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WFST o 28 W AR 5500 X 1 Ll b X2 i Az i i Cu
il Zn % JUR TR & AR HER T TAF9E . ki
SN XF R 422 U 1l IX 5 M AR 1 5 - Zn I
Cu Wi T TR . [ ABFRUIAR ] X TEtkny &
4 JEICER Cd il Pb SRS A B =, X Bai S0
X L X S oA 55 b ) Pb B B AT S AR
O3hT. B YRR SRR L, BT A A
KL TR & Sk &AM RN i 221,
W — 20 48 8 BBl i SR S 4 s A IR
FRIEEA B EIeE . HET, EX RS H
X [ SRAEBE T 2 HtAG X5 Pb A1 Cd WM S A 25 KU
PR DL AR IE . [ LR IR R ] AR 5% DL R 2%
B2V b DX 1T AR R AR BB A s X %2, @it oA
HARK 3w BRI Po i Cd & i, ]
MR, BB S Az i 38 b Pb A Cd el
ik s A e, WA S e A T A - A R R
SiH Pb Fl Cd By B 5 JE AR LU R R AR
AR PE A, BB 2 1B - e B R S Po AN
Cd 5 YRR B . R FARZESE T 4 HndAd X+ Pb Al Cd
BRI MR IR B SRS it SR DA B AL RIS S 4%
1 MR5EE
1.1 ARKEHER

AHIGE LA BRI VTR 20 B A IR ARl Jmy T 4 b
XTI (52015703 ~ 53°33'15" N, 122°38'30" ~
124°05'05" E ), 12 DX 2% 307 Ay (G 20 et A R
WA M X FE R, MEPRVE I 248 ~ 1397 m, 4E¥SRIE-S
°C, AFEWEK R 455 mm, FETCFEI 90 ~ 120 d,
JaB FEWRAT KBl 2o RS o 2 BBl A B R BEATK
TP Hb S 1L M 2 Fp2S AL Horb, KON Ml A 5 v
o AR R 2 BN B A I e bl £, AR
N % WK ( Larix gmelini) H #t ( Betula
platyphylla) . 58 #¢ ( Betula fruticosa) . #Ft 7
( Ledum palustre ) 5 HIAK T Az 58 g By A A A
RZUAOE MRS T, RS R, B2
PR G AL . IR ARG (Vaccinium
vitis ) M4 ( Lonicera caerulea )
1.2 #HEERESTH
121 H&EERLLIE 2018458, TEMIEX N
K. . PE . dDUA T R BEE Gl 200 m AR AR
M. RS M, BAESEEESY 10 km, B3k
FE 66 N TR TR A DX, SRAE s LR AR AR DL

1, BAREEE 1410 x 10 m BRETT, e
TR ‘77 T RERRANT o, I HAE 3~ 4 a
SRR, REF T EEM 7 200 A E
J LA R RS, (R SR AR AR S KR R AR 4 A X
(0~20cm) HHEFES, HORELHE . mh R BT
FERAS 66 1o HE SRR AR S [ml 52560 2% 2%
BTkEG, BT, 105 °C &7 30 min, 80 °C HtT-,
K, i 0.15 mm JE A BEAAKT, o
0.15 mm JE e H .
1.2.2 sl @ oar A LR AR A HLER A
A4 ( Analytik jena2100S, F2[E ) W& . 1 4%
pH (Kt 25:1) . BB SR, HEEMAA .
- AL M - AR S IR gk A s )
B9 7 B E D, 38 Pb FIl Cd R M3 L3R 409,
IR TR 5r 66T (Thermo3500, SE[E ) -f1
BRI A . W AR T R B RS2 Ph A Cd ]
HNO;-HCIO, (3 : 1) 1RGNS, W H R sr
I — 7 SRR
1.2.3 BAAAG et J aF T2 BB o 7 A DS
AW FE N Y B AY Langumir #i%) ( Equation 1)
J Freundlich #£ 7% ( Equation 2 ) Xf 434 %4 Pb
Ml Cd #5 Pb il Cd IR i SRS AT
FH (CRs) Z BB RITEA

Langumirki# : Y = 1/ (a+bX*)" 0

FreundlichBi%! : Y = k x X" 2)

Hrh, Y JESJE Pb Il Cd M I A T R
Z% (CRs) , Bl Pb Ml Cd fEAY) S +HEF i & &
b (CRS = Chyr iy /Coon ) 3 X N HIEAPAH R Pb Al
Cdm&H; a. b, ¢ M k. n4r%]H Langumir B4 7Y
J% Freundlich #7 (BIRI 245

