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Research Title Development the Quantities of Nitrogen in Sludge from Wastewater
Treatment Plant for Leave Fertilizer

Researcher Dr. Sirawan Ruangchuay Tuprakay
Assit. Dr. Seree Tuprakay

Organization Environmental Science Program,
Suan Dusit Rajabhat University

Academic Year 2008

ABSTRACT

The objective of this research is to study the process of fertilizer with high nitrogen from
wastewater sludge by the agriculture waste and unused materials to be fertilizing materials such
as bat guano, paragrass and pineapple peel. The study focused on proper category, quantity and
ratio of materials for standardizing of fertilizer standard requirement. The results show that
wastewater sludge, bat guano, paragrass and pineapple peel contain the nitrogen amount of 2.57,
7.40, 1.88 and 0.89 % by weight, respectively. The nitrogen content, organic mater, C/N ratio,
moisture content and pH of ten formulas of fertilizer that study are meet standard of ministry of
Agriculture, the department of land development and the department of agriculture. But bat guano
and pineapple peel as fertilizing materials made the shorter compose time than paragrass.
The compose time for bat guano and pineapple peel are 30 and 25 days, respectively. Meantime,
paragrass takes 50 days of compose time. All three materials increase amount of nitrogen of
fertilizer and left outcome of fertilizer containing nitrogen higher than wastewater sludge.
The best formula is materials mixed with bat guano and nitrogen content increased with
increasing bat guano. The results proved the good opportunity of waste in Thailand such as bat
guano, paragrass and pineapple peel to be fertilizing material with wastewater sludge for high

nitrogen content fertilizer.
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a [
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1 Z 3 o ~ a4 A A 1 [ ~ = o
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a ] I a o
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[2J 4 %) a g' o aaa @ P4
una lulasnulueime efhuavuna Tulasou eendau wag lorheeinljnsornuldnsa
a d! 2} Izﬂy a 1 dyd =
luasn (HNO,) Feazazareluhdunazanasugiuau daudifidszuim 10% voan15a3 9
Y
TuTasnuierve uaz M3n3elulasaulae®33 (biological nitrogen fixation) P3R5 41U
~ ds‘d o @ A A = 9
nuufigestiianudinguintosnin 90% veslulasnuiiaialalaonszuaunisaiy

a a = a ada A A =2
FITUFIANIVINNINTTUNITIATITAUNTYAU Lf)u"lcmmuUﬂleuﬂﬁmﬂuTmmuﬁum

J 1 dy

a G A 2 .
UNTYHAUAD luTns-Auud (nitrogenase) (UwoU, 2536)
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v
>
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9
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U
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wavsegluglvesoyyavesassznou iy nou Tudien looou (NH') nag Tumsaloson
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No") 519 luTasnuluauiieglugvarfinnnmsaatedrvesasounioiagluau Tae
mivaatldesvesgaunidluau uazlduannmsldiluaiiasllliududie s19lulasoud
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5.auaumsoenaenuazka  uienaneudiiea ANUIKLEIANA
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6. ¥ HANAN IV 5. lusraneuMrua

- dautlasan Asna, 2544

1#anN131azITM511 Nitrogen (N) A28 Kjeldahl Method
Tupaumsnlsuia lulasoudie33  Kjeldahl method Usznaudie msdes

(Digestion) N15nAY (Distillation) N3 Tawsa tazmsmum (Titration and Calculation)

1. M3eiog (Digestion)

Y]

J ' A A 19 =\ @ ll 1 dy < < 9
ﬁﬂi]ﬂigﬁﬂﬂﬂlf)ﬂﬂWiﬂ@ﬂﬂ@ DMIANINUTLIANVDIAIDEUTY 11D 1HoLYS 1Tuau

I 1 1 { [l :}J [~ a
IdnareiluTuanades 151 amino acid uazildeuTuanadosiwiy vowTuiisuusanoa

A o_ o '

4
(NH, radical) 350137170 e ldaslunaondos (digestion tube) 1NTUIANEITIAL

a Yy 9

A 1 o 1 Y ! o QBJ} a =) IS [
INDYBYIAIDYIN Vlﬂllﬂ nsagansaUuIY (Conc. H2804) nnduaunae lsuadiFeudama

U

A A a 1 ~ A Y [l < 4 Y
(K2804) INBINNRUHHUVBINTTYDY (> 376 DIAUHKALTYE) !,Wﬂal“ri‘ﬂﬁﬁlf)ﬁllﬁ‘i%ﬁuyjiﬂ! 1"
a a 4 A [ a AaAaa = o’f o 1 1 A 1
wmuazeeaaa  (Catalyst) L‘W’E’J!i\ifﬂi!ﬂﬂ‘ﬂ{]ﬂﬁﬁﬂlﬂ11%1ﬂuuu1ﬁaﬂﬂﬂ@&lﬁlﬁa\‘lﬁlulﬂi’ﬂﬁﬁlﬁ]ﬂ

(digestion block) HaNNugUHaNIADIgAveINITIodaIeszuIal 370-400 DIRIFRIToA

Y o w

aAq ¥ A o A v ' < k4
uazmuauqmﬁgﬂﬁmmﬂ:izmm 1 “]S’JIMQ LW’E)Glfﬁ'm‘iEJ’E)EJL’diﬂﬁnyjimm®ﬂ1ﬂmﬂﬁlu"ljﬂ’3uﬂﬁ
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[ 9 [ 1 . . a Y
Elf)ﬂﬁﬁ’é) Gl’ENﬂ’J‘lJﬂll’é)@]i?ﬁ’)ﬂ"llﬁ)xiﬂiﬂllﬁ&ﬂﬁﬂ (acid-salt ratio) uazqmw@.ﬂwmmmu 11D
=

ll a aan Y Y 9
EJ@fﬁNﬂglﬂﬂﬂgﬂﬁﬂTqﬂﬂQﬂ@ﬂQWTNﬁﬂQﬂ"li
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2. M3nau (Distillation)
M I ]
MINaUIZIYUNIENLe1 Nitrogen (N) 8900 1nvetvad luraondos (digestion tube)

