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Introduction scientific

Major nutrients

0,, CO; H,O
Nitrogen (N)
rmmmmmmm e : Phosphorus (P
ﬁ i Carbon (C) ! ° ©
i Oxygen (O) i Potassium (K)

Hydrogen (H)

Toxic

Arsenic (As)
Cadmium (Cd)

Mercury (Hg)
Lead (Pb)

Copper (Cu)
Chromium (Cr)

Secondary nutrients Boron (B)
Copper (Cu) Cobalt (Co)

KZAalcium (Caz ) Iron (Fe) Chromium (Cr)
agnesium _
Sul?ur (S) s Manganese (Mn) Selenium (Se)

Molybdenum (Mo) Vanadium (V)

Zinc (Zn) Sodium (Na)
Nickel (Ni) Silica (Si)
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Major nutrients

0,, CO, H,O
Nitrogen (N)
CoTTTIITIT e : Phosphorus (P
i Carbon (C) i > (P)
i Oxygen (O) | Potassium (K)
i Hydrogen (H) i Soil, plant, and fertilizers Animal feed Human food
Soil

* The differentiation of Total Carbon (TC) and Total
Organic Carbon (TOC) = evaluates the quality of soils

* Environmental protection = agriculturalland,
construction sites, playgrounds, forests, and gardens, as
well as wastelands

Micronutrients

Secondary nutrients Fertilizer
. Inthe production process, the elemental
Calcium (Ca) .. - . . .
Magnesium (Mg) composition of fertilizers is periodically monitored
Sulfur (S) for their characterization.

* Raw materials
* Finish products
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Toxic elements Major uses and sources of soil contamination
Arsenic (As) Pesticides, plant desiccants, animal feed additives, coal and petroleum, mine tailings and detergents
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 (HQ) Pesticides, catalysts for synthetic polymers, metallurgy, thermometers
Nickel (Ni) Combustion of coal, gasoline, and oil; alloy manufacture, electroplating, batteries
Soil: Regulation in Thailand Fertilizers: Regulation in Thailand
Concentration Concentration Element Concentration (mg/kg)
Element (ma/ka) Element (ma/ka)
g/Kg g/Kg As 50
As 6 H 22
9 cd 5
Cd 67 Ni 436.5
Cr 300
Cr 175 Mn 1710
Cu 500
Cu 2920 Se 365
Pb 500
Pb 400
- N N Hg 2
UTENIAATLEN FTNN TR ARDN WIS B Limmuummmyuﬂmmwmu

dszniAnsade M aNses 5o9 AU it le Bzl
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Techniques routinely used for soil analysis S o
Organic | Accelerated Plume
element ' Discrete Solvent GC & X-ray ICP-OES & Typical radialview
' analyzer analyzer IC Extraction GC-MS  Fluorescence ICP-MS 10000 K som
| e~
Nutrient Analysis ®  © — — — ® ® fone {
L Annular
_______________________________ quartz tarch
Metal Contaminants — — — — — () ()

|n0rgar‘|ic Anions —_ —_ . —_ _ _ - Auxiliary Ar | Carrier Ar flow

flow  Nebulized
sample

Organic — — — [ ) () — —

Contaminants ppbto %

0 i
LD BENTLD T * The Organic Elemental Analyzer is used for Carbon, Hydrogen,

Nitrogen, Sulphur and Oxygen analysis
+ @ 4
w R

1800°C « The ICP-OES and ICP-MS are used to provide information of major
CHNS - Flash Combustion plant nutrients (N, P, K), secondary plant nutrients (Ca, S, Mg),
micronutrients such as B, Mn, Fe, Cu, Zn, Mo and Se, also the toxic

Organic Elemental Analysis (Combustion) elements (As, Cd, Pb and Hg)
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Elemental characterization for agricultural purposes gives information useful for determining agronomy managementplans. The

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

©C-O000C

Carbon Nitrogen
Hydrogen Oxygen Sulfur

e Soils

« Leaves, Plants, Crops, and other materials

* Fertilizer

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 and thus the ratio of the elements in the original sample is determined.

