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Abstract

In the realm of the global economy, agriculture holds a prominent status, acting as a

vital sourceof employment and revenue fornations.Despite its crucial role, the agricul-

tural sector contendswith recurrent annual losses attributable tomarket fluctuations.

One noteworthy contributor to the decline in agricultural productivity is the adverse

impact of microplastics (MPs). This study aims to estimate the production losses suf-

fered by key crops—rice, wheat, maize, tomato, and peas—due to MPs, along with the

resulting economic consequences arising from the direct damage inflicted by MPs. To

assess production losses caused by MPs, secondary data from diverse sources were

employed for five plant varieties. The economic losses resulting from MPs were cal-

culated for the period spanning 2017–2023, with cumulative data aggregated from all

states. The study’s findings indicate that the presence ofMPs corresponds to an annual

global output decline ranging from 0.4% to 34.7%. This decline translates to a reduc-

tion of approximately 0.01 million to 66.97 million tons per year in the production of

food, fiber, and biofuels. The aggregate yearly economic losses are estimated at around

USD 46.5 billion. These findings carry substantial implications for governmental policy

in the agricultural domain, underscoring the necessity for current statistics on global

losses incurreddue toMPs.Moreover, theyemphasize the importanceof implementing

a systematic surveillance system tomonitor such losses effectively.
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1 INTRODUCTION

Microplastics (MPs) exert a substantial economic impact (Van der

Meulen et al., 2014). Concerns about potential yield and economic

losses, as well as the transfer of MPs into the food chain, arise

due to their toxicity on crops such as Cucurbita pepo (Colzi et al.,

2022). Bivalves, crucial to the fishing industry, face adverse effects

from MPs, prompting concerns regarding their role in ecosystem ser-

vices and economic losses (Khanjani et al., 2023). MPs also influence

the bioaccumulation of heavy metals in vegetables, with implica-

tions for economic losses in agricultural production (Jia et al., 2022).

The Mediterranean coastal environments, economically reliant on

tourism, experience depreciation of high touristic attractions due to

MPs pollution (Chatziparaskeva et al., 2022). Overall, the economic

impact of MPs extends across sectors, impacting agriculture. The use

of very large MPs negatively affects the growth and yield of rice

plants by 43.81% (Ma et al., 2022), while corn plant productivity

is reduced by about 36.90% (Uzamurera et al., 2023), underscoring

the significant role of MPs in agricultural production and economic

losses.

Environ Qual Manage. 2024;1–8. © 2024Wiley Periodicals LLC. 1wileyonlinelibrary.com/journal/tqem

https://orcid.org/0000-0002-6561-4420
https://orcid.org/0000-0002-3576-7418
mailto:sutanto@umm.ac.id
mailto:iswahyudi@uim.ac.id
https://wileyonlinelibrary.com/journal/tqem


2 SUTANTO ET AL.

Many studies have addressed economic losses in the agricultural

production sector globally. In Brazil, research focuses on mitigating

economic losses caused by insect pests, responsible for an average

annual loss of 7.7%, equating to a significant decrease of around 25

million tons of food, fiber, and biofuels (Oliveira et al., 2014). In India,

economic losses due to weeds in rice amount to USD 4420 million,

with wheat and soybean following closely at USD 3376 million and

USD 1559 million, respectively (Gharde et al., 2018). Despite the sub-

stantial threat posed by insects, which can result in potential economic

losses of up to USD 470 billion (Shehzad et al., 2023), no research

has been conducted on the potential economic losses attributable to

MPs.

Several investigations have detected MPs in soil and plant (Zhang

et al., 2022). MPs in soil have the potential to be assimilated and accu-

mulated in plants, leading to adverse physiological, biochemical, and

genetic effects (Jiang et al., 2019). These effects include the inhibition

of plant growth, suppression of photosynthesis, excessive production

of reactiveoxygen species (ROS), oxidativedamage to lipidmembranes,

and modifications in enzymatic activities, among others (Dong et al.,

2020). The inhibitory mechanisms can be categorized into direct pro-

cesses, such as pore obstruction or light interference, physical harm

to roots, gene expression inhibition, and additive release (Li et al.,

2022). Additionally,MPs can affect plant growth during vegetation and

reproduction growth stages, causing significant changes in biomass,

reducing root length, bud length, and fresh weight (Qiang et al., 2023).

