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3 HERVFEEMFCEFENITLILEORE
— 7L — DO O

VAR IRESERE Y, EASE T, UK
F—0—F Ehaes, HIE, HRIEE, TV — Rk, IREAE R

1. [XL®HIC

JEMOK BEIH B 2 2 BB 2 — (FAMIC) T, BB T (1992 42450 VICH S T 2 Al s DRk BR
EOVERER AR FEMIL 2, AEEHERBE? [T LA — A=V TARL TS, T, BEyEL T
PE RIS E0W L2NE R S TETOLA, HEIE, HIRIER 25 e LT 4 i (T-MgO) JlliE
EIZOWTIE, MERMERERTE TINEIS LTV VR0,

ZOZLD, BEITIERE BRI A KA B ORRBRIEL L TGRS CODRBRATR O TR U5 14 HEAE,
HRIEEHSE 2 R LT B aBICE AL, 7V — ARF PO iriE e O GRS T T& 5 5 1k%
AL AT, H—BRE TOZ Y MEMGEEE FEML =D T, TOMELHET 5.

2. MPRUAHE

1) SAEXRIEH

PEBL TODHEAE e OV IEREENE (FH 7 FEEE 15 520 ZWEEL TOMTICHE L 7=, WNERIZHEIE (6 £2) , 1GIRRE~
AEEE(2 5, UIRVBTEAERF (2 55) , FSAMBRBEIR (2 51), FAIGIRAEEL (LU 15), TEGIRREr, Bhmobk
oW THD. HEE (6 45) DNFUTHSAHEIE (2 50, FEASAHEIE (LT 1 8), KSAHENE, 45AHEE,
N—IHEIETHD. 755 ABRBEIR T A E 2 5 O HEIE R OVERIERNE Z3 S LS, L2 &2 lEL T
WD HTEE B XL TR LR B OARIEN VBB Z T A LT L AT S ARBEIR 32 D72, Akt
BIERIE L CTOMTICHEL 72, ZBOFHE R GAEEHT, HEUZET T 65 °C T 5 KRifldhH\ M 40 °C T 70 KefH
FREE D FARELIRATTV, O T HBIX 500 pm D550\ E@iE T 559 W FELIRA L. 25Kk U
Wt OFAE X GERNE, RVRIZ AN TEE L, o RFECHIR CRFLE.

2) FERUHRE

(1) Rk HARYy—L LT = SOLAAR M5
(2) FEXH: KOYO KBF828N1

(3) FyhFL—h: LEEEF NP-6

3) HENAH
(1) /K: AKKEREEE (HAIUART Elix Advantage 5) &2 W CRERIL 7= JIS K 0557 IZHLET 5 A3 DK%E
AL

U IRSTATBOE N EMOK PEH B L i o —fa i e o —
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(2) il JIS K 8541 IZHUE T 2R %D S E O (B (b A Ee B IE M) 2 L.

(3) g JIS K 8180 (ZHLETBRZD SWE O (B /L, A EC B IE M) 2 AL,

(4) Wi~ 2720 LEARFY: JIS K 8995 (THLE T 2 RIED SHE THIEE 99.5 %A D EE (F ik
T¥) &AL,

(5) AZm—Z: JIS K 8383 [ZHLE T 2 [R5 D S E DR EE (Rt L) 2 FHL7-.

(6) TFVHMHIFENL: JIS K 8132 \ZHE T DL AR T 7 AN /KF#) 60.9 g 28 —4—2000 mL 1Z1%
LD, D BEBOIKREIMZ I, HE 420 mL Z24R 2 (22 THEDL, BIZKEN AT 1000 mL &L7-.

