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Abstract To further expand the exploitation value of agricultural waste-rubber seeds and to understand
the distribution characteristics of inorganic elements in rubber seeds from different origins. In this study.,a
rapid method for analysis of 16 inorganic elements(Mg,K,Ca,Zn,Ti,Cu,Mn,Ni,Cr,Ba,Co,Cd,Se,Pb,V,

and As)in rubber seeds was established by microwave ablation combined with inductively coupled plasma
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mass spectrometry (ICP-MS), and the method was practically applied to determine the contents of 16
elements in rubber seeds from six origins in China. The fingerprinting, principal component analysis and
cluster analysis of inorganic elements were used to screen their characteristic elements and perform the
variance analysis. The results showed that the linearity of the elements was good (> 0.999). The
detection limits were in the range of 0. 000 7—0. 53 mg/kg, the spiked recoveries were 86. 0% —96. 3%,
and the precision was as specified (RSD<C10%). The established method can be used for the rapid
determination of multiple elements in rubber seeds. Rubber seeds were all rich in inorganic elements, with
the highest Mg content,all above 10 g/kg. K reached 4 000—9 122 mg/kg,Ca reached 382—1 433 mg/kg,and
7Zn reached more than 300 mg/kg. Ti,Cu, Mn, Ni content were also above 100 mg/kg. The content of
harmful heavy metals Pb and Cd was high, which needed to be controlled in the process of using rubber
seeds for edible product development. The trends of the relative content of elements in rubber seeds of
different origins were basically the same to some extent. There were some differences in the relative
contents of some elements from different origins. The cumulative variance contribution of the first four
principal components (Co, V, Cu, Se, Ti, Pb and Cr) selected by the principal component analysis was
82.69%. The characteristic inorganic elements were Co, V,Cu,Se, Ti, Pb and Cr. Cluster analysis could
classify the 18 rubber seed samples into four major categories, indicating that the content of inorganic

elements was correlated with environmental and geographical factors. This study can provide a research

basis for the development and utilization of rubber seeds.
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Mg.K.Ca,Zn,Ti,Cu,Mn,Ni,Cr,Ba,Co.,Cd, Se,
Pb. V. As %5 B0 RARERE #57 W (1 000 mg/L) , %
T KA G A8 i AR AT s
1.2 FEEHE

X series [| HJEORE A& 55 B9 1 A 35 A (55 [ 2%
BRIV AUY 120 HLF K CH A 8 ), FW100
1o T BB R WML CR LT 28 %) . MARS6 4 [ 4
O B AU (£ CEM A 7)), VB24 UP % R
FE IR A (AL SR ED
1.3 RWAHE

WERRFREL 0. 4 g O H 2 0. 1 me) il % I 94 15
FH R T MR A 8 mL iR 5 . TN M 2 h,
RV HUG AR 2 1 R J7 SR AT S0 A 1% .

AU T ff 45 TR A ¥ 0 )5 47 F 9 A0 i HE R AR
L FSF 1 A T S IR B (5, 150 CHEMR 2 h. I M ie 20
5k, B0 B T AR ROV OB B C U vE o KRR &
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Table 1 Microwave digestion procedures
P FEHNREE/ C TH i B[] / min PR +E I ] /min
1 120 6 3
2 150 3 3
3 180 4 20

PR A ICP-MS T AR A fF T AT . TFHL
FaUE 20 min, P B0 FHE IR AT F AL, i
3o e R 1 G S L 1

{08 T AR PRI 2.

®2 ICP-MSMUESH

Table 2 ICP-MS Measurement parameters
24 1%
M A /(L » min~ D) 4.5
AHR /(L min™!) 13.0
Wi/ (L min 1) 0.78
FAL /(L » min™1) 0.70
KAEHESFL B/ mm 1.0
B FL B A2/ mm 0.4
o3 TE /A 3
2RI/ €08/ 50
SHE R/ W 1 200
WREh R # /(e s D) 0.1
R AEBREE /mm 150
1.4 HIESWH

K Excel 2010 B i 57 A [ 77 #A50FF FE

il G 3% i B SRR O SCRS L SR A SPSS 26. 0 B
BEATGEAT 3T W E PR P<C0.05. BRI
Bli 3oy 3 YO AT I I SE (.

