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The hostile conditions at informal and illegal mining sites in the Amazonian forest erode the miner’s health, exposing workers to a broad range of diseases because most of the gold is extracted using mercury (Hg). The Hg vapor used daily at gold panning sites presents an environmental threat to the ecosystems and human health. We report the case of a 58-year-old man who has worked in gold panning for over 30 years, presented with diffuse interstitial pneumonia characterized by bilateral images of ground glass and mosaic opacities on the chest CT scan. Based on the negative differential diagnosis (cardiovascular, infectious, autoimmune or cancer), the context of chronic exposure to Hg in a patient who has been working for decades on illegal gold panning sites, we concluded to a chronic form of heavy metal hypersensitivity pneumonia. This hypothesis was supported by high levels of mercury in blood and urine. Mercury hypersensitivity pneumonia might be more frequent than presently thought with thousands of workers chronically exposed to high mercury concentrations among others pollutants. Medical practitioners should systematically seek for chronic respiratory illnesses associated with pollutants exposure in these vulnerable workers with poor health.
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Introduction

French Guiana is a European territory located on the Guiana Shield in South America where informal and illegal gold panning takes place on its entire plateau. The annual production of this informal gold panning is around 10 tons of gold for 10,000 illegal gold miners working in about 600 sites in the Amazonian forest (1). The hostile conditions at mining sites erode the miner’s health exposing workers to a broad range of diseases (1). Moreover, this informal exploitation of gold mines presents an environmental threat to the ecosystems and human health, because most of the gold is extracted using mercury (Hg) (2).

Mercury is a ubiquitous element that is found in small amount in the environment and has several chemical forms. The elemental Hg (Hg0) form has low vapor pressures and low water solubility, whether the divalent Hg (Hgþþ) form has strong affinity for ligands such as chlorine, sulphur, hydroxyl ions, and methyl ion CH3 þ (methylmercury, CH3Hgþ) (3, 4). Hgþþ shows a strong tendency to become bioaccumulative within different organisms and is also the most toxic chemical form for humans. Once Hg0 is introduced into aquatic environments, it can be transformed into CH3Hgþ by bacterial action in the anoxic spaces surrounding aquatic plants (5). It is intensely accumulated in predatory fish, whose consumption is one of the main sources of health risks for indigenous and riparian populations in the Amazonian region (2, 4).

Hg is used in massive quantities in informal gold panning, estimated at 1.3 g of Hg for every 1 g of gold recovered (6). The Hg released worldwide from this activity is estimated at 650 to 1000 tons per year (7, 8). Gold miners use mercury to amalgamate gold flakes or dust, and then heat these amalgams to recover the gold. The mercury vapor released is inhaled by the gold miners daily.

Mercury intoxication is characterized by neurological, cutaneous and respiratory damage. Respiratory intoxication by mercury can lead to hypersensitivity pneumonia (HP), which may become chronic, as we will describe in the following report.



Case Report

We report a 58-year-old male with a past history of smoking (40 pack-year), drug addiction to marijuana, malaria and treated infectious pneumonia. The patient mentioned that he quit smoking in 1992, but he did not wish to give more details about his drug addiction. He has been working in gold panning for more than 30 years. The patient has recently consulted the Respiratory Unit of our hospital following an alteration in his general health condition. He was suffering from marked asthenia, a dry cough, and stage 3 of mMRC (modified medical research council) Dyspnea Scale for a year, without chest pain.

On clinical examination, there was digital hippocratism, palpable cervical adenopathy and skin lesions on the hands and legs. Stethoscope revealed regular heart sounds, but diffuse rhonchi with some crackles in both lungs. Respiratory functional exploration (RFE) found a severe restrictive syndrome with total lung capacity (TLC) = 55%, forced expiratory volume in 1 s/forced vital capacity (FEV1/FVC) ratio = 86%, FEV1 = 34% and FVC = 32% of the predicted values. In the 6 min walk test (6MWT), the patient walked 480 meters (theoretical distance 753 meters) with desaturation at 85% at the end of the test and dyspnea of 6/10 on the Borg scale. The partial pressure of oxygen (PaO2) was 72 mm/Hg in ambient air with a saturation of 97%. The Brain natriuretic peptide (BNP) and the electrocardiogram (ECG) were normal.

