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Semi-quantitative low-cost method for mercury determination in soil, sediments and mining residues.

Abstract

An alternative, low cost method for analyzing mercury in soil, sediment and gold mining residues was developed, optimized and applied to
30 real samples. It is semiquantitative, performed using an acid extraction pretreatment step, followed by mercury reduction and collection in
a detecting paper containing cuprous iodide. A complex is formed with characteristic color whose intensity is proportional to mercury concen-
tration in the original sample. The results are reported as range of concentration and the minimum detectable is 100 ng/g. Method quality as-
surance was performed by comparing results obtained using the alternative method and the Cold Vapor Atomic Absorption Spectrometry
techniques. The average results from duplicate analysis by CVAAS were 100% coincident with alternative method results. The method is
applicable for screening tests and can be used in regions where a preliminary diagnosis is necessary, at programs of environmental surveillance

or by scientists interested in investigating mercury geochemistry.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The growing interest in non-sophisticated semi-quantitative
methods has been recognized by the increasing number of sci-
entific publications and offered commercially available tests,
mainly for clinical analysis (screening tests for glucose and
urea in blood), production control (cooling water used in indus-
try, air quality in working areas), and environmental protection
(lake and stream limnology studies, water quality analysis sys-
tems) (Jungreis, 1985; Weiz and Lepper, 1985). Simplicity,
low-cost, quickness, on-site determinations, and the possibility
of processing by unskilled personnel are the main advantages
of these techniques, replacing more complicate and time-
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consuming quantitative methods. Most of the methods are
based on colorimetry, titration with/on impregnated paper,
area or length, and temperature or volume (Jungreis, 1985;
Weiz and Lepper, 1985). Some test methods were proposed
for determining metals in solutions: indicator powder or sor-
bend as glass indicator tubes (Cd, Co, Cu, Fe, Pb, Morosanova
et al., 1997); polyurethane foam loaded with selective reagents
as glass column (Cd, Cu, Hamza et al., 1985); ion exchange
chromogenic polydentate irregular a-cellulose as strips or discs
(Ag, Cd, Co, Cu, Fe, Hg, Pd, and Zn, Ostrovskaya, 1998), and
irregular cellulose bearing fragments as indicator paper (Cd,
Co, Cu, Fe, Hg, Ni, and Zn, Ostrovskaya et al., 2004).
Yallouz et al. (2000) firstly idealized mercury semi-
quantitative method (SQM) for fish analysis. It is colorimetric,
low cost, easy to operate, and attends to the WHO recommen-
dations for fish consumption (WHO, 1990). It was developed
to monitor areas affected by mercury pollution. Most of these
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places are isolated from urban centers, with lack of laboratory
infrastructure, which precludes the access to conventional
mercury analysis, as for example, the Cold Vapor Atomic Ab-
sorption Spectrometry (CVAAS) (Yallouz et al., 2000).

SQM fish determination is performed in two steps: an acid
digestion, using an acid digestion solution of HNOs/H,SO,/
V,0s5 (sulfonitric solution), followed by a visual determination
using a detecting paper covered with an emulsion that
develops a characteristic color due to the (Hgl4)™ complex for-
mation (Yallouz et al., 2000).

Since its development, SQM fish determination quality as-
surance control has been made through comparison with
a quantitative method, and in January 2002, complementary
action was implemented: participation in interlaboratory pro-
gram of the Mercury Quality Assurance Program, coordinated
by the Canadian Food Inspection Agency.

The easy operation of the SQM made possible its diffusion
through training of local users in Rio de Janeiro and Itaituba
(Brazil), and Manado (Indonesia). New users from Sudan,
Laos, Zimbabwe, and Indonesia were trained at Center for
Mineral Technology (CETEM) in July 2004 and in the next
future SQM will be implemented at those countries.

The objective of this paper is to detail the development, op-
timization and evaluation of the application potential of the
SQM for mercury determination in soils, fluvial sediments
and gold mining residues. The possible applications of the
method in multi-disciplinary geosciences and environmental
researches groups will also be discussed.

2. Materials and methods
2.1. Samples

The samples of soil, fluvial sediments and gold mining residues were col-
lected at two small-scale gold mining areas in the Brazilian Amazon, Sao
Chico (06° 25" 31" S, 56° 02' 99” W) and Creporizinho (06° 50" 14” S, 56°
35" 00” W), Para State, in a field campaign at July 2003.

