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What to analyze in Soil and Fertilizer?

Hydrogen (H) Manganese (Mn)

\ 4
0,, CO, 1‘: H,0 Major nutrients Micronutrients
y Boron (B) Cobalt (Co)
Nitrogen (N) Copper (Cu) Chromium (Cr)
:r-------------------_l Iron (FE) Vanadium (V)
ﬁ i Carbon (C) i POBSEInes (7] Molybdenum (Mo) Sodium (Na)
+ Oxygen (O) | Potassium (K) Zinc (n) Silica (Si)
= |

Secondary nutrients

. Calcium (Ca)
Toxic Magnesium (Mg)
Arsenic (As) Sulfur (S)
Cadmium (Cd)
Chromium (Cr)
Mercury (Hg) . .
Lead (Pb) ﬁ' TansuiiniiaglugalszawanPb As Cd Hg ‘ 510 7M1059uufIindurlugdszaau iu PN O C
Copper (Cu)
Manganese (Mn)
Nickel (Ni)
Selenium (Se)

Fertilizer

In the production process, the elemental
composition of fertilizers is periodically
monitored for their characterization.

* Raw materials

e  Finish products

* N,P K, C/N ratio
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https://thaicityfarm.com/

Soil and Fertilizer Regulation

Soil: Regulation in Thailand Fertilizers: Regulation in Thailand
UsEnAAMEATINANTRILIAR ALV B9 nuAINATFIUAMANEAY 2564 UszAdnsuIAIsAEAT Bad Anuanaitladunse / fawin 2557
mg/kg Element mg/kg Element % Taminniin
Element Auilsziani 1 ?“‘uﬂszmmﬁ 2 As 50 N >1
atjandl wan1stndan cd s P >05
As 6 25 Cr 300 K >0.5
cd 67 762 Cu 500 C/N ratio 20:1
Pb 500 Na <1
Cr 17.5 212 Hg 2
Cu 2920 35040
" 0 500 Animal feed ) bin WA Wb
= gy uivin I 0_0_60 l
Hg 22 263 & |
(o}
Ni 436.5 5205 ‘
Mn 1710 19640 .
Se 365 4380

Human food
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Heavy metal

Geogenic Biogenic

Toxic elements

Major uses and sources of soil contamination

Arsenic (As)

Pesticides, plant desiccants, animal feed additives, coal and petroleum, mine tailings and detergents

As Minerals

Cadmium (Cd)

Electroplating, pigments for plastics and paints, plastic stabilizers and batteries, fertilizers

Chromium (Cr)

Stainless steel, Chrome-plated metal, pigments and refractory brick manufacture

Lead (Pb) Combustion of oil, gasoline and coal: Iron and steel production
Mercury (Hg) Pesticides, catalysts for synthetic polymers, metallurgy, thermometers
Nickel (Ni) Combustion of coal, gasoline, and oil; alloy manufacture, electroplating, batteries
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Techniques routinely used for soil / Fertilizer analysis

:r_____________________________________: PLI'TIE.!
i Organic | Accelerated oo, GO0 K
i element ' Discrete Solvent GC & X-ray ICP-OES & Plasma core 3em
analyzer : analyzer IC Extraction GC-MS  Fluorescence ICP-MS - mcﬂ -
[ ! heated coils
¢ Nutrient Analysis ® O — — — o @ ﬁ N Annular
' S / \ quartz torch

Metal Contaminants — — — — — o o ‘

I i A i ﬁu:-ciliarz".hr T‘Carner Ar flow

norganic Anions — — o — — — — oW ebulized

sample
Organic — — — o o — —
Contaminants S {219 D p1plo)
ultra-trace (ppb to ppt)
100 ppm to 100 % ® The Organic Elemental Analyzer is used for Carbon, Hydrogen, Nitrogen, Sulphur, and
kil
Oxygen analysis
[
‘ + [ V.x‘ ® The ICP-OES and ICP-MS are used to provide information of major plant nutrients (N,
. e P, K), secondary plant nutrients (Ca, S, Mg), micronutrients such as B, Mn, Fe, Cu, Zn,
CHNS Xygen

Flash Combustion

Mo and Se, also the toxic elements (As, Cd, Pb and Hg)

Organic Elemental Analysis (Combustion) .




