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ABSTRACT

Free cyanide and total mercury concentrationswere measured from the 196
water samples collected from the different water sources - rivers, dams,
creeks, springswithinthevicinity of 40 small scalemining areasin Benguet,
Philippines which is the largest mining area in the northern Philippines.
Ninety-eight water samples each were subjected for free cyanide and total
mercury analysis. While none of the water samples exceeded the maximum
limit for free cyanide, there were 90 water samples (92%) had positive
readings. The average reading of all the samples of cyanide analysis was
0.047ppm (s.d. 0.0098). While 83% of the water sampleswere positive with
mercury, only twenty-nine percent exceeded the standard. The mean reading
of all the positive results of mercury was0.064ppb (s.d.0.061).The source of
mercury and cyanide residues found can be due to historic and current
mining operationsin the ten municipalitiesand a so to the widespread small-
mining operations in the province as a source of livelihood of the people.
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INTRODUCTION

Cyanideand mercury arethetwo chemicasexten-
sively used in mining to extract microscopic gold par-
ticles. Thesetwo chemical s pose serious problemsto
the environment as they are released freely into the
streamsand riversasaresult of mining®34,

Inthe process of extraction of gold particles, cya
nideisused toleach out the microscopic gold particles
while mercury isused and placed in pans of gold-rich
orewherethe element clingsto thegold and sinksto
thebottom, enablingretrievd of thepreciousmetd. Then,
minersgoply fireto separatemercury fromthegol d”#Y,

Other sourcesof cyanideand mercury intheenvi-
ronment arethe dischargesfrom sted and metal facto-
ries, and plastic and fertilizer factories, erosion of natu-
ral depositsand runoff from landfillsand croplandg®.
Natural sourcesof cyanidearefrom certain bacteria,
fungi, and a gaethat metabolically produced cyanide.
Cyanidemay bea so found in plantsand somefoods,
such aslimabeansand almonds although bulk of cya-
nide occurrencein environment ismainly dueto meta
finishing and miningindustries’¥. TABLE 1 showsa
brief description of the physical propertiesof cyanide
and mercury.

It was estimated that there were about 1.6tonnes
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TABLE 1: Physical propertiesof cyanideand mercury

Chemical

Physical Characteristics

Cyanide

Under typical conditionsin natural waters, cyanide exists predominantly as free cyanide and evaporates2*4”.
Free cyanide is a measure of the cyanide present as HCN or CN?%. Hydrogen cyanide is a colourless liquid

with an odour characteristic of bitter almonds and a vapour pressure of 107.6 kPa at 27.2°C. It is completely

miscible in water*!. In general, cyanide concentrations in raw water appear to be low (i.e., <0.1 mg/L ).

The half-life of hydrogen cyanide in the atmosphere is about 1 or 3 years'?.

The most available information on mercury concentrations in environmental samples and biological

specimens refers to total mercury. The maximum allowable concentration (MAC) of total mercury based on

US EPA for consumption of water and organisms is 0.050ug/L and 0.00105 ppm for groundwater. Inorganic

Mercury

mercury isusually converted to methymercury through amicrobial process. As aresult, most of the mercury

found at the top of the food chain isin the form of methyl mercury. The half-life of methylmercury is 90

years®4,

of mercury released for every ton of gold producedin
the Philippines, fromwhich higher concentrationsare
released into the atmosphere and lesser to soilsand
rivers(Eider 2004). In Eastern Mindanao, thegold rush
started in the 1980s. About 140 tonnesof mercury was
released into the environment from 53 mining commu-
nities. Inthe study of Cortes-Marambaet. al., it was
noted that about 52kg of mercury per year were used
by the small scale gold processorsin the southern part
of thePhilippines.

TABLE 2 showsthefate of cyanideand mercury
insoil, water, air, andinbiological systems.

