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54311320: MAJOR: ENVIRONMENTAL SCIENCE
KEYWORD: ZINC/POTASSIUM/SEQUENTIAL EXTRACTION

AMORNRAT AURSALUNG: THE STUDY OF METAL SPECIATION DURING
COMPOST PERIOD OF PIG MANURE WITH THE SEQUENTIAL EXTRACTION TECHNIQUE
: A CASE STUDY OF ZINC AND POTASSIUM. THESIS ADVISOR: ASST. PROF. NATDHERA
SANMANEE, Ph.D. 89 pp.

The objective of this study was to determine the duration of fermentation period using the
amounts and speciation of zinc (Zn) and potassium (K) that were sequentially extracted by the adapted
Tessier’s method (Wada and Wada, 1999) together with other physical and chemical compost’s
characteristics. Compost derived from swine manures mixed with agricultural wastes at day 0, 3, 7, 14,
21, 28, 35, 42, 49, 63, 77, 91, 105 and 119 was collected and analyzed. The compost was divided after
temperature into 2 stages: thermophilic stage (during days 0-34) and mature stage (during days 35-119).

The speciation study .indicated that the distributions of Zn and K were different. The
preferable Zn species were found in the order of Zn-Ox > Zn-Org > Zn-Res > Zn-Ex while K species
were found in the order of K-Ex > K-Ox > K-Org > K-Res. This was in agreement with hard and soft
acid and base (HSAB) conc¢ept where hard acid as alkaline group like K is more likely to be soluble
while transition group.like Zn is softer acid-and prone-to form.complexes. Although the fermenting
process might increase the-oxide and organically complexes-of both .metals in the same way (p<0.01),
the effect seemed not reflecting the-amount of exchangeable species. This was because these species got
the influence from other species that might release or exchange if environmental compost conditions
were altered. However, Zn seemed-to get.more influence from the fermenting process than K as the
narrower highest amounts of Zn-Ex was.only during days 42-49.and gradually decreased after that while
K-Ex was rather high towards the end of'the processes. As a result, not only this research provided the
information of maturity but also gave the.idea how the fermenting process affected the Zn and K
speciation in different manners. The minute amounts of Zn seemed to respond to the change more than

K and being the selectivity index of this compost.
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Metal forms in the ) Uptake mechanisms
growth medium

1. Ions or inorganic/organic X Passive/active bonding
compounds in solution [ Easily available —— | to the cell walls/

surfaces, translocation

2. Exchangeable ions in Available inside cell/body

organic or inorganic
exchange complexes

(e.g. humic materials and
clay particles)

3. Complexes or chelates

with organic materials ——— Less available ————

4. Precipitated insoluble Available only after . N
compounds and ———— altered chemical 3| Ingestion as “food”,
coprecipitate on solids conditions passage throughout

digestive system,
—»| absorption and
incorportation into
tissues/organs

5. Incorporated in solid Available only after
biological materials decomposition

6. Incorporated in the

crystalline structures of Available only after >
primary and/or secondary weathering
minerals
Metal pool Excretion of metal forms Aquatic organisms
both in the liquid and solid
forms

Excretion of complexants
Leaching and decay

Feed-back mechanisms
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According to Pearson’s (1963) Hard and Soft Acids

Hard Acids Borderline Soft-Acids

All A-type metal cations plus |-All-bivalent transition-metal | All B-type metal cations

3+ 2+ 3+

cr’, Mn”, Fe', Co™, U0, | Cations plus-Zn>", Pb>, Bi, | Minus Zn', Pb’", Bi’'

2+

VO SO,,NO", B(CH,),

Preference for ligand atom:

N>>P
O>>8S P>N
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I>F

v A

N11: 1INT91 (2554) 819910 Pearson (1963)
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d' A 1 I 1 =Y a = [ 4
m319n 7 mlasundasvesnanudlunsa-ag (pH), ‘]Jﬁiﬂﬂ!f’]uﬂiﬂ’lﬂq (OM) a1 uau

a A d

A H ' o Y a + 9
DUNTINASATNYU (DOC) El,uigﬂj’]\iﬂigU'JUﬂ'ﬁWNﬂﬂﬂﬂqﬂmgﬂ@uuuaﬂ (SSC) !Lagﬂ.ﬂﬂuﬂ
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Time (d) pH OM (g/kg) DOC (g/kg)
S5C SMC 55C SMC s5C SMC

0 7.140.1% 82402 65194223 44471 £347 1087 +1.02 8094058
4 70101 80101 622,104 426382 9.67+0.51 8414043
7 79402 7601 600.7£269 407.7£13.1 7034042 7744009
14 7340.1 78+02 585.0+14.1 3749272 7214049 7.01+0.24
2 70101 78104 565,61 38.9 3423£17.9 6511060 6.5410.27
28 69106 80101 57224196 337864 6181015 6134036
42 68103 79102 546,794 318.9+23.3 5531024 5.2210.17

# The values are means + standard deviations (n=3).

7111: He et al. (2009)

