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Abstract

The heavy metals contamination in water and sediment at Klong Nong-nguhaow were
studied by collecting samples from 5 locations. The samples were collected in plentiful water
during August 2007 and in rare water during February 2008. The heavy metals, Zinc (Zn), Copper
(Cu), Lead (Pb) and Cadmium (Cd) were analyzed by Atomic Absorption Spectrophotometer
(AAS). The results showed as the following water temperature were in range 28.2 — 31.3 °c, pH
6.71 — 8.19, Flow rate 5.47 — 15 m/s. The quantities of heavy metals were; Zn 0.083 —0.756 mg/L
and 2.482 — 236.940 mg/kg dried weight, Cu 0.035 — 0.153 mg/L and 0.331 - 64.241 mg/kg dried
weight, Pb 0.013 - 0.041 mg/L and 0.402 — 11.323 mg/kg dried weight, Cd 0.001 — 0.005 mg/L
and 0.001 - 1.813 mg/kg dried weight in water and sediment respectively. Both sampling period,
Cu concentration in water exceeded the surface water standard but the other metals had below the
standard values. The concentrations of all metals in sediment were lower than the Probable Effect
Level (PEL).Only Zn, Cu and Cd concentrations had exceeded the Threshold Effect Level (TEL).

The hypothesis testing, the statistics values by Statistical Package for the Social Sciences
(SPSS) confirmed that al heavy metals in plentiful water and rare water period were different by

significance at 95 percent confidence level.

Keyword; Zinc, Copper, Lead, Cadmium, Sediment
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CHO1 | wsgaymsiodd SavSamynsisns + x
cHO2 | Tsadnswszunsld 7
cHo3 | nihnimsdunenssiizuns Sanda 11.8 +
CHO4 | aynils1ms 18
a o a o
cHo5 | dalosuilszAug 22.8
CHO6 | Ynanvanss luug 27 + x
CHO7 | NUFONTUNW ATIUUIN NTUNNUHIUAS 28.7
>
cHog | Tsariniud 34.5 +
CHO9 | ASHIUNANWA NTUNHUNIUAT 41.5
CH10 | lsenuengy 44 +
CH11 | azWiunnsseam nunwumIuAs 48
L4 L
CHI2 |1 nAasumeil 52.6 + -z
=
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cH19 | Tssnmunszamineilzou danda 127.8
L4
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dmivsualaneniniinsuaruguuany 1Ak inisas1eda 1dun unaidioy (cd)

0 o
Tasifiowy (Cr) uuaniie (Mn) Snna (Ni) #zf 7 (Pb) 90 (Zn) noduad (Cu) Usonviariua

(Total Hg) 1311y (As) unz laen lud (CN) nwuhdnlngiiidmfeeglunssiauiinmnsgiu

¥
guamihiEAutmua 1 dwaaslunise 2.2

() »
3190 2.2 USua Tanenzdudou v

9

WU Insze 2537-2542

wivi1 ABUAN ABUNAN ADUDY
sz
AN Mo [mga | M e (M |m |age (a1 | M
6ol fiqa | qa | wde |dge | g |mde |dge | ge | wie |wes
37U
cd 0.05 | 2.00 | 0.84 | 0.05 | 5.00 | 1.00 | 0.05 | 500 | 092 | 5.0
Cr 040 [ 41.00 | 502 { 1.00 | 2200 | 541 | 1.00 | 23.00| 3.84 | 50
Mn 001 | 1.00 | 021 | 0.02 | 020 | 009 | 023 | 0.23 | 0.08 | 10
Ni 1.20 | 8200 | 14.62 | 1.00 | 43.00 | 13.33 | 0.17 | 40.00 | 12.42 | 100
Pb 045 | 45.00 | 8.24 | 045 | 5000 | 9.44 | 0.45 | 50.00 | 9.65 | 50
Zn 0.01 | 046 | 005 | 0.01 | 0.15 | 0.03 | 0.00 | 0.07 | 0.02 | 10
Cu 2.10 | 28,00 | 11.18 { 0.05 | 2400 | 829 | 030 | 33.00 [ 9.86 100
Hg 001 | 120 | 029 | 0.01 | 1.00 | 023 | 0.01 | 1.00 | 0.22 | 2.0
As 1.00 | 2.00 | 1.04 | 1,00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 10
CN 1.00 80 | 250 | 1.00 | 400 | 1.79 | 1.00 | 4.00 | 1.80 5.0

