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Heavy Metal Content and Remstan'éex*Gene Abundance and Rélated Properties_in the

Surface Soil around anghal Lake d ! i -\ ; -

HU-Ski-lei; QU Jian-li, ZHANG Li, ZHAO Mei-nay ‘[ J v §
(College of Env1r0nment Zhe]lang Um\ersny of Technology, Hangzhou 310000, Chma)

Abstract Soil hedvy etal pollution and the prevalence of fesistancé genes Tldve beén a global concern, and thus many studies have reported the content of heavy metals and
resistance gene% in soils; however, the contents of heavy metals and antiotic resistance genes (ARGs) in the soil in highland areas is still unclear. In this study, the
emnonmemal residues and distribution of heavy metals and resistance genes in the soil in Qinghai were analyzed, and the relationship between the concentration of heavy
metals and antibiotic resistance genes in the soil was explored. Among the soil samples, the content of heavy metal zinc was the highest [ mean; (50.27 +19.88)
mg-kg ™" ], followed by the content of heavy metal cadmium [ mean; (30.27 +9.45) mg-kg ™" ], and the content of heavy metal mercury was the lowest [ mean (0. 027 +
0.019) mg-kg ™" ]. The subtypes of heavy metal resistance genes in soils were mainly czcA, merd, and merP, whose main function was to be responsible for developing
mercury resistance. The relative abundance of B-lactamase resistance genes (0.1505) was the highest in soil, accounting for 47. 54% of the total abundance of ARGs;
tetracycline resistance genes accounted for 16.93% of the total abundance of ARGs, FCA accounted for approximately 14.56%, and MLSB accounted for approximately
8.77%. The diversity and relative abundance of movable genetic elements (MGEs) were low, and only the inpA0I gene was detected; inill and intl2 were not delected.
Correlation studies showed that Cu content (r= -0.533, P=0.006) and Hg (r=0.692, P=0.006) in soil were significantly negatively correlated with altitude, whereas
other heavy metals were not significantly correlated with altitude. In addition, heavy metal content was significantly correlated with soil type (P <0.05). There was a
significant positive correlation between heavy metal mercury content in soils and czed (r=0.692, P=0.006), merA (r=0.816, P=0.007), and merP (r=0.594, P =
0.02). The results of this study elucidated the occurrence and distribution of heavy metals and ARGs in the Tibetan Plateau region and found that the content of heavy metals
in the soil was significantly related to resistance genes.

Key words: heavy metals; soil pollution; antibiotics; antibiotic resistance genes (ARGs) ; altitude; movable genetic elements (MGEs)
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G’ ) HAOLZATR 1/ m AEH TN B/ mm AR/ C +3E pH E
' sl el 2586 169 5.3 8.2

S2 AR X 2787 25.2 5.1 8.7

S3 F&IRA 2815 41.5 4 8.7

s4 A2 2732 400 3.2 8.39
S5 P 1 3310 366. 4 4 7.8

S6 DU 2 3210 350 4 7.5

s7 [ZE=S 3280 370.5 0.91 8.42
S8 AN 3215 450 3.2 8.2

S9 TETBT 4528 283. 1 -4.4 7.5
S10 DS b=a s 4596 365 -6 8.9
S11 B WNES 4609 367.8 -5.8 9.1
s12 AR 4613 301. 4 -5.9 8.1
S13 HATAF NS 4635 283. 1 -4.5 7.8
S14 mnZ 4218 585.5 -4.1 7.6
S15 BB ] 4577 516.9 -5 7.8

1.2 HE&JEIE

ARHFFE S HIME T P, Cu, Zn, Cr, Cd, Hg Fl
AsiX 7 MBS B EP S 'S0, ik
mF.

