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Simultaneous determination of 13 kinds of elements in Phaseolus vulgaris in
Guizhou Province by inductively coupled plasma mass spectrometry
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ABSTRACT: Objective To establish a quantitative analysis method for simultaneous determination of 13 kinds of
elements including Na, Mg, P, Ca, Cr, Mn, Fe, Cu, Zn, As, Cd, Hg and Pb in 28 Phaseolus vulgaris samples from
Guizhou Province by inductively coupled plasma mass spectrometry (ICP-MS). Methods The element content values
of Phaseolus vulgariss in Guizhou were analyzed by principal component analysis and clustering analysis, and
comprehensive evaluation was conducted after standardized treatment. Results The linear relationships of the 13 kinds
of elements were good within the corresponding mass concentrations, with correlation coefficients (r?) greater than
0.999, and the limits of detection was 0.0259-1.0211 pg/kg. This method was applied to the determination of rice
(GBW10010a) and wheat (GBW10011a), the measured values were within the true value ranges, and the relative
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standard deviations (RSDs) were less than 7.0%. The results of principal component analysis showed that the cumulative

variance contribution rate of the first 5 principal components was 81.324%, indicating that the characteristic elements in

Phaseolus vulgariss were Cr, Cu, Zn, As, Cd, Hg and Pb; the 13 kinds of elements in Phaseolus vulgaris were divided

into 3 categories by clustering analysis, and element P was grouped into one category, Ca and Mg were clustered into

one class; Na, Cr, Mn, Fe, Cu, Zn, As, Cd, Hg and Pb were clustered into one class, and the clustering result was related

to the requirement of Phaseolus vulgaris growth process or the action of external environment. Conclusion This

method has the advantages of low detection limit, good accuracy, high stability and precision, and can be used for the

determination of elements in Phaseolus vulgaris samples.

KEY WORDS: Phaseolus vulgaris; inductively coupled plasma mass spectrometry; element; principal component

analysis; cluster analysis
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Table 1 Microwave digestion procedures of Phaseolus vulgaris

samples
S YIRS V)| i THEUTE] AR 7]
/kW /MPa /°C /min /min
1 1.5 5.5 25~110 10 0
2 1.5 5.5 110~160 5 5
3 1.5 5.5 160~200 10 20
4 Y341 20 min

1.32 ICP-MS /41

RSO ICP-MS HEATRE, MRS | fae .
o W AR 5 2 IR AR I R S ok, HikS
Bk 2,

2 ICP-MS LIESH
Table 2 ICP-MS working parameters

TAESH BEMH TAESHL WEMH
A e AR 68
/mm
SRR W 1200 BRI 3
EHEFHRREE 8.0 EAbE T N
/(L/min) ' /°C
SBh A R 110 FE TR 10
/(L/min) ' /(mL/min) '
ﬁé‘i’ﬁi 0.65 FER I i) /s 40
/(L/min)
AU [E] /s 0.1 EE RN He

133 BAFERRA RS

PR IR P B WIBGE & 1 270 EARMER(Cr . Mn,
Fe. Cu. Zn. As. Cd. Hg. Pb, 100 pg/L)H 2% iM%
HFEREL 0.0, 5.0, 10.0, 15.0, 20.0. 30.0 pg/L & 5IbRiUE
TAEMIZR AW, R IGE & 19 BT RARMEM (Na, Mg, P, Ca,
100 pg/mL)H 2% 4 i B2 & 2 B 0.0, 2.0, 5.0, 10.0.
20.0, 30.0 pg/mL FRHUbRiE TAE 25

PUARIA A WS B AR (P Re . In
'Rh, 1000 pg/mL)H 2% T IR 1% 20 B 1o B vk B
5000 5 20 pg/L HAFR TR, b 5000 pg/L £k BibR
TLR TAFWE ARG 20 pg/L A ZI0 R TARMRIY A
BRI o
1.3.4 AR d &R e9 4|

W VR A Bm T T A HL R B 45 B T IR B RS A
DU E RN TC 3R AN AR TR BUME SRR, DARHIN T3 A o
HRBE R ARBR (X, pg/L), FFNIGE 5 HE P FR G 2 )
15 51E LA AR FR(Y), Zeiilbritthsk .