' [ 4 ¥
1 : dhoaunwumanii nesdanisnunIwii NsuAURUUANY

vanenne : iuni
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uldumsgu

UL = Haanunoans
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11317
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Florida DEP'
Sediment
quality
guidelines
threshold

effect level

7.24

0.68

52.3

18.7

30.2

0.13

124

Florida DEP’
Sediment
quality
guidelines
probable

effect level

41.6

421

160

108

112

0.7

271

MacDo
nale,

1994

HongKongJ
Draft
Sediment
quality
guidelines -

lower

1.5

80

65

75

0.5

200

HKGS,
1998
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HongKong‘1
Draft
Sediment
quality
guidelines -

higher

42

160

110

110

270

Australia and
New Zealand
draft Interim
Sediment
quality
guidelines —

low'

20

1.5

80

65

50

0.15

200

Australia and
New Zealand
draft Interim
Sediment
quality
guidelines —
higher2

70

9.6

370

270

220

410

ANZE
CC,
1998
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Tutinnudufiudodandon (Threshold Effect Level, TEL)
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23 qmn1w1§wmn§amwumum
231 Tsanaugugamminsund @nfnausamsnanii, 2549)
Tsamuqnqmmmfﬁmn% ot ludaianguand§ifinig 2 (@oauun’) dninam
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IANLUYNAYUIUTUING

v | 4 ¥ v
M3t 2.4 deyaguaihvesszuuthiiniude (Aunie T w.e. 2549)

Wisiimes yhdhsz yheonszu
YSinaniidodseun (Flow 2031 2070(80NIL1Y)
rate) 1990 (@1.41./51)
aanuiunsa-Aa (pH) 7.25 7.88
1 1T9f (BOD) (un./ans) 48.25 10
MASUUIUADY (SS) (UA./ 66.83 34.5
fng)

. - o
A1e0NFIIUALAI8T (DO) - 1.46
(Nn./ans)

ﬁm ( hitp://dds.bma.go.th/romklac.htm)
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¥ Y]
Ailnuomyanaly NIZIBNNDIAIANITUY

a : = al=y
M31n 2.5 gunmhluaaeslseoaySsudtl 2545

TETRLN IETLY IET LY
niinauy dinau OUURAUINS
[WAAANT214
G RN GRL AT EI0)) 28 28 28
Wi 7.27 7.25 7.29
DO{(mg/1) 1.9 2.7 1.9
H,S(mg/1) 0 0 0
BOD(mg/1) 6.4 5.4 8.9
SS(mg/1) 22 17 25
TKN(mg/1) 2.8 2.6 4.0
NO,(mg/1) 0.04 0.03 0.04
NO,(mg/1) 0.4 0.4 0.6
Total Phosphate(mg/1) 0.8 0.5 0.9
‘ﬁﬂ] http://dds.bma.go.th/wgmd/wgmd_QC2545.htm
mmefi 2.6 ﬂmmwﬁ,ﬂuﬂamﬂm’sﬁu?sm’fﬂzs%
STRT LT STETRLN STE L
nihianuysy daninau DUUAAUING
WAAIANTLLY
QUHAN(DIFMIYALTE) 28.2 28.2 28.2
Ao 7.20 7.22 7.29
DO(mg/1) 2.2 2.3 1.4
H,S(mg/1) 0 0 0
BOD(mg/1) 5.5 5.2 59
SS(mg/1) 15 16 19
TKN(mg/1) 3.2 3.7 5.5
NO,(mg/1) 0.01 0.02 0.03
NO,(mg/1) 0.3 0.3 0.5
Total Phosphate(mg/1) 0.6 0.5 0.8

10

N hitp://dds bma.go.th/wgmd/wgmd_QC2546.htm
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STETL UM T
TR TR IIRTLY GRIGERLT DUUNAUINT
[wAMANTL4
PUNYI(DIAUBTU) 289 289 289
Wioy 7.23 7.20 731
DO(mg/1) 1.7 2.4 1.1
H,S(mg/1) 0 0 0
BOD(mg/1) 7.6 4.5 9.8
SS(mg/1) 37 58 43
TKN(mg/1) 25 22 21
NO,(mg/1) 0.04 0.04 0.08
NO,(mg/1) 0.6 0.8 0.7
Total Phosphate(mg/1) 0.7 0.7 1.1
ﬁm http://dds.bma.go.th/wgmd/wgmd QC2547 htm
e 2.8 qunwinlunaseilszim3sudiasas
STETeL STETL STETL
wihiaauygy GRNVGERIT DUUNAUINT
WARIANIZIIR

QUAYU(@IA YT D) 27.3 273 27.3
TG 7.46 7.38 7.43
DO(mg/1) 2.0 2.2 1.6
H_S(mg/l) 0 0 0
BOD(mg/1) 9.5 9.3 13.4
SS(mg/l) 56.9 58.7 61.1
TKN(mg/1) 27.0 36.2 24.1
NO,(mg/1) 0.07 0.10 0.07
NO,(mg/1) 1.3 1.0 1.3
Total Phosphate(mg/1) 1.1 0.7 1.1

