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Abstract Mealworms from three different regions:

Guangzhou, Tai’an and Shenzhen, were fed with three

commonly used microplastics of polystyrene (PS),

polyvinyl chloride (PVC) and low-density polyethy-

lene (LDPE) for 1 month under favorable conditions,

respectively. The survival rate and average weight of

mealworms, the mass loss of microplastics and the

production of frass were recorded every 4 days.

Samples collected were characterized by X-ray

diffraction, fourier transform infrared spectroscopy,

thermogravimetric analyzer and gel permeation chro-

matography. The results showed that mealworms from

Tai’an and Shenzhen could effectively metabolize the

whole microplastics tested, while those from Guangz-

hou could only metabolize PS and LDPE. Besides,

LDPE could be degraded by mealworms from Tai’an

and Shenzhen, while those from Guangzhou showed

no such capability, indicating that mealworms from

different regions present different metabolism effects.

Furthermore, PS and LDPE are more likely to be

metabolized compared with PVC.

Keywords Mealworm � Microplastic � Metabolize �
Biodegradation

Introduction

Microplastics are defined as plastic particles smaller

than 5 mm in diameter. They can be divided into

primary microplastics and secondary microplastics

according to sources. The former are manufactured as

tiny particles for particular industrial and domestic

use, while the latter originated from fragmentation of

larger plastic items (Browne et al. 2007). With

ubiquitous distribution, high persistence in the envi-

ronment and deleterious impact on biota, microplas-

tics are emerging contaminants arising intimate

concern worldwide, especially their sources, fates

and risks in marine and freshwater systems (Browne

et al. 2011; Eriksen et al. 2013; Van Cauwenberghe

et al. 2013; Free et al. 2014; Ivar and Costa 2014; Auta

et al. 2017; Martin and Scott 2017).

Microplastics ingested by aquatic organisms can

retain for a long time, adversely affect their survival

rate, lead to morphological and histopathological
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changes and cause reproductive and genetic toxicities

(Anthony et al. 2013; Sussarellu et al. 2016; Leung and

Chan 2017; Reichert et al. 2017; Ziajahromi et al.

2017). They also pose an immense threat to ecosystem

through bioaccumulation and biomagnification along

food chain (Lwanga et al. 2017). Besides, microplas-

tics serve as a vector for pollutants from water column

and sediment such as metal ions, hydrophobic con-

taminants and bacteria, forming an ecocorona

(Dokyung et al. 2017; Syberg et al. 2017), which then

transport and disperse throughout water bodies includ-

ing rivers, lakes, coastal areas and oceans, from the

Antarctic to the Arctic (Bergmann et al. 2017; Isobe

et al. 2017; Waller et al. 2017). In this process, the

density, surface charge of particles, bioavailability and

toxicity of the compound contaminants may be altered

in the presence of ultraviolet radiation and aquatic

organisms (Galloway et al. 2017).

Mealworms are the larval stage of Tenebrio molitor

Linnaeus. It is a holometabolic insect which belongs to

Coleoptera Tenebrionidae and goes through with four

life stages: egg, larva, pupa and adult. The survival

capacity of mealworms is influenced by temperature,

relative humidity, period of exposure and density

(Manojlovic 1988; Punzo and Mutchmor 1980; Pielou

and Gunn 1940; Morales-Ramos and Rojas 2015).

Wheat, corn and soybean are three commonly used

food to rear mealworms. Consumption of microplas-

tics by mealworms was first reported by Chong-Guan

Chen in 2003, who found that mealworms could eat

extruded polystyrene (XPS). Yang et al. (2015a, b)

noted that styrofoam could be degraded and mineral-

ized by mealworms and isolated the bacterial strains

from their guts. Yang et al. (2018) further investigated

how temperature, polystyrene waste type and nutrition

affected survival of the larvae and PS biodegradation

rate. Zhang et al. (2017) reported degradation of

polyethylene film by mealworms. Chen et al. (2017)

analyzed the gut microbiota of polystyrene-eating

mealworms by high-throughput sequencing and

revealed three most dominant bacterial genera were

Alcaligenes, Brevundimona and Myroides. All these

studies indicated that styrofoam and polyethylene film

could be degraded by mealworms, offering a new

remedial option for the disturbing global plastic

pollution.

