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This paper summarizes some of the research and evaluation studies about mercury analysis in the 
environment during the past years in China. The main contents is as follows: 1) Determination of 
total mercury and speciation of mercury in air; 2) Storage and handling of water samples; 3) 
Re-treatment of solid samples; 4) Determination of total mercury and speciation of mercury in water 
and solid samples; 5) Certified reference materials. 
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INTRODUCTION 

Mercury was used in a wide variety of industrial and civil activities in China. 
The risk of mercury pollution was threatening the civil health and the sustainable 
development of economy due to the increasing amounts of emissions. The con- 
centrations of Hg in air, water, and soil had increased since 80’s when the GDP 
grew up. The increasing rate of Hg used was very high, especially in metallurgi- 
cal industry, gold mining, electronic industry, household batteries and electric 
lights. Therefore, studies on monitoring methods for mercury compounds were 
greatly stressed. A large number of articles for the speciation of mercury in envi- 
ronmental samples had been published. This paper summarizes some of them. 

* Corresponding author: Fax:+86-10-62923563. E-mail: chenzh@mail.rcees.ac.cn 
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154 CHEN JIANHUA et al. 

RESULTS 

Determination of total mercury and speciation of mercury in air 

Determination of total mercury 
Normally, methods for determination of total mercury in the air employed a sam- 
pling train consisting of a filter to retain particulate phase mercury followed by 
an adsorbent trap which retains total gaseous mercury[']. Cold vapour atomic flu- 
orescence spectrometry (CVAFS) and cold vapour atomic absorption spectrome- 
try (CVAAS) determination of mercury collected from ambient air on 
sulphhydryl cotton fiber or gold coated sand, respectively, were recommended 
by the China National Environmental Protection Agency in 1990. The former 
technique was more sensitive, however the operation was more complex. 
Absorption in a solution of potassium permanganate/sulfuric acid 
(KMnO4kI2SO4) and further SnC12reduction followed by CVAAS was recom- 
mended for the determination of mercury in polluted areas. The method was sen- 
sitive (detection limit: 0.6 ng) with less interferences[']. 
Dithizone-spectrophotomertry was an alternative method for high concentrations 
of mercury but the operation was tedious1']. Pang Shuwei et al.[2z1 reported a 
method for the determination of total mercury in air by using silver wire and gold 
coated sand. They also determined dimethylmercury in air using selective 
absorption. The samples can be stored over 96h. Yu Guotai et al.[4J1 studied the 
pre-concentration and separation of inorganic and organic mercury in air using 
sulphhydryl cotton fiber. Jing Zhiyan et al.l6I made a systematic study on the 
emissions of mercury from coal combustion in Shenyang area. They trapped the 
gaseous phase of mercury from ambient air using a glass tube filled with super 
pure Mn02-cotton, and the mercury from flue gases using a KMn04/H2S04 
solution, respectively. The mercury concentrations in air were measured during 
the heating and unheating periods in Shenyang area. In May 1989 (unheating 
time) the average concentration was 34 ng/m3, whereas in January 1990 (heating 
time) was 290 ng/m3. The background value in the countryside was around 
3 ng/m3. 

Speciation of mercury 
In general two approaches were used for the determination of mercury species in 
the atmosphere: (1) selective adsorption methods; (2) gas chromatography inter- 
faced with atomic absorption spectrometry. Yuan Lan and Zhong ChonglinL7] 
collected airborne particulate mercury (PM), mercury chloride (MC), methyl- 
mercury chloride (MMC), elemental mercury (Hg') and dimethylmercury 
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ENVIRONMENTAL ANALYSIS OF MERCURY 155 

(DMM), selectively or simultaneously, using porous filter, Chromosorb 
W-SE30-HCl, 420 resin (made in Shanghai), spiral silver wire and gold coated 
sand, successively. The amounts collected were in the range of 0.1-240ng of 
total mercury with relative standard deviations between 4.5-1 1.7% Pang Shuwei 
et a1.[21 determined total gaseous mercury and DMM using gold coated sand and 
silver wire in series. The method was simple with a collection capacity in the 
range of 0-50ng of mercury and a relative standard deviation of 6%. The detec- 
tion limit was 0.5ng of mercury for DMM. Jiang Guibin et a1.[81 successfully sep- 
arated DMM, DEM and MMC, EMC by GC that was interfaced to AAS for 
detection. The sensitivity of the method was 0.2ng of mercury for DMM and 
DEM and 0.5ng of mercury for MMC and EMC. The concentrations of mercury 
species measured in a residential area(Beijing) and in a mercury storage room 
were given in Table I. 

