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Determination of nutrient compositions in bio-extract solutions produced

from different sources
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MyeTHBN0emaamMImaen (N, P, K, Ca, Mg Uaz S) uaemnamnssad (Cl, Fe, Mn, Zn, Cu 4a% Mo) Tu
ﬁnaﬁ@w%mw%ﬁé’mnmwﬁn%@ 6 1 (UAnde wendan nsd mene’ Uaihiaadiem) HlaedE Kieldahl
wisuAans total nitrogen uae 43NS AT titrate SWELYNL5HN0) ammonium LAY nitrate ELEsNDA phosphorus
®) Aaieeneis spectrophotometry &34 potassium (K), calcium (Ca), magnesium (Mg), Iron (Fe), manganese (Mn),
zinc (Zn), copper (Cu) 8¢ molybdenum (Mo) aTAlenerSnaenamedia Atomic Absorption Spectrophotometry
(AAS), uaudpauwny chloride (Cl) WAY sulphate (SO4Z') B3  indirect high performance liquid
chromatography (Indirect HPLC) anMseswimgawnavénda N, P, K, Ca, Mg wax SO, wuideaglue
0.32-2.06%, 0.01-0.20%, 0.69-2.53%, 0.13-1.91%, 0.16-0.30% Laz 0.67-3.27% Ny s nitrogen hﬁwaﬁ@%qmwaaui
hgﬂ ammonium (0.01-0.52%) mﬂﬁdﬂu’gﬂ nitrate (0.003-0.02%) a'm‘mQawﬁimﬁﬁwmimﬁﬁL@mxﬁﬁa Cl, Fe, Mn,
Zn, Cu ¢ Mo ﬁmagiwm 1.46-4.80%, 21.2-515.4 mg/L, 3.9-113.9 mg/L, 4.9-24.8 mg/L, 0.00-1.99 mg/L UaxaTya lsl

WU eNNAIGL

Abstract

Macronutrients (N, P, K, Ca, Mg and S) and micronutrients (Cl, Fe, Mn, Zn, Cu and Mo) in bio-extract solutions
prepared from six different materials (banana bract and male flower, banana fruit, Chinese green mustard, golden apple
snail, fish meal and bat faeces) were investigated. The Kjeldahl method was used to determine total nitrogen (N) in
bio-extract solutions. Ammonium and nitrate quantities were determined by distillation method and titration, respectively.
Phosphorus was determined by spectrophotometric method. The determination of potassium (K), calcium (Ca),

magnesium (Mg), iron (Fe), manganese (Mn), zinc (Zn), copper (Cu) and molybdenum (Mo) were investigated by atomic
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absorption spectrophotometry (AAS). Indirect high performance liquid chromatography (Indirect HPLC) was used to
determine chloride (C1) and sulphate (SO42‘). The quantities of macronutrients: N, P, K, Ca, Mg and SOAZ' in bio-extract
solutions were 0.32-2.06%, 0.01-0.20%, 0.69-2.53%, 0.13-1.91%, 0.16-0.30% and 0.67-3.27%, respectively. Nitrogen
was found in bio-extract solutions in ammonium form (0.01-0.52%) more than in nitrate form (0.003-0.02%). The

micronutrients of Cl, Fe, Mn, Zn, Cu and Mo were determined and the quantities of 1.46-4.80%, 21.2-515.4 mg/L,

3.9-113.9 mg/L, 4.9-24.8 mg/L, 0.00-1.99 mg/L and not being detected were found, respectively.
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2.1 1nasile

ezh Nitrogen: Digestion Unit (Gerhardt
Model KB20S, Konigswinter, Germany), Distillation
Unit (Gerhardt Model Vapl12, Konigswinter, Germany),
pH-meter, (Orion 420 A, MA. U.S.A) ‘

