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okl a blZOWTIEL 59, #klc, dIZOWTIE 1 g Z1ERE (0.1 mg DI 7=FT)ITIEINED, b= —H—
200 mL 12 AL, KEE(EAVD Ao X ) — VERHEAD 50 mL 20Nz, REEHILCEY, Ay N7 L—R T 5 43 #E D
WRELT-. itntk, 2877223 250 mL (2L, BERRETREMZ 2% IZAMK (3 FE) TAL, sUBHEIRE L.
EF e, fIZOWTIIHRERZ R T DUCIRFURI D720, EREOEIEITAT o7z,
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1 g-
Analytical sample

38 Weigh to the order of 0.1 mg into a 200-mL tall beaker

< About 50 mL of potassium hydroxide/etanol solution

Heating | Cover with a watch glass and boil

Standing to cool |

Transfer | 250-mL volumetric flask, water

< Water (up to the marked line)

Filtration | Type 3 filter paper

Aliquot
(predetermined amount)

300-mL tall beaker

< About 50 mL water

< About 5 mL hydrogen peroxide

Heating | 80 °C-90°C, 1 hour

Standing to cool |

< A few drops of phenolphthalein solution (1g/100 mL)

Neutralization | Hydrochloric acid (2+1) (until the solution becomes transparent)

< About 1 mL Hydrochloric acid (2+1)
< Water (the liquid volume to reach about 100 mL)

Heating | Boil, for 5 minutes

< About 6 mL of thermal barium chloride solution (100 g/L), while shaking

Standing to cool | For several minutes

« A few drops of thermal barium chloride solution (100 g/L)
(Check that new precipitate is no longer formed)

< About 2 mL of thermal barium chloride solution (100 g/L), while shaking

Heating | 80°C-90°C, 2 hours

Standing to cool

Filtration | Type 5-C filter paper
|
Transfer | Type 5-C filter paper, water
< Wash with water (until reaction of chloride disappears in filtrate)
| Put | Crucible
|
| Drying | Drying apparatus, about 120 °C, 1 hour
|

Standing to cool |

Charring Heat gently in an electric furnace
Incineration 800 °C, 2 hours
|
| Standing to cool | Desiccator
|
| Measurement | Measure the mass to the order of 0.1 mg

Scheme 1 Flow sheet for total sulfur content in fertilizers

| For no less than 4 hours, in a water bath whose heat source is stopped
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Table 1 Homogeneity test results
No. of Mean’ s RSD;” Sov”” St RSDb+ 9)10)
Sample samplel) (‘V)3) (‘V)3) %) (‘V)” o )3) %) F Value
o b o 6
all 10 (0) 8.62 0.19 2.3 0.12 0.23 2.6 1.72
b 10 (0) 12.51 0.16 1.3 0.06 0.17 1.4 1.24
c'? 10 (0) 247.8 4.46 1.8 1.0 4.6 1.8 1.11
d'? 10 (0) 245.6 5.28 2.1 0.5 53 2.2 1.02
e !V 10 (0) 1.38 0.02 1.1 0.01 0.02 1.4 2.33
£ 10 (0) 2.85 0.04 1.5 0 0.04 1.5 0.29

1) The number of samples used for analysis; ( ): The number of outliers

2) Grand mean value (n=The number of samples used for analysis X The number of repetition times (2))
3) Mass fraction

4) Standard deviation of repeatability

5) Relative standard deviation of repeatability

6) Standard deviation of sample-to-sample

7) Standard devitation of sample-to-sample include repeatability Sh+r = VSpb 2 t+ 52
8) Relative standard deviation of sample-to-sample include repeatability

9) F value calculated based on analysis of variance (ANOVA)

10) F critical value: F (9,10:0.05)=3.02

11) Test by transmitted light analysis

12) Test by X-ray diffractometric analysis
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2) HRRREBERUNINIERTE

H R E DD WAE ST 3L AR AU A Table 2 1R LTz, & RO 5 HTaEEO BB 5% TUPAC O[]
R 2L Y AOAC DRI AR T AN THRFHLBE LU=, SRBR O/ E a2 i 35
72812 Cochran O E & U Grubbs DR EZ FEIEL7-EZ A, 10 3R =E OFERAE DO HERKREUEE ¢ K OVRIR
BT 1B, FikEE a, d KOMBECIREEL e T 2 SIBR=E OB AR M VB S E S LT,

Table 2 Collaborative study results (Mass fraction, %)
Lab ID Solid sample a Solid sample b Solid sample ¢
A 8.17 8.25 12.54 12.53 245.1 246.4
B 9.07” 9.13” 13.24 13.52 253.0 252.7
C 9.13” 9.20” 13.29 13.20 254.5 253.7
D 8.31 8.22 12.38 12.48 246.1"  241.4"
E 8.05 8.21 12.27 12.20 247.8 246.4
F 8.32 8.35 12.51 12.62 247.0 246.0
G 8.40 8.40 12.57 12.55 244.5 243.8
H 8.35 8.48 12.56 12.59 246.4 245.8
I 8.35 8.41 12.70 12.68 245.8 245.8
J 8.42 8.43 12.78 12.89 246.5 246.2
Lab ID Solid sample d Liquid sample e Liquid sample f
A 246.1 245.8 1.40 1.39 2.87 2.86
B 252.1% 253.0” 1.46” 1.49” 2.92 2.91
C 254.5” 254.0° 1.50" 1.50” 2.94 2.94
D 245.7 245.2 1.40 1.40 2.86 2.86
E 246.7 245.9 1.41 1.41 2.88 2.88
F 246.7 245.4 1.40 1.41 2.88 2.88
G 244.0 244.2 1.41 1.41 2.88 2.88
H 245.5 246.1 1.42 1.41 2.89 2.89
I 245.6 245.9 1.41 1.42 2.88 2.88
J 245.9 245.6 1.42 1.41 2.89" 2.93"

