
Environ. Res. Lett. 17 (2022) 015007 https://doi.org/10.1088/1748-9326/ac3c6a

01&/ "$$&44

3&$&*7&%
2 August 2021

3&7*4&%

9 November 2021

"$$&15&% '03 16#-*$"5*0/

23 November 2021

16#-*4)&%

7 January 2022

Original content from
this work may be used
under the terms of the
Creative Commons
Attribution 4.0 licence.

Any further distribution
of this work must
maintain attribution to
the author(s) and the title
of the work, journal
citation and DOI.

-&55&3

-JUUFS PSJHJOT BDDVNVMBUJPO SBUFT BOE IJFSBSDIJDBM DPNQPTJUJPO
PO VSCBO SPBETJEFT PG UIF *OMBOE &NQJSF $BMJGPSOJB
Win Cowger1,2,!B, Andrew Gray1, Hannah Hapich1, Jasmine Osei-Enin3, Salvador Olguin Jr1,
Britney Huynh1, Hinako Nogi1, Samiksha Singh1, Stanley Brownlee1, Jonathan Fong1, Trevor Lok4,
Gideon Singer5 and Hoori Ajami1B
1 University of California, Riverside, CA, United States of America
2 Moore Institute for Plastic Pollution Research, Long Beach, CA, United States of America
3 University of California, Irvine, CA, United States of America
4 Cal Poly Pomona, Pomona, CA, United States of America
5 Litterati, Chapel Hill, NC, United States of America
! Author to whom any correspondence should be addressed.

E-mail: wincowger@gmail.com

Keywords: anthropogenic litter, plastic pollution, mismanaged waste, environmental planning, environmental policy,
solid waste management

Supplementary material for this article is available online

Abstract
Urban areas are the primary source of human-made litter globally, and roadsides are a primary
accumulation location. This study aimed to investigate how litter arrives at roadsides and
determine the accumulation rate and composition of roadside litter. We monitored select roadsides
in the Inland Empire, California, for litter abundance (count) and composition (material, item, and
brand type). Receipt litter with sale time and location information was used to investigate whether
wind, runoff, or human travel were dominant transport agents. Only 9% of the receipts could have
experienced runoff, and wind direction was not correlated with receipt transport direction.
However, human travel and receipt transport distances were similar in magnitude and distribution,
suggesting that the displacement of litter from the place of purchase was predominantly affected by
human travel. The median distance receipts traveled from the sale location to the litter observation
location was 1.6 km, suggesting that most sources were nearby to where the litter was found. Litter
accumulation rates were surprisingly stable (mean 40 349 (33 255–47 865) # km!1 yr!1 or 1170
(917–1447) kg km!1 yr!1) despite repeated cleanups and the COVID-19 stay-at-home orders. A
new approach was employed to hierarchically bootstrap litter composition proportions and
estimate uncertainties. The most abundant materials were plastic and paper. Food-related items
and tobacco products were the most common item types. The identified branded objects were
from the primary manufacturers (Philip Morris (4, 2%–7%), Mars Incorporated (2, 1%–3%), RJ
Reynolds (2, 1%–3%), and Jack in The Box (1, 1%–3%)), but unbranded objects were prevalent.
Therefore, identifiable persistent labeling on all products would benefit future litter-related
corporate social responsibility efforts. High-resolution monitoring on roadsides can inform urban
litter prevention strategies by elucidating litter source, transport, and accumulation dynamics.

1. Introduction

Urban areas are the primary sources of anthropogenic
litter that damages aquatic and terrestrial environ-
ments (Jambeck et al 2015, Rech et al 2015, Lebre-
ton et al 2017, Cowger et al 2019). The source of
all anthropogenic litter is at the production location
(Araújo and Costa 2019). Production lines transform

litter into various forms and transport it to a sale loca-
tion. Consumers purchase the litter from the sale loc-
ation and transport it further (Kawecki and Nowack
2019). At any point across this system, there can
be a loss of litter to the urban environment. Road-
sides are the primary litter accumulation location
within urban areas (Kawecki and Nowack 2019). In
the United States, the major roadside litter supply
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