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AHanus cnenoBbIX 35IEMEHTOB B yA00OpeHUsaxX Ha npubope Avio
200 ICP-OES

MpouzBoacTBO YyOOOpeHU ABNAeTCA KINYeBOM OTpacibio Afisl CeNIbCKOro X03sIMCTBa CTPaHbl,
rnaBHbIM NPENMYLLECTBOM SIBMISIETCA NOBbILWEHWEe YPOXKaNHOCTU CENlbCKOXO3ANCTBEHHbIX KYIbTyp.
OcCHOBHbIe 311eMeHTbl B yA00peHUsiX pa3aeneHbl Ha YeTbipe Kracca: nepBUYHbIe NUTaTesibHbIe
BellecTBa, BTOPUYHbIe NUTaTeslbHble BellecTBa, NUTaTesibHble MUKPO3NieMEHThI U criefoBble
3neMeHTbl.

B HacToslee BpeMsi XMMUYECKUe yaoOpeHNs LUMPOKO NPUMEHSIOTCA B CENIbCKOM XO3ANCTBE, YTO
NPUBENO K POCTY CMpPOCa, HO 3TOT CMPOC TaKXKe NPUBEN K TOMY, YTO HEKOTOpPLIE YA0OpeHUs
NPOU3BOAATCA C NJIOXUM Ka4eCTBOM.

AHanu3  MOHUTOPUHT NEPBUYHbLIX U BTOPUYHbIX NUTaTeNbHbLIX BELECTB, a TaKKe criefoBbIX
aneMeHTOB, HeobxoAuMm Ansa obecnevyeHUss COOTBETCTBUSA KavyecTBa yAOOPEeHUn MECTHbLIM HOpMamMm.
XoTa Ans uamepeHus crefoBbIX 3/1IeMEHTOB B yA00pPeHMsAX MOFyT UCMOJIb30BaTbLCA pasfiMyHble
meToabl, ICP-OES npepnaraet Hauny4wee co4yeTaHMe CTOMMOCTU, NPOCTOTbI, HAAEXKHOCTU U TOYHOCTH,
a TaKKe MMeeT AMHAMUYECKMI JMana3oH, NoaxXoAALWMn ANA KOHLEHTPaLUini, KOTopble OXXUAalTCA B
ob6pasuax yaobpeHus.

OTta paboTa geMOoHCcTpUupyeT cnocobHocTL Npubopa Avio® 200 ICP-OES cooTtBeTCTBOBaThL
HOPMaTUBHbLIM OrpaHU4YeHUsIM ONA CreAOoBbIX 3NIEMEHTOB B yAOOpPeHUsX NyTeM aHanu3a cTaHgapTHbIX
o6pasuoB.
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Soclrade

SocTrade noctaBnsieT n o6cnyxuBaeT cneyuanm3npoBaHHOE U aHaNUTUYECKoe
na6opatopHoe o6opyaoBaHue. CneumanuaMpoBaHHOe — 3HA4YUT UCNOSNb3YeTCH B pamMKax
oaHon oTpacnu. Mbl 0CO6eHHO CUNbHbI B OCHaLLEeHUU nabopaTopuin arpo- 1 NULLEeBoOMn
NpoAyKUUK, a TakkKe fTabopaTopmn, KOHTPONUPYHOLMNX Ka4yeCcTBO HechTenpoayKTOB.
AHanuTtunyeckoe ob6opyaoBaHue — yHMBepcarnbHoe, HO 6oree CnoXxHoe U ucnonb3yeTca Ans
BbICOKOTOYHbIX aHaNIM30B B Hay4YHO-UCCe[oBaTebCKMX UITN Pa3BUTbIX NPOMbILLSIEHHbIX
naboparopusix.

3a roabl paboThbl B 3TOM CPaBHUTESIbHO Y3KOMN, HO O4€Hb MHTEPECHON 061acT!, Mbl HaKONUIKU
OrPOMHbIN ONbIT, KOTOPbIM XOTUM AeNnUTbLCA. [Mo3aToOMy NPOBOAUM KPYroBble UCTbITaHUS,
pa3pabaTtbiBaem HoBble [ICTY, coTpyAHM4YaeM C MHCTUTYTaMun, NpeaocTaBssas UM
oGopynoBaHue AnNA uccrnenoBaTenbCKUX U obpa3oBaTesibHbIX Lienen, yHactByemMm u
opraHusyem nabopaTopHble BbICTaBKU U KOHdepeHunn. B obwem, ¢ aHTy3nasmom
noakno4yaeMca K nobon aesaTenbHOCTU, HaNnpaBfieHHOW Ha NOBbILWEHUEe YPOBHA KOHTPONA
KavyecTBa U eCTEeCTBEHHbIX HayK B YKpauHe.
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Analysis of Trace Elements in
Fertﬂizer Wlth AVlO 200 ICP— OES Introduction

The production of fertilizer is
a key industry for a country's
agricultural sector, with the main benefit of increasing crop productivity. The primary
elements of interest in fertilizers are categorized into four classes: primary nutrients,
secondary nutrients, micronutrients, and trace elements; Table 1 shows representative
elements in each of these classes.

Currently chemical fertilizers are widely used in agriculture, which has led to
increased demand, but this demand has also resulted in the production of some
fertilizers of inferior quality. The analysis and monitoring of the primary and secondary
nutrients, as well as trace elements, is necessary to ensure that the quality of fertilizers
is compliant with local regulations. Table 2 lists the Thailand Agricultural Department
regulatory levels of certain elements in fertilizers. Although a variety of techniques may
be used for the measurement of trace elements in fertilizer, ICP-OES offers the best
combination of cost, simplicity, ruggedness and accuracy, and also has a dynamic range
which is appropriate for the concentrations expected in fertilizer samples.
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Table 1. Elemental Categories in Fertilizer.