The chest computed tomography (CT) scan shows diffuse ground glass images without craniocaudal gradient, mosaic-like attenuation, linear and retractile opacities, and some bilateral bronchiectasis (Figure 1).




Figure 1 | Chest CT scan shows at different levels diffuse, bilateral ground glass opacities and mosaic-like attenuation associated with signs of chronic interstitial involvement: reticulations and lobular distortion, bronchiectasis and traction of lung fissures.



Biological analysis shows a C reactive protein (CRP) at 20 mg/l without sign of an inflammatory syndrome. Serum protein electrophoresis and immunological analyses were normal. Microbial serology, HIV serology, and serum precipitins to Farmer’s lung and Bird Breeder’s lung were negative.

The bronchoalveolar lavage liquid (BAL) shows a cellularity at 100 000 cells/ml with inflammatory cellular formula (macrophages 56%, neutrophils 35%, lymphocytes 5%, and eosinophils 4%). There were no tumor cells or infectious pathogens in the BAL. The biopsy of the salivary glands was normal.

The heavy metal analyses show elevated levels of mercury in blood 41.3 ug/L (standard < 5 ug/L) and in urine 6.2 ug/g creatinine (standard < 5 ug/g creatinine). The thiocyanate and lead levels were normal in the blood and urine.

Considering the diffuse interstitial pneumonia, characterized by bilateral images of ground glass and mosaic opacities on the chest CT scan, the negative workup looking at differential diagnoses (cardiovascular, infectious, autoimmune or cancer), the context of chronic exposure to pollutants in a patient working for decades at illegal gold panning sites, we concluded on a chronic form of heavy metals hypersensitivity pneumonia. This hypothesis was supported by the occupational exposure to mercury during the entire period of gold panning (> 30 years) and the high levels of mercury in blood and urine.

The management of our patient consisted of a symptomatic treatment with antibiotics during an episode of bronchial infection, oxygen therapy and analgesics. The chest CT scan performed 6 months later showed stable lung lesions.



Discussion

The hypersensitive pneumonia (HP) is a pulmonary pathology of immunologic mechanism with humoral and cellular mediation (9). It is often due to chronic inhalation of microbial or fungal antigens, and sometimes to chemical or metal agents (10). The HP related to chemical or heavy metal agents is an interstitial lesion caused often by the inhalation of antigen from the professional environment of the patient. The frequency of HP varies according to the causal agent. For example, the prevalence among workers in the mushroom industry is estimated at 5% (11), 5.3% in the tobacco industry (12) and up to 37.5% among machine operators (13).

To our knowledge, this is the first description of an occupational interstitial lung disease in clandestine gold miners linked to the use of mercury.

In our observation, the HP was caused by mercury. To confirm this hypothesis other etiologies of diffuse chronic interstitial pulmonary pathology must be eliminated as infectious, drug-induced, neoplastic and idiopathic diseases as well as pneumoconiosis and sarcoidosis.

The infectious cause was ruled out because the biological, bacteriological and cytological analyses confirmed the absence of infectious pathogens: (i) Mycobacterium tuberculosis is absent on direct examination and in culture, (ii) Quantiferon test is negative, (iii) Infectious serology and urinary antigens of legionella and pneumococcus are negative and (iv) Bacteriological, mycological, and parasitological analyses on BAL were negative.

The absence of regular drug use confirmed with a negative drug screen in urine and absence of exposure to exogenous agents such as silicosis and asbestos confirmed with a blood screening ruled out the drug-induced pathology and pneumoconiosis respectively. In addition, BAL did not find malignant cells and the chest CT scan was not evocative of cancer. Similarly, characteristic tomographic honeycomb lesions with a caudal craniocaudal gradient of idiopathic pulmonary fibrosis were not found.

Because of the patient’s age, the predominance of upper lung lesions, mediastinal adenopathy, and the absence of inflammatory syndrome, the diagnosis of sarcoidosis was considered in the first place. Nevertheless, the conversion enzyme was normal, and there was no lymphopenia or polyclonal hypergammaglobulinemia on serum protein electrophoresis. In addition, cytological analysis of BAL did not show lymphocytosis and histological analysis of bronchial and salivary gland biopsies did not find the typical sarcoidosis granuloma.

