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The Association of Fertilizer and Phosphate Chemists (AFPC, formerly known as the Association of Florida Phosphate Chemist, has developed analytical methods to analyze state-regulated metals and other metals in fertilizers. These metals include Fe, Al, Mg, Ca, Na, K, Cd, As, Cu, Zn, Hg, Pb, Mn, Cr, Co, Mo, Ni, and Se.  Fertilizers analyzed are diammonium phosphate (DAP), monoammonium phosphate (MAP) and granular triple superphosphate (GTSP), which are the three major phosphate concentrated fertilizers used in the United States.  The study includes two different analytical methods developed by the AFPC and compares them with the EPA’s method for analyzing metals in sludge (Solid Waste 846 Guidelines).   The Association of Fertilizer and Phosphate Chemists has established a monthly check program for metals in fertilizer and has published the results on their web page http://afpc.net.

There are some pitfalls to avoid in the analyses of metals using either atomic absorption or inductive coupled plasma.  Examples of the pitfalls to avoid with ways to correct the analytical values will be presented.

The discussion will include how we came to this point in regulation of metals in fertilizers by the State Agencies, such as State of Washington, State of California and others.
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Background

In recent years there has been an increasing focus on metals in fertilizer and their potential health effects.  Several states have adopted limits using the Canadian Standards for metals in fertilizer.  The Association of American Plant Food Control Officials (AAFPCO) has proposed similar limits on metals in fertilizers based on risk assessment developed by the State of California and The Fertilizer Institute (TFI).  These metals include Cd, As, Ni, Zn, Hg, Pb, Co, Mo and Se.

Currently, no accepted analytical method for metals in fertilizer exist for these nine regulated metals.  The EPA has an analytical method for metals in solid waste and State of Washington recommends the use of the EPA method for metals analyzed for the State. The AFPC recognized a need to establish uniform methods for fertilizers because accurate uniform methods are important in state regulations. The AFPC’s mission statement calls for uniformity in analytical methods. 

During the early 1990’s the AFPC began studying elements such as chromium, lead and mercury to be included with other metals such as cadmium, iron, aluminum, calcium and magnesium in the official analytical methods of the Association. The Association’s procedure includes collaboration of methods within its membership and outside its membership using the AFPC Check Sample 

The AFPC has conducted extensive studies on analytical methods for analyzing metals in fertilizer. Since the AFPC conducts a check sample program, which includes DAP, MAP and GTSP fertilizers, different methods used by members can be evaluated by the Methods Committee. In 1997, the AFPC added these metals to their existing check sample program for DAP, MAP and GTSP fertilizer samples. 

Purpose:

The purpose of this paper is to discuss valid analytical methods for analyzing metals in fertilizer and some of the pitfalls found when using Inductive Coupled Plasma and Atomic Absorption. Data collected since 1997 by the AFPC are used in this presentation. The methods used in this study by the AFPC include Inductively Coupled Plasma – Mass Spectrometry (ICP-MS), Inductively Coupled Plasma – Atomic Emission Spectroscopy (ICP – AES) and EPA’s method for metals in sludge.

Discussion:

Two AFPC analytical methods for determining metals in fertilizer are compared to EPA’s method for determining metals in solid waste. Method one uses inductively coupled plasma – mass spectrometer, fitted with aluminum cones and a Meinhard Type C concentric nebulizer with microwave digestion using ultrapure nitric acid. The second method uses an inductively coupled plasma atomic emission spectrophotometer with a radial torch, cyclonic spray chamber and a *Noordermeer V Groove Nebulizer using a mixture of ultrapure nitric and hydrochloric acid digestion.  One member of the AFPC used the EPA procedures using an atomic absorption for metal determination with a graphite furnace for Mo, hydride generation for As and Se, and cold vapor for Hg.  The digestion method for the EPA protocol uses nitric acid and hydrogen peroxide digestion. 

*A Noordermeer V Groove Nebulizer is used for high dissolved solids.

Results:

Analytical results for the nine metals can be found in Tables 1 – 3 for DAP, MAP and GTSP.  The three analytical methods used by the AFPC are shown with an overall average and standard deviation in ppm from all participating laboratories in the AFPC Check Sample Program. Note:  Between 10-15 laboratories participated in the AFPC Metals Check Sample Program.  The following nine metal averages from Tables 1 - 3 for DAP, MAP and GTSP products are shown below:



Average Values in Fertilizer from AFPC






Check Program in ppm

Metals
DAP/MAP/GTSP

Cd
6

As
13

Zn
61

Hg
<0.5 (est. 0.02 )

Pb
4

Co
4

Mo
10

Ni
18

Se
<5

The above metal concentrations found in 20 DAP & MAP and 4 GTSP fertilizers meet all the regulations from the risk assessment of EPA, State of California and The Fertilizer Institute.  The fertilizer products of DAP, MAP and GTSP are considered SAFE.

Pitfalls:

Studying a micronutrient from the Magruder Check Sample Program reveals some of the “pitfalls” of analyzing different matrix fertilizers by Inductive Coupled Plasma (ICP) or Atomic Absorption (AA). The sample Magruder 2001 – 04B was used because its matrix was complexed with high iron (37.57 ( 5.24%) and manganese (22.04 ( 1.85%) backgrounds.  There are several questions that need to be answered.  What types of standards are to be used when analyzing different fertilizer matrix?  Would a matrix-matched standard eliminate interference or can you use a pure standard matrix?

