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Table 1 Component and Measurement

i Testing Methods for Fertilizers (2022
Test item Component g (2022)
number Measurement

46.3a Flame atomic absorption spectrometry
1 Citric acid-soluble magnesia ~ (C-MgO) (4.1.1)  Citric acid solution— Constant temperature rotary shaking (30 °C)
(4.1.2)  Citric acid solution—Reciprocating water bath shaking (30 °C)
46.4.a Flame atomic absorption spectrometry
(41.1)  Water—boil

2 Water-soluble magnesia  (W-MgO)
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1 g analytical sample Weigh to the order of 1 mg to a 250-mL volumetric flask

< About 150 mL of citric acid solution [about 30 °C]

Constant-temperature rotary shaker (30-40 revolutions/min)

Shaking to mi
aKing to mix 30 °C £1 °C, for 1 hour

| Cooling | Immediately

<—Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Scheme 1-1 The flow sheet for citric acid-soluble magnesia in fertilizers
(Extraction)

1 g analytical sample | Weigh to the order of 1 mg to a 250-mL volumetric flask

«— About 150 mL of citric acid solution [about 30 °C]

Reciprocating water bath shaker (reciprocation horizontally at
Shaking to mix 160 times /min, with amplitude of 25 mm-40 mm), at 30°C £ 1
°C, for 1 hour.

| Cooling | Immediately

<—Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Scheme 1-2 The flow sheet for citric acid-soluble magnesia in fertilizers
(Extraction)

| Sample solution |

Aliquot
(predetermined volume)

100-mL volumetric flask

<—About 10 mL of interference suppressor solution
—Water (up to the marked line)

Measurement | Atomic absorption spectrometer (202.5 nm)

Scheme 1-3 The flow sheet for citric acid-soluble magnesia in fertilizers
(Measurement)
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| 1 g analytical sample | Weigh to the order of 1 mg to a 500-mL tall beaker
< About 400 mL of water
| Heating | Cover with a watch glass, and boil for about 30 minutes
Cooling Immediately
| Transfer | Water, 500-mL volumetric flask

<—Water (up to the marked line)

| Filtration | Type 3 fiter paper

| Sample solution |

Scheme 2-1 The flow sheet for water-soluble magnesia in fertilizers
(Extraction)

| Sample solution |

Aliquot
(predetermined volume)

100-mL volumetric flask

<—About 10 mL of interference suppressor solution
<Water (up to the marked line)

Measurement | Atomic absorption spectrometer (202.5 nm)

Scheme 2-2  The flow sheet for water-soluble magnesia in fertilizers
(Measurement)
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Table 2  Equipment used

. . Shaker (Selected when the sample solution is prepared)
Model of atomic absorption

3
Lab ID spectrometer Citric acid-soluble manganese
(C-MgO0)

A HITACHI, Z-2310 Constant temperature rotary shaker
B HITACHI, Z-2310 Constant temperature rotary shaker
C SHIMADZU, AA-7000 Constant temperature rotary shaker
D HITACHI, Z-2310 Reciprocating water bath shaker

E HITACHI, Z-5310 Constant temperature rotary shaker
F HITACHI, Z-2310 Constant temperature rotary shaker
G HITACHI, ZA3300 Constant temperature rotary shaker
H HITACHI, ZA3300 Constant temperature rotary shaker
| HITACHI, ZA3300 Constant temperature rotary shaker
J SHIMADZU, AA-6200 —

K SHIMADZU, AA-7000 —

a) Laboratory identification (random order)

3. BRRUEER

1) XRAEBRAFEMOHTESRSE

HRBRIEE 5 FEOREE 2 SOMTTONT LIS RO (X) K OZEDRGHFIZOWT, —IohdiE sy
BT DDA R B2 W TR MU O TR MER 22 (s,) , SRBHEIER R 22 (spp) , DHTIEZ G o
BHEEEHE (R 7% (sp4,) & Table 3 1TRLTZ. SBIC, IEAHERBRIEIOR SN T AR B O H % (CRSDR)
FOENLBE (G 1) L7 H#EE =R B BUELER 7 (6 ) 2 [F U< Table 3 1T/RLTZ.

