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Abstract: Background, aim, and scope Soil provides food production and living space for human beings and
it will continuously receiving all kinds of pollutants discharged by human. As the most important persistent
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toxic pollutants in soil, heavy metals are difficult to degrade and will continue to accumulate in the soil,
therefore posing potential risks to the ecosystem and human beings as a global problem. In this study we take
18 surface soil samples from the urban area of Qingyang City and along the Huanjiang— Jinghe River, measure
the contents of seven heavy metals, then use single-factor index method, Nemerow comprehensive pollution
index method, geo-accumulation index and potential ecological risk assessment method, to estimate pollution
degree and ecological risk in the study area. The source analysis of urban areas and rivers is carried out by
both Pearson correlation analysis and main component analysis. Materials and methods A total of 18 modern
topsoil samples (with sampling depth of 0—3 cm) were collected from the urban area of Qingyang City and
along the Huanjiang— Jinghe River. Seven metal contents of these samples were measured at the Analysis and
Testing Center of Northwest Institute of Plateau Biology, Chinese Academy of Sciences. Pb, As, Cd and Cr
were measured by graphite furnace atomic absorption spectrometry, Hg by atomic fluorescence spectrometry,
Cu and Zn by ICP inductively coupled plasma emission spectrometry. Methods of single factor pollution index,
geo-accumulation index, Nemerow comprehensive pollution index and potential ecological risk assessment
were used to assess the ecological risks of heavy metals. The source analysis of urban areas and rivers is carried
out by Pearson correlation analysis and main component analysis. Results There is no pollution of soil heavy
metals along the Huanjiang— Jinghe River. Heavy metal pollution of soil has appeared in the urban area of
Qingyang City, and the main source of pollution is traffic pollution. Potential ecological risks need to be properly
monitored and corresponding measures to be taken. Discussion (1) The characteristics of soil heavy metals in
this region were analyzed using the coefficient of variation and the coefficient of kurtosis, which indicate that the
proportion of soil environment disturbed by human activities. (2) Compared to soil environmental quality risk
control standard for soil contamination of development land (GB 36600—2018), there is a moderate enrichment
of Cr element in the urban area of Qingyang City, and the other elements are within the safe range. (3) Various
pollution indexes show that the pollution of Cd and Pb in the whole study area is the most prominent, which is
higher than the pollution level of other heavy metals in the soil, and the pollution of other heavy metals in the
soil is also on the warning line. (4) After analyzing the correlation between soil heavy metals in urban areas, it
is found that soil heavy metals in the urban area of Qingyang City are closely related to strong human activities
to a great extent, in addition to their maternal composition. There is also a correlation between soil heavy metals
along the river, after analysis of the main composition soil heavy metal enrichment is mainly a natural source and
agricultural production. Conclusions The pollution of heavy metals Cd and Pb in the topsoil of the urban area
of Qingyang City and along the Huanjiang— Jinghe River was the most serious among the studied elements,
followed by Cr, As, Cu, Zn and Hg. Subregionally, soil heavy metal pollution has occurred in the urban area of
Qingyang, and there is a potential ecological risk, mainly human activities. River basins are pollution-free, and
the sources of heavy metal enrichment are mainly natural sources and agricultural production. Recommendations
and perspectives Although the urban area of Qingyang City and the Huanjiang— Jinghe River Basin as a whole
are in a weak ecological risk, it is still necessary to give attention to their ecological risks, and make scientific
evaluation and management. This is of great significance to support the benign and sustainable development of
Qingyang City’s social economy and to accelerate the pace of ecological civilization construction.

Key words: soil environment; ecological risk assessment; heavy metal pollution; the urban area of Qingyang City;