1) Outlier By Cochran
2) Outlier By Grubbs

3) BHTRERUVEMBRFE
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FRBRE DDA SRR T — R LTS (SO3) EL COE By REL THDN, BEIEN 100 %% H
Z 5% TUPAC O 3L [FEIFRER 7 b= L e OV AOAC DIE[FFRER A R T A LN TR D DI A 2
CHIWTL, fiieE (S) EL TRHI 2720, BRI Z AR5 2.4969 TERUE CTHEGHAEE 24T o7,

S AIEABRON L 7R AR L0 5 L7 S, DR TR V(R 72 (s) K OMIFAT AR eHEE YE (R 722 (RSD,) il TN
S BEER 7= (s), =M A FAH SR HE (R 7= (RSDr) K& OY HorRat fE (HorRat) & Table 3 |Z/~L7-. =M
Bl HorRat fEIE A 53T 53 BF DAL 5341 5 IEOMEREFHM IR AR O — 2L L THWGI, BIEDLZAJEEHIfE
HL T HEHT D700, 25 LU CEL#L7-. HorRat (% RSDr/PRSDg (2L KHHID. 7283, PRSD I1°F-
Yy B A5 Horwitz DIEIERIZLDRD Tz, SIVEZ BRI IZBBREE DT (S) EL CTOREAIEITE
B3H0.564 %~99.17 %THY, TD 8 KO s ITE 533 0.001 %~0.24 %KX 0.003 %~1.39 % THY,
RSD, & O RSDg 1% 0.1 %~0.7 %% T8 0.3 %~2.8 % Tdh->7-. £7=, HorRat 1T 0.14~1.39 THY, I ok
EHb HorRat 13 2 A NEARY, a—F v I 2AF B RO HTEE D= ANIEHERHT-L T hiet?.

Table 3 Statistical analysis of collaborative study results (Analysis as sulfur)

Sample No. of lali)bs MeaI;Z)) Mear;j : sr“’g) RSD; SR();) RSDR” HorRat"
p(qQ) (%) (%) (%) (%) (%) (%)
a 8 (2) 832 333  0.02 0.7 0.05 1.4 0.42
b 10 (0) 1271 509  0.03 0.6 0.14 2.8 0.91
c 9 (1) 2476  99.17 0.4 0.2 1.39 1.4 1.39
d 8 (2) 2456 9837  0.18 0.2 0.30 0.3 0.30
e 8 (2) 141 0564 0002 04 0003 0.6 0.14
f 9 (1) 289 1.16  0.001 0.1 0.01 0.9 0.22

1) Number of laboratories, where p=number of laboratories retained after outlier removed
and (q)=number of outliers.

2) Grand mean value as sulfur trioxide
(n=The number of participating testing laboratoried (p) X The number of times of repetition (2))

3) Grand mean value as sulfur (=2.4969% Grand mean value as sulfur trioxide)

4) Standard deviation of repeatability

5) Relative standard deviation of repeatability

6) Standard deviation of reproducibility

7) Relative standard deviation of reproducibility

8) Horwitz ratio of reproducibility

9) Mass fraction

4, F&O

10 FRBRETIBNT 6 FEA (12 5) OFEHE W THEEE /0 2 Bl E O L RIRERA FMiL, WA VD AEHE
LT ZAT 7. ZORER, EM BB FEHEERZE) 13 0.3 %~2.8 % Tholz. ZDOTEND, RER=E
[H10D HEHRIT L2 A RRBRIE 0 S T B BURG BE 13T 2 3 DR Chh, ARRBRIEIT, ABT R 354 sl 2 1 H]
WHZEMH KD T3 7eVEREAZ AL CODZEN R TET.
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Testing Method of the Total Amount of Sulfur Content(as Sulfur Trioxide): A Collaborative
Study

Shin ABE!, Chika SUZUKI? and Yuji SHIRAT?

' Food and Agricultural Materials Inspection Center, Sendai Regional Center
(Now) Fertilizer and Feed Inspection Department
2 Food and Agricultural Materials Inspection Center, Sendai Regional Center

3 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

A collaborative study was conducted to evaluate the applicability of the method validation of gravimetric
analysis for determination of sulfur content in sulfur and its compounds as fertilizer. Sulfur in fertilizer was
dissolved in potassium hydroxide ethanol solution, and oxidized to sulfate ion by adding hydrogen peroxide. The
precipitation of barium sulfate was generated by adding barium chloride solution to the sample solution. The
precipitation of barium sulfate was separated from the solution by filtration, washed with water, and ignited at 800
°C. The sulfur content (as sulfur trioxide) was calculated from the ignition weight of barium sulfate. Six samples
(fertilizers containing sulfur and a sulfuric compound and sample which diluted sulfuric acid) were sent to 10
collaborator. These samples were analyzed as blind duplicates. After removing the outlying date using Cochran
and Grubbs outlier test, mean values (as sulfur trioxide) were in the range of 1.41 to 247.6 % (mass fraction), and
the repeatability relative standard deviation (RSD;) and the reproducibility relative standard deviation (RSDg)
ranged from 0.1 to 0.7 %, 0.3 to 2.8 %, respectively. These results indicated that this method was validated for

determination of sulfur content in the fertilizer.

Keywords fertilizer, sulfur, sulfuric acid, gravimetric analysis

(Research Report of Fertilizer, 7, 28~35, 2014)



