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Wet digestion method Dry ashing method
2 g analytical sample | | 2 g analytical sample
HNO3; 10 mL Ethanolic magnesiumnitrate
H2SO4 5mL solution 5 mL
| Ignite
| Leave overnight |
| 0 |t' | Heating(360 °C or over)
ea| ne Until the Sulfur burns out
| HCIOs 5 mL | |
| Charring
Heating (acid removal) Ashing(450 °C)
HCI (1+10) 5 mL HCl 10 mL
Water 20 mL Water 10 mL
Heating (acid removal) | Heating
remove acid |

| | 100 mL constant-volime

| 100 mL constant-volime | |

| | Filtration

| Filtration | |

| | Hydride generation-AAS

| Hydride generation-AAS |

Ammonia solution extraction
method

3 g analytical sample |

NH3 (2+3) 20 mL |

Leaving at rest for 3 hours,stirring
occasionally

Filtration |

Aliquot(10 mL) |

Drying on a water bath

HNO;3 (1+2) 3 mL |

Drying on a water bath |

H2SO4 (1+5) 6 mL
Sulfurous Acid Solution 10 mL

heating and concentration |

100 mL constant-volime |

Hydride generation-AAS |

Scheme  Flow of the arsenic analysis method examined in this examination

(2) BB

HARTE Yl 2 LB B R T D L NN S 727200, BEAHEE T 5720 OFEOEH ENE & FIRA
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FROGHTRETHDS 50 mgkg E22DINTOFIEBERZ ML, /Kig ECHESEHEEHWT, KiRE

(2O 3 WM T CIRINEMGRER 21T o 72

(3) DFTRE EE K OV RS FE D REAT

DTG L OV RS EE A HEE 95720, Wisa &M 5 ISR PO UOFDORENRZNZIL 5 mgkg LT 25
mg/kg L7RDIOREREWR AL, Kig ECRZEISE -3 W T, FIREIZSEZNEN 2 ST THAE

B TS5 BRGHELT-T2.
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Table 1 The comparison of arsenic values by Wet digestion method and Ammonia solution extraction method

Ammonia solutiona) Ammonia solution

Sample Wet digestion method” i extraction method/Wet digestion
extraction method

method
(mg/kg) (mg/kg) (%)
Sulfur fertilizer-1 2.1 0.3 14.3
Sulfur fertilizer-2 3.8 N.D. -
Sulfur fertilizer-3 5.5 2.4 43.6

a)Single measurement value

WA, [FEROBFEMIIHT LT, e~ 220 DRI IRAL R A9 5077 (LT, TARTA]
ET%. ) ZHOWTRBRAZENML, 55720 FRORIEMZ LR O X0 iRiE TRLNIZOREOHEEEE ik
L7z, fRIT Table 2 DEISY, BAFRHRNGOIZ AEI TR RIEL R0, FEIVNENT DTy
728, B P OOFEHERITHIT T2 LD RS, EBIZ, BRIZED /A0 D TN 2WZ0, iR
INGE T DT LI D T M ORGEE DAR T 2R<Y AT MEL 72D . ZNHDZEmD, AIEITNER DRI fR
IECORBERZMET 2N HRDEZ 2N, A BROBME CIIAREZRAT2ILE L.

Table 2 The comparison of arsenic values by Wet digestion method and Dry ashing method

Sample Wet digestion method” Dry ashing method” Dry e'lshin.g method/
Wet digestion method
(mg/kg) (mg/kg) (%0)
Sulfur fertilizer-1 2.1 2.2 104.8
Sulfur fertilizer-2 3.8 3.7 97.4
Sulfur fertilizer-3 5.5 5.8 105.5

a)Single measurement value
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BB, ASHETOZOREM/MNERE FIRRMELST-REEM FiEEM 4 KO 5) 2L ThAYE
W CRERZSEfE L 7= 25, Table3 DEFD, WTHNOREHIEIL THEE TR, XIXE®E FIRFITOEE
Tpo7-.