2 HR5UE

2.1 HFEMEEXRSHRBHR

TE B E HY AR 25 1F T I il 9 B (9 98 & s
BT E S5 R WA 3. B U KA R R B ¥4k
0.999 A_F, 5 B 4% 70 3% 75 s 14y 2 ¢ J52 91 Bl N 46
PESC R RAF.

R3 HAFZRBREXRBRLHR
Table 3 Standard curves, coefficients and

detection limits of elements

— o R/

5% Il 7 r S
(mg+ kg™ 1)

Mg y=136.516440x+6491. 886093 0.999 8 0.14

K y=1815. 8469402+ 783178. 341009  0.999 8 0.23
Ca y=77.350087x+38916. 378308 0.999 2 0.53

Zn y=166.279010x+2504. 640074 0.999 3 0.013
Ti y=17.865790x+235. 886935 0.999 8 0.077
Cu y=94. 7228562+ 849. 443826 0.999 9 0.019
Mn y=1425.785368x+2589. 624935 0.999 9 0.015
Ni y=74.561824x+468. 828906 0.999 9 0.013
Cr y=248.552891x+4419. 589320 0.999 4 0.012
Ba y=94.029367x+306. 841233 0.999 9 0.056
Co y=178.737861x+46. 07959 0.999 5 0. 009
Cd y=92.558646x+2. 055532 0.999 5  0.000 7
Se y=064.789972x+12. 406924 0.999 8 0.013
Pb y=2373.540949x+268. 668242 0.999 9 0. 009
\Y% y=145.128039x+1933. 625890 0.999 4 0. 005
As y=36.4433422+132. 649273 0.999 4 0. 006

FERE AR 200 T I 2 2 A 3 11 A28
VSR AR 11 U G S T A A 22 A B ik
Rt BR . R 3 AT AR AT A5 JT R B Uy s
FRZE 0. 000 7~0. 53 mg/kg, i j&L SCH Bk |
2.2 REESMiRE KR

i ST R I 7 i AT AL BRI L P AT I
6 Y, THEA AT R 16 Fh T 20 0 AH X B v e 25
(RSDY K 1. 5% ~8. 9% , #/NF 10% , 136 B 3% 52 36
JIT P B 2 7 1 R PR

FEAR BERT BN I — R S A o T TR - 4% ST I
I 7 3 AT b B0 52 L 1 AR 8] iR 5 RSD,
SERFE LR E R N 86. 0% ~96.3% . RSD K
1. 1% ~8. 8% 3% B BT Sl 57 1 A 0 7 5 1 A v] &, ]
FF R h 250 M PR 53T .

2.3 BRIFPENTERESE
B 6 A7 iR S o 442 B ST 0% R0 2 2R A



%5 10 3]

W a5 T ICP-MS BIAH F= i I FF THL T R & & 2

S 1133

SEPRFN AL GE . AR 3 Mg IR AR [F] 7 M AR
Hha&AF &K Mg K. Ca, Ti,Mn,Ni,Zn % &
PlotR . HERX TR S ' UATERRE R, REE
MM RVBE R TTUSE 6 D AR B
Mg LR & s - WTE 10 g/kg VLE, s {E AT
ik 33 g/kg; K JTGZE S EIA 4 000~9 122 mg/kg;Ca JG
KAk 382~1 433 mg/kg;Zn JLER & &= 1F 300 mg/kg

Pl E ;3 Ti.Cu.Mn.Ni 82 WMHTE 100 mg/kg L) E,
FAXS T — M i B e RBCKF T A HE LB R As &
BEM. N RGEH . HPh.CdEE SR &R
FR s TEEE T T aek R v o U A L R AR
hESESEBESEM L EEZRENREE,
Xof N3 B . T A AR BORE R & Tl I
RS .