What is Inductively Coupled Plasma (ICP)?

PER'OD'C TABLE CHART * The Inductively Coupled Plasma (ICP) is an ionization source that

fully decomposes a sample into its constituent elements and

e transforms those elements into ions.
1 ICP-MS Only “G‘::::‘ ‘ m Detection Limits @ 0.1-10 ug/L (ppb) c
H . @ 10-100 ugn (ppb) He ) . s n n H
s ICP-OES or ICP-MS  {toe At W et o « It is typically composed of argon gas, and energy is "coupled" to it
EE All Applicable ‘ :e M = 5 s 0 using an induction coil to form the plasma.
5
LI ?uue 140.12 — 151 Ni 9@ 195 yme
l-lhium Beryllium symb°| C erium _ Naiiie Boron Nitrogen Oxygen Fluorine Neon
S = RTE = T
1" 12 15
Na Mg Al P Ar
Gl [t Ao e prod
“"E“’E“EEE“’EEE“EE%EEE ==
"Iso Ca SC :I;:, V.. S,‘; lgl’r} Fe Co Nl Cu Zn Ga gg 11\32 gs L(nl'
@“’-"@"E"ﬂm ﬂmnﬂmgﬂ-m%m@ ==l
.'3},’ .?.5 "y "z Twe Cwe "re mu “mn “pa ‘;5% "ea " Tsn Tsp “re Xe
Rubidium Yitrium Zirconium Niobium Rhodium Palladium Cadmium Indium Tin Antimony Tellurium Xenon
msﬁ . “E':"E'“E“’E':‘E"‘Emmﬂwﬂmé&ﬂm 8 8
®cs *Ba | 7 |“wt "Ta “w "Re “0s i Pt Au Hg Tl Pb "Bi Po || At || Rn
el Bt w | RSN I B R B I I S I e B B | e || v || e Induction
87 88 104 105 106 107 108 109 110 11 112 113 114 115 116 117 118 c0i|s
Fr |Ra|| /5 || Rf ||Db | Sg|[Bh | Hs |[Mt| Ds|Rg| Cn|Nh| Fl |Mc| Lv| Ts| Og

Lanthanide g N REES e TSR _ETETEEEENTE RS B TS S

Series  La pr “Nd [PM|%m “eu “Gd " *“by “Ho “Er “Yb
138.91 140.91 14424 145 150.36 151.96 157.25 158.93 162.50 164.93 167.26 173.05
Lanthanum Samarium Europlum Gadolinlum Terbium Dysprosium Holmium Erblum Ytterblum
— 89 e A == (o3 9 95 9% 97 98 99 100 101 102 103
ctinide 92
series | AC Pa| u |[Np | Pu||Am||Cm| Bk | Cf ||Es ||[Fm|Md || No|| Lr
227 231.04 238.03 237 244 243 247 247 251 252 257 258 259 266
Actinium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium Nobelium Lawrencium
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3% TDS

What is ICP-OES?

Sample
introduction

Delivers all the sample to
the plasma which provide a
non-effect to plasma
stability

Inductively

Coupled
Plasma

Convert all forms of sample
into free Atom/lons and
Excite free Atom/lons turn
to Excited state

Spectrometer

Wavelength
& Detector Readout
Separator
Distinguish emission light from each Provide all important information
elemental Atom/lons and Detect the when required but in a simple
intensity of each wavelength way.
Absorption PARRERRIARRRRR T 1
1
Incoming photon is E Higher-energy i
absorbed by the atom ! photon is emitted ]
I Excited 1
Nucleus _ [#] : _shate _ e— Electron :
: 1 1
& 1
\ / i Loweer . / i
A 1 energy ;
/ - level _ i I
1 1
i i
7 1
(o | o |
1
i i
X : PN i
| : N :
Q [#) ]
" 4 i Lowest ' ¥ \ :
Electron & I energy (") - Nucleus I
NG level - I
Incoming photon is i Lower-energy [
absorbed by the atom . photon is emitted i
1
i i
1
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What is ICP-OES?

Sample
introduction

Delivers all the sample to
the plasma which provide a
non-effect to plasma
stability

3% TDS

Inductively

Coupled
HENNE

Convert all forms of sample
into free Atom/lons and
Excite free Atom/lons turn
to Excited state

Spectrometer
Wavelength
g Detector Readout
Separator
Distinguish emission light from each Provide all important information
elemental Atom/lons and Detect the when required but in a simple
intensity of each wavelength way.

