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WK 29 4E FE LT ICPF 43 Y 20 M (ICP-OES) 1A 2 LB [E AR K O < ¥AVE E Rl OBl E Y AAfat Sz
W, VEMEIED) BTV CTH BRI LB LD B O REFEAG 23 k45 @t%‘ﬁ/ﬁfr@“ﬁﬁ%%kéfmwk.
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%ﬁi‘l’:fi%ffﬁﬁbkﬁ%, TYAF 2 HEE ICP-OES IEED M TOMBEAN L EL LR ERHoT-.

AR EE IR OIRMEIZI R EXIRIC, FEEEICS] EH WV TE OICLAROLEEIET 55 1k%
MREL, H—RBRE TOR YR EED DG, YA FEHIAE L7 JR R O K EEMEED 3 OFBR
IZBWTHRIBR O FG BRI N2, A2 RO LT L7 BEEE R O /K S ME1E0 R B A 80
LTHRFETLTZ.

F72, ICP-OES {EIZ L2 B MK o KA 4y OME? DR FHZIBWT, A4 KU LT A
LCWZRWEEL D — T THREHE D & B O BN RSN T2, AWM AR EL TEAL T
BEH I E 3 RITE MU L.

F7, BUERCIRIEE R O KRB FER D ON, VAR, IME, <~ T AT DWW TX TR 27 4B I 5 hh
B A DR SHT2AY, 13D FRIZ DN TUIMRFT S TNz, IR IEEHZ DT il 5 i vk
PR CRELZ.
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Table 1 Properties of material (%(mass fraction))
Materid Organic materias C(W)-B20s
A Sodium tetraborate 36.51°
decahydrate(NaeB4O7 - 10H20) '
B Byproduct orggn'ic fertilizer Byproduct orggn.ic fertilizer ND.”
of vegetable origin of vegetable origin e
C Castor pomace Castor pomace N.D.”

Byproduct mixed fertilizer,
D Designated blended fertilizer dried microbes, fish meal,rapeseed meal N.D.”
and soybean mesdl

a) Theoretical vaue
b) Measured value by | CP-OES

Table 2 The preparation of analytical samples  (%(mass fraction))

No. of The mixing ratio of the materials Design componenta)
samples A B C D C(W)-B203
1 28.00 40.00 22.00 10.00 10.22
2 14.00 40.00 36.00 10.00 511
3 2.80 48.00 37.20 12.00 1.02
4 0.56 49.60 37.44 12.40 0.20

a) Design components of citrate soluble and water soluble boron in the sample

2) EERURE

(1) eeEdt: SHIMADZU UV-1800

(2) fEIR E s XRER IRV IR ADVANTEC THMO062FB

(3) Ayh7L—hk: SIBATA NP-6 & U7 Ye# L BAERT AHS-500

3) B

(1) 7k: ZKRESUEEE CGREERLERT RFD240NA) 2 W THRIL 7= ISK 0557 IZHLET 5 A3 DK

(2) Hilk: JSK 8180 fi# o i A (& L7 /v ARDE M)

(3) Wilg: JNSK 8951 ¥E&: /3 I (& L7 A /v LTt il 5E)

(4) <AABEEWE: IS K 8283 Fiflkid# <A —/Kfny (B L7 2FeHiEE) 20 g 2K IZiE)
LT 1000 mL &L 7.

(5) =F L VT I MEFREHRTA I : IS K 8107 Fhkatde T Lo V7 I UEERR — - R)D A K
Wy (BB AL2%) 37.2 g 2 /KIZ¥EHL T 1000 mL L7,

(6) WHEfeT =0 LIAHE: JSK 8359 Frfkikd Wifg7T  E=0U L (8 L7 AL LARDGHEE) 250 g %
AKIZEELTB00 mL &L, Hiilg (1+44) T pH % 5.2E0.1 [ZFHFEL7-.

(7) TIAFUHEWK: 7Y AF o HIRHALFARZERT) 0.6 g X TN ISK 9502 Hrlk il H L (+) — 7 A
Ve U (E L7 AV AFEHIZE) 2 g 1ZKkEMZ, 35 °C~40 °C [ZHMEL TEMNL, mEI%KKEZNZ T
100 mL LL7=.

(8) 1EHFALUEIE (B20s 2.5 mg/mL) (WIESEEEIEIT) : IS K 8863 ARMkAIE 1291k (B 17 AL F
JEHER) & T 2 — A — T 24 BRI GE L CHZE L7214, 4.441 g 2R EILICED. D EOKTEIL,
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B T7TA7 1000 mL (2B LA, EHRETKEMZS.