In the Philippinesand in other countries such as
US, Africa, and Thailand, cyanideand mercury arefre-
quently used by mining companiesfor leaching gold
fromfinely ground org 033,

Miningindustry in thephilippines

ThePhilippinesisthefifthlargest reserveof goldand
copper intheworld. Mining and quarrying sector which
accountsfor about 7.3% of thetota output of theindus-
try sector and 2.4% of the gross domestic product in
2007. In2005, theNationd Statitica Coordineting Body
(NSCB) peggedtotal GrossValueAdded (GVA) tobe
at Php 64B (USD 1.28B) tota cost of mining contribu-
tionstotota exports. Thereare 7 mining companiesreg-
istered intheyear 2002. But intheyear 2005, the num-
ber increased to 383 with 2,229 petitionsin the country
pending approva (MGB, 2002). In the second quarter

of 2010, the Department of Environment and Natural
Resources (DENR)-Mines and Geosciences Bureau
(MGB) reported that mining industries has contributed
14% of thetotd Gross Domestic Product (GDP) of the
country. Large sca e companies contributed about 30.5
billion pesos(USD.61B) and smd| scaecompaniescon-
tributed about 19.3 billion pesos (USD.386B)1*.

Miningasthepremier industry in benguet

Benguet hasaland areaof 2,833.0 sg.km. It has
13 municipalitiesnamely LaTrinidad, Sablan, Bokod,
Bakun, Tuba, Kabayan, Itogon, Mankayan, K gpangan,
Tublay, Atok, Bugias, and Kibungan. Itscapita townis
LaTrinidad. Thetotal population of the provinceis330,
129634,

Benguet isthecountry’s leading gold producer. Ap-
proximately 6,227,565 metric tonsof primary gold ore
and 897,551,435 metric tons of primary copper arein
Benguet. Smdl-scdemining hasbeenthesourceof live-
lihood of the rural communities. However, about 66%
of theregion’s total land area is covered by the top
existing large mining companiesof thecountry: Philex
Miningin Tubaand Lepanto Mining Corporationin
Mankayan. Themining firms contribute to about 98%
of theprovince’s export revenuet®.

Smadl-scaleminingisasingleunit mining operation
having an annual production of not more than 50,000
metric tons of ore and satisfying thefollowing requi-
stes- thework isartisana, either open cast or shallow
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TABLE 2: Environmental fateof cyanideand mercury

Chemical

Environmental Fate

Cyanide in water does not build up in the bodies of fish. There are no reports of cyanide biomagnification or

cycling in living organisms, probably owing to its rapid detoxification!®?, Cyanide ions are not strongly

adsorbed or retained on soils, and leaching into the surrounding ground water will probably occur. Cyanide

seldom remains biologically available in soils because it is either complexed by trace metals, metabolized by

Cyanide

various microorganisms, or lost through volatilization'®.

Cyanides usually do not seep into underground water. However, cyanide has been detected in underground

waters of afew landfills and industrial waste disposal sites. In this case, cyanide becomes toxic to soil

microorganisms. Because these microorganisms can no longer change cyanide to other chemical forms, cyanide

is able to pass through soil into underground water?®.,

Mercury naturally volatilizes from soil and surface waters and enters the atmosphere. Most atmospherically

deposited mercury will re-volatilize or adsorb to organic material in the soil.

Asaresult, only avery small

amount of mercury is transported to groundwater™. Mercury usually settlesinto rivers, lakes or oceans, where

certain microorganisms and abiotic reactions convert it to methyl mercury™ .

Methyl mercury accumulatesin biological tissue more quickly than inorganic mercury. Methyl mercury isthen

Mercury

biomagnified in predatory fish such as swordfish, tuna, king mackerel and shark aswell asin some types of

shellfish. Mercury is strongly bound to soil and is attached predominantly to soil organic matter. Therefore, the

mobility of mercury and compounds in soil is minimal even in soils contaminated by mercury fungicides. The

probability of groundwater contamination with mercury through soil leaching appears unlikely; however, the

mobility of mercury in soils may be enhanced by leachates from municipal landfills.

underground mining, without the use of sophisticated
mining equipment; minima invesment oninfrastructures
and processing plant; heavy reliance on manual labor;
and owned, managed or controlled by anindividua or
entity quaified under exisingmininglaws rulesandregu-
laions(RA 7076). Mining practicesof smal-scalemin-
ersare mostly open-cast or quarrying operationg®y.

In Benguet, thereare morethan 20, 000 smdl scale
minerd¥. Thelbal oy and K ankanagy people of Benguet
continueto practicetraditional small-scaeminingtill
today. Men, women, children and thee derly each have
aroleto play in the extraction and processing of the
ore. They extract only enough gold to meet their basic
necessitiesand recelvetheir share of thegold based on
an equitablesharing system. However, ascommunities
aredeprived of their land and resources, thesetradi-
tional small-scalemining methods and positivevalues
arenow under threat of vanishing*.

