** = 53@Uuﬂﬁ’lﬂﬂ]ﬂ]ﬂﬂﬂ’ﬂlﬂmﬂﬁ'l\ﬁ%W'J'Nﬂﬂ!ﬂ'lW‘V]'l\‘]l,ﬂflGU’f]Q!,Wiﬁ\1u’lllﬁgﬂ'lll'lﬁijluu'lﬁ'lﬂiﬂlaﬂﬁﬂ?jﬁﬁ?
(Wilcoxon and Signed Rank test)

Q2 =made lnan 1 Q2 = mndendn 2

f3: Thomus and Sneed (1996); EPA (2003); Bagley et al. (1997b); National Academy of Sciences (1974)
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H % @ g o [ e Y4 1 ’é I 1 %’ a aAa 1 % 1 ’é
m31ef 13 Andseguvessina laneminvenhdmsunealgdainnuranildaauuazuvaniimau uWsuieuanuuanaunuamas g

dmsudeaadat
Tangwin Wi unaailday unaniiny annasghdmiy p-value **
1sog1uU Q1 Q3 1sogIU Q1 Q3 L"gmﬂqﬁ’ﬁf” uvanildau uvdnhiau
As ppm  0.0040 0.0000  0.0123  0.0059  0.0002  0.0181 0.5 <0.001 <0.001
cd ppm  0.0020 0.0000  0.0029  0.0023  0.0016  0.0040 0.5 <0.001 <0.001
Co ppm  0.0044 0.0000  0.0093  0.0069  0.0015  0.0125 1.0 <0.001 <0.001
Cr ppm  0.0055 0.0024  0.0106  0.0079  0.0050  0.0131 5.0 <0.001 <0.001
Mn ppm  0.0227*  0.0098  0.1347  0.1830  0.0567  0.4545 0.05" 0.985 <0.001
Ni ppm  0.0236*  0.0170  0.0401  0.0402  0.0266  0.0531 0.1" <0.001 <0.001
Pb ppm  0.0186 0.0052  0.0285  0.0225  0.0174  0.0305 0.1 <0.001 <0.001
Cu ppm  0.0000 0.0000  0.0000  0.0000  0.0000  0.0000 0.5 <0.001 <0.001

9%
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Tangwin Wi unaailday unaaiiny AIAs UMY p-value **
1sog1uU Q1 Q3 1sogIU Q1 Q3 L"gmﬂqﬁ’m{” uvanilday uvdnhiau
Fe ppm  0.1554*  0.0932 03349 05060  0.1747  0.9477 03" 0.003 0.037
Zn ppm  0.0651 0.0224  0.1431  0.0205 00148  0.0762 50" <0.001 <0.001

1w @ v 3 A 1 v Y A a .
ﬂmﬂm@ * = mmﬂgmmmﬂ?mmiamﬁuﬂclmmmuﬂﬁ}ﬂmmﬂmﬁmmmaﬂmwmu (Mann-Whltney U test, p-value 0.05)
Y v o w 1 U 1 ’o’ 1 %,‘ o [ ¥ o J
*k = 53ﬂﬂuﬂﬁ’lﬂﬂlfllﬁ]{lﬂ'ﬂﬂllﬁﬂ@l’l\?igW'J'Nﬂ‘mﬂTW‘VI'l\°|l,ﬂfIGU@QL!,Via\3u’ll!agﬂ'lﬂ'lﬁiﬁ'luu'lﬁ'l“ﬂiﬂlaﬂﬁﬂﬁfﬁﬁ'ﬁ
(Wilcoxon and Signed Rank test)

Q2 =mmelndn 1 Q2 =maelndn 2

131: Council for Agricultural Science and Technology (1974); Bagley et al. (1997b); EPA (2003)
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v a 1o g ya { A ¢ A o dm
6. ﬂ1qnm1Wmammlmgmamﬂﬂﬂmlmﬂﬁmamqnmazﬂﬁmamﬁmﬂﬂ

A a a v P gya = & v YA ' '

WeNnsanguMuManlverasih ldauguunraaihinuasns laeaiulvig
y & o o ~ a 1 ! a s o MY 1 (& A
Idaeedlaaad nffsuieunanmmaniivenihseniriaveshiuledad laun vhiudes

