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Abstract [ Objective ] This study aimed to enhance the rapid startup and stable operation of anaerobic ammonium oxidation
(Anammox) systems for treating high-ammonia nitrogen wastewater by using novel carriers made from calabash shells, snail shells, and
purple sand materials, thereby improving denitrification efficiency and reducing the difficulties in engineering application. [ Methods ]

The study compared the performance of these novel carriers with traditional polypropylene and polyethylene carriers in Anammox
systems by monitoring the removal efficiency of ammonia nitrogen and nitrite nitrogen, changes in nitrate nitrogen and total nitrogen

concentrations, and shifts in microbial community structures. [ Results ] The study found that the novel carriers significantly
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improved the enrichment speed and denitrification efficiency of Anammox bacteria. Particularly, the purple sand-based carrier group
showed an effluent nitrate nitrogen mass concentration of only 1. 35 mg/L and a total nitrogen mass concentration of 10. 92 mg/L, with
a total nitrogen removal rate as high as 93. 93% , and an increase in denitrification rate and load of 20. 93% and 30. 61%, respectively.
Microbial flora analysis revealed that the purple sand-based carrier increased the relative abundance of Candidatus_alysiosphaera from
26.26% to 64.75%. Furthermore, high salinity and refractory organic compounds such as triglycerides negatively affected the
enrichment efficiency and stable operation of Anammox bacteria, while heavy metal elements like cobalt and manganese had minimal
impact. [ Conclusion] This study demonstrates that the use of novel carriers made from calabash shells, snail shells, and purple

sand materials can effectively improve the startup and operation of Anammox systems, with the purple sand-based carrier showing

outstanding performance in enhancing denitrification efficiency and stability, providing a low-cost, high-efficiency solution for the

treatment of high-ammonia nitrogen wastewater.
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Tab. 1 Components of Influent

o fﬁ%m_g;{“/ - frﬁ%m_r;i/
(mg-L™") (mg-L™")
NH,Cl 80 CaCl, -2H,0 5
NaNoO, 100 MgS0, -7H,0 300
NaHCO, 1 000 Wit TTE 1 1
KH,PO, 200 faEIeE 1 1
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Fig. 1  Variations of Nitrogen Compounds
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Tab. 6 Rate and Load of Denitrification

s it %/ Wit iva Jid 450 e %/ Jit A S A/

B [ mg %%+ (g MLVSS-h) '] [g &% (m*-h)™"] [mg A% - (g MLVSS-h) '] [g B (m*h)™"]
Gl 2.15 10. 42 2.46 11.68
G2 2.60 13. 61 3.09 16.23
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Tab.7 Evaluation of Pollutants Removal

o #ﬂﬁ]?‘i?;’%?ﬁ ?ﬂﬁ]?ﬁ%?ﬁ WSS EFRRE
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Tab. 8 Alpha Diversity and Richness of Microflora Structure

KA Ace Chao Shannon Simpson
R1-3 1068. 4 1067. 8 4. 664 0.024
R1-6 1114.1 1141.6 4. 609 0. 031
R1-9 1042.9 1011.8 4.793 0. 020
RI-12 1015. 1 997.0 4.790 0. 021
R4-3 1 306.5 1265.5 5.081 0.016
R4-6 1 260.0 1245.3 5.118 0.014
R4-9 1270.2 1269.0 5.029 0.019
R4-12 1314.5 1262.9 5.246 0.014
R5-3 1281.0 1 250. 8 5.078 0.014
R5-6 1223.6 1191.3 5.007 0.019
R5-9 1276.2 1289.0 4.976 0.022
R5-12 1281.7 1288.8 5.052 0.018
R6-3 1302.6 1281.4 5.058 0.015
R6-6 1301.6 1274. 4 5.142 0.017
R6-9 1305.4 1296.5 5.120 0.017
R6-12 1319.8 1289.3 5.068 0.022

Candidatus_alysiosphaera H )& N Anammox EE

BE Y 2R 9 R B I TR K i A X R
BE, Yok # o #Ok EF, R AN Candidatus_
alysiosphaera A X E AR FR 12 d R AA 3
15.17% , 55 5% 3 d Ja BRI FBEARIE (15.93%)
T R G PX 8 AR A A AR
%, X B9, R4 44 M R6 4 7 Candidatus_
alysiosphaera T J& HA7 W i 19 & 4R L4, R4-12 L il
RS5-12 41 P91% B J@ A 6 =F B2 43l 3k 51 29. 44% 1
26.26% ,R6-12 AN ik 8 T 64.75% , F W 5100
LR L 24 A (P & B Anammox B 1R FH
AN, R RN A E AL 40 # ( ammonia  oxidizing
bacteria, AOB) FHXT 3= BERAIR, I IAE F K iy
WREE RS RS A LR R 2 A5 i 2
filifig ( free nitrous acid, FNA) . FNA 2 W AR £k /)
BRFAIEE, & — Rl — T8 MR, FNA 7 LAFE K ¥ iR
TR L AL R (NO,) AR FHE T (NOT) . =
AAZA(N,0,) Fl—4E LA A (N0 ), Xt
FE s SRR N A B A 2 Bl A (]
Rk O AR EE (ONOO™) | 4 @ Al Bk 2 i &
Pt X e g R A W B A A R, BF
GO F I, Y FNA FRIRELE 4.5 pg/L i RIA)
AOB FINEAE MR+ A AL 1 (NOB) &2 2], AR 43t
AR RN FNA BTk EEZS°h 6 pe/L(35 C .pH
H=7.5), Bt a%t AOB B = A= i, 5 BOH AR T
FEEBAK,
RO Anammox A T JE K- I AT 2 B

