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ABSTRACT KEYWORDS
The study looks into the safety and environmental hazards in small scale Small scalemining;
mining in Benguet, Philippines which is one of the largest mining areasin Safety practices,
the country. Questionnaire-guided interviews and work analysis observation Occupational health and
tool covering mining practicesand risk exposures of minerswere conducted. safety;

Environmental hazards;
Mining underground
tunnels;

Gold mining;
Artisana mining.

Results of the study showed that wearing of proper protective equipment
among the minerswas not observed. Unsafe conditionswere also identified
such asrisk of fall during erection and dismantling of scaffolds, guard rails
were not provided in scaffoldings, manual extraction of underground ores,
use of explosives, poor visibility inlooking for ores to take out to surface,
exposure to noise from explosives, and to dust from the demolished
structures. There was no proper ventilation for chemical exposures. Wastes
were drained into soil or ground and/or riversand streams. The most common
health problems among miners were hypertension (62%), followed by hy-
pertensive cardiovascular disease due to left wall ischemia (14%). Headlth
injuries of the respondents noted were due to accidents such as secondary
blasting, and stone crushing. Health symptoms such as headache,
dermatitis, and peripheral neuropathy were noted and these can be consid-
ered as manifestations of chronic cyanide poisoning, further, aggravated
by improper use of protective equipments. There is a need to establish
programs on miners’ occupational and environmental health and safety.
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INTRODUCTION

Themining sector contributesan essential partin
the soci 0-economic deve opment of many countriessuch
that it creates employment/job opportunitiesandin-
creasesforeign currency earnings®. However, themin-
ing sector bringswith it negativeimpacts on environ-
menta and human heath™™. Mining operationsand as-

sociated processes involve the use of tools, equip-
ments, and chemicalsthat are considered harmful to
health and the environment. According to Interna-
tional Labor Organi zation*®!, mining sector accounts
the most of morbidities and mortalitiesin theinfor-
mal sector inview of thefact that mining operations
and associated processes employ the use of equip-
ments, and chemicals that are dangerous to health
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and the environment.

According to Hentschel et. a.*, small scae
mining (SSM) or artisanal mining (ASM) is catego-
rized under the informal sector of the market which
hasno or minimal mechanization or engineering tech-
niquesinvolved.). It involves rudimentary and con-
ventional tools and techniques in exploration and
drilling™*34, Individuals, groups and families are
often the key playersin the small scalemining. The
operationsinvolve marginal or small deposits, lack
capital, are labor intensive, have poor access to
market and support services, |low standards of health
and safety, and have a significant impact on the en-
vironment!?!, [IED™ asserted that informal mining
lacks environmental management, technical assis-
tance, transfer and technological development, ac-
cessto hedth system and job security, accessto infor-
meation and partici pation, and knowl edgeregarding hu-
maneworking conditions. Moreover, IL O noted that
small scalemining recorded six or seventimes higher
non-fata accidentsthaninlarger operations, and largely
contributesto environmenta pollution asit utilizesdan-
gerous chemicalssuch asmercury and cyanidein its
Processes.

Small scalemining can beareflection of thesocial
and economic status of acommunity’s poverty. Telmer
andViega,*a noted that artisand small scaeminingisa
poverty driven source of livelihood in many countries.
Workersemployed are said to bethe poorest and most
marginalizedin the society!”?+27 and the only meansof
livelihood inrurd communitiesdueto limited economic
resourcesor aternatives®. Sinceinforma miningis
equated asillega ly operating mining activity, taxesor
holding permitsand/or formal title are not applied=.
Assuch, small scalemining lacksgovernment support.