(7) ~7 2T LMERERR (Mg | mg/mL) @ <27 R0 MEHERR (Mg 1000 mg/L) (FioisE T2 JCSS) A-ff
AL

(8) 7 R LEHER (Mg 0.1 mg/mL) : <7 %7 LMEAERK (Mg 1 mg/mL) 10 mL 24225~ 7 22 100
mL (280, R ETRE MR T

(9) MEBRH~7 37 MEHER (Mg 1 ng/mL~10 pg/mL) : ~7 %27 LEHERK (Mg 0.1 mg/mL) D 2.5
mL~25 mL Z42 &7 7 A7 250 mL ([ZBPERIIZED, FUEmsilARE IR 25 mL 2002, B ECREMZ T,

(10) MBS 223 B : T BRI FIATER 25 mL 2487522 250 mL 1280, FERRETRE AT,

4) HERAE
AR (T-MgO) OfhH & ONHIE I, BEBMSRBR LD (IS QD A IR B OB A (Table 1) & H
WTHIEILTZ. 2507012, £RBRED 7 ——k (Scheme 1~3) Z7RL7=.

| 5 g analytical sample | Weight to the order of 1 mg into a 200-mL tall beaker
|
Charring Heat gently
Incineration Heat at 550 ° C+5 ° C, 12 hours
|
Standing to cool | Room temperature

< Small amount of water, moisten the residue
< About 10 mL of hydrochloric acid
< Water (up to about 20 mL)

| Heating |
[

| Standing to cool |
|

| Transfer | 250-mL volumetric flask, water

Cover with a watch glass, 5 minutes

Room temperature

< Water (up to the marked line)

| Filtration | Type 3 filter paper
|
| Sample Solutiion |

Scheme 1 The flow sheet for total magnesium in fertilizers

(Preparation of sample solution by incineration-hydrochloric acid boiling)
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5 g analytical sample Weight to the order of 1 mg into a 200-mL tall beaker
|
Charring Heat gently
Incineration Heat at 450 ° C+5 ° C, 12 hours
|
Standing to cool Room temperature

< Small amount of water
< About 10 mL of nitric acid
< About 30 mL of hydrochloric acid

Heating | Cover with a watch glass to digest
|
Heating | Slightly move the watch glass and remove acid
|
Standing to cool | Room temperature

< 25 mL of hydrochloric acid (1+5)

Heating | Cover with a watch glass to dissolve
|
Standing to cool | Room temperature
|
Transfer | 100-mL volumetric flask, water

< Water (up to the marked line)

Filtration | Type 3 filter paper

Sample Solutiion |

Scheme 2 The flow sheet for total magnesium in fertilizers

(Preparation of sample solution by incineration-aqua regia digestion)

Sample Solutiion |

Aliquot .
100-mL volumetric flask

(predetermined amount)

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

Measurement | Atomic absorption spectorometer

Scheme 3 The flow sheet for total magnesium in fertilizers

(Measurement)
Table 1 Method of total magnesium
Testing Methods for Fertilizers Preparation of sample solution
4.5.1.a Flame atomic absorption spectrometry (4.1.1) Incineration-hydrochloric acid boiling

4.5.1.a Flame atomic absorption spectrometry (4.1.2) Incineration-aqua regia digestion
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3. MRRUEER

1) HHBHEORMAEORE

fEEHERERIED 1L D E, AIKREREOTL — AFFBOREICITEEHAR O AR 1523 2 @INE S TV 5.
A 550 °C TIRALL7-% ICHERE 10 mL /K49 10 mL 212 2K AL — HEER A Wh i E (LU T, SERE LSS
%. )&, #UEHE 450 °C CIRALL 712 IZAHEE 10 mL L3RS 30 mL & 12 DK b — FEXR R (LLF, £k
ikl 35, ) Thah. ZNENOMET1ETHE 428 (T-MgO) ZHIEL, HHAV7-HEE Chls o 2470
AREHATER BT LD A AT - 72, FE 5T Table 2 (2R3 BVTHD.

WEFRA VAL D0 ek h 0 125 (T-MgO) ORI EMEDFIFHIL 0.225 %~6.921 % (H &5 %) THY,
FARGFRENZ LD A3 D5 142 8 (T-MgO) OHIEEDOFFHIX 0.237 %~6.814 % (H &5 %) Th-o7l-.
HEEAIEIZ BN T, ERIRIEIZLDREE O 7 K OIE L2 613-0.049 %~0.107 % (B &57
H) 0 93.6 %~104.7 % Th-7-.