Huanjiang— Jinghe River Basin

TR AR EAZER, AR ME B, BAXMERESERE, JEAKE LIEP R, K
WA R AR IR 2 ), ARSI L S AR A R G0 R N S B A XU 174 4 BR 1 []
RIGRPITT, PIREBTIE . JE 515 7K 1 HE ( 2R MEMBEEA, 1997; BRI, 1999; #
i, EEBERNERFENRFAEEREERY MK E R, 2004) o iSRRG A
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) Pb. As. Cd. Cr. Hg. Cu fil Zn oG % K& H: 1k
G, SXRAEYA R G E, FEHEY A
T, ™= b E AR SR, RECR™ WG
g A SR 4 Wi A R B,
T B I E Y E ST R R A A5, AT LU
I 5 M KA RN R AP B3 o ) 2 % N\ I gt B s
B, RN A, AR, I EAA BUETE
(kB4 2019; Z=FE, 2020) . HIEFEEIEG
Yeln) iz B E NN R, THT IZ R,
- 4w S Y R R TR R N L A 4
Bk L A A XU DA A D iR ECE R 3 0 4 B
TR AR TR X 5 Yo IR AT A b, ) B -3 4
R 1475 Y i R S A Gl XA A BB AT 4P &
JERY 2 (Marr et al, 1999; FIFTAT %5, 2008;
M 75 25, 2011; E34E%%, 2013; Chen and Lu,
2018 ) . Bortey-Sam et al (2015 ) XJ/il44 Tarkwa
folb + P 4RI T TS, ARG SR X
IR RIS YRR R SCAE (2009 ) 38 X% 70
mii LIRS R G 5 X Hg, Cd, Pb, As,
Zn, Cu b2 ERIHESE, IANHIZTTIX R )Z T
HE &R AR TR R R E RO, R B
FEEZW Tk =% WHECE IS, 5
P A T et AT — B R AR e AT SOV
(2012) XFH A AR X 3% Cu, Pb, Zn,
Cd. Hg W5 . A1 mAeKk b iy & w7
0T, WRIZIX 4, KK 2% Cu, Pb. Zn,
Cd. Hg FHEERITYL.

PR FHT L TR B 7 =& il A, N i #E
BIERE NP, (HIT LA BRBH T AR
() P R E 6 IR it s, PRI TR 25 D) ¢
DR BH T T DX R A A R, H T
T RIS TAETF R, mAFinas ( Rinfess,
2011) o BRT (2011) MR AIEX M I E SR
T AT T oA R SRR, LUME A YIA G
#HAT T oM, KM AP Pb, Cr. Cu. Zn M Ni
H e m R TARIG USRS, R s, (I
CAdig ™ &, WMHESE T EREXLREN:
PR <THUA <P4ug, HATTAORIFSE Sl X 30 DRI i
PIFSE . ASBIE 56 DR BH T 1T X PR — R T i
YERFFEXT S, SN 5 g de 5, i R FE
. WD G5 Y e B S e A A RS VAN T ik
A3 K DG BH T T X FNER VT — 1R T B 1 6 2 4
EIy s SRR 3 T B (190 & d A e AN S )|
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1.1

PR IX (107°27'42" — 107°52'48"E,
35°25'55" —35°51'11"N ) HiAb H R & =3, 3
L, TR AR 4 R RIS, ek
1421 m, FELPRMEEA L Kt B
+. B kL. it W72 PR
X Ja T R T A, AR H R 4R 2400 —
2600 h, 4F [% 7K £ 400—600 mm, 4FF ¥ < iR
10°C, 4ETCFEM) 160—180 d, JEMFE R, MUZ/p
M. PRI TR ALE, AVTILm iR E
HEIR AR, JCATLREN, A AR P
T A S S A AR IR R S, TR R,
AR RV AE T (IS, 2012) o BRFATT A
Wk, Ml . FRETREY, Tk FE%
PIATH bRy 32, AR SCRSRAE AN B X3k,
W A] Zm,  =iR BiEll TE AR R A B B
IR DX T IXCRAE 5 4 R 28 = 2 il
i, B TR Tk (AEFE, AL — R F
1) A AR R 3=
1.2

AL PR FE T T XYL U 52 Ao %
%, HRE 18 MR FELAES CREEREN 0—
3em) , Hor BREHTHTE KRS 9 MEM (45
C1—C9, Kl la) ; FRVLUTHREE 6 AFEM, 1230
Wi R 3 MM (45 W R1—R9, El1b)
T DR i R B T 8 U R B KRR AE A, e
Regbe, mARER, MEF. UEBEAILY
JIT s T R AR AT A U R AR A, R
THL, RS IER K . KIS O, R
BTN, SRS R A 3485 £
FE S0 = WO AR S OORE ML AR B (40°C) HETS
FH GPS IE SRR A A A bR, SRAERTTE] R 2015
5 Ho BETRORER e, PRIk RS R
Y, ZJa R SRR R S U R, 3t 200 H
Je T e 2 AE S 0 A AT AL PR o 4 e
E CEBITW, 2017) o HEME SRR S RTE
r B B 78 L s AR P A S 43 b o 2
FTRTAL BRI, DA A 4 JE AR P, As,
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1.3.1 R TFHEEGE

