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Abstract [ Objective] Low-maintenance, decentralized water treatment technologies and equipment are a frontier area in global
engineering development, and the wastewater treatment systems in expressway service areas serve as typical examples of such low-
maintenance, decentralized facilities, where achieving stable treatment and compliance with discharge standards has remained a
substantial engineering challenge. [ Methods] This paper introduced the causes of poor system stability and low efficiency in these

systems through long-term continuous on-site monitoring. Furthermore, feasible solutions were proposed utilizing a mathematical model

[KFmBH] 2024-12-18

[(E£WA] | AREEERZCAIE AR B & B ( HT-99982020-0234) 5 I AR A& ST /K R 408 5 10 BB AR H PRk & B 58 oo
(2021A0505020010)

[fEERIN] BRI (1988— ), J, HW-EaFse A A5 07 10 A7k TS 4 i, E-mail ; liangzhsh3@ mail. sysu. edu. cn,

[BEEE] TWE1980— ), 5B #d2, M5 7 a /K i5 45, E-mail ; jiangfS8@ mail. sysu. edu. en,



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 5,2025
May 25th, 2025

established with artificial intelligence algorithms. [ Results] The monitoring result revealed significant variability in both the quantity
and quality of wastewater, with daily variability coefficients as high as 5. 2 fold for quantity and 2. 3 fold for quality. Specifically, the
peak ammonia nitrogen mass concentration and its daily load variation coefficient reached 220 mg N/L and 9. 9 fold, respectively. The
mass concentration of free ammonia, resulting from high ammonia nitrogen levels, could peak at 97 mg N/L, severely inhibiting
microbial activity within the treatment system and leading to a 94% reduction in ammonia nitrogen removal capacity. This sustained
negative impact was a critical factor contributing to the system’s instability and low treatment efficiency. Thus, the key to resolving
these issues lay in controlling the impact of high concentrations of free ammonia on biological systems. Data analysis indicated that
nitrogen in service area wastewater predominantly originated from toilet urine, with male toilet urine contributing up to 54% of the
nitrogen load, while accounting for only 17% of the total water volume. Simulations results based on the established wastewater quantity
and quality prediction model indicated that the separation, storage and pretreatment regulation methods of urine wastewater could
effectively reduce both the instantaneous peak concentrations and variability amplitudes of free ammonia, thereby mitigating its in-
This paper provides practical and feasible solutions for the upgrading and

hibitory effects on microbial activity. [ Conclusion ]

reconstruction of wastewater treatment systems in expressway service areas in China, offering new insights into achieving stable

compliance with discharge standards.
Keywords wastewater in expressway service area

regulation and control
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Tab.2 Wastewater Treatment Situation in a Service Area in Guangdong during Normal and Peak Periods
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Tab.3 Model Fitting Performance for Wastewater Volume, Ammonia Nitrogen Concentration and Loading

£ PR SVR RF KNN LR GBDT
W/ (m®-h™) R? 0.936 0.935 0.933 0.935 0.927 0. 840
RMSE 16 16 16 16 17 25
HRIREWE/[ (mg N) -L7'] R? 0. 663 0. 569 0. 690 0.705 0.528 0.513
RMSE 14 16 14 13 17 17
BANW/[(gN)-h'] R? 0.927 0. 905 0.931 0.933 0.914 0.786
RMSE 3 569 4 063 3 466 3411 3 863 6112

A0 B it R 8 Wb 2 A 11K v 06 B B 2 AUFD FA Y i
(L B R B iR R . BT R AE — E Y TR N T
A B AR FRGER A, SRR FA Y B B R 2 Ak A5 A
U, YA AR FRAE 60 m® 1k ) R RUR
AP 9 28 R (Bt MR B B M 168 mg N/L FE{IR 2
79 mg N/L; B HLEY FA W ¥R BEREAR T 92% , A

200
150
100

50

HRTEASE/[(mg N)-L]

KBk ~<20 m?

75 mg N/L [EMKE 6 mg N/L LR I sh RKEMK T
77 % ., % AR A RE A S i 2 IR 55 X35 7K A B T
ZHRUGE T RIS H . (AR TR G 7KK
KT R AR 2, £ IR 55 X A9 75 7K 7K & FK
JRAFAE 22 57, A8 10 A 5 Btk — A5 A Ak R UE LA
P v HOE FH A

40 m*-e-60 m*=80 m*+-100 m*

| 1 |

0 | 1
09-28 0:00 09-30 0:00 10-02 0:00 10-04 0:00 10-06 0:00 10-08 0:00 10-10 0:00
FRf i)
B3 AN[R] AR AR B 3 1 9t ) ek A
Fig.3 Simulations of Ammonia Nitrogen Concentration in Regulating Tanks with Different Volumes of Pre-Treatment Tank

100 ~
- TCTALFR <20 m® — 40 m® -e- 60 m?® = 80 m*—~<-100 m?
= 80 |
Z
oh
g 60 -
il
8
g 40 -
it
<
=20 b

09-28 0:00 09-30 0:00 10-02 0:00 10-04 0:00 10-06 0:00 10-08 0:00 10-10 0:00

FRf i)
B4 [ Ak b A A A FA R

Fig. 4 Simulations of FA Concentration in Regulating Tanks with Different Volumes of Pre-Treatment Tank
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