C, H, N, and S can all be determined simultaneously whereas O 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
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CHNS Analytical configuration scientific

B E
[ Tin Container thermosoertic P
@ e~
| = B
Helium _'—IJ:' x Oxygen Helium —
950°C 1060°C Reference Analytical
— —— Channel ] lChannel
Copper Nickel
Oxide Plated Adsorber s e e A-----
Filter

1
Carbon : :
F— I
! |
! 1
| TCD !
Electrolytic 1 !
Quartz , 1
Copper Turnings : GC X
: Columns :
1
I - M :
= ; | |
| 1
=t :
1
: o |
e _____1

* Introduced into the combustionreactor by and auto sampler
High purity




CHNS Analytical configuration

Helium

A Tin Container

5=

]
| — Oxygen Helium
v‘ 950°C 1060°C Reference Analytical
— ——o Channel Channel
Copper Nickel Adsorber I [

Oxide Plated Fiter ;- oo [qF !
Carbon | i
= | |
1
. TCD !

I
Electrolytic Quartz | '
Copper Turnings : GC X
: Columns !

1
1

I
- = ! ({@\\ |
1

I
I
: fﬂ 0O “\ :
! UL |
| 1

Inserted in the special furnace heated at 950 °C

A small volume of pure oxygen is added to the system and helps to hiirn the samnle
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CHNS Analytical configuration

—
N

Helium Tr Oxygen

& 1800°C

l

thermo

scientific

by Thermo Fisher Scientific

0, + Sn SnO, +1800°C

Helium

1060°C Reference Analytical

Channel [ [ Channel
Nickel
Plated Ads.orber ___________ I TR
Filter
Carbon

Copper

Oxide I X
= ! .
| I
| 1
| 1
| m :
Electrolytic Quartz | !
. 1
Copper Turnings : GC :
: Columns \
| 1
Il L ! |
= : | |
1
) |
1
| |

1




CHNS Analytical configuration

—
N

Helium TI-I:' x Oxygen

950°C

l

N, NO, CO,
Copper
Oxide HZO’ SOZ, SO3

Electrolytic
Copper

Helium

Nickel
Plated
Carbon

Quartz
Turnings

1060°C

0O, +Sn

CHNS complex

Adsorber
Filter
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SnO, +1800°C

CO,, N,, NO, , H,0,

0,, S0, , SO,
Reference Analytical
Channel Channel

Columns

CuO Convert any COto CO,, N to, NOx, S to SOx, and H, to H,0




: : : thermo
CHNS Analytical configuration scientific

by Thermo Fisher Scientific

S
|
0
Helium TI-I:' x Oxygen Helium —
950°C 1060°C Reference Analytical
— Channel Channel
Copper Nickel Adsorber L _ _ ________ I _[ ______

A Plated . !

Oxide Filter ! |

Carbon | X

e : 1

| 1

; TCD |

Electrolytic N,, CO,, H,0 SO, Quartz : |

. 1

Copper Trapping Oxygen excess Turnings : GC 1

: Columns :

| 1

e ' I |

i : | !

| 1

— L |

1

! VW) .

| 1

« Reduction“using Copper” converting the sample into element gases

« Reduces NOx to N, and SOx to SO, and removes the excess O,




CHNS Analytical configuration

S
—
T
Helium TI-I:' x Oxygen Helium =
950°C 1060°C Reference Analytical
— Channel Channel
Nickel
Copper Adsorber o _ _ o ____fhA
X Plated ! 1
Oxide Filter ! |
Carbon I X
e : 1
! |
l m !
Electrolytic Quartz | |
Copper Turnings ! GC X
: Columns :
| 1
- ? : {@\\ :
1
N,, CO, H,0 SO, I !
I AAAN!
E} 1 ﬂ ‘I\\ !
! W :
| 1
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CHNS Analytical configuration