M50 8 ﬂa1aJf?f'uﬁ’uf’iwdnwwiﬁma%’ﬁugﬂuusshwm Cu, Zn 1182 Pb

S5C SMC
pH oM DOC T-M pH oM DoC T-M

Cu BF- —0.136 ~0.782 —0.849 —0.713 0649 0842 0.800° 0590
EXCH- 0.040 ~0517 —0.606 —0.426 0505 0965 0898 0858
CAR- ~0.353 —0.836 —0.769° 09437 —0.732 ~0.590 —0.492 ~0.339
FeMnOX- 0322 0925 0.929" 0.980" 0338 0970" 0.869° 0818
OMB- 0221 0926 0919™ 0998 -0473 0.530 0.674 0.740
RES- 0.589 0.763 0.703 0.796 0.694 0.794° 0.758" 0.800

Zn BF- —0.194 ~0.904" —0.895" —-0.977" 0267 0908” 0.960” 0837
EXCH- 0211 —0.650 —0.671 —0.751 0444 0939 0936 0938
CAR- 0.194 -0.373 -0.323 —0.493 0.098 -0837 —0.891" -0532
FeMnOX- 0.189 0.865 0841 0959”7 0453 ~0.308 —0.451 ~0.070
OMB- 0.621 0.854" 0.778" 0.830° 0598 0617 0.604 0983~
RES- 0.183 0.869 0.848" 0963 0529 0.657 0.683 0.780

Pb BF- 0.081 0.798 0.826° 0.796 0447 09757 0932 0422
EXCH- 0013 0816 0.822° 0.864" 0434 0978" 0932 0447
CAR- 0.420 0923" 0965 0907 0469 0947 0905 0304
FeMnOX- 0233 03898 0907 0.889" 0027 0928” 0969 0515
OMB- 0.013 0517 0.407 0.737 0450 0933™ 0.861° 0342
RES- 0.652 0.722 0598 0.653 0566 0.833° 0839 0.003

“"“statistically significant at the probability level 0.05, 0.01 and 0.001 level respectively (2-tailed).

117: He et al. (2009)
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gﬂgmmmﬁmzﬁuaz Sequential Extraction ICPS
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AUAI919TUN 0, 3, 7, 14, 21, 28, 35, 42, 49, 63, 77, 91 1A% 119

FOUMNIUASLATIVUIA 2 HADINAT

a o’dy = [ +H Aa =4
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ATVATINTINBAT 2548
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31N 16 uruRINMINADIlABTIY
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3.1 MsndtazIeUNNFlunsnaasy

Ansznaan lagld

Ta5un53 SPSS version 19.0

[T

= = I ga o Y y X ~ =t = .
mimul,l,aziLmi]u‘vmQ’Ji}ﬂ”lﬁklﬂumiﬂ@amﬂﬂu I@Ullﬁ’lfla%mfl@ JU A9 Chemical

Abstracts Service number (CAS no.) U94819 R LAzUTHN

Haad U519 10

AFSIANVDAULADEBUA A



1@ 1 M MgCl, 16 ml 181 1 %,

Tum3eq 4,600 500117 20 W

—

) vy 2
ANNZNOUAIYUT DI 16 ml

9NN 96°C, 6 %Y. 0.04 M

NH,OH.HCI 11 25% HOAc 31471 40/ml

TUKI89 4,600 59U/41N-20 YN

—

) )
ANALNOUAIYUT DI 16 ml

NN 85°C, 5 9. 30% H,0, (pH 2)
Y
UIU 10 ml LAZHAIVINUU 2 B,

30% H,0, (pH 2)- 31174 6.ml

A 4
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o =
VYHADUN 1

-snuuiinanaenla

a <Y A
AUATIEHAUA TN ICPS

o =
VYHADUN 2

Y

sumuiduiuasisznevesnlea

a <Y A
AUATIEHAUATOY ICPS

o =
VYUADUN 3

a

a a v a A J
-ETJE!U‘UTIEﬂﬂ'Gnﬁﬂﬁ%ﬂﬁ]ﬂ!‘lﬂ\i%@u@uﬂiﬂ

1A1 3.2 MNH,0ACc 111:20% HNO, 10 mI 91 30 1199

A4

113849 4,600 F0U/AIN 20 WaR

A 4

—

v y 2
ANOENOUAIYUT DI 16 ml

9NN 95°C, 1 BU. 65% HNO, 114U 6 ml

1AL 30% HCI 91494 4 ml

A 4

TUHI9 4,600 5OU/UIN 20 UIN

A Y A
NI HIAAUATOY ICPS

o M
VYUHADUN 4

Y Vo <
-sUnInmsegiuvR Ny

a <Y A
AUATIEHAATON ICPS

v EY
3UN 17 mAliAMsaiAuDUAIAUYY (Sequential Extraction Techniques)
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a o 9

M5190 10 5N 15 1unsnAaes CAS number Haz U3 HnAHAS

REIGIY CAS number UTHN
Magnesium chloride 296-500G Ajax
Hydroxylamine hydrochloride A263-500G Ajax
Acetic acid 1.00063.2500 Merck
Hydrogen peroxide 1.00519.2500 Merck
Ammonium acetate 27-500G Ajax
Nitric acid 1.00456.2500 Merck
Hydrochloric acid 1.00317.2500 Merck

