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Total Sulfur by Combustion using the LECO S832 Analyzer

1. Scope:

This document provides a procedure for the analysis of total sulfur in fertilizer by
combustion using the LECO sulfur analyzer.

2. Principle:

Samples are prepared as described in RA-SP-SMPL-PREP. Samples are
combusted at high temperature with high-purity oxygen to convert sulfur to SOz gas.
An infrared detector quantitates the amount of SOz.

3. Safety:

3.1. The LECO S832 is a high-temperature combustion analyzer that operates
from a 230-volt power source. Refer to the instruction manual for specific
safety warnings.

3.2. Read the SDS for all materials before performing this method.

3.3.  Wear appropriate personal protective equipment such as gloves, goggles,
and lab coat when performing this analysis.

3.4. Com-Cat accelerator, Ammonium Sulfate, and BBOT can cause acute
irritation to eyes, skin, and respiratory systems. Avoid all contact and
inhalation of this material.

3.5. Anhydrone is an oxidizer that can cause serious irritation to eyes, skin, and
respiratory system. Avoid all contact and inhalation of this material. It also
enhances fires. Keep away from heat and combustible materials.

3.6. Prepare Anhydrone and Chlorine trap tubes in a hood.

3.7. Nickel boat liners can cause mild irritation to skin. Avoid contact with this
material.

3.8. Compressed gas cylinders present a variety of hazards. Mandatory training is
required before cylinders are transported, connected, or dispensed by any
staff member. Perform leak test after connecting the oxygen tank to the
instrument.
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4. Interferences:
Halogens can interfere with sulfur detections as well as any matrix effects caused by
difficult-to-oxidize sample material can lead to incomplete combustion affecting the
accuracy of sulfur determination.

5. Apparatus and Equipment (equivalents are acceptable):

5.1.  Sulfur combustion analyzer (LECO S832)

5.1.1. Instrument Method Parameters (all methods)

General Parameters
Furnace Temperature 1350 °C
Lance on Delay 20s
Nominal Mass 1.0000g

Elemental Parameters

Wait for Baseline Stability Yes

Starting Baseline 2X

Use Comparator Yes

Comparator Level 0.30%

Minimum Integration Time 120s

Maximum Integration Time 360s

Range Select Auto

Range Lower Limit 975

Range Upper Limit 1000

5.1.2 Calibration Type

Method Reference Material Calibration Type

<1% BBOT (see 6.1) Linear, Forced
through Origin

1-7% BBOT (see 6.1) Linear, Full
Regression

7-35% Ammonium Sulfate Linear, Full
Regression

5.2. Analytical balance (Sartorius BCE124-1S)

6. Reagents and Supplies (equivalents are acceptable):

6.1. 2,5-(Bis(5-tert-butyl-2-benzo-oxazol-2-yl) thiophene (BBOT) (LECO 502-897)
6.2. Ammonium sulfate (Sigma A4915-500G)
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6.3. Unglazed ceramic boats (LECO 528-203-250)

6.4. Com-Cat accelerator (LECO 502-321). Com-Cat accelerator is a mixture of
Tungsten Trioxide and Potassium phosphate and is used as a catalyst to aid
in oxidation.

6.5. Nickel boat liner (LECO 502-343)

6.6. Oxygen minimum 99.99% purity

6.7. Anhydrone (LECO 501-171-HAZ)

6.8. Antimony Metal (LECO 769-608-HAZ)

6.9. F-Cl Absorbent (LECO 769-610 HAZ)

6.10. Glass wool

6.11. Replace Secondary Anhydrone Filter with Chlorine Trap. Fill tube as

described below.

~=, CHLORINE TRAP
|'— —

| 1 (0.5in) 501081 GLASS WOOL

(0.5 in) TE9-608-HAZ ANTIMONY METAL
| (05 in) 501081 GLASS WOOL

*

(1.5 in) 7T659610-HAZ F-CL ABSORBENT)

SN (05 in) 501081 GLASS WOOL
‘| (05 in) 769608-HAZ ANTIMONY METAL
\__J_(05in) 501081 GLASS WOOL

-

7. Standards Preparation:

71

7.2

Using a spatula or similar tool, be sure to scrape any remaining residue off
ceramic boats prior to use if using previously used boats.

