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1. [FL®IC

YRR 114 7 A CHERHRRSEASOIEY SH, Bids ThiEEZ & T REH I i & (L& L TATE
WY NRESNT-. EM OZOLEWITHED pH % TP 5720 HWB, AL 24 48 9 A RBUE, &
FRENTODIEEIOEAIL 23 4 THD. Mk NTOLAEWIE, Mk, Wk @EIEE2ETe), Mifgs ek @
FEMZ G ), MIREAREIELC, BIRELE 2 FLL EOJFEZRE L CRIESTRY, RS LR, kL
PACIRIERT B OIS —(LARAER 72 & OB TRINL - Ob 65, BHOKESR SRVIZEY, W&k D
IEEDIERMHEN EEBEOFRRVDEHSTONTEY, £z, HMES 2ROV UL, WREREEE, Hb Uy
LIEVEZXOFREN R O ZERLAE T (SO;) ZERL, ZhOREHHOE RIS THE D (%) &5 LS
TS, ZO7D, il TODIEEI ORI 3 R RO E A BT 1 %~249 % (EIRHEE S OFFRAE) LiRIAV .
TEEVEEL T, MR RBRYEDS TIS Hikg® V& ICINES TRy, AEHEELCOITEBIC BV TIX
RS OMERIZIHE U7 FIEE IR L CRERE FEMIL T D,

JIS K 8088 IZHLE ST Dt (RAHK) Ml DFBRYE (R VD AE R O—H B LIZ 5L 12>
T, SRR 22 4B L BRBR TS D YA RS S MR B SR BR L D I S V. LosL7ed’n, ks
U WE A E 2 OEREICERI 23 03D 2 e, B3 JIS K 80018 I ZHE STV DR 3R ER J7 k@ A
JB.2.17.1 Hil ik e OV F ARG IR HT HIEY % —tk B L, BRI EEE L CO B —RBREICB I 2% 4 D
& EfiL 7= C, ZOMEEZHET 5.

2. MMRUAE

1) AHOERKRVOHFHR

i K O ZF Db EELT Table 1 @ 6 SORERSZINEL, RERLELT-.

FriR sk B G1E 0.2 kg~1.0 kg FREE AL, B =— USRI ANV CTEEL, HBAE 500 um O 550 & 45
TLHETHHLTHONAREIE L. 7, IRIRORBRN I T TATF Y IRV AT, EOEEGHTHFEE
L CRERICHEL 72, 7238, W o aRBR &L K OV AR B IR IR E LTz,

2) RE

(1) KERALAVD Lok ) —)VERHR : JIS K 8574 (\ZHUE T HKERL U A 10 g 27K 50 mL IZIENL, S5
IZJISK 8102 IZBIE T HTH /—/1(95)50 mL ANz 7z.

(2) EERL/AKTE: JISK 8230 ([THE T 553K (30 %) .

(3) 7= /)—NTHELAERW: NISK 8199 ITRET D7 =/ —/NVT7H A1 g% JISK 8102 [T ETHT
%/ —/1(95) 100 mL [Z¥EMLTZ.

VOMSTATECE NEMOKEEN B Z 2Bt — a4 — () 4 hREr 4 —



Biiss k O s b e g IR P ORME S 2ERAE — S EREEOBE M — 21

(4) HEWE: JISK 8180 [ZHLE T Hak3K.

(5) VRV —xH ) — VAT (1+1) : TISK 8102 [ZHETHTH /—/1(95)250 mL (2, JIS K 8295 |2
ETH7 VU 250 mL N2 TEDLT-.

(6) HEALT NITLEHE: JIS K 8150 (ZHIE T2 LT RIT L 240 g % JIS K 8180 [THIE DM 20 mL
ZETeARKIZEEMLTIL ELT-.

(7) HEALANTY A G s L E R O U A ZKFY (FERE T3ER, 500 pm~710 um OHL
FEDLOD).

