Trade Science Ine.

ISSN : 0974 - 7451 Volume 7 Issue 9

Snviconmental Science

A Tndéian Journal

= Qurrent Research Peaper

ESAIJ, 7(9), 2012 [343-348]

Heavy metal quantification in community soilsimpacted by mining
activities in the northern mountains of Oaxaca, M éxico

Adela Hernandez-Hernandez, Jaime Loépez-Luna, Elizabeth Gonzalez-Terreros*
Ingtituto deEstudiosAmbientales, Univer sidad dela Sierra Juarez, Av. Universidad s/n,
Carr. Gudlatao-Ixtlan, Ixtlan de Juarez, Oaxaca, C.P. 68725, (MEXICO)

E-mail: eliza799@hotmail.com
Received: 2" August, 2012 ; Accepted: 18" August, 2012

ABSTRACT

Thiswork was conducted in two seasonal timesto quantify As, Cd, Cr and
Pb, in community soils impaired by mining tailings. Soils were physico-
chemically characterized, metals extracted by acid digestion and then
determined by ICP-OES. Significant differences were observed between
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dry and rain season, with the highest metal level content in the dry season.
The concentrations of As and Pb recorded in most soils were of serious
concern; even though in the control soil used as a no-polluted reference
soil. Important synergistic rel ationships were observed among metals and

physico-chemical parameters.

INTRODUCTION

With themodern civilizationand theindustrid revo-
|ution started the most destructive actions, atering and
digtorting thebiological recycling of soil chemica com-
pounds¥. The mining has been one of the anthropo-
genic activitiesgenerating agreat quantity of tailings
containing dudgerichin heavy metds(Figurel). This
way, the parent soil of themineisdegraded or lostirre-
versibly. Theresulting soil suffersaseriousimpact dur-
ingthemining expl oitation, becoming frequently ungteble
and moree se, itsstructural forming materialsare not
suitablefor biologicd activity devel opment and the natu-
ral processof soil formation2.

Heavy metalsare of extreme concern because of
their toxicity; since solublecompoundsarerapidly ab-
sorbed inthehuman body whereenzymeactivity isinhib-
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ited. Very small dose might produce seriousphysiologic
or neural consequences®. Metal pollutionis spread

Figurel: Photograph showingtheminingtailings (without
vegetal cover) ontheriversdein thecommunity of Natividad,
Oaxaca, M éxico.
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over there, but soil isthemain recelver of heavy metd's
from anthropogenic sources, asit isshown at theMu-
nicipality of Natividad, Ixtlan de Juarez (latitude 17°
17717° 19’ N, longitude 96° 24'/96° 27 W), the north-
ernmountainsof OaxacaState, M éxico; where the heavy
metd sfollow adynamic course, rather than getting sta
bilized. The dynamicsof heavy metalsin soil can be
classfiedinfour mainly categories: mobilizationtofresh
or ground water, atmospheric volatilization, biologica
uptake and, soil retention by different mechanisms
(heavy metdsinthe soil solution, adsorption, complexes
formation, and precipitation).

Mining pollutionisanancientissuebut fill isof great
concernfor the environment and human health. Asa
short remembrance, the colonid exploitation of goldand
slver inthe State of Oaxacastarted at the beginning of
the XV 1 century, mainly inVale Centra and El Istmo,
caus ng huge havocsamong theindigenous popul ation,
whichwasdiminishing dueto theextremey hard work
and abusesimposed by the “pernicious gold idolatry
fromthe Spaniards’. The mining in Oaxaca reached its
maximum splendor inthe X V111 century®®. InNatividad
was established the Compania Minera Natividad y
AnexasS.A.deC. V., but theindustrid mining activities
started 200 yearsago, Sincethen causing environmenta
aterationsin the surrounding soilsand water bodies,
duetotheresduasgenerated.

Studies about the contami nation assessment gen-
erated by themineonly exist intheclassified archives
owned by the company. Therefore, in 2007 PROFEPA-
Oaxacd® carried out aninspection and, it was verified
that Zn and Pb containedintheminetallingswerebeing
dropped to thewater bodies of thebordered area, caus-
ing asignificant impact to theenvironment and nonful-
fillment totheMexican Normatively. Thesefactsforced
toatemporary and partid closing of themineactivities.
Joined it, gold seekers (Figure 2) working handmadely
without any protection and using acidsand mercury sdts
for extracting silver and gold, spread the heavy meta
contamination to theriver, to other placesof the com-
munity and even, to their own housings, posing aseri-
ousrisk for their inner hedlth.

