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Feasibility of N-methylpyrrolidone (NMP) as an electron
donor for denitrification

LIANG Bin'", TAN Xuejun', CHEN Songjun’, ZHANG Yongming®"

1 MYJ Chemical Co., Ltd., Puyang 457000, Henan, China
2 School of Environmental and Geographical Sciences, Shanghai Normal University, Shanghai 200234, China

Abstract: [Objective] N-methylpyrrolidone (NMP) was used as an electron donor for
denitrification to treat wastewater. [Methods] NMP and glucose as electron donors were
respectively added into the simulated effluent from wastewater treatment plant for denitrification,
during which they were compared for the removal of nitrates. The fate of nitrogen released during
the denitrification was studied, and the released nitrogen was further treated. Furthermore, we
submitted the sludge samples acclimated with NMP and glucose for high-throughput sequencing to
investigate their mechanisms of denitrification. [Results] The NMP-acclimating sludge showed the
nitrate-N removal rate 67% higher than the glucose-acclimating sludge. After 8 h of denitrification
with NMP as the electron donor, the total nitrogen (TN) composed of residual nitrate N, generated
nitrite N, and released ammonium N from NMP biodegradation was similar to the TN after the
denitrification with glucose as the electron donor. [Conclusion] The wastewater containing NMP
could be used as the electron donor for deep nitrate removal, although it was directly treated as the
wastewater before. High-throughput sequencing indicated that NMP was different from glucose in
the mechanism of denitrification when being used as the electron donor. As one of the
nitrogen-containing heterocyclic compounds, NMP releases the electron donor for denitrification
through the biodegradation of organic acids after the cleavage of NMP ring. However, glucose
releases its electron donor for denitrification through the biodegradation without ring cleavage
because of its simple structure. The results have theoretical significance for utilizing
nitrogen-containing heterocyclic compounds as electron donors for denitrification.

Keywords: N-methylpyrrolidone; denitrification; electron donor
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Figure 1 Glucose and NMP as electron donor for
denitrification based on non-acclimated activated
sludge. Error bars indicate average values for the
duplicate experiments.
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Figure 2 Glucose and NMP as electron donor for
denitrification. A: Nitrate removal kinetics. B: Fate
of nitrite together with nitrate removal. Error bars
indicate average values for the duplicate
experiments.
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Figure 3 Release and transform of N in NMP under
anoxic and aerobic conditions. A: Fates of
CH;NH,-N and NH,'-N in anoxic condition. B:
CH;NH,-N and NH, -N removal kinetics and fates
of NO;3 -N and NO; -N. Error bars indicate average
values for the duplicate experiments.
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Table 1 Alpha diversity index of two microbial
samples

Sample Chaol index Simpson index Shannon index
Glucose 598.421 0.808 7 4.352

NMP 603.905 0.872 8 5.035
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WJLFER 05 Thauera WIELE 2 MES PR ERE
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I EREN 6.9%, {HIE NMP #4HJLTFh 0.
PdiiE , Ottowia B H ZEY AT ™ FRIEIE
AU A K TR A S v 1 A
J&. BT 2 B A AL haE", Hax
SR K AR Y 322 H R i i 2 S AR £ BRoK
R R R . BRI A A — AR AR AR R
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Je T R ) H - i R R A B R it T 2 A
NMP B IR T SO AR, ZERA= i
YERIE . ESe i A s m, T
AT R M & T IR, ma A B
BT T Gemmobacter T &2 0] LLA| Nk
A Ry A A B ME— B VR AR R Tt A
NMP #8J& T &5 RAMEE Y, i nl LLAE IR
J& Gemmobacter tH2A F| 1] NMP by ME— Bl Fl
RV AT ERK Y RE . W% R HE
Gemmobacter HAG FCAALIhRE!, HAE 1 B
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Figure 4 Relative abundance at the genus level for the two kinds of denitrifying sludge.
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