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Abstract

Biological nitrogen removal from high-salinity wastewater remains a significant challenge in the
field of water treatment, as conventional nitrification-denitrification processes are severely inhib-
ited by salt stress. In this study, a sequencing batch biofilm reactor (SBBR) based on heterotrophic
ammonia assimilation (HAA) was developed to achieve efficient and green nitrogen removal from
high-salinity wastewater. Through gradient salinity acclimation, the effects of salinity (ranging
from 3% to 7%) on nitrogen removal performance were systematically investigated, and the evolu-
tion of the microbial community structure was analyzed using 16S rRNA high-throughput sequenc-
ing. The results showed that at salinities < 5%, the removal rates of total nitrogen (TN) and ammo-

nia nitrogen ( NH; - N ) stabilized at 86.3%~89.6% and above 80%, respectively, while the COD re-

moval rate remained between 89.5% and 90.0%. Even when salinity increased to 7%, the TN re-
moval rate still reached 86.4%. Batch experiments under 3% salinity demonstrated that nitrite ni-
trogen was completely removed within 2 hours, and no significant accumulation of nitrate nitrogen
was observed. Microbial community analysis revealed that Halomonas was the dominant genus,
with relative abundances of 65.7% and 75.6% at salinities of 3% and 7%, respectively, while typical
autotrophic nitrifying bacteria were not detected in the system. This study provides a novel techno-
logical approach for the low-carbon treatment of high-salinity wastewater and nitrogen resource
recovery, demonstrating significant advantages in salt tolerance, greenhouse gas emission reduc-
tion, and process simplification.
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1. 518

AER, ORI TR RN, 9% A4k (Heterotrophic Ammonia Assimilation, HAA)7E & [ 4L i2E 2
HOREG SRR EMER .. FIRE R TR RER PR 5T (1 ToL BIR Ak S 20 B A= P b 75 (1 & A L)
i, HJRILH R GF PR B IE N AR PRI 52 68 770 FLRRIR IR [ I R 7E 55 3 P 7K I 26U A B Ak
JTER, REWAHRE 5 IR @ A B — I A R IR BT N SE i X — RV AN G 1 Bt 20 7% )
LR YA S U . AR ORI 2E b,  DLACH FHR IR A R, 8 RS T LR &
B, W 7RI R K, BSOS . FIR, TR R R R SRR A RE 5,
S IR R T AR RIS 7R T LK

TEE BRYGE N, xR A B R @ AR @ TR BN TSI AR R, BE. HE%SE
HFIRHIEAIBN, TR M e SR P i 22 L it 2R A B SRR PE I D RE B AR . DA B SV e B T
T IR R ARTE BT 1 SR I B AR, SEIRNEINT T AR DGR P A 3R AE . SRR L (LR [1]
PAS IhRESE R I 4 . E T 2P RET, EERE TR UR N A (SBR)-S5 K AEY) % B 45 (MBR) J
MEomih T2 . SBRIEETH BUEAT: A 78 UIFEAMBE, IR yT R B e =2k SR s i,
W SEAEMR S BA RALRIG RIS W E[2]. 1 MBR LA & T2 NIAE & 2k K A HE A FE L H
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LS, KRBIRER, T 2%% 7%, ZERGESRIUI R & R & B LR R R
Ko SRTT . H AT AR 2 J PR T S S /MR B B B, SR 1 1 S8 B e R LR R AR BRI K AR E
TREZRG]. AR R EVE . TREBOGE R i 1 42 SR LU 3R T SR I AL 22 B Rt S 0 i, 47 i s
i BRI, 7 A Je A T R A | R R AR A 2R HHLE 2R, [ AR IZ R IR R AR D AL
W, (HITEEROEE IR, Rl s & s KIS AR S B AIUR K, TR T AR
IR FIRIT FE T 1) o T P 27 B B R ER DD RE TR R O I 5% L SN 8 T Z SR AL LS SR BRI Y
ISR T e T R ESIERIT B REAERRAR KA 2R, IR AEVESEIN L L 6 b S S B PR K b B
HE WM B BN E AR LR o7 7 a F R 5 AL Pt v 46 T
TG, REGOR T RGN ERVEBE S pUrh o ST RE ST o KRR TSR BN 45 [ Pl B SR
oK, L ZNEEMESUE S T AR, MR T2 AR AR IR ERSOR .