Most studies focused on the biodegradation of

plastic products by mealworms, with little attention on

microplastics to date. Considering the excessive

amount of microplastics which enter water bodies

and the great threat they pose to ecosystem, it is urgent

to investigate the biodegradation of microplastics.

Therefore, this study was aimed at identifying the

feeding and metabolism effects of three common

microplastics (polystyrene, low-density polyethylene

and polyvinylchloride) by Tenebrio molitor L. It is

hoped to provide references on biological treatment of

microplastics as well as making full use of mealworms

as a resource.

Materials and methods

Mealworms and test materials

Mealworms (growth age at approximately 3–4 instars)

were purchased from insect breeding plants in

Guangzhou (Guangdong), Tai’an (Shandong) and

Shenzhen (Guangdong) in China.

Microplastics tested included polystyrene (PS),

polyvinyl chloride (PVC) and low-density polyethy-

lene (LDPE), which were obtained from Jinshuowang

Plastic Materials Co., Ltd, Dongguan (Guangdong),

China. The average particle size of each microplastic

was 150 lm, and no catalysts or additives were added.

Methods

Microplastics feeding tests

The mealworms were incubated in polypropylene

plastic containers (12.5 cm 9 8 cm 9 6 cm) in a

chamber under controlled conditions [(25 ± 1) �C
temperature, (65 ± 5)% humidity and 12:12-h (light/-

dark) photoperiod] for 1 month. An amount of 500

mealworms were selected at random as a group and

were fed with 7.0 g microplastics, respectively, as a

sole diet. Controls were fed with bran alone or kept in

starvation. All tests were performed in triplicate. The

survival rate and average weight of mealworms and

mass loss of microplastics were measured every

4 days. Afterward, the mealworms were cleansed

with a stream of compressed air, transferred to a clean

box to collect frass (solid excreta) for further charac-

terization and then returned to the original incubator.

Frass collected was stored at - 80 �C.
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Characterization of frass

XRD measurements were taken to determine the

crystal structure on the Bruker D8 Advance diffrac-

tometer operated at 40 kV and 40 mA with Cu-Ka
radiation (k = 1.5406 A) and a diffracted beam

monochromator, using a step scan mode with the step

size of 0.075� (2h) and scan rate of 1.2�/min (Moon

and Jeon 2008; Wooseok 2017; Gong et al. 2004).

FTIR spectra of samples were measured by direct

transmittance using the KBr pellet technique. All

spectra were obtained using a PerkinElmer Spectrum

100 spectrometer with a spectral resolution of 4 cm-1

in the range 400–4000 cm-1 (Conti et al. 1988;

Satchwill and Harrison 1986).

The thermochemical property of samples was

analyzed using a thermogravimetric (TG) analyzer

(TGA-50, Shimadzu, Japan). The frass collected and

microplastics tested were analyzed at a heating rate of

10 �C/min from ambient temperature to 600 �C under

high-purity nitrogen (99.999%) at a flow rate of

40 mL/min (Bae and Sik 2009; Nishizaki and Yoshida

1981; Parthasarathy et al. 2013).

Number-average molecular weight (Mn), weight-

average molecular weight (Mw) and molecular weight

distribution (MWD) were determined by gel perme-

ation chromatography (GPC) (Roovers and Topor-

owski 1981; Boborodea et al. 2016). PS and PVC

samples were extracted by dimethylformamide (DMF)

and injected into a GPC operating at a DMF eluent

flow rate of 1.0 mL/min and temperature of 35 �C
(PL-GPC 220, Agilent, Japan). LDPE samples were

extracted by 1,2,4-trichlorobenzene and injected into a

GPC operating at a 1,2,4-trichlorobenzene eluent flow

rate of 1.0 mL/min and temperature of 150 �C (PL-

GPC 120, Agilent, Japan).

Results and discussion

The growth of mealworms

According to Duncan’s multiple range test, for

mealworms from three regions, there was no signif-

icant difference between the survival rate of meal-

worms fed with PS, PVC and LDPE microplastics and

bran as a sole diet (pGuangzhou = 0.066[ 0.05, pTai’an-

= 0.081[ 0.05, pShenzhen = 0.130[ 0.05), indicat-

ing that microplastics would not impose a negative

effect on the survival capabilities of mealworms,

which was consistent with Yang’s study.