Aad A

[ [l I 4 4
1350 Y5 pH vesveuradluvasadesliiunarsdielywden lansonled (NaOH) tile

v

sy NH 4+ (ammonium ion) i

& . o & Ay v Y o
11U ammonia (NH,) 91n1iunauuen NH, 1 ldoonuudidy
{ a I v W
Memsazateiinzan Tasz 14nsanesa 4% (Boric acid) 1ud9u NH, 13Tag ammonia
[ a | ~
zTmnUNIALeIA naneiluuen Tuilouuolsn
3. M3 lansa (Titration)
[~ a . o A A @ 9 a o
iWunsnnlFum Nitrogen Tastinowon Tuiisngniu 1 lunsavesiaulamsniy
#158201001A551W (Standard Titrant) MWANZEN 1WA 0.1-0.4 N Hydrochloric acid 1ag1d
I % a Aan
mixed indicator (methyl red 448% bromocresol green) Lﬂuﬁ’mﬁ]ﬂﬂﬂq&] (End point) (/31)0, 2544)
o W a d 2
4. e nalumsinszrimlsunadulasiou
a A am a 4 a Y o
msnasamsaenismsainziilim lulasauluils desiinisasindou
[ ] + d' o a g 9 9 [ qu/ 1 o a 4
aregnileniimsimazindsznouaielulasaulugillathe daiuneuminsinsizim
Ysna'luTasnuluile deansswazideanernugasuazdiuilsznovesiiedgiaile T

wiluiledunidlulasnuniedlootiunislulasnu edenitinned Imunzauiug

a
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{ [ o a Jd a 1 a [
vou luTasnuiiedluile Taslidedinalunmsianzimilimalulasnuluudazis a
~
AN319N 2.2
1 an [] o a 4 [ Yy 9 = d' o
uaazdd launsahunimsizdnaunuiuld densiusieazideavesifofiimg
a s Y 1 dysl o a 4 9 An A 9 a d Aa
AR RN HeNIINTA UIIMIINITIATIZHI]eA18751 1 udImanIsunsIHinanIs
~ A A 9 o a 7Y An A o o A Y
wasulasrsenaramasy 1519091115 UATIZHAITN 2, 3 1ag 4 Mua1ey e lvinanis
a o 9 ] o ~ Y] 1 an ™ PIEY % T A A
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2. 9% Devarda Method

3. 7% Modified Improved Kjeldahl
Method For Nitrate-Free
Samples

4. 7% Modified Improved Kjeldahl
Method For Nitrate-Containing

Samples

a Jd o 1 A~ =
Insznaredeilentuon Tudioululasiou
(NH,-N) iluesdilsznou 1w fJonouTudioy
Famnagns 12 -60 -0
Ansrzraedetlenil luasn lulasiou (NO,-
N) iludrudsznon iy foTnunadoulue
TN gA3 13-0-46

a 4 a 09: o 1
Annzimlsmalulasnunmualudlod
fonsznovalrouon Tuflounazgisoua 1l
Tuasn

a J a g @ 1
Anszimlsmalulasmunmualudlodns

flonilsznoudrouen Tudion gideuaz luasn

Nu: Aana, 2544

v
U

asa a d 2
5. ’JﬁﬂQH3!ﬂ§1$?‘i1"i'|ﬂ§3ﬂmul‘lr!Iﬂ§!i]‘lr!

o A a 4 a ~ @ 1 a
ﬂ15ﬂﬂHLWB’JLﬂ§1$Vi1’iT]Jill"lmuﬂiliilluﬂllUlui@]i!%uluﬂi]ﬂﬂ"lﬂﬂﬂ Taen151aw

4 § 1 1 M v 09/’
Tmdowlaasonlaa 50 % elddsazaredloeganinars 1danudounau d1sazarsaniv

1 H 4
aaoda1dueon Tuile (NH,) dsaniuuen TuileMinadudisaisazarensavueinuanirlyl 1a

IMINAUAITAZAINTANDOUIATTIU (AOAC, 1980) AININH 2.3
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Fadegrails 0.3XXX niu
+ pumice stone
+ H,0 450 ml.
+ NaOH sol " 40 ml.
na
5995UAIeATAZAEATAVOIN 100 ml. +

I n ]
mixed indicators 13]U sol " A1

distillate e ladsuias 350 mi.
Toupsniy std. HCI 02 N
£ a 3 A
AR RIS A F Y NTER

-

™N = NH, -N

q‘ a 4 + 9 as o
MNUN 2.3 N5AUATIEH NH , - N 29150 19naU

N - A3Na (2544)

5 { A -4 a I [ 1
Faaumsnmavulumsianziidludsaumsi (1), (2), 3) uag (@)

(NH,),SO, + 2NaOH —» 2NH,OH + Na, SO,

(1

2NH, OH ————  2NH, +2H,0 )
2NH, + 4H,BO , — »  (NHp),B,0, + 5H,0 3)
(NH,),B,0, + 5H,0+2HC+———>  2NH, Cl + H,BO, (4)

6. 3% Devarda Method

td

I a a Aa @ 1
Devarda Method 11135 msanszimsua luTaswuludiediei]e Taeld Devarda
I v aa o Y & ~ A A
alloy (Cu =50%,A1=45%,Zn=5%) 11u@23a3% huasnlidunen Tudonluarsazarend
I 1 o 1 o qg/, a
amwituais nauuen Tukislumsazatsaseaniiduney Tuilstiudioaisazalensauesn

Y o @ A @ A
Lla’Jiﬂllﬂll@]mivlﬂllﬁ"liagﬁ'lflﬂﬁﬂLﬂaﬂiJTW'iﬂTu (AOAC, 1980) NN 2.4
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Fasegrails 0.3xxX N3

+ pumice stone
+ H,O 40 ml
+ NaOH 40 ml.

