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Rapid quantification analysis of plant phosphorus and potassium
using HNO;-H,0, digestion system

XIONG Manyan WANG Mei’e ™ WANG Qiaohuan SONG Xiangmei
(State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences,
Chinese Academy of Sciences, Beijing, 100085, China)

Abstract To study effects of different acid digestion systems on plant phosphorus and potassium
determination, four acid systems, including H,SO,-H,0,, HNO5-HCIO,, HNO;-H,0, and aqua regia-
H,0,, were selected to digest certified reference materials of shrub branches and leaves
(GBWO07603). Phosphorus and potassium in digested extracts were determined using an inductively
coupled plasma emission spectrometer (ICP-OES) by which the optimal acid digestion system was
consequently chosen based on accuracy and precision. It was observed that HNO;-H,0, system
digested plant samples completely and the digested extracts were clear. Results of ICP-OES analysis
showed the highest accuracy and precision. With the safety property of HNO;-H,0,, it could be
concluded that it is optimal. The difference in concentrations of phosphorus and potassium
determined between treatments with acid addition ranged +10% was insignificant. However, the

digestion temperature had significant impact on the determined concentrations. The optimal digestion
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temperature was 150—180 °C. Under optimal digestion conditions, the detection and determination
limits of phosphorus were 0.004 g-kg' and 0.018 g-kg'', respectively, while 0.06 g-kg' and
0.25 g'kg™" for potassium, respectively. Determination values for 8 various plant reference materials
were all within the standard range, with relative bias and errors less than +5%. The recovery values of
added standards for 4 various plant reference materials ranged 91%—106%. Therefore, HNO3-H,0,
combining with ICP-OES determination can satisfy the analysis of phosphorus and potassium in
various plants and fits for quick quantification of samples with large quantities.

Keywords electrothermal plate decomposition method, acid decomposition system,
phosphorus, potassium, ICP-OES.

BEAE A Y A K R K R EZ N o R L o, BRI . BEIs MBS Ak
I3 F B T B BT R Y, S M A P AR N BE RN SE M B AR RN IS | AR R A SR R R H S, FEfE it
MY K . S S RPRITE BRI AT i B P R 45 2 G E B A . B R AR AR AR T G A R S B
JeEVERE, SFLRT . gy A A b g O E AT S B, an R b e N
ALt B Ak, iR 25 oAk KL R, Rk 205 W AR 0 A 9 i . 40 /K S b4 S i HE R4 E 1)
A it 2 OCE B O A AR Y A PR | B T B RORG T B I T v R S I RN A K TR 25
FERTEE. HET, 5 F T AEY AR N R 0 A P B WOEORET  SHBR T B IR kA
2 V5 R AR DB A 3 P 7 A O SR IR 43 G Bk 30 i JaoRl B 55 B A R i i vk
(ICP-OES )l 131 4%

O3 ICIE R N AR Tz, AR AR A S o B ) U RS D 58 AR AR R N J 7Y KA TR IO
0 5 Ao R B 2 A, R B RORE B R AR A BRUS. AR T, ICP-OES 2k H AT A6 FRAG |
FRBRE R LG T RS, HURT S 22 o0 2K [ B Y, (R, ICP-OES 7B /K i), 4 480 A
PSR A L B RE TR AR Rz N R TR, AR S 4 T AL ks i R AN [ A 9 i
FE MR R, ASUAERRAEME B M RO A 35 25 5, 0 4 B i 25 SR 00 WA 1 AN &2 1), 2%
VAT A L S T R R S T Al 422 23 i Ak B v R AR AR S Bl A T 3R R AR 3, 5 =2 AH
LU, PRV T it B AT A 30 R (7 BAL | JF fofk BsF ) e ) R i, 2 X SR AT R AT A 3 . A rh s L B R
EFEESH NY/T 2017—2011 brvfE 7, B SR A H,S0,-H,0, T8 it A i, SR 5 K KO BTl ok
JE R AT A B I A P4, SR FH H,SO0,-Ho0, WA TH AR AR st R v, AEFE TR 2200 3—5 WK N Ho0, A RENG AR
SEAE AR, AMEERVERERT, 1M H RON i BERIZL, 2577 AR B S0k, B TR R R S 245 8 A b B
FE B B, T A ST, AR O A S L L, SRR TR M IR AL A R T
WA SR AT R Z IR R, 124 R 1k, E 44 HySO,. #RFR . HNO; 45 B — a5 H i 57 4n
iR, i A AL S G AT AR R R A, (R e 7 vk I RSCR 22 5 i N T 4.

