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Abstract: In this study, a full-scale CANON system was constructed to treat high ammonia nitrogen iron oxide wastewater following
physicochemical pretreatment. Over the course of 165days of continuous operation, the CANON system demonstrated excellent
stability and shock resistance, achieving ammonia and total nitrogen removal efficiencies (TNRE) of 90% and 80%, respectively.
Spearman correlation analysis and SHAP feature importance analysis were employed to elucidate the impact of water quality and
environmental parameters on TNRE. Microbial community profiling unveiled substantial shifts in microbial population structures
within the system, marked by the transition of the dominant anammox bacteria from Candidatus Anammoxoglobus to Candidatus
Kuenenia, accounting for a relative abundance of 13.22%. Nitrosomonas was identified as the predominant ammonium-oxidizing
bacteria with a relative abundance of 1.27%. Additionally, a machine learning model based on XGBoost was developed, which
achieved a predictive accuracy of over 99.9% for TNRE, with a prediction precision of 98% for new data points in practical
applications. This research provides valuable empirical insights into the engineering application and intelligent development of
anammox processes.

Key words: anammox; iron oxide red wastewater; microbial community; machine learning model
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M CANON T ZAbF A A ER LK 7K, 100d 5 [ 3
MR EBREAREE 70%0L R CANON T
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Table I Water quality index of iron oxide red wastewater

KIS H(mg/L) J5K TP 5
NH,-N 600~2200 600~2200
NO, -N 5-487 5~487
MR 800~2800 800~2800
T R AR 8000~14000 8000~14000
Fe** 500~700 <30
pH i 3~5.5 7.5~8.3

1.2 AR A ek
TREREZENRGALT T REILTT T HE
WAL HoR R B LB 1 S ) 0 g
M R KN R A A it B B /IR E: 4
AN PRAR A S A Tt Ak B i PR AR 2 A A Tt P
SE T 2 AL AT YRR I A R A AL TR
B e L R R R Rk 7 i D | L b X {ET  =
N 50~100:1).28 18 A H BRSO K, I R G
PR SIS R TR A BT KR e s
AT B PRAA A TR (R 5 e, L3R SE 36
5 E TR R SERE G PRod R B SE B m AUl LR )
XRGEHEAT 7KL 165d HIESEI, IR 1K
IS AT, I AR Gk K RIRSE L HLEE(T)~ pH A
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Fig.1 Diagram of anammox system at engineering scale
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NO, -N 7£ 30.00~360.00mg/L 2 ]9 &) R4 i ik
TR BE I K 30, R G006 NHy N A TN [19°F-3%
FBRFY N 89.96% A1 75.76%%. U HAR #3142,
b RENIFFEHELT, 7K NO, —N ¥R S 7 5 3 1%
KA 7.00mg/L(5 61d), 1T HiZK NOs -N iR &
W T XKW anammox BTGP 2] T 320
1 Wang P20 AL FIAE 34 VR CANON %5
AL T 2RI L5, B A 2 4 v I 0 2 e T
I S sk 9 30 A A, IR AR B A A OB g A A5
NO, -N R BEFFAK A T RE— P R i A Mg,
FEALZRAEAEHE L AOB AR 1B 7 i Ak S W LA 7=
AR 2 NO, -N Ji 1L, AWFFAESS 80d T R4
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B9 45 e A0 — 2 INE R S R L DO
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Fig.2 Dynamic analysis of nitrogen transformation in the
CANON system
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Fig.4 Microbial community analysis

1 (a) SVR

% Train value
60 4 % Testvalue *
= Train predict value
=== Test predict value

T T T T T T
0 20 40 60 80 100

Data
" ¥ (b) XGBoost

TNRE(%)

% Train value
60+ % Testvalue
= Train predict value
« e Test predict value

v v r v v -
0 0 40 0 80 100
Data

5 Blasss IR 4R

Fig.5 Machine learning model prediction results
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Table 2 Data collected from experimental work for further model validation

Hth i 1 2 3 4 5 6 7 8 9 10 11 12
NH, “Nis(mg/L)  1337.00 1394.00 1314.00 1286.00 1325.00 1438.00 1422.00 1298.00 1343.00 1400.00 1421.00  1474.00
NO; ~Niy¢(mg/L) 1.00 7.20 58.00 89.30  108.60  29.30 22.40 1.00 0.60 37.00 46.90 38.80
NO; Nis(mg/L)  101.00  112.00  94.30 74.00 65.00  46.00 47.70 53.00 49.00  136.00  48.00 92.80
pH {i 7.80 7.80 7.90 7.86 7.90 8.00 8.00 7.80 8.00 7.81 7.81 7.94
HRT (h) 13458 13333 123.61 12522  123.08 12000 13395 14257  122.03 123.08  123.08 121.01
T(C) 34.40 33.40 33.80 34.20 34.20 33.60 34.10 34.10 34.10 34.10 33.50 33.50
DO (mg/L) 0.58 0.60 2.20 2.80 2.20 2.20 220 1.00 1.10 1.10 1.10 1.10
TNRE (%) 76.66 76.59 75.58 74.22 75.33 76.05 75.95 74.90 75.64 76.80 76.92 76.43
Predicted TNRE (%)  76.46 76.02 76.57 78.12 76.70 74.73 74.83 76.28 74.49 77.65 77.23 75.51
Prediction error (%)  —0.26 -0.74 1.30 5.25 1.82 -1.72 -1.48 1.85 -1.52 1.11 0.40 -1.20
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