(8) WRFAHEIEYERR (SO52 mg/mL) : JIS K 8962 |[ZHIE T Dl VY L& 57U 800 ‘CTIHELRDE
TIMEAL T 7 — 2 —H T L= O 43531 g 2 /KICEE LT 1L LU=

(9) WiEAHIEYERR (SO;0.02 mg/mL~0.1 mg/mL) : HtFEHEAEHERR (SO;2 mg/mL)2 mL~10 mL Z2 &7
A2 200 mL [ZBERERIICED, IR ETKREMA 7.

(10) 7K:AKHE#EEEE (MERCK ELIX ESSENTIAL 5) & IV TRERLL 72 JIS K 0557 ICHUE 32 A3 FH 4 DK
ZERL.

Tablel The Characteristics of test samples

Sample No.  Content Form
1 Sulfur solid
2 Sulfur solid
3 Sulfur mixture solid
4 Sulfur mixture liquid
5 Sulfur and sulfuric acid mixture solid
6 Sulfuric acid mixture liquid

3) /ERUVEE

(1) FEF1EZ/V: METTLER TOLEDO AX504

(2) HEE\ZR: SIBATANP-6R

(3) 7/KkiE: AS ONE IWB-100, Thermo Fisher Scientific Isotemp 15-462-10Q

(4) 7AEL—X—: SIBATA WJ-20

(5) ~7FF vy AX—F—: ASH AMG-H, SCINICS CPS-300

(6) /MR BERERT UV-1800 |2 HBhREHE AL E L~/ 3X—160 B L7=H D
(7) &EXJF: ADVANTEC FUW242PA

4) AIE

IINTERER 1 g~2 g Z1EHE (0.1 mg OHTET) I ED, b—/LE—5—200 mL (Z AL, KEE{LHID L=
& —VIEHEA) 50 mL 22, RFEHIL TRV, AR IRy ML —NCRIE L. intk, 28772
2250 mL (2B, ERETKEMZ CTRENRRELZ. 728, DWREIOILIEfELR MR Y 25/ L T
HHOIX, 5 DREFEBEML, ERLIZZICAK (G ) THEL, REHAREL.

BRI D— E A& h—/LE—77—300 mL (Z&D, KK 50 mL & ONEEE{b/KkFEK 5 mL 200%, DR
L7z, 80 C~90 ‘COKIE ETEELENZRERNLK 1| BB 72, DEFRGTE, 7=/ —L T XA
VIR 1~2 TaEINZ, HEE (2+1) THRILIZ#%, £' 77 A2 200 mL IZBL, KEMX TERL. 728,
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SEAEREFEELT100 %Ll EEBL CODREI DG AL, —EEEZ DI TKTHRLZ. EiZ 0.3 um O
FTALMTHIBL TR L LT=.

| 1 g-2 g Analytical sample | Weigh to the order of 0.1 mg into a 200-mL tall beaker

< About 50 mL of potassium hydroxide/ethanol 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
1
| Standing to cool |

< 1 -2 drop(s) of phenolphthalein solution (1 g/100 mL)

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

| Transfer | 200-mL volumetric flask , water

< Water (up to the marked line)

| Filtration | 0.3 um glass fiber filter
|
I |
| Aliquot(50mL) | 100-mL flask | Aliquot(50mL) | 100-mL flask
with screw cap with screw cap

< About 10 mL glycerol-ethyl alcohol —
solution(1+1)

< About 5 mL sodium chloride solution—
(240 g/L) containing hydrochloric acid

| Heating | 30 C Heating 30 °C
< 0.30 g barium sulfate
| Mixter | 2 minute
]
| Heating | 30 °C, 4 minute
|
| Mixter | 3 minute | Mixter | 3 minute
] |
| Measurement (A) | | Measurement (B) |
Spectrophotometer (450 nm) Spectrophotometer (450 nm)