A SC R T PR A AR R R B89 H,S0,4-H,0,, HNO;-HCIO,, HNOs-H,0,. T 7K-H,0, 4
4 PR VS A AR R 6 AL s HEAE S B L S R s, AR B T UL R 1k, O — AR T R
FITH AR (R 52 . 45 5L W, HNO5-H,0, 2R LI A R, 454G ICP-OES Wl 771, fetl i 2 A
YIRE S B L BT 3R I R, AR R, FERT .

1 SEEGE S (Materials and methods)

1.1 AR 55

HE SRR A 45 B TR R B 615 X (Prodigy 7, Leeman, 32 [F ), B #H (B2 (E 21 S8 BHX AR, TR ED),
Milli-Q 8 4fi 7K 4k B 2 4t (MILLIPORE, 2 [H ), HL KV (Mg 47 8 -FEH 2, 36 FE) , R MU & 1 H iR
(50 mL). H,SO4. HNOs, #: /12 . HCIO,, H,0,, #4210, W A [ 25 48 A4 T A7 FR2S 7 5 BEAR TS )
(1000 mg-L™") , B FR 7 W (1000 mg-L™"), W [ b 5t 4z 28 5 A B 35 A BR2A &l 5 B ARE ik 1 4
(GBWO07603) . Z5 45 #EH it GBW10016(GSB-7) . 73 brifEY) it GBW10048(GSB-26) . K ZbrifEY)
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it GBW10049(GSB-27) . &% G An#EY) i GBW10013(GSB-4) . [B 345 #EH) i GBW10014a( GSB-5a) |
HTARHEY) T (GBW10194) . /NEARHEY) i GBW100011a( GSB-2a) . 33K bR#EY) i GBW10015a( GSB-
6a), I [ [ TR 2 g BR A B BR Tk 27 S 2 53

1.2 R TAESH

K FH Prodigy 7 % R 25 B TR & BT AL (ICP-OES), B4 BL % 1T CID Kl 4%, I KL Fli%
FE M 165—1100 nm. ICP-OES A TA/ESEUN . ZE 3 35 rmin!, ZALS IR 34 psi, fi B Wi 0.4 L-min ™',
BERFE 19.0 L-min!, SHZIE 1.1 kW, S 7 208 #8 28 E00, B4 ] 4K 25 s.

1.3 gk
1.3.1 H,S0,-H,0, THfi#ik

FREL 0.1000 g £ 5 A Z DU SR 2 M HE 3R A, 3288 NY/T 2017—2011 B9 77 35 EA 58 i b B2, 1]
B 45 R B O,

1.3.2 HNO;-HCIO, T4 fif =

FREX 0.1000 g # i, 5545 2 RIS LA, inA 5.0 mL HNOs, 285 FFMILA 1.0 mL HCIO,, ZJ5
T A BRI A, e R EE 130 °C, HIREE TR 130 °C B, PREF 10 min, FTH A 55, FHEF]
200 °C AkZE R, SRS, 788 RS R 2.0 mL 2247 B, B R EE B AU, dES i E AT E [
A, OB M3 YT AR AR R 29 0.5 mL, BRI WCA TG S 0 60, Jok i . FEB 2l ORI i il i % 7 &
25 mL A, AR AE SRR .