Oneof the chemicalsused inmining operationsis
cyanide. Cyanide has been used worldwidein the ex-
traction of gold and silver. It isalso used asaflotation
reagent to recover other metal s such as copper, lead,
and zinc®*, Cyanide remainsasthe most economical
meansof gold extraction. It quickly degradesinto other
non-toxic substances,; not necessarily apoison; ubiqui-
tousin naturein anon-toxic state. However, when cya-
nide creates abond with other chemicals, it may be
converted to very toxic and letha compoundsthat may
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cause adverse impacts to health and the environ-
ment(8,

The United Nations Environmental Program
(UNEP)®, adlong with the study of Veigaet. al.,
noted that small-sca e artisanal mining accounted for
20%to 30% of theworld gold globa production. Based
on the Philippinerecord on small scalemining, there
areabout 185,000 workersthat cater at |east to 20,000
formal andinformal businesses*¥. From theyear 1990
t0 1999, it has contributed to 40-50% of the country’s
total gold production®.

Inview of this, the study aimsto investigate safety
and occupationa hazards of small scale minersin
Benguet. Thisincludes (1) the occupationd related dis-
eases/ilInessesand (2) occupational safety practices of
theminers. Itisimportant to assesstheworkers’ knowl-
edge and views on mining so to be ableto assessthe
need for occupational hedlth and safety programsinthe
community and lessen therisk to occupational hazards.
Leung™ noted that it isimportant to study the occupa:
tional and environmental issuesof mining asit playsa
sgnificant roleinthe Philippineeconomy.

METHODOLOGY

Sudy area/population

The target population consisted of small scale
industries in Benguet. This focused on determina-
tion and description of occupational hazards affect-
ing miners. Cross sectional design was used. Based
on the records of the Small Scale Mining Associa
tion in Benguet (SSMAB), there are about 100 reg-
istered small scale mining industries in the area.
Based on this, the sample size calculation is shown
below:
n=NZ>x p (1-p)

Nd&'+Z" p (I-p)

Z=thevdueof thenormd variablefor ardiability leve;
thiswasset a 90 % rediability inthisstudy considering
budget and feasibility; p=.50 (the proportion of get-
ting apositive samplefor occupational hazards); 1-
p=.50 (the proportion of getting a negative sample
for occupational hazards)*; d= sampling error, set
at.1; N= population size *, 100 based on available
datain Benguet; n=samplesize; Therefore:
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n=100 (1.645)°x 0.5 (0.5)
T 100 (0) +(1.645)° 0.5 (0.5)
n=40- tota industries
*Theproportion of gettingapositivesamplein pre-
vious studiesare variable. Hence, based on Bautista
(2000), settingthep vaueat 0.50isthestandard level.

Samplingframe

Based ontheabove, wasatotal of 40 small scale
industriestaken for the safety and occupationd hazard
investigation. Thesampling framecongssted of thelist
of smdl sceminingindustries. Thesampleswereran-
domly selected (s mplerandom sample) fromthesam-
pling frame. Therewas no strata sincethe study con-
sdersonegroup- smal scademiningindustries.

Datacollection and analysis

Datacollection cameintheform of safety and oc-
cupationa hazard investigation of thework aress, as
well astheuseof survey questionnaires. Thesafety in-
vestigation and occupational hazard formswere used
which considered factors such as safety of tunnels,
materialsthat tunnelsare made of, risk of cavingin,
laddersused, toolsin digging and excavating, chemi-
cals used in extraction of gold ores, use of personal
protectiveequipment, ventilation system, darm systems,
among others. Dataencoding and analysiswas done
using SPSS13.0.

RESULTS

Therewasatotal of 40 small scale miningindus-
triesthat wereinvestigated. A total of 89 malerespon-
dentswereinterviewed from these40industries. All
weresmd |l scaeminers. Fifty-eight of themwerefrom
Itogon, and 42% were from Tuba. The most common
typeof chemical theminersused wascyanide, particu-
larly sodium cyanide.