FE BI85 BR A TR R | R
LGS R A i EA T LT | LS N4 S 2 0
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PO T A < P T 1 1) 2 RE BBGE S 1) - A L
A (50 mL) , INACHTBE 7K 10 mL(3: 1, HCI:
HNO, , LG #5744 ik, i 12 b J
5, 7 100°C /K I 5 Fh kA7 28 B, 2 B[] 2y
2 h FEHA A 2K E 4 % 50 mL, IR 5 i
J€(0.45 mm).
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4 45 8 1 K % X (ICP-MS, Agilent 7500a,
Agilent, Santa Clara, California ) Jll & #£ & o 5 42 & )
W REHEI AT (R =0.999 7) ¥ F 0.05 ~ 10
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BEE— K. ABFSE i £ T 22 8 PCR PR HERE i LLE
A7 BHA XS B S o s o il Sk 3 138 A A i E Y
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Tk (1) P00 AR AR B B R D ARG
I 5 9 ] (TR 7 Lt (2) 12

e ARGs ot = BRI CORA I
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T3 ARGs FUAHXS 1 =

+-43Erh ARGs 46X =F i
16S rRNA % D1 %%

1.4 Sk

M%liﬁliﬂ’]m%‘iﬁﬂlﬁ%ﬂﬁ&ﬂ? m@nﬂ‘—%ﬁ
s, FH??FH?@TPI%?XTME%HKQE@ ARGs
M EE S A %Xﬁﬁép@r?ﬂﬁ%‘ﬂ%ﬁﬁ %fﬂﬂtﬁﬂ
A5 % [’&‘I A ( ArcGIS 10.6, ESRI Redlands
California) Z;‘ﬂ‘ﬂ =3 fizﬂtﬁ 125 [H] ﬁj\}'ﬁ 7}<}5H Excel.
2019 Al SPSS 25.0 Xfii%@ T8 o ik ¢ B e
T MR S T B Fi%l*ﬁﬁilifﬁﬂ%'kﬁ&
B, SR ARG ﬁ*ﬁ%ﬂna&%*ﬁ%*ﬁi%wi%‘—?
B85 R T AT P56 2R R P 5 ol = 1 [
R FR.

(@)

2 HRE5H

2.1 UL AR A b R R A

15 A~ HHERESH Ph ., Cu, Cr, Zn, Cd fil Hg %
4B A S M LR 2. HIERES T o (Zn) B
LT 20 ~79mg kg S IME M (50. 27 +

K2 REATEFRPESERE" /mg-keg!

Table 2 Heavy metal content in soil samples at sampling sites/mg-kg ™!

PR e Pb Cu Cr Zn Cd Hg As
S1 18 20.4 36 66 0.12 0.02 14.4
S2 10 10.6 22 22 0.09 0.077 10. 1
S3 18 15.7 27 47 0.12 0.037 33.2
4 16 14.9 38 72 0.12 0.033 12.5
S5 15 14.2 35 47 0.12 0.023 11.4
S6 16 16.7 40 59 0.14 0.024 13.4
S7 15 11.7 32 67 0.15 0.028 11.3
S8 20 19.4 46 74 0.14 0.062 14
S9 27 7.2 23 79 0.16 0.011 31.6
S10 8 5.9 18 20 — 0.027 10.4
S11 24 19.3 39 53 — 0.02 15.1
S12 7 5.1 17 28 — 0. 005 7.11
S13 13 3.2 15 24 0.09 0.01 20.8
S14 16 17.0 35 56 0.17 0.021 19.6
S15 14 13.7 31 40 — 0.014 20.2

1) “—" FIRT5 R B AR T R
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19.88) mg-kg™'. o (Hg) A&, 75 F N 0.005 ~
0.077 mg-kg™", F ¥ A K (0.027 £ 0.019)
mg-kg ™. F3EF Ph A Cr AR AIXTAL S X AT g
HF Pb Al Cr = LB F BN 78 Ogiyama
USRI R ZEAR AR AR Zn AT Cu R
Sk 72 ~170 mg-kg ' F1 18 ~ 109 mg-kg ™", & =

H X L 4 it RIIRZ A 5 1
3 rh T 4w V5 Y AR

I JE 3 A AR o (As) B, YR
7.11 ~33.2 mg-kg™, F Il J (16.34 +7.59)
mg-kg ™", O IX T E KR E R — AR
w(As) <15 mg-kg ™' ]. FE RFRE LEVE AT ST AL
R, LI As % 8 b E T BUE W 4.73
A3 IS S Y 8. 82 1%, MRHRFE 2 T, As 7E
ANFLRFE S i (mg kg ™') :S3 7 33.2, 89 M 316,
S11 24 15.1, SI13 J920.8. S14 4 19.6 F1 S15 K
20.2. PLESRAE R LSRRG As S B TR 4
PRI, L TR, As V5l
2.2 HEBESESHROLR [
HRAE R AE IR HG AT, PTAESRAE Ay 3 s