124 FHEFNTFE RUPIR bR ME LR T
AR 25 XU T AR 32 0T 25 B A i S AR S e P Al
Cd W5 AR BE AT VAL, P AR LA R 1 2 b
E A 24 E bR GB 2762—2017, Hirh Pb (1)
RN 0.2 mg kg (BEFE) , Cd A EIRIEN
0.05 mg kg (EERE) o WAEA S HE B TR
T

Ci=C,/C} (3)

E =T xC, (4)
A, EDH i R A A T AR S KU AL
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Table 1 Longitude and latitude coordinates of sampling sites of Vaccinium uliginosum L.
B HE FE B HEE A% B FEE HHEE
Sampling site Longitude Latitude Sampling site Longitude Latitude Sampling site Longitude Latitude
(E) N) (E) N) (E) N)

1 123°07"21" 52°52'13" 23 123°11'50" 52°49'01" 45 123°33'00" 52°45'30"
2 123°05'05" 52°53'39" 24 123°14'17" 52°51'02" 46 123°34'10" 52°43"28"
3 123°01'13" 52°54'54" 25 123°18'41" 52°52'09" 47 123°48"26" 52°41'49"
4 122°58'14" 52°56"25" 26 123°21'49" 52°51'16" 48 123°44'17" 52°42'04"
5 122°55'14" 52°57"22" 27 123°26"25" 52°50'33" 49 123°44'18" 52°42'06"
6 122°50'58" 52°56'31" 28 123°26"26" 52°50'34" 50 123°39'11" 52°41'31"
7 123°10'37" 52°50"29" 29 123°29"27" 52°48'50" 51 123°16'04" 52°52'04"
8 123°11'53" 52°48'57" 30 123°30"12" 52°47'12" 52 123°16'05" 52°52'03"
9 123°12'07" 52°47'10" 31 123°33'08" 52°45'32" 53 123°19'08" 52°53'37"
10 123°11'06" 52°44"25" 32 123°33'04" 52°43'31" 54 123°19'18" 52°56"25"
11 123°10'59" 52°42'14" 33 122°42'37" 52°56'52" 55 123°22'31" 53°01'07"
12 123°09'06" 52°39"26" 34 122°46"29" 52°56'00" 56 123°22'36" 53°04'06"
13 123°12'47" 52°36"25" 35 122°38'43" 52°56'46" 57 123°22727" 53°04'07"
14 123°13'00" 52°34'12" 36 122°45'02" 52°48'13" 58 123°25'14" 53°06'45"
15 123°11'32" 52°32'07" 37 122°46'07" 52°48'52" 59 123°26"22" 53°08'55"
16 123°08'45" 52°29'14" 38 122°50'48" 52°42'11" 60 123°25"22" 53°1129"
17 123°08'41" 52°29'14" 39 122°39"23" 52°44'55" 61 123°24'37" 53°13'52"
18 123°08'47" 52°29'13" 40 122°36"26" 52°47'59" 62 123°25"23" 53°17"24"
19 123°06'39" 52°28'10" 41 122°42'54" 52°46'03" 63 123°29'12" 53°18'54"
20 123°03'00" 52°25'35" 42 123°13'32" 52°24'37" 64 123°32'41" 53°20'19"
21 123°00'01" 52°2526" 43 123°17'11" 52°23'03" 65 123°36'38" 53°18'02"
22 122°59'57" 52°25"28" 44 123°49"20" 52°40'43" 66 123°39'17" 53°17'53"

CioRH i M EERISRAREG C g ak
HS2 Pb Y, Cd S HHASEE, B mg ke'; COAE
i ZE A FE bR UE GB2762-2012 1 Pb 8 Cd & & 1y bR
8, AW TEIFE, B Pbh 2mgkg!, Cd
H0.5mgkgt; TENS i MMESEWNTFESE; TR
Pb 1 Cd Y #EEME R A0 R 5 7 30, TETEAE KBS
SR RARIE I 2,

®R2 BEESKKEIEEESRITE
Table 2 Classification criteria of the potential ecological risk
index

TR A ZS KU ELE T
Range of potential
ecological risk E.