3.2 nsesilenl¥lumsmaand
3.2.1 !ﬂ%ﬂd%ﬂ (Analytical balance)
P30T aNAoN 4 §uiMie Ju ED224S 10 Sartorius
3.2.2 In3ounuasrg (Centrifuge)
mmiaﬂ%”ummﬁ’ﬂun1igﬁangqﬂ 10,000 RPM trazaainan'ld U Rotina
38, Rotina 38R 8170 Hettich zentrifugen
3.23 !ﬂéi’)ﬂﬂld]!m)ﬂﬂ (Horizontal shaker)
a3 TARAIIWIENS 01 20-400 RPM w%’auﬁy'mwﬂuqmwgﬁuazg’mm
TumsivenI8 §u G76 8We Gyrotory water battyshaker
3.2.4 919AIVANQUNHHN (Water bath)
ju WB 14 ?;ﬁ"t) Memmert
3.2.5 193093ANTA-Ag (pH meter)
YSuiien Taeld buffer pH 4 11ag buffer pH 7 ;ju pH meter 240 ?]‘Vsi)@ CORNING
3.2.6 %1931 NMHY (Cold room)
IRusnmantifston 1319 umIneaswazfuinydiedsfiay insz
Taaifu13Tigaingd 4 esrnivaiFea tiesngaunmvesasiniilinudy
3.2.7 m%m ICPS (Inductively Coupled Plasma Spectroscopy)

;'u Optima 4200 DV @¥0 PerkinElmer
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3.2.8 AZINTITOU (Sieve)
14 Standard Test Sieve B.S.410: 1986/1.5.0. 3310 ¥11A3 2 HAANAT Y0IN O

ELE International

3.3 THADUMTANHUINNIY

3.3.1 TundUMSHANIAZMSINSENAIDENSTown

[ =2

oA av y 2 Y Y o + A a
mimmmmaﬁ]ﬂﬂlummm%%ﬂulﬂmmiﬁﬂmﬂfmnﬂﬂn agAauran

@ [ [

9 Yany

=

a

9 E4 H H '
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;4 v
[

A A 1Y = 1 ] [~ @ ~
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% o o Y1 ) =Y H 1 9 Y g o a
Falumsriilenineg lmunaudalsiannan1dludedu uenniniidalinsdy
dy A A 9 + v o Y [ a g’;
Yuaauunaoud Il lufleminduauiosas 5,08 vosingauRIua

3.3.1.1 YunauveInsHInie

v YA w d’ﬂ)
9
U

g o + Y o = + @
Turuaonypsmsvhijendnditeidiimsanuilevingasyanyi’la

YRR ¥ FYR Cd v A = Bldy d' o + @ d’
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o ¥ L g X A ¢ - v o
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k4 1
A

9 3 A ' Al ) A A & % o o ¥
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[

o + v A dy
M3i)eriniaail
o A ) A A ) ! A
1 deaganiinaesmaies sl lahiesesuanay
A ¥ A 9 & Y 9 o Y X
2. e Inyaugnoenainnuaskay 1oy Tagliinnuiu
pglszimuioons 60
Y
3. lavueaunie
(L 901 @ § a 1
a. lddaunamimiingan 1 1szina 10 8as uazdIunauva iy
712 enudSunannan 13 luaisnean 9

o Y g vy 3 & a o
5. WmiﬂqmﬂmﬁjuNﬁnmﬁnﬂslmﬂmﬂumamEJ’Jﬂu

'
=)

6. hileminnldldussylanszaeui]e Uszum 10 nszdou USum

nszaouay 15 nlansu udr lgrennhesathnnseaeu lidoaumivann
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m31ef 11 5una unasiun uazerguesaiunaui 15viievain

AIUNTY SIEEYRLN HHAINI 91
Goway) AIUNAY
U ’é A 1 a A do 9 =)

1. aruway | danihae 8.03 NAUINEATOUNIIMNUAV NN | 1 1ADU
¥ Y z o o [
RVIV nnIeNa 2.68 SUNDFIUNIT I 99419

duilzsa 0.27 uasyu

15159 NA.2 0.01

° a

31azo8a 1.34

[ YR 1 a A do 9 =
2. @y | nszgniatiy 1.34 NAVNEATOUNIIMVAL NN | 1 1ADU
YOI $1azioen 0.80 DUNDAINNT 1Y IIHIA
1 1

yanANA1 0.54 uasyun

51991115504 0.54

(Mg, Ca 1ay'S)

I'd

TaTa'lun 027
yany 79.13 SuNoINEI W WIS | 2 1heu
dy A A [ [ A
VUAAUUNAD 5.08 UIUNAD WNIAAYN TN 2 10U

o + @ d' 9 @ 1 d' A o a 4 a I'4
idlosini lauindnae N Gowwizsreaa15inermians 4amgInerddas
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3.3:1.2 Yumeumsiiudoensiloviin
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42,49, 63,77, 91, 105 wag 119 71 awdwu Famanudlednijesz ldinmnesanusnuass
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g:l Y a J

3.3.1.3 TuAdUMINIeNMIBedlunMsInSIzH
hdededfondinuiieliuialaeds Air dry Tud laminar flow Tureq
clean room HAAALINTINADIRINAINIIATFIUAUNINT BB UNTIVDINTUIMNTINBAT W.A.