The average weight of mealworms fed with bran

increased, while the microplastics feeding and starv-

ing groups witnessed a decrease after incubation for

1 month (Table 1). This implied that mealworms

taken microplastics as a sole diet could not obtain

enough energy for biomass growth. The result was in

line with previous studies (Bhone et al. 2012; Yang

et al. 2015a; Zhang et al. 2017).

Microplastics-eating behavior

Mealworms from three regions all ingested microplas-

tics as food. The mass loss of PS microplastics caused

by mealworms from Guangzhou, Tai’an and Shenzhen

was 57.5, 34.4 and 51.4%, respectively (Fig. 1). After

incubation for 1 month, the mass of PVC microplas-

tics reduced by mealworms from Guangzhou, Tai’an

and Shenzhen was 48.4, 34.0 and 57.0%, respectively.

The mass loss of LDPE microplastics caused by

mealworms from those three regions was 36.9, 22.0

and 29.7%, respectively.

Characterization of frass and microplastics

X-ray diffraction analysis

There was only one dispersion peak shown at 20� in PS

microplastic, while for frass collected from meal-

worms from three regions, more than two dispersion

peaks were obtained and peak strength was weaker. In

other words, XRD spectra showed a difference of

crystalline structure between raw material and frass

produced by mealworms from three regions (Fig. 2).

The XRD spectrum of frass collected from meal-

worms from Guangzhou fed with PVC was the same as

that of PVC microplastic, indicating no crystalline

structure change, while for mealworms from Tai’an

and Shenzhen, a new diffraction peak appeared at 27�
and the position of dispersion peaks differed from

PVC, which indicated different crystalline structures

between them, and there were fine grains in the

metabolites.

There was a sharp diffraction peak at 20� and

several dispersion peaks at 35�–45� in LDPE

microplastic. The XRD spectra of frass produced by

mealworms from three regions fed with LDPE were

quite different. The diffraction peak at 20� widened in
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the frass collected from mealworms from Guangzhou,

indicating a decrease in crystallinity (Slichter and

Mandell 1958). For frass collected from mealworms

from Tai’an and Shenzhen, there were only two

dispersion peaks shown at 20� and 27�, and the results

implied that crystalline polymer LDPE was trans-

formed to amorphous polymer after metabolized by

mealworms from those two regions.

As indicated by XRD spectra, crystalline structure

of PS and LDPE changed after metabolized by

mealworms from all three regions. However, the

crystalline structure of PVC could only be changed by

mealworms from Tai’an and Shenzhen.

Fourier transform infrared spectroscopy analysis

As given in Table 2, the benzene ring CH stretching

vibration, benzene ring vibration, benzene ring CH

plane and non-plane variable angle vibration disap-

peared in frass collected from mealworms from three

regions fed with PS, implying the damage of benzene

ring. Moreover, C=O and C–O stretching vibration

bands were added in the frass, which illustrated the

appearance of carbonyl group.

Compared with PVC microplastic, a new band at

3500 cm-1 assigned to O–H stretching vibration and

another at 1650 cm-1 assigned to O–H plane variable

angle vibration were clearly shown in the frass

collected from mealworms from Guangzhou fed with

PVC. They were typical FTIR bands of water, which

was probably formed during the metabolic process.

Apart from these, no more functional groups were

observed in the frass, which proved no structure

change caused by mealworms from Guangzhou, while

for frass collected from mealworms from Tai’an and

Shenzhen, two new bands analyzed as C=O and C–O

stretching vibration were added, demonstrating the

existence of carbonyl group.

For frass collected from mealworms from Guangz-

hou, CH2 shear vibration and CH2 plane swing

vibration disappeared, as an evidence of molecular

structure change. For frass collected from mealworms

from Tai’an and Shenzhen, C=O and C–O stretching

vibration bands were added, indicating that hydrocar-

bon chain was oxidized and carbonyl group appeared

in the frass.

Thermogravimetric analysis

For PS microplastics, the pyrolysis completed in only

one stage and the maximum decomposition rate

occurred at 388 �C with a weight loss of

68.01% (Fig. 3). In contrast, frass collected from

mealworms from Guangzhou fed with PS showed

three weight loss stages, and the maximum decompo-

sition rate of each stage appeared at 85, 276 and

427 �C with a weight loss of 10.76, 24.66 and 60.30%,

respectively. The thermal degradation of polystyrene

was a free radical reaction initiated from chain end

scission (Carniti et al. 1989; McNeill et al. 1990), and

the pyrolysis process of polystyrene with different

molecular weights differs. So it could be inferred there

is a chemical composition change between PS

microplastics and frass collected from mealworms

from Guangzhou. The same situation happened in the

frass from another two regions. Frass collected from

mealworms from Tai’an fed with PS contained three

weight loss stages, and the maximum decomposition

rate of each stage appeared at 61, 269 and 403 �C with

a weight loss of 4.30, 18.48 and 57.96%, respectively.

