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5. RESULTS

All of the measured soil-dynamics characteristics were modelled as a function of MP shape and
MP/soil mass ratio. Herein, we quantitatively analyzed two important factors in MP
contamination, (1) shape of MP, and (2) MP/soil mass ratio. Each factor is independently
analyzed in separate figures shown below. To investigate the impacts of each factor (shape and
MP/soil mass ratio) we used Student t-statistics. In all cases, the significance threshold was 5%
(= 0.05) (Dahiru, 2008).

5.1. SWH CAPACITY RESULTS (EXPERIMENT 1)

Figure 20 shows the box-plot diagrams of measured SWH capacity of MP contaminated soil with
respect to the control soil. Results show that all tested MP affected the SWH capacity (p<0.001).
The collected data in these figures are tabulated in Appendix-I. To better analyze, the collected
data are compiled, and Figures 21 and 22 are produced, which can better represent how the shape
of plastics and MP/soil mass ratio, A, play a role in changing SWH capacity.

Figure 20. Impact of microplastics on SWH capacity over the range of treatment concentrations. The number of
replications for each case is N=10.
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Figure 21. Shape impact of MP on SWH capacity. Circular, rectangular, and triangular markers are used
to represent pellet, strand, and fiber, respectively. Solid colors represented non-degraded MP, while
dashed patterns represent degraded MP. 1 is the MP/soil mass ratio. Data represents the mean value of
N=10 replication. The solid black line represents the averaged value of clean soil samples as the control
value. The figures above show how degradation plays a role in changing soil-water dynamics at different
MP/soil mass ratios.
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Figure 22. MP/soil mass ratio impact on SWH capacity. Circular, rectangular, and triangular markers
are used to represent pellet, strand, and fiber, respectively. Solid color represents non-degraded MP, and
dashed patterns represent degraded MP. 1 is the MP/soil mass ratio. Data represents the mean value of
N=10 replication. The solid black line represents the averaged value of clean soil samples as the control
value.

Figures 21(a)-(e) represent how shapes of MP (degraded and non-degraded) with the same A
value impacts the average SWH capacity. Figure 21(a) shows that both non-degraded and
degraded pellets do not have any significant impact on average SWH capacity at A = 0.20% (p >
0.05, Table 2). On the other hand, both degraded and non-degraded strands at A = 0.20% reduced
the average SWH capacity (p < 0.05, Table 2), but the degraded strands have less impact than the
non-degraded strands (p < 0.05, Table 4). Unlike strands, fiber at A = 0.20% increased the
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average SWH capacity significantly (p < 0.05). Degradation of fiber has more impact on the
average SWH capacity than non-degraded fiber. Non-degraded fiber increased the average SWH
capacity by 6.44%, whereas degraded fiber increased the average SWH capacity by 9.70% (p <
0.05, Table 4). Since a different MP/soil mass ratio was considered for fiber, only A = 0.20% was
compared to analyze the shape impact of MP on the average SWH capacity. Moreover, it is
observed that the pellet showed a concentration-dependent response on reducing the average
SWH capacity (p < 0.05, Table 2), which is more significant for degraded pellets than non-
degraded pellets (p < 0.05, Table 4). Both non-degraded and degraded strands with the value of
A =0.5% (p <0.05, Table 2) showed similar behavior as for A = 0.2%; however, the opposite
response was observed for A = 0.8% (p < 0.05, Table 2), 1.0% (p < 0.05, Table 2), 1.5% (p <
0.05, Table 2). Even though the degradation impact of strands is significant for strand with A =
0.2%, 0.5%, and 1.0% (p < 0.05, Table 4), no significant impact of degradation was observed for
strands with A = 0.8% and 1.5% (p > 0.05, Table 4).

Figure 22(a)-22(c) shows MP/soil mass ratio impact for each type of MP. Figure 22(a) shows the
MP/soil mass ratio impact for pellets. Both non-degraded and degraded pellets reduce the SWH
capacity (p < 0.05), and the reduction of the average SWH capacity increases with the increased
value of 1. However, the impact in average SWH capacity is less for non-degraded pellets than
degraded pellets (p < 0.05, Table 4). Figure 22(b) shows that both degraded and non-degraded
strand reduces the average SWH capacity with an increased value of A (p < 0.05). The reduction
in average SWH capacity for degraded strands is more linear than non-degraded strands. Even
though the SWH capacity decreases at the low value of A = 0.05% for degraded fiber, the SWH
capacity increases for non-degraded and degraded fibers (p < 0.05, Table 3). The observed
increment of average SWH capacity was more dependent on MP/soil mass ratio for degraded
fiber than non-degraded fiber. However, the observed impact of degradation for fiber was not
significant at A = 0.10% and 0.20% (p > 0.05, Table 5).

