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Fig.1 Chemical structural formula of sulfamic acid
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|1 g analytical sample | Weigh to the order of 10 mg to a 200-mL Erlenmeyer flask
«— Add 100 mL water

| Extraction | stir 10 minutes

| Centrifugation | 1800%g, 5 minutes

| Dilution | Diluting extract 20 times with water

| Centrifugation | 8000xg, 5 minutes

| Measurement | LC-MS

Scheme 1 Flow sheet for sulfamic acid in solid fertilizers

|1 g analytical sample | Weigh to the order of 10 mg to a 100-mL volumetric flask

<— About 50 mL water

| Shaking to mix |

«— Water (up to the marked line)

| Dilution | Diluting extract 20 times with water
| Centrifugation | 8000xg, 5 minutes
| Measurement | LC-MS

Scheme 2  Flow sheet for sulfamic acid in liquid fertilizers

Table 1 Analytical conditions for LC-MS

HPLC conditions
Column Silica surface is covered with vross-linked diol

groups or polyhydroxymethacrylate

Guard column Same type as analytical column

Temperature 40 °C+1 °C

Mobile phase Ammonium formate buffer - Acetonitrile (1+9)
Flow rate 0.2 mL/min

Injection volume 1 puL

MS conditons
Ionization Electrospray ionization (ESI)

Ion monitoring m/lz 95.9
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- PR SAE EERAERT (B ESA/ERT LCMS-2020 A7 2, Phenomenex Luna Su HILIC 200A (100
mmx2.0 mm, 5.0 pm))

- W TR S (B EERERT Nexera/LCMS-8030 Plus, BAFNE T. Shodex ODP2 HP-2D (150 mm X
2.0 mm))

- —RARETE N B AR SROE 2 (R ERT LC/MS-2010C HT, MS-2020, Phenomenex Luna 5u
HILIC 200A (100 mmx2.0 mm, 5.0 pum), Phenomenex SecurityGuard Cartridge HILIC (4.0 mm X 2.0 mm))

- —RAEEN B AR ST 4 — (Agilent Technologies 1100 Series, Phenomenex Luna 5u HILIC
200A (100 mmx2.0 mm, 5.0 pm), Phenomenex SecurityGuard Cartridge HILIC (4.0 mm X 2.0 mm))

o —RFEE N B ARG R SRR A S (Waters Alliance 2695, Waters Quattro micro, Phenomenex Luna
5u HILIC 200A (100 mmx2.0 mm, 5.0 pm), Phenomenex SecurityGuard Cartridge HILIC (4.0 mm X 2.0 mm))

© MNZATBOE NRMOKEEN & L 2Bt 2 — i 2 — (BEEIERT LC/MS-2020 27 A,
Phenomenex Luna Su HILIC 200A (100 mmx2.0 mm, 5.0 um), Phenomenex SecurityGuard Cartridge HILIC
(4.0 mm X 2.0 mm))

- JRSZATBUE N RMOKETH B 2 it o 2 — A58 (B SERT LC/MS-2020 A7 A, Phenomenex
Luna 5u HILIC 200A (100 mm*2.0 mm, 5.0 um), Phenomenex SecurityGuard Cartridge HILIC (4.0 mm X<2.0
mm))
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Table 2 Indivisual result of sulfamic acid in fertilizer (mass %)

By-product Compound By-product nitrogen  By-product nitrogen
fertilizer fertilizer fertilizer (dilution)

A 0.0566 0.0525 0.0327 0.0245 0.0890 0.0845 0.0970 0.101
0.0418 0.0441 0.0234 0.0227 0.0529 0.0532 0.0616 0.0632
0.0466 0.0466 0.0244 0.0243 0.0672 0.0644 0.0606 0.0629
0.0499 0.0507 0.0271 0.0236 0.0662 0.0675 0.0914 0.0927
0.0843Y  0.0803Y  0.0395°  0.04479  0.124 0.176 0.140 0.122
0.0419 0.0400 0.0215 0.0220 0.108 0.0364 0.0674 0.0629
0.0499 0.0606 0.0215 0.0232 0.0724 0.0686 0.0698 0.0790
Ammonium sulphate ~ Compound fertilizer Compound fertilizer