The total of 30 samples were air-dried and homogenized in porcelain mor-
tar. After that they were wet sieved in order to separate into two grain size frac-
tions: less than 74 pm (—200 # mesh) and greater than 74 pm (4200 # mesh).
Each fraction has been dried at 40 °C, and kept in polyethylene bottles.

For the development step, 22 samples (four soils, 13 fluvial sediments and
five gold mining residues) were analyzed. In order to evaluate the applicability
of the method for different chemical compositions, the selection criterion was
based on the difference in coloring, which apparently suggests distinct geo-
chemical and mineralogical compositions.

For the optimization step, three samples (two fluvial sediments and one
gold mining residue) were divided into sub-samples and analyzed separately.
The following parameters were tested: elimination of the filter phase, decrease
of the extraction time and decrease of the SnCl, original volume.

For the applicability study of geochemical affinity between particle size
and mercury concentration, nine samples (four fluvial sediments, five soils,
and one gold mining residue) in different grain sizes and/or in bulk sample
were analyzed.

2.2. Methods

All chemicals used were of analytical reagent grade. Sample digestion was
accomplished by Aqua Regia and 5 mg of dimeticona solution (anti-foam),
and solution reduction was completed by the addition of 50% w/v of tin chlo-
ride in hydrochloric acid 50% w/v. The Aqua Regia is prepared using three
parts of HCI and one part of HNO;, some minutes before starting analysis.

Hot plates with sand baths were used for samples pretreatment, and aquarium
pumps as mercury vapor carrier.

The methodology to prepare and store detecting paper follows Yallouz
et al. (2000). The intensity of the color developed by the samples is visually
compared with color scale derived from well known Hg>" solutions that are
simultaneously analyzed. The series of standard Hg>" solutions was prepared
by water dilution of a 1000 ng/g stock solution Hg(NOs), certified reference
materials (Merck, Germany). The standard solutions are chosen according to
the expected analytical results. To optimize range color discrimination, a stan-
dard illumination (incandescent lampshade) must be used.

Yallouz et al. (2000) recommends the use of at least three different concen-
tration ranges for calibration curve. The SQM lower determination limit of
total mercury is estimated visually to be 100 ng/sample grams (Yallouz
et al., 2002). Results are considered satisfactory when quantitative arithmetic
average values fall in the SQM concentration ranges.

For quantitative comparison studies an Automatic Mercury Analyzer
Hg-3500 Spectrometer (KK. Sanso SS), using a Vapor Generation Accessory
(VGA), was used. The Environmental Mercury Speciation Laboratory (Labora-
torio de Especiacao de Mercurio Ambiental — LEMA) of the Mineral Analysis
Coordination (Coordenacao de Analises Minerais — COAM), CETEM per-
formed the analyses. The method used follows the methodology developed by
Akagi and Nishimura (1991), which involves sample digestion. Two milliliters
of an oxidant 1:1 acid mixture (HCIO4:HNO;) are added drop wise into 0.5 g
of sample, previously weighted in a 50 mL volumetric flask. Then, 1 mL of water
is added. The mixture is carefully heated to 230—250 °C during 20 min. After
cooling, the solution is diluted up to 50 mL, and samples were analyzed at least
twice to guarantee result quality. For quality assurance/quality control sets (QA/
QC) a standard reference material of the National Institute of Standards and
Technology (NIST1633b, coal fly ash) was determined for each set of 10 un-
known samples. All results obtained from reference material analysis fall into ex-
pected interval.

3. Results
3.1. Development step

For soils, sediments and gold mining residues pretreatment,
an acid mixture composed of 3:1 HCI:HNOj; (Aqua Regia),
were used instead of fish acid digestion solution. The last
one interferes colored complex development by elementary io-
dine liberation.

Therefore, the experiments were made using the following
procedure: 10 g of sample are heated for two hours on a hot
plate at 80 °C in a digestion flask (Erlenmeyer stoppered
with a water filled cold finger, Fig. 1), with 25 mL of Aqua
Regia and two drops of anti-foaming.

Fig. 1. Extraction System — Erlenmeyer with cold finger.
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Fig. 2. Semi-quantitative Determination System (1 — analytical solution;
2 — aeration duct; 3 — aquarium pump; 4 — detection system; 5 — PVC paper
support; 6 — detecting paper position; 7 — o-rings; 8 — mini-condenser).