+ devarda alloy 3 nN5u

Tauwsn std. HCl 02 N
TN = NH'. - N

H A a 4
MNA 2.4 3575193129 TuTa319U111 Devarda Method

N - A5na (2544)

& A a d? a 7 3 @ ~
mfmmswmmm“lummmﬁzmﬂumﬁumiw (5), (6) Loz (7)

v

3NO, + 8Al + 50H + 2H,0O 8 AlO, + 3NH, (5)

2NH, + 4H,BO, (NH,),B,0, + 5H,0 (6)

v

(NH,),B,0, + 5H,0 + 2HCI ——> NH, Cl + 4H,BO,
(7
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7. 3% Modified Improved Kjeldahl Method For Nitrate- Free Samples
Hufidtinaziildnsadaysadosaaioge Taod mixed catalyst (Farlsznoudae
Tnuma@endanlanauiuaetesdamlalusasidau o:1) ifuesisalfaseniion/dou
TuTasnulugSeldidunen Tudlondanla ddedailefigndesaarsandueuTudlon
Faula @uensazarsTndonlaason lud e lfogluaninars naulduenTumils Fedniy

aensavein uani il lawsniuasazarensaindomasgiu dan i 2.5

191081918 0.3xxx NN

l

H, SO, 25 ml.

+ mixed catalyst 5 N3

Digest
o 2 yvq v
fana 13 1eu
Y
11 350 ml
o 2 yvq v
fana 1A 1ou

NaOH 100 ml. + Zn

l

v

nau

Toumsn std. HC1 02 N

™ = NH, - N + Urea—N

d' ag a L4 +
MW 2.5 35m3aased Tulasoulugives NH, - N uag Urea— N

N : A3na (2544)
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¥ v Y v
Faaumannavulumstaneiidludsannsn ), (9), (10) ag (11)

(NH,),SO, + 2NaOH———— 2NH,OH + Na, SO,

(®)

2NH, OH __  , 2NH, +2H,0 (9)
2NH, + 4H,BO, —— (NH,),B,0, + 5H,0 (10)
(NH,),B,0, + 5H,0 +2HC+—— 2NH, Cl + 4H,BO , (11)

8. 3% Modified Improved Kjeldahl Method For Nitrate-Containing Samples

dalsznevvesilofiiulumin il §asordunsasagan ldarsdszneu s-

Aa o

9
Nitro salicylic acid @15UsznouiiazgniargaieTmaonInTodaauaznsadayinzit

v
a I

9 A = . I [ Aaaa Y a Aaaa [}
vingesaa1elagll mixed catalyst 1Wumasalgnsoligangiiganenzinaljnseedi
N Y = o 1 = ' 9 [ a | .
awysal lanen Tudloudaa drugiFelulasnuszgniesaaisaronsadayin Tasll mixed
I~ % 1 Aaaa 4 ~ I [ o @ 1
catalyst 1iludnsslgasouion)dougse luTaswuiluneu Tuiisndamla udilddredis

{1 [ 1 J 1 a = J
ﬂElﬁN'lufﬂiElf)flﬁﬁ'lﬁl’f]gﬁl,uﬁﬂﬂ/‘lﬁ'liﬁxa18@1\‘1!Lﬂ Tﬂ&lmimumiazmﬂmmﬂameﬂ"lcm

F4
a K

o o & A A ] a Y o o A
1/I1ﬂ1iﬂﬁulﬂ‘1jllf]ilIll!uflﬂlﬂﬂ"lluﬂlﬂﬂiﬂ‘lj’é)‘iﬂ Llﬁ’)uWthUlﬁmi‘ﬂﬂUﬁ1iﬁ$fﬂﬂﬂi@mﬁ@

WINTFIY AININTN 2.6
v W 1 +| [
61081918 0.3xxx NIV

salicylic acid ~ 3 a3y + H, SO, 40 ml
l Sodium thiosulfate ~8 N3
Digest ﬂ%ﬂuiﬂ
e 31

+ mixed cata%st ~8 N5



NaOH 100 ml. + Zn

|

ﬂT
Toupsn std. HC1 02 N

™N = NH', - N + Urea—N

d' an a I'd a z
HMNN 2.6 ITNITUATIEH m‘ﬂﬁmm"luimmmnwm

N - ASna (2544)

Faaumsnmnavulumsinnzidludsaumsi (12), 13), (14), (15) 1ag (16)

v

CO(NH,), + 2H,SO, + 2H,Q (NH,), SO, + H, CO,

(12)

(NH,), SO, + 2NaOH » 2NH,OH + Na, SO,
(13)

2NH,OH > 2NH, + 2H,0
(14)

v

2NH, + 4 H,BO ,
(15)
(NH,),B,0, + 5H,0 + 2HCI

(NH,),B,0, + 5H,0

v

NH, Cl + 4H,BO ,

9

Aaaa dd’ a K
HUENHA 1J NITUANNIDAVU
109 Na,$ ,0,
NO , + salicylic acid + H, SO;— 5 Nitro salicylic acid —— ——— (
reduce
SO

4

9. gasannamrifFinalulasiou

20

(16)

NH,)

2



21

a {a o a o ' ada 7
nmEnanszimusunaluTasou 1 Blank muuaazisimsigrimnilszns lag
[l Y ] A o o aa | . ] A = ' 1w =
lild@ednilelionn1snaua1nis indicators  laitlAsudnaaain Blank 1910 0 &9

anumlsunalulaseuldnngasluaunsi 17)

%N = N.HClx ml.HCI x 1.4007 (17)
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d‘ a A oA + % A =
MINN W-1 UV YUIRAY Llﬂzﬂ"ll,‘]_lENL‘]J‘L!?JW]?i"IHﬂJ’EN‘]JEJWiJﬂQ’GﬁTI 19310

