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Abstract:

Pharmaceuticals and personal care products (PPCPs) are a group of emerging environmental micropollutants,

including prescription drugs and over-the-counter drugs (e.g., antibiotics, synthetic musk, painkiller, depressor, contraceptive
drugs, soporific and weight-loss drug), and personal care products (e.g., cosmetics, synthetic perfume, sunscreen, hair spray,
tint and fungicide). Extensive attention has been paid to PPCPs because of their potential negative effects on the environments
and human health. Abundant researches have focused on the biodegradation of PPCPs. This review summarizes and discusses
the biodegradation method, the diversity of PPCPs-degrading microorganisms, the degradation ability, metabolites and
proposed pathways as well as the mechanisms of PPCPs’ biodegradation. In addition, prospects for further research on

biodegradation of PPCPs are also discussed.
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x1 INERERA PPCPs

Table 1 Commonly detected PPCPs in the environment™®

Name CAS number Molecular formula Use
Galaxolide 1222-05-5 C1gH»60 Synthetic musk
Tonalide 21145-77-7 C1gH260 Synthetic musk
lopromide 73334-07-3 C1gH415N30g X-ray developer
Roxithromycin 80214-83-1 C41H76N2015 Antibiotic
Ciprofloxacin 85721-33-1 C17H1gFN304 Antibiotic
Norfloxacin 70458-96-7 C16H1303N3F Antibiotic
Estrogen 53-16-7 C1gH»,0, Natural estrogen
17B-estradiol 50-28-2 C15H240,:0.5H,0 Natural estrogen
170-ethynylestradiol 57-63-6 CyoH240, Natural estrogen
Ibuprofen 15687-27-1 C13H150, Anti-inflammatory painkiller
Naproxen 22204-53-1 C14H1404 Anti-inflammatory painkiller
Diclofenac 15307-86-5 Cy4H1305N Anti-inflammatory painkiller
Triclosan 3380-34-5 C1,H7C130, Sterilizer
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% 2 PPCPs ik, KBREMMEMRE

Table 2 PPCPs degrading microorganisms, the removal rate of PPCPs and sources of the microorganisms

Name Molecular Bacterial species Removal rate Source References
formula (%)
Sulfamethazine C1oH14N4O,S Trametes versicolor 100 Sludge [36]
Sulfapyridine C11H11N30,S Trametes versicolor 100 Sludge [36]
Chlamydomonas sp. Tai-03 50 Freshwater [18]
Sulfathiazole CgHgN30,S, Trametes versicolor 100 Sludge [36]
Sulfamethoxazole  CjoH;31N3O5S Achromobacter denitrificans - Sludge [34]
Chlamydomonas sp. Tai-03 20 Freshwater [18]
Acinetobacter sp. 95 Sludge [35]
Rhodococcus equi 29 Sludge [31]
Pseudomonas hydrophila HA-4 34.4 Sewage [33]
Ciprofloxacin C17H1sFN3O3 Chlamydomonas sp. Tai-03 100 Freshwater [18]
Tetracycline CH2N,»0g Chlamydomonas sp. Tai-03 100 Freshwater [18]
Triclosan C1,H7Ci30, Dyella sp. 90 Sludge [38]
Spingopyxis strain KCY1 100 Sewage [41]
Spingomonas sp. strain YL-JM2C 100 Sludg [40]
Methylobacillus sp. - Sludge [39]
Pseudomonas putida TriRY - Compost [42]
Alcaligenes xylosoxidans subsp. - Compost [42]
denitrificans TR1
Novosphingobium sp. TrD22 - Sludge [43]
Alicycliphilus - Activated sludge [44]
Stenotrophomonas - Activated sludge [44]
Nitrosomonas europaea - Sewage [45]
Paracetamol CgHgNO, Delftia tsuruhatensis 97 Membrane bioreactor [47]
Pseudomonas aeruginosa 40 Membrane bioreactor [47]
Naproxen C14H1403 Serratia sp. 100 Sludge [48]
Pseudomonas 100 Sludge [48]
Planococcus sp. 30 Sludge [48]
Carbamazepine C15H1oN,0 Rhodococcus rhodochrous - Soil [49]
Aspergillus niger - Soil [49]
Starkeya sp. C11 30 Sludge [50]
Rhizobium sp. C12 30 Sludge [50]
Pseudomonas sp. CBZ-4 46.6 Sludge [51]
Streptomyces MIPUG 4.89 35 Soil [52]
Pleurotus ostreatus 99 Soil [53]
Bisphenol A Ci5H1605 Chlamydomonas sp. Tai-03 100 Freshwater [18]
Bacteroidetes - Sediment [54]
Chloroflexi - Sediment [54]
Bacillus sp. GZB 100 (Anaerobic) Sludge [55]
51 (Aerabic)
Actinobacteria - Sediment [54]
Gemmatimonadetes - Sediment [54]
Firmicutes - Sediment [54]
Gammaproteobacteria - Sediment [54]
Alphaproteobacteria - Sediment [54]
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Fig. 1 The biodegradation pathway of triclosan®®®.
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