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Table 1  Detection results of plant reference materials
il W
FEAR I A 7% AR 5 fi FRELE MR | WE FREfE R 24
(%) (%) (%) (%) (%) (%)
-1 0. 0005 / / 0. 0003 / /
ZEH-2 0. 0006 / / 0. 0002 / /
TR — i S AL A GBW10010( k%) 0.134 0. 138+0. 007 -0. 004 0.135 0. 136+0. 006 0. 001
TH i GBW10052( £¢5%) 1.56 1.55+0. 07 0.010 0.279 0.28+0. 01 -0. 001
GBW(E) 100718( #£/E) 0. 862 0. 87+0. 03 -0. 008 0.539 / /
ik (GBW10206) 0.385 0.39+0. 031 -0. 005 0.357 0.361x0.018 -0. 003
ZEH-3 0. 0004 / / 0. 0002 /
ZEH-4 0. 0004 / / 0. 0001 /
SRl GBW10010( K K) 0.135 0. 1380. 007 -0.003 0.136 0. 13620. 006
W ik GBW10052( £¢7%) 1.54 1.55+0. 07 -0.010 0.281 0.28+0.01 0.001
GBW (E) 100718 (4£4:) 0. 843 0.87+0.03 -0.027 0.528 / /
GBW 10206 ( ##k) 0.369 0.39+0. 031 -0.021 0.345 0.361+0.018 -0.016
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Table 2 Detection limits of the method

AR A 55 BESE T E ] R A EDO 75 =0, AR
FHZKSE W g5 =X, e BT R AEAE AT K R
766. 4nm , BETCR ML 4TI 213, 6nm, 3% 5
JAURE D F e i %Y 2 T ICP - OES X #% 4% 14
AR ) ORI 17 XS, 8 ) 3 B D8 A 55 1 3 T 10 K 1
SR —3, L5, A ARSI SR R R
I VO PR AR R A BE T R EDN A T R
B A 766. dnm , X)L TC 2 P KR 213, 6nm
HEAT AT S
2.4 JiikKIBER

R T Ay BT IR — 1o S Ak ST i R R R 2 P B
THAEXT2S FHE RS, i R 7 25 FUHEDR AR
S IHBR TS S X S PRke 5 T4, O
Pk IR TR SR G BRI o F A5 A B e R BT
X, SHMMIER R REA K, ARSCRH 2 Fr
b BRIV A T A A 7 U S 1, R PR AL
2 iR BRIk S Ak N B RN 1Y)
P U BR 2514 0. 006mg/L il 0. 001 mg/L, 5 JE %5
PAAR I TS 18 32 00 2 0 R W 1100 7 e A PR 40 ) A
0.005mg/L F110. 001mg/L, #J UL, ¥ fi# 77 2 X K
FRL-T-B A 52 , K s B 5 R i 28 i 1 4 13 5
P AR HREBE BN HERAE I 1) 2 /0 B 45
K, 85 e SR B 25 1) RS o &P THieE
A HERR T R R -k S A S A T A e
FIBE 1) RE M)
2.5 JiiENG e ERERRE

SRy it — 25 IR Ty i AR M S HE I, AR S
F77 K 4% 5 55 o B 2 06 o 1D e 2505 R g JBL
SN0 0] K FH AR E W R GBW 10052 (425 ) DL K&
GBWO7602 (VEAKL M) FEATIRE, 25 R TR
I 28 R AR X AR fE O 22 (RSD) 7E 0. 36% ~0. 51%
Z (8], BRI T 2R 1 A X5 25 16 A (B I R 8 3
T  H AR SR B 1R — 3o S0 Ab S0 T A v ) e
VERRUEDI B PATIN A 7 Wk, 25 R W3k 3 fin, it