I'4 dy v o 1 1 %’ ya I'4 dy = I'4
’q’ﬂilm%ﬂﬁumﬂﬂﬂﬁ’]ﬂﬂ Wmummuﬂmumewhimamqmum pH, TDS !LazﬂaﬂlliﬂQ'Q

o a

[ I'4 dy o o [] =Y a ~ = Bo’ 1
ﬂ’JWhillLaﬂﬂﬁ’@l’]ﬂﬂ@ﬂNNﬂﬂﬁWﬂﬂJﬂNﬁﬂﬂ (M3 NN 14) LHAZAUNTANTUANVDIUTNNAN

3 o o J

@ ] J [ 1
‘t’Nﬂ\‘lﬂgﬁlulﬂﬂ!“V]iJ'lﬁijj'll!u'IﬁWWi“ULaﬂﬂﬂﬁfﬁ'@l’]



d‘ ' o = ¥ o o dy v J v 3 ya 4 dy ) ~ 1 %
M1319N 14 ﬂ111‘ﬁEJ;@1‘L!GU’E]Qﬂﬂ!ﬂTV‘l‘V]NLﬂll"’lJ@ﬂu1ﬁ1WﬁJmﬂﬂﬂﬁfﬁ@]?ﬂ]@ﬂlmaQuﬂﬁﬂumﬂ‘WﬁMmElﬂfjﬂiuazﬁ@?ﬂﬂ Weueuanuuana1Nny

v J

1 301 o o 1
AMuasgIndmsuneslgdad

AUNNNN WU W1§3JL§EJQE‘;fﬂ5 vhiudsadaiin fhmmgmﬁwt?m%u p-value**
1Al AT Ql Q3 W59 Q1 Q3 L%mﬂﬁr’ﬁmiw unashldau unanhia

pH - 7.02%* 6.82 7.18 6.80 6.31 7.14 6.8-7.5 <0.001 0.617
Hardness ppm 257.00 101.00 417.00 149.00 112.00 239.50 180 0.063 0.492
TDS ppm 448.00*  265.00 626.00 155.00 85.75 261.75 1,0003/ 0.003 <0.001
Sulfate ppm 17.00 6.00 55.62 8.00 6.00 17.00 1257 <0.001 0.0001
Nitrate ppm 7.44 5.61 12.21 7.48 4.73 9.86 100" <0.001 <0.001
Chloride ppm 170.00* 29.00 480.00 15.15 3.80 27.75 250 0.126 <0.001
Fluoride ppm 0.47 0.26 0.78 0.26 0.19 0.59 2" 0.008 <0.001

nnenme * = ﬂ'wﬁ‘ﬁﬂgmaum@mmwmamﬁmmzmdaﬁﬂﬁ’ﬁumnvh%’m'gﬂaqﬂnmﬂgimnﬂvh%m'ﬁyﬂaéf“mﬁﬂ (Mann-Whitney U test, p-value 0.05)
ok = izﬁuﬁaﬁﬁmmmmmgmﬂ@hﬁzwa'NﬂmmWmemﬁéuam,ma'051uazﬂ'13J1m§1u1§1f71m"m,§mﬂqﬁ'm{
(Wilcoxon and Signed Rank test)
Q2 = Mo ndi 1 Q2 = Mo ndi 2

#3: Thomus and Sneed (1996); EPA (2003); Bagley et al. (1997b); National Academy of Sciences (1974)
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1%%@Haﬂ1ﬂllﬂﬂﬁﬂﬂﬂ1n “]Nﬂﬁ]ﬁ]EJT]H11]TJLﬂ§"I$W3J§]1H']HTNﬁH 27 ﬂi]i]fl WNANIIIAIIETH NN
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v o Ju 3 o Jdaa ~ a
mmmwu‘ﬁﬂummmumEN1Jﬁﬁm’Jmuﬂ‘%mmummuﬁmummgm WU 4 998Nl

a

v o o o 9 '

v o IA Yy ¥ s A ' dy A
ANUTUNUTNITEAVUITIAYUDYNIT 0.05 llﬂll,ﬂ !,L‘Via\1Ll15]1ﬂ1/\|133J1/]GN’E]§1HHJG]WHT]ﬂ1ﬂ
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1 v o ' o A o v o JdY as .
Lla313JW‘]J?]'J’]3J'§T1IW1J‘§5$W'J’Nﬁi]i]fJLlI@u’lhlﬂﬂ@ﬁﬂﬂﬂ'g'lﬂﬁﬂwuﬁﬂﬂﬂj‘ﬁ Correlation

o

4 o A o a 4 o Jd @ ¥
ﬂ1§1\1‘ﬁ 15 ﬁiﬁ]ﬂﬁu'lll'l')mi1$Wﬂ'ﬂiJﬁ'll‘W‘Ll‘ﬁﬂ‘]Jf;lmﬂ'lWTl'lxuﬂﬁ"]lﬂﬁuﬁl'lﬂllﬂﬂﬁﬂﬂﬂHJ nag

v '
= IJAA

[ o o d aoz ) [ (%% a
igﬂﬂﬂ’nilﬁilwu‘ﬁﬁ@‘lllTﬁTﬁiUmEN1Jﬁfﬁ'ﬁ3ﬂﬂﬂ%ﬂ?ﬂ!t!ﬂﬂﬂ?‘ﬁﬁlﬂl&ﬂWﬁj@Wﬂ