PR A AU 5 YL R
Degree of single factor
ecological risk pollution

E;<40 TE M
40<EL <80 — B
80 < EL <160 T 252 [
160 < EL <320 =R
320<E! A i DAL

1.3 HIREAIE

JH SPSS20.0 ( SPSS, Inc., [ ) #fFxf 415
P T B % 3 A R R SR S Pb I Cd i iR AT
pearson AH 2 ¥E 73 #fr, 1 H Origin2017 ( Originlab,
F[E ) X Pb Al Cd M\ A ) B 0 A i AR S v
B9 # R K 4T Langumir #5578 | Freundlich 457 i

HATTRBIG AT,
2 HER5H5R

2.1 EHIMBMHRE RIRTEP PO CAHEE

vaRitkEik

X R 22 U b DX 2 B i 0 . i SR S
Pb Fll Cd &0t (1) A5, A RES Ph Al
Cd 1 & & Y5 B 4> B 7E 0.21 ~ 3.27 & 0.02 ~ 0.15
mg kg' Z (8], “FI{E 8 1.21 F1 0.07 mg kg,
S R B BN 56.8% K 45.9%; W Pb I Cd (1)
FrEEF BILE 0.21 ~3.61 52 0.01 ~0.11 mg kg 2
], SELAMES 9 2.28 F10.07 mg kg™, 25 S 25>
R 45.5% I 52.1%; H52 Pb Fl Cd W) & w43
SIAE 0.11 ~ 0.56 }% 0.01 ~ 0.04 mg kg ' Z[f], “FHIE
A4 0.29 A1 0.02 mg kg, AEFRE N 37.4%
K 277%. L3 MR KRS P i Cd & R
Ry Al SRR EE AR S o o P FEM R i B R
HfEHER SR, Higm FHAERSP S,
Cd a5 £ R g & BEREON Y, Hig s FH A
A . RIS TG X Po A —E
1 R
2.2 ZEHREAEIT R R Pb A1 Cd BIIRUERE

T A RS Ph/Cd 5 A g i e R
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Fig.1 Contents of Pb and Cd in soil, leaf and fruit of V. uliginosum
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Fig.2 Pb and Cd Concentrations in leaf and fruit and available Pb and Cd concentrations in soil
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Fig.3 Concentration ratios (CRs) of Pb and Cd in leaf and fruit and the relationships as with soil available Pb and Cd concentrations
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pH S Hdiff A 2 W& A C (P <0.05) 5 MR AR
T CdERESHEAM CdER B EEME (P<
0.01) . 13 pH 5 AR Pb & & 2 I 3 IEAHC
(P<005) ; H¥EHVK. EC MRS IR
WA Cd FEEMREEFIEML (P<0.01) . HEH
FAE I 5350 Po/Cd ARG (ELS) mlAEn, i
A Pb/Cd 5 R 5z Pb/Cd B B FIEME (P <
0.01)
24 ZHIMBMHRESRIFPESE(CIF Pb) IS

FEMN

H 2 0T A I 7 AR S5 Pb A1 Cd B i A A
PEGEit (% 3) AIH1, BETEAGR 7 Po s T
FEFRE GB 2762—2017 FOBR{E, TSR sZH Pb J
M AR SE o Cd s E K T E X & &S i GB

2762—2017 WFRAE, [RIBERSEH Pb Fil Cd & 2
AT Fr b Pb AT Cd S,

H 2% 4 WAL, B FTERSE T Pb R Cd TSR
BRI EI/NT 40, AT S5, Horpfsn
SORGECE =2/ d Ne RU WA ORGE/E (=5 QU S My A 1Ty
W5 N EYsE A, RS0 Po il Cd 19 & i
WA, HIAT IR, RARLG 0% 4.
3 iR
3.1 SHERBtHE RIKETIEPPMCAEE

ARG, BN A RS KA SR+
Herb Pb Ml Cd 1 & 35 R 2 [ P A AR AR 5 156 PH
B R R R A T — T
Yo, AR 4 Pb i Cd S R AR S, X
5ok SHEE0S ST G RARST o R4ZEWS b X A %
IR AR, R EEEAML I —, HhT
HARZAF R IREE, M ICRITA LA, B K KT
fiE AR Po F1 Cd fiIn AR B RN,

3.2 EHTHMAEN R R REXT Pb #1 Cd BOIRWCHERE

AR, A 7 SR SEXT Pb/Cd Y
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Fig.4 Pearson correlation between Cd and Pb contents of leaf and fruit of V. uliginosumin and the chemical index of soil
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Fig.5 Correlation between Pb and Cd in leaf and fruit of V. uliginosumin
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SRR AR, NEXT Cd F Zn B9 ICRRE B AT A
i ZE B R, I 0] A Freundlich #5742 41 09 481 & &
Tuovinen %50 38 15 X 5% 2% b 7y F€ 14 b X ZR AR L 3 vp