BTG YT T SR B RIS Y o AR Bk
PP £ 3eh it —F &8 T R E A5 P EH
(YA, 2010) o AR T A RIS 45y
PFREL, FEXT BTG YRR A T 0

P=C,+S§, (1)
A, CHEMAIEFESRSE (mg-kg') , S,
J AR (mg-kg') , AFFFEEECH R +
B SR NS IR (P PR W s, 1990,
4, 20055 KBS, 2011) o A P<1, WA
Toi5He, SEHN 1 A5 1<P<2, WINRMI5YL,
Sl 2; A 2<P<3, W NREEY, S9N
3; #3<P=<5, W AHTEEY; & P>5, WA
TG
1.3.2 M REHEEk

Hh B B0 — P T E I LR T 4
JE& 15 YRR B AR bR, AR E N AR
HT RS EG I (Miller, 1969; PR
&, 2011) o HAFREALWT

Overview map of research area

I, =log, (C,~k+B,) (2)
K L, AT RRBHEEG C, AT ITER n )
MEWE (mg-kg') 5 B, HULBW T IZITEN
MR = (mg-kg '), ASCEHAEIE +
RS EE R, kB IERE (—RIE 1.5)
(Islam et al, 2018) . R4 L., MITHE SR, #
Leo<O, WTET5HY; 0<I <1, NEREETSHY, S5
H 1y 1<Io <2, A EGY, F90h2; 2<
L <3, AR, F9h3; 3<[.,.,<4, Wi
FIGYe, LN 4; 4<[, <5, NEIGY, Y%
H 55 5<U, <10, WA ET5Y, 5900 6,
133 WP LT Y40k

N 2 25 51 Y e B0 2 AR SR R 0T AN
SR b AT 08— T e IR R 58 5 1 B KB AL
RIZ A8 80 (9KIEF475%, 2010; Yang
etal, 2019) o HARLAKATT IR

P,= (Pt Piag) 72 (3)
Kb P, RWERG TG AR EL Pine NI YL 4520
I KAE s P A 5T A BRI YLt 2500
W, ASCGEM SRS R TR TS I bR
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(HI/T 166—2004, FIEIFTWIMEARIE) (=
RIRBALY IR, 2004) o PIHGE L8515 Y A8 5L
TEMbRAE R P,.<0.7, TSGR % 4, 530K
W19 5 0.7<P,<I, J5Y5HNb T2,
SYAOF ST (2%0) 5 1<P,<2, T54%90b
TR, HHTFREEIOKTE (34) 5 2<
P,<3, 1GYSFERAL TG, AT TS
YKV (4% ) 5 P>3, TSP ub TEES
P, HHUFRMEMIGYORE (S%) .
1.3.4 ARSI

WAEAE BRI e — M L E 4R
BYEM I, BET HENESRE SR, JF
BB 48 AR SR . ISR M B 2R 25
ZE, RSN BB 935 ( Hakanson,
1980) o RI JJy £ Fl 8 4 J& 25 A W 76 248 2 KUR 48
B, HAES TFEANELEGAESER R
A (IRGR5%, 2008) ¢

RI=2E; “)

E, =T, x(Ci+C,) (5)
X, CLNESBENEMEE (mg-kg') 5 C,
KIS B (mg-kg') , SCRSRAH
WA TIEALET sHEE NS nifE (PR
WS, 1990) 5 T, N5 i M 4@ T R W&k
Z ¥, H f Pb=Cu=5, Zn=1, Cr=2, As=10,
Hg=40, Cd=30; E, W% i FiE & &N AELES
faERE. # E <40, N5 RRE N RMAESE
FOLG 1 A0<E. <80, I5YLFLRE L
BfaE, Sk 2; 80<EI<<160, ¥5YLFeis Jik
EREE, SHON3; 160<E.<320, I5YLfi)¥
MAREEASfEE, FEHN4; E, =320, W5 YFE
FEm AR RS E, FHON 5. A RI<150, V54
FEEENRMAESEE, F90h 1; 150<RI<300,
TSR AR AR RS E, MO 25 300<RI<
600, 5P R EREE, FH M 3; A RI=
600, N5 YL ARG S faE, X4 (1R
a5, 2008) .
2
2.1