1.3.3 HNOs-H,0, iHfifik:

FRHL 0.1000 g £ i, ¥ 2 R IUIR LHwHH3 H, inA 5.0 mL HNOs, 2R J5 FHINA 2.0 mL H,0,, fin s,
SRR 2 MO R P, B TR 130 °C, IR EETHE] 130 °C B, f-5F 10 min, FTHFHREE, THEE] 200 C
ARSI, FEEN I, 1 B HE I 0 M AR 2 0.5 mL, ISR R B A, TOER I, JTRR Al AR I
SRR & 25 mL A D, $RAE AR R
1.3.4  FIK-H0, ik

PREX 0.1000 g £, 3645 2 R MU LA, RN 6.0 mL F /K (HCI:HNO; 3:1, /), 2.0 mL
H,0,, Jin a5 A F BRI A, 3 TR 130 °C, SR T3 130 °C B, 4R Z24E 10 B R A 10 min,
SR PR L 25 200 °C FARSEINFA 2 hy AR GE UG, BOT HE3A, R A A5 FH Sl AR T Al T 45
A3 25 mL A, FEAY R VE ARV V. [R)3E 28 25 0 R
135 iEARK

JLE SR R AR

(C-Cy) xXVxt,
mg X kx 10°
K, o RN ICER & &, AN gkg™s CORMRTE AR ME M 4T 545 20 09 R DR T R R EE, 3k
mg- L5 Co iy AR #fE 2R3 1928 I M OC E MR B, 3007 me- L' VIR AR W 45 I R R, B
25 mL; t, R4 BURSE: kR R 7K G340 B8 U T E Bt B R B8 e S LT B BT, BRLGER g
1.4 it

K FH Excel 2010 F1 SPSS 25.0 #4754 1E A M M7 22 55 MR 56, 22 57 18 35 P One-way ANOVA
(PR PR Ty 22400 K 56, A LSD, P<0.05(fe/)s ik 35 2280k ) #4722 8 g, SR Origin 2021 241 &
e, BRI T AR E 22

2 5 R 5308 (Results and discussion)

2.1 4 PPTRIE IE R T IR R L S
2.1.1 SRR 500

H,S0,4-H,0, W ff it FE H1, 200 °C Jn# 8 h &, o N AR B 4% 4.0—5.0 mL, 4K Js 8 N
AR 2 2.0—3.0 mL B, VR AR B A, JF A R AR, UL B I R 74 . R H HNO;-
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HCIO, i f#, 130 °C Jina5 1H % 10 min, ¥ 35 J5 4% f B U B2 3 8 7 21) 200 °C, 4R 22 AT % 1 h, REdH S
A LR RORL, S P 5k B8 T AR 2 B ARR, 4k2E 00 3.0 mL HNO; W 2 0.5—1.0 mL, FE5 S8 TR, T4 %
TP . HNO5-H,0, T ff 1%, 76 130 °C JN 55 4 % 10 min J5, 37T 55 2 W0 B AU IR B T3] 200 °C Ak
TH A, PURSEEH 3R P9 5 B B, B O, 2RI R 2 30 min J5, AR ZE R 0.5 mL B, ARifERL IR & o8 4
Vs LIRS T, B IR B (0. SR T /K-H,0, Ak, 130 °C N5 1 # 30 min J&, Z#i THE 2 200 C,
AL 2 h, IRIZE R 0.5 mL, B 5 S8 VIR, TR TR (IR IA.

i RS2G4 R, HySO,-H,0, T ik B i i K 20 8 h, FEIHK B A R TR i A7 A5, 1 it
AGE 4, HMRROR I, X AT RE S H,S0, Bk St A OC. 5 HySO, ML, HCI1O0, MBRPE A A AL PR 5 1.
Kt 2K F HNO3-HCIO, TH A, AP AR & 58 2 T AR AT 24 2.5 h, H i 245 2 100 fR iR 8 0 i 52, RIUR
B2 47 F H,80,-H,0, WM. 4R FH HNO3-H,O, T fff 2, T fff Iir it B (B B4, 4 1.5 h R nKE A P 0
il SE AV R, A5 B B T R TROM B O T T TR . SR UK -HL0, T R, BRVE AR b i TR S S K-
H,0, 2 RAERIZUN, 755 3 G, S B0H MR 2%, DI 2352 M I e 245
2.1.2 A BRIy % 0 WA 5 RORG  BE Ar