5 MR TURN 4 8 B SCREPE I TR R B, 5 A
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3 ZHTEAREMFARSE Pb F1 Cd R EREA ST
Table 3 Descriptive statistics of Pb and Cd contents of leaves and fruits of V. uliginosumin
e ' _ﬁ'i/l\ﬁ _H‘jij({%l‘ FHE ﬁ‘/ﬁ%_ _ El%%:&ﬁ‘(ﬁ
Heavy metal element Minimum value Maximum value Mean value Standard deviation National Food Standard
(mgkg") (mgkg') (mgkg") (mgkg') (mgkg")
i HPb 0.063 1.084 0.645 0.311 0.2
AP 0.011 0.056 0.029 0.011 0.2
itACd 0.009 0.005 0.021 0.007 0.05
REECd 0.001 0.004 0.002 0.001 0.05

TE: PO A T AT R e R AR SR Po A Cd i, S A BRI A K R AR A

R4 SHTHARBMFRRSF Pb A Cd FEBEESKGIERE AR ST

Table 4 Descriptive statistics of index of potential ecological risk £’ of Pb and Cd in leaves and fruits of V. uliginosumin

ELEILER F/ME 5PN SEEIE brifEz
Heavy metal element Minimum value Maximum value Mean value Standard deviation
i FPb 1.58 27.10 16.13 7.78
AP 0.28 1.40 0.73 0.28

i FCd 5.40 3.00 12.60 4.20
Racd 0.60 2.18 1.20 0.60

FAMLE . R A BT R A 5, fAes
FEYIFRh SR Kon K P22 500, A SRA 5 a8 ik
a5 Po/Cd Y IR ISR PR RGP A5 A % R
A, AN T E N AR A B R A A i
A Pb/Cd ISR A 2

AWFFE B AR S P Fr S R A RS
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Absorption Characteristics and Pollution Evaluation of Pb and Cd by
Vaccinium uliginosum L. in the Greater Khingan Mountains

ZHANG Ji-zhou, YUAN Lei, YU Zhi-min, WANG Li-min, LV Pin"

(Institute of Natural Resources and Ecology Heilongjiang Academy of Sciences, National and Provincial Joint
Engineering Laboratory of Wetlands and Ecological Conservation, Harbin 150040, China)

Abstract: [Objective] The aims were to study the contents of Pb and Cd in leaves and fruits of Vaccinium uliginosum
L. under natural habitats in the Greater Khingan Mountains, which provided basic data support for the absorption
characteristics of Pb and Cd in plant and soil. [Methods] Taking the natural population of Vaccinium uliginosum L. in
the Greater Khingan Mountains as the research object, the absorption characteristics of Vaccinium uliginosum L. to Pb
and Cd in soil were determined by analyzing and applying models fitting the contents of Pb and Cd in leaves, fruits
and soils. The environmental factors affecting Pb and Cd contents in Vaccinium uliginosum L. leaves and fruits were
identified by correlation analysis. Finally, the pollution degree of Pb and Cd in Vaccinium uliginosum L. leaves and
fruits were determined by standard comparison method and potential ecological risk assessment method.
[Results] (D The contents of Pb and Cd in soil, leaf and fruit showed moderate spatial variations. (2) The migration
coefficients (CRs) of Pb and Cd from soil to leaf and fruit of Vaccinium uliginosum L. decreased with the increase of
Pb and Cd contents in soil, which could be well fitted by Langumir curve model. 3 The higher alkali-hydrolyzed
nitrogen was beneficial to the absorption of Pb by leaf and fruit, and the higher available Cd was beneficial to the
absorption of Cd by leaf and fruit. 4 The Pb contents in leaf of Vaccinium uliginosum L. in the Greater Khingan
Mountains were higher than the limit value of the National Food Standard (GB2762-2017), the Pb contents in fruit and
Cd contents in leaf and fruit of Vaccinium uliginosum L. were far lower than the limit value of National Food
Standards (GB 2762—2017). The potential ecological risks of Pb and Cd in fruits were very low. [Conclusion] The
Langumir curve model could well fit the absorption characteristics of Pb and Cd by Vaccinium uliginosum L. leaf and
fruit in the Greater Khingan Mountains. The potential ecological risks of Pb and Cd were low.

Key words: Greater Khingan Mountains; Vaccinium uliginosum L.; Langumir model; Pb and Cd; Element migration

coefficient (CRs)
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