Table 1 Survival rate and average weight change of mealworms incubation for 1 month

Group Guangzhou Tai’an Shenzhen

Survival rate

(%)

Average weight

(%)

Survival rate

(%)

Average weight

(%)

Survival rate

(%)

Average weight

(%)

Not fed 57.00 ± 0.26 - 4.30 84.33 ± 0.01 - 23.88 89.60 ± 0.01 - 36.52

Fed with barn 69.20 ± 0.05 ? 71.39 91.87 ± 0.05 ? 19.90 92.27 ± 0.25 ? 27.99

Fed with PS 66.92 ± 0.01 - 3.31 91.60 ± 0.01 - 21.70 92.12 ± 0.07 - 37.06

Fed with PVC 63.13 ± 0.06 - 3.44 89.00 ± 0.02 - 18.44 91.20 ± 0.01 - 23.51

Fed with

LDPE

65.07 ± 0.01 - 1.03 89.80 ± 0.02 - 22.10 91.47 ± 0.01 - 24.87
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The decomposition of frass collected from mealworms

from Shenzhen fed with PS also included three weight

loss stages, and the maximum decomposition rate of

Fig. 1 The mass loss of microplastics caused by a mealworms

from Guangzhou, bmealworms from Tai’an, c mealworms from

Shenzhen

Fig. 2 The XRD spectra of a PS microplastics and the frass,

b PVC microplastics and the frass, cLDPE microplastics and the

frass
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each stage occurred at 52, 308 and 390 �C with a

weight loss of 2.51, 30.46 and 59.55%, respectively .

The decomposition of PVC microplastics included

two stages, namely dechlorination and chain scission

period (Chang and Salovey 1974). The maximum

decomposition rate of the first stage occurred in

258 �C with a weight loss of 26.75%, and the

maximum decomposition rate of the second stage

occurred in 432 �C with a weight loss of 82.44%. The

decomposition of frass collected from mealworms

from Guangzhou can be divided into two parts: the

maximum decomposition rate reached at 245 and

417 �C and the corresponding weight losses were

26.81 and 70.27%, which was almost the same as raw

material, indicating no chemical composition change

occurred. Frass collected from mealworms from

Tai’an fed with PVC showed three weight loss stages,

and the maximum decomposition rate of each stage

appeared at 66, 275 and 431 �C with a weight loss of

3.74, 24.88 and 58.81%, respectively. The

Table 2 Characteristic FTIR data of microplastics and frass

PS band

(cm-1)

Guangzhou band

(cm-1)

Tai’an band

(cm-1)

Shenzhen band

(cm-1)

Band assignment

34,603,046

2912

3683

2912

3500

2920

3500

2928

O–H stretching vibration

Benzene ring CH stretching vibration

CH2 antisymmetrical stretching vibration

1670 1674 1672 O–H plane variable angle vibration/C=O stretching

vibration

16,071,462 Benzene ring vibration

1396 1407 1401 CH3 symmetrical variable angle vibration

1070 1066 1080 C–O stretching vibration

1038 Benzene ring CH plane variable angle vibration

750 731 726 CH2 plane swing vibration

711 Benzene ring CH non-plane variable angle vibration

PVC band

(cm-1)

Guangzhou band

(cm-1)

Tai’an band

(cm-1)

Shenzhen band

(cm-1)

Band assignment

3430 35,003,313 35,083,304 O–H stretching vibration

2925 2925 2942 2925 CH2 and CH stretching vibration

1646 1674 1666 O–H plane variable angle vibration/C=O stretching

vibration

1412 1410 CH2 shear vibration

1280 1326 CH variable angle vibration

1070 1084 C–O stretching vibration

973 1020 CH2 variable angle vibration

628 600 635 642 C–Cl stretching vibration

LDPE band

(cm-1)

Guangzhou band

(cm-1)

Tai’an band

(cm-1)

Shenzhen band

(cm-1)

