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Evaluation of Multifactor Interactions on Water Self-purification Based
on Response Surface Methodology and Structural Equation Modeling
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2.Changjiang River Scientific Research Institute, Wuhan 430010, China)

Abstract ;[ Objective ] This study investigates the synergistic and antagonistic effects of multiple factors on water
self-purification capacity and examines self-purification efficiency of water under the combined influence of multiple
factors, aiming to overcome the limitations of previous studies and provide new quantitative evidence for understand-
ing water self-purification capacity in complex aquatic environments. [ Methods | To investigate the interactions a-
mong multiple factors affecting water self-purification capacity, orthogonal experiments were conducted on water
samples collected from the northwest side of a lake in Wuhan, which was affected by mixed pollution from domestic
sewage and industrial wastewater and contained a microbial community. The orthogonal experiment results were ana-
lyzed using a combination of response surface methodology ( RSM) and structural equation modeling (SEM) to re-
veal the nonlinear interaction mechanisms among typical influencing factors, including meteorological conditions,
pollutant concentration background values, and biological activity. [ Results ] The results of orthogonal experiments
showed that water self-purification efficiency (1), nitrification rate (ry), and oxygen mass transfer efficiency
(K,,) of water all varied nonlinearly across experimental groups, with maximum values observed at approximately
temperature (T)=25 °C, dissolved oxygen concentration (DO)= 6 mg/L, flow rate (v)= 0.1 m/s, microbial a-
bundance (M)=5x10" CFU/mL, and chemical oxygen demand ( C)= 100 mg/L. RSM analysis indicated that at
the optimal parameter combination (T=24.8 °C, DO=5.9 mg/L, v=0.27 m/s, C<100 mg/L, and M=4.7x10’
CFU/mL) , 7 significantly increased to 83.24% , ry exceeded 1 mg/(L + h), and K|, reached its maximum. In ad-

dition, in the binary factor interactions, the most significant interaction term was TXDO, with a synergistic contri-
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bution of 45.52%. SEM path analysis showed that v and T influenced the water self-purification process through both
direct effect and indirect effect. Paths; v—=DO—n; v—=DO—Mi( microbial activity, including ryand M) —n; T—
DO—n; T—>Mi—n; T—+DO—Mi—n, where the direct effect of v on water self-purification process was 0.41, and
the indirect effect was 0.25; and the direct effect of T on water self-purification process was 0.35, and the indirect
effect was 0.25. The total effect of T and v on water self-purification process increased by 0.25 compared with the
direct effect of each factor alone. [ Conclusion | The results confirm that there is a synergistic amplification mecha-
nism and significant threshold effects among different environmental influencing factors. Binary factor interactions
not only show significant effects, but also factors originally negatively correlated with water self-purification capacity
can significantly reduce their inhibitory influence on water self-purification efficiency after complex interactions with
other factors. Additionally, factors such as flow rate and temperature affect the water self-purification process both
directly and indirectly through their effects on other influencing factors. These findings provide a new quantitative

basis for evaluating water self-purification ability and its controlling factors in complex aquatic environments.

Key words : self-purification capacity of water; multiple environmental factors; nonlinear interaction mechanism;

response surface methodology ; structural equation modeling

3 S IS T O e TR [ R T R A B e
0 3 = IR T AL R R, X T G W D Dk A FH R B
a s Nayyeri 217146 1, I 3 M0 A5 A2 00
FE AP B AT IS B R 1R T 19 22K, IEY/BEIE = G f o
XA L ¥RE 77572 1 PR 2R A A5 U 7 20 28 44 F 15 YL W v B R (A A K IR b 2 TR A R
&, 5110, Cooper #5113 i UBCR AN RAE R M4 F (COD) # 4 . pH {H. S %0 (TN) L 2B (TP) L4 A
T AERE I8 A T RERZ KR B & . 20 (NH,=N) 25 ARy, 3 e K AR 1 il Ak B 1 38
ML), AR I T SRS HEAS IS A =2 gmad pH 76 7.5 ~ 8.5 2 il Huesemarnn
2. 20 I, Blosegoi 5 Juil TA APHEDIJUC gy g e s

W) AR R AT EAL M, HEA 21 IR U G 1 Sy 2 A
Tﬁéﬂ , F@%%I@J(ﬁﬁ% \ﬂ{lﬂ%&ﬂr§?5ﬁ E ‘@‘ﬁzﬁﬁ E/‘Jﬁﬁ J:Fﬁﬁ% ’jﬁ E"J 7J(€E€E%, ﬂl] {ﬁJJOFE%[ 16-19] . Tﬁ-ﬂ(*ﬁ

FEARBIRA ™ e A EBE SR A S hdy bk — 2 [20-21] [2-23] [24] ottty i 4
TP T HUEPEROBE T AR L ok, KA [ o % . \FtETﬁéEjZ[IZS:‘ Jiﬁi%n . ffﬁl&ﬁ%é}'ﬁi‘ﬁ
J . . A AR, Naylor 4506 B i B 45 A W Ainf 2t

EEWALE) A 1PN I s WS A S BN d S R e Y P B 1] SN oA L S s o
oK HLP [T 2 A A S A U IR Fio HHT, S AEIe A, A S TR AR
. XHEYIRIREARAE FI T A= 1 e ) Bk Ak [