v IS)

2548 TaoAauenwardan una Jagiiay uaz Tanzduq oon uazAauenvuIauesijsTagru
1 9 1 a a 9 o a 4 a rr’dy

MITouMeazINTIToUvIIa 2 dadwas udnhlidmsizrmnnidmesiugiunazgluuy
[ A A Y an @ o v ¥ . . 2 A A

VOUNANUAZLUUNUTINAIYITNTAAALUVEIAUUY (Sequential extraction) HI3 4 JUuL Ao

{ { 1 Q. U 4
gUuvuuanaeula (exchangeable fraction) jUnuvsunvaisiszneveen loa (oxide
. A a a 9 a =l . .

bound fraction) :.jﬂ MAAa15U52 N0 VIBIFOUOUNT Y (organically complexed fraction) LA
Y "o <3 . . A Yo o A~

3UAIA 99N UVD IV (residual fraction) e FuuyvnsnazlFariazarenianunsalu

' v Y ]
MIanNAToagALazIZADET NNANUITINDIRRIZA 1B NIANULTII UG08 AR

a 4 1 a (v AR
3.3.2 mydnnenmliuyveIdeny ataIWIMaIBeNAITMIAN AUV UTY
a v o v & dgqu = &R a
madamsasauuuaAuYUN 15l unIanIAT il umAlinved Wada and

o a

Wada (1999) NgAWALINNNINIUIANAAVRY Tessier et al. (1979) Taguiaziuuvvedlane

£

9 Y
v A

r < 4 ;
N umsaninistioondu 4 juuwd a9 uvvRranilaeula (exchangeable fraction)
Ao o 4 { a a a ~
gURTuAUssnevoan lua (oxide bound fraction) JUNIAAA15 5z noUITIFOUDUNTE
(Y] < [
(organically complexed. fraction) uazgﬂmﬁ'wagﬂummum (residual “fraction) HANNI1TUD
Y] o w g’; ~ Sldy = 9 o v Aa 9 Y 1 A [
Msanauuud s uTHN 1SNz o0 lFaagnan AN uITeles 1a A0 es INNTLA
v Y [
ANNTULTIVDIA T N TN UTZADUTNIUG 009 TATE8IAINE1A1UA10E1N18UDINTS
1 (9 d‘ 9 9 g [ d‘ é axy [ ]
Yaaaeslanzamnnuusevesdsanansuvuamaadluzaln 17 $33snsanaluue
g‘/ < 9 oA [ o
azdunzl¥msananuanaianueesn il
3.3.2.1 sUuuuiian/aenla (Exchangeable fraction)
Tangioglugduvunanilasuldszeglugillooou amisanga
@ Y d' 1 ~ [ A a
p0nNW191NN15NIU tad1e Weedludarzimuizan wu nisuann)dou lessuludu

[

< ' A 3 v v Aq Y S Yy A =
ﬂ?TNLﬂUﬂiﬂ - ANUDIAU L‘]J‘L!@]‘Ll fﬁiﬁﬂﬂ‘Vl‘lslfﬁﬂﬂ‘lugﬂllﬂﬂuﬁ]zllﬂ7nll@ull5ﬂu@EJ‘VI?J@ SN

'
v A

g A 4 o (Y ]
asanandonldlugiuuuiine 1 TwarSuuniiFeunaelsa (MgCL) nazyhnmsana Tagive
= a g d = o A A FY 3 a
Ngarnined 1 9319 Famsanalugduuulaz@ouunums¥Ea YNNG TN

d'o.l Y J . .
3.3.2.2 sfidunuansisznoveenlsa (Oxide bound fraction)
H Y v
Tavighoglugduvutszedlugluvvveslansnaiuisana

aslszneuiuasiszneveenlyd 1d Faawisngnilanasseenuldenningluuy
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sanuldeu 18 vaz ldmsananiinnuguusannnigduuoranaaeu’ld Fsmsanaidenls

Tuzduuviine leasen-ga1iulalasnaelss (NH,0HHC) Adudu 0.04 Tuarf u

a

aa o o { <3|
NIADLYanN (HOAC) mmmgj’u%’u%’aﬂaz 25 Lla$ﬂ1ﬂ15ﬁﬂﬂ°ﬁﬂmﬁﬂu 96 pafIaIFed (Hunal

U

6 32114
3 a a a d
3.3.2.3 sulnmaasisznouatoudunsd (Organically complexed fraction)
A ] A a [ a =4 g’/
Tangnodlugluvunimadisdsenounuaisaunsduu azgn

a A 7 [ 9 1 1 A 1 ~
ﬁﬁau“niﬂ@@cﬁuiawz%uazﬂ%q ﬂamJa’aEJTawz’aaﬂmmaagiuﬁmaxmwmzau
Y

@ 1 1 a d’d 1 [ d' Y dy = =< 1
A208195U tNAaduUNITANNA pH>4 Iﬂf.l’@ﬂi’ﬁﬂﬂ‘ﬂGl,"lfsl,u:.,i‘]JLL‘]J‘]Jui]gllﬂ’ﬂuz.iuui\ﬁﬂﬂﬂluﬂ’ﬂ

