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Abstract [ Objective ]|  Aiming at the problem that typical novel pollutants such as sulfonamide antibiotics [ sulfamethoxazole

(SMZ) , sulfachloropyridazine ( SCP ) ] and odorants compounds [ 2-methylisoborneol ( 2-MIB) , geosmin ( GSM) | in water treatment are
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difficult to accurately predict due to their low concentrations, significant temporal fluctuations, and complex nonlinear time-lag
correlations with process parameters , this paper aims to address the pain point that traditional feature selection method cannot effectively
capture such dynamic correlations, leading to limited performance of prediction models. It provides technical support for accurate
prediction to ensure drinking water safety and offers targeted basis for the dynamic regulation of advanced oxidation processes.
[ Methods |
City, this paper constructed a bidirectional long short-term memory-gated recurrent unit ( BILSTM-GRU ) hybrid model. BiLSTM

Based on more than 1 200 sets of monitoring data from an advanced oxidation system at a pilot-scale test base in Jinan

captured the long-term dependencies among parameters through bidirectional temporal modeling, while GRU improved computational
efficiency and enhanced the capability of capturing short-term fluctuations with its simplified gating structure. The fusion of the two
realized the complementary advantages of long-term correlation mining and short-term feature refinement. The prediction effects of three
feature selection strategies, namely full-feature input, Pearson correlation coefficient method (linear feature selection) ,and Granger
causality test method (temporal causal mining) were systematically compared. A comprehensive evaluation was performed using indices
including mean absolute error( MAE) , root mean square error( RMSE) , coefficient of determination(R*) ,and the 95% confidence/
prediction intervals. [ Results ] The 12 features selected by the Granger causality test method retained key correlation information to
the greatest extent, leading to the optimal model prediction accuracy. The R* values for 2-MIB,GSM, SMZ, and SCP reached 0. 941,
0.935, 0.893, and 0. 916, respectively, which were 7. 54% , 8.22%, 13. 18%, and 11. 98% higher than those of full-feature input.
MAE values and RMSE values were 7.0%, 8.4%, 13.2%, 14.0% and 25.8%, 5.8% , 0, 26. 5% lower than those of full-feature
input. Additionally, the corresponding confidence and prediction intervals were the narrowest, indicating stronger generalization
ability. [ Conclusion] The Pearson correlation coefficient method achieves the second-best prediction performance as it only captures
linear correlations. Full-feature input performs the worst due to interference from redundant information. This paper identifies the
optimal feature selection strategy for emerging pollutant prediction, provides accurate targets for the dynamic regulation of advanced
oxidation processes, and offers technical references for the temporal prediction of low-concentration complex pollutants.

Keywords feature

novel pollutant  bidirectional long short-term memory-gated recurrent unit ( BILSTM-GRU) fusion model

selection Pearson correlation coefficient Granger causality test
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#*3 ADF FRMEMRER
Tab.3 Table of ADF Stationarity Test

s S S i
EIEIIEA S ADF 3648+ SHBU R Y 0L pfE
1% 5%

TR -10. 849 -4.024 -3.461 % 0. 000 ***
pH -5.631 -4.024 -3. 461 0. 000 ***
TR -10. 424 -4.024 -3.461 vV 0. 000 ***
TOC -6. 030 -4.024 -3.461 vV 0. 000 ***
TR IR R 4R B -11. 361 -4.024 -3. 461 VvV 0. 000 ***
UV,sy -19. 659 -4.024 -3.461 2 0. 000 ***
g -8.226 -4.024 -3.461 vV 0. 000 ***
HA -10. 648 -4.024 -3.461 vV 0. 000 ***
NO; ~7. 440 -4.024 -3. 461 vV 0. 000 ***
NO; -6.746 -4.024 -3.461 vV 0. 000 ***
SCP_in -10. 116 -4.024 -3.461 vV 0. 000 ***
GSM_in -6.610 -4.024 -3.461 vV 0. 000 ***
2-MIB_in ~14. 040 -4.024 -3.461 v 0. 000 ***
SMZ_in -5.113 -4.024 -3.461 v 0. 000 ***
0, -13.281 -4.024 -3.461 2 0. 000 ***
H,0, -11.368 -4.024 -3. 461 vV 0. 000 ***
uv -12.330 -4.024 -3. 461 vV 0. 000 ***
{5 B B ] -4.336 -4.024 -3.461 vV 0. 000 ***
i i -2.669 -4.024 -3.461 vV 0. 000 "~
SCP_out -11.423 -4.024 -3.461 vV 0. 000 ***
GSM_out -8.116 -4.024 -3.461 vV 0. 000 ***
2-MIB_out -18. 068 -4.024 -3.461 % 0. 000 ***
SMZ_out -7.737 -4.024 -3.461 4 0. 000 ***