—
N

Helium TI-I:' x Oxygen

950°C

l

Copper
Oxide

Electrolytic
Copper

Helium

Nickel
Plated
Carbon

Quartz
Turnings

1060°C

75.624

[mWolt)

Adsorber
Filter
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\Carhon
Analysis time: 10 minutes
,N tiogen
Hydrogen
s Sulphur
@
: [s) £00.
Reference Analytical
Channel Channel

Columns

|
1
I
|
1
1
|
:
|
| GC
|
1
I
|
1
|
|
]
|
1
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(] Silver Container

- o

Helium = ¥ Oxygen Helium =—__ E‘ L ‘
H ;—- o= == -: thermoscentic ;.4;.)'-"'::
‘ =
| : W
I
5B
| I
I
|
I
|
I
I
| I
I
I
| |
o ! o
950° C : : 1060° C Refereffce  Arlytical
: — | ChanRel Clfannel
. I
Copper ;lllctk edl : | Adsorber 1L
Oxide Carbon | . Filter : |
- : |
l | | |
| | | TCD :
I |
Electrolytic Quartz | : | :
Copper Turnings | | | GC :
: | i Columns |
1 |
L | |
T U |
| (ﬂvv \ :
|
|
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(] Silver Container

.~ --- = _—_O
| L IRLE
Helium = ¥ Oxygen Helium =3} _ L i
i | _--: o E
‘ —
| | W
|
I
Y]
! I
|
I
l
I
I
| I
I
iR
o : . o
950° C ‘ v ' 1060° C Analytical Reference
: — | Channel Channel
. I
Copper Nickel : : Adsorber I I
Oxide Plated , | Filter R || |
Carbon : | !
l |
] | |
| |
| | | TCD .
I |
Electrolytic Quartz | : | :
Copper Turnings | | | GC :
: | i Columns |
I 1
L , !
T U |
| (ﬂvv \ :
|
|
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Helium = — ¥ Oxygen Helium =5 __

I
I
I
I
I
I
I
I
I
I
I
I
|
ﬁ |
¢ |
950° C | o Analytical Reference
== 1 060 C Channel  Channel
. I
Copper Nickel : : Adsorber I I
Oxide Plated , | Filter S| | I |
Carbon ! : , |
! ] |
ENE ; |
| | | TCD [
I
Electrolytic Quartz | : | :
Copper Turnings : : : GC :
: | 1 Columns :
I 1
‘;. L__L ! | |
= U |
I (ﬂvv \ :
. |
: |
|
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>
—
i
Helium = — ¥ Oxygen Helium =—__
i -1
| I
| I
| I
| I
| !
| I
| I
| I
| I
950° C | 1060° C Analytical  Reference
: - | Channel Channel
. I
Copper ;lllctk edl : : co Adsorber I I
Oxide Cafbgn | , (o +othergases) o T T |
AR | |
| | | TCD :
I |
Electrolytic Quartz | ' | :
Copper Turnings : i : GC :
: | i Columns |
| : : |
LT . i :
T — ) ;
) |
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—
i
Helium = — ¥ Oxygen Helium =—__
i -1
| I
| I
| I
| I
| !
| |
| I
| I
| |
| I
950° C | | 1060° C Analytical Reference
: - | Channel Channel
Nickel ! :
o =i I e
Carbon | : . !
- | |
| : : |
| | | TCD :
I |
Electrolytic Quartz | ' | :
Copper Turnings | : | GC :
: : : Columns |
‘ I ! |
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L i | ! I
) :



Oxygen Analytical configuration

Helium

950° C
Copper

Oxide

Electrolytic
Copper

Helium =—__

Carbon 1

Quartz

I
I
|
|
|
|
|
Turnings :
I
I
|

1060° C

345

Analysis time: 5 minutes

(mtyolt)

08

0 [s] 300.

Analytical Reference
Channel Channel

Adsorber
Filter
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Most materials are often non-homogeneous, and an appropriate homogenization procedure is required to obtain high-quality data. The
reproducibility of results is independent of the sample size but strongly dependenton the sample homogeneity.