Emitted Light
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What is ICP-MS?

1
Interface i: Collision/Reaction Cell Quadrupole
Sample lon Source and lon :i Mass spectrometer Detector Data analysis
0.2% TDS Introduction (Plasma) lens |
e e e e e L o o o o o o o o o o o e o e

. Sample introduction system to form a fine aerosol mist from the liquid sample
Sample preparation . Plasma (ICP) to convert the elements in the sample aerosol to ions

. Interface to extract the ions into the vacuum system

- ).,fﬁzo . Collision/reaction cell (CRC) to resolve the analyte ions from interfering ions

€as0,y+xH,0
(,g.g:anl,-)-);HZO

1
2
3
4. lon lens to focus the ions and separate them from background signals
5
6. Mass spectrometer (MS) to filter the analyte ions by mass

7

. The electron multiplier detector & Data processing




Plasma

ICP-MS
M2+
lenic line
-J-\ excitation EP =IP+EP
lon A > M* > hv
| e M
ionization ICP-OES
Atom v excitation EP
M = > M* e—— hv
-
i Atomicline
omization =Ep
Gas MX
A
V. ICP-MS ICP-OES
Solid O (MX), I* hv
Desolvation T liquid / liquid _;‘,4
(-5 \
. ""’ b & |+ -L“
Solution ‘ M(H;O)n, A sasma Y




How to choose Techniques?

AN

Detection limits and measure range Analysis Speed ° @
|I

ICP-OES ICP-MS PERFORMANCE  SENSITIVITY AND ANALYSIS EASE OF USE COST PER
[ HR-ICPMS 2-3 min per 2-3 mins per DETECTION LIMIT SPEED MAIN/;;;SANCE SAMPLE
sample sample
[ ICP-MS ]
CFAAS ICP-OES ICP-MS / ICP-MSMS
2-3 min per
[ Bt ] > Simultaneous >  Multi-elements
element per
sample » Multi-elements » High dynamic range and
GF AAs
Flame > Sub ppb to % lowest limits of detection
AAs
» Highest matrix tolerance » ppb to ppt range
|I Detection limits
tppq 1ppt  1ppb  ipem  1000ppm  100% » High sample throughput » High sensitivity

» High sample throughput

ICP-MS offers high dynamic range and lowest limits of detection
ICP-OES has highest matrix tolerance

GFAAs offers sensitivity, best for few elements

<N X X

Flame AA offers fast analysis, and economical sol.

11
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How to choose Techniques?

AAs ICP-OES
Low (<b) Number of Elements High (>15)
One matrix Sample Matrix Difference matrix
ppm Detection limits ppb or lower
Low (<20) Sample throughput High (>100)

12




Elemental analysis workflow

*'v'f —

ol -

- - : ;ﬁ't"g;’ >

L b

b

¥

Standard Sample Sample Sample Sample
preparation preparation dilution introduction analysis
Be aware of / Minimize handling @EE
contamination sources. and transfer steps. Use high-purity reagents.
6 Use ultrapure water. m__m |\easure weights and L2\ Apply proper skill, technique,
o volumes with accuracy. \|&/ and attention to detail
J ‘ & e
Qz; "AJ ' '. 13




Sample Preparation for Soil and Fertilizers

Vo ) United States
\V’ Environmental Protection
Agency Test Method 3010A, 3051A

Hazardous Waste Test Methods / SW-846

EPA Method 200.7: Determination of Metals and Trace Elements in Water and

Wastes by Inductively Coupled Plasma-Atomic Emission Spectrometry

EPA Method 200.8 Determination of Trace Elements in Waters and Wastes by

Inductively Coupled Plasma-Mass Spectrometry

EPA Method 6010D (SW-846) Inductively Coupled Plasma - Atomic Emission

Spectrometry

EPA 6020B ((SW-846) ) Inductively Coupled Plasma Mass Spectrometry

Fertilizer : Sampling of the fertilizer material should follow
accepted guidelines e.g. the International Organization
for Standardization (ISO), the Association of Official
Agricultural Chemists (AOAC 2017.02), EN method or

other applicable protocols 26.35
AOAC Official Method 2006.03
Arsenic, Cadmium, Cobalt, Chromium, Lead,
Molybdenum, Nickel, and Selenium in Fertilizers
Microwawe Digestion and Inductively Coupled Plasma-
Optical Emission Spectrometry
First Action 2006
Final Action 2009