Aok phosphorus: pH-meter  (Oriond20 A,
MA. U.S.A), UV-VIS spectrometer  (Perkin Elmer
Lambda 35, U.S.A)

e metal  ion:  Atomic Absorption
Spectrophotometer VARIAN Spectra 800

ek chloride Uag sulphate: High Performance
Liquid Chromatography (Waters, MA, USA), Sample
loop 100 LLL, NovaPak C18 Analytical Column (15 cm, 4
pm), NovaPak C18 Guard column (4 mm, 10 Lim),
qninnffivanes 30°C, UV-VIS Detector (Jasco, Tokyo,
Japan) ﬁ 254 nm , flow rate 1 mL /min, pH meter (744,

Metrohm, Herisau, Switzerland)
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Boric acid (H,BO,), Analytical grade 99.99%
(Aldrich, Steinheim, Germany), Hydrochloric acid (HCL),
Analytical grade 37% by wt (Merck, Darmstadt,
Germany), Sulfuric acid (H,80,), Analytical grade
95-97% by wt (Merck), Bromocresol green
(C,H,Br,0,8), AR grade (AJAX, NSW, Australia),
Devada’s alloy, AR grade (Merck), Ethanol, commercial
grade (Merck), Methyl red [4-(CH,),NCHN:NCH,-2-
COOH], AR grade (Fluka, Switzerland), Sodium
carbonate (Na,CO,), AR grade (Merck), Sodium
hydroxide (NaOH), AR grade (Merck), Ammonium
molybdate tetrahydrate (NH,),Mo,0,,.4H,0), Analytical
grade Assay 99% (Fluka, Steinheim, Switzerland),
Antimony  potassium  tartate  (SbC,H,0.K.5H.0),
Analytical grade 99% (Aldrich, Wilwaukee, USA),
L-(+)-Ascorbic acid (CHHO,), Analytical grade 99%
(Aldrich), Standard Potassium dihydrogen phosphate
(KH,PO,), Analytical grade >99% (Ferak Berlin,
Germany), Nitric acid (HNO,), Analytical grade 65%
(Merck), HPLC methanol (Merck), Deionized water 18
MQ-em (DD, Tetrabutylammonium  hydroxide
(TBAOH, Fluka, Steinheim, Germany), potassium
(99.5%,Merck), NaCl

hydrogen phthalate, KHP

(99.999%, Aldrich), NaNO, (99.99%, Aldrich), Na,SO,

(99.99%, Aldrich), NH,H,PO, (99.999%, Aldrich)
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2.4 M9nU5a16k Total Nitrogen, Ammonium

N
Ton Way Nitrate ion WEROTIAMN

24.1 meunl3anae Total Nitrogen

Fuhare®imw 0.2-05 g Il Digestion flask
MUY K,S0, 5 g Uay CuSO,.5H,0 0.5 g vasanthuda
H,S0, Wi 25 mL uarlfannadauiy Digestion flask
44 Digestion Unit losiEnduan 150°C tszanas 30 wifl

v A P-4 2 o) \:Lzz GL A
wiheaepisgamgiavauiis 350°C aulemearaelams
Tnmtsznn 3 il anshudaesvmsasmediuadds
ganies  udReine  Digestion flask  Uvelu
Distillation Unit il 40% NaOH 80 mL a4 flask (311
) 1739 Boric acid-indicator solution 50 mL 1%
Erlenmeyer flask 2347¢ 250 mL LLﬂﬁ’JWﬂ’ﬂ%@hLmﬂd‘Saﬁu

. < o o s o A
distillate nnsunduanshathslesiaaviaas
gas ammonia AHUNaY luEIALAERREANMTINGY
o o ~ A %
mandutseinne 8wt visaldemaaranaly
Erlenmeyer flask 13udith 250 mL (distillate) &n
Erlenmeyer flask #8naN Distillation Unit WA% titrate
distillate Alé¢heasavais standard HC emandindiu

0.02-0.05 M anansazaedsuanniidanishsougay
2.4.2 NMSWYINI% ammonium

t@M boric acid-indicator solution 50 mL aﬂu
Erlenmeyer flask 2W@ 250 mL ﬁlﬂmﬁsaﬁmaq