Vo TRV T it A S (R AR A P R i RE AR ) Y £ R TCP-OES I e Bl . VB B 5 1. O
Hr, FH H,S0,4-H,0, THf#75: . HNO5-HCIO, {4 ff i . HNO5-H,0,. T /K-H,0, FATANBE 6 WK, 15 5] 5L 55
B8 WL 1. R HySO4-H,0, MAREFEMIRE i GBWOT7603 (FHE AR ) HEAT Fif b BRI, AS(EL 7 fife b [ it
K, FLINASbRERD AR i 8 . R A0S B R TERRUETE BN . SR HNO;-HCLO, B, A5 fr vfE R P R
e ) B A 140 7 3 B 22 PN, LR A ) ) A . SR T HNO3-Ho O, 1], A5 AR v AEL D RE i v 1 B 40 1 7 31 P
P, FLPREEAER, 38 A AR A . SR /K -H,0, B, DA AR AR PR & b A8 L A0 X mAIC, LR R ]
& T IK-H,0, TH AN TE 4, TH RV RS RE O RN TR, W T A5 o Tt S 8ORE B 9 3 B IR I 4 PR VA TH
i 7 1 B4 VA RIORS 2 8 L 1.

1 4 PRI I ipk vk w A PHAR VAL A it 14 D00 5 A f RO
Table 1 Accuracy and precision of phosphorus and potassium contents in standard plant samples after different acid digestion
H,S04-H,0 HNO;-HCIO HNO;-H,0 KA,
JLE FrifEfE/ (g-kg ") 2T s 4 3R Aqua regia- H,0,
Element Standard MEME/(gke") RSD/ ME(H/(gkg’) RSD/ MEfE/(g'ke") RSD/ IME(H/(gkg™) RSD/%
Testing % Testing % Testing % Testing ’
wh 1.0+0.04 0.74—0.89 7.6 0.87—0.93 3.0 0.97—1.02 2.3 0.69—0.72 2.6
B 9.2+1.0 7.13—7.48 1.8 9.38—9.62 0.9 9.77—10.1 1.1 7.63—7.69 0.3

H,S0,-H,0, Fif &b B 7% , K5 % BE (RSD H 7E 1.8%—7.6%) /S fiE 5 & 5.0% LL P Y % 5K ; HNO;-
HCIO, 1ij Ah # , H % FE (RSD {HTE 0.9%—3.0% ) i /& 5.0% LA PN A ZE SR, {H Bl AS 78 b o (B VI L P
HNO;-H,0, Hij &b FE 245 %% B (RSD B AE 1.1%—2.3%) fiElifi & 5.0% LAY E SR ; F /K -H,0, Fij ik F v,
K % B (RSD fHTE 0.3%—2.6%) BT /& 5% LAPY B3R, (R | 45 09 2 B 0 25 R ASTEAR (B Y TN
A UL, HNO3-H, 0, 1 i 125 FH Tb vHE A A0 A it T gk 1o, R o 0 5 A 2 2 e v
2.2 TR TR X A G R Y5

ST AT R I S XA R i T A 2 R 52, 7E SR B HNO3-H,O, 1 ff I X A AR A it (E
A ) AT 0 i BsF B 0 R e 1) 7 AT B 8 SE A £10%, B3 311o8 4.5, 5.0, 5.5 mL, XK A H,0, BN
RN 1.8, 2.0, 2.2 mL, BANSEER 6 ANER, 4SS5 S A0 E B RDRS 25 5 L3R 2.

F 2 MER T HNOS-H,O, T 1 B v B 32 RS 255 2 1 5 1

Table 2  Effects of acid contents in HNO;-H,O,digesting on the accuracy and precision

4.5mLHNO;+1.8mLH,0, 5.0mLHNO;+2.0mLH,0, 5.5mLHNO;+2.2mLH,0,
JLR FRAE(E/ (gkg™) (n=6) (n=6) (n=6)
El t Standard MEME/ (gkg! MEE/(gkg) bl /(g-kg!
emen andar 71 gke ) RSD/% DU ('g g RSD/% 52 E eke ) RSD/%
Testing Testing Testing
T 1.0+0.04 0.97—1.02 1.7 0.98—1.01 1.1 0.96—0.98 1.3

oy 9.2+1.0 9.41—9.86 1.3 9.31—9.63 1.2 9.29—9.68 1.5
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3 G [RIAN R B i A BRS , B A0 AR A4 I S (X PEAR (VS B N, EL RSD 475 5.0% LA, R UTINIR
X HNO3-Hy0, T A B0 2 25 R AT 35 5200, 3 S A T4 ol iy Ak BHARATE
2.3 TR R I 4 2R Y 5