YR FE T SRR O T 5
e W R (% s e OIS L Ik Ak s s A

s j:(\/\/ /A:\ 8 %\,—‘—» VL2 B /4:\ -, L28_29JO
W) A BN AT B R R R e i, e JUUARE KPR IR T AR

KR I R 2 T KK FO3 FLERFEI S UL o VIR EURAR 22 EOR
KR B E M Lipschultz 5;(:1:[8] o D T %\&*ﬂéﬁ@?}\?@(ﬁiﬂo PURE/aP 28 AP WU NIE|
FiE I PRI R A e b & |k o R = HEZ I ORIFSE, EIAI " R P, A AR Sk 45
6. RLTHA" Gonzdlers % " WFGE R B, Wiz PEPTPURATHIA T ok IR AR bR S o WA
SRR L A R, YK R e, — g, SRR TR B DR Y MO 5 K S ] S
KA L KRR T R T R ED oK A T R R AT KR B
SR FEEE G . B XStk [ igehe AREE ORI AR AR R A T 52, U] PR UK
T —E AR R R AT R S s WIRREIE B Ll DR Z 2R G . 58,
PRI, BIHNER AR, Aok, KR BORKOHIE R a0t SR B, il dn, A1) ik £F
AR ALK AT RES M K A 1 v A ] LA B T2 P I T8 AR WD R ) s L, K BRok rh
T A M 5P A S5t 2552 M KA B e T FIZR I, A B B K B AL BOR Y



88 KL A B e 4R

2026

FURU, A ARG TR AR [ 4 BE T Bt e T 24
HAFESE I PR 2R FK BRSSP R T o], [ B, E 6T
KA A ERE ST IE S 2 R A T Z 2 BHRG, TE Ab
Xtk AR A ¥ RE 1 B B 58 2 M BT K 5 R T
A7 IR 5 4 R S AT A5 B E S T 4% TR
2R A P el B A TR R R 18] A TT SR T X KR
RE ST RSN TETE A 5y 28 A0 22 52 i TR 28 52 BAR T X
KPR ERE ) FIK BORE TRY BY SE0R o 7E 52 PRk AR
FRIRFR TR K 2R 5 A RE D B 3 IR AR,
{EL T ALK A K B8 A5 e ) 8 i 25 AR AR TR
AN B A Z R A, KM 1 i R T i i

AHIEFE SRR T 2 T R 3 KA A e T Y
PRI AEEEA , il 2 RSB, TRAWE
FEZ R ILFE T KRR AR . B LATEDT
FEO R R, Dy BRAR 52 K R B KA F i e
SefbET R ALK .

1 RS

1.1 HRFREMLE

ARG RAE AR ARG BE R B KW (Pa b)) |, FL
Z TG KR T R K IR A5 Ye I ), HLH £ —
TE A YIRETS o KBRS RS — S RIZ K,
BUKITF 0~50 em &b (/KAE 1—KHE 3) 5 55 —2K
K=V IR A A, BUK FE U6 28 B4 (K HE 4
IKEES) o BRI IKFERS RAE 3 0y, RAERT [ 2010
HE . BUREJG 24 h P58 A T AL SRR, 45
RECEEIE, W3R 1, DO oK s 4.

Fz1 KHBUSH

Table 1 Physicochemical parameters of water samples
KA Py g/ (mg - L) sz 4 WA T
%% NH,-N TP cob Do (m-s') M/(CFU-mL™")

1 2.08 0.59 83.1 2.7 0.02 1x10°

2 2.11 0.61 88.2 2.6 0.02 1x10°

3205 057 795 27 0.02 1x10°

4 2.41 0.73  121.7 2.5 0 5x10°

5 2.46 0.73 135.6 2.6 0 1x107
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Table 2 Experimental factors and level settings

K R DOMEE/  Widie/  COD ¥R WA
BE T/C (mg L") (m-s) ¢/(mg+ L") M/(CFU - mL™")

1 5 2 0.1 50 1x10°
2 15 4 0.2 100 5%x10°
3 25 6 0.3 150 1x107
4 35 8 0.5 200 5x107

*3 MWAEIT
Table 3 Experimental group design

A DO/ o ¢/ M/
2 (mg-Ll)(m-sl) (mg-Ll) (CFU - mL™")
1 5 2 0.1 50 1x10°
2 5 4 0.2 100 5x10°
3 5 6 0.3 150 1x107
4 5 8 0.5 200 5x107
5 15 2 0.2 150 5x107
6 15 4 0.1 200 1x107
7 15 6 0.5 50 5x10°
8 15 8 0.3 100 1x10°
9 25 2 0.3 200 5x10°
10 25 4 0.5 150 1x10°
11 25 6 0.1 100 5x107
12 25 8 0.2 50 1x107
13 35 2 0.5 100 1x107
14 35 4 0.3 50 5x107
15 35 6 0.2 200 1x10°
16 35 8 0.1 150 5x10°
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Table 4 Statistical results of experimental groups

L2 0/ % ry/(mg - (L-h)™) K., /h™!
1 42.51 0.22 5.86
2 53.83 0.33 7.57
3 60.92 0.47 9.11
4 58.07 0.41 8.72
5 58.88 0.38 8.25
6 64.57 0.53 9.59
7 72.61 0.82 11.38
8 68.36 0.66 10.07
9 65.10 0.58 10.79

10 72.18 0.78 11.86
11 82.97 1.05 12.70
12 78.21 0.91 11.83
13 54.85 0.34 7.87
14 62.87 0.59 10.18
15 70.99 0.64 10.24
16 65.11 0.52 9.70
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Table 7 Path coefficients
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i FHB A FHB
T—n 0.35 Mi—n 0.19
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DO—y 0.28 vy 0.41
T—Mi 0.30 v—DO 0.63

1 WM p {H<0.001,
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