\SBIndu Toallanemaaadiufalnanmguatfin



amasERBanETInEw Fesnadhaths 5 ¢ leasly
Distillation flask Uaenlssumisndin a1t 40%
NaOH 20 mL (5eu190) T Distillation flask nmand
5 wifveanldaasaely Erenmeyer flask seannt 200
mL (distillate) Wi distillate 1 titrate Fadheamsazaty
standard HCl emnsidiadies 0.02-0.05 M auansaemeisaem
nnddenussanzuy wasi Distillation flask aanan
Distillation Unit udnaselsianTasanenimtasiluvhns

VeanImLEa10s nitrate ¢l 1)
2.4.3 nTeMYa nitrate

6 boric acid-indicator solution 50 mL msl,u
erlenmeyer flask 2W® 250 mL hlinfisassuanaeios
niu I@ﬂﬁﬂmwaa@wﬁLLﬁvﬂ\lﬁﬁanu&émag’hﬁ?ﬁamEJ
FROANANTIIMINA% #5 Devada’s alloy 0.8 g Winaclu
distillation flask 7 lda D 24.2 ¥imsndu 5 wiivioau
Iocnsasmely  Erlenmeyer flask 1stanoh 200 mL
(distillate) udh distillate W titrate dladnemTarae
standard HCI eidadis 0.02-0.05 M ausnsaranswaem

anddeussnsgay

2.5 manU3u1% phosphorus luskafiadamw
2.5.1 #sazae

2.5.1.1 Sulfuric-Molybdate solution
(reagent A)

8vat Ammonium molybdate tetrahydrate 6 g
¢y Deionized water 250 mL LAYRZAY Antimony
potassium tartate 0.1454 g ¢ Deionized water 50 mL
WENATASA1Y  Ammonium molybdate LAY Antimony

. A '3 [ | A
potassium tartrate SL‘%‘UﬂLﬂa’i LLﬂ’JHW\lﬂLL‘ﬁGLMWGﬁ%ZVI‘LITi"Q
Thudoszanms 45 Wi seausTaraiiuin Qedawe) @

¥ v 1 27 °

H,S0, Wadusslathedhe Sam 70 mL upsaugaon
A ANUWAN Deionized water auié’fﬂ%mmawazaw

Uszanos 490 mL wazutsnsazanshudestaldaugomni

Tsainenndasuazmalulad(mming) 39 13 adiufl 2 we.- 4.0.48

Wuasaudsgungives  mntdSunBsnassnsasmandu
500 mL T Volumetric flask $78 Deionized water
3 A Al 3 A
(rfiumnsazmeluiifin uazgnendon uanfuBlalify
5%4)
2.5.1.2 Working solution (§158¢a181 14 lun1s
form complex)

"Y1y ascorbic acid 1.5 gélum‘sazma Sulfuric-
Molybdate 200 mL 2z léasaemeiiniaslafidunh

working solution #sens1Sriu e A 24 Falis

2.5.2 matiael (digest) WsHaganmw

1w

Fahafiefanm 0.5 g \@adl TEFLON vial 210
Wufn HNO, Wndu 2 mL uay HCl Wiudy 1 mL enu
0w % P o , A A 0
dey Iamuteutumasnethaigamndl 60 °C Toamaun

w A 1; ¥ R A . !
hot plate auaTUEMALASENAWAATaR vial Boustiae
v L a Y u .
Trideehfinessesn  foanenudhuaslorasnsemelu
vial uarlionsdanliansningldmsasaels anthudsas

