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Geachte minister,

Graag bied ik u hierbij het advies aan over de beroepsmatige blootstelling aan cyclische 
zuuranhydriden.

Het maakt deel uit van een uitgebreide reeks, waarin gezondheidskundige advieswaarden 
worden afgeleid voor concentraties van stoffen op de werkplek. Dit advies over cyclische 
zuuranhydriden is opgesteld door de Commissie Gezondheid en Beroepsmatige Blootstel-
ling aan Stoffen (GBBS) van de Gezondheidsraad en beoordeeld door de Beraadsgroep 
Gezondheid en Omgeving.

Ik heb dit advies vandaag ter kennisname toegezonden aan de minister van Volksgezond-
heid, Welzijn en Sport en aan de minister van Volkshuisvesting, Ruimtelijke Ordening en 
Milieubeheer.

Met vriendelijke groet,

prof. dr. J.A. Knottnerus
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Samenvatting 9

Samenvatting

Vraagstelling

Op verzoek van de minister van Sociale Zaken en Werkgelegenheid leidt de 
Commissie Gezondheid en beroepsmatige blootstelling aan stoffen (Commissie 
GBBS; één van de vaste commissies van de Gezondheidsraad) gezondheidskun-
dige advieswaarden af voor stoffen in lucht waaraan mensen blootgesteld kunnen 
worden tijdens hun beroepsuitoefening. Deze advieswaarden vormen vervolgens 
de basis voor grenswaarden waarmee de gezondheid van werknemers beschermd 
kan worden.

In dit advies bespreekt de commissie de gevolgen van blootstelling aan cycli-
sche zuuranhydriden* en stelt zij gezondheidskundige advieswaarden vast.

In een eerste stap is de toxiciteit van de zuuranhydriden geëvalueerd. Dat is 
gedaan in samenwerking met de Nordic Expert Group for Criteria Documenta-
tion of Health Risks from Chemicals. De resultaten van deze evaluatie zijn eerder 
gepubliceerd in 2004 (deze publicatie is integraal opgenomen in deel 2 van dit 
advies); vervolgens heeft de Commissie GBBS op basis van deze evaluatie én 
nieuwe relevante informatie een onderbouwing gegeven van haar advies (opge-

* De in dit advies beoordeelde cyclische zuuranhydriden zijn: chlorendic anhydride (CA); dodecenylsuccinaatanhy-
dride (DSA); himicanhydride (HA); hexahydroftaalzuuranhydride (HHPA); maleïnezuuranhydride (MA); methyl-
hexahydroftaalzuuranhydride (MHHPA); methyltetrahydroftaalzuuranhydride (MTHPA); ftaalzuuranhydride 
(PA); pyromellietzuurdianhydride (PMDA); succinaatanhydride (SA); tetrabroomftaalzuuranhydride (TBPA); tet-
rachloorftaalzuuranhydride (TCPA); tetrahydroftaalzuuranhydride (THPA); trimellietzuuranhydride (TMA).
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nomen in het eerste deel van dit advies). De conclusies zijn gebaseerd op weten-
schappelijke gegevens die voor december 2009 zijn verschenen.

Fysisch-chemische eigenschappen en gebruik

Cyclische zuuranhydriden komen voornamelijk voor als poeder of kristallen, en 
de methylsubstituten van cyclische zuuranhydriden als olieachtige vloeistoffen. 
De meeste cyclische zuuranhydriden lossen op in organische oplosmiddelen, 
zoals alcohol en benzeen. In alcohol worden ze dan snel omgezet – met behulp 
van water – in carboxylzuren. Van in ieder geval ftaalzuur- en maleïnezuuranhy-
dride is bekend dat ze ook in water oplossen.

Cyclische zuuranhydriden kennen een brede toepassing in de chemische 
industrie, vooral bij de productie van polyesters, plastics en harsen. Van nature 
komen ze niet voor, al kunnen ze wel als verontreiniging in het milieu worden 
aangetroffen.

Monitoring

Monstername van cyclische zuuranhydriden in de lucht vindt in de regel plaats 
met speciale absorptiebuisjes, Teflon- of PVC-filters of een combinatie van 
beide. Om de hoeveelheid bemonsterde cyclische zuuranhydriden te kunnen 
bepalen zijn er vervolgens verschillende geschikte analysemethoden, waaronder 
gaschromatografische gecombineerd met vlamionisatie, massaspectrometrische 
en electron capture detectiemethoden.

Daarnaast bestaan er ook analysemethoden om gehaltes aan bepaalde dicar-
boxylzuren in urine (van de corresponderende cyclische zuuranhydriden) en in 
plasma (voor HHPA en MHHPA) te bepalen.

Huidige grenswaarden

In Nederland bestaan op dit moment geen wettelijke grenswaarden voor cycli-
sche zuuranhydriden. Elders zijn er voor sommige cyclische zuuranhydriden wel 
grenswaarden vastgesteld; deze variëren van 200 tot 12 000 μg/m3 (microgram 
per kubieke meter lucht) voor ftaalzuuranhydride, van 400 tot 1 200 μg/m3 voor 
maleïnezuuranhydride en voor trimellietzuuranhydride op 40 μg/m3. Het gaat 
hierbij om zowel tijdgewogen gemiddelden van 8 uur als van 15 minuten, en om 
plafondwaarden. 
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PA, TMA, MA, HHPA, MHHPA, MTHPA, THPA, TCPA, HA en PMDA zijn 
door de Europese Unie geclassificeerd als inhalatie- en huidsensibiliserend (R42 
en R43).

Opname, verdeling en uitscheiding

Uit onderzoek met mensen blijkt dat hexahydroftaalzuuranhydride na inademing 
efficiënt door het lichaam wordt opgenomen, terwijl opname via de huid mini-
maal is. Met betrekking tot andere cyclische zuuranhydriden zijn geen gegevens 
over opname bekend, evenmin over opname via andere blootstellingsroutes.

In het bloed binden cyclische zuuranhydriden aan hemoglobine in rode 
bloedcellen en aan plasma-eiwitten, zoals albumine. Er zijn aanwijzingen dat 
deze zuuranhydriden ook kunnen binden aan eiwitten in organen, bijvoorbeeld in 
de luchtwegen, het maagdarmkanaalstelsel en de nieren.

Ongeveer vijfentachtig procent van de ingeademde hexahydroftaalzuuranhy-
dride verlaat het lichaam uiteindelijk via de urine in de vorm van dicarboxy-
zuren. De halfwaardetijd (de tijd die het lichaam nodig heeft om de concentratie 
van de gevormde dicarboxyzuren in het bloedplasma te halveren) hangt af van 
het type cyclische zuuranhydride, en varieert van twee tot veertien uur.

Het toxisch werkingsmechanisme

De meest in het oog springende schadelijke gezondheidseffecten door blootstel-
ling aan cyclische zuuranhydriden zijn irritatie en allergische overgevoeligheid. 
De irritatie kan ontstaan door zowel cyclische zuuranhydriden als de hydrolyse-
producten.

De allergische overgevoeligheid treedt op door zogenaamde IgE-gemedi-
eerde immuunresponsen, ook wel aangeduid als het ‘onmiddellijke type’. Dit is 
bekend doordat zowel bij mensen als dieren specifieke antilichamen van het type 
IgE in het bloed aangetroffen worden. Deze antilichamen zijn betrokken bij aller-
gene processen; de aanwezigheid ervan duidt op allergische sensibilisatie. Sensi-
bilisatie is een cruciale en noodzakelijke stap bij de ontwikkeling van allergieën. 
Blijft de blootstelling voortduren, dan kan dat leiden tot aandoeningen als netel-
roos (urticaria), allergische neus- en oogontstekingen (rhinitis, rhinoconjuctivi-
tis) en allergische astma.

Tenslotte zijn er aanwijzingen dat cyclische zuuranhydriden ook andere 
typen immuunresponsen kunnen opwekken, bijvoorbeeld stimulatie van de pro-
ductie van andere typen specifieke antilichamen (IgG) of stimulatie van cellu-
laire immuunresponsen.
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Gegevens over effecten

Waarnemingen bij mensen

Huidcontact kan leiden tot allergische netelroos.
Korte blootstelling via inademing kan tot acute effecten leiden, bijvoorbeeld 

ontstekingen van de slijmvliezen in de bovenste en onderste luchtwegen. Dit kan 
het gevolg zijn van irritatie.

 Van sommige cyclische zuuranhydriden zijn gegevens verzameld over de 
allergische overgevoeligheid en luchtwegaandoeningen als gevolg van beroeps-
matige blootstelling. Niet in alle gevallen konden de symptomen met een allergie 
geassocieerd worden; dit komt doordat allergische en irritatiereacties vaak leiden 
tot vergelijkbare klachten. Bovendien is het mogelijk dat in sommige gevallen 
sprake was van zowel irritatie als van allergie.

Schattingen van het percentage gevallen van beroepsastma door blootstelling 
aan cyclische zuuranhydriden variëren van 8 tot 18% voor PA, 2 tot 12% voor 
TMA, 15% voor HHPA, 11% voor MHHPA, en 3 tot 39% voor TCPA. 

Gevallen van allergische sensibilisatie door beroepsmatige blootstelling zijn 
beschreven voor in principe de meeste cyclische zuuranhydriden die in dit advies 
zijn geëvalueerd. Niet voor alle verbindingen kon dit echter gecorreleerd worden 
aan een bepaalde hoogte van blootstelling. Bij de zuuranhydriden waarvoor dat 
wel kon, liepen de laagst gemeten blootstellingen die leidden tot allergische sen-
sibilisatie uiteen van onder de 1 µg/m3 (TMA, HHPA en MHHPA) en rond de 
15 µg/m3 (MTHPA), tot variabele blootstellingen in de honderden microgram-
men per kubieke meter (PA en TCPA). Deze blootstellingen gingen in alle geval-
len gepaard met (allergische) luchtwegklachten, rhinitis en astma bijvoorbeeld. 
Gegevens van nog lagere blootstellingen zijn, behalve voor TMA, niet bekend. 
Het is dus mogelijk dat zelfs onder de laagst gemeten blootstellingsniveaus nog 
gevallen voorkomen van allergische sensibilisatie en luchtwegklachten. 

Tot slot zijn in het onderzoek met mensen gevallen beschreven van allergi-
sche keelontsteking, ontsteking van longblaasjes en een vorm van bloedarmoede. 
Er zijn geen gegevens bekend over effecten in andere organen.

Waarnemingen bij dieren

Uit enkele onderzoeken blijkt dat bepaalde cyclische zuuranhydriden door direct 
contact kunnen leiden tot huid- en oogirritatie. Er is echter een verschil in poten-
tie tussen de verschillende cyclische zuuranhydriden; zo veroorzaakte ftaalzuur-
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anhydride in de ogen van konijnen slechts lichte irritatie, terwijl maleïnezuur- en 
trimellietzuuranhydride daarentegen tot forse irritatie leidden.

Er is een beperkt aantal dieronderzoeken uitgevoerd – met cavia’s, ratten en 
muizen – waarin het optreden van allergische sensibilisatie door cyclische zuur-
anhydriden (PA, TMA, HHPA, MHHPA, en MTHPA) is onderzocht. In de 
meeste gevallen betrof het bifasisch onderzoek: dieren ondergingen twee fasen 
van blootstelling (een sensibilisatie- en een challenge-fase) soms via andere 
blootstellingsroutes en met andere blootstellingsniveaus.

Bij dieren traden vergelijkbare effecten op als bij de mens. Zo werden na 
huid- en inhalatieblootstelling in het bloed specifieke IgE-antilichamen gevon-
den (wat duidt op allergische sensibilisatie) en werden afwijkingen in longweef-
sel waargenomen.

Wat betreft onderzoek waarbij dieren alleen via inademing zijn blootgesteld, 
is de laagste blootstelling waarbij onderzoekers nog specifieke IgE-antilichamen 
tegen TMA in het bloed aantroffen 400 µg/m3; in hetzelfde onderzoek werden bij 
40 µg/m3 echter geen effecten aangetroffen. Het aantal dieren in dit onderzoek 
was bijzonder klein en de blootstellingduur was kort, zodat moeilijk een defini-
tieve conclusie te trekken valt. Bij 30 tot 40 µg/m3 traden wel weefselafwijkin-
gen in de longen op. In een ander dieronderzoek werd al bij 10 µg TMA/m3 een 
verhoogde antilichaamrespons tegen TMA waargenomen. Tevens bleek de toe-
name van de respons sterk te correleren met een toename van weefselafwijkin-
gen in de longen en longgewicht.

In ratten, hamsters en apen die een half jaar aan maleïnezuuranhydride (1 100 
tot 9 800 µg/m3) blootgesteld werden, werden er in de longen, lever, milt, been-
merg en nieren geen afwijkingen gevonden. Het neusslijmvlies van de knaagdie-
ren was wel geïrriteerd. Dit was echter omkeerbaar en niet gerelateerd aan de 
hoogte van de blootstelling.

Met betrekking tot langdurige blootstelling aan andere cyclische zuuranhy-
driden ontbreken op dit moment de gegevens.

Er is ook een gebrek aan gegevens over mogelijke kankerverwekkendheid. 
Uit een beperkt aantal onderzoeken valt op te maken dat cyclische zuuranhydri-
den geen schade aan het genetisch materiaal toebrengen.

Er zijn verder geen aanwijzingen gevonden voor effecten op de vruchtbaar-
heid en het nageslacht. Maar ook hiervoor geldt dat er nauwelijks gegevens zijn.
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Werkwijze bij het bepalen van advieswaarden voor allergenen

De keuze van het kritische effect

De commissie beschouwt het optreden van allergische sensibilisatie als het kriti-
sche effect waarop advieswaarden voor cyclische zuuranhydriden gebaseerd die-
nen te zijn. De reden daarvoor is dat sensibilisatie in de meeste gevallen tot een 
blijvende allergische overgevoeligheid leidt. Door sensibilisatie te voorkomen 
wordt tevens voorkomen dat de betreffende persoon bij voortdurende blootstel-
ling allergische luchtwegklachten ontwikkelt. De commissie verwacht dat 
zodoende ook het optreden van irritatie aan de luchtwegen voorkomen wordt.

De commissie geeft verder de voorkeur aan gegevens over IgE-gemedieerde 
sensibilisatie, omdat IgG-gemedieerde immuunresponsen volgens de huidige 
inzichten een minder sterke associatie met allergische klachten hebben.

Keuze voor gezondheidskundige advieswaarden of referentiewaarden

In de wetenschappelijke literatuur wordt al langer gediscussieerd over de vraag 
of voor allergene stoffen een blootstellingsconcentratie bestaat, en dus een drem-
pelwaarde, waaronder niet te verwachten is dat er allergische sensibilisatie en 
luchtwegklachten optreden.

De Gezondheidsraad heeft daarover recent een advies uitgebracht, waarin 
geconcludeerd wordt dat – gezien de huidige wetenschappelijke kennis – zo’n 
drempelwaarde voor ingeademde allergenen in theorie wel bestaat. Dit betekent 
dat een gezondheidskundige advieswaarde afgeleid kan worden volgens de 
methoden die ook gelden voor alle andere niet-kankerverwekkende stoffen.

Voor de meeste allergene stoffen verwacht de Gezondheidsraad echter dat het 
afleiden van een betrouwbare gezondheidskundige advieswaarde in de praktijk 
niet mogelijk is: de drempelwaarde ligt dan zo laag dat die met de huidige 
beschikbare technieken niet meetbaar is. Voor die allergenen beveelt de raad aan 
om zogenaamde referentiewaarden af te leiden: concentratieniveaus die corres-
ponderen met een vooraf gedefinieerde kans op het optreden van allergische sen-
sibilisatie.

Bovenstaande werkwijze is ook gevolgd om advieswaarden voor cyclische zuur-
anhydriden af te leiden. Gegevens afkomstig van epidemiologisch onderzoek op 
de werkplek dienden hierbij als basis. Vervolgens heeft de commissie met behulp 
van de benchmarksoftware (BMD-software van de Amerikaanse Environmental 
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Protection Agency), de gegevens geanalyseerd om de best passende beschrijving 
van de blootstellingresponsrelatie vast te kunnen stellen. De gegevens zijn ver-
volgens gebruikt om een blootstellingsniveau af te leiden, dat als vertrekpunt 
dient voor het schatten van referentiewaarden.

Evaluatie en aanbevelingen

De uitkomsten van de afzonderlijke cyclisch zuuranhydriden staan hieronder 
weergegeven, voorzien van een onderbouwing.

Trimellietzuuranhydride (TMA)

Er zijn gegevens beschikbaar over de hoogte van beroepsmatige blootstelling en 
het optreden van TMA-geïnduceerde sensibilisatie bij werknemers. Gebruikma-
kend van de best passende dosisresponsrelatie, concludeert de commissie dat bij 
een beroepsmatige blootstelling aan 18 µg/m3, het extra risico op specifieke 
TMA geïnduceerde sensibilisatie 10% bedraagt. De commissie heeft dit bloot-
stellingniveau gebruikt als uitgangspunt voor het afleiden van lagere risico’s op 
sensibilisatie, namelijk van 0,1% and 1,0%. Voor deze lagere extra risico’s is 
gekozen, omdat een eenmaal verkregen overgevoeligheid voor een specifiek 
allergeen niet meer over gaat en verder de kans op TMA geïnduceerde sensibili-
satie in de algemene bevolking vrijwel nihil is. De corresponderende blootstel-
lingsniveaus (referentiewaarden) bij deze risico’s zijn berekend met behulp van 
een lineair model, en komen uit op:
• 0,18 microgram TMA per kubieke meter als een gemiddelde concentratie 

over een achturige werkdag, die correspondeert met een extra risico van 
0,1% door beroepsmatige blootstelling

• 1,8 microgram TMA per kubieke meter als een gemiddelde concentratie over 
een achturige werkdag, die correspondeert met een extra risico van 1,0% 
door beroepsmatige blootstelling.

De referentiewaarden zijn gegeven als illustratie; ook waarden gebaseerd op 
andere risiconiveaus kunnen hier worden gekozen; in Nederland zijn namelijk 
nog geen beslissingen genomen over welke risiconiveau voor allergische sensibi-
lisatie nog geaccepteerd wordt.
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HHPA

Gebruikmakend van de best passende dosisresponsrelatie, concludeert de com-
missie dat bij een beroepsmatige blootstelling aan 0,73 µg HHPA/m3, het extra 
risico op specifieke HHPA geïnduceerde sensibilisatie 10% bedraagt. De com-
missie heeft dit blootstellingniveau gebruikt als uitgangspunt voor het afleiden 
van lagere risico’s op sensibilisatie, namelijk van 0,1% and 1,0%. Voor deze 
lagere extra risico’s is gekozen, omdat een eenmaal verkregen overgevoeligheid 
voor een specifiek allergeen niet meer over gaat en verder de kans op HHPA 
geïnduceerde sensibilisatie in de algemene bevolking vrijwel nihil is. De corres-
ponderende blootstellingniveaus (referentiewaarden) bij deze risico’s zijn bere-
kend met behulp van een lineair model, en komen uit op:
• 0,007 microgram HHPA per kubieke meter als een gemiddelde concentratie 

over een achturige werkdag, die correspondeert met een extra risico van 
0,1% door beroepsmatige blootstelling

• 0,07 microgram HHPA per kubieke meter als een gemiddelde concentratie 
over een achturige werkdag, die correspondeert met een extra risico van 
1,0% door beroepsmatige blootstelling.

De referentiewaarden zijn gegeven als illustratie; ook waarden gebaseerd op 
andere risiconiveaus kunnen hier worden gekozen; in Nederland zijn namelijk 
nog geen beslissingen gemaakt ten aanzien van welke risiconiveau voor allergi-
sche sensibilisatie nog aanvaardbaar is.

CA, DSA, HA, MA, MTHPA, PA, PMDA, SA, TBPA, TCPA, THPA

Vanwege een gebrek aan goede gegevens om een advieswaarde te kunnen aflei-
den, onthoudt de Commissie GBBS zich van een aanbeveling voor de volgende 
cyclische zuuranhydriden:
• chlorendic anhydride (CA)
• dodecenylsuccinaatanhydride (DSA)
• himicanhydride (HA)
• maleïnezuuranhydride (MA)
• methylhexahydroftaalzuuranhydride (MHHPA)
• methyltetrahydroftaalzuuranhydride (MTHPA)
• ftaalzuuranhydride (PA)
• pyromellietzuurdianhydride (PMDA)
• succinaatanhydride (SA)
• tetrabroomftaalzuuranhydride (TBPA)
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• tetrachloorftaalzuuranhydride (TCPA)
• tetrahydroftaalzuuranhydride (THPA).

Als aanvullende overweging voegt de commissie toe dat het verstandig is bloot-
stelling aan deze cyclische zuuranhydriden zo goed mogelijk te vermijden; hier-
bij gaat het in het bijzonder om die omstandigheden waar het blootstellingniveau 
boven die van de bekendere cyclische zuuranhydriden uitkomt (TMA en HHPA) 
en waarvan bekend is dat zij bij een bepaald blootstellingniveau allergische sen-
sibilisatie veroorzaken.
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Executive summary

Scope

At request of the Minister of Social Affairs and Employment, the Dutch expert 
Committee on Occupational Exposure Safety (DECOS), one of the permanent 
committees of experts of the Health Council, proposes health-based recom-
mended occupational exposure limits for chemical substances in the air in the 
workplace. These recommendations serve as basis in setting legally binding 
occupational exposure limits by the minister. In this advisory report, the commit-
tee evaluates the consequences of exposure to cyclic acid anhydrides*, and 
derives a health-based recommended occupational exposure limit (HBR-OEL). 

In a first step the toxicity of the compounds was evaluated. This is done in 
cooperation with the Nordic Expert Group for Criteria Documentation of Health 
Risks from Chemicals. The results of the evaluation, which are published in 
2004, are included in Part II of this advisory report. In the first part, the DECOS 
describes the most relevant data, supplied by newly presented data, and advices 
on an HBR-OEL. The conclusions of the DECOS are based on scientific papers 
published before December 2009.

* Cyclic acid anhydrides evaluated in this report: chlorendic anhydride (CA); dodecenylsuccinic anhydride (DSA); 
himic anhydride (HA); maleïc anhydride (MA); hexahydrophthalic anhydride (HHPA); methyl hexahydrophthalic 
anhydride (MHHPA); methyl tetrahydrophthalic anhydride (MTHPA); phthalic anhydride (PA); pyromellitic dian-
hydride (PMDA); succinic anhydride (SA); tetrabromophthalic anhydride (TBPA); tetrachlorophthalic anhydride 
(TCPA); tetrahydrophthalic anhydride (THPA); trimellitic anhydride (TMA).
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Physical and chemical properties

Cyclic acid anhydrides are mainly powders or crystals; methyl derivates of the 
cyclic acid anhydrides are oily liquids. Most cyclic acid anhydrides dissolve in 
organic solvents, such as in alcohol and benzene. With alcohol they are quickly 
hydrolyzed by water to form carboxylic acids. At least phthalic and maleic anhy-
dride also dissolve in water.

Cyclic acid anhydrides are broadly used in the chemical industry, in particu-
lar in the production of polyesters, plastics and resins. They do not occur natu-
rally, but may be found as contaminants in the environment.

Monitoring

In general, samples of cyclic acid anhydrides in the air are taken by the use of 
special absorption tubes, Teflon or PVF filters, or a combination of these possi-
bilities. Various analysis methods are suitable to determine the concentration of 
acid anhydrides in the samples. These include gas chromatography combined 
with flame ionisation detection, mass spectrometric detection, and electron cap-
ture detection methods.

Analysis methods are available for analyzing in urine the dicarboxylic acids 
formed from the corresponding cyclic acid anhydrides, and for measuring in 
plasma the dicarboxylic acids formed from HHPA and MHHPA.

Current limit values

In the Netherlands, no legally binding standards exist for cyclic acid anhydrides. 
Elsewhere, for some acid anhydrides occupational exposure limits are set. These 
vary between 200 and 12,000 μg/m3 for phthalic anhydride, 40 μg/m3 for trimel-
litic anhydride, and between 400 to 1,200 μg/m3 for maleic anhydride, and 
include eight-hour and 15-minute time weighted average concentrations, and 
ceiling values. 

PA, TMA, MA, HHPA, MHHPA, MTHPA, THPA, TCPA, HA, and PMDA 
are classified bij the European Union as sensitizers by inhalation and skin contact 
(R42 and R42).
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Kinetics

Investigations in humans reveal that hexahydrophthalic anhydride is efficiently 
taken up by the body after inhalation, whereas uptake via the skin is minimal. 
Regarding other cyclic acid anhydrides, no data on uptake after inhalation, or via 
other routes of exposure is known.

In blood, cyclic acid anhydrides bind to hemoglobin, which is present in red 
blood cells, and to proteins in plasma, such as albumin. They likely bind also to 
proteins in organs, such as those of the respiratory and gastrointestinal tract, and 
the kidneys.

Approximately 85% of the inhaled hexahydrophthalic anhydride is released 
from the body via the urine in the form of dicarboxy acids. The half-life, i.e., the 
time the body needs to half the dose of dicarboxy acids in plasma, depends on the 
type of acid anhydride, and varies from two to fourteen hours.

Mechanism of toxicity

The most marked adverse health effects due to exposure to cyclic acid anhy-
drides are irritation and allergic hypersensitivity. Irritation may be caused by 
both cyclic acid anhydrides and their hydrolysis products.

Allergic hypersensitivity by cyclic acid anhydrides is caused by induction of 
an IgE mediated specific immune response (immediate type). This is known 
because in both humans and animals specific antibodies of the IgE type are found 
in the blood. These antibodies are involved in allergic processes, and the pres-
ence of them points to allergic sensitisation. Sensitisation is a crucial and neces-
sary step in the development of allergies. Continuing exposure after being 
sensitised may lead to disorders, such as contact urticaria, allergic rhinitis and 
rhinoconjuctivitis, and allergic asthma.

There are indications that cyclic acid anhydrides might also induce other 
types of immune responses, involving induction of specific IgG antibodies, and 
delayed-type of responsiveness. 

Effects

Observations in humans

Skin contact may lead to contact urticaria.
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Short-term inhalation may lead to acute effects, such as inflammation of the 
mucous membranes in the upper and lower respiratory tract. These types of 
effects might well be caused by irritation.

Of some cyclic acid anhydrides data are collected on the allergic hypersensi-
tivity and respiratory disorders, due to occupational exposure. However, not in 
all cases respiratory disorders could be associated with allergic hypersensitivity 
and thus with allergy. This is caused by the fact that irritation gives comparable 
symptoms. Furthermore, it is possible that in some cases irritation and allergy 
appeared at the same time in the same person.

Estimations on the prevalences of occupational asthma due to exposure to 
cyclic acid anhydrides vary between 8 and 18% for PA, 2 to 12% for TMA, 15% 
for HHPA, 11% for MHHPA, and 3 to 39% for TCPA.

In principle, for most cyclic acid anhydrides evaluated in this advisory report, 
cases of allergic sensitisation have been reported due to occupational exposure. 
However, not for all acid anhydrides this could be clearly correlated with a cer-
tain exposure level. For those for which data on exposure levels were available, 
the lowest levels at which still cases of allergic sensitisation were reported varied 
from less than 1 μg/m3 (TMA, HHPA and MHHPA), and 15 μg/m3 (MTHPA), to 
exposure levels of hundreds of micrograms per cubic meter (PA and TCPA). In 
all cases, at these exposure levels also (allergic) respiratory symptoms were 
reported, such as rhinitis and asthma. Data on lower exposure levels of the 
respective compounds are not available, except for TMA, thus it is possible that 
below the lowest measured levels, still allergic sensitisation and symptoms may 
be induced

Finally, there are cases reported on hemorrhagic alveolitis and anaemia, and 
allergic alveolitis and laryngitis. No data are available on adverse effects in other 
organs than the respiratory tract.

Observation in animals

A few studies indicate that certain cyclic acid anhydrides can lead to skin and eye 
irritation by direct contact. There are, however, potency differences among the 
different acid anhydrides. For instance, phthalic anhydride caused slight irritation 
in the eyes of rabbits, but maleic and trimellitic anhydride caused moderate to 
severe eye irritation.

A limited number of animal studies has been performed, using guinea pigs, 
rats and mice, in which the induction of allergic sensitisation of cyclic acid anhy-
drides (PA, TMA, HHPA, MHHPA, and MTHPA) was investigated. The major-
ity of the studies had a so-called biphasic design. This means that animals 
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underwent two phases of exposure, a sensitisation phase and a challenge phase. 
Sometimes different exposure routes and exposure levels were chosen for each 
phase.

Similar adverse health effects were observed in animals as in man. For 
instance, after dermal and inhalation exposure, specific IgE antibodies were 
found in blood, an indication of allergic sensitisation. Also pathological changes 
in long tissue were observed.

Regarding investigations on inhalation exposure, the lowest concentration at 
which still elevated levels of TMA-specific IgE was found was 400 µg/m3, 
whereas no elevated levels were found after exposure to 40 µg/m3. However, the 
low number of animals and the short duration of exposure hamper a final conclu-
sion on these outcomes. Concentrations of 30 to 40 µg/m3 caused histopatholog-
ical changes in the lungs. In another animal study, increased levels of antibody 
response were observed at 10 µg TMA /m3 and higher. Furthermore, the increase 
in response correlated strongly with an increase in hemorrhagic lung foci and 
lung weight.

In rats, hamsters, and monkeys, which were exposed to maleic anhydride 
(1,100 to 9,800 μg/m3) for a half year, no abnormalities were found in the lungs, 
liver, pancreas, bone marrow, and kidneys. In rodents, however, irritation of the 
nasal mucous membranes was reported, but this was reversible and could not be 
correlated to the level of exposure.

Animal data on long-term exposure to other cyclic acid anhydrides is lacking.
There is also a lack of data on possible carcinogenic properties. The few 

available data on genotoxicity are negative.
Furthermore, no indications for effects on reproduction and progeny have 

been found. However, hardly any data on reproductive toxicity is available.

Procedure by assessing health-based occupational exposure limits 
for allergens

The choice of critical effect

DECOS considers the induction of allergic sensitisation as the critical adverse 
health effect against which workers should be protected. The main reason being 
that allergic sensitisation is an irreversible change, that is associated with a 
higher risk in developing allergic reactions. By preventing allergic sensitisation, 
DECOS expects that also the development of an allergy due to continued expo-
sure will be prevented. Furthermore, it expects that by preventing sensitisation 
also induction of irritation of the respiratory tract will be prevented.
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The committee prefers the use of data on anhydride-specific IgE mediated 
sensitisation, because according to the current scientific views, specific IgG 
mediated sensitisation is less associated with allergic symptoms.

Choice of HBR-OELs or reference values

In the scientific literature it is discussed whether for allergens a threshold level 
exists, below which no cases of allergic sensitisation or allergy symptoms are to 
be expected.

Based on the current knowledge, the Health Council concluded in its recently 
published advisory report that based on current knowledge, in theory a threshold 
level exists for allergic sensitisation by inhaled allergens. This implies that a 
health-based recommended occupational exposure limit can be calculated, using 
the same procedures and methods as those for other non-carcinogenic sub-
stances.

However, in the same report, the Health Council emphasizes that for most 
allergens, in practice it will not be possible to calculate a reliable health-based 
recommended occupational exposure limit. The reason being that, in most cases, 
the threshold level will be too low to discern using the techniques presently 
available.

For those allergens, the Health Council proposed an alternative approach, 
involving determination of reference values, i.e. concentration levels that corre-
spond to predefined accepted levels of risk of allergic sensitisation.

The procedure outlined is followed by DECOS to derive advisory values for 
cyclic acid anhydrides. For this purpose epidemiological data served as basis. 
Furthermore, for the recommendations, DECOS used the benchmark dose soft-
ware of the US Environmental Protection Agency to assess the best fitting shape 
of the exposure-response relationship. The relationship was then used to derive 
an exposure level that could serve as point of departure in estimating reference 
values.

Evaluation and recommendations

The outcomes and considerations of the individual cyclic acid anhydrides are 
given below.
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TMA

Exposure and response data were available from an observational study with a 
cohort design (Grammer et al. (1999)). From the fitted dose response curve, an 
exposure level was calculated at which 10% of the occupationally exposed popu-
lation will get specifically sensitized to TMA. This levels corresponded to 18 µg 
TMA/m3. This level was used as a starting point for calculating exposure levels 
with lower sensitizing risks, i.e. 0.1% and 1%.

Using a linear extrapolation model, the exposure levels (reference values) corre-
sponding to an additional risk of 0.1% and 1% amount to:
• 0.18 µg TMA/m3, which corresponds to an additional risk of 0.1% due to 

occupational exposure, as an 8-hour time weighted average concentration
• 1.8 µg TMA/m3, which corresponds to an additional risk of 1% due to occu-

pational exposure, as an 8-hour time weighted average concentration.

The predefined additional risks are extra risks caused by occupational exposure 
that comes on top of the risk of getting sensitised to TMA in the general popula-
tion. Furthermore, the reference values serve as examples, since also policy and 
social considerations should be taken into account in deciding on the level of the 
predefined additional risk levels. In the Netherlands, no decisions have yet been 
made about accepted additional response levels for allergic sensitisation of 
inhaled allergens.

HHPA

Exposure and response data were available from an observational study 
(Rosqvist et al. (2003)). From the fitted dose response curve, an exposure level 
was calculated at which 10% of the occupationally exposed population will get 
specifically sensitized to HHPA. This levels corresponded to 0.73 µg HHPA/m3. 
This level was used as a starting point for calculating exposure levels with lower 
sensitizing risks, i.e. 0.1% and 1%.

Using a linear extrapolation model, the exposure levels (reference values) corre-
sponding to an additional risk of 0.1% and 1% amount to:
• 0.007 µg HHPA/m3, which corresponds to an additional risk of 0.1% due to 

occupational exposure, as an 8-hour time weighted average concentration
• 0.07 µg HHPA/m3, which corresponds to an additional risk of 1% due to 

occupational exposure, as an 8-hour time weighted average concentration.
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The predefined additional risks are extra risks caused by occupational exposure 
that comes on top of the risk of getting sensitised to HHPA in the general popula-
tion. Furthermore, the reference values serve as examples, since also policy and 
social considerations should be taken into account in deciding on the level of the 
predefined additional risk levels. In the Netherlands, no decisions have yet been 
made about accepted additional response levels for allergic sensitisation of 
inhaled allergens

CA, DSA, HA, MA, MHHPA, MTHPA, PA, PMDA, SA, TBPA, TCPA, THPA

The DECOS abstains from making recommendations for the following cyclic 
acid anhydrides, because of a lack of adequate data on allergic sensitisation and 
respiratory symptoms to derive an HBR-OEL of reference values:
• chlorendic anhydride (CA)
• dodecenylsuccinic anhydride (DSA)
• himic anhydride (HA)
• maleïc anhydride (MA)
• methyl hexahydrophthalic anhydride (MHHPA)
• methyl tetrahydrophthalic anhydride (MTHPA)
• phthalic anhydride (PA)
• pyromellitic dianhydride (PMDA)
• succinic anhydride (SA)
• tetrabromophthalic anhydride (TBPA)
• tetrachlorophthalic anhydride (TCPA)
• tetrahydrophthalic anhydride (THPA).

As an additional consideration, the DECOS notes that it would be prudent to 
avoid respiratory exposure to these cyclic acid anhydrides in as much as possible, 
in particular in those conditions where exposure exceeds concentrations in which 
better studied anhydrides, such as TMA and HHPA, are known to cause sensiti-
zation.
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1Chapter

Scope

1.1 Background

At request of the minister of Social Affairs and Employment, the Dutch expert 
Committee on Occupational Safety (DECOS), a committee of the Health Council 
of the Netherlands, performs scientific evaluations on the toxicity of chemical 
substances that are used in the workplace (Annex A). The purpose of these eval-
uations is to recommend health-based occupational exposure limits, which spec-
ify levels of exposure to airborne substances, at or below which it may be 
reasonably expected that there is no risk of adverse health effects.

