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FFEA 5 e Psgma T 3 NH,'-N 1) NOy —N AYFE LA, I F 3@ il 5%t L A Fr A RS54 T i 9
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HEFE R Cr(UD>ER3>F WG . AR Cr(ID) $E AT 3 NH, =N 8% {03 R A Ak d AT B R VE i, T 43
HER S R DILIT B i A A S SR R AR A A R . Bl 8P Cr(1ID) &5 100 mg/kg B4 A 250
mg/kg, 7 7% 90 d J5 NH, N Bkt 94.23% [AKH) 19.38%. iR EE Cr(II) FIEL 207515 YLyt + 38 i ak
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o [£518] JU4Y (RDA) 43 Hr 4 R 2R 01, 52 i) il 95 75 e + 8 op Gl A= 0y 16 V% &5 A0 T8 A8 1) 32 2R AE B 702 Cr(TID)
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Cr(I1T), Eh A HUEXT 145 NH, N $e4bid B0 2 mRe & (2) 350 e il i Au v 1Y 22T 8
DA S L3 AR Ak, 2 B s i) 275 % 1 B rP R MR IR S R B I R B, R s TR &
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Abstract: This paper is the result of soil environmental survey engineering.

[Objective] The objective is to identify the impact of characteristic pollutants (Cr (III), salt, organic matter) in the leachate of tannery
sludge on the conversion of soil NH,'~N conversion and microbial community structure. It provides a theoretical basis for the safe
agricultural use of tannery sludge and soil pollution prevention and control. [Methods] The transformation of NH,'~N to NO, —N in
soil was studied through soil cultivation experiments under different pollution conditions, and the high—throughput sequencing is
used to analyze the composition and structure characteristics of microbial community in soil. [Results] The characteristic pollution
components in the tannery sludge leachate inhibit the nitrification process of NH, —N in the soil, and the influence factors are sorted
as follows: Cr(IlI)>saltness>organic matter. The exogenous Cr(III) pollution has a significant inhibitory effect on the transformation
rate and amount of NH,—N, whereas the saltness and organic matter only delay the start time of nitrification and reduce the
nitrification rate in soil. With the increase of Cr(II) content from 100 mg/kg to 250 mg/kg, the transformation amount of NH, —N
decreases from 94.23% to 19.38% after 90 days of culture. The high Cr(III) and salinity in the leachate have a significant impact on
the microbial community structure and distribution in the soil at the initial stage of pollution. With the decrease of the bioavailability
of Cr(Ill) and the enhancement of microbial adaptation in soil aging process, the microbial community structure and composition in
Cr(I1), salinity, and organic matter contaminated soils become similar, and the abundances of nitrifying bacteria (Nitrosospira,
Nitrosomonas and Nitrosospira) also have an obvious increase. [Conclusions] The results of RDA analysis show that the main
characteristic factors affecting the evolution of microbial community structure in tanning contaminated soil are: Cr(IIl) (R=0.53,
P<0.01), NH,—N (R*=0.59, P<0.005) and NO, —N(R*=0.53, P<0.01).

Key words: tannery sludge; Cr(Ill); ammonia nitrogen; nitrification; microbial community structure; soil environmental survey
engineering

Highlights: (1) The influence of characteristic pollutants in leather sludge leachate on soil ammonia nitrogen transformation are
sorted as follows: Cr(IIl)>saltness>organic matter. (2) The main characteristic factors affecting the evolution of microbial community
structure in tanning contaminated soil are: Cr(III) (R*=0.53, P<0.01), NH,"-N (R*=0.59, P<0.005) and NO, —N (R*=0.53, P<0.01).
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FTAb &, s B R AR BBt F 4 F b (Kong et al.,
2019) . HIHT5 I KRR (—RKT 75%), # K
AT 2 A T B R T v VA B T e W R K X
AL AHT ™ T S Y (5 2 B 5, 2004; PEAEGESE,

1 5 &

SHEPRY ey T S NS Pu R L SR
KA B PRIK A, i 22 7= A KA i il 9275 8 (Zeng et

al.,, 2016) . HIF TGRS E L, AR T 2 5%
R 44y 22 SRR, (HEAR AR TS e W 38 40 5
Cr(I), Z A (NH,-N) | =5 F14 HL 5 % (g 3,
20145 ¥ I55F, 2017) o I FHlFI5 R ==K, &b
PR FH i, F0 53 Al FR R AR Ayl [ i

2024).,

Hy T 0 B T 3 ek A AR R R K G TR R
Cr(IT0) B 8 B, il 75 U o A AR AR 4 v Tk
) NH, =N, AL, E A A e s &
AR E = Cr(ID) W Fy5 T 3k B AL
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Hb, Ji 2024 4F