S A

Yy Y A Y o P ¢ s
ﬁmgﬂmmuﬁﬂanmuaa G’]?Qﬁ"]ﬁﬁﬂﬂ‘ﬂ aani%ﬁ’a Ulaimmmﬂaiaaﬂ"lcm (HZOZ)

v
a

Yy 9 9 S a aa A oA < Y A =
ANUINIUToEas 30 USuw 16 Naaaas nusuiewilv 2 uan NYUNNU 85 DIAUGALHYE

@

Y a

I o ] Y3 A a = A
Wunar s ¥ Tue aesliiaunguwvgl o uazimuien ludloyorHian (NH,0AC)
14 a
ANty 3.2 Tua1s Tunsaluasn (HNO,) anutiuiovas 20
3.3.2.4 319N UVBINTI (Residual fraction)
{ ] Y < 1
Tavznogluglasaegnuvawds wuaTavg lugluuveziTena
9) 9 = 1 [} Y d' [ 1 1 d‘d 1 é
vaaoenu1lae1n en oo umssEa NN uNss A108 19U dunsafiinl pH < 4 &9
[ A @ <3 @ { g
tatludunsaniisgaunatugunss Wudn Tesarsananldlugduuniizinnugunsa
Y 1 [
NN gUunueRY dsdrsanan@enlgne nia luai n (HNO,) Anududuiosas
a 9 Y9 ~ a = <
65 uaznialalas-nansn (HC) ANUTNTUT 0002 30 Ngarv gii-95 oesmaiFom i unan

1 %2139

d
3.3.3 MIANTHNT0A

[

Y Y
MInaaeuMIaannIrnua 19 125131 SPSS version 19.0 ¥1IN1INATOUAIL

Y

o 4 T a 4 1
1. ﬂﬂﬁ@ﬂﬂ?']llﬁllwu‘ﬁ33W'J']\‘]W'li'llll@]f]iﬂ']\?ﬂ'lflﬂ'l“l/‘ll!ﬁ%Lﬂfl Ugﬂl!”ﬂ’ﬂﬁ'l\‘]‘]

[ = = Y v v ~ o .
vosdanzduaz Inunaisey Iaglennudunusveunesdy (Pearson correlation)

Y

o 4 1 a 4 1
2. NATOUANNTUNUTTZHINNIT AT N WM NS LA UgﬂL!UUﬁN‘]
[ = N a Y Y ax . . . A (Y
éljmmﬂmuazTmmmmaniugﬂuuummmfmmumﬂn Multiple linear regression 110N
uuuIaeIs stepwise
1 a a [ 1 9 an
3. 1/1ﬂﬁfJ‘Uﬂ’JHJLLﬂﬂﬂNGluL‘NﬂﬂHmIﬂﬂﬂﬁ%ﬂﬂquﬂ’w’;‘ﬁ Duncan test

v = IR d' a da! \
Gumaf%mmamxauaﬂwumawaumﬂﬂmuiugﬂuﬁuwmc]
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TumsAnpuiemfSinauazjluuuvesdnz duaz TnunaiFon Taolddjoninyarny

A @ A Y < @ <] o ] + @ '
nnauiaqaslanemanvasitluszezial 119 M nudalednijeviinlugiseigues

@ [ g‘l o A [ o_+ v Ay g
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4.1.1 aDHAUSMEAMYNN

4 v J Q' o 3 4 g
aﬂHmSVINﬂ"IEJﬂWWﬂJB\‘]ﬂEJWZJﬂ "léﬂm Fnau ANHUSITAMUN ANNTU HaL

[

a A = [ dy d‘
PUNNN NINYALIDIAAIU ANAITINN.12

41117
= + Y g’.} ' [ d' A ’J (4 [ d'
ﬁmmﬂwuﬂmummmwﬁmu DIIUN 28 ITUFAUIAIA HAIIINIUN
=2 o 9y @ aA %} dd da! 1 =2 9
35UMIUFANNYUVDINITUUNITUTUIAIADDNINT TNV Mﬂluﬂﬂﬂ@ﬂﬂﬂﬂi%ﬂ’)uﬂTiﬁiTﬁ

C)

d

I A o w ad g A = 9
’G’f']iai]llﬂ Gﬁﬂlﬂuﬁ’]ﬁllﬁu’l@nﬁﬁ]u NGIZN! NG °]J 19 Iﬂﬂ FYUVNYIIVIVUDNDINTEUIUNITEHIN

a A d d
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J o ]

Y v o [ J a 4 a
M99 12 uergadnyaznImMeniazialivesijorin uazmsnSeumeununamunasuijeduns giies1MieveInTHINNIINYAT WA, 2548