AHFSE FENAE T R R, WP T - 4
J& G RRAE A BT, ARG INER 1 PR, AR
FBORNT A0 A o HORE BE R AR AL . A
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L&, TMESEPaERZEC PR AR, £
B ST X L3 7 4 1 A8 S e, 25 ) ) R
JE# K (Chai et al, 2020) . i I 5 AEAR 4 b 2
e JUT I 51 A (BB i B PP R B, AR i
JERRE R Cd (8.76) , FHIHEBHM2EEK
K, BEHIOEEEE &, HKJEPb (0.84) , HAES
JEIEREY/ N 0, B SHEZEFHN
2.2

r ] A SR AR R E T AN [ S A 4
W 4 JE O I O (B R RIE, Pk, A
B BRBH T T DX R ER YT — 2 ) U o 4 38 40 J31) ¢ BE
(GB 36600—2018, - HEFREE . ik Hib
I e XU AR UE ) (R AR N R AL AR A
A AE T BB R R, 2018a) F
(GB 15618 —2018, +HEFIE it . A H b+ 15
TR R (A7) ) (P NRILFE
AESPREEHAE Z T S LS Ry, 2018b) Xf
FefFgE (%2) o BT — RGN LS E SR
FrEAH AN TR FH b 3805 YL O e (L, 0 nT HfE D
L — R R H 3 4R VR E S RE, I
RIRFNTG YK, Hod KRB 5 A F 39835 e i
PRI ZE /NG As, MHZERRI N He, FEXTHE
PRT. — i) A 0 2 F IR S 2R i
BRI A BRI HE N R BT T X
() 1 4 8 SRR Zn WA WX RERRE(ESD, Cr
Py KT - S YR, BN
— B HIHBEY 10 15, HES ISR 5 7, Dt
WHZ X Cr AAAE— a4, R B
LR R TEEEZ N,
2.3

WFFEIX 2 345 2575 Ye PR BOTF- M 25 R an =&
3R, BRI QAR AR/ NHET . Cd>Pb>
Zn>Cu>As>Hg>Cr, Cd [F) 5K 175 YL 485 5
K, v F2—3, NEEIFY; Pb KI5
FERRT 1, MR, HAE S8 5 Y a5k
BUNT 1, 54, /A Cro M BTG L4848
KT N Cd>Pb>Zn>Cu>As>Hg>Cr, H
5 R IG JeAR g A AR, Cd M Pb KT 0,
KRG Y, HAATE SR NG AR B/ T 0,
Tel54 . WHEE LG5 s B/ MY . Cd>
Pb>Zn>Cu>Hg>As>Cr, SRiPITG YRR
S 25, s s B KIMAKIE R Cd,
TGP NS Y, RSO AR E; Pb s



X7, G PR IX R IRL — i R e G & B A S KU T

PR TR EETS s, R T TG YRR,
HApES BTG YFRAA TERRT, 1m0k
VoG, EERR/NYICERE A Cro WHEABK
W - K /R S Cd>Hg>Pb>As>Cu>Cr>
Zn, FKR{EMKIH A Cd, Hg Rz, fw/MEN Zn,
5 HR VG Y d 5 BTN S5 A A DO, HI RS

TR A S E RL O 104.27, 2900 1, &
HAESENRE N RMESAEE, NS HE
SEEEBRENIEMEACRE, RIFT i X AR
VL — VR InT VR e ) - 49 T 4 S U e AN ™0, (H
T B TE B Cd 1 Pb Ay SR I35 A AR s A
fa ¥,