Theeconomical benefitsof themining activity in
Natividad are not directly applied to the population,
but rather, they are who suffer theinconveniences of
minetailingspoured to theriver. Furthermore, dust from
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minetailingscontaining heavy metds, isair transported
and spread to the neighbor communities. Despitethe
environmenta doubtful, thereare not quantified dataof
s0il and water heavy metd contaminationleved. There-
forethiswork wasamed to obtainreliabledataof heavy
metal pollution of soilsadjacent tothemineintwo sea
sonal periods.

Figure2: Gambusino (gold seeker) w
torecover thepreciousmetal.

kil

ashing miningtailings

MATERIALSAND METHODS

Soilsfromfour stesnearly theminingindustry were
sampled and asoil from an apparently not impacted
areawasused ascontrol (Figure 3). Thefirst sampling
was carried out on December 2009 for therain sea-
son. The second samplingwascarried out on May 2010
for thedry season. The sampling wasdone at 0to 20
cm depth covering asurface of 1m?, obtaining com-
pose samples according to NMX-AA-132-SCFI-
2006!". Soil samplesweredried at room temperature
and sieved through a2-mm mesh, and then physico-
chemicdly characterized.

For total heavy metal content quantification (As,
Pb, Cd, and Cr) 0.5 g soil weredigested with concen-
trated HNO, and 10%H,O, at 150°C™®, using aBiichi
Digest System K-437. Threereplicatesof each sample
and ablank consisting of 2% HNO, were evaluated.
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Heavy metalswere determined by ICP-OES Optima
7000 DV (Perkin Elmer).
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Figure3: Distribution of soil sampling sitesin the mining
community of Natividad, Oaxaca.

Satistical analysis

Anaysesof variance (GLM) and means compari-
son (LSD) were conducted for al parameters mea-
suredinrainand dry season. Also Pearson’s correla-

tion anayseswere performed to establish rd ationships
among metalsand soil physico-chemical properties?.
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RESULTSAND DISCUSSION

Sail physico-chemical properties
Thefive sampled soilswerefound to mostly con-
tent day and sand (TABLE 1). Heavy metd sarestrongly

adsorbed in soilswith higher clay content™, such as
the site 4 and the control soil. Moreover, thiskind of
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soilspresent high water holding capacity (WHC) mean-
ing restricted metd mobilization sncewater infiltration
isvery slow!*¥, Otherwise, heavy metalsarenotim-
portantly adsorbed in sandy soils(site 1, 2 and 3), but
these elements coul d be leached to ground water(*?,
Neutrd-akainepH’s were recorded in rain season and
dry season, respectively; such achange generated by
increased biological activity inrain season. Heavy met-
dsinakalinesoilsaremorestrongly adsorbed thanin
acidic conditiong®. SoilsfromNatividad arenct acidic,
meaning restricted heavy metal solubility and thenmo-
bility. Nonethel ess, because of the mine exploitation
activitiesheavy meta s could have reached deeper ho-
rizonsof thesoil. Additionally, dueto the sharp topog-
raphy of thisplace, heavy metd sarerun off by the pour-
ing rain and transported through theriver tolocal cul-
turesoilsand soilsfrom other communities. Despitethe
environmental impact from the mining activitiesall
sampled soilswerefound not till saline, according to
theeectrical conductivity values(TABLE 1). Organic
carbon represented 98% of tota carbonfor dl thesoils
studied. Organic carbon in soilsisdirectly related to
the quantity and nutrient availability. Organic carbon
quantity dependsnot only on environmenta conditions,
but alsoisstrongly affected by soil perturbation. Total
carbon content differsbetween dry and rain season due
totheincreased biological activity intherain season.
Itisknownthat in not perturbed soilsthe organic mat-
ter content isrelatively constant), However itisvery

TABLE 1: Physico-chemical propertiesof soilsfromtheNatividad mining zone.