BIEMEOHE L, TUPAC/ISO/AOAC DOEHRERER 7 b=/l (2006) ' O FNEEZSZICEMLT=. £, /94T
FE RO HM 2R 5728, Cochran DR EZR FEiL7-. FOFEHE, T _XTOREHIBWTHIEITERD
LIRS TTD, ZIBD BTG RIZ DWW T Bl E S T 2 ML, PHTIRERZE (s,) & OF0BHH AR
Y2 (spp) 2ok, (R 3 ICEDBHTEHENR 2 (s,) ZRFL 7. 2 CORBCHIER R 3) 2L TV =2
END, BB MERERRRBRIC AW A O B TR B IR T 72V 2 &AM R S -, IRIZ, TUPAC/ISO/AOAC
OEHRERBR T TR L O+ E O ER (K 2) 2 O T EIEORIEE T o7, ZOREE, 2 ToRErT
HER (R 2) AL T2 en s, R AR L TR YR EMEEZ AL QDT e RISz, Fiz,
(N D& THITHEZ S LoRlBH R IR 72 (sp4p) 2 LTZLZA, WM ORUERGHEE = PR B
R7% (6r) L T/NSUWMETH -7,

Gr = CRSDg x /100 <o (D)
spp < 0.30, = 0.3y -+ (02)
s <050, =0.565 o0 (203)

Sb+r = v/St% + Spp? <o+ (:04)
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Table 3  Homogeneity test results
Component Sample No.of % CRSDg? 6x® sw® 03837 5:®  056R" Spar’
Sample (%)Y (%) (%)” )Y ()”  (0)” (%)  (%)”
Fused phosphate fertilizer 10 12.80 3 0.38 o 0.115 0184 0.192 0.18
P hosph
Citric acid- rocesfze:“ie?s'o ate 10 931 4 037 005 0112 0163 018 0.7
soluble
uoe Slag silicic fertilizer 10 6.81 4 027 0016 0082 0091 0136 0.09
magnesia
(C-MgO) Compound fertilizer 1 10 3.44 4 0.14 o> 0041 0052 0069 0.05
Compound fertilizer 2 10 3.17 4 013 0030 0038 0049 0063 0.6

Magnesium potassium sulfate 10 18.20 3 0.55 0.06 0.164 0218 0.273 0.23

Mixed magnesium fertilizer 10 11.85 3 0.36 0.06 0.107 0.041 0.178 0.08
Water-soluble

Magnesid — pesignated mixed fertilizer 1~ 10 5.43 4 022 005 0065 01085 01086 0.12
(W-MgO)

Compound fertilizer 3 10 3.33 4 0.13 o) 0.040 0.037 0.067 0.04

Designated mixed fertilizer 2 10 2.22 4 0.09 o) 0.027 0.039 0044 0.04

a) Grand mean value (n = 10xnumber of repetition(2))

b) Mass fraction

c) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2022
d) The estimated standard deviation of reproducibility calculated based on CRSD

e) Standard deviation of sample-to-sample

f) The value for the test:  s,, < 0.30, = 0.36,

g) Repeatability standard deviation

h) Parameters for the determination of repeatbility standard deviation (s )

i) Standard deviation of sample-to-sample including repeatability : Spar =V Spp? + Sy

i) When the variance between groups < the variance within a group, s> was considered as 0

2) HRARBERRUNANERE

FRRED DA SN, EEMEE TIZOWTOIL[FRRERAE A Table 4-1, KM LI OV TO IR
Bufs % Table 4-2 IRUTZ. & R8I0 3 HT B ORE R % TUPAC O 3L mhaLth 12125 o T FHL
L7, oS R o nEz# 9572912 Cochran D E & Y Grubbs D E % £ it L7=.

REREODHHEROIG, RMEELTIE, 5 FEOIEEIOIBIERD AR, SEEVFOERE ARE % UMLK
JEEL 2 TENEI 1 RBRESANEEL CHIESNE. — 07, KB i, 5 FBEO RO B EELS
AEEE 1 C 1 RBREDIMUELL CHESIL, FEERCAIREL 2 T 2 BBR=SAVEEL CHIES L.
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Table 4-1  Individual result of citric acid-soluble magnesia (C-MgO) (wiw %)
Lab ID? Fusefcirp;:i(;z?hate Proces}(zei?ilir;?sphate Slag silicic fertilizer ~ Compound fertilizer 1 ~ Compound fertilizer 2
A 12.62 12.51 9.07 9.10 6.63 6.62 3.34 3.16 3.04 3.29
B 12.94 12.96 9.36 941 6.86 6.91 3.40 3.49 3.27 3.17
C 12.43 12.56 9.32 9.11 6.86 6.76 3.53 3.44 3.28 3.12
D 12.94 12.92 9.36 9.57 6.87 6.85 3.52 351 3.24 3.17
E 11.24° 11847 9.0 8.69 6.42 6777 336 3.45 3109  2.987
F 12.81 12.70 9.13 9.16 6.74 6.86 3.43 3.39 3.26 3.20
G 12.74 12.78 9.42 9.34 6.80 6.82 3.44 3.44 3.13 3.31
H 13.03 12.91 9.44 9.49 6.83 6.80 3.46 3.58 3.16 3.34