Preparing a Calibration Curve:

A curve needs to be prepared anew only when QC requirements fail or every
two years, whichever is sooner. A Drift standard, instead of a curve, is run
with each sample set

7.2.1 Prepare curve batches by weighing the appropriate reference material
(BBOT or Ammonium sulfate) according to Table 1 in a tared ceramic
boat containing a nickel liner. Each level is comprised of 3 or more
weights making up a batch. Follow steps in Section 7.4 for weighing
solid samples. Run standard levels using the following weights:

Level 1: 0.03mg
Level 2: 0.05mg
Level 3: 0.075mg
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7.3

Level 4: 0.100mg
Level 5: 0.150mg

7.2.2. Set Level 2 as Dirift.

Analyze a check sample to check the calibration (a Magruder sample run in
triplicate is used as the check sample). To run the check samples, add
appropriate sample weight according to Table 1 to a tared ceramic boat with a
nickel liner following Section 10.6 or 10.7.

Sample Preservation and Storage:

Samples are stored according to RA-SP-SMPL-PREP 4.1. Samples that may spoil

or ferment, such as fishmeal and corn steep liquor are stored in refrigerator.

9.1.

9.2.

9.3.

9.4.

9.5.

Instrument Calibration:

Verify the instrument furnace temperature is 1100°C. Change Furnace from
Standby to Operating to increase the temperature to 1350°C (this may take
several hours). The furnace may be kept at 1350°C overnight.

Using a spatula or similar tool, be sure to scrape any remaining residue off
ceramic boats prior to use if using previously used boats.

Verify the outlet pressure for the oxygen is 20-25 psi and that there is at least
500 psi left in the tank. Change Gas from Off to On.

Go to Instrument>Automation>Maintenance. Set the Autoloader hotel to
Maintenance position by selecting Step 1 Execute under Front Panel
Maintenance.

9.4.1. Verify that the Analyze flowmeter reads 2.5 Ipm and Purge flowmeter
reads 3.5 Ipm.

9.4.2. Go to Diagnostics>Digital 0. Select Unlock then select Lance to turn
on the flow to the lance. Make sure the lance flowmeter reads 1 Ipm.

9.4.3. Turn off the gas to the lance and select Lock. Go back to
Instrument>Automation> Maintenance and set the hotel back to the
ready position by selecting Step 2 Execute under Front Panel
Maintenance.

Go to Instrument>Detectors. Tune the emitter.
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9.6. Go to Diagnostics. Perform a system check. If everything passes, print to

9.7.

9.8.

9.9.

save the report. Refer to the manual for any systems that did not pass.

Go to Analysis. Run at least 3 BBOT or Ammonium Sulfate (depending on
the method to be run) to equilibrate the system. Samples and reference
materials need to be concentration matched, therefore select the appropriate
method for your analysis. See Table 1. To run the BBOT or Ammonium
Sulfate, weigh ~50mg in a tared ceramic boat with a nickel liner following
steps in Section 10.6 for weighing solid samples.

Run 3 Blanks to reset the sulfur blank for the method. The sample blank is
~1g Com-Cat in a ceramic boat with a nickel liner.

Analyze a check sample to check the calibration (a Magruder sample run in
triplicate is used as the check sample). To run the check samples, add
appropriate sample weight according to Table 1 to a tared ceramic boat with a
nickel liner following Section 10.6 or 10.7 for how to weigh samples.

10. Analysis:

10.1.

10.2.

10.3.

10.4.

10.5.

10.6.

10.7.

Using a spatula or similar tool, be sure to scrape any remaining residue off
ceramic boats prior to use if using previously used boats.

Run at least 3 conditioning samples by using either BBOT or Ammonium
Sulfate depending on the method to be used, to equilibrate the system as
described in Section 9.7.

Run at least 3 blank samples as described in Section 9.8.

Run at least 3 drift standards by weighing ~50mg of either BBOT or
Ammonium sulfate depending on the method to be run as described in
Section 9.7 and Table 1.

Run 1 Magruder check sample in triplicate. Prepare Magruder check sample
based on 10.6 or 10.7 depending on physical state (solid or liquid) of the
Magruder sample.