3N htip://dds bma.go.th/wqmd/wamd_QC2548 htm



ma1an 2.9 quamthlunaesszioen3 sudilsas

19

STETRL STE{BL TRl
wihIaauysy d1inay DUUNAIUING
RAANTSTIN
QUNQU(OIR AT ) 28.4 28.4 284
Aoy 7.0 7.0 7.0
DO(mg/1) 2.0 2.1 1.5
H,S(mg/1) 0.1 0 0
BOD(mg/1) 9.5 6.8 9.7
SS(mg/1) 57.3 42.0 54.6
TKN(mg/1) 5.8 3.8 5.1
NO,(mg/) 0.01 0.05 0.08
NO,(mg/1) 2.0 1.8 2.0
Total Phosphate(mg/1) 0.9 0.5 0.9
‘?lnn http.//dds.bma.go.th/wgmd/wgmd QC2549.htm
M 2.10 qmmwt’fmamu?nm‘lnﬁlﬁm
Arvendadi Aweuds | DO | BOD,
aoufi fuoy | azaeldvmue | wvrunes n/a) | (un/a)
(TDS)(un./a) (SS)(un./a)
AaId1 159 6.3 686 16.0 0.13 7.20
AaDTZIY v 6.5 340 35.0 077 | 53l
AABIVN Inag 6.6 356 125.0 1.07 5.31
ARDIMIATI-UNNG 6.7 438 26.0 1.34 3.97
AavIdIang 6.7 394 31.3 0.94 5.06
ANDIUNIA15Y 6.8 526 60.0 1.15 3.52
ANDINAIIUING 6.8 382 73.3 1.50 4.29

http://irrigation.rid.go.th/rid1 1 /klongdan/01.1.vi.htm
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v ¥
M3 2.11 aamihAAuusnas ey

14
AT N UAWIHIAY 1B LMY 2547

Al N1 1 2 3
guniene DI U ALTYA 34 33.5 35
qaimgiith DI U ALTYA 32 32.50 31
anudanszuaii WA Aun 0.21 0.40 0.10
ANUYY NTU 31.10 89.30 31.90
anuilunsa-aia - 7.84 7.83 7.80
A1msth v mhos/cm 742.0 581.0 651.0
anunsed T | Sadniudedns 143.28 131.34 139.30
YoV IUADY iadnsunodng 45.67 162.67 47.34
1iToR adnsunedng 4.57 2.54 3.39
sondionazmenit | Hodniudodas 3.60 4,30 1.60
Tumsa-lulasiou | Uadnsudedns 0.39 <0.05 0.29
Az adniunodns <0.001 <0.001 <0.001
unaioy iadnsunodns 0.002 0.009 <0.001
ilson iadniudodns <0.001 <0.001 <0.001
Tusunoziisiy Uaaniuneans 0.40 0.80 0.5
aae’lsn Nadniunodns 77.86 51.74 59.63
Aarvn iaaniuneans 135.00 80.00 101.00
unamile Jadniuneans 0.32 0.82 0.34
wmdn Jadnsunoans 0.71 1.36 0.62
TnaWeuuuaNGe | MPN/100 ml 350000 23000 110000
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fiun: msdrsadeyaninaiuu Tasuiim iy noudada ioudifivse weud uuuamuy $iin
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2.Standard Addition Method
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5. 9NN Thermometer as3vdaluaum
6.D0 Azide Modification AIA, MnSO, Uiy
7.B0OD 5-Day BOD Test LY
8.NO,-N Brucine Lad
9.NH,-N Distillation-Colorimetric H,S0, 1d pH <2, Uity
10.Cyanide Distillation-Colorimetric NaOH1# pH>12, UBIY
11.Phenol Distillation-Colorimetric H,S0, 15 pH<2, ety
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12.Heavy Metals
13.Coliform Bacteria

14.Pesticides

Digestion-A.A.S.
MPN Technique

Solvent Extraction-G.C.
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fUNI9 Calibration curve

Tuhigaeinnn

daned y = 0.0929x+0.0132
DAY y =0.0104x+0.0014
aria y =0.0076x+0.0016
unalion y = 0.0388x+0.0025
Tuiganirion

