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B OE: hE e EM KM T AME -5 B 5847 (4 W # % & 3 (total bacteria count, & #f TBC) . & & AT # # %
% % (total coliforms count, & #& TCC) ) T 42 A, DL 4% B V6 5 5 B 0 X 5 — AR 3 T KB & #1—% 32 48 47 (TBC.,
TCONHARME, B ER KRBT, RERE pHE., LR EEFNBIHELF, FREZRNMRE, KRT L H
TR RERE, AR EE . pH{E . ¥ F 4 £ (chemical oxygen demand, i i COD) . & ft. i & # fr
(oxidation-reduction potential, & #% ORP) % M, T 7K /K it 48 77 K 3 T A # TBC #2 TCC 14, # J& 4 7| YA TBC, TCC %
BAR, B EE  BWEE . pHE ., 23718 %, ORP, COD % % H %, # T Levenberg-Marquardt(LM) 1 1t
W2 M4&BPNN)EE, BLT B ERMXH T ABEN-FERFNTNEAR, £ XEL9, TBC, TCC # A #
MERGRBERN L MBS — B, BRAMMIRE /T 15%(TBC, TCC # A 8y KM AR £ 2 5] A 11.52%,
14.55%), HAIREX, ZHAETH THERRH T ABAED-FERBFATN, THEEHEHT AR TH
LR R AT A 0 R B ik R BB KHE, O MU T K TBC, TCC 89 52 42 1 3 iy B 3

KR MAEN-FER; TCC; TBC; HIEAM; M T AKREN; LM-BPNN; FUlEA,; & EHK

b5 TR E Tl Ak, il R HERA AP E ™, IRHK 41 T8 T VR 58U (total bac-

Wb, AT K B8 I8 & 1 F 5 H 2538, Kt
VAT OF & . AR 28 4 A i) ™y 1 4, TR
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AAEREAE, {84 AR TR AR KK IR DAL SR IK L K
WIEAK R F, N2 HEE FR5H 2 R 0T RS FE B
72 )72, FEOZ X IR A HOK IR & K AR L K

terial community, & FK TBC) . & KT B B 7% 5L
(total coliforms count, fijFx TCC) ™ HEiFs"""?, # 5
R NEIMMBE RS IR GA BN, BE 5K
L IRVE!™, T S RYUAE | AR AU, il
k57 shRe Sy, H BT FETT, KRB B A
TR R T R . PRI, AR HENT R FE M X
Nk TBC, TCC i A i FASE L, LA K7 ik it
MRk TBC, TCC RYTEALTR L, X LK 3R EiT5 7Y
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JIA Zhuopeng, BI Junbo, YUAN Yong, et al. Prediction model of groundwater microbiological toxicological indicators in alpine regions based on LM-
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Fig. 1 Location of study area
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Fig. 2 Determination of specific gravity of the soil sample
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Fig. 3 Indoor soil column test
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T RME . AT LM-BPNN #9 & 2 5b X 3b T KAk 24— 22 35 AR TR A2 A

UK pH {E 433 L K RS pH (N 6, 7, 8;
WRHE 1 AL IR0 43 A T L 8= R ) AL
BRBCH 0.50, 0.55, 0.60, M4 IE 2SR 53 3
£ 3R IEASRIRINZE 1 s I TT R H ik
275, FERR M e BROR [R] 3B 24 o0 b it
A7, v g2 PR 00 2 (0 1R B8 458, Sl ad
THSET W I 2= R

F1 EXKESH
Table 1  Orthogonal test table

Ry BT LR pHIE
1 5 0.50 6
2 5 0.55 7
3 5 0.60 8
4 15 0.50 7
5 15 0.55 8
6 15 0.60 6
7 25 0.50 8
8 25 0.55 6
9 25 0.60 7

222 HAEME

FRAE 2RI 3 9 dikss, i 54051k 1~ 9.
SRR A I A K S g, 1S A 4 ) KA 3
e 4 10 em (8] 32) . IRIGITUA)S, 465 12 h
A3 SAERE SR 10, 20, 30, 40, 50 cm ZMHRE . R
P GB/T5750-2022 (A= 1 IR FHAK bR RS 36 5 425 )k A T
ZE NIREKFEK T TBC . TCC {H (I 4a, b) ML,
[F) I 72 1AW A ORP., pH &2 COD E. (& 4¢c,d).
% TBC{H. TCC {HEAMRFEAA, i85 1. TBC A

4 TBC(a). TCC (b). W pH H (c) 5 COD (d) M E i 5:
Fig.4 TBC (a), TCC (b), solution pH (c¢) and COD (d)

determination

TR E0E: ¥ 1 mL KREERD T2 R IR
PRSI FE 50 B, 37°C TR 24 h, SR X F
B b (T &I B (CFU) #4738k, 153 TBC 4
(CFU/mML); R H 248 &k (MTF) I TCC . ¥
TKBEFIZLIE PR 3 2 /NSO R 11— R 538 A T
Befh o 78 37°C W% F 24 h i, i Py A=k FE AL
P2 A A AR SRR PR SO o i A
Sy BR M B A8 B S A TR RS . 37°C R 24 h N
A B[R] 5 2 A FUBE IR TR 4SS TR LA
BCPEPEREIARES . MTF T 45 5 DL 100 mL A4
FRAEAE T AE 0 B B T BB AR (MPN/100 mL) 7 .
223 A%
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b R 358 v (A TS R 5 56 BP 28 ) 45 EA TR AE