The average annual production of gold was
1,259.53 grams(s.d. 1747.71). Twenty seven percent
(27%) of the respondents produced more than 1500
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TABLE 1: Annual production of gold of thesmall scalemin-
ersin Benguet

Amount (grams) Frequency Per centage
<150 5 15.15
150-300 4 12.12
301-450 4 12.12
451-600 3 9.09
601-750 1 3.03
751-900 1 3.03
901-1050 1 3.03
1051-1200 5 15.15
1201-1350 0 0
1351-1500 0 0
>1500 9 27.27

grams of gold per year. See TABLE 1.
Cyanideexposure

Twelve percent (12%) of the respondent-min-
ers were doing cocktailing of cyanide + limestone;
cyanide + water + acetic acid + hydrochloride acid;
and cyanide + copper. Their reasons for doing such
were to remove the dirt or soil particles, to control
the acidity of the soil mixture, and to be ableto iden-
tify gold particles from soil particles. Cyanide has
been used for about 6.0 years on an average of 38.5kg
per application (TABLE 3).

Most of the respondent-miners were not using
proper protective equipment asshownin TABLE 2.
About 94% werenot using coveralls, 76% of goggles,
48% of gas mask, 92% of apron, and 50% of gloves.
However, 74% of the respondents were using head
cover and 98% were using boots.

Themost common hedlth symptomsof the respon-
dent-miners were hypertension (62%), followed by
hypertensive cardiovascular diseaseduetoleftwdl is-
chemia(14%) (TABLE 4). TABLE 5 showsthehedth
injuriesof therespondent-minersdueto accidentssuch
as secondary blasting, and stone crushing.

Small scalemining and safety risks
Theprocess of small-scalemininginBenguetis

TABLE 2: Digribution of minersby cyanideand dynamite usage

Factors

Cyanide Dynamite

Duration of Use (years)
Amount Used per Application (kilograms)

Average: 5.96 (s.d. 8.28)
Average: 38.50 (s.d. 26.14)

Average: 9.5 (8.35)
Average: 10.625 (s.d. 12.92)
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TABLE 3: Digribution of minershby frequency of using per sonal protective equipment

Frequency of Using PPE

PPEs 100% of thetime 50% of thetime Veryrarey Not at all
Per centage Per centage Per centage Per centage

Coveralls 3.80 1.27 1.27 93.67
Goggles 11.25 75 5.0 76.25
Head cover 74.39 18.29 2.44 4.88
Gas mask 24.69 14.81 12.35 48.15
Apron 3.80 2.53 1.27 92.40
Gloves 21.25 15 13.75 50

Boots 97.56 0 0 244

TABLE 4: Distribution of health diseasesamong miners

Health Diseases/l lInesses of the Miners Per centage
Hypertension 62
Hypertensive cardiovascular disease due to left wall ischemia 14
Headache 5
Dermatitis 4
Peripheral neuropathy secondary DM 4
Sinus bradycardia 4
Sinus tachycardia 4
Coronary artery disease due to old septal wal infarction 4

*multiresponse

TABLES5: Digribution of health injuriesamong miners

Health Injuries of the Respondents
1. 4™digit of right hand distal IP crushed by stone
2. Deformity of 5™ oligato secondary mine reactive
injury
3. Perforated left ear drum due to secondary
blasting

called dog hole mining. The first step in this tech-
niqueis tunneling which is creating a pathway into
the rock through digging. This process takes afew
months or even years. Miners will first observe the
guality and contoursof theland to determinethelo-
cation of gold from wherethey will conduct tunnel-
ing. Dynamiteisused to blast out therock and manual
hand held tools such as mallets, chisels, and shov-
els are used for further digging. Gold ores are car-
ried out of the tunnels using cart on wheels. Miners
also carry an approximately 50 kilograms of ore on
their shoulders to the ball mill site. Large ore frag-
ments are crushed into small fragmentsusing mallet
and hand-held tool shaped like a big magnifying
glass, with a wooden handle and a rubber loop at-