dened y = 0.1087x+0.0342
MDA y =0.1194x+0.0014
Az y = 0.0504x+0.0009
LAY y = 0.4880x-0.0005
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) C | awdudy | aaudiudu
AL v ARANAY -
L, AN UALLERL and S.D
AIDYN $E3(Abs)
(un./a) (un./a)
1 0.026 0.138 0.346
D1 2 0.027 0.143 0.359 0.007
3 0.027 0.144 0.360
1 0.027 0.147 0.369
D2 2 0.027 0.152 0.381 0.007
3 0.028 0.153 0.384
1 0.034 0.224 0.378
D3 2 0.033 0.214 0.407 0.003
3 0.033 0.210 0.562
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1 0.023 0.102 0.257
D4 2 0.022 0.092 0.231 0.022
3 0.021 0.085 0.233
1 0.042 0.310 0.749
D5 2 0.041 0.299 0.744 0.016
3 0.041 0.297 0.775
HINENe AuNISNIANIAITIY  y =0.0929x + 0.0132
e y = mmsganduua
x = anududuvesdanzd wnsa)
araft 4 neaunaludiatiah (Gﬁaqﬁywmﬂ)
) ' anudadu | anududu
AN Y ARANAL
. Afan ) NN qns S.D
A198714 (e
(un./a) (un./a)
1 0.017 0.042 0.107
D1 2 0.017 0.041 0.102 0.014
3 0.017 0.041 0.103
1 0.016 0.032 0.082
D2 2 0.016 0.024 0.062 0.004
3 0.015 0.021 0.052
1 0.002 0.036 0.087
D3 2 0.002 0.034 0.085 0.001
3 0.002 0.034 0.088
1 0.002 0.032 0.081
D4 2 0.002 0.030 0.076 0.144
3 0.001 0.016 0.042
1 0.002 0.057 0.109
D5 2 0.005 0.299 0.086 0.029
3 0.005 0.297 0.113




HUIBLTe)

’ﬂuﬂ'l'iﬂ'i’]ﬂn'lﬂij'lu y =0.0104x + 0.0014

A ' A
e vy =ﬂ1ﬂ15ﬂﬂﬂﬁu!lﬁﬂ

y ¥
x = ANUAUIUUDIND A (UN./D)

v v ¥ ¥
M3 5 aznaludled191i (F9110)

65

) | aududu | adudy
yaIny 2 Aganau -
o AN DAGLERY qnd S.D
AI9U19 Wer
(un./a) (un./a)
1 0.002 0.016 0.042
DI 2 0.002 0.008 0.022 0.014
3 0.001 0.005 0.014
1 0.002 0.007 0.026
D2 2 0.001 0.004 0.019 0.002
3 0.001 0.004 0.011
1 0.001 0.020 0.012
D3 2 0.001 0.001 0.0014 0.010
3 0.001 0.012 0.004
1 ND ND ND
D4 2 ND ND ND -
3 ND ND ND
1 0.003 0.011 0.042
D5 2 0.003 0.013 0.033 0.007
3 0.003 0.011 0.028
HaEnHe) auMsNs NIy =0.0076x + 0.0016

dle y = min1sganduues

FT T o
X = ANUAINUIHYDIAZND (llﬂ./ﬁ)

ND = limuisonsiony
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< C | amududy | aonndudu
Ay v AgAniY
o S ; 2005 qnt S.D
f106719 W
(un./a) (un./a)
1 ND ND ND
D1 2 ND ND ND .
3 ND ND ND
1 ND ND ND
D2 2 ND ND ND ;
3 ND ND ND
1 ND ND ND
D3 2 ND ND ND ;
3 ND ND ND
1 ND ND ND
D4 2 ND ND ND .
3 ND ND ND
1 ND ND ND
D5 2 ND ND ND -
3 ND ND ND
HaMe) aumsnsuIAsgIu  y =0.0388x + 0.0025

o y =Ansganauue

ND = lignsansiony

x = anududuusuaadion (un./a)
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. C | awdudy | anududu
AL v AgAndu
o 5an ’ DRRTERYY qvs S.D
AID019 er
un./a) (un./a)
1 0.035 0.142 0.357
D1 2 0.049 0.136 0.342 0.007
3 0.049 0.138 0.345
1 0.012 0.091 0.228
D2 2 0.011 0.088 0.221 0.003
3 0.012 0.089 0.224
1 0.045 0.106 0.265
D3 2 0.046 0.109 0.273 0.008
3 0.025 0.12 0.281
1 0.055 0.187 0.408
D4 2 0.054 0.184 0.468 0.004
3 0.055 0.188 0.470
1 0.038 0.034 0.085
D5 2 0.037 0.031 0.079 0.003
3 0.038 0.034 0.085
Naname auMInIWIIATEU  y =0.1087x + 0.0342

e y = Amsganaueg

x = Anuitutuvesdanzd wn.sa)
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A agandu | aamdudu | anududu
f0819 nfeh Harg NI qns S.D
(un./a) (un./a)
1 0.008 0.059 0.148
DI 2 0.008 0.059 0.149 0.006
3 0.009 0.064 0.160
1 ND ND ND
D2 2 ND ND ND -
3 ND ND ND
1 0.003 0.016 0.041
D3 2 0.003 0.013 0.034 0.013
3 0.003 0.012 0.031
I ND ND ND
D4 2 ND ND ND -
3 ND ND ND
1 ND ND ND
D5 2 ND ND ND -
3 ND ND ND
HUBNG aUMINIWINAIEIN  y =0.1194x + 0.0014

e y = Aimsganauums

Y
X = ANUYUYUYDINDULAL (UN./Q)

