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ABSTRACT KEYWORDS
Mercury isasilver-whitevolatileliquid metal at roomtemperature. Initsfree Mercury poisoning;
metallic state, mercury is most poisonous as a vapor. All mercury com- Mad hatter disease;
pounds are poisonous to various extents, with organic mercury compounds Mercury toxicity;
much more poisonous than inorganic compounds. The accumulation of Mercury.

mercury in the body causes brain damage and affects the nervous system.
Mercury has ahigh affinity for sulfur and thusinterferes with physiological
sulfur containing enzymes. Mercury poisoning has been associated with
acrodynia, Minamata disease, and Hunter-Russell syndrome. Exposure to
mercury fumes has notably been associated with Mad hatter disease, a
vocational hazard of hat making, which resulted in vision and speech im-
pairment, hallucinations, tremors, and lack of coordination. Mercury va-
pors are readily absorbed and spread quickly throughout the body, includ-
ing the central nervous system and placenta. Inhalation of high concentra-
tions of mercury vapor will lead to symptoms up to a few hours later that
include: chills, fever, cough, shortness of breath, nausea, vomiting, and
diarrhea. For children, for chronic or acute exposure of mercury can enable
adverse effects during any period of development. In an idea scenario
thereis absolutely no mercury in achild’s body. Adverse health affects can
bearesult of mercury exposure fromworkplace or residential habitat. Stud-
ies of occupational mercury vapor exposure produces long term effects on
psychomotor function, increased depression, increased anxiety, and af-
fects on the information processing of nervous system. Mercury inhalation
will induce pneumonitis. When broken indoors, light bulbs containing mer-
cury can emit sufficient vapor to present health concerns with multiple
bulbs causing even a greater concern. Accordingly, the breakage of larger
and numerous bulbswill increase the danger to health. The central nervous
systemis considered to be the most sensitive of targets from mercury vapor
incursion. © 2011 Trade Sciencelnc. - INDIA

GENERAL CONSIDERATIONS that areliquid near or at room temperature and pres-
sure (theothersare cesium, francium, gallium, and ru-
Mercury isoneof fivemetallicchemica dements  bidium)!™. Mercury hasafreezing point of -38.83°C
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and aboiling point of 356.7 ° C, whichisoneof the
broadest ranges of liquid state for any metal™. Of the
anthropogenic associated level of mercury inthe at-
mosphere: 65 % come from stationary combustion,
11 % from gold extract in mines, 6.8 % from non-
ferrous metal production, 6.4 % from cement pro-
duction, 3.0 % from caustic sodaproduction, 3.0 %
from waste disposal, and remaining from various
sources (see Figure 1)1,
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Figurel: Sourcesof atmospheric mercury and their rela-
tive percent of total amount of mercury emissions: A) Sa-
tionary combustion (power plantsfueled by coal, oil, and
natural gas); B) Gold production emission; C) Non-ferrous
metal production; D) Cement production; E) Wastedisposal;
F) Mercury production; G) Other sources.

Mercury is most poisonous as a vapor and the
meta interfereswith sulfur containing enzymesdueto
itshigh affinity for sulfur™. All mercury compounds
are poisonousto specific degreeswith organic mer-
cury compounds much more poisonousthan inorganic
mercury compounds¥. At room temperature, mercury
isasilver-whiteliquid metal that isvolatile€®. Vapors
of elemental mercury are odorless, heavier than air
(thusrestinginlow lying locations), readily absorbed
after inhaation (75 % to 80 %), and rapidly distribute
throughout the body!®. Potential sources of exposure
include from household items of broken light bulbs,
broken thermostats, el ectrical switches, and broken
thermometers. Inha ation of high concentrations of
elemental mercury will result in fever, cough, chills,
shortness of breath, nausea, vomiting, and diarrhea,
followed by damageto lungs, kidneys, and the centra
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nervous systemt.