1) Sitver Capsule 2) Add sample 4) Add few drops 5) Leave at 65°C until dry
3) Weigh of HCI (1:1) 6) Analyze




Agronomy: Soil NCS and TOC

Representative sample
)
\
Drill in
several

points

oz

Homogenization by Take 20 grams

a mortar or ball mill

‘ Tin caps.
Sieve to

500 um For NC, S an.

Silver caps.
for TOC an.

Dry at 105°C
up to constant
weight. Determine the humidity.

Sieve 1.5cm

Take 1 kg

Take 250 grams
by a sample
splitter

Weight the sample

E- ﬁ Acidification R

with HCI 1:1 B

3 for TOC

Sieve to 2 mm

Introduce the sample into
the MAS Plus Autosampler

COf  e— O

—-y B

es e

1) Elver Capetka qmum

5 Lws RESC nnti oy
ET

Analysis of NC, S

thermo
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Dry at room temperature
or at 35-40 °C in a oven
up to constant weight

Crush with wooden rolling T
pin on brown paper.

and TOC det.
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Representative sample

Dry at room temperature or at 70 °C in a
oven up to constant weight

Take 25 grams of
the fresh mixture

Determine the humidity

Take 30 gr

Homogenization
of sample

at Imm by a mill

Smaller Sieve

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

Homogenization
Sieve 500 mg at 3 mm by a knives mill
of dry sample

Ultra Centrifugal Mill at 1
mm and then at 200 um

Take 3 kg of
the fresh mixture

I w—

Homogenization
at 2 cm by a crusher

Take 100 mg of
dry sample
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Nitrogen determination of fertilizers according to AOAC 993.13 Official Method : applicable to the determination of 1 — 67
% total nitrogen content in liquid and solid fertilizer materials

thermo scientif

Element:

N2 of sok

Homogenization for e o e

C—

By Mortar or mill

High Accuracy of Nitrogen,

- Carbon and Sulfur Analysis for E
Agronomy Applications using the
Thermo Scientific FlashSmart
Elemental Analyzer

20 mm

Sieve No.20 0.85 mm

130 mm §

Oxidation Reduction GC Column TCD Detector EagerSmart
Data Handling Software

o A

*lgznnensensaanemsuazaunsal 5og NUUANTIAENIMIWILATI T 8LAT

Agronomy and Marine Science

CHNS Configuration Oxygen Configuration o oo
— — 2 2
MAS Plus (= MAS Plus (= co Offcattaian Method on Sails Anaytial Wehoa 24, 19
Autosampler |.- Autosampler |.— Chemistry (Gazzetta Ufficiale) A rganic Carbon in Soll
@ Hz0
. = . " 802 AOAC Official Method 993.13.
k. ﬁ Oxygen Helium f Helium | (Association of Official Analytical Chemists) Nitogen (Ttal in Fetizers 24.02
Soil Qualty - Determ
After Dry Combustr
10mm Quartz Wool 10mm R Quartz Wool
50mm [ Copper Oxide i Soll Qualty - Determination of Total Nitrogsn Content
05mm Quartz Wool 60 mm Nickel Plated Carbon by Dry Combuston felemental analysis)
| y 10mm Quartz Wool
Electrolytic —
140 mm | Copper
2R 120 mm Quartz Turning
- Magnesium GG Column TCD EagerSmart
20 mm =] Quartz Wool 30mm [~——— QuarzWool S0da Perchlorate Detector i
N— Lime (Anhydrone) Data Handling
Soillmprovers and Growing Madia. Determination of
(8 ER1205E2 Nitrogen by Combustion Method
Official talian Method on Soils Analytical 0 Cocxrie Ot Farmroars
Chemistry (Gazzetta Ufficiale) gl
5 forfertizee's cortro)
Mathod 4400, 1997
epa Determination of Carbon and Nirogen in Sediments
(Environmental Protection Agency) and Partiulates of Estuarin Coastal Waters using
Elamental Analysis
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Ap P lications: Accessmore applications:becomethereferencelaboratory in your field
Environmental and Marine Science: Wastewater, Particulate matter, Biomass, Plankton