(9) 1EHFIEUENE (Bo03 0.05 mg/mL) (W SEYEFEIE) « 13D FAEHERK (BoOs 2.5 mg/mL) (W 6 FE 15
M) O— & &% K TIEMEIZ 50 5 Im R 5.

(10) 13OFAFENERK (B20s 0.005 mg/mL) (WYL ) « 139 FAFHERK (B20s 0.05 mg/mL) (W&t
FEVER) O—E BE /K TIEREIC 10 518 R 5.

(11) 1 FHFEEUER (B 1000 ug/mL) (ICP-OES /) : JCSS 1FHFFEHEHE (B: 1000 ug/mL) (& 74
Jb LT Al )

(12) 1FHFEEAERL (B 0.05 pg/mL ~10 pg/mL) (ICP-OESEH) @ (11) OFEHERR 2 & IR L, HlR (1+23)
LR D IDITHERE (1+5) 2N 2 TR AR R HE iR 2 B L7

4) ik

(1) 7Y AF v HIEIZ KD B REEh O<EPEED 32 OHlE

SHTRREE 1 g% 1 mg OHTETIFNDEY, 287522 250 mL (2 A+, £ 30 °C IR L7-< 2 A
B 150 mL 2Nz, 30~40 [A]#5, 45 (30 °C+1 °C) T LIFRIIRVIE T, ML Tim A, M ETKE
Mz, A IFETHBL, REHAREL. REHAIRO —EEEOEET7T7A2 100 mL 1280, < 2 AR
WA 15 mL MY B2 Ko REKRENZ, =F L7 2 U UEREREKR 25 mL, FiigT > %
S UL I0mML, 7Y AT HEEK 10mL ZJERIN Z, IR E TREMZ 7214, K 2 Rl
B L7eb Oz HEHREARKRE L7e (Schemel).

Fiz, WERREHAR & A BEOREHRZ RO 2 E 7722100 mL 1I2& 0, < X AR, 15 mL
IS EICRD XMW EMAZ, =F Lo Y7 3 U URFBREIRIE 25 mL, FEET > & =7 LRI 10
mL ZJEARIN ., BAEERR £ TR ZMZ, £ 2 Rl AE L7z b O 2 Ml E BRI & L 72 (Scheme 2).

MORET 7 A2 100mL IC=F Lo o7 I 2 UFEFRREYIR 25 mL, Bifg 7 & =7 AR 10 mL
EMZ, BERMETKEZMZ, K 2REAAE LS O 2t AR & L7z (Scheme3).

of R BRBRR A e R & U e A BROBHA IR S OYl IE BB D I R 415 nm W FE 2 J|IE L,
T E P RUBHER IR 0D W BE 7 © A 1E A BRBRIE D WO FE 20 PSR L CHIETR IR DWW & L, AR et iR
FFRBRIE & R HR IS E L 72 BRSO o Aral B o < EPEIE 9 % (C-B20s) R LT-.
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1 g analytical sample | Weight to the order of 1 mg into a 250-mL volumetric flask
<150 mL of citric acid solution [about 30 °C]
Shaking to mix Constant—temperature Iotary shaker
(30 - 40 revolutions/min), 30 °C + 1 °C, for 1 hour

| Cooling |

<—Water (up to the marked line)
| Filtration | Type 3 filter paper

I
| Sample solution |

[

Aliquot

100-mL volumetric flask

(predetermined volume)

< Citric acid solution, until it reaches the equivalents of 15 mL
< 25 mL of ethylenediamine tetraacetate solution

< 10 mL of ammonium asetate solution

< 10 mL of azomethine-H solution

< Water (up to the marked line)

Leaving at rest | For about 2 hours

I
Sample solution for

measurement

Spectrophotometer (415 nm)

Scheme 1 Analytical procedure for citrate soluble boron in fertilizer (C-B2Os) (1)

| Sample solution |

I
Aliquot

(predetermined volume)

100-mL volumetric flask

< Citric acid solution, until it reaches the equivaents of 15 mL
< 25 mL of ethylenediamine tetraacetate solution

< 10 mL of ammonium asetate solution

< Water (up to the marked line)

Leaving at rest | For about 2 hours
I

Correction test solution Spectrophotometer (415 nm)

Scheme 2 Analytical procedure for citrate soluble boron in fertilizer (C-B20s) (2)
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100-mL volumetric flask

< 25 mL of ethylenediamine tetraacetate solution
< 10 mL of ammonium asetate solution
<~ Water (up to the marked line)

| Leaving at rest | For about 2 hours

[
| Control test solution |  Spectrophotometer (415 nm)

Scheme 3 Analytical procedure for citrate soluble
and water soluble boron in fertilizer (C(W)-B20s) (3)

(2) 7Y AF» HIEIZ LD BETE LR DK EETEIZD F# OHIE

TR 259 % 1 mg DHTETIENNEY, h—/LE —H—300 mL (2 A, K 200 mL 200z, KeEH L
TR, By b7 —bh ECIEAL TR 15 A L7z, o Icm AL, K TEET7T7Aa 250 mL 12 L
AT, BERETAKREMZ, A 3 FETABML, MEHRKE L. SEHARO —E &L O2ET7 T 22 100
mLZED, =F L U7 2 U MUERRIEIRIR 25 mL, FEiET =T AR 10 mL, TV AT HIE
% 10mL ZMERI 2, FITHEMRE TKEMZ 7%, 2 REME Lcb oz RS E LT

(Scheme 4) .