1.4 HUuEAIE

% Fil Microsoft Excel 2016 & SPSS 19.0 # 4 X} 5256 %
BAs AT G oA, a0 iR R 2, JR2E0 M
K Ward’s method 432 82, HEAZ 0] il iE 25 2R A RR
BT, 15T,

2 HERE5HH

21 ZMERRERFERER

RAEE TR AEZE DA AR & B A S i
FERIR A PRER W PP R R e R, LR
3. 3R 3 WA, B ouEAEAHRLM TRV B NG R
RAF, 13 FOCRE LML EIE T FEATSE RE()R T 0.999,
TIEXT 11 A s IR (EARE R 25 19 3 A5 A %ot
FEAAS BRI EAS R R 0.0259~1.0211 pg/ke.

R3 TERLMHRE. EXRBREHR
Table 3 Linear equations, correlation coefficients and limits of
detection of elements

~ . MXR  Gpm Bme
B z é | (=}

TR RERETR O Awgl)  Apgke)

Na Y=805.572X+6033.399 0.9999 0.0~30000.0 0.1250

Mg Y=109.1428X+14.4453  0.9998 0.0~30000.0 1.0211
P Y=196.8027X+3.37601  0.9993 0.0~30000.0 0.0891

Ca Y=273.6343X+287.921  0.9995 0.0~30000.0 0.1243

Cr  Y=296.8288X+469.511  0.9991 0.0~30.0 0.0365
Mn Y=495.3146X+2269.33  0.9993 0.0~30.0 0.1229
Fe Y=706.6378X+162.258  0.9992 0.0~30.0 0.0457
Cu  Y=540.8212X+313.184  0.9996 0.0~30.0 0.0785
Zn Y=390.9322X+194.875  0.9994 0.0~30.0 0.1203
As  Y=805.5762X+603.399  0.9999 0.0~30.0 0.0259
Cd  Y=962.7745X+463.3563 0.9991 0.0~30.0 0.0787
Hg Y=495.3146X+229.3332 0.9998 0.0~30.0 0.0653
Pb  Y=596.8288X+4069.05 0.9990 0.0~30.0 0.0771

22 FHIEWNE

Sk 56 E D5 15 0 E A, SR IR SRR ME 9 5T K K
(GBW10010a)Fl1/N3 (GBW10011a)Fi B iR #E 7 i 7 2 °F
TTIE 6 17, Z5R IR 4, PRUEY)FTINE & TR EE R
SR VG BB Y, AH G AR UE J 22 (relative standard deviations,
RSDs)¥/NT 7.0%, FREINZ NG R B M HEnf 5 AT, el

23 ZEHRREIZENH
K ICP-MS X SiJH 77 425 Gtk T 0 R & 5 e,
SRR 5. RS I, ARFEDTHLE) 28 s AP T E
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FEI6H Na, Mg, P, Ca HtEH FE, Wk P>Mg>
Ca>Na, H Na &4 289.25~645.54 mg/kg; Mg i
1865.23~3451.25 mg/kg; P &1t 3125.12~5642.89 mg/kg;
Ca &%)y 856.66~2541.65 mg/kg.
AEFEESRICRR G BRSO 2 FE IR 0
LGRE L4, GB 2762—2017 { & L EFME &5
s YR ) ME ZRPELSRRETER, i Cr i
B KFREH 1.0 mg/kg, Hg., Cd. Pb 19 KRN 0.2 mg/ke,
As KR4 0.5 mg/kg; HK Cu W ANRMBFFEICE, Hid
BhaE, (PEZ) 2020 BE Cu LR RKRRETAR
oh20.0 mg/kg®Y; B S AL, TR HAY 28 1) 25 GAE A
o1 Cu. As. Cd. Hg. Pb Bk, (HHFERESRR, L
o Cr A FBARE L FR AT
24 BZREZITSW
241 ZE2FAENEIRSON
SN ZE E B 28 OyREsREf Fon R E, H
FEABFREAL G AT F LA HT, AR LR 6. 2frE L

