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Abstract: Beneficial mineral elements are one of the indispensable nutrients in human body. With the
adjustment of diet structure, people’s demand for mineral elements in wheat is becoming stronger and
stronger. Therefore, screening wheat germplasm resources with low heavy metal content and high beneficial
mineral elements has important theoretical and practical significance for cultivating new wheat varieties with
high nutrient mineral elements and low heavy metal content and ensuring the quality and safety of
agricultural products. In this study, 205 wheat germplasms from 2 areas were collected to determine the
content of mineral elements and screen germplasm resources with high beneficial mineral elements and low
heavy metals under four environments in three years. The results showed that the contents of mineral
elements were different in different environments and different wheat varieties. In general, the content of
each element showed continuous distribution, which was a typical quantitative character. The contents of
calcium, manganese, copper, zinc and selenium in wheat grain in Dezhou point were significantly higher than
those in Tai'an, while the contents of heavy metals in Tai’an were lower than those in De Zhou. A total of 38
varieties (lines) with high content of beneficial mineral elements were selected, such as B111 with the highest
content of calcium, and the variety with the highest iron content, such as B189. There were 24 varieties (lines)
with high contents of various beneficial mineral elements, such as B45, B38 and B21, whose grains
contained 4 kinds of high contents of beneficial mineral elements. A total of 33 varieties (lines) with high
beneficial mineral elements and low harmful mineral elements contents were identified, such as B125 with
higher content of Ca, Fe, Cu and lower Pb.

Key words. wheat; benificial mineral elements; heavey metal; germplasm screening; breeding utiliaztion
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AR e = 5 H A A7 19 R IR AR B8 BB A
X, WIEFERTE. Mot cEMAEITE., Bl
NN AR LT I TR A 13 F: Bk (Fe),
Bt (Zn). #1 (Cu). 40 (Mo). M (1), 44(Co).
B (Mn), 1 (V) £ (Si), i (Se). i (F).
BND), B (sn) o PEEBEFRREINN, AkE
H & U0 S WAL 2 000 mg; 7EEHR A
EEE T, Mn TR E SR 4~9 mg; LR
A Fe B AE R 17.5 mg N/K, W] i 32 fe i 4 A i
750 mg N/K 5 BUAEANERFEE Cu0.05~2 mg;
WA Zn A E B 15 mg N/, Lot 11.5 mg
N/R, XPER AT 52 s e A it R B 1 45 mg A/
K, 37 mg N/K ;s AHERE Se AN 50 pg
NI, I 22 B B8 AT B2 55 20 248 400 pg A/
Ko fif (As) TR ZHAAETHRA, JLTFEAN
FFTA B TR, R R TR e e AR
F 0.7 mg/kg?,

PACEFRE AR RY, 0 BOCRENE T
HAYEZ A AIER, (BT ToREAMEA
BBA R, O H &Y 2,

B NATTATE T AR AL, — &40 Jm B R Rk A
BRI ABAL RN ERITCE . LPOHMEICE
KA S AEB FRICER , DORXT AT B A (g B i ik
f 3 By H L A

INEFEREITRAREFR T RREZNEY
AR ORI T A A G sh s 2
BB FOTREY BT, HAE IR PR A i
A EBVINKR . INERRP A 350 TR 1
ARt LAY A2, e E T B LRk
e HR % R op R A A A P R

INERFROT T G R i S 2 B R R W
SR, BB A R R AR RGN R, WE /NS
L PP DX A PR AR O | ENE A A 2 DL R B
Pl b A M A 1 20T,

MR BRI R, RN 2 R /N
Mn. Fe. Cu. Zn [ & E# G E S T/ ED,
MR /NAZHES (Ca), Fe, Zn, Se 0K & &
DR T B — R B e Db s RN A2
AR KB, /N AR AE m] LA ) L T &R
TRMIEERE . NEFAE /NG BRIk  Gpe-Bl




SE295 2021 & E2H

ﬁ%ﬁmﬁﬁmf“ .