Acute high dosesof mercury inhalation affectsthe
kidneys and has been associated with nephrotic syn-
drome, proteinuria, temporary tubular dysfunction, and
oliguricrend failure?. In addition, effectson the car-
diovascular system includetachycardiaand hyperten-
sion™. In workers exposed to mercury vapors up to
5.5 yearsinvestigators haveidentified the presence of
anti-lamininantibodieswhichisanindicator of immune
dysfunction. In those sameworkersthere occurred
no unusual rena parameters®. In chloroalkali work-
ersthere was no detectable damage of glomerular or
tubular damage after 8.7 to 18.7 years of work®.
However workers of the same background had in-
creased number of EEG abnormalities, slower and
attenuated brain activity, with astatistically significant
increase in memory disturbances, and sleep disor-
derd”. For workersinvolved with fluorescent bulb
manufacture and exposed to low level mercury va-
pors, it was found that there were increased trem-
ord¥. Other investigators found that in laboratory
workershaving 35 microgramy/liter levelsof mercury
inurine had increased proteinuria®.

CASE STUDIESOFINHALED MERCURY
PATHOLOGY

Mercury isahighly toxic e ement that hasno known
safelevel of human exposure. Because mercury does
not present any physiological benefitsthereshould be
no mercury in the bodies of children or adultg?.
Mecury is nephrotoxic, neurotoxic, immunotoxic and
will put at risk in utero and early life child devel op-
ment!¥ in part because mercury isubiquitousand pre-
& post-natal exposure can occur in many wayso,
Mercury isbio-accumulating, which resultsinaserious
health hazard for children?,

Elemental mercury vapor poisoning isknownto
cause hemorrhagic colitig*. Mercury isan ubiquitous
environmentd toxinthat isassociated withabroad range
of human adverse hedth effectd™. Wherein lemental
mercury exposureisacquired generaly by inhalation
and ingestion. Mercury readily volatilizesat standard
temperature and pressure (The current version of
IUPAC’s standard is a temperature of 0 °C (273.15
K, 32 °F) and an absolute pressure of 100 kPa (14.504
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psi, 0.986 atm)!2. It’s presence in an open container
caninducebiologica sgnificant aerated concentrations
in poorly ventilated |ocations. Adverse hedlth effects
can occur inindividua sthat areexposed inresidential
aswell asindustry(*,

Increasing evidenceis mounting that the hedlth ef-
fectsfromtoxic metdsdiffer in prevalenceand/or mani-
festationinfemalesand maed. Mercury,intheform
of elementa mercury vapor (and methylmercury), are
easlly transferred from the pregnant women to thefe-
tug*¥. Studieshave determined that young malesare
more susceptibleto neurotoxic effects of lead and me-
thylmercury following anexposureevent occurring early
inlife®, whileactual experimenta datasuggeststhat
femd esaremore susceptibleto immunotoxic effects of
the heavy metd lead. Additional studiesonthe gender-
related differencesin hedlth effectsthat are caused by
heavy metalsrequiresconsiderably more attention(*4,

Anthropogenic activitieshavefrequently resultedin
mercury rel easeinto the biospherewith diminished con-
Sideration of the adverse consequences to human
health*, Humans can takein toxic doses of mercury
through inhalation of elevated concentrations of gas-
eousel emental mercury!™,

Industrial workers have been diagnosed with
chronic occupational mercurialismlocated at afluo-
rescent lamp factory!?9. It wasfound that after expo-
sureto elemental mercury for an average of 10.2 +
3.8 years and even after being away from thiswork
for 6 + 4.7 years, there was amean urinary mercury
concentrations (following 1 year cessation of work)
wereat 1.8 + 0.9 microgram/g creatining. Inthis
particular study the neuropsychol ogical assessment
included attention, inhibitory control, verbal/visual
memory, verba fluency, manual dexterity, visua-spa-
tial function, executivefunction, and semantic knowl-
edge evaluation. Beck Depression Inventory and the
State and Trait Inventory were applied to assesslev-
els of depression and anxiety symptoms, respec-
tively*¥l, Raw scoresoutcomefor thisparticular group
exposed to mercury indicated d ower information pro-
cessing speed, inferior performancein psychomotor
speed, verba spontaneousrecall memory, and manual
dexterity of the dominant hand and non-dominant
hand*®l, These individuals also demonstrated in-
creased depression and anxiety symptoms, whereas

astatistically significant correlation (Pearsonr) was
observed between mean urinary mercury and anxiety
trait (r = 0.75, P=0.03)1*¢, The neuropsychol ogical
performances of thisgroup al so suggeststhat expo-
sureto elemental mercury haslong-term effectson
psychomotor function andinformation processing, in
additionto increased depression and anxiety!*,

