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ABSTRACT

ABSTRACT

pH is an important parameter of the marine carbonate system, and it is also the
direct evidence of ocean acidification. It is important to monitor the seawater pH
continuously and precisely for the research of global carbon cycle and ocean
acidification.

Spectrophotometric method has become the standard procedure of seawater pH
measurement in researches of oceanography and marine carbon cycle due to its high
accuracy, high precision and calibration free. Some works on the development of
shipboard, underway and in sifu spectrophotometric pH measurement systems and
sensors have been undertaken. However, there were still a few limitations so that they
couldn’t fully meet the requirement of researches for marine carbon cycle, ocean
acidification and global climate change. Therefore, supported by the National High
Technology Research and Development Program (863 Program) of China, a
shipboard seawater pH measurement system and an in situ pH sensor based on
spectrophotometric pH measurement and loop flow analysis (LFA) technique were
developed and tested in this study. The obtained results are as follows:

1) A laboratory-made spectrophotometric system with LED light source and
photodiode detector was used to develop a shipboard spectrophotometric pH
measurement system based on LFA technique. The lab and shipboard tests of the
system were carried out. The results showed that the shipboard system had an
accuracy o1 0.0008+0.0031 (n=14, lab test) and 0.0059+0.0189 (n=114, shipboard
test). During the 15 d underway test, 1874 measurements were taken with the
system, which showed the same pH profile with glass electrode on underway
CTD.

2) Based on the shipboard pH measurement system, an in situ pH sensor has been
developed and tested in the lab, tank, Western Xiamen Bay and coral reef area off
Sanya, Hainan. The sensor showed a precision of +0.0008 (n=103, pH=7.52-8.26)
in the lab test, and an accuracy of 0.0017+0.0051 (n=17, tank) and 0.0030+

0.0083 (n=78, Sanya) in the in situ tests, which reached the best level of previous
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ABSTRACT

3)

researches. The sensor ran smoothly during the 15 d in sifu test at coral reef area
off Sanya in spite of the cold wave, tide and biofouling, which showed the high
stability of the sensor.

With the modifications of flow design, flow cell and spectrophotometric system,
the measurement system and sensor developed in this study have overcome the
defects and shortages of previous studies, which can be summarized as follows:
The use of LFA flow design povided a stable mixing ratio of sample and indicator,
which lead to high measurement precision (£0.0008). The spectrophotometric
system with 3 LEDs of different wavelength as the light source and one
photodiode as the detector was applied in this study, and the multiple wavelength
detection was achieved by sequentially lighting the 3 LEDs. As a result, the use
of this spectrophotometric system simplified the structure of measurement system,
and lowered the power consumption of the in situ pH sensor to less than 4 W,
which made the sensor suitable for long term in sifu monitoring. The use of novel
cross-shaped flow cell avoided the bubble trapping and its adverse impact on

spectrophotometric measurement.

Key words: seawater pH; loop flow analysis; shipboard measurement system; in situ

sensor; m-cresol purple
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