4 o+ [
. (N szazranTunanginile ()
AuanYAL .
NMYUA 0 3 ] 14 21 28 35 42 49 63 77 91 105 119
L Aaanianianmenm
. o'l L2 o2
Gl . GITRERT dhgaoanm
Mrua
ks
2 “lﬂ\lh],ﬁ} ' ] A a 2 2 2 A =
nau . aunaual | navuey Tutoguns nayuenlyiisanad Tutinauuen Tuille
Mrua )
au
ﬁ'ﬂymgi’ﬁ@ hild 2 o a ¥ g o o &Y v A & o A d oy = g 9
5 . UDUTUIAYAVAIAUTAIY imznuunowida Guuoelumuiaganasdu imenuunp U
niin Mrua
- Tai'le
UNNN . 443 49.7 40.0 | 30.0{30.7 | 40.0 | 30.0°| 29.7 | 287 | 28.2 | 29.0 | 27.0 28.0 28.3
Mrua
AU <35%wiw 100 85 62 55 47 34 32 32 28 24 19 20 17 15
2. Auauanunl
pH 5.5-8.5 7.0 7.6 7.3 750 7.4 7.3 7.2 7.3 7.3 7.2 7.2 7.1 7.2 7.1
C/N ratio <20:1 19.5 25.0 113 | 113 | 11.6 | 11.0  11.7 | 114 | 11.7 | 140 | 9.8 9.3 9.8 9.9
ouneing | >30%wiw 61 47 41 [743. 43 | 41| 45 | 42 | 43 | 53 | 38 | 37 36 38
mstih vl <6 ds/m 11.4 12.8 134 | 89 | 109 | 10.6 | 13.5 | 13.4 | 13.4 | 13.1 | 14.1 12.1 13.5 13.5

(44



M135199 12 (919)

srazmlumniinila (iu)

AuAnEAY | naEimvuae
0 3 7 14 21 28 35 42 49 63 77 91 105 119
Wutaz | >5 mm.
3.0 2.5 2.5 2.5 2.0 2.0 2.0 3.5 2.5 3.0 3.5 5.0 3.0 4.5
N3 <5 %w/w
Total
] >1.0 wiw 2.4 1.3 2.5 2.5 24 25 26 2.4 24 2.4 2.5 2.6 24 2.5
Nitrogen
P,O; : 0.5 wiw 15.7 16.0 26.0 21.3 21.4 18.3 20.5 21.9 19.1 24.6 14.2 17.9 14.9 18.6
K,0 : 0.5 wiw 2.5 2.9 3.0 2.9 2.8 25k 2.9 2.8 2.7 2.8 2.8 2.7 2.9 2.7
As SSOmg/Kg 0.55 0.66 0.59 0.61 0.58 0.56 0.64 0.73 0.67 0.60 0.68 0.64 0.65 0.62
cd <smg/Kg | 077 | 073 | 078 | 081 |. 094 1.00 0.90 0.86 | 0.83 091 0.97 0.93 0.97 1.00
Cr <300 mg/Kg | 24.70 | 20.84 | 23.35 | 33.81{-30.76_| 3865 | 30.64 | 44.15 | 2655 | 3221 | 3516 | 3027 | 3153 | 4333
Cu <500 mg/Kg | 44.79 | 28.24 | 48.13 80.14 93.40 150.44 106.91 95.61 89.73 112.38 123.76 104.72 114.85 111.24
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55 Thermophilic phase Maturation phase
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91 0.62 £0.19 557.83 = 14.78 505:40 =+ 20.33 61.86+7.78
105 0.66 +0.23 562.94 £28.17 54315+ 19.62 72.69 = 10.21
119 0.60 £ 0.08 561.00 + 20.80 498.50 +2.95 73.75 £2.08
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32821701 sdfianiden'ld suasisznoveonlaa sUasHdoudunsd FHIGRGANULMITE
() (mean £ SD) (mean £ SD) (mean = SD) (mean £ SD)
0 3457.75 +201.84 2064.63 + 68.13 227.16 £31.78 83.45+6.15
3 3634.22 + 156.69 1803.84 = 14.11 16444 + 2348 62.24 +3.04
7 3891.39 +321.66 2214.42% 7314 24141 +56.94 81.55 = 4.48
14 4155.01 + 548.70 2564.99 + 1744 299.93 +21.99 96.75 £ 6.10
21 3354.19 + 637.00 2609.10 +35.12 311.61 + 8.34 126.48 + 4.87
28 4612.69 + 1460.65 3463.56 +1174.57 486.31 +5.88 162.28 £2.37
35 4014.22 + 1102.45 2841.85 £21.52 387.12.+ 330 114.87 £4.39
42 4759.61 + 653.73 2849.87 £50.73 37626 % 5.70 131.91 £13.23
49 4211.39 + 906.80 2931.23 £69.62 387.68 +14.84 101.27 £9.99
63 4429.90 + 383.79 3195.50 +56.21 440.01 + 24.07 133.48 + 12.65
77 1940.29 + 1611.52 3357.58 + 124,38 476.34+27.53 137.82 £9.96
91 4915.81 + 28.60 3071.26 £31.95 472.62+10.33 131.85 +3.81
105 4890.30 +79.12 3326.35+ 13.12 497.51 + 20.84 113.50 £ 10.26
119 4185.61 £513.10 3201.99 + 61.13 464.83 £9.39 151.39 £ 15.10
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seozne | pfvanwdeu | guaisdsznen UM Fdou PRIGNRN
() & oon loa GINEL] YOI
0 0.13 62.93 34.16 2.77
3 0.22 65.13 32.34 232
7 0.14 55.87 40.65 3.33
14 0.13 4989 4437 5.61
21 0.08 52,08 41.09 6.75
28 0.16 48,98 42.28 8.92
35 0.08 52.05 40,36 7.51
42 0.12 51.05 42.87 5.96
49 0.09 53.60 40.94 5.36
63 0.07 50.09 42.42 7.42
77 0.1 49.98 0214 7.77
91 0.06 49.57 44.89 5.48
105 0.06 47.71 46.05 6.18
119 0.05 49.47 43,98 6.50
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madi 19 SovazvosTnumaiFonlugluundee aaoaszoznmmsniiniloyanyiadald
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seozne | pfvanwdeu | guaisdsznen UM Fdou PRIGNRN
() & oon loa GINEL] YOI
0 59.25 35.41 3.90 1.43
3 64.14 31.86 2.90 1.10
7 60.46 34.53 3.74 1.27
14 58.22 36.20 4.22 136
21 52.08 41.04 4.90 1.98
28 50.42 4172 5.90 1.97
35 53.92 39.17 5.33 1.58
42 58.44 35.27 4.65 1.64
49 54.77 38.78 5.11 135
63 53.97 39.04 537 1.63
77 29.84 59.26 8.48 2.43
91 57.22 35.75 5.50 1.53
105 55.40 37.68 5.64 1.29
119 52.16 40.12 5.83 1.89
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Duncan"
Subset for alpha = 0.05
time | N 1 2 3 4 5 6
119 0.5967
91 0.6167
105 0.6600
21 0.7867 | 0.7867
63 0.8100 | 0.8100
35 0.8800 | 0.8800 |, 0.8800
0 0.9800 | 0.9800/| 0.9800 | -0.9800
49 1.0833|" 1.0833 | 1.0833 | 1.0833
7 1.2400 | 1.2400¢}. 1.2400
42 1,2833 | 11.2833 | 1.2833
14 1.2867 | /1:2867 | 1.2867
77 1.2967 | "1.2967
3 14900
28 2.0033
Sig. 0.068 0.144 0.050 0.125 0:050 1.000