For solid samples, thoroughly mix samples before weighing by rotating the
jar. Tare a ceramic boat with a nickel boat liner and weigh sample based on
Table 1 below. Press the print icon next to the “T” to add the sample weight to
the instrument software. Re-tare boat and add ~1.0g Com-Cat and tap down
ceramic boat to evenly distribute and flatten Com-Cat.

For liquid samples, invert the bottle several times until thoroughly mixed. Tare
a ceramic boat with a nickel liner and add ~0.5g Com-Cat. Make an
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indentation in the Com-Cat with a spatula. Re-tare and add sample to the
indentation based on Table 1 below. Press the print icon next to the “T” to add
the sample weight to the instrument software. Tare and add ~0.5g Com-Cat
on top of the sample. Tap down ceramic boat to evenly distribute and flatten
Com-Cat.

Table 1: Method, Reference Material, and Sample Weight

Reference Sample Sample
Guarantee Method Material Type Weight
<1% <1% BBOT S.olifj 0.1 +/-0.01g
Liquid 0.1 +/- 0.01g
1-7% Low Method Solid 0.05 +/- 0.005
o ow Metho BBOT .o |. q
Liquid 0.05 +/- 0.01g
7-35% High Method Ammonium Sulfate Solid 0.05 +/- 0.0059
Liquid 0.05 +/- 0.01¢g
10.8. For both liquids and solids, send the sample weight to the computer and
place the sample in the hotel after addition of Com-Cat.
10.9. Weigh samples in triplicate.
10.10. Analyze a Magruder check sample 3 times at the end of the run.
10.11. When the analysis is complete, turn Gas to Off and close the valve to the
oxygen tank.
10.12. Place the furnace into Standby (temperature to 1100°C).
10.13. Select the blanks that were just run and set them as blanks. Unselect them
10.14. Select the Drift standards that were just run and set them as Drift. Unselect
them.
10.15. Select the samples that were just run and recalculate the samples.
10.16. Select the blanks, standards, and samples that were just run. Select “Output”

and “Print”. Save to external drive (Kingston>BIN>LECO) with date and initial
in the name of the file. Go to Diagnostic>System Check and print. Save to
external drive with the date. Eject the drive and transfer/save the files to
F>LECO S832.
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11. Quality Control:

11.1.

11.2.

11.3.

11.4.

Method Detection Limits (MDL)

Method detection limit (MDL) refers to the lowest concentration of the analyte
that a method can detect reliably. To determine the MDL, 7 Magruder
samples with a percent guarantee of 0.17% were analyzed. The standard
deviation derived from the sample results was used to calculate the MDL
using the following equation:

MDL = tS

Where t is the Student single tailed t test value for the 99% confidence level
with n-1 degrees of freedom and S denotes the standard deviation obtained
from n replicate analyses. For the n=7 replicates used to determine the
MDL, t=3.143. The results for the standard deviation and MDL are in
Appendix 1.

Reporting Limit (RL)
Reporting limit (RL) is set at 0.2% Sulfur.
Method Validation

The method validation consisted of at least 3 Magruder samples analyzed
per method spanning the method’s range. Each set included equilibration
runs, blank runs, and a drift standard. Results are tabulated in Appendix 2.

Acceptance Criteria

11.4.1. BBOT or Ammonium Sulfate is used as a drift standard. It should be
run after conditioning and blank samples but before any samples.
The drift standard shall be + 1% of the theoretical value (for example,
if the theoretical value is 11% the acceptable range is 10% - 12%).

The drift factor must be between 0.5 and 1.5 as well as the mass of
each replicate must be within 10% or 1mg, whichever is greater, of
the average sample mass for that set in order to be used as a drift

standard.

11.4.2. Blanks are used to calculate the system blank or baseline and to
determine the system response without a sample present. A blank
correction compensates for the system blank when calculating the
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analysis result. The system blank should be determined every day
before analyzing unknown samples. Blank runs should have minimal
sulfur present. A percent sulfur reading of less than 0.05% is
acceptable.

11.4.3. A Magruder check sample shall be run as a batch of 3 before the
samples and at the end of the run (it should be the last sample
analyzed). The results of the check samples shall be within 2
standard deviations of the theoretical value. If the check sample
result is greater than 2 standard deviations, recalibrate the instrument

and run another check standard.