R3 EHRVUEER

Table 3 Test results of each sample(n=3) /(mg + kg™")
LR S1 S2 S3 S4 S5 S6 S7 S8 S9
Cr 9.08 7.95 5.15 6. 89 8. 83 8. 34 5.49 7.76 6.12
Co 5. 88 4.97 1. 27 2.32 0. 842 5.01 4. 04 1. 23 2. 44
Cd 1. 05 0.93 0. 852 0. 785 0.953 0. 81 0. 83 0.667 0.71
Ba 1. 14 2.29 2.6 4. 37 3.97 1. 32 5. 66 5.12 6. 69
Pb 0. 065 0.042 0.062 0.095 0. 064 0.052 0. 048 0.025 0.063
A% 0. 064 0.101 0.014 0.010 0.019 0. 082 0. 060 0.021 0. 057
Se 0.017 0.028 0.031 0.022 0.011 0. 020 0.032 0.025 0.051
Ti 237 192 185 202 174 193 278 160 326
Mn 194 220 144 132 83 334 203 128 182
Ni 187 223.3 79.9 62.1 68.9 188. 4 84. 2 70.4 93.1
Cu 346 317 152 148 105 426 246 163 198
Zn 250 187 558 333 336 217 558 467 654
Ca 813 1190 488 563 833 1433 892 802 774
K 4 228 6 122 6 912 9122 5 607 5 588 4 832 7 382 3998
Mg 17 234 18 887 17 165 20 592 16 917 20 973 20 111 19 880 25 452
As - - - - - - - - -
JTLE S10 S11 S12 S13 S14 S15 S16 S17 S18
Cr 4.75 3. 66 5.39 5.02 3.63 5.33 7.14 7.05 6.97
Co 1.292 1. 48 1.08 1.01 1.18 0. 987 1.11 0. 816 3.73
Cd 0.993 0.792 0.563 0.722 0. 832 0. 947 0.971 0.725 0.9
Ba 3.72 2.42 5.19 4. 09 2.99 3.41 5.24 4. 44 4. 24
Pb 0.121 0.022 0.014 0. 04 0.026 0. 066 0.015 0.075 0. 099
\% 0.014 0.012 0.010 0.011 0.013 0.026 0.022 0.011 0.032
Se 0.012 0.033 0.012 0.010 0.022 0.016 0.008 0.013 0. 041
Ti 178 182 174 142 184 157 191 182 269
Mn 159 159 135 142 152 142 115 124 174
Ni 71.2 111 71.8 84.5 86. 2 51.2 76.2 89. 2 71.1
Cu 153 135 142 143 145 83 131 134 186
Zn 376 465 574 499 407 351 407 322 534
Ca 513 523 712 698 382 642 714 676 812
K 6 912 6 712 8 443 6 332 5632 8 404 6 098 6 831 4 190
Mg 24 795 16 324 20 484 22 398 20 932 19 889 12 341 13 012 33 023
As - - - - - - - - -

7 :SI~S18 {3 18 7=k iy .

XF 6 AN M AR KRR 4 15 Bh TR AT J5 25 43 B
(£ O HOERFEW]L6 A7 AR R AR R Y Cr. Co,
Cd.Ba.Pb.V.Se,Ti,Mn.,Ni,Cu,Zn,Ca.K, Mg 7&
M 2 6] A7 7E 3 25 S (P<<0. 05) . AN[A] P2 H g e
FFRES AT R & RS AR A . B AR BRF
BEoU R o & W T H AL O 7 (P<0..05)
HEBE TR B AL, 107 0 R AR T AL 1A (P <