TABLE I Concentration of organic mercurials in air (ng/m39'1 

Sampling sire Sampling time Volume of air DMM DEM MMC EMC 

Laboratory 28/04/88 900 ND* ND 14.4 9.8 
storage room 1 22/05/88 120 4.2 4.6 34.3 27 1 

storage room 2 24/05/88 120 ND 3.3 9.2 12.5 
Residential area 1 19/05/88 240 ND ND ND ND 

Residential area 2 25/05/88 600 ND ND 1.3 ND 

Botanical garden 25/05/88 240 1.2 ND 3. 1 ND 

Buddha temple 0 1 /06/88 300 1.7 ND ND ND 

'ND: Not detected. 

Zuo Yuegang and Pang Shuwei['] determined dialkylmercury and phenylmer- 
cury in air samples by reaction gas chromatography. Wei Shiqian et al.[lol col- 
lected mercury2+ from ambient atmosphere using a KC1-denuder. The 
efficiencies for absorbing inorganic and organic mercury2+ were 98%. and 
around 94%, respectively. The mercury trapped in the denuder can be quantita- 
tively extracted by 1 m o m  HCl and analyzed by the method of SnCI2 reduc- 
tion-CVAFS. Further investigations towards knowing the effects of 03, S02, HCI 
etc. were necessary. In order to get enough mercury for analysis, rather long sam- 
pling time was needed. 

Up to now reliable data on mercury species in air were still very limited and 
further analytical developments were needed. 
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Storage and handling of water samples 

Cleaning procedures for laboratory ware 
Many reports were given in China about the storage of standard solutions and 
water samples containing mercury. The different factors that influence the stor- 
age of samples were researched extensively, such as materials of containers, 
ware cleaning procedures and choice of preservatives. Some useful guidelines 
for storage were given. 

The common materials for sample storage were Teflon (PTFE), glass, polyeth- 
ylene. polypropylene or polychloroethylene[' 'I. Some scientists did many con- 
trast experiments about sample containers. They suggested that glass was the 
best material. Their experiments showed that Pyrex and silica glass were better 
than polyethylene and polychloroethylene['2]. Lu Xiank~n[ '~]  suggested that 
storage of sea water samples in polyethylene would lead to serious mercury pol- 
lution of the samples. If the samples had to be stored for less than 3 months, 
Pyrex glass and Teflon would be the best materials. If the storage time was more 
than 3 months, Teflon may be the only one. But Liu Qizhong[14] suggested that 
rigid glass and polyethylene containers were adequate, respectively, for the stor- 
age of standard solutions in laboratory and for field operations. 

Beside the choice of containers, the cleaning procedures of ware were also 
important. HNO, was usually used for ware cleaning. Concentrations of 3%, 
10% and 50% were rec~mmended['~I. Yu Muqing["] suggested to soak the ware 
in hot HN03 at 90°C for 1 hour. Lu Xiank~n[ '~]  used the way of soaking all the 
ware in 1% HNO, and 0.01% K2Cr207 until sampling. Zhang Guangyuan["] 
soaked all the ware in 5% HN03 and 0.1% K2Cr207 for more than 24 hours. Liu 
Qi~hong[ '~] thought that strong acid would hamper the operation of workers, so 
he proposed a 5% KN03 solution to clean polyethylene containers. The cleaning 
efficiency was 90-98%. 

Storage of water samples 
Many reports were published about the losses of mercury in water samples dur- 
ing storage that had been reviewed by Yu Muqing["]. Summarizing the ideas of 
these reports we may conclude that the common reasons for losses were: 
(1) Inorganic mercury was reduced to elemental mercury and volatilized; 
(2) Mercury was adsorbed on container walls; (3) Mercury was converted from 
simple ions into stable complex forms, or from soluble forms into suspended 
forms (adsorbed by suspended materials). From these we can conclude that only 
the losses due to volatilization were real losses that can not be recovered, the 
other losses were actually conversion of chemical forms in the solution and can 
be recovered by right methods of sampling, storage and oxidization. 
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ENVIRONMENTAL ANALYSIS OF MERCURY 157 

There were three kinds of mercury preservatives, namely strong acid solutions, 
that reduce the adsorption of mercury, oxidants that may keep mercury in high 
oxidizing form in the solution and reduce the volatilization of mercury, and acids 
and oxidants, that can reduce both the adsorption and volatilization of mercury. 