1 PRIATTH X AR R e i
Tab. 1 Heavy metal content of samples from the urban area of Qingyang City and Huanjiang— Jinghe River
TS H4JE SR Heavy metal content/(mg-kg ')
Sample code Pb As Hg Cd Cr Cu Zn
C1 42.01 8.854 0.0045 0.8864 27.93 20.75 67.96
C2 24.24 5.289 0.0035 0.2104 21.65 14.36 48.27
C3 40.14 6.601 0.0037 0.2583 33.01 30.87 84.68
C4 51.66 7.676 0.0079 0.3431 34.24 32.24 93.41
C5 68.42 8.666 0.0074 1.5287 34.30 27.59 94.71
C6 42.61 9.840 0.0205 0.2927 32.74 23.59 90.69
C7 33.81 5.798 0.0187 0.2284 31.05 19.61 64.63
C8 32.46 2915 0.0200 0.2977 21.24 18.69 70.74
Cc9 52.42 7.346 0.0132 0.3188 33.85 27.08 76.31
R1 27.63 4.702 0.0105 0.1169 30.46 18.22 43.49
R2 21.40 4.566 0.0025 0.1338 22.08 11.49 27.92
R3 19.64 4.216 0.0041 0.1107 19.64 12.38 28.77
R4 21.21 5.228 0.0051 0.0941 24.77 13.89 35.11
RS 30.03 10.451 0.0044 0.1766 26.58 18.56 41.09
R6 19.77 3.528 0.0029 0.0839 22.04 10.48 25.02
R7 22.62 5.428 0.0042 0.1373 24.71 16.36 37.25
R8 20.60 7.811 0.0037 0.1210 23.81 15.48 45.37
R9 22.90 5.522 0.0140 0.1459 25.48 15.29 35.56
AR Variable Pb As Hg cd Cr Cu Zn
K Max/(mg-kg ") 68.42 10.451 0.0205 1.5287 34.30 32.24 94.71
F/ME  Min/(mg-kg ") 19.64 2915 0.0025 0.0839 19.64 10.48 25.02
SEHIH Mean/(mg-kg ) 32.98 6.358 0.0084 0.3047 27.19 19.27 56.17
HRA e 4R SUH
Soil background value in Gansu 20.83 14.03 0.02 0.13 75.35 28.91 81.24
Province/(mg - kg ")
MR Toxicity factor 5 10 40 30 2 5 1
KM Coefficient 0.42 0.34 0.74 1.17 0.19 0.34 0.43
%)%  Kurtosis 0.84 -0.77 —0.40 8.76 —1.53 —0.50 -1.39
2.4 etal, 2005) o XTFRIVL— RV AR LR 4
JE AT Al 4G (£ 4) « Pb 5 Cd, Cr,
2.4.1 MMM As 5 Cd, Cu, Cr 5 Zn7¥E 0.05 KF I HA W&

WYV I A R & o R TR A
RGP EEREZ —, MRS BE—1 I
W ZE 45 7R 7] (Soares et al, 1999; i 1%,
2016 ) . FIFH SPSS 26.0 FA4RIFE & 48 & ik
FPA OGS AT, B 4 (8] A4 R DG 1k AT L e )
FRGMHR, EEEARRMEAEXR (Borivka

KA Pb. Cr. Zn 5 Cu ££ 0.01 K | EA &
FAHOCH, BHAMCIEAERR, B TFHRIL—3E0
W M A TR G SR, KZ Al A
M EBRAE 7=, RTINS R AR R
Sy Bk AL At FH A 2516 IE (Varol, 20115 [E25
5%, 2020) o Rt RPN LI E 4
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KR, JH IR A R e 7 R 4 e ik
FPRRIEIR B2 300, AT SR IBCH IS RR AR S T 1 B9
P, Hoam K% o A A o5 7 22 19 82.313%
(£5) . WATLU#RE 7 FhE 48 KM B .
S —E ST T OTERE Y 63.687%, S TTH TTRHCR
WK Hg: Cu>Pb > Zn > Cr > As > Cd > Hg,
A E A T N LI AL, RT A TEAR DG
SIHTENAE AR, I B ARORTE, RIS B K

%2

Mo ERFREE-A 4

F13 %

Al B x4 4 i 4 J BRI S s AU ) L K
TR 1) A SR BRI A R e R O T Ay
K7 DTHkRE hy 18.627%, #ifii =i 2 Hg. As FlI
Cr 55 L HETE 4w, I it A 245 A AT A5l 1
S Y, MWAREIS T REW HEES)E S
B o ISR PR 743 A o oaT HE I BRI — R i R
RHR G A 3 G e A R R AARORIR, OF
HARH —E AR E 5,

PRBET T DX PR — Al i 5 e it B < % 15 6 K L SR B i b o ey e L

Tab.2 Comparison of heavy metal contents for samples of the urban area of Qingyang City and Huanjiang— Jinghe River with
quality standards of national soil environments

W4 SR Heavy metal content/(mg-kg ')