0.05) 3 )7 ZR )™ MBS T B A 8 5 6 )™ i P B VBRLHR
B EEAN L H AR TR W e T b Y R OC R
TETVH 5 0 8O0 R B E AR T AR (P <
0.05) . MMz Fg )7 AR VAR A L 65 1 )™ B J0 3% & B A
Bl s s UG R B8 0T HoA 7= 31 (P<<0. 05) 5 =
PR T 7 TT BB R T A e (P <<
0.05) . )" RKHEHEM IR TREEMJ/T N4
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Table 4 Determination results of rubber seeds from different areas(n=3) /(mg -« kg™')
JLHE =M IS i) i3] e At =G
Cr 7.58a 7.20a 4. 84b 4. 84b 7.10a 6.97a
Co 3. 06a 3.43a 1. 74b 1. 06b 0.961b 3.73a
Cd 0.914a 0. 769b 0. 832a 0. 766b 0. 848a 0.900a
Ba 2.87b 4.03a 4. 28a 3.92a 4. 84a 4. 24a
Pb 0. 066b 0.042¢ 0. 069b 0.037¢c 0. 045¢ 0.099a
\% 0. 042a 0. 054a 0.028b 0.015¢ 0.017c¢ 0.032b
Se 0.022b 0.026b 0.032a 0.015¢ 0.011c 0.041a
Ti 198a 210a 229a 164b 187b 269a
Mn 155b 222a 167b 143b 120b 174a
Ni 124a 114a 92a 73b 83b 71b
Cu 214b 278a 162b 128¢ 133¢ 186b
Zn 333b 414b 498a 458a 365b 534a
Ca 777b 1 042a 603b 609b 695b 812b
K 6 398a 5 934a 5 874a 7 203a 6 465a 4 190b
Mg 18 159b 20 321b 22 190b 20 926b 12 677¢ 33 023a

T[S AR RN 8RR 7E P<<0. 05 K EEFRE.

2.4 EHTEEL

DL IG 2 Tl 28 o B A B AH X B O A bR
il T HLIC R 48 SO L T 6 R AR K R 16
Tl JCHLIC &R & BB 25 K el R R
[ — ¥ 9% (Se. V #" K 1 000 %, Pb ¥ Kk 100
%, Cd.CoP" K 10 %, Ti.Ni.Mn.Cu 5/ 10 1%,
Ca.K 45 /N 100 £, Mg 45 /M 1 000 4%)., HE 1

30T —a—ityiti —m i

300F e R ——ETE
= fi I
]
4
4

= 150
=

AL AN [ 7 AR KA O 2R A 5 R R b
TE— R b AEA — 2, Ui IR R 12 T R 5 i
oy A MG E Rl e b B R L (A BB A By
TC R TEA [ 7 M i AR X A — R 2 S AN
7ML FR 8 TH R OE R 2 T BOR R R 2 S
i e W] 2 S AR SR 0 T S [ M Y AR
TEA% B

Ph Vv Cr

As

Se

Ti Mg

E 1
Figure 1

2.5 Ema(PCA) G

SR I3 AT R BT T SR B R s
o AR A4 B2 A A P R A B LA AR LG 56 T 3L RE
% 7870 I R 6 A8 B A B A 25 5 4 AR (R B .
HBR AL B A ICER As LURTE 7 M 15 R G HLIC R
{5 O A PR b AT T A a0 M (PCAD S 3 B dls 47
AR 2 P AT 4% T R R L ST R R B R R

T E & B R LT & B ik

Inorganic element patterns of different rubber seeds.

TUHRA (R 5) . FERUIr A 45 R W, B/l 4 A F L
53 (PCA1-PCA4) 1 5 fiE {H 43 %I 6. 370, 3. 211,
1. 677.1. 145, 77 2= o1 ik 2 4 1] 42. 468 % .21. 403% .
11.182%6.7. 637 % , BFATTHAZ 1% 80. 69 %0, 1] J1 A
4 A F B4y BIVRE 5 AR FRAR KK Hh TE Bl T R B AR
FEAR B2 o ORI 4 A B A 0 284 A B AT IR A A #T
B 6 AT HLLHT 4 A FE RS 54800 R IE A Gk,
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Table 5 The characteristic value, contribution rate and

cumulative contribution rate of each principal component

AR S ST T OB

%1 EW4r PCA1 5 Co.V.Cu JC K B IEA & (hH &
RE>0.9 .5 2 s PCA2 5 Se . Ti LEEIE
KR E>0.8) .28 3 Eai4r PCA3 5 Pb ot

st

ICP-MS W 534 [F]

