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Abstract; In order to study the spatial distribution characteristics of heavy metals and antibiotic resistance genes
(ARGS) in the soil of livestock farms, reveal whether there is a correlation between the heavy metal and ARGs, and
provide the basic theoretical basis for the subsequent restoration and treatment of characteristic black soil. GIS was
used to optimize the sampling point design, soil samples both in 10 cm-depth and 50 cm-depth layer were collected

in Daqing Duerbert Mongolian Autonomous County, Heilongjiang Province. The contents of eight heavy metals
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were detected by atomic absorption spectrometer and atomic fluorescence photometer, and the pollution of heavy
metals was evaluated by single factor pollution index and Nemero comprehensive pollution index. Twenty-eight an-
tibiotic resistance genes in soil were detected by real-time fluorescence quantitative PCR, Pearson index was used
to analyze the correlation between heavy metals and ARGs, and the similarity between them was analyzed by clus-
tering. In the single-factor pollution index of 10 cm-depth and 50 cm-depth soil, As elements all belong to the
heavy pollution level (P,>3), the other 7 elements belong to the safety level (P,<1), and the Nemerow comprehen-
>3). The
distribution of 28 antibiotic resistance genes was significantly different, with the exception of B-lactams ARGs

sive pollution index of 10 cm and 50 cm-depth soil all belonged to the heavy pollution level (P, ehensive
showing an increasing trend with the increase of soil depth, and all the others showed a decreasing trend with the
increase of soil depth. The relative abundance of blaTEM in the 50 c¢m soil layer was high, approximately 0.65 cop-
ies of genes/copies of 16S rRNA genes. Correlation analysis showed that sul2 and fetX, tetR, tetW, tetC and tet34
were respectively correlated with heavy metals Cr, As, Pb and Cd to a certain extent in the soil of livestock farms
(P<0.05). The selective pressure of As and Cr was similar to that of ARGs. Heavy metal pollution is serious in

livestock farms, and the standard of ARGs pollution guidelines urgently need to be evaluated. This study can pro-

vide reference for restoring the ecological function of polluted black soil in the future.

Keywords: heavy metal; antibiotic resistance genes; black soil; distribution characteristics
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pL /9 ddH,0, RNARZR A .95 CHAEM: 10 min,95
CAEM: 30 5,60 CiE k 30 s, 3k 40 MEH, AC, 7
T ARGs BURX E R, B ICE 3 AT
FE, TR fezs IR

[%145i]
Legend

02550 100
- —

Sampling points

E1 RESHSH
Fig. 1 Distribution of sampling points
x1 HERESTEBREEEE
Table 1 Sample numbers and sampling
longitudes and latitudes
AT A=

(10 cm/50 cm)

Latitude and longitude

Sampling points Sample numbers

(10 cm/50 cm)

S01 TO1/T11 N46.846332° ,E124.604995°
S02 T02/T12 N46.846246° ,E124.604802°
S03 T03/T13 N46.846060° ,E124.604645°
S04 T04/T14 N46.846053° ,E124.604409°
S05 TO5/T15 N46.846610° ,E124.604452°
S06 T06/T16 N46.846417° ,E124.604038°
S07 TO7/T17 N46.846817° ,E124.604338°
S08 TO8/T18 N46.846546° ,E124.603874°
S09 T09/T19 N46.846481° ,E124.602967°
S10 T10/T20 N46.846353° E124.603082°
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Table 2  Statistical analysis of heavy metals in the soils

SFEEARERE  RIETT I S

LI N S R TR PCE

-3 RKRME R/MHE .
; -1 -1 Amg-kg™") /(mg-kg™) Amg-kg™") (#) BRRE EIREY%
FTe)E WE/em  Amg-kg™') Amg-kg™) ) ) o
Average+ Background value Standard Single factor Coefficient Qver-limit
Metal Soil Max Min
standard deviation of Heilongjiang values pollution of variation  ratio/%
depth/em  [(mg-kg™) /(mg-kg™) . .
Amg-kg™") soils/(mg-kg™") Amg-kg™") index (P;)
A 10 259.76 559 16125+92.44 73 5 645 057 80
s 5
50 31322 6.02 19345+114.03 114 7.74 0.59 80
10 174.60 49.14 88.73+41.04 70.7 030 046 60
Zn 300
50 7243 48.19 5424+7.66 69.9 0.18 0.14 10
10 3484 11.71 19.13+728 20.0 0.19 038 40
Cu 100
50 1620 996 12.83+1.75 210 0.13 0.14 0
10 78.71 16.15 4511+1920 58.6 0.18 043 20
Cr 250
50 210.10 30.57 63.52+52.54 59.5 025 0383 20
d 10 0.14 0.048 0.091+0.025 0.086 06 0.15 027 60
50 0.11 0.0008 0.070+0.035 0.078 ’ 0.12 0.50 40
10 2083 7.06 1529+451 228 0.080 029 0
Ni 190
50 50.53 826 24.19+11.68 243 0.13 048 40
10 1347 3.08 7.59+3.70 242 0.045 049 0
Pb 170
50 23.62 6.87 10.51+5.00 244 0.062 048 0
10 0.034 0.012 0.019+0.0082 0.037 34 0.0056 043 0
Hg :
50 0.028 0011 0.018+0.0055 0.040 0.0053 031 0
WS ZR 55 4L Pr 10 om 4.608
Nemerow index Py 5.526

2550 cm
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0 2550 100m

‘ {a) 0 2550 100m (b)
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.35 -0 _-10-67 -85
-6 -07-75 5153
-7 -5 - 53-55
= -9l - 5556
N 89 N N =O1~106 N . 56-58
Emo-10 517 [ 106~125 [ 58~62
=a10-11 91720 [125~148 [ 62~66
0113 2024 148~175 166~72

0 2550 100m L 0 2550  100m
| (b) [

B2 FAETEHESENZTESHE
H:Al—oeZE, @K 10 cm L JZE, (0)F 50 cm K+ )2,

Fig. 2 Spatial distribution of heavy

metals in the different depths of soil

Note: For the same element, (a) 10 cm-depth soil layer, (b) 50 cm-depth soil layer.
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Fig. 3 Relative abundance of antibiotic resistance genes (ARGs) in the different depths of soil
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