In this advisory report, such an evaluation and recommendation is made for 
cyclic acid anhydrides:
• Chlorendic anhydride (CA)
• Dodecenylsuccinic anhydride (DSA)
• Himic anhydride (HA)
• Hexahydrophthalic anhydride (HHPA)
• Methylhexahydrophthalic anhydride (MHHPA)
• Maleic anhydride (MA)
• Methyltetrahydrophthalic anhydride (MTHPA)
• Phthalic anhydride (PA)
• Pyromellitic dianhydride (PMDA)
• Succinic anhydride (SA)
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• Tetrabromophthalic anhydride (TBPA)
• Tetrachlorophthalic anhydride (TCPA)
• Tetrahydrophthalic anhydride (THPA)
• Trimellitic anhydride (TMA).

1.2 Committees and procedures

The evaluation is a co-production of the DECOS and the Nordic Expert Group 
for Criteria Documentation of Health Risks from Chemicals (NEG). It is a result 
of an agreement between both groups to prepare jointly scientific criteria docu-
ments, which can be used by the national regulatory authorities in the Nether-
lands and the Scandinavian countries for establishing exposure limits. The 
members of the DECOS and NEG are listed in Annex B.

The joint draft evaluation has been prepared by Dr. H. Keskinen from the 
Finnish Institute of Occupational Health, Helsinki, Finland. In addition, the draft 
was reviewed first by the NEG and subsequently by the DECOS. In 2004, the 
final evaluation was published by the Swedish National Institute of Occupational 
Health (in the Arbete och Hälsa series). It is included in Part II of this advisory 
report.17 

On the basis of the evaluation and additional data, the DECOS judged the 
toxicity of cyclic acid anhydrides in recommending a health-based occupational 
exposure limit. This judgment and recommendation are described in Part 1 of 
this report.

In 2009, the president of the Health Council released a draft of this advisory 
report for public review. The individuals and organisations that commented on 
this draft are listed in Annex C. The DECOS has taken these comments into 
account in deciding on the final version of the report.

1.3 Data

In the sections below, a summary of the findings from the joint NEG/DECOS 
report on cyclic acid anhydrides (part II)* is presented first under ‘Summary of 
data presented in Arbete och Hälsa’, while any additional information from the 
literature searches is subsequently included in the paragraph ‘additional informa-
tion’.

Additional literature was retrieved from the on-line databases Medline and 
Toxline starting from 1999. The final search has been carried out in December 

* references from part II are referred to as ‘NEGxx’
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2009. The searches were performed using the following search profiles: 
CAS 85-44-9 OR phthalic anhydride; CAS 552-30-7 OR trimellitic anhydride; 
CAS 108-31-6 OR maleic anhydride; CAS 85-42-7 OR hexahydrophthalic anhy-
dride OR HHPA; CAS 25550-51-0 OR methyl hexahydrophthalic anhydride 
OR MHHPA; CAS 26590-20-5 OR methyl tetrahydrophthalic anhydride 
OR MTHPA; CAS 85-43-8 OR tetrahydrophthalic anhydride OR THPA; 
CAS 117-08-8 OR tetrachlorophthalic anhydride OR TCPA.

In Annex F a list of abbreviations is given of the individual cyclic acid anhy-
drides evaluated in this report.
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2Chapter

Effects

In the sections below, the first part summarizes the most relevant findings from 
the co-production by the NEG and the DECOS (see Part II for the complete eva-
luation and references). Additional information on toxicity, with special empha-
sis on exposure-response relationships, is summarized in the second part of the 
sections.

2.1 Observations in humans

Observations in humans are limited to effects in the skin, eyes, airways and 
lungs. No data are available on effects on other organ systems.

2.1.1 Irritation 

Summary of the data presented in Arbete och Hälsa 
(for more details see Part II)

Conjunctival, nasal, and bronchial irritation is a common immediate feature following exposure to 
cyclic acid anhydrides. On mucous membranes and on sweating skin, the substances are hydrolysed 
to acids and can cause irritation, reddening, corneal damage, caustic dermatitis, and burns. 

In one study, sixty workers were exposed to mean levels of 400 μg PA/m3, with peak levels of 
6,600 μg/m3 during loading of reactors. Of the heavily exposed workers 14% had asthma and 69% 
work-related symptoms of rhinitis and conjunctivitis. Since a minority was positive for specific IgE, 



34 Cyclic acid anhydrides

the authors concluded that the adverse health effects were mainly caused by irritation. The findings 
could not be reproduced in a follow-up study among loaders, in that none of them experienced expo-
sure-related respiratory effects.

In another study, nine of the twenty workers with work-related nasal symptoms and exposed to 
HHPA, were reported to be caused by irritation, because they did not show allergic sensitisation (by 
skin prick test and serological tests).

Additional information

No new data were found.

2.1.2 Allergic dermatitis

Summary of the data presented in Arbete och Hälsa 
(for more details see Part II)

Allergic dermatitis due to cyclic acid anhydride exposure is rare. There are only two case-reports on 
delayed-type contact allergy after DSA and MHHPA exposure. IgE-mediated contact urticaria is 
more commonly induced by contact or sometimes even airborne exposure to MA, MHHPA, MTHPA, 
HHPA, and CA.

Additional information

No new data were found.

2.1.3 Respiratory allergies

Allergic respiratory manifestations are well known effects of occupational expo-
sure to cyclic acid anhydrides. Respiratory diseases that could be related to 
allergy include rhinitis, rhinoconjunctivitis and occupational asthma. Urticaria 
(skin) and allergic rhinoconjunctivitis often precede asthma. Also cases of hem-
orrhagic alveolitis, hemorrhagic anaemia, allergic alveolitis, and allergic laryngi-
tis have been reported.17 Allergic rhinitis and asthma are associated with IgE-
mediated (immediate type) immune responses; hemorrhagic disorders with late 
type immune responses.13
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Summary of the data presented in Arbete och Hälsa 
(for more details see Part II)

Symptoms of respiratory allergies have been those typical of occupational asthma and rhinitis. After 
a symptom-free latency period, the worker is likely to experience symptoms after renewed exposure 
to cyclic acid anhydrides. Diagnosis of respiratory allergies has been based on data on exposure and 
symptoms, which were obtained by physical examination, questionnaires and immunological or 
provocation tests.

Reports on occupational asthma are presented in Table 10 of Part II. Summarised, it is estimated 
that the percentage of occupational asthma cases due to exposure to different cyclic acid anhydrides 
varies between 8-18% in those exposed to PA, 2-11% for TMA, 15% for HHPA, 11% for MHHPA, 
and 3-39% for TCPA.

There is convincing proof that cyclic acid anhydrides cause respiratory allergies by IgE-medi-
ated sensitisation. For instance, specific IgE antibodies are found against PA, TMA, MA, TCPA, 
HHPA, HA, MHHPA, MTHPA and CA. Also cross-reactivity has been reported between some cyclic 
acid anhydrides. Furthermore, specific IgG antibodies are found for some anhydrides, such as for 
TMA and PA.

A summary of the findings on respiratory allergies and sensitisation of the individual cyclic acid 
anhydrides is given below.

Trimellitic anhydride (TMA)

TMA has been reported to cause IgE mediated respiratory allergies. 
In a cross-sectional study by Zeiss et al. (1992), 474 workers were divided in five groups on the 

basis of job history and personal monitoring results. The group mainly consisted of new enrollees 
(n=321). Of all workers, 62% had no work-related symptoms or elevated specific IgE blood levels, 
whereas 32% experienced respiratory irritant effects, and 7% could be related to a respiratory allergy, 
because of elevated specific IgE blood levels. Regarding new enrollees, respiratory symptoms were 
concentrated into the three highest exposure groups, whereas specific IgE-levels were only signifi-
cantly elevated in the highest exposure group (geometric mean, 170 μg/m3; negative with exposure 
lower than 87 μg/m3, geometric mean).NEG213

No TMA-related respiratory effects were observed in eleven workers from a factory preparing 
epoxy resins, who were exposed to less than 180 μg/m3 after improvements in work hygiene. The 
study population was small; therefore it is difficult to make a final conclusion on these findings.

Also a few cases of disease-anaemia syndrome due to TMA fume exposure have been reported, 
and one case of allergic alveolitis. However, no data on exposure levels have been reported.
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Hexahydrophthalic and methylhexahydrophthalic anhydride (HHPA and MHHPA)

Data on HHPA and MHHPA mainly concern co-exposure. It is furthermore known that there is a 
strong cross-reactivity between the two compounds. Therefore, it is difficult to differentiate effects 
and exposure between them.

HHPA caused work-related nasal symptoms and occupational asthma. For instance, in one study 
74% of the twenty-seven workers experienced rhinitis and/or conjunctivitis, and about 15% had 
asthma. All asthma cases showed elevated levels of specific IgE, as were elevated levels found in six 
cases of rhinitis. Average exposure levels ranged from 1,900 to 3,800 μg/m3.

One rare case of specific MHHPA-induced laryngitis has been reported. In that case, specific IgE 
antibodies to MHHPA were found in the blood. However, no data on exposure level was reported.

Chlorendic anhydride (CA)

One case of work-related urticaria and asthmatic symptoms was reported, due to exposure to the ther-
mal degradations fumes from a polyester paint. A skin prick test with conjugate of CA was positive. 
The worker was simultaneously exposed to other agents and no data on exposure levels were pre-
sented. No other data were found.

Himic anhydride (HA)

In a manufacture of a synthetic flame retardant, seven of the twenty workers developed work-related 
respiratory symptoms after exposure to HA powder. Three of them had also specific IgE antibodies 
against conjugates of HA. No data on exposure level was presented, nor were there any other studies 
on HA exposure available. 

Maleic anhydride (MA)

There is limited information on respiratory allergies induced by MA alone. In all cases interaction 
with predisposing factors, such as smoking and atopy, a genetic predisposition, could have influenced 
the outcomes. One case of MA-related asthmatic symptoms was described, in which a worker also 
developed severe haemolytic anaemia. He had high levels of specific IgE antibodies, but not IgG 
antibodies. No data on exposure level was presented.

Methyltetrahydrophthalic anhydride (MTHPA)

Yokota et al. (1996, 1997, 1998) published various papers on the adverse health effects of MTHPA in 
plants where condensers for electric appliances were manufactured, and the compound was used as a 
hardener in the epoxy resin insulation.NEG199,NEG200,NEG201,NEG204,NEG205 Work-related respiratory 
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allergies were observed at minimum exposure levels of 15 to 22 μg/m3. Furthermore, 66% of the 148 
workers, who participated in the studies, had specific IgE antibodies in their blood. Work-related res-
piratory allergies and the presence of specific IgE in the blood were also reported in a group of wor-
kers in a plant producing barrels for grenade firearms. The authors reported airborne concentrations 
of MTHPA under 150 μg/m3.

Phthalic anhydride (PA)

Among 118 workers in four plants producing alkyd or unsaturated polyester resins, 24% had work-
related rhinitis, 18% asthma, and 11% chronic bronchitis. In half of the asthmatics, rhinitis preceded 
the asthmatic symptoms. The latency period before the onset of symptoms varied between one month 
and sixteen years. The average full day TWA was 400 μg PA/m3, with peak levels of up to 13,000 μg/
m3 during loading of reactors and handling of bags. No other data were available.

Pyromellitic dianhydride (PMDA)

Data on PMDA exposure mainly concern mixed exposure to other cyclic acid anhydrides. Further-
more, no data were available on exposure levels. However, in some of the workers having work-
related respiratory also specific IgE against PMDA were observed. Symptoms were associated with 
dyspnoea, bronchial obstruction, hemorrhagic rhinitis, and one case of acute hemorrhagic alveolitis 
associated with anaemia. In the latter case specific IgG antibodies were found, but no specific IgE 
antibodies.

Tetrachlorophthalic anhydride (TCPA)

Two independent studies reported on respiratory allergic disorders and allergic sensitisation in work-
ers who used TCPA as an epoxy-resin curing agent. In the first, no data were available on workplace 
exposure levels, but inhalation challenge tests with controlled TCPA concentrations from 1.3 to 
approximately 960 μg/m3 induced respiratory effects in seven cases of diagnosed occupational 
asthma. All these persons showed immediate and late immunological responses. In the second study, 
the prevalence of work-related respiratory symptoms was 27 to 39%. This included asthma and rhi-
nitis. Thirty-one percent had specific IgE, and 39% had specific IgG against conjugated TCPA. The 
highest prevalences were found among jobs with highest exposure. The mean airborne TCPA concen-
tration varied between 210 and 3,990 μg/m3. The exposure was reduced by improved ventilation to 
less than 110 μg/m3. Since then symptoms decreased and no new cases of occupational asthma were 
found, at least in a period of about one year after ventilation improvements.
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Other cyclic acid anhydrides

No data were available on tetrahydrophthalic anhydride (THPA), succinic anhydride (SA), dodece-
nylsuccinic anhydride (DSA), and tetrabromophthalic anhydride (TBPA).

Predisposing factors

In several studies on different cyclic acid anhydrides, it was shown that certain risk fac-
tors, other than exposure, increased the risk in developing respiratory symptoms and aller-
gic sensitisation. These include smoking and atopy, a genetic predisposition, and maybe 
other types of genetic predispositions. It is however unclear to what extent these factors 
and maybe yet other unknown factors may have influenced exposure-response relation-
ships in a quantitative way.

Additional information 

TMA

In a study by Grammer et al. (1999), 286 workers were annually investigated for 
the appearance of TMA-induced allergic respiratory disease, for three consecu-
tive years.15 The workers were assigned to five exposure classes by type of job; 
exposure levels of the classes were based on some industrial hygiene measure-
ments (personal monitoring). None of the 24 workers in the lowest exposure 
class (class 5; mean <0.5 µg TMA/m3) developed allergic sensitisation or respi-
ratory symptoms during the observation period. Of the 98 workers in class 4 
(mean 0.5 µg TMA/m3) nine were positive for the presence of specific IgG. No 
other effects were observed. In the three highest classes with mean exposure of 2 
to up to 130 µg TMA/m3, part of the workers had specific IgG or IgE against 
conjugates of TMA in their blood, and part of them also reported respiratory 
symptoms. The authors reported that the strongest exposure-response-related 
effect was the increase of percentage of workers positive for specific IgE. Based 
on their findings the authors suggested furthermore that workers exposed to less 
than 2 µg TMA/m3 are at low risk of developing TMA-induced allergic respira-
tory disorders.

Later, the same authors reported on disease status of 42 workers who devel-
oped allergic lung disorders and were transferred to low-exposure jobs.14 In 35 
individuals, symptoms disappeared, pulmonary functions improved, and specific 
IgG and IgE levels decreased. In a separate study, 25 workers with occupational 
asthma were questioned about disease development.12 Most of them reported 
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also symptoms associated with rhinitis and conjunctivitis. They also reported that 
these symptoms preceded asthma symptoms.

Blomqvist et al. (2005) studied the prevalence of respiratory symptoms and 
immunological responses among 119 powder painters, working in six different 
shops.8 They also described exposure levels of TMA. In these paints, resins are 
used as binding agent, and for the manufacturing of these resins cyclic acid anhy-
drides are used. Part of the acids may remain in the paint. Data on exposure was 
limited to one shop. In that shop personal exposure measurements revealed air-
borne concentrations of between 6 and 180 µg TMA/m3, and stationary samples 
had concentrations between 15 and 1,040 µg TMA/m3. In a spray booth the 
exposure was 200 µg TMA/m3, whereas outside the spray booth it was less than 
3 µg TMA/m3. Medical examination and lung function testing revealed work-
related symptoms, such as eye irritation, nasal discharge, blockage and nose 
bleeding, sneezing, sore and dry throat, cough and asthma symptoms. In some of 
these workers also specific IgG in the blood could be detected, but in none of the 
workers specific IgE was found. Overall, the authors stated that the study popula-
tion may have been not representative of powder sprayers in general. They also 
suggested that respiratory irritation may have been caused by the dust of the 
powder, rather than TMA itself. The committee noted the poor quality of the 
exposure measurements.

HHPA and MHHPA

Two independent cross-sectional studies were performed by the same research 
group to investigate the association between HHPA and MHHPA exposure and 
the existence of allergic sensitisation and respiratory symptoms.24,29

In the first, Nielsen et al. (2001) assigned 211 workers of an epoxy-resin fac-
tory in four exposure categories (HHPA and MHHPA combined, personal breath-
ing zone sampling): no exposure, <10 µg/m3, 10 to 50 µg/m3, and >50 µg/m3.24 
For the statistical analyses, the concentrations were assumed to be 0, 5, 30 and 70 
µg/m3, respectively. None of the 57 referents (no exposure) was positive for 
allergic sensitisation, as measured by the skin prick test and serologic testing on 
specific IgE and IgG levels. However, cases of specific IgE and IgG-mediated 
sensitisation were reported in all exposed categories. Tests for trend showed that 
the increase of sensitisation was significantly exposure-related. Cases of work-
related eye, airway and respiratory symptoms were reported in all categories, 
including the referents. Although the percentage of workers with symptoms was 
highest in the two highest exposure-categories, test for trend did not reveal a sig-
nificant trend in height of exposure and increase in prevalences. The authors sug-
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gested that their data indicate that an exposure level of 10 to 20 µg/m3 could 
prevent symptoms, but not allergic sensitisation. 

From the same research group, a prospective study demonstrated an expo-
sure-response relationship, in which the risk of specific IgE-mediated sensitisa-
tion to HHPA, MHHPA and MTHPA (combined) increased with increasing 
exposure.33 This study contained data from three different epoxy resin factories, 
including the one of the study by Nielsen et al. (2001). No data were available on 
sensitization of the individual acid anhydrides. Mean exposure levels in all plants 
were 6.6, 6.1 and 2.7 µg/m3 for MTHPA, HHPA and MHHPA, respectively. Thir-
teen percent of the participating workers (21/163) had a positive specific IgE 
(RAST) for one of these three acid anhydrides. All these sensitized workers, but 
one, scored also positive in the skin prick test. For exposure-response relation-
ship analyses, workers were divided into four exposure groups: 0-5, >5-10, 
>10-15, and >15 µg/m3 (combined exposure levels of all three acid anhydrides). 
Although the incidence increased with increasing exposure, this only became sta-
tistically significant at the highest exposure group.

In the second cross-sectional study, Rosqvist et al. (2003) assigned 139 
workers of a plant producing electrical capacitors in four exposure categories 
(based on total plasma protein adducts): HHPA, < 1 µg/m3, 1 to 3 µg/m3, 3 to 
9 µg/m3, and > 9 µg/m3; MHHPA, < 1µg/m3, 1 to 3 µg/m3, 3 to 15 µg/m3, and 
> 15 µg/m3.28,29 In all exposure categories, cases of specific IgE- and IgG-medi-
ated sensitisation were observed. The prevalences tended to increase with 
increasing exposure, however a clear association was found only for HPPA in the 
two highest exposure categories. When all workers were considered together, 
17 to 19% were found to be positive for allergic sensitisation. Regarding work-
related symptoms, about 27% of the workers had symptoms of the nose, 21% of 
the eyes, 11% of the lower airways, and 8% had nose bleedings. A clear positive 
association was found only between HHPA exposure and eye symptoms. The 
authors suggested that their findings indicated that even at the lowest exposure 
levels measured (about 1 µg/m3), there is a risk in developing allergic sensitisa-
tion and symptoms due to occupational exposure to HHPA an MHHPA. 

In another study by Nielsen et al. (2006), they reported the occurrence of new 
cases of work-related ocular and airway symptoms among 146 new employees in 
three plants handling acid anhydrides, who were followed for up to 8.5 years.23 
Symptoms were found frequently at mean exposure levels of less than 10 µg/m3 
(HHPA, MHHPA, and MTHPA combined). Exposures varied between 6 and 
39 µg/m3. Eye symptoms and nose blockage were positively associated with spe-
cific IgE sensitisation, smoking and atopy, and also for exposure regarding nose 
blockage and lower airway symptoms.
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Yokota et al. (2002) performed a cross-sectional study on 32 workers from three 
workplaces in a plant using epoxy resin with mixtures of HHPA and MHHPA.35 
Twenty-four workers had no signs of allergic sensitisation and respiratory symp-
toms. Of the remaining eight, all were positive for specific IgE in serum and five 
of them also experienced symptoms of the eyes and nose during work. Air sam-
pling revealed exposure levels of 3.8 to 33.0 µg/m3 for HHPA, and 2.3 to about 
16 µg/m3 for MHHPA. The authors noted that peak exposure to unknown levels 
has occurred during study. They also suggested handling interpretation of their 
results carefully, since exposure in the past was not known and a healthy-worker 
effect may have occurred.

MTHPA

More recently, Yokota et al. (2004) investigated 147 workers from two con-
denser plants using epoxy resin with MTHPA, on the presence of allergic sensiti-
sation, airway symptoms, and risk factors.34 Of the currently exposed workers 
65% had positive specific IgE in serum. In particular sensitised workers reported 
eye and nose symptoms. None of the exposed workers had symptoms of work-
related asthma. Exposure levels ranged from about 5 to 68.5 µg/m3 (geometric 
mean, air samples), depending on the working zone in the workshops. The inves-
tigations did not allow for exposure-response analysis, because only the total 
number of sensitised workers were mentioned, and no distinction was made 
among the different working zones. The authors suggested that atopic subjects 
and smokers are at increased risk for allergic sensitisation by MTHPA.

Drexler et al. (2000) studied the prevalence of allergic sensitisation and occu-
pational exposure to acid anhydrides in three different manufacturing plants.10 In 
one plant at the time of investigation, workers were exposed to MTHPA alone. 
However a few years earlier workers were also exposed to HHPA. Among the 86 
workers who participated in the study, 21% showed IgE-mediated sensitisation 
or were positive using the skin prick test. Since workers were earlier exposed 
also to HHPA, and the authors did not make a distinction between MTHPA- and 
HHPA-induced specific sensitisation, it is unclear whether the positive cases on 
sensitisation were due to MTHPA exposure alone. No data on work-related 
symptoms were presented. Air monitoring in the plant revealed MTHPA levels 
of 2.3 µg/m3 (median, stationary air sampling, range < 0.5-26.2 µg/m3), and 
13 µg/m3 (median, personal air sampling, range < 4.7-35.7 µg/m3). No quantita-
tive exposure-response relationship analysis was performed. 



42 Cyclic acid anhydrides

Other cyclic acid anhydrides

No additional information on exposure-response relationships was found for CA, 
DSA, HA, MA, PA, PMDA, TCPA, THPA, SA, and TBPA.

2.1.4 Carcinogenesis and genotoxicity

No data available.

2.1.5 Reproductive and developmental toxicity 

No data available.

2.2 Observations in animals

2.2.1 Irritation

Summary of data presented in Arbete och Hälsa 
(for more details see Part II)

The number of data on skin and eye irritation is limited. At least, MA and TMA have been shown to 
be extremely irritating to the eyes of rabbits; PA gave only a slight irritation. PA furthermore did not 
irritate rabbit ears after dermal application of a 0.5% solution. Based on data using the Buehler test 
and the mouse ear swelling test, PA is considered a moderate skin sensitiser.

Additional information

Arts et al. (2001) investigated the irritating properties of TMA in an animal inha-
lation model using female Brown Norway and Wistar rats.2 Groups of four ani-
mals were exposed to approximately 0, 15, 30, 50, 100, 200, or 250 mg TMA/m3 
for 30 minutes. Before, during, and after exposure respiration was monitored. 
The day after exposure, all animals were killed and examined grossly for patho-
logical changes in the airways and lungs. Changes in breathing patterns and fre-
quencies were observed at 29 mg/m3 and 60 mg/m3 in Brown Norway rats, 
respectively, and at 34 mg/m3 in Wistar rats. These changes were also observed 
at higher exposure levels. The authors suggested that the changes were reversible 
and caused by irritation of the lower airways rather than of the upper airways. No 
concentration-related lung weight changes or pathologies were observed. The 
authors did not investigate allergic sensitisation.
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2.2.2 Allergic sensitisation and respiratory symptoms

The committee emphasizes that at the moment there is a lack of validated inhala-
tory animal models suitable for quantitative risk analysis on respiratory allergic 
disorders. However, data have been published using animal studies.

Many of these animal studies on allergic sensitisation and allergy develop-
ment concern biphasic exposure designs (sensitisation versus challenge phase), 
in which sometimes dermal or other routes of exposure are followed by inhala-
tory exposure, or different airborne exposure levels were used for the different 
phases. These types of animal studies give valuable information on the sensitis-
ing and allergic potency of the cyclic acid anhydrides. But care should be taken 
in using data from these studies to derive ‘safe’ exposure limits, in particular 
when allergic sensitisation was initiated by other routes of exposure than inhala-
tion. Furthermore, the committee noted that in many of these animal studies a 
low number of animals was used, and that the exposure duration was relatively 
short. This might have influenced the outcomes, since it is for instance known 
that in humans allergic sensitisation still may occur years after first exposure.

The foregoing points are taken into account by the committee in presenting 
and interpreting data in this section.

Summary of data presented in Arbete och Hälsa 
(for more details see Part II)

In the literature, animal studies were mainly performed on TMA, and to a much lesser extent to PA, 
HHPA, MHHPA, and MTHHPA. No data are available on other cyclic acid anhydrides. In summary, 
cyclic acid anhydride-specific IgE antibodies were found in the blood in various animal species (rats, 
mice, guinea pigs) after dermal and inhalation exposure. Also pathological changes in long tissue 
were observed. Furthermore, changes in lung function and hyperresponsiveness were noted, and 
some investigators found elevated levels of specific IgG antibodies in the blood.

Regarding PA, immediate respiratory reactions in guinea pigs were induced at PA dust levels of 
500 up to 5,000 μg/m3 followed with an inhalatory challenge of 2,000 or 5,000 μg/m3. Exposure was 
for 3 hours per day for five consecutive days; the challenge followed two weeks after the final expo-
sure. The animals were also positive for IgG antibodies against conjugated PA. Effects were observed 
at all exposure levels.

Regarding TMA, groups of male and female rats were exposed to 0, 10, 30, 100 or 300 μg/m3, 6 
hours per day for five days, for two weeks. The investigators reported on antibody responses to rat 
serum albumin-TMA conjugates at 10 μg/m3 and higher after 10 days of TMA exposure. They also 
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found a significant dose-related correlation between antibody level and hemorrhagic lung foci (in 
male rats), and lung weight (in male and female rats).

In a mouse inhalation study, specific IgG and IgE antibodies against conjugated TMA were 
found after exposure to 5,000 μg TMA/m3 for one hour per day for three days.

In another animal study, rats inhaled 500 μg TMA powder/m3 for 6 hours per day on days 1, 5, 
and 10; at day 29 or 22 they were challenged by a six-hour exposure to 300, 500 or 540 g TMA/m3. 
At all exposure levels hemorrhagic lung foci were found, and IgG antibodies were detected. Fewer 
effects were seen in the low-exposure groups.

There are no data on HHPA, MHHPA and MTHPA induced effects, which were induced by inha-
latory exposure. But data indicate that after dermal sensitisation and inhalatory challenge, respiratory 
and immunological effects are induced. These include anaphylactic bronchoconstriction in guinea 
pigs, and specific IgE- and IgG-mediated immune responses.

Finally, animal data on sensitising potency differences among cyclic acid anhydrides by dermal 
sensitisation showed considerable variation among the acid anhydrides.

Additional information

Only new data were found on TMA.

Zhang et al. (2006) used female Brown Norway rats. In this study, groups of four 
or eight animals were exposed to 0, 40, 400, 4,000, or 40,000 µg TMA aerosol/
m3 for 10 minutes, once a week for a total of 10 weeks.38 All groups, except 
those with the highest exposure, were re-challenged to 40,000 µg/m3, two weeks 
after the last TMA exposure. A day after the last exposure animals were killed 
for pathologic analyses of the lungs. TMA-specific IgE was detected in groups 
exposed to 400 µg/m3 and higher. The highest levels were found in the highest 
exposure group. The authors also noted a decrease in specific IgE levels during 
the experiment. Early and late airway responses, using enhanced pause as an 
index of airway obstruction, were observed in all animals at 40,000 µg/m3, in all 
animals after 4,000 µg/m3 followed by re-challenge, and in one animal only after 
400 µg/m3 followed by re-challenge. The authors reported furthermore, expo-
sure-dependent histopathological changes, the principal changes being eosino-
philic granulomatous interstitial pneumonia, eosinophilic perivascular infiltrates, 
peribronchiolar plasma cell infiltrates, and hyperplasia of bronchus-associated 
lymphoid tissue. The latter type of lesion was observed in two of the four ani-
mals of the lowest exposure group (40 µg/m3).

Warbrick et al. (2002) investigated the stimulation of TMA-specific IgE anti-
bodies following TMA exposure in female Brown Norway rats.31 Groups of five 
animals inhaled (nose only) about 5,000 µg TMA/m3 for one hour for 1, 3 or 5 
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consecutive days. TMA-specific IgE levels in serum were determined before the 
first exposure, and 28 and 35 days after the last exposure. Exposure resulted in a 
transient elevation of specific IgE levels in a minority of the animals, which 
reached statistical significance only at the group, which was exposed for 5 con-
secutive days.

A number of biphasic animal studies have been performed in which sensitisa-
tion by TMA was induced by topical application, followed by a challenge via 
inhalation or intratracheal application, and using rats, mice and guinea 
pigs.1,3,7,9,19,20,25,26 These studies revealed that TMA induced changes in airway 
responses, such as changes in hyperresponsiveness, breathing pattern and fre-
quency; and, stimulated TMA-specific IgE production. Responses were observed 
after inhalation challenge at levels of as low as 1,000 µg TMA/m3 in Brown Nor-
way rats.39 No changes in airway responses was found in the same animal spe-
cies after inhalation challenge to 200 µg/m3.1 Part of the airway changes was 
associated with irritation.

2.2.3 Other adverse health effects after single and repeated exposure

Summary of data presented in Arbete och Hälsa 
(for more details see Part II)

LD50 values after single oral exposure varies between around 400 mg/kg bw (MA, rats and guinea 
pigs) and more then 15,800 mg/kg bw (TCPA, rats). No data on single inhalatory exposure were 
found.

After 2 weeks of exposure to HHPA vapours (137,300 µg/m3), acetylcholinesterase activity was 
below control level in rats. Levels had normalised after 11 weeks.

When rats, hamsters, and monkeys were exposed to vapours of MA at concentrations of 1,100 to 
9,800 µg/m3 for six months, no exposure-related effects were found in histopathological investiga-
tions of the lungs, liver, spleen, bone marrow and kidneys. In rodents, however, nasal irritation 
(hyperplasia and metaplasia) was observed, and in all species also nasal inflammatory changes were 
noted. The effects were observed at all exposure levels, and the incidence increased by increasing 
exposure. The authors remarked that all effects were reversible. No data on allergic sensitisation was 
presented.

Additional information

No new and relevant data were found.
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2.2.4 Toxicity due to long-term exposure and carcinogenicity

Summary of the data presented in Arbete och Hälsa
 (for more details see Part II)

No evidence for carcinogenic properties of cyclic acid anhydrides was found. 

Additional information

No new data were found.

2.2.5 Genotoxicity

Summary of the data presented in Arbete och Hälsa 
(for more details see Part II)

In in vitro studies, PA, TCPA and TBPA did not induce point mutations or chromosomal abnormali-
ties. No data are available on other cyclic acid anhydrides. Overall the amount of data on genotoxic-
ity is limited.

Additional information

No new data were found.

2.2.6 Reproductive and developmental toxicity

Summary of data presented in Arbete och Hälsa 
(for more details see Part II)

There is no evidence of reproductive and developmental effects of cyclic acid anhydrides at exposure 
levels below maternal toxicity. However, the set of data is limited and only a few cyclic acid anhy-
drides have been tested.

Additional information

No new data were found.
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3Chapter

Hazard assessment

3.1 Hazard identification

In humans and animals, exposure to certain cyclic acid anhydrides is strongly 
associated with irritation and allergic disorders of the skin and respiratory tract. 
More specifically, the predominant effect observed in humans after skin contact 
is allergic urticaria. The predominant effects after inhalation are rhinitis, rhi-
noconjunctivitis, and asthma. Other effects observed are contact dermatitis, 
hemorrhagic alveolitis and anaemia, and allergic alveolitis and laryngitis.

The airway and respiratory symptoms can be caused by irritation, allergic 
hypersensitivity, or a combination of both. The distinction between these two 
types of effects can be made by immunological testing on the presence of cyclic 
acid anhydride-specific sensitisation. However, not in all epidemiological and 
animal studies such testing was performed, and thus in these studies symptoms 
could not be associated with certainty to the irritating or to the sensitizing proper-
ties of these compounds.

Regarding allergic sensitisation, the induction of specific sensitisation by 
allergens is a first step in allergic hypersensitivity and allergy development. It is 
a crucial and necessary step, in which – in case of cyclic acid anhydrides – 
mainly specific IgE antibodies are produced. At renewed exposure, these anti-
bodies can subsequently trigger immune responses, which result into inflamma-
tion of the mucous membranes of the respiratory tract. Although after ending 
exposure the presence of specific antibodies and symptoms may disappear, the 
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acquired allergic hypersensitivity is generally irreversible and incurable. This 
means that a hypersensitive person, who is currently not exposed anymore, may 
develop allergic symptoms at the moment of renewed exposure in the future. 
This is an important difference with irritating effects for which no life-long vul-
nerability is developed.

In humans and animals, other potential adverse health effects induced by 
cyclic acid anhydrides, than those mentioned in the foregoing, have not been suf-
ficiently investigated. Overall, there is a lack of information on carcinogenic, 
reproductive and developmental effects of cyclic acid anhydrides.

3.1.1 Findings from observational studies

Epidemiological data presented in Part II of this advisory report and additional 
information (see Part 1) on exposure-response relationships showed that the 
lowest exposure levels at which work-related allergic IgE-mediated sensitisation 
due to cyclic acid anhydride exposure was observed, varied between 1 to 
50 μg/m3 for TMA, HHPA, MHHPA and MTHPA, and hundreds of μg/m3 for 
TCPA and PA. At all these levels also the presence of respiratory disorders, such 
as rhinitis and asthma, has been reported. Data on lower exposure levels of the 
respective compounds are not available, except for TMA, thus it is possible that 
below the lowest measured levels, still allergic sensitisation and symptoms may 
be induced.

In some studies peak exposures to high levels were reported. It is likely that 
these may have increased the risk in developing irritation, allergic sensitisation 
and respiratory symptoms. Furthermore, it is likely that in case of allergic sensiti-
sation cumulative exposure is one of the determining factors in developing 
allergy. However, to what extent these factors may have influenced the outcomes 
of the studies is unknown. This is also the case for the presence of other risk fac-
tors, such as genetic predisposition and smoking habits; the influence of these 
risk factors on exposure-response relationships is insufficiently investigated.

3.1.2 Findings from animal studies

A limited number of animal studies has been performed, using guinea pigs, rats 
and mice, in which the induction of allergic sensitisation of cyclic acid anhy-
drides (PA, TMA. HHPA, MHHPA, and MTHPA) was investigated. The 
majority of the studies had a so-called biphasic design. This means that animals 
underwent two phases of exposure, a sensitisation phase and a challenge phase. 
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Sometimes different exposure routes and exposure levels were chosen for each 
phase.

Similar adverse health effects were observed in animals as in man. For 
instance, after dermal and inhalation exposure, specific IgE antibodies were 
found in blood, an indication of allergic sensitisation. Also specific IgG and 
pathological changes in lung tissue were observed.