T Geihah 5 R WM H HARIC, ™ XRL 1% ™ X R 5% . XTRE 10% , 1 3 BT A 5dE 4 p (E3/0 T 0. 01, g —Asik ™,

Wl P 91~ A A3 ) AR A S T A

4 TR AR b, PEMUEE B i Bl R SR 4 B SMZ
YR HE B IR T SR K B 2l o BRI R A B
PRI B degh, RS, Hishig
FEEA BT ZHEHIN 4564 3 19 ADF VRt 5
S5 T A TRAREY ADF KB GE i 44/ T 19 IIm 5t
{6, ELIS 8]y 9147 4R 1 TG S 35k 55 A SR A%
RUH e RO A AR, S A% 22 78 DR RAG 36 Y v
B TPESROE AT AL S

SFRRTER 6 C 28R W] T A RRAE 2 D AR
A&, AT HEEAT VAR SR iy bl

B K 5B E]N 5 min, 0, 5 H,0, MhFELR
7 FR) S 2 TR 10~ 15 min, X7 2 h 1 4LA9%
PR AERIEE | SNk B RS T 55 3~5
SR AR JEI 5 (R r 15 G ) o At A7 A B 28007, 40 O,
BINJE T 23t 2 ~ 3 A BN JE A R 5 4 1A B0 B fi
RO S AR R T 2D 6 AN R Y ECE RE
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Fig.3 Key Water Quality Parameters and Target Pollutants Concentration Dataset
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Fig. 4 Results of Model Stability Test
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x4 BEES SMZ HBRERERKIE
Tab.4 Granger Causality Test between Various Factors
and SMZ
. L BIIEUR i E=tS

B PHOME WENE 0 ﬁﬁ .
L 7.13 2 0. 068 X
pH 8.34 3 0. 039 vV
T EE 4.53 4 0.034 2
TOC 2.02 3 0. 087 VvV
FELRRERTREL  14.06 4 0. 070 %
UV, 1.74 3 0. 099 vV
HSR 5.13 3 0. 062 vV
A 0.39 3 0. 082 %
NO; 3.05 3 0.217 x
NO; 1.67 3 0. 644 x
SCP_0 6. 44 3 0. 100 v
SMZ_0 5.91 3 0. 026 x
0, 7.47 3 0. 048 2
H,0, 7.34 2 0. 026 vV
uv 1% 8.34 3 0. 039 vV
152 5 ik ) 0.37 1 0. 055 %
i 3.98 3 0.263 X

x5 BEE52-MIB HRELAERKE
Tab.5 Granger Causality Test between Various Factors
and 2-MIB
T

W FHGHR OWRRE o Lkﬁﬁ .
TR 5.03 4 0. 036 VvV
UV,s, 1. 66 3 0. 095 v
TOC 2.72 3 0. 068 %
AR 0.47 3 0. 824 x

FARREAEEL 11,18 4 0.078

NO; 1.38 3 0. 644 X
NO; 3.18 3 0.217 X
H G 5. 66 3 0. 089 %
L 6. 83 2 0.713 x
pH 7.93 3 0. 046 v
0, 9.73 3 0. 026 vV
H,0, 6. 11 2 0. 046 vV
uv g% 9.35 3 0. 041 v
15 5 ik ) 0. 46 1 0. 066 v
GSM_0 8.83 3 0.293 X
2-MIB_0 7.93 3 0.078 v
itk 3.37 3 0. 069 vV