SR — R RE S M/ N RPRD R A BT BRI
B3 GUE SN

AR/ KR B OCER 19 7 02t PR EE A
PR [l e 1), L 38 % 80 %o L Ay 52 i 475 TH AR
s Xt — R ORI, AN FSE R RN
R & i 22 R s LR . SR BB A M 240 1y
N T Fe URE S MMF (R )8 M,
fifie & Zn LBE AR (R ) 5 1 Ao
X e [ /N 22 T O B BRI BT R o Btk
17 75001, KBAEFRE/NE R, R i
REEMAEHBNERNAZES, INEFRP Y
Mn, Fe. Cu., Zn VWUFhICR & & Z [MBAF1EE T
EHIEARSE R,

S RT AR INE R AT TR, B
B IS EA R M EY ToTER , WS A 50
Froe s MR E 4 JR C R ik, B DL E . R,
A5 F LGB 45 B PR BT (ICP-MS ) X
205 Py /NEMBTRIR 3 4 2 DU T T A £
FoCE M AR SR, DU & A 4
BT RMESE SRR, AES
A 2 B B TC R /N W R ) 85 7 2 H
1 #MRlER=*

1.1 R sr

g IR AR EE TR (1000 pg/mL ):
E AR EY) B .

205 {3 HATARERMEM/NE RS 43 507E 2013—
2014 4 (E1) TIIZRAMEMIT . 2014—2015 4
(E2).2015—2016 4 ( E3),2016—2017 4 ( E4 )
T IIZRAE 282 T PR [ s FpA . DU A BREE
T RHENLIX i, 2 RER, 3T XFE, 2
A)FERD 40 B, 47K 1.3 m, 17 0.25 m. Kk
FRIFERL I T 4 C¥ R & .

AR Hb SR AR LR 1, P - R
Bt R G a2ERAR, HIATH, P 1%
e T—3, HX/NEZFPR T BT R 195 i
BT —3.

12 FENE

o W 7 f# A, Multiwave PRO : B i Fl|

Antonpaar 2\ F) ;3100 2 52 50453 8 B . Bii L Perten

IR PR R B 5 55 2 A BTE (L, ICAP
Q ICP-MS: 32[# Thermo Fisher Scientificlnc,

R1 AEHERENTESYE
Tablel Soil conditionsin different

planting environments mg/kg
Hh JLE ¥i{E HiS, JtE ¥i{E
N Mn 9.39 T As 11.91
RE Mn 10.68 BE As 10.04
M Fe 10.86 T cd 0.30
Bl Fe 13.56 Ei Ccd 0.11
el Cu 0.94 N Pb 26.43
RE Cu 0.83 RU Pb 15.33
T Zn 70.28
RE Zn 65.55

1.3 RIWA*E

1.3.1 A ICHRIR G bR e R 0 e i

1.3.1.1 SRS PR A VR AR ER W B
Ca. Mn. Fe. Cu. Zn HFhHICE B FIrUERR
( EZFARMEY 52 H 0 ) 1000 pg/mL 35 28 B
WS, WWATH 10%HNO; W . AR 5
Ca, Mn. Fe, Cu. Zn W& at, 6 5 MREH
JE AR E AR W BE R I B T (3R 2),

£ 2 Ca. Mn, Fe, Cu, ZnB&HREARRNEH
Table2 Thepreparation of standard solution
containting Calcium, Manganese, Iron,

Copper and Zinc ug/mL

FRUERW Stdl Std2 Std3 Std4 Stds
Ca 500 1 000 1 500 2 000 3000
Mn 50 100 150 200 300
Fe 50 100 150 200 300
Cu 8 16 24 30 40
Zn 40 80 120 200 300

