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i OE: [869)] ATARAMEEEFR AR TRRAERBDASIRER VO ETEHNAL, KR T
2023 4 7 A BEHEAARFEABRAT L, N RBRA R ERBIRAE MBS MG % FM. KRR
AR BIK- B SFd B T R (nitrous oxide, N,O)ARB &, [F 5] 1A # A5 4-A48 EBUEATH TR
ZE BN BARE. KA E N,O H3GR FHATIRA, 10 S g otk Enkdh. [4X]
2 RT3 BORAR NLO I IR AL B 0.547 8-0.598 2 mg/m® Z. i8], 351H4 0.574 1 mg/m’,

HK-E 8 N,O HEAKi8 2 (FN,0) T ALSE B A —3.645 3-4.392 5 mg/(m*d), 34184 1.086 1 mg/(m?-d), FAk
EIAKANO t9R”. FN,OFmpH EMBEEAL, AR ERE ML, REARY T @E LR
7 784 A~48A4F 4K ¥ 7L (operational taxonomic unit, OTU), X ¥ % & I'](Proteobacteriota)A-F34 35.13%
W R A RSB AL, REAF B (ammonia-oxidizing archaca, AOA)AR % & B F F 2K, M3 116
/~OTUs, unclasdfied d_ Unclassfied 448 B (F¥FE A 31.69%). RANLmEA A 3 660 A~ OTUs,
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Dissolved concentration of nitrous oxide, water-air interface
emission flux, and sediment microbial community structure in
the Inner Mongolia section of the Yellow River
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1 College of Chemistry and Environmental Science, Inner Mongolia Normal University, Hohhot 010022,
Inner Mongolia, China
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Abstract: [Objective] Within the framework of global climate governance and considering the
pivotal role of the Yellow River basin in China’s ecological progress, this study focused on the
Inner Mongolia segment of the Yellow River in July 2023. [Methods] We collected the surface
sediment, water, and gas samples, with the aim of investigating the dissolved nitrous oxide (N,O)
concentration in the water, the N,O emission flux (FN,O) at the water-air interface, and the
microbial community composition and diversity in surface sediments. [Results] The results
revealed that the dissolved nitrous oxide (N,O) concentration in the water of this segment varied
between 0.547 8 mg/m’ and 0.598 2 mg/m’, with an average of 0.574 1 mg/m’. The FN,O at the
water-air interface ranged from -3.645 3 mg/(m*d) to 4.392 5 mg/(m*d), averaging
1.086 1 mg/(m*-d), which suggested this area was a net source of atmospheric N,O. FN,O showed
a significantly positive correlation with pH and a significantly negative correlation with potential.
The surface sediments harbored 7 784 operational taxonomic units (OTUs), with Proteobacteria
(average abundance of 35.13%) being dominant. Ammonia-oxidizing archaea (AOA), a category
of nitrifying bacteria, presented low abundance, with 116 OTUs among which
unclassified_ d__Unclassified (average abundance of 31.69%) was the dominant genus. For
denitrifying bacteria, 3 660 OTUs were identified, with unclassified_k norank d__ Bacteria
(average abundance of 63.12%) being the dominant genus. In view of the scarcity of N,O data for
the Inner Mongolia section of the Yellow River, the findings of this study enrich the N,O data
repository of the Yellow River. [Conclusion] This study not only augments our understanding of
the microbial community structure and functionality in sediments but also supports the
conservation and purification of the Yellow River.

Keywords: Inner Mongolia section of the Yellow River; nitrous oxide; community diversity;
concentration and flux; influencing factors
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1.1 RXEER

W KA 5 464 km, U E R K
752 400 km’, HEIEFH# SRR, AERA
MA&HHE., B, TREREABX . NETH
B BEPE . . W &ILREE 9 M (AR
X), BRSO e 5 B A K
830 km™, M T EAMEILHHIRA NS Ak
XBE P, A Mg 2 0F A3 % T HC 578 36 B (Tuo
Xian, TX)J@ T #W _LiiE, Ll . TX
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FFHT I (Wulategian Qi, QQ). £ H .Uy F1 TV
A1k (Baotou, BT). | JEARZ AT TX Fliiit
HX LNW, SUA &SR R T2 il i i d b
v, HISLARIEON T, PIIEAAE 1000 m DL T,
R T N o = R 7 S a0 A S R A =
MK, BFERM KERBIRZKR. &F™
JE | ERAEEFE KR 314.5 mm™, #&I Y
5 B E R VIR ORI T NS IR
Ly 22 A5 YDA FF VDL, DRI 3t B TUAR
Wk AT — E BRI R R 1 R
R A TE A4
1.2 #EmEREMIFEREFHNE