After cooling, 50 mL of deionised water are added and the
mixture is filtered. The analytical solution is transferred to a de-
termination flask (Fig. 2), and 10 mL of the reducing agent so-
lution (50% w/v of tin chloride in hydrochloric acid 50% w/v)
are added. Then the aeration system (aquarium pump) is turned
on. Vapor mercury is forced to pass through a detecting paper
(in a PVC filter holder device, Fig. 2), containing cuprous
iodide, forming reddish colored complex (Fig. 3). The samples
were analyzed at least twice to guarantee the result quality.
Simultaneously, standard solutions are prepared with concen-
trations similar to the expected ones defined preliminarily.
The determination of mercury concentration range is obtained

0 ng/g 100 ng/g

Table 1
Comparison of results obtained by quantitative (QM) and semi-quantitative
(SQM) methods of mercury concentration in environmental samples

Mining site Sample SQM (ng/g) QM (ng/g)

Sao Chico SD-01* 300—600 544
SD-02* >2000 2700
SD-03° >2000%* 1930
SD-04° >2000 2490
SD-05* >2000 2390
SD-06" <200 98.6
SD-07* <200 127
SD-08° 200%* 210

Crepo-rizinho SD-09° <200 159
SD-10* <200 95
SD-11* <200%* 258
SD-12° 200%—400 308
SD-13°¢ 200*—400 226
SL-01°¢ 200—400* 387
SL-02° 600*—1000 613
SL-03° >2000 2370
SL-04° 200*—400 279
MRS-01* >2000 4430
MRS-02° >2000 2150
MRS-03° 600—1 200* 1080
MRS-04° 100—200%* 239
MRS-05¢ 200—400%* 330

SD = sediments; SL = soils and MRS = gold mining residues; * = closer to;
samples fractions: a = natura, b = >200# and ¢ = <200#.

by visually comparing the paper color developed by the samples
with that of the simultaneously analyzed standard solutions
(Fig. 3).

The results obtained by quantitative (QM) and semi-quan-
titative (SQM) methods were compared and the results are
in Table 1. Some of them presented colors close to one of con-
centration range limits and the others in the middle of the class
interval, but their concentration ranges were 100% coincident
with the average results from duplicate analysis by CVAAS.

3.2. Optimization step

To warrant the quality, the experimental results of some sam-
ples were compared not only to quantitative analysis, but also
to the SQM analysis, using its original procedures (Table 2).
The results at Table 2 demonstrate that SQM efficiency was
not affected by filtering stage elimination, SnCl, volume de-
creasing to 5 mL, and time extraction decreasing to 30 min.

250 ng/g 500 ng/g

Fig. 3. Detecting paper, containing cuprous iodide, forming a reference materials concentration range scale of reddish color.
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Table 2
Results of optimization step, samples collected at Sao Chico and Creporizinho
mining sites

Table 3
Mercury concentration at different particle sizes (sampling mining sites: sed-
iments — Sao Chico, soils and residue — Creporizinho)

Sample/ Filter ~ SnCl, Extraction  Results semi-  Results
sub-sample volume time (min)  quantitative quantitative
(mL) (ng/g) (ng/g)
SD-05* 2390
1 Yes >2000
2 No >2000
3 No >2000
4 No >2000
SDB" 697.3
1 120 600—1000
2 90 *600
3 90 600—1000
4 60 *600
5 60 *600
6 60 600—1000
7 90 600—1000
eSD14* 95
1 Yes 5 30 >100
2 Yes 5 30 *100
SD15¢ 210
1 Yes 5 30 <300
2 Yes 5 30 <300
3 Yes 5 30 <300
SD16° 127
1 Yes 5 30 100—300
2 Yes 5 30 100—300
3 Yes 5 30 100—300
eSD17¢ 308
1 Yes 5 30 >300
2 Yes 5 30 >300
3 Yes 5 30 >300
MRS-03" 1 080
1 10 120 >1000
2 5 30 >1000
3 5 >1000
30 *1000
4 5 30 >1000
MRS06° 1010
1 Yes 5 30 *1200
2 Yes 5 30 <1200
3 Yes 5 30 *1200
eMRS07* 258
1 Yes 5 30 *300
2 Yes 5 30 *300

SD and SDB = fluvial sediment; MRS = gold mining residue; 1—7 = sub-
samples; * =closer to; samples fractions: a =natura, b=200# and
¢ = <200#; eCreporizinho mining site.