Bl 1. W3 6 alH, mi 5 ERAFHEERF 1 B siHkR
IKF] 81.324%, HpsE 1 FAr. 52 B, B3 FL
O3 R4 RS S BT T ZE TTERER N 31.378% .
19.807%. 11.114%, 10.447%. 8.578%, FWHT 5 F Wi
HEZGILRIFN I EESIEN, HiESH M= GInRm
FEFE . HIL, ABFIRIRIGET S AR BEA 13 oo
RIE 28 P2 P 4T

551 FAMHIE R 5.993%, Cr. As, Hg. Pb, Mg
A EATE, 73914 0.699.0.638.0.667.0.721 ,—0.530,
For Mg 455 | FRUTH A EM, Cr. As. Hg. Pb £
81 ERRIEMER, WS 1 ZR0 K6, Cr. As,
Hg Fil Pb & 5o FH 8, 10 Mg & i AR, 268 2 R E(E
3.773%, Cr. Cu. Zn. Cd i mMEMIE, 43510 0.385.
0.935. 0.804, —0.346, Hifh Cd 7855 2 FRLAHilg fra/k
H, Cr. Cu. Zn 7% 2 R4 PRIEMER; HEE 1 35
SRS 2 T B 22 TR (51.185%) KT 50%, AT
% Cr. Cu, Zn, As. Cd. Hg. Pb R =T MIFHEILE,

#F 4 ERFEYRAK(GBWI00102)F1/)ZF(GBW10011a)ill E 25 5 (n=6)
Table 4 Test results of national standard materials for rice (GBW10010a) and wheat (GBW10011a) (n=6)
KK (GBW10010a) /INAZ(GBW10011a)
TR
D 5E (8 /(mg/kg) RSDs/% FLIAA/(mg/kg) 5 {1/ (mg/kg) RSDs/% FLIAH/(mg/kg)
Na 11.6£1.2 4.25 11.8£1.6 35.0+2 2.45 37.0£5
Mg 0.0120+0.001 4.12 0.0130+0.001 0.0610+0.002 5.12 0.0620+0.004
P 0.0790+0.002 3.13 0.0780+0.003 0.179+0.008 2.15 0.180+0.01
Ca 0.00690+0.008 3.45 0.00700+0.01 0.0290+0.01 3.65 0.0300+0.002
Cr 0.0810+0.02 5.32 0.0800+0.019 0.0810+0.012 6.47 0.0900+0.03
Mn 11.2+0.5 3.11 11.1+0.7 10.1£0.1 5.12 10.4+0.4
Fe 3.80+0.2 2.35 4.00+0.8 24.0+1 6.45 25.0+2
Cu 2.90+0.1 4.25 3.00+0.2 2.80+0.1 6.10 3.00£0.3
Zn 13.3+0.99 4.95 13.3+1.2 12.0+1.0 2.01 12.3+1.5
As 0.0790+0.01 3.12 0.0800+0.01 0.0360+0.001 1.03 0.0400+0.01
Cd 51.0£2 5.07 53.0+4 19.0+1 3.22 21.043
Hg 4.10+0.2 5.12 4.20+0.6 1.40+0.2 6.21 1.60+0.5
Pb 0.0980+0.01 3.14 0.100+0.02 0.0700+0.01 2.45 0.0900+0.03
#5 ZEHMPTESE(mg/ke)
Table 5 Elements content in Phaseolus vulgaris samples (mg/kg)

i Na Mg P Ca Cr Mn Fe Cu Zn As Cd Hg Pb
1 301.12 2311.12  4521.11 2102.11 1.20 2822  75.24 4.10 17.2 0.043  0.010 0.011 0.03
2 289.25 3241.55 3896.14 1654.23 0.10 1535 6945 4.10 19.5 0.008 0.018  0.001 0.03
3 425.12 213425 451221 986.12 2.50 32.15  58.56 7.40 21.7 0.050 0.012  0.002 0.12
4 362.15 2345.14  4751.25 1124.25 0.30 4525 5426 4.50 232 0.018 0.021  0.001 0.05
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T Na Mg p Ca Cr Mn Fe Cu Zn As cd Hg Pb