Petrochemistry: gasoline, diesel, lubricants, oils

Food:cheese, chocolate, cocoa, flours, pasta,
starch, juice, wine, milk, yoghurt

y of lubricants and olls by the
lific FlashSmart Elemental Analyzer

Materials: paper, cotton, textile fibers,
polyethylene film

Organic Chemistry&Pharm



Nutrient Analysis

Metal Contaminants

Inorganic Anions

Organic
Contaminants

Organic
element

analyzer

Discrete

analyzer

IC

Accelerated
Solvent
Extraction

Techniques routinely used for soil analysis

GC &
GC-MS

X-ray
Fluorescence

ICP-OES &
ICP-MS

thermo
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Typical radial view
zona, GO00 K

Plasma core
at 10,000 K

Inductively
heated
zone
Annular
quartz larch

Auxiliary Ar Carriar Ar flow

flow  Nebulized
sample

ppbto %

The ICP-OES and ICP-MS are used to provide information of major plant nutrients (P, K), secondary plant nutrients (Ca, S,

Mg), micronutrients such as B, Mn, Fe, Cu, Zn, Mo and Se, also the toxic elements (As, Cd, Pb and Hg)
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Spectrometer
Inductively
Sample Wavelength
. : Detector Readout
introduction Coupled Separator
Plasma
Delivers all the sample Convert all forms of
to the plasma which sample into free lonicline
provide a non-effect to Atom/lons and Excite exciation =IP+EP
plasma stability free Atom/lons turn to lon M+ > M* e—> hu
Excited state “
o ¥ ionization | | ICP-OES
Al [} excitation | = |
M M* e—— hy
; Atomicline
'. atom zation \l =EP
Gas MX
vaporization I

T Solid O (MX),
Absorption Emission
Desolvation g theksa

3% TDS

energy

: SR
Spr Y , .
‘s \

SOULTION SAMPLE

Higher-ener
absorbed by the atom
+ MNudleus © .E;:::d, @ Electron
Solution M(H;0)n*, X- X / ¥ /
M Nebulization Eacron g} s Ry I
Incoming photon is Lower-energy
absorbed by the atom photon is emitted

Nucleus



What is ICP-OES?

Spectrometer
Inductivel
Sample y Wavelength
introduction Coupled Separator RISt
Plasma

Delivers all the sample Convert all forms of Distinguish emission light from each
to the plasma which sample into free elemental Atom/lons and Detect the
provide a non-effect to Atom/lons and Excite intensity of each wavelength
plasma stability free Atom/lons turnto

Excited state

Emitted Light

-

3% TDS

thermo
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Readout

Provide all important
information when required but
in a simple way.
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ICP-MS is an elemental analysis technique and uses an argon (Ar) plasma — the ICP —to convert the sample into ions that are then measured using a mass spectrometer

T
| Collision/Reaction Cell Quadrupole
Sample lon Source i and lon Mass spectrometer Detector Data analysis
0.2% TDS Introduction - (Plasma) 1 lens
L LA e e e e - —— —
| . f 2" jonization
one Q“/ > M Emissionline2 1. Sample introduction system to form a fine aerosol mist from the liquid sample
(CaCl, )xH, /’ S tonization 2. Plasma (ICP) to convert the elements in the sample aerosol to ions
CaCO, )*xH,0 Atom _ : .
® ., WMoOMhv  Emission 3. Interface to extract the ions into the vacuum system
(CaS0,)*xH,O /
’ (o) ° atomization 4. lon lens to focus the ions and separate them from background signals
Gas
/1 mx 5. Collision/reaction cell (CRC) to resolve the analyte ions from interfering ions
vaporization . .
Solid 6 6. Mass spectrometer (MS) to filter the analyte ions by mass
(MX), 7. The electron multiplier detector
Solution droplet desolvation
8

Q . Data processing

M(H20),*, X°
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Select the right techniques for metal analysis in your lab scientific
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Commonly used Techniques