Other investigators have determined that perfor-
mance on the grooved pegboard and the Benton vi-
sual retention test was poorer among mercury vapor
exposed chloralkali workers when compared with
suitablereferentd®”. For this study the subjectswho
had experienced the highest intensity of exposure[a
cumulative urinary mercury index > 550 nmol/(l x
year)] did haveapoorer performance on atrailmaking
test (inclusiveof part A and B), onadigit symbol test,
and on aword pairstest (atest of retention errors)*7.
Thissameinvestigation did identify adight persistent
effect of mercury vapor exposure on the central ner-
vous system that chiefly involved themotor functions
and attention, nonethelesspossibly with relationto the
visual system, Previous exposuredid not seemto
haveaffected theworkers’ general intellectual level or
their ability to reason logically™*7.

Various sources of elemental mercury (Hg®) will
includeold natura gasregulators, manometers, sphyg-
momanometers, thermometers, aswell asthermo-
stats*8. Spillage of Hg° will includeimproper storage
of vessels, aswell as container breakage, children
playing with Hg?, and abusive use of Hg*®l. Inhalation
isthe primary exposureroutefor e ementa mercury™.,
Chronic exposureto e ementa mercury vaporscould
damage the kidneys and neurol ogic system whereas
short-term exposureto high levels of vapors could
cause lung damage, nausea, vomiting, diarrhea, in-
creasesin blood pressure or heart rate, skin rashes,
and eyeirritation*®, Minimization of e emental mer-
cury dispersal iscrucid™® but spreading by contami-
nated shoes/apparel or vacuuming can spread elemen-
tal mercury thusincreasing airborne concentrationsand
costsof cleansing!*®. Hard surfaces can generally be
decontaminated however contaminated porousitems
must be appropriately cast aside. Even marginaly con-
taminated items outdoorsfor amonth or moreduring
awarm weather spell could dissipatethe Hg?*8. Re-
duction of useisthethe optimal way to prevent spills
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of elemental mercury®.,

Thevoldility and biotransformation of inha ed mer-
cury causes Hg® to beaunique toxicant. The heating of
liquid eementd mercury canlead to multiple pathologi-
cd symptomssuch asdyspnea, chest pain, cough, mal-
ase, and metdlictastd9. Thismechanism of exposure
canresultinplasmalevelsof Hg® over toxiclevelsand
the need of hospitalization that includes oxygen
therapy*9. Mercury isexcreted in theuring™?. Vapors
of elementa mercury arewell absorbed viathelungs
(80 %) but has significantly poorer absorptionthrough
the gastrointestina tract®. A significant subcutaneous
or intravenousintromission of elemental mercury re-
sultsdirectly in chest pain, fever, kidney damage, respi-
ratory falure, liver damage, neurologic symptoms, and
potentialy death??. Mercury istoxicindl forms. Mer-
cury isprimarily excreted from the human body through
thekidneysabeit therate of excretionisgeneraly dow
with traces of mercury observed intheurineeven as
long astwo years after theindex event!??. Inthe case
of injected mercury smal but discretemetdlic distribu-
tionscan form at the base of thelungsand throughout
the parenchymabilaterally?.

Inhal ation of mercury vapour is extremely dan-
gerous. A case study of apatient following mercury
inhal ation produced observations of anonfatal pneu-
monitig?!. Inthiscasethe pulmonary infiltration was
resolved rapidly with antibiotics and supportive care.
Inthis case study gingivostomatitiswasfound, along
with central nervous system manifestations such as
tremorsand erethism (shyness, withdrawal, depres-
sion, insomniaand irritability)?Y. A chest x-rays dis-
played diffuse, patchy changes of pulmonary edema,
(which can diminish but can progresstointerstitial fi-
brosis, pulmonary granulomas, and bronchiectasis)?.
Pulmonary function tests may show amixture of re-
strictive and obstructive defects. Theseinvestigators
trestment management (thisan acute mercury vapour
inhalation event) centersaround the maintenance of
respiratory function by oxygen, bronchodilators, me-
chanicd ventilation, and eva uation of systemic absorp-
tion?Y, Levelsof mercury inwholeblood can bede-
termined accurately in recent exposures, but do not
measure total body burden in chronic exposures or
exposuresthat have occurred morethan afew days
previoudy. Timed, 24 hour urinary collectionscan pro-
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vide amore efficacious measure of total body burden
and are quite useful for determination of chelation
therapy?Y. Significant clinical symptomsare usually
associated with 24 h urine content of greater than 250
nanomole/Litert?Y,