Regarding investigations on inhalation exposure, the lowest concentration at 
which still elevated levels of TMA-specific IgE were found was 400 µg/m3, 
whereas no elevated levels were found after exposure to 40 µg/m3. However, the 
low number of animals and the short duration of exposure hamper a final conclu-
sion on these outcomes. Concentrations of 30 to 40 µg/m3 resulted in histopatho-
logical changes in the lungs. In another animal study increased levels of antibody 
response was observed at 10 µg TMA /m3 and higher. Furthermore, the increase 
in response correlated strongly with an increase in hemorrhagic lung foci and 
lung weight.

3.2 The critical effect

Based on data presented in this report, DECOS considers the induction of aller-
gic sensitisation the critical adverse health effect against which workers should 
be protected. The main reason being that allergic sensitisation is an irreversible 
change, that is associated with a higher risk in developing allergic reactions.

The committee did not find clear data suggesting that irritation occurred 
below exposure levels at which no allergic hypersensitivity have been reported. 
Therefore, the committee expects that by preventing hypersensitivity also irrita-
tion to the airways and lungs will be prevented. 

The choice of effect parameter is allergic IgE-mediated sensitisation. This is 
based on a recently published advisory report of the Health Council on work-
related respiratory allergies and recommended occupational exposure levels.16 In 
that report the Health Council stated that in case of allergy, data on allergic sensi-
tisation is the best basis to derive health-based recommended occupational expo-
sure limits (OELs).

3.3 Procedure to derive health-based recommended OELs for allergens

In the scientific literature on quantitative risk analyses of allergens, it is dis-
cussed whether for these group of substances a threshold level exists, below 
which no cases of allergic sensitisation or allergy symptoms are to be expected. 
Based on the current scientific knowledge, the Health Council concluded in its 
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advisory report on work-related respiratory allergies that a threshold level does 
exist for allergic sensitisation by inhaled allergens. This implies that a health-
based recommended occupational exposure limit can be calculated, using the 
same procedures and methods as those for other non-carcinogenic substances.

However, in the same report, the Health Council emphasizes that for most 
allergens, it will not be possible to calculate a reliable health-based recom-
mended occupational exposure limit. The reason being that, in most cases, the 
threshold level will be too low to discern using the techniques presently avail-
able. For those allergens, the Health Council proposed an alternative approach, 
involving determination of reference values, i.e. concentration levels that corre-
spond to predefined accepted levels of risk of allergic sensitisation.

The Health Council furthermore recommended, that where sufficient data are 
not available to determine reference values either, the first step should be to 
undertake additional research in order to acquire response data for the lowest 
exposure levels. In the interim, an exposure limit could be based on data con-
cerning the development of allergic respiratory symptoms. The Health Council 
emphasizes, however, that from a health perspective this is not ideal.

The foregoing strategic proposal is followed by DECOS in recommending 
health-based occupational exposure limits or reference values for cyclic acid 
anhydrides. For that purpose human data were used as basis, since observations 
made in humans represent occupational exposure situations more closely than 
animal studies. In addition, data on animal studies are of limited use, because of 
the complex exposure designs, the low number of animals used, and the short 
exposure and observation periods.

3.4 Recommendations and additional considerations

Trimellitic anhydride (TMA)

Two epidemiological studies on the relationship between exposure to TMA and 
the occurrence of allergic sensitisation and respiratory symptoms have been 
reported. These are the studies by Grammer et al. (1999), and by Zeiss et al. 
(1992), both of the same research group, but with different study populations 
(see Table 3.1).15,37 
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First, the committee emphasizes that the observation period in both studies 
was rather short. Since it is known that new cases of allergic sensitisation can 
occur, even after years of occupational exposure, it is most likely that new cases 
would have been reported when the observation period had been longer. Further-
more, it should be taken into account that variations in exposure levels have 
occurred during work, although its significance on quantitative risk analysis can-
not be assessed. In addition, workers were assigned in an exposure class by type 
of job; exposure levels of the classes were based on some industrial hygiene 
measurements (personal monitoring). These factors may have weakened the 
strength of the exposure and response data.

Regarding the study of choice, according to DECOS, quantitative risk assess-
ment is best done by using data of the Grammer-study, because of the cohort 
design. In epidemiology, in controlling selection bias, cohort designs are pre-
ferred above cross- sectional designs. Furthermore, the Grammer-study had a 
more extended set of data on adverse health effects, other than IgE-mediated sen-
sitisation, than the Zeiss-study. 

Subsequently, the committee used the curving fitting program of the Bench 
Mark software of the US-EPA for the fitting the data of the Grammer study. In 
Annex E, details and the outcome of the curve fitting analyses are shown. 

Regarding the data, no cases were reported by Grammer et al. (1999) of IgE-
mediated allergic sensitization in a group of workers exposed to 0.5 mg/m3 and 
lower. This might indicate the presence of a safe threshold level. However, the 

Table 3.1  Human data on TMA-induced IgE-mediated sensitisation.
Study design Exposure category TMA-specific IgE-mediated sensitisation

 (elevated IgE antibody)
Grammer et al. (1999).15 
Three-year clinical and 
immunologic survey, USA; 
TMA manufacturing facility; 
286 employees. None of the 
employees had been diag-
nosed as having an immuno-
logical mediated disease by 
TMA.

Mean (range) in µg/m3

1: 130 (31,700)
2:   36 (2.3-1,900)
3:     2 (0.1-120)
4:     0.5 (0.2-2.4)
5:   <0.5 (<0.5-<0.6)

No. of positive employees:
1: 7/28 (=25%)
2: 6/57 (=11%)
3: 5/79 (=  6%)
4: 0/98 (=  0%)
5: 0/24 (=  0%)
Relationship (weak but positive) between IgE 
antibody and exposure class (p<0.0002 ; effect 
strength = 28.2 (values less than 40 are consid-
ered relatively weak)).

Zeiss et al. (1992).37 One-
year cross-sectional survey, 
USA; TMA manufacturing 
factory; 321 new enrollees; 
period 1988-1989.

Geometric mean (range) in µg/m3:
1: 170 (<0.5-6,500)
2:   87 (5.8-970)
3:   <0.55 (-)
4:   <0.41 (<0.3-<0.6)
5:   <0.53\ (<0.5-<0.6)

No. of positive cases after one year of exposure:
1: 2/8 (=25%)
2: 0/39 (=  0%)
3: 0/98 (=  0%)
4: 0/123 (=  0%)
5: 0/42 (=  0%) 
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committee doubts whether from this study a clear threshold level can be derived. 
In the first place, taking all the data from the curve-fitting analysis into account, 
the committee noted a steep concentration-response at the lower-exposure range 
(see Annex E). Secondly, the observation period was rather short. Since it is 
known that new cases of allergic sensitization can occur, even after years of 
exposure, it is most likely that more cases would have been reported when the 
observation period had been longer. Taking these considerations into account, the 
committee decided that no safe threshold level can be derived for TMA, and thus 
that predefined additional risk levels need to be calculated. 

Preferably, the committee uses the fitted dose response curve. However, in 
case of TMA, the variability in the exposure levels corresponding to the lower 
sensitization risks is high. Therefore, the committee decided to use that concen-
tration as starting point which has a limited variability. From this exposure level, 
the committee extrapolates linearly to the exposure levels corresponding to the 
lower additional sensitisation risks. The committee determined an exposure level 
at which 10% of the occupationally exposed population will get specifically sen-
sitised to TMA as the starting point. This level corresponds to 18 µg TMA/m3. 

The committee uses this level as a starting point for calculating exposure lev-
els at lower additional sensitization risks. The committee takes into account that 
it is important to protect workers against allergen exposure, because of the ever-
lasting higher risk in developing allergy when sensitised to a specific allergen 
and because the background incidence in the general population is virtually zero. 
Therefore, DECOS calculates additional sensitization risks in humans under 
workplace exposure conditions of 0.1% to 1%.

Using the exposure level of 18 µg TMA/m3 with an additional risk of sensiti-
sation of 10% as point of departure, the exposure levels (reference values) corre-
sponding to an additional risk of 0.1% and 1% amount to:
• 0.18 µg TMA/m3, which corresponds to an additional risk of 0.1% due to 

occupational exposure, as an 8-hour time weighted average concentration
• 1.8 µg TMA/m3, which corresponds to an additional risk of 1% due to occu-

pational exposure, as an 8-hour time weighted average concentration.

The predefined additional risks are extra risks caused by occupational exposure 
that comes on top of the risk of getting sensitised to TMA in the general popula-
tion. Furthermore, the reference values serve as examples, since also policy and 
social considerations should be taken into account in deciding on the level of the 
predefined additional risk levels. In the Netherlands, no decisions have yet been 
made about accepted additional response levels for allergic sensitisation of 
inhaled allergens.



Hazard assessment 53

Hexahydrophthalic anhydride (HHPA)

Two studies on the relationship between exposure to HHPA and specific IgE sen-
sitisation have been published that could provide a basis for deriving an occupa-
tional exposure limit.24,29 These are the studies by Nielsen et al. (2001) and by 
Rosqvist et al. (2003) (see Table 3.2). It concerns two different study populations 
from the same research group, with combined exposure to MHHPA, but with 
data separated for allergic IgE-mediated sensitisation and exposure levels. To 
begin with, the committee judged the quality of the studies. As both studies have 
a cross-sectional design, selection bias or the healthy-worker effect might have 
occurred. Furthermore both study populations were rather limited, indicating that 
small effects might have been missed. Regarding the exposure measurements in 
the Nielsen-study, the committee noticed that workers who were assigned in the 
highest exposure category used protective respiratory devices, and thus actual 
exposure might have been lower. In the Rosqvist-study, airborne exposure was 
estimated by correlating exposure data, which were obtained earlier, with mea-
sured levels of plasma protein adducts of HHPA and MHHPA. Not withstanding 
the foregoing remarks, cases of allergic sensitisation to HHPA and MHHPA are 
found at the lowest measured exposure levels, taking into account the small study 

Table 3.2  Human data on HHPA- and MHHPA-induced IgE-mediated sensitisation.
Study design Exposure category HHPA and MHHPA specific IgE-mediated sen-

sitisation (elevated IgE antibody)
Nielsen et al. (2001).24 
Cross-sectional study; 154 
exposed workers and 57 ref-
erents; 

In µg/m3 for HHPA and MHHPA combined 
(value used for statistical analysis)
1:           0 (0)
2:      < 10 (5)
3:    10-50 (30)
4:      > 50 (70)
Based on personal sampling in breathing zone.

Percentage positive:
HHPAMHHPA
1:    0    0
2:  13  15
3:  26  26
4:  21  17
Test for trend, p< 0.001

Rosqvist et al. (2003).29 
Cross-sectional study; 139 
exposed workers, no refer-
ents.

Estimated air levels in µg/m3:
HHPA MHHPA

1: < 1  < 1
2:    1-3     1-3
3:    3-9     3-15
4: > 9 >15
Air levels are calculated from data on total 
plasma protein adducts of HHPA and MHHPA, 
respectively.

No. of positive cases:
HHPA MHHPA

1:   2/35 8/33
2:   7/37 3/33
3:   8/32 7/35 
4: 10/35 9/38
Corresponding prevalence odds ratio (95% CI):

HHPA MHHPA
1: 1.0 (-) 1.0 (-)
2: 3.8 (0.7-20.0) 0.3 (0.1-1.3)
3: 5.5 (1.1-28.2) 0.8 (0.2-2.5) 
4: 6.6 (1.3-32.8) 1.0 (0.3-2.9)
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populations, and that background incidences are expected to be near zero. More-
over, the results of the two independently performed studies were rather consis-
tent.

In Annex E, details and the outcome of the curve fitting analyses are shown. 
Next, the committee has to establish exposure levels corresponding to pre-

defined additional risks on sensitization. Again, the committee prefers to use the 
fitted dose response curve. However, also in case of HHPA, the variability in the 
exposure levels corresponding to the lower sensitization risks is high. Therefore, 
the committee decided to use that concentration as starting point which has a lim-
ited variability. From this exposure level, the committee extrapolates linearly to 
the exposure levels corresponding to the lower additional sensitization risks. The 
committee determined an exposure level at which 10% of the occupationally 
exposed population will get specifically sensitized to HHPA as the starting point. 
This level corresponds to 0.73 µg HHPA/m3. 

The committee takes this level as a starting point for calculating exposure 
levels corresponding to lower additional sensitization risks. The committee con-
siders it important to protect workers against allergen exposure, because of the 
everlasting higher risk in developing allergy when sensitised to a specific aller-
gen, and because in the general population the background incidence is virtually 
zero. Therefore, DECOS calculates additional sensitization risks in humans 
under workplace exposure conditions of 0.1% to 1%.

In general, the DECOS is of the opinion that it is justified to use a linear 
model to estimate exposure levels at other additional risk levels, unless data indi-
cate that a linear model is not appropriate. The linear model was applied for 
HHPA, because data that would indicate otherwise are limited. 

Using the exposure level of 0.73 µg HHPA/m3 with an additional risk of sen-
sitization of 10% as point of departure, the exposure levels (reference values) 
corresponding to an additional risk of 0.1% and 1% amount to:
• 0.007 µg HHPA/m3, which corresponds to an additional risk of 0.1% due to 

occupational exposure, as an 8-hour time weighted average concentration
• 0.07 µg HHPA/m3, which corresponds to an additional risk of 1% due to 

occupational exposure, as an 8-hour time weighted average concentration.

The predefined additional risks are extra risks caused by occupational exposure 
that comes on top of the risk of getting sensitised to HHPA in the general popula-
tion. Furthermore, the reference values serve as examples, since also policy and 
social considerations should be taken into account in deciding on the level of the 
predefined additional risk levels. In the Netherlands, no decisions have yet been 
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made about accepted additional response levels for allergic sensitisation of 
inhaled allergens.

Methylhexahydrophthalic anhydride (MHHPA)

Data on MHHPA exposure and IgE-mediated sensitisation are obtained from the 
same two studies as for HHPA (see Table 3.2).24,29

Regarding the Rosqvist-study, the DECOS noticed that in the lowest expo-
sure category more positive cases of allergic sensitisation were reported than in 
higher exposure categories. In addition, the increase in incidence of allergic sen-
sitisation was not statistically significant. Therefore, the committee concluded 
that this study was not suitable for assessing an occupational exposure limit for 
MHHPA.

Regarding the Nielsen-study, details and the outcome of the curve fitting 
analysis are shown in Annex E. The outcome indicates that the data cannot be fit-
ted accurately. Based on this finding, DECOS concludes that data of the Nielsen-
study are insufficient for assessing a health-based recommended occupational 
exposure limit or reference values for MHHPA in a reliable way, or to give an 
additional consideration as well.

Phthalic anhydride (PA)

Work-related respiratory symptoms were reported at average full-day exposure 
to 400 µg/m3 combined with peak exposures to up to 13,000 µg/m3.17 Due to the 
variation in exposure levels, it is uncertain what the average exposure during a 
full shift working day was, and, therefore, the committee considers the available 
data not suitable for deriving a health-based recommended OEL or reference 
value. In conclusion, the committee abstains from giving a recommendation.

Methyltetrahydrophthalic anhydride (MTHPA)

In a few cross-sectional studies, positive cases of MTHPA-specific IgE-mediated 
sensitisation and respiratory symptoms were found at exposure levels around 2 to 
5 µg/m3 and higher.17 No levels were reported at which no cases of allergic sensi-
tisation and respiratory symptoms were observed. However, data are too limited 
for establishing a reliable exposure-response relationship by quantitative risk 
analysis, because of mixed exposure and lack of classification in different expo-
sure groups. Therefore, the committee abstains from recommending a health-
based OEL or reference value. 
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Tetrachlorophthalic anhydride (TCPA)

Work-related specific IgE mediated sensitisation and respiratory symptoms were 
reported in a cross-sectional study by Liss et al. (1993), at personal airborne 
exposure levels that varied during the working days between 210 and 3,990 µg/
m3 (geometric mean).21 The committee noted the small number of participants in 
study, and the considerable variation in exposure levels during the day. This lim-
its the suitability for quantitative risk analyses. Therefore, the committee abstains 
from giving a recommendation.

Chlorendic anhydride (CA)

No human or animal data on exposure and response were available. Therefore, 
the committee abstains from giving a health-based recommended OEL or 
reference value.

Dodecenylsuccinic anhydride (DSA)

No human or animal data on exposure and response were available. Therefore, 
the committee abstains from giving a health-based recommended OEL or 
reference value.

Himic anhydride (HA)

No human or animal data on exposure and response were available. Therefore, 
the committee abstains from giving a health-based recommended OEL or 
reference value.

Maleic anhydride (MA)

No human or animal data on exposure and response were available. Therefore, 
the committee abstains from giving a health-based recommended OEL or 
reference value.

Pyromellitic dianhydride (PMDA)

No human or animal data on exposure and response were available. Therefore, 
the committee abstains from giving a health-based recommended OEL or 
reference value.
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Succinic anhydride (SA)

No human or animal data on exposure and response were available. Therefore, 
the committee abstains from giving a health-based recommended OEL or 
reference value.

Tetrabromophthalic anhydride (TBPA)

No human or animal data on exposure and response were available. Therefore, 
the committee abstains from giving a health-based recommended OEL or 
reference value.

Tetrahydrophthalic anhydride (THPA)

No human or animal data on exposure and response were available. Therefore, 
the committee abstains from giving a health-based recommended OEL or 
reference value.

3.5 Chemical and immunological resemblance

Ten of the fourteen cyclic acid anhydrides, which are evaluated in this report, 
have been shown to have allergic sensitizing properties. For the other four anhy-
drides (DSA, THPA, SA and TBPA) no experimental or observational data are 
available, but based on chemical resemblance the committee considers it likely 
that these possess also sensitizing properties.

The committee is concerned that only for a few of the cyclic acid anhydrides 
(TMA and HHPA) sufficient data on exposure levels, cyclic acid anhydride-
induced specific sensitisation, and allergic respiratory symptoms are available to 
allow an HBR-OEL or reference values. Since the DECOS considers it important 
that workers are protected against the sensitizing properties, it has explored the 
possibility of recommending an HBR-OEL for those cyclic acid anhydrides for 
which insufficient exposure-response data were available, based on the recom-
mendations made for TMA and HHPA. This is done by exploring resemblances 
in chemical composition and reactivity, and in immunological reactivity or 
potency.

The sensitizing potential of a substance is related to its ability to react with 
proteins to form covalently linked conjugates, and recognition of these by the 
immune system. This binding to proteins is mainly dependent on the elec-
trophilic reactivity of the substance. The committee noted that certain cyclic acid 
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anhydrides have similar electrophilic reactivity, such as HHPA, MHHPA, 
MTHPA, and THPA (see annex D). These data confirm the concept that all cyclic 
acid anhydrides are likely to have sensitizing potential. However, chemical 
resemblance does not automatically have a predictive value for the immunologi-
cal reactivity, since small changes in molecular structure may have a considera-
ble impact on sensitizing potency. 

Regarding sensitizing potency, currently, QSAR approaches for indicating 
relative sensitizing potencies have not been developed. However, Welinder et al. 
(1995) and Zhang et al. (1997) have attempted to rank cyclic anhydrides accord-
ing to the induction of specific IgG antibodies upon one single intradermal expo-
sure, at a standardized concentration.32,41 They found considerable differences in 
the magnitude of the response. Yet, the study did not take differences in kinetics 
of the antibody production into consideration, and therefore the outcome of these 
studies cannot be taken as a direct indication of differential potency of the chem-
icals tested.

An alternative way to evaluate relative potency of sensitizers is the murine 
local lymph node assay (LLNA).6,18,30 The assay is developed for skin sensitiz-
ing substances, but so far all respiratory sensitizers tested were also positive. The 
LLNA is based upon measurement of the induction of the T lymphocyte prolife-
rative response in skin draining lymph nodes following topical exposure of mice 
to chemicals. T lymphocyte proliferative responses are necessary for the acquisi-
tion of sensitization caused by skin contact and inhalation.

The dose-response curve in the LLNA can be interpolated to provide a dose 
that fails to induce a positive response. Furthermore, the so-called EC3 value, 
that is the dose estimated to cause a three-fold increase in LLNA proliferative 
activity compared to concurrent vehicle controls, may be indicative of the rela-
tive potencies of the chemicals tested.6,18,30 The relative ranking of different skin 
sensitizers established according this scheme appear to correlate well with the 
information on potency coming from experience in humans.5,11 However, 
whether or not this would also apply to respiratory sensitizers remains to be 
established. In a preliminary study using model respiratory sensitizers, the vigor 
of responses after skin sensitization, as done in the LLNA, differed somewhat as 
compared to the vigor of the responses after respiratory sensitization (Arts et al. 
2008).42

Regarding cyclic acid anhydrides, up to now EC3 values have only been 
obtained for TMA and PA (TMA, 0.22%; PA, 0.36%; estimated concentration in 
percentage required for a three-fold increase in LLNA proliferative activity).30 
The values indicate that both anhydrides have at least a strong skin sensitizing 
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potential. There are also LLNA assays performed on MA and HHPA, but from 
these data no EC3 values can be derived.27

Finally, cross-reactivity in humans between some anhydrides has been pro-
posed (using skin prick tests, specific IgE determination, and cross-inhibition 
tests), such as between MTHPA, HHPA and MHHPA.17,32 A cross-reaction 
occurs when a specific antibody attaches an allergen or part of an allergen other 
than its target allergen. It usually involves allergens that are structurally very 
similar. Also, it is suggested that TMA-sensitized animals react immunologically 
to TCPA-, PA- and MA-protein conjugates.17,22,40 However, for PA-exposed 
human subjects the cross-reactivity with other anhydrides was less pronounced. 
The committee noted that the findings depended partly on the choice of the 
immunological tests used. Furthermore, the committee emphasizes that if an 
antibody of allergen A cross-reacts with allergen B, this does not necessarily 
mean that antibody of allergen B cross-reacts also with allergen A. Moreover, 
cross-reactivity does not indicate whether allergen A induces sensitization at the 
same exposure level as allergen B. 

In conclusion, the committee is of the opinion that it is likely that all cyclic acid 
anhydrides evaluated in this report have sensitizing properties. However data on 
chemical composition and reactivity, immunological reactivity, and cross-reac-
tivity are insufficient. Therefore, the committee cannot make reliable predictions 
on whether an HBR-OEL or reference value for one cyclic acid anhydride will 
also protect against the sensitizing properties of other cyclic acid anhydrides. The 
committee notes that it would be prudent to avoid respiratory exposure to cyclic 
acid anhydrides as much as possible, in particular in those conditions where 
exposure exceeds concentrations in which the better studied anhydrides, such as 
TMA and HHPA, are known to cause sensitization.

3.6 Groups at risk

It should be taken into account that persons who smoke or have a genetic predis-
position (atopy) may be at higher risk in developing allergic sensitisation and air-
way symptoms when exposed to cyclic acid anhydrides.4,23,24,33,34,36 To what 
extent this may increase the risk is however unknown. 

Furthermore, it should be taken into account that workers, who are sensitized 
to one of the cyclic acid anhydrides, are likely to be at increased risk in becoming 
sensitized for other cyclic acid anhydrides.
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3.7 Research needs

There is an urgent need for information on exposure-response relationships after 
inhalatory exposure to individual cyclic acid anhydrides at low levels. Also a bet-
ter view should be given to the influence of additional risk factors (i.e., genetic 
predisposition, exposure pattern) on the exposure-response relationships, and on 
relative potency differences among the cyclic acid anhydrides. Long-term animal 
studies should be performed to evaluate long-term carcinogenic and non-carcino-
genic effects.
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AAnnex

Request for advice

In a letter dated October 11, 1993, ref DGA/G/TOS/93/07732A, to, the State 
Secretary of Welfare, Health and Cultural Affairs, the Minister of Social Affairs 
and Employment wrote:

Some time ago a policy proposal has been formulated, as part of the simplification of the governmen-
tal advisory structure, to improve the integration of the development of recommendations for health 
based occupation standards and the development of comparable standards for the general population. 
A consequence of this policy proposal is the initiative to transfer the activities of the Dutch Expert 
Committee on Occupational Standards (DECOS) to the Health Council. DECOS has been established 
by ministerial decree of 2 June 1976. Its primary task is to recommend health based occupational 
exposure limits as the first step in the process of establishing Maximal Accepted Concentrations 
(MAC-values) for substances at the work place. 

In an addendum, the Minister detailed his request to the Health Council as fol-
lows:

The Health Council should advice the Minister of Social Affairs and Employment on the hygienic 
aspects of his policy to protect workers against exposure to chemicals. Primarily, the Council should 
report on health based recommended exposure limits as a basis for (regulatory) exposure limits for air 
quality at the work place. This implies:
• A scientific evaluation of all relevant data on the health effects of exposure to substances using a 

criteria-document that will be made available to the Health Council as part of a specific request 
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for advice. If possible this evaluation should lead to a health based recommended exposure limit, 
or, in the case of genotoxic carcinogens, a ‘exposure versus tumour incidence range’ and a calcu-
lated concentration in air corresponding with reference tumour incidences of 10-4 and 10-6 per 
year.

• The evaluation of documents review the basis of occupational exposure limits that have been 
recently established in other countries.

• Recommending classifications for substances as part of the occupational hygiene policy of the 
government. In any case this regards the list of carcinogenic substances, for which the classifica-
tion criteria of the Directive of the European Communities of 27 June 1967 (67/548/EEG) are 
used.

• Reporting on other subjects that will be specified at a later date.

In his letter of 14 December 1993, ref U 6102/WP/MK/459, to the Minister of 
Social Affairs and Employment the President of the Health Council agreed to 
establish DECOS as a Committee of the Health Council. The membership of the 
committee is given in annex B.



The committees 69

BAnnex

The committees

The Dutch expert Committee on Occupational Safety (DECOS)

• G.J. Mulder, chairman
emeritus professor of toxicology, Leiden University, Leiden

• R.B. Beems
toxicologic pathologist, formerly employed at the National Institute for 
Public Health and the Environment, Bilthoven

• P.J. Boogaard
toxicologist, Shell International BV, The Hague

• J.J.A.M. Brokamp, advisor
Social and Economic Council, The Hague

• D.J.J. Heederik
professor of risk assessment in occupational epidemiology, Institute for Risk 
Assessment Sciences, Utrecht University, Utrecht

• R. Houba
occupational hygienist, The Netherlands Expertise Centre for Occupational 
Respiratory Disorders, Utrecht

• H. van Loveren
professor of immunotoxicology, Maastricht University, Maastricht, and 
National Institute for Public Health and the Environment, Bilthoven
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• T.M. Pal
occupational physician, Netherlands Center for Occupational Diseases, 
Amsterdam

• A.H. Piersma
professor of reproductive toxicology, Utrecht University, Utrecht and 
National Institute for Public Health and the Environment, Bilthoven 

• H.P.J. te Riele
professor of molecular biology, VU University Amsterdam, Amsterdam

• I.M.C.M. Rietjens
professor of toxicology, Wageningen University and Research Centre, 
Wageningen

• H. Roelfzema, advisor
Ministry of Health, Welfare and Sport, The Hague

• G.M.H. Swaen
epidemiologist, Dow Benelux N.V., Terneuzen

• R.C.H. Vermeulen
Epidemiologist/environmental hygienist, Institute for Risk Assessment 
Sciences, Utrecht University, Utrecht

• R.A. Woutersen
Professor of translational toxicology, Wageningen University, Wageningen, 
and TNO Quality of Life, Zeist

• P.B. Wulp
occupational physician, Labour Inspectorate, Groningen

• J.M. Rijnkels, scientific secretary
Health Council of the Netherlands, The Hague

• A.S.A.M van der Burght, scientific secretary
Health Council of the Netherlands, The Hague

The Health Council and interests

Members of Health Council Committees – which also include the members of 
the Advisory Council on Health Research (RGO) since 1 February 2008 – are 
appointed in a personal capacity because of their special expertise in the matters 
to be addressed. Nonetheless, it is precisely because of this expertise that they 
may also have interests. This in itself does not necessarily present an obstacle for 
membership of a Health Council Committee. Transparency regarding possible 
conflicts of interest is nonetheless important, both for the President and members 
of a Committee and for the President of the Health Council. On being invited to 
join a Committee, members are asked to submit a form detailing the functions 



The committees 71

they hold and any other material and immaterial interests which could be rele-
vant for the Committee’s work. It is the responsibility of the President of the 
Health Council to assess whether the interests indicated constitute grounds for 
non-appointment. An advisorship will then sometimes make it possible to exploit 
the expertise of the specialist involved. During the establishment meeting the 
declarations issued are discussed, so that all members of the Committee are 
aware of each other’s possible interests.

The Nordic Expert Group (NEG)

• G. Johanson, chairman
professor of occupational toxicology, Karolinska Institutet, formerly the 
National Institute for Working Life (Sweden)

• V. Kristjansson
organic chemist, Administration of Occupational Safety and Health (Iceland)

• K. Savolainen
professor of toxicology, Finnish Institute of Occupational Health (Finland)

• V. Skaug
toxicologist, occupational physician, National Institute of Occupational 
health (Norway)

• K. Sørig Hougaard
toxicologist, National Research Centre for the Working Environment, 
formerly the Institute of Occupational Health (Denmark)

• J. Järnberg, scientific secretary
Swedish Work Environment Authority, formerly the National Institute for 
Working Life (Sweden)



72 Cyclic acid anhydrides



Comments from public review draft 73

CAnnex

Comments from public review draft

A draft of this advisory report was released in 2009 for public review. The fol-
lowing organisations and persons have commented on the draft:
• A.G.M. van Oostrum, Ministry of Social Affairs and Employment, The 

Netherlands.
• R. Zumwalde, National Institute for Occupational Safety and Health, the 

USA. 
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Physical and chemical properties

Name cyclic 
acid anhydride
Cas No.

Structural formula Mw Melting 
point (°C)

Boiling 
point (°C)

Solubility in 
water
EST/EXP

Log Pow 

EST/EXP

Van der 
Waals
volume
(Å)3

Electro-
philicity
(eV)

Maleic anhy-
dride (MA)
108-31-6

C4H2O3

98.06 51-53 202
(decom-
poses)

4,910 mg/L 
(25°C) 
EST

1.62
EST

87.89 -1.6186

Succinic anhy-
dride (SA)
108-30-5

C4H4O3

100.07 119-120 261 23,800 mg/L 

(25°C) 
EST

0.81
EST

91.68 0.11291

Phthalic anhy-
dride (PA)
85-44-9

C8H4O3

148.2 130-131 284-295 6,200 mg/L 
(25°C) 
EXP

1.60
EXP

139.05 -1.4580

Tetrahydro-
phthalic anhy-
dride (THPA)
85-43-8

C8H8O3

152.16 102 195
(6.7 kPa)

1,580 mg/L 
(25°C) 
EST

1.96
EST

147.25 0.15527
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Hexahydro-
phthalic anhy-
dride (HHPA)
85-42-7 C8H10O3

154.17
3
0 296 1,760 mg/L 

(25°C) 
EST

2.17
EST

151.63 0.2624

Himic anhy-
dride (HA)
826-62-0

C9H8O3

164.16 158-164 N.D. N.D. 1.85 156.78 0.24708

Methyl tetra-
hydrophthalic 
anhydride 
(MTHPA)
26590-20-5 C19H10O3

166.18 N.D. N.D. 465 mg/L 
(25°C) 
EST

2.51
EST

165.40 0.16852

Methyl hexa-
hydrophthalic 
anhydride 
(MHHPA)
25550-51-0

C19H12O3

168.19 -29 120 
(130 Pa)

36,000 mg/L 
(20°C)

2.59 169.70 0.26825

Trimellitic anhy-
dride (TMA)
552-30-7

C9H4O5

192.13 161-164 390 1,040 mg/L 
(25°C) 
EST

1.95
EST

166.96 1.9950

Pyromellitic 
dianhydride 
(PMDA)
89-32-7

C10H2O6 

218.1 152 397-400 59.7 mg/L 
(25°C) 
EST

2.14
EST

178.63 -2.8549

Dodecenyl-suc-
cinic anhydride 
(DSA)
25377-73-5

C16H26O3

266.38 -30 190-215 0.064 mg/L 
(25°C) 
EST

6.41
EST

307.46 0.17964

Tetrachloro-
phthalic anhy-
dride (TCPA)
117-08-8

C8Cl4O3

285.88 55-257 371 0.048 mg/L 
(25°C) 
EST

4.65
EST

191.46 -2.1143
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O
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O

O

O
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Chlorendic 
anhydride (CA)
115-27-5

C9H2Cl6O3

370.83 235-239 N.D. 0.098 mg/L 
(25°C) 
EST

4.37
EST

225.96 -0.5513

Tetrabromo-
phthalic anhy-
dride (TBPA)
632-79-1

C8Br4O3

463.72 280 N.D. 0.019 mg/L 
(25°C) 
EST

5.63
EST

209.53 -2.19665

N.D., no data available; EST, estimated by the Physical Properties Database (PHYSPROP); EXP, based on experimental data.
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Results of the curve fitting analysis for 
TMA, HHPA and MHHPA

The BenchMark Dose (BMD) software of the US-EPA is used to analyze the data 
on the effects of a chemical on animal or human health in order to determine, as 
accurately as possible, the relationship between a given exposure level and the 
likelihood of its detrimental effects, the so-called responses. The statistical 
uncertainty to which this data is invariably subject is incorporated into the calcu-
lations. 

 Regarding cyclic acid anhydrides, the critical effect considered to be harmful 
is IgE-mediated sensitisation. DECOS calculates a BMD corresponding to 0.1% 
and 1.0% (or 10%) additional sensitization due to occupational exposure to these 
substances. In addition, also the 95% (or 90%) lower limit of the BMD, i.e. 
BMDL was determined. The BMDL gives an indication about the uncertainty in 
the curve fitting. 

Below are shown the data and the outcomes of the curve fitting analyses of 
TMA, HHPA and MHHPA. The analyses have been performed using the Bench-
Mark Software of the US EPA (Version 2.0), and the log-likelihood ratio test for 
model fitting.
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Trimelletic anhydride: Grammer-study

Data

Results BMD-analysis

Exposure group
(in µg TMA/m3)a

a Source Grammer et al. (1999).

Concentration used for 
BMD-analysis

Number of persons
in group 

Number of persons posi-
tive for TMA-induced 
IgE-mediated sensitiza-
tion

<0.5     0.25 24 0
  0.5     0.5 98 0
2     2 79 5
36   36 57 6
130 130 28 7

Model tested Log-likelihood Calculated 
difference 
log-likeli-
hoodsa

a Critical difference log-likelihood at d.f. (degrees of freedom) 3 is 3.91. A model is accepted when the calculated difference 
in log-likelihoods is lower than the critical difference in log-likelihood at the corresponding degrees of freedom. A model 
accepted means that it does fit well.

Accept 
model

BMR 1% BMR 10%
Fitted 
model

Full model d.f. BMD BMDLb

b Data shown are based on the 95% confidence interval for the BMD.

BMD BMDLb

Gamma 57.95 53.56 3 4.39 No 4.35 2.66 45.64 27.89
Log-logistic 57.86 53.56 3 4.30 No 3.82 2.17 42.06 23.91
Log-probitc

c The BMDS software of EPA contains a constraint in the log-probit model. By switching off the mark at ‘restrict slope >=1’ 
the problem is solved. Presented data: mark is put off.