. i . RS T OPATINE FHME Tt 22 i B
T IT SIHTICER
(mg/L) (mg/L) (mg/L) (mg/L)
SRR o 0.011 0.007 0.008 0.007 0.005 0.007 0.006 0. 007 0. 002 0. 006
TR —iod b T A v )
W 0.001 0.001 0.002 0.001 0.002 0.001 0.001 0.001 0. 0004 0.001
U bl 0.008 0.009 0.009 0.007 0.010 0.009 0.005 0. 008 0. 002 0. 005
1o . 2 PR R i ik )
W 0.002 0.001 0.001 0.002 0.002 0.002 0.001 0.001 0. 0005 0. 001
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Table 3  Precision and accuracy tests of the method
S N - .
EEGR bR TR (%) PR PR e s R
KK AP 0.139 0.141 0.139 0.138 0.141 0.139 0.140 0. 138+0. 007 0.139 0.72 0.001 2.16
(GBW10010) B 0.138 0.140 0.139 0.140 0.140 0.139 0.140 0. 136=0.006 0.139 0.62 0.003 2.88
5P/ B 0.129 0.128 0.130 0.130 0.130 0.130 0.130 0. 129+0. 007 0.130 0.51 0.001 0.77
(GBW10012) i 0.058 0.058 0.058 0.058 0.058 0.059 0.059 0.061+0.003 0.059 0.87 -0. 002 5.08
2SN ap 1.56 1.56 1.56 1.58 1.56 1.55 1.55 1.55+0.07 1.56 0.57 0.010 1.92
(GBW10052) W 0.285 0.285 0.283 0.290 0.286 0.283 0.285  0.28+0.01 0.285 0.82 0. 005 3.51
TRk B 0.380 0.360 0.361 0.361 0.364 0.369 0.363 0.39+0.031 0.365 1.98  -0.025 8.21
(GBW10206) W 0.365 0.355 0.352 0.344 0.353 0.354 0.355 0.361+0.017 0.354 1.75  -0.007 4.80
1A Bi0.846 0.857 0.859 0.845 0.850 0.878 0.855 0.87+0.025 0. 856 1.32  -0.014 2.92
(GBW(E)100718) B  0.513 0.519 0.540 0.528 0.533 0.545 0.532 / 0.530 2.12 / /

T WP L (R NE r) AR S MRS SR iR 28 AR T AR L

P B, AR IR ZE AR HEY) BT GBW10010 (R K) |
GBW10012( k) LA J2 GBW10052 (4¢ %) #Y RSD
{HAE 0. 51% ~ 0. 87% Z [A] , #H X} 1% 2% 7€ -0. 002% ~
0.010% =[], EEIE r 7E 0. 77% ~ 5. 08% Z 8] ; 1M 155
MR 25 bR ME Y L GBW (E) 100718 ( 4£ £ ) |
GBW10206 ( ##k) #9 RSD {H7E 1. 32% ~ 1.98%
8], FHXFR 22 7E 0. 007% ~ -0. 025% Z [a] , E 1 r

4 PIRPR TGRS R

FE2.92% ~ 8. 21% Z 0] ; 2 M r P06 2 B A bR ifE
GB 5009.268—2016 EE M (r=10%) , UtHIR 6
i — ok 4AL T ST i v Ak AR A 2SR i, AR Tl R 28K
(AN 5 BRI B AR B v ik IR
A AR S T 2 T RIS
2.6  FBFES T

SR B R — 32t A8 Ak S0 TH A v 5 v 5% P e T

Table 4  Analytical results of plant samples digested by two pretreatment methods

