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Abstract 

The high mercury (Hg) content in high-altitude wastewater treatment systems reduces treatment 

efficiency. Activated sludge acclimated under these conditions exhibits distinct microbial 

characteristics compared with those under low-altitude conditions, potentially influencing its 

response to Hg stress. In this study, the nitrogen conversion and oxidative stress responses of 

low-pressure-acclimated activated sludge (65 and 72 kPa) under short-term Hg (II) stress were 

investigated using metagenomic sequencing, enzyme activity assays, and metabolomic analysis. 

The results showed that nitrification and denitrification in low-pressure sludge were more 

significantly inhibited under Hg (II) stress, with a greater decline in functional gene expression 

and key enzyme activities than those in sludge acclimated under normal pressure (100 kPa). This 

phenomenon was attributed to disrupted carbon metabolism, impaired electron transport chain 

(ETC) function, and a weakened antioxidant defense system. Low-pressure conditions facilitated 

acetate metabolism and altered the abundance of ETC related genes. This change affected 

electron flow and increased the possibility of electron leakage under Hg (II) stress, ultimately 

leading to increased reactive oxygen species production and exacerbated oxidative stress in 

sludge. The metabolomic analysis further revealed that low-pressure sludge exhibited more 

pronounced lipid 

peroxidation, tricarboxylic acid cycle disturbances, and purine metabolism dysregulation after 

Hg (II) exposure. These changes intensified oxidative stress and reduced microbial resistance to 

pollutant stress. Additionally, gene expression analysis showed reduced Hg reduction (merA) and 

increased Hg methylation (hgcA) gene expression. These findings reveal the high sensitivity of 

activated sludge acclimated under low-pressure conditions to Hg (II) stress, highlighting the 



different pollutant resistance characteristics of wastewater treatment systems in high altitude 

regions.  
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