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Fig. 1 Schematic diagram of self-assembled membrane injec-
tion mass spectrometry system
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The main components from left to right are: sample vial (S), injection
peristaltic pump (P), constant temperature water bath (T), standard sample
preparation system (R-E), membrane injector (M), waste recovery bottle
(W), cold trap (C), copper reduction furnace (F, containing a quartz tube
with reduced copper wire), vacuum system (V), Ion source (I), quadru-
pole mass analyzer (Q), secondary electron multiplier(SEM), data pro-

cessing system (D)
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Fig. 2 Effect of peristaltic pump flow speed and injection time

on the N, signal value
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Self-assembled membrane injection mass spectrometry system
and its application on the study of dissimilatory nitrate reduction
in sandy sediments

3 3

Xie Chengjun"**, Song Guodong'?, Liu Sumei'?, Tang Jiyao"**, Zhang Guiling ">

(1. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education/Institute for Advanced Ocean Study, Ocean Uni-
versity of China, Qingdao 266100, China; 2. Laboratory for Marine Ecology and Environmental Science, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao 266237, China; 3. College of Chemistry and Chemical Engineering, Ocean University
of China, Qingdao 266100, China)

Abstract: Dissimilatory nitrate reduction processes in sediments play a crucial role in marine nitrogen cycle. The
most popular method to determine the rates of different dissimilatory nitrate reduction processes is the "N labeled
technique. Therefore, accurate and rapid determination the concentration of "N-labeled products, such as *’N, and
*N,, is the key to quantify the rate of each dissimilatory nitrate reduction process. In this study, we set up a mem-
brane injection mass spectrometry (MIMS) and optimize the operating condition of the MIMS for the determina-
tion of *N, and **N,. The optimization experiment results indicated that, when the peristaltic pump for sampling
flow rate is 0.80 mL/min, the sampling time is 3~3.5 min, the thermostat water bath temperature is 20~25°C, and
the copper reduction furnace temperature is 300~600 °C, the precision (expressed in coefficient of variation) of the
measured *N,/*N, and **N,/*N, can be controlled less than 0.1% and 1%, respectively. We used the self-assembled
MIMS and combined the "N labeling technique to study the dissimilatory nitrate reduction processes in the sandy
sediment of the Shilaoren beach in Qingdao. There is no significant aerobic denitrification in the Shilaoren sand
that can completely reduce nitrate to N,. The potential rates of anammox, anaerobic denitrification and dissimilat-
ory nitrate reduction to ammonium (DNRA) are (0.05+0.01) nmol/(cm*-h), (2.32+£0.21) nmol/(cm’-h) and
(1.02+0.15) nmol/(cm*-h) (N, wet sed.), respectively. Anaerobic denitrification is the major contributor to nitrate
dissimilatory reduction, with a ratio of nearly 70%, followed by DNRA, with a ratio of up to 30%, while anammox
has the lowest contribution of only 1%. In the N, production, the main contributor is anaerobic denitrification, and

the contribution of anammox is only 2%.

Key words: membrane injection mass spectrometry (MIMS); sandy sediment; denitrification; anammox; dissimilatory ni-

trate reduction to ammonium
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