INTERNATIONAL IS0

STANDARD 22862

I"'sqa Pt i
P

Fertilizers and soil conditioners —
Compound fertilizer — General
requirements

Engrais et amendements — Engrais composé — Exigences générales

Method 200.8, Revision 5.4 Method 6020B (SW-846)

» Used for drinking water and wastewater
compliance monitoring programs under
the SOWA and CWA.

+ Applies to the analysis of dissolved elements in
groundwaters, surface waters, and drinking water.

» Applies to the analysis of total recoverable
glements in groundwaters, surface waters,
wastewaters, sludges, and soils.

Wet digestion
Hot plate

Block Acid

digestion

Microwave

digestion

In support of RCRA, SW-846 Method 60208
was developed for the ICP-MS analysis of
various environmental samples: soils, sediments,
sludges, groundwater, surface water, aqueous
samples with suspended solids, and industrial
wastes requiring a measure of the total leachable
elements.

This is a performance-based method, used
for guidance, not for compliance testing.

Sample preparation methods are given in the
SW-846 Compendium, Chapter Three, “Inorganic
Analytes.” The following methods are specified for
the digestion of samples prior to ICP-MS analysis:
Methods 3005A, 3010A, 3015A, 30204, 30508,
3051A, and 3052.

Method 30508 - Acid Digestion of
Sediments, Sludges and Soils

Method 3051A — Microwave
Assisted Acid Digestion of
Sediments, Sludges, Soils and Oils

14



Sample preparation techniques

Open vessel acid digestion Closed vessel acid digestion

Hot plate Hot block Microwave
e I

e
.
A B

7

v' Simple and inexpensive set-up involving the use of  v° Reduced sample handling and transfers v Speed of digestion
commonplace laboratory apparatus and a hot plate v' Exposure to contamination is reduced v Quality digestion
v" Procedures are standardized and uncomplicated v Elimination of issues associated with v Complete decomposition of the
v' Higher sample sizes (e.g., > 1 gram) glassware matrix
; v Cleaner digestate
- i [ Exposure to (adso.rption of analytgs to _cc?ntainer walls or v Better analyte recoveries
* digestion time. —X| digestion. A contamination. leaching of elemental impurities to the sample v Reduced exposure to contamination
solution, are eliminated) v Reduced reagent consumption

v Retention of analyte

Y
‘ . Constant . . .
i Loss of High reagent ‘b4 montorngand X However, the duration of the digestion
analytes. tion. 2 : c . c .
FOnEHmPEen A3\ zddtton of acids. process is still extensive, reagent consumption
is high, and exposure to contamination from
ge /“' 5 ) the atmosphere may be possible since it is an

Overall inefficiency.

Numerous sample handling
and transfer steps.
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Quality Control

Quality Control Tests
O X1

__ Blank Tests

CcCB Continuing Calibration Blank
ICB Initial Calibration Blank

MTB Memory Test Blank

PRB Preparation Blank
Calibration Tests

ccv Continuing Calibration Verification
ICV Initial Calibration Verification
LCs Laboratory Control Standard
Qcs Quality Control Standard
Paired Sample Tests

DUP Duplicate

SER Serial Dilution

Paired Sample Tests (EPA)

DUP EPA  Duplicate (EPA)
SEREPA  Serial Dilution (EPA)
Spike Tests

LFB Laboratory Fortified Blank
MXS Matrix Spike
PDS Post Digestion Spike

Spike Tests (ARC)
MXS ARC  Matrix Spike (ARC)
Continuous Tests

RCV Regression Coefficient Verification
RSV Relative Stability Verification
Interference

SIC Spectral Interference Check
Internal Standard Test

IST Internal Standard Test

Test details for CCB

Number of analyte failures to generate a QC failure: 1 |
Number of analyte warnings to generate a QC failure: 1 =
Ifthis QC fails Ignore and continue from the next sample

