Analysis of toxic additives in beach plastic from Mumbai, India 
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Waste mismanagement in India leads to high amounts of plastic contaminants ending up in rivers and on beaches, through which they enter the ocean. Besides physical harm of plastic debris, chemical additives leaching from plastics are of concern for both human health and the environment. To investigate the types and amounts of toxic chemical additives that can potentially leach from plastic debris, plastic beach litter was collected from five beaches in Mumbai, India (2018). All collected items were counted and categorized by product type, creating a dataset of the size and item composition of the plastic waste stream. Polymer types in each item were identified by Fourier-transform infrared spectroscopy (FT-IR). Among the most commonly found items were caps, spoons, straws and packaging material, containing mostly polypropylene (PP) and polyethylene (PE). The plastic beach litter and matched  new products purchased from local supermarkets were analysed for chemical additives. A non-target screening with direct insertion probe mass spectrometry was used for qualitative analysis of chemical additives present in the plastics. Toxic flame retardants, plasticizers and surfactants were detected in the beach litter and new products. One of the frequently detected types of chemicals were phosphorus-based plasticizers and flame retardants. These chemicals are toxic to aquatic wildlife and recent literature indicates endocrine disruption, reproductive and developmental toxicity associated with human exposure. Quantitative analysis of three phosphorus flame retardants: triphenyl phosphate (TPhP), tris(2-chloroisopropyl)phosphate (TCPP) and tris(2-chloroethyl) phosphate(TCEP) was subsequently performed on selected beach plastic samples and new products by solvent extraction and analysis by gas chromatography-mass spectrometry (GC-MS). TPhP was detected most frequently and in the highest concentrations in the plastic items, followed by TCPP. This study demonstrated that plastic litter found on beaches in Mumbai, contains toxic chemical components that can contribute to the overall chemical pollution of our marine and coastal environment.
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