Field Typical Applications
AA ICP-OES ICP-MS
Water [ |
Environmental Sail [ |
Air
Food safety
Food

Nutritional labeling [ | B —

Pharmaceutical Drug/ Clinical . [I\_/r

Petroleum refining B
Petrochemical

ICP-OES ICP-MS

Geochemical/Mining
Research

Lubricantsand oil :
Chemical / Industrial QC/Producttesting . E‘"n‘ O D
Agriculture Soil/ Fertilizer/ Plant . / T é
Exploration [ | :,
i

Bio-monitoring Biological Fluids

Wafers
Semiconductor

High-Purity Chemicals

Low-level waste
Nuclear Energy

Process water

Biofuels :C
Renewable Energy . . Frequency of Technique Used

Solarpanels .

Nano materials Research
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2
an
Multi-element
technique
PERFORMANCE SENSITIVITY ANALYSIS EASE OF USE COST PER
AND SPEED AND SAMPLE
DETECTION MAINTENANCE
LIMIT
Single element
technique -
D 0| B High-Resolution ICP-MS ICP-OES ICP-MS
‘ — » Simultaneous » Multi-elements
O ICP-MS _ _ . -
L ) > Multi-elements » High dynamic range and lowest limits
ICP-OES > ppbto % of detection
AAS » Highest matrix tolerance > Detectionlimits in pptrange
|| Analytical capabilities » High sample throughput > High sensitivity
» Easetouse » High sample throughput
|| Initial investment > Ease to use
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o Analysi
Detection limits and measure range alysis Speed

|I Measure range
ICP-OES ICP-MS

[ 2-5 min per sample | 1-3 mins per sample

HR-ICPMS

e
T o

__J
Hame
AAs ||
O ol b
|I Detection limits N —]
AAs

1 ppqg 1 ppt 1 ppb 1ppm 1000 ppm  100% ICP-OES ICP-MS

<= Number of Elements mmmp High (>15)

ICP-MS offers high dynamic range and lowest limits of detection

ICP-OES has highest matrix tolerance
GFAAs offers sensitivity, best for few elements Onematrix ~ - Sample Matrix =) Difference matrix

D N NN

Flame AA offers fast analysis, and economical sol.

ppm <= Detection limits mmm) ppb or lower

Low (<20) <= Sample throughput mmmp High (>100)



Elemental analysis workflow

Standard Sample Sample

preparation preparation dilution

@ Be aware of J Minimize handling
contamination sources. and transfer steps.

6 Use ultrapure water. = = Measure weights and

o volumes with accuracy.

) l fe c/T
| ) 20. ‘

5 Al

thermo
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» Data

Sample Sample

introduction analysis

Z

@EE Use high-purity reagents.

i Apply proper skill, technique,
J and attention to detail.
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» Data

i-

Standard Sample Sample Sample Sample
preparation preparation dilution introduction analysis

Wet digestion : . Dry ashing
Hot plate |
Block Acid .
digestion ¢ ) EP United States
Y’/ A

Environmental Protection
Microwave
digestion

Acid Leaching ' E

Agency
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Method 200.7: Determination of Metals and Trace Vo |
Elements in Water and Wastes by Inductively Coupled \_ EPA
Plasma-Atomic Emission Spectrometry \’

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

United States
Environmental Protection
Agency

Hazardous Waste Test Methods / SW-846

EPA Method 200.8 Determination of Trace Elements in
Waters and Wastes by Inductively Coupled Plasma-Mass
Spectrometry

