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We have developed an aerial mercury monitoring system whose operating principle is based upon gold amal-
gamation and flameless atomic absorption. A stable measurement of micro-trace mercury in the air becomes 
possible by preventing dirt from accumulating in the measuring system and minimizing interference from 
other gases occupying the same area. As a mercury collecting agent, a Chromosorb P® coated with gold 
proved to be durable against repeated long-time operation. Absorption of organic gases on the Chromosorb 
P® can be avoided if the mercury collecting agent is kept heated to 150°C. When measurements were inter-
mittently repeated up to 10 times, the coefficient variation was 3%.  
 

 

1. Introduction  

Fossil fuel, which constitutes the major part of 
energy consumed today, contains mercury: 0.005 
ppm or so in heavy oil, and 0.05 ppm or so in 
coal. 90% or greater amount of such materials are 
discharged into atmosphere according to Fujii [1], 
It is important to establish a method to continu-
ously measure the concentration of mercury in air.  

To collect mercury in air, a wet method using 
potassium permanganate solution mixed with sul-
furic acid has been used. However, mercury con-
tained in the reagent can become the source of 
mercury when trace mercury measurement takes 
place [2]. Therefore, recently dry methods have 
been studied. Some of them employ gold wool, 
silver wool, or gold-coated absorbent to collect as 
amalgam, or the activated carbon absorption 

methods [3].  
Most of the measuring systems use flameless 

atomic absorption; however, Zeeman atomic ab-
sorption [4], vacuum ultraviolet atomic absorption 
[5], detection by quartz piezoelectric sensor [6], 
and detection by the gold film resistance method 
[7,8] are also employed.  

Most systems have separate units for sample 
collection and measurement. For ultratrace mer-
cury determination sampled from the atmosphere, 
increase in the blank test value while the sampling 
tube is moved from one place to another is a prob-
lem. As the atmosphere always changes due to 
temperature, pressure, and the direction of the 
wind according to the weather and time of sample 
collection, the collected mercury volume can 
show a difference of an order of magnitude within 
the same day [9].  

We have developed an aerial mercury con-
tinuous monitoring apparatus [11] which com-
bines a mercury collector [10] using a Chromo-
sorb P® (Gasukuro Kogyo Inc.) specially coated 
with gold and a measuring unit using a nondisper-
sal type flameless atomic absorption.  

We studied the performance of the system es-
pecially interference from organic gases, the in-
fluence of water, and the application limit of the 
mercury-collecting agent.  

2. Experimental Apparatus and Method  

2. 1 General Description of the Apparatus and Method  

The apparatus is constructed as shown in Fig. 
1. An incorporated computer controls the system 
to automatically repeat the cyclic operation com-
posed of 1) mercury collection, 2) gas purging, 3) 

 
Ultra wide range, stable and durable 
• Meas Range: 0.001 ~ 1000 ng 
        Sample flow rate; 0.5 l/min 
        Sampling time; 1 ~ 999 min 
• Gold amalgamation method 
• Output; Printer, contact of alarm and RS-232C 
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3.5 Degradation of Mercury Collector Agent  

We built an experimental device to repeat 
heat/air-cool cycles of the mercury-collecting 
agent at approx. 8-minute intervals and performed 
an operation over 40 days (or approx. 7400 times). 
On the 7th and 10th days, and at 5-day intervals 
thereafter, we injected mercury gas into the meas-
uring units to trace the recovery of the mercury. 
The data showed values of 98-105% against the 
initial values, and degradation of the mercury col-
lector agent was not found. However, there is a 
report [12] stating that decreased mercury collec-
tion capability was observed when, instead of 
simple heat/cool cycles, 12 absorption/desorption 
cycles of a large amount of mercury were per-
formed. Therefore, we additionally ran 20 absorp-
tion/desorption cycles with the mercury-collecting 
agent to collect the amount of 3 µg, which is close 
to its holdable limit. In the first and the last cycles 
in the series of runs, we connected a mercury col-
lector tube in series, similar to that used in 3-4, to 
the outlet of the mercury collecting agent tube to 
measure a leak. The resultant data were 1.5% and 
0.96%, respectively, and no decreased collection 
efficiency was observed.  

3.6 Measurement of Mercury in Environmental Air 

We installed a Teflon sampling tube out side 
the 4th-floor window the Company's factory in 
Takatsuki, Osaka to measure the amount of mer-
cury in the environmental air for several days. 
Measurements were run at a flow rate of 0.51/min 
at 60-minute intervals. As seen in Fig. 6, the val-
ues ranged from 3.77 to 17.87 ng/m3 depending 
upon the time and date. Mean value was 5.86 
ng/m3 and coefficient variation was 2.34 ng/m3. 

Simultaneously we also collected data on sulfur 
dioxide, nitrogen dioxide, and meteorological data 
to study their contribution to the mercury volumes 
detected, and found a meaningful correlation with 
the data for sulfur dioxide and nitrogen dioxide. 
This correlation agreed with the works by Koba-
yashi et al. [14], and Matsumoto et al. [15] that 
suggest the amount of mercury in environmental 
air is influenced by the generating sources.  

3.7 Example of printout  

 
4. Conclusion 

We developed a continuous mercury-in-air 
monitor that is based on the gold amalgamation 
and flameless atomic absorption principle. For 
stable and continuous measurement of trace mer-
cury, it was necessary to satisfy the following 
conditions: 1) wash and dehumidify sample gas, 

 
 

Fig. 5  Retention efficiency of mercury on the collector. 
Quantity of gold coated on mercury collector B was 
three times as much as collector A. 

 
Fig. 6  Mercury concentration variation in environmental 
air. 
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2) avoid absorption of the sample gas by organic 
gases, ensuring that sample gas is not introduced 
inside the measuring system, 3) use dehumidified 
clean air as a carrier gas for the absorption cell, 4) 
preheat the mercury collecting agent to 150°C, 
and 5) be able to detect amounts of mercury as 
low as 0.01 ng.  

With our system it became possible to deter-
mine the variation of mercury-in-environmental 
air on an hourly basis as well as a daily basis, 
which had been impossible with a conventional 
batch mode system. Elimination of interference 
from organic gases in the mercury collecting 
agent made it possible to apply our system to the 
determination of trace mercury in gas from com-
mon smoke stacks.  
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Continuous determination of mercury in air 
by gold amalgamation and flameless atomic ab-
sorption. Koji Tanida, Munehiro Hoshino (Nippon 
Instruments Corporation, Osaka Factory, 14-8, 
Akaoji-cho, Takatsuki-shi, Osaka).  

Aerial mercury was determined by using a 
newly constructed, flow-type mercury analyzer. 
The sample gas was led to a scrubber and washed 
with water. The gas stream, after dehydration, was 
then introduced to the mercury collector main-
tained at 150°C, where mercury collected on po-
rous silicate particles (Chromosorb P) by gold 
amalgamation. The lower collecting temperature 
caused an adsorption of organic materials to the 
collector and gave rise to ghost peak in the subse-
quent mercury detection. The temperature of col-
lector was then raised to 700°C, and the mercury 
released was determined by flameless atomic ab-
sorption method. The capacity of collector did not 
change after 7400 repeated uses. The retention of 
the collector was able to extend up to 10 µg by 
increasing the quantity of gold coated on the col-
lector. The coefficient of variation in the determi-
nation of 0.19 ng mercury (20 µl of mercury va-
por-saturated air, 16°C) was 3.0%. The concentra-
tion of mercury in the environmental air varied 
between (3. 77 ~ 17.9) ng/m3. 
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