METHODOLOGY

Sudy areaand sampling

The study areaconsisted of small scalemining ar-
easin Benguet. Therewasatota of 196 water samples
located near 40 small scalemining. Thewater samples
were taken from the various sources such as spring,
river, creek, cand, irrigation, household, dam, and do-
mestic water within theidentified farmlocations. Two
samples/replicates of water samplesweretaken from
each farm. The sampleswere placed in anicebox, and
delivered tothelaboratory within 24 hours.

This study was approved by the Research Ethics
Board of the University of thePhilippinesManila

Sampleanalysisand quality control
AtomicAbsorption Spectroscopy wasused in ana
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TABLE 3: Samplecollection and analytical method

Collection
M ethod Samples of Soil and Water
Parameters
Location of
Farms in the ten municipalities of the province of Benguet.
samples
Number of
196 water samples; 98 samples for cyanide and 98 samples for mercury
samples
_ 2 liters of water were placein an icebox and delivered within 24 hours to laboratory for analysis. The water samples
Collection were collected using surface grab sampling. The samples were stored in a freezer of less than 20 degree Celsius
method temperature.
Atomic Absorption Spectroscopy was used in analyzing cyanide and mercury residue in the water samples. If light of
just the right wavelength impinges on a free, ground state atom, the atom may absorb the light as it enters an excited
state in a process known as atomic absorption. Atomic absorption measures the amount of light at the resonant
wavelength which is absorbed as it passes through a cloud of atoms. Asthe number of atomsin the light path increases,
. the amount of light absorbed increases in a predictable way. By measuring the amount of light absorbed, a quantitative
Ar::]yj " determination of the amount of analyte element present can be made. The use of special light sources and careful
metho

selection of wavelength allow the specific quantitative determination of individual elementsin the presence of
others.The atom cloud required for atomic absorption measurements is produced by supplying enough thermal energy
to the sample to dissociate the chemical compounds into free atoms. Aspirating a solution of the sample into aflame
aligned in the light beam serves this purpose. Under the proper flame conditions, most of the atoms will remain in the

ground state form and are capable of absorbing light at the analytical wavelength from a source lamp.

The pH of the samples are checked by the contractor at the time of receipt. He/she shall note if the pH islessthan or equal to 2 for metal in
asamplereceipt log. In case in which the metal samples are not properly preserved, the contractor will adjust the pH, allowing it to reach
the equilibrium prior to digestion and shall note it in the Sample Delivery Group (SDG) Narrative. For cyanide samples, the pH should be
noted if it is greater than or equal to 12. The pH of a cyanide sample does not need to be adjusted. Though, if it is <12, the Sample

Management Office should be informed for further instructions before the analysis™*?.

The analytical method used for total mercury is absorption spectrometry (dithizone cal orimetry), neutron activation

Analytica analysis, and cold vapor atomic absorption spectrometrty. The water samples collected subjected for mercury analysis
Method for are brought to the laboratory and filtered using 0.45 pm membrane filter. See Figure 1 for the simplified procedural
Mereury techniques used in determination of total mercury in watert*?.

The analytical method used for free cyanide determination in water is silver nitrate titration. First, silver ions are added
Analytica to the solution to form silver cyanide complex. The endpoint of thetitration is indicated with the excess silver ions. For
Method for accurate determination of cyanide concentration, a normalized silver nitrate solution is dosed with a manual or
Cyanide automatic burette. Potassium iodide or rhodanine can be used for endpoint determination. Theseindicators change color

upon the appearance of free silver ions. The first color change should be noted as the endpoint indication™.
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lyzing cyanideand mercury resdueinthewater samples.  they areexcited by heat. Each metal hasacharacteris-
Thecyanideand mercury absorb ultraviolet lignt when  ticwave ength that will beabsorbed. TheAASinstru-

Sample, 2 L (2 L separatory funnel)

Add 10 ml of 20N H,50, and mix.

Add 5 ml of 0.5% KMnO,and mix.

Let stand for 5 min.

Add 20 ml of 10 N NaOH and mix to neutralize

Add 5 ml of 10% NH,OH'HCL sclution, mix and allow to stand for 20 min.
Add 5 ml of 10% of EDTA solution and mix.

