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Take home message

Inhalation of “non toxic” 

chemicals may lead to (severe) 

lung disease ...



Outline

• One recent case

• Some recent examples from the literature



Case

• September/October 2014

• Male, 46 y, ex-smoker (stop 2 y ago, 2 PY)

• Allergic rhinitis & asthma since adolescence, well-controlled

• Mild obstructive sleep apnoea

• Nasal septum correction; orthopaedic surgery (shoulder)

• Since early 2014: shortness of breath, fatigue, productive 

cough, R/ antibiotics for bad “airway infection” (April 2014), no 

other systemic symptoms

• Fine basal crepitations, no clubbing, no arthritis, no 

adenopathies; restrictive impairment + low diffusion; HRCT, 

bronchoscopy/BAL, surgical lung biopsy 

Referred to clinic of occupational disease UZ Leuven: 

etiology, management?



Pulmonary function

30.09.2014

• FVC 3.06 L 64% pred

• FEV1 2.73 L 71% pred (unchanged after β2)

• FEV1/FVC 0.89

• PEF 9.54 L/s 104% pred

• TLC 4.12 L 58% pred

• TLco 5.62 U 52% pred

• Kco 1.41 U 93% pred

restrictive impairment 

with reduced diffusing capacity 



01/10/2014

Bilateral interstitial changes, peripheral, 

mainly basal, but also towards apical 

Bilateral traction bronchiectases, 

mainly basal/posterior



10/01/2015

Non-Specific Interstitial Pneumonia (NSIP)

(DD atypical UIP, HP)



Laboratory + Bronchoscopy/BAL

• Blood: no abnormalities, incl. auto-immune 

serology

• No endobronchial abnormalities

• BAL 

• 221 WBC/µL (low)

• 84% macrophages

• 7.5% lymphocytes

• 4.5% neutrophils

• microbiological investigations (bacteria, TB, viruses, 

fungi): all negative



Surgical lung biopsy (Right Lower Lobe)

• Interstitial inflammation (lymphocytes + 

plasmocytes); some fibrosis; no granulomas

• Translobular and homogenous distribution across 

all lobules

• Hyaline material (PAS+) and cholesterol crystals + 

foamy macrophages in some alveoli 

• No vasculitis

• Ziehl – / Grocott –; no particles/fibres

 Fibrosing NSIP (+ secondary alveolar 

proteinosis)



20/10/2014



20/10/2014



20/10/2014

PAS



Other findings

• Laboratory: 

• Auto-immune screening: negative

• GM-CSF antibodies: none detected 

• IgGs (fungi): not increased above normal

• Serum LDH: minimally increased (266 U/L)

• Capillaroscopy: normal findings



Exposure history

• Electrician

• Various jobs in buildings

• Since age 24 y: work in theater, philharmonic 

orchestra, ...: operating various machines, stage 

décor, ...

• Past 8 y: work as light and sound technician in a 

busy cultural centre

• Home: no dampness

• Hobby: bass trombone (2 h/week) since 3 y, no 

sports



Light technician

• Use of “theatrical haze/fog”

• Since 2 y: new device “ANTARI fog 

machine”, at least once a week (rehearsals 

and shows)

• Initial information: “harmless water-based 

product”





• Smoke: pyrotechnic materials, smoke cartridges, 

incense, ...

• Low lying fog effect: liquid or solid CO2 or N2

• Fog machine: pumping glycol or glycol/water

mixtures into heat exchanger → vapour cloud

• Haze machine: homogeneous cloud (fine mist) 

intended to reveal lighting beams

• Glycol/water mixture

• Mineral oil
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Haze liquid 1% in CS2

GC-MS 

mineral oil

(no glycols)



Final diagnosis & management

• Interstitial lung disease: NSIP

• Probably caused by chronic high (?) 

exposure to mineral oil (theatrical haze)

 stop exposure

 reported to FBZ



Follow-up

• Complete work stop

• No specific treatment (except asthma meds)

• Some clinical improvement; still cough +++ 

(muscle pains) & dyspnoea on exercise

• No functional improvement

• No changes in HRCT (MAY 2015)

• BAL + transbronchial biopsies (MAY 2015): 

no PAP, “normal tissue”



08/05/2015



Follow-up
(stop exposure; no specific treatment)

2014 2015

OCT JAN APR/MAY SEP

FVC 64% 61% 60% 60%

TLC 58% 55% 53% 52%

TLco 52% 54% 46% 44%

Kco 93% 97% 92% 90%

6MWT 82%

SaO2 99%↘88%

BAL M 84% 86%

Ly 7.5% 2.0%

N 4.5% 9.5%

E 2.5%



Other cases?