56.36 53.56 3 2.80 Yes 0.37 0.04 17.83   8.22
Multi-stage 57.95 53.56 3 4.39 No 4.35 2.66 45.64 27.88
Weibull 57.95 53.56 3 4.39 No 4.35 2.66 45.64 27.88
Values are rounded off by two decimals. BMD and BMDL in µg /m3.
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Evaluation and conclusion DECOS

Of the models tested only the log-probit model passes the log-likelihood ratio 
test. This means that only the BMD calculation from this model can be used as 
point of departure in deriving a health-based OEL or reference values for TMA.

Next, the committee has to establish exposure levels corresponding to pre-
defined additional risks on sensitization. The committee prefers to use the fitted 
dose response curve. However, in case of TMA, the variability in the exposure 
levels corresponding to the lower sensitization risks is high. The committee notes 
that at a BMR of 1% the corresponding BMDL of the log-probit is rather high. 
This implies that the power of discernment at BMR1% is too low, and the model 
uncertainty too high. The same outcome was obtained at BMR values up to 10% 
(data not shown). Only at a BMR10%, a reliable BMDL was derived.

Therefore, the committee decided to use that concentration as starting point 
which has a limited variability. From this exposure level, the committee extrapo-
lates linearly to the exposure levels corresponding to the lower additional sensiti-
sation risks. The committee determined an exposure level at which 10% of the 
occupationally exposed population will get specifically sensitised to TMA as the 
starting point. This level corresponds to 18 µg TMA/m3. 

The outcome of the analysis implies furthermore that no reliable threshold 
level can be discerned from the available data.
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From the foregoing, the DECOS concludes that for TMA reference values 
should be derived, and that the BMD 17.83 µg/m3, which corresponds with a 
BMR of 10%, is the best point of departure in deriving such values.

Hexahydrophthalic anhydride (HHPA): Rosqvist-study and Nielsen-
study

Data Rosqvist-study

Results curve fitting analysis Rosqvist-study

Exposure group
(in µg HHPA/m3)a

a Source Rosqvist et al. (2003).

Concentration used for 
BMD-analysis

Number of persons in 
group

Number of persons posi-
tive for TMA-induced 
IgE-mediated sensitisa-
tion

<1   0.5 35   2
1-3   2 37   7
3-9   6 32   8
>9 18 35 10

Model tested Log-likelihood Calculated 
difference 
log-likeli-
hoodsa

a Critical difference log-likelihood at d.f. (degrees of freedom) 2 is 3.00. A model is accepted when the calculated difference 
in log-likelihoods is lower than the critical difference in log-likelihood at the corresponding degrees of freedom. A model 
accepted means that it does fit well.

Accept 
model

BMR 1% BMR 10%
Fitted 
model

Full model d.f. BMD BMDLb

b Data shown are based on the 95% confidence interval for the BMD.

BMD BMDLb

Gamma 66.15 64.55 2 1.60 Yes 0.67 0.34 6.99 3.58
Log-logistic 66.03 64.55 2 1.48 Yes 0.54 0.24 5.94 2.68
Log-probitc

c The BMDS software of EPA contains a constraint in the log-probit model. By switching off the mark at ‘restrict slope >=1’ 
the problem is solved. Presented data: mark is put off.

65.05 64.55 2 0.50 Yes 0.01 3x10-7 0.73 0.03
Multi-stage 66.15 64.55 2 1.60 Yes 0.67 0.34 6.99 3.58
Weibull 66.15 64.55 2 1.60 Yes 0.67 0.34 6.99 3.58
Values are rounded off by two decimals. BMD and BMDL in µg /m3.
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Data Nielsen-study

Exposure group
(in µg HHPA/m3)a

a Source Nielsen et al. (2001).

Concentration used 
for BMD-analysisb

b The concentrations used for BMD-analysis are the same as used by the investigators for their 
analyses.

No. of persons in 
group

IgE-mediated sensitisation
No. of positivec

c Data between brackets indicates number of positive cases, based on data on percentage of posi-
tive cases.

% of positive
0   0 57   (0)   0
< 10   5 53   (7) 13
10-50 30 72 (19) 26
> 50 70 29   (6) 21
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Results curve fitting analysis Nielsen-study

Evaluation and conclusion DECOS

In the study of Rosqvist all models passes the log-likelihood test. In the study of 
Nielsen only the log-probit model passes the log-likelihood ratio test. As for 
TMA the log-probit model was used, the committee prefers to use this models 
for the other anhydrides as well. This means that the BMD of this model was be 

Model tested Log-likelihood Calculated 
difference 
log-likeli-
hoodsa

a Critical difference log-likelihood at d.f. (degrees of freedom) 2 is 3.00. A model is accepted when the calculated difference 
in log-likelihoods is lower than the critical difference in log-likelihood at the corresponding degrees of freedom. A model 
accepted means that it does fit well.

Accept 
model?

BMR 1% BMR 10%
Fitted 
model

Full model d.f. BMD BMDLb

b Data shown are based on the 95% confidence interval for the BMD.

BMD BMDLb

Gamma 83.40 77.02 2 6.38 No 1.64   1.06 17.24 11.12
Log-logistic 82.55 77.02 2 5.53 No 1.18   0.71 13.03   7.89
Log-probitc

c The BMDS software of EPA contains a constraint in the log-probit model. By switching off the mark at ‘restrict slope >=1’ 
the problem is solved. Presented data: mark is put off.

77.67 77.02 2 0.65 Yes 0.002 ≈0.00   1.23 ≈0.00
Multi-stage 83.40 77.02 2 6.38 No 1.64   1.06 17.24 11.12
Weibull 83.40 77.02 2 6.38 No 1.64   1.06 17.24 11.12
Values are rounded off by two decimals. BMD and BMDL in µg /m3.
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used as point of departure in deriving health-based OEL or reference values for 
HHPA.

Next, the committee has to establish exposure levels corresponding to pre-
defined additional risks on sensitization. The committee prefers to use the fitted 
dose response curve. However, in case of HHPA, the variability in the exposure 
levels corresponding to the lower sensitization risks is high. The committee notes 
that at a BMR of 1% the corresponding BMDL of both the log-probit models 
(Nielsen and Rosqvist) is rather high. This implies that the power of discernment 
at BMR1% is too low, and the model uncertainty too high. The same outcome 
was obtained at BMR values up to 10% (data not shown). Only at a BMR10%, a 
reliable BMDL was derived in the study of Rosqvist.

The outcome of the analysis implies furthermore that no reliable threshold 
level can be discerned from the available data.

From the foregoing, the DECOS concludes that for HHPA reference values 
should be derived, and that the BMD of 0.73 µg/m3, which corresponds with a 
BMR of 10%, is the best point of departure in deriving such values.

Methylhexahydrophthalic anhydride (MHHPA): Nielsen-study

Data

Exposure group
(in µg MHHPA/m3)a

a Source Nielsen et al. (2001).

Concentration used 
for BMD-analysisb

b The concentrations used for BMD-analysis are the same as used by the investigators for their 
analyses.

No. of persons in 
group

IgE-mediated sensitisation
No. of positivec

c Data between brackets indicates number of positive cases, based on data on percentage of posi-
tive cases.

% of positive
0   0 57   (0)   0
< 10   5 53   (8) 15
10-50 30 72 (19) 26
> 50 70 29   (5) 17
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Results BMD analysis

Evaluation and conclusion DECOS

Of the models tested only the log-probit model passed the log-likelihood ration 
test. 

Model tested Log-likelihood Calculated 
difference 
log-likeli-
hoodsa

a Critical difference log-likelihood at d.f. (degrees of freedom) 2 is 3.00. A model is accepted when the calculated difference 
in log-likelihoods is lower than the critical difference in log-likelihood at the corresponding degrees of freedom. A model 
accepted means that it does fit well.

Accept 
model?

BMR 1% BMR 10%
Fitted 
model

Full model d.f. BMD BMDLb

b Data shown are based on the 95% confidence interval for the BMD.

BMD BMDLb

Gamma 85.33 77.37 2 7.96 No 1.93   1.18 20.28 12.36
Log-logistic 84.64 77.37 2 7.27 No 1.41   0.78 15.53   8.62
Log-probitc

c The BMDS software of EPA contains a constraint in the log-probit model. By switching off the mark at ‘restrict slope >=1’ 
the problem is solved. Presented data: mark is put off.

78.29 77.37 3 0.92 Yes n.d. ≈0.00   0.22 1x10-15

Multi-stage 85.33 77.37 2 7.96 No 1.93   1.18 20.28 12.36
Weibull 85.33 77.37 2 7.96 No 1.93   1.18 20.28 12.36
Values are rounded off by two decimals. BMD and BMDL in µg /m3.
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Next, the committee has to establish exposure levels corresponding to pre-
defined additional risks on sensitization. The committee prefers to use the fitted 
dose response curve. However, in case of MHHPA, the variability in the expo-
sure levels corresponding to the lower sensitization risks is high. The committee 
notes that at a BMR of 1% and BMR 10% the corresponding BMDLs of the log-
probit are very low. This implies that the power of discernment at BMR1% and 
BMR10% is too low, and the model uncertainty too high.

The outcome of the analysis implies furthermore that no reliable threshold 
level can be discerned from the available data. From the foregoing, the DECOS 
concludes that for MHHPA reference values should be derived. However, data 
are insufficient to estimate a reliable BMDL.
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Abbreviations

Cyclic acid anhydrides

CA chlorendic anhydride
DSA dodecenylsuccinic anhydride
HA himic anhydride
HHPA hexahydrophthalic anhydride
MA maleic anhydride
MHHPA methyl hexahydrophthalic anhydride
MTHPA methyl tetrahydrophthalic anhydride
PA phthalic anhydride
PMDA pyromellitic dianhydride
SA succinic anhydride
TBPA tetrabromophthalic anhydride
TCPA tetrachlorophthalic anhydride
THPA tetrahydrophthalic anhydride
TMA trimellitic anhydride
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Preface

An agreement has been signed by the Dutch Expert Committee on Occupational
Standards (DECOS) of the Health Council of the Netherlands and the Nordic
Expert Group for Criteria Documentation of Health Risks from Chemicals (NEG).
The purpose of the agreement is to write joint scientific criteria documents, which
could be used by the national regulatory authorities in both the Netherlands and in
the Nordic Countries.

The document on health effects of cyclic acid anhydrides was written by Dr.
Helena Keskinen at the Finnish Institute of Occupational Health, Helsinki,
Finland and has been reviewed by DECOS as well as by NEG.

Editorial work and technical editing was performed by Anna-Karin Alexandrie,
and Jill Järnberg, NEG’s scientific secretaries at the National Institute for
Working Life in Sweden.

All criteria document produced by the Nordic Expert Group may be down-
loaded from www.nordicexpertgroup.org.

We acknowledge the Nordic Council for its financial support of this project.
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Cyclic acid anhydrides
CA chlorendic anhydride
DSA dodecenylsuccinic anhydride
HA himic anhydride
HHPA hexahydrophthalic anhydride
MA maleic anhydride
MHHPA methyl hexahydrophthalic anhydride
MMA methyl maleic anhydride
MPA methyl phthalic anhydride
MTHPA methyl tetrahydrophthalic anhydride
PA phthalic anhydride
PMDA pyromellitic dianhydride
SA succinic anhydride
TBPA tetrabromophthalic anhydride
TCPA tetrachlorophthalic anhydride
THPA tetrahydrophthalic anhydride
TMA trimellitic anhydride

Other abbreviations
BAL bronchoalveolar lavage
ECD electron capture detector
FID flame ionisation detector
GC gas chromatography
GPSA guinea pig serum albumin
HPLC high performance liquid chromatography
HSA human serum albumin
MS mass spectrometry
NIOSH National Institute of Occupational Safety and Health
PVC polyvinyl chloride
RSA rat serum albumin
TLV threshold limit value
TWA time weighted average
UV ultraviolet
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1

1. Introduction

Cyclic acid anhydrides are widely used in the chemical industry, especially in
the manufacture of polyester and alkyd resins and plasticizers for thermoplastic
polymers. The anhydrides are also used as hardeners for epoxy resins and chain
cross-linkers for thermoplastic polymers. Workers are exposed to acid anhydrides
in powder form during various manufacturing processes, such as during synthesis
or when the acid anhydrides are used as starting agents for thermosetting products.
Workers are also exposed to anhydride fumes in hot processes, such as when
epoxy resins are hardened, polyester paints are cured, alkyd or polyester painted
metal surfaces are welded or when the paints are burned from surfaces.

Acid anhydrides are irritants and are especially potent as occupational
sensitisers.

Phthalic anhydride was the first anhydride to be reported as a sensitiser, as early
as 1939. Later several new derivatives were also found to be capable of inducing
allergies.

This document deals with the following cyclic organic acid anhydrides:
phthalic anhydride (PA), trimellitic anhydride (TMA), maleic anhydride (MA),
hexahydrophthalic anhydride (HHPA), methyl hexahydrophthalic anhydride
(MHHPA), methyl tetrahydrophthalic anhydride (MTHPA), tetrahydrophthalic
anhydride (THPA), and tetrachlorophthalic anhydride (TCPA). Other anhydrides
to be mentioned whenever data are available are pyromellitic dianhydride
(PMDA), himic anhydride (HA), succinic anhydride (SA), dodecenylsuccinic
anhydride (DSA), chlorendic anhydride (CA), and tetrabromophthalic anhydride
(TBPA).

This document updates the earlier one given by the Nordic Expert Group in
1991 (101).

2. Substance identification

Data on the substance identification of the cyclic acid anhydrides dealt with in this
document are given in Table 1 and Figure 1.

3. Physical and chemical properties

Data on the physical and chemical properties are presented in Tables 2a and 2b.
Cyclic anhydrides are mainly powders or crystals. Methyl substitution converts
them to oily liquids. A halogen – chlorine or bromine – in the molecule endows
flame retardant properties (178).
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Table 1. Substance identification of cyclic acid anhydrides (3, 24, 42, 139, 167).

Acid
anhydride

CAS No Synonyms Molecular
formula

Molecular
weight

PA 85-44-9 phthalic anhydride
1,3-isobenzofurandione,
1,2-benzenedicarboxylic acid anhydride,
phthalic acid anhydride,
1,3-dioxophthalan,
1,3-phthalandione

C8H4O3 148.12

TMA 552-30-7 trimellitic anhydride
1,3-dihydro-1,3-dioxo-5-isobenzofuran-
carboxylic acid anhydride,
trimellitic acid 1,2-anhydride

C9H4O5 192.13

MA 108-31-6 maleic anhydride
2,5-furandione,
cis-butanedioic anhydride,
toxilic anhydride

C4H2O3   98.06

HHPA 85-42-7 hexahydrophthalic anhydride
1,2-cyclohexanedicarboxylic anhydride

C8H10O3 154.17

MHHPA 25550-51-0 methyl hexahydrophthalic anhydride
hexahydromethyl-1,3-isobenzofurandione,
4-methylhexahydrophthalic anhydride

C9H12O3 168.19

MTHPA44
a 26590-20-5 methyl tetrahydrophthalic anhydride

1,2,3,6-tetrahydromethylphthalic anhydride,
3a,4,7,7a-tetrahydromethyl-1,3-isobenzofurane,
4-methyl-delta 4-tetrahydrophthalic anhydride

C9H10O3 166.19

THPA 85-43-8 tetrahydrophthalic anhydride
4-cyclohexene-1,2-dicarboxylic anhydride,
3a,4,7,7a-tetrahydro-1,3-isobenzofurandione,
1,2,3,6-tetrahydrophthalic anhydride

C8H8O3 152.16

TCPA 117-08-8 tetrachlorophthalic anhydride
4,5,6,7-tetrachloro-1,3-isobenzofurandione

C8Cl4O3 285.88

a4-methyl-delta 4-tetrahydrophthalic anhydride. Commercial products contain also isomers
3-methyl-delta 4-tetrahydrophthalic anhydride (MTHPA34) and 4-methyl-delta 3-tetrahydro-
phthalic anhydride (MTHPA43) (112).
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Figure 1. Structural formulas of cyclic acid anhydrides.
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4. Occurrence, production and use

4.1 Occurrence

Organic acid anhydrides are man-made chemicals commercially available at high
purity as liquids or crystals, depending on the type of anhydride. They are not
found in nature but may be found as environmental contaminants (183).

4.2 Production

The annual world production of PA has been about 2 200 000 tonnes during the
past decade, the European share being about 820 000 tonnes. The main producers
in Europe are Belgium, the United Kingdom, the Russian Federation, Italy, and
Germany. Of the Scandinavian countries, Sweden has production of PA, about
30 000 tonnes annually. PA production in 1996 was about 830 000 in Asia, about
420 000 in North America and 150 000 tonnes in South America. According to
annual export statistics Belgium, the United States and Italy are the main countries
to produce MA. The exported amounts were 58 000, 44 000, and 25 000 tonnes,
respectively, in 1997 (179).

4.3 Production processes

Industrial processes used in the production of cyclic acid anhydrides are shown
in Table 3. Technical anhydride products may contain other related cyclic
anhydrides as impurities or they can be mixtures of different isomers. For
example, PA contains 0.03% MA and MHHPA contains 4.2% MTHPA (150,
178). The technical product of MTHPA is reported to contain the three isomers
4-methyl-delta 4-tetrahydrophthalic anhydride, 3-methyl-delta 4-tetrahydro-
phthalic anhydride, and 4-methyl-delta 3-tetrahydrophthalic anhydride (112).

Table 3. Industrial processes used in the production of cyclic acid anhydrides (24, 178,
217).

Cyclic acid
anhydride

Production
process

PA In 1872 by oxidation of naphthalene. After 1960 by oxidation of o-xylene. The
technical grade product contains 99.9% PA, 0.03% MA, and 0.03% benzoic acid.

TMA Sublimation of trimellitic acid above its melting point or by heating crude
trimellitic acid with vanadium pentoxide.

MA Catalytic oxidation of benzene or C4 hydrocarbons.

HHPA Hydrogenation of THPA.

MHHPA Hydrogenation of MTHPA.

MTHPA Diels-Alder reaction between isoprene and MA.

THPA Diels-Alder reaction between MA and butadiene.

TCPA Chlorination of PA.
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Table 4. Annual import (in tonnes) of acid anhydrides in the Nordic countries and in the
Netherlands in 1997 (179).

Acid anhydride  Denmark Finland  Norway Sweden Iceland The Netherlands

PA 1 263 10 457         –a 2 784   –a 31 706
MA             –a 2 644 5 722 539   –a 7 177

aInformation lacking.

4.4 Use

The information available on the annual import of acid anhydrides in the Nordic
countries and in The Netherlands is shown in Table 4. In the trade reports the
cyclic acid anhydrides are mainly grouped with related chemicals.

The cyclic acid anhydrides are mainly used in the manufacture of polyester and
alkyd resins and plasticizers and as epoxy resin hardeners. The different types of
uses for acid anhydrides are presented in Table 5.

5. Occupational exposure data

The concentrations of organic acid anhydrides measured in workplace air are
presented in Table 6.

Early measurements of PA showed very high exposure levels (320-17 400
µg/m3) especially when process difficulties and in loading of reactors occurred
(136, 147). When alkyd and unsaturated polyester resins were produced, MA and
TMA were used in addition to PA (136).

In a more recent study, in which both particles and vapours were sampled, the
full-shift personal samples taken during the production of alkyd resins gave
10-100 fold lower concentrations of PA than in the previous studies. The task-
specific PA concentrations were higher, up to 1 860 µg/m3 during charging,
giving better information of the peak exposures during the working day. The
results of 3 factories were given. In 2 of the factories (factory 1 and 3), TMA and
MA were intermittently used in addition to PA and were only detectable in half of
the samples (182).

The PA concentrations during polyvinyl chloride (PVC) processing were low,
but measurable (180).

Exposure measurements of TMA were carried out during the manufacture of
cushioned flooring. The highest exposure levels were in charging (150-20 433
µg/m3), when both particles and vapours were sampled. Otherwise only few
values were above the occupational exposure limit 40 µg/m3 but the results were
based on few samples, 1-4 per task (182).

The exposure levels of MA have been low even in charging in the production
of alkyd resins (182).

In two plants for epoxy resin isolation, the highest HHPA concentrations were
found in casting (130-500 µg/m3) based on several personal samples. In one plant
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Table 5. Use of organic acid anhydrides (24, 42, 80, 140, 167, 178, 192, 195).

Acid anhydride Use

PA Manufacture of phthalate plasticizers, phthaleins, unsaturated polyester resins,
alkyd resins, halogenated phthalic anhydrides, and phthalocyanide dyes.
Preparation of benzoic acid.
Hardener in epoxy resins.

TMA Manufacture of plasticizers with high thermal resistance and of unsaturated
polyester resins.
Hardener in epoxy resins.

MA Manufacture of unsaturated polyesters, alkyd resins, lacquers, plasticizers, co-
polymers, lubricants, pesticides, pharmaceuticals, and permanent-press resins
(textiles).
Synthesis of some organic acid anhydrides.
Diels-Alder reaction.

HHPA Manufacture of alkyd resins, plasticizers, insect repellents, and rust inhibitors.
Hardener in epoxy resins.

MHHPA Hardener in epoxy resins.

MTHPA Hardener in epoxy resins.

THPA Production of unsaturated polyester resins and alkyd resins with increased
resistance to water and solvents.
Starting agent for light coloured alkyds, polyesters, and plasticizers used in
adhesives.
Intermediate for pesticides.
Hardener of epoxy resins.

TCPA Flame retardant in unsaturated polyester resins, polyurethane foams and
surface coatings and plasticizers.
Intermediate in the production of dyes and pharmaceuticals.
Hardener in epoxy resins.

PMDA Production of polyimide resins. Polyimide resins are high heat resistant
polymers with good electrical and physical properties. They are used for
films, fibres, moulding compounds, varnishes, and wire coatings.

HA Production of fire retardants.

SA Production of adhesives, dyes, and elastomers. It is used as a cross-linking
agent for epoxy resins and as a chemical intermediate for paints containing
drying oils, succinylated monoglyceride food emulsifiers, silver haloid
photographic emulsions, pharmaceuticals, alkyd resins, and plasticizers.

DSA DSA is used in alkyd, epoxy and other resins, anticorrosive agents,
plasticizers, and wetting agents for bituminous compounds.

CA Flame retardant in polyester resins and plasticizers.

TBPA Flame retardant in unsaturated polyester resins and moulding products.
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(plant A) also MHHPA was used and exposure levels up to 403 µg/m3 of MHHPA
were found in casting (195). In casting operations in, for example, the electronics
industry, solid or semi-solid anhydride curing agents (MTHPA, HHPA and
MHHPA) are heated, and the compounds are vaporised (sublimates). The major
exposure in these industries may derive from leakages from ovens during the
subsequent curing step (195).

When epoxy resin was handled in the wet part of the process in the manufacture
of barrels, MTHPA concentrations of 380 µg/m3 were measured, but exposure
levels up to 3 000 µg/m3 of MTHPA were found close to the heated, wet material
before curing (192).

In the manufacture of condensers 5 area samples were collected. The exposure
levels of MTHPA in assembling and hardening were between 36.5-695 µg/m3

(geometric mean). Earlier, before worsening of the work hygiene, 10-fold lower
concentrations of MTHPA had been measured (82).

TCPA exposure has been followed in the manufacture of solenoid coils when
TCPA cured epoxy resin was used. Exposure levels of 140-590 µg/m3 were
measured in the moulding. After improvements in work hygiene the exposure
levels were decreased to <10-110 µg/m3 (118).

When products containing rest monomers or esters of cyclic ortho-dicarboxylic
acids are heated, anhydrides tend to be released and sublimate into the ambient
air. This problem occurs in several work processes, e.g. in the curing of polyester
powder paints containing unsaturated polyesters at elevated temperatures. PA has
been detected when diethylhexyl phthalate, an ester plasticizer, is heated (147).
Cyclic anhydrides have also been detected in welding fumes from painted steel
(73, 102).

All cyclic anhydrides react with water, especially if warmed, and the corre-
sponding acid is formed.

When chlorinated anhydrides are heated to the point of decomposition, chlorine
is released and toxic vapours are emitted (111).

To conclude, the data on exposure measurements from the workplaces are
limited and the measurements have been prompted by work-related health
problems at the work place. Mostly the number of samples is small. When filters
are not used in the sampling, exposure in particulate form may be missed.

The highest exposure levels have been found in flaking, sacking, loading of
reactors and charging with anhydrides in solid form, especially with PA, TCPA,
and TMA. The exposure levels from the last decade have generally been lower
than the earlier ones pointing to the awareness of the harmful effects and to
improved occupational hygiene. Anhydride vapours and sublimates are found in
the work atmosphere when products containing anhydrides are heated. Often
several anhydrides as well as other sensitising or irritating agents are included in
the processes. This makes the exposure more difficult to assess. It is not possible
to group cyclic acid anhydrides according to vapour pressure because of lack of
data.
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6. Measurements and analysis of workplace exposure

6.1 Measurements and analysis of workplace exposure

Solid sorbent tubes are used for the collection of samples of vapours (Tenax,
XAD-2). A bubbler or impinger method is also possible. However, either device
will sample the anhydride as the corresponding acid. Therefore a derivatisation
step is needed in the analytical procedure. The impinger or bubbler method is also
efficient for the sampling of particles but not for small particles formed by, for
example, condensed vapour. Another possibility for sampling particles is to use
PVC or Teflon filters in series with solid sorbent tubes. To recover both particles
and vapours, sampling with both methods is recommended in studies of plants at
which the state of the exposure is unknown (87, 93). For analysis, gas chromato-
graphy (GC) with flame ionisation detection (FID), electron capture detection
(ECD) or mass-spectrometric (MS) detection has been used. Acetic anhydride
may be added to the eluting solutions to increase the stability of the samples in
the elution and analysis steps (87, 93).

6.1.1 Phthalic anhydride
Pfäffli sampled PA from air with Tenax polymer tubes and analysed PA by GC
utilising a 63Ni-ECD. The limit of detection was 0.4 µg/m3 (0.00007 ppm) with an
air sample of 12 1 (147, 149).

PA can also be analysed as the corresponding phthalic acid by reversed phase
high performance liquid chromatography (HPLC), as described by Nielsen et al.
(136).

6.1.2 Trimellitic anhydride
The Manual of Analytical Methods published by the National Institute for
Occupational Safety and Health (NIOSH) in the United States (US) gives method
5036 for measuring TMA. The air contaminants are sampled on a PVC copolymer
membrane filter. After treatment with methanol and boron trifluoride TMA is
analysed as its trimethyl ester by GC-FID. The detection limit is 2 µg per sample
(400 l air). The method does not differentiate between TMA and trimellitic acid
(138).

Geyer et al. collected samples on glass fibre filters and converted TMA to the
corresponding acid with a 0.05 M NaOH solution. The analysis was carried out
with HPLC with an ultraviolet (UV) detector. The minimum quantifiable amount
was 1 µg on a filter sample (sample size not given) (55).

Pfäffli modified the NIOSH method using a glass-fibre filter in series with a
Tenax tube. The analysis was carried out by GC-ECD. The detection limit was 0.6
µg/m3 (12 l of air and a sampling rate of 0.2 l/min) (148).

6.1.3 Maleic anhydride
The US NIOSH Manual of Analytical Methods gives method 3512 for measuring
MA. A known volume of air is drawn through a midget bubbler containing 15 ml
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of distilled water. Maleic acid is analysed by HPLC with an UV detector. The
limit of detection is estimated to 15 µg/m3 per sample. The method does not
distinguish between MA and maleic acid, and it has limited sample stability (138).

Geyer and Saunders used a similar method with 0.1% phosphoric acid in
distilled water as the absorbing solution and as the mobile phase. The minimum
quantifiable amount of MA was 100 µg/m3 of MA using a 100 l air sample (56).

The US Occupational Health and Safety Administration (OSHA) has described
an HPLC method for sampling MA, in which sampling is performed on p-anisi-
dine-treated XAD-2. Determination of the sampled anhydride using an ECD gave
a detection limit of 0.1 µg/m3 with a 12 l sample volume of air (87).

6.1.4 Hexahydrophthalic anhydride
Jönsson et al. reported a method where HHPA was sampled with XAD-2 or a
Tenax tube. The analysis was carried out with GC-FID. The detection limit was
0.1 µg/ml of desorption solution (87, 88).

HHPA has also been sampled with bubblers containing aqueous sodium
hydroxide (NaOH) and detected using GC with FID or electron ionisation MS
after derivatisation to dimethyl esters. The detection limit using electron ionisation
MS was 0.01 µg/sample (60 l of air) (87, 88, 93).

Glass-fibre filter sampling (eluted with aqueous NaOH, derivatisation with
pentafluorobenzyl bromide and determination by GC-MS in the negative-ion
chemical ionisation mode gave results comparable with those of the Tenax
method (93).

A Fourier transform infrared spectrometer has been tested for the direct
measurement of peak levels of HHPA. The limit of detection was 120 µg/m3

(117).

6.1.5 Methyl hexahydrophthalic anhydride
MHHPA has been sampled with Tenax tubes and analysed with GC-ECD (151).
When the sampling was carried out with XAD-2 tubes and analysed with GC-FID,
the detection limit was 0.1 µg/sample (sample volume not given). The detection
limit was equal for the cis and trans isomers of MHHPA (93).

6.1.6 Methyl tetrahydrophthalic anhydride
MTHPA has been sampled using Amberlite XAD-2 solid sorbent tubes and
analysed by GC-FID. The detection limit for air samples was 10 µg/m3 for a 20 l
sampling volume (189). The sensitivity was equal for the isomers in technical
quality of MTHPA (112).

Johyama et al. used silica-gel tubes for the sampling and GC-ECD for the
analysis. MTHPA concentrations >1.0 µg/m3 were quantified at 20 minutes
sampling with a sampling rate of 1 l/min (82).

6.1.7 Tetrahydrophthalic anhydride
THPA has been sampled with XAD-2 tubes and analysed using GC-FID. The
detection limit was 0.1 µg/sample (sample volume not given) (93).
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6.1.8 Tetrachlorophthalic anhydride
Liss et al. sampled TCPA with Teflon filters connected to Tenax tubes and made
the analysis using GC. No detection limits were given (118).

6.2 Measurements of dicarboxylic acids from samples of urine and plasma

Pfäffli reported a method for determining the dicarboxylic acids of PA, HHPA,
MHHPA, and THPA in urine. The acids were esterified with 2,2,2-trichloro-
ethanol and analysed by GC-MS. The detection limits were 2-4 ng/ml urine for
aliphatic and alicyclic acids, and 15 ng/ml for phthalic acid (151). In another study
by Pfäffli urine samples were collected from PA exposed workers pre-shift,
on-shift, post-shift, in the evening, and on the following morning. The samples
were esterified with boron trifluoride and methanol and analysed with GC-ECD.
The detection limit was 0.05 µmol/l (10 ml urine samples). A significant
correlation was found between the phthalic acid concentration in urine samples
and the atmospheric PA concentrations. When the exposure level was about 30%
of the hygienic reference value at that time 6 000 µg/m3, a body-burden was
caused which was not eliminated overnight (146).

Jönsson et al. used esterification with methanol and boron trifluoride and GC-
MS for the analysis. For HHPA-exposed workers a correlation was found between
time-weighted levels of HHPA in air and hexahydrophthalic acid in post-shift
urine (rs=0.93; p<0.023). The detection limit in urine was 20 ng/ml. Because the
urine analysis of one worker exposed to a HHPA time weighted average (TWA)
concentration of 30 µg/m3 showed that more than 85% of the inhaled amount was
excreted in the urine as hexahydrophthalic acid, it was estimated that it is possible
to monitor HHPA air concentrations of approximately 1-2 µg/m3 with this method
(86, 89).

Lindh et al. developed the method further for the analysis of methyl tetrahydro-
phthalic acid in urine. The commercial MTHPA used was composed of three
major isomers. The overall detection limit for the three isomers was <6 ng/ml
(112).

The method was further developed to be less labour-intensive in biological
monitoring and applicable for the determination of hexahydrophthalic acid and
methyl hexahydrophthalic acid. The detection limits in urine were 11 ng/ml and
17 ng/ml, respectively (84).

A method has been developed to measure hexahydrophthalic acid and methyl
hexahydrophthalic acid simultaneously in plasma. Pentafluorobenzyl bromide was
used as the derivatisation agent and the pentafluorobenzyl esters formed were
analysed by GC-MS. The detection limit was 0.4 ng/ml for hexahydrophthalic
acid and 0.3 ng/ml for methyl hexahydrophthalic acid (113).

6.3 Conclusions

Sensitive methods are available to measure air levels of exposure to cyclic acid
anhydrides at the workplace. It is important to choose sampling method according
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to the type of exposure. There are also sensitive methods for analysing the corre-
sponding dicarboxylic acids to PA, HHPA, MHHPA, MTHPA, and THPA in
urine, and dicarboxylic acids in plasma originating from HHPA and MHHPA.

7. Toxicokinetics

7.1 Uptake

When 5 healthy volunteers were exposed to gaseous HHPA at 80 µg/m3 for 8
hours, 1-4% was found in exhaled air during exposure. The concentration of the
metabolite hexahydrophthalic acid in plasma rose rapidly during exposure (90).
One worker was exposed to an 8 hour TWA concentration of HHPA of 30 µg/m3

and urine was collected during 24 hours. More than 85% of the inhaled dose was
excreted in urine as hexahydrophthalic acid (86).

HHPA (1 400 µg) in petrolatum was applied with the epicutaneous skin test
technique (4 Finn Chambers) to the back skin of 3 volunteers for 48 hours. The
volunteers´ urine was collected for 72 hours. The excreted amounts of hexahydro-
phthalic acid, as a fraction of the totally applied amount of HHPA, were within
intervals between 1.4-4.5%, 0.2-1.3% and 0-0.4%, respectively for the 3 subjects.
This indicated that the percutaneous absorption of HHPA was minimal. The
person with the highest absorption had pale erythema after the removal of the
mixture from the skin, a possible higher absorption through inflamed skin was
suggested (91).

There are no data on absorption via the gastrointestinal system.
In conclusion, absorption of HHPA via inhalation is efficient whereas dermal

absorption is low.

7.2 Distribution

Lindh et al. studied the distribution of HHPA by autoradiography after exposing
guinea pigs and rats to (3H2)HHPA via inhalation for 3-8 hours. Medium to high
levels of radioactivity were found in the mucosa of the nasal region and trachea,
whereas negligible levels were observed in lung tissue. Tissue-bound radioactivity
was also present in the gastrointestinal tract and conjunctiva. A low level of
tissue-bound radioactivity was found in the cortex of the kidneys in rat, but not
in guinea pigs. The radioactivity persisted for at least 7 days after the end of
the exposure. The HHPA-derived radioactivity could only partially be extracted
by organic solvents and water, suggesting a covalent binding to tissue macro-
molecules. However, in the lung, the little radioactive HHPA that was found could
also be extracted. The radioactivity in dialysed plasma was mainly found in the
same fractions as albumin (115).
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7.3 Biotransformation and excretion

Acid anhydrides are used to change the properties of proteins to separate them
from their matrix (141). The anhydride group reacts readily with amino acids and
this reaction explains their conjugation with human serum albumin (HSA), which
takes place in the hapten formation of acid anhydrides (175, 214). TMA was
conjugated with HSA rapidly in vitro at 37°C. The reaction was essentially
completed in 1 minute (214).

Plasma protein and albumin adducts have been measured in sera from HHPA-
and MHHPA-exposed workers. The adduct levels correlated well with the
exposure. The half-time of the adducts in vivo was about 20 days (161).

MTHPA was mainly bound to lysine in the collagen of guinea pig lung in both
in vitro and in vivo exposure tests (92). When human erythrocytes were exposed
to HHPA and MHHPA, conjugation with haemoglobin was found. The major
amino acid binding HHPA was also lysine (114).

Acid anhydrides are excreted in urine as the corresponding acids (dicarboxylic
acids).