(Martines et al., 2010; Nakatani et al., 2011) , /X4
LR B Y NH, N RO B T35 +5EAE g, (1
1 A 5 6 H Ik B RN R B RS, NH, N 23 ] IR
B TR, IR AR T T 5 A B 5 i RS 1Y
NO, =N, #4 K Hb T 7K i T35 e XS CIF 7T R 1
2011; FKIRLZE, 2014; B ST 45, 2021) . A 4b, i
WIS YR B Y P Cr(ID), 4 A HL 3 R A
T, W 33 R e A ST R AR W ) B s A A )
fiE, U2 X P55 AR Ak SR 9 i Ak A RE, T X
NH, =N 7£ 4 58 (i 5% Ak ik 78 7 A 52 i ( Cao et al,
2011), R, I3 =& & B A8k K it Wi
P51 R R T 98 AT, IS TS TR B R
FRRRIETS G4 Cr(1ID), R0 A HLEON 48 NH, —N
S Al S A IR TR S5 AR 00 5 ), X 4 7 il T T
1544+ NH, N (9 AR S R e 21
A HAA B S,

AR SCGE A TG G IR S, A AT S
e 3B UE W RN [FRRAE TS Y 9 (Cr(10D). #h4 H AL
J) 50 T 4 NH, N A9 AL, R R &
3 U T LA B AN [ A5 A PR TR P B v 4 4
AR Ak, PR 3 b R A A A 2D RE B RE
AR R RRAE, A B 2w ) 405 G b A= 1)
VR 25 P TRUAR 1) ELARAE IR 7, A5 R I & 4
A B A HE NH, N B975 4B de e i s 0 #

2 MRS INE

2.1 Keprel

BB ) 5 e K T Y - HER I Ab A R R
B T el X 55 A g R HEAE X, 2 - S8 [ A
NAG PR BARZR (&5 10.52%, B
W& 74.39%, M0 & 15.09%), SEEHT4r
B2 BRI, BIBRAE M R AR R, o
100 Hfi SRR o Horr, il 75 ve 15 4y L3
Cr(Ill) ¥ &4 184.0 mg/kg, NH, —N 4 268.5 mg/kg,
R EA 10200 mg/kg, HHLTHR 0.34%. L5
TR TG YR 9 CrH,0,,S,. NaCl, NH,CI %52,
BB T2
2.2 KIHE

FARSE o BIRRECET T3 200 g By H AR SR &
rh, AR s e T G A A RRAE T e g v
KA, A 50 mL & A7 AS )75 55 ik B 41 4y (R 43
Cr(IIn). A HLEE) FITR S NH, N 75 443, fdii5 4 +

e NH, N & =¥ (320+10) mg/kg, 5 KRR
FRIE 25%. FL T 5 FOR R PR 25 52 56 (36 1)
X FRLL(CK), AL HFH NH,C1 75 Y i e 75 e+
@cCr(10) 5% Wi 2 (Cr) , # H CrH,0,,S; FiL il & A
IRl BE Cr(IIT) f4 NH,C1 35 Y49, fii 4 Cr(Iin)
15 9 7K S 43 ) & 100 mg/kg( Crl) F 250 mg/kg
(Cr2); @52 mid (Sal), #1H NaCl B #l NH,CI
TSI AR - e rh Al 15 Eh &A% 10250
mg/kg; DA P (OM), F]F 0.45 pm JE i
F1 732 PHES 2240 B axt i 6 o 5505 e 1B D
ARBUR S Cr(IT) AV REC I NH,C1 V5 Y, (i 158
AU A A E] 0.42%; K BTG mMAL(TS), B
R 55 e 5 Y AR X b, SEE A
HITT 2 M FATHRE

15 Y R R R S R A S AR R B
F% %6 (3£ 4 DRX-680E, 1 [# ) H #E 17 K 3% (25°C,
I o BIAERFREE 1d, 7d, 154, 30 d.
60 d Jz 90 d BURE, I H £ AL AL R 5 5% &
5 hbim g A HERE SRR G BEJS K RS SR SR E IR AR
FEK ARy, ERCE TR . T
I E RRE S LA 5 mL 3504, IRR S I E
+HEH NH, N, NO, -N }& NO, N &=, HF
Je LA A ) v 0 I IR A 2 mL B0
BAEF—70°C vKAE, 2% 2 i YRR A
FRLZS RIAGHI
2.3 Wik R thaik

(1) £ ¥£H NH,"-N. NO, —N Hl NO, —N il
TEMCHE (-4 2R WA IR R AL fHR SR A I
SRRV WP I G BT ) (HI634—2012) , #E
FIH 1 mol/L KC1 ¥ Wi 4 By iy 1, 43 5 4
S S AT I FH 40 6 B A X g 3 e A ik, 45
15 Y VRO R B O T B 1 [ A . AR
R IR 55 16 ¥R T KA TEEL M