11.4.4. A check sample shall be analyzed every 15 samples to check the
instrument calibration.

11.4.5. Any samples that are bracketed by an acceptable check sample or
calibration standard are considered valid and may be reported.

11.4.6. The results of triplicate sample readings should be < 8% RSD if using
<1% Method and < 5% RSD for all other methods.

12. Preventative Maintenance:

Perform preventative maintenance as prescribed in the instrument manual,
instrument scheduler, or as needed.

Frequency

Part

Procedure

As Needed

Screen Filters

Inspect, clean, and/or replace
filters when replacing reagent
materials. See Primary
Anhydrone Tube and
Secondary Tube maintenance
for when to replace reagent
materials.

Screen Filter o-rings

Inspect, clean, and/or replace
filter o-rings when replacing
reagent material. See Primary
Anhydrone Tube and
Secondary Tube maintenance
for when to replace reagent
materials.

Auto Loader Rails

Wipe down

Lance

Replace every ~5000 analyses
(excluding blanks)
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Before Use

System Check

Follow steps in instrument
manual

Primary Anhydrone Tube

Remove tube and then clean
and grease upper and lower o-
ring. Replace reagent when
Anhydrone has caked or once
a year whichever is sooner.

Secondary Tube

Remove tube and then clean
and grease upper and lower o-
rings. Replace reagent when
F-Cl is spent and has turned
dark brown or once a year
whichever is sooner.

Furnace Outlet Adapter

Inspect and clean

Gas Tubing

Inspect. Replace when dirt or
soot buildup inside the tubing
is visible

Particle Filter

Remove filter assembly and
then clean and grease upper
and lower o-rings. Replace
when filter has darkened
significantly or once a year
whichever is sooner.

Weekly

Bucket

Empty bucket weekly or as
needed.

Air Filter

Inspect for dust buildup.
Clean when needed.

13. References:

13.1. Refer to the instrument manual for troubleshooting and maintenance

information.

13.2. Association of Official Analytical Chemists, Official Methods of Analysis of
AOAC International, Method 993.13, Nitrogen (Total) in Fertilizers —
Combustion Method, (Chapter 2.4.02), 19" Edition, 2012

13.3. Determination of Sulfur in Fertilizers, S832DR_S FERTILIZERS 203-821-
538, LECO Corporation; Saint Joseph, Michigan USA

14. Comments:
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Appendix 1: MDL Results

Appendix 2: Method Validation Results
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Revision Log:

Date

What was revised? Why?

12/16/25

Section 5.1.1. Spelling of nominal corrected

Sections 9.2, 10.1. Included the use of a spatula or similar tool to clean boats

Sections 7.3, 9.7, 9.9, 10.2, 10.3, 10.5 Update section references

Updated numbering of Section 10

Section 10.4 Included drift weight to be used

Table 1. Changed table to include different weighing allowances for solid and
liquid samples.

Section 8. Added reference to RA-SP-SMPL-PREP for sample storage

Section 10.5. Clarified one Magruder sample run in triplicate

Section 10.7 Clarification for mixing liquid samples and how to make
indentation in boat

Section 7.2. Added wording for clarification
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MDL1 |[MDL2 |[MDL3 [ MDL4 [ MDL5 [ MDL6 | MDL7 [ Average SD RSD Magruder | RPD | MDL
220111
Guarantee
0.154 | 0.149 | 0.154 | 0.144 | 0.168 | 0.136 | 0.145 | 0.147% 0.0112 7.7% 0.17% 15% | 0.035%
0.16 0.151 | 0.158 | 0.132 | 0.146 | 0.132 | 0.141
0.149 | 0.159 | 0.148 | 0.135 | 0.152 0.12 | 0.145
Magruder 220111:
Guarantee Robust Mean Robust SD Range £ 2 SD
0.17% 0.1715% 0.0456 0.083% | 0.2627%
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<1 Method: (<1%)