& HNO5-H, O, 1 fif# 12 Ab BRAB WU AE iy (EE ARSI ), ARIE 1.3.1 74 A8 i Ak BE D7 3k, U0 T e i J3E
B4 130 °C. 150 °C, 180 °C., 200 °C, T HAMR _FIH A 15 min, 25 2H 25 5 A 4 J3E FIVRS 4% 2 UL 3% 3. 45
IR AR R X A 25 B MR K, 7E 130—200 °C N, RSD Al RE B/ 5.0%. AHER M 7, 147
R X Tl 1) 5 0 5 SR R RS TR, 2 TH IR BE Dy 180 °C I, Ml B A N E 45 R RSD 1 E AR, 130 °C
S 88 140 2 25 2R RSD KT 5.0%; 130 °C i1 200 °C 1, B 149 I 72 45 58 RE ¥ KT 5.0%. o [a] i R IER% |
S0 R 2 2R R s L AR B2, 69 150—180 °C A dre 1 M i E.

3 ORI HEXT HINOS-HLO, 1 5 0 52 O BIORS 35 5 0 FE 0
Table 3 Effects of temperature in HNO5-H,O,digesting on the accuracy and precision

MEE/(gkg™)
JTE ARMEM/ (g kg ) Testing RSD/% RE/%

Element — Standard 3000 5090 1800 200 130°C 150°C 180 200°C  130°C 150 °C 180 T 200 C
s 104004 095 100 100 091 52 3.0 27 3.9 51 —47  -14 -92
i 92+1.0 924 900 960  9.40 13 14 0.6 44 04 -19 -43 21

2.4 FARTHATHEER

FEPIFE S B B 2%, A K Na, Mg, Ca 5708, FEIREN I A7 7E, ST AR 6 2 A0 A& 5 i i
AR A, (P K SR 0TS SN, 520 I 25 00 HERA B . AR SCR FHAEARE I SRR
HEAHIT B9 Na, Mg, Ca 25344 (Na, Mg it At 4 0.04 mg-L™', Ca iT AN 10 mg-L™), i H /A PTR,
T 53 LX) g 2
2.5 JFERIESLE
251 WEbRAE 20 2

W2 B 1000 mg L™ BEFRMEZ M 10.00 mL B 100 mL 2588, A 2% SRR VAT, RIS 100 mg-L™!
WARE BRI 23 IR 100 mg- L™ BEFRMEREE 0.00, 0.25, 0.50, 2.50. 5.00, 10.00, 25.00 mL A 50 mL
R, A 2% ARV, 3745 0.00, 0.50. 1.00, 5.00, 10.00, 20.00. 50.00 mg-L ™" i br i 2 5114 K.
FH 0.00 mg-L™" (B BOJE 5 AE8 22 05, SR 5 43 ) b AR 20 v D W (R A v R 0, LA T RIS TR vk
JEE A AR A, B T 2R 11K W 7 1 R DA BR 2 il b v i £, 485 SR L 1 R A ZE TR 5 R R W A B o il 2k
TE 0—50 mg- L™ Ju Bl N2t ¢ 2 R A7, Lotk A 5 #28 y=4142.7x+361.42, tHC R E R? 4 1.0000.

250000 gp 250000 gy
0
o 200000 |- R » 200000 y=22149x-8895.7 "
E y=A142T04361.42 oot 2 R—0.9999 ,
5 150000 R-1 o = 150000
2 2 .
< o .
£ 100000 | & 100000 K
~ o [~ o
50000 - o 50000 - .-"
0.". ] 1 ] 0 ’ ] ] J
0 20 40 60 0 50 100 150
Clmg-L™h) Clmg-L™h)