HEFRE WL L FAR P REIZOW THRIEME OB QN 95 % 1l X [H Z [0l ) B #R O J8 PHIZHE =, Figure 1

T/RL7z. 7z, Figure 1 OEIFEHUZ DOV TEX (b) S0 (@) D 95 %S HH K & OFHBEFR %K (r) % Table 3

T/RLTZ.

TR IER O EAEZ e 3572012, IERFERBRE? ISR QD2 Y PR 0 BB A & F -
MR AR ER 12 e O D HESERLHE T, X (b) D 95 %I HEX I 1 23 & Fh, YR (a) D 95 %{EHEX R0
DEEN, FHBAREL (1) 230.99 UL ETHAHZEEL TS, Table 3 12858, FHBAMREL (r) OFHERH - L Qi
HOD, X (b) LG (@) 12 DWW TUFHER LA - 2 &N T/l oTz. ZOBRHEL T, Table 2 T/RL7Z2
FERNC LA EME DO ZEDMRIRE TIX T 7 AANZHY, FiRE TIE~A T ANZH A RO BT LN
EZHND. ZO[EMNG, [EUFERR EIZIWTHREEEEDRE B LK HELDS DTN ELRY, [H
Jir ELAROEE (2) LU (D) 12 B2 T2 ZENRRTZEE R HiD.

ZIT, Bkl 15 ROWPEMEEZ AW THISOHD ¢ MEEFMLIZEZA, 2 FIERTHERZIX
NI oTz. ZOTEND, [EIFERR EIZBW TR IEORNEME D DTN A3 8573, 2 jﬂz
B OREMICA B ZTROLIT, ELLOMB T IEARINL CHOIRERIEOWEEEHLENTEHLEE
2 OIS, UL EDORERD D, 2-2) FLE RS R LA OFEHAR OFSRT 1R, FARSiREE AV TRFIL.

Table 2 Analysis results by Incineration-hydrochloric acid boiling or Incineration-aqua regia digestion

Incinerat.ion-. Incineration-aqua  The difference in The comparison of
Sample hy drochl?rlc acid regia digestion the measure the measure

boiling

A(%)" B(%)" A-B(%)" (A/B)x100 (%)
Cattle manure compost 0.719 0.768 -0.049 93.6
Pig manure compost 3.117 3.101 0.016 100.5
Poultry manure compost 1.228 1.207 0.021 101.7
Compost of chicken droppings 1 1.173 1.182 -0.009 99.3
Compost of chicken droppings 2 1.542 1.473 0.069 104.7
Bark compost 0.225 0.237 -0.012 94.7
Excrement of livestock 1.239 1.226 0.012 101.0
Incineration ash of chicken droppings 1 6.921 6.814 0.107 101.6
Incineration ash of chicken droppings 2 4.137 4.048 0.089 102.2

a) Mass fraction
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Table 2 Continue

Incmerat.lon-. Incineration-aqua  The difference in The comparison of
hydrochloric acid 2 dicesti th th
Sample boiling regia digestion e measure ¢ measure
A(%)" B(%)" A-B(%)" (A/B)x100 (%)
Composted sludge fertilizer 1 1.345 1.365 -0.019 98.6
Composted sludge fertilizer 2 0.831 0.847 -0.016 98.1
Human waste sludge fertilizer 1 0.486 0.503 -0.017 96.7
Human waste sludge fertilizer 2 1.470 1.456 0.014 101.0
Sewage sludge fertilizer 1.206 1.234 -0.028 97.7
Industrial sludge fertilizer 0.407 0.429 -0.022 94.9
8 r P,
ap = y=0.979¢ + 0.026
o] a4
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Incineration-aqua regia digestion (T-MgO (%) Mass fraction)

Figure 1  Comparison between Incineration-hydrochloric acid boiling and Incineration-aqua regia digestion
Heavy line: Regression line,
Dotted lines: Upper and Lower limit of 95 % prediction intervals,

Thin line: y=X

Table 3 The 95 % confidence interval and correlation coefficient of the regression line

95 % confidence interval Correlati
Method of benchmark Method of object - .0 orre'a on
Inclination (b) Intercept (a) coefficient (')
Inci tion- Inci tion-
ctneration ctictation-aqua 0.970 ~ 0.988  0.0053 ~ 0.0471 1.000

hydrochloric acid boiling regia digestion
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2-1) EEF@EARMORARICAVNV-RET/ ROV LEKIIYPOELIOEEE