tached for holding the oretogether whileit iscrushed.
Thenext stepisball milling/gravity concentration. Ball
milling takes 5-6 daysto crush 200 sacksof ore. A ball
mill isarotatingmetd cylinder filledwithsted rodswhere
thecrushed oreisfed into with added water. Thispro-
cessfurther grindsthe oreagainst the stedl rodsto pro-
ducesand-likeore. Thissand-likeoreis passed through
aseries of wooden or cement chutes lined with jute
sacks. Aswater washesthe sandy oredown the chutes,
the heavier gold particleswill stick tothe sacks. The
collected gold particles are then washed off the jute
sacksand collected in abigtub and placed inaround
metal pan. Thegold particlesarerecovered through a
congtant circular motion until thegold particlesarecon-
centrated in the center of themeta pan. Thegold par-
ticles that do not stick to the jute sacks or the mine
tailingsarecollected in apit at the end of the series of
chutes. Theseare collected into sacks, placedin clumps
on theground, and sun dried. Sun-drying of oretakes
1-2 weeks. When dried completely, the tailings are
mixed withlime(ca cium carbonate) usngashove and
then passed through amixing machine. Mixing of dried
oreand limetofill thecyanide pond takes2 days. The
third step iscyanideleaching and preci pitation that usu-
ally takesup to 5-7 days. Ten (10) kilograms of cya
nideis mixed with 1 drum of water. Forty (40) kilo-
gramsof cyanideisdissolved for mixing 200 sacks of
tailings. The cyanide used by the minersisasolidin
form, placed inasack, immersedinapit of weter, stored
inametal drum, and dissolvedin apot of water. The
cyanide solutionissiphoned into thecyanide pond and
left to react for 5-6 days. Asit evaporates, more cya-
nideisadded. After 5-6 days, the solutionis siphoned
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through a drum containing a precipitate bag with 2
kilogramsof zinc dust. Thisisdonethreetimesuntil
the zinc-gold sticksto thelining The precipitate bag
iswashed thoroughly with water. The collected solid
precipitateisdried by heating over afire. Thedried
precipitateisplaced inaclay pot and mixed with borax
(sodium borate). The borax-precipitate isthen heated
under hightemperature until it becomesmolten. The
molten mixtureiscooled in abasin of water and re-
heated in the clay pot. The molten mixtureispoured
into another bucket of water that isstirred continuoudy
forming ablack conglomeration of impurities. These
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impurities are discarded and the silvery particles
left behind are again heated up. Nitricacid isadded,
which emitsorange vapor. Borax isagain added into
the residue and re heated to further remove the im-
purities and until agold nugget is obtained.

TABLE 6 shows the safety investigation of the
40 small scaleindustries. Safety tools such asramps,
scaffoldings, and stairs were not provided or were
unstable. Other unsafe conditions were al so identi-
fied- risk of fall during erection and dismantling of
scaffolds, guard railswere not provided in scaffol d-
ings, and there was overloading of scaffolds. Steel