Fio, WEMARENAR &R EORHKZ R O2BET77A2 100 mLI2k Y, =F Lo o7 I UK
FRYEVAIR 25 mL, FERRT »E=7 AR 10mL Z %, fEfE CKZMZ, K 2RMKELZD O
% i E BRI & L7z (Schemeb).

MORET7 T A3 100mMLIZ=F L U7 I CIUERRRE AR 25 mL, BEfE 7 € =7 AFEHK 10 mL
EMZ, BERETKREMZ, K2 REAE LSO 23t RARBRK & L7z (Scheme3).

it B AR I 22 e B & L CE FRUBHER I S OVl IE BRI D I = 415 nm D WROEFE 2 JIE L,
T FH ORI IR D W BE 7 © A 1E F BRBRIK D WO BE 20 TR L CHIETS IR DWOGEE & L, [RIARIT et iR
FRRBRIE 2 T FRICHE U 72 BB & AT alBb o o AKIAPEIE 9 3 (W-B20s) ZHH L7-.
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| 2.5 g anayticd sample | Weight to the order of 1 mg into a 300-mL tall beaker
< Water ,about 200 mL

| Heating | Cover with awatch glass and boil for 15 minutes

| Cooling |

| Transfer | 250-mL volumetric flask, water

< Water (up to the marked line)

| Filtration | Type 3 filter paper
I
| Sample solution |
I
Aliquot .
(predetermined volume) 100-mL volumetric flask

< 25 mL of ethylenediamine tetraacetate solution
< 10 mL of ammonium asetate solution

< 10 mL of azomethine-H solution

< Water (up to the marked line)

Leaving at rest | For about 2 hours

I
Sample solution for

measurement

Spectrophotometer (415 nm)

Scheme 4 Analytical procedure for water soluble boron in solid fertilizer (W-B20s) (1)

| Sample solution |

[
Aliguot

(predetermined volume)

100-mL volumetric flask

< 25 mL of ethylenediamine tetraacetate solution
< 10 mL of ammonium asetate solution
< Water (up to the marked line)

Leaving at rest | For about 2 hours
[

Correction test solution Spectrophotometer (415 nm)

Scheme 5 Analytical procedure for water soluble boron in fertilizer (W-B203) (2)

(B TV AF v HIEIZ LD Hf DK EEHEED 38 DR E
SHTEREE 1 g% 1 mg DHFETIZANEY, 2875223 100 mL (I AL, K 50 mL Zh0z, IRVIEE,
I ETKEIMZ, AR IFETABL, MEHRIEE L. EHRIR O —ER&Z B OEET7FA2100 mL (2&
D, TF LT I NUERRERK 25 mL, FEEET = AV 10mL, 7Y A F o H EAE#K 10 mL
AN Z, ISR E CREMZ %, £ 2 B HKE UllE ARENAR & L7 (Scheme6).
Fiz, WEARENAR & FBEORHKZ B O2RET77A2 100 mLI2E Y, =F Lo o7 I U UEE
FRYEVATR 25 mL, FERRT »E=7 AR 10mL 2%, EHRETKEZMZ, K2REMEELZLO
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Z A 1E R BRic & L7- (Schemeb5).

BMOEET7 T A2 100mL IC=F L o7 I U UFRRRERIK 25 mL, FEfE T o F =7 LEHK 10 mL
BNz, HEHETKEMZ, K 28FEKE LS 025 BARRK & L7z (Scheme3).

of HEF FRBR IR A kR & L CE A BUBRHA IR & OVl 1E BB D = 415 nm D W % JIE L,
T E I RRBHES IR D W I E 7~ © A AE T R BRI O WO B A IR U CHIERIR OO EE & L, [RIER IS xR
FRRERIR 2 kT HRIC B E U 7o i Sl s & 3 A sk o K VEMEIE 5 B (W-B20s) Z#HEH L 7=,

| 1 g andlytical sample | Weight to the order of 1 mg into a 100-mL volumetric flask
< Water ,about 50 mL

Shaking to mix

<—Water (up to the marked line)

| Filtration | Type 3 filter paper
[
| Sample solution |

I
Aliquot

(predetermined volume)