B AT A BB O T RUC A W iR~ 7 2 o w Ak R O £ (MgO) D& A B REHEiRER1EY 12
IS AL TWDKIENETE 1 (W-MgO) OFRERIEICEY, 3 A0MTTHIELIZ#E % Table 4 (TRULTZ. BRERAEIZ
KT D FLEMEDEIE1T 99.8 % THY, sAHME DR REARIZL T o, o, FAMEERZZT 0.59 % &/
Eotz. ZOZEDD, B AR O FH R CITE IR Z AV TR SRR EHE 4T o 7. B AEm AR O Bl
ERREHT Table 5 DEBVTHAS.

Table4 Content of W-MgO for the reagent

The comparison of

Theoretical Mean®” Sr the theoretical Purity RSD.”
Reagent value
value
A%)Y BT (%) (%) (%) (%)
Magnesiumsulfate-7hydrate ¢ 55 16.32 0.10 9.8 min 995 059

(W-MgO)
a) Mean value of parallel test (n = 3)

b) Repeatability relative standard deviation
¢) Mass fraction
d) C=(B/A)x100

Table 5 The combination percentages of the sample used for the test

Sample
Reagents
MgO-5 MgO-1 MgO0-0.2
Magnesium sulfate-7 hydrate Mg0:16.35%) 30.58 6.12 1.22
Sucrose 69.42 93.88 98.78
Parcentage of total magnesium (%) @ 5.00 1.00 0.20

a) Mass fraction

2-2) EEFEmER

B AT AR (Table 5) 2 VT 3 0T T3 L4 & (T-MgO) OiR% 52 L 7= k4% Table 6 |Z/RL7-.
1+ (Mg0O) ELT 0.2 %~5.0 % (EEH) 250 T 0RMEEEZ AWT, 351488 (T-MgO) Z#JlELI=EZ
5, RAHMELTIEEEDZET 0.01 %~0.12 % (H&53) THY, xaHMEIIK T 20U, 102 %~103 % T
HoT-.

ek, IERHESREREY TRENTWVDEEL ~LIZBITHEINERO B 21X E 5.0 % (EE45R) LD
1.0 % (B &3 3%) T96 %~104 %, 0.2 % (B H/7 ) T4 %~106 % THY, 3 LR TORIRNZNLD H
RETET-L TN\, ZOZEND, AREED 7L — LR WL, HEIE K OVE IR IEEH S o + 4 &
(T-MgO) DFHHi 24D DI+ 72 IEMES 2 L QDI LA RS L.
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Table 6 Result of recovery test
The difference

Content of : L

onten 0) Mean? between spike The comparison ~ recovery 5.9 RD. Criteria of

Sample T-MgO* of the mean rate the trueness

level and mean
A%)Y  BOY  CPw)? DY (%) B (%)  F)? G"(%) (%)

MgO-5 5.00 5.12 0.12 24 102 0.04 0.8 96~104
MgO-1 1.00 1.02 0.02 1.7 102 0.01 0.8 96~104
MgO-0.2 0.20 0.21 0.01 3.0 103 0.00 1.7 94~106

a) Content of W-MgO for the sample (design value)
b) Mean value of parallel test (n = 3)

c) Standard deviation of parallel test (n = 3)

d) Mass fraction

e) C=B—A

f) D=(C/A)x100

g) E=(B/A)x100

h) G=(F,/B) %100

3) BHIRERUHMBE

OHTAE B S ORI RS BE 2 T 5B 9572, Table 2 T/RUTZIRSSAHERE, J5IRFIEAEEL 2 1 OV 5 AV BRBEIK
2 ZANT, KA — EARS AR LD 48 (T-MgO) DRIEE 2 ST THAZZT 5 MEHLEH N
TS % Table 7 IR LTz. o, ZORERPH— LR E S B HTEAT > TIROI I OF TRE L S OV RS A
Table 8 |Z/RL7=.