e IRA PR ERBEATN 100 mL,

Note: The total volume of mixed standard solution is 100 mL.
1.3.1.2  FHEERETR G AR ER I WA 1 000
pg/mL #) As. Se. Cd. Pb PURhIC R KL KR
HE R ( E AR Bt ge e ), (i F B e
BEF] 1 000 £, Fo- MRS 5 MRIE (£ 3),
AR N 10%HNOS I -
1.3.1.3  INFRIET KR EE A 1000 pg/mL Y Ge
Rh (B ZrER sl ) prfER i HNO;
W RN 0.50 pg /mL . 0.50 pg /mL, 1EH
WFRIAE A H
1.3.1.4 ZEARERBK 72 100 mL A&
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#3 As. Se. Cd. Pb RAHRAERRHES 55Mn (KED)
Table3 Thepreparation of standard solution containting 201
Arsenic Selenium Cadmium and Lead  pg/mL
B Stdl Std2 Std3 Std4 Stds g L5r
As 0.04 0.06 0.08 0.10 0.20 =) Lol
Se 0.30 0.50 0.70 1.00 2.00 Jﬁ ’ f)=6 106.661 1*x+25 845.171 7
cd 0.02 0.04 0.08 0.10 0.15 b sk 11;2;8'94933?2 gt
. =4. ng/m
Pb 0.05 0.10 0.15 0.20 0.30 LoD=N/A
¥ IR FR \:5‘::4—‘% 1 R L L L I I L L
T IR AR AT }7 100 mL . i 0 100 10 200 250 300 350
Note: The total volume of mixed standard solution is 100 mL. R /(ug/mL)
A 10 mL 482 (HNO; ), SAJ5 HIBSIK ( HiBH = M2 EIRAEAL
o Fig.2 Standard curves of manganese
9 18.2 MQ-em ) EFAE] 100 mL, BIH7s HbriE
TN 57Fe (KED
VWL, HuEIRR . oo c KED
132 &FEKiflE 140
\ . 120
S ) B 100
133 BE B At 2 so -
NN L =354, * 121.
I ST E0, 8o orasass ovea 121258
134 BES R R C 2 HR ok Lep ! wg/mt
gﬁﬁg far N [16] 1 1 1 1 1 1 1
ISR % 50 100 150 200 250 300 350
1.4 HEBESH Vi BE/(ng/mlL)
FIF DPS DPS v7.05 fil SPSS Statistics 22 %X B3 SRR
" e Fig.3 Standard curveof iron
XG4T AT o
63Cu (KED)
2 EREHWH 1o
21 HEREMZE L
_ - N &
HICER MR HEMZE LK 1~9, &0 FITEM e 0.6
BRHENZA P 1 H72.0.997 7-0.999 92 [, & gaf 20250493 270480 520789 4
' — Py S oy = R R=0.9977
U 46 7T 27— 2 B o 90 T ) 55 5 0 22 sl Ry g
BUAFIOZRE G R . % 42 0 R B AT A [l i 2 . | | LeD-NA
A — ; 2 o/ 0/ =1t 0 10 20 30 40
B, £ ICFE M NCRIE 80 %~120 %2 ], YK /(ng/ml)
\3‘;‘ >y /—~‘ e ap / \ Nial AN y
gﬁ%‘iﬁ@hﬁ?, BEAE N T/ N R rh 0 B .
E% E"Jﬁ%ﬁ*ﬁo Fig.4 Standard curve of copper
44Ca (KED) 200 66Zn (KED)
80r 700
nor 600}
__ 60} 2
2 8500
% 50 [ MO
"’S 40 - > g/ 400 -
_@/ 30k f(x)=19.419 8*x+12 308.908 4 ;% 300 - f(;c)=2 142.258 0*x+92 614.613 1
Lt R*=0.999 7 = 00k - R=0.999 5
201 BEC=633.832 pg/mL BEC=43.232 pg/mL
101 LoD=N/A 100} LoD=N/A
1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
09500 1000 1500 2000 2500 3000 3500 0 50 100 150 200 250 300 350
B /(ug/mL) W EE/(ug/mL)

1 BREREEL

Fig.1 Standard curve of calcium

B 5 $#FTREREHE

Fig.5 Standard curve of zinc
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77Se (KED)
3000
&
Q
> 2000
#
S flx)=1 612.228 6*x
R>=0.999 9
1000 - BEC=0.000 pg/mL
LoD=0.000 0 ug/mL
00 0.5 1.0 1.5 2.0
W/ (ug/mL)
6 WEITE bR
Fig.6 Standard curve of selenium
111Cd (KED)
100 -
_ 80
&
'”S 60 -
2ol fx)=584 747.763 6*x+405.563 2
= R>=0.999 9
20k BEC=0.001 pg/mL
LoD=0. 000 2 pg/mL
0 0 0.05 0.10 0.15