HRYE I o0 A SOK SCRRIE , BF A RAE ETF T
2023 4F 7 A, TEETNSE BAER) 6 SR
SUHATRESL SRR o KRV A4 (dissolved oxygen,
DO). Hifi/(oxidation reduction potential, ORP)FIH,
% (electrical conductivity, EC)35 i F{E#5/K i
WIS A7 SR INAS: , 125 XU R RASE s 18 it
(temperature, T)FH NS TG mift, BFAMETHTAT
I F K MR IR 3-5 IR, BRI R CIRE T
IKTRILA REEKAE, MK o8 a7 CImith L,
PATREE 3 M KFE, KHE TREFEIURIAEE (4 °C)
i, TE 4 h N RISEERE, REIRAT 2 4 °CITRTK
Frh, TR A E o

1E 52 0 = il A E bR kI B A (total
nitrogen, TN)¥ & | 2 Z(NH, -N)¥E & | BB (total
phosphorus, TP)WJE, {5 LA DL 73 B {0 &
A5 MLk (dissolved organic carbon, DOC), i

*®1 XEREKRER

UE VR RE B = 7% [E {4 (total suspended solids,
TSSYHBE . T A L3 PATINE 3 6y, 75 1 il

Dz b

FETC o
1.3 N,OREMNE

KRR NLO SRS Y 2 T2
S22 AR KRR AR AT R i B 434 T
34~ 120 mL TZSHf A, 8 60 mL /& 2 0 <5
A 120 mL TN B4 60 mL 7K, 7ETHZS I
R IIZS, PR 60 s JSEHE 0.5 h (A K
SOV, SRR TS SR AL BB 40 P B <R
SRAEAS A (] S 06 2 0 i R

NLO I A7HR B B BR N 2R (1) 320,

BRT V.

Co =C (420 1
water 0(224 \/l) ( )

s Cuuer BTN FR)Z KM E IR AIRSE
umol/L; Co J& V-8 PN It <A NL,O
MW, umol/L; T J& -/ ik B2 rh /K 4 1 ik
JE, °C; 22.4 ZEAnfEIROLT BB RIAH,
L/mol; R 2SR T 5, 8.314 J/(mol K);
Vo s A Hp AR AR, mL; V&P e
IKAERIAFR, mL; B J& Bunsen %K, L/(L-Pa),

Bunsen F HUEFE — - FR E KSR W 4574
T, BB A Al RV A ARV TR ) i K AR
L BRI A (2),

p=22.4x 10° Ky 2)
A Ky W REEBK AR R R
N,O K Henry %%, umol/(L-Pa), HiTH I8/
KB)HAT,

Table 1 Basic information of sampling points

Sampling points Longitude Latitude Altitude (m)  Annual rainfall (mm) T/°C Wind velocity (m/s)
WH E106°63'35"  N39°5720" 1150 283 33 2

LH E107°23'40"  N40°43'33" 1050 148 31 2

QQ E108°37'45"  N40°43'19" 1500 286 33 2

BT E109°92'10"  N40°53"27" 1067 309 28 3

TX E111°18'75"  N40°21'74" 1132 358 28 2

LNW E111°44'39"  N39°66'68" 1129 410 30 2
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K, =Kle 77 3)
o, KO JE7E 0 °CHI 101 325 Pa 554 F A Henry 3
B, HRPESCHRI27IN,O Y K {4 0.024 umol/(L-Pa);
K. /&3 1E Henry # 30 SEG T &K
FERYSEPRIREE, °C, T 0°C.