Primary Nutrients N, P, K

Ca, Mg, Fe, Mn, Cu, Zn, Mo, B, S
Al, Co, V, Se, Ni

As, Cd, Cr, Pb

Secondary Nutrients
Micronutrients

Trace Elements

Table 2. Regulatory Limits of Elements in Fertilizers in Thailand.

Element Regulatory Concentration (mg/kg)
As 50
Cd 5
Cr 300
Pb 500

This work demonstrates the ability of the Avio® 200 ICP-OES
to meet Thai regulatory limits for trace elements in fertilizers
through the analysis of reference materials.

Experimental Conditions

Samples and Sample Preparation

Two reference materials were used to validate the method:
NIST 695 Trace Elements in Multi-Nutrient Fertilizer and BCR-032
Trace Elements in Moroccan Phosphate Rock. The second reference
material was chosen because its high phosphate concentration is
similar to the elevated phosphorus concentrations commonly found
in fertilizers.

All samples were prepared by microwave digestion using the
Titan® MPS Microwave digestion system. To each vessel, 0.15 g of
sample was added, followed by 6 mL concentrated nitric acid and
2 mL concentrated hydrochloric acid. The vessels were allowed to
sit uncapped for 10 minutes to allow any early reactions to occur
safely. The vessels were then capped, placed in the Titan, and
digested using the program in Table 3. After digestion, the
samples were transferred to 100 mL volumetric flasks and diluted
to 100 mL with deionized water for analysis.

Instrumental Parameters

All samples were analyzed with the Avio 200 using the parameters
in Table 4, which includes the standard sample introduction system.
The ability to use a total of only 9 /min of argon is the result of
Avio’s Flat Plate™ plasma technology, which, in combination with
the vertical torch, enhances the ability to analyze high-matrix
samples. The analytes and wavelengths used are shown Table 5.
All quantitative measurements were made against external
calibration curves constructed from 0.05, 0.1, 1, 2, and

5 ppm standards.

Table 3. Titan MPS Temperature program.

Temperature Program

Step | Target Temp | Pressure Limit | Ramp Time Hold Time Power
(°Q) (bar) (min) (min) (%)
1 30 5 5 90

160
2 180 35 2 30 100
3 50 35 1 15 0
4 - - - - -

Table 4. Instrumental parameters and sample introduction components for
Avio 200 ICP-OES.

Parameter Value

Nebulizer/spray chamber Meinhard/Cyclonic

Injector Alumina Injector 2.0
Read Time 1 sec (min) — 2 sec (max)
Plasma Gas 8 L/min

Auxiliary Gas 0.2 Umin

Nebulizer Gas 0.7 L/min

Power 1400 W

Plasma View Axial

Table S. Elements and Wavelengths.

Horsngh o)

Avrsenic (As) 188.979 Axial
Lead (Pb) 220.353 Axial
Cobalt (Co) 228.616 Axial
Cadmium (Cd ) 228.802 Axial
Nickel (Ni) 231.604 Axial
Chromium (Cr) 267.716 Axial
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Figure 1. Calibration curve for all elements.

Results

The method accuracy was determined by measuring the reference The Detection Limits (DLs) of this methodology were determined
materials. First, calibration curves were established and are shown in by analyzing a matrix blank, which consisted of the same reagents
Figure 1, all with correlation coefficients greater than 0.9999. The ~ and quantities as those used for sample preparation. The DLs were
results for the reference materials appear in Tables 6 and 7 for ~ determined by multiplying the standard deviation of ten replicate
NIST 695 and BCR-032, respectively, and demonstrate the measurements by three and are shown in Table 8.

accuracy of the methodology with all recoveries being within

10% of the certified values.

Table 6. Result of SRM 695. Table 7. Result CRM BCR -032.
(mg/kg) (mg/kg) (mgrkg) (mg/kg)
As 200 211 107 As 9.5 <DL -
Pb 273 295 108 Pb 5.4 <DL
Co 65.3 62.9 96 Co 0.59 0.613 104
Cd 16.9 18.0 107 Cd 20.8 21.8 105
Ni 135 139 103 Ni 34.6 35.0 101

Cr 244 243 100 Cr 257 261 102



Consumables Used

Table 8. Detection Limits in Fertilizer Samples.

Thai Regulated

ENE DLs (mg/kg) Levels (mg/kg) Avio 200 ICP-OES
As 3.01 50 Component Part Number
Pb 337 500 Red-Red PVC Pump Tubing 09908585
Co 031 Not specified Black-Black PVC Pump Tubing 09908587
« o2 ° Autosampler Tubes B0193233 (15 ml)
Ni 0.59 Not specified B0193234 (50 mL)

Cr 0.79 300 PerkinElmer Pure XVI (QC 21 Elements) N93002812 (125 mL)

Titan MPS Microwave

Conclusion

This work has demonstrated the ability of the Avio 200 T T

ICP-OES to accurately measure secondary nutrients and 75 mL Digestion Vessels N3132000
Itrace glements in fertilizers at or below the regulated levels Rupture Disks for Standard 75 mL 3132001
in Thailand. Digestion Vessels (25 pieces)
Pressure Seal for Standard 75 mL
N3132002
Digestion Vessels (10 pieces) 313200
End Cap Plug for Gas
Containment Manifold N3134004
Single Lip Seal Forming Tool for
Standard 75 mL Digestion Vessels N3132015
8-Position Lip Seal Forming Tool for N3132014

Standard 75 mL Digestion Vessels
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