Means for groupsin homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Duncan"

Subset for alpha = 0.05
time | N 1 2 3 4
3 3 443.3967
0 3 476.2500 476.2500
7 3 483.6800 483.6800
14 3 510.2000 510.2000
21 3 519.1633 519:1633 519.1633
28 3 544.4533 544.4533
42 3 545.1000 545.1000
35 3 549.6700 549.6700
49 3 553.9967 553.9967
91 3 557.8333 557:8333
119 3 561.0000 561.0000
105 3 562.9333 562.9333
63 3 5721800 572:1800
77 3 578.7300
Sig. 167 155 .058 .068

Means for groups in homogeneous subsets are displayed:

a. Uses Harmonic Mean Sample Size = 3.000.
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Duncan®

time

Z

Subset for alpha =0.05

1

4 3

21
35
14
42
49
63
77
119
91
28
105

Sig.

W W W W W W W W W W W W W Ww

2199167

1.000

258.4900

1.000

351.8767

1.000

409.5500
424.2867
454.2200
457.6900
466.7900

278 382

457.6900
466.7900
483.8667
486.5167

.056

483.8667
486.5167
498.5033
505.3967
510.0367

.088

543.1500
1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Duncan"
Subset for alpha =0.05
time N 1 2 3 4 5 6 7 8 9
3 3 15.6867
0 3 21.1533 21.1533
7 3 28.8367
14 3 57.4633
49 3 60.7833
91 3 61.8633
42 3 63.6200 63.6200
21 3 67.2800 67.2800 67.2800
105 3 72.6867 72.6867 72.6867
119 3 73.7500 737500
35 3 78.9767 78.9767
63 3 84.6767 84.6767
77 3 89.9967
28 3 109.2233
Sig. 229 .095 .056 062 179 191 210 241 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

18
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Duncan"

Subset for alpha = 0.05
time | N 1 2 3 4
77 3| 1940.2933
21 3 3354.1867
0 3 3457.7467 3457.7467
3 3 3634.2233 3634:2233 | 3634.2233
7 3 3891.3900 3891.3900 |. 3891.3900
35 3 4014.2233 4014.2233 4014.2233
14 3 4155.0067 4155.0067 | 4155.0067
119 3 4185.6100 4185:6100 | 4185.6100
49 3 4211.3900 4211:3900 | 4211.3900
28 3 4279.3500 42793500 | 4279.3500
63 3 4429.9033 4429.9033 /| 4429.9033
42 3 4759:6067 4759.6067 - 4759.6067
105 3 4890.2933|-4890.2933
91 3 49158100
Sig. 1.000 .055 050 079

Means for groupsin homogeneous subsets are displayed.

a.

Uses Harmonic-Mean Sample Size = 3.000.
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Duncan"
Subset for alpha =0.05
time N 1 2 3 4 5 6 7 8 9
3 3 1803.8433
0 3 2064.6300
7 3 2214.4233
14 3 2564.9900
21 3 2609.1000
35 3 2841.8533
42 3 2849.8700
49 3 2931.2333
91 3 3071.2567
63 3 3195.4967
119 3 3201.9900
105 3 3326.3500
77 3 3357.5833 3357.5833
28 3 3463.5533
Sig. 1.000 1.000 1.000 463 .165 1.000 913 .602 .084

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Duncan®

time | N

Subset for alpha = 0.05

1

3

4

14
21
42
35
49
63
119
91
77
28
105

Sig.