B 1 BRI R AR 4R
Fig.1 Standard curve of phosphorus and potassium

252 PRbRAENZ A2

23 5% B 1000 mg-L™" #i AR #EH M 0.00, 0.25, 0.50, 1.00, 2.50. 5.00 mL, A 50 mL 23,
A 2% SRR W, 3845 0.00, 5.00, 10.00, 20.00, 50.00. 100.0 mg-L ' 445 vfE £ 5 i ¥ . FH] 0.00 mg L™
BB A R R T AN 2 A, SRS 43 E AP 81 v 0 9 A v R B R, DA 0 3R TR VAR B R s A b,
TG 2 F I WA R AR AR 22 A ol 28, 25 5 WL 1 i A5 TR 45 50 i, bR vE fh 26 7E 0—100 mg L™
T I N ZRPE I 2R R, Lokl ) 7 RE o y=22149x—8895.7, HHE R %L R °N 0.9999.
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253 bR 5@ R R

AT A3 AT SRR -1 SR S Ao 2 BN E R RE IR, B R T S FHEE A R S 22 R, DIH
15 SN SEBRAE i T30, 5 B A H BR 5 BT i 9% X 5 AR 1) 43 F 45 40 B 2R AR 06, 5 FHRR AP S IR
T ATHEAT . AR SR RS IR -1 S A AT AR 3 5 5 43 i il 7 sl s (1, O vt BR 0 331 UL 3% 4.

R4 BRI EORE T RS IERR (=7)
Table 4 Method detection limit for phosphorus and potassium (#=7)

TR s B (gkg!)  FHME/(gkg) FrifEfhiZE (S) T{E K R/ (g-kg™) MR/ (g-kg)
Element No. Testing Average Standard deviation  Value of 7 Limit of Detection Limit of Determination
1 0.006
2 0.008
3 0.006
B
0.009 0.008 0.001 3.143 0.004 0.018
Phosphorus
5 0.007
6 0.009
7 0.009
1 0.263
2 0.256
3 0.260
#
. 0.277 0.264 0.020 3.143 0.06 0.25
Potassium
5 0.226
6 0.283
7 0.282

e FR S 2 F R, RN 7 (a8 FORESR, LA 3 A5 bR i 223 il . B0 A9 07 B A6 H PR . ) 7 &%
SRR, YFRFEN 0.1000 g, & ZARFR 25 mL B, BEC R KL R 0.004 g kg ™!, MERR S 0.018 g-kg™';
BT ZE K R A 0.06 g-kg !, TEFR K 0.25 g-kg
254 KGR RNAERR

A3 5 B 25 - GBW10016( GSB-7), 1£3% GBW10048( GSB-26) , K Z GBW10049( GSB-27) , # &7,
GBW10013(GSB-4), [ 1% GBW10014a(GSB-5a), #/R(GBW10194), /N3 GBW10011a(GSB-2a) Fl i
¥ GBWIOOISa(GSB 6a) 55 8 Tl 43 Mrbn e T, Bl o3 AT E 6 Uk, 1 A HEAELRT 3k e M
PEIEAT T AT B8 UE, 1S AE X AR IR 22 (RSD) FIAH X5 2%, 45 5 W3 5.

RS AIREBREY) RS 5 B FERE (n=6)

Table 5 Precision and accuracy for different certified reference material (n=6)

B o

FE A2 FR Phosphorus Potassium
Sample name bR (gkg?)  ME{E/(gkg') RSD HIXRZE/%  ARfEE/(gkg?)  MEME/(gkg?) RSD HXHRZE/%

Standard Testing /% RE Standard Testing /% RE
GBW10016 4.5+0.3 438 24 2.7 16.3£0.7 16.7 2.4 2.4
GBW10048 3.5+0.1 3.54 0.7 1.1 27.0£2.0 27.9 0.5 3.5
GBW10049 3.6£0.2 3.75 0.9 4.1 21.0£1.0 21.5 1.0 2.4
GBW10013 6.6+0.3 6.69 2.9 1.3 18.6+0.9 19.1 2.3 2.8
GBW10014a 3.4+0.2 3.42 1.0 0.7 14.9+0.4 15.4 1.0 32
GBW10194 7.6+0.2 7.53 0.8 -0.9 36.0£2.0 37.7 0.8 4.8
GBW10011a 1.8+0.1 1.75 0.8 -3.0 2.2+0.1 2.1 1.7 -3.1