1% @ =3 oYy & A } 2%
Trensasanenfuanisgungiinos LERaaRY
Deionized water aﬂé’fﬂ’%mm 25 mL eLu volumetric flask
NIIFISAYAILATUNTEATENTEMWIR 0.45 Um  FNIASAY
Aeonld (digested solution) \FdvEumySanon phosphorus
s Spectrophotometry LLa::mﬂ%wmIawﬁaau (metal

ions) eT Atomic Absorption Spectrophotometry

2.5.3 mim'zhmm*’?'immzﬁ'ﬂnﬁ’a'whn’ﬁqmnﬁu
W&d(absorbance) 2249 complex

Yulaasshaeng (digested solution) 1 mL (F_Im’i}'%
Janlwlfiies 0.25 mL ) uay HBO, B 3 v adlu
volumetric flask 2@ 25 mL  §idl working solution
PsngTeneth (2-8 mL) a3l B aTauATL
25 mL #8 Deionized water \ehasasaalsidniu Jaeh
mi@@ﬂﬁmﬂwmaﬁazmaﬁmmmaaﬁu 880 nm L

Frmemnuafiesaes complex ANeNETAEAILANOIN

diudmas working solution i ugaaiaan 0-120 wifd



2.5.4 Maw1U5N184 phosphorus

inensavae standard KILPO, 5 ppm 1537615
0,2.5,4,5 mL ﬂ\ﬂ% volumetric flask 416 25 mL (EL%LLGi
araeiasasae standard KH,PO, Wadu 0, 0.5, 0.8, 1
ppm  SNESL) fNEIhae 1 mL (enduaould
NN 0.25 mL) ey H,BO, 53«5@ 3 e NGL‘% volumetric
flask UFaLaIn ANaAd working solution 1Fanesh
wangss welidi YsuliidaBines 25 mL de
Deionized water ehlHd™ L Snehmsgenfuisias

AN T RNATAMANEEN TiaNEAAY 880 nm

2.6 mawBanoulaziean hwhafadamwdae
AAS

TumsdnmBanulany %@Lﬂuﬁmmmﬂuﬁmﬁ@
Famweag Atomic Absorption Spectrophotometer (AAS)
siindaafenlioy b lansdoourion  delbdadon
sawhaindanménense maemsmTiensiieg s
f?lﬁm potassium, calcium, magnesium, iron, manganese,
zinc, copper WaY¥ molybdenum ﬂﬁ:&iaaﬁmﬁ@%ﬂmw

wilowide 252 anthshosaeaeiidonld (digested

solution) Alg i amiBrnalaveionudeiesas AAS

2.7 MaNYSN0k Chioride WA Sulphate 1

#fadnwéae HPLC
2.7.1 M15i@583 Mobile phase

WEH methanol 100 mL, TBAOH 1.2495 g ua¢
Deionized water 15za0h 800 mL e WU lWens
fraesl pH o 7 eeevazany potassium hydrogen
phthalate (KHP) D Bsnemasssarmenti 1000
mL 618 Deionized water

2.7.2 MSATENEISA0E9

o Y w A o A A o
shabafefamwideas  Autoclave #1 121°C
tasame 30 wifl ndsnéhaenadudnaddisgnmniiviog

Fiesdhathabafiodmm 1 g aemenhauldtBings 10

Psdsinemaaiuesmalnladinmelae) 37 13 aliufi 2 w.e.- .a.48

mL 1% volumetric flask wen i Pniiens
At 0.1 mL adlth volumetric flask 25 mL fisshaufls
LBNOT NIDINTBEMLHUNTEAENTORNR 0.45 Lm
Semsaransiingasld (Fmarau@eans 2500 wh) uh

19599 HPLC loueTaiafieniaeniedi 254 nm
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3.1 MsfBaek Total Nitrogen, Ammonium
o