W /(ng/mlL)
8 MMILRIRAE L

Fig.8 Standard curve of cadmium

22 HmPpH RTESENRESH

F t R R — B T AR R BB (AR AN R B85
PEFER, EREREFESMF (WK 4), AFE
B RIC R AL A R I/ Z2 il b 5 i 22 57+ 00
FHo HOLRME RYRESIME, IR R
PR, e L LRz ZHEDIPEH], w X BT
RARICZ IR SR

HERITR S BB (IR 5), NFHY
HERERITRSTERMS, MTRFTEMLE 0~
0.692 6 pg/mL Z[H], Wi WA ) /N M i o P ie 1%
R SRR LE 205 3Rk, BT ER Y D
JEFIIEEFE | B0 3R 1) D B2 S B XHE TR 1 7247,
YW 284 TR & AR I AR R SRS M
AR SRR | 03 {E AN G 3R 75 H e
JEAEIRT 1, R IUR & oA i) T w5
23 ARMETELRSENERSHT

H1% 4 AL, B5O0E S HAE 2014 AR HEMN 54
B, GHAB =B AR R E 2 (e %

SR BFHEE
75As (KED)

20
~ 15
B
= 10F .
i fix)=86 142.004 4*x+255. 558 6
b sk R*=0.999 8

BEC=0.003 pg/mL
LoD=0.000 5 pg/mL
00 0.5 1.0 1.5 2.0
B/ (ng/mL)
B 7 ®TERAREMLZ
Fig.7 Standard curve of arsenic

g 208Pb (KED)

7 B 1
~~ 6 B
5s5h >
i% 3r ~ f(x)=18 075 975.508 7*x+1 383 572.834 8
ok - R*=0.998 9

- BEC=0.077 pg/mL
1F LoD=0.005 3 pg/mL
0

0 005 010 0.15 020 025 030 035
¥ /(ug/mL)

B9 $HITRIRAMHLZL
Fig.9 Sandard curve of lead
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Table4 Phenotypic analysis of the content of beneficial mineral elementsin wheat grain

JLE 7S5 I vt J3E e/ME/(ng/mL)  Fe R {E/(ng/mL) IH SD
Ca 2014DZ 0.3429 0.4879 1305.3412 3494.3349 2 057.703 3 aA 131.193 6
Ca 2015TA 4.2332 1.429 6 943.268 1 3851.026 7 1671.1812cC 135.3059
Ca 2016TA 09116 0.8325 1041.368 2 3571.288 4 1904.142 4bB 142.117 6
Ca 2017TA 8.360 6 2.174 4 745.555 5 4337.089 3 1 635.239 5¢C 155.169 3
Mn 2014DZ 04113 0.780 9 72.392 9 177.832'1 114.308 9abAB 7.170 7
Mn 2015TA 7.099 9 1.644 4 64.679 8 233.943 3 110.938 1bB 7.112 4
Mn 2016TA 0.320 1 0.443 5 71.567 9 170.755 6 110.751 4bB 6.072 6
Mn 2017TA 0.1513 0.603 5 78.8852 177.475 3 117.476 9aA 6.159 6
Fe 2014DZ -0.377 8 0.528 8 49.433 0 275.962 4 122.362 9¢cC 14.895 5
Fe 2015TA 15.723 5 3.6502 44.191 4 1267.636 9 160.493 0bB 55.5250
Fe 2016TA 9.590 7 3.047 8 60.090 6 1226.409 9 195.083 0aA 72.516 1
Fe 2017TA 19.821 1 4.036 5 41.778 4 810.932 2 137.228 4bcBC 34.887 9
Cu 2014DZ -0.537 2 0.230 7 8.789 5 20.809 0 14.541 1aA 0.854 3
Cu 2015TA 49.930 1 5.1855 6.594 2 38.2897 11.147 0dD 0.9059
Cu 2016TA 0.905 7 0.495 6 6.452 0 19.370 1 12.105 5¢C 0.718 3
Cu 2017TA 10.9452 1.887 1 8.1342 31.3270 13.098 8bB 0.879 0
Zn 2014DZ 53.810 6 5.514 4 58.830 3 391.2403 104.609 1aA 9.3453
Zn 2015TA 3.050 4 1.448 9 40.104 5 166.760 3 81.535 0dC 7.0310
Zn 2016TA 1.122 6 0.796 9 52.568 7 156.971 2 91.933 2¢cB 6.348 7
Zn 2017TA 19.452 2 3.6209 61.4559 275.946 8 99.299 3bA 8.670 5
Se 2014DZ 0.501 0 0.069 0 0 0.004 5 0.001 6aA 0.000 9
Se 2015TA 1.426 0 1.729 0 0 0.004 5 0.000 7cB 0.000 9
Se 2016TA 1.299 0 1.968 0 0 0.005 1 0.000 9bB 0.000 9
Se 2017TA 1.1650 0.767 0 0 0.003 6 0.000 7cB 0.000 8