14 K-5FHENOBE

K- MR AR o R RS A L P52,
FHFETIAE B — g T AR AR 0 N3 7, bR
YaFE N MR S48, 2 HORH R B 7K T SRS
FCAGE A, EE NL,O MR ZEAN PN s 5 Ht
JEEFEROK N SARTF S R4S, REFE— & B[] Y
WEIM NLO FENVKREE , 3% NLO Wk BETEARR N T2
W, B 5 min 1 RAE, IR i
AT I S, A A0 AR g A e
NoO HHRJEE . SRAERT, SR E B R RGN
T , LABA DR RAE S TE LA Rl iy i) 2od 2 v e it
I o SRAEIS, BSEHIIE RIS IR AR
FEAEHE b, IR RS A Bk B9 o — i A
SHH . AT IHESE AR, B TIRRAE
4R FIRAEI, 25 RS TR RO EACRAE
A% FFUAHEL 100200 mL A4, Hodr v R A
AR, R RS R BRIl
SRAEIE IO M RFEAS 70 . T S gLt
e SARFE S NL,O &1

SR LSV R A TR — B (B R AR 48
SR, ARSI % SRR, AT
B I AR Y s el wE P S A A i
A REE S 375 °C, #ESh 55 °C, HFifsHF
#x2 SBRENFIIFIIER
Table 2 Primers used in this study

FHHAGIN ZHELEE 43 51>~ 350 °CHl 200 °C . FEFE i
A3 AT LR R BT A bR AR A T T AR
FRASFE T NLO B ARGE i A 2R (@),
_ KxFxFxV
AxF,

L. FOAERESAE R, mg/(m>d); K BIX
HAMRER; FONRER R F,  min 5 h
AL REG VTR SR, m’s AR
R, m*; F g 5 mg WHEIL R
1.5 WEDEEEMSH

KAE 0-10 cm MIRIZIIBN, —H0%e
AL IR 7] S 56 % UEA T TR BRAL P T
PIMAE . — TR 50 mL BLOE T, 37
RIS AR T vk BIIAR AR ThIf ik 2 B SE 5 4B
R 2R AT PR Rl T 4 DNA B3I, 2K
A& DNA #H17 PCR ¢ 3 #1™)2lifk,, PCR 2
NAKZR : 2xPro Tag 10 pL, 1 JZ[]5[4)(5 umol/L)
£ 0.8 uL,DNA Fikz 10 ng/pL,ddH,0 %% 20 pL.
PCR RW45fF: 95 °CHIAEM: 3 min; 95 °CAEME
30s, 55°CiE-k 30s, 72 °CHEfH 45 s, 35 DGR,
72 °CHEMH 10 min. FIGE5HIE, R 2%BiEH
BEMCHL VKA PCR 74, EAE=RR 3 pLl. SR AT
PCR ") e A —4k, #% Nlumina V-5
SCHE, #E47 Nlumina ~“FSWF, f#HAICRDH
(redundancy analysis, RDA)X} 3% K172 00
AR AT L R SR I 2 e R
TR R L topl0 ALV S EREE A
FZ IR AR SCHE RN, 10 5 i A5 A0 T Y O 6
AR, e RS 1P R A 2 R

F C))

Microbial group Target genes

Primers name Primer sequences (5'—3")

Prokaryotic organism Bacterial 16S rRNA gene
(468 bp, V3-V4)

Prokaryotic organism (archaeca) AOA

(600 bp)
Prokaryotic organism Denitrifying bacteria
(bacterium) (400 bp)

338F ACTCCTACGGGAGGCAGCAG
806R GGACTACHVGGGTWTCTAAT
amoAF STAATGGTCTGGCTTAGACG
amoAR GCGGCCATCCATCTGTATGT
cd3aF GTSAACGTSAAGGARACSGG
R3cdR GASTTCGGRTGSGTCTTGA
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Figure 1

A-H 439N 52t BoK B Tw. pH. DO. EC. ORP. TSS.

Physical and chemical properties of water quality in the Inner Mongolia section of the Yellow River.