EPA Method 6020B (SW-846) Inductively Coupled Plasma - Mass Spectrometry, part
of Test Methods for Evaluating Solid Waste, Physical/Chemical Methods
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Hot plate acid digestion Hot block acid digestion

v' Simple and inexpensive set-up involving the use of commonplace
laboratory apparatus and a hot plate
v" Procedures are standardized and uncomplicated

v Higher samplesizes (e.g., > 1 gram) are possible, which may be v Reduced sample handling and transfers
required for multiphasic, heterogeneous samples v' Exposureto contamination is reduced.
. v Elimination of issues associated with glassware.
\ Long —J et Exposure to - - -
digestion time. - é}éggﬁﬁ.e @~ contamination. (adsorption of analytes to container walls or leaching of elemental
impurities to the sample solution, are eliminated)
— , . Constant ) , , o ,
i Loslstof L= (]| High reagent {0 monitoring and X However, the duration of the digestion process is still extensive,
analytes. = i iy A . . . . .
/ \ = } GanSIIEIoN, M addition of acids. reagent consumption is high, and exposure to contamination from

the atmosphere may be possible since it is an open system.

s e
28E Sl

Numerous sample handling

and transfer steps. Overall inefficiency.
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* Microwaves are a form of electromagnetic radiation with relatively low energy. It promotesthe rotation of specific moleculesin a reaction
mixture, this rotation results in increased molecular collisionand the generation of heat
« Combining the sample matrix and acids (HCI, HNO,, H,SO, and H,0,) in a pressurized close container and elevating the solution past the

boiling point of the acid

. Tomperatures nthe range of 200-260°C
« Typical microwave digestion takes just 20-40 minutes — — —
$

Initial investment $$ $38
Ease of set-up Easiest Easier Easy
Consumables N/A Required Optional
v Speed of digestion Mainenance and cleaning | e oo Medum .
. . . Sample handling Highest handling Lowest handling Medium handling
v Quality digestion
AN Contamination exposure Highest risk Medium risk Lowest risk
B v Reduced exposure to Reagent consumption High High Low
AVAVAVAY:
v contamination Retention of analyte Lowest Medium Highest
JAVAVAVA J
. Digestion quality Low Medium High
AL v Reduced reagentconsumption

v" Retention of analyte

Digestion time Hours Hours Minutes
Sample throughput Lowest Medium High
Recommended for ultra-trace Not recommended Recommended Highly recommended

elemental analysis

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
\ - 1 Batch size Lowest Highest Medium
A\ - 1
1
1
1
1
1
1
1
1
1
1
1
: Overall efficiency Low Medium High
1



Soil, Sediment and Solid waste

* Nutritional elements: Al, Ba, Ca, Fe, K, Mg, Mn, P and Zn
« Trace elements: Cd, Co, Cr, Pb, Mo, Ni, V, etc.
 EPAMethod 6010D (SW-846) — ICP-OES

Wet digestion Microwave digestion

thermo

scientific
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Fast, accurate, and robust analysis of
environmental samples according to
US EPA Method 6010D

Gea ¥

Sample
+ HNO;
+ HyO,
+ HCI EPA 3010A

1A

Fast, simple analysis of soil and
sediment according to German
soil protection regulations ThermoFisher
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Analysis by ICP-OES ; e s
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Elemental Categories in Fertilizer Regulatory Limits of Elements in Fertilizers in Thailand e
Class Elements Element Regulatory Concentration (mg/kg)
Primary Nutrients N, P, K As 50
Secondary Nutrients Ca, Mg, Fe, Mn, Na, Cu, Zn, Mo, B, S, Cd 5 D e =
Micronutrients Al, Co, V, Se, Ni Cr 300 :"‘
Harmful trace elements | As, Cd, Cr, Pb Pb 500

1 g sample .
» . /
+ HNO3 N fou e

o e

100 mL with DI water

0.00 005 0.10 0.15 020 025 0.30 035
Concentration [%]

All elementsinsin g lerun Figure 2. Calibration curve for N 174.272 nm with an R? of 0.9998.

Analysis by ICP-OES

Figure 1. Subarray plot of N 174.272 nm.