Digestion of the sample can be a pitfall in determining metals in fertilizers. Most fertilizers are digested with nitric and hydrochloric acid, but in the case of Magruder Sample 2001-04B an additional acid was added - hydrofluoric acid. This problem of digestion was apparent after reviewing the Magruder results as published.  We found higher levels of As, Co, Ni, Pb and Se with the HCl/HNO3/HF digestion.

Using pure standards vs matrix matched standards, after complete digestion using HCl, HNO3 and HF acids, the resulting values for all the metals using an internal standard were NOT the same. Internal standards must be used in the analyses of DAP/MAP/GTSP. If an internal standard is not used matrix matching will need to be used. This will require additional time to prepare standards.  Scandium is used for an internal correction on all samples and is important for obtaining accurate and precise data, allowing for drift and corrects to differences in viscosity effects on the nebulizer. The actual sample of scandium is injected and mixed prior to the nebulizer rather than adding it to every sample.  Not using the proper internal standard or matrix match standards can be more pitfalls in determining metals in fertilizers.

The metal cadmium as reported by Magruder Average was 28 ( 35 ppm.  One, two and three standard deviations were 35, 70 and 105 ppm, respectively. The CFII result found approximately 36 ppm using pure standards and <1 ppm using matrix-matched standards.  In reviewing scans of different wavelengths for Cd for this micronutrient sample we found no interference, but noticed an unusual shift in the concentration peak from the normal line at wavelengths 214.438 and 226.502.  After contacting the instrument manufacture about this unusual shift we found a weak iron line at this wavelength, but with the high concentration of iron it caused an iron peak overlapping the Cd peak.  So how do we correct for the iron peak? In high concentrations of metals such as iron and manganese interference may be found.  Wavelength lines picked to analyze metals need to be researched for possible overlap as in this case and change to another wavelength. If this is not possible, the iron peak must be subtracted, leaving the remaining Cd peak. The true Cd value is <1 ppm using ICP-AES and 0.25 ppm as furnished by IMC- New Wales using ICP-MS.


*CFII
*CFII
Magruder 


Pure Standards
Matrix Standards
Average

As
46
47
12

Cd
35
<1
28

Co
116
110
79

Cr
77
79
121

Cu
87
91
79

Mo
8
9
4

Ni
80
81
54

Pb
77
88
31

Se
82
89
12

*Both sets of data from CFII used the internal standard, scandium.  Samples digested with HCl, HNO3 and HF.

The use of a standard such as an NIST certified standard is necessary for determining metals in fertilizers.  The AFPC has developed a certified standard of a phosphate rock standard called Check Rock #22.  The standard has been under development for the past several years for a metal standard.  Studies have been included techniques of Neutron Activation, ICP-MS, ICP-AES and AA.  Samples of Check Rock #22 have been submitted to NCSU for Neutron Activation and submitted to the AFPC Check Program four times and the Magruder Check Sample Program once.  Data was tabulated for the metals with the result below:


Check Rock #22


Average Value with Std

As
8 +/- 1

Cd
6 +/- 1

Co
3 +/- 1

Cr
57 +/- 2

Cu
8 +/- 2

Mo
9 +/- 4

Ni
10 +/- 5

Pb
20 +/- 3

**Hg
0.1 +/-0

**Se
1.9 +/- 1

** Not certified, but still under consideration.  Future values and updates for the Check Rock # 22 can be found on the web site of the AFPC. (http://afpc.net)

Additional standards such as DMR QA 21 Check Sample in ppb can be used to help with quality control measures.  Performance of the IRIS Advantage can be reviewed below :


IRIS Adv.

Performance


ICAP
Certified
Acceptance

Parameter
Value
Value
Limits


ug/l
ug/l
ug/l






Sb
466
477
358 - 563

As
696
698
524 - 824

Ba
199
193
158 - 228

Cd
75
77
62.9 - 90.5

Co
403
394
323 - 465

Cr
761
792
649 - 935

Cu
778
785
644 - 926

Hg
23
26.8
20.1 - 33.5

Mn
2000
2030
1660 - 2400

Mo
402
406
333 - 479

Ni
2269
2230
1830 - 2630

Pb
495
478
392 - 564

Se
226
214
161 - 253

V
4680
4770
3910 - 5630

Zn
672
643
527 - 759

Conclusion:

1. The two methods (ICP-MS and ICP-AES) used by the AFPC were validated using the AFPC Check Sample Program. Results comparing the ICP-MS and ICP-AES data from the check samples were compared on 20 DAP and MAP samples and 4 GTSP samples on nine different metals. The results from the two different methods compared with each other and with the overall averages for each metal.

2. The two analytical methods for metals used by the AFPC were comparable to EPA’s metals in solid waste. The results from the check sample program were compared on 20 DAP and MAP samples and 4 GTSP samples on nine different metals.  The results between the three methods, (ICP-MS, ICP-AES, and EPA’s sludge method) compare with each other and with the overall averages for each metal.  See tables 1-3 for actual results.

3. The metal data from this study of methods for fertilizer production of DAP, MAP and GTSP are below the nine metal concentrations used in the Canadian Standards, the State of California Risk Assessment and TFI’s Risk Assessment.

4. EPA, California’s Risk Assessment and TFI’s Risk Assessment come to the same conclusion, “Fertilizers are Safe!”

5. Most pitfalls in determining metals in fertilizer can be avoided by understanding the complexity of your samples and using the proper digestion methods.  Using matrix-matching standards and internal standard are a must and using an internal standard such as ***scandium will eliminate viscosity interference.  Research multiple wavelengths to help eliminate spectral interference from other metals.  

*** Yttrium or Beryllium may be used provided they are not present in your samples.  CFII is using scandium because of cost and safety concerns.
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