Tab.9 Relative Abundance of Anammox in Genus-Level

Fih s GRS E B FE S GRS E B
R1-3 15.93% R4-3 25.87%
R1-6 20.01% R4-6 13.13%
R1-9 10. 96% R4-9 31.86%
RI-12 15.17% R4-12 29. 44%
R5-3 29.44% R6-3 26.26%
R5-6 25.62% R6-6 51.25%
R5-9 46. 47% R6-9 39. 64%
R5-12 26.26% R6-12 64.75%

2.3 FAEBEEHET Anammox kR EIEIT
51

FERFEASTE 36 R F5%F Anammox LW K R &
FETE RS2 7 S HEIEORLE 4R Anammox RS 41
T E R MERE AR A HLY H Ik = R A A e (G
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Fig. 2 Variations of Nitrogen Compounds
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Tab. 10  Alpha Diversity and Richness of Microflora Structure

o Ace Chao Shannon Simpson
Co 1068. 4 1067.8 4. 664 0. 024
c1 1180.2 1183.1 4.689 0.024
C2 1 073.4 1 054.8 4.952 0.018
3 1210.9 1240. 1 4.911 0. 025
C4 1168.4 1176.7 5.016 0. 020
C5 1 007. 1 995.0 5.010 0.017
c6 1280. 6 1272.4 5.102 0.017
c7 1378.6 1329.0 5.170 0.018
c8 1281.9 1268.3 4.930 0. 020
o 1225.1 1192.2 4. 838 0. 022

alysiosphaera J& 1% 1, i = #h B 6 58 W) 25 fiff
Candidatus_alysiosphaera J& i 25 1 | 5 7K 15 14 14
SR P R BT Anammox T 1Y B 4R
RN T HIM =025, C3~C5 AN Candidatus _
alysiosphaera JE AR FJREL F IS R H wh =8
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X R A G . R, S5 A RECR 7
Wi AEARIR RN AT GE R LT Candidatus_alysiosphaera
JEARS R R BT (B Tl = A
TAE PG R VR R, 3058 4 Anammox TR /&
RETHAIGE, R, i T H b = EE Y e
BEPERON , FBUA R MR Anammox 1 DL A A 1A
JEZ 35 F , ;A R Candidatus _alysiosphaera
JERAEXS = BEAT T 5 T, (H 2R S8 8 R 1 Jid R B
TR, AR B A S A R XTI R B AN 2 R
Anammox W& J& =42 16% | Candidatus_alysiosphaera J&
TERZ G R L5 (A 28 AOB FI NOB A5G &
AAXS F= BERA , T2 K FNA AAAE 23 AOB
1 NOB & & 1 1

R A1 AT TR A R AR 2 B
Tab. 11  Relative Abundance of Anammox in Genus-level
or4l AR B Bl AHXS =
Cco 15.93% C5 28.21%
Cl 8. 16% C6 51.83%
Cc2 15.55% C7 34.24%
C3 39.81% C8 24. 85%
C4 31.27% C9 46. 64%
3 Hig

(1) 15 W R O R B & 4k
Anammox %ﬁﬂ"]gi%iﬁf{&, AR B N ™E,
R e BLITORE R WS¢ B SFURE SR D L BURE A9 42
InByar KRR TR A A E AL R G ) ShACR
RADEAY A AL BRI [F] I S 2R R
PR, Hof R6 4 KA R B E N 1.35
mg/L, SRR UM 10.92 me/L, BA LB %
553X 93.93%,

(2) R4 F1 R6 49 Candidatus_alysiosphaera
BEAWBHEENSE, 2 12 d WEFR, 2w 8
(O RET =F B2 43 31 3K B 29. 449% F1 64.75% . HEK
BV FE Y A A A A U FNA 23 2k &
AOB I NOB H Y F £,

(3) R LA I = 1R 25 MERE A A HL 2252 )
PRAASAME I B ERCRM ARG WA RE . C5
AR LRI 9. 2%, BT E N 2 mg/L L
THJ Co™ Mn** A%} Anammox K R 24 6% (H
R T 2 4 mg/L UL LR, RLAR G AL
TSR EBRATE 4, S EMA R EE A LERER

ITE 83. 6% L) I,
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