• Possibly one other case of subacute lung 

injury in a job student exposed to haze (to be 

confirmed).

• No similar cases in literature.



Literature





Literature





When you find one case of occupational disease, there 

are likely more around ... 

In occupational medicine, n is nearly always >1

Modified From  LEVY BS, WEGMAN DH. Occupational health (3d ed), p.60



Other examples of ILD caused by 

“non toxic” agents

• Ardystil syndrome: spray paints used in 

textile industry (Spain, Algeria)

• Flock worker’s lung: nylon flock (USA, 

Canada) + other polymers (Turkey, Spain)

• Popcorn worker’s lung / Food flavourer’s lung 

• Korea : biocides used in domestic humidifiers

• Novel materials



Popcorn worker’s lung

(Food flavourer’s lung)



Popcorn worker’s lung

• Kreiss et al. Clinical bronchiolitis obliterans in 

workers at a microwave-popcorn plant.         

N Engl J Med. 2002, 347, 330-8.

 cause = “butter flavor” (GRAS)

predominant compound: 

diacetyl = 2,3-butanedione

CH3- C - C - CH3

O   O



“POPCORN” LUNG

Proximity to the butter 

flavoring increased the 

risk of developing disease.

Histologic finding:

Constrictive bronchiolitis

Slide courtesy of T.V. Colby



Production of diacetyl

van Rooy FBGJ et al. Bronchiolitis 

obliterans syndrome in chemical workers 

producing diacetyl for food flavourings. 

AJRCCM 2007,176, 498-504

• Retrospective study among 102 process 

operators in a Dutch chemical plant 

producing diacetyl (1960-2003)

• 3 (4) cases consistent with Bronchiolitis 

Obliterans 



“Food flavourer’s lung”

Hendrick D.J. “Popcorn worker’s lung” in Britain 

in a man making potato crisp flavouring.   

Thorax 2008, 63, 267-8

• Man, 36 y, nonsmoker

• Exposed to diacetyl in factory producing food 

flavouring for potato crisps/chips

• Rapidly evolving fixed airways obstruction



“Coffee flavourer’s lung”

• Two nonsmoking workers (W 34 y, M 39 y)

• Respiratory symptoms < 18 months of working in 

flavoring room

• Severe obstructive impairment (FEV1 < 35% pred.)

• Diacetyl present in facility

• More cases ? (ATS 2013) 

305-7



Article first published online: 2 NOV 2015 | DOI: 10.1002/ajim.22533

• Bronchiolitis Obliterans in 5/13 former workers

• Possible Bronchiolitis Obliterans or Occupational 

Asthma in 11/75 current workers



SiO2 in “novel” materials



“New materials”

Kitchen and bathroom countertops, ...



• Israel, 1997-2010: retrospective analysis of 25 cases of 

silicosis referred for lung transplantation (n=10)

• Dry cutting of synthetic decorative stone “Caesarstone®” 

>85% quartz (+ resin + pigments) → kitchen & bathroom 

countertops



“Artificial marble”

Pascual et al. Prevalence of silicosis in a marble factory 

after exposure to quartz conglomerates. Arch 

Bronconeumol. 2011, 47, 50-1.

• Galdakao, Bizkaia, Spain: 6 cases of silicosis among 11 workers 

of family-run “marble” workshop (“innovative silica product” = 

quartz)

Pérez-Alonso et al. Outbreak of silicosis in Spanish quartz 

conglomerate workers. Int J Occup Environ Health. 2014, 

20, 26-32.