Acute mercury inha ation poisoning can befatd be-
causeof progressive pulmonary failure??, Prompt treat-
ment with corticosteroids and penicillaminefor acute
chemica pneumonitiscan bebeneficid followingathree
phase progression that beginswith amanifested flu-like
illness, thenanintermediate phaseinvolvingaperiodin
which severemulti-organ symptomsisobservedthena
late phase consisting of aperiod whenthe centrd ner-
voussymptomspersisti?2, With casesof very high acute
exposure to mercury vapor, then severe respiratory
symptomsdominatetheclinical picture??, Thecause
of deathinlethal casesisprogressiverespiratory failure
which at autopsy will show pathologicfindingsinthe
lungsrevedingvariousstagesof acutelunginjury, ando-
gousto those found in the acute respiratory distress
syndrome (ARDS)?, Penicillamine has been gener-
ally accepted as an efficaci ous chel ating agent for mer-
cury poisoning. Dimercaptopropanol (of BAL) isalso
effective, but penicillamine hasthe added advantage of
oral administration and is possibly more potent’?. D-
penicillaminegiven orally may be useful inthelessse-
vere symptomaticinorganic and e ementa mercury in-
halation exposures. D- penicillaminereverses sulfhy-
dryl binding in the blood and chelates both mercury
and lead. N- acetyl- d,L- penicillamine has been ad-
ministered successfully to patientswith inorganic mer-
cury- induced neuropathies (tremor, ataxia) and chronic
elemental mercury toxicity??. Although chelation
therapy has been shown to decrease serum mercury
levels, studies show that thishas no effect on progres-
sionof acutelung injury. Previous studies have shown
that lung tissue damage iscompleteand that the treat-
ment of serum level swith chelating agentshasno effect
onthereversal of lung damage??. Despitethereduc-
tion of serum mercury levelswith dimercaprol, there
wasaso noreversal intheprogression of lunginjury
and respiratory dysfunction?.

SPECIFICILLUSTRATIVETOXICITY

Althoughitismost toxicif inhaled asvapors, mer-
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cury may be absorbed through the skin and ingested®,
Any spillage should beimmediately attended to asitis
very persistent in the atmosphere. Mercury that isab-
sorbed through the lungsistransported to the brain
and other partsof the nervous system, aswell as other
tissues. Elemental mercury isalso excretedinthefe-
ces. Threefactorsthat influence the devel opment of
clinicd manifestationsastheresult of inhdationinclude:
1) Length of exposure; 2) Individual susceptibility; and
3) Concentration of the exposure?y, Symptoms as-
sociated with high concentrations of exposurewill in-
clude chills, malaise, nausea, coughing, chest pain,
shortness of breath, and fever?. The risks of mer-
cury exposure are especially increased for children
because mercury vapor isdenseand will settleinlower
areas or of poor ventilation where the child may be
active?®!, Dueto lipid solubility mercury crossesthe
placentaaswell asexcreted in breast milk therefore
posing ahedth hazard for unborn children and infants
still in breast feeding phase®!.

Because mercury inhibitsthe formation of mydin,
exposureto thiselement for young children may in-
duce severeneurologica outcomesby preventing the
nerve sheaths from forming in good order?, Mer-
cury isatoxic agent whichishighly reactive and dam-
agesthe endocrine system, kidneys, central nervous
system, other organs, and adversely affectstheteeth,
mouth, and gums?¥. At zero oxidation state (Hg°) of
mercury the element existsasaliquid metal and va-
por, but at oxidation state of 1+ (Hg*) itisaninor-
ganicsatand at 2+ it can exist asaninorganic saltsor
organomercury compounds. In addition to toxic af-
fect onthe brain, kidney, and lung, mercury poison
can lead to diseases such asHunter-Russall syndrome,
pink disease (acrodynia), and Minamatadiseasg?"?!,
When broken, fluorescent bulbs release mercury.
Mercury can exist as vapor or liquid state (or both)
within bulbswhichisrel eased after breakage, allow-
ing theliquid portion to evaporate at the ambient tem-
perature to pose ahealth threat’?. The breakage of
numerous bulbsisan additivethreat that raises great
concern as ahealth issue. For example, a case study
showed that a 23-month child playing in anursery
adjacent to ashed housing acontainer of broken 8-
foot fluorescent light bulbstill caused anorexia, weight
loss, profuse swesting, irritability, and acrodynia(pink

discoloration of the hands and feet)*.