Suiinitn | qamgl aamgiivesilawiin (Munds Audouusnasgiu)
UsIENMA | ges 1 qns 2 gns 3 gas 4 g3 s g3 6 qns 7 gns 8 g 9 CER
1 28.5 28.8+0.25 | 28.5:0.00 | 26.4+0.12 | 26.3+0.25 | 25.940.12 | 26.2+0.29 | 30.4+0.12 | 30.1£1.60 | 30.0£0.66 | 30.320.01
2 30.0 34.5£1.09 | 35.0+£0.50 | 28.8+0.25 | 29.840.68 | 29.4+0.40 | 29.3+£0.29 | 40.3+0.40 | 40.0+0.68 | 41.5+0.29 | 42.5+0.32
3 29.5 35.6+0.76 | 35.8+0.76 | 28.1x0.29 | 28.940.40 | 28.4+0.75 | 28.80.29+ | 40.1£0.75 | 40.1£0.40 | 41.0£0.90 | 42.1£0.25
4 29.0 37.1£1.26 | 35.6+£0.14 | 28.7£0.66 | 28.5+0.46 | 28.3+0.46 | 28.5+0.29 | 40.5+0.46 | 39.2+1.04 | 40.1+0.80 | 42.3+0.65
5 28.5 37.540.43 | 36.60.28 | 28.3+0.46 | 28.4+0.40 | 28.140.58 | 28.20.17% | 40.1£0.58 | 39.6:0.46 | 41.1£0.25 | 42.5£0.23
6 29.5 37.50.43+ | 38.2+0.61 | 28.4+0.51 | 28.1+0.76 | 28.0+0.29 | 28.1+0.69 | 40.1+0.29 | 40.4+0.29 | 40.5+0.29 | 41.4+0.23
7 28.5 38.4+0.14 | 38.8+0.71 | 283+0.50 | 28.840.40 | 28.9+0.12 | 29.3+0.40 | 39.3+0.12 | 38.5£0.36 | 39.0£0.00 | 40.2+0.41
8 28.0 38.0£0.87 | 39.6+£0.72 | 28.9+£0.12 | 28.9+0.60 | 29.2+0.17 | 28.80.00+ | 39.5+0.17 | 38.5+0.36 | 38.0+0.75 | 40.6+0.26
9 29.0 37.441.84 | 37.420.56 | 29.330.25 | 28.940.40 | 28.4+0.75 | 29.040.46 | 39.4£0.75 | 37.4£1.04 | 39.5£0.76 | 38.1£0.25
10 28.5 36.1£1.89 | 37.3+0.00 | 28.7£0.66 | 28.3+0.46 | 28.0+0.00 | 28.2+0.17 | 38.1+0.00 | 38.2+0.58 | 37.6+0.16 | 37.4+0.24
11 28.5 35.541.39 | 37.2+0.29 | 28.5:0.46 | 28.140.36 | 28.040.40 | 28.4+0.60 | 39.0£0.40 | 38.6£0.76 | 37.1£0.13 | 38.5+0.31
12 28.5 35.3£1.09 | 36.1+0.58 | 28.2+0.53 | 38.5+0.87 | 38.0+0.00 | 34.4+3.09 | 38.4+0.00 | 37.4+0.43 | 36.2+0.00 | 37.8+0.34
13 29.0 34.8£2.18 | 35.840.75 | 39.0+0.87 | 38.4+0.60 | 38.0+0.29 | 38.8+1.12 | 38.7+0.29 | 37.1+1.26 | 35.1£0.36 | 36.1+0.64
14 30.5 34.541.89 | 36.2+0.29 | 38.8+0.87 | 39.6+0.36 | 39.4+0.12 | 39.5+0.68 | 37.6£0.12 | 36.1£0.14 | 35.120.29 | 35.1%0.11
15 29.0 33.44+2.13 | 36.1+£0.58 | 39.9+0.51 | 39.8+0.46 | 39.5+0.00 | 39.6+0.36 | 37.4+0.00 | 36.5+0.43 | 35.6+0.29 | 35.5+0.41




d‘ a A oA + % A = v
MINN W-1 UV YUIRAY Llﬂ$ﬂ1l‘]JENL‘]JH?JW]?i"IHﬂJ’EN‘]JEJWiJﬂQ’GﬁVI 1 9310 (9D)

Suiinitn | qamgl aamgiivesilawiin (Munds Audouusnasgiu)
UsIENMA | ges 1 qns 2 gns 3 gas 4 g3 s g3 6 qns 7 gns 8 g 9 CER
16 28.5 32.3£0.90 | 353+0.25 | 40.0:+0.46 | 40.5+0.25 | 40.5£0.40 | 40.8£0.25 | 36.7£0.40 | 35.1£1.84 | 34.1£0.14 | 34.120.45
17 28.5 32.9+0.14 | 35.1+£1.01 | 38.7+0.58 | 38.1+0.17 | 38.1+0.58 | 38.1+£0.76 | 36.6+£0.40 | 35.6+0.87 | 33.0+0.00 | 33.5+0.06
18 29.0 32.6+0.88 | 34.7+0.38 | 37.7+1.15 | 39.240.82 | 38.4+0.12 | 39.1£0.42 | 35.1£0.46 | 33.0£1.89 | 34.040.29 | 31.0+0.75
19 28.5 32.9+0.29 | 34.8£0.63 | 41.4+0.12 | 40.4+0.98 | 39.7+0.76 | 39.7+£0.36 | 35.0+0.40 | 33.2+1.39 | 33.1+0.13 | 32.4+0.00
20 28.0 32.3+0.88 | 34.330.66 | 39.5+1.04 | 41.3+0.64 | 41.3+1.12 | 40.940.60 | 34.1£0.76 | 32.2+£1.09 | 32.0£0.12 | 31.0+0.05
21 29.5 32.3+1.52 | 33.5:0.87 | 39.130.85 | 41.9+1.25 | 41.6£1.26 | 40.2£1.15 | 33.040.40 | 32.1+2.18 | 31.1£0.29 | 32.1=0.14
2 29.5 31.8+1.04 | 32.8+1.04 | 39.130.66 | 40.9+1.01 | 40.040.00 | 39.3+0.64 | 32.5:0.60 | 31.6+1.89 | 31.6£0.03 | 31.0£0.22
23 27.5 32.040.25 | 33.5:0.87 | 40.330.50 | 40.9+0.51 | 40.5+0.68 | 40.040.64 | 31.0£0.40 | 31.242.13 | 32.4+0.29 | 31.1£0.23
24 29.5 32.041.09 | 32.530.90 | 39.930.51 | 40.5+0.58 | 40.940.12 | 40.2+0.69 | 31.5£0.46 | 31.1£0.90 | 31.3£0.29 | 31.2+0.21
25 28.0 31.8£1.75 | 32.840.66 | 41.3£1.04 | 41.5+0.87 | 42.5+0.87 | 41.5+1.73 | 31.1£0.36 | 31.3+0.14 | 32.2+0.00 | 31.4+0.45
26 28.5 30.542.29 | 31.7+0.29 | 42.5:0.76 | 43.6+0.29 | 43.540.46 | 43.2+0.17 | 31.1:0.87 | 31.7+0.88 | 31.5£0.66 | 31.4£0.29
27 30.0 31.0£2.18 | 31.74£0.80 | 42.6+1.61 | 41.1+1.89 | 41.7£2.42 | 43.7+£0.69 | 31.5£0.60 | 31.6+0.29 | 31.4+0.16 | 31.0+£0.53
28 29.0 29.44+2.27 | 31.0£0.25 | 42.4+0.90 | 42.4+0.90 | 42.5+0.40 | 43.2+0.17 | 31.0£0.36 | 31.4+0.88 | 31.4+0.66 | 30.5+0.01
29 27.5 28.7+1.01 | 30.7+0.29 | 41.7+0.66 | 41.5+0.75 | 41.940.75 | 42.5£0.29 | 31.1£0.46 | 31.4+1.52 | 31.1£0.16 | 31.4£0.23
30 28.5 28.240.38 | 27.8+0.75 | 41.3£0.50 | 42.04029 | 42.4+0.12 | 42.0:+0.40 | 31.6£0.51 | 31.6x1.04 | 31.50.93 | 31.4+0.11