In consequence, both analysis time and laboratorial resources
expend decrease.

3.3. Application study

For all samples analyzed, it was observed an increase of the
mercury concentration in smaller grain sizes (Table 3), proba-
bly associated to the higher specific surface of the fine grains
and metal, related directly to the texture of soil or sediment.

Sample  Sample fractions

<200# 100# 80 # >48 #  Natura
SD-03  >2000* 1200—2000* 100—300
SD-04  >2000 <100 600—1200%*
SD-08  100—200 <100 100*—300
SD-12 200%—400 <100 <100*
SL-01  200—400* 100—200 100—300
SL-02  600*—1000 100—200 100—300*
SL-03  >2000 100—200 300—600*
SL-05  1200—2000* <100 100—300

MRS-01 >2000 600—1200 600*—1200

* = closer to.

4. Discussion

Since the 70’s mercury environmental contamination and its
consequences to human health had been studied (Lacerda and
Solomons, 1998). In Brazil, besides its use in industrial activ-
ities, mercury is also used in artisanal and small-scale gold
mining generating poisonous residues during the amalgam pro-
cess to miners and environment (gravity concentration, burning
in open pans, and melting in gold shops) (Malm et al., 1995).

Mercury liberated in these processes can be deposited on
surrounding soils and sediments, considered as mercury reser-
voirs. Mercury is concentrated in the smaller grain sizes,
where the specific surface area is higher. Certainly, among
the physical-chemical properties (like clay mineralogy, or-
ganic matter, etc.), that could affect mercury adsorption in
soil or sediment samples (Rodrigues-Filho and Maddock,
1997; Wasserman et al., 2001), texture plays an important
role. Therefore, as many variables can influence mercury re-
tention in different geoenvironments, geochemical modeling
of this metal becomes very complex.

Some semi quantitative and/or qualitative methods are used
in geochemical explorations, mainly in preliminary prospec-
ting work, even been applied in the field (Jungreis, 1985).
Jungreis (1985) describes a semi quantitative field test for mer-
cury determination in soil rocks: the mercury iodide volatiliza-
tion method, most effective in rocks containing cinnabar,
which use dithizone as reagent.

Our mercury colorimetric method was developed to ana-
lyzed soils, fluvial sediments and gold mining residues, and
the results in concentration ranges obtained are comparable
to quantitative ones (Table 1). It couldn’t be applied in the
field, because it is necessary a small laboratory infrastructure
and a trained person (Yallouz et al., 2002).

Obtained results at optimization step (Table 2), demonstrate
that SQM could be more simples without loosing efficiency,
and that parameters optimizations allows benefits like: de-
creasing analysis time and effluent environmental risk, and ex-
penses with laboratory glassware, filter paper, electric energy
and chemical reagents.

The results of potential application study (Table 3) denote
that it is possible, using SQM, to identify a geochemical
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affinity between particle size and mercury concentration. This
study demonstrated SQM potential application in geosciences,
agrarian and environmental researches where a semi-quantita-
tive diagnosis of mercury concentrations is enough.

5. Conclusions

As the described SQM method is simple and with low-cost,
it could be recommended as an alternative method for screen-
ing programs of environmental surveillance. To be used all
that is necessary is a small laboratory infrastructure and
a trained person (Yallouz et al., 2002). Besides soils, sediments
and gold mining residues described in this paper, it is also pos-
sible to analyze fish and urine, thus amplifying the possibilities
of continuous environmental and human health monitoring
diagnosis in areas with historical of mercury pollution.

The potential application potential of SQM to geosciences re-
search groups, agrarian sciences and environmental sciences
(e.g. pedogeochemical, sedimentological, oceanographycal,
agronomical and geographical researches) is conspicuous in
studies where a semi-quantitative diagnosis is enough. Asin gen-
eral, mercurial quantitative analyses are very expensive, SQM
can become a very interesting tool for scientists of those areas.

Acknowledgements

We thank the staff and management of the Center for Min-
eral Technology (CETEM). S. Rodrigues-Filho for fruitful dis-
cussions. S. Rodrigues-Filho, J. Schnellrath, and FA.PL. da
Costa for manuscript comments. R.G. Cesar was supported
by a grant from the Scientific Initiation Institutional Program
for undergraduate graduate students of the CNPq/CETEM.