Rain Season
pH EC (uS/cm) WHC (%) Total C (g/kgsoil) Total N (g/kg soil) Texture

Control Site 8.44+0.01 aA 230+2.00 dA 74.68+0.13aA  44.85+0.00 aA 2.63+0.10aA  clayloam
Sitel 7.98+0.00 bA 290+3.00 cA 64.67+0.39cA  34.06+0.58 dA 1.76+0.02 cA  sandy clay loam
Site2 7.02+0.01 eA 400+0.00 bA 76.88+2.09bA  45.82+1.15DbA 1.69+0.01 cdA  sandy loam
Site3 7.43+0.01 dA 770+7.00 aA 43.87+0.57dA  22.78+0.00 eA 0.45£0.01 eA  sandy loam
Site4 7.94+0.00 cA 240+2.00 dA 78.95+1.02bA  53.25+0.58 aA 4.47+1.06 bA  clay

Dry Season
Control Site 8.54+0.01 aB 200+0.00 aB 66.55+0.42aB  24.05+0.57 bB 0.45+0.00 aB  clay loam
Sitel 8.21+0.01 cB 420+0.00bB 59.24+0.87bB  23.18+0.72 bB 0.34+0.05cB sandy clay loam
Site2 7.49+40.00eB  1+0.00cB 83.16+0.35¢cB  48.45+0.00 bA 0.98+0.00 bB  sandy loam
Site3 8.24+0.00bB 250+0.00 dB 42.61+1.89 dA  18.00+0.00 cB 0.30+0.00cB sandy loam
Site4 8.14+0.02dB 170+0.00eB 78.20+0.67 cA  48.92+t1.15aB 1.39£0.04 dB  clay

Values are means of three replicates + standard deviation. Means with the same letter are not significantly different. P < 0.05
LSD test. Small letters indicate comparisons among sites. Capital letters indicate comparison between rain season and dry
season from the same site.
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difficult to establish comparisonssincedataare scarce
and mine activitiesstarted 200 yearsago. Zarel et d.
(2008)4 reported 0.998-1.013 g total N/kg in soils
from amining zone. Theseresultsagreewith those ob-
tained from Natividad soilsin dry season (0.30-1.39g
total N/kg soil). Conversdly, tota N wasgreater inrain
season (0.45-4.47 g total N/kg soil) dueto increased
biological activity and the higher clay content of soil.
Groffmanet a. (2001)* reported lesstotal N content
in adisturbed soil when compared to anot environ-
mentally perturbed soil, sincemicrobia and enzymeatic
activity areimpaired by heavy metd toxicity.

Total heavy metal content

Thehighest heavy meta levelswerefound indry
season (Figure4). Thecontrol steandthesite 3were
expected astheleast contaminated soils, Sncethe con-
trol siteisfar away from the mineand thelast oneis
covered by theriversidevegetation. However, both soils
presented important Asconcentration (308.75-334.05
mg/kg soil). For sites 1, 2 and 3 it was found
Pb>As>Cr>Cd, while as for site 4 and control site
As>Pb>Cr>Cd. Similar results were reported by
Cabrera(2008)™ in soil saffected by minetailings, were
9 trace elementswere determined, including As, Pb,
Cr and Cd. Heavy metal content significantly dimin-
ished intherain season. It wasfound Pb>As>Cr>Cd
for sites1, 2, 3andthecontrol site, in agreement with
thedry season. Thediminution in heavy metd content
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Figure4: Heavy metal content of soilsaffected by mining
tailingsin Natividad, Oaxaca, deter mined in two seasonal
times.
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intherain season might be dueto the run off through
theriver and metal stabilization or accumulation by the
increased biologicd activity.

