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B PR (5 70%) BUEIK (5 40%) i AR
(& 70%) ZH B (40%) (398 BVIT L), b 5t
e AR BT BT 5 AR PGe "In *®Bi FISMx
[l A5 HE ) BT R W v
1.2 NE5EH

Mars 240/50 53 38 i AL, 3¢ E CEM A #
7700 FLEHE A A5 B R RS (ICP-MS) Y, 36 |5 %
FEAE A A s Milli-Q # 2l /K AL, 38 [E Millipore 23 7 5
DVA000 K5 1 42 il L ARG e 7% , b 5t 22 BB A BR
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/N Hl o

1.3 Fik

1.3.1  FEMCREE

1.3.1.1 fEA4EREE 2019 49 A fERIET UK

SLRNSEN T Al F RS AR A R A R DX sk
P, BEHLRSE 1 m? DX 46 A Rl R B9 4 R oR
£ 3 0y HORAERES 27 . REIE A AR S PR AR
Rt HARER R ST, BRI Lile 1 Phik
WA R FE BRI e A A4S rh B T 7 A
1.3.1.2 hHERAE DUEA R b, m—
NKL 40 em WIETTIE, TEIETTIE R 4 DTS 1
FH A5 F 42, T 0~20 cm ZbBHIERE S 4%
FE SR AR 200 g - HERE B B4R AR e b,
1.3.1.3  FEACREE T ORUECE 29 R K B AT
R, TEREWIFGRET, A S min 04 1 KW
K, ERFFLE 10 min, 0.5 h 5 G 10 min Y05 1
W, FLE T 25 5, &5 b X [ K % 100 mlL 80k}
HE 2 m B SRR L BETF TS YRR DU JE G
OREN 2 N EE 7/ I @ Y T ) i T o
I B TR AR A, AR AR AL A B — [ Ay [l
1.3.2  FEEhTALFE
1.3.2.1 FEAERES AL IR B Sk s Fe AE AR 7E P
JER M 3 d, B KA A T KK g, SR S Bk
787/ NP G R T LY Bt NP A = T i 1]
HMERLTAC , W 58 S TOE I I A6 A R 258 K
T VET 5 o I DR — otk T | e T 1 8
e e A A Fe VU 43R L 30 g FEAEAFRIRE i, SR 5
WAL A AR E T A N L R e O
RIS Ry 0, U A i e A B4 B TR AR N &
H R IR

TR0 PR LT A B S 1 A6 A 0 AR AR 0.25 ¢, i

A 25 mL VR 4 OETHE RS T A 6 mL fi
iz, @ s 2h, FA 2 mL SR IK KR
30 min , A GO T AR A i By AT IR
TH % .

TR T AN AR 25 D02 1600 W, ¥ fifk it
JE 180 °C., A Wi it ¢ J5 v 10, D238 A ol Ik 3 ft
IO BUH T A, B TORS s T R AR 2R b
180 CHn#A 60 min #E47 R , % % 4% (0.75+0.25)
ml, 467K 7 75 28 100 mL, F# 0
1.3.2.2 - HEE N, FlAb 21

1) P 3ERE S B AR IKT B 2 AR AT O
PR ZZE L TTA KT 5 mm I ER SR )5, FWF
PRAFEE AR, 5 100 H i, B s 4

2) XERRUE AR OR AR S HEAT I AR HETR AR
BT Ab B A 4 AR 0.05 g, A 25 mL E 1
RAOEWBHE B E D, A 8 mL iFR M 2 mL &
AU Ji A O T S TP T e, e IR T AL
HEAT Tk 3 i