Mercury contamination isan environmental prob-
lemworl dwide®!. Exposureto adoseof dementd mer-
cury vapor (Hg°) at 1 to 2 milligram/meter for severa
hours causes acute chemica related bronchiolitisand
pneumonitis. After thisexposure and two hourslater
thelunginjury appearsasahyaline membraneforma-
tion, followed by expensive pulmonary fibrosigsY.
However studies have shown that corticosteroids and
chelating agents appear to effectively decreasethein-
flammeation, delay pulmonary fibros's, and prevent out-
come of long-term mercury poisoning®Y. Chelating
therapy will efficacioudy reducethelevelsof mercury
in the serumi®Y, The chel ating agents N-acetyl penicil-
lamineand dimercaprol will digplacemercuryionsfrom
sufhydryl groups (-C-SH or R-SH) group where R rep-
resentsan dkene, dkane, or carbon-conta ning moi ety
and the-SH functiona groupisreferredto aseither a
thiol group or asulfhydryl group)tY.

ADDITIONAL CASE STUDIESOF EXPOSURE

Recorded incidents of short-term exposureto high
levels of mercury vapor induce arange of health ef-
fects. Theseeffectsrangefrom mild proteinuriato pro-
nounced proteinuria, hematuriaor oliguria, to actud acute
rend failurehaving necrosisof theproxima convoluted
tubules™®.

Previousclinical observations haveidentified the
threet of inhaling mercury vaporsfromintentionaly hesat-
ing liquid mercury®™. Inthiscase, involving ayoung
child, thedetrimental health outcomeincluded hepato-
cdllular consequences®,

Fatal outcome can occur from short-term but high
level exposure to vapors of elemental mercury
(Hg?)B+3, Inthis case study, involving agrown adult
male, highlevel exposureto vapor induced hepatome-
gdy (Hepatomegdy isacondition of havinganenlarged
liver) and central |obular vacuolation (acondition of
having becomefilled with vacuol es)+%,

CONCLUSIONS
Althoughitismost toxicif inhaled asvapors, mer-

cury may be absorbed through the skin and ingested.
Mercury isahighly toxic element that has no known
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safelevel of human exposure. Because mercury does
not present any physiological benefitsthereshould be
no mercury inthebodiesof children or adults. Mercury
ismost poisonous asavapor and themetal interferes
with sulfur containing enzymesduetoitshigh affinity for
sulfur. Mercury isprimarily excreted from the human
body through thekidneysalbeit therate of excretionis
generaly dow with traces of mercury observed inthe
urine even aslong astwo yearsafter theindex event.

Mercury isan ubiquitousenvironmental toxin that
isassociated with abroad range of human adversehedth
effects and elemental mercury exposureisacquired
generaly by inhaation and ingestion. Mercury, inthe
form of elemental mercury vapor (and methylmercury),
areeasly transferred from the pregnant women to the
fetus. Dueto lipid solubility mercury crossesthepla-
centaaswell asexcreted in breast milk therefore pos-
ing ahealth hazard for unborn children and infantstill
breast feeding.

Because mercury inhibitsthe formation of mydin,
exposureto thiselement for young children may induce
severeneurological outcomesby preventingthenerve
shesthsfromforming. Acutemercury inha aion poi son-
ing can befatal because of progressive pulmonary fail-
ure. Prompt treatment with corticosteroidsand penicil -
laminefor acute chemical pneumonitis can be benefi-
cid. Mercury isatoxic agent that ishighly reactiveand
damagesthe endocrine system, kidneys, central ner-
vous system, other organs, and adversely affectsthe
teeth, mouth, and gums.

Inhaation of high concentrationsof eementa mer-
cury will resultinfever, cough, chills, shortnessof breeth,
nausea, vomiting, and diarrheg, followed by damageto
lungs, kidneys, and the central nervoussystem. Avoid-
anceof mercury exposureiscrucid for pregnant women,
infants, young children, aswell asadults. Thepotential
hedth threat dueto breakage of mercury containing light
bul bs cannot be minimized and must be considered in
residential and industrial environments. The potentia
danger to hedlth that mercury containing light bulbsren-
der must beavital consideration if expansion of these
typesof lighting gpparatusis pursued.
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