T A FHAR DG R e BRI S A A DX [R] RN
W DX ) AR A A /)N | 32 AT 2 BT 7K 5T 25080 1) A G P
BEMBRRE , 1 Pearson AH ¢ 2R B0 L AL HE 48 7~ 6 1 &
R RRE BRI SO B . PRI A S AN LR
TG T B s TIPS A SR BN A g, X SR
I B3l P RRIE SR T RE AT NN R AR AR
o #ie AL SHL LR ) o R it e S B A R, 45 S8k T
SR ARLAPEVE FHOG 2R | 30 2o B AVK 737 20 AR fE X A2 8 1)
I MERE R AL fhhE

ARV AR 328 85 7 15 7 W H 7K 2-MIB Fl GSM
AFAGIRZE AT N 6 FiR . BiLSTM-GRU 5B 7E )i
FHAH I R BN 22 AR 307E 0 GSM. =, AH
BTAREREA R T ALK PR, B B
253 r Y FE )5 9 MAE  RMSE {843 HIMIK = 1. 96 1
3.06,R* {HILE] 0. 911, & R 1E i A2 5 7. 68%
B C 2ot RERAG 50 L1 £ J5 MAE  RMSE {4351
filZ 1. 84 F12.93,R* fHikF] 0. 935, K &Rk A
PR 8.22%, 1E 2-MIB T+, Bi% B FI C ) R®
53K 5] 0. 896 F1 0. 941, #5 K HEATHFAE e 42
15 2. 40%H1 7. 54% , H. MAE . RMSE 251% 25 45 #5344
T ARIATRAE R T Z5 . M2 T M6
FBRRIF e R 0 R A, D R M O R BUE A RE
T HE K BRI BR i P R OCHK o £k i e ok A B
g 22 788 R R A B30k 3 4ok 7 1B A DGR AIE Bl 2 4R T T
DU HERAE , [RINELIA 4 Jo a6 245 2 0, R AIF e 5
RIS K SMZ F1 SCPF) 0 J7 30 4 B 40 1 %
o g 22 R PR 10 i U B AR, SMZ il SCP
() R* {E 3 W35 2] 0. 893 A1 0. 916, X Hb 45 A #i A
PEE 13.18% A1 11.98%, XF lL A ¢ R BCE IR &
6. 18%F0 6. 14% , 2 ik [ R A 56 1% 3 £ /5 MAE |
RMSE {EB4 A A%, MAE 435K = 1. 38 A1 1. 22,
RMSE {43 HIMKE 2. 10 F1 1. 36,
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Fig.5 Predicted Values and Confidence Interval Distributions of Typical Novel Pollutants

AR 75— Jr T, RRAFIEAZ 0 T 2808 /Y
I OCTR kA 1 SRR IR R S A R A DR
A Y R B e AU 5 75 R v B O P2 A
AL XA 15 Qe 0 I o S8t Ik
BT T3 G PR BE 155 5 WK BT 57 M 7 e 5
FRHIETE I R AL O OV S EL, BEA RO RS B W)
ST LSRRGS, BRI XA (5 5 1

UL AR BE TS Qe Y B i o R X T 2 2 M sl
FRURR, DRI A4 A 2 M DR SE 2% | RE SO 1
b B A R RO TR, B G DR R AIE S £ A 2 S 2y
PO G 22 5 AU EE 75 e e A AL i e b By % 2
SHCECHFER, FERFHEE L VAR BT 2742
BRI, BE A T ALK AP AR SR TS
TR 2 NS UG RE ST, AHELZ T, 2 FFAE



S50 55 7 N R X

T ZHFAE R J7 %5 89 BILSTM-GRU Rt A A7 TR 175 Je My il o i 10U L

Vol. 45, No. 3,2026

xR 6 FHEEFAREEIMRITENIER
Tab. 6 Evaluation Indicators of Typical Novel Pollutants
for Feature Selection