Both in an animal study and when MHHPA-exposed workers were investigated,
it was shown that the hydrolysis of the anhydride in the body takes time (150,
166). MHHPA concentrations from 3.4-10.7 nmol/l were detectable after the
work-shift in the blood samples of workers exposed to MHHPA at levels between
140-310 µg/m3. The MHHPA found had the same cis form as in the air samples.
No free acids were found (150).

Pfäffli followed the excretion of phthalic acid in workers exposed to PA by
taking urine samples pre-shift, on-shift, post-shift, in the evening, and on the
following morning. At low atmospheric exposure to PA (150 (range 30-330)
µg/m3) the pre-shift phthalic acid concentrations were on the same level as those
found in the urine samples of occupationally unexposed people (0.34 (range
0.02-0.89) µmol/mmol creatinine). In workers exposed to higher concentrations
(1 630 (standard deviation (SD) 130) µg/m3 of PA) an accumulation of phthalic
acid in urine was found. The pre-shift phthalic acid excretion was 1.02 (SD 0.25)
µmol/mmol creatinine. When the exposure was high, 10 500 µg/m3, the pre-shift
urinary concentration was 4.8 µmol/mmol creatinine, about 14 times that seen in
workers with low exposure. No conjugation of phthalic acid to glucuronide was
observed (146).

The urine analysis of one worker exposed to a HHPA concentration of 30
µg/m3 (TWA) showed that more than 85% of the inhaled amount was excreted in
the urine as hexahydrophthalic acid (86).

The half-time of phthalic acid in urine of PA-exposed workers was shown to be
about 14 hours (146). The assumed half-time of the dicarboxylic acids in the urine
of workers with low exposure to MHHPA was about 7 hours, and for HHPA and
THPA the corresponding value was about 14 hours. After 4 hours of exposure to
an MHHPA concentration of 116 µg/m3 in air, an input-output equilibrium for the
anhydride and the urinary acid developed (151). In another study the half-time of
hexahydrophthalic acid in urine was 2-3 hours in HHPA-exposed workers (86).
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The half-times of hexahydrophthalic acid in plasma of 2 male healthy volunteers
were 1.7-1.8 hour after exposure to 80 µg/m3 HHPA for 8 hours (90). Urine
analysis indicated half-times of 3, 3 and 6 hours for the three isomers 3-methyl-
delta 4-tetrahydrophthalic anhydride, 4-methyl-delta 4-tetrahydrophthalic
anhydride, and 4-methyl-delta 3-tetrahydrophthalic anhydride, respectively in a
worker exposed to commercial MTHPA (112).

To conclude, cyclic acid anhydrides bind to plasma proteins and haemoglobin.
The main binding amino acid seems to be lysine. The half-time of MHHPA-
adducts has been shown to be 20 days. Cyclic acid anhydrides are after hydro-
lysation to corresponding dicarboxylic acids effectively excreted in urine. As
much as 85% of the inhaled dose of HHPA has been recovered in urine. The half-
time for the dicarboxylic acid of PA in urine was 14 hours, whereas the corre-
sponding half-times of HHPA, MHHPA and MTHPA were in general shorter,
between 2 and 7 hours.

8. Biological monitoring

Pfäffli analysed phthalic acid in urine of workers exposed to PA levels of 30-
10 500 µg/m3 (TWA) and found concentrations between 0.3-14.0 µmol/mmol
creatinine. At exposure levels of 2 000 µg/m3 of PA, phthalic acid could still be
detected in urine the next day (146).

Hexahydrophthalic acid in plasma and in urine of experimentally exposed
volunteers showed good correlation (r>0.90) with the air level of HHPA (90).

In another experiment the researchers studied 27 workers exposed to a mean
MHHPA concentration of 15 (range 5-60) µg/m3, mainly in casting and in leaks
from curing ovens in a plant manufacturing electrical capacitors. Urine was
collected during the last 4 hours of the shift and from 8 workers before the start of
the work shift and then at 4-hour intervals (7 hours during the night) for 24 hours.
Plasma was sampled at the end of the 8-hour work shift. The elimination half-time
in urine varied between 4 and 10 hours. Workers exposed to less than 10 µg/m3

had urinary levels below the quantification limit before the next shift. A
correlation (r=0.94) was found between the TWA air levels of MHHPA and
the creatinine-adjusted methyl hexahydrophthalic acid levels in urine samples
collected during the last 4 hours of the exposure and likewise between the
exposure and the plasma concentration of methyl hexahydrophthalic acid.
An exposure to 20 µg/m3 corresponded to a methyl hexahydrophthalic acid
concentration of about 140 nmol/mmol creatinine in urine and about 40 nmol/l
in plasma (116).

When protein adducts were measured in the plasma of HHPA and MHHPA
exposed workers, the concentrations correlated with the exposure levels. It was
shown that air levels even below 1 µg/m3 of HHPA and MHHPA were possible to
monitor (161).

In cross-sectional studies the proportion of persons with immunoglobulin (Ig)G
specific for PA, HHPA and MTHPA increased as exposure increased (136, 192,
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195). However, as 50% or more of the subjects were negative even in the groups
with the highest exposure intensity, the value of IgG as a biomarker of exposure
seems limited. This limitation is emphasised by the results of Jönsson et al. who
measured both haemoglobin adducts and HHPA-specific IgG antibodies in serum
in HHPA exposed workers. The exposure was determined from the analysis of
urinary carboxylic acid measurements. The authors found a correlation (r=0.87)
between the urinary hexahydrophthalic acid level and the number of haemo-
globin-HHPA adducts. However, there was no significant correlation between
the exposure and the HHPA-specific IgG (85).

In conclusion, measurement of the corresponding dicarboxylic acids in the urine
of exposed workers is a sensitive non-invasive method for biological monitoring
of some cyclic acid anhydrides. Measurement in plasma samples is also possible.
However, biomonitoring data and methods to measure the corresponding acids of
TMA, MA and TCPA are lacking.

The determination of specific IgG antibodies from blood samples does not
give information of the exposure level according to studies on HHPA-exposed
workers. Results obtained with determination of protein adducts (HHPA and
MHHPA) in plasma are more promising.

9. Mechanism of toxicity

9.1 Irritation

Cyclic acid anhydrides react easily with water, and the corresponding acids are
formed. The formation of acids explains the irritating effects on the skin and the
mucous membranes of the eyes and the respiratory organs (11, 15, 23, 45, 47, 122,
136, 171).

9.2 Allergic contact dermatitis (Type IV)

In animal studies PA has been classified as a moderate sensitiser causing allergic
contact dermatitis of type IV allergy (48). When the allergenicity of chemicals
was more recently studied using cytokine stimulation, PA, TMA, MA, HHPA and
MTHPA were not considered as contact allergens (31-33). The small number of
case reports also suggests that the potency of cyclic acid anhydrides to induce
allergic contact dermatitis is low (94, 96).

9.3 Contact urticaria (Type I)

IgE-mediated contact urticaria due to cyclic acid anhydrides is more usual.
MHHPA, MTHPA, HHPA, CA, and MA have induced contact urticaria in
exposed workers with specific IgE antibodies and positive results in skin prick
tests and in open tests with the anhydride (83, 94, 95, 102, 174). In some cases
airborne exposure without skin contact has resulted in contact urticaria (95, 174).
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9.4 Respiratory sensitisation

Allergic asthma, often preceded by rhinoconjunctivitis, is a well documented
disease of workers exposed to cyclic acid anhydrides, and its occurrence has
stimulated several works concerning the mechanism of the sensitisation. In case
reports and industrial surveys, IgE mediated sensitisation has been verified by
positive reactions in skin prick tests with conjugates of the anhydrides and HSA,
and by specific IgE. In exposed workers, bronchial hyperresponsiveness, a
typical finding in asthma, has been correlated to the specific sensitisation (14).
Immediate, dual, or late bronchial reactions have been found in challenge tests
with PA, MA, HHPA, MTHPA, TCPA, and PMDA (16, 17, 26, 36, 37, 108, 168,
184, 186, 196).

The formation of protein adducts in vivo is believed to be the first step in the
sensitisation process. This has been shown when total protein and albumin
adducts of HHPA and MHHPA were measured in the plasma of exposed workers
(161).

Also in sensitised animals the formation of anhydride-specific IgE and IgG
antibodies has been shown (4, 10, 68, 71, 217, 219, 220). In studies with PA,
TMA, and HHPA, an obstructive bronchial reaction has followed the challenge
tests of sensitised animals (10, 28, 68, 71, 165, 218).

There are some findings of mediator release in acid anhydride sensitivity.
When basophilic leukocytes were challenged in vitro with PA or TCPA-HSA
conjugates, there was a release of histamine, a mediator of allergic reaction. The
in vitro histamine assay was claimed to be useful in the identification of subjects
with allergic responses to anhydrides, even without evidence of IgE-mediated
reaction (44).

In animal studies using pretreatment with different blocking agents, the
mediators histamine and thromboxane A2 have been shown to be mainly respon-
sible for the early and late bronchoconstriction response to TMA. Leukotrienes
and histamine were found to mediate airway plasma exudation to some extent
(6, 8, 69, 71). In sensitised guinea pigs, pretreatment with budesonide signify-
cantly inhibited the increase in airway responsiveness, but not the eosinophilic
inflammation, induced by exposure to TMA dust (67).

Rats pretreated with the immunosuppressant cyclophosphamide showed no lung
lesions and no antibody reaction after exposure to 95 µg/m3 TMA 6 hours/day, 5
days/week for 2 weeks. Thus, the elimination of T- and B-lymphocyte function
could prevent the TMA-induced lesions (106).

Oral pretreatment with cyclosporin A inhibited the immunisation process
caused by TMA in guinea pigs, whereas betamethasone and azelastine had no
significant effect (5). In another study with brown Norway rats both betametha-
sone and cyclosporin A given over the time of sensitisation inhibited the
development of TMA specific IgE and IgG (155).

Activation of inducible nitric oxide synthase has been demonstrated in
bronchial tissue after TMA-guinea pig serum albumin (GPSA) challenge in
sensitised guinea pigs (198).
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The pulmonary disease-anaemia syndrome described due to fumes from TMA-
cured epoxy resin, is a rare disease with haemorrhagic alveolitis and specific IgG
antibodies. In animal studies similar reactions have been found (25, 107).

9.5 Conclusion

Cyclic acid anhydrides are irritants because of formation of corresponding acids in
wet surroundings. They rarely induce contact allergy of the skin but more easily
induce IgE-mediated contact urticaria. The mechanism of respiratory sensitisation
is mainly IgE mediated allergy both in animal studies and when exposed workers
have been investigated. In the challenge tests bronchial obstruction has been
verified, as well as development of inflammation. The determination of specific
antibodies and mediators of allergies and allergic inflammation in the studies with
cyclic acid anhydrides has given new information on allergic reactions in general.

10. Effects in animals and in vitro studies

10.1 Irritation and sensitisation

10.1.1 Irritation
In animal studies PA has not been found to be as irritating as MA and TMA
(Table 7).

A PA solution (50%) in oil did not irritate rabbit ears after 20 hours of exposure
(34). PA (0.5 g/patch) did not cause skin irritation on rabbits when applied by the
semi-occlusive or occlusive method over a period of 1 or 4 hours. The results
were assessed at 1, 24, 48 and 72 hours, or 7 days later (154).

One drop of PA (5%) in polyethylene glycol 400 was slightly irritating to rabbit
eyes, while a 0.5% solution was not irritating (34). In an experiment with rabbits,
the irritant effects of PA on the skin and eyes correlated with each other. PA was
found to be a mild skin irritant, but a moderate eye irritant (47).

TMA (50%) caused dermatitis in mice and rats after a single or repeated
application to the skin for 2 hours. The effects were slight and reversible (15).

MA and TMA have been shown to be extremely irritating to eyes in animal
experiments. There was cloudiness of the cornea and hyperaemia of the con-
junctiva a few minutes after the application of 1% MA to the eyes of rabbits.
The next morning the eyes were normal. A 5% solution of MA induced more
intense irritation, which lasted 1 week. A minute amount of MA powder caused
long-lasting damage with vascularisation of the cornea of the rabbit (197).
The application of 50 mg of TMA powder to rabbit eyes produced reversible
hyperaemia of the conjunctiva, and lacrimation and blepharospasms (15).

In a 6-month inhalation study on MA, rats, hamsters and monkeys were
exposed to concentrations of 0, 1 100, 3 300, and 9 800 µg/m3, 6 hours/day for 5
days/week. Dose-related ocular and nasal irritative signs were present at all
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Table 7. Irritative and sensitising effects of acid anhydrides on different animal species.

Anhydride/
Species

Route of
administration

Exposure data Effect   Reference

PA
Rabbit Eye application 50 mg Moderate irritation (139)
Rabbit Dermal (patch) 500 mg (1 or 4 h) No skin irritation (154)
Rat, Brown
Norway

Intradermal 0.1 ml 0.2 M PAa Specific IgE and specific
IgG antibodies

(220)

TMA
Rabbit Eye application 50 mg Conjunctival hyperemia,

lacrimation
(15)

Guinea pig Intradermal 0.1 ml of 30% TMA Specific IgG1 and IgE
antibodies

(22)

a Specific IgE and IgG antibodies have been induced in similar studies with TMA, MA, HHPA,
MHHPA and MTHPA (220).

exposure levels. A histopathological examination of nasal tissue (turbinate
sections immediately posterior to the upper incisors) revealed irritation
(hyperplasia, metaplasia) in rodent species and inflammatory changes in all
species. All changes were judged to be reversible (171).

10.1.2 Allergic contact dermatitis
The potency of PA to induce allergic contact dermatitis has been investigated with
the Buehler test (closed patch test in guinea pigs) and the mouse ear swelling test
(MEST). According to both tests PA was classified as a moderate sensitiser (48).
The guinea pig maximisation test has not been carried out with acid anhydrides.

In other studies investigating the patterns in cytokine production following
topical sensitisation, PA, TMA, MA, HHPA and MTHPA were not found to be
contact allergens (31-33).

10.1.3 Respiratory sensitisation
Table 8 contains data from the respiratory sensitisation studies. Sensitisation
with the production of specific antibodies is essential for the development of
an allergic respiratory disease. Antibody response has been induced by both
bronchial, subcutaneous, intradermal and parenteral sensitisation routes.

When monkeys were exposed parenterally to PA-monkey serum albumin
(MSA), PA dissolved in ethanol saline, MSA, or ethanol-saline alone, sensi-
tisation was observed only with PA-MSA. The presence of new antigenic
determinants formed by PA on protein carriers was essential for the parenteral
sensitisation (21).

Guinea pigs were sensitised by inhalation of PA dust at 500, 1 000, 5 000
µg/m3, for 3 hours/day for 5 consecutive days. A PA-guinea pig serum albumin
(GPSA) challenge after 2 weeks elicited an immediate onset of respiratory
reactions, determined by plethysmography, in animals exposed to all 3 levels of
dust. The inhalation challenge with PA dust (5 000 µg/m3) did not cause an



24

immediate response, but the animals had significant number of haemorrhagic
lung foci. No foci were seen in the lungs of PA-GPSA challenged animals. IgG-
PA-GPSA antibodies were detected in sera of all the PA-exposed animals, and the
dose-response relationship was highly significant (165).

In a Japanese study rabbits were sensitised subcutaneously to PA-rat serum
albumin (RSA). High titres of IgG against PA-RSA were found, but also against
PA-HSA and HSA. IgG-PA-HSA antibodies had cross-reactivity with HHPA-
HSA, MHHPA-HSA, and MTHPA-HSA. After purification of specific IgG-PA,
the levels of specific IgG to other conjugates were unchanged. Two types of IgG
antibody production were suspected, one to PA hapten alone and the other to new
antigenic determinants on HSA (66).

Dykewicz et al. sensitised 2 rhesus monkeys intrabronchially with serum from a
worker with TMA asthma and high titres of IgE, IgG, and IgA to TMA-HSA. The
monkeys were challenged with TMA-HSA aerosol and bronchospasm appeared.
After 1 week the challenge was negative. Passive cutaneous anaphylaxis was also
found with the Prausnitz-Küstner test (38).

In an inhalation experiment rats were exposed 3 hours/day for 5 days to 0, 10,
30, 100 or 300 µg/m3 of TMA dust. Haemorrhagic lung foci were found in rela-
tion to exposure concentrations of 30-300 µg/m3. The serum antibody binding of
trimellitic-RSA correlated with exposure concentration, presence of haemorrhagic
lung foci and lung weight. The lung lesions had healed 12 days after the exposure,
but returned soon after a repeated exposure (211). A histological examination of
the lung lesions indicated extensive cellular infiltration, primarily macrophages,
alveolar haemorrhage, and pneumonitis. These effects increased in proportion to
the concentration. The lungs were the only organs affected (107).

Chandler et al. exposed rats to TMA powder (100 µg/m3) for 6 hours/day, 5
days/week for 2 weeks. Haemorrhagic foci were observed on the surface of the
lungs at autopsy. The authors found higher total antibody concentrations in the
fluid of bronchoalveolar lavage (BAL) than in serum. IgG, IgA, and IgM anti-
bodies to TMA-RSA were detected. Inhibition studies showed that both TMA-
RSA and TMA-HSA conjugates cause complete inhibition of the rat IgG binding,
whereas the human IgG was inhibited only by TMA-HSA. The early antibody
response in the rat was directed towards new antigenic determinants common to
TMA-modified albumins (25). The immune response to inhaled TMA has been
found to occur in parallel with the development of lung lesions. The antibody
levels in BAL and serum were highly correlated with the lung injury (209).

After rats had inhaled TMA powder (500 µg/m3 or 330 µg/m3) on days 1, 5 and
10 for 6 hours/day they were challenged with TMA (540 µg/m3 or 300 µg/m3), on
day 29 or 22, respectively. In the high exposure group, IgM and IgA antibodies to
TMA-RSA started to increase from day 5 and peaked at day 20. IgG antibodies
appeared on day 7 and peaked at day 20. A mean of 216 haemorrhagic lung foci
was found. In the low exposure group animals that were not rechallenged had
fewer lung foci than the rechallenged animals. In the rechallenged group there was
a correlation between all the antibody measures and lung injury. A subgroup of
animals was exposed to a TMA level of 500 µg/m3 only on days 1 and 5 and
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challenged with 500 µg/m3, on day 29. A mean of 112 haemorrhagic lung foci
was found, and there was a good correlation between the antibody response and
the lung injury (208).

Hayes et al. developed a guinea pig model for TMA-induced airway hyper-
sensitivity responses by sensitising animals intradermally with 0.1 ml of 0.3% free
TMA in corn oil. Control animals were given 0.1 ml corn oil. An increase in the
level of specific serum IgG1 antibodies was found in all sensitised animals, and
IgE antibodies were detected in 6 of 8 sensitised animals. On days 21 to 28 a
tracheal challenge (50 µl) with 1% TMA-GPSA gave increased lung resistance in
sensitised animals compared with non-sensitised animals. Airway microvascular
leakage was also seen in sensitised animals when tested with Evans blue (70).
When challenged by inhalation through the nose (12 000 µg/m3 TMA, 30
minutes), the animals showed a significant increase in bronchial reactivity 8 hours
after the exposure, and the increase was accompanied by an eosinophilic inflam-
matory exudate (68).

Arakawa et al. investigated the time course of immune and airway responses
after sensitising guinea pigs through two intradermal injections (0.1 ml of 0.3%
TMA in corn oil). They challenged the animals after 1, 2, 3, 5 and 8 weeks with
50 µl of 0.5% TMA-GPSA intratracheally. The challenge induced a significant
increase in lung resistance, reaching a maximum at 2.5 minutes in the 1-week
group and between 5 and 6 minutes in the other sensitised animals. A significant
extravasation was also found that increased up to 8 weeks. Specific IgG1 anti-
bodies were detected in all the animals in the 3-, 5-, and 8-week groups; this result
correlated with the extravasation but not with the increase in the resistance (7).

Brown Norway rats were intradermally sensitised with TMA and then chal-
lenged once or seven times with TMA-RSA conjugate. High levels of TMA-
specific IgE and IgG were found in all the sensitised rats when they were
compared with controls. A single allergen challenge did not cause bronchial
hyperreactivity but repeated challenge produced significant bronchial hyper-
reactivity in sensitised rats. Repeated, low-dose challenges produced more
hyperreactivity than a 10 times higher single dose. Bronchial eosinophilia was
found in the sensitised and single-challenged groups, but not in the non-sensitised
non-challenged and sensitised re-challenged groups (28).

Inhibiting complement activation prevented inflammatory cell infiltration in
TMA-induced asthma. This phenomenon was studied by pretreatment of guinea
pigs with a cobra venom that reduced the complement component C3 in broncho-
alveolar lavage fluid after TMA-GPSA challenge. The immediate bronchocon-
striction was not affected, nor was the microvascular leakage. The TMA-induced
increase in mononuclear cells, total white blood cells and red blood cells, and the
erythrocyte peroxidase activity was reduced (46).

When sensitised brown Norway rats were challenged, TMA induced an imme-
diate bronchoconstriction. Eosinophilic aggregates and goblet cell hyperplasia
and hypertrophy were seen in the lungs and also induction of haemorrhages in
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sensitised animals. A less marked eosinophilic infiltration of the lungs was seen
also after the challenge tests of the non-sensitised animals (10).

Zhang et al. studied the mechanism of allergy by developing a regime for the
intradermal sensitisation of guinea pigs to HHPA. The animals were immunised
by an intradermal injection with single and booster injections of 0.1 ml of 0.02%,
0.1%, 0.5%, 5%, and 10% mixtures of HHPA in olive oil. Single injections of
<0.5% produced no positive findings of specific IgE or IgG antibodies. A single
injection induced optimal levels of IgG after 14 days at a dose of 5% HHPA. The
IgE titres were low and only positive in 40-50% of the animals at injections of
0.5-10% HHPA. For IgE induction, booster injections were needed (217). The
authors also studied the relationship between specific IgG1 levels and airway
responses to predict the sensitising potential of acid anhydrides. They concluded
that allergen challenge in HHPA-sensitised guinea pigs results in both airway
obstruction and plasma extravasation, and that responses are related to the serum
levels of specific IgG1 (218, 219).

Anaphylactic bronchoconstriction has been induced in guinea pigs sensitised
with HHPA or MTHPA and challenged by inhalation or intravenously with the
corresponding GPSA conjugate. A steep dose-response relationship was found.
The critical dose was accordingly established to be approximately 40 µg/kg (221).

A model to differentiate chemicals for different types of allergenicity has been
developed. Mice were sensitised topically, by applying the test material dissolved
in 4:1 acetone:olive oil, to a shaved flank under an occluded patch for 48 hours.
After 5 days the ear thickness was measured, and then the dorsum of both ears
was treated with 25 µl of the tested chemicals, TMA, and 2,4-dinitrochloro-
benzene, the later being a potent contact allergen without respiratory sensitisation
properties. When the levels of activation (cell proliferation) in lymph nodes
draining the site of application were similar, comparable levels of contact
sensitisation and IgG anti-hapten antibodies were induced by these chemicals, but
only TMA increased the IgE production. Furthermore, while TMA induced IgG2b

rather than IgG2a antibodies, the reverse pattern was observed with the contact
allergen. The results pointed to a different type of T lymphocyte (Th1 and Th2)
response to these chemicals (31). A similar response has been found with PA,
MA, HHPA, and MTHPA (32, 33). Arts et al. used brown Norway rats in a very
similar setting with TMA, dinitrochlorobenzene, formaldehyde, and methyl
salicylate. They also found a significant increase in the serum IgE concentration
after exposure to TMA but not after exposure to the other chemicals, skin
sensitisers, or irritants (9).

Welinder et al. studied the relationships between chemical structure and
immunogenicity for 13 dicarboxylic acid anhydrides in guinea pigs intra-
dermally sensitised with SA, MA, methyl maleic anhydride (MMA), cis-HHPA,
trans-HHPA, MHHPA, cis-1,2,3,6-tetrahydrophthalic anhydride (THPA1236),
cis-3,4,5,6-tetrahydrophthalic anhydride (THPA3456), MTHPA34, MTHPA44, PA,
4-methyl phthalic anhydride (4-MPA) and TMA. Specific IgG was significantly
increased in all animals except those immunised with THPA3456 and SA, which
sensitised some but not all the animals. The titres of specific IgG1 and IgG2 were
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increased in IgG-positive animals. Passive cutaneous anaphylaxis test was used
for determining specific IgE. Specific IgE was positive in all the animals immu-
nised with MA, MHHPA, MTHPA (both isomers), and 4-MPA and in 6/9 and 5/9
guinea pigs immunised with TMA and MMA, respectively. The test results were
contradictory for PA and HHPA. The sensitising potentials of different organic
acid anhydrides showed a considerable variation. The substitution of hydrogen in
the C4 position by a methyl group or adding a double-bond to the same position
enhanced the immunogenicity of the anhydrides (194, 219). In brown Norway rats
sensitised intradermally with 14 different acid anhydrides (0.1 ml of 0.2 M) or 3
anhydride conjugates (1 400 µg of RSA conjugate) specific IgE antibodies were
measured after 4 weeks. The titres (median) obtained after sensitisation with free
MPA, PA, cis-HHPA, 4-MHHPA and TMA were 1 600-3 200 (range 800-6 400)
and after sensitisation with MA, THPA1236 and both isomers of MTHPA the titre
was 800 (range 200-3 200). SA as free was negative, but in conjugate form,
positive titres of specific IgE were found as well as with MA and cis-HHPA
conjugates (220).

The specificity of the antibodies was studied with inhibition tests. The
anhydrides with methyl group or double-bond similar to the sensitising anhydride
caused higher inhibition effect when compared to the anhydrides with different
structures (217, 219, 220).

In conclusion, specific IgE and specific IgG antibodies (PA, TMA, HHPA,
MHHPA, and MTHPA) have been measured as a marker of sensitisation in
animals after immunisation. In guinea pig studies methylation and the presence of
a double bonding in the C4 position of the anhydride molecule enhanced the
sensitising potential. However, the results of the studies with brown Norway rats
were partly different. In inhibition studies cross-reactivity was shown between
anhydrides with similar structures. In challenge studies of sensitised animals,
bronchial responses similar to bronchial asthma in humans have been seen. TMA
dust evokes a lung reaction in animals that is similar to the pulmonary disease-
anaemia syndrome.
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Table 9. Acute lethality data for organic acid anhydrides.

Anhydride Species Route of
administration

LD50

(mg/kg bw)
Reference

PA Cat Oral 800 (139)
Rat Oral 1 530 (139)
Mouse Oral 1 500 (139)
Mouse Intraperitoneal 75.5 (41)

TMA Mouse Oral 1 900 (15)
Rabbit Oral 5 600 (139)

MA Rat Intraperitoneal 97 (139)
Rat Oral 400 (139)
Guinea pig Oral 390 (139)
Mouse Oral 465 (139)
Rabbit Oral 875 (139)
Rabbit Dermal 2 620 (187)

MTHPA Rat Oral 2 140 (173)

THPA Rat Oral 5 410 (167)

TCPA Rat Oral >15 800 (167)
Rabbit Dermal >5 000 (167)

10.2 Effects of single and short-term exposure

Table 9 presents compiled data on the lethal dose for 50% of the exposed animals
at single administration (LD50) of organic acid anhydrides. PA and MA have the
lowest LD50 -values in animal studies. In rats the oral LD50 values are 400 and
1 530 mg/kg, respectively. TCPA is the least acutely toxic anhydride with LD50

value >15 800 mg/kg orally in rats.
Oral TCPA (7 days, at 25 000, 100 000, 250 000 or 500 000 µg/kg in corn oil)

has been shown to be a weak wide-spectrum inducer of microsomal enzymes in
rats. A similar effect was not observed for mice (159).

10.3 Effects of long-term exposure and carcinogenicity

When rats, hamsters and monkeys were exposed to MA vapours (1 100-9 800
µg/m3) for 6 months, no exposure-related effects were found in histopathological
investigations of lungs, liver, spleen, bone marrow or kidneys. A histopathological
examination of nasal tissue revealed irritation (hyperplasia, metaplasia) in rodent
species and inflammatory changes in all species. All changes were judged to be
reversible. In the metaplastic changes the cuboidal to low columnar epithelium
became hyperplastic and pseudostratified. Transformation to nonkeratinising
squamous-type epithelium was seen. Metaplastic changes were present at all dose
levels with a nonlinear increase in incidence (171).

When rats were exposed to HHPA vapours at 34 300, 68 600 or 137 300 µg/m3

(6 hours/day, 5 days/week for 2-11 weeks), their cerebral and cerebellar acetyl-
cholinesterase activity was below the control range at 137 300 µg/m3 after 2
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weeks (p<0.01). After 11 weeks the activities had normalised to control levels.
The creatine kinase activity increased in the cerebellar tissue after 11 weeks of
exposure (p<0.01) (166).

Information on carcinogenicity of acid anhydrides is scarce. No evidence of
carcinogenicity was found for PA in long-term feeding studies with rodents (65,
103, 104, 169).

When 6 rats where injected subcutaneously twice weekly with 2 000 µg of SA
in 0.5 ml of arachis oil for 65 weeks, subcutaneous sarcomas developed at the
injection site in the 3 rats that had survived 93-106 weeks. No tumours occurred in
the 24 controls injected with arachis oil alone. The controls survived 45-106
weeks (77).

10.4 Mutagenicity and genotoxicity

No mutagenic activity has been found with PA, TCPA, or TBPA in Salmonella
typhimurium in Ames test (121, 207). No effect of PA or TCPA was found on
chromosomal aberrations neither in cells derived from Chinese hamster ovary
cells nor in rat liver cells in vitro (49, 152).

Furthermore, when Chinese hamster ovary cells were tested for the induction of
sister chromatid exchanges, PA and TCPA produced negative results (49). In a
later chromosome aberration study using a higher and cytotoxic PA concentration
(10 mM), an 18.5% increase in aberrations was seen compared to 3% in the
control test (75).

There are no data on the mutagenicity or genotoxicity of other cyclic
anhydrides.

10.5 Reproductive and developmental studies

Fabro et al. studied the teratogenicity of PA and SA in mice with daily intraperi-
toneal injections at doses of 0.2 to 0.6 mmol/kg/day on gestation days 8-10. They
found malformations only at exposure levels of maternal toxicity (41).

No effects on reproduction were observed in CD-l mice when TMA (550 000
µg/kg) was given orally on days 7 through 14 of gestation (72).

No treatment-related effects on foetal development were seen in rats treated
orally with MA in corn oil at a dose of 140 000 µg/kg/day from days 6-15 of
gestation. Furthermore, no treatment-related effects on reproduction were
observed with MA at doses up to 55 000 µg/kg/day over 2 generations (170).

PA caused malformations at a high frequency when 200, 100, 50, or 25 µg
of PA per egg was injected into the air chamber of the egg of 3-day chicken
embryos. A dose-response effect was found for early (105).

In conclusion, there is no evidence of teratogenic effects. However, only a few
cyclic anhydrides have been tested.
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11. Observations in man

Observations on human exposure are based on case reports of occupational
sensitisations, industrial surveys, and some experimental human studies. In early
reports the information on exposure levels is limited.

In humans, cyclic anhydrides cause irritation and sensitisation after direct
contact with the skin and the mucous membranes or after exposure by inhalation
(215).

The irritative symptoms (itching, lacrimation, sneezing, rhinorrhoea, cough,
and dyspnoea) begin immediately at exposure to high concentrations of dust or
vapours. The most common allergic diseases are rhinoconjunctivitis and asthma,
both immediate-type IgE-mediated allergies. Also late-type respiratory symptoms
with specific IgG antibodies have been described. A less frequent consequence
is the severe disease called pulmonary disease-anaemia syndrome, and contact
eczema, contact urticaria, allergic laryngitis, and allergic alveolitis. One case of
haemolytic anaemia in an MA-exposed worker has also been reported.

11.1. Irritation and sensitisation

Conjunctival, nasal, and bronchial irritation is a common immediate feature
following exposure to acid anhydrides (11, 126, 135, 136, 214). On mucous
membranes and on sweating skin, they are hydrated to acids and can cause
irritation, reddening, corneal damage, caustic dermatitis, and burns (122, 126).

The human nasal irritation threshold for PA has been reported to be 30 000
µg/m3 and that for MA is 5 480 µg/m3. However, exposure duration, generation
of particles and particle sizes were not given (162).

Nielsen et al. studied 60 workers exposed to mean levels of 400 µg/m3 PA
with peak levels of 6 600 µg/m3 during the loading of reactors. Of the 35 heavily
exposed workers, 5 (14%) had asthma and 24 (69%) reported work-related
symptoms of rhinitis and/or conjunctivitis. All the asthmatics were loaders. Four
subjects had positive specific IgE, and 1 of the 4 suffered from asthma (136). The
results indicate an irritative, non-allergic effect of PA on the mucous membrane.
In a follow-up study, no significant effect on large airways, small airways, or
alveolae was observed in the group of loaders when they were compared with the
unexposed controls (130). When 20 HHPA-exposed subjects with work-related
nasal symptoms were investigated, only 11 HHPA sensitised persons had positive
reactions in the specific nasal challenge tests. The challenge test was negative in 9
subjects, all of them without HHPA sensitisation according to skin prick tests and
determination of HHPA specific IgE antibodies but who nonetheless had irritant
symptoms upon HHPA exposure (135).

Irritant haemorrhagic rhinitis has been reported as a result of MA exposure (18).
There is one report of anhydride-induced reactive airways dysfunction

syndrome (RADS). RADS is characterised by damage of the bronchial epithelia
followed by neurogenic inflammation and asthma (51). The person experienced
acute mucosal symptoms immediately after an accidental 10-minute exposure to a
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high concentration of PA. Symptoms of asthma developed, and 2 months later a
nonspecific bronchial hyperreactivity was verified, which resolved after about
3.5 years (45).

11.2 Effects of repeated exposure on organ systems

Allergic reactions of the skin and conjunctiva and allergic respiratory manifes-
tations are well known effects of occupational exposure to cyclic anhydrides.
Respiratory diseases include occupational allergic rhinoconjunctivitis and
occupational asthma. Urticaria and allergic rhinoconjunctivitis often precede
asthma. Cases of haemorrhagic alveolitis, haemorrhagic anaemia, allergic
alveolitis, and allergic laryngitis have also been reported in association with
exposure to anhydrides.

In industrial surveys the prevalence of occupational asthma due to different
anhydrides has varied between 8-18% in those exposed to PA, 2-11% for TMA
exposure, 15% for HHPA exposure, 11% for MHHPA exposure and 3-39%
for TCPA exposure (203). According to the Finnish Register of Occupational
Diseases, cyclic acid anhydrides caused the following numbers of diseases relative
to the total numbers in 1997-1999: asthma 1/902, rhinitis 14/1 001 and contact
urticaria 8/478. There were no reports of allergic alveolitis or allergic contact
dermatitis (97-99).

There are no data showing an effect on other organ systems.

11.2.1 Allergic dermatitis
DSA sensitised a laboratory technician who prepared tissues for electron micro-
scopy. The delayed-type allergic reaction was verified with positive patch tests
with 0.5-1% DSA in acetone. Tests on 15 controls were negative. The patient did
not react to epoxy resin, accelerator or another hardener (57).

A worker who used a horizontal boring machine contracted allergic contact
dermatitis when exposed to MHHPA. Patch testing with a dilution series of
MHHPA in petrolatum gave the following positive results: 2%, 1% and 0.5% ++;
0.25% and 0.125% +. Immunohistochemical and electron microscopic observa-
tions indicated that the patch test reactions were conventional delayed allergic
reactions. The patient also had an immediate-type contact dermatitis due to
exposure to MHHPA, verified with positive skin prick tests and presence of
specific IgE antibodies, and also erythematous skin symptoms in a chamber
provocation test with MHHPA (96).