5 532.12 3421.51 4521.36 1245.26 0.40 36.21 85.45 3.70 18.0 0.022  0.011 0.001  0.04
6 382.44 1945.25 5347.44 2104.22 0.40 44.15  68.56 3.90 15.1 0.012  0.012  0.002 0.04
7 295.65 2013.59  4521.11 1989.65 0.11 23.44  81.26 10.8  30.2 0.018  0.004 0.002 0.03

8 562.45 1865.45 3451.12 2101.36 0.30 19.58  55.26 3.80 17.3 0.011  0.007  0.001 0.02
9 623.12 3241.12 3654.21 1021.65 0.20 3545 7545 4.10 18.8 0.013  0.007 0.001 0.07
10 345.21 2546.22  4651.22 2140.66 0.10 4126  84.26 3.90 19.8 0.008  0.013  0.001 0.01
11 362.15 2456.11 3125.12 998.54 0.20 3215 74.12 4.00 18.7 0.10 0.017  0.001 0.01
12 542.36 1996.62  4512.35 1032.69 0.10 26.25  65.25 4.50 203 0.009  0.053  0.001 0.02
13 456.39 1896.36 3241.12 965.26 0.10 18.26  87.45 3.90 18.0 0.004 0.008 0.001 0.05
14 552.94 2531.56 3365.12 2101.87 0.50 16.98  74.26 8.20  23.0 0.009  0.001  0.002 0.02
15 432.25 3012.54  4712.12 1200.21 0.41 21.56  69.12 3.70 16.1 0.006  0.013  0.001 0.01
16 532.69 2395.78 3451.22 856.66 0.50 3124 77.54 4.30 1892  0.052 0.013 0.019 0.14
17 325.64 1963.21 3621.25 2541.65 1.11 18.45  71.16 7.80  21.7 0.039  0.017  0.007 0.15
18 296.21 1865.23 4124.22 2001.39 1.25 21.02  76.32 4.10 204 0.035 0.011 0.017 0.16
19 345.11 2143.02 5213.25 1010.45 1.20 15.25 7432 4.10 17.2 0.043  0.010 0.011 0.03
20 333.54 2012.36 5642.89 1223.44 0.11 21.02  89.23 4.10 19.5 0.008 0.018 0.001 0.03
21 384.25 1896.32  4512.22 2101.45 2.50 2036 79.21 740 217 0.050  0.012  0.002 0.12
22 645.11 2451.06 3452.65 1049.45 0.30 23.14  69.74 450 232 0.018  0.021  0.001  0.05
23 556.47 2135.11 4521.62 2013.25 0.40 13.14  79.56 3.70 18.0 0.022  0.011 0.001  0.04
24 594.21 3120.23 3452.22 1098.25 0.40 19.54  89.25 3.90 15.1 0.012  0.012  0.002 0.04
25 645.54 3451.25 5412.36 1056.32 0.10 2545  77.24 10.8  30.2 0.018  0.004 0.002 0.03
26 459.65 3102.66  4125.22 2104.25 0.30 32.01  83.26 3.80 17.3 0.011  0.007  0.001 0.02
27 568.12 1986.55 4512.33 1568.01 0.20 2415  70.24 4.10 18.8 0.013  0.007 0.001 0.07
28 498.26 2121.23 4562.35 1234.25 0.11 19.88  66.98 3.90 19.8 0.008  0.013  0.001 0.01

Ty 451.77 241437  4263.81 1522.39 0.552 2575  74.36 5.04 19.95 0.024  0.013  0.003 0.051

*6 ETMO/EETPLRIIETFHEIER = 6(4)
Table 6 Factor loading matrix of the principal components in the © v
elements in Phaseolus vulgaris — ERY
TLE
o E S 1 2 3 4 5
JLR Cu -0.225 0.935 -0.007 0.200 -0.010
1 2 3 4 5
Zn -0.325 0.804 -0.138 0.331 -0.014
Na —0.466 -0.224 0.377 0.480 —0.251 As 0.638 0.174 0.100 0.340 0.265
Mg —0.530 —0.182 0.0373 0.204 0.482 cd 0.091 ~0346 —0.551 0334 —0.243
P -0.163 0.183  —0.605 0.262 0.400 Hg 0.667 0.166 0263  0.026  0.172
Ca 0.165 0360 -0.047  -0.693  —0.175 Pb 07210325 0207 0235 -0.017
-/
Cr 0.699 0.385 -0.029 0.074 0.059 L 3.993 3713 2:336 1.463 1201

