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Abstract: Halogenated organic compounds (HOPs), as important industrial chemicals, are extensively released into the environment
during their production, transportation, and usage, ultimately accumulating in waste activated sludge (WAS) from wastewater
treatment plants. Anaerobic digestion is a crucial approach for resource recovery from WAS, converting organic matter into valuable
products such as volatile fatty acids and methane. However, the effects of HOPs on the anaerobic digestion capacity of WAS and
their underlying mechanisms have not been systematically elucidated. Through a comprehensive literature review, this study
analyzed the impacts of HOPs on methane production efficiency, key processes, and microbial communities during sludge anaerobic
digestion. The results revealed that most HOPs inhibit key stages of anaerobic digestion due to their high toxicity, leading to reduced
methane yield, while some low-toxicity HOPs exhibit a "hormesis effect" with promotion at low concentrations and inhibition at high
concentrations. HOPs primarily regulate anaerobic digestion efficiency by affecting four critical stages: solubilization, hydrolysis,
acidogenesis, and methanogenesis, with the most significant impacts on acidogenesis and methanogenesis. HOPs can influence the
function of anaerobic microorganisms by altering microbial community structure, inhibiting key enzyme activities, and interfering
with metabolic pathways. This study unveils the mechanisms of HOPs’ effects on sludge anaerobic digestion and proposes future
research directions addressing current knowledge gaps, providing a theoretical foundation for resource recovery and safe disposal of
WAS.
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Table 1 Effects of HOPs on methane production efficiency during sludge anaerobic digestion

EDIR/ES)] e W IAE(C) B AR WheB S mL)  REAIH%(%) S 30k
PFOA 0.1mg/L 37 28 314.7 -3.85 [31]
PFOA 100mg/L 37 28 217.8 -34.2 [31]
PFOS 0.1mg/L 37 28 317.2 -3.91 [31]
PFOS 100mg/L 37 28 305.7 ~7.40 [31]
£ PFOA 60mg/g 37+1 15 104.2 -19.2 [32]
R PFOA 3.0mg/L - 8 - -19.7 [33]
7 PFOA 170mg/kg 371 60 159.9 -18.9 [47]
Bl CIP 0.5mg/L 361 40 407.44 +23.0 [34]
/] CIP 2mg/L 361 40 217.64 -34.3 [34]
CIP 50mg/L 35+1 45 66.7 -422 [48]
NOR 1.7mg/L 35+1 37 6.7 +26.4 [49]
FLU 5mg/L 37 20 - oM [50]
FLU 50mg/L 37 20 - -80.0 [50]
& TCS 200mg/kg 35+1 - 74.7 +173 [37]
R TCS 1500mg /kg 3542 60 94.1 -13.2 [36]
1 BmimCl 20mg/L 35+1 24 288.95 -7.00 [51]
L PCP 8mg/L 30+1 25 - -50.0 [41]
/]
R PBDE 8mg/kg 371 - 161.5 -25.00 [52]
£ TBBPA 0.1mg/L 3541 60 259.0 +8.79 [43]
1 TBBPA 4.0mg/L 3541 60 171.5 -29.0 [43]
;L BK 8.69mg/g 33£2 33 615.3 -17.2 [44]
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Fig.1 Effect of HOPs impacts on the crucial stages during sludge anaerobic digestion
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Table 2 Representative microorganisms involved in the critical stages during sludge anaerobic digestion!”"!
oR T WEYE LRl
Acetivibrio, Aminobacterium, Aminomonas, Anaeromusa, Anaerosphaera
. . . . . Pseudomonas
Bacillus, Bacteroides, Bifidobacterium, Butyrivibrio .
: . o . mendocina
Caldanaerobacter, Caldicellulosiruptor, Campylobacter, Cellulomonas, Clostridium, Devosia, )
) ) Bacillus halodurans
Espiroquetas. Eubacterium, -
) . ) . Clostridium
, . Fervidobacterium, Fibrobacter, Fusobacterium, "
KA 4 . o . hastiforme
Gelria, Gracilibacter, Halocella, Lactobacillus i
: o . Gracilibacter
Paludibacter, Peptococcus, Peptoniphilus, Proteiniborus, Pseudomonas, Psychrobacter,
. . L . thermotolerans
Ralstonia, Ruminoclostridium, Ruminococcus
Thermomonas
Selenomonas, Shewanella, Sporanaerobacter, Streptococcus, Streptomyces .
oo . haemolytica
Thermanaerovibrio, Thermomonas, Thermomonospora, Thermotoga, Treponema, Trichococcus
Moorella
) . ) . thermoacetica
N e Acetobacterium,  Clostridium,  Desulfotignum,  Eubacterium,  Holophaga, — Moorella, )
[ivg88 B . Desulfotignum
Ruminococcus, Sporomusa, Thermoanaerobacter, Treponema o
phosphitoxidans Holophaga
Jfoetida
Methanobrevibacter
smithii
oy - Methanobacterium, Methanobrevibacter, Methanococcus, Methanoculleus, Methanosaeta, Methanobrevibacter
TR S 2]
Methanomicrobium, Methanosarcina, Methanospirillum, Methanothermobacter arboriphilus
Methanococcus
vannielii
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