d‘ a A oA + % A = v
MINN W-1 UV YUIRAY Llﬂ$ﬂ1l‘]JENL‘]JH?JW]?i"IHﬂJ’EN‘]JEJWiJﬂQ’GﬁVI 1 9310 (9D)

Suiinitn | qamgl aamgiivesilawiin (Munds Audouusnasgiu)
UsIENMA | ges 1 qns 2 gns 3 gas 4 g3 s g3 6 qns 7 gns 8 g 9 CER
31 28.0 28.0+0.66 | 28.5+0.00 | 39.4+1.25 | 40.140.66 | 40.1+0.66 | 40.1:0.17 | 31.0£0.58 | 31.5£0.25 | 31.3£0.79 | 31.0+0.66
32 28. 28.8+0.25 | 28.3+£0.16 | 37.5+0.29 | 37.4+0.93 | 37.4+0.93 | 37.4+0.51 | 31.0+0.87 | 31.4+1.09 | 31.1+0.76 | 31.0+0.38
33 28.5 284+0.29 | 283+0.76 | 39.0+1.15 | 38.3+0.93 | 38.6+0.66 | 38.3+1.00 | 31.4+0.29 | 31.2+1.75 | 31.4£0.87 | 31.4+0.02
34 28.5 28.3+0.29 | 28.2+0.13 | 38.8+0.25 | 38.9+1.60 | 38.3+0.87 | 38.9+1.50 | 31.0+1.89 | 31.4+2.29 | 31.0+0.40 | 31.0+0.87
35 29.0 28.4+0.14 | 28.8+0.29 | 39.4+1.40 | 40.3+1.04 | 40.6£0.79 | 40.4+1.40 | 31.6£0.90 | 31.0£2.18 | 31.6+0.58 | 31.4£0.25
36 28.0 28.2+0.14 | 27.940.36 | 37.740.17 | 38.840.68 | 38.2+0.76 | 38.4+0.93 | 31.4+0.75 | 31.4£2.27 | 31.4£0.53 | 31.0+1.04
37 27.5 283+0.52 | 27.7+0.29 | 37.4+0.40 | 37.9+0.40 | 37.940.40 | 37.40.60= | 31.040.29 | 31.6+1.01 | 31.4£0.29 | 30.6+0.58
38 28.0 28.2+0.29 | 28.0£0.00 | 37.1+0.17 | 37.2+0.36 | 36.7+£0.58 | 37.5+0.50 | 31.6+0.66 | 31.0+0.38 | 31.1+0.25 | 31.1+1.01
39 28.5 28.2+0.29 | 28.5+0.00 | 36.4+0.40 | 37.5+0.29 | 37.240.53 | 37.1+0.53 | 31.040.93 | 31.040.66 | 31.0£0.53 | 31.6+0.87
40 29.0 28.4+0.38 | 28.9+£0.14 | 35.4+0.51 | 36.5+0.46 | 36.2+0.53 | 36.2+0.76 | 31.0+0.93 | 31.3£0.25 | 31.4+0.66 | 31.0+0.29
41 28.0 28.3+0.14 | 28.2+0.13 | 34.8+0.76 | 34.2+1.04 | 32.540.29 | 35.040.40 | 31.0£0.66 | 31.6=0.87 | 31.0£0.29 | 31.1£0.25
42 28.0 283+0.58 | 27.740.29 | 34.140.53 | 33.740.36 | 32.540.25 | 34.2£0.36 | 31.3£0.25 | 31.0£0.29 | 31.0£0.53 | 31.0£0.53
43 28.5 28.7£0.14 | 28.6+0.12 | 33.5+0.29 | 33.2+0.58 | 32.7+0.66 | 33.6+0.17 | 31.0+0.53 | 31.0£0.66 | 31.4+0.66 | 31.0+0.66
44 28.5 28.2+0.29 | 28.2+0.03 | 32.8+0.58 | 32.9+0.75 | 33.040.29 | 33.4+0.12 | 31.4+0.66 | 31.3+0.25 | 31.1£0.25 | 31.6+0.87
45 28.0 28.0+0.43 | 27.8£0.29 | 32.9+1.37 | 32.1£0.69 | 30.0+0.40 | 33.3+1.08 | 31.0+0.66 | 31.0+0.53 | 31.0+0.53 | 31.0+0.29




d‘ a A oA + % A = v
MINN W-1 UV YUIRAY Llﬂ$ﬂ1l‘]JENLUH?JW]?i"IHﬂJ’EN‘]JEJWiJﬂQ’GﬁVI 1 9310 (9D)