At present, 5% HNO, + 0.05% K2Cr207 was the common preservative for 
trace mercury. Zhang Guangyuan[”] reported that it cannot only preserve mer- 
cury very well but also transfer the adsorbed mercury into solution again. He[’61 
suggested to use 1-2% HN03 + 0.05% K2Cr207 because HNO, solution was 
easy to volatilize and gave much of harmful nitrogen gas. The experiments by 
Tang Debao[lgl showed that it was better to use 5% HNO, + 0.2% K2Cr207. Liu 
Qizhong[14] suggested that 0.5% KNO, was a good and convenient solid pre- 
servative and can be used in practice. Xie Yuxiang[I7] reported that 5% 
HN03 + 0.05% K2Cr207, 0.1N KCl + 0.1N HCl and 0.2N H2SO4 + 0.1% 
(NH4)MoO4 can all be used as preservatives for trace mercury in the sea water, 
industry waste water and tap, distilled and drinking waters. 

The results about losses of mercury during storage of water samples were 
given in Table 11. 

The above methods were all used for the storage of total mercury in water sam- 
ples. There were not many reports in China about the storage of methylmercury. 
Tang Yijian[lgl showed that solid CuS04 was a perfect preservative for methylm- 
ercury in river water sample, which was steady after the storage of 15 days. The 
common method of storage was to pre-concentrate methylmercury on 
sulph-hydryl cotton at the sampling site[”]. Then, the sulph-hydryl cotton glass 
tube was properly preserved and brought back to the lab to wash, separate and 
determine methylmercury. It was considered to be a very advantageous sampling 
and preserving method. 

Oxidizing methods of water samples 
Decomposition of all mercury species into Hg2+ was necessary if total mercury 
was to be measured. There were many kinds of oxidizin agents, among which, 
KMn04and K2S20g were better. Zhang Guangyuan[16y showed that KMn04 
gave poor result in converting CH3HgCl and PhHgAc, however, the mixture of 
KMn04 and K2S2Og can convert them com letely at room temperature or heat- 
ing. The oxidizing methods recommended[ 51 were (1) cold oxidizing method; 
(2) heating to boiling point and keeping the temperature method; (3) heating and 
boiling method. The result about water samples showed that mercury cannot be 
converted into Hg2+ completely only with 5% HNO,+ 0.05% K2Cr207 at the 
room temperature. If H2S04 + KMn04 + K2S2Og was used as oxidizing reagent, 
high precision and good accuracy can be obtained. Xiong Hui1ingI2O1 found that 
NH20HHCl can reduce KMn04 and more accurate results can be obtained if 
NH20HHCl was not added. Qiu Guangkui[211 used KBr03-KBr as bromic rea- 
gent to decompose organic-mercury. This method was simple and fast. 
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Pre-treatment of solid samples 

Wet and dry oxidizing methods were reported for the determination of mercury 
in sediments. The wet methods recommended[221 included heating and boiling 
with an electrothermal plate using the following reagent mixtures: H2SO4- 
K2Cr207, H2S04-HN03-KMn04, H2SO4-HNO3-V2O5 and H2S04-HN03- 
NaN03. Wang Guochao[221 found in the oxidizing tests with H2S04-KMn04 
that if the added quantity of oxidizing agent was changed slightly mercury in 
sediment can be oxidized completely even if heating with boiling water or elec- 
trothermal plate were omitted. Shen S h ~ p i n g [ ~ ~ ]  investigated how the above 
mentioned four different oxidizing reagents affected the measurement of total 
mercury in sediments and showed that the oxidizing efficiency of organic sub- 
stances was highest with the recycling oxidizing method. Liu Z h i l ~ n g [ ~ ~ ]  used 
different oxidizing agents at open, high pressure or condensing recycling condi- 
tions, and compared ten kinds of oxidizing mixtures suggesting that the use of 
aqua regia for 3 hours at 150°C was the best when CVAAS was used to measure 
mercury in the sediment samples. 

The H2S04-HN03-V205 oxidizing method was used with fish and shellfish 
samples[251. But at present a HC1 solution containing Cu2+ or NaCl was used in 
the majority of reports[26v271 Yang Xianhe[281 used HNO3-H2O2 in a Teflon her- 
metically-sealed jar to oxidize samples when he monitored mercury in biological 
samples. The operation of this method was simple and the recovery was high. It 
was commonly used for biological samples. 

At present a wet oxidizing method and volatilization at high temperature fol- 
lowed by collection of elemental mercury were often used to treat coal samples. 
Zheng Ping[291 studied seven types of oxidizing methods and chose Mo cataly- 
zing followed by H2S04-HC104 oxidation in determining trace mercury in coal 
samples. Feng Ping[301 used combustion to treat coal samples. He used dissolva- 
ble starch as combustion-supporting agent to bum with coal samples in the oxy- 
gen flask and 1% KMn04-l.8M H2S04solution as absorbing solution. 

The recovery rates of oxidizing methods for different solid samples were 
shown in Table III. 