The presence of MPs in the agricultural and food domain raises con-

sumer concerns about food safety, potentially impacting the economic

sustainability of the agricultural sector (Ghosh et al., 2023). The eco-

nomic impacts of MPs on farm businesses, including the agricultural

sector, underscore the need for a thorough and proactive approach.

However, a comprehensive assessment of the precise quantification of

agricultural losses attributable toMPs has been lacking.

The presence of MPs in the
agricultural and food domain
raises consumer concerns
about food safety, potentially
impacting the economic
sustainability of the
agricultural sector

Previous studies have neglected the economic implications of crop

yield reductions caused by MPs interference. Therefore, it is impera-

tive to conduct research examining the economic impacts arising from

the influence of MPs on food crop production. This study aims to esti-

mate economic losses resulting from the interference of MPs in the

production of specific crops, offering a novel perspective by identify-

ing production losses and economic impacts caused byMPs on certain

agricultural commodities.

2 MATERIALS AND METHODS

2.1 Data collection

The secondary data sources provided yield loss data, serving as input

for a numerical simulation process. To evaluate the reliability of the

impact of MPs on yield losses, experimental data on rice yield losses in

China were examined from sources such as Guo et al. (2023), Wu et al.

(2020), Chen et al. (2023), Zheng et al. (2023), wheat in Netherlands

collected by Qi et al. (2018), tomato in Spain collected by Hernández-

Arenas et al. (2021), pea plants in South Korea collected by Kim

et al. (2022) and maize in China collected by Chen et al. (2022) were

reviewed to assess the reliability of the effect of MPs on yield losses

(Exhibit 1). This thorough review of experimental data aimed to estab-

lish the credibility and accuracy of the observed effects ofMPs on yield

losses in various agricultural contexts.

2.2 Calculation of economic losses

The calculation of economic losses resulting fromMPs included the use

of standard estimations pertaining to the production of various crops

across different geographical regions, spanning from 2017 to 2023.

Additionally, the minimum support price for the crops year 2022–

2023was considered. The determination of theMSP for the fiscal year

2022–2023 included the use of present value as the basis for esti-

mating. The calculation included the use of average yield losses data

for a specific crop in several locations (states). The Equation (1) pro-

posed by Oliveira et al. (2014) was applied to each state in order to get

the results. In overall, the cumulative economic losses were derived by

aggregating the data from all states.

EL = NEP×
(
%YL
100

)
×MSP (1)

where EL is the economic losses due to MPs (USD), NEP is the normal

production estimation (ton), %YL is the percentage yield losses due to

MPs, andMSP is theminimum support price (USD).

3 RESULTS AND DISCUSSION

3.1 Actual yield losses due to MPs

Potential yield losses attributed toMPs were derived from a literature

review, as outlined in Exhibit 2. The findings indicated substantial yield

reductions, particularly inmaize,whichexperienceda significant34.7%

decrease, followed by rice with recorded yield losses ranging from

9.36% to 32.9% due to the presence of MPs. Additionally, potential
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EXHIB IT 1 Map of world depicting the locations (rice in China, wheat in Netherland, pea plants in South Korea, maize in China, and tomato in
Spain) of which data were considered for calculation of yield losses due toMPs. [Color figure can be viewed at wileyonlinelibrary.com]

EXHIB IT 2 Potential effect ofMPs to agriculture yield losses.

Commodity Polymer type Size Concentration Losses References

Rice (Oryza sativa L.) LDPE 2mm 1% (w/w) 32.1% (Guo et al., 2023)

PLA 32.9%

PS 8.5–30.7 µm – 25.9% (Wu et al., 2020)

Hight-density polyethylene

(HDPE)

– 5mg/kg 9.36% (Chen et al., 2023)

PET

PE and polyacrylonitrile (PAN) 2mm – 19% (Zheng et al., 2023)

Wheat (Triticum aestivum) LDPE Mixed

50 µm–1mm

1% (w/w) 0.96% (Qi et al., 2018)

Pea plants (Pisum sativum) PS 20 µm 20–40mg/kg 34% (Kim et al., 2022)

Tomato (Solanum
lycopersicum L.)

