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Abstract [ Objective] The Qinghai-Tibet Plateau region is characterized by low temperature, low atmospheric pressure, and low
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oxygen. In the process of operating and managing the plateau activated sludge process, there are challenges such as difficulties in
sludge sedimentation performance, reduced oxygen mass transfer rate, and significantly increased aeration volume in wastewater
biological systems. There is an urgent need to propose wastewater treatment technology adapted to the Qinghai-Tibet Plateau region, to
ensure that the effluent quality reaches the first class A standard of Discharge Standard of Pollutants for Municipal Wastewater Treatment
Plant (GB 181918—2002). [ Methods ] Based on the traditional activated sludge system and incorporating anoxic phosphorus
removal and internal carbon source denitrification technologies, this paper innovatively proposed an improved dual-sludge phosphorus
and nitrogen removal (IDSPNR) process. The experimental setup was started under low atmospheric pressure conditions (72 kPa).
The influent ratio, hydraulic retention time ( HRT), dissolved oxygen concentration and return sludge ratio ( RSR) had been
optimized. [ Results] The result showed that the optimal operating parameters of the IDSPNR process under plateau conditions were
as follows: the influent ratio of hypoxia : anaerobic was 5 : 5, the optimal dissolved oxygen concentration in hypoxia tank was 2. 0-2. 5
mg/L, the optimal HRT of the anaerobic tank, hypoxia tank, anoxic tank and aeration tank was 2.0 h, 3.0 h, 3.0 h and 4.0 h,
respectively, and the optimal RSR was 50%. After the process was optimized, the removal efficiencies of chemical oxygen demand, total
phosphorus, ammonia nitrogen, and total nitrogen reached 90. 01%+3.29%, 81. 10%=+15. 78% , 98.01%+2. 71% and 76. 48%+9. 57%
respectively. The effluent met the First class A standard. [ Conclusion |

Therefore, the IDSPNR process achieves efficient removal of

pollutants under low atmospheric pressure conditions, and the effluent water quality is stable and up to standard. This provides valuable

reference for the modification or establishment of wastewater treatment processes in plateau areas with low atmospheric pressure.

Keywords low atmospheric pressure condition improved double-sludge process phosphorus and nitrogen removal influent ratio

hydraulic retention time ( HRT)
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Fig. 1 Schematic Diagram of the IDSPNR Device
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Tab. 1 Solution Composition and Concentration

% JREHE/ (g L7")
FeCl, -6H,0 1.50
MnS0, -H,0 0.10
H,BO, 0.15
Na,MoO, -2H, 0 0. 06
CuS0, -5H,0 0.03
7080, -7H,0 0.12
KI 0.03
CoCl, -6H,0 0.15
. DU ZFR (EDTA) 10. 00

TR IR, RGeS KE R 24 L/d, KN
(20+3)°C, 2EE L HoTHKE L IRAH  R5A
o BRAEHD c BEARM=12: 12 1 24 : 24 HRT b K
PRAGH « AR ¢ B - B =3.0:3.0 ¢
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Fig.2 Changes of Influent and Effluent Quality
during Start-Up and Operation of the System
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the Reactor under Different Influent Ratios

2.2.2  fIREE DO ¥ B X I AR 52

IDSPNR Z GefIR A =22 % AE i fE Fil SND 2
PSR AL, B B K R 5 0 5, HoAh
IBATSHCR G Bhaa A7 0] 9 2880, 1 AR A 1Y
DO W45 1.5~2.0.2.0~2.5 mg/L Al
2.5~3.0 mg/L, 32 % TAVEMARIE DO WA
[ TN ZefRit SND DL S AU () R i i, DO it i
WEH 1.5~2.0 mg/L i ,SND Jy 97. 46% +4. 39% ,
HA 2 4~ SND ¥4 100. 00% , K4t ' NOS-N #
NO,-N 25l i SND b FE i 2 | AR AU oK LR
JG NO; 1 NO; A it A PR &t H 7K i A 31 B4R
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23 R AR G AR PR B T SR Ok S IR
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Tab.2 TN Removal Amount, SND in Hypoxic Pool and Phosphorus Accumulation Capacity in Anoxic Pool under
Different DO Concentrations

B DO i/ (mg-L™")
LD
1.5~2.0 2.0~2.5 2.5~3.0
R4 TN 54/ (mg-L7) 8.83+2.24 13. 090. 90 10. 14+1. 43
SND 97. 46%+4. 39% 100. 00%+0. 00% 100. 00%+0. 00%
B B (mg- L") 3.01£1.29 4.18+0.93 2.53+4. 04
2.2.3 HRT 4k KB HRT #EA7H04k .
KA 5 0 5, KA DO J = vk B #5461 1) R4 HRT {4k

2.0~2.5 mg/L, HAZ T S ECAZE W HIL T, XF 45 AR G045 Rt ARl HRT(2.0.3.0.4.0 h)
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i) HRT S 80U A A DO e B3 &, A A F [
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F® 3 Al HRT R TN R SND 8 LU B4 1 SRk
Tab.3 TN Removal Amount, SND in Hypoxic Pond and Phosphorus Accumulation Capacity in Anoxic Pool
under Different HRT

K4t HRT/h

$5h7
3.0 4.0 5.0
R4 TN ZiBfht/ (mg-L™1) 13.571. 47 5.19£2.99 10.91x1.25
SND 99. 79%+0. 36% 97.59%+3. 68% 100. 00% +0. 00%
Bt R B/ (mg- L) 8.17+1.34 5.31%1.17 6.89+1.09
3) Bt HRT i1k 100% - ZZ1CoD ®QTP [N
HEK H R DO ¥ PR A S 2 1 ol B
HIRT 5% HA 1 £ 2 8, B0 DO F1 HRT, RS w0 8 D
S5 HOR IR 3038 75, BB 908 HRT i | 2 7
3.0.4.0.5.0 h, %35 YL W 2R INE 5 Bz % ol R Z
BRI HRT 43514 3.0.4.0.5.0 h, COD %5k 30% | 3 ﬁ
Ry g 88.11% + 4.48% ., 87.18% = 2.42% o 3 %
85.31%=1.62% , TP JBR443 5|2 82.08+1.50% ; : .« % :

79.07+0.04% . 22.82 +2.18% , TN =[5 K43 %l K
74.98%+0. 08% 72. 82%=0. 08% .72. 48%+0. 05% ,
B2 B4t HRT #9 /0, COD TN #1 TP (14 2[5 %%
WRREAR , 24 B 400 HRT 4 3.0 h i, &4 COD TP
HTN bR, L, 76 S il g6 45 10 T 48 il Sk
0 HRT 4 3.0 h 2R 2,

4) B 3th HRT Ak

FR T RSR NJE SIS, HAbiz 1725035 Ik

5 ANIF] HRT BRI R G415 Y £ BRages
Fig.5 Removal Efficiency of Various Pollutants in
the System under Different HRT in Anoxic Pond
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