Fig. 1 Flow sheet for total sulfur content in fertilizers

BN Z 2 [HORY 0 =4 7522 100 mL I 50 mL TOIEMEIZED, 2V — & ) — VIR
(1+1) 910 mL K O bR AEK) 5 mL 2Nz 72, 30 ‘COKE ECERLLAETIMRELZ. —Hox
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VA = AT T AaOREHER KBGO UL ST A 030 g 2%, v R TF v I AZ—F7—THI2 57
ERAT-H, 30 COKIE ETH 4 SEEL-. HFOKIBOHOBRVH L~ 3T I AX—F—"TH) 3 47
DERAET%, DERETCODREOREHNRIZ OV T HERREHE AN E 2B LI e ERHTE AL, B
B 22 BRI et BIRE LTI R 450 nm OWIEEE (A) ZRIE LT 7 O3y 0 =47 7 AaDiEREIR
X, KIEPLEOH L~ R F w7 AL —F—TK) 3 FRINEIRET %, EAVT LEIMOBENAR L FIERIC
WS RE (B) A E L 7.

BN OB AR MR 2 IEfE AR L 7o BB FE ORE HER (SO 0.02 mg/mL~0.1 mg/mL) % 50 mL ¥ 243
L, BBHK & [FER O BRAEZAT > O B it 8 SR AT VIR OO A SRR FEE LW FE L DR B A ER LTz, 3R
b/ U BEBIMUIERETR DR HEE (A) 2BHAL U Y ABERINOBEHEIR ORI (B) 2L 5[\ TR
D T IE W E LA AR O RBHA IR P OB EREZ RS, SR omE s 2EZHE L
(Fig.1).

3. HRRUEE

1) BRERDOER

AR R (SO 2 mg/mL) D—E &4 /K TIEMEICARL, 1 mL H11Z SO; &L T 0.02 mg, 0.04 mg, 0.06
mg, 0.08 mg, 0.1 mg Z & A+ HIEUERR AR 7=, MBI YETT (SO50.02 mg/mL~0.1 mg/mL) % 50 mL %
FVA AT TANIED, 2.4) DFIEIHES THREE ST AOTRE A AR ST, /TR E 2 E
L7z, ZOFERIT Fig2 OEBY, MEMHIL SO; LT 1 mg/65 mL~5 mg/65 mL O&iFH TR (R EFREL
1.000) Z7RL7z. 72720, [EUREMI TR R Z @O T, FERE SR L7 OLE 0 ORFD SO; T HIMEIX
0.4 mg/65 mLFEEE CTho7c. ZOZEND, fHIELTZWIEEEAY SO; LLT1 mg/65 mL~5 mg/65 mL DHiPH THh
HTENEBERGMLI ST,

1.0 - y=0.194x - 0.055
2 =1.000

0.8 A1

Absorbance

0.0 I I I I T
0 1 2 3 4 5 6

Concentration (mg/65mL)

Fig.2 Calibration curve of sulfur
trioxide

2) BHTEERAEE
2.4) DFIEICEDHTREE AR T 5720, 6 S8 DOIEEE FT 3 S TalBR A2 it L TEL - R
Table 2 1R L7, ‘EHERBMEITE &R 3.21 %~248 % THY, ZOEUERZE K O E R EITE &5 R
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0.01 %~6 %% N 0.2 %~2.4 % Tho7-.
HEEICLAMEMICKTT2E 51X 87.8 %~103.0 % Th-o7-. £7-, 3k 1 L OGEEL 2 D EHER 3
HEIE1X 98.4 %~99.4 % Tdh-7-.

Table 2 The results (as sulfur trioxide) of repeated test

n 3 " Mean by previous Compared with Compared with
Salr\rllgz)le Mean “(A) s RSD methods)(W) previous method”  theoretical value”
' (%)” (%)” (%) (%)” (%) (%)
1 248 6 2.4 247 100.5 99.4
2 246 2 0.8 246 99.7 98.4
3 55.8 0.4 0.7 54.2 103.0
4 116 2 1.7 132 87.8
5 17.0 0.04 0.2 17.3 98.4
6 3.21 0.01 0.4 3.28 97.8