Sewage sludge containingMPs – 30.940± 8589

items/kg

0.4% (Hernández-Arenas

et al., 2021)

Maize Polymeric films – 720 kg/ha 34.7% (Chen et al., 2022)



4 SUTANTO ET AL.

E
X
H
IB

IT
3

Im
p
ac
t
o
fM

P
s
o
n
ec
o
n
o
m
ic
lo
ss
es

p
er

ag
ri
cu
lt
u
re

ar
ea
.

C
o
m
m
o
d
it
y

P
o
ly
m
er

Lo
ss
es

(%
)a

P
ro
d
u
ct
io
n
to
n
/h
ab

P
ro
d
u
ct
io
n
m
ill
io
n

to
n
/y
ea
rs

c

P
ro
d
u
ct
io
n
lo
ss
es

to
n
/h
a

P
ro
d
u
ct
io
n
lo
ss
es

m
ill
io
n
to
n
/y
ea
rs

E
co
n
o
m
ic

lo
ss
es
/h
ad

R
ic
e
(O
ry
za

sa
ti
va

L.
)

LD
P
E

3
2
.1
%

9
5
4
.7
5

2
.8
9

1
7
.5
7

$
1
.2
7
1
,1
6

P
LA

3
2
.9
%

9
5
4
.7
5

2
.9
6

1
8
.0
1

$
1
.3
0
2
,8
4

P
S

2
5
.9
%

9
5
4
.7
5

2
.3
3

1
4
.1
8

$
1
.0
2
5
,6
4

H
ig
h
t-
d
en

si
ty

p
o
ly
et
hy
le
n
e

(H
D
P
E
)

9
.3
6
%

9
5
4
.7
5

0
.8
4

5
.1
2

$
3
7
0
,6
6

P
E
T,
P
E
an

d
p
o
ly
ac
ry
lo
n
it
ri
le

(P
A
N
)

1
9
%

9
5
4
.7
5

1
.7
1

1
0
.4
0

$
7
5
2
,4
0

W
h
ea
t
(T
ri
ti
cu
m

ae
st
iv
um

)

LD
P
E

0
.9
6
%

9
2
1
3
.8
0

0
.0
9

2
.0
5

$
3
1
0
,1
8

P
ea

p
la
n
ts
(P
is
um

sa
ti
vu
m
)

P
S

0
.3
4
%

3
2
5
.5

0
.0
1

0
.0
9

$
1
6
,6
3

To
m
at
o
(S
ol
an
um

ly
co
pe
rs
ic
um

L.
)

Se
w
ag
e
sl
u
d
ge

co
n
ta
in
in
g

M
P
s

0
.4
%

6
5

3
.7

0
.2
6

0
.0
1

$
1
0
1
,4
0

M
ai
ze

P
o
ly
m
er
ic
F
ilm

s
3
4
.7
%

9
1
9
3

3
.1
2

6
6
.9
7

$
5
9
3
,3
7

a
P
er
ce
n
ta
ge

o
fl
o
ss
es

ca
u
se
d
by

M
P
s
b
as
ed

o
n
E
xh
ib
it
3
.

b
,c
So
ur
ce

B
P
S
(2
0
2
3
c)
;D

G
F
C
(2
0
2
3
);
an

d
FA

O
(2
0
2
3
).

d
B
as
ed

o
n
th
e
av
er
ag
e
p
ri
ce

p
ai
d
to

th
e
fa
rm

er
p
er

ki
lo
gr
am

o
r
lit
er
,s
o
u
rc
e:
B
P
S
(2
0
2
3
a)
;D

ar
m
aw

an
(2
0
2
3
);
(B
P
S,
2
0
2
3
b
);
an
d
B
P
S
(2
0
2
3
d
).



SUTANTO ET AL. 5

yield losses of 34% for pea plants, 0.96% for wheat, and 0.4% for toma-

toes were observed. The impact of polylactic acid (PLA) MPs on rice

yields was notably more significant compared to other types such as

low-density polyethylene (LDPE), high-density polyethylene (HDPE),

polystyrene (PS), polyethylene terephthalate (PET), polyethylene (PE),

and polyacrylonitrile (PAN). Subsequent studies revealed that LDPE

MPs affected wheat yields, PS significantly reduced pea plant yields,

sewage sludge containing MPs had a notable impact on tomato fruit,

and polymeric films significantly decreasedmaize yields.