Suiinitn | qamgl aamgiivesilawiin (Munds Audouusnasgiu)
UsIENMA | gas i qns 2 gns 3 gas 4 g3 s g3 6 qns 7 gns 8 g 9 CER
46 28.0 28.0+0.00 | 27.8+0.29 | 32.1+1.53 | 31.4+0.98 | 29.9+0.40 | 32.6+1.04
47 28.0 28.3+0.14 | 28.3£0.29 | 30.5+0.76 | 30.4+0.75 | 29.3+0.64 | 31.0+0.29
48 28.0 28.4+0.38 | 28.0+0.00 | 29.4+1.01 | 29.440.75 | 28.4+0.75 | 30.0+£0.40
49 28.5 28.2+0.29 | 28.3+£0.16 | 28.3%+0.75 | 28.2+0.58 | 28.4+0.40 | 28.7+0.29
50 28.0 27.9+0.52 | 27.8+0.16 | 27.4x0.12 | 27.3+0.40 | 27.240.36 | 27.3+0.25
51 28.5 27.3£0.50 | 27.3£0.40 | 27.0+0.40 | 27.3+0.40
52 28.5 27.0+0.25 | 27.10.29 | 27.0:0.25 | 27.1x0.17
53 29.0 27.4+0.93 | 26.5£0.46 | 26.4+0.40 | 26.5+0.25
54 28.5 27.4+0.12 | 27.8+0.40 | 27.5:0.40 | 27.8+0.40
55 28.0 27.6+0.17 | 27.140.29 | 27.240.36 | 27.1+0.53
56 29.5 27.6+0.17 | 27.6+0.17 | 27.5:0.46 | 27.6+0.17
57 29.5 27.6+0.29 | 27.440.12 | 27.540.25 | 27.4+0.40
58 27.5 26.9+0.12 | 27.0+0.46 | 26.9+0.40 | 27.0+0.25
59 29.5 27.4+0.51 | 26.6+0.69 | 26.5:0.64 | 26.6+0.53
60 28.0 27.5+0.25 | 27.240.58 | 27.0+£0.40 | 27.3+0.40




d‘ a A oA + % A =X v
MINN W-1 UV YUIRAY Llﬂ$ﬂ1l‘]JENLUH?JW]?i"IHﬂJ’EN‘]JEJWiJﬂQ’@]iVI 193910 (99)

Suiinitn | qamgl aamgiivesilawiin (Munds Audouusnasgiu)
UsIENMA | ges 1 qns 2 gns 3 gas 4 g3 s g3 6 qns 7 gns 8 g 9 CER
61 28.5 27.240.36 | 27.130.69 | 27.0:0.64 | 27.1+0.53
62 30.0 27.7+0.36 | 27.840.40 | 27.5+0.40 | 27.8+£0.40
63 29.0 27.3+0.68 | 27.3:0.40 | 27.240.36 | 27.3+0.25
64 27.5 27.5+0.50 | 26.7+£0.58 | 26.5+0.50 | 26.7+0.29
65 28.0 27.6+0.66 | 28.1+0.29 | 28.0+0.25 | 28.2+0.29
66 28.5 27.3£0.68 | 27.2+0.58 | 27.0+0.50 | 27.2+0.29
67 30.0 27.4+0.40 | 26.7+0.58 | 26.5+0.50 | 26.7+0.29
68 29.0 27.8+0.75 | 28.3+0.40 | 28.0+0.40 | 28.3+0.40
69 27.5 27.6+0.29 | 27.10.29 | 27.0:0.25 | 27.1x0.17
70 28.5 27.6+0.29 | 27.6£0.29 | 27.5+0.46 | 27.84£0.25




= A 4 1A + o 4 =
19190 -2 ANUTULRQY !Lﬁ%ﬂWL‘]JEJ\H‘UHiJ']ﬁiﬂTL!GU@Qﬂﬁlﬁﬂﬂgﬂﬁ‘ﬂ 193910

5 + U \ d‘ \ d‘
mmwmmﬂﬂﬂun (MUNAYEAUVSAVUNINTFIN)

gnsl gns 2 gns 3 gny4 gas s gns 6 gns 7 gns 8 gns 9 g3 10

1 75.86£0.32 | 76.45+0.13 | 75.88+0.58 | 76.29+0.03 | 74.50£1.06 | 76.78+0.02 | 72.38+3.09 | 72.78+3.60 | 80.32+0.72 | 79.513.30
10 55.9543.55 | 57.15£1.18 | 69.75+0.03 | 68.88+0.03 | 68.73£0.03 | 68.89+0.08 | 46.76+3.04 | 54.3548.76 | 54.90+1.01 | 54.87+1.27
20 42.36£1.90 | 40.88+1.83 | 59.77+0.03 | 58.79+0.03 | 58.35+0.37 | 59.23+0.25 | 14.42+0.53 | 16.01£0.38 | 13.02+£0.47 | 13.35%1.92
30 33.97+1.14 | 34.34+0.66 | 52.70+0.25 | 52.22+0.25 | 51.2240.25 | 51.01+0.25 | 14.40+0.54 | 16.00£0.40 | 13.00+0.46 | 13.19£1.72
40 33.16£0.92 | 32.74+0.50 | 45.92+0.25 | 45.2240.25 | 44.9240.25 | 45.52+0.25 | 14.39£0.52 | 15.99£0.40 | 12.99+0.47 | 13.18+1.69
50 32.08+1.54 | 30.8442.09 | 30.05+1.72 | 30.53+1.39 | 29.65+0.71 | 29.92+0.46 | 14.38+0.51 | 15.98+0.39 | 12.98+0.48 | 13.16%1.69
60 29.05+£0.25 | 29.34+0.25 | 29.03+0.25 | 28.93%0.25