ND = liaunsansiany
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A fgandu | anududu | anududu
A79613 2 e NI qn’d $.D
(un./a) (un./a)
ND ND ND
D1 ND ND ND .
ND ND ND
ND ND ND
D2 ND ND ND ;
ND ND ND
0.003 6.8x10° 0.017
D3 0.001 4.8x10° 0.012 0.003
0.001 4.4x10° 0.013
ND ND ND
D4 ND ND ND _
ND ND ND
ND ND ND
D5 ND ND ND -
ND ND ND
nanenyf FuUMSNIMUIATEIN  y = 0.0504x + 0.0009

e y = mimsaanauLd
Y @
x = anududuresnzna (un./a)

ND = lumunsaasian
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4 , Aty | anudinduy
gaInY ¥ AGANAL -
o AN GGERNY qnd S.D
#3084 e
un./a) un./a)
1 0.001 8x10™ ND
DI 2 0.001 1.2x10" ND .
3 0.001 3.2x10" ND
1 ND ND ND
D2 2 ND ND ND ;
3 ND ND ND
1 0.001 1.6x10° ND
D3 2 0.002 2.4x10° ND )
3 0.001 8x10* ND
1 0.002 2.4x10° ND
D4 2 0.001 1.2x10° ND -
3 0.001 1.6x10° ND
1 0.002 2.8x10° ND
D5 2 0.001 1.2x10° ND -
3 0.001 8x10™ ND
HINEIHA ﬁllﬂ"l'iﬂ‘ﬂ?‘hﬂﬂ‘iﬁ"lu y =0.4880x + 0.0005

& ' &
e y =ﬂ']ﬂ']'iﬂﬂﬂﬂuuﬁq

x = anududuvanaiisy (un./a)

ND = Banu1sonsi9nwy
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- . eanududu | anududu
AN 2 faAnau -
. GERNT 910N gnd S.D
ABE9 Hard
(un./a) (un./a)
1 0.015 0.0534 6.842
D1 2 0.015 0.0502 6.421 0.004
3 0.015 0.0511 6.385
1 0.015 0.0519 6.437
D2 2 0.015 0.0528 6.433 0.013
3 0.015 0.0517 6.436
1 0.012 0.0205 2.496
D3 2 0.012 0.0203 2.486 0.072
3 0.012 0.0204 2.470
1 0.013 0.0352 4.349
D4 2 0.013 0.0345 4.226 0.100
3 0.013 0.0366 4.426
1 ; ) _
D5 2 - - - -
3 - - -
HUETR AUMSNIMINATIIN  y = 0.0929x + 0.0132

.-_l'g [l r=]
e y =fAMIganauLlad

s & Qs =1
X = ANUVNUUYDIAINZ T (UN./]Q)
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4 L a | emdudu | anududu
ALY P Mganau -
. AN INNI N Nt S.D
PLIN (v
(un./qa) n./qa)
1 0.001 0.0035 0.351
Dl 2 0.001 0.0039 0.356 0.003
3 0.001 0.0032 0.349
1 0.001 0.0041 0.505
D2 2 0.001 0.0042 0.504 0.002
3 0.001 0.0044 0.501
1 0.001 0.0034 0.421
D3 2 0.001 0.0039 0.310 0.072
3 0.001 0.0028 0.282
1 0.001 0.0031 0.398
D4 2 0.001 0.0032 0.393 0.003
3 0.001 0.0033 0394
1 ] ; _
D5 2 - - - )
3 . ) _

HNUHNA

aunsAIHNIATEINL  y =0.0104x + 0.0014

A‘ U =)
e y = ANIganauLad

Y
X = ANUVHUYUYDINGAULAD (WN./Q)
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) . | ewdud | anaudndy
AUAL v A1AANAY
o A5 " 9NN A gNT S.D
#1087 (ol
(wn./a) (un./a)
1 0.002 0.0041 0.501
D1 2 0.002 0.0039 0.499 0.003
3 0.002 0.0039 0.495
1 0.002 0.0037 0.468
D2 2 0.002 0.0037 0.462 0.003
3 0.002 0.0036 0.463
1 0.002 0.0034 0.422
D3 2 0.002 0.0034 0.4155 0.005
3 0.002 0.0034 0.412
1 0.002 0.0033 0.411
D4 2 0.002 0.0032 0.401 0.008
3 0.002 0.0032 0.402
1 - - -
D5 2 - ; ; -
3 - - -
NI auMsnaMuAsgIl  y =0.0076x +0.0016