MPs-induced pollution significantly amplifies economic losses for

plant products. The presence of MPs in agricultural environments

impedeswater and nutrient uptake by crop plants, resulting in reduced

photosynthesis and cell growth (Ullah et al., 2021). MPs have been

shown to alter metabolic processes and induce oxidative damage to

crops, hence exerting a negative impact on their overall production

(Gan et al., 2023). Additionally, MPs alter both abiotic and biotic

soil conditions, influencing the accessibility of water and nutrients to

agricultural crops (Iqbal et al., 2023). The combined toxicity of MPs

and other common pollutants in agricultural soil exacerbates nega-

tive impacts on crops, posing significant concerns for agroecosystems

and food security (Rillig et al., 2019). Comprehending the economic

impacts of MPs on plant life is crucial for assessing ecological hazards

and formulating effective approaches to mitigateMP contamination in

agricultural environments (Yu et al., 2021).

3.2 Economic losses due to MPs

Actual economic losses per hectare were most pronounced for rice

(USD 1302.84), followed by maize (USD 593.37), wheat (USD 310.18),

tomato (USD 101.40), and pea plants (USD 16.63), respectively (see

Exhibit 3). In terms of annual economic losses, maize ranked highest

(USD12,724.49million), followedby rice (USD7925.61million), wheat

(USD 7368.48 million), pea plants (USD 141.32 million), and tomato

(USD 5.77 million), as illustrated in Exhibit 4. Maize, experiencing an

averageyield loss of 34.7%, emergedas the cropwith themost substan-

tial economic impact due to its global standing as the second-largest

producer, distinguishing it from rice, tomato, wheat, and pea plants

discussed in this context. The collective economic losses across these

five keyglobal crops resulting frommicroplastics (MPs)wereestimated

at approximately USD 46.5 billion.

The assessment of economic impacts associated with MPs contam-

ination extended beyond agriculture, encompassing marine pollution

and its diverse repercussions in terms of type and magnitude of loss.

This broader evaluation included the economic valuation of damages

to marine ecosystems (Chaudhry & Sachdeva, 2021; Ofiara & Seneca,

2001). Additionally, research investigations focused on injuries pro-

vided estimations of quality-adjusted life years (QALY) linked to these

injuries, offering a comprehensive perspective on the economic effects

associatedwith such losses (Gabrielle et al., 2022; Pérez-Reverón et al.,

2022). However, a complete analysis specially focused on the calcula-

tion of economic losses due to contamination caused by MPs was not

available during that period.

EXHIB IT 4 Economic losses (USD inmillion/year) due toMPs.

3.3 Comparison of economic losses by MPs and
other factors

Exhibit 5 provides a comparative analysis with previous research

endeavors. The economic losses attributable to microplastics (MPs),

measured in million dollars per year, were found to range from USD

5.77 to 12,724.49 million across various studies involving rice, wheat,

maize, tomato, and pea plants. Notably, the study by Oliveira et al.

(2014) inBrazil observed economic losses ofUSD17,700million due to

the impact of insect pests, while in India Gharde et al. (2018) reported

economic losses of USD 11,000 million resulting from the effects of

weeds. In contrast, Chen et al. (2016) identified the economic losses

attributed to climate change in China as USD 820million.

The financial implications of MPs on agriculture were predomi-

nantly indirect, imposing costs typically borne by farmers and pol-

luters. MPs were identified as agents damaging soil quality, leading

to diminished plant biomass and subsequent yield losses. The persis-

tence and potential escalation of these pollutants were anticipated,

as their complete elimination was deemed unfeasible. Mitigating the

adverse effects of MPs necessitates active involvement from various

stakeholders, including the public, socio-economic sectors, farmers,

governmental entities responsible for policy and regulation, and waste

management firms (Chaudhry & Sachdeva, 2021).