[E: 2014DZ: 2013—2014 81, 2015TA:2014—2015 F&%, 2016TA:2015—2016 &%, 2017TA:2016—2017 &%,
Note: 2014DZ shows planting point of Dezhou during 2013 to 2014,2015TA shows planting point of Taian during 2014 to 2015,
2016TA shows planting point of Taian during 2015 to 2016, 2017TA shows planting point of Taian during 2016 to 2017.

x5 NENNPEEETRTESENRESF
Table5 Phenotypic analysis of the content of harmful mineral elementsin wheat grain

JLE 783 1358 Tt &g I/ ME/(pg/mL) KRB/ (pg/mL) ¥ SD
As 2014DZ 3.9590 16.506 0 0 0.002 2 0.000 1¢cC 0.000 3
As 2015TA 3.3970 15.058 0 0 0.0102 0.000 8bB 0.001 5
As 2016TA 5.5030 37.0330 0 0.004 5 0.000 2¢C 0.000 5
As 2017TA 1.156 0 1.248 0 0 0.008 2 0.001 9aA 0.001 8
Cd 2014DZ 102.407 0 8.848 0 0 0.0179 0.001 3aA 0.001 4
Cd 2015TA 135.468 0 10.852 0 0 0.020 3 0.000 4¢cC 0.001 6
Cd 2016TA 73.888 0 7.348 0 0 0.014 4 0.000 8bB 0.001 2
Cd 2017TA 86.977 0 8.5200 0 0.016 1 0.000 5¢BC 0.001 4
Pb 2014DZ - - 0 0.213 3 - -
Pb 2015TA - - 0 0.098 8 - -
Pb 2016TA - - 0 0.214 8 - -
Pb 2017TA — — 0 0.692 6 - -

24 FEINEIFHBT RTESBHBM U 1351 5 pg/mL, KPR HAETE 2 Ak 485

HZE 6 A, MM SR e A e M 13.496 6 pg/mL, B /NS RFRL A |
TN 314392 2 pg/mL, KRRIPACE SR ZE L WL B AR BUCKS R TRELA, %

0\
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x6 ARMANENHITRTESE

Table6 The content of mineral elements of

*x8

INEFFRIHEE, R TS

= B

=B

Ko Rt

Table8 Thematerialswith the highest Cu, Zn and

wheat grain in different locations Se concentration in wheat grain pg/mL
£ 3 e B g L e g b= e o g
Hi i3 / HIE WA e / HIE FE i 2 5 | FE i 2 = B FE i 2 5 il
(ng/mL) (ng/mL) B163 204944 | BI4 1583659| B38  0.0025
FLZ o Ca 173NL| BE Zn LIRS B140 174830 | BIl1l 139.8417| BI06  0.0022
=yl Ca 2057.703 3 | fEHN Zn 104.609 1
BI22 16.5415| BI131 139.2893| B100  0.0022
R Mn 1129574 %% S¢ 00008 BIll  16.3993 B21  130.5656| BI2 0.002 0
M Mn 1143089 | f8M  Se 0.001 6 ‘ ‘ ’
fez Fe 165.1153 | 222 As 0.0010 B38 16.176 4 | B140 125.1362| B70 0.001 9
%%J‘H Fe 122.362 9 %@,}.H As 0.000 1 B45 16.049 1 B102 121.490 6 B36 0.001 9
B Cu 12.1333 | #% cd 0.000 6 B21 159668 | BI113  120.8688| B20 0.001 8
A Cu 14.541 1| F&M cd 0.0013 B33 158555 | B141 120.4048| B178 0.001 7
BI21 156680 | BI199 120.1434| BI1 0.001 7
S AW, HaT A, RN A PR B BI24 155064 | BSI  117.4127| B43  0.0017
FAT LA TR TE R AR L AR TN BR ‘ o
K9 MNEFHNAPESMHESET RTESERHNHR