] ' &
e y =ﬂ1ﬂ15ﬂ”ﬂﬂﬁuuﬁﬁ

x = ANUITNT YR IAZN (UP./A)
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< C .| et | anudindu
AN Py MgAnI R
o GRS T 21003 qn S.D
A29814 Lef
wn./a) (11./0)
1 0.002 0.0003 0.036
D1 2 0.002 0.0003 0.032 0.002
3 0.002 0.0003 0.031
1 ND ND ND
D2 2 ND ND ND -
3 ND ND ND
1 ND ND 0.0004
D3 2 ND ND 0.0008 0.005
3 ND ND 0.0005
1 0.003 0.0029 0.361
D4 2 0.003 0.0028 0.349 0.009
3 0.003 0.0028 0.343
) ] ] ]
DS 2 - - - )
3 ] . ]
HIBIYE AuMINTIWINATEIN  y = 0.0388x + 0.0025

A T A
e y =ﬂ‘]ﬂ'!§'ﬂﬂﬂﬂultﬁ\1

ND = higusaniiewy

v ¥ =
X = ANUUNYUUDUAAMYY (UN./Q)
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B} D . ANUTUTUNIN anududy
YAy v Arganau -
. fan N3 qANs S.D
CEBUAR LA I(Abs)
(un./a) (un./a)
1 0.178 1.3586 167.154
D1 2 0.177 1.3270 167.982 0.515
3 0.181 1.3838 167.101
1 0.233 1.8655 236.739
D2 2 0.237 1.9060 236.952 0.193
3 0.236 1.9027 237.152
1 0.182 1.3869 169.801
D3 2 0.181 1.3773 168.801 0.0779
3 0.066 1.3370 168.631
1 0.196 1.5325 194,983
D4 2 0.203 1.5720 195,452 0.010
3 0.199 1.5545 195.725
1 0.142 1.0230 127.102
D5 2 0.143 1.0149 126.102 0.955
3 0.220 1.0297 128.012
HINIHG AuMsns Ay y = 0.1087x + 0.0342

e y = MMIgANauLS

Y 9 LY P=
X = ANUNNINYDIFINd (UN./8)
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LAY Agandy | anudndu | anududy
A 20 Lo 199031 qns S.D
(un./a) (wn./a)
0.020 0.1557 19.157
D1 0.018 0.1520 19.242 0.043
0.019 0.1581 19.211
0.063 0.5300 63.865
D2 0.061 0.5064 64.268 0.363
0.062 0.5183 64.591
0.010 0.0834 10.212
D3 0.009 0.0791 9.87 0.340
0.009 0.0749 9.531
0.010 0.0900 11.214
D4 0.011 0.0893 11.221 0.010
0.010 0.0889 11.232
0.012 0.0985 10.234
D5 0.010 0.0808 10.421 0.118
0.010 0.0825 11.323
NS AUMTNIMNIATFIY  y =0.1194x + 0.0014

We y =mimsganauues

¥ y
X = ANWVUVUVDINDILAY (UN./])
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gafiy fgandu | avwdudu | anududy
A10819 ae 1er 91NN3 N gqnd S.D
(un./n) (un./a)
1 0.111 2.207 11.035
D1 2 0.111 2.206 11.021 0.075
3 0.109 2.179 10.897
1 0.070 1.389 6.947
D2 2 0.064 1.274 6.371 0.408
3 0.062 1.231 6.157
1 0.066 1.304 6.519
D3 2 0.070 1,329 6.643 0230
3 0.072 1.393 6.965
1 0.085 1.705 8.523
D4 2 0.088 1,752 8.761 0.210
3 0.090 1.788 8.943
1 0.123 2.447 12.235
D5 2 0.114 2.253 11.263 0.883
3 0.106 2.094 10.471
NN AuMInIMIAITIN  y = 0.0504x + 0.0009

P ' -
e y =ﬂ1ﬂ15ﬂﬂﬂﬁull'ﬁﬂ

Y o
X = ANUWUYUVOIATN (UN./])
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; | aududu | amadudy
qANY v maanay -
o AN ? 211N qnt S.D
A8 e
(un./a) (un./a)
1 0.008 0.0163 2.011
DI 2 0.007 0.0138 1.757 0.176
3 0.007 0.0137 1.672
1 0.005 0.0113 1.434
D2 2 0.006 0.0126 1.567 0.150
3 0.007 0.0139 1.735
1 0.007 0.0139 1.704
D3 2 0.007 0.0136 1.699 0.011
3 0.007 0.0135 1.682
1 0.007 0.0155 1.942
D4 2 ND ND 1.483 0.408
3 0.007 0.0156 1.127
1 0.005 0.0107 1.324
D5 2 0.005 0.0097 1.212 0.056
3 0.005 0.0102 1.269
HUEIHE auNIsNTINWIAIEIN  y =0.4880x + 0.0005

e y = mnsganauues

¥ 9 =
x = AMIUUHLYDINAAILY (UN./7)
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v