A—H are Tw, pH, DO, EC, ORP, TSS, TP, and TA, respectively.
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6.70-8.28 Z[8], ~F-IME Ny 7.75, KL 55 B0 ;
DO ZE KL FEITE 7.22-70.06 mg/L Z[a], FIMH
4 28.87 mg/L; EC 284K FI7E 561-1 004 puS/cm
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2

B
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PIETRIGT, HAR s B
2.2 R ERIBULMR
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(cation exchange capacity, CEC), Z5HR L3 3.
7 3 AL, NH, -N 2 b FITE 14.75-42.42 mg/kg
ZIa], SE¥MEN 2642 mgkeg; TN Z8AkitFELE
0.83-4.04 mg/kg Z 0], F¥{E N 2.23 mg/kg; TP
ARG FEITE 36.23—-61.06 mg/kg ZIA], SEH{H N
50.37 mg/kg; LOI ZEfLEFITE 5.63%—12.90%Z
|, F¥{E KN 7.69%; CEC 75 1k i [l 1E
1.30-10.35 cmol/kg Z 1], “F-¥{H 4 3.62 cmol/kg;
RBLE IR AR ALE EIE 25.90-33.27 um Z[H],
SEHSE A 30.96 um,

| .E&N pros % 1.6 ;3
“0.59} « NH,-N s m H |
% .TN4 ., . " 1_4'_:;”-1.8"@
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cos7t ¢ ¢ R=0:026412 2114 Z
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BF Slos ©
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EHIMASEHEREKMK NH,-N. NO; -N #1 TN B N,O ;3 7F R E T L(A)FIKE FN,0 RIZE{L(B)

Figure 2 Changes of NH, -N, NO; -N and TN in the surface water of the Inner Mongolia section of the
Yellow River with N,O concentration (A) and FN,O (B).

*3 HWHARGERIMRYIAIENIERR

Table 3 Physical and chemical properties of sediments in the Inner Mongolia section of the Yellow River

Sampling points WH LH QQ BT X LNW
NH,*-N (mg/kg) 35.62 28.26 19.78 42.42 14.75 17.70
TN (mg/kg) 2.73 0.83 2.90 4.04 1.49 1.37
TP (mg/kg) 61.06 51.06 46.87 51.39 55.58 36.23
LOI (%) 12.90 6.44 8.37 6.17 6.66 5.63
CEC (cmol/kg) 10.35 1.96 2.82 1.30 1.67 3.62
Volume average particle size (um) 33.27 26.40 27.90 40.12 25.90 32.18
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Figure 3 Changes in dissolved N>O concentration
and flux in the Inner Mongolia section of the Yellow
River.
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Figure 4 Pearson correlation between dissolved N,O concentration, FN,O and physicochemical properties. *:
P<0.05; **: P<0.01; ***: P<0.001.

x4 BUARHENRYBEDRESHEEERE
Table 4 Diversity index of sediment microbial community in the Inner Mongolia section of the Yellow River
Bacterial species Sampling points OTUs OTU sequence ACE Chaol  Coverage Shannon index Simpson index Sobs

index index index

Bacterial WH 4098 92090 5109.92 4874.47 0.9643 7.133 1 0.002 189 4098
16S rRNA gene LH 2828 40339 3137.75 3095.84 0.9844 6.7193 0.003 654 2 828
QQ 2722 46455 3141.82 3031.080.9816 6.0169 0.016 533 2722

BT 3510 51719 3870.92 3739.220.9816 7.0454 0.002 569 3510

TX 3299 65396 4144.50 42254109710 6.8140 0.004 911 3299

LNW 2214 50475 234596 2296.850.9920 6.5766 0.003 236 2214

AOA WH 76 30954 80.45 80.67 0.9991 2.5928 0.143 600 76
LH 54 76155 58.97 56.50 0.9994 2.248 1 0.185 500 54

QQ 41 36748 42.28 41.50 0.9998 2.5042 0.147 500 41

BT 71 30071 75.15 75.670.9991 1.8662 0.344 700 71

TX 86 11759 90.05 90.67 0.9991 2.8194 0.133 600 86

LNW 42 31191 45.33 44.00 0.9995 2.0900 0.199 200 42

Denitrifying WH 1670 59101 4132.70 2973.570.8797 6.3223 0.006 040 1670
bacteria nirS LH 911 58377 1 828.87 1458.11 0.9435 5.2364 0.017 470 911
QQ 941 59778 1352.36 1300.030.9501 5.4558 0.012 950 941