1) Mean of the result obtained by analying three samples using turbidimetry method
2) Mass fraction
3) Standard deviation
4) Relative standard deviation
5) Mean of the result obtained by analying three samples using gravimetry method
6) (A/W)x100
7) (A/249.69)x100
Theoritical value of sulfur trioxide: 249.69 (mass %)

3) EETRORER

fite o (BRFE) 2B IR A LU Ot 0 R E U CE R 1.0 % 2 SR L 7Z3UEHZ DWW T, 10 ST
AR FE L CTRONTZHE R4 Table 3 [RL7Z. S ERBMEITE &S 1.06 % THY, TOEERAITEE
535 0.03 % Tholz., E& T IRITEEERZE=10, 72, B TRIMEERZx2xt (n-1,0.05) LELTRENDD
T, REOEE TRA O FTRITEESE 03 % REKOERESFE 0.1 % RELHEESIN, R
T2 —FBIEOFEREEERR L SO; ELT 1 mg/65 mL THOZENLERE FIRITE &SR 1 % REL
Ex bz

Table 3 Limit of quantitation and detection of sulfur trioxide (mass %)
Analyte Mean'’ 52 LOQ” LoD"
sulfur mixture 1.06 0.03 0.3 0.1

1) Mean of the result obtained by analyzing ten samples
2) Standard deviation

3) Standard deviationx10

4) Standard deviationx2xt(n-1, 0.05)

4. FEOH
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i85 K Ot At & 0% IR T 2 IRE R DR 7y BB ORERIEL L C T ARIBIROT HiEE S B
SRE BRI LT2E 25, IROKE REET-.

T E R I T D e *ﬁ‘%@i&@*ﬁ%ﬁ %, SO; £LT 1 mg/65 mL~5 mg/65 mL O#iPH CEMRMEE
AU TR A FML 72825, P ERMEITE &3 3.21 %~248 %DHEHIZIB\W\ T, £ OM SRR
721302 %~2.4 % Th-o7z. PHTRER Jﬂiﬂ% L7z3Bt DY B ST 72 1 CTRERRS AL TV 5k 1 KUK
BE 2 OTE EARILHEE O PR EE 8573 249.69 %X, 98.4 %Ll ETh-otz. Fiz, RIEOE & FRRITZFHE
PORF Sy EEELTHEED R 1 lRELHEFEShZ.
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Method Validation of Turbidimetry for Determination of Sulfur Content (as Sulfur Trioxide)
in Fertilizers of Sulfur, Sulfuric acid and Its Mixture

Yasushi SUGIMURA

' Food and Agricultural Materials Inspection Center, Sendai Regional Center

(Now) Nagoya Regional Center

This paper describes a method using a turbidimetry for the determination of sulfur content (as sulfur trioxide) in
fertilizers containing sulfur, sulfuric acid and its mixture. The solid samples were dissolved in potassium
hydroxide (0.2 g/mL)-ethanol (1+1) solution. Sulfur in extract or in the liquid sample was oxidized to sulfate ion
(SO4¥) with hydrogen peroxide. After addition of glycerol-ethanol (1+1) solution and sodium chloride solution
containing hydrochloric acid, precipitated barium sulfate by adding barium chloride solution to sulfate ions. The
barium sulfate suspension stirred with magnetic stirrer was placed in a cell of spectrophotometer by suction, and
its absorption was measured at 450 nm. Sulfur content in the sample was proportional to the amount of barium
sulfate in the suspension. The accuracy and the precision of the method were assessed from 3 replicate
measurements of 6 samples. The mean value was from 3.21 % to 248 %, and the relative standard deviations were
from 0.2 to 2.4 %. Except for one sample, quantitative value of this method was the result of substantially equal
quantitative value of the gravimetric method. On the basis of 10 replicate measurements of a sample with 1 % of
sulfur content, the LOQ value was estimated at 0.3 %. These results have been shown that this method is valid in

determining the sulfur content in fertilizers contains sulfur and sulfuric acid.
Key words  sulfur , sulfuric acid , turbidimetry , spectrophotometer

(Research Report of Fertilizer, 6, 20~26, 2013)