I 12.80 12.74 9.27 9.23 6.80 6.82 3.49 3.24 3.37 3.10
a) Laboratory identification (random order)
b) Outlier of Cochran test
¢) Outlier of Single grubbs test

Table 4-2  Individual result of water-soluble magnesia (W-MgO) (wiw %)
Lab ID? Magnesllljjrrr;apt)stassium Mixe?er::;igzcresium Des]igl:zltiigrniixed Compound fertilizer 3 Des;ger:f;ltiigrrgixed
A 18.26 18.27 11.61 11.63 5.11 5.05 3.27 3.28 2.23 219
B 18.44 18.63 12.09 11.99 5.40 5.59 3.35 3.32 2.107 2.32"
C 18.54 18.66 12.14 12.22 5.78 5.75 3.32 3.32 211 213
D 18.86 18.68 12.50 12.54 5.39 5.69 3.39 3.33 231 2.30
E 19.20 19.25 12.23 12.23 5.46 531 3.48 3.45 2.22 2.25
F 18.52 18.55 12.05 11.83 5.28 5.46 3.33 3.30 2.05 2.02
G 18.52 18.48 12.01 11.81 5.58 5.54 3.33 3.30 2.25 2.20
H 18.57 18.35 11.67 11.62 5.28 5.42 3.26 3.27 2.33 2.24
J 19.07 18.67 12.23 12.24 6.00 6.07 3.27 3.28 2.10 217
K 1819 1846 1143 1151  359® 6197  3.34 341 108 259"

a) Laboratory identification (random order)
b) Outlier of Cochran test

3) BHTRERVEMBERE

I IE A BRAN T2 AT A RO B DU S, DR TAR YER 22 (s0) S OVOFT AR A VAR 72 (RSD:)
MO =2 [ BT (R 72 (sr) M OV T 5 BUAH R AR ME (R 72 (RSDR) % Table 5 (Z/RL7Z.

EEMETE T OVEIEIL 3.22 % (E 557 3) ~12.77 % (B &) THY, ZOPHTEEER 7 (s0) 13.0.04 % (&
BH) ~0.12 % (B EYFR), D THXHEHERZE (RSD,) 1 0.5 %~3.8 %, M HSAEHERZ (sr) 15 0.08 %
(E &) ~0.21 % (B E7HR), EFRFBFEMERERZ (RSDr) 13 1.2 %~3.8 % Th-o7-. KiEtEE 10
PIEIE 2.19 % (B 3R) ~18.61 % (HE/YF) THY, TOUTHEEUER 2 (5) 1% 0.02 % (E 255 R) ~0.14 %
(&3, OMTHXME R ZE (RSD) 1T 0.6 %~2.0 %, = B AR 2= (sp) 1X 0.06 % (& &%) ~
0.33 % (&), =M HEIFE R ERZE (RSDr) 13 1.6 %~5.1 % Th-o7z.
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Table 5 Statistical analysis of Collaborative study results

Labs Mean® s9 RSD? 2*CRSD,) sg? RSDR" 2*CRSDg"