Table 3 Result of quantitative value of arsenic in arsenic-free fertilizers

Sample Wet digestion method” Dry ashing method”
(mg/kg) (mg/kg)
Sulfur fertilizer-4 N.D. 0.1
Sulfur fertilizer-5 N.D. N.D.

a)Single measurement value

IR L TR SN AR OIZE A S 1TA AR T 2B RIES DI E THD. —BIIZIZA T O
FAL AW & BOBRL T2 DK BRI L > TA UMb AR FEZ2F R E L CHRIRDORE DN ERES L TERY, £
DEYEIND, @EWHLE ORRENEONDZEDNHOILTND. ARRFHIIB T L7 ss E A 134 CTa D
BENNEIEE THY, BIEM A AL TORWEEEMIZ OV TUIOEOEZ A RIZEALRBD LIRS
7o, ZBOZEND, A LEINEIMEITOREEH THRUTITE RN D DEB I Bz, 2072,
BREHEH 1, 2 KO3 HOOHKIZEHL UIRIEM B THLHEE 2, BIEMEL TRHIHSNAZEOHHEFTA
RO M A RO OFEIZ DN THRBRZ 7072,

FERIL Table 4 DEFY, —EBOOEDRRHINDFER Lo LLEDOZEND, JEEHEL TOREHEHIC
EENTODOHROKEIL, WELIOREIEM B THDLI LRSIz,

Table 4 Result of quantitative value of arsenic in subsidiary material for sulfur fertilizer

Sample Wet digestion method” Dry ashing method” Dry z.lshin.g method/
Wet digestion method
(mg/kg) (mg/kg) (%)
Zeolite 3.4 3.4 100.0
Bentonite 4.8 4.5 93.8

a)Single measurement value

2) FHINEUERERIC &5 EE O

H ARG Yk b 2 W BT (R T D NN S 7720, OFORENER FIRRME CHHZ L2 MR LI
FEM 512 5 mg/kg, 25 mg/kg & TN 50 mg/kg FHY BEO OSBEMERZRINL, Kig b CizEsw 73 0k% H
DT, IRINEIGRER AT o7, F5F1% Table 5 DEFY, [BUNEEIT 98.9 %~101.6 % ThHY, EEFERERTE 2fF
JBE A CRUEEE ([IX=R) O BEEOFFHN Th -7,
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Table 5 Result of recovery test

Spiked level Recovery Criteria of at)he
rate trueness
(mg/kg) (%) (%)
98.9
5 100.8 85~115
99.5
99.0
25 100.0 90~110
99.6
101.6
50 101.5 90~110
100.0

a) Criteria of the trueness shown in Testing Method of Fertilizers

2) HREFEERUHHTREE O

DFTREEE R O TR EE 28 90720, 705 2 IREEICRD IO OBIEMER Z AN U TR S B A4 12D
T, 2 MOMTCTHEEZT 5 BIRRBREEM L. fHONIMERE Table 6 (IRLE. £, ZOREENL— It
BB HTEAT > TR O TREEE & OV RS EE % Table 7 1R UT2. OSRIREE O FHIfEIL 4.92 mg/kg &
N 24.8 mg/kg, PHATHGMEHER 71T 1.5 %M O 1.4 %, P RFRHEER T 1.4 %% TN 1.9 % TH-o7-.

ZOREIZBIT DN T NOM R ZES IEEFERBRE 2B E A ITRSN QDO TR (DF TH SR
Heff 7)o OV FEDRG B (Hh RS AR e HEE (R 22) 0 B Z AN Th o 7.

Table 6 Individual result of repetition test of changing the date

Test day
Spiked level
Sample 2 3 4 5
P (mg/kg)

5 4.84 4.87 4.84 4.96 4.90

4.87 4.90 5.02 4.94 5.04

Sulfur fertilizer

55 24.6 25.0 25.0 24.6 24.2

24.6 25.8 25.2 24.3 24.9
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Table 7 Statistical analysis of repetition test result for estimating precision

. Repeatability Intermediate precision
Spiked level 2 ) 9 ) 9 5 )
Sample (mg/kg) Mean Sr RSD r CRSD r SI(T) RSD I(T) CRSD I(T)
(mgkg) (mgkg) (%) (%) (mgkg) (%) (%)
Sulfur fertilizer 5 4.92 0.07 L5 8 0.07 1.5 13
25 24.8 0.34 1.4 6 0.48 1.9 9

a) Mean value (» = sample number of parallel test (2) X number of test days (5))

b) Repeatability standard deviation

c) Repeatability relative standard deviation

d) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers

e) Intermediate standard deviation

f) Intermediate relative standard deviation

g) Criteria of intermediate precision (intermediate relative standard deviation) shown in Testing Methods for Fertilizers

8) EETRFDIHTE

KIEDFE & TIRFZMER T D720, OFRORED 0.1 mgkg (T8I OFIERER TN I sE &+

2O, 7 ST CRBRA M L7-f% 54 Table 8 (iR L7-. “EEIMEIT 0.118 mg/kg THY, ZDHEHE(RZEIT
0.008 mg/kg Th-o7=. 7233, E & NIRITAEER 7Ex10, i H T RIS 22x2x¢ (n-1,0.05) Z W TR L2
LZA, RIEOER TIRIZ 0.08 mg/kg FREE, i TIRIZ 0.031 mg/kg FREELHEES L.