In dry and rain season important Aslevelswere
recorded since arseniciscommonly found associated
to gold and antimony!*” and it should be emphasized
that themineat this municipality has been extracted
gold and silver. Differencesin Ascontent inthetwo
seasons were remarked by the rainfall from July to
December, increasing the metaloid run off. Morethan
300 mg As/kg soil wererecorded in the control soil
established as no contaminated reference site. Despite
thissiteisnot directly impacted by themine activities
high Aslevels could be due to the transported par-
ticlesinthedry season. Arsenic levelsinal the soils
sampled mainly in the dry season, exceed the 1-10
mg/kg soil background Asconcentration™. These soils
areclassified asexcessively phytotoxic according to
US-EPA (1992), Profepa-México established that
20 mgAs/kg soil supposeshuman hedlthrisk and eco-
logical risk. The Cd content in soilsisvariablebut typi-
cally the background Cd concentrationisabout 1 mg/
kg s0il®*9, Natividad soilsare abovethislimit. The Cd
content in soillsdependsonthe parentd materid. How-
ever, mining activitiesgradua ly hasbeenincreasngthe
Cd concentration. Again, Cd concentration wasfound
lower in rain season (2.41-6.38 mg/kg) than in dry
season (1.5-15.10 mg/kg). Minimal Cd valueswere
recorded for the control siteand thesite4 in both sea-
sonswhilemaximum valueswereobservedfor thestes
1, 2, 3, nearly the mine dump. Cd tends to be
bioaccumul ated and israpidly absorbed in vegetal,
animal and human tissues®.. Thise ement exertstox-
icity to all organismsthusat low dosesisconsidered
risky for human health. Soils containing 3-10 mg Cd/
kg soilsare classified asexcessively phytotoxici?d. In
therain season theminima Cr concentration was ob-
tained for the control site (6.98 mg/kg soil) being the
maximal Cr concentration 21.83 mg/kgfor thesite4.
In thedry season the minimal Cr concentration was
31.78 mg/kginthesite3and 102.15 mg/kginthesite
4. In astudy of nine soilsfrom an abandoned mine Cr
content wasfound ranging from 2.70to 35.70 mg/kg
s0il2%, Natural Cr occurrencein soil environmentsis
around 1-450 mg/kg, with an average concentration
of 50 mg/kg soil*®. However it should be seriously
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cons dered the Cr chemicd speciation, Sncehexavdent
Crisextremely toxic ascompared with trivalent Cri24,
Lead soil contaminationisof great concern because of
thelongtimePb residenceinto soil that conducestoa
dynamic equilibriumwith the hydrosphere, atmosphere
and biosphere, disturbing the ecosystems; including
human beings??. In control site and site 4 werere-
corded thelowest Pb concentration valuesin both sea-
s0ns, sincethesesitearefar fromtheminingtailings. In
neutrd-alkaine soilsPb mobility isvery low dueto the
precipitation of insoluble salts?. Inthedry season Pb
concentration ranged from 104.02 mg/kg soil inthe
control siteto 464.32 mg/kginthesite 2, whileinthe
rain season were recorded 2.9-294 mg Pb/kg soil.
Sails containing 50-100 mg Ph/kg are considered ex-
tremely toxic*9. A synergistic rel aionship was observed
between Cd and Pb in both seasons (r 0.857,
P<0.0001), whileintherain season ahighly significant
correlation was observed between Cd and As (r
0.929, P<0.0001) showing also asynegestic relation-
shipthat favorsmeta mobility. A negative correlation
(r -0.994, P<0.0001) was observed between As, Cd
and total C content intherain season, sinceincreased
biological activity modifiesmetal dynamics (absorp-
tion, oxidation, reduction, plant uptake, organic com-
plexation). It should be highlighted that only total metal
content was determined. Sequentia and singleextrac-
tionsmethods might contribute to better understand-
ing about heavy meta association with soil fractions
and heavy metd availability.

Asaperspectiveit can beargued that the brief of
offensesto indigenous communitieshasin mining ex-
ploitationsthemain of itsfactors. Hundreds of tons of
residuasand derived polluting materid scollgpsed from
theminein thevicinity of thiscompany have spread
heavy metal contamination to reach the Capulal pan
River impacting the human and wild life?4. A water
sampling promoted by thecommunity in 2012 reveded
177 mg/l Asand 117 mg/l Pb, extremely high pollu-
tion level and of great risk for human and wild life,
according to national and international standards.
Gomez (2012) dso stated that the mining activities
haveirreversibly affected 13 aquifersand springsdue
tofiltrationsthrough theminetunnels. The main path-
waysexpositionto heavy metalsin Natividad isthe
dust particlesfrom miningtailingstransported far avay
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by the wind and thetailingsrun off to the Natividad
River that isthewater supply for down town commu-
nities, flowing finaly to the Grande River. The prob-
lem can not be solved whereasthe mining tailings stay
ontheriversade. Unfortunately therearenot clear plans
for environmenta management by themining company
or Mexican environmental authorities.

CONCLUSIONS

The high Asand Pb concentrations found in the
sampled sites poses a serious risk for population in
Natividad and surrounding communities, being children
and el der peoplethe most physiologically vulnerableto
metal toxicity. Thecontrol site considered asno-con-
taminated reference soil wasaso found to mainly con-
tanAs, whosetoxicity and effectson human hedth are
well known. Miningtailingskeepleaching heavy metals
into soils, impacting aquifers. Heavy metdsarebeing
spread far away from the contaminati on sourcethrough-
out thewatershedsand by severd skilled minersor gold
seekers (“gambusinos” is the term utilized in Mexico)
who put intorisk their ownwedth.
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