1 AESBREGTHERSRESLE

Table 1 Contents of contaminated components in soil under
different experimental conditions

Tl NH, —N/ Cr(1I1y/ FHhE/ HHLB/
Paiiil (mg/kg) (mg/kg) (mg/kg) %
CK 320.5 66.8 717 0.14
Crl 316.3 103.5 1450 0.16
Cr2 318.0 252.8 2070 0.17
oM 319.7 69.8 885 0.42
Sal 318.4 67.2 10250 0.17
TS 268.5 184.0 10200 0.34
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B 5E ) (NYT 1121.16—2006) , A HL R & &% H
(AT MR 9 I 2 2 65 R B AR Ak — o O TR )
(HJ 615—2011),

(2) EFERA Wl s P A A e AR
=254 RN R T, $ie IR LR 4 DNA $25, #5111
GG Wk L PCR &3S F = Yy 4lifk. . PCR 7= ¥)5E
B M —14L . lumina PE 3L #] 4% . lumina /58
T B AR S I AR T IR RUE Y 16S rRNA
R EA T Bl 0 7 (Liu et al., 2017) o oo, X
[ 16S rRNA JE[K V4-V5 X435 F 514 515F—
(3GTGCCAGCMGCCGCGG-3) F1907R(5~CCGTC
AATTCMTTTRAGTTT-31) #E A7 4 1 . FRECAY R
TR H1 I 67 = °F B $E LAY Mothur( Schloss et
al., 2009 ) Al QIIME( Caporaso et al., 2010) 3417
b BEORD A3 BT o WK 2 SR b AR R R B S R
(coverage) ¥J7E 0.99 L) I, S e 1 I3 %54k ] 7
FE S A AR MR B o X3RO a5 B0HE A
SPSS 20.0 #{F#E4T K IR #R (Pearson ) AH ICHE 437
5 225307 B £ A bt

(3) 34 Sabey et al.(1959) 42 H} fify 25 1 « S™ iy
LR, e S AR B A NO, N g B
AT LU Sigmodial J7 FEHEAT LA, M iE i 8
JIRERLE A A E I h G SR ] | Fe R 32
R AR 3 AN B (R I5 4, 2007), FHFARHE A
HERRS AR F A A A B R A 38 | SR B[] A
K BREESE, Sigmodial HFEFIAXUT .

A —A,

ANO; = —m0 4 4, (1)

A ANO;) i NO, -N i) 2, mg/kg;
A, 3 NOy -N e /NE Ak B, mg/ke; 4, F NO; —N
BB KRG AL, mg/kg; £, 9 NO, —N FAL Ay ok
BRI 21, do

3 4PRETHE

3.1 45ES £43F NH, N #4L #0

H—2Z NH,"-N 54 +3E7E 15 5% 30 d B 81
R A NO, -N 2B L (K 1), 60 dJ5 L1
99.7% ) NH,-N #] 52 4> 5% ft. Jy NO;—N( 4] 1a) .
i & & Cr(In)( 100 mg/kg) V5 Y + e K5 5% 60 d
Ja A B B A9 NO,—N B, 7£ 90 d J5 n] sE Pt
24 94.23% [ NH, N #1625 NO;—N. A Lk oK B

Cr(IIL) V5 9% + 18, WA A FH 9 A= s )i /5 24 30 d
(FE 1b) o T 7E B & & Cr(II)(250 mg/kg) 75 4t +
B, BIfEAERE 3% 90 d JE R R A B B Y
NO;—N ([ 1c), FlidE -4 Cr(1ID) 55t 5 &
1 100 mg/kg HHn3 250 mg/kg, H555% 90 d 5 NH,'N
1 5% 1k i B 94.23% FEAR 2 19.38%, & W] 1 4
Cr(IIT) FIAFAESNE NH, N B4k =2k B v,
HLBEA 35 Cr(II) & S350, S Ve HIRg .