WM AR PR MAE RMSE R?
2-MIB B A 3.19 3.92 0. 875
B B 3.04 3.63 0. 896
AL C 2.97 2.91 0.941
GSM R A 2.01 3.11 0. 864
HiH B 1.96 3.06 0.911
AL C 1.84 2.93 0.935
SMZ B A 1.59 2.10 0.789
B B 1.43 2.03 0. 841
HEHL C 1.38 2.10 0. 893
scp P A 1.42 1.85 0. 818
B B 1.39 1.47 0. 863
B C 1.22 1.36 0.916

i AN HITURFFES | AR B T4 Pearson AH3C R
B AR BTCEE R HE n AR e M R OCHR Y 2
TEARHR B2 775 By U h RO, S BTG 2 1 B
Pearson FH G F 02 3 B R AL YA O Jag BRAPE I T %8
KBRS A2 OGRS RO AN 2 o BT TS YL W e i
BT ASH00 AL AL W] I M) J5 , T Pearson
FASE R B3 AS fE [6] 1 F S S VR AR DG, JC k4l
PEIX TP B2 I iy PR OC 2R %o B i SIS BURK , 3
B  SCIR R BRI . S AL T2, 0,

H,0, .UV DI AEZE U A& A0, XA 2 A8 i A .
X BT 15 Ge ) A 1 s i) 2 AR LR 1), Pearson A5G &
BANRE AL AR R R X R, TR RIEZ S5
WSS G, 5 0 1Y 8 TURRAF {7 5%
B —ZHOCHK e T 28 B OGOk i TN AE B
ETG YL FEAR, 5552 TOC T I B ik 50 45 0K 5 15
B R T, (51 HUAR , Pearson AH 56 2R 500 $i 4 1
P ARURR LM ST 2 e e L

SR HE—25 BB S TR R 46 5 W A S s g FH
ITEAN b, 3 7 TR T i BUAR X L B, 22
TR A TAL BEFERT e, A 1.2 min, {H R TTA4Fr
AETE, 155 30 I 25 B 6] fe 4, H 100000 A B A A
Pearson FH5& 2 072 30 52 a7 B2 P 0 128 0 2 TU AR R
fE A ISR ] 46 %6 21. 8%, “F2 R* 71 5. 41%,
ST ] 5 SRR IR A A, M L P A A AR
PR SR 36 1 TRA BRI e I, E 2205 T ADF FAak:
R g VAR FE TR £ K A2 M 00 TiE 4 i A (H 3
H YT PR SR AR A, A5 TR0 1) 2 Bof B) 46 4 33. 1%, HL
5 R $2T19. 72% ,4 25554 R? Y950k 0. 89, H:
1 2-MIB 1 GSM 1% R* it 0. 93 N EEHE T 255 A
PEM R A, 48 2 AR RIRAR IR 3N T 3.3 min 3T
SRR )40 BT AT RS EE 4R T, HLAE SC B 3l A R 4
Yyserp, AL BT R AT B 28 57 B, ALY SRt [R] X 45
o T AT ) T SRSt 1 RO A R A A 38 i LA
SRR A E

RT FEFHEEFERENITTERASHEEILL

Tab.7 Comparison of Computational Cost and Accuracy among Different Feature Selection Sollutions

REAIE SRR s AL BEAERT/min FERIYI 254 6]/ min SR ]/ min A5 R RTF (BB A)
E B PN 1.2 12.4 13.6 —
Pearson FC R Kk 3.5 9.7 13.2 5.41%
& 227 PR R 360 8.6 8.3 16.9 9.72%
3 g T, FEOTMORS B SR i 25,4 KI5 Q) R

AR SCEF X6 465 7K Ak B e AL T G v B T i)
WO AL, RAERHIE S IX — PR LA BiLSTM-
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Pearson FH 5¢ R E% A% 22 7 R ARG 960 125 %) X6F Ll A
5, 25 G i SRR 56 E T A [ 5w ) A S
Dokt FEEEBMT

(1) FRAE R EERHT T Y 0000 A 1Y 14 g 2 T L
AUCEMMEN . SRR AR NOS R 4K
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EIMKT 0. 88, BiE T TUAFFAE S bR i 25 Bk

(2) A% 22 7N PR LA 300 1k 2 305 R 35 i 5 i i
AL H VS e (AR LA R SMZ  SCP ; L ) it
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