H AT # F AL BP 428 I 45 (1 B3k KR nT 43
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A A REH T AR PERE, JUH LA Levenberg-
Marquardt(LM) H ik e =Y, BT LM Bk A
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3 AR R g
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Fig. 5 Schematic diagram of BP neural network structure
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Table 2 Indoor test results

e TREE/m TREE/C fLpg% pHIH ORP/mV p(CODY/(mg-L™) TBC/(CFU'mL™) TCC/(MPN-100™" mL™)
1 0.1 5 0.6 6.14 36 481 74900 33
2 02 5 0.6 6.06 41 6.16 107300 2
3 03 5 0.6 5.94 48 8.50 111000 19
4 0.4 5 0.6 5.96 47 3.08 43700 27
103 03 25 0.55 6.41 20 8.18 482000 376
104 0.4 25 0.55 6.07 40 8.77 320000 368
105 0.5 25 0.55 7.08 -19 8.65 250000 420
)2 i th
LN LTSS
- i il
_
’ @5
i &
W Rie WA

T

K 6 BP ML 45k 2K A

Fig. 6 Structure hierarchy diagram of BP neural network
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Fig. 7 Training results of TBC (a) and TCC (b) predictive model
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Fig. 8 Comparison between the predicted results of TBC (a) and TCC (b) model and the experimental results
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Fig. 9 Comparison between the predicted results of TBC (a) and TCC (b) model and the experimental results

# 3 TBC.TCC EEFMMLRSIXELERNIRE

Table 3  Error between the predicted results of TBC and TCC
model and the experimental results
- TBCTMI A TCCHUMAR
TV TawE WanEm BORE RNREY
1 2360 5.18 4 9.09
2 600 0.94 4 7.69
3 5100 6.71 -2 =513
4 -1970 -6.75 3 4.62
5 1500 417 -5 -10.42
6 2670 8.14 -21 -9.29
7 2950 7.20 -10 -3.60
8 —200 -0.50 3 1.36
9 70 0.25 28 7.55
10 2560 10.64 -14 -3.52
11 30000 6.22 30 7.98
12 —-11000 -3.44 -34 -9.24
13 15400 6.16 34 8.10
14 15800 2.36 =37 —8.41
15 17000 3.59 -14 —5.00
16 50000 833 -14 —-5.76
17 3000 0.55 23 5.12
18 9800 1.91 —40 -11.49
19 25400 7.06 17 5.31
20 -14200 -5.92 10 2.78
21 =5000 -1.98 -6 -2.50
22 8700 3.30 38 7.04
23 17400 6.40 23 10.45
24 —-22200 -7.12 32 14.55
25 53000 11.52 26 8.13

A — 2, AT TN e T DX AR Bl A 7 B
bR ATE T 3 @ It DXl T K U E - Bl

PRI HEST, S BIFSE s FE M XK BE TS G B0IR K ok
s YA SR It TR R %, BT A
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Prediction model of groundwater microbiological toxicological indicators in
alpine regions based on LM-BPNN
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Abstract: [Objective] To establish a prediction model for groundwater microbial toxicological indicators (total
bacteria count [TBC] and total coliform count [TCC]) in alpine regions, [Methods] this work focuses on the
microbial toxicity indicators (TBC and TCC) of groundwater from a specific water source in the western plateau
region of China. By using an orthogonal experimental design combined with indoor soil column batch experiments,
we varied environmental factors such as pH, temperature, and porosity to obtain the evolution results of TBC and
TCC under different depths, pH values, oxidation-reduction potential (ORP) values, temperatures, porosities, and
chemical oxygen demand (COD) conditions. On the MATLAB platform, a predictive model for microbial toxicity
indicators in groundwater in frigid regions was subsequently established using the LM (Levenberg Marquardt)-
optimized BPNN (neural network) algorithm. [Results] These results indicate that the predictive results of the
established TBC and TCC models align well with the experimental results. The maximum relative errors are less
than 15% (meeting engineering requirements), yielding 11.52% and 14.55% for TBC, and TCC, respectively.
Moreover, the evolutionary trends of TBC and TCC match the experimental results. [Conclusion] This model can
be used for predicting microbial toxicity indicators in groundwater in plateau regions, and the results of this study
provide new insights for predicting microbial toxicity indicators in groundwater in high-elevation areas.

Key words: microbiological toxicological indicator; TCC; TBC; environmental condition; groundwater quality

indicator; LM-BPNN; prediction model; alpine region
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