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A Case of Toxic Gas Exposure A Case of Toxic Gas Exposure 
J Lai / HT FungJ Lai / HT Fung

Toxicology TeamToxicology Team
TMH A&ETMH A&E
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The CaseThe Case

M/27M/27
Good PHGood PH
Employee Employee -- Semiconductor raw material Semiconductor raw material 

manufacturing industry in Chinamanufacturing industry in China
Work process: Junction formationWork process: Junction formation
Headache / dizziness during workHeadache / dizziness during work
?Gas inhalation?Gas inhalation

Nov 2007Nov 2007 33

Working EnvironmentWorking Environment

HEPA
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Clinical ExamClinical Exam

SBPSBP108  108  PP78  78  RRRR18  18  SpOSpO22100(RA)100(RA)
PERL  PERL  TT36 Skin normal36 Skin normal
No resp irritationNo resp irritation
Erythematous LT eyeErythematous LT eye
Systemic exam: NADSystemic exam: NAD
ECG CXR NADECG CXR NAD
Admitted EMWAdmitted EMW

Nov 2007Nov 2007 HKPIC Monthly MeetingHKPIC Monthly Meeting 55

What could be the possible culprit?
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Semiconductor ManufacturingSemiconductor Manufacturing

““CleanClean”” and and ““lightlight””
Hazards: large number & varietyHazards: large number & variety
Complex, rapidly changingComplex, rapidly changing
Lack of info to health care providersLack of info to health care providers
Trade secretsTrade secrets
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Manufacturing ProcessManufacturing Process

Quartzite

Wafer

Oxidize

Patterning

Junction
Formation

Metallization

Device
Manufacture
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Chemical Vapor Deposition (CVD)

Reactives
Carriers

Dopants

Substrate

GAS IN GAS OUT

Heater
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Gaseous HazardsGaseous Hazards

DopantsDopants
Arsine (AsHArsine (AsH33), AsH), AsH55
Diborane (BDiborane (B22HH66), BF), BF33
Phosphine (PHPhosphine (PH33), PF), PF33

CarriersCarriers
Si(Si(--HH44, , --HH22ClCl22, , --ClCl33, , --ClCl44))
Asphyxiants: HAsphyxiants: H22, N, N22, Ar, He, Ar, He

ReactivesReactives
Corrosive: HCl, HF, HCorrosive: HCl, HF, H33PO4, NHPO4, NH33, NO, NO22
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Dopants Dopants –– extremely toxicextremely toxic

PhosphinePhosphine (PH(PH33))
Oxidative phosphorylationOxidative phosphorylation
Myocardial Ischemic, pump failure, NCPO, shockMyocardial Ischemic, pump failure, NCPO, shock

ArsineArsine (AsH(AsH33))
NonNon--irritantirritant
Hemolysis, ARFHemolysis, ARF

DiboraneDiborane (B(B22HH66))
Highly water soluble irritantHighly water soluble irritant
Lower airway: noncardiogenic POLower airway: noncardiogenic PO
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Case SummaryCase Summary

Work with CVDWork with CVD
Rapid onsetRapid onset
s/s headache dizzinesss/s headache dizziness
No resp irritationNo resp irritation
No corrosive injuriesNo corrosive injuries
No cardiopulmonary manifestationNo cardiopulmonary manifestation
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Arsine 砷化三氫

ArsenicArsenic--containing ores/metals + acidcontaining ores/metals + acid
➨➨ Arsine gasArsine gas

nn--Dopant in semiconductor industryDopant in semiconductor industry
Manufacture of crystals for computer chips Manufacture of crystals for computer chips 

and fiber opticsand fiber optics
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Arsenicals Arsenicals Industrial UsesIndustrial Uses
Arsenic acid (HArsenic acid (H33AsOAsO44))

wood preservative, biocide, metal finishing agentwood preservative, biocide, metal finishing agent
Arsenic trioxide (AsArsenic trioxide (As22OO33))

herbicide, pesticide, and rodenticide, pharmaceuticals and herbicide, pesticide, and rodenticide, pharmaceuticals and 
veterinary productsveterinary products

Arsine (Arsenic Trihydride AsHArsine (Arsenic Trihydride AsH33))
synthesis of semiconducting materialssynthesis of semiconducting materials

Cadmium arsenide (CdCadmium arsenide (Cd33AsAs22))
infrared detectors, pressure sensors, photodetectorsinfrared detectors, pressure sensors, photodetectors