Ton &g Nitrate Ton Whafagdanw

NNNILTNI0 nitrogen Tbatedanmw 6 oiie

~ ¥ % 2 Ai’ y kg
(Uanag Wanaie nowes vinaleed dai yaenma)
wazmnthena wu shafaamwandanuuassadams
a . + a v
§ %nitrogen Mgﬂ NH, snniszanns 0.5 % 738951881
AfeTIMWAINMEIRUSEA 0.16 % dnwharaZamm
Sufimdanasnnienanutiassnn  (0.01-0.02% GasnTN
‘ .
7.2) dW% % nitrogen ug) NO, wuifarann bahaifia
e lumniiena (<0.02% GeenT1efl 2) 3 %total
nitrogen S9TUNATINTOY nitrogen Tiag gt NH,", NO,
. . N

amino acid, protein WAZAWS Wumﬂﬁﬁq@hﬁmﬂmmmw

I A 2; o o
MMUMUULTZND 2% 0989108 WNENETIMWAIN
yadeem mnvhea uashafafnmanveszes &
WhafiammwannTedauarHana Ll Y%total nitrogen T
PBmnalndifinstn atlssnm 0.4% uashatatmuan
Uan&wil %total nitrogen WorfigaUseanm 0.3% (1918
712)

¥
3.2 mswf3anas phosphorus Wwiafadanw
ad
Tmm Spectrophotometry
1834 phosphorus  lwhariedammdiviléann

w@dla Spectrophotometry tisilui5ann total phosphorus
fisluensdhaeng laedpudadi®mssnan McKelvie [8] %

a
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o LA . . Y o ¢ o
5199 2 AuadERnm %N El%‘gﬁ ammonium, nitrate L total N (3 $1U4ATIEANRE 3 AN)

oo %N (NH,") %N (NO,) % Total N
andue 0.0237 assnron lald 03222
WaNAe 0.0089 0.0048 0.3933
ReRtoN 0.0364 0.0165 0.4351
oL 0.1623 0.0037 0.8059
danlu 0.5276 0.0070 2.0638
AR 0.5461 0.0047 0.9727
mnshea 0.0199 0.0031 0.8499

mataansinatasnensaiaylugl  phosphate
Anths  phosphate wMUfTBefU  molybdate Inedl
ascorbic acid LW reductant Wag antimony potassium
& v A Y A% a
tartrate (1% catalyst "L@miﬂizﬂamm‘ﬁa%ﬂmmu (blue
complex)  WawvnUSaainsUssnaufena1isnemTiaen
nEgeNAULEZRIN A IRTeNETINAY 880  nm

ama A X o
UnMRennaruasTnms
PO, +12Mo0, +27H" —*H,PO,(M0O,),,+12H,0

321 uafimansiumsiasnisganiuudieas
complex

U 1 uensenuaties (stability) BedensLsEnay
BefouMhiuiieheusan standard phosphate Yhufji5e
il working solution AiLSanesedtuAa 2.5, 4 Uag 6 mL
ROUTNgIANET 4 mL wansENTgammzagliem

=3 aif )] =) A a i
BT flugas 20-100 wifuagilenmsganfuuasgend 2.5
3% 4 ) = A A
mL uithlE 6 mL 9wwUd) complex tfiusifies 10 wivide
. - X oo
Tughe 25-35 Wit usnAamenaulumdsan form complex
1% &
16 35 wifd
Phosphate Tusnsshaths (digested solution) ToIh

sfaFimmueastiaTsmemnibamadl  sample  matrix

uFnGuLAESIINETALaIY standard  WavURTRen
fit  ascorbic acid Tu Sulfuric-Molybdate solution
(Working solution) o lAin ascorbic acid molybdenum
s A oo o X
blue complex Wuhiitlymifeniudasnawiedn vielu
AA\'LN.;: a X ' Aa X \:L 1A
Tense iiesnaniatuls  complex  MAeIuliEDYS
winl#5:104 Working solution (simangasiiudachsiuen
v T Ay H& & a v Y a Y
FenlumAieiRuetey snlsvnaudstauihGurash
NPT waYMMINeMEaN working solution 153913
;3