£ [
FE i T i . . o o . ; . o =
ik SR W 7E {E PRUEME MR EREM W E PrRfE(E AIXTiR2E EEN
(%) (%) (%) r(%) (%) (%) (%) (%)
13 7.84, 7.69 / / 1.97 0.546, 0.588 / / 7.39
et 2.06, 1.94 / / 6. 00 0.344, 0.361 / / 4.82
Kok 0.080, 0.080 / / 0.36 0.083, 0.083 / / 0.56
EP/S 0.379, 0.394 / / 3.88 0.289, 0.298 / / 3.07
Bt ﬁkifﬁl 2.77,2.76 / / 0.36 0.418, 0.432 / / 3.29
P i s 1.01, 1.02 / / 1.58 0.950, 0.972 / / 2.37
LR s 0.935, 0.950 / / 1.57 | 0.582,0.594 / / 2.0
GBW10010( &k ) 0.132 0.138  -0.006 / 0.136 0.136 0 /
GBW10052( £#2%) 1.57 1.55 0.020 / 0.274 0.28  —0.006 /
GBW (E)100718({£4:) 0.85 0.87  -0.020 / 0.533 / / /
GBW 10206 ( ##k) 0.369 0.39 -0.021 / 0.354 0.361  -0.007 /
H3% 7.82,7.48 / / 4.44 0.568, 0.577 / / 1.63
At 1.95, 1.89 / / 3.13 0.349, 0.352 / / 0.86
Kok 0.079, 0.079 / / 0.030 0.078, 0.080 / / 2.91
EEP/S 0.379, 0.358, / / 5.70 0.289, 0.294 / / 1.72
o R ‘;‘@Mﬁl 2.72,2.72 / / 0.00 0.426, 0.456 / / 6.80
P AT 0.997, 0.990 / / 0. 65 0.973, 0.948 / / 2.6l
L piZa 0.811, 0.821 / / 1.57 0.564, 0.558 / / 2.02
GBW10010( k) 0.139 0.138 0.001 / 0.135 0.136  —0.001 /
GBW10052( £#4%) 1.54 1.55  -0.010 / 0.283 0.28  -0.003 /
GBW (E)100718({£4:) 0. 848 0.870  -0.028 / 0.528 / / /
GBW 10206 ( #i#k) 0.365 0.390  -0.025 / 0. 349 0.361  —0.012 /
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T 5 P A R0 2 255 SR A DG 158 25 A A L ) AN
SEFEVO IR, W e R B, SR e RS
B THRE A R % P B0 T A 1k Ak B RN
R0 5 45 SR AT T B R — o AR A T R ik, o
A6 SAZA AR ) BRI — 2o Sk &0 ek A
FR AR 0 2 SR R X R 22 7E - 0. 007% ~
—0. 021% 2 [8] 5 SR FH = 1 2 DA R T e v A 3L 0
B0 2 45 R B A X 1R 2575 - 0. 012% ~ - 0. 028% Z
] IS5 RS A A A e SR S 2R &R
Fr BN RIE SR B, AR IR AT E 45
AN 2% -0. 010% ~ 0. 001% , 5 B ik -1 A1k
[EEAX IR ZE T R EEES . WUk T s R A
IR T A 18 5 A3 S A AR o P B A I A A —
FESIRAED S RIA T AR T e IR 22 S e ) A

3 45k

5 5 P A 0 e PR R T RE A 2 (AT
Sy AR TR SRR TR R PR A AR B T
J Y2 IR 38 TR T AR b B R 1
W, AR RS AR R R TR AW
FETRE 5 R 0 AR 22 4 R RS, 38 A SR J R -
i AL AU A | 1207 12 RE A R AL Y B AR L
A, TR T AL By 12 A3 T 0 AR
PRI RRI TG R DL S WA N R A T O E

ZoBRRE S IRAIE, K SCEE ST IR R - i AL R
T A R D I S AR P BB IR . LR
P IR T P R 52 4 A T ATIR S, BE 2 41
SR R 2 R IR, EL 1 SRR A 8, T
07 2 (AL RE i 4 AR T 4 0 28 38 T Bl s A
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Pretreatment Method for Determination of Kalium and Phosphorus in
High Oil and Grease and Non-oil Plant Samples by Inductively Coupled
Plasma-Optical Emission Spectrometry

ZHANG Anfeng, CHEN Ju, ZHENG Song”
( Guizhou Central Laboratory of Geology and Mineral Resources, Guiyang 550018, China)

HIGHLIGHTS

(1) The sulphuric acid—hydrogen peroxide digestion method makes up for the shortcomings of the high—pressure
sealed microwave digestion method and is capable of rapidly digesting high oil and grease macromolecular
polymers.