Y, B ESR S AR TRLN, TR
SORBE AL T A5
25 RBM BRI FiE

KPR £3 JU 3R & A MR 38 AN (3R
7 MK 8), Hr, Ca FmEmmMEY Bl1L,
SEAME A 2 903.441 3 pg/mL; Mn 5 B /N &
s B21, ¥4 163.160 7 pg/mL; % Fe i
F AP B189, & M 457.170 1 pg/mL, FfH. Pb
AR ; B163 Sl i e, 4 20.494 4 ug/mL,
B33 AFFRL 4 i LU S I R, R A LA
fiX; Bl4 (W4F & i, ik 158.365 9 ug/mL; Se
SRR AR B38, N 0.002 5 pg/mL,
B178 47 %5 i Wl & 2 AL AR A A 5 4

Fx7 IMEFHFE., E. REEEENEH
Table7 Thematerialswith the highest Ca, Mn and Fe

concentration in wheat grain pg/mL
G 5 GRCELC A iR S
B111 2903.4413 B21 163.160 7| BI189 457.170 1
B202 2505.1668| B202 159.4832| B44 381.8358
B102 2427.1745| BI114 156.3803 B35 376.546 4
B125 2411.4792| BI154 153.490 1 B38 3755321
B113 2393.1842| BI148 148.6162| B86 372.3495
B106 2361.4208| B46  140.9914| B168 365.2106
B117 2356.8505 B7 138.206 8| B67  364.4477
B100 2349.8308| B65 138.124 3| Bl141 360.7253
B122 23234155 B36 137.985 1 B70  358.5477
B203 22987859 B97  136.4335| B205 340.3509

2R TR & EAR LR R A RS 24 A
(£9), H B45, B38 fil B21 =/ AP irk-HL
H 4 B R TOCR S E AR R B111, B125,
B202. B113, B36. B38. Bll4. B35 %5 /\/M