Component Sample
p@?  (%)° (%) (%) %) (%) (%) (%)
Fusedphosphate o (1) 1577 006 05 3 018 14 6
fertilizer
Hi i Processed phosphate
Citric acid T 9 (0) 925 0.12 1.3 4 0.21 2.3 8
soluble f_P:rl:IhZEI’ -
magnesia Slag silicic fertilizer 8 (1)  6.80 0.04 06 4 0.08 1.2 8
(C-MgO)  Compound fertilizer 1 9 (0) 343 009 25 4 0.10 3.0 8
Compound fertilizer 2 8 (1)  3.22 0.12 3.8 4 0.12 3.8 8
Magnesum potassium gy 1861 014 07 3 030 16 6
sulfate
Mixed magnesium ., (5) 1193 008 06 3 033 28 6
Water-soluble .fert|l|zer _
magnesia Designated mixed o (1) 551 0117 20 4 028 51 8
(W-MgO) fertilizer 1
Compound fertilizer 3 10 (0) 3.33  0.02 0.7 4 0.06 1.9 8
Designated mixed ¢ (o) 999 003 16 4 009 43 8
fertilizer 2

a) Number of laboratories, where p =number of laboratories retained after outlier removed and (g )=number of outliers
b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier removed (n =The number of laboratories(p )xThe number of repetition(2))
¢) Mass fraction
d) Standard deviation of repeatability
e) Repeatability relative standard deviation
f) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizer 2022
g) Standard deviation of reproducibility
h) Reproducibility relative standard deviation
i) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer 2022

4. FLH

EEHE R BRE D TGS T2 7 b — DA (B R 202.5 nm) (22D <M 1 R OUKTEME S 12004y
FrEIZ DN, IRMER 1% 9 BB =R, /KVAME R 103 10 SRABR=E T4 10 18 (5 R X 2 f#) oalkl 2 W E
BRAICAE R L SN DL FRRER A T2 L, M BN OR&1T -7z

ZORER, IEMEREHITFSME 3.22 % (EEYR) ~12.77 % (B 85y 3R) O#PH T 05 W B 6 U
f72% (RSDR) 1 1.2 %~3.8 %, KM HIZ I 2.19 % (853 3E) ~18.61 % (B £33 O#FA TE D=
A SR SHE YR 72 (RSDR) 1 1.6 %~5.1 % CTdh o7, HFEIRRERGE B O OFF THE R YR 72 (RSD,) K OV
ﬁ%ﬁffﬁi‘ﬂ%i@ﬁ% (RSDR) 1, NEEFERBRE KHEE A7 OB Y HEMRO FIRIRSILCODEREL ~ L

BIDEED B ZLL T Thor-.
AlE a2 AT, BEICH—3RBR IS LD 0HTHED 2 Y VERERR (SLV) SETWBZEND, ARIEITHIE
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BHERBRIEIC BT 2 BRI 58 Type B(HCV } O SLV OfE B EEHERBRE @ E A OBRFIAAH
72U By I A L CWAZ AR LT-.

HEFRBR(C W AN FAE TR aVE BB, JURMDE TR tt AT, o7
JufkAEtt BT AR R — A&ttt AR TS0 MICHEERLET.
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Performance Evaluation of Analysis Method
for Citric Acid-soluble and Water-soluble Magnesia
using Frame Atomic Absorption Spectrometry (wavelength 202.5 nm)

— Harmonized Collaborative Validation —

YAGI Toshiharu! and AMANO Tadao'
' Food and Agricultural Materials Inspection Center(FAMIC), Nagoya Regional Center

We conducted a collaborative study to evaluate performance of analysis method for citric acid-soluble and water-
soluble magnesia in fertilizer using frame atomic absorption spectrometry (wavelength 202.5 nm). These
components in fertilizer were extracted and analyzed by Testing Methods for Fertilizers 2022 test procedures,
respectively. We sent 5 materials in one component to 11 collaborators as blind duplicates. After identification of
outliers with Cochran test and Grubbs test, the mean values and the reproducibility relative standard
deviation (RSDR) of determination of citric acid-soluble magnesia were reported 3.22 % - 12.77 % as a mass
fraction and 1.2 % - 3.8 %, respectively. Those of determination of water-soluble magnesia were reported
2.19 % - 18.61 % as a mass fraction and 1.6 % - 5.1 %, respectively. These results indicated that each method
has acceptable precision for determination of citric acid-soluble magnesia or water-soluble magnesia in these
concentration ranges. In conclusion, those results demonstrated these methods were validated for citric acid-
soluble and water-soluble magnesia in fertilizer using frame atomic absorption spectrometry (wavelength 202.5

nm).

Keywords  magnesia, flame atomic absorption spectrometer, harmonized collaborative validation,

wavelength 202.5 nm

(Research Report of Fertilizer, 16, 14-23, 2023)