(L: <3000 m, M: 3000 ~ 4000 m 1 H: >
4000 m). 73 HIR R RAE £ Lo ST ~S4, M S5 ~ S8
FH SO ~ S15. J15 4% X A 6] 7 4 8 1 7% 7 34
(£ 3), LHEE SR Hg 7EA R 4L 2 500 &8,
RN SR AR S E 48 He & &85, IR
RAE S 48 Hg & s BIK. A58 R ] SPSS &
b L3 4 )R i 5 IR A G, 5 R R
TR E S S Cu A1 He B & 54k 5 B 2
TR (P <0.05, W01& 1) , i HAL = 46 Jm &5 i 5 1
LA RTE P
*x3 TREREXBELESENIREEY
Table 3 Heavy metal content and standard deviation
at different altitudes

rRifE R A
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38.250(6.131) /
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Table 4 Cadmium content of heavy metals and relative abundance of resistance genes are analyzed as a numerical correlation

cd SIME B-PIBRREEG MLSB UEAN oS
cd 1
RS Rt -0.973 ™ 1
B-HBERE -0.685* 0.915* 1
MLSB -0.651"* 0.865" 0.810 ™ 1
U7 -0.658* 0.833" 0.745* 0. 838 ** 1

1)* B P<0.05, " A P<0.0l, [

TP E SR Cd & &S PR R
blaSHV- 02, blaTEM . cphA. ermK. tetW. acrA.
emlA1-01 I mexA FAE W EMKNE(WNES) , 5488
ORI AHOCHEAS B 3. B ophA PR SRR Ah 8 4
J& Cd &1 52 ARGs AHXT 3= B2 X BUE 24 4 7
e IHEN, -3 Cd o T e AT R i
ARGs [y A= | LA M 2800 5 5 48 S 9k ).

HIFE TIEESE He S = S5PdE Rbrt RN
FEAE A EE (P <0.05). 3 Zpid: Rtk A

(HE4JEZE . MLSB Al 2K ) 5 11 He &t 1E
AHSC (TN 7) , HHOE R EL(r) 439008 0. 638, 0. 602
0.867. Hdb M, L3 He & &8 0948 fb & X
ARGs A — g 5.

TP ESE He & ESES BN T
RIFFAE B F M SEME (ANE 8) , JuH 5 HUoR 3 R A 6
(P<0.05). 2¥EFESJE He & RS cadB., czeA |
merA Fll merP 3X 4 FhEE 4 JR Uik 3 A & B3 A
X M ZE r=0.881(P=0.004) ., r=0.692 (P =

-
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Table 5 Numerical correlation analysis of the relative abundance of cadmium content and resistance gene subtypes of heavy metals
blaSHV-02 blaTEM cphA ermK tetW acrA emlAl-01 mexA
Cd -0.904 " -0.710" 0. 867" -0.656" -0.667 " -0.754" -0.755* -0.736
blaSHV-02 1 0.930 ™ -0.083 0. 645 0.851 ™" 0.832* 0. 645 0.823*
blaTEM 1 0.102 0.845™ 0.957 ™" 0.867 ** 0.772* 0.839 ™
cphA 1 -0.119 0.37 -0.368 -0.46 -0.469
ermK 0.915 ™ 0.688 " 0. 803 ™ 0.781*
tetW 1 0.795 0.829 ™ 0.762 "
acrA 1 0.78 0.781 **
cmlA1-01 1 0.814 "
0 0 0
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Fig. 8 Correlation analysis of mercury content in heavy metals and relative abundance of anti-mercury resistance genes
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FIEA S (A 9) , KR L r =0.708 (P =
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PR JCA0 A B 1) D s ML AR A g v i 4
JEBUE IR S A, S2 SRR T Heg B iy,
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HEMIER) | merA[ 3R (11 ) i S5 | Fl merP (HTLR 45
HHEM) B R, UL g He & A3 m
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Fig. 9 Correlation analysis of heavy metal mercury
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