NTUIMIN 2 - 8 mL uananiivhmsenmenaeties
1949 complex fiRTINETIAAY 880 nm IUFMIIA 0-120 W17l
dl 1 1:; = A v @ s, (Y
Womg19m 7 complex ey wasdanwamamsy
faemaganaulases complex 1361 working
solution fMenzan  uastNVMAMINETIUMTIAMMIgA
nduuas ueaslumef 3 dmiugil 2 uargUfl 3 uses
AnaEtEasEnTsnaudoudhdu Wald  working

v 4
solution USsnasenarulshariodanmwdandy uaglumnh
mamuad Ul 2 uee 3 eiuinines working

i v

solution AwinzasBIUMUnIaMNNERa 4 mL Wy

complex  Wemsgenduusgunsedesuaami
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4 mL
0.46
2.5mL
ol
8]
=
o
2
O
B 044
<
6 mL
0.42 T T
0 20 40 60 80 100
Time (min)

gﬂﬁ 1 UEAIATINIETILTIDS ascorbic acid molybdenum blue complex %84 standard phosphate AeBanan working

solution U331613 2.5, 4 Wa¥ 6 mL enuaéi

0.25 4|mL
§ 6 mL
3 020 8mL
(o]
2]
2 0415

010 ) 1 ) ) 1 )

0 20 40 60 80 100 120

Time (min)

sUfi 2 usesanieties 289 ascorbic acid molybdenum blue complex 2oshafafamndauiiehasain working

solution U3W1917 4, 6 LidT 8 mL sNAwU

mef 3 18nas working solution Mmneaadumadie phosphomolybdenum blue complex wazt s imsumyTe

FIMIQANGEUUEITEY complex

ﬁ?ﬁﬁﬂ%’zmw working solution Amsngan (mL) nmﬁmm3ﬁumﬁ®mms@@ﬂﬁmmﬂm complex (min)
ane 6 20-55
WAN&e 4 20-60
e 4 20-60
VoL 6 50-90
st 4 10-90
yaMIAT 6 45-60
ﬂ']ml{q(ﬂwa 4 50-120
Standard phosphate 4 20-90




MsTingedasuazine lulad(nning) 94 1

4 mL

6 mL

0.3
[¢b)
2 02 4
(33
Q
2
2 014
0 T T

0 20 40

80 100 120 140

Time (min)

7 3 usaseiatiesu0s ascorbic acid molybdenum blue complex Y04MINNATATIGELAENIN working solution

1501915 4, 6 UaE 8 mL MANAGTL

Y
3.2.2 U330 Phosphorus Wwbhafadaniw
4 Y oA NP
dla phosphorus  Iwhara®amn  YuARsenty
ascorbic acid W sulfuric-molybdate solution (working
solution) a¢léiansavaadinfiueas phosphomolybdenum
blue complex WavhmslemgivimSanos phosphorus T
whafedamm 19835 external calibration curve WU
sample matrix ﬁwaﬁﬂﬁ’mmsgmﬁmmmaq phosphorus
i: o A A u‘ 1 a{ @ &R 3 j=1 v o
Twhatiatmadlensnifiessasddedndudomny S
phosphorus 1045 standard addition calibration curve
TumsmeaasaglfBinasvanhatadmuualuies 0.25
P AV v o
mL Zeasninhafiafinmdtun mwnshatiadannde
Ui Bsnaiphosphorus gasnnNAlgensenathsluFunsd
N anhsfegendwiasannh 1 AU emfl 6 s
HaTBSLFN phosphorus lwhatafamm anemesaudiv
4MAnos phosphorus WusNTiga hariedammannuan
e 020%  Tesenda shafiefmwangadsem
v 4
FwSumnihma shatafammannanme Udnde uex
Y A va oo e ¥ e
mds Senlndifssiufotsanm 0.05%  &wiinhatie

FImMWaINMaEITE3 WL phosphorus OHAEA

M9 4 Fiade % P hatedamnuarmnshma

Vet % p lhaedanm
Yande 0.04
WaNAE 0.05
eat 0.04
M@EJL?TE]% 0.01
dmlu 0.20
Ae9AT 0.07
g 0.05

