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Table 4-3. Studies of 6PPD and 6PPD-q concentrations in wastewater, water treatment plants, and tap water 

Location Information Concentration (varies by study) Method Detection Limit 

WWTPs in Hong Kong 

(Cao et al. 2023) 
Tested influent, effluent, and biosolids at four WWTPs in Hong Kong 

for PPD and PPD-q, including 6PPD and 6PPD-q. 

The concentrations of 6PPD and 6PPD-q were found to be [median (range)]: 

6PPD: 

Influent (raw): 12 (1.1–59) ng/L 

Effluent (treated): 0.30 (<LOQ-15) ng/L 

Biosolids: 5.5 (2.1–71) ng/g 

6PPD-q: 

Influent (raw): 53 (1.9–470) ng/L 

Effluent (treated): 3.4 (1.1–37) ng/L 

Biosolids: 6.4 (2.6–7.3) ng/g 

Extraction with DCM, Envi-

carb SPE, HPLC-MS 

6PPD: 

LOQ—influent: 0.12 ng/L 

LOD—influent: 0.037 ng/L 

LOQ—other: 0.06 ng/L 

LOD—other: 0.018 ng/L 

LOQ—biosolids: 0.31 ng/g 

LOD—biosolids: 0.092 ng/g 

6PPD-q: 

LOQ—influent: 0.02 ng/L 

LOD—influent: 0.005 ng/L 

LOQ—other: 0.01 ng/L 

LOD—other: 0.002 ng/L 

LOQ—biosolids: 0.04 ng/g 

LOD—biosolids: 0.012 ng/g 

WWTPs and Drinking Water Treatment 

Plants in Ontario 

(Johannessen and Metcalfe 2022) 

Samples were collected at the influent and effluent of four WWTPs and 

two DWTPs in Ontario and analyzed for 6PPD-q. Removal efficiencies 

of 6PPD-q varied by WWTP, and in two WWTPs, the effluent mass 

exceeded that in the influent. 

The concentrations of 6PPD-q were found to be [range, ng]: 

WWTP influent (raw): 64.8 ± 5.3–145.7 ± 46.7 

WWTP effluent (treated): <LOD–446.5 ± 37.7 

DWTP influent (raw) and effluent (treated): ND 

UHPLC-HRMS LOQ: 0.5 ng/mL 

Influent and Effluent from WWTP in 

Leipzig Germany 

(Maurer et al. 2023) 

Influent and effluent of a WWTP in Germany were collected at 24-hour 

intervals during snow melting. Samples were analyzed for various 

chemicals, including 6PPD-q; 6PPD was not included. 

The concentrations of 6PPD-q in WWTP were found to be [mean (range), ng/L]: 

Influent (raw): 777 (592–1,100) 

Effluent (treated): 50 (41–66) 

LC-HRMS MDL (ng/L): 

6PPD: 60 

6PPD-q: 4 

Influent and Effluent from five WWTPs 

in Malaysia and Sri Lanka  

(R. Zhang et al. 2023) 

Tested influent and effluent at three WWTPs in Malaysia (n=93) and 

two WWTPs in Sri Lanka (n=28). Samples were analyzed for 6PPD, 

6PPD-q, and other PPD. 

The concentrations of 6PPD and 6PPD-q in WWTP were found to be [median 

(range), ng/L]: 

6PPD: 

Malaysia WWTP influent (raw): ND 

Malaysia WWTP effluent (treated): ND 

Sri Lanka WWTP influent (raw): ND 

Sri Lanka WWTP effluent (treated): ND 

6PPD-q: 

Malaysia WWTP influent (raw): ND 

Malaysia WWTP effluent (treated): ND (ND–0.11) 

Sri Lanka WWTP influent (raw): ND (ND–0.37) 

Sri Lanka WWTP effluent (treated): ND (ND–0.37) 

LC-MS/MS LOQ (ng/L): 

6PPD: 0.120 

6PPD-q: 0.098 

Drinking water in Singapore 

(Marques dos Santos and Snyder 2023) 
Drinking water samples were collected from 20 buildings in Singapore 

ranging in age from seven to 44 years. Samples were analyzed for 

various tire-related compounds, including 6PPD and 6PPD-q. 