93 SEAUANUTUNUT (p-value)

fnavearhi

- wamanana (lay/1aila) 0.185

-amaazueen (11l 0.245

- amaazTueeneanile (la/13ily) 0.645

- wamaazTuan (la/lsl) 0.013

-ramald (/%00 0.089
ilada iAoy 0.027

(hiudesgnsvhivasdaiiln)

Tugnsn@esluvhiu () 0.508

v Y

snudatlnn@esluniiy 0.163

(¥p8n71 100,000 §2/100,001-500,000 §7)
A [ 50’
YHAVDAUIMAIL 0.006
1 50’ Aa A 1 aol Y

(vaairau/uvainlaau)

= v % g ua
ﬂ?]uaﬂm@\illﬁaqu"Ii@]ﬂu (1a9) <0.001
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50

11998

[ [ v J
FEAUANNTAUNUD (p-value)

seozvieTEnamasszaneThnanavhiuuag
wignhitl#idenlgdad (was)
Snvazveah

(a LifiaAjuandon)
SnvazvesmInamanh

-ausau (a1l

- aumiien (la/13ila)

- aunge (las/1ail)

[

- augnse (a1l

[

Snuazdaunsnaumac
haadunes 19/ 119)
-nmnsameou (la/laily)

- maoansouad (la/lailey)
Saouiidade Ui Taosousedl 12 Alamns

- gy wafiiu (/s le)

-uvaunyasnssy (la/lile)

- w1§uL§ﬂqﬁﬁ§(1cﬁ/‘lﬂ1ﬂi)
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Saouiidade 1T Taosoused 4 A Tawns
- gy vafihu (/i le)
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_yhiudeedad (o lsile)

- Tssmgaamnssy (/e
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0.161
0.836
0.437

0.156

0.569
0.885

0.281

0.895
0.914
0.729

0.162

0.664
0.828
0.648

0.227

an

4 ° ?1}/ % a d . . o e .
9114 4 7998 1131n512147283% multivariable logistic regression model wldTuea

Y 1

Q

14 d’g‘/ ] &‘ ~ [ a U aol P 1 9}3}; 1 &’ A
Wmmmag“lummwummﬂmamﬂ LS BUAVDILU DI U Iﬂﬂﬂ"l’iuiflllullﬂﬁﬂﬂgiuwu%ﬂ”lﬂ

o ~ 9 v ¥ a a A X o o ' (= ~ A 2
@]5'Ju@lﬂllagllﬂ’lﬁclslﬂ!ﬁa\iu'lWﬂﬂutwalaﬂﬂﬂﬂﬁﬂﬁ %x?Nwaleummmﬁmwmmﬂamﬁwu

A A v A [ o oA ] 9 1 9 ' 1 %‘
FAMINUNUNEN 2 TeveNNUANUTUAUTNTZAY p-value 488N 0.05 ]lﬂllﬂ UAAIUIN
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Y]

= a v ¥, Y dy v ] a o J
ﬂ?mmummumﬂummgmimmaQmmmmamﬂﬁﬁm LlazlliJWUﬂ;]ﬁllWH‘ﬁ

(interaction) 3¢ ¥2191U998A3NA1 (A1319N 16)

v o

H a 4 o A o
M3197 16 TuAagamousInIsAATIEH logistic regression ¥olasaNTnNUdUWUT AL

I A =

' %’ 9 3 1 3 a ’é 2
Ll,‘ﬂa\TL!"I?TTVIT]JLEENTJﬁ(ﬁG]'J‘V]lILLﬂNﬂ1uﬁlﬂun1ﬁ§§1uu1ﬂﬁiﬂﬂ