Determination of total mercury and speciation of mercury in water 
and solid samples 

Determination of total mercury 
The most common method for determining mercury in water and solid samples 
included CVAAS, CVAFS and dithizone spectrometry[3 'I. 
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SnC12 was often used to reduce Hg2+ in CVAAS and CVAFS. Jing X ~ e g e n [ ~ ~ ]  
used KBH2 to reduce mercury directly and omitted the oxidization procedure 
when determining mercury in milk. Li F e i y ~ n g [ ~ ~ ]  produced Ag cathode wires 
for pre-concentrating mercury quantitatively with an electrical method at con- 
stant potential and further quantitative releasing by heating. This method can be 
used to determine super trace mercury (less than 1 ng/L) in natural waters. Wang 
E r k a ~ g [ ~ ~ ]  tested the polarographic property of mercury on a rotating glass car- 
bon electrode in IP-MI pulse polarography for the determination of trace mer- 
cury in pure water. Some laboratories used neutron activation method to 
determine mercury in human hair[35961 Spectrophotometry was extensively used 
for the determination of Hg(I1). The chromophoric reagent used included potas- 
sium f e r r ~ c y a n i d e [ ~ ~ ~ ~ ~ ] ,  4,4-bis (diethylamino) diphenyl methyl t h i ~ k e t o n e ~ ~ ~ ] ,  
benzothiazolyldiazoaminoazobenzene[40], l-(2-Benzothiazolyl)-3(4-phenylazo- 
phenyl)-tria~ene[~~] and p-sulfamoyl-benzenedaz~aminoazobenzene[~~~. 

Speciation of mercury compounds 
There are many reports in China about the determination of organomercury. In 
summary, there were two kinds of methods. One is gas chromatograph, the other 
is CVAAS or CVAFS. 

Sulphhydryl cotton and cysteine were used in methods for determining methyl- 
mercury. Because the contents of MeHg in the different matrices and environ- 
ments were very low, the cysteine method cannot fit with the requirement 
because its enrichment factor was too small. The sulphhydryl cotton adsorbing 
methods included one or two steps. The two steps method consisted in adsorbing 
methylmercury on sulphhydryl gauze before than sulphhydryl cotton. Its opera- 
tion was tedious and the recovery was worse than the one step method. Packed 
columns were often used to determine methylmercury in GC. However, Tong 
B ~ l i n g [ ~ ~ ]  recommended the use of a big bore capillary column (W.53mm 
x 20m PEG-20M). Usually, the GC detector was ECD. Dai S h u g ~ i [ ~ ~ ]  used GC 
interfaced with CVAAS for the speciation of organomercury compounds .He 
separated and determined CH3HgC1, C2HsHgCl and (CzH&Hg. Jiang Guib- 
ingi4*] analyzed CH3HgCl in fish with a GC capillary column interfaced with 
CVAAS. He also determined successfully C2HsHgC1, (C,H.&Hg and PhHg, 
Huang Z h ~ o e r [ ~ ~ ]  reported to determine methylmercury by GC-AFS after aque- 
ous phase ethylation. 

When organomercury was determined with CVAAS or CVAFS, SnC12 was 
used to reduce inorganic mercury in acid conditions and to reduce organomer- 
cury in basic conditions[25i50] Li S h ~ n x i n g [ ~ ~ ]  suggested to separate inorgano- 
mercury, alkylmercury and phenylmercury with modified green tea. The 
inorganomercury and organomercury were adsorbed on the modified green tea at 
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FIGURE 1 The map of China with indication of the places of suppliers in Table IV 

pH 5 and 1, respectively. and then inorganomercury, alkyl mercury and phenyl- 
mercury were desorbed with 1.5, 3.0 and 6.0 mol.1-' hydrochloric acid, respec- 
tively, and determined by CVAAS. A kind of crosslinked chitosan was also 
applied to the speciation of mercury. Inorganomercury, alkylmercury and phe- 
nylmercury were selectively preconcentrated by the crosslinked chitosan and 
eluted off with 0.4 m o m  NaOH. For the water samples, the detection limits of 
inorganomercury, ph-Hg and alkyl-Hg were 7.8 ng/L, 9.8 ng/L and 12 ng/L 

Some scientists used HPLC to analyze species of mercury. Ying X ~ e f e n g [ ~ ~ ]  
reported that organomercury and inorganic mercury may form complex com- 
pounds with di-ethyl-dithocarbamate (DTC).Then, mercury can be determined 
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with reverse HPLC after extraction by chloroform. In this way, methylmercury, 
ethylmercury, benzoic mercury and inorganic mercury were determined. 

Certified reference materials of mercury 

Certified Reference Materials (CRM) are essential for the verification of an ana- 
lytical method. There are over seventy CRM for mercury in various matrices 
covering geology, environment, clinical medicine, etc. in China. The details are 
given in Table IV and the places of suppliers are indicated in Figure 1. 
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