Ifthis QC fails again

Ifthis QC fails a final time

Test Parameters

Al 396.152 (Aque

Ignore and continue from the next sample

Ignore and continue from the next sample

v Ca422.673<gn|°| Create'[F_i@léJ,’yl

Ca 393366 (Aqu | 1] 2|

# Add ~E% Import from CSV % &= Print sampl

v |Co228616
o [CFIRLTY Sample List estimated runtime: 1 hours 28 minutes 44 seconds

Calibration

Requirements for initial and continuing calibration

verification are given in Sections 7.24 and 7.25 of

Method 6020B Quality control

O icB. Icv, ccB, ccv

HBIO| crate- B O IE S

Date [ Time

Sample Type ¥ Label

d Spiked method blank

| Spiked sample (Matrix spiked)
M| Spiked Internal standard

—[43)|E B %% Y Column Filter ~

VTN WY AI396.152(Aq = Cr206.149 (Aq +

¥ | Cu324754 St 1 Sig o ey R G - AT TS 1) 2/22/2024 11:23:36|BLK 100.0% 0.002 -0.001
v |Fe238.204 7 o 2| 2/22/2024 1125 100.0% 0.000 0.000
ank (3] 3 ] BLK - e
o [Fezsa5m = 3| 2/222024 11:26:56/STD
o K7eeam| STD1 Q 3 0O STD 3] 2/22/2024 11:26:56/STD STD1 992%|  0.110(0.100)]  0.117(0.100)
o omsgilsor o s oo o — E= e e
v |Mg279.553 STD3 9 3 O §TD 6| 22212024 11:31:45/STD STD4 99.7%| 25493 (25.000)] 26.043 (25.000)
v Mn 257.610 STD4 ) 3 O STD 7| 2/22/2024 11:33:22[STD STD5 96.9%| 49.747(50.000)| 49.447 (50.000)
vl Na 589.592 ———
T [ Tl Calibrations
¥ | Ni231604( S0 o 3 - sl
v  |Pb220353 ICB 6] 3 O Qc
] Sc 424683 ICV Q 3 0 Qc Date | Time SampleType ¥ CEEV2 Al WY Al 396.152 (Aq + Cr206.149 (Aq =
o [sizsiei : o 8| 2/22/2024 11:34:58/QC-ICB ICB 100.5% 0.000) 0.003]
f — Reagent blank 9 3 U UNKNOWN o 9| 2/22/2024 11:36:34|QC - QCS Qcs_L 100.0%| 1.002(100.2%)| 1.058 (105.8%)
¥ 8,390'552( Reagent blank spk 1 |O 3 O UNKNOWN & 10| 2/22/2024 11:38:11|QC-QCS QCS_H 974%| 29.925(99.8%)| 30.559(101.9%)
M ] 3 = A o,
; 5 11| 2/22/2024 11:44:37|UNKNOWN Blank Dup 2 101.0% 0.057 0.001
¥ | V292402 Reagent blank spk2 | O 3 U UNENOWN & 12| 2/22/2004 11:46:14| UNKNOWN Blank Spk 1 100.4% 19.444 20074
¥ |Zn206.200 Sample ADup 1 ) 3 O UNKNOWN o 13| 2/22/2024 11:47551 UNKNOWN Blank Spk 2 947% 19.239 19.911
SampIeA Dup2 ) 3 0O UNKNOWN o] 14| 2/22/2024 11:49:28| UNKNOWN Sample ADup 1 100.1% 0.082 0.006;
— = [ 15| 2/22/2024 11:51:05| UNKNOWN |Sample A Dup 2 991% 0032 0.000
Sample A Spk 1 Q 3 0 UNKNOWN o 16| 2/22/2024 11:52:43[UNKNOWN Sample A Spk 1 83.1% 0.993 0.982
SampleA Spk 2 1) 3 0 UNKNOWN o] 17| 2/22j2024 11:54:21|UNKNOWN Sample A Spk 2 104.1% 1.036 1.090]
: o 18| 2/22/2024 12:02:32|QC-ICB ICB 985% 0.001 0.000
CccB o 3 0 ac o 19| 2/22/2024 12:04:08|QC-QCS Qcs_L 97.7%| 0978(37.8%) 1.027(102.7%)
cov 7) 3 0 ac B 20| 2/22/2024 12:0545/QC-QCS Qcs_H 96.5%| 29.570(98.6%)| 30.205(100.7%)
T
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Soil, Sediment and Solid Waste Fertilizer
EPA Method 6010D (SW-846) AOAC 2017.02: Arsenic, Cadmium, Calcium, Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese,