In a cross-sectional dermatological examination, 190 workers at 5 ceramics
factories were investigated. The patch test series included MA (1% in ether) and
PA (1% in petrolatum). Two workers had a positive patch test reaction to MA; no
other data were available on these cases. The authors reported that, earlier, MA
had been involved in 3 cases of skin sensitisation (129).

In 1955 urticarial reactions were reported among workers in PA production by
Menschick (126) and Baader (11). There are, however, only a few case reports of
immediate-type dermatitis due to acid anhydrides. MHHPA induced contact
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urticaria in a worker from a factory where electronic components were filled with
MHHPA-cured epoxy resin. The sensitisation was confirmed with the open test,
which gave a positive reaction with the filling mixture and the hardener tested
separately. Open tests with all the other components were negative, as were the
epicutaneous tests with all the components. Open tests with the hardener were
negative for 12 control persons (83). Tarvainen reported 2 cases of contact
urticaria, one due to MHHPA, and the other due to MTHPA. Neither person had
had skin contact with the anhydride; instead the exposure had only been airborne.
Symptoms of urticaria began after 2 months of exposure. Later, conjunctivitis,
rhinitis, and asthma symptoms also developed. An IgE-mediated allergy was
diagnosed by means of skin prick tests and specific IgE antibodies (174). Another
case of airborne contact urticaria due to MHHPA and HHPA has been reported for
a winder in the electronics industry (95). CA has caused contact urticaria in a
welder exposed to welding fumes of chlorinated polyester paint containing CA.
An IgE-mediated allergy was verified with skin prick tests and specific IgE
antibodies, and an open test with CA was also positive (102). MA has caused
contact urticaria in an operator exposed to MA dust in a firm manufacturing
polyester resin (94).

In conclusion, allergic dermatitis due to cyclic acid anhydrides is rare. There are
only two case reports on delayed-type contact allergy, due to DSA and MHHPA.
IgE mediated contact urticaria is more common, induced by contact or sometimes
even airborne exposure to MA, MHHPA, MTHPA, HHPA and CA.

11.2.2. Respiratory allergies
Kern reported the first case of occupational asthma caused by an organic acid
anhydride as early as 1939 (100). During the last 10 years a growing number of
cases of asthma or rhinoconjunctivitis due to different acid cyclic anhydrides has
been reported. The symptoms have been those of typical occupational asthma and
rhinitis. After a symptom-free latency period the worker experiences symptoms
when exposed to acid anhydrides at the workplace. The diagnosis has been based
on the exposure, symptoms, and a cause-effect relationship proved with immuno-
logical tests or challenge tests. In industrial surveys the diagnosis has often been
based on questionnaire and immunological studies.

Reports of occupational asthma are presented in Table 10 according to the
exposure. The more rare sensitising anhydrides are PMDA (epoxy glue (125),
production of PMDA (18)), HA (manufacture of synthetic flame-retardants, (160))
and CA (in fumes of polyester paints, (102)). There are no reports of THPA- or
TBPA-induced cases of occupational allergy.

Data from the industrial surveys on the findings of antibody formation and
symptoms are compiled in Table 11.
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Table 10. Type of industry or occupation in reports of occupational rhinitis and asthma.

Acid anhydride Exposure situation/occupation Reference

PA PA production (128)

Production of alkyd or unsaturated polyester resins (13, 136, 196)

Paint factory (43, 100)

Varnish production (54)

Plastic grinder (188)

Chemical foreman (120)

Tyre and rubber manufacture (27)

Meat wrapper/price label fume (110)

TMA TMA production (216)

Mixing of TMA powder to epoxy resin (164)

Epoxy powder painting (43, 109)

Manufacture of cushioned flooring (13)

MA Epoxy resin insulation (64, 171)

MA production (50)

Alkyd or polyester resin production (13, 108)

HHPA Epoxy resin moulding (127)

Isolating of components for the electronics industry (195)

Production of electrical capacitors (195)

Production of epoxy hardener (26)

MHHPA Filling of electric components (163)

MTHPA Epoxy resin coating (133, 137, 199)

TCPA Epoxy resin production (168)

Epoxy resin coating (76)
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Determinations of specific antibodies
The proof of IgE mediation in immediate-type asthma or rhinitis due to acid
anhydrides is convincing. When Kern reported the first case of asthma and rhinitis
due to PA in 1939, he already had evidence of the immunological background.
The scratch test with PA in crystalline form and diluted 1:1 000 in alcohol gave
positive reactions. The tests with control patients were negative. The passive
transfer test was also positive (100). Maccia and his colleagues were the first to
find specific IgE in the serum of a patient with asthma due to PA in 1976. The
patient experienced an immediate asthmatic reaction in the provocation test with
PA dust (120).

Specific IgE has been found to PA, TMA, MA, TCPA, HHPA, HA, MHHPA,
MTHPA, and CA (36, 76, 118, 120, 127, 134, 136, 160, 164, 176, 192, 193, 195,
201, 216). The induction time for positive specific IgE antibodies has been 8.8
(range 1-35) months when HHPA-, MHHPA-, and MTHPA-exposed workers
were followed. The incidence of sensitisation was 4.1 cases/1 000 months at risk
(193). The half time for specific IgE antibodies after cessation of the exposure
was 1 year for TCPA and 0.9 year for MTHPA (186, 191). Commercial tests are
available for measuring specific IgE antibodies for some anhydrides (123).

Inhibition studies and passive transfer studies have supported the specificity of
IgE antibodies. However, cross-reactivity between some acid anhydrides has been
reported (36, 119, 176, 190).

Immediate-type skin tests with acid anhydride-HSA conjugate have correlated
well with the finding of specific IgE (17, 76, 143, 190, 192, 193, 216).

The location and specificity of the IgE antibody for the epitopes present on the
acid anhydride (hapten)protein complex have been studied. It has been postulated
that the reaction of acid anhydride with albumin alters the albumin to form a new
antigenic determinant or that the hapten is altered at the antibody-combining site
(19, 143, 210, 216). The formation of new antigenic determinants on the albumin
site explains the cross-reactivity in the radioallergosorbent tests (RAST). There is
evidence that in patients sensitised to TCPA and TMA, the antibody combines
with the anhydride and the adjacent portion of the HSA molecule, whereas in
patients sensitised to PA, the antibody is specific to the hapten (176). TMA is
claimed to form unique antigenic determinants that do not bind significantly with
antibodies formed by sensitisation to PA, HHPA and HA. This may explain why
significant cross-reactivity with TMA has not been found in inhibition studies (19,
176, 216).

The workers exposed to either MTHPA or both HHPA and MHHPA have
showed a marked cross-reactivity in skin prick tests, in the specific IgE deter-
minations as well as in inhibition studies to MTHPA-HSA, HHPA-HSA, and
MHHPA-HSA but not to PA-HSA and MA-HSA. For PA-exposed subjects the
cross reactivity with other anhydrides was less pronounced (190).

The serum levels of specific IgE antibodies and interleukin-4 and interleukin-13
as Th2 lymphocyte markers and interferon-gamma as a Th1 lymphocyte marker
were measured in 147 MTHPA-exposed workers. Work-related eye and nasal
symptoms due to MTHPA were associated to the levels of interleukin-4 and also
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interleukin-13. A shift in the balance between Th1 and Th2 cells was suspected due
to the IgE mediated allergic response (204).

Specific IgG antibodies have been studied especially in connection with
sensitisation to TMA. Specific IgG antibodies against TMA-HSA have been
correlated with late-onset occupational asthma due to TMA. They have also been
found in the pulmonary disease-anaemia syndrome due to TMA, as have IgG
antibodies to erythrocyte conjugate (142, 144, 145, 164, 177).

Specific PA-IgG antibodies have been found in a worker exposed to PVC
degradation products and phthalic acid esters. This finding indicates exposure to
phthalic anhydride (131).

No cross-reactivity with PA, MA, HHPA, or TCPA was found when the
specificity of IgG antibodies against TMA-HSA conjugate was investigated. In
an equal test TMA-HSA was able to inhibit IgG bound to both PA-HSA and
MA-HSA. Another antibody was suspected (53).

Nielsen and his co-workers have studied IgE, IgG, IgG4, and IgM antibodies
specific for PA in workers from alkyd or unsaturated polyester resin production.
The mean level of exposure was 6 600 (1 500-17 400) µg/m3 (time-weighted
average, TWA) during loading and for full workday 400 µg/m3. Of the heavily
exposed workers, 69% had rhinitis and/or conjunctivitis and 5 workers (14%) had
PA-induced asthma. There was a significant (p=0.01) difference between the
heavy and low exposure groups only for specific IgG against PA. Only 1 worker
with asthma had an increased specific IgE level. The subjects with asthma had
significantly higher values for specific IgG than the asymptomatic subjects.
Specific IgG4 was found in 4 persons, 3 had asthma and 1 had rhinitis. The
authors concluded that specific IgG is an index of PA exposure, and that specific
IgG4 may be a pathogenetic factor in asthma (136).

In TMA-exposed workers, the levels of IgG1-4 subclasses against TMA-HSA
did not differ between workers with and without a TMA-induced immunological
lung disease (52).

In MTHPA-exposed workers no association between work-related symptoms
and specific IgG4 antibodies was found, but the intensity of the exposure was the
major determinant of specific IgG4 levels (201, 205).

Reports of allergic occupational diseases due to cyclic anhydrides: PA
Wernfors et al. studied 118 workers in four plants producing alkyd or unsatu-
rated polyester resins. Forty-eight were current employees and 70 were former
employees. The PA dust concentrations during the loading of the reactors and in
the handling of bags were very high, up to 13 000 µg/m3. The fraction of
respirable dust was about 40%. The authors found 28 (24%) persons with work-
related rhinitis and 21 (18%) with asthma. Eleven per cent had symptoms of
chronic bronchitis. In 10 of the 21 asthmatics, rhinitis preceded the asthmatic
symptoms. The latency period before the onset of the respiratory symptoms
ranged from 1 month-16 year. A positive skin-scratch test was found in 3 of the
11 asthmatics but in none of the non-asthmatics. A Prauznitz -Küstner test was
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positive with serum of 2 asthmatics. The same patients were challenge tested. The
bronchial provocation tests with PA powder 6 000 µg/m3 (5 minutes) caused a
dual asthmatic reaction in the first patient, whereas the test with 500 µg/m3 was
negative. The second patient experienced a dual reaction when challenged with
the lower PA concentration (196).

When the exposure level of PA was measured (Table 11), the full day TWA for
PA was approximately 400 µg/m3, well below the Swedish exposure limit value
6 000 µg/m3 at that time. The authors then suggested a ceiling value below 6 000
µg/m3 for PA (136).

Reports of allergic occupational diseases due to cyclic anhydrides: TMA
Both immediate- and late-type respiratory allergies have been reported due to
TMA. Both begin after a latency period. Specific IgE antibodies have been found
in immediate-type rhinitis and asthma (144, 214). In the late-type respiratory
syndrome the worker experiences coughing, wheezing and dyspnoea, starting 4-8
hours after the exposure. The respiratory symptoms have been accompanied by
malaise, chills, fever, myalgia and arthralgia. No specific IgE antibodies are
found, but IgG and IgA antibodies are present (144, 214). The disease has not
been verified with challenge tests. An irritant reaction has been postulated (183).

Pulmonary disease-anaemia syndrome due to TMA is a disease first reported by
Rice et al. in 1977. Herbert and Orford reported 7 more cases in 1979, and Ahmad
et al. presented another 2 in 1979. All cases had been exposed to fumes from
TMA-cured epoxy resin sprayed on hot pipes. The symptoms were cough,
haemoptysis, dyspnoea, pulmonary infiltrates, restrictive respiratory defect,
hypoxaemia, and anaemia. The symptoms ranged from mild to very severe. A
possible fatal case was identified (2, 74, 142, 157). IgG antibodies have been
found to both human serum conjugate and erythrocyte conjugate of TMA. Open
lung biopsy has shown intact alveolar septae and extensive intra-alveolar
haemorrhage with granular pneumocyte hyperplasia. Immunofluorescent studies
were negative, suggesting that the antibodies were not involved in the tissue injury
(2, 74, 144, 157, 214). Patterson et al. did not find any IgE antibody activity
against trimellityl-HSA (TM-HSA) in workers with pulmonary disease-anaemia
syndrome. IgG activity against TM-HSA did not differ from the level in other
workers exposed to TMA fumes under similar work conditions. IgG, IgA and IgM
antibodies were found against TMA-human erythrocytes (142). Later, antibodies
to TMA-human erythrocytes were also found in workers with asthma due to
TMA, but not in unexposed persons (177).

All 9 workers from a barrel manufacturing plant were investigated because of
their exposure to TMA. The levels of TMA in the personal breathing zone were
1 700-3 600 µg/m3. One worker was asymptomatic. Four workers had TMA-
induced irritant effects. Three had symptoms and IgG levels consistent with late-
type respiratory syndrome. One of them also had specific IgE against TMA. One
worker had bronchitis not related to TMA (109).
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In a factory preparing epoxy resin coating material the exposure level for TMA
was less than 180 µg/m3 after improvements in work hygiene. During two years
no TMA related diseases were found among 11 workers (124).

In the TMA manufacturing industry, a 12-year (1976-1987) clinical and
immunological evaluation of 196 workers was carried out. The diagnosis was
based on results of a questionnaire, an interview and immunological studies for
total TMA antibodies and TMA-specific IgE. IgE-mediated immediate-type
asthma or rhinitis was found in 21 workers and late-type asthma in 10 workers,
and yet another worker had pulmonary disease-anaemia syndrome. A total of 113
workers had only irritant symptoms, and 46 were asymptomatic. A low level of
total antibodies was found for TMA-HSA in 16% and 8%, respectively. No data
were available on the exposure. There was, however, an annual decline in the
number of sensitised workers due to improvements at the workplace (212).

In the same factory, in a cross-sectional study of 474 workers in 1988-1989
with a very similar setting, five exposure groups were assigned by an industrial
hygienist on the basis of job history and the results of personal monitoring of
some employees in each exposure class. Seven per cent had an immunological
syndrome due to TMA exposure, and 32% had irritant symptoms with low
specific total and IgE antibody levels. Sixty-two per cent had no work-related
symptoms and very few or no antibodies. The mean total antibody levels and
mean IgE antibody levels decreased according to the exposure level. TMA
specific IgE antibodies were found only in the high exposure group (0.54-6 500
µg/m3, geometric mean 170 µg/m3) whereas the findings were negative in four
other groups with exposure less than 6-970 µg/m3 (geometric mean 87 µg/m3) of
TMA. The sensitisations and illnesses due to TMA were concentrated into the
three upper exposure groups, and therefore efforts to reduce exposure were
suggested. A group of new employees not evaluated earlier for an occupational
disease were analysed for total TMA-HSA antibody levels by age, sex, date of
hire and smoking. Only current or former smoking was associated with the total
antibody levels (χ2=6.45, p=0.01). Atopic status was not assessed (213). One year
after 29 sensitised workers had been moved to low-exposure jobs, their symptoms
and pulmonary functions had improved and the specific antibody levels had
decreased (60).

One case of allergic alveolitis has been reported in connection with exposure to
both TMA and PA. The worker was exposed to the dust and fumes of polyester
powder paint during a malfunction of the ventilation of the factory hall. The paint
contained small amounts (<1%) of both TMA and PA. The diagnosis was based
on the follow-up of the symptoms and on the findings in chest radiographs and
BAL, as well as on the presence of fever and a slight reduction in the transfer
factor after a short re-exposure at work (153).

Reports of allergic occupational diseases due to cyclic anhydrides: MA
Durham reported in 1987 the results of the MA challenge tests of 2 MA-exposed
workers (a storeman and a batch weigher). In both cases control tests were
negative and dual asthma reactions due to MA were verified (37). In another
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report a worker developed cough, rhinitis, breathlessness and wheezing after one
month of exposure to PA and MA. The dust exposure during the emptying of
bags was 330 µg/m3 for PA and 170 µg/m3 for MA. The worker was a smoker.
An atopic tendency was found in the skin prick tests, and he had nonspecific
bronchial hyperreactivity. In the bronchial challenge tests with MA crystals he
experienced a dual asthmatic reaction, whereas the test with PA was negative. The
dust concentrations were well below those measured from the workplace. No skin
prick tests or antibody determinations were carried out (108).

A worker in MA production who had previously had MA-related asthmatic
symptoms developed severe haemolytic anaemia. He relapsed two weeks after the
return to work the next year. Afterwards he remained stable as long as he avoided
MA exposure. He had high titre of MA-specific IgE but not IgG antibodies. The
Coombs test was positive but no antibodies to MA red-cell conjugate were found.
There were no symptoms of pulmonary haemorrhage in conjunction with
pulmonary disease-anaemia syndrome due to TMA exposure (50, 81).

Reports of allergic occupational diseases due to cyclic anhydrides: HHPA
In 1985 Moller reported the first cases of occupational sensitisation to HHPA
from exposure to epoxy resin moulding. Twenty-seven workers were evaluated on
the basis of the results of a questionnaire, pulmonary function tests, and antibody
determinations. The concentration of HHPA was very high when compared to the
more recent studies (Table 11). All 4 cases with symptoms of occupational asthma
had specific IgE to HHPA conjugates, as did 6 of 22 cases with rhinitis and/or
conjunctivitis. In the specificity studies both HHPA-HSA and PA-HSA were
effective inhibitors (127).

Erosions of the nasal mucosa and epistaxis have been described in connection
with IgE-positive occupational rhinitis due to HHPA. All the patients also had
high titres of specific IgG. The HHPA concentration was not determined, but it
was not considered high enough to cause tissue destruction (61). The same group
followed 28 employees with HHPA-induced asthma or rhinitis for least one year
after removal from exposure. The symptoms and spirometry normalised in all but
1 worker. There was a decline in the HHPA-specific IgE in 25 workers (59).

Chee et al. diagnosed a case of asthma due to HHPA in the manufacture of
epoxy resins. The hardener consisted mainly of HHPA but also of an amine as an
additive. In the process the hardener was heated to 130°C. The long-term follow-
up of peak expiratory flow showed deterioration during the workweek and
improvement during days off. The authors also carried out challenge tests. A
control test where an empty tin was heated was negative. When 200 ml of pure
HHPA was heated to 92°C, the patient experienced a severe immediate and also a
late long-lasting asthmatic reaction. No skin prick tests or antibody determinations
were carried out (26).

Nielsen et al. investigated the allergic aetiology of work-related nasal
symptoms of HHPA-exposed workers. Nasal challenge tests with HHPA-HSA
conjugate were carried out. The results were positive in 11 subjects sensitised to
HHPA (positive skin prick tests and specific IgE antibodies) and negative in 9
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non-sensitised subjects, in spite of work related irritation symptoms in the non-
sensitised individuals (135).

Reports of allergic occupational diseases due to cyclic anhydrides: MHHPA
MHHPA has caused sensitisation and respiratory symptoms (96). A rare case of
specific MHHPA-induced laryngitis has been reported in an electrician. A skin
prick test with MHHPA conjugate was positive, and specific IgE antibodies to the
conjugate were found. The laryngeal reaction was verified by a challenge test with
MHHPA (163).

Reports of allergic occupational diseases due to cyclic anhydrides: MTHPA
Nielsen et al. found a case of work-associated asthma and rhinitis in a subject
exposed to MTHPA used as an epoxy-curing agent in the preparation of barrels
for grenade firearms. MTHPA-HSA-specific IgE antibodies were found, but
specific IgG antibodies were not present. A skin prick test was positive with the
same conjugate but negative with PA-HSA (137). Later the work force of the
factory was examined for symptoms, exposure, antibody response, lung functions
and risk factors. In a group consisting of 140 currently and 26 formerly exposed
workers, they found higher frequencies of work-related symptoms of the eyes (31
versus 0%), nose (53 versus 9%), pharynx (26 versus 6%) and asthma (11 versus
0%) than among 33 controls. The rate was 16 for positive skin prick tests with
MTHPA-HSA conjugate, 18 for specific IgE antibodies and 12 for specific IgG
antibodies, while for the controls all the tests were negative. There were statisti-
cally significant exposure-response relationships between the exposure and
symptoms of the eyes and upper airways, dry cough, positive skin prick tests and
specific IgE and IgG antibodies. The concentration of MTHPA was under 150
µg/m3. The median exposure time for specific IgE positivity was 5 (range 0.2-5)
years. A close association between specific IgG4 and total specific IgG was found.
Up to 91-95% inhibition of the IgE-MTHPA-HSA binding was reached with
MTHPA. There were no significant differences in lung functions between
sensitised and non-sensitised subjects. No association between sensitisation and
either atopy or smoking was found. They found that significantly more former
workers than current ones had positive skin prick tests with common allergens;
atopic workers tended to withdraw from the exposure early, perhaps even before
clear work-related symptoms appeared (133, 134, 192).

The decline in serum antibodies to MTHPA was followed in 10 workers after
the cessation of exposure an average of 54 months earlier. The mean individual
half-time for specific IgE was 0.9 years, and for specific IgG it was 0.4 years. In
addition, 4 workers who moved to jobs with significantly reduced exposure were
followed, and corresponding decreases in antibodies were seen. No correlation
was found between the half-times of specific IgE and total IgE, atopy, smoking or
gender (191).

Yokota et al. studied the workers at two plants where condensers for electric
appliances were manufactured and MTHPA was used as a hardener in the epoxy
resin insulation. Some workers had had work-related nasal symptoms. At first the
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authors studied 28 workers exposed to MTHPA levels between 1.09 and 22.4
µg/m3. Specific IgE antibodies were detected in 9 (32%) of the workers. Eight of
them had nasal symptoms. The authors also found that the total IgE levels were
significantly higher in the group with specific IgE, and suggested that total IgE
can be used in the selection of workers (199).

A later study group consisted of 148 workers, of whom 66% had specific IgE
antibodies. The authors further found that the relative risk for elevated MTHPA-
specific IgE for smoking was 4.1. In the group with a high total IgE, the relative
risk of producing IgE antibodies to MTHPA was 4.7 in a comparison with the
group with a low total IgE (<80 IU/ml) (200).

In a study of the exposure-response relationship, the minimal level for an
association between MTHPA exposure and work-related symptoms was 15-22
µg/m3. It was suggested that exposure above 15 µg/m3 should be avoided to
prevent the development of occupational allergic diseases among most workers
(202).

In 1991, Drexler et al. investigated 110 workers exposed to HHPA and
MTHPA and found that 20 of them were sensitised according to skin prick tests
and specific IgE determination. In challenge tests occupational asthma or rhinitis
was verified for 6 cases. The concentrations of acid anhydrides in air were not
measured. In the end of 1991 the hygienic conditions at the plant were improved.
In 1995 a new study was carried out that also included people who had left the
plant since 1991. The relative risk of people sensitised in 1991 leaving the plant
between 1991 and 1995 was 2.6 compared with people without any sign of
sensitisation. The rate of sensitisation was 21%. None of the 6 persons employed
after 1991 showed evidence of sensitisation. Five of the 6 persons with verified
sensitisation in 1991 were still at the workplace. All of them reported fewer
symptoms than before. The exposure level was measured in 1995, and it was
<0.5-36 µg/m3 (35, 36).

Reports of allergic occupational diseases due to cyclic anhydrides: TCPA
In 1987 five cases of occupational asthma due to TCPA in epoxy resin were
reported. The diagnoses were confirmed in 3 workers by dual asthmatic reactions
in inhalation challenge tests. TCPA-bovine serum albumin conjugate was used to
detect specific IgE antibodies. No antibodies were found (168).

TPCA has been used as an epoxy-resin curing agent since 1979 in an epoxy-
coating process in a factory making electronic components in the United
Kingdom. Seven cases of occupational asthma were diagnosed in 1979-1980.
Inhalation challenge tests with controlled TPCA concentrations from 1.3-961.1
µg/m3 with both immediate and late reactions confirmed the diagnoses. Specific
skin prick tests were positive, and specific IgE antibodies against TCPA-HSA
conjugate were detected. The factory was closed in 1980 (76, 184). A 12-year
follow-up showed that symptoms at first improved, but then remained unchanged.
All the cases still had daily or weekly symptoms. The bronchial hyperresponsive-
ness had also persisted. Specific IgE antibodies fell slowly with a half-time of
1 year (12, 186).
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In a Canadian cross-sectional study of 56 workers in a factory using TCPA-
cured epoxy resin for about 2 years, the prevalence of work-related respiratory
symptoms was high, 27-39%. According to a questionnaire, occupational asthma
was present in 35% of the workers. Thirty-one per cent had specific IgE, and
39% had specific IgG against TCPA-HSA. The mean TCPA concentration was
between 210-390 µg/m3. The prevalence of specific IgE was highest among those
who had the jobs with the highest exposure. After the ventilation was improved
and exposure was reduced to less than 110 µg/m3, the symptoms decreased, and
no new cases of occupational asthma were found (118).

Reports of allergic occupational diseases due to cyclic anhydrides: PMDA
In 1980, Meadway reported 2 cases of asthma from exposure to PMDA-cured
epoxy resin when glue was mixed, used and cured. The workers underwent
challenge tests simulating work with the mixture, and the results were positive.
Five other workers had negative test (125).

Next report on PMDA is from year 1995. A cross-sectional and follow-up study
was carried out with 92 workers with exposure mainly to PDMA but also to PA,
MA or TMA. Of those with less than one year of exposure, 56 workers had work-
related symptoms. Eighteen had dyspnoea, and 8 had bronchial obstruction.
Specific IgE antibodies were found only in 15 workers, of them 12 had symptoms.
The authors also found 11 cases of haemorrhagic rhinitis that occurred after more
than 15 years of exposure. Only one of the cases had specific IgE antibodies.
After 10 months both the symptoms and the bronchial obstruction of the group no
longer exposed had diminished, whereas the workers still exposed had comparable
pathological findings in the re-examination. The symptoms were reversible in
workers whose exposure stopped after a work period of about 0.7 years. No
relevant specific IgG antibodies were detected in this group (18).

A case of acute haemorrhagic alveolitis associated with anaemia similar to
pulmonary disease-anaemia syndrome due to TMA has been reported for PMDA
exposure. PMDA in powder form was used as a cross-linking agent in epoxy
resin production. High concentrations of PMDA-specific IgG antibodies were
found and also TMA-specific IgG antibodies, but not PA- or MA-specific IgG
antibodies. The patient had no specific IgE antibodies. The Coombs test was
negative (29).

Reports of allergic occupational diseases due to cyclic anhydrides: HA
A worker exposed to HA powder in the manufacture of a synthetic flame retardant
developed after one year rhinitis, hives, and wheezing at work. He and 2 of the
6 other symptomatic workers of all 20 tested had specific IgE antibodies for
HA-HSA conjugate. In RAST inhibition studies HA-HSA showed the highest
inhibition. A cross-reactivity was found with HHPA-HSA but not with PA and
TMA conjugates (160).
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Reports of allergic occupational diseases due to cyclic anhydrides: CA
A welder developed work-related urticaria and asthmatic symptoms when exposed
to the thermal degradation fumes from a polyester paint. The paint contained both
alkyd resins and chlorinated polyester resin. A new sensitising anhydride, CA,
was identified from the hardener. A skin prick test with CA-HSA conjugate was
positive, as was an open test for urticaria. CA-HSA-specific IgE antibodies were
also detected. Significant decreases in peak expiratory flow measurements were
seen after short (10 seconds) welding procedures (102).

Concluding remarks
The reports of occupational asthma and rhinitis due to PA are mainly dated to the
years 1980-1990. The case reports and industrial surveys on TMA-induced work-
related respiratory symptoms are likewise not very recent. During last decade
MTHPA and HHPA have been the main topics of concern. The exposure levels
have decreased with improved work hygienic control, but exposure peaks still
occur.

The respiratory allergies have mainly been IgE mediated. Specific IgE antibody
determinations and skin prick tests are relevant methods when investigating the
aetiology of work-related symptoms. Specific IgE antibodies cannot, however, be
used to assess exposure at the work place. The half-time of specific IgE antibodies
after cessation of the exposure has been about 1 year.

The 12-year follow-up study of TCPA-induced asthma showed a poor pro-
gnosis for occupational asthma despite cessation of the exposure. Equally long
follow-up studies are not available on occupational asthma induced by other
cyclic acid anhydrides.

11.2.3 Predisposing factors for cyclic acid anhydride-related allergy
Venables and co-workers studied the effect of smoking and atopy on antibody E
production in 300 TCPA-exposed workers. Atopy was defined as at least one
positive skin prick test to common allergens. Twenty-four of the workers had
specific IgE to TCPA. Twenty of them (83.3%) were current smokers compared
with 133 (48.2%) of 276 without antibodies (p<0.01). Atopy was also more
common in those with specific IgE, but not significantly so. Smoking and atopy
interacted, the prevalence of antibody being 16.1% for atopic smokers, 11.7% for
nonatopic smokers, and 8.3% for atopic non-smokers (p>0.025). The authors
concluded that smoking may interact with atopy in the production of specific-IgE
antibodies to TCPA (185).

In a study of 55 workers highly exposed to MTHPA no significant differences
were found between the subgroups for atopy and smoking habits according to IgE
sensitisation. In the same study with a total of 144 exposed workers the group of
former workers had positive skin prick tests to common allergens significantly
more often than unexposed controls. The authors suggested that atopic workers
tend to withdraw from exposure early because their mucous membranes are more
reactive and therefore atopic persons do not seem to run a particular risk of
sensitisation to small reactive organic molecules (134).
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In a recent prospective study, 163 workers exposed to HHPA, MHHPA and
MTHPA were followed for 32 (1-105) months. The mean combined exposure
level was 15 (range <1-189) µg/m3. Thirteen per cent of the workers had positive
specific IgE. An association was found between exposure and atopy, respectively,
and the induction of specific antibodies. The odds ratio for atopics to get IgE
sensitised as compared with non-atopics was 6.0 (95%CI 2.2-16.6). Subjects with
a mean exposure of >15 µg/m3 had a significantly higher risk for development of
specific IgE (odds ratio 3.4; 95%CI 1.2-9.4) than subjects with a mean exposure
of <10 µg/m3. The risk for atopics was comparable with the risk for the subjects in
the most exposed group. The effect of smoking was not significant (193).

In a Canadian study of 148 MTHPA-exposed workers a correlation was found
between total IgE and specific IgE (p<0.0001). Current smoking was significantly
associated with specific IgE production only in the group with low total IgE, <100
kU/ml (200).

Altogether 119 TMA-exposed workers were followed for five years to
determine whether they would develop a respiratory disease. Sixteen had TMA-
specific IgE antibodies and 3 of them had asthma in the beginning. Another 6
developed asthma during the 5-year follow-up period. One of the 102 workers
with no specific IgE antibodies developed asthma. Specific IgG antibodies were
detected in 44 subjects, 6 had a non-immediate respiratory disease in the
beginning and 2 more were found after five years. None of the IgG-negative
workers developed a respiratory disease (58). In a study of 57 HHPA-exposed
workers, 7 had IgE and IgG-mediated respiratory disease whereas 9 had only
IgE-mediated disease. An association was found between the development of
respiratory disease and specific IgE and IgG antibodies, as well as an association
with the level of exposure but not with smoking (62). Skin prick test reactivity to
common allergens in 33 employees with respiratory symptoms due to HHPA
showed that atopy had only a marginal clinical significance as a risk factor for
disease (63).

In a case-control study of 16 persons with TMA asthma and 44 similarly
exposed controls, determinations of specific IgE against four common environ-
mental allergens were carried out. Fifty-six per cent of the cases and only 29% of
the controls were found to be atopic (172).

Risk factors for sensitisation and respiratory symptoms were evaluated in a
historical cohort study consisting of 506 workers from four factories. The cohort
was defined as all workers with exposure to anhydrides for more than one month
since the beginning in 1960. Three factories manufacturing resins used principally
PA, but also MA and TMA were used. One factory produced cushioned flooring
and used only TMA. The exposure was assessed retrospectively, by job. The
current full-shift and task-specific exposure measurements, the past exposure data
and qualitative information were used and exposure estimates were calculated in
the job-time-exposure matrices (181). The questionnaire, comprising employment
history, respiratory symptoms and smoking habits, was completed by 401 workers
(79%). Skin prick tests with common inhalant allergens and anhydride conjugates
were carried out. Thirty-four persons (8.8%) had respiratory symptoms related to
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anhydride exposure, and 12 (3.2%) were sensitised according to the skin prick
tests with anhydride conjugates. Sensitisation was associated with work-related
respiratory symptoms and with smoking, at the time of the exposure to acid
anhydride. An exposure-response relationship was not found overall, but in the
factory with exposure to TMA an increased prevalence of sensitisation and work-
related symptoms with increasing full-shift exposure:<10, 10-40 µg/m3 and >40
µg/m3 of TMA was observed. The relation was apparent within the current
occupational exposure standard of 40 µg/m3 and it was not modified significantly
by smoking or atopy. Exposure to PA or MA was found to be uncommon as a
cause of sensitisation at the low exposure levels measured, 8.9-11.9 µg/m3 and
1.8-2.8 µg/m3, respectively (13).

The association of human leukocyte antigen (HLA) allele frequency and
specific IgE antibody to acid anhydride-HSA conjugates has been investigated to
determine a possible genetic influence on sensitisation. Thirty workers with work-
related respiratory symptoms with specific IgE antibodies had been exposed to
PA, TMA, or TCPA. Thirty referents were exposed to PA or TMA. A similar
proportion of both the cases and referents were atopic and smokers, the other risk
factors for this sensitisation. A significant excess of HLA-DR3 loci were found in
cases with specific IgE to acid anhydrides when compared with the controls (50%
versus 14%). A relationship was found between HLA-DR3 and specific IgE
antibodies for TMA and possibly for TCPA but not for PA. The difference in the
epitope was suggested as the reason for the different findings (206).

Altogether 57 HLA antigens were analysed in MTHPA- or HHPA-exposed
workers. Fifty-three were sensitised according to the specific IgE antibodies and
positive skin prick test. Forty-seven non-sensitised exposed workers were
controls, as was a group of unexposed subjects. Only for HLA-A25 and HLA-A32
statistically significant differences were found between the sensitised and non-
sensitised workers, 0% versus 9% and 0% versus 13%, respectively. An HLA-
antigen-associated immune protective factor was suspected to reduce the risk of
sensitisation. An association HLA-DR3 was not found for MTHPA-sensitised
workers, as in an earlier study on TMA-sensitised workers (132).

Concluding remarks
In TCPA-exposed workers smoking and atopy have been found to interact in the
production of specific-IgE antibody to TCPA. In a prospective study on HHPA-,
MHHPA- and MTHPA-exposed workers, a significant effect of atopy, as well as
of exposure, on sensitisation was observed. The influence of smoking on
sensitisation was not significant.

The influence of smoking and atopy on TMA sensitisation has been non-
significant. Increasing full-shift exposure to TMA has been a predisposing factor
for sensitisation.

There are also two studies on the genetic background of sensitised persons. A
relationship was found between HLA-DR3 and specific IgE antibodies for TMA
and possibly for TCPA but not for PA. When MTHPA- and HHPA- exposed
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workers were investigated no such association was found but an HLA-A25 and
HLA-A32 associated immunoprotective factor was suspected.

11.3 Genotoxic effects

There are no data on genotoxic effects of cyclic acid anhydrides in humans.

11.4 Carcinogenic effects

In a case-control study mortality from lung cancer was investigated in a plant
producing acetylene and PA. After control for age and smoking, the odds ratio
for lung cancer mortality among the 43 subjects exposed in the factory was 5.6
(95%CI 1.9-16.2). The corresponding odds ratio for 99 referents from other work
environments in the region was 1.7 (95%CI 0.9-3.5). There was, however,
exposure also to phthalates and soot (156).