Nk ERBREM B E A TIIAEFH OE R FIRITBHIED 1/5 LT THLHIENERIIL TR, Fid &

WELAEDZBITHOFDHFMEIL 50 mg/kg THH-D, REITHDRTEE TFTREAL WD AR

Table 8 Calculated LOQ and LOD values

2) Standard

Spiked level Mean . LOQ ® LoD
Sample ok ok deviation ok ok
m m m; m;
(mg/kg) (mg/kg) (mg/ke) (mg/kg) (mg/kg)
Sulfur fertilizer 0.1 0.103 0.0081 0.081 0.031

a) Mean value (n =7)
b) Standard deviationx10
¢) Standard deviationx2x¢(n -1, 0.05)

4. FEH
WEEEM PO OFROIHHEERFL, B—RBRE ISR 2% U EMERBRE ML -2 A, ROFERE

(1) ekl CitimL T okt s (FURZ R R DERICRIES D) I oW T, OFEIZLAEFAL T

TRUNATREME DN D ZE DN 3Tz
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(2) RIEMEMEE L TR L7/ &4 TlE, JIS K 8088 THUESN TWAT - E=T KD AT I D
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HEZFPHN Th o7,

(5) HHAEE XK O TRIEZHEE LRI 5720, IERIEL TitiEL TOARREEIZH LT 5 mgkg &Y 25
mg/kg (222D IR AR 723l 2 VY, 2 ST THAZEZ T 5 HMRBRE FEfL 2. JIER RO
FEIEIL 4.9 mg/kg KU 24.8 mg/kg, FHATAHMRER AL 1.5 %X O 1.4 %, TRFHMEERZIL 1.4 %K
O 1.9 % Th-olz. ZOWREIZIITDWT IO SR ER 726 LB ERBEN B E A ITRSIVTWDHH TR
FE (DHTAR SO (R 22) K OV RS BE (R R SeHEE YR 22) 0 B 24N Th o7z,

(6) AEOER FREORH TR 0.1 mg/kg & T 0.03 mg/kg EHEES I 7etERE R A L Uz,

UL EDFERD S, REIREEM RO OFEERE T D208, +07MERRE A L TV DT ER kRS,

X B
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F161 42 H 22 H «RMOKPER 7R 284 5, ScfSeIESTI 5 4 9 H 1 B, RMKEES 57RH5 1053 %
(2023)

2) MMSATBOE NEMOKPEEE 22280t 2 — (FAMIC) : Rk A (2023)
<http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2023.pdf>

3) JRAETHBA 5 9 RRA SRR A TE E
<https://www.mhlw.go.jp/content/11130500/000641285.pdf >

4) JIS K 8088:2010 Hifi s (FAFE)

5) RIRHE, FIERATET, BB, @GR R FROCEIC IO A OMEE RO FE BEIEIIOWT, 4
Hrib2, 17(2), 204~208(1976)
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Improved Determination Preprocessing Method
for the Arsenic in Fertilizers Containing Sulfur

—Single Laboratory Validation—

SAKUMA Kenta!
' Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department

The analytical methods for Arsenic described in Testing Methods for Fertilizers (2023) and the sample was
digested with nitric acid, sulfuric acid and perchloric acid. However, for sulfur fertilizers, we confirmed that there
is a risk of the sample solution was suddenly boils during digesting with an acid. Therefore, we improved the
preprocessing method to dry ashing proces with Mg(NO3)..

As a result of 3 replicate analysis in fertilizer samples added arcenic standard solution at 5 mg/kg,25 mg/kg and
50 mg/kg of arsenic ion, the mean recoveries were 99.5 %~101.1 %. As a result of 5 tests on different days,
repeatability as repeatability relative standard deviation (RSD;) were 1.4 %~1.5 %, intermediate precision as
intermediate relative standard deviation (RSDyr)) were 1.4 %~1.9 %. On the basis of 7 replicate measurements of
a sulfur with 0.1 mg/kg of arsenic ion, the limit of quantitative value (LOQ) was estimated at 0.1 mg/kg. Those
results, which had met condition of the criteria shown in Testing Methods for Fertilizers, indicated that the developed

method was valid for the determination of arsenic in sulfur fertilizer.
Key words  arsenic, sulfur, atomic absorption, hydride

(Research Report of Fertilizer, 17, 50-59, 2024)