The samples were collected during the Environmental and
Health Assessment (E&HA) of the Global Mercury Project —
Removal of Barriers to the Introduction of Cleaner Artisanal
Gold Mining and Extraction Technologies (Global Envi-
ronment Facility — GEF/United Nations Development Pro-
gram — UNIDP/United Nations Industrial Development
Organization — UNIDO).

References

Akagi, H., Nishimura, H., 1991. Speciation of mercury in the environment tox-
icology. In: Suzuki, T., Imura, N. (Eds.), Advances in Mercury. Plenum
Press, New York, pp. 53—76.

Hamza, A.G., Farag, A.B., Al-Herthani, A., 1985. Detection and semiquanti-
tative determination of cadmium and cooper using polyurethane foam
loaded with selective reagents. Microchemical Journal 32, 13—17.

Jungreis, E., 1985. Spot test analysis. Clinical, environmental, forensic, and
geochemical applications. In: Elving, PJ., Winefordner, J.D.,
Kolthoff, I.M. (Eds.), Chemical Analysis. A Series of Monographs on
Analytical Chemistry and its Applications. John Wiley & Sons, New
York, 315 pp.

Lacerda, L.D., Solomons, W., 1998. Mercury From Gold and Silver Mining:
a Chemical Time Bomb. Springer-Verlag.

Malm, O., Castro, M.B., Bastos, W.R., Branches, F.J.P., Guimaraes, J.R.D.,
Zuffo, C.E., Pfeiffer, W.C., 1995. An assessment of Hg pollution in differ-
ent gold mining areas, Amazon Brazil. The Science of the Total Environ-
ment 175, 127—140.

Morosanova, E.I., Kuz’min, N.M., ZolotovYu, A., 1997. Length-of-stain tubes
for the determination of metals in water and solutions. Fresenius Journal of
Analytical Chemistry 357 (7), 853—859.

Ostrovskaya, V.M., 1998. New test tools for determination of trace metals
using polydentate cellulose. Fresenius Journal of Analytical Chemistry
361 (3), 303—305.

Ostrovskaya, V.M., Reshetnyak, E.A., Nikitina, N.A., Panteleimonov, A.V.,
Kholin, Yu. V., 2004. A test method for determining total metals with an
indicator paper and its performance characteristics. Journal of Analytical
Chemistry 59 (10), 995—1001.

Rodrigues-Filho, S., Maddock, J.E.L., 1997. Mercury pollution in two gold
mining areas of the Brazilian Amazon. Journal of Geochemical Explora-
tion 58, 231-240.

Wasserman, J.C., Hacon, S.S., Wasserman, M.A., 2001. O Ciclo do Mercirio
no Meio Ambiente Amazonico, Mundo e Vida 2, 46—52. Available at:
http://www.uff.br/cienciaambiental/mv/mv2/MV?2(1-2)46-53.pdf.

Weiz, H., Lepper, H., 1985. A short survey of semiquantitative methods of
analysis and some new contributions. Analytica Chimica Acta 172,
265—271.

WHO (World Health Organization), 1990. Environmental Health Criteria
for Methyl Mercury. International Programme on Chemical Safety,
Geneve.

Yallouz, A.V., Campos, R., Paciornik, S.A., 2000. Low-cost non-instrumental
method for semi-quantitative determination of mercury in fish. Fresenius
Journal of Analytical Chemistry 366, 461—465.

Yallouz, A.V., Hacon, S., Calixto, T., 2002. Semi quantitative mercury deter-
mination in fish: a tool for poisoning prevention. Annals of the Brazilian
Academic of Science 21 (2), 187—191.

mining residues, Environ. Pollut. (2007), doi:10.1016/j.envpol.2007.05.010

Please cite this article in press as: Yallouz, A.V. et al., Potential application of a semi-quantitative method for mercury determination in soils, sediments and gold



http://www.uff.br/cienciaambiental/mv/mv2/MV2(1-2)46-53.pdf

	Potential application of a semi-quantitative method for mercury determination in soils, sediments and gold mining residues
	Introduction
	Materials and methods
	Samples
	Methods

	Results
	Development step
	Optimization step
	Application study

	Discussion
	Conclusions
	Acknowledgements
	References