Add 10 ml of purified 0.01% dithizone-toluene and vigorously shake for 1 min.

Allow to stand for at least 1hr.

Organic phase (10-ml conical centrifuge tube) Aqueous phase

(When an emulsion is formed, add 0.5 g of Na,SO; and shake).

Centrifuge 1,.200rpm for 3 min.

Organic phase, 7 ml (sample digestion flask)

Evaporate to dryness

Residue

Distilled water, 1 ml
HNO;HCLO: (1+1). 2 ml
H:S80.: Sml

Heat at 200-230°C for 30 min.

Digested sample

Allow to cool.

Top up to 50 ml with distilled water

Test solution, a fixed volume (usually 10 ml)

10% SNCIL, solutron, 1 ml
*CVAAS

*CVAAS stands for Cold Vapor Atomic Absorption Spectrometry
Figurel: Schematicdiagram of total mer cury deter mination in water
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ment looksfor aparticular meta by focusing abeam of
UV light at aspecific wavelength through aflameand
into adetector. Thesampleof interestisaspiratedinto
theflame. If that metal ispresent inthesample, it will
absorb someof thelight, thusreducingitsintensity. The
instrument measuresthe changeinintengty. A computer
datasystem convertsthechangeinintendty into an ab-
sorbance. As concentration goes up, absorbance goes
up. Theanalyst can construct acalibration curve by
running standardsof variousconcentrationsontheAAS
and observing the absorbances. The computer data
systemwill draw the curve. Then samplescan betested
and measured against this curve. See TABLE 3 and
Figurel.

RESULTS

A total of 196 samples of water were collected.
Themaximum alowableconcentration (MAC) for free
cyanide, adapted from US Environmental Protection
Agency (USEPA) standardsis0.2ppm. The average
reading of al the samples of cyanide analysis was
0.047ppm (s.d. 0.0098). (See TABLE 4). Whilenone
of thewater samplesexceeded themaximumdlowable
limit for free cyanide, there was atotal of 90 water
samples (92%) that registered positive readings. See
TABLES5and6.

TABLE 4: Overall mercury and cyanidemean reading of all
thesamples

# of Mean Reading
Chemical MAC*
Samples  of all the Samples (s.d.)
Mercury (ppb) 0.05 ppb? 98 0.0505 (s.d.0.0661)
Cyanide (ppm) 0.2 ppm 98 0.0047 (s.d.0.0098)

*M aximum allowable concentration

Theform of mercury considered in thisstudy was
total mercury sincethisform of mercury istheonethat
isbeing used for environmenta samplesand biologica
gpecimens. Themaximum alowabl e concentration stan-
dard is based on USEPA standard specifically from
CdiforniaToxic RuleCriteriaon Human Hedth Crite-
riafor Consumption of Water and Organisms. The
MAC for total mercury based on USEPA is0.05ppb.
Themeanreading of dl theresultswas. 0505 ppbwhich
was abovethe MAC for total mercury set at. 05 ppb.

Cyanide and mercury level determination in small scale mining areas in the philippines
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While 83% of the water sampleswere positivewith
mercury, only twenty-nine percent of thetotal samples
of mercury exceeded this standard. Themean reading
of al the positive results of mercury anaysis was
0.064ppb (s.d.0.061) and the mean reading of the
samples exceeded the standard was 0.1186ppb
(0.069). See TABLES5 and 6.

TABLE 5: Overall mercury and cyanide mean reading of
positiveresults

# of # of Mean Reading
Chemical MAC* %
Samples Positives Positives (s.d.)
Mercury (ppb) 0.05 ppb 98 81 83 0.064 (s.d.0.061)
Cyanide (ppm) 0.2 ppm 98 90 92 0.0054 (s.d.0.010)

*Maximum allowable concentration

TABLE 6: Overall mercury and cyanide mean reading of
exceeded residues

# of # of Mean Reading
Chemical MAC* %
Samples Exceeded of Exceeded (s.d.)
Mercury (ppb)  0.05 ppb 98 28 29 0.1186 (s.d.0.069)
Cyanide (ppm)  0.2ppm 98 5 5 0.04 (s.d.0.03)

*Maximum allowable concentration

DISCUSSION

Cyanideand mercury groundwater contamination

Therewere 98 samplesfound to be positivewith
cyanideresidues. However, al werewithinthelimits
set for cyanide (as free cyanides), based on USEPA
standards at 0.2 ppm. Twenty eight percent of the
samples subjected for mercury analysisexceeded the
USEPA maximum mercury level at 0.05ppb.