Molybdenum, Nickel, Selenium, and Zinc in Fertilizers: Microwave Acid Digestion and ICP-OES Detection

Elemental Categories in Fertilizer

3015A
Dry at RT or at 35-40 3010A HNO Primary Nutrients PK
°C in an oven at 30508 ’ 3051A :
constant weight HCI, H,0,.... Secondary Nutrients Ca, Mg, Fe, Mn, Na, Cu, Zn, Mo, B, S
Micronutrients Al, Co, V, Se, Ni
Harmful trace elements As, Cd, Cr, Pb

0.5-1g

Homogenization and sieve

Sampling
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Herbal

Big four: As Cd Pb Hg Speciation analysis of As in Rice

e
- Ty L o &
> pLS | | milky ® - ;
3 a \ =
& =
025-05g | i u =
Homogenization
and Sieve [ 2
ns:udUMSAfionn Hioantatlvoints
+. HNO,, HCl msns:iwaoUUYE (Phloem)
’ - msuaUs:n1uuamhmmah’ﬁmstjuxf)au X
Dry at Room temp. HZOZ - mstSenuuan enndsws uasls s o %ﬁm
) ) - n1sUa'aou!aWuuam‘lsuéauuaméa lUROt}‘D
until constant weight avgunavthmnlsonuaoainnssy (Grain)
- mstinlnduava Ry N — Peiey
5 (IE) DMA FiRY
. . . . ms e 2 MMA
Rinse with Trap water Mildly Toxic | Toxic ua =5 B % = s
and DI water i i oosisny S 3 o
Organic: Inorganic: Woo B i As(lll)
. ’ é =
AsB Arsenite, As (Ill) A% du e T Aslll
LN dwoa BB 2 As(ll)
% AR AsC Arsenate, As (V) {2
- DMA Y duon B
“w ! §
T Guideline: Maximum levels for inorganic As
medicines 10 mg/kg 0.3 mg/kg in rice
‘ mwWude: 0.2 mg kg' ' -
I'*dl e | omghg | smgko | 03mgkg | 02mgkg 9k9 ou (Anaerobic condition)
Canada
* |
) KUDEIU: EU .
- mﬂ:{gal 10 mg/kg 5 mg/kg 1.0 mg/kg 0.5 mg/kg R : : : ; Biswas et al. (2020)
china | Guideline: Maximum levels of inorganic As https://mx.nimt.or.th/?p=13683
BE= s in food for infants and young children
herbal 10 mg/kg 5 mg/kg 0.5 mg/kg e )
Melaysia | Materials AwUdy: 01 mg kg
< m;g'ed 20 ma/kg 5 ma/kg 0.5 mg/kg
[m— materials B
— T
BN oy herbal 19
T_ha“and‘ materials 10 mg/kg 5 mg/kg 0.3 mg/kg 0.5 mg/kg
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Herbal

Big four: As Cd Pb Hg speciation analysis of As in Rice

£
‘4 Sample Chromatography + ICP-MS
preparation IC, HPLC
Homogenization ! =
and Sieve
11
+. HNO,, HCI o
Dry at Room temp. ata
ry p H,0, System
until constant weight
[ee5 mun =
Rinse with Trap water = A
rd
& s
and DI water g Py /——
g 4
? ’/ Table 1. lon Chromatography operating conditions.
/
/// Columns Dionex lonPac AG7 (4x50 mm) and AS7 (4x250 mm)
w b i Injection Volume 100 pL
? : 4 F—r :m 2 ¢ s A: Ultrapure water
Soreemmten i) Bluents B: 100 mM (NH4),C0, + 3% MeOH, pH 10.3
75As Time min  Flow mL-min % A % B
Gradient 5.1-10 15 70 30
10.1-13 15 40 60
@) tsian Herbal _ 04 13.1-14 07 g5 5
medicines 10 mg/kg 0.3 mg/kg - &
2 As(llly
I * I =154
Raw herbal g
o materials 10 mg/kg 5 mg/kg 0.3 mg/kg 0.2 mg/kg =
* g 107 i AsChol
Raw herbal £ |
" materials 10 mg/kg 5 mg/kg 1.0 mg/kg 0.5 mg/kg = 5] " As(v)
= rose J j\ J\
herbal 10 mg/kg 5 mg/kg 0.5 mg/kg i
Malaysia materials 0 700
Finished Time [s]
herbal
N materials 20 mg/kg 5 mg/kg 0.5 mg/kg
BN oy herbal
m materials 10 mg/kg 5 ma/kg 03mg/kg | 0.5mg/kg -
VISIT US www.scispec.co.th f scispec \§ 02-454-8533