70 28.4540.25 | 28.22+0.25 | 29.01£0.25 | 29.11+0.25




a < 1 a oA + o A =2
M319N W-3 anudunsaaiunae uazmmmmummgmmmﬂwuﬂqﬁm 19310

anilunsacsvesilaniin (Auady tAudsauuINAsgIv)

v o

o gns 1 gns 2 gns 3 gns 4 gns s gns 6 gns 7 gns 8 gns o9 gns 10
1 7.3120.16 | 7.1840.25 | 6.20£0.03 | 6.21+0.07 | 6.17+0.05 | 6.19+0.02 | 5.1940.14 | 5.46+0.19 | 4.87+0.17 | 4.81+0.08
10 7.63+025 | 7712021 | 6.23+0.02 | 6.26£0.02 | 6.24+0.02 | 6.24+0.03 | 6.470.13 | 6.37£0.04 | 6.220.10 | 6.23+0.05
20 7.93+0.07 | 7.55+0.47 | 6.32+0.06 | 6.31£0.04 | 6.29+0.03 | 6.33£0.01 | 6.70£0.02 | 6.69£0.02 | 6.77+0.05 | 6.79+0.06
30 7.59+0.36 | 7.23+0.11 | 6.52+0.06 | 6.48+0.03 | 6.49+0.04 | 6.50£0.06 | 6.70£0.02 | 6.69+£0.01 | 6.77+0.05 | 6.78+0.06
40 747023 | 7.51£034 | 6.50£0.04 | 6.51£0.02 | 6.50£0.06 | 6.56£0.02 | 6.70£0.01 | 6.69+0.01 | 6.76+0.05 | 6.79+0.07
50 7.85+0.16 7.52+0.23 6.68+0.04 6.61+0.02 6.60+0.03 6.61+0.08 6.70+0.02 6.69+0.01 6.77+0.05 6.79+0.06
60 6.71£0.03 | 6.74+0.03 | 6.73£0.03 | 6.75+0.03
70 6.8140.03 | 6.79+0.03 | 6.78+0.03 | 6.80+0.03
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m3dnzimaminsululaseu (TKN) vesilawiin
1 hyadesaafitinmsifudiedanualifiving 1o fadwas
2) dednayarlesilszanm 0.5 N3 ldlunasa Kjeldahl flask
3) i ldupaFeugama 6.7 niu
4 ududuaeinlesFamla 10 Tadans

A
5) nasnniuAunsagangIadudu 10 daddasudnilldes

4
1) JUADUNTYDY

a =

9 v

- dgoaition10819Ngmugil 200-250 sesusatFod 1dna1lszum 1
#2119 30 W19 AT Gerhardt

1 dy o 1 U d' a = o'/ 9

- doaitipdodnoNguvgiigalszua 380 eeruwaiFoa aunseN la

msazanela

9
a

- feensazaneliidu udadniindu 100 Taaaas
- M ldduaedremaauaisazarelydonlaasen lod 50 Jaaans
wd i lndu
%) duaeumIndu
nduasazaslunsauesn 50 Taaans Taefudiudildlunsavesali1d
dszana 250 fiaaans aailluTnsnunsauesaszaounndinadudiider vninih lanse
3) m3laasa
thensii 1810 lamsafuaisazaieanasgiu 1,50, 0.02 N aua1sazae

wasunndimeniludnie 1aeld methyl-red + methylene blue 11114 Indicator
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ag o \ A ZI + U
Fsmsmnamdsnalulasnunamug (TKN) mmﬂwm

o a qu’ +| Q/ (4 d‘
ﬂﬁﬂTL!'Jﬂl']Jill1&111&1@]5!%1!1/]\114%@"[]6\114814%'?1 ANTUNITIN 3.1

Nt = (A-B) xn x 14 x 100 (3.1)
C
Nt = $ovazueslulasiu
A = dSmadsazaeinasgy Sulfuric acid 11913 lamsadaesa (mi)
B = dSinamiazaennasgiy Sulfuric acid 7119 lansa Blank (ml)
C - hmiinvesded (mg)
N = Normality Y9381902018 Sulfuric acid (N)

o g/ o:/ A AaAa o a 4 1
*HUYLH N Blank Iﬂﬂi%uTﬂﬁu 50 Mﬁﬁﬁ@lﬁ!Lﬁ$V]TﬂTﬁ?!ﬂiTgﬁﬁTﬂWIIMT@ﬁL%u

Y
oo anilsens

ad a d tﬁ"
ANIIIUAINTUAINNY Y
A A P
1. 1n303ionazginial
1) 19
A L2
2) 1AT9I¥INUIN
A v k)
3) PEUBAUANTOU
4) 1Apgiitiey
5) é]:f)‘ﬂ (Hot air oven)

an a 4 dsl
2.35NMTAUATIEHAINEU

'
a A =

1 U Y
D shyadesdafiiimsqualediaud hundahminuda ldoinegiifiend
:’ o ' o 9 A a = < @
nanimdnuivey i lleuludeungamgiidszuna 75-100 seruaaFed ifunar 2 Ju
NTENWAIATN
o w ll ~ Y a 4 o 3’ @ :} o Ay yaA :’ @
2) dedlyadesiieuudeaiinuds mrniimin hwiinilane 1hwin

v a4
G]’JE]‘(’JNHﬁPJ’EJEJ‘I/]ﬂ\WI



Y v
3. msmwulsuannudsu asaunsi 3.2

W = (WI-W2)x100
W1

9 a 49/
W = SegazveslTunannusuy

v

imiinyaresnouou

v

w2 = ihminyaresnaininnisel

Wi

ax a d Ia d
gﬁﬂ1§3!ﬂ‘§1$ﬂﬂﬁu1mﬂ1iﬂﬂu
A A P
1. Lﬂiﬂﬂllﬂllﬂg’f}‘ﬂﬂim
1) é 91U (Hot air oven)
2) 1AT0I¥ININ
3) Descicator