100-mL volumetric flask

< 25 mL of ethylenediamine tetraacetate solution
< 10 mL of ammonium asetate solution

< 10 mL of azomethine-H solution

<~ Water (up to the marked line)

| Leaving at rest | For about 2 hours
[
Sampl lution f
ple solution for Spectrophotometer (415 nm)
measurement

Scheme 6 Analytical procedure for water soluble boron in liquid fertilizer (W-B203) (1)

3. BRRUEE

1) IFLUDTPIVNEIRIERRE, BFR7VEZVLBRRUCAARBEDRMOATICLIBRIE
EOELDrER

TF LTIV MERRE DXL — N RIZED, 7Y AF 2 H AIEHIBBEOW I ENME T2 85
TWDY . [FERIC, =T Lo T IV ERER AR K OWERR T 2B =0 DRIR O WIS A ¥ 55 B Sk ok
BT RIETEE 2N, (D) KRMIEIFRBRIEORHAKRO —~E&EE&E 7723 100
mL (280, FERRETREIMZ 2R, (2) RREHAR O —E &A B O2E 7T A3 100 ML (280, =F L
DT WEERBIETRIR 25 mL, FERRT =T AR A IR, BERRETAREZIA 2R, (3) RFEHA R D
—ERmABORETTAT 100 ML 1289, < X AR Z 15mL 2Nz, =F L P70 R
25 mL, FEfET B =0 ARIREINZ, B ETKREMZIZER, 224 2 REE E %12 415 nm (28
T B B 2 E LTS A Fig 1 1R Uz, ALR IR 2 a5, Bl AR 18, IREGHEIEE A IR 2 S (GH 5
J) DT E FAWTZAE R, =F L D7 U U ERRE SRR & OBERR 7 & =0 LRI DO IRINC K53 08HA
R H SR DO IEFE~DEBENED LN, — T, < 2 AVBRIEIR ORI LD EHA TR B R O S ~D5



AR DIZDFDORIEIED L 17

BIXIFEAERBD BN/ -T2,

Fo, (HARETZTAT 100 mL IZ=F LU T IU MERBR AR 25 mL, BEfET o E=0 LR EZ M Z,
W E TR A M AT IR, (5) &' 7T 23100 mL 1Z< 2 ABREAHE 15mL, —F L o7 I DU FERE H 1A iR
25 mL, EEfET VB =0 MATREINZ, FERETKEMZ IR, 20280 2 R & %12 415 nm (28
TR ARIEL, #f R4 Table 3 I/RL7z. SFHEARH LSOO L tEZEML-L 25, < &
NIBTEIR DL LD HERZITRD LR 12h, =F Lo D7 30 W EERR R AR e OFERR 7 T =
U LRI A TN U T2 IR AK D I O E L0 RAE & 72~ 7.

UL EDFERN BB 2 6107z B K& O/K BT F R IEIZ 31T 5 4 ) & B O WO B L O 2
J O IE 5 % Fig.2 \oR L7z,

BSeries]l BSeries?2 ©Series3

0.5

04

0.3

Absorbance

0.2

Compound  Compound Mixed Compost Compost
fertilizer1 fertilizer2 fertilizerl mixed mixed
fertilizerl fertilizer2

Fig.1 Influence on absorbance of the sample solution by added reagents
Series 1: 25mL of sample solution added
Series 2: 25mL of sample solution, ammonium acetate solution and EDTA solution added
Series 3: 25mL of sample solution, ammonium acetate solution, EDTA solution and citric acid
solution added

Table 3 Influence on absorbance of control test solution by citric acid
Absorbance(415 nm) ®

. b o t test
. b) Reagent solution ™ and citric
R t solut added
saden soition acid solution added
-0.0012(0.0001) ° -0.0012(0.0001) ° P=0.70

a) Mean valug(n=5)
b) Ammonium asetate solution and EDTA solution
¢) Standard deviation
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2) BREHICETEERIZLIZEOHE
AN RS- Table 4 1R FHURIEEZ FIVN T, Scheme 6 IC KD FEHA IR AR RLIL, S B 3B IE 4 kf
& L THERRBRIEOUOLEZHIE L. ZOR R, SUBHEIR O A LW E R MRS, 4T
B B A KT T ATREMEDS H 0B 2 bz,

Fro, MR EHIA Y & NI ST nicsd, BORIEBHZ DWW TG AW 2 & T Eo0NT
ARV LW VN8 D1 S R RS Nt By

Table4 Absorbance of control test solution in liquid fertilizer

Sample Absorbance®”

Raw materials

Urea, potassium hydroxide,boric acid,cacium
nitrate,ferric nitrate,gluconic acid,malic