DX R0 L e P
Regional and comparative standards - Pb As Hg Cd Cr Cu Zn
Parameter
. TN YIH  Mean 22.87 5.72 0.0057 0.1245 24.40 14.68 35.51
VL — i o
Along the Huanjiang— Jinghe River sz({ﬁ Me.tx 30.03 10.45 0.0140 0.1766 30.46 18.56 4537
fw/IME Min 19.64 3.53 0.0025 0.0839 19.64 10.48 25.02
GB 15618—2018, MR Mt At
s QS hn i (iX47)
GB 15618—2018, soil environmental quality: 170 25 3.4 0.6 250 100 300
risk control standard for soil contamination of
agricultural land
BRI :%{ﬁ Mean 43.09 7.00 0.0110 0.4849 30.00 23.86 -
The urban area of Qingyang City B;—d(ﬁ Mz.tx 68.42 9.84 0.0205 1.5287 34.30 32.24 -
f/ME  Min 24.24 2.92 0.0035 0.2104 21.24 14.36 =
GB 36600—2018, +HEFAGEiE: A
S R AR 400 20 8 20 3.0 2000 -
GB 36600—2018, soil environmental quality
risk control standard for soil contamination of 1 800 60 38 65 57 18000 _
development land value
# 3 REHIERRIGPIEEOT N EIR
Tab. 3 Evaluation results of various pollution indexes of surface soil
HZI5YLFEEL  Various pollution indexes Pb As Hg cd Cr Cu Zn
2, 1.58 0.45 0.42 2.34 0.36 0.67 0.69
Ly, 0.08 —-1.73 —1.84 0.64 —2.06 -1.17 -1.12
2, 2.58 0.62 0.78 8.48 0.41 0.92 0.96
E} 7.92 453 16.76 70.32 0.72 3.33 0.69
R4 PV —IRITHT AR 13 R A I R AL
Tab. 4 Correlation coefficient of soil heavy metals along the Huanjiang— Jinghe River
Pb As Hg Cd Cr Cu Zn
Pb 1
As 0.624 1
Hg 0.341 —0.059 1
Cd 0.681%* 0.738%* 0.213 1
Cr 0.797* 0.329 0.595 0.325 1
Cu 0.836%** 0.667* 0.440 0.632 0.828** 1
Zn 0.588 0.659 0.332 0.425 0.732%* 0.888** 1

* RIRTE 0.05 /K CRUN) _ERFEARDG, +* RIRTE 0.01 /K- CRU) B REARC.

* means significant correlation at the 0.05 level (bilateral), ** means significant correlation at the 0.01 level (bilateral).

DOI: 10.7515/JEE222033



X7, G PR IX R IRL — i R e G & B A S KU T

K5OI — IR R A R Y T 25 R
Tab. 5 The total variance is explained of soil heavy metals
along the Huanjiang— Jinghe River

PC1 PC2
Cu 0.970 0.045
Pb 0.894 —0.034
Zn 0.853 0.028
Cr 0.838 0.442
As 0.737 —0.609
Cd 0.723 —0.426
He 0.470 0.743
“. ):I I ?;/ﬂz
‘ bimwu fit 4.458 1.304
The variance contribution feature value
Ll 63.687 18.627
Contribution rate/ %
1522
S 63.687 82.313

Cumulative contribution rate/%

i1 KMO 1 Bartlett A5/ T A1 BIE,
AKX () e 4 B AT B b, XSRS
FEIEA AT gk 6 fras: Pb 5 Cd. Cr,

Cu 1 Zn, Cr 5 Pb. As fl Zn ¥4 0.05 /K FE
BB FEHENE; Cu5 Zn, CriE0.01 KF FEA
WA, EVEA BRI SRS,
IS R V5 Y i SR MR AR O, B
TR EMANRERE. PR, PeRBEF LU
BEAG T, ¥ 2 B B S, BT P
Cr. Cd. Zn. Cu 1 As T2 i & RIS YL £
FRERAHGE Z e, RIASmTE e by ek,
A BB R VAR R HE I R R 2R 0 i S 0 A 2 3 1
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Tab. 6 Correlation coefficient of soil heavy metals in the urban area of Qingyang City

Pb As Hg Cd Cr Cu Zn
Pb 1
As 0.612 1
Hg —-0.132 —0.187 1
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Cr 0.756* 0.707%* —0.036 0.263 1
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* RIRTE 0.05 /K CRU) _ERFARDE, ** KIRTE 0.01 /K CRU) b REARC.

* means significant correlation was observed at the 0.05 level (bilateral), and ** means significantly correlated at the 0.01 level (bilateral).
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