Gallium arsenide (GaAs)Gallium arsenide (GaAs)
semiconductor, MMICs, diodes, solar cellssemiconductor, MMICs, diodes, solar cells

Lead hydrogen arsenate (PbHAsOLead hydrogen arsenate (PbHAsO44) ) --insecticideinsecticide
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Properties Properties -- ArsineArsine
Colorless, nonirritatingColorless, nonirritating
2.5x denser than air2.5x denser than air
Water soluble, garlic/fishy odorWater soluble, garlic/fishy odor
Explosive, irritant, systemic toxicantExplosive, irritant, systemic toxicant
Odor threshold 10Odor threshold 10--x greater than OSHA x greater than OSHA 

permissible exposure limitpermissible exposure limit
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IndustriesIndustries

Aniline workAniline work
BronzingBronzing
Dye manufacturerDye manufacturer
ElectronicsElectronics
EtchingEtching
Fertilizer makingFertilizer making
GalvanizingGalvanizing

Jeweler makingJeweler making
Lead burningLead burning
Paper productionPaper production
PlumbingPlumbing
Semiconductor
Submarine workSubmarine work
Tin productionTin production
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Mechanism of ToxicityMechanism of Toxicity
HemoglobinHemoglobin -- primary subcellular target primary subcellular target Hatlelid 1995Hatlelid 1995

1.1. formation of colloidal arsenic within RBCformation of colloidal arsenic within RBC
2.2. formation of hydrogen peroxideformation of hydrogen peroxide
3.3. ?Na/K?Na/K--ATPase pumpATPase pump
4.4. increase heme release from oxyHb increase heme release from oxyHb Rael LT 2006Rael LT 2006

5.5. oxidative stress oxidative stress -- increased levels of circulating increased levels of circulating 
MHb and reduced MHb and reduced glutathioneglutathione in RBC in RBC Blair 1990Blair 1990
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Mechanism of ToxicityMechanism of Toxicity

RBC RBC ArsineArsine-- Hb complexHb complex

Prone to oxidant stress Prone to oxidant stress ➨➨ hemolysishemolysis
Renal Failure Renal Failure ArsineArsine-- Haptoglobin complexHaptoglobin complex

Pigment nephropathyPigment nephropathy
Toxic to cortical epithelial cells Ayala-Fierro F 2000

Skin Skin –– Bronze tintBronze tint
Hemolysis + Hb depositsHemolysis + Hb deposits
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ToxicityToxicity
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Acute EffectsAcute Effects

PrePre--hemolysis phasehemolysis phase (30(30--60min or delayed)60min or delayed)
Asymptomatic, garlicky odour, red conjunctivaAsymptomatic, garlicky odour, red conjunctiva

Hemolysis phaseHemolysis phase
Weakness, headache, abdominal pain, Weakness, headache, abdominal pain, 

hypotensionhypotension
Free Hb, Hburia, hematuriaFree Hb, Hburia, hematuria

PostPost--hemolysis phasehemolysis phase
Renal impairment and shutdownRenal impairment and shutdown
JaundiceJaundice
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Laboratory FindingsLaboratory Findings

Intravascular hemolysisIntravascular hemolysis
Blood arsenic levelBlood arsenic level
Urine spot & 24Urine spot & 24--hr arsenichr arsenic
Free Hb levelFree Hb level

>1.2 >1.2 --1.5 g/dL for ET1.5 g/dL for ET
Mobilization testMobilization test
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BronzeBronze Skin, Skin, BlackBlack Plasma, Plasma, RedRed UrineUrine
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TreatmentsTreatments

Remove patient, O2, treat bronchospasmRemove patient, O2, treat bronchospasm
IVF + furosemideIVF + furosemide
Hypotension: dopamine, norepinephrineHypotension: dopamine, norepinephrine
Hemolysis: urine alkalinizationHemolysis: urine alkalinization
Major hemolysis: ET >> hemodialysisMajor hemolysis: ET >> hemodialysis
?NAC?NAC
Chelation: not advisedChelation: not advised

Pullen-James S 2006
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OELsOELs