(2) For high oil and grease samples,the sulphuric acid—hydrogen peroxide method is superior to the high—pressure
sealed microwave method, and can more thoroughly dissolute sample with a shorter time consumption.

(3) For non-oily samples, there is no significant difference between the sulphuric acid—hydrogen peroxide method
and the high—pressure sealed microwave method, but the high—pressure sealed microwave method is simple,

economical and rapid.

The digestion time is about
2.5h for the high oil and
grease plant samples

Result calculation

The digestion time requires at (" =
least 4.5h for the high oil and ICP-OES analysis
grease plant samples

Microwave digestion

apparatus

ABSTRACT

BACKGROUND: The determination of kalium and phosphorus in plant samples is usually carried out by high-
pressure sealed microwave digestion —inductively coupled plasma — optical emission spectrometry ( ICP - OES).
However, complex matrices can increase the difficulty of digestion, such as peanuts, walnuts, and other samples
containing high oil and grease macromolecular polymers, which are difficult to digest quickly and thoroughly, easily
leading to low results.

OBJECTIVES: To improve the efficiency for the determination of kalium and phosphorus in plants.
METHODS:: Sulphuric acid—hydrogen peroxide digestion and high pressure sealed microwave digestion were used
to convert the elemental phosphorus into phosphate and the kalium into free potassium ions to form a single—phase
monovalent digestion solution.

RESULTS: Validation of the actual sample analysis showed that: (1) For high oil and grease samples, the
sulphuric acid—hydrogen peroxide digestion method can directly digest the sample by destroying the outer layer
structure of the plant by strong acid, causing rapid charring of the organic matter, followed by rapid digestion
(about 2. 5h) by dropwise addition of hydrogen peroxide, which is safer and more thorough; whereas the high-
pressure sealed microwave digestion method is more time—consuming (about 4. 5h). Compared with the results of
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most scholars, the sulphuric acid—hydrogen peroxide method is recommended, because its accuracy is better than
that of the high—pressure sealed microwave method. (2) For non—oil samples, both treatments are suitable and
there is no significant difference between the results of kalium and phosphorus determination, with the high -
pressure sealed microwave digestion method being recommended for its low reagent consumption, low blank value
and ease of operation. The results of the two methods are in good agreement with the experimental results of most
scholars. (3) The limits of detection for kalium and phosphorus by the sulfuric acid-hydrogen peroxide digestion
method were 0. 006mg/L. and 0. 001mg/L., respectively. For the high oil and grease samples, the RSD ranged from
1.32% to 1.98%, the repeatability r ranged from 2. 90% to 8.21% and the error of determination ranged from
=0.007% to —0. 025%. For the non—oil samples, the RSD ranged from 0. 51% to 0. 87%, the repeatability r
ranged from 0.77% to 5.08%, and the error of determination ranged from —0. 002% to 0. 010%. The limits of
detection for kalium and phosphorus by high pressure sealed microwave digestion were 0. 005mg/L and
0.001mg/L, respectively. For the high oil and grease samples, the error of determination for kalium and
phosphorus ranged from —0.012% to —0. 028% ; for the non—oil samples, and the error of determination for kalium
and phosphorus ranged from —0.010% to 0. 001%.

CONCLUSIONS:; The sulphuric acid—hydrogen peroxide digestion method is capable of rapidly digesting high oil
and grease macromolecular polymers, but it is affected by the complexity of the samples and the external
environment. With the development of science and technology, direct solid injection with artificial intelligence will

be the future trend.

KEY WORDS: plant sample; high oil and grease samples; digestion pretreatment; sulfuric acid —hydrogen

peroxide ; high—pressure sealed microwave digestion; inductively coupled plasma—optical emission spectrometry
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