Band assignment

3468 3491 34,903,310 O–H stretching vibration

2906 2906 2928 2929 CH2 and CH stretching vibration

1650 1673 1670 O–H plane variable angle vibration/C=O

stretching vibration

1466 CH2 shear vibration

1070 1060 C–O stretching vibration

770 730 740 CH2 plane swing vibration

123

22 Environ Geochem Health (2019) 41:17–26



decomposition of frass collected from mealworms

from Shenzhen fed with PVC also included three

weight loss stages, and the maximum decomposition

rate of each stage occurred at 94, 242 and 415 �C with

a weight loss of 4.15, 25.59 and 66.49%, respectively.

In a word, there were chemical composition changes

between PVC microplastic and frass collected from

mealworms from Tai’an and Shenzhen.

For LDPE microplastics, the pyrolysis completed in

one stage and the maximum decomposition rate

occurred at 441 �C with a weight loss of 66.32%. It

is a chain scission process, and the main products were

alkenes such as ethane, ethene, propane, propene,

butane and butane (Williams and Williams 1999).

Frass collected from mealworms from Guangzhou

showed three weight loss stages, and the maximum

decomposition rate of each stage appeared at 100, 312

and 437 �C with a weight loss of 4.24, 17.58 and

71.82%, respectively. Frass collected from meal-

worms from Tai’an showed three weight loss stages,

and the maximum decomposition rate of each stage

appeared at 70, 338 and 433 �C with a weight loss of

5.22, 27.86 and 48.97%, respectively. Frass collected

from mealworms from Shenzhen showed three weight

loss stages, and the maximum decomposition rate of

each stage appeared at 61, 281 and 422 �C with a

weight loss of 3.81, 28.36 and 65.58%, respectively.

The results indicated that mealworms from three

regions could metabolize LDPE microplastic and

changed its chemical composition.

Gel permeation chromatography analysis

The Mn and Mw values of frass produced by

mealworms from Guangzhou fed with PS were

significantly different from PS microplastics (pMn-

= 5.41E-8\ 0.05, pMw = 3.94E-9\ 0.05). The

Mn value of frass increased by 117.45%, Mw

decreased by 47.10% and the molecular weight

distribution narrowed, indicating depolymerization

and degradation of polymers (Phua et al. 1987). The

Mn value of frass collected from mealworms from

Tai’an fed with PS was significantly different from PS

microplastics (pMn = 1.14E-4\ 0.05), while the Mw

value showed no significant difference

(p = 0.300[ 0.05). The Mn value of frass increased

by 117.41% and the molecular weight distribution

narrowed, probably due to the cross-linking reaction

of low molecular fraction of the polymer (Sakai et al.

2002). The Mn and Mw values of frass produced by

mealworms from Shenzhen fed with PS differed from

the raw material (pMn = 1.45E-4\ 0.05, pMw-

= 0.031\ 0.05). The Mn and Mw values of frass

Fig. 3 The TG–DTG curve of a PS microplastics and the frass,

b PVC microplastics and the frass, cLDPE microplastics and the

frass
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increased by 184.55 and 18.19%, respectively, and the

molecular weight distribution narrowed. This could be

attributed to the preferential assimilation of the low

molecular weight fraction of PS by the microorganism

(Jeon and Kim 2013).

There were no significant differences between the

Mn and Mw values of frass produced by mealworms

from Guangzhou fed with PVC and PVC microplastics

(pMn = 0.095[ 0.05, pMw = 0.217[ 0.05), implying

there was no molecular weight change. The Mn and

Mw values of frass produced by mealworms from

Tai’an fed with PVC differed from PVC microplastics

(pMn = 0.002\ 0.05, pMw = 0.003\ 0.05). The Mn

and Mw values of frass increased by 93.34 and 15.12%,

respectively, and the molecular weight distribution

narrowed. This also happened to frass produced by

mealworms from Shenzhen fed with PVC (pMn

= 7.12E-7\ 0.05, pMw = 6.46E-5\ 0.05), Mn and

Mw increased by 69.44 and 19.67%, respectively; the

molecular weight distribution narrowed), an indication

of preferential assimilation of the low molecular weight

fraction of PVC.