Techniques routinely used for soil / Fertilizer analysis

______________________________________

i Organic | Accelerated
i element | Discrete Solvent GC & X-ray ICP-OES &
analyzer : analyzer IC Extraction GC-MS  Fluorescence ICP-MS
i Nutrient Analysis ® O — — — o 2
Metal Contaminants — — — — — . .
Inorganic Anions — — . — — — _
Organic — — — . . — _
Contaminants
100 ppm to 100 % ® The Organic Elemental Analyzer is used for Carbon, Hydrogen, Nitrogen, Sulphur
.
+ @ |
“ 4
CHNS o~ 1800°C

Flash Combustion

Organic Elemental Analysis (Combustion) o1




What is Organic Elemental Analyzer?

Elemental characterization for agricultural purposes gives information useful for determining agronomy management plans. The determination of

Nitrogen and carbon, Total Organic Carbon (TOC), and sulfur enables the characterization of

* Soils :
- QOC
* Leaves, Plants, Crops, and other materials :

Carbon Nitrogen

e Fertilizer Hydrogen Oxygen  Sulfur

Based on the combustion of the sample. Upon combustion, the sample generates uniform compound gases of the elements C, H, N, and S. These
combustion products are measured using gas chromatography. Thus, the ratio of the elements in the original sample is determined. C, H, N, and S can

all be determined simultaneously, whereas Oxygen by pyrolysis.

Quantification of the sample Weighting

Quantitative oxidation of the sample Combustion

Reduction of combustion gases Reduction
Separation of the oxidation gases Chromatography
Generation of signal Detection

22
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CHNS/O Analyzer principle

CHNS Configuration
MAS Plus
Autosarrik
Oxygen Halium
N,, NO, €O,
950 °C H,0, SO, SO,
10 mm Cuartz Woal
50 mm { Copper Oxide
0.5 mem A Cuarz Weal
Electrolytic
140 mm Coppsr
20 mm Cuartz Wool

Oxygen Configuration

MAS Pluz
Autosarmgler

10 mm

G0 mm
10 mm [ ¥ Cuartz Wool

120 mmi Quartz Turning
hagnaszium
a0 mm Soda Pearchlorate

N, CO, H,0, SO,

Trapping Oxygen excess

co

(N, + other gases)

Lime [Anhydrons)

| N, €O, H,0, 50,

GC Column

v'Analysis time
* CHNS 10 min
e CN5 min
* CHN 7 min
* Oxygen 5 min
v/ 100 ppm to %

TCD EagerSmart
Detector Data Handling

—)

O, +Sn
99.995% purity 2

SnO, + 1800 °C

%C, %H, %N, %S



Agronomy: Soil / Fertilizer

Representative sample Sieve 1.5 cm

)

Dry at room temperature
or at 35-40 °Cin a oven
Take 1 kg up to constant weight

Drill in
several
points

',1," Take 250 grams

Homogenization by 28 Take 20 grams by a sample splitter
a mortar or ball mill

Crush with wooden rolling ~ =&00e
pin on brown paper.

Analysis of NC, S

. and TOC det.
Sieve to '
500 um For NC, S an. Weight the sample Introduce the sample into
the MAS Plus Autosampler
Silver caps. cof ooy
for TOC an. | T e
Dry at 105°C A Acidification e - - -
up to constant | S with HCI 1:1 —

fEerlopal | JAdungs | 4 AdEeiops 5 L RESC iy
Jetn

-
# - for TOC I TE ) g
d «

weight. Determine the humidity.




Biomass, Biochar and Carbon credits

Biomass is renewable organic material that comes from plants and

animals.