Table 8 0, K SAHENE DR FIIMELE 3.14 % (H 53 H) T, DHTHXMEER I 1.06 %, H1HIFH R 18
fR721E 1.49 % ThoTo. {GIEHEEIEEL 2 DR TEIMEIL 0.84 % (EH &3, PHTHXHMEAERZED 1.25 % TH
AR SHE R 221X 1.34 % CTh o7z, 2L T, HSAPRBEIR 2 OFEEIEIL 3.99 % (B &5 5) T, I THExHE
HE(R7ET 0.77 %, TRIFEHERER T 0.77 % TH -7z,

INHOREIZRIT DO T O AHE R S IR EHE RBED LRSIV CO DI TR EE (D TH R TR
72) K OV RS BE (HR AR R YEIR 22) 0 B ZUAN Th o722 h, AIKBED 7L — AW E T HEAE,
THTRIEEE & O S ARBEIK D - 2 B EIEE L CTH AR 2 A L QA I ED RS-

Table 7 Repeatability test results on different days (Mass fraction (%))

Saml Test day Total
e 1 2 3 4 5 mean
. 3.21 3.17 3.14 3.16 3.10
Pig manure compost 3.14
3.18 3.17 3.12 3.06 3.11
Composted sludge 0.84 0.84 0.84 0.84 0.83
. 0.84
fertilizer 2 0.85 0.85 0.82 0.82 0.84
Incineration ash of 3.98 3.93 4.00 4.00 3.98

. . 3.99
chicken droppings 2 3.99 4.01 4.00 4.02 4.03
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Table 8 Repeatability and intermediate precision

2 Repeatability Intermediate precision
i Mean b) ) d) e) f 2)
Sample Sy RSD, CRSD, S| RSD|(T) CRSD e
" %" %) %) ©%)" (%) (%)
Pig manure comp ost 3.14 0.03 1.06 2 0.05 1.49 3.5
Composted sludge fertilizer 2 0.84 0.01 1.25 3 0.01 1.34 4.5
Incineration ash of chicken droppings 2 3.99 0.03 0.77 2 0.03 0.77 3.5

a) n =10 (2repetition x 5 days)

b) Repeatability standard deviation

¢) Repeatability relative standard deviation

d) Criteria of repeatability relative standard deviation
e) Intermediate standard deviation

f) Intermediate relative standard deviation

g) Criteria of intermediate relative standard deviation
h) Mass fraction

4) EETREUVBEHTRE

WA (T-MgO) ELTHY 0.2 % (B &5 3) BREEZ 5 A Lo\ — 732 7 & T IRMER HRUBIE L TH W
T 10 AP TCHE LR (T-MgO) B % FEHE L 745 B4 Table 9 (IR L7c. /S—2HEED-EIMEIT 0.24 % (&
BOER) ThHY, ZOPMTEEERZEE 0.02 % (B &5 %) Th-o7-.

728, T NIRRT (DM TARMERR 22) <10, B FIRIE (DM TREHER 22) x2xt(n-1,0.05) Z AW CHRHH L. &
DFER, ARBIEICB T HE R FHIIE 0.2 % (B &), M FIRIX 0.06 % (B &5 3) A LS.

Table 9 Estimation of the lower limit of quantitation and lower limit of detection of total magnesium
(Mass fraction (%))
Sample Mean” S, 0 LOQ © Lon?
Bark compost 0.24 0.02 0.2 0.06

a) Mean value of parallel test (n = 10)

b) Repeatability standard deviation

¢) Lower limit of quantitation (LOQ =s, x10)

d) Lower limit of detection (LOD =s, x2xt (n-1, 0.05))

4. F&H

A (T-MgO) ORBREL L CHIREED 7 L — LR 7RI H FTREDE DA Heh 35729012,
BE R OTRTIEEREIL, H—ABRRICBI DR, DHTRE, R, &8 FIRE O H FIREZH
BLIZEZA, ROFEREET-.

(1) 48 (T-MgO) ORENARTRIELL T, AIKEEOWEIKINE Ch DKL — Hi & b ELIK
b — FARDIRERAETONTIRE LT, HEIE R OVEIRIEENS 15 IOV TR IIRIEIC IS - E %
AWTHIGEDH D ¢ BEEAT TSR, 2 FEMORIEHEICH BRETRO bl Fo, H e
WE S %LU TR LD T35 ARBEIR 2 BRI EAT ST A5 5, B85 A BRBEIR S 4 3% 5 12 0l
ENFRETHDEE Z L.