No significant differences between the Mn and Mw

values of frass produced by mealworms from Guangz-

hou fed with LDPE and LDPE microplastics were

observed (pMn = 0.079[ 0.05, pMw = 0.579[ 0.05),

implying there was no molecular weight change. The

Mn and Mw values of frass produced by mealworms

from Tai’an fed with LDPE differed dramatically from

LDPE microplastics (pMn = 4.02E-5\ 0.05, pMw

= 3.17E-6\ 0.05). The Mn and Mw values of frass

decreased by 78.50 and 54.30%, respectively, with the

widened molecular weight distribution. As for frass

collected from mealworms from Shenzhen fed with

LDPE, the

Mn and Mw values differed significantly (pMn

= 1.18E-6\ 0.05, pMw = 9.36E-9\ 0.05), Mn

decreased by 77.28% and Mw decreased by 45.66%,

with the widened molecular weight distribution. These

results suggested that depolymerization of the long-

chain structure of LDPE took place (Yang et al. 2015a).

As given in Table 3, the molecular weight of three

microplastics changed after metabolized by meal-

worms from Tai’an and Shenzhen. Mealworms from

Guangzhou could only degrade PS and did not affect

the molecular weight of PVC and LDPE.

Taken into account the results of XRD, FTIR, TGA

and GPC, we could infer that for PS and LDPE

microplastics, the physical and chemical properties of

frass were different from the raw material, which

meant PS and LDPE microplastics could be metabo-

lized by mealworms from three regions though the

effects among them were different. Mealworms from

Guangzhou could depolymerize the high molecular

weight fraction of PS, destroy benzene ring and

oxidize hydrocarbon chain. Mealworms from Tai’an

Table 3 The molecular

weight of microplastics and

frass (the molecular weight

of PVC was tested by two

different affiliations,

marked as PVC-1 and PVC-

2)

Mn MW Mn/Mw

Mealworms fed with PS

PS 44,674.00 ± 246.07 223,126.00 ± 182.43 4.99

Guangzhou 97,141.67 ± 107.47 118,032.33 ± 112.34 1.22

Tai’an 97,124.50 ± 753.07 248,675.00 ± 26,100.73 2.56

Shenzhen 127,119.00 ± 1381.69 263,710.00 ± 10,277.09 2.08

Meal worms fed with PVC

PVC-1 70,331.00 ± 1531.54 133,230.00 ± 3240.81 1.89

Guangzhou 72,910.67 ± 1368.72 136,075.00 ± 909.72 1.87

PVC-2 61,395.67 ± 942.11 177,514.67 ± 3284.56 2.89

Tai’an 118,702.67 ± 14,076.63 204,356.00 ± 6181.05 1.72

Shenzhen 102,188.00 ± 913.52 212,425.00 ± 1156.84 2.08

Mealworms fed with LDPE

LDPE 11,475.00 ± 315.80 50,046.33 ± 102.68 4.36

Guangzhou 12,698.33 ± 846.56 50,935.33 ± 2550.52 4.01

Tai’an 2467.00 ± 57.98 22,872.50 ± 563.56 9.27

Shenzhen 2607.33 ± 64.67 27,194.33 ± 226.57 10.43
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could also destroy benzene ring and oxidize hydro-

carbon chain; besides, cross-linking reaction of low

molecular weight fraction of the polymer happened.

Mealworms from Shenzhen were able to preferentially

assimilate the low molecular weight fraction of PS.

LDPE could be degraded by mealworms from Tai’an

and Shenzhen through the oxidation of hydrocarbon

chain, while those from Guangzhou showed no such

capability. For PVC microplastic, frass collected from

mealworms from Guangzhou was the same as the raw

material in terms of physical and chemical properties,

indicating that this mealworm showed no metabolism

effect on PVC, while mealworms from Tai’an and

Shenzhen could metabolize PVC. The possible mech-

anism was preferential assimilation of low molecular

weight fraction of PVC, and there were crystalline

materials in the frass.

Conclusion

Mealworms could ingest PS, PVC and LDPE

microplastics as sole diets and survived for 1 month,

though these microplastics did not provide enough

energy for growth. The metabolism effects of meal-

worms from different regions on each microplastic

tested varied, inferring different gut microbiota.

Furthermore, it could be speculated that PVC was

less likely to be digested by mealworms since it could

only be metabolized by mealworms from Tai’an and

Shenzhen, while PS and LDPE could be metabolized

by mealworms from all three regions. This might be

interpreted as a result of complicated molecular

structure and elemental composition.
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