Biomass is used for heating and electricity generation and as a
transportation fuel. Biomass is an important fuel in many countries,
especially in developing countries for cooking and heating.

® Combustion
® (Gasification
® Fermentation

® Hydrothermal liquefaction

Properties of Biomass Sources

® Moisture Content <560%

¢ Calorific value

® Proportion of Fixed Carbon and Volatile
¢ Ash/Residue Content

¢ Alkalimetal: Na KMg Ca P

® Cellulose/ Lignin Ratio

¢ Size and Bulk density

prodtﬁuels

crops and
agriculture s
residues
wood ve;lgetabclie
pes of oils an
I?i’omass animal fats
for energy
animal
manure trash/

ducebi garbage
produce biogas sewage

Source: U.S. Energy Information Administration (public domain)
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v’ pinenmguieu | duuwssdaunadsiiu

HUAANNNIANTLAY | AANIIIANIRIAEEFaUNTEAN
ANDgiuLsIeNNIA
NNTAAURILAS
ANNNHUANATUNAIINTS
UszlgminiaAswgna
ANNARBIFL TonraaNn LA TunAs I ugLuLy
I 2 1 v dgj a a 1
fi197) I8 1w AgnnFeu I uazimem@sTanaw (1
auaauazlulanima)
nstananaieen ¢ 84S tenliaeilyuielunae
RESTETRIENTEITNS ¥t

- . & 44
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https://ienergyguru.com/2015/09/properties-of-biomass-sources/

Biochar and Carbon credits

Thermal conversion of Biomass

Biochar is produced during pyrolysis or gasification (350-700 °C)

Cycle of biochar production,
Porosity

® Water Holding Capacity
®  Nutrient Retention
® Microbial Habitat

® |ow Bulk Density (350-650 °C)
®* Heavy Metal Adsorption r
® (Cation Exchange Capacity (CEC)

® High Carbon Content >50%
Organic matter, Nutrients retention, &.

Water draining, Biclogical activity,

Agro-residue
Improvement of microbial

environment

Caet

Nutrients

Water holding capacity 'y

Source: Patel and Panwar (2023), Castillo et al. (2022)

modification and applications in the

Thermal decomposit

v Carbon sequestration

1 v Soil structure improvement
v Pollution control

v' Waste management

nical activation

)

Biochar functionalized

Microbial
Decomposition

—

Decomposition 26



Agricultural residue and Biochar analysis

Agro-Residue Biochar
* Organic carbon (%) ® Organic carbon (35-95%)
¢ C/Nratio .
® C/H<0.7 (0.4 for Premium)
® TotalP, K, N
¢ C/O<04
* C/N
® Total P, K, Mg, Ca, Fe, S
® Heavy metal
378013 Tanzduidlou nasinsudoulanzgegn
(mg/kg Thwinuka)
NEATATIY NAIMNTTH
ﬁuammwﬁ' 1 ﬁ'uqmmwﬁmu
1 ansmy (as) 20 Taifnun 13
2 wARLlaL (Cd) 5 laivua 1.5
3 | Tasudleu (cn 200 Taifwun 100
4 | Usan (He) 2 Tairmun 1
5 fndia (Wi 100 Taifnua 50
6 | mxin (o) 300 Tsirvun 120
7 | nesuas (cu) 200 Taifnun 140
8 Fanzd (zn) 1 000 Taifwua 420

Dry first at 65° C and then at
105 oC in an oven up to
constant weight.

Determine the humidity.

I —

Homogenization
at 3 mm by a knives mill

Sieve 500 mg
of dry sample

Take 100 mg of
dry sample

Ultra Centrifugal Mill at 1 mm
and then at 200 um

Smaller Sieve

Agro-Residue

Biochar

Take 30 gr
of sample

Homogenization and sieve

%CHNSO 37
C/N
C/H
C/0O

27




@ Follow us @ o @ a

WWW.SCISPEC.CO.TH SCISPEC @SCISPEC CRM@SCISPEC.CO.TH
thermo MARKES ' SepSolve
SCIen I lC international Analytica[

Authorized Distributor

[®] @GAS CTC Analytics

FRONTIER LAB

L4 LCTech 2908devices

LC-MS/MS

GC-(MS) Sample Prep



http://www.scispec.co.th/
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