TR R /% 31378  19.807 11.114 10.447  8.578

Fit Ttk
Fe -0.172  0.031 0555  -0.394 0.361 2%/%,

Mn -0.010 -0.217  -0.392 0.218 0.649
31.378 51.185  62.299 72746 81.324




1190 B oAb %A BT R I A R $13 %%
/\ 242 Fa ¥ AEMESH
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os b Zf}‘) BT, ZHREAPIHE BRI A OC R B2 X HE S, W P45 5 22 1]
Mg%NaFe Cao MR R B 70, g 13 ﬁm%ZlEﬂﬂEﬁ*ﬁﬂé
0.0 |- o Mn, ppCr I3, HAAITCR ZMAFAE—E ARG, DBOCR Z A7 1E
0 P BESREEMG, HFR 7 HCHEEM R RATH, 25
o3 © mght I 5 T3 22 1A S B B 1E DG (P<0.0) T AT 3 4,
10k SRR UG (P<0.0DMICERA 1 XF; HrEcRZ
10 05 g0 o o 0'0/05/\.0 ETJI}LE%‘EE*H‘%EE%‘ﬁz\'*ﬁ‘%(P<0.05)E/‘Jjﬁ%~%fJ}ﬁuﬁ 2
Xf; RIS IR BITEZE AR B B E YA feis
B 1 SRR R HrE WHOC R, HATTE Z M Z A EAGRSS, (IR ik
Fig.1 Principal component analysis load diagram of elements in i
Phaseolus vulgaris I E K-
RT EEP 13WTENEXSH
Table 7 Correlation analysis of 13 kinds of elements in Phaseolus vulgaris
JLR Na Mg P Ca Cr Mn Fe Cu Zn As cd Hg Pb
Na  1.000
Mg  0.342%* 1000
P —0255 —0.059 1.000
Ca -0373 -0277 0.014  1.000
Cr  -0294 —0.308 0.082  0.184**  1.000
Mn -0.063  0.188 0.192  —0.105 -0.099*  1.000
Fe -0.023 0252 0.002  0.036 -0.160  —0.159 1.000
Cu  —0.017 -0.008**  0.122  0.182 0.245  —0.140  —0.004  1.000
Zn  0.016 0.006* 0.140  0.012%*  0.002 -0.036 -0.075 0.861  1.000
As  —0289 —0.174  —0.209 —0.099 0.502 0.093  —0.064* 0.096  0.013  1.000
cd  -0.037 -0.175 0.064 —0.273 -0.097  0.099 0274 0252 -0.080  0.005 1.000
Hg -0270 -0220  —0.079  0.047 0335  —0.084 0.069 —0.048  0.080 0415 -0.080  1.000
Pb  —0.130 -0.306  —0.187  0.112 0.620%* —-0.032  —0.055 0.188  0.104 0371 —0.045 0.593 1.000
T * AR (P<0.05); **4i 1B 35 M1 (P<0.01).
243 ZE2FAENRESN TSI RRAR AT MR AR AE— 2, X AR ST LR Y
%%ﬁ*ﬁ&dxﬂ&#ﬁ#muﬁ% P I AR AU R B2 3447 RN S ST . MBS B A K R

WG, MRMER KRG, R
LR AR ARG, A R4 A AE M
Fdee /N 2L TRV AR AR ) — T Z2 o0 et ik B8 2 AR gk
FH SPSS 19.0 B A X AN [ 77 b =< G 13 FOCR AT RIS
Br, BB 2 AT A, DLNKIGBE 7 O o oE R
Between-Groups Linkage #3248, MRAKIEE K 5 0, 2
T 13 BT EG AN =R, TR PRI Ca. Mg
RA—Z5; Na, Cr. Mn, Fe, Cu, Zn. As. Cd. Hg. Pb
RA—A, XFREERGETARKABROTESSNRA
FeAE FAAHG
244 Fa FHREN
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Fig.2 Dendrogram of cluster analysis of elements in Phaseolus vulgaris
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