0.02184 acid, sorbitol, ethylenediaminetetraacetic acid
tetrasodium,trimethyldodecyl ammonium
chloride,water

Home garden-use
mixed fertilizer 1

a) 25 mL of sample solution
b) Mean valug(n=3)

3) EEMHER

(1) J5 1 R e | 2 L B B D B Af

KRIEDOHEERHER DT, EBMEIEIFITOWTIEEF 33 A (BAIEER 20 45, BLAIEE 8 &, HUBE S
JEBE 2 53, IR A HEAEAE A ALK 2 5 %@%FH%EAHEM 145), KEHIFHIFEIZONT afw 26 i ({k
RRAEE 11 A%, ELA AR 10 A5, IRAHEARAE A Ik 1 4%, FERER 25 A A ARk 2 41, 5 @B A AR 2 450)
Z AT, ICP-OES 73 M i L AR IE A UG 43 AT IC KD el L7z,

| CP-OES i D i A V25t 9~ D ANE O I 7E i D[R] B8R K O 95% T X [#] % Fig.2 IZR L7z, £7=, 95%
FEEXEOMEE (b)), U1h (), K OENGEAEOFBEREL (r) 2 Table 5 IR L 7z,

AEASH A5 B BRI D % 4 MR ER 7 A D B HETIE, 1% (b) © 95 %X HIC 1 A& Ei, Bl (@)@
95 %(EHE X MIZ 0 3 & E4L, FHBIFREL (1) A3 0.99 Bl ETHHIEAHELEL TR0, RIEILZOHEMEREL
NQAY

iz, EIREIEOFE LG A THRB R R IEEHZ W T, B D 22h3 572728, ICP-OES k&
ARIECIOFE@ALE 8 ;R (EOMRILEL 1 4, IZOBRHENNE 15, i E EREAIEE 1 5, IRAMEZERIL
B2 5, FRERZSEHEAIEE 1A, HRE AR 2 5012\, IRME R OUKIEMIED FREEZ kL,
FNEN 4 SOHTRBRE L= 4 A Table6 (2R L7-.

2 BORMMEOSE I AR, SRR EICt REZFMLUTAER, MRA B KDL % CHERZEITRD
LIV Tz.

ZORERING, RIEIX ICP-OES{ELRIHEOHEELZH L TNDHEE 2B,
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Improved method(%6)

0.60 -

050 A

0.40 4

030 -

0.20 1

0.10 4

0.00

C-B,0,

y =1.016x +0.012
r=0.998

060 -

_,-"..-' 050 -

Improved method(%)

0.10 -

0.00

0.10 0.20 0.30

' 0.00
0.40 0.50 0.60

ICP-OES (%)

040 -
030 -

020 4

W-B,0,

y = 1.000x - 0.001
r =0.995

0.00

0.10 0.20 0.30 0.40 050 0.60

ICP-OES (%)

Fig.3 Comparison between Improved method and | CP-OES
massfraction(%o)
Heavy line: Regression line

Dotted lines: Upper and Lower limit of 95 % prediction interval

Thin line: y=x

Table5 The 95 % confidence interval and correlation coefficient

of the regression line in between Abosorptiometry with correction and | CP-OES

95% confidence interval Correlation

Inclination (b) Intercept ()  coefficient (r)
C-B:0Os 0991 ~ 104 -0.011 ~ 0.002 0.998
W-B:Os 0959 ~ 104 -0.011 ~ 0.008 0.995
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Table6 Test result using samples of 3 different concentration for evaluating trueness

Improved Conventional
method method® F test t test
Component Sample
P P Mean” ¥ Mean® ¥ Variance  Critical Critical
©@)°  (%)° ©@)°  (%)° raio  vaue”  t-vaue  vaue
mi';trlj’r"e”tl”mt 196 004 199 004 123 928 111 245
C-B.Os Fritted
micronutrient 11.15 0.16 11.48 0.26 2.61 9.28 2.19 2.45
mixture
Borate fertilizer ~ 40.06  0.15 39.96 041 784 928 047 245
m;)f:lj’rr;”tl”em 197 001 197  0.02 165 9.8 042 245
W-B20s mi')‘(::;r;”tz”mt 1252 003 1253 0.09 899 928 022 245
z:ﬁ:d 56.45  0.54 56.77  0.42 165 928 093 245
f;‘::l?zr:xled 0018  0.0005 0018  0.001 825 928 099 245
W-B05? f;‘::ﬁzr:xzed 0128  0.001 0127  0.001 168 928 115 245
Home garden-use /15, 033 4188  0.034 100 928 227 245

mixed fertilizer 1
a) ICP-OES
b) Mean vaue (n = 4)
¢) Mass fraction
d) Standard deviation
€) F(3,3;0.05)
f) 1(6;0.05)
g) Liquid fertilizer

(2) WINEIERER L2 B DR

ARIEOBEEEFER T H729, 2.1) (2) Table 2 OFRER i 1~412 D5\ T, RIETIAME R OKEMHEIFIFE D
ST E 3 IRHHTTITVY, DR K% Table 7 & Uf Table 8 IZ/RL7z.