24
3.3 mewBnalansdsaulwidtofanwde

AAS

y
HamTA TR ImRE NS g

1% o . . A @ [

AELWMAUA Atomic absorption LLﬂ@ﬁ%W‘m‘ﬂ 5 %mﬂ@
v , v

Smnhenaiilavgdoaunningenn fesanbifimsdmh

aaltifoumsielmnhatofomm maseufiauog

amsaewuh lwhafadanmd potassium gunnidiaifiey

fumgomnssiiun lnenharfedammainuandasd

3 aflufl 2 w.a- 6.0.48

i
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potassium ATNTIgA (25,3278 mg/L) Tasamnfarnan
Farmamnilanu g uasgadieem dushatiedan
Tnvessh uaslAndan fieney g caleium wusnn?
athﬁwaﬁw%mwmnmama’%' (19,0783 mg/L) wawdien

. ; vy .
gnnhafieanméhdunann  veilflssmindinghan
W & A o .

shvatuauAenmiesTofing calcium TwFnoson 59
magnesium wumﬂqwhﬂwaﬁ@n%mwmmpé’mma

(3,049.2 mg/L) sasasmnfhainfammwanvasead &

ﬁmﬁ@%mw*ﬁﬁﬁm §1A304519, maganesium TF04
Tndifesfs 019 iron WosnngwshEr MmN
Voumed (5154 mg/lL) Iadaundesatedanman
Myﬂﬁ’ldm’l 719 manganese WY zinc W‘]_lmﬂﬁj@sl,wzﬂﬂﬁ@
%’memmgaﬁmma (1139 way 256 mg/L) 16 copper
wesonbshariefammnatia §%  Molybdenum

avralinulshataann

. y . ‘
a9 5 USinaulansBeaulihatndamwiBiensidneaias atomic absorption spectrophotometer

TR HANA e Uande TR oD i 48 mmbena
(mg/L) (mg/L) mgl)  mgl)  Uwmgl) duam(mgl)  (mg/L)
potassium 25,327.8 6,902.0 18,040.7 8,1764  21,169.8 13,405.9 45,552.5
calcium 2,706.6 1,271.9 2,975.5 19,078.3 6,203.2 2,247.3 9,135.0
magnesium 1,837.5 1,676.2 1,571.8 2,552.0 1,811.7 3,049.2 4712.0
iron 38.7 21.2 35.1 515.4 137.9 258.3 88.2
manganese 28.3 24,7 24.7 32.7 39 113.9 58.8
zinc 6.95 4.9 13.8 18.8 5.4 248 8.8
copper 1.99 25 faiwy 0.99 0.1 s 0.5
molybdenum ey el faiwy el sy i ey

3.4 ManY3snos Chioride WA Sulphate Wi

FadINIWG HPLC

mMsémEv3anos chloride, sulphate, nitrate L&Y
phosphate ¢78 HPLC i sndudiaomiSinomeudaan
Ey am L . A [ a Mo
WMAUOI81T indirect detection Luadmmﬂmmuaaam\lm
ANAULES (absorb) 1ths UV diasiunsiduideld Kup
Husmafiganduussiugng UV fussdisznanlu  mobile
S ) . . .

phase LLaﬂ?j TBAOH iy ion interaction reagent 1%
mobile phase eV WeuBoauris 4 §fl peak wunaniiu
mng'ﬂﬁ 4 &M chromatogram %284 standard chloride,
sulphate, nitrate La¢ phosphate IRANAINTWYNTWAD 10

mg/L 1oe/l435 indirect detection fiemnenindu 254 nm

¢
A

N peak wenmule® uaswuth peak height 283 phosphate
fehvinafigeuay chloride Senanfigauanyn sensitivity
AL Y oA . a P

U84 phosphate AATADENFALAY chloride NMINVIEA
1 i3 v

JefnniBinnuenioowis 4 dhwhatedmwnun
A . 2 A 2 [y

fwaway sample matrix  WniNdossznauiuany
vy . o oA

WNYUTEN free phosphate LAY nitrate SL%WAQEINNTENWN
foudawSuudieuiuUSin chloride ¥ ivinafiatiasa
wuldnaRanELUSnns chioride WaY sulphate Wikt 210

Eﬂﬁ 5 WA chromatogram madmaﬁ@%qmwmnn’mﬁa

7 spike waglsl spike ¢y standard chloride W@y sulphate
1 .