In our observation, the diagnosis of HP in its chronic form is based on Lacasse’s criteria (14). The patient presented chronic respiratory symptoms (cough and dyspnea), crackling rales and digital hippocratism, ground glass opacities, restrictive respiratory syndrome on RFE and high levels of heavy metals in blood and urine. Unfortunately, mercury serum precipitin level was not performed and unavailable at the time of diagnosis.

The absence of significant lymphocytosis in BAL in this chronic form of HP was probably related to withdrawal from exposure to mercury several months ago. Nevertheless, the absence of hyperlymphocytosis in HP has already been described in a Danish cohort in pediatric patients (15) and in an adult population in a Portuguese cohort that found normal lymphocyte levels in 25.3% of chronic HP (16).

In this observation, in addition to lung involvement, other less specific signs of mercury exposure are also present such as asthenia, cervical adenopathy, and skin lesions on the hands and legs (Figure 2).




Figure 2 | Cutaneous lesions on the hands and legs are characterized by slightly raised papules with a flat, hypopigmented surface in the center. These lesions are compatible with lichenoid contact dermatitis.



The illegal gold miners are exposed primarily to inhalation of mercury vapor. Thus, toxicity primarily affects the respiratory pathway even though skin or eye irritation may occur. Cutaneous lesions associated with prolonged exposure to mercury are often non-specifics. They correspond to contact dermatitis or lichenoid reaction (17). In addition, the inhalation of mercury vapor can cause exanthem-type lesions (18). Furthermore, mucocutaneous lymph node syndrome was also described in patients with increased urinary mercury excretion (19, 20).

The reference therapy in this type of chronic HP, apart from symptomatic treatment, is to avoid contact with mercury. In our case, the second chest CT scan performed 6 months showed stable lung lesions.

For all these reasons, susceptible workers must use the protective gears to avoid health problem related to chronic exposure to mercury vapor. Protection of at least level C (Yellow Zone) could be used, since the contaminant and its concentration are more or less known. In the case of gold miners, the use of a certified APR CBRN mask (Air Purifying Respirators - Chemical, Biological, Radiological, Nuclear mask) is strongly recommended. In addition, coveralls and chemical resistant gloves and boots are also recommended (21). In case of exposure to other mercury compounds, the respiratory recommendations and the type of mask are adjusted to the exposure concentration measured by the mg/m3 unit (21).

A regular follow-up of at least one per year by a pulmonary, dermatological and biological check-up in these vulnerable workers can avoid occupational diseases.

In order to prevent the catastrophic consequences of mercury on the environment and the health of workers, its use in illegal gold mining sites must be avoided. In France, this use is normally prohibited in the regulated gold panning site. Nevertheless, we are aware that such prevention and monitoring applied in many legal gold mining sites, are difficult to apply in illegal workers as they have difficult access to the health care system. In addition, the illegal gold miners work in the Amazon rainforest in conditions of extreme heat and humidity and without hygiene rules.

Finally, we recommend further research and environmental analysis to better understand the working conditions of illegal gold miners, and to determine the chemical and environmental elements impacting the health status of these workers.



Conclusion

Mercury use in the informal and illegal gold mining sites may lead to disastrous consequences in the environment, but it may also significantly impact the gold miners’ health notably through mercury vapor inhalation. This massive and prolonged inhalation may be responsible of chronic hypersensitivity pneumonia. The acute form of HP shows anamnestic and immunological reaction, whereas the chronic form presents with pulmonary fibrosis seen on chest CT scan. In clinical practice, HP diagnosis is considered as an elimination diagnosis but it is probably overlooked during regular differential diagnosis workup in the Amazonian region. Mercury HP might be more frequent than presently thought with thousands of workers chronically exposed to high mercury concentrations among others pollutants daily. Despite the informal and illegal practice of gold panning, the workers at risk of mercury exposure should wear certified protective mask, gloves, boots and coveralls. Medical practitioners should systematically seek for chronic respiratory illnesses associated with pollutants exposure in these vulnerable workers with poor health.
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