T T A TAE S5 - D022 1 600 W, I i i
J& 185 °C, FESh I e 52 I HUS |, DS DA e 10 fot
OO T R, B TR 4 T R RO R g
180 CHn# 60 min HE4T HE AR , % 4% (0.75£0.25)
mL, R 47K 7€ 75 2 100 mL, 70
1.3.2.3  FEKEESBUALEE 2 2% F oo 220 h0 31
R K B4 i - BGHE e MK BE A, FH 0.45 m i T8 4%
g BT 50 mL R UM ST, InA 0.8
mL fi§F2 1 50 wL SR, 37 % 5% 1, T 130 C/m
PS5 h BRI FTIF R L R A LY
BIGFAT BT, T 180 CCHEAE Ik 12 h, B
R, VA E I A 0.5 mL i 2 4k 2L 75
T, I AAIA 0.2 mL 50 /L A PNART, [F]
B in A S R (PR BLEL Sy 301, FROK I 3 B T
140 CHEF NI 5 h,
1.3.3 FEdh M FIH ICP-MS g f64E . +3%
FIF& K 1 Cr Ni As .Cd.Sb.TI #1 Pb 7 Fh & 4 )&
JLE T, ICP-MS 1) TAESHCh . 4 ) %
1 200 W, A HI 2R3 1.47 L/min, 203 5 B AR
1 L/min, 2558 TR SRR 15 L/min, 540 il
FE2 C., LIITE "Ge ""In M *Bi fE R N5, BA~
BE R SRR MY R N A 3K, 2 R B AR A
WE 22 KT 5%I, 53 0 52 B i
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i1 IBM SPSS 25.0 4 fFxf L LE KPR | 4
R K b EE 4 S S M R AT BRI R O 22 40 b (P
<0.05 #1 P<0.01) .Duncan Z & L 53H1 (P<0.05) .
Z N T7 20 H1 1 Pearson A 5C 43 Hr , ok LI &
J5 2557 TR B AN () 77 1l | b AR AR A b A R
JTCR T Al e B B E M2 R Duncan £
oS T IR FAFAE i M 22 R ST R AEA R ™~
M AN R AR R 2 R R T 22 4 B
PR Hb | SRR S H A B R AR A F b B 4
JBICER F AR TTHR ;R Pearson AH G4 i
FAAE P ESJEITR SRR I Bk AR N T
ROEREGHFAERELREXR,

2 HREHLMH
21 BAENHNPESCERENHMERSN

2.1.1 AL ESESE AFRHBX
AEAEAFRLRE S rp 7 B 4 R A SF 2 AN AR o
MR 1, PR E 2R EN . ELIET
# Ni As Cd F1 T & 5 7E 3 A Hb X [A] 25 5 0% 0 3%
(P <0.01);Cr & RAE3IMXEZFEE (P<
0.05) ;Sb Fl Ph % & 75 A [] b X ] 25 52 R i 3%, 24
JTCEWEESG % LA B EE 50, 4 Duncan
Z L EOR L OF Y%, Duncan £ 8 RS0 HT £
BH S [R] Ml DX AE A R v ) 4 R B A5 R
SH T WA XA L, RSB B A kR 4 R
Cr & it fe i NI il UK 8 B 1E AR F PR A
AR T SRR, T As SRR T H T WA
X M B RE R Cd B i, BARPIR IR
[F] ;7 DX A6 AR FE S s S i R B E 42 )8 Pb
I Sh & EAFER E X R

F1 FRFHEEFHNERESESE (ugkg)

Table 1 The heavy metal concentrations of peanut samples from different regions (pg/kg)

A& Sk RIS EL

Cr* 50.79 +£9.03" 43.55 + 6.87" 40.05 +5.34*
Ni** 3388 +£2 185 9621 2 486" 9736+ 1772
As** 13.14 + 8.72" 5.52+0.57 12.66 + 1.22°
Cd** 68.78 + 16.08" 54.94 +20.94* 288.14 £ 17.25

Sh 1.96 = 1.30 1.52 £ 0.60 1.14 +0.74
Tl** 0.32 £0.14 0.67 + 0.30° 0.35 +0.13°
Pb 10.04 £ 5.52 18.19 + 15.49 19.31 £8.53

L A TR O Y (bR I 22 7 2w 5 R RIRR TR TR AE P<0.05 Al P<0.01 K s ANFEFHE a b & Duncan £ 5 LR (19 45

R FRBA WENE2Z R (P<0.05),

2.1.2 AFEGF G R E SR & AL ]
TOBAL 1L SRR AT 3 AR E 4 R Y it
TTHRREBERF Z0T, AR 2AFN,JTE As £ 3
A En AR B EVEE R (P<0.05), HEHEE
TCRWA B ENER AR E 2SR
JCER AT Duncan Z & LWE WA, KA & Fld
As T, B 11 5% As T ERAK, AR
Al AR 0 AN [R] o 43 JA O &R A W IR B 2% S N
i BRSSP I 5T s R B, A R R A AR R
R E SR Ph . Cd F1 Cr (& E2ZFAHE,

2.1.3 b SR SOH AR B R AR AR R R R
R EFET AN TTE EEI R R X E

G 0@ SRR TR I EE 3 s, 4R Cr,
Sh il Pb & it EEZ IR 2=, RSN Ol X st
A EIEE AR S B AR Rz IRk 2%
K2 A5, Takeda SR E H AR PUHB X 48 14 Fif
GRS REREL, E2EgEZRTH
FIFI ; B4 )8 Ni Cd A TL A & & £ 532 7 i
o, EAR As S 3B S i R 32 AR
(R 5 M) 5 464 vh T 4 32 SR S IR AN