0.1-0.5 sample
+ HNO3
+ HCI 100 mL with DI water
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Raw Materials and Products

. Face cream

. . . ¥ World Health Herbal
Skin cream organic *?_i Organization | .. 10 mg/kg - 0.3 mg/kg -

*  Gel cream organic

Raw herbal
materials 10 mglkg 5 mglkg 0.3 mg/kg 0.2 mg/kg
Canada
/f b oo mRUAlAY ode 4 3111;::'@2?&'1 b NINIAY odod Raw herbal

materials 10 mg/kg 5 mg/kg 1.0 mg/kg 0.5 mg/kg
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wagvdninust ms wavieulufendumiviosusesmannsieaeinaninsiayulng
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Finished
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v v v w4 o a o o o o
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gpsmAm e o (@) uay (ob) wimssTdyFnantuiayulng
a2 w L4 A_u o 9
WA, el ARsnTIMIHARnsianng lumalssqueial alecoe dlotil bo SumAl e

vou oy ..
sandsemelld daraludl (’«‘_ Finished

P Ao o, P 4 ad
19 o dszmeilGenn meHﬂmxnﬁumwﬂﬂﬂmmﬁqﬂm 1399 ToRIUANAMATM

* W
unsderimumawzvaminiusimulng waewinnus 5ms wazdaulufsaiunideduses herbal 20 mg/ kg 5 mg/ kg - 0.5 mg/ kg
emsAmeAndasang @i o) na. bess” . materials
i b ﬂixmﬂiﬁﬂiﬁaﬁuﬁquﬁuﬁﬂmﬁwwnw'l.ui'rnﬁvaﬂu\unmﬁluﬁulu Singapore

fo o Wendnmmululyd o miuamneanfeniimmadouiasinosiunign
' w P o
Towasihiavasoutasanasuuun VST nssuNSHER A nsayulns 3as BAaunu
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AummaztarmunemzvemaRTumULasinns s wesldouludnfumide _ Raw herbal
Susemamsiieneindafosimuln e beoe wadlildrmiluind o wvieUss Mt ] m a.tenals 10 mg/ kg 5 mg/ kg 03 mg/ kg 0.5 mg/ kg
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Cannabis / Kratom / Herbal

\A4
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Rinse with Trap water Dry at Room temp. A \a . -
and DI water until constant Homogenization
weight and Sieve

=

Add conc. HNO,, Microwave digestor
HCI H,0,

g_
——— e
! ;g/—- A

Weight 0.25-0.5¢

Adjust the final volume to
25 ml with ultrapure water

Raw mat. HNO3 HC H202 Step Temperature | Heat time | Hold time
Flower v v (°C) (min) (min) Qtegra Intelligent Scientific Data
1 160 5 5 Solution (ISDS) Software

Leave ’ ’ 2 200 5 25 ;

Seed v v gl Thermo Scientific Qtegra ICP-MS software 3}
for 21 CFR Part 11 compliant labs }

ROOt v v B Py S A SIPR P et i st

Products v v v
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Fast, simple analysis of soil and
sediment according to German according to US EPA Method 200.7

Rapid, interference-free analysis of water

soil protection regulations

~ <
7‘ .\ ol thermoscient
Analysis of elemental co o

Fast, accurate, and robust analysis of
environmental samples according to

US EPA Method 6010D e ngle method determin:

lements in.fo

B ‘ US EPA SW-846 Method 6020B using the ntific iCAP PRO X D

- iCAP RQ ICP-MS

Author ntoduction
Autnors 5 Thermofisher

Accurate and robust long-term analysis of food and beverage
samples using single quadrupole ICP-MS

Goal
SCIENTIFIC thermo scientific
Determination of lithiu} i iR
solutions using ICP-O| e Sceilc
At Bvksantal ermoFisher
SCIENTIFIC
Robust analysis of a variety of water and wastewater samples
gt 3¢ w  according to U.S. EPA Method 6020B (SW-846)
acr. R
iy e . ” s thermo scientific
s - ‘

thermoscientific

phtha using the Thermo Scientific
Radial ICP-OES

Determination of elemental impurities in
lithium iron phosphate using ICP-OES

thermo scientific

Analysis of platinum group elements with the
P o Thermo Scientific iCAP PRO Series ICP-OES

Author Introduction

Introduction 5

ThermoFisher
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