1.1. TimeTime--weighted Average weighted Average (OEL(OEL--TWA)TWA)
conc exposed over an 8conc exposed over an 8--hr workday and a 40hr workday and a 40--hr hr 

workweek, without adverse health effectsworkweek, without adverse health effects

2.2. ShortShort--term Exposure Limit term Exposure Limit (OEL(OEL--STEL)STEL)
conc exposed not > 15 mins and not > 4 times (> 60 conc exposed not > 15 mins and not > 4 times (> 60 

mins between successive exposures) in workdaymins between successive exposures) in workday

3.3. Ceiling Ceiling (OEL(OEL--C)C)
conc that should not be exceeded during any part of conc that should not be exceeded during any part of 

working exposureworking exposure
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Occupational Exposure Limits Occupational Exposure Limits (OELs)(OELs)

LC values of 25 ppm (30 min) and 300 ppm (5 min)LC values of 25 ppm (30 min) and 300 ppm (5 min)
TWA 0.05ppm or 0.2mg/mTWA 0.05ppm or 0.2mg/m33 (US OSHA)(US OSHA)
NIOSH REL: Ca C 0.002 mg/m3 [15NIOSH REL: Ca C 0.002 mg/m3 [15--minute]minute]
TWA 0.05ppm or 0.16mg/mTWA 0.05ppm or 0.16mg/m33 (HKSAR OSHB, (HKSAR OSHB, 

Labour Department)Labour Department)
STEL/Ceiling not listedSTEL/Ceiling not listed
Odour threshold 0.5ppmOdour threshold 0.5ppm
3ppm immediately dangerous to life (NIOSH)3ppm immediately dangerous to life (NIOSH)
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Lethal DoseLethal Dose

Nov 2007Nov 2007 HKPIC Monthly MeetingHKPIC Monthly Meeting 2626

TreatmentsTreatmentsClinical featuresClinical featuresOnsetOnsetSourcesSourcesAuthorsAuthors

11--2 mins2 mins

30 mins30 mins

90 mins90 mins

Repeated Repeated 
episodesepisodes

3 hours3 hours

6 hours6 hours

IVF, transfusionIVF, transfusionHemolysisHemolysisExposed to arsine Exposed to arsine 
cylindercylinder

Kleinfeld 1980Kleinfeld 1980

ET + HDET + HD
BAL no useBAL no use

1 died; 3 hemolysis; 1 died; 3 hemolysis; 
1 renal failure1 renal failure

?Pipe cleaning?Pipe cleaningTeitelbaum Teitelbaum 
19691969
(5 cases)(5 cases)

HD + ETHD + ET
BALBAL

Asthenia,paresthesiAsthenia,paresthesi
as, hemolysisas, hemolysis

Shoe cleaningShoe cleaningRomeo 1997Romeo 1997

PenicilliminePenicillimineLL neurologyLL neurologyAutomotive Automotive 
transmission repairtransmission repair

Risk 1991Risk 1991

NilNilNonNon--specificspecificCleaning paintingsCleaning paintingsWilliams 1981Williams 1981

ET(3)ET(3)
PD(2)PD(2)

Hemolysis, renal Hemolysis, renal 
impairmentimpairment

Tin smeltingTin smeltingPhoon 1984Phoon 1984
(5 cases)(5 cases)

HDx4HDx4
ETET

Hemolysis, renal Hemolysis, renal 
shutdown, marrow shutdown, marrow 
suppressionsuppression

Metal reduction with Metal reduction with 
HClHCl

Hesdorffer 1986Hesdorffer 1986
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WorkupWorkup

RFT NADRFT NAD
Hb 14.5 Bil 15 LDH 261Hb 14.5 Bil 15 LDH 261
pH 7.38 Bicarb 28.0 BE 1.9pH 7.38 Bicarb 28.0 BE 1.9
Urine mUrine m’’stix stix ––ve Hb ve Hb ––veve

Nov 2007Nov 2007 HKPIC Monthly MeetingHKPIC Monthly Meeting 2828

ProgressProgress

IVF givenIVF given
Good U/OGood U/O
No signs of hemolysisNo signs of hemolysis
D/C LOS 20hrsD/C LOS 20hrs
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Approach Approach -- Industrial Gas Industrial Gas 
PoisoningPoisoning

Occupational surveyOccupational survey
Hazardous exposuresHazardous exposures
Known health effectsKnown health effects
Workplace monitoring & controlWorkplace monitoring & control
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Occupational SurveyOccupational Survey