Theggnificant amount of cyanideresduesfoundin
theareas samples can may be dueto themining opera-
tionsinthearea. Studiesshowed that groundwater con-
tamination of cyanide can be dueto improper waste
disposa of minetailingsand undisciplined act of mining
companies. Toxic minetailingsareusualy impounded
intailingsdams. However, when pressureinthetailings
damsbuildsup, especially during timesof heavy rain-
fall, themining companiesdrain their tailings dams of
water and thetailingseventudly find their way out, pol-
luting the water and silting up theriversand adjacent
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lands. Inaddition, the concentration of cyanidein rura
areasisdependent on seasonal runoff fromminetail-
ingg®,

Theédevated mercury levelsfound in the araescan
be dueto past mining and chemical spills, or fromim-
proper disposa of materia sthat contain mercury such
asfungicides. Inthesecommunities, sndl-scaemining
isthemagjor livelihood of theresident. Thesmall-scale
minersusemercury inmining. Thus, themercury resi-
duesfound inthisstudy were dueto the extensive use
of mercury of thesmall scale miners. Current large-
mining operationsarea so existingin thesemunicipdi-
ties. Groundwater generdly containslessthan2 ug/L of
mercury, athough areasnear historic mining districts
may havelocally higher concentrations?. However,
thereistill little evidenceto suggest that mercury en-
terssurface or ground watersasaresult of acid mine
drainage, or leaching from tailingsand landfills. Clays
and organic matter in soil seffectively reducethe quan-
tity of mercury leached from these systems. Soil envi-
ronmentsfavoring transportation of mercury would be
lowinpH and containlittlediay and organicmaiter (Irwin
et.a.,1997). Therefore, for futureresearches, itissug-
gested that soil pH and other parameters should be
measured to giveclarification on theleaching of mine
tallingsto groundwater and surfacewater.

Even low levels of mercury werefound in other
municipdities, thecommunitiesshould still bereminded
of the danger posed by the mercury given that mercury
remainsfor along period, averaging ahaf lifeof 1,000
daysand can be biomagnified from the bottom to the
top of thefood chain*¥, The concentration of mercury
increasesasit ispassed aong thefood chain. There-
fore, even at very small concentrationsof mercury to
aguatic ecosystemsthat areremotefrom point sources,
mercury biomagnification can result intoxiceffectsin
consumersat thetop of thefood chain, which arethe
human populations. Humansuptakemercury intheform
of methylmercury fromfishestha arecontaminated with
mercuryt?,

Methyl mercury accumulatesin biological tissue
morequickly thaninorganic mercury. Itistheonly form
of mercury that accumulatesappreciably infish. Itscon-
centrations can be 10,000 to 100,000 times greater
than that of the surrounding water in fish tissue.
Methymercury issoluble, mobile, and quickly enters
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the aquatic food chain. The conversion of inorganic
mercury to methyl mercury involvesacertain type of
bacteria. These are the bacteria that process sulfate
(SO,=) intheenvironment that take up mercury inits
inorganicformand convert it to methyl mercury through
metabolic processes. These methylmercury-containing
bacteriawill eventualy be consumed by thenext higher
level inthefood chain, or the bacteriamay excretethe
methylmercury to thewater whereit can quickly ad-
sorb to plankton. Because animal s accumul ate meth-
yimercury fagter than they diminateit, anima sconsume
higher concentrations of mercury at each successive
level of thefood chain. Small environmental concentra:
tionsof methy-mercury can thusreadily accumulateto
potentially harmful concentrationsinfish, fish-eating
wildlifeand peopl?™.