14

AN wiinvaced | dwiindusiedis | dmiindudiedieviaced 2
oo 5 , 3 . . % ANEU
#10819 (n5w) noUBY (NSU) NAIDY (N51)
D1 0.5472 5.0210 5.5088 1.18
D2 0.7243 5.0840 5.7903 0.35
D3 0.6250 4.9820 5.5623 0.89
D4 0.5240 5.2030 5.6089 226
M9 20 miinAus
‘o v dwindu | shwinduuds
JANUAIDL1S A5
(n3Y) (n3y)
1 0.2108 0.2038
D1 2 0.2008 0.1957
3 0.2153 0.1986
1 0.2032 0.1962
D2 2 0.2065 0.2021
3 0.2001 0.1994
1 0.2017 0.2001
D3 2 0.2118 0.2051
3 0.2088 0.2048
1 0.2036 0.2004
D4 2 0.2018 0.1999
3 0.2027 0.2007
HaNyLHe) wofishidanni (%) = vwiindvuroue - HiminAundaey (N53) x100

¥
IUUNAUNDUBY (NN
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Ay yhwiinwases | thwinAudaeths | dmiinaudieeisiaeed | % anmdu
A0819 (nFu) APUBY (NTN) NasoU (AT)
D1 0.4721 5.0222 5.3784 231
D2 0.5896 5.0214 5.4020 4.16
D3 0.7052 5.0194 5.5828 2.90
D4 0.5147 5.0016 5.2953 4.41
D5 0.5625 5.0892 5.4983 3.01
M 22 hmTadunds
o o a e @ s ¥
a o Py HninAY MINIHNAUUNY
PAUAUAIDO1S AT . .

(NIW) (")

1 0.2094 0.2032

DI 2 0.2024 0.1975

3 0.2107 0.2058

1 0.2112 0.2075

D2 2 0.2004 0.1970

3 0.2046 0.2011

1 0.2045 0.2006

D3 2 0.2082 0.2042

3 0.2025 0.2004

1 0.2015 0.1965

D4 2 0.2008 0.2003

3 0.2034 0.1989

1 0.2041 0.2013

DS 2 0.2033 0.2012

3 0.2018 0.2011
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¢ d o g oy @ o ' :t @ o Y o
UL Lﬂmmummmfﬁu (%) = THUNAUNIUDD - WIHUAAUY YU (NTY) x100

Fd
WHIUNANNBUBY (NIN)
fIvdaMsmuIN
¥
L. manududugniludiediah
[] 1 4 ¥ e ]
anududurosdinzfigah D1 Fratiunn a3 1 anlaninandvify 0.142 unsa
=

U

luansazas 1000 wa. Udanedey  0.142un.

diasazaly 25 wa, fidangdog  0.142x25 = 0.0036 un,

1000

14 jd
ar L L) L]

P S 4 o = v
IWIZRTUU A7 mmmﬂn]wm 10 ua. ‘NﬁJfNﬂZﬁElg 0.0036 un.

anudndugns = 0.0036 un. x 1000 1A,
10 @, 1a
= 036un./a

Y g ar [] =
2. anuugu luaeoeau

]
~ 1

o = = 3 ' :, 3 = " o
anududuvesdenzfludugaiud D1 $ruiunn afeit 1 ard ldannanivo.053 un./a

<<
MU0
luasazarw 1000 wa. danzdog  0.053 un.
fiasazais 25 wa. fidanzdey  0.053x25 = 0.0013 un.
1000
3 = 9/ 4 A @ A T
mgnsiu luAuud 0.2038 . Ralidenzdey
anududugns = 0.0325 un. x 1000 1.