Type of industryType of industry
Duration of employmentDuration of employment
Location, hours, shiftLocation, hours, shift
Work process & adjacent work processWork process & adjacent work process
Occasional unusual activitiesOccasional unusual activities
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Hazardous ExposuresHazardous Exposures

Physical hazardsPhysical hazards
Chemical hazardsChemical hazards

SolventsSolvents-- HCs, alcohols, ketones, peroxidesHCs, alcohols, ketones, peroxides
MetalsMetals-- Pb, Hg, CaPb, Hg, Ca
GasesGases-- toxic, combustion, irritant, asphyxiantstoxic, combustion, irritant, asphyxiants
DustsDusts-- asbestos, silicaasbestos, silica

Biological hazardsBiological hazards
RadiologicalRadiological
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NH3, CO, arsine, Cl2, H2S, NO2, HCN, Al, Cd, NH3, CO, arsine, Cl2, H2S, NO2, HCN, Al, Cd, 
Cu, Pb, Mn, Hg, Ni, Zn, AgCu, Pb, Mn, Hg, Ni, Zn, Ag

Gases, metal fumes, Gases, metal fumes, 
vaporsvapors

JewelersJewelers

CO2, methane, H2S, CO, HCN, Ammonia, CO2, methane, H2S, CO, HCN, Ammonia, 
chlorinechlorine

Simple and chemical Simple and chemical 
asphyxiants, irritantasphyxiants, irritant

SewageSewage

HCs, CO, CO2, formaldehyde, styrene, chlorine, HCs, CO, CO2, formaldehyde, styrene, chlorine, 
NO2, HCN, NH3, benzene, phosgene, HClNO2, HCN, NH3, benzene, phosgene, HCl

Thermal decomposition Thermal decomposition 
productsproducts

Plastics Plastics 
industryindustry

Fluorocarbons, silicones, glycols, ammoniumsFluorocarbons, silicones, glycols, ammoniumsWater repellents, Water repellents, 
antistatic, animicrobial antistatic, animicrobial 
agents, softenersagents, softeners

Textile industryTextile industry

Ammonias, Nitrogen oxides, SO2, H2S, Cl2, Ammonias, Nitrogen oxides, SO2, H2S, Cl2, --
ClO2, formaldehydeClO2, formaldehyde

Pulping, firePulping, fire--retardants, retardants, 
bleachesbleaches

Paper IndustryPaper Industry

Oxygen, Nitrogen, H2S, CO, Methane, SO2, HCl, Oxygen, Nitrogen, H2S, CO, Methane, SO2, HCl, 
CO2, H2, Radon gasCO2, H2, Radon gas

Mine gasesMine gasesMiningMining

HCs, CO, CN, H2S, formaldehyde, ethylene HCs, CO, CN, H2S, formaldehyde, ethylene 
oxideoxide

Simple and chemical Simple and chemical 
asphyxiants, irritantasphyxiants, irritant

Chemical Chemical 
manufacturingmanufacturing

HCs, glycols, phenols, copper arsenate, creosote, HCs, glycols, phenols, copper arsenate, creosote, 
formaldehydeformaldehyde

Preservative, pesticide, Preservative, pesticide, 
glues, finishing productsglues, finishing products

Furniture Furniture 
manufacturingmanufacturing

ExamplesGases exposuresIndustries
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Health EffectsHealth Effects

Clinical featuresClinical features
TemporalityTemporality
Affected coworkersAffected coworkers
Known risk factorsKnown risk factors
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Workplace Monitoring and ControlWorkplace Monitoring and Control

Area air monitoringArea air monitoring
Medical surveillance recordsMedical surveillance records
Exposure controlExposure control

Administrative controlAdministrative control
Process engineering: enclosure, shielding, Process engineering: enclosure, shielding, 

ventilationventilation
Personal protective equipmentPersonal protective equipment
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MultiMulti--Gas DetectorGas Detector
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Information ResourcesInformation Resources

Poison control center Poison control center -- HKPICHKPIC

Employers / Insurance carriersEmployers / Insurance carriers
Labour Unions Labour Unions –– respective industriesrespective industries

Government agenciesGovernment agencies
Local: OSH branch, Labour DepartmentLocal: OSH branch, Labour Department
US: OSHA, NIOSH, ATSDRUS: OSHA, NIOSH, ATSDR

Online databasesOnline databases
EPA, TOXNET, PoisondexEPA, TOXNET, Poisondex
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Thank you!Thank you!