B ORE R, <EMEIEOFEIE 0.20 %~10.22 %D % FHCTEINE 97 %~106 %, +H%HE HEF 2% 1.5 %~
4.8 %, [EJ AR OKAEMEIED FE 1AL R 99 %~103 %, FHxHE UE(RF 221X 0.5 %~2.9 %, IR AL
DIREEPEIE)FE LB R 93 %~102 %, FHXHREAENR 1% 0.3 %~0.9 % THY, = TOMI K REL
JAZEWWT, BEIERIFALEHERBRIEY 2R LD B 2072 L Tz,
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Table 7 Result of recovery test(solid fertilizer)

Design R b Rel ative standard Criteriacf th
No. of component? ecovery deviation riteriao C'E e
sample trueness
C(W)-B203 C-B.0s W-B,03 C-B,0Os W-B,0s

1 10.22 99 99 15 1.1 97~103

2 5.11 97 101 2.3 05 96~104

3 1.02 99 103 19 29 96~104

4 0.20 106 102 48 2.6 94~106

a) %(mass fraction)
b) Mean vdue(n=3)
c) Criteriaof the trueness(recovery) shown in Testing Methods of Fertilizers

Table 8 Result of recovery test(Liquid fertilizer)

iked level? Samole R b Relative standard Criteriaof the
ajl eve P ecovery deviation truenessc)
5.00 102 0.3 96~104
0.10 Fruid mixed 99 0.9 94~106
fertilizer 1
0.01 93 0.3 92~108

a) %(mass fraction)
b) Meanvdue(n=3)
c) Criteriaof the trueness(recovery) shown in Testing Methods of Fertilizers

4) BHTRE R U SR E O S

ARIEOPHTREE K O RS FE A feRR 2720, 1ZHMEIEEL L, 1ZOMREARE 1R, (LA inet 2 5, Kz
=GR 1A, RS IR 180G 6 ﬁa‘:ﬁ%u VO, VAR ORI FEORRE 2 SA0MTCTHE
75 % T 5 L TEBNRE R Table 9 1SR LTz, £/, ZOREENS — TR E S BT 21T > TRz
DFTRSEE ) OV RS BE 2 Table 10 (TR LTz,

STEMEED FRBROIZO BN RO I E 85728 7C 39.35 %, D TARXHEYE(R 7513 1.2 %, 7 [AE xHE
YR 21T 1.7 %, ALARIEEE 1 O SEEEITE 84 3R T 0.12 %, D TA S YE(R 2213 1.0 Y%, HFEIFH o A2 e i 7=
1% 4.7 % Th-o7o. FEIEHI I T 2KEMEIE) FEROIZ EEILE O - EIE I3 E £455 % T 56.25 %, (17
MR 7203 0.8 %, HH [BIFHXIAT HE(R 2213 0.8 %, {LAARE! 2 DO SERIEILE 8457 % T 0.29 %, JHTAHXHEHE
721X 0.7 %, FRIFHXHERER 21X 0.8 % Tho7o. IRIRIEEHII T HKEEMEIEH) FRBR O Z e 2= HE A
NEAE 1 O EAMEITE 8573 T 4.096 %, HHATHXHEHERZEIX 0.6 %, T HAAMERREZZIT 2.4 %, #KES
JEEE 1 @ﬂzi’*ﬂ‘ﬁ B 557 37C 0,018 %, H TAIRHEHE(R Z21% 1.9 %, HRIFAIXHERER 221X 2.4 %, ThHho7-.

ZNHDPREIZEIT DO T IO SHE U 225 RN SRBRIE LRSIV TOD O TS (D THR AR TR
%)&OEPF’@*%E(EP%WM%E%%) DHZD 2 5N TH 722D, RIETHS72 R EEZ AL TNHDE
EDHERRSILUT.
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Table9 Individud result of repetition test of changing the date for the precision confirmation

(%(mass fraction))
Test d
Component Sample est aay
1 2 3 4 5
Boraefertilizer 2023 4015 3884 3891 3975
C-B,03 39.55 39.97 38.67 39.03 38.38
Compound fertilizer  0.12 0.11 0.12 0.11 0.12
1 0.12 0.11 0.12 0.11 0.12