FE AT M A ) R 3K B R CODL & R e s EERFAE,  ARBEAE R K B SR URALTE IR 3]
ERIR BT 2 AN A E Y I, R G R T2 A AR IR R B [4] . i aUAE A B 4% (SBBR)
PRI R AR AR PR 5 I8 4T RGP, A8 e K AR B b S A5 R [5]. e IR UK /K B i DAL
MR R A2 SEILR R R B 5 BRI 6] EE PR X VRSB 1 PR K 3 FE S A VIR FE X, R T S 2R s
B ERANUEK7], KA ASBBR. SBBR “FAW)NE T 2 Al A7 AR TT R GEM #h 1t 55 A AR E 1 [8]

PRI, ASHIE FEAE RS S S0 T A% S8 e SR PR KA AL - SRS AL B AR O] SRR AR L A B 28 ey 1t DR X
(K, St AP S R R A AT g R PR A 2R [L01 1 603 2 Rt o AN ST DA BE Gy MR e ek BE i,
BT DA R HEAT BRI ORI, SEBL e 3R K IR BR & (AL R 11]
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Figure 1. Experimental setup
El1l XEEE

a1 pR, AR E UV N 25 (SBBR)I S SR & AL R Gt . [ ds BN AL
WEEM T, ARER 2 L, WA RIS R [12] (A% 30%), TEAEVIIE[L3] M B A, [BiH
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A B LIRS, B TRETHERIR SR E, AR (DO)KE N 6.0 mg/L. KR Al 2%
SEULE ST, BTN 24 h, BFE#EK 5 min, &N 23 hy JUE 30 min. HEZK 10 min, ##E 15
min. NS ETEEZEN, BEEHITE 30C.

2.2. EMISIRE#HKKER

1) FERRIG Ve RUR B R

SR RS Y8 B PR T 3 R M S R K A TR I U A S V5 R, 1A S A A B
A NIIVESR A 7= K, 1508 C R & — @il Sh 1t 5 XMERE MG MG R RE 7T, 5 RISV K AL B R 4 1)
BRps e i — 2 [14]

BERhyg e TR R TR A CRTR 14 (MLSS) 6500~7500 mg/L, B A% & M B 7 [E & (MLVSS)
2800~3500 mg/L, MLVSS/MLSS 4 0.42~0.48, 5Ll Lt (SV30) 28%~38%, i5e & tRTa%(SVI) 70~95
mL/g, XFSEPRPESER K COD EBRFR N 65%~75%.

FERhHT, R HEG e HARDIRE 30 min, FFEE BIEW, AR ER /KBRS 2 TR DL 2 BRI B 2% 5 5 ik T
IRy, BEGHOINE N 28, EHIHIAETE &9 MLSS Sy 3500 mg/L +200 mg/L, %4t #7204 20
AU R B 0 I S R R [15]

2) BEKIK R

S 7K R FH E PR o X S M SRR 1R A2 7K, 7K 5 5 o e X L R i e AT M R KRR — 3,
fabn T-3MEA: COD “F-¥J3 % 3000 mg/L. TN “FH49FE 220 mg/L.  NH;-N P32 80 mg/L. TP 13
W A0 mg/L, JRAKEAmEE. A maW. ar A — R e

SEB R AR SN A AR, & 2R E B A E K AT IR, 4R K TS G e A
S, DK TR ZNE BN RG R, X ERAE TG R0k G M S R K R T B8ORS e TR 1 B A [16]

3) 1HYRHI T V25 ) bRtk

DI AE S0 = Pt U RS AT, #8817 %A% IRE(25+2)C, pH7.0~8.5, f#4(DO)2.0~4.0
mo/L, ZIZITSHSH | m EVER IR K A AL B ) AR ) 2R AR 7]

K FHIZ A4 v SE R M ) R 7K LA e B2 A 5 3, 12677 920 van A 1) A /K A 38 v 5 e 9 1) A
BUORME[L7], BRSBTS . WIMR FAIRIR BEVE SRR K 5 N TROKIR &84T, fi5ieiEN K5 HEE; MG
FARF G B IR LA 25% —~50%—>75%—100% 32 T+ SEpR K Ll : 44N BEFEARE 8T 4d, MBS 4 £
MR GH VMR, Jou RG] G PR TR, Zh I T B S S AR SR (1810 AL SR F AR — B

MY 16 d, Yk TE A E bR HES B DA T T[] [3], M RGES: 3 MEAT A ETH L LT
ZAERS S PORYITERG, BENIERGRIGR BE: COD LBFfae >70%. NH;-N LPr%FfaE >45%. TP
ERFFE >50%, VSURUIFEMERE RIF, THIRSREK. MEME. MR T YRR, AR
FH IR B9k 7 U8 5 i Rpis e s 1 5 R gifase P [19].