Values Derived from

Magruder Statistical
Summary
Date sample | sample | weight | weight | weight | average | Instrument | RSD% robust robust Range Comments
# type 1% 2% 3% % SD mean SD
1 sigma 2 sigma
low high low high
6/13/2025 220411 0.651 0.641 0.626 0.639 0.0126 1.97 0.6154 0.1772 | 0.4382 0.7926 | 0.261 0.9698
230511 0.343 0.308 0.33 0.327 0.0176 5.38 0.3654 0.1714 | 0.194 0.5368 | 0.0226 0.7082 (used
0.1g
sample
wt.)
220111 0.146 0.131 0.129 0.135 0.00904 6.67 0.1715 0.0456 | 0.1259 0.2171 0.0803 0.2627
210911 0.714 0.753 0.733 0.733 0.0199 27 0.8234 0.0812 | 0.7422 0.9046 | 0.661 0.9858
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Low Method (1-7%)

Values Derived from

Magruder Statistical
Summary
Date sample weight | weight | weight | average | Instrument | RSD% robust robust Range Comments
1% 2% 3% % SD mean SD
1 sigma 2 sigma
low high low high
6/11/25 240714 1.74 1.88 1.91 1.84 0.0896 4.86 1.313 0.2274 | 1.0856 1.5404 0.8582 1.7678 see
7/23/25
240311 6.22 6.26 6.32 6.27 0.0524 0.835 5.997 0.9053 | 5.0917 6.9023 4.1864 7.8076
6/13/2025 250111* 2.14 2.15 2.16 215 0.0102 0.476 1.384 0.2605 | 1.1235 1.6445 0.863 1.905 see
6/19/25
240611 0.723 0.746 0.752 0.74 0.0153 2.07 2.119 4.505 -2.386 6.624 -6.891 11.129 see
6/19/25;
230811 6.55 6.67 6.64 6.62 0.0637 0.962 6.222 0.8855 | 5.3365 7.1075 4.451 7.993
221111 6.68 6.62 6.76 6.69 0.0706 1.06 6.764 0.4326 | 6.3314 7.1966 5.8988 7.6292
6/19/2025 211011 liquid 0.336 0.356 0.331 0.341 0.013 3.8 1.312 1.835 -0.523 3.147 -2.358 4.982 robust SD
large
250111* 1.87 1.88 1.87 1.87 0.00434 0.232 1.384 0.2605 | 1.1235 1.6445 0.863 1.905 rerun-pass;
(used
0.1g
sample
wt.)
240611 0.392 0.423 0.394 0.403 0.0175 4.35 2119 4.505 -2.386 6.624 -6.891 11.129 rerun-not
pass;
robust SD
large
160311 1.42 1.41 1.49 1.44 0.0441 3.07 1.207 0.5815 | 0.6255 1.7885 0.044 237
7/23/25 240714 2,07 2.05 20.7 2.07 0.00961 0.00464 | 1.313 0.2274 | 1.0856 1.5404 0.8582 1.7678 Rerun-Fail
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High Method (7-35%)

Values Derived from
Magruder Statistical
Summary
Date sample weight | weight | weight average | Instrument | RSD% robust robust Range Comments
1% 2% 3% % SD mean SD
1 sigma 2 sigma
low high low high
6/11/2025 240511 liquid 9.17 9.29 9.33 9.26 0.0866 0.9350 10.19 0.5897 | 9.6003 10.7797 | 9.0106 11.3694
241111 15.8 15.7 15.6 15.70 0.1600 0.7380 16.67 0.598 16.072 17.268 15.474 17.866
220811 204 204 20.3 20.37 0.0242 0.1190 20.05 0.6743 | 19.3757 | 20.7243 | 18.7014 | 21.3986
190111 242 245 244 24.37 0.1470 0.6020 Data not available
6/24/2025 201012 9.84 10 9.94 9.94 0.0984 0.99 10.53 ‘ 0.4423 | 10.0877 | 10.9723 | 9.6454 ‘ 11.4146
250511 13 12.7 125 12.7 0.248 1.95 Data not available
230911 16.9 16.6 16.6 16.7 0.166 0.992 17.02 0.7302 | 16.2898 | 17.7502 | 15.5596 | 18.4804
240511 8.76 9.21 9.1 9.02 0.236 2.61 10.19 0.5897 | 9.6003 10.7797 | 9.0106 11.3694
220311 26 25.3 24.9 254 0.567 2.23 26.05 0.9413 | 25.1087 | 26.9913 | 24.1674 | 27.9326
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