BT 1547 81608 3971.91 2876.250.8875 6.1660 0.006 570 1547

TX 1078 16783 1521.01 1501.460.9437 5.6800 0.017 360 1078

LNW 324 47453 384.30 391.68 09897 42755 0.032 680 324

<l actamicro@im.ac.cn, 010-64807516



BT S | RUEYF, 2024, 64(10)

3789

et . 52X WH Rl TX OB i TP &
SEEHABRAE fs , X U] WH A1 TX H 2
PITAE AR AL T A fE2s )
252 UIRMIREETEEK

B 5 JRIR T 45 KBS AN REVE A T B 4l
A, AT 17K top10 AL ASERE AL T,
bR E REVE R 23.13%50.33% , HE N
35.13%. REFCM ek LM R A &4 [
PEB, T AR SR BRIE AR P LA . AR TR B ]
A LAGE i 5 7R s K B R A R i A TR
ZRAL R RE A A R T A AR A e,
HYK M4 J(Chloroflexota), 15 4.90%—14.80%,
BIEHR 10.25%. LSRR —JFOCAERNE,
HAMEFR I R 00K a/b WO . 7E/KAE
IS T2 A, [l B R A R SR
FETEPETS U6 R G0 A BT I AR DIBR B A, (02
LR TR 2R K A K AR AR B A 23 5
A5 VR Ak DT B2 AP 1 75 VR DL 1k R o IR AT TR
I'] (Acidobacteriota) i 4.57%21.24% , ¥J{E K
10.28%, HOZH = [RHAMR, F£HEPERES
U R AE Y ACVE T 0 L S R AR )
AT 25 T BRI o [R] IHAE T B TR ) sk
e, AN EMNHFRED; ML
(Actinomycetota) i  3.80%—15.40% , ¥ {8 K
8.79%, YRZHEAFIIFEA, TEMFESFMT

e.2]
(=
T

f=]
(=}
1

Percent of community
abundance on phylum level (%)
TSR - )
o o =)

(=3

A DA ISCBE TC R |, AEIR RS54 T AT LA G A 2 iR
SATHI) . PIFTET I (Bacteroidota) 5 2.97%-14.33%,
BIE R 8.53%, HoMEMIREMAEY, HA M
W) R FEE R AR BE ST, B4
A EE R, MBI ] (Desulfobacterota)
17 2.03%-5.91%, ¥I{HN 3.90%, HARK 6y
FI R ER A S5 BB AN B R £ | iX A~ il FE X T 423k
B A R - A R 5 L Ak M R &k
S KA - 498 v B L Ak 2 0 o BT TR 138
HAEYEE T, BRI 3 b 115 Ye it
FIRAEAL, WAl A Ea R4 e, Xt
B TS e W AT e Ak . m AR IR T T
(Nitrospirota) i 1.45%4.61%, J{E N 2.83%,

HOR— SN2 [CBHE AN BE , V5 K Ab B Hh A 7
WAl R AR E AL DI RE I B S . SR RE T
(Firmicuteota) i 1.60%-5.67%, 4{H N 3.33%,

LR T HEHU AR Sy PR 9 45 22 [C PR T , BEAEAT 41
s B AR PR EA TS, IS S T RN Ry
Rt AR, g i BE KR S A . ZF R
I"J(Gemmatimonadota) 5 1.59%—6.55%, J{EN
2.85%, HAEMREEBE LM T REIEAEK, JFH
i} 2% — R F T 4 S AN MLTS e ) o 28 PR TR | T HE
- ERUK AR & B AR S IR, WA P o
fift FRAGIRSE ; ICRERER L3P 0 R, R

M Proteobacteriota

W Acidobacteriota

W Chloroflexota

B Actinobacteriota
Bacteroidota

B Desulfobacterota
Firmicuteota

B Cyanobacteriota

B Gemmatimonadota
Nitrospirota

M Others

& P &>

5 MRMAENEETKFE EENFEE

g2 NN
<
kN LB

Figure 5 The relative abundance of dominant bacterial phyla at the level of sediment bacteria.
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Figure 6 Relative abundance of dominant genera of ammonia oxidizing bacteria (A) and dominant genera of

denitrifying bacteria (B) in sediment.
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Figure 7 RDA analysis of phylum level of bacterial (A), genus level of ammonia oxidizing bacteria (B) and
genus level of denitrifying bacteria (C) in sediment with FN,O.
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