2.3. SLIEIT

G S E I R 8 SBBR BEATHIEIZ AR SE. LASERRMEHI R AKAE ik, fEERE 2 L
(¥ SBBR 173 BN 815 7K |5 e Sl ARG E Y, AT i I R R B 24T BEAE 30°CF,
LL24 h Jy—JEIH, AR N O R o 65 SR SR 2 6 mg/L o FL YL [ HR 48 S 45 7K COD+ NHj =N
TN EBRFCRARMEE . JHLSERE, BB R E RN, Il H & Mok EdE . AR, fEAFEEEIEAT
FEERMT, BT AR IR, RARR TRl R IR a A e bk BRI ] S iE & 16S rRNA
MFBARD AR LT RGER DA R -
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Table 1. Analytical methods
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Figure 2. Fluctuation diagram of TN and COD removal rates under different salinity conditions
E 2. TRIEESEHT TN #1 COD ERFHFE
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LRE AR B EE AT T TN A1 COD 2B sl /i vl AL 2), SR Ak RGAE 3%~T%H: BT
] P o e R K B R B (10 Bt U B B P [20], COD 2 [ R 4E R/ 80%~90%, TN R BIE 4%EhE
B BN (R 2218 0.2514), {HEEARLEFRETE 80% LA I, 7%EhE TAIIRFEL) 89% M MRl 235 . 4%Eh 4 /&
TN ZBRIBESNEE AT, 11 7% T RaiRemausqt, KRHIHBARE R, B T2 ERT
JEE 1%KL E. X R\ RFFAFEIBTE NG EREK BAMIE T2, JEanmd il g~
AR SR, E— DR Rahihrpdi gt h 5T RE tt.

3.2. WEMHEEWRT

TR BLAIEAT RS E WG » 70 AIREEA R ER L 26 A R I ZE VR it o (1] DNA S Bl S SR B
i DNA, Al i & 16S rRNA T PR M AN A BT AR GEI A YA R DA S IR R AL DD RE TR A -

Table 2. Dominant genera under 3% salinity condition
F2INHEFUHTEERR

T J& 44 B HHXS 5 (%) 11144
Halomonas 65.72 Gammaproteobacteria
Planktosalinus 7.69 Bacteroidia
norank_f__lzemoplasmataceae 3.70 Bacilli
unclassified_f__Paracoccaceae 3.17 Alphaproteobacteria
Dietzia 2.49 Actinobacteria
SM1A02 2.27 Phycisphaerae
norank_f__Geminicoccaceae 1.87 Alphaproteobacteria
norank_f__Balneolaceae 1.46 Balneolia
Rhodohalobacter 1.31 Balneolia

N3z 2 fios, I 3%, Halomonas AZEXS L &, FHX L 65.72%. KALH W& i
Planktosalinus (7.69%). norank_f _lzemoplasmataceae (3.70%). unclassified_f Paracoccaceae (3.17%), iX
W RZ R NAE, WSS T AR R R B . HREEFEIIET 3%, LR
FRAR G IR VE B 2R

Table 3. Dominant genera under 7% salinity condition
R TNHREZFHTEIEER

TR & 44 R FHX (%) YEL]
Halomonas 75.6 Gammaproteobacteria
Desulfotignum 3.95 Deltaproteobacteria
Alkalispirochaeta 1.84 Spirochaetes
Phaeodactylibacter 1.55 Sphingobacteriia
Candidatus_Alysiosphaera 1.44 Alphaproteobacteria
norank_f__Draconibacteriaceae 1.17 Bacteroidia
SM1A02 1.03 Phycisphaerae
Thiohalobacter 1.03 Gammaproteobacteria
Arcobacter 1.02 Epsilonproteobacteria
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Wi 3 fiw, HEETEE 7%, Halomonas FIAHX M —5 ETHZE 75.6%, 3L 3%m i s T
1T 10 ANE 4 AL RN B B AE & #h e~ A R 1 58 440 5 [21] . Ik A1 %5 B & iy Desulfotignum (3.95%)
e —RIMIRERICJFE R, T RERIF E K A (I BRR E g AT B AR [22] [23]. FEAR BB F IR T 2%, 45 Al-
kalispirochaeta (1.84%). Phaeodactylibacter (1.55%)%5. 5% 3%AHLL, BEE 2 A B2 K.