TABLE 6: Safety measuresinvestigation in the 40 small scaleindustries

M %ﬁ:}:ﬂg%tw Specific Requirements \fi?)rlgﬁrgn
L adder work Ramps, scaffoldings, and stairs are not provided. 100%
Ramps, scaffoldings, and gtairs are not secure and stable. 100%
Scaffolds xﬂiﬁb\l,veoﬁg)é?; gﬁlori?; Cl:())g?)lic (;fd ;;\.ssembled frameworks of timber on 100%
Thereisrisk of fallsin the scaffolds. 100%
Guard rails are not provided in the scaffolding. 100%
Stedl erection ersafestti)(/) rr]1(iatssda(;r(]aengtt rF])iI gﬁ:rd rE);I ;r:{ ;he various working levels, when the steel 100%
Roof works Thereisno proper anchorage for ladders and scaffolds 100%
Demanded earth moving task. 100%
Tunnel Construction Muscle strain from excavation, digging, and loading. 100%
Embankments and erection of screens are not done. 100%
Danger or risk of caving in of tunnel. 100%
Overhead framework of tunnel isnot supported by steelworks. 100%
Overhead framework of tunnel is supported by woods only 100%
Extraction of underground ore takes hours. 100%
: Extraction of ore is done manually and poses muscul oskeletal strain. 100%
Ore extraction . . .
Extraction of ore involves use of explosives. 100%
Noise hazard when explosives are used. 100%
Cold exposure in underground mining. 100%
Risk of hearing impairment from explosives. 100%
Poor visibility in looking for ores to take out to surface 100%
Complete personal protective equipment not worn 100%
Personal protective equipment not appropriate. 100%
. ) Fumes from cyanide present. 100%
E}?gg'lgg and Extraction Handling of chemicalsis unsafe. 100%
Thereisno proper ventilation for chemical exposures. 100%
Thereisno proper waste disposal. 100%
Disposal of wastewater into rivers and streams. 100%
L abour |Ssues Children are involved in small scale mining. 100%
Small scale mining is done near homes. 100%
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erections were not supervised during installation.
Therewasno proper anchorage for ladders and scaf-
folds. Roofs installed were fragile and could be
blown during highwinds or heavy rains. Tunnel con-
struction caused muscle strain to the workers Em-
bankments and erection of screens were not done.
Overhead frameworks of tunnel were not supported
by steelworks, but merewith wood. Workersmanually
extracted the underground oreswhich could last for
hours. Thetask also involved used of explosives. Ex-
plosives created noi se hazards. During underground
mining, workerswere exposed to cold environment and
poor visbility inlooking for oresto takeout to surface.
Workerswereexposed to dust from manually extract-
ing oresand noisefrom dismantling tunnel. Complete
personal protective equipment (i.e., hard hats, safety
shoes, gas mask, and shields) were not worn by the
workers. During panning and extraction of gold, fumes
from cyanide and mercury were present. Chemicals
were handled unsafely. Therewas no proper ventila-
tionfor chemica exposures. Therewasno proper waste
disposal suchthat wastesweredrainedinto soil or ground
and/or riversand streams. Childrenwereinvolvedin
mining. Mining activitieswered so donenear thehomes.

DISCUSSION

Safety issuesin small scalemining

Inthisstudy, it was shown that working conditions
of Benguet minersare physically demanding and dan-
gerous dueto heavy load, unstableunderground struc-
tures, use of heavy tool sand equipment, and exposure
to toxic dustsand chemicas. Thesepoor physica con-
ditionsinmining exacerbatethe potentia for injury or
illness*¥, Particularly, digging and rock breaking ac-
tivitiesposegreater risk of injury or fataity dueto pit
wall failuresor tunnel collapses. In Indonesia, shaft or
pit collapsesfrequently occurred between 2to 5times
per year insmall scalemining areas®. Manualy crush-
ing quartz-rich stone aggregate exposesworkerstofine,
crystdlineslicadust which caneventudly result tosili-
cosis. Inaddition, lifeexpectancy inmining areasin
BolivianAltiplanoisbarely 48 yearsdueto widespread
silicosig?. In China, methane or coal dust explosions
were associated with at |east 6000 deaths of miners
annually™®, Chemical dangers such as cyanide and
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mercury misuse, poor ventilation, € ectrocution and
explosives misuse were a so causes of mining acci-
dents.

In this study, mining activities were done near
homes. Mining communities near residential areas
exposethewholecommunity to environmental health
hazards. In the study of Teshd®l, communities liv-
ing in close proximity to mining areas were exposed
to chronic noise levels resulting to hearing impair-
ment. In another study in the Philippines, gold de-
composition takes place inside the houses of the
workersusing thekitchen, and the study showed high
levels of hair mercury and health problems among
the miners such as kidney pain, respiratory prob-
lems, and dizziness stove®. Exposureto acutelev-
els can result to kidney and urinary tract dysfunc-
tion, vomiting and potentially deatht®”.

ILO stipulatesthat child labor in mining isone of
theworst formsof child labor. Children arefar more
vulnerable to chemicals, dust, physical strain®”. In
Ghana, childrenwho wereexposed tocrystalineslica
dust duefrom manualy crushing quartz-rich stoneswere
documentedtodeve opslicogs. Inthisstudy in Benguet,
Philippines, childrenwereinvolved inmining activities,
thus, exposing them to such mining hazards.