56.52 56.87 55.97 56.39 56.51
56.26 56.22 56.31 55.39 56.05
Compound fertilizer ~ 0.29 0.30 0.29 0.29 0.29
2 0.29 0.29 0.29 0.29 0.30
Home garden-use 3.982 4.130 4.076 4.151 4.213
o  Mixed fertilizer 1 3.918 4.090 4.075 4,124 4.204
Fruid mixed 0.019 0.018 0.018 0.018 0.018
fertilizer 1 0.018 0.018 0.017 0.018 0.017
a) Liquid fertilizer

Boric acid fertilizer
W-B20s3

W-B:03

Table 10 Statistica analysis of repetition test result for evaluating precision

Repeatability I ntermediate precision

Component Sample Mean” s RD.? CRD. sm?  RDIm"” CRDIm)
(%)° %)° (%) (%) ©%)°? (%) (%)
Borate fertilizer 39.35 0.49 1.2 1 0.68 1.7 2
C-B:0

s ?;rgl‘i’zc’;”f 0.12 0001 1.0 3 0.01 47 45
E?coerr'g”zd 56.25  0.43 0.8 1 0.43 0.8 2

W-B203 c q
f;':?ﬁ’:;r'z 0.29 0002 07 3 0002 08 45

Home garden-use

. mixed fertilizer 1 4,096 0.03 0.6 2 0.10 2.4 35
W-B20s Fruid mixed
u " 0.018 0.0003 1.9 4 0.0004 2.4 6.5
fertilizer 1

a) Liquid fertilizer
b) Mean value (n = sample number of paralel test (2) x number of test days (5))
¢) Mass fraction
d) Repeatability standard deviation
€) Repeatahility relative standard deviation
f) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers
0) Intermediate standard deviation
h) Intermediate relative standard deviation
i) Criteria of intermediate precision (intermediate relative standard deviation) shown in Testing Methods
for Fertilizers



24 NEBHFZE R4S Vol. 12 (2019)

5) EETREDHTELHER

RIEOERE TREHETH720, LORBRTEHEH BN EAH T REEMY O/ E L THALRRALE,
Bl A AR ONEIRE A AERES 1 aid W TR R OUKIRMEIFS R ORERE 7 ST CEELI-#E 1%
Table 11 |Z/RL7-.

ZDOFER, ALERAEEE 3 D FEHIMEIT 0.07 %, FEYE(R 751 0.001 %, ELAAEEL 2 O EH4fEIE 0.03 %, HEHE(R 7
1% 0.001 %, R AR 3 DOF-EIEIL 0.020 %, F#EHE(R 21X 0.0003 %, D Th-o7z. 7eds, & N RITEEIE
i 75x10, 1 H T BRI Y (R 75 x2xt (n-1,0.05) Z W TE L7282 4, EEMIFS HRBrE0 E & T IRIX
0.01 %F2 AL, Mt TERIE 0.005 %L, [ETEALEF DK ESMEIED FREBRIED E & TIRIT 0.01 %R, i T
FRIE 0.002 %FLE, Wt AEEL O /K MIEH) 3 BRED & FIRIT 0.003 %FLE, fiH TBERIE 0.001 %feE L
HEES N7,

Fo, #EESNICE R FRAIE DR EICK T DEINCREA MR T 5720, B:0s &L TR E LTI
0.01 %HH Y4 &, #IRNEETIZ 0.003 %ot 2 B DI1ED FAEERR A UL T3k 2 W T, RIEIZIES T 3 T
THRMENGRER ATV, 551 % Table 12 IR LT-.

ZFORER, WINEIZET 95~106 %C, W T AUb JERFERERIED |ORSCO DI EEIC 31T HELFE ([0
) O H 25T L.

Table 11 Estimation of the lower limit of quantitation (LOQ)
Estimated Estimated

Component Sample 3b) s, ?
|pO p Mean r LOQ d) LOD )
C-B20 Compound 0.07 0.001 0.01 0.005
fertilizer 3
W-B203 Mixed fertilizer 2 0.03 0.001 0.01 0.002
—
W-B:05” ruid mixed 0.020 00003 0003 0001
fertilizer 3

a) Mean value(n=7)

b) %(mass fraction)

C) Repeatahility standard deviation

d) Estimated lower limit of quantification(LOQ=s, % 10)

e) Estimated lower limit of detection(LOD =s, x 2 x t(n-1,0.05))
f) Liquid fertilizer
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Table 12 Result of confirming the lower limit of quantification(LOQ) by recovery test
Relative Criteria of the

I - a) b)
Component Sample  Spiked level” Recovery standard trueness”
C-B:0 Compound 0.01 100 5.0 92~108
fertilizer 3
W-B20s Mixed 0.01 106 3.8 92~ 108
fertilizer 2
=
W-B205" ruid mbed g 9 95 3.4 92~108
fertilizer 3

a) %(mass fraction)

b) Mean value(n=3)

c) Criteria of the trueness(recovery) shown in Testing Methods of Fertilizers
d) Liquid fertilizer

4. FE&H

B D EEME R OUKERHEIED R DOBEIETHOWT, BHEIR RO B BIC I DB E A BT 5 )7 5%
MRl H—BREIC R 22 S M ik Bae L7z, R C, HIRIEEHZ I\ T & il L oo 3 H 2
ATRENE DT HERB L, RO RAAFT-.