• Cadiz, Spain, 2009-2012: 46 cases of silicosis in men making 

kitchen countertops (quartz countertops)

Friedman et al. Silicosis in a countertop fabricator – Texas, 

2014. MMWR 2015, 64, 129-30



Silicosis and autoimmune disease

Straichman et al. Occup Med 2015, 65, 444-50

• Israel: institute for pulmonary transplantation

• “advanced silicosis databank” 9/40 patients with various 

autoimmune diseases [7.5 x expected]  [3 with features of PAP]



Humidifier disinfectants and ILD



South Korea



Kim K.W., Ahn K. et al. AJRCCM 2014, 189, 48-56

• Nationwide retrospective study

• 138 children with chILD; 80 (58%) died

• epidemic stopped after suspension of sale of 

humidifier disinfectants in 2011



2013



Yang H.-J., Kim H.-J. et al. Inhalation toxicity of 

humidifier disinfectants as a risk factor of children’s 

interstitial lung disease in Korea: a case-control 

study. PLOS One 2013, 8(6), e64430

• 16 pediatric patients matched 1:3 with controls (lobar 

pneumonia, asthma, healthy)

• Questionnaire (with photographs) on humidifiers + 

many other indoor & outdoor environmental factors

 use of humidifier disinfectants only significant risk 

factor (16/16 vs 11/47) 





Yang H.-J., Kim H.-J. et al. PLOS One 2013, 8(6), 

e64430

• Humidifier disinfectants

– PGH = oligo [2-(2-ethoxy) ethoxyethyl] guanidinium 

chloride

– PHMG = polyhexamethyleneguanidine

– DDAC = didecyldimethylammonium chloride

• widely used biocides for water systems and 

consumer products

• “non toxic” by oral or dermal route 

• little or no data on toxicity by inhalation !



Deterding R.R., White C.W. Humidifier and environmental “chILD” risks 

(Editorial). AJRCCM 2014, 189, 10-2



Kim K.W., Ahn K. et al. AJRCCM 2014, 189, 48-56

• Nationwide retrospective study

• 138 children with chILD; 80 (58%) died

• some household clustering

• epidemic stopped after suspension of sale of 

humidifier disinfectants in 2011



Kim K.W., Ahn K. et al. AJRCCM 2014, 189, 48-56

• Nationwide retrospective study

• 138 children with chILD; 80 (58%) died

• epidemic stopped after suspension of sale of 

humidifier disinfectants in 2011



Thorax 2014, 69, 703-8

Thorax 2014, 69, 694-702



Hong S.-B. et al. Thorax 2014, 69, 694-702

• 2011 (spring)

• 17 adults, 28-49 y, 15 women

• 6 pregnant, 4 delivery < 2 weeks

• 13/17 admitted to hospital

• 10/13 severe respiratory distress → ICU

• 5 deaths, 5 lung transplants

• Viral infection (avian flu, SARS, ...)?

• Yellow dust ? 

• Some familial clustering

• Humidifier disinfectants



Kim H.J. et al. Thorax 2014, 69, 703-8

• 2004-2011 (spring)

• Detailed environmental questionnaire of 18/28 

confirmed cases (15 women / 3 men) vs 121 

matched controls

• Significantly more use of humidifier disinfectants 

(detergents) in cases (17/18) than controls 

(32/121): aOR = 53 [6-444]

• Majority (~80%) used PHMG

• Inhalation of PHMG (100 nm) caused acute 

pulmonary injury in experimental animals



Polyhexamethyleneguanidine (phosphate, hydrochloride)



...–(CH2)3–N–(CH2)3–NH–C–NH–(CH2)6–NH–C–NH–(CH2)3–N–(CH2)3–...

CH3 CH3O O

Acramin FWR (Polyurea)

...–(CH2)2–NH–(CH2)2–NH–C–(CH2)4–C–NH–(CH2)2–NH–(CH2)2–...

O O

Acramin FWN (Polyamideamine)

... –(CH2)6–NH–N–NH–(CH2)6–NH–N–NH–(CH2)6–NH–N–NH–(CH2)6–...

NH NH NH

PHMG (Polyhexamethylene guanidine)

Nemery B,  Hoet PH. Humidifier Disinfectant-associated Interstitial

Lung Disease and the Ardystil Syndrome. AJRCCM 2015, 191, 116-7 



Take home message

Inhalation of “non toxic” 

chemicals may lead to (severe) 

lung disease ...
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• 6 workers [1987-2007, UK & Taiwan]

• preparing fibreglass-reinforced plastic (5 boatbuilders)

• 34 y (25-51y); onset of symptoms < 12 months

• obliterative (constrictive) bronchiolitis

• well documented, severe (1 death, 2 lung Tx)

• exact cause?

• styrene-based resin

• accelerator (methylethylketoneperoxide, dimethylphthalate)

• other chemicals, solvents

Chen et al. OEM Sept 2013

+ 2 patients (MEKPO?)