TR R RR TR RIETRE g s G REC0.9) 4 4 RS POAL
2 3.211 21. 403 63. 872 Cr JUE SIS CHISG R E>0. 6) il 4 A Loy
3 1.677 11.182 75. 054 B B2t 22 5Tk 2y 82. 69 %6, MBIt M 5 2210 80 %
4 1.145 7. 637 82. 690 F It Co.V.Cu.Se.Ti,Pb.Cr Xt Fi 7T £ SR AT

f A 4T T B gk s 5 ok 2 n b
R WORFIECA S5 4010 I o L
Table 6 Principal component loading matrix EQE%%%&' *’]‘ °
I3 R M By 2.6 RRHH
- PCAI PCAZ PCA3 PCA4 Xt 18 HEAL B HFFE o H ) 16 FRTCHL TR & &R
Cr . 582 —0.249 . 086 674 N . e s e v e E .
. o P16 1 5 3 50 B 25 4 BT W AT B 2540
cd 0.355  —o0.281  0.727 0.078 — B A AT . RGBT P Ay S5 18
Ba —0.504 0.566 —0. 200 0.516 ANEESR AT R 4 RIS, AR 2, 55 1 2. ST,
Ph 0. 088 0.181 0.850  —0.019 S2.83.S4.85.86.S7.S8.S11,S12,S14,S15; 45 2
\Y4 0.934 0.101 —0.133 0.071 3‘3:59\510\813,%3%:516\817,%4%15180 ;E\
Se 0.251 0.816 —0.053 —0.177 S 1 S 5 .
Ti 0.397 0.816 0.118 0.219 A LR IR HOR B TR P T 2
Mn 0. 844 0.111 —0.175 —0. 364 552 RFEM Kk B TR ATV 55 3 RAEM R
N o .07 081 ol BT A KRR B TRE AT, SR T —
Cu 0- 955 —0.012 —0. 147 —0.094 RIZE S, Bkl B H . N F AR A
Zn —0.508 0.761 —0.242 —0.029
25 112 > & dg p B o £ =N T 4
o o818 o067 o, 290 o910 ﬂﬂfﬂ;lﬂfﬁiﬁiTi%quEE%%ﬂ’J%#@a&lﬁli‘%
K —0.563  —0.482  —0.132 o194 S T AR B A KTk O DT S SO 4 I IR T R
Mg 0.123 0. 681 0. 309 —0.276 20 B [
S12 12 : i ; . .
S15 15— i
s4 4 : : : : :
s s 5 5 ' 5 '
6 6 i i
S14 14— ; ;
5 s s ' s '
sz 2f— 5 : 5 :
$3 3 i . i .
og ' ' ' '
s S1 11— : ! ! '
ss s : : : :
st 1 : ;
SI0 10 - - - \
SN | | |
S9 9
S16 16 - i i i
S17 17_] . ;
S18 18 . : H !
0 5 10 15 20 25
BRI B
B2 BEFBESWER
Figure 2 The results of cluster analysis.
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HEAfRVEFIPT S . R WIZA I Jy I MEAf LT R L3S
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KA ICP-MS 3L E 6 AR = o g e
Frrp 16 FhOICHLIT R 19 & &b, G 5745 7 M ARk vh G
BLICZ 46 SR 8 3 B o BT IR 4 B 55 5 ik
XFHICE A AR AT ORI . S5 AR WL R A ™ Ml
BIEHF ¥ & A F 5 1 Mg, K. Ca, Ti,Mn,Ni,Zn
EXMTR B TRSRAERKESR., #@id
LR KGRI VAR I R A E TR & & 0 il FIOC R
T2 | A b S 3, v A R 43 0 R B AN [R] 7
FAXT & AP — 0 26 57 B — @ ARk

IR BEKF 15 Fh I HLIC R & & 4T 24 4%
B AT 4 A FE B (CoV.Cu,Se, Ti,Pb,Cr) X} & J5
20 B TTHR F A 82.69% ., BEM AL KA K h T
LT R AR RS B AT 926 R Co V. Cu, Se,
Ti.Pb.Cr 25 Wi AR K AL T R A FRIETT %
EAFHE— LR ARV . T8 3 X 18 HEAR AT FE
16 A TCHLIC R & AT R4, T 18 S HE
I3 R A K2R TSR 5k, 26 BAR AT TS ML ot
EJIURS ESEZSI: 80 JISENER DI

A5 25 3 0] AR JBERE B U 1) ik — 25 T R
P AL 22 AT S R S A

5% Xk
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