11.5. Reproductive and developmental effects

There are no data on the developmental effects of cyclic acid anhydrides on
human reproduction.

12. Dose-effect and dose-response relationships

12.1. Single and short-term exposures

The acute effects of cyclic anhydrides on animals have generally been found to
be irritation of mucous membranes after direct exposure (Table 7).

The human nasal irritation threshold for PA has been reported to be 30 000
µg/m3 and that for MA to be 5 480 µg/m3 (162). However, exposure type and
duration, generation of anhydrides, and particle sizes were not given. In early
reports, irritation of the mucous membranes was a common immediate response
in workers highly exposed to acid anhydrides in powder form (11, 126, 136). In
workers exposed to high levels of TMA, rhinorrhoea, cough, and dyspnoea have
been reported already after the first exposure (214). In more recent studies irritant
symptoms of eyes and upper airways have been detected after relatively low
exposure (150 µg/m3 TWA) of MTHPA (134).

Immunisation of animal species verified with specific IgE and IgG antibodies,
followed after cutaneous administration or single intradermal injection with free
or conjugated PA, TMA, MA, HHPA, MHHPA, MTHPA, THPA and SA (Table
7 and 8). Repeated short-term exposures (subcutaneous or inhalation) with PA or
the corresponding conjugate induced specific IgG antibody formation in a dose-
response manner in guinea pigs. In challenges after sensitisation, more positive
tests were seen when a higher dose was used (165) (Table 8).
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In inhalation challenge tests in rats, concentrations of 30-300 µg/m3 of TMA
dust induced haemorrhagic lung lesion and antibodies, whereas 10 µg/m3 had no
effects (211).

12.2 Long-term exposure

Long-term dose-response studies (animals) are few. Rats, hamsters and monkeys
were exposed to 1 100-9 800 µg/m3 concentrations of MA 6 hours/day 5 days/
week for 6 months. Nasal and ocular irritation and metaplasia of nasal mucosa
were found at all the exposure levels only in rodents being obligate nose breathers
(171).

Human data derived from industrial surveys have been compiled in Tables 10
and 11.

In a survey with a total exposure time of about 40 years, 46% in the high
exposure group (1 500-17 400 µg/m3 of PA) had conjunctivitis, 40% had rhinitis,
and 14% had asthma. In the low exposure group (<100 µg/m3) the corresponding
figures were 20% for conjunctivitis and rhinitis, and 0% for asthma. There was no
association between specific IgE antibodies and PA exposure (136).

In a historical cohort study of PA- and MA-exposed workers sensitisation was
found to be uncommon at the low exposure levels measured, 8.9-11.9 µg/m3 and
1.8-2.8 µg/m3, respectively (13).

When TCPA had been in use for two years, 35% of the 56 exposed workers
had occupational asthma according to a questionnaire, and 31% had specific
IgE antibodies. The exposure levels to TCPA in preforming and moulding had
been between 140-590 µg/m3. The next year, after the ventilation was improved,
the TCPA exposure fell to 30 µg/m3 in preforming and to <10-110 µg/m3 in
moulding. After that, work-related symptoms decreased and no new cases of
occupational asthma have been reported (118).

In a historical cohort study of TMA-exposed workers, the prevalence of
sensitisation and work-related symptoms increased with increasing exposure. In
workers exposed to 10-40 µg/m3 or >40 µg/m3 of TMA compared to the workers
exposed to <10 µg/m3, the odds ratio for positivity was for TMA skin prick tests
10.0 and 20.7 and for the risk of new work-related respiratory symptoms 5.9 and
7.4, respectively (13).

In workers exposed to HHPA and MHHPA at levels of <10, 10-50 and >50
µg/m3 specific IgE antibodies were found. There were no differences in levels of
the specific IgE antibodies between the exposure groups. The workers in the low
exposure group had, however, occasionally had higher exposure peaks (195).
Among MTHPA-exposed workers, even at low levels of exposure (5-20 µg/m3)
56% had symptoms of the eyes and upper airways, 9% had asthma, and 16% had
MTHPA specific IgE antibodies. The corresponding numbers were 65%, 11%,
and 22% in the more heavily (20-150 µg/m3) exposed groups (134, 192).

When HHPA- and MHHPA-exposed workers were followed for a mean
period of 33 months (range 1-85), 27% had been sensitised and had specific IgE
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antibodies. Altogether 21.6% had positive reactions in skin prick tests with
corresponding HSA-conjugates. The exposure level was 38.7 (range 1-187)
µg/m3. In workers exposed to MTHPA at levels 10.1 (range 9-38) and 5.9 (range
0-50) µg/m3 the percentage of positivity for specific IgE antibodies were 8.6%
and 8.9% and for skin prick tests 4.9% and 2.2%, respectively. The observation
times were 26 (range 2-38) and 40 (range 1-105) months. There was no
statistically significant difference between peak exposure levels in sensitised and
nonsensitised workers in these studies (193).

Concluding remarks
Immunisation has been induced by a single intradermal dose of various cyclic
anhydrides in animals. Exposure to high as well as low levels has without any
latency period caused irritant symptoms in workers. Metaplasia of nasal mucosa
has been seen in animals after long-term exposure to high levels of MA. The data
on dose-response of sensitisation, and work-related symptoms are too limited for
determining any lowest observable adverse effect level, but in industrial surveys
TCPA and PA have induced sensitisation and asthma in workers exposed to the
concentrations 140 and 1 500 µg/m3, respectively. TMA, HHPA, MHHPA, and
MTHPA have caused both sensitisation and work-related symptoms at exposure
levels as low as 5-50 µg/m3.

13. Previous evaluations by national and international bodies

The documentation of the American Conference of Governmental Industrial
Hygienists (ACGIH) was revised for PA in 2000, for TMA in 1993 and for MA in
2000. PA was defined as an irritant and sensitiser of the skin and respiratory tract
and potent ocular irritant. The potency of irritancy was considered lower than that
of MA. TMA was defined as irritant to the respiratory tract, the eyes, and skin and
also as sensitiser in repeated exposure. To prevent sensitisation, a ceiling value
was recommended in 1993. MA was defined as an irritant of the skin, eyes and
upper respiratory tract, and as a sensitiser of the respiratory tract. According to
ACGIH, PA and MA are not classifiable as human carcinogens (1).

The Health and Safety Executive (HSE) in the United Kingdom published a
document on three acid anhydrides in 1996 (PA, TMA, and MA). The principal
adverse effects of exposure in humans were stated to be asthma and respiratory
tract irritancy and, for TMA, also other respiratory effects, which may be accom-
panied by systemic toxicity. Asthma was regarded as a serious health effect, and
therefore the assignment of maximum exposure limits was indicated for each
substance. A special notation of the respiratory sensitisation properties of each
substance was added (158).

SA has been evaluated by the International Agency for Research on Cancer
(IARC); limited evidence of a carcinogenic effect was reported for animals, but
SA was not classifiable as carcinogen in humans (group 3) (78).
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Chlorendic acid, the hydrolysis product of CA, has been evaluated by IARC.
The evidence was sufficient for the carcinogenicity of chlorendic acid in experi-
mental animals. There are no data on its carcinogenicity in humans, but, overall, it
was concluded that chlorendic acid is possibly carcinogenic to humans (Group
2B) (79). In the evaluation of the International Programme on Chemical Safety
(IPCS), separate carcinogenicity studies with CA were not considered necessary,
since the compound is metabolically transformed to chlorendic acid (80).

In the European Union commission directives on the approximation of the laws,
regulations and administrative provisions relating to the classification, packaging
and labelling of dangerous substances, PA, TMA, MA, HHPA, MHHPA,
MTHPA, THPA, TCPA, HA and PMDA have been classified as sensitisers by
inhalation and skin contact (39, 40). All of them have also been classified as
irritants. In addition, PA and MA have been classified as harmful when swallowed
because of the acute toxicity in animal studies. No occupational exposure limits
for cyclic acid anhydrides have been set by the European Union.

14. Evaluation of human health risk

14.1 Groups at extra risk

When TCPA-exposed workers were investigated, smoking was found to interact
with atopy in the production of specific IgE antibodies (185). On the other hand
in a historical cohort study of TMA-exposed workers, there was an increased
prevalence of sensitisation and work-related symptoms with increasing exposure
but not with smoking or atopy (13). In another study, smoking was associated
with specific IgE production to MTHPA only when the total IgE was low (200).
In a prospective study of HHPA-, MHHPA-, and MTHPA-exposed workers an
association was found between atopy and specific IgE antibodies. The effect of
smoking was not significant (193).

In conclusion, atopy seems to predispose for sensitisation against cyclic acid
anhydrides whereas no conclusion can be drawn with respect to smoking.

14.2 Assessment of health risk

The most common symptom from exposure to cyclic acid anhydrides is irritation
of the mucous membranes (Tables 7 and 8). In long-term animal studies with MA,
metaplasia of nasal tissue has been developed. Irritant nasal and ocular symptoms
have been usual findings in industrial surveys (18, 130, 135, 214).

PA, TMA, MA, HHPA, MHHPA, MTHPA, TCPA, PMDA, HA and CA are
capable of inducing IgE-mediated sensitisation followed by allergic diseases, e.g.
allergic rhinitis often associated with allergic conjunctivitis and bronchial asthma
(Table 10). The number of reports on MA, MHHPA, PMDA, HA or CA induced
sensitisation is small. The prevalence of occupational asthma due to other cyclic
anhydrides has varied between 2-39% in industrial surveys (203).
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The allergic skin diseases caused by acid anhydrides include rare cases of IgE-
mediated contact urticaria due to HHPA, MHHPA, MTHPA, MA and CA (83, 94,
95, 102, 174), and even more rare cases of allergic contact dermatitis of type IV
allergy (57, 96).

Sensitisation and work related symptoms have been induced already at low
levels of exposure, at 10-40 µg/m3 for TMA, at 10-50 µg/m3 for HHPA and
MHHPA (mixed exposure in industrial surveys), and at 5-20 µg/m3 for MTHPA.
For PA and TCPA the corresponding exposure levels have been higher, 1 500-
17 400 µg/m3 and 140-590 µg/m3, respectively (Table 12). The prevalence of
sensitisation has increased with increasing exposure (Table 10).

When workers were exposed to a PA dust concentration of less than 100 µg/m3,
no asthmatics were found, but half of the workers had conjunctivitis and/or
rhinitis (136). In a historical cohort study the exposure to PA or MA was found
to be an uncommon cause of sensitisation at the low exposure levels measured,
8.9-11.9 µg/m3 and 1.8-2.8 µg/m3, respectively (13).

After reduction of TCPA exposure to less than 110 µg/m3 no new cases of
work-related asthma were reported (118). Lower concentrations, between 4.1-66.7
µg/m3 of TCPA have, however, induced asthma reactions in challenge tests of
sensitised workers with occupational asthma (184).

After the elimination or reduction of exposure, asthma has persisted although
it has improved in some of the follow-up studies. Occupational rhinitis often
precedes asthma, and therefore the early detection of rhinitis is important for the
prevention of more severe bronchial asthma.

The severe pulmonary disease-anaemia syndrome due to TMA and PMDA with
assumed high levels of exposure has been rare (29, 144, 212).

There are no reports on THPA induced work-related diseases.
SA injected subcutaneously has induced subcutaneous sarcomas in rats. IARC

has stated that there is limited evidence for the animal carcinogenicity of SA and
that it is not classifiable as carcinogen in humans (78).

14.3 Scientific basis for an occupational exposure limit

The data for setting occupational exposure limits is based on studies with
information on dose-response effects. The number of the studies is limited, and
some of them are not very recent. All cyclic anhydrides are considered irritants
of the mucous membranes and skin.

Data on the main critical effects, sensitisation (specific IgE antibodies), and
work-related symptoms (rhinoconjunctivitis and asthma) of PA, TMA, HHPA,
MHHPA, MTHPA, and TCPA are compiled in Table 12 in relation to exposure
levels. Occupational exposure limits for PA, TMA, and MA are presented in the
Appendix.
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The critical effects are as follows:

Methyl tetrahydrophthalic anhydride (MTHPA): irritation of mucous membranes
of the eyes and airways and sensitisation-induced work-related diseases.
Sensitisation, work-related rhinoconjunctivitis, and asthma have been verified for
workers exposed to MTHPA levels of 5-20 µg/m3.

Hexahydrophthalic anhydride (HHPA) and Methyl hexahydrophthalic anhydride
(MHHPA): irritation of mucous membranes of the eyes and airways and
sensitisation-induced work-related diseases. Sensitisation in workers exposed to
HHPA levels of 10-50 µg/m3 has been found.

Trimellitic anhydride (TMA): irritation of mucous membranes of the eyes and
airways and sensitisation-induced work-related diseases. In a historical cohort
study of 116 workers with TMA exposure at the level of 10-40 µg/m3,
sensitisation was found according to specific IgE antibodies, as were work-related
respiratory symptoms.

Tetrachlorophthalic anhydride (TCPA): irritation of mucous membranes of the
eyes and airways and sensitisation-induced work-related respiratory diseases.
Exposure to TCPA concentrations of 140-590 µg/ m3 has caused both
sensitisation and work-related asthma. No new cases of work-related asthma have
been reported after decreasing the exposure to less than 110 µg/m3 (118). In
challenge tests of a worker with TCPA asthma, a significant asthmatic response
has been induced with concentrations between 4.1-66.7 µg/m3 of TCPA.

Phthalic anhydride (PA): irritation of mucous membranes of the eyes and airways
and sensitisation-induced work related diseases. Both work-related rhinoconjunc-
tivitis and sensitisation, but no asthma, have been found in workers exposed to
less than 100 µg/m3 of PA.

Maleic anhydride (MA): irritation of mucous membranes of the eyes and airways
and sensitisation-induced work-related diseases. Nasal metaplasia has been found
in animal studies (1 100-9 800 µg/m3 of MA). There is not enough data available
for dose-response assessment in humans.

Tetrahydrophthalic anhydride (THPA): data insufficient for assessing the critical
effect on humans.
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Table 12. Critical effects (sensitisation and work-related symptoms) in man with
corresponding exposure levels of cyclic acid anhydrides.

Acid anhydride Exposure level
(µg/m3 )

Critical effect Reference

PA 1 500 –17 400 Sensitisation
Asthma

(136)

TCPA 140-590 Sensitisation
Work-related respiratory symptoms

(118)

TMA 10-40 Sensitisation
Work-related respiratory symptoms

(13)

HHPA and MHHPA 10-50 Sensitisation (195)

MTHPA 5-20 Sensitisation
Rhinoconjunctivitis
Asthma

(134, 202)

15. Research needs

Dose-response studies of several sensitising cyclic anhydrides are few or even
lacking. Such studies are needed for assessing occupational exposure limits,
especially since the sensitising properties of the cyclic anhydrides are not similar.

Furthermore follow-up studies are needed to determine the prognosis of asthma
due to cyclic anhydrides.

Smoking and atopy as risk factors for sensitisation are not fully understood and
need to be further investigated.

Assessing exposure when products manufactured from cyclic anhydrides are
used in work processes is difficult. More knowledge is needed on the tasks
expected to involve anhydrides as thermal degradation products.

Long-term inhalation studies on animals are needed to evaluate the carcino-
genicity of acid anhydrides.
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16. Summary

Keskinen H. The Nordic Expert Group for Criteria Documentation of Health Risk
from Chemicals and the Dutch Expert Committee on Occupational Standards.
136. Cyclic acid anhydrides. Arbete och Hälsa 2004;15:1-74.

Cyclic acid anhydrides are widely used in the manufacture of resins and a variety
of chemicals. Since the introduction of phthalic anhydride (PA) several new
derivatives of cyclic acid anhydrides have came into use. Exposure to anhydrides
occurs either in powder form or as fumes when anhydrides are used at elevated
temperatures or when they are released as thermal degradation products. The
technical product of a cyclic acid anhydride may contain other related anhydrides
as impurities.

The critical effects of cyclic acid anhydrides are sensitisation, rhinoconjunc-
tivitis and asthma. Occupational rhinoconjunctivitis and asthma due to cyclic acid
anhydrides are usually IgE-mediated. Irritant work-related rhinoconjunctivitis is
often found without sensitisation to anhydrides.

Allergic contact dermatitis due to anhydrides is rare.
The sensitising potency of cyclic acid anhydrides varies. According to limited

data, trimellitic (TMA), hexahydrophthalic (HHPA), and methyl tetrahydro-
phthalic anhydride (MTHPA) are more sensitising than PA and tetrachloro-
phthalic anhydride (TCPA). Based on immunological cross-reactivity, the
sensitising potency of methyl hexahydrophthalic anhydride (MHHPA) might be
near that of HHPA and MTHPA. The level of exposure needed to cause specific
IgE antibody production and work-related symptoms in mucous membranes and
respiratory organs may be less than 10 µg/m3 for the more highly sensitising
anhydrides.

Keywords: allergic contact dermatitis, allergy, asthma, conjunctivitis, contact
urticaria, cyclic acid anhydrides, hexahydrophthalic anhydride, irritation, maleic
anhydride, methyl hexahydrophthalic anhydride, methyl tetrahydrophthalic
anhydride, occupational disease, occupational exposure limit, phthalic anhydride,
pulmonary disease-anaemia syndrome, rhinitis, tetrachlorophthalic anhydride,
tetrahydrophthalic anhydride, trimellitic anhydride.
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17. Summary in Swedish

Keskinen H. The Nordic Expert Group for Criteria Documentation of Health Risk
from Chemicals and the Dutch Expert Committee on Occupational Standards.
136. Cyclic acid anhydrides. Arbete och Hälsa 2004;15:1-74.

Cykliska syraanhydrider har en utbredd användning vid tillverkning av hartser och
en mängd andra kemikalier. Sedan ftalsyraanhydrid (PA) började användas har
flera nya derivat av syraanhydrider kommit i bruk. Exponering för anhydrider sker
antingen i form av pulver eller som rök när anhydriderna upphettas eller frigörs
som termiska nedbrytningsprodukter. Den tekniska produkten av en cyklisk
syraanhydrid kan innehålla liknande syraanhydrider som förorening.

De kritiska effekterna för cykliska syraanhydrider är sensibilisering, rinokon-
junktivit och astma. Yrkesrelaterad rinokonjunktivit och astma till följd av
syranhydrider är i regel IgE-medierade. Irritativ arbetsrelaterad rinokonjunktivit
förekommer ofta utan föregående sensibilisering för syraanhydrider.

Allergiskt kontakteksem av syraanhydrider är sällsynt.
Sensibiliseringspotentialen hos de cykliska syraanhydriderna varierar. Enligt

begränsade data är trimellitsyra- (TMA), hexahydroftalsyra- (HHPA) och
metyltetrahydroftalsyraanhydrid (MTHPA) mer sensibiliserande än PA och
tetraklorftalsyraanhydrid (TCPA). Baserat på immunologisk korsreaktivitet har
metylhexahydroftalsyraanhydrid (MHHPA) likartad sensibiliseringspotential som
HHPA och MTHPA. De exponeringsnivåer som erfordras för att ge specifikt IgE
svar och arbetsrelaterade symtom på slemhinnor och andningsorgan kan vara
lägre än 10 µg/m3 för de mer kraftigt sensibiliserande syraanhydriderna.

Nyckelord: allergi, allergisk kontaktdermatit, astma, cykliska syraanhydrider,
ftalsyraanhydrid, hygieniskt gränsvärde, hexahydroftalsyraanhydrid, irritation,
konjunktivit, kontakturtikaria, maleinsyraanhydrid, metylhexahydroftalsyra-
anhydrid, metyltetrahydroftalsyraanhydrid, rinit, tetrahydroftalsyraanhydrid,
tetrakloroftalsyraanhydrid, trimellitsyraanhydrid, trimellitsyraanhydrid-alveolit,
yrkessjukdom.



60

18. References

1. ACGIH. Documentation of the threshold limit values and biological exposure indices. 7th ed.
Cincinnati: American Conference of Governmental Industrial Hygienists Inc., 2001.

2. Ahmad D, Morgan WK, Patterson R, Williams T, Zeiss CR. Pulmonary haemorrhage and
haemolytic anaemia due to trimellitic anhydride. Lancet 1979;2:328-330.

3. Amoore JE, Hautala E. Odor as an aid to chemical safety: Odor thresholds compared with
threshold limit values and volatilities for 214 industrial chemicals in air and water dilution.
J Appl Toxicol 1983;3:272-290.

4. Andius P, Arakawa H, Molne J, Pullerits T, Skoogh BE, Lötvall J. Inflammatory responses in
skin and airways after allergen challenge in brown Norway rats sensitized to trimellitic
anhydride. Allergy 1996;51:556-562.

5. Arakawa H, Andius P, Kawikova I, Skoogh BE, Löfdahl CG, Lötvall J. Treatment with
cyclosporin A during sensitization with trimellitic anhydride attenuates the airway responses
to allergen challenge three weeks later. Eur J Pharmacol 1994;252:313-319.

6. Arakawa H, Kawikova I, Skoogh BE, Hayes J, Morikawa A, Löfdahl CG, Lötvall J. Role of
arachidonic acid metabolites in airway responses induced by trimellitic anhydride in actively
sensitized guinea pigs. Am Rev Respir Dis 1993;147:1116-1121.

7. Arakawa H, Lötvall J, Kawikova I, Tee R, Hayes J, Löfdahl CG, Taylor AJ, Skoogh BE.
Airway allergy to trimellitic anhydride in guinea pigs: different time courses of IgG1 titer and
airway responses to allergen challenge. J Allergy Clin Immunol 1993;92:425-434.

8. Arakawa H, Lötvall J, Linden A, Kawikova I, Löfdahl CG, Skoogh BE. Role of eicosanoids
in airflow obstruction and airway plasma exudation induced by trimellitic anhydride-
conjugate in guinea-pigs 3 and 8 weeks after sensitization. Clin Exp Allergy 1994;24:582-
589.

9. Arts JH, Dröge SC, Spanhaak S, Bloksma N, Penninks AH, Kuper CF. Local lymph node
activation and IgE responses in brown Norway and Wistar rats after dermal application of
sensitizing and non-sensitizing chemicals. Toxicology 1997;117:229-234.

10. Arts JH, Kuper CF, Spoor SM, Bloksma N. Airway morphology and function of rats
following dermal sensitization and respiratory challenge with low molecular weight
chemicals. Toxicol Appl Pharmacol 1998;152:66-76.

11. Baader EW. Erkrankungen durch Phthalsäure und ihre Verbindungen. Arch Gewerbepathol
Gewerbehyg 1955;13:419-453.

12. Barker RD, Harris JM, Welch JA, Venables KM, Newman Taylor AJ. Occupational asthma
caused by tetrachlorophthalic anhydride: a 12-year follow-up. J Allergy Clin Immunol
1998;101:717-719.

13. Barker RD, van Tongeren MJ, Harris JM, Gardiner K, Venables KM, Newman Taylor AJ.
Risk factors for sensitisation and respiratory symptoms among workers exposed to acid
anhydrides: a cohort study. Occup Environ Med 1998;55:684-691.

14. Barker RD, van Tongeren MJ, Harris JM, Gardiner K, Venables KM, Newman Taylor AJ.
Risk factors for bronchial hyperresponsiveness in workers exposed to acid anhydrides. Eur
Respir J 2000;15:710-715.

15. Batyrova T, Uzhdavini E. The toxicology of trimellitic acid and trimellitic anhydride.
Tr. Nauchno-Issled. Inst. Neftekhim Proizvodstr 1970;2:149-154.

16. Baur X. Asthmatic reactions after nasal allergen provocation. Respiration 1996;63:84-87.

17. Baur X, Czuppon A. Diagnostic validation of specific IgE antibody concentrations, skin prick
testing, and challenge tests in chemical workers with symptoms of sensitivity to different
anhydrides. J Allergy Clin Immunol 1995;96:489-494.

18. Baur X, Czuppon AB, Rauluk I, Zimmermann FB, Schmitt B, Egen-Korthaus M, Tenkhoff
N, Degens PO. A clinical and immunological study on 92 workers occupationally exposed to
anhydrides. Int Arch Occup Environ Health 1995;67:395-403.



61

19. Bernstein DI, Patterson R, Zeiss CR. Clinical and immunologic evaluation of trimellitic
anhydride-and phthalic anhydride-exposed workers using a questionnaire with comparative
analysis of enzyme-linked immunosorbent and radioimmunoassay studies. J Allergy Clin
Immunol 1982;69:311-318.

20. Bernstein DI, Roach DE, McGrath KG, Larsen RS, Zeiss CR, Patterson R. The relationship
of airborne trimellitic anhydride concentrations to trimellitic anhydride--induced symptoms
and immune responses. J Allergy Clin Immunol 1983;72:709-713.

21. Biagini RE, Bernstein DI, Gallagher JS, Moorman WJ, Knecht EA, Smallwood AW,
Bernstein IL. Immune responses of cynomolgus monkeys to phthalic anhydride. J Allergy
Clin Immunol 1988;82:23-29.

22. Botham PA, Rattray NJ, Woodcock DR, Walsh ST, Hext PM. The induction of respiratory
allergy in guinea-pigs following intradermal injection of trimellitic anhydride: a comparison
with the response to 2,4-dinitrochlorobenzene. Toxicol Lett 1989;47:25-39.

23. Bourret J, Gauthier G, Roche L. Intoxication par l'anhydride phthalique. Acta Med Leg Soc
1950;3:33-37.

24. Budavari S, O´Neil MJ, Smith A, Heckelman PE, Kinneary JF. The Merck Index. 12th ed.
Whitehouse Station, New Jersey: Merck & Co., Inc., 1996: 1741.

25. Chandler MJ, Zeiss CR, Leach CL, Hatoum NS, Levitz D, Garvin PJ, Patterson R. Levels and
specificity of antibody in bronchoalveolar lavage (BAL) and serum in an animal model of
trimellitic anhydride-induced lung injury. J Allergy Clin Immunol 1987;80:223-229.

26. Chee CB, Lee HS, Cheong TH, Wang YT, Poh SC. Occupational asthma due to hexahydro-
phthalic anhydride: a case report. Br J Ind Med 1991;48:643-645.

27. Chester EH, Schwartz HJ, Payne CB, Jr., Greenstein S. Phthalic anhydride asthma. Clin
Allergy 1977;7:15-20.

28. Cui ZH, Sjöstrand M, Pullerits T, Andius P, Skoogh BE, Lötvall J. Bronchial hyper-
responsiveness, epithelial damage, and airway eosinophilia after single and repeated allergen
exposure in a rat model of anhydride-induced asthma. Allergy 1997;52:739-746.

29. Czuppon AB, Kaplan V, Speich R, Baur X. Acute autoimmune response in a case of
pyromellitic acid dianhydride-induced hemorrhagic alveolitis. Allergy 1994;49:337-341.

30. Dearman RJ, Hegarty JM, Kimber I. Inhalation exposure of mice to trimellitic anhydride
induces both IgG and IgE anti-hapten antibody. Int Arch Allergy Appl Immunol 1991;95:70-
76.

31. Dearman RJ, Kimber I. Differential stimulation of immune function by respiratory and
contact chemical allergens. Immunology 1991;72:563-570.

32. Dearman RJ, Kimber I. Divergent immune responses to respiratory and contact chemical
allergens: antibody elicited by phthalic anhydride and oxazolone. Clin Exp Allergy
1992;22:241-250.

33. Dearman RJ, Warbrick EV, Humphreys IR, Kimber I. Characterization in mice of the
immunological properties of five allergenic acid anhydrides. J Appl Toxicol 2000;20:221-
230.

34. Deutsche Forschungsgemeinschaft (DFG). Gesundheitsschlädische arbeitsstoffe. Toxiko-
logisch-Arbeitsmedizinische Begründung von MAK-Werten. Weinheim: Wiley VCH.,
1986/1987.

35. Drexler H, Schaller KH, Nielsen J, Weber A, Weihrauch M, Welinder H, Skerfving S.
Efficacy of measures of hygiene in workers sensitised to acid anhydrides and the influence of
selection bias on the results. Occup Environ Med 1999;56:202-205.

36. Drexler H, Weber A, Letzel S, Kraus G, Schaller KH, Lenhert G. Detection and clinical
relevance of a type I allergy with occupational exposure to hexahydrophthalic anhydride and
methyltetrahydrophthalic anhydride. Int Arch Occup Environ Health 1994;65:279-283.



62

37. Durham SR, Graneek BJ, Hawkins R, Taylor AJ. The temporal relationship between
increases in airway responsiveness to histamine and late asthmatic responses induced by
occupational agents. J Allergy Clin Immunol 1987;79:398-406.

38. Dykewicz MS, Patterson R, Harris KE. Induction of antigen-specific bronchial reactivity to
trimellityl-human serum albumin by passive transfer of serum from humans to rhesus
monkeys. J Lab Clin Med 1988;111:459-465.

39. European commission (EC). Commission Directive 98/73/EC. Official Journal of the
European Community. 1998; L 305, 16.11.98.

40. European commission (EC). Commission Directive 98/98/EC. Official Journal of the
European Community. 1998; L 355, 30.12.1998.

41. Fabro S, Shull G, Brown NA. The relative teratogenic index and teratogenic potency:
proposed components of developmental toxicity risk assessment. Teratog Carcinog Mutagen
1982;2:61-76.

42. Falbe J, Regitz M. Römpp Lexikon: Chemie A-Z. 10th ed. Stuttgart, New York: Georg
Thieme Verlag, 1999.

43. Fawcett IW, Taylor AJ, Pepys J. Asthma due to inhaled chemical agents--epoxy resin
systems containing phthalic acid anhydride, trimellitic acid anhydride and triethylene
tetramine. Clin Allergy 1977;7:1-14.

44. Flaherty DK, Gross CJ, Winzenburger P, Compas MB, McGarity K, Tillman E. In vitro
immunologic studies on a population of workers exposed to phthalic and tetrachlorophthalic
anhydride. J Occup Med 1988;30:785-790.

45. Frans A, Pahulycz C. [Transient syndrome of acute irritation of the bronchi induced by single
and massive inhalation of phthalic anhydride]. Rev Pneumol Clin 1993;49:247-251.

46. Fraser DG, Regal JF, Arndt ML. Trimellitic anhydride-induced allergic response in the lung:
role of the complement system in cellular changes. J Pharmacol Exp Ther 1995;273:793-801.

47. Gad S, Walsh R, Dunn B. Correlation of ocular and dermal irritancy of industrial chemicals.
J Toxicol Cut Ocular Toxicol 1986;5:195-213.

48. Gad SC. A scheme for the prediction and ranking of relative potencies of dermal sensitizers
based on data from several systems. J Appl Toxicol 1988;8:361-368.

49. Galloway SM, Armstrong MJ, Reuben C, Colman S, Brown B, Cannon C, Bloom AD,
Nakamura F, Ahmed M, Duk S, Rimpo J, Margolin B, Reshnick M, Anderson B, Zeiger E.
Chromosome aberrations and sister chromatid exchanges in Chinese hamster ovary cells:
evaluations of 108 chemicals. Environ Mol Mutagen 1987;10:1-175.

50. Gannon PF, Sherwood Burge P, Hewlett C, Tee RD. Haemolytic anaemia in a case of
occupational asthma due to maleic anhydride. Br J Ind Med 1992;49:142-143.

51. Gautrin D, Bernstein IL, Brooks S. Reactive airways dysfunction syndrome or irritant-
induced asthma. In: Bernstein IL, Chang-Yeung M, Malo, J-L, Bernstein DI, eds. Asthma in
the Workplace. 2nd ed. New York, Basel: Marcel Dekker Inc., 1999:565-593.

52. Gerhardsson L, Grammer LC, Shaughnessy MA, Patterson R. IgG subclass antibody against
trimellitic anhydride in workers with and without immunologic lung diseases. J Occup Med
1992;34:989-992.

53. Gerhardsson L, Grammer LC, Shaughnessy MA, Patterson R. Immunologic specificity of
IgG against trimellityl-human serum albumin in serum samples of workers exposed to
trimellitic anhydride. J Lab Clin Med 1993;121:792-796.

54. Gervais P, Efthymiou L, Hebert S, Diamant-Berger O. [Diagnosis and physiopathology of
asthma due to phthalic anhydride: value of the lymphoblastic transformation test]. Eur J
Toxicol 1972;5:106-109.

55. Geyer R, Jones RC, Mezin N. Determination of trimellitic anhydride in workplace air using
reverse phase high performance liquid chromatography. J High Res Chromatogr 1986;9:308-
309.



63

56. Geyer R, Saunders GA. Determination of maleic anhydride in workplace air by reversed-
phase high-performance liquid chromatography. J Chromatogr 1986;368:456-458.

57. Goransson K. Allergic contact dermatitis to an epoxy hardener: dodecenyl-succinic
anhydride. Contact Dermatitis 1977;3:277-278.

58. Grammer L, Shaughnessy M, Kenamore B. Utility of antibody in identifying individuals who
have or will develop anhydride-induced respiratory disease. Chest 1998;114:1199-1202.

59. Grammer LC, Shaughnessy MA. Study of employees with anhydride-induced respiratory
disease after removal from exposure. J Occup Environ Med 1996;38:771-774.

60. Grammer LC, Shaughnessy MA, Henderson J, Zeiss CR, Kavich DE, Collins MJ, Pecis KM,
Kenamore BD. A clinical and immunologic study of workers with trimellitic-anhydride-
induced immunologic lung disease after transfer to low exposure jobs. Am Rev Respir Dis
1993;148:54-57.

61. Grammer LC, Shaughnessy MA, Lowenthal M. Hemorrhagic rhinitis. An immunologic
disease due to hexahydrophthalic anhydride. Chest 1993;104:1792-1794.

62. Grammer LC, Shaughnessy MA, Lowenthal M, Yarnold PR. Risk factors for immuno-
logically mediated respiratory disease from hexahydrophthalic anhydride. J Occup Med
1994;36:642-646.

63. Grammer LC, Shaughnessy MA, Yarnold PR. Risk factors for immunologically mediated
disease in workers with respiratory symptoms when exposed to hexahydrophthalic anhydride.
J Lab Clin Med 1996;127:443-447.

64. Guerin JC, Deschamps O, Guillot YL, Chavaillon JM, Kalb JC. [A case of asthma due to
maleic anhydride (author's transl)]. Poumon Coeur 1980;36:393-395.

65. Haseman JK, Huff JE, Zeiger E, McConnell EE. Comparative results of 327 chemical
carcinogenicity studies. Environ Health Perspect 1987;74:229-235.

66. Hatanaka S, Imamura I, Terazawa Y, Kuroda K, Endo G. The characteristics of specific IgG
to phthalic anhydride (PA)-albumin conjugate. Ind Health 1997;35:508-514.

67. Hayes JP, Barnes PJ, Taylor AJ, Chung KF. Effect of a topical corticosteroid on airway
hyperresponsiveness and eosinophilic inflammation induced by trimellitic anhydride
exposure in sensitized guinea pigs. J Allergy Clin Immunol 1993;92:450-456.

68. Hayes JP, Daniel R, Tee RD, Barnes PJ, Taylor AJ, Chung KF. Bronchial hyperreactivity
after inhalation of trimellitic anhydride dust in guinea pigs after intradermal sensitization to
the free hapten. Am Rev Respir Dis 1992;146:1311-1314.

69. Hayes JP, Kuo HP, Rohde JA, Newman Taylor AJ, Barnes PJ, Chung KF, Rogers DF.
Neurogenic goblet cell secretion and bronchoconstriction in guinea pigs sensitised to
trimellitic anhydride. Eur J Pharmacol 1995;292:127-134.

70. Hayes JP, Lötvall JO, Baraniuk J, Daniel R, Barnes PJ, Taylor AJ, Chung KF. Broncho-
constriction and airway microvascular leakage in guinea pigs sensitized with trimellitic
anhydride. Am Rev Respir Dis 1992;146:1306-1310.