FEAREADL T 75 U8 8 DB R b s R o SR LT
M 2544 T (1 1d. ), B5 57 60 d 515 4% H3Erh iR
H I NO, -N 9 R, HFERT IR 90 d J5 99% LA I
i) NH,-N Al #:4k > NO, —N, B + 3 itk oh g
PRI 28 28— B [B) AT A3 07 38 DBV v i k43 B AT L
JRAF I . X T PTG e py (A 1), R
% Cr(lll)., #h53 MAA WL G5 Qe s, I ik
YRR B 5S, (H A 2 b B Cr(1ID) A9
AR REAR A A TR 1 1K &2 (Kong et al., 2022),
3% 90 d 5 B3R A 2 49.11% () NH,'-N A] %%
1 NO, N,
3.2 FHEREL MY RARYFIE

& 2 AT Y, Sigmodial A5 7YAT DAAR B M X}
ANRFREL 54T+ NO, N &8 19 Rk
LIEATHIA (R™>0.996) . HHEH NO,—N REH:AL
A 2EH (4,— A4) HEJF 5 CK>SalxOM>Crl =
Cr2, BPFEf 5 Je B 08 Cr(), 843, AL
KR, Cr(ID) /&2 48 NH,'-N #4k iy
FEEE, M AL s, MG
+ 3 Cr(1I0) & 100 mg/kg HEATE 250 mg/kg,
NO, -N i K 2R & 1 310.96 mg/kg Ji/N 5
44.43 mg/kg, H NO, —N F i JF iy i BUHG 0 1) e 4y
i Z0 30 d ZER F) 60 d L, AME Cr(IIl) BEA +
bl Ak R RN T AT B I E R
3.3 MY BEE A YHE

ik W s B (R 3a) 43 Fr il DLE W & B,
ANRIAEEFM T LR R E Y AR E A B
Z5, NA—EMMEYE . AR F A
HAT IS W2 HE OTU Bk 268 4, (5 3 iy ik
HYE R E B RS Proteobacteria. Actinobacteria .
Firmicutes 1 Chloroflexi %51 125, M Tl #5115
e+ ey 2 43 55 2% HLAZ 05 YT 1B A, T &
LR WA 2, M AAT B R RS A0 VR F & AR 1 1B
FRAREAS T R ESS R4 SRR AT, AT AH R RS 0 TR
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Fig.1 Changes of NH,"-N, NO, -N and NO; -N contents in soils under different conditions

b ECHE R B — 2 7 BT AN TR RE AR H 18 T A R
AECIE] 3b), Bl 45 e is U ARG IR R N BAY
FERS I S7 BB MR oA O, FLAAS R 3R 552020
15 ity PP (Rl A W A e 24 55 A A TR B 300 S B3
APk o i T RCEY OLHSE A AL AN TR ) 5 ik X

A0 IR E 4 T8 K 43 O R ( Pantazopoulou and
Zouboulis, 2018; T %%, 2021) , PR I 76 15 37 %07 39
(17 30 d), 15 Cr(IIL) K = k7015 g% A R i 4 42
HAERl— B0 . BRI RGN (30~60 d), 7F
Al PR R E PRI E LR, B A
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Proteobacteria. Actinobacteria. Firmicutes “5LH#
FRAREA 3 A B D SR AL (8] 3e) o TEREFR 90 d ), 1
TAFEPREE 54T 3918 % A4 W] B YR AL VE H, i
W Be 2 A S AL D RE O A W Uk & AR & b i i
PTARN, S FEA PR YRR S R, T
IR SR N

@ Cr2
O Sal
@ OM
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-20

—30

404

3.4 MEMBEEETHL

MR A Y R G B A, ARG 3 - HEAE 8
KV b FEALE 42 MUH MR i (8 4) . Hr,
Pt T B A 45 % 4T 3 I ( Lysobacter) ( 0.13%~
25.21%) . AT B JE (Arthrobacter) (0.29%~31.41%) |
2 H B (Truepera) (1.60%~12.91%) | £ ML #T
B J& ( Bacillus) ( 0.31%~17.56%) . fi ¥ i 1 /&
( Pseudomonas) ( 0.60%~37.64%) . fiFf 1k 12 F &
( Nitrosospira) ( 0.10%~10.7%) . f & W J&
( Nitrolancea) ( 0.004%~3.72%) . . 4 f2 4 J&
( Nitrosomonas) ( 0.002%~2.22%) 45 . [ + 3 p
NO, -N &34, Lysobacter (K2 W] B3 i, ix
5O A5 Lysobacter W3+ 5 13 NO, -N
FEERFIEMCHEIE— 2 (K, 2018) .
Arthrobacter TE 5 Cr(IIl) Meih {5 g HAEh K
K, Truepera J&=—25 2 W ME AR 43 R85 T [
A B B 20 T (G 8T, 2020) , 3 WYX 3R 43 A
Cr(ITT) B A &am i 52 (250545, 2017) o Bacillus
M Pseudomonas ;& A 5Eh — KM R £ & . FHEEIE
N PESR Y S IR A, B AR A LI AR,

60
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Fig.3 Classification chart of bacterial taxa (a—Veen diagram; b—Clustering distribution diagram; c—Classification diagram of phylum)
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Fig.5 RDA of the microbial community and environment factors
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