Wi AT R, e E R e
27 MR SRS A2 S R I AN 5 2 DDA G
(R U 3 A P s SR K FEAE TP R 4
J& EEORIE T M A R R K R,
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Table 2 The heavy metal concentrations of peanut samples of different varieties (pg/kg)

& i Wy Hie 115 X
Cr 42.46 = 8.01 45.34 +5.30 46.59 + 11.06
Ni 7820 + 4 834 6414 +3 275 8511 2666
As* 9.11 £3.33® 7.77 £ 5.56 14.44 + 8.15"
Cd 140 + 94 128 + 106 143 £ 102
Sh 1.29 +0.82 1.72 +0.71 1.61 +1.30
Tl 0.31 +£0.12 0.54 £ 0.25 0.49 +0.32
Pb 11.01 £5.78 15.66 + 13.93 20.87 = 10.89

T« FM T B P B i A 22 7 R0 5 RORTCR T RAE P<0.05 KF s RIE 8 a b /& Duncan 2 1 [LE I 45 2R, s B i 314

%5 (P<0.05),

R3 EEMEAENEEESETUNAFETEHE (%)
Table 3 The contribution rate of each factor

to the heavy metal content variability (%)

L& 753 mAr xS AR 7 £
Cr 30.0 4.5 21.5 43.9
Ni 67.8 5.9 24.7 1.6
As 34.4 23.6 40.1 1.8
Cd 97.5 0.4 1.8 0.3
Sh 12.9 3.9 6.9 76.3
Tl 41.4 15.0 17.4 26.2
Ph 14.4 13.7 11.0 60.9

22 TEMFNBPELERESH

221 tHEPESESESNT K4 50ER3
AN M X A HERE 5 7 R A R 0 Y (E A AR
HEZE . ATLLE 7 FOCRTE 3 DX Z [ B FFE7E
Wi E£55 (P<0.01), i#id Duncan £ & L5
Brfs i LR 4598 . 76 B 88 A0 - SRR b NG LCd

Ph - ¥ BE 7 3 A4 M X AP g i 5 UT K Y SRR A
HHEWA XA, Cr A& B8 E, M NiSh,
T1 Al Ph & B AR SN A9 L BERE &L P, As Sb Al
T & R XS 25 R AN ) 1 X 1) o 4 Jm 4
WAFHEZES UK X L 48 &,
Yang PRI Jing SFPRF SR ¥ LB, LD E &R
GRS R BRI R RA
WA, RARTEZE 3 /4> Hi X AY A 328 145 ]
RN, P ESE ST EAERRES,
222 BEKPMESESEGESN RS P, A
IFi) i X 1) B AR i o 7 PR 4 S AR
2SS (P<0.01), WA HEZ SR ITE B Duncan
Z A T A 456 B S b DX B KR
TL A1 Pb A9 & &t TH B WA MK Ni Fl As 19 5
TR SN R BE KA 5 Ni L As Fil Sh % it i
T /D TR R i Cr AT Cd 9 & i B
o BREKRE S 4 Jm i 25 5 R RE S R X
(1 1 A RN R PR A G, R DX R 1 R
RACE /W N IR 2 Sl Y R

%4 FAAFHTHERAELRESE (Lgky)

Table 4 The heavy metal concentrations of soil samples from different regions(pug/kg)

& P % ok M

Crivs 34920 + 933 45580 +3 982" 38 615 + 648
N 20997 £ 961° 17 154 + 56° 18 783 + 336"
As#* 32229 + 1 458 35286 + 5 764° 43636 + 5 040"
Cd 164 +2" 1039 103 4
Sty 979 + 26" 797 + 28° 1115+ 19°
T 377 12 291+6° 405 £ 4
Phi* 20 574 £ 1 656° 12911 £ 98 16 696 = 472"

T« A% TR T T B (H A5 D 22 7 R 5 RORICR & HAE P < 0.01 /K AR T8 ab.c & Duncan £ WM 45 R, #8 B L #&

PE2 S5 (P<0.05),
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285, BeAb X SO SEPIE ST ke B K v G T
F A AZICR A SR B CGRAKE BiK ) /9 52
Wi , 125 32 K&K pH DL R UG 25 A IXGH XU Ta) 3 JEE
SR o Sakata SFBTSE HAS 3 />3 X R K 46
JEITCFOR RIS |, Z VUL = X B0, As (Cd Al

Pb fE & A R & mim Ni 3T 2 5 A0
B, LA R K A i A2 B Z T AU
FIsZm, B — 2 0 1 3 b DX 14 K RE
fn LA R 22 5

x5 AEFHEKERESESE (ugkg)