Thisstudy in Benguet, Philippinesal so showsthat
most of the respondent-minerswere not using proper
protective equi pment such ascoveralls, goggles, gas
mask, apron, and gloves. The most commonly used
PPEs were boots and head cover. ILO reports that
occupational health and safety InASM isinadismal
gate because unsupported tunnd sareobservedinsmall-
est underground mines, and improper protectiveequip-
ment worn by the workers such as shorts and shirts;
helmets, earplugs, masks, and glovesare occasonaly
or rarely wornl*®l, Safety measuresin small scalemin-
ing are often overlooked. Furthermore, the necessary
resources needed in order to promote safety actions
areinadequateor lacking*® Buxton, 2013). Thisisprob-
lematic since the degree of contracting occupational
hedlth hazardsand problemsincreaseswith lessknowl-
edge and negativeattitudestowards occupationa hedth
safety.

Occupational and environmental healthrisksinthe
mining sector
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Gold mining hasan impact on environmental and
human hedth. Theuseof cyanide and mercury during
the processof extraction of gold poses serious health
and environmental issues?. Leung™ noted that Smi-
lar hazards were observed in Lucub, Abra as well
asin Kias gold mines of Benguet. Literatures have
shown that the mgjor factors of vulnerability of work-
ersto occupational health hazards and accidentsin
mining activities are (1) insufficient knowledge on
the use of machines and chemicals and (2) the im-
proper use of personal protective equipments®l,
Similar findings are documented in other parts of
theworld. For instance, mining communitiesin Ghana
have higher prevaence of contracting infectiousand
chronic diseases such as malariaaswater pits serve
as reservoir for mosquito to breed, and skin dis-
eases due to the cyanide and mercury residues that
go to water bodies which people use for basic ne-
cessities. Studies of Akabzaaand Darimani'@ showed
health impacts due to gold mining community such
astheincrease prevalence of morbidity and mortal-
ity in the community. Studies have also shown that
long term exposureto cyanide may result to decreased
function of thethyroid gland and nervous system®.,

Inthisstudy, hedlthinjuriesof therespondentswere
caused by accidents such as secondary blasting, and
stone crushing. However, ILO™ statesthat dueto the
illegal nature of small scale mining, accidents are
underreported. Non-fatal accidentsin artisanal small
scalemining isabout Six to seventimes greater than
formal, large-scale operations.

Cyanide-related diseases

Cyanideisan asphyxiant chemicd and can befata
to humans at concentrations around 250ppm in air.
Exposureto cyanidecan manifest in neuropathological
lesions and optical degeneration’®. Inthisstudy inthe
Philippines, peripheral neuropathy secondary to der-
matitiswas noted asoneof theillnessesof therespon-
dent-miners. Hypertension was al so common among
therespondent-minersinthisstudy. Thisissimilar to
the results of the study of Hunter et. al.l'? in
Mashonaand, Zimbabwe where women’s level of
blood pressurein mining areaswasnotably higher than
thoseinlarge-scaeagricultureand traditiona economic
activities.
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The other ilInesses reported by the respondent-
miners were tachycardia, hypertension, headache,
dyspnea, and bradycardia. These diseases of there-
spondents are considered as manifestations of
chronic cyanide poisoning'®.

CONCLUSION

Small scalemining posesharm andrisk to bothmin-
ers and the public when unprotected and unregul ated.
This study showed that there were safety and occupa-
tiona hazardsin smdl scaeminingin Benguet, Philip-
pineswhichisoneof thelargest mining areasin the
country. The common health symptomsand problems
among minerswerehypertenson, hypertensivecardio-
vascular diseasedueto left wall ischemia, and head-
ache. Hedlthinjurieswere documented dueto second-
ary blagting, and stone crushing. Unsafeconditionswere
alsoidentified. It isrecommended that acomprehen-
sve precaution whichincludesengineering and admin-
istrative controlsaswell ashealth promotion activities
should be undertaken in order to minimizeor prevent
therisk of hazardsin small scalemining. These pro-
gramsshould aimtoincrease awarenessof theminers
on best mining practices, and to promote education,
training, demongtration, and monitoringin order to pro-
mote occupationa and environmenta safety and hedlth
inartisana and small scalemining.
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