A
4) 1neUAYareY

5) 19N QUNN 600-650 BIFEALTY D

6) Porcelain crucible
7) 01aegiiliey

A @ Y
8) NUDNUAINIBU

as a < a A Y J
2. 'J‘ﬁﬂ15’)!ﬂ§1$ﬂﬂiﬂ1mﬁ1iﬂ‘iglﬁElllﬂl,m$ﬂ1§ﬂ@u

o A Y 4 A Yy A A
1) ‘Lan“aFJ@ﬂﬂ@ﬂllﬁﬂﬂ?ﬂﬂﬂ?ﬂlﬂﬁﬂﬂﬂﬂiﬂﬁP\]'E)flclﬁllslﬂﬂﬂ 1.0 yaaltuasg

(3.2)

91

o w ' A v Y A a ~ &
2) ‘Ll']@]')@f]”l\‘]lluﬁﬁji’)ﬂ‘ﬂﬂﬂllﬁ'l LGU']@@TJVIQ'IMWQN 75 oA ALY L‘]Junm

sz 2 52109 1danlase 151U Descicator

v 9
3) quéddedrayarlosulszuia 3-6 n5u ldlu Porcelain crucible NN311MITN

! 4 Y o ) o ) =] 1
UUUBULIAA Lla'lu']vlﬂsb'\iﬁjllﬂﬂialjal?]ﬂﬂ a3 UUNNAN

o A o Y a =\ I
4) hyadesndauar liwn e umgungil 600-650 sesaaiGed 1iunal 4

219 udlaoslfidulu Descicator 15unan 1-2 $2Tug

1 Y Y
5) 111 Porcelain crucible 11¥11IMADNATI 19 uNna



nmsfnulSuumsveuveyados deaunsi 3.3

Carbon (%) = Volatile Solid (%)

1.8
o 7 i 4 v [ A
miﬂm’Jmammaumsuau@m"luimmu ANTUNITN 3.4

[ 1 4 1 J 3 J 4
amwmumsuaum"lﬂmmu = wosiuamsuou

nlosiFuaueslulasou

ada d
IBIAIUAIITTHIA pH
A A P
1. 1n303ionazginial
1) pH meter
2) beaker
3)  unaudIAUEs
4) 1ATPAFINANYN 4 AWMU
an a 4
2. 35MIUATITH
1) ¥A081N5 ¢
v [
2) PUHINAY 50 ml
3)  Tdunaudaulinny

4) 1150 pH Ae1AT09 pH meter

(3.3)

(3.4)
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U

a da G
'3!?]5131’1@1!7]58]3?]@]
A A s
1. 1939440 tag gUnial
1) GU’JW]SMQI: (Erlenmeyer flask) Y119 250 ml
2) Mladuina 10 ml
3) AFTUBAAVUIA 25 1AL 50 ml
4) UATAVUIA 50 ml
2. 5N AsazaenasI AT U
1) asazare InunaFon lalasiun (Potassium dichromate) 1 N IWuna e
laTasm (K,Cr,0,) oud 105 °C 98.0 g azaeluinau shldlidsas 2 L
2) asazaelessaueyTuiloudama (Ferrous Ammonium Sulphate) 0.5 N
Jo =\ [ 09; u’z a
losSauen Tuileudama [Fe(NH,), (SO,),.6H,0] 400 g azatgluihnaunoaunis tAiunsa
a3 nduduadlil 50 mi Hldtdsnas 2 L
3) 1sazarvees ImuuuInsdu sudiames 0025 M lesTadala
(FeSO,.7H,0) 0.7 g azo0F Intluuu Insau (O-phenanthroline) 1.48 g aza1oluthinau ¥ lv
1151195 100 ml
4) nsadarisadudu (conc. H,S0,)

[

as a Jd 1a a =1
3. 35M3AANeHTINasUNTIIag
1) Fdr0819au 1 g laluviawuy viia 250 ml
2) Mlamsazare Inunadenlalaswm 1 N 10 ml
a v a Aa Yy 9 [l 9 I~ =1 c?/‘ Qy Y I
3) @UATAFANITAIINTY 15 ml we1vaand i o 1Wunal 1-2 wi dana 1Aty
=\
8130 1N
a 3‘ o Qy <
4) whnauilszana 50 ml na 13 1MEu
Aa a 4 4 =1 =)
5) YeadUAAMBS 903 INLUUINTAU 5 viea
L&Y = Y] 1 a
6) lnmsadreemsazarelossaueyTuiioudama 05 N wonlTuw
= ~ Aaaa o a ~ = I~ =1
Twunengon la Tnswmiiidoninl§nseraunsensdvesmsazareawasunndidenud
Y v
WgauaIngaga
o a Jo [ {
7y dunndSua Twunadenla Taswn wazilossauen Tudionsamlan sy
o ] 1Y v Aada da
8) 11 blank FUASIANUNVITAATIEHAU

o a a 4 a [
9) MuIndTuudunsensuou LLﬁ%’ﬂu‘VI?ﬂ%ﬂ@
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4. MIAUIY ANEUNIT 3.5, 3.6 LA 3.7 AINa19 U

(B-T)N x 100 x 3 x 100 x 10

% Organic carbon = ; (3.5)
B 77 10 ‘'Y
% Organic matter = % Organic carbon x 1.724 (3.6)
(B-T)N x 100 x 100 x 3 x 100 x 10
N30 % Organic matter = B 7 58 10° W (3.7)
A
¥\)3)

4
N = anudutuved Inunadeonla Iaswn (uosuoa)

B = 1Smasvesasazatomes sauon Tuilousaman Inmsaiy blank (ml)

a o ~ o A v o 1 a
T = ‘]J'iiJ”IG]i‘lJ’ENﬁ'"Iﬁﬁga"IEJL‘V\IEJﬁﬁﬁll’f)ilIllLuﬂiJ“]fm‘I/\lﬂVIll“l/lmﬁﬂﬂﬂﬂ’mﬂ']\‘iﬂu

(ml)

W = 1mtinau (g)
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