Table 5 The heavy metal concentrations of precipitation samples from different regions (pg/kg)

A& A IS F* M
Cr** 5.70 £ 0.12 7.28 £2.43" 5.87 £ 1.14
Ni#* 3.31+0.33° 3.99 +1.85" 4.94 £ 1.28°
AgH* 1.32 + 0.65° 3.51 £3.12° 8.65 +5.20°
Cd** 0.28 £ 0.19 0.67 + 0.62" 0.13 £0.03
Sh*#* 0.58 +0.04" 0.52 £0.15° 1.27 £0.52"
TI** 0.094 + 0.059° 0.057 £0.017" 0.033 £0.011°
Ph#** 433 £1.76" 2.07 £0.79° 245 +0.91°

TE  F M RO P S b i MR 22 7 R0 0 FOR TR IR AE P< 0.01 7KF s ARS8k a b e /2 Duncan 2 8 LRI AR, 8 H W%

P22 R (P<0.05),

223 ARAFPRLS HIERBEK T E SR T ECR
Rt AT AR E SR S | BRK
HTAOCICR B Z MM R, XA S - i
IR A B T 5 AT Pearson AHICME T 45
WERM, A 5P Cd(r=0.469,P<0.01) % &
B FEIEME,Cr (r=-0.319,P<0.01) . Ni
(r=-0.712,P<0.01) #l Tl (r=—0.491,P<0.01) 7 &
A S A5G, As Sh A Ph UG & A MR
W ULUIEAE T Cd Bl 3 Cd VR BE 3G i
Ko, Jo&E Cr Ni F1 TI B3 56K Cr Ni F1 Tl
PR, ] WA AR TR AR
e R A v ) g 6 3 R A A I A R R R
ik, BAEPEBAEA T Cd 53T Cd B &
BRI 0.625, A B 35 IE A ¢ 2225 SRR % B
FEAEXT 3 Cd 1Y & S BB, LA T Cd
FERA L, XEEHEGARKB LR,
Xiong %5P23E i F X FEFE D E A& R 5 R A G
P, BB WESE FEM TSRS +
RGO R X —E S AR S5 R AR, A
W h - HErhEE 4R As f1 P & ERE , AL
1 As Fl Pb & f 5 IR B R AH G U
WAL R As B Ph (R 2HLHIE 2%,
4 5K Ni(r=0.241,P<0.05) & E 2 2

FIEM %, Cd(r=—-0.328,P<0.01) & & S ) B &
FHOG, B T2 & B OGN 13 U B 4B A A i
FFNREK Pl Ni, FE2Eh Cd Jo % EZRIE
T4 fEA T As Sb.Pb B i 5 - AR K
FICR M & AR A A, UhifE g
() 42 JE DU FE R R BR T IR, 80T BESR IR
THE®ER, AR R 2SS RS i
LAED AR 25 NERE | A A v Y o 4 i R 5%
o A] BEAE A SRR A RN K B B AR
NIRRT AL R i — LR, 3o, R
ATAETRESRRIE, HHEMEKTES
A8 A W B T 2R AR i A R T 0k —
RS

3 Hig
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The Influence Factors and Sources of Heavy Metals in Peanuts

Wang Lei, Yu Chundi,

(College of Food Science and Engineering, (Qingdao Agricultural University, (Qingdao 266109, Shandong)

Tang Juan, Ding Qiuxian, Zhao Haoqing, Yang Qingli, Zhao Haiyan"

Abstract In this study, in order to analyze the influence factors and sources of heavy metals in peanuts, the field ex-
periment of geographical origin and variety was conducted. Peanut, soil, and precipitation samples were collected, and
the concentrations of seven heavy metals were determined in all the samples. Combined with one—way analysis of vari-
ance (ANOVA), multi-way ANOVA, and Pearson correlation analysis, the influences of geographical origin, variety,
and their interaction on the contents of heavy metals in peanut kernels were analyzed, and the relationships between the
heavy metal contents in peanut and those in the provenance soil or precipitation were explored. The results indicated that
the variations of Ni, Cd, and Tl contents in peanut were mainly affected by the region; the variation of As content was
mainly affected by the interaction of origin and variety; while the variations of the contents of Cr, Sb, and Pb could be
mainly affected by other factors. The contents of As, Sb, and Pb in peanut had no significant correlation with those in
soil or precipitation; the contents of Cd and Ni in peanut had significant correlation with both soil and precipitation;
and the contents of Cr and Tl in peanut were significantly related to those in soil. This study suggested that the contents
of heavy metals in peanuts were affected by the origin and variety, and its sources include not only soil and precipita-
tion, but also other sources such as pesticides and fertilizers.
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