The concentrations of 6PPD and 6PPD-q were found to be [median (range), ng/L]: 

6PPD: <10 (approximated based on boxplot; 25% detection frequency) 

6PPD-q: ND 

LC-MS/MS 6PPD: 

LOD: 0.075 ng/mL 

MRL: 0.94 ng/L 

6PPD-q: 

LOD: 0.050 ng/mL 

MRL: 0.61 ng/L 

https://pubs.acs.org/doi/10.1021/acs.est.3c03758
https://link.springer.com/article/10.1007/s10661-022-10450-9
https://link.springer.com/article/10.1007/s10661-022-10450-9
https://doi.org/10.1021/acs.est.2c05784
https://doi.org/10.1021/acs.est.2c05784
https://doi.org/10.1021/acsestwater.2c00410
https://doi.org/10.1021/acsestwater.2c00410
https://pubs.acs.org/doi/10.1021/acs.estlett.3c00446
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Table 4-3. Studies of 6PPD and 6PPD-q concentrations in wastewater, water treatment plants, and tap water 

Location Information Concentration (varies by study) Method Detection Limit 

Pearl River Delta, China 

(H.-Y. Zhang et al. 2023)  

Surface runoff samples (courtyard [n=2], road [n=3], and farmland 

[n=2]) were collected in Dongguan and Huizhou across multiple events 

in 2015. Three Guangzhou WWTP influents and effluents were sampled 

in 2016. Surface-water samples from the Zhujiang (n=13) and 

Dongjiang (n=13) rivers were collected in 2015. Six samples were 

collected from a DWTP in Guangzhou in 2020. All samples were 

analyzed for 23 tire additives and their transformation products, 

including 6PPD-q and 6PPD. 

The concentrations of 6PPD and 6PPD-q were found to be [median (range), ng/L]: 

6PPD: 

WWTP influent (raw): ND 

WWTP effluent (treated): ND 

DWTP (all samples): ND 

6PPD-q: 

WWTP influent (raw): 14.2 ± 0.80 to 69.8 ± 2.40 

WWTP effluent (treated): ND to 2.09 ± 0.16 

DWTP source water: 0.25 

DWTP (all other samples): ND 

UHPLC-MS  6PPD: 

LOD: 0.04 ng/L  

LOQ: 0.12 ng/L 

6PPD-q:  

LOD: 0.05 ng/L  

LOQ: 0.17 ng/L 

Canada 

(Johannessen, Helm, and Metcalfe 2021) 

Surface-water samples were collected from the Don River and Highland 

Creek during 2020 and included grab and composite samples. Samples 

were also collected upstream, downstream, and immediately below the 

effluent outfall of a WWTP. Samples were analyzed in triplicate for 

tire-related compounds, including 6PPD and 6PPD-q. 

The concentrations of 6PPD and 6PPD-q were found to be [mean ± SD, µg/L]: 

6PPD: 

WWTP effluent (treated): ND 

Upstream and downstream of WWTP: ND 

6PPD-q: 

WWTP effluent (treated): 0.05 ± 0.02 

Upstream and downstream of WWTP: ND 

UHPLC-HRMS 6PPD: 

LOD: NR 

LOQ: NR 

6PPD-q: 

LOD: NR 

LOQ: 0.0065 µg/L 

Leipzig, Germany 

(Seiwert et al. 2022) 
As part of a study that included a series of laboratory ozonation 

experiments to evaluate the abiotic transformation of 6PPD, sampling of 

the influent and effluent of a WWTP (during snow melt, rainfall event, 

and dry conditions) was conducted. Samples were analyzed for the 

presence of a range of tire- and road-wear particles and transformation 

products, including 6PPD and 6PPD-q. Concentrations of 6PPD were 

reported as 6PPD and its transformation products. 

The concentrations of 6PPD + transformation products and 6PPD-q were found to 

be [mean ± SD, µg/L]: 

6PPD + transformation products: 

Snowmelt—influent (raw): 4.4 

Snowmelt—effluent (treated): 2.4 

Rainfall—influent (raw): 14.3 

Rainfall—effluent (treated): 11.2 

Dry weather—influent (raw): 0.9  

Dry weather—effluent (treated): 0.3 

6PPD-q: 

Snowmelt—influent (raw): 0.105 ± 0.037 

Snowmelt—effluent (treated): ND 

Rainfall—influent (raw): 0.052 ± 0.022 

Rainfall—effluent (treated): ND 

Dry weather—influent (raw): ND 

Dry weather—effluent (treated): ND 

UHPLC-HRMS/ 

UHPLC-TOF-MS 

LOQ (ng/L): 