(1) WERIERB T EORBEETT, SUBHAR B 3k D 75 (2 KD W FE 24 13 D IR IR O R L5 1% 1k
ELT-.

(2) A ZFEIE L CTHEMAL TOZRW— O R IEECRUEHAIR 1 K D & s b2 728, R IEE:
IZOWTHYDLE A IET 52T,

(3) EJEMEREDT=, ICP-OES VEEAIEIZIY, WEBAEEIFT 59 i (EEMEIZH FE 33 A%, EEALEL O KENEE
D526 5) BT, [ERHTICE D07 A A L L. BUREROMEEIL5 %lEEX M1 EEh,
YR D95 Y% (EHEIX I 0 23 4L, FHBIFRELAY0.99 L ETHY, ABFERERIES IORSN TS HESE LS
7L T,

£, 1 IOFEEEIRESHTHREE 3 8ICOW T, ICP-0ES ikEARIEIZEY, 4 SOHMTREBREZERL, 2
BED AR DSy B2 HesB LR b 1 t S & ML 7R R, WA B KYE 5 % CH BRI b
Dol PMEIGRER 21T S 72 B, 2 COBUEFCIRINENNSRITAEAMEERTEY O B 227 L Tz,

(4) B K OV TR 2R 95720, & 2 FEOREIZ WV, 2 80MTTHAEZZE X TS ERBRETT-
TR, MRS RBRES IO RSV TO DM TRE B K O TR EE O B ROFFEN ThH o 7=

(5) 1IHIFREIKIREEHTDIERZ AV 7 SOMTRBRICEIVE & TIRAHEEL, HEE & FIREE DO
WIS L TINEN R BR 21T > 724 5, <IAMEIE) FERBRIEOE & FIRIT 0.01 %REE, HH FIRIT
0.005 %FRSE, [EEALELDKEEMEITD HBFBRIED E & N FRIE 0.01 %REEE, i FRRIZ 0.002 %R, WIRAE
BEOAKIRMENED FBRIED & & TRRIL 0.003 %%, Bt FIRIZ 0.001 %L Th-o7z.
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Improved Deter mination Method of Boron(B2O3) in Fertilizer
Masayuki YAMANISHI*

! Food and Agricultural Materials Inspection Center (FAMIC), Kobe Regional Center
(Now) FAMIC, Fertilizer and Feed Inspection Department

A spectrophotometry for determination of boron (B2O3) in fertilizer was improved by absorbance
correction and validated as a single-laboratory validation. Extraction method was not been changed. The
absorbance of the measurement solution measured using the control test solution as the basic point was
corrected by the absorbance of the correction test solution. The values of C-B2Os and W-B2O3; measured in
solid fertilizer by the modified method were compared with those measured by |CP-OES (Line of regression and
correlation coefficient; C-B2Os (r = 0.998, y = 0.012+1.016x), W-B>Os (r = 1.000, y = -0.001+1.000x). The
values of C-B,0Os measured a quadruple test using 3 different concentrative analytical samples by improved
method were compared with those by ICP-OES. As the result, significant difference was not confirmed in
homoscedasticity of the results of 2 groups and t-test for each concentration under the two-sided significant level
of 5%. Asaresult of 3 replicate analysisin 4 solid fertilizer samples prepared to contain 0.20 % ~ 10.22 % (mass
fraction) of C-B.Os or W-B203, the mean recoveries ranged from 97 % to 106 %. Repeatability relative standard
deviations were 0.5 % ~ 4.8 %.As aresult of 3 replicate analysis of 3 liquid fertilizer samples spiked with W-B2O3,
the mean recoveries were 93 % ~ 102 %. Repeatability relative standard deviations were 0.3 % ~ 0.9 %.
Intermediate relative standard deviations of there were 0.8 % ~ 4.7 %. The limits of quantitative value (LOQ)
of C-B20s and W-B,0Os in solid fertilizer and W-B2Os in liquid fertilizer were 0.01 % and 0.003 %, respectively.
Those results indicated that the improved method were valid for the determination of boron (B2Os) in

fertilizer.
Key words  boron, spectrophotometry, azomethine H

(Research Report of Fertilizer, 12, 10~27, 2019)