Variable p -value b S.E. Confidence OR  p-value
Chi-square interval (95%)
Intercept - -1.251  0.489  -2.209,-0.292  0.286 0.010
Farm isn’t located in 0.013 1.433 0.579 0.298,2.569 4.195 0.013

the Western region

Surface water resource 0.007 1.726  0.644 0.463,2.989 5.618 0.007

MK Model R’ =0.97762

Final Log Likelihood = -37.05611

8. MaMIIFEUNBLAMMNMAATVDWHAINIAAHIZTHININAMIANHINAZMS 61539

A9 w.a. 2540 991 w.a. 2548

= 1 g YA J dy @ ok = 3’, dy 1A
ﬂmﬂ”I‘IN“VI”IQ!ﬂllallﬂﬁl!ﬁﬁﬁuﬂ@]ﬂuﬂ]@ﬁﬂﬁﬂmﬂﬁﬂﬁfﬁ@]’ﬂuﬂﬁﬁﬂﬂ”Iﬂiﬁl!W‘]J’J”liJﬂ’J”lll
1 1 go’ A [ ?,’ o 1
ummamﬂ%gaﬂmmwzmaauﬂﬁ'ﬂmmﬂmmwmﬂsmmmamﬂmimin‘lumﬂ N.f.
=S A d‘ o = ds’ d' ) = (% d' [ v o W 9 L]
2540 DU .71 2548 LiJ?JuHﬂLﬂ%fJ‘UWIfJ‘U[luWu'ﬂﬂiﬂmﬂﬂ’lﬂu nisauuIaInty 0.05 “1ﬂll,ﬂ 1
A A I ~ =2 A o 1 ~
pH HUNULLYIY LASIAN ‘VINaﬂ"liﬂﬂiel”I@]i’Jﬁ]W‘]JiH‘]EZJ"IﬂW]@“I"Iﬂ’J"I uaz”lummwmﬂwa
= A 1 A A o 9 [ %l
ﬂ”liﬁﬂ‘]el"l@]iTJilW‘]ﬂ‘L!‘]E?J”ImTIQQﬂTJ”I M35 NN 17) WOHIVDYAVINNTUNTWIINITUIVIATAN
a 4 ' Id ' =\ X A ° <3|
amﬁzwmmmmfaznJuﬁuammmmwmamﬂuwummm ﬂl@\iﬂizmﬂlliflﬂ Huauotu
a 4 Y3 = 9 = 1 dgqya A
mstmmﬂmqqumamuﬁ@ﬂwmuaqLmﬂumammmwmumimmaquﬂmuwmum

(NN 13-19)



4 1 1 1 -7 g I { v o %’
M 17 nfisuifeuanuuananserieaiseguvesgumwmaaiveuildaaui ldnnnanmsinuinudeyannnsuniweinsinima

1 ~ =X dy A o 2 [
¥29Y W.7. 2540 D9 W.7. 2548 Tunuidiua@eIny

AUMNIMIUAT WY HANSANY nsunineInTinma p-value (paired t-test)
NBEFIU Ql Q2 NBHFIU Ql Q2 One-tailed test  Two-tailed test
pH - 6.87 6.50 7.18 8.02 7.77 8.32 1.000 <0.001%*
Hardness ppm 175.00 108.00 373.50 251.71 160.00 308.75 0.781 0.445
Chloride ppm 29.00 13.50 205.00 51.00 15.88 122.72 0.375 0.749
Fluoride ppm 0.33 0.19 0.75 0.34 0.27 0.71 0.271 0.542
Magnesium ppm 11.42 0.95 28.79 21.00 11.72 36.49 0.992 0.016*
Nitrate ppm 7.48 5.72 12.87 2.10 1.16 6.22 0.002 0.003*
TDS ppm 289.50 154.00 546.25 431.00 268.06 704.70 0.964 0.071
[ron ppm 0.15 0.09 0.33 0.82 0.39 2.34 0.999 <0.001*
Manganese ppm 0.04 0.02 0.14 0.10 0.03 0.37 0.874 0.266
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¥ { 1 [ H ]
HUYLYIA * = ﬂil!ﬂW‘I“I/INlﬂﬁéllﬂﬂu'lﬁlgljﬂuﬁulﬁ%'lﬂwaﬂﬁﬁﬂ‘]&l'llmﬂﬁN%'lﬂslgljﬂy.a%'lﬂﬂﬁiJ“VlinJ'lﬂilﬂ‘Iﬂﬂ'la 291 W.A. 2540 ﬁa N.f1. 2548

@ v o

Nszauiisdian 0.05

o VL a 1 1 [ 90'
One-tailed test = NATOUANNTUNUS IUNANIUALY HO = mﬂmmwmﬂmﬁmmwamiﬁﬂmqqmﬁfm;“aeummumwmﬂsmmma

v o J a J 1 o H
Two-tailed test = NAFOUANUTNNUF IUFDINANI HO = mﬂmmwvmmﬁmmwamiﬁﬂwmﬂmﬂmn%’agammﬂmmwmﬂsmmma