6PPD: 100 

6PPD-q: 25 

Notes: µg/L=micrograms per liter, DCM=dichloromethane, DWTP=drinking water treatment plant, HPLC-MS=high–performance liquid chromatography–mass spectrometry, LC-HRMS=liquid chromatography / high-resolution mass spectrometry, LC-MS=liquid 

chromatography / mass spectrometry, LC-MS/MS=liquid chromatography / tandem mass spectrometry, LOD=limit of detection, LOQ=limit of quantitation, MDL=method detection limit, MRL=method reporting limit, ND=nondetect, ng=nanogram, ng/g=nanogram per 

gram, ng/L-nanograms per liter, PPD=para-phenylenediamines, PPD-q=para-phenylenediamines-quinones, SPE=solid-phase extraction, UHPLC-HRMS=ultra-high–performance liquid chromatography–high-resolution mass spectrometry, UHPLC-MS=ultra-high–

performance liquid chromatography–mass spectrometry, UHPLC-TOF-MS=ultra-performance liquid chromatography–time-of-flight–mass spectrometry, WWTP=wastewater treatment plant 

  

https://doi.org/10.1016/j.envint.2022.107715
https://www.sciencedirect.com/science/article/abs/pii/S0269749121012410?via%3Dihub
https://doi.org/10.1016/j.watres.2022.118122


ITRC Tire Anti-Degradants (6PPD) Team   September 2024 

 

Page 3 of 3 

References 

Cao, Guodong, Wei Wang, Jing Zhang, Pengfei Wu, Han Qiao, Huankai Li, Gefei Huang, Zhu Yang, and Zongwei Cai. 2023. “Occurrence and Fate of Substituted P-Phenylenediamine-Derived Quinones in Hong Kong 

Wastewater Treatment Plants.” Environmental Science & Technology, October. https://doi.org/10.1021/acs.est.3c03758. 

Johannessen, Cassandra, Paul Helm, and Chris D. Metcalfe. 2021. “Detection of Selected Tire Wear Compounds in Urban Receiving Waters.” Environmental Pollution 287 (October):117659. 

https://doi.org/10.1016/j.envpol.2021.117659. 

Johannessen, Cassandra, and Chris D. Metcalfe. 2022. “The Occurrence of Tire Wear Compounds and Their Transformation Products in Municipal Wastewater and Drinking Water Treatment Plants.” Environmental 

Monitoring and Assessment 194 (10): 731. https://doi.org/10.1007/s10661-022-10450-9. 

Marques dos Santos, Mauricius, and Shane Allen Snyder. 2023. “Occurrence of Polymer Additives 1,3-Diphenylguanidine (DPG), N-(1,3-Dimethylbutyl)-N′-Phenyl-1,4-Benzenediamine (6PPD), and Chlorinated Byproducts 

in Drinking Water: Contribution from Plumbing Polymer Materials.” Environmental Science & Technology Letters, September. https://doi.org/10.1021/acs.estlett.3c00446. 

Maurer, Loïc, Eric Carmona, Oliver Machate, Tobias Schulze, Martin Krauss, and Werner Brack. 2023. “Contamination Pattern and Risk Assessment of Polar Compounds in Snow Melt: An Integrative Proxy of Road 

Runoffs.” Environmental Science & Technology 57 (10): 4143–52. https://doi.org/10.1021/acs.est.2c05784. 

Seiwert, Bettina, Maolida Nihemaiti, Mareva Troussier, Steffen Weyrauch, and Thorsten Reemtsma. 2022. “Abiotic Oxidative Transformation of 6-PPD and 6-PPD Quinone from Tires and Occurrence of Their Products in 

Snow from Urban Roads and in Municipal Wastewater.” Water Research 212 (April):118122. https://doi.org/10.1016/j.watres.2022.118122. 

Zhang, Hai-Yan, Zheng Huang, Yue-Hong Liu, Li-Xin Hu, Liang-Ying He, You-Sheng Liu, Jian-Liang Zhao, and Guang-Guo Ying. 2023. “Occurrence and Risks of 23 Tire Additives and Their Transformation Products in 

an Urban Water System.” Environment International 171 (January):107715. https://doi.org/10.1016/j.envint.2022.107715. 

Zhang, Ruiling, Shizhen Zhao, Xin Liu, Margaret William Thomes, Chui Wei Bong, Dilanka N. D. Samaraweera, Tilak Priyadarshana, Guangcai Zhong, Jun Li, and Gan Zhang. 2023. “Fates of Benzotriazoles, 

Benzothiazoles, and p-Phenylenediamines in Wastewater Treatment Plants in Malaysia and Sri Lanka.” ACS ES&T Water 3 (6): 1630–40. https://doi.org/10.1021/acsestwater.2c00410. 

 

 