0.2032 n. 190,

= 6.378 UA./ DN.UILUAY
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a9an 23 amadavesdenz dlushedaihunminles

Between-Subjects Factors

Value Label N
water 1.00 high 15
2.00 low 15
point 1.00 point 1 6
2.00 point 2 6
3.00 point 3 6
4.00 point 4 6
5.00 point 5 6
Tests of Between-Subjects Effects
Dependent Variable: zinc
Source Type III Sum df Mean Square F Sig.
of Squares
Corrected Model .870(a) 9 097 81.967 .000
Intercept 3.792 1 3.792 3216.386 .000
water * point .870 9 .097 81.967 .000
Error .024 20 .001
Total 4.685 30
Corrected Total .893 29

a R Squared = .974 (Adjusted R Squared = .962)
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Between-Subjects Factors

Value Label N

water 1.00 high 15
2.00 low 15

point 1.00 point 1 6
2.00 point 2 6

3.00 point 3 6

4.00 point 4 6

5.00 point 5 6

Tests of Between-Subjects Effects

Dependent Variable: CU

Source Type 111 Sum df Mean Square F Sig.
of Squares

Corrected Model .073(a) 9 .008 83.518 .000
Intercept 113 1 A13 1153.772 000
water * point 073 9 008 83.518 .000
Error 002 20 9.76E-005
Total .188 30
Corrected Total 075 29

a R Squared = .974 (Adjusted R Squared = .962)
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Between-Subjects Factors

Value Label N
water 1.00 high 15
2.00 low 15
point 1.00 point 1 6
2.00 point 2 6
3.00 point 3 6
4.00 point 4 6
5.00 point 5 6
Tests of Between-Subjects Effects
Dependent Variable: pb
Source Type III Sum df Mean Square F Sig.
of Squares
Corrected Model | 649.541(a) 9 72.171 686.885 .000
Intercept 587.799 1 587.799 5594.344 .000
water * point 649.541 9 72.171 686.885 .000
Error 2.101 20 105
Total 1239.442 30
Corrected Total 651.643 29

a R Squared = .997 (Adjusted R Squared = .995)
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Between-Subjects Factors

Value Label N

water 1.00 high 15
2.00 low 15

point 1.00 point 1 6
2.00 point 2 6

3.00 point 3 6

4.00 point 4 6

5.00 point 5 6

Tests of Between-Subjects Effects

Dependent Variable: ¢d

Source Type III Sum df Mean Square Sig.
of Squares
Corrected Model .000(a) 9 .000
Intercept .000 1 .000
water * point .000 9 000
Error .000 20 .000
Total .000 30
Corrected Total .000 29

a R Squared = . (Adjusted R Squared = .)
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Between-Subjects Factors

Value Label N
point 1.00 point 1 6
2.00 point 2 6
3.00 point 3 6
4.00 point 4 3
5.00 3
soil 1.00 high 12
2.00 low 12

Tests of Between-Subjects Effects

Dependent Variable: Zn

Source Type 111 Sum df Mean Square F Sig.
of Squares
Corrected Model 278583.0
219906.146(a) 7 31415.164 .000
79

Intercept 233224.507 1 233224.507 | 2068185. .000
point * soil 219906.146 7 31415.164 | 278583.0 .000
Error 1.804 16 113
Total 453132.458 24
Corrected Total 219907.951 23

a R Squared = 1.000 (Adjusted R Squared = 1.000)
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Between-Subjects Factors

Value Label N

point 1.00 point 1 6
2.00 point 2 6

3.00 point 3 6

4.00 point 4 3

5.00 3

soil 1.00 high 12
2.00 low 12

Tests of Between-Subjects Effects

Dependent Variable: cu

Source Type III Sum df Mean Square F Sig.
of Squares

Corrected Model | 44990.351(a) 7 6427.193 .996 469
Intercept 21121.717 1 21121.717 3.272 .089
point * soil 44990.351 7 6427.193 996 469
Error 103283.513 16 6455.220
Total 169395.581 24
Corrected Total | 148273.863 23

a R Squared =.303 (Adjusted R Squared = -.001)
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Between-Subjects Factors

Value Label N
point 1.00 point 1
2.00 point 2 6
3.00 point 3 6
4.00 point 4 3
5.00 3
soil 1.00 high 12
2.00 low 12
Tests of Between-Subjects Effects
Dependent Variable: pb
Source Type III Sum df Mean Square F Sig.
of Squares
Corrected Model | 403.288(a) 7 57.613 1706.107 000
Intercept 451.824 1 451.824 13380.06 .000
point * soil 403.288 7 57.613 1706.107 .000
Error .540 16 034
Total 855.653 24
Corrected Total 403.829 23

a R Squared = .999 (Adjusted R Squared = .998)
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Between-Subjects Factors

Value Label N
point 1.00 point 1 6
2.00 point 2 6
3.00 point 3 6
4.00 point 4 3
5.00 3
soil 1.00 high 12
2.00 low 12
Tests of Between-Subjects Effects
Dependent Variable: cd
Source Type I1I Sum df Mean Square F Sig.
of Squares
Corrected Model |  14.923(a) 7 2132 77.163 000
Intercept 18.317 1 18.317 662.969 .000
point * soil 14.923 7 2132 77.163 .000
Error 442 16 .028
Total 33.682 24
Corrected Total 15.365 23

a R Squared =.971 (Adjusted R Squared = .959)
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