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Abstract; The refractory pollutants in the sewage wastewater usually exhibit high toxicity at low dose, which di-

rectly or indirectly pose harmful effects on human health via various exposure pathways. Therefore, it is necessary
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to evaluate the toxicity removal efficiency of different sewage treatment technology. In this study, human bone mar-
row mesenchymal stem cells (h(BMSCs) was selected as an in vitro model to evaluate the integrated toxicity of the
influent, the main unit process effluent from typical secondary treatment, tertiary treatment and wetland ecological
restoration technology, and the final effluent, in comparison with the commonly used luminescent bacteria acute
toxicity tests. The water extracts induced cytotoxicity in hBMSCs in a dose-dependent manner. The influent toxicity
unit (TU) was in the range of 0.03 ~0.22, and the effluent TU from secondary treatment was in the range of 0.02
~0.03. The toxicity was reduced by 59.8% after the secondary treatment. After coagulation, microfiltration and re-
verse osmosis in the tertiary treatment process, the effluent exhibited no significant cytotoxicity, but the cytotoxicity
had no significant change after ozone disinfection. The cytotoxicity was reduced by 49.9% after the wetland eco-
logical restoration treatment. The organic extracts in the sewage caused higher toxicity to hBMSCs than lumines-
cent bacteria. Compared with the test results of the acute toxicity in luminescent bacteria, 66.7% (14/21) of the wa-
ter samples showed higher toxicity to hBMSCs. Under 20% effect concentration for related fold enrichment
(REFEC,,), the reduction of cytotoxicity by secondary and tertiary treatment technology was lower than the acute
toxicity of luminescent bacteria, but the reduction of wetland ecological restoration technology on the cytotoxicity
of wastewater was higher. The results suggested that the residual organic pollutants in the wastewater of sewage
treatment plants had detrimental effects on human stem cells. Wetland ecological restoration technology may have
good prospects for reducing the cytotoxicity of sewage. The results provided referential basis and methods for the
evaluation of the safety of reclaimed water quality and the development of urban sewage recycling technology.

Keywords: wastewater; human bone marrow mesenchymal stem cells (hBMSCs); luminescent bacteria; integrated

toxicity; toxicity reduction
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Fig. 1

Treatment process and sampling points of representative urban secondary and tertiary sewage treatment

plants and wetland restoration technique
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B2 HHE_R ZKSKFEMESRAKEFY IR K L E A B 888 7 R T 45 (hBMSCs)
FEMTRRE- X R
T : REF R AN B ARATE, NC 7R BAVEXT I B AU I AL AFRHEDR 22 (SE) , n=3 ; * P<0.05
*% P<0.01 % * * P<0.001, S5X IR4IHH L
Fig. 2 Concentration-response relationship of the toxicity caused by organic extractions of water samples from urban
secondary and tertiary sewage treatment plants and wetland effluents in luminescent bacteria and human stem cells

Note: REF stands for related fold enrichment; NC stands for negative control; data represents mean+SE, n=3;

* P<005, ** P<0.01, *** P<0.001, compared with the control.
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mm COD mm JOtatkRE
Acute toxicity on
NH,-N luminescent bacteria
100 mm svoc " AMIEE
Cytotoxicity
o X =
=3
=3 T
-
a
0 . Z
Ak By lsly i M s
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Fig. 3 Removal of toxicity on luminescent bacteria and
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P

human stem cells by different treatment processes
Note: a indicates average reduction of urban secondary sewage treatment
plants (A, B, C); b indicates “1/EC,,” is used to calculate the reduction;
COD stands for chemical oxygen demand; SVOC stands for semi-volatile
organic compounds; ND stands for no SVOC reduction of wetland

effluents due to the lack of SVOC concentration measurement.
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Fig. 4 Comparison of toxicity unit (TU) for integrate toxicity
evaluation of effluent from different treatment processes in
luminescent bacteria and human stem cells

Note: ND represents not detected.
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Fig. 5 Correlation analysis of sewage TU, physico-chemical parameters and total concentration of SVOC

Note: a means total SVOC concentration of urban secondary and tertiary sewage treatment plants;

* P<005, ** P<0.01, *** P<0.001, compared with the control.
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