Table9 Variety with high mineral content

in wheat grains pg/mL

R am | BTk aw
Bl1l11 Ca 2903.4413 B100 Ca 2 349.830 8
Cu 16.399 3 Se 0.002 2
Zn 139.841 7 B140 Cu 17.483 0
B125 Ca 2411.479 2 Se 0.001 5
Fe 315.909 5 B102 Ca 2427.174 5
Cu 14.505 1 Zn 121.490 6
B202 Ca 2 505.166 8 B106 Ca 2361.420 8
Mn 159.483 2 Se 0.002 2
Zn 112.702 1 Mn 120.821 9
B65 Mn 138.124 2 B7 Ca 2267306 4
Fe 330.026 3 Mn 138.206 8
B140 Cu 20.494 4 B67 Fe 364.447 8
Zn 125.136 2 Se 0.001 6
B113 Ca 2393.184 2 B45 Mn 132.555 8
Cu 14.735 5 Cu 16.049 1
Zn 120.868 7 Zn 116.386 4
B46 Mn 140.991 4 Se 0.001 4
Se 0.001 7 B141 Fe 360.725 3
B36 Mn 137.985 2 Zn 120.404 8
Cu 14.527 8 B14 Cu 14.517 6
Se 0.001 9 Zn 158.365 8
B38 Mn 135.256 5 B12 Cu 14.550 0
Fe 375.532'1 Se 0.002 0
Cu 16.176 4 B122 Ca 23234155
Se 0.002 5 Cu 16.541 4
B70 Fe 358.5477 B35 Fe 376.546 4
Se 0.001 9 Ca 2187.794 2
B21 Mn 163.160 7 Cu 15.427 3
Fe 331.305 1 B114 Mn 156.380 2
Zn 130.565 5 Cu 15.267 9
Cu 15.966 7 Zn 112.693 4
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Table 10 Variety with high mineral content and low heavy metal content in wheat grains pg/mL
Heig's TR g Hefgn's TR S Hefgi's TR g Higi's TR g
B125 Ca 24114791 B45 Cu 16.049 1 B117 Ca 2 356.850 5 B205 Ca 2275368 3
Fe 315.909 4 As 0.000 0 Fe 185.326 3 Mn 130.123 2
Cu 14.505 1 Se 0.001 3 Cd 0.000 0 Fe 340.350 9
Pb 0.000 0 Fe 190.475 8 Pb 0.000 0 Cu 13.878 3
B113 Ca 2393.1841 B14 Zn 158.365 8 Bl114 Mn 156.380 2 Zn 102.112 2
Cu 14.735 5 Cu 14.517 6 Fe 278.871 6 As 0.001 2
Zn 120.868 7 Cd 0.000 2 Cu 15.2679 6 B20 Se 0.001 8
Pb 0.000 0 B121 Ca 2072.613 8 Zn 112.693 4 Fe 183.151 8
B122 Ca 23234155 Mn 124.721 7 Pb 0.000 0 As 0.000 0
Fe 181.233 6 Fe 217.950 3 B154 Mn 153.490 0 B33 Cu 15.855 4
Cu 16.541 4 Cu 15.667 9 Cu 14.326 8 Zn 109.580 4
Zn 109.573 2 Zn 102.854 9 Zn 106.725 4 Cd 0.000 0
Pb 0.000 0 Se 0.001 2 As 0.000 0 Pb 0.000 0
B21 Mn 163.160 7 Pb 0.000 0 Cd 0.000 2 B178 Se 0.001 7
Fe 331.3050 B4 Fe 199.361 2 Pb 0.000 0 As 0.000 0
Cu 15.966 7 Pb 0.000 0 B148 Mn 148.616 1 B51 Ca 2 063.544 6
Zn 130.565 5 Cd 0.000 0 Cu 14.243 2 Mn 123.3459
As 0.000 0 B145 Fe 215.2029 Zn 100.996 7 Zn 117.4127
Pb 0.000 0 Cd 0.000 0 As 0.000 0 Pb 0.000 0
B46 Mn 140.991 4 Pb 0.000 0 B65 Mn 138.124 2 B16 As 0.000 0
Zn 107.564 0 B161 Zn 105.954 8 Fe 330.026 3 Se 0.001 1
Se 0.001 6 Se 0.001 3 Cu 14.253 6 Bl116 Ca 19713356
As 0.000 0 As 0.000 0 Cd 0.000 1 Zn 101.919 4
B7 Ca 22673063 B72 Zn 102.817 7 Pb —0.045 4 Cd 0.000 0
Mn 138.206 8 As 0.000 0 B168 Fe 365.210 6 Pb 0.000 0
Cu 14.4259 B129 Ca 2 098.618 9 Cd 0.000 2 B163 Ca 2022.6310
Pb 0.000 0 Pb 0.000 0 Pb 0.000 0 Cu 20.494 4
B189 Fe 457.170 1 B30 As 0.000 0 B159 Ca 2182.8722 Zn 125.136 2
Mn 127.387 7 Se 0.001 3 Cd 0.000 0
Pb 0.000 0 B106 Ca 2361.4207 Pb 0.000 0
B70 Fe 358.547 7 Mn 120.821 9
As 0.000 0 Se 0.002 2
As 0.000 0
3 itip FHLE, ASWESE B4R b B AR R R 384 2

AR B B T ER AE AN [ /N2 A4 R A 5

wAEES R, MK ILRE FOLER S,

BRITRE M
1267.636 9 pg/mL Z[d],

EARHE N 41.778 4 pg/mL |
L NS T TPN

FEME

BEAR A ASTE] b A 2Z (8] B R OG5 | A L
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