In Japan, cases of methymercury posioning hap-
pened in Minamata Bay was documented and showed
severeillnessesand health problemsamong thosewho
wereaffected. Adultscomplained reductionsin motor
skillsand dulled senses of touch, taste, and sight. Un-
born childrenwere at greatest risk from low-level ex-
posure to methylmercury!?527,

Health effect of cyanideand mercury to humans

In onecommunity inthetarget site, it was shown
that residentswho inhal ed chemica fumesemanating
from the mines, suffered from headache, dizziness,
cough, chest pain, nasal and eyeirritation. Other symp-
toms reported were skin itchiness, rashes and diar-
rhea™. According to some studies, these symptoms
aresmilar to poisoning symptomsof cyanideand mer-
cury. Exposureto these chemicascan beviainhala
tion, ora, or dermal exposure. Peoplewho areexposed
to high levelsof cyanide can suffer from ulcerations,
brain and heart damage or worst, coma and death.
Symptomsof severe cyanide poisoningincludebreath-
ing difficulties, dizziness,weight | oss, blood changes,
headaches, and enlargement of the thyroid
gland,vomiting, nausea, weakness, confusion, lethargy,
cyanos's, weak and ataxic movements, increased res-
piratory and heart rates, progressing to comawith res-
piratory depression, seizures, cardiovascular collapse,
and death*17:33, In addition, mercury released by min-
ing activitieshas been proven to damagethekidneys,
liver, brain, heart, lungs, colon and immune system.
Chronic exposure to mercury may result in fatigue,

ey Snoivonmental Science
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weight loss,tremors, emotiona changes (e.g., mood
swings, irritability, nervousness, excessve shyness), in-
somnia, neuromuscul ar changes (such asweakness,
muscleatrophy, twitching), headaches, disturbancesin
sensations, changesin nerve responses, performance
deficitson testsof cognitive function, rapid breathing
and behaviorad and personality shiftd*=, Mercury is
asoknowntoinducehypersengtivity reactionssuch as
contact dermatitisand acrodynia (pink disease).
Inastudy of Makalinao'?”, 26 grade school chil-
drenfrom adistant agricultural areain Mabini Bohol
died within afew hoursfrom eating some snackspre-
pared from cassava contaminated with cyanide. In
Sibutad, Western Mindanao, astudy conducted among
the small-scal e gold miners showed that gastrointesti-
na complantsamong therespondentswas significantly
associated with elevated hair methylmercury levels. It
was d sofound that therewasan increasing incidence
of elevated diastolic blood pressurewith elevated hair
total mercury levels (p=0.07)"2. In Pantukan,
CompostelaValley Province, astudy was conducted
among the miners engaged in the mercury amalgam-
ation method for gold extraction. It wasfound inthis
study that mercury exposureof theminersfromartisand
small-scalegold mining resulted in high blood mercury
levels, poor memory, anosmia, abnormal gait and bal-
ance. In addition, soil and water samplesfromtheriver
exceeding the existing World Heal th Organizationl“®.,
Abandoned mercury mines have been one of the
magjor concerns because of their significant long-term
environmenta problems. Inthe Philippines, an aban-
doned mercury mine located southeast of Manila
dumped its mine-waste calcines (retorted ore) into
nearby HondaBay. Thisresulted in adversehedthin-
creasing complantsof unusua symptoms(e.g. miscar-
riages, tooth loss, muscleweakness, paralysis, anemia,
tremors, etc.) among theresidentsliving near the bay.
Abnormal findingswere also resported and thesein-
cluded gingivitis, mercury lines, gum bleeding and
pterydium. Neurol ogic complai nts were numbness,
weakness, tremorsandincoordination. Anemiaand -
evated liver functiontestswere also observedinama:
jority of thoseexamined??. Inthe case of Benguet Cor-
porationin ltogon, it can be suggested that medical as-
sessment should be doneamong theresidentsto deter-
minetheprobabl e effect of themineintheareatothe

Cyanide and mercury level determination in small scale mining areas in the philippines
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hedlth conditionsof the peopleresiding thevicinity of
themine.

CONCLUSION

The study showed that 92% of the water samples
were positivefor free cyanide and 83% were positive
for total mercury levels. None of thefree cyanide ex-
ceeded theMAC while 29 percent exceeded the MAC.
Thiscdlsfor further investigation on cyanideand mer-
cury contamination of thewater systemsin Benguet
whichisthelargest smdl scdemining areainthenorth-
ern Philippines. Mercury, can bebiomagnified and there-
fore can pose serioustoxic effectsto humans, asthe
top consumer of the food chain. It is therefore sug-
gested that future investigation should bedoneon mer-
cury content of thefishesacquired from the different
water system of the province. Thestudy hasshownthe
possi bl e association between the preva ence of mer-
cury and cyanidereadingswith current and past mining
activitiesinthearea.
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