3.4 Impact of yield losses on food security

Yield losses exerted significant repercussions on food security, man-

ifesting in both postharvest activities and field-related yield reduc-

tions, which emerged as a prominent concern impacting food security

(Gomiero, 2019). Ahmed et al. (2023) highlighted that agricultural

pollution and climate change posed substantial challenges to food

security in Turkey, primarily due to their adverse effects on agricul-

ture, heightened dependence on food imports, and subsequent price
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EXHIB IT 5 Comparison of economic losses effected byMPs and other factors.

Commodity Case Yields losses (%) Economic losses (million USD) Reference

Rice, wheat, maize, tomato, and pea

plants

MPs 0.4–34.7 5,77–12.724,49 Present study

Crops grown in Brazil Exotic insect pests 2–30 12.000 (Oliveira et al., 2013)

Major crops in Brazil Insect pests 7.7 17.700 (Oliveira et al., 2014)

Corn and soybean Climate change 3–19 820 (Chen et al., 2016)

Major crops in India Weeds 45–76 11.000 (Gharde et al., 2018)

increases. A substantial portion of global food production, exceeding

one-third, was lost, or wasted, resulting in a reduction in the quan-

tity of food available for human consumption (Ishangulyyev et al.,

2019). In Ethiopia, postharvest losses of important food and cash crops

resulted in a volume of crops that could have fed over 23 million citi-

zens beingwasted, with an economic cost of 1.2 billion USD per annum

(Teferra, 2022). With a rising global population and concerns about

food insecurity, reducing crop losses was crucial for achieving sus-

tainable food and nutrition security (Sawaya, 2017). Weather-related

disasters, particularly drought, contributed to large-scale crop losses,

further exacerbating food security challenges (Kogan, 2019). There-

fore, addressing crop losses was essential for ensuring an adequate

food supply and reducing food insecurity.

MPs impacted food security by contaminating terrestrial domestic

animals and the food chain, compromising food productivity and safety

(Prata & Dias-Pereira, 2023). Animal products might have already

shown MPs contamination, which could have occurred during their

lifetime and during processing (Briassoulis, 2023). Additionally, the

release of MPs in animal feces led to the contamination of agricul-

tural fields, potentially affecting plants (Nair & Perumal, 2022). In

urban environments, companion animals might have acted as sentinels

for human exposure to MPs, particularly through airborne exposure

(Saeedi, 2023). The use of agricultural plastics (AP) in farming prac-

tices also contributed to soil pollution and the potential generation

of micro- and nanoparticles, which could have impacted food secu-

rity (Usman et al., 2020). MPs and nano plastics posed a risk to the

ecological environment and could have accumulated in the food chain,

including human food webs (Nelis et al., 2023). Long-term exposure to

MPs might have posed a serious threat to human health. Therefore, it

was important to identify and reduce sources ofMPs contamination to

ensure food security.

3.5 MPs can affect economic loses in food
commodities

MPs could affect economic losses in food commodities through vari-

ous mechanisms. Improper disposal methods and the use of synthetic

plastic materials for food packaging could lead to contamination of the

food chain by MPs, posing health hazards (Jayasinghe et al., 2023).

Coastal seafood, which was a valuable food commodity, was found

to contain MPs, raising concerns about potential economic impacts

and risks of dietary exposure (Hantoro et al., 2019). Plastics used for

food packaging, when degraded, could release MPs and additives that

could negatively affect human and animal health (Kadac-Czapska et al.,

2023).MPs contamination in agroecosystems could reduce food yields

and impact the food chain components, leading to economic losses and

affecting food security (Okeke et al., 2022). Human exposure to MPs

through the ingestion of contaminated food posed a risk to food secu-

rity and human health (De-la-Torre, 2020). Therefore, addressing MPs

contamination in the foodchainwas crucial tomitigate economic losses

in food commodities.

4 CONCLUSION

This study found that presence of MPs resulted in an average annual

decline in global output ranging from 0.4% to 34.7%. This translates

to a reduction of approximately 0.01 million to 66.97 million tons per

year, with total annual economic losses reaching around USD 46.5 bil-

lion. The study focused on data pertaining to five crop commodities

from specific countries. However, expanding the scope to includemore

commodities and locations could potentially lead to evengreater losses

than those anticipated based on existing data.
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