Yiaennuared sample matrix  A9ULRN0L chloride Way

sulphate 39M@eAT standard addition WASWARING M

MmN 6 IIMMINAREILT Y%chloride Hehgegain



shafiafamwatniantu (4.8%) s0sasnfe shafadammn

PneEANEY Ve UALLARNAT (~2.5%) gowhario

FmwanmsduasAndeiamssnm 1.7% dwiu %

sulphate wumnﬁq@hﬁmﬁm%mwmﬂmaLﬁa‘%ﬁa 3.3%
I 0.05 AU

MsAinemEasuazmalulad(mnlng) 4 13 aliufl 2 wa- €048

ihafeimmaiedudenindidesiudatsunm 0.7% dm
MMNAA % chloride WAY % sulphate §efa 13.2% Uay

17.7% SNUAGL

T NO; S0,
H,PO4
| cr
0 2 4 6 8 10
Time (min)

gﬂﬁ 4  Chromatogram %84 standard chloride, sulphate, nitrate L% phosphate anadiduvhiuga 10 mg/L, Mobile

phase U5enauéy 10% MeOH+1.5 mM TBAOH +KHP # pH 7, flow rate=1mL/min, go4vfl 30°C, 633330

mmanﬂﬁu 254 nm
2 0.04 AU
SOy
e
Q 2 4 6 8 10
Time({min)

‘gﬂﬁ 5  Chromatogram ‘Hadﬂ’ﬂ\‘iﬁx‘i (A)VLJJ' spike Wy (B) spike el standard chloride 2 mg/L Ua¢ sulphate 2 mg/L

Mobile phase 15¢nauee 10% MeOH+1.5 mM TBAOH +KHP #i pH 7, flow rate=1mL/min, govi#l 30°C,

a5ieNaNNEIRAY 254 nm



aaefl 6 USiouadugad Chloride WAy Sulphate 1w

afeTnm
’&Wﬁﬁ@%’lmw %Chloride %Sulphate
Uanaae 1.46 0.69
NANAE 223 0.72
NG 1.72 0.72
yorTed 2.64 327
tanu 4.80 0.98
3afeam 23 0.67
mnthena 13.18 17.71

4. #5Unan1SNaReY

PNnRnWaetsENaLIBImg NS s
Famw 6 aliedldnanianAumeio W %N ey %P
4 @
gaahafefinwanlatulagge  samsndahare
Timwangadwen %K sasharedmmannandied
Mg FevnsnfahaiedimwanUai  %Ca 289

v ‘ v
iafatomwanvearesiiengign  Jasmsndahario
a iﬂ/ L) ¥ al
Tnwandatu - %Mg teshaiadmnangadsand
MER  Josnunfthaiedwnwanenre3  %chloride
geshatatimmantadulimggn  sesasnfohatie
1 ¥
FamwanveeTes % sulphate 2ahETOTIIWAINMEY
Q‘Fi ! P i: v oA o v
weRdagen sasasndatharedimnantanis dwmsu
3 H Ad My
asrtlssneLmasmaes mnhamafifienge  waelils
a XA ¥ oA G Wy, Y e
darhwflowhaiedomn  lunwosesduldhluhaie
TmnusaeliadingeMIINREIT  uaLeaInIg

wnsRenauteeh

5 findinsandssme
L AL 1:5 A ay
Aivreauens  onfisdy  Inbei  uavepidty
o wmaeRdagRuuashueiuahatedanm

WAYIBRLAMMATI I AUANFAN TULTU UaYAIATIYNT
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