(2) BEERERDTD, #1 (Mg0) ELT 0.2 %~5.0 % (E &4 ER) 254 T 2306 5L i a6
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EAToT R R, BREHMESAEEE DL 0.01 %~0.12 % (EE/DHR) THY, REHEICH T 2EINERT 102 %
~103 % T o7z, ZOMERIT, PEHERBRIED (RSN TWBEIERD B 2472 L Tz,

(3) LR (T-MgO) Z5H 75 3 FHEORE (K5 AHENE, 15T EEIRE K O 5 AVBRBEIX) % T
D TR B M O\ RS FE 2 HERR L T2 25, XM 3.14 % (L &4553R), 0.84 % (&) 10 3.99 % (H &
53 7R) CHMTHAMEREIR 7213 0.77 %~1.25 %, TRAEHEERZEIL 0.77 %~1.49 % Th-o7z. ZORRIT,
AERHE GRBRVE D RSV T DO TG BE B OV RS FE 00 B 22230 72 L QU .

(4) FELA2E(T-MgO) LTI 0.2 % (H &7 BREZSH LN\ —7H B2 O TERE FIRA ORI T
FRAMERLIZESA, Ei FIRIE 0.2 % (B &), M FRRIZ 0.06 % (E &5 %) A LS.

(1) ~ (4) OEAE I LY, H—FBRE IO COREFERBRIE? IS WD AR 2RO 7L — AJF 1
SEIEDHERE, TEIRAEE K O 5 ABRBEIR 2 6t R L L 7= 35+ 2 B (T-MgO) O BRIEE L Cili FH CEHZ LN
I,

X #k
1) BRKPER B EBRBEHAN A ZERT  AERH M (1992 420K, A AIEREMR EH S, HAL(1992)

2) MNTATEGE N EMOKEE R 2 27 % — (FAMIC) : IREFEEGERTE (2017)
<http://www.famic.go.jp/ffis/fert/obj/shikenho 2017.pdf>
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Determination of Total Magnesium in Compost and Sludge Fertilizer
by Atomic Absor ption Spectrometry

Erika HIRATA!, Hideo SOETA', Hidemi YOSHIMURA', Keiji YAGI'

" Food and Agricultural Materials Inspection Center, Fukuoka Regional Center

A single-laboratory validation study was conducted for the determination for total magnesium (T-MgO) in
compost, sludge fertilizer and incineration ash of chicken droppings by flame atomic absorption spectrometry
described in Testing Method for Fertilizers as testing method for total calcium. Fifteen fertilizer samples were
compared in measurement values with incineration-hydrochloric acid boiling procedure and incineration-aqua
regia digestion procedure. The t-test for each concentration indicated that significant difference was not observed
under two-tailed significant level of 5 %. In addition, the result suggested both procedures were applicable to
incineration ash of chicken droppings. The accuracy of testing methods for the total magnesium by
incineration-aqua regia digestion procedure was assumed from 3 replicate determinations of 3 fertilizer samples
containing 0.2 % ~ 5.0 % magnesium (as MgO) which were prepared each test. As a result, the mean recoveries
ranged from 102 % ~ 103 %. In the train of duplicate test per 5 tests on different days using three fertilizer
samples, repeatability relative standard deviations (RSD;) were 0.77 % ~ 1.25 % and intermediate relative
standard deviations (RDyr)) were 0.77 % ~ 1.49 %, respectively. As a result, they were within the criteria of
repeatability and intermediate precision of the Testing Methods for Fertilizers. On the basis of 10 replicate
measurements of naturally contained sample the limit of quantitative value (LOQ) was estimated at 0.2 %. Those
results demonstrated that this method in a single-laboratory was validated for the determination of total
magnesium in compost, sludge fertilizer and incineration ash of chicken droppings by atomic absorption

spectrometry.

Keywords total magnesium, compost, sludge fertilizer, atomic absorption spectrometry,

Testing Methods for Fertilizers

(Research Report of Fertilizer, 11, 29~38, 2018)