Q2=mnelndn 1 Q2 =maelnan 2
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3.475-6.063

6.063 - 7.203

7.203-7.706

7.706 - 7.927

1

7.927 - 8.025

8.025 - 8.246

8.246 - 8.749

8.749 -9.889

9.889-12.477

12477 -18.35

0 85 170 340 510 680
Kilometers

t-'i a S U ’o’ ya = =3 9 Aax
HMNN 13 HANITAUATICHA pH mmgmmuﬂ@mu 1 N.F1.2540 D3 2548 A8ID Inverse

Distance Weighting (IDW)

54



55

Hardness (ppm)

) Interpolation value, IDW

2-81.668

81.668 - 126.289

126.289 - 151.282

151.282 - 195.903

195.903 - 275.571

275.571-417.809

417.809 - 671.762

671.762-1,125.171

1,125.171 - 1,934.687

1,934.687 - 3,380

0 85 170 340 510 680
Kilometers

- a ¢ v v P qya o = Y ax
NNN 14 Nﬁﬂ15’J!,ﬂi1314‘]_]‘%MTﬂ!ﬂ’JﬁJﬂigﬂNllﬁaQuﬂﬂﬂu ﬂ NW.71.2540 D3 2548 R85

Inverse Distance Weighting (IDW)
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Total dissolved solid (ppm)

Interpolation value, IDW

24 - 186.847

186.847 - 269.382

269.382 - 311.214

311.214 - 393.749

393.749 - 556.596

556.596 - 877.901

877.901-1,511.854

1,511.854 - 2,762.678

2,762.678 - 5,230.619

5,230.619 - 10,100

0 85 170 340 510 680
Kilometers

- a ¢ 1 Y g ua A = Y ax
NNN 15 Wﬁﬂ']ﬁ'JLﬂiTZﬂﬂ%iﬂﬂ! TDS ﬂlﬂﬂllﬁﬁﬁu"ﬂ@]ﬂu 1J NW.F.2540 D3 2548 @871 Inverse

Distance Weighting (IDW)
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Magnesium (ppm)

Interpolation value, IDW

0-7.168

7.168 - 9.653

9.653-10.514

10.514 - 12.999

12.999 - 20.167

20.167 - 40.842

40.842 - 10048

100.48 - 272.504

272.504 - 768.707

768.707 - 2,200

0 85 170 340 510 680
Kilometers

q' a 4 A A v 3 Iya = v an
MAUN 16 waﬂ1'5amiwmﬁumuuﬂmcﬁﬂmmzmmuﬂmu 1 N.F.2540 D3 2548 A28IF

Inverse Distance Weighting (IDW)



58

Nitrate (ppm)

Interpolation value, IDW

0-1.456
1.456 - 1.912

1.912-2.056

2.056-2.512
2.512 - 3.968
3.968 - 8.609
| 8.609 - 23.401
23.401-70.555
70.555 - 220.864

220.864 - 700

0 85 170 340 510 680
Kilometers

- a ¢ 1 Y g ya o = Y ax
MNN 17 Wﬁﬂ15'Jlﬂ5']3141]%MquulﬁiﬂmﬂﬂllﬁﬁQHTi@ﬂu 1J NW.F.2540 D3 2548 93875 Inverse

Distance Weighting (IDW)



Iron (ppm)

Interpolation value, IDW

0-0.135

0.135-0416

0.416 - 1.007

1.007 -2.244

2244 -4836

4.836 - 10.266

10.266 - 21.642

21.642 - 45474

45474 - 95.402

95.402 - 200

0 85 170 340 510 680
Kilometers

~ a 4 < 3 ya = Y ax
MAUN 18 waﬂ1'5amiwmﬁmmmaﬂmmgmmuﬂmu ’IJ N.F1.2540 D3 2548 A3873T Inverse

Distance Weighting (IDW)
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Manganese (ppm)

Interpolation value, IDW

0-0.007

0.007 - 0.021

1]

| 0.021 - 0.050
0.050-0.110
0.110-0.232
0.232-0.483
0.483 - 0.999
0.999 - 2.058

2.058 -4.233

4.233-8.7

0 85 170 340 510 680
Kilometers

d’ a 4 = 1 so' ya = vy ax
MAUN 19 waﬂ15amiwmﬁumummuﬁmmlmmuﬂmu 1 N.F1.2540 D3 2548 A28IF

Inverse Distance Weighting (IDW)
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