71. Hayes JP, Lötvall JO, Barnes PJ, Newman Taylor AJ, Chung KF. Involvement of inflam-
matory mediators in the airway responses to trimellitic anhydride in sensitized guinea-pigs.
Br J Pharmacol 1992;106:828-832.

72. Hazelden KP. Screening of priority chemicals for reproductive hazards. NIOSH contract no.
219-81-6005, 1983:1-127.

73. Henriks-Eckerman M, Engström B, Ånäs E. Thermal degradation products of steel protective
paints. Am Ind Hyg Assoc J 1990:241-244.

74. Herbert FA, Orford R. Pulmonary hemorrhage and edema due to inhalation of resins contain-
ing tri-mellitic anhydride. Chest 1979;76:546-551.

75. Hilliard CA, Armstrong MJ, Bradt CI, Hill RB, Greenwood SK, Galloway SM. Chromosome
aberrations in vitro related to cytotoxicity of nonmutagenic chemicals and metabolic poisons.
Environ Mol Mutagen 1998;31:316-326.



64

76. Howe W, Venables KM, Topping MD, Dally MB, Hawkins R, Law JS, Taylor AJ.
Tetrachlorophthalic anhydride asthma: evidence for specific IgE antibody. J Allergy Clin
Immunol 1983;71:5-11.

77. IARC. Succinic anhydride. IARC monographs on the evaluation of carcinogenic risks to
humans. Vol. 15. Lyon: International Agency for Research on Cancer, 1977:265-271.

78. IARC. IARC monographs on the evaluation of carcinogenic risks to humans. Suppl. 7. Lyon:
International Agency for Research on Cancer, 1987.

79. IARC. IARC monographs on the evaluation of carcinogenic risks to humans. Vol. 48. Lyon:
International Agency for Research on Cancer, 1990.

80. IPCS. The International Programme on Chemical Safety. Environmental Health Criteria 185.
Chlorendic acid and anhydride. Geneva: World Health Organization, 1996:74.

81. Jackson J, Jones AH. Comments on: Br J Ind Med 1992;49:142-143. Gannon P F, Sherwood
Burge P, Hewlett  C, Tee RD. Haemolytic anaemia in a case of occupational asthma due to
maleic anhydride. Br J Ind Med 1993;50:191-192.

82. Johyama Y, Yokota K, Fujiki Y, Takeshita T, Morimoto K. Determination of methyltetra-
hydrophthalic anhydride in air using gas chromatography with electron-capture detection.
Ind Health 1999;37:364-368.

83. Jolanki R, Estlander T, Kanerva L. Occupational contact dermatitis and contact urticaria
caused by epoxy resins. Acta Derm Venereol Suppl 1987;134:90-94.

84. Jönsson B, Lindh C. Determination of hexahydrophthalic and methylhexahydrophthalic acids
in urine by gas chromatography-negative-ion chemical-ionisation mass spectrometry.
Chromatographia 1996;42:647-652.

85. Jönsson B, Lindh C, Welinder H. Haemoglobin adducts and specific immunoglobulin G in
humans as biomarkers of exposure to hexahydrophthalic anhydride. Biomarkers 1997;2:239-
246.

86. Jönsson B, Skarping G. Method for the biological monitoring of hexahydrophthalic anhydride
by the determination of hexahydrophthalic acid in urine using gas chromatography and
selected-ion monitoring. J Chromatogr 1991;572:117-131.

87. Jönsson B, Welinder H, Pfäffli P. Determination of cyclic organic acid anhydrides in air
using gas chromatography .1. A review. Analyst 1996;121:1279-1284.

88. Jönsson B, Welinder H, Skarping G. Determination of hexahydrophthalic anhydride in air
using gas chromatography. J Chromatogr 1991;558:247-256.

89. Jönsson B, Welinder H, Skarping G. Hexahydrophthalic acid in urine as an index of exposure
to hexahydrophthalic anhydride. Int Arch Occup Environ Health 1991;63:77-79.

90. Jönsson BA, Skerfving S. Toxicokinetics and biological monitoring in experimental exposure
of humans to gaseous hexahydrophthalic anhydride. Scand J Work Environ Health
1993;19:183-190.

91. Jönsson BA, Welinder H, Hansson C, Ståhlbom B. Occupational exposure to hexahydro-
phthalic anhydride: air analysis, percutaneous absorption, and biological monitoring. Int Arch
Occup Environ Health 1993;65:43-47.

92. Jönsson BA, Wishnok JS, Skipper PL, Stillwell WG, Tannenbaum SR. Lysine adducts
between methyltetrahydrophthalic anhydride and collagen in guinea pig lung. Toxicol Appl
Pharmacol 1995;135:156-162.

93. Jönsson BAG, Lindh C, Gustavsson CA, Welinder H, Pfäffli P. Determination of cyclic
organic acid anhydrides in air using gas chromatography. 2. Sampling and determination of
hexahydrophthalic anhydride, methylhexahydrophthalic anhydride, tetrahydrophthalic
anhydride and octenylsuccinic anhydride. Analyst 1996;121:1285-1290.

94. Kanerva L, Alanko K. Occupational allergic contact urticaria from maleic anhydride. Contact
Dermatitis 2000;42:170-172.



65

95. Kanerva L, Alanko K, Jolanki R, Estlander T. Airborne allergic contact urticaria from
methylhexahydrophthalic anhydride and hexahydrophthalic anhydride. Contact Dermatitis
1999;41:339-341.

96. Kanerva L, Hyry H, Jolanki R, Hytonen M, Estlander T. Delayed and immediate allergy
caused by methylhexahydrophthalic anhydride. Contact Dermatitis 1997;36:34-38.

97. Karjalainen A, Aalto L, Jolanki R, Keskinen H, Savela A. Ammattitaudit 1997. Helsinki:
Finnish Institute of Occupational Health, 1998. (Article in Finnish).

98. Karjalainen A, Aalto L, Jolanki R, Keskinen H, Paakkulainen H, Savela A. Ammattitaudit
1998. Helsinki: Finnish Institute of Occupational Health, 1999. (Article in Finnish).

99. Karjalainen A, Aalto L, Jolanki R, Keskinen H, Mäkinen I, Savela A. Occupational diseases
in Finland in 1999. Helsinki: Finnish Institute of Occupational Health, 2001.

100. Kern RA. Asthma and allergic rhinitis due to sensitization to phthalic anhydride. J Allergy
1939;10:164-165.

101. Keskinen H. Organic acid anhydrides. In: Beije B, Lundberg P, eds. Criteria document from
the Nordic Expert Group. Solna: National Institute of Occupational Health, Arbete och Hälsa
1991;2:129-188.

102. Keskinen H, Pfäffli P, Pelttari M, Tupasela O, Tuomi T, Tuppurainen M, Hameila M,
Kanerva L, Nordman H. Chlorendic anhydride allergy. Allergy 2000;55:98-99.

103. Kluwe WM. Carcinogenic potential of phthalic acid esters and related compounds: structure-
activity relationships. Environ Health Perspect 1986;65:271-278.

104. Kluwe WM, McConnell EE, Huff JE, Haseman JK, Douglas JF, Hartwell WV. Carcino-
genicity testing of phthalate esters and related compounds by the National Toxicology
Program and the National Cancer Institute. Environ Health Perspect 1982;45:129-133.

105. Korhonen A, Hemminki K, Vainio H. Embryotoxic effects of phtalic acid derivatives,
phosphates and aromatic oils used in the manufacturing of rubber on three day chicken
embryos. Drug Chem Toxicol 1983;6:191-207.

106. Leach CL, Hatoum NS, Ratajczak HV, Zeiss CR, Garvin PJ. Evidence of immunologic
control of lung injury induced by trimellitic anhydride. Am Rev Respir Dis 1988;137:186-
190.

107. Leach CL, Hatoum NS, Ratajczak HV, Zeiss CR, Roger JC, Garvin PJ. The pathologic and
immunologic response to inhaled trimellitic anhydride in rats. Toxicol Appl Pharmacol
1987;87:67-80.

108. Lee HS, Wang YT, Cheong TH, Tan KT, Chee BE, Narendran K. Occupational asthma due
to maleic anhydride. Br J Ind Med 1991;48:283-285.

109. Letz G, Wugofski L, Cone JE, Patterson R, Harris KE, Grammer LC. Trimellitic anhydride
exposure in a 55-gallon drum manufacturing plant: clinical, immunologic, and industrial
hygiene evaluation. Am J Ind Med 1987;12:407-417.

110. Levy SA, Storey J, Phashko BE. Meat worker's asthma. J Occup Med 1978;20:116-118.

111. Lewis RJ, Sr. Sax´s Dangerous properties of industrial materials. 9th ed. New York: Van
Nostrand Reinhold Co., 1996.

112. Lindh CH, Jönsson BA. Method for analysis of methyltetrahydrophthalic acid in urine using
gas chromatography and selected ion monitoring. J Chromatogr B Biomed Appl
1994;660:57-66.

113. Lindh CH, Jönsson BA. Determination of hexahydrophthalic acid and methylhexahydro-
phthalic acid in plasma after derivatisation with pentafluorobenzyl bromide using gas
chromatography and mass spectrometric detection. J Chromatogr B Biomed Sci Appl
1997;691:331-339.

114. Lindh CH, Jönsson BA. Quantification method of human hemoglobin adducts from
hexahydrophthalic anhydride and methylhexahydrophthalic anhydride. J Chromatogr B
Biomed Sci Appl 1998;710:81-90.



66

115. Lindh CH, Jönsson BA, Johannesson G, Zhang XD, Welinder H, Brittebo EB. Binding of the
potent allergen hexahydrophthalic anhydride in the mucosa of the upper respiratory and
alimentary tract following single inhalation exposures in guinea pigs and rats. Toxicology
1999;134:153-168.

116. Lindh CH, Jönsson BA, Welinder H. Biological monitoring of methylhexahydrophthalic
anhydride by determination of methylhexahydrophthalic acid in urine and plasma from
exposed workers. Int Arch Occup Environ Health 1997;70:128-132.

117. Lindh CH, Jönsson BA, Welinder HE. Direct measurement of hexahydrophthalic anhydride
in workplace air with a transportable Fourier transform infrared spectrometer. Am Ind Hyg
Assoc J 1996;57:832-836.

118. Liss GM, Bernstein D, Genesove L, Roos JO, Lim J. Assessment of risk factors for IgE-
mediated sensitization to tetrachlorophthalic anhydride. J Allergy Clin Immunol 1993;92:237-
247.

119. Lowenthal M, Shaughnessy MA, Harris KE, Grammer LC. Immunologic cross-reactivity of
acid anhydrides with immunoglobulin E against trimellityl-human serum albumin. J Lab Clin
Med 1994;123:869-873.

120. Maccia CA, Bernstein IL, Emmett EA, Brooks SM. In vitro demonstration of specific IgE in
phthalic anhydride hypersensitivity. Am Rev Respir Dis 1976;113:701-704.

121. Macgregor JT, Friedman M. Nonmutagenicity of tetrabromophthalic anhydride and
tetrabromophthalic acid in the ames Salmonella/microsome mutagenicity test. Mutat Res
1977;56:81-84.

122. Malten KE, Zielhuis RL. Industrial toxicology and dermatology in the production and
processing of plastics. Elsevier monographs on toxic agents. Amsterdam, London, New
York: Elsevier publishing company, 1964.

123. Mazur G, Pethran A. Detection of specific IgE in isocyanate and phthalic anhydride exposed
workers: comparison of RAST RIA, Immuno CAP System FEIA, and Magic Lite SQ.
Allergy 1993;48:627-630.

124. McGrath KG, Roach D, Zeiss CR, Patterson R. Four-year evaluation of workers exposed to
trimellitic anhydride. A brief report. J Occup Med 1984;26:671-675.

125. Meadway J. Asthma and atopy in workers with an epoxy adhesive. Br J Dis Chest
1980;74:149-154.

126. Menschick H. Gesundheitliche Gefahren bei der Herstellung von Phthalsäureanhydrid. Arch
Gewerbepathol Gewerbehyg 1955;13:454-475.

127. Moller DR, Gallagher JS, Bernstein DI, Wilcox TG, Burroughs HE, Bernstein IL. Detection
of IgE-mediated respiratory sensitization in workers exposed to hexahydrophthalic anhydride.
J Allergy Clin Immunol 1985;75:663-672.

128. Moscato G, Gherson G, Salvaterra A, Vidi I. [Nasal and bronchial respiratory pathology in a
group of workers exposed to phthalic anhydride]. G Ital Med Lav 1986;8:57-64.

129. Motolese A, Truzzi M, Giannini A, Seidenari S. Contact dermatitis and contact sensitization
among enamellers and decorators in the ceramics industry. Contact Dermatitis 1993;28:59-
62.

130. Nielsen J, Bensryd I, Almquist H, Dahlqvist M, Welinder H, Alexandersson R, Skerfving S.
Serum IgE and lung function in workers exposed to phthalic anhydride. Int Arch Occup
Environ Health 1991;63:199-204.

131. Nielsen J, Fahraeus C, Bensryd I, Akesson B, Welinder H, Linden K, Skerfving S. Small
airways function in workers processing polyvinylchloride. Int Arch Occup Environ Health
1989;61:427-430.

132. Nielsen J, Johnson U, Welinder H, Bensryd I, Rylander L, Skerfving S. HLA and immune
nonresponsiveness in workers exposed to organic acid anhydrides. J Occup Environ Med
1996;38:1087-1090.



67

133. Nielsen J, Welinder H, Bensryd I, Andersson P, Skerfving S. Symptoms and immunologic
markers induced by exposure to methyltetrahydrophthalic anhydride. Allergy 1994;49:281-
286.

134. Nielsen J, Welinder H, Horstmann V, Skerfving S. Allergy to methyltetrahydrophthalic
anhydride in epoxy resin workers. Br J Ind Med 1992;49:769-775.

135. Nielsen J, Welinder H, Ottosson H, Bensryd I, Venge P, Skerfving S. Nasal challenge shows
pathogenetic relevance of specific IgE serum antibodies for nasal symptoms caused by
hexahydrophthalic anhydride. Clin Exp Allergy 1994;24:440-449.

136. Nielsen J, Welinder H, Schutz A, Skerfving S. Specific serum antibodies against phthalic
anhydride in occupationally exposed subjects. J Allergy Clin Immunol 1988;82:126-133.

137. Nielsen J, Welinder H, Skerfving S. Allergic airway disease caused by methyl tetrahydro-
phthalic anhydride in epoxy resin. Scand J Work Environ Health 1989;15:154-155.

138. NIOSH. Manual of analytical methods. 4th ed. Cincinnati: US National Institute for
Occupational Safety and Health, 1994.

139. NIOSH. Registry of Toxic Effects of Chemical Substances (RTECS). US National Institute for
Occupational Safety and Health, 2001.

140. NLM. Hazardous Substances Databank (HSDB). Bethesda, MD: US National  Library of
Medicine, 1999.

141. Palacian E, Gonzalez PJ, Pineiro M, Hernandez F. Dicarboxylic acid anhydrides as
dissociating agents of protein-containing structures. Mol Cell Biochem 1990;97:101-111.

142. Patterson R, Addington W, Banner AS, Byron GE, Franco M, Herbert FA, Nicotra MB,
Pruzansky JJ, Rivera M, Roberts M, Yawn D, Zeiss CR. Antihapten antibodies in workers
exposed to trimellitic anhydride fumes: a potential immunopathogenetic mechanism for the
trimellitic anhydride pulmonary disease--anemia syndrome. Am Rev Respir Dis
1979;120:1259-1267.

143. Patterson R, Roberts M, Zeiss CR, Pruzansky JJ. Human antibodies against trimellityl
proteins: comparison of specificities of IgG, IgA and IgE classes. Int Arch Allergy Appl
Immunol 1981;66:332-340.

144. Patterson R, Zeiss CR, Pruzansky JJ. Immunology and immunopathology of trimellitic
anhydride pulmonary reactions. J Allergy Clin Immunol 1982;70:19-23.

145. Patterson R, Zeiss CR, Roberts M, Pruzansky JJ, Wolkonsky P, Chacon R. Human antihapten
antibodies in trimellitic anhydride inhalation reactions. Immunoglobulin classes of anti-
trimellitic anhydride antibodies and hapten inhibition studies. J Clin Invest 1978;62:971-978.

146. Pfäffli P. Phthalic acid excretion as an indicator of exposure to phthalic anhydride in the work
atmosphere. Int Arch Occup Environ Health 1986;58:209-216.

147. Pfäffli P. Phthalic anhydride as an impurity in industrial atmospheres: assay in air samples by
gas chromatography with electron-capture detection. Analyst 1986;111:813-817.

148. Pfäffli P. Determination of low concentrations of trimellitic anhydride in air. J Chromatogr
1994;684:269-275.

149. Pfäffli P. Sampling of airborne combustion fume for chemical analysis: Application to
determination of phthalic anhydride in condensed powder paint fume. Staub Reinhalt Luft
1994;54:403-407.

150. Pfäffli P, Savolainen H. Determination of 4-methyl-cis-hexahydrophthalic anhydride in
human blood by gas chromatography with electron-capture detection. Analyst
1991;116:1333-1336.

151. Pfäffli P, Savolainen H, Keskinen H. Determination of carboxylic acids in biological samples
as their trichloroethyl esters by gas chromatography. Chromatographia 1989;27:483-488.

152. Phillips BJ, Anderson D, Gangolli SD. Studies on the genetic effects of phthalic acid esters
on cells in culture. Environ Health Perspect 1986;65:263-266.



68

153. Piirila P, Keskinen H, Anttila S, Hyvonen M, Pfaffli P, Tuomi T, Tupasela O, Tuppurainen
M, Nordman H. Allergic alveolitis following exposure to epoxy polyester powder paint
containing low amounts (<1%) of acid anhydrides. Eur Respir J 1997;10:948-951.

154. Potokar M, Grundler OJ, Heusener A, Jung R, Murmann P, Schobel C, Suberg H, Zechel HJ.
Studies on the design of animal tests for the corrosiveness of industrial chemicals. Food
Chem Toxicol 1985;23:615-617.

155. Pullerits T, Dahlgren U, Skoogh BE, Lötvall J. Development of antigen-specific IgE after
sensitisation with trimellitic anhydride in rats is attenuated by glucocorticoids and
cyclosporin A. Int Arch Allergy Immunol 1997;112:279-286.

156. Riboli E, Bai E, Berrino F, Merisi A. Mortality from lung cancer in an acetylene and phthalic
anhydride plant. A case-referent study. Scand J Work Environ Health 1983;9:455-462.

157. Rice DL, Jenkins DE, Gray JM. Chemical pneumonitis secondary to inhalation of epoxy pipe
coating. Arch Environ Health 1977;32:173-178.

158. Ridgway P, Morris L, Ogunbiyi AO, Brown RH, Cocker J. Acid anhydrides. Criteria
document for an occupational exposure limit. HSE Books. London: UK Health and Safety
Executive, 1996:73.

159. Ridley WP, Warren J, Nair RS. Effect of tetrachlorophthalic anhydride on hepatic micro-
somal metabolism in rats and mice. J Toxicol Environ Health 1988;24:217-227.

160. Rosenman KD, Bernstein DI, O'Leary K, Gallagher JS, D'Souza L, Bernstein IL.
Occupational asthma caused by himic anhydride. Scand J Work Environ Health 1987;13:150-
154.

161. Rosqvist S, Johannesson G, Lindh CH, Jonsson BA. Quantification of protein adducts of
hexahydrophthalic anhydride and methylhexahydrophthalic anhydride in human plasma. J
Environ Monit 2000;2:155-160.

162. Ruth JH. Odor thresholds and irritation levels of several chemical substances: a review. Am
Ind Hyg Assoc J 1986;47:142-151.

163. Sala E, Hytonen M, Tupasela O, Estlander T. Occupational laryngitis with immediate allergic
or immediate type specific chemical hypersensitivity. Clin Otolaryngol 1996;21:42-48.

164. Sale SR, Roach DE, Zeiss CR, Patterson R. Clinical and immunologic correlations in
trimellitic anhydride airway syndromes. J Allergy Clin Immunol 1981;68:188-193.

165. Sarlo K, Clark ED, Ferguson J, Zeiss CR, Hatoum N. Induction of type I hypersensitivity in
guinea pigs after inhalation of phthalic anhydride. J Allergy Clin Immunol 1994;94:747-756.

166. Savolainen H, Pfaffli P. Biochemical effects and monitoring of exposure of rats to 4-
methylcyclohexyl-1,6-dicarboxylic acid anhydride vapour. Acta Pharmacol Toxicol (Copenh)
1986;59:209-213.

167. Sax NI, Lewis RJ Sr. Hawley's condensed chemical dictionary. New York: Van Nostrand
Reinhold Co., 1987:1288.

168. Schlueter DP, Banaszak EF, Fink JN, Barboriak J. Occupational asthma due to tetrachloro-
phthalic anhydride. J Occup Med 1978;20:183-188.

169. Shelby MD, Stasiewicz S. Chemicals showing no evidence of carcinogenicity in long-term,
two- species rodent studies: the need for short-term test data. Environ Mutagen 1984;6:871-
878.

170. Short RD, Johannsen FR, Levinskas GJ, Rodwell DE, Schardein JL. Teratology and multi-
generation reproduction studies with maleic anhydride in rats. Fundam Appl Toxicol
1986;7:359-366.

171. Short RD, Johannsen FR, Ulrich CE. A 6-month multispecies inhalation study with maleic
anhydride. Fundam Appl Toxicol 1988;10:517-524.

172. Sikora R, Harris KE, Kenamore B, Grammer LC. Immunoglobulin E antibody against
environmental allergens in subjects with trimellitic anhydride-induced asthma. J Occup
Environ Med 1999;41:190-194.



69

173. Smyth HF, Jr., Carpenter CP, Weil CS, Pozzani UC, Striegel JA, Nycum JS. Range-finding
toxicity data: List VII. Am Ind Hyg Assoc J 1969;30:470-476.

174. Tarvainen K, Jolanki R, Estlander T, Tupasela O, Pfaffli P, Kanerva L. Immunologic contact
urticaria due to airborne methylhexahydrophthalic and methyltetrahydrophthalic anhydrides.
Contact Dermatitis 1995;32:204-209.

175. Taylor AJ, Venables KM, Durham SR, Graneek BJ, Topping MD. Acid anhydrides and
asthma. Int Arch Allergy Appl Immunol 1987;82:435-439.

176. Topping MD, Venables KM, Luczynska CM, Howe W, Taylor AJ. Specificity of the human
IgE response to inhaled acid anhydrides. J Allergy Clin Immunol 1986;77:834-842.

177. Turner ES, Pruzansky JJ, Patterson R, Zeiss CR, Roberts M. Detection of antibodies in
human serum using trimellityl-erythrocytes: direct and indirect haemagglutination and
haemolysis. Clin Exp Immunol 1980;39:470-476.

178. Ullmann F. Ullmann's encyclopedia of industrial chemistry. Weinheim: VCH Publishers,
Inc., 1996.

179. United Nations, Economic commission for Europe. Chemical Industry in 1998. Annual
Review. Production and Trade Statistics 1995-1997. New York: United Nations, 1998.

180. Vainiotalo S, Pfaffli P. Air impurities in the PVC plastics processing industry. Ann Occup
Hyg 1990;34:585-590.

181. van Tongeren MJ, Barker RD, Gardiner K, Harris JM, Venables KM, Harrington JM,
Newman Taylor AJ. Retrospective exposure assessment for a cohort study into respiratory
effects of acid anhydrides. Occup Environ Med 1998;55:692-696.

182. van Tongeren MJ, Barker RD, Gardiner K, Harris JM, Venables KM, Taylor AJ, Harrington
JM. Exposure to acid anhydrides in three resin and one cushioned flooring manufacturing
plants. Ann Occup Hyg 1995;39:559-571.

183. Venables KM. Low molecular weight chemicals, hypersensitivity, and direct toxicity: the
acid anhydrides. Br J Ind Med 1989;46:222-232.

184. Venables KM, Newman Taylor AJ. Exposure-response relationships in asthma caused by
tetrachlorophthalic anhydride. J Allergy Clin Immunol 1990;85:55-58.

185. Venables KM, Topping MD, Howe W, Luczynska CM, Hawkins R, Taylor AJ. Interaction of
smoking and atopy in producing specific IgE antibody against a hapten protein conjugate. Br
Med J (Clin Res Ed) 1985;290:201-204.

186. Venables KM, Topping MD, Nunn AJ, Howe W, Newman Taylor AJ. Immunologic and
functional consequences of chemical (tetrachlorophthalic anhydride)-induced asthma after
four years of avoidance of exposure. J Allergy Clin Immunol 1987;80:212-218.

187. Vernot EH, MacEwen JD, Haun CC, Kinkead ER. Acute toxicity and skin corrosion data for
some organic and inorganic compounds and aqueous solutions. Toxicol Appl Pharmacol
1977;42:417-423.

188. Ward MJ, Davies D. Asthma due to grinding epoxy resin cured with phthallic anhydride. Clin
Allergy 1983;13:165-168.

189. Welinder H, Gustavsson C. Methyltetrahydrophthalic anhydride in air--sampling and
analysis. Ann Occup Hyg 1992;36:189-197.

190. Welinder H, Nielsen J. Immunologic tests of specific antibodies to organic acid anhydrides.
Allergy 1991;46:601-609.

191. Welinder H, Nielsen J, Bensryd I, Björk B, Strömberg U, Skerfving S. Decline in serum
antibodies to methyltetrahydrophthalic anhydride after cessation of exposure. Implications for
use as a biomarker. Biomarkers 1998;3:141-148.

192. Welinder H, Nielsen J, Gustavsson C, Bensryd I, Skerfving S. Specific antibodies to methyl-
tetrahydrophthalic anhydride in exposed workers. Clin Exp Allergy 1990;20:639-645.

193. Welinder H, Nielsen J, Rylander L, Ståhlbom B. A prospective study of the relationship
between exposure and specific antibodies in workers exposed to organic acid anhydrides.
Allergy 2001;56:506-511.



70

194. Welinder H, Zhang X, Gustavsson C, Björk B, Skerfving S. Structure-activity relationships of
organic acid anhydrides as antigens in an animal model. Toxicology 1995;103:127-136.

195. Welinder HE, Jönsson BA, Nielsen JE, Ottosson HE, Gustavsson CA. Exposure-response
relationships in the formation of specific antibodies to hexahydrophthalic anhydride in
exposed workers. Scand J Work Environ Health 1994;20:459-465.

196. Wernfors M, Nielsen J, Schutz A, Skerfving S. Phthalic anhydride-induced occupational
asthma. Int Arch Allergy Appl Immunol 1986;79:77-82.

197. Winter C, Tullius E. The irritating effeets of maleic acid and of maleic anhydride upon the
eyes of rabbits. Am J Ophthalmol 1950;33:387-388.

198. Yan ZQ, Hansson GK, Skoogh BE, Lötvall JO. Induction of nitric oxide synthase in a model
of allergic occupational asthma. Allergy 1995;50:760-764.

199. Yokota K, Johyama Y, Yamaguchi K, Fujiki Y, Takeshita T, Morimoto K. Study on allergic
rhinitis in workers exposed to methylterahydrophthalic anhydride. Environ Health Prev Med
1996;1:133-135.

200. Yokota K, Johyama Y, Yamaguchi K, Fujiki Y, Takeshita T, Morimoto K. Risk factors for
sensitisation to methyltetrahydrophthalic anhydride. Occup Environ Med 1997;54:667-670.

201. Yokota K, Johyama Y, Yamaguchi K, Fujiki Y, Takeshita T, Morimoto K. Specific
antibodies against methyltetrahydrophthalic anhydride and risk factors for sensitization in
occupationally exposed subjects. Scand J Work Environ Health 1997;23:214-220.

202. Yokota K, Johyama Y, Yamaguchi K, Takeshita T, Morimoto K. Exposure-response relation-
ships in rhinitis and conjunctivitis caused by methyltetrahydrophthalic anhydride. Int Arch
Occup Environ Health 1999;72:14-18.

203. Yokota K, Takeshita T, Morimoto K. Prevention of occupational allergy caused by exposure
to acid anhydrides. Ind Health 1999;37:281-288.

204. Yokota K, Yamaguchi K, Takeshita T, Morimoto K. The association between serum levels of
Th cytokines and rhinoconjunctivitis caused by methyltetrahydrophthalic anhydride. Allergy
1998;53:803-807.

205. Yokota K, Yamaguchi K, Takeshita T, Morimoto K. The significance of specific IgG4
antibodies to methyltetrahydrophthalic anhydride in occupationally exposed subjects. Clin
Exp Allergy 1998;28:694-701.

206. Young RP, Barker RD, Pile KD, Cookson WO, Taylor AJ. The association of HLA-DR3
with specific IgE to inhaled acid anhydrides. Am J Respir Crit Care Med 1995;151:219-221.

207. Zeiger E, Haworth S, Mortelmans K, Speck W. Mutagenicity testing of di(2-ethylhexyl)-
phthalate and related chemicals in Salmonella. Environ Mutagen 1985;7:213-232.

208. Zeiss CR, Leach CL, Levitz D, Hatoum NS, Garvin PJ, Patterson R. Lung injury induced by
short-term intermittent trimellitic anhydride (TMA) inhalation. J Allergy Clin Immunol
1989;84:219-223.

209. Zeiss CR, Leach CL, Smith LJ, Levitz D, Hatoum NS, Garvin PJ, Patterson R. A serial
immunologic and histopathologic study of lung injury induced by trimellitic anhydride. Am
Rev Respir Dis 1988;137:191-196.

210. Zeiss CR, Levitz D, Chacon R, Wolkonsky P, Patterson R, Pruzansky JJ. Quantitation and
new antigenic determinant specificity of antibodies induced by inhalation of trimellitic
anhydride in man. Int Arch Allergy Appl Immunol 1980;61:380-388.

211. Zeiss CR, Levitz D, Leach CL, Hatoum NS, Ratajczak HV, Chandler MJ, Roger JC, Garvin
PJ. A model of immunologic lung injury induced by trimellitic anhydride inhalation:
antibody response. J Allergy Clin Immunol 1987;79:59-63.

212. Zeiss CR, Mitchell JH, Van Peenen PF, Harris J, Levitz D. A twelve-year clinical and
immunologic evaluation of workers involved in the manufacture of trimellitic anhydride
(TMA). Allergy Proc 1990;11:71-77.



71

213. Zeiss CR, Mitchell JH, Van Peenen PF, Kavich D, Collins MJ, Grammer L, Shaughnessy M,
Levitz D, Henderson J, Patterson R. A clinical and immunologic study of employees in a
facility manufacturing trimellitic anhydride. Allergy Proc 1992;13:193-198.

214. Zeiss CR, Patterson R, Pruzansky JJ, Miller MM, Rosenberg M, Levitz D. Trimellitic
anhydride-induced airway syndromes: clinical and immunologic studies. J Allergy Clin
Immunol 1977;60:96-103.

215. Zeiss CR, Patterson R, Venables KM. Acid anhydrides. In: Bernstein IL, Chang-Yeung M,
Malo J-L, Bernstein DI, eds. Asthma in the workplace. 2nd ed. New York, Basel: Marcel
Dekker, Inc., 1999:479-500.

216. Zeiss CR, Wolkonsky P, Pruzansky JJ, Patterson R. Clinical and immunologic evaluation of
trimellitic anhydride workers in multiple industrial settings. J Allergy Clin Immunol
1982;70:15-18.

217. Zhang  X. Relationship between chemical structure and airway sensitizing potential for
organic acid anhydrides : an animal model. Lund university, 1997 (doctoral thesis).

218. Zhang XD, Lötvall J, Arakawa H, Welinder H, Skerfving S. Relationship between IgG1
levels and airway responses in guinea pigs actively and passively sensitized to
hexahydrophthalic anhydride. Allergy 1998;53:20-27.

219. Zhang XD, Lötvall J, Skerfving S, Welinder H. Antibody specificity to the chemical
structures of organic acid anhydrides studied by in-vitro and in-vivo methods. Toxicology
1997;118:223-232.

220. Zhang XD, Welinder H, Jönsson BA, Skerfving S. Antibody responses of rats after immuni-
zation with organic acid anhydrides as a model of predictive testing. Scand J Work Environ
Health 1998;24:220-227.

221. Zhao H, Zhang XD, Welinder H, Jonson B. Anaphylactic bronchoconstriction in immunized
guinea pigs provoked by inhalation and intravenous administration of hexahydrophthalic
anhydride and methyltetrahydrophthalic anhydride. Allergy 1997;52:18-26.



72

19. Databases used in the search for literature

In the literature search the following databases were used (June 2001):
NIOSHTIC
Medline
Toxline
Rtecs
Tomes
HSE-line
CISDOC
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Appendix

Occupational exposure limits for cyclic acid anhydrides in air.

Phthalic anhydride (TWA)

Country    ppm    µg/m3 Comments Year Reference

Denmark   1 000 2002 (1)
Finland      200 2002 (2)
Germany   1 000 MAK SEN 2003 (3)
Iceland 1   6 000 SEN 1999 (4)
The Netherlands   1 000

  2 000 CL
2002 (5)

Norway   2 000 SEN 2003 (6)
Sweden   2 000

  3 000 CL
SEN 2000 (7)

United States
ACGIH
NIOSH
OSHA

1
1
2

  6 100
  6 000
12 000

SEN
2003 (8)

Great Britain   4 000
12 000

MEL
STEL

SEN 2002 (9)

Abbreviations: CL, ceiling; MAK, maximum workplace concentration; MEL, maximum exposure
limit; SEN, sensitiser; STEL, short term exposure limit; TWA, time weighted average.

Trimellitic anhydride (TWA)

Country    ppm    µg/m3 Comments Year Reference

Denmark     40 2002 (1)
Finland 0.005     40 2002 (2)
Germany     40 MAK SEN 2003 (3)
Iceland 0.005     40 STEL 1999 (4)
The Netherlands     40 CL 2002 (5)
Norway 0.005     40 SEN 2003 (6)
Sweden     40

    80 CL
SEN 2000 (7)

United States
ACGIH
NIOSH
OSHA

0.005
0.005
0.005

    40
    40

CL
2003 (8)

Great Britain     40
  120

MEL
STEL

SEN 2002 (9)

Abbreviations: CL, ceiling; MAK, maximum workplace concentration; MEL, maximum exposure
limit; SEN, sensitiser; STEL, short term exposure limit; TWA, time weighted average.
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Maleic anhydride (TWA).

Country ppm µg/m3 Comments Year Reference

Denmark 0.1    400 2002 (1)
Finland    410

   810 STEL
2002 (2)

Germany    410 MAK SEN 2003 (3)
Iceland 0.1    400 SEN 1999 (4)
The Netherlands    400 2002 (5)
Norway 0.2    800 SEN 2003 (6)
Sweden 0.3 1 200 SEN 2000 (7)

United States
ACGIH
NIOSH
OSHA

0.1
0.25
0.25

   400
1 000

SEN 2003
(8)

Great Britain 1 000
3 000

MEL
STEL

SEN 2002 (9)

Abbreviations: CL, ceiling; MAK, maximum workplace concentration; MEL, maximum exposure
limit; SEN, sensitiser; STEL, short term exposure limit; TWA, time weighted average.

In addition to the occupational exposure limits for phthalic anhydride, trimellitic
anhydride and maleic anhydride presented in tables, the corresponding limits for
two other cyclic acid anhydrides have been given in Finland in 2000: Methyltetra-
hydrophthalic anhydride 170 µg/m3 and Tetrachlorophthalic anhydride 200 µg/m3,
ceiling 400 µg/m3 (4).
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