Lab IDY  Compound fetilizer

Q" mUOaoaww

Lab ID? Ammonium sulphate

(dilution) for home gardening 1  for home gardening 2
A 0.215 0.210 0.252 0.254 0.0100 0.00937  0.0373 0.0342
0.205 0.203 0.215 0.219 0.00963  0.00964  0.0395 0.0389

B
C 0.196 0.189 0.188 0.216 0.00768  0.00769  0.0371 0.0343
D 0.197 0.186 0.257 0.220 0.00937  0.00930  0.0457 0.0289
E 0.325 0.413 04117  0306”  0.429”  0.499”  2.34" 3.19"
F 0.0850 0.270 0.206 0.217 0.0114 0.0104 0.0347 0.0387
G 0.252 0.242 0.208 0.229 0.0105 0.0108 0.0386 0.0443

a) Laboratory identification

b) Outliers of Cochran's test

¢) Outliers of Grubbs' test
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Table 3  Statistical analysis of collaborative study results
Labs” Conc.” Mean® Recovery 9  RSD” CRSD.® sz RSDR’ CRSD’
p@” (W (W B (T ) ) () (R (%)

Sample

Compound fetilizer 6(1) 0.05 0.0484 96.9 0.0034 7.1 4 0.0064 133 8

By-product

Compound fertilizer 6 (1) 0.025 0.0242 97.0 0.0026 10.9 4 0.0031 12.9 8
By-product nitrogen
fertilizer"

By-product nitrogen
fertilizer (dilution)

7(0) 0.075 0.0807 107.7 0.0237 294 4 0.0362 449 8
7(0) 0.075 0.0837 111.6 0.0057 6.8 4 0.0258  30.9 8

Ammonium sulphate
(dilution)

Compound fertilizer
for home gardening 1

6(1) 021 0.223 106.4 0.015 6.8 4 0.0216 9.7 8

6(1) 0.01 0.00965 96.5 0.00035 3.7 4 0.0012 12.1 8

Compound fertilizer

. 6(1) 0.04 0.0377 94.2 0.0054 143 4 0.0044 143'D
for home gardening 2

o]

a) Number of laboratories, where p = number of laboratories retained after outlier removed and
(¢) = number of outlier

b) Sulfamic acid concentration contributed by spike
¢) Mass fraction

d) Grand mean value of the results of duplicate sample which were reported from laboratories retained after
outlier removed (n = The number of laboratories (p) % The number of repetition (2))

e) Standard deviation of repeatability

f) Relative standard deviation of repeatability

g) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizers 2015
h) Standard deviation of reproducibility

i) Relative standard deviation of reproducibility

J) Rough standard of rerative deviation of reproducibility in Testing Methods for Fertilizers 2015

k) Sample of number of outlier / number of laboratories exceed 2/9

) Value was RSD, because RSDgr<RSD,
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Determination of Sulfamic Acid in Fertilizers using Liquid Chromatography-Mass
Spectrometer (LC-MS): A Collaborative Study

Tomoharu NOZAKT!
! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

A collaborative study was conducted to evaluate the applicability of liquid chromatography-mass spectrometry
(LC-MS) for determination of sulfamic acid in fertilizers. Sulfamic acid in fertilizer was extracted and diluted
with water. The sulfamic acid in the mixture was determined by LC-MS. Six samples of fertilizers, respectively,
were sent to 7 collaborators. These samples were analyzed as blind duplicates. Recovery values reported from
94.2 % to 112 %, the relative standard deviation (RSD;) for repeatability ranged from 3.7 % to 29.4 %, the relative
standard deviation (RSDgR) for reproducibility ranged from 9.7 % to 44.9 %. These results indicated that this

method has an unacceptable precision for determination of sulfamic acid in fertilizers.

Key words  sulfamic acid, LC-MS, collaborative study

(Research Report of Fertilizer, 9, 69-76, 2016)