AR TG 5 R Bl Sh T R R IUE E AR . 7R SR 3%H), Halomonas F ¥4 65.7%, RANAFIE—
TEZREME IR AR RE, T TFE 7%, Halomonas = 3E— 18 45 75.6%, 11 /0 35 e B = il
TR X AR, mEh A SR TR A B K IE M, Halomonas A5 23 He R 5 AL AT = 2
M FGEE T, BN RGEH BIAZ G I RE -

Halomonas 72 #2841 £5/08 £h e 7R & [24], T2 5040 T3 MoK S 38 TV IR K b . i 8 B =
FRAFAMRETT, REME R A MBI A R B BRI 350 B AN L& IR il - 148U
EADIRE, fE s #h 21 T e = U & [25].

BEAk, 16S rRNA SRl &P 4E R SR, R 3%M1 7%, KRG H ARG N2 A 5 F= 65105,
WP REGHAERE R R A G FHAL.

3.3. iR
NFBI R S L FREEAE, TEEREE 3% T TR UM SLE8, JEXT SR i 45 B LR 407 :

3%k [ AR T SR ) B

60 - —=— BA
N =3
—— JHA
50 F —v— AR
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Figure 3. Content of each substance at 3% salinity

3. 3NEELFHTEYRNESE

AR A S IR 25 R (1] 3), 3% LT, REH A ARRLE T I . WI4h%) 62 mg/L, 10 /M %24 36 mg/L,
R 41.9%, 24 /NIEFFEZ 18 mo/L, MEFRE 71%. Uil AR A RGLE mdh &1 Fhhefa e £ %
MR. AR TNHEE, SREBYE %, ¥IHZ 53 mg/L, 16 /NEFEE 18 mg/l, /4% 66%, 24 /N
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B4 10mg/L, & LBRE 81%. HE I LRRIGIE T RATE M T RIFMLERE 1. RIS, BB
R FE, A RE AR A A, RN - RIS R 2B F AR

R, A AU 25 BRAFAE S AR BRI S5 M R FE WD 5 . 16S IRNA MNP &5 R BoR, 3R 3% % T
Halomonas J& X} 3= 5 =i1& 65.7%, FAE MY 36 57 75 i, B s mReee 71, se B2 AL
T IR 2 B A PR 5 [26] o A BT 9 S U821 B ST A R 0 PR DRV 2R DL R R £ RIS/ T 5,
¥15 Halomonas FIARCHHRFE— 3, UESE | IR & R A =y 3 7K e 8 16 32 A E .

4. HRENRER

SEGEMBRRSRME,  AHT TR 1R IR T R GEAE AR 75 T R L B2 09, AT o5
S ROK A BRI BOR T %8 . SBBR [N As R ERF AT FI T D RE R HEASE W 28, AE R RIS T T
HEFF R AR BE . IR AR T SEIL R R B AL AL, B R R, RE RS R
B BEX E ML X MESE IR S m LA HUR K, AL 205 ASBBR & L 244, it— BRI b e S
TR

SR E BRI — R AR R EhIN 32, E 5% Al REF e & e 7
EH T HEHIE K KRR K S 2 Pl b KA B 55, R R VR R AL, 3 £ 2l i
PR E AN ZE 5T, AT AR AR e I R A iR = AR R R R, SR S AR /K AR B
JETTI s =R FER BRI R, AR A E TR EE R e s WA, R e S A E R R
FACVENUIER, — e SRR SRR s DU 2 Re A fagie, o U R ol A8 81— 41
BICH SR, Ef KEBIMONGRIE, A BT BT 8 BB BB A

[, R SCEBr TRER AL — 8 MR ST asial. i1 T & A R BLRCE Y& AR
E, RGEVFUT R, RIRTGITFMBGET, MG REEL . e AT F AR T A
Ry BEAh, ARG BRI TE A PUBRIE S, ANEBRIREIN S AE — @ RIS AT BA, M EAR
LUk

ARRFEL AT VR B FEHNE . dmA PIRBRIE — M, BRI AR BB R IR AR 4K
RV SR A B AR, P R S DS YRR 5 I8 AT A (HRT AR R, R SEBRE o 75 T
1A B IR A7 BRIZALILE . KIPHEAT R tESF BOR A FF ki, it — 0T e rp it 7t 5 TARE I
LLIZ AP STt 7 IR R RO 1 TR SE F A 5 3 T 5t

E&mHE
HRBHER S AR 5 /KM TR 27 B KA AR R BB I 251 R T H (CKTM-2504)
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