GBW10015a 4.140.2 4.15 1.4 1.3 40.0+2.0 1.5 0.7 3.7
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IFE 5 0] LU H B A AR AR IR 22 0.7%—2.9%, S () AF X B v i 22 7 0.5%—2.4%, Rl AT LA
S B RE (S R AE (AR Y A, MR 22 (RE) 39/ F£5.0%, HIH AT UL, 3% 07 36 A 5 1 A v
i, A TEAT, BRI B AN R A A ) B R I LK
2.5.5  Jnkrlalfo s

9 BUVE AR K it (GBWO07603) . # 5 GBW10013( GSB-4) | [/ 4 3% GBW10014a( GSB-5a) . /N #
GBW10011a(GSB-2a)4 M5 HrbnfEY) 5T, B FE S PATHEAT 6 YRINAR M1 S g6, A it [mD A 3 52 B
2RI 6.

F 6 JFRIICRIREE R (n=6)
Table 6 Recovery test of the method (n=6)

[ETEAN MEseE  MEE/ (gkg") Jinbril A6/ (g kg ™) FRUEI AR/ (g'kg™") TR R %
Sample name Element Testing Determination of spiked samples Spiked standard materials Recovery
wh 1.03 3.62 25 104
GBW07603
i 9.85 15.0 5.0 103
1073 6.69 9.02 25 93
GBW10013 A
i 19.1 242 5.0 102
wh 3.42 5.78 25 94
GBW10014a
il 15.4 20.7 5.0 106
wh 1.75 4.02 25 91
GBW10011a
B 2.13 7.44 5.0 106

H1 3% 6 R ARG AT LA, A 0 i 6 000 58 DA [ WA 5 36 A 42 1, A [ oAg 5 ) ) 4% {EL A7
91%—104% 2 [ 18 4 B9 A0 AR [l MG SR 42 i, A [l AC 3R ) i 2 B41{ELAE 103%—106% Z [,
VLR (SR SR AR ER

3 2512 (Conclusion)

5392k i HySO4-H,0, « HNO3-HCIO,. F7K-H,0,. HNO3-H,0, 55 4 F R 14 fift J7 12 ST AE P b (B
) R4 T H AR T i AT A B, ERR T AN R R AR 22 XoF A A v i rP e L 490 00 R 25 SR s . &5 SR 3R
B, H,SO,4-H,0, TH i 1 S A B [H) FE A HL T MR AR R B 22, mT R 55 HLSO, 19 a5 3k &5 47 5 5 HNO;-
HCIO, {4 fiff- 12, T4 A B RIS 2 2.5 h BV AT 58 430 i, LT A i v v, (H v R 2 — P R, J& T 5
i, SR KU 55 7K -H,0, A9 T fff o A2 v ) 2 A TR B0 I 0, S5 8500 R T H 2 Wi ) 5 245 % 5 1 HNOs-
H,0, WL, ALY 1.5 h BIVAT 3 i 50 445 20 8 (i P R, B R, 5 TR, MR 28 4, R fEn
TR 2 . SR HNO5-H,0, T it )7 ¥ dEA TR AL 3, 454 TPC-OES M 5E 75 1, 1457 AA H-Fr AL ke
et TPV LB Y B v RO 9% B R A DGR R MR

AL T HNO,-H,0, {4 fif mir kb B 75 45, J BUAE N R B 45/ e R v, in 8 2 A8 A +10% AS 25 %6 52 45
TR 0 2 RS, ALY TR R R B Gt Ak, i S U I T e AR R - FRERURE ) 0.1000 g B B I
FEIA T, ARIANA 5.0 mL HNO;3 1 2.0 mL H,O,, JI i 55 & 38 XUHE FE A [, 150—180 °C {4 f# 15 min,
BUF 35 FIF4RE25 22 1.0 mL. R FAIERIG (97 32068 8 FlOAS [RI AL br 9 S0t 47000 2 , 00 52 (B X5 70 A
YAV T P, R 288 R RN A 0 il 2 20K X 4 IS [0 o 0 SO R A T Tl oS 2 3, ol R B 19 [ g o6
PHE S RHAE 91%—104% F1 103%—106%. K455 87w, A HNO;-H,0, 145 & IPC-OES A
AT AT | 22 4 i 0 5 AR R S 0l AR 5 R T G T LA A R AR R L M L [l
R, FEAET N TR R A3 M
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