164.4367

1.000

227.1600

241.4100

461

299.9233

311.6100

.545

376.2600
387.1167
387.6833

577

440.0067
464.8300
472.6167
476.3367

.091

464.8300
472.6167
476.3367
486.3067
497.5067

135

Means for groups in homogeneous subsets are displayed:

a. Uses Harmonic Mean Sample Size = 3.000.
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Duncan"
Subset for alpha = 0.05
time | N 1 2 3 4 5 6 7 8 9
3 3 62.2367
7 3 81.5500
0 3 83.4500 83.4500
14 3 96.7533 96.7533
49 3 101.2667 101.2667
105 3 113.5067 113.5067
35 3 114.8633 114.8633
21 3 1264833 126.4833
91 3 131.8533
42 3 131.9133
63 3 133.4800
77 3 137.8167 137.8167
119 3 151.3867 151.3867
28 3 162.2833
Sig. 1.000 789 .068 525 .076 .090 .159 .063 132

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Correlations
STz
NITHUD Ex Ox Org Res CN pH HA OM Mois MnO Temp

j2YsIq  Pearson 1 -.565 786 747" 515 4574 - 438 -.496 -567 -.890 649" =701
1MIHUN  Correlation

Sig. (2-tailed) 035 .001 002 .060 032 117 072 034 .000 012 .005

N 14 14 14 14 14 14 14 14 14 14 14 14
Ex Pearson -.565 1 -330 -220 1058 256 487 012 038 361 -.084 564"

Correlation

Sig. (2-tailed) 035 249 450 844 377 078 968 898 205 774 036

N 14 14 14 14 14 14 14 14 14 14 14 14
Ox Pearson 786 -330 1 915 849" -774 -384 =584 - 441 =940 890 863

Correlation

Sig. (2-tailed) .001 249 1000 .000 001 176 028 114 .000 .000 .000

N 14 14 14 14 14 14 14 14 14 14 14 14
Org Pearson 747 -220 915 1 843 -874 -290 -.660 -.625 -.908 923 -.839

Correlation

Sig. (2-tailed) .002 450 .000 1000 .000 315 010 017 .000 .000 .000

N 14 14 14 14 14 14 14 14 14 14 14 14
Res Pearson 515 058 849" 8437 1 -.680 -.148 635 -411 =776 926 -613

Correlation

Sig. (2-tailed) .060 844 .000 .000 007 613 015 145 .001 .000 .020

N 14 14 14 14 14 14 14 14 14 14 14 14

*_ Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).
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Correlations
3282
MINUN Ex Ox Org Res CN pH HA OM Mois MnO Temp

FZUZLIAT  Pearson 1 235 757" 826" 604" <574 -438 -.496 -567 890" 649" -701"
MSHUN  Correlation

Sig. (2-tailed) 419 .002 .000 022 032 117 072 .034 .000 012 .005

N 14 14 14 14 14 14 14 14 14 14 14 14
Ex Pearson 235 1 229 279 172 -216 -.026 -219 -.150 -252 278 -216

Correlation

Sig. (2-tailed) 419 432 335 556 457 931 453 .609 385 336 459

N 14 14 14 14 14 14 14 14 14 14 14 14
Ox Pearson 757" 229 1 986" 877" 756" <323 607 -518 -9117 9527 -716"

Correlation

Sig. (2-tailed) .002 432 1000 .000 002 259 021 .058 .000 .000 .004

N 14 14 14 14 14 14 14 14 14 14 14 14
Org Pearson 826" 279 986" 1 8537 =747" -398 -.576" -534 -930" 922" 725"

Correlation

Sig. (2-tailed) .000 335 .000 .000 002 158 031 049 .000 .000 .003

N 14 14 14 14 14 14 14 14 14 14 14 14
Res Pearson 524 172 877" 853" 1 -676" -297 -529 -.408 -759" 954" -.582"

Correlation

Sig. (2-tailed) 022 556 .000 .000 .008 303 052 147 .002 .000 .029

N 14 14 14 14 14 14 14 14 14 14 14 14

**_Correlation is significant at the 0.01 level (2-tailed).

*, Correlation is significant at the 0.05 level (2-tailed).
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Correlations
KEx KOx KOrg KRes
ZnEx Pearson Correlation -.036 .040 -.054 126
Sig. (2-tailed) 902 .893 .854 .667
N 14 14 14 14
ZnOx Pearson Correlation 176 944" 944" 804"
Sig. (2-tailed) 547 .000 .000 .001
N 14 14 14 14
ZnOrg Pearson Correlation 372 9427 931" 793"
Sig. (2-tailed) 191 .000 .000 .001
N 14 14 14 14
ZnRes Pearson Correlation 119 926" 870" 894"
Sig. (2-tailed) 686 000 .000 .000
N 14 14 14 14

** Correlation is significant at.the-0.01 level (2-tailed):

*_ Correlation is significant at.the 0.05 level (2-tailed).
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