Table 2. P-value of SWH capacity of control sample versus soil contaminated with pellets and strands (bold,
underlined, and red fonts refer to condition where the changes are statistically significant).

P-value of average SWH capacity from t-statistics
AM=02% | 2,=05% | A3=08% | M=1.0% As = 1.5%
Pellet (non-
degraded) 0.1986 0.01271 0.00430 0.00641 0.00014
Control Pellet (degraded) 0.24437 0.00010 0.00001 0.00000 0.00036
Vs Strands (non-
degraded) 0.00000 0.00000 0.00001 0.00000 0.00000
Strands (degraded) 0.00020 0.00025 0.00000 0.00000 0.00007

30



Table 3. P-value of SWH capacity of control sample versus fiber-contaminated soil (bold, underlined, and red fonts
refer to condition where the changes are statistically significant).

P-value of average SWH capacity from t-statistics
A1=0.05% | 2,=0.10% | A3=0.20% | Aa=0.4% | As=0.6%
Fibers (non-
Control degraded) 0.00455 0.37394 0.15447 0.00125 0.00004
Ve Fibers (degraded) 0.00153 0.44286 0.00892 0.00000 0.00000

Table 4. P-value of SWH capacity of both non-degraded and degraded MP-contaminated soil (bold, underlined, and
red fonts refer to condition where the changes are statistically significant).

P-value of average SWH capacity from t-statistics
AM=02% | A2=05% | 23=0.8% | As=1.0% | As=1.5%
Pellet (non-degraded)
Vs 0.46857 0.03924 0.00011 0.00007 0.26812
Pellet (degraded)
Strands (non-
degraded)
Vs 0.00529 0.00075 0.09062 0.00173 0.16617
Strands (degraded)

Table 5. P-value of SWH capacity of both non-degraded and degraded fiber-contaminated soil (bold, underlined,
and red fonts refer to condition where the changes are statistically significant).

P-value of average SWH capacity from t-statistics

A1 =0.05%

A2 =0.10%

A3 = 0.20%

7\.4 =0.4%

As = 0.6%

Fibers (non-degraded)

Vs
Fibers (degraded)

0.00012

0.43825

0.08170

0.00008

0.01804

5.2. ER RESULTS (EXPERIMENT 2)

Figure 23 shows the averaged value (N=10 replication) of the MP impacts on evaporation rate.
The collected data in this figure are tabulated in Appendix-I1. All types of MP impacted soil
average ER (F = 65.86, p < 0.05). To better analyze, the collected data are compiled, and Figures
24 and 25 are produced, which can better represent how the shape of plastics and MP/soil mass
ratio, A, play a role in changing the average evaporation rate.
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Figure 23. Average evaporation rate control vs. MP contaminated soil samples.
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Figure 23(a)-(f) represents the observed average evaporation rate of all types of MP. To
understand the impact of different shapes of MP and different MP/soil mass ratios, we will
consider the average time required for evaporating 50% of retained water as well as 75% of
retained water starting at the soil’s field capacity (Figure 24 and Figure 25). From Figure 24,
for A= 0.2% to 1%, with respect to the control sample, non-degraded pellets in soil took less
time to evaporate 50% of retained water than control samples, whereas it took more time to
evaporate 75% of retained water for all values of A (p<0.05, Table 6) (Figure 25). In both cases
of evaporating 50% or 75% of retained water evaporation, both non-degraded and degraded
pellets showed a linear trend (i.e., degraded pellets increased the average time of evaporation
as opposed to non-degraded pellets). A similar trend was also observed for fiber (p<0.05,
Table 7). Degradation of fiber increased the average time to evaporate water from the soil
(Figure 24(a) and Figure 25(a)). However, strands showed a non-linear trend in average
evaporation rate in terms of both degradation and A value (p<0.05, Table 6). For example,
when A= 0.8% and 1.5%, degradation decreased the average time for evaporating 50% of
water, whereas it increased the average time for 75% of water evaporation. Figures 26 and 27
represent MP/soil mass ratio impact on 50% and 75% of water evaporation. In Figure 26(a)
and Figure 27(a), it can be observed that degraded pellets reduced the average evaporation
time for evaporating 75% of water than 50% of water (p<0.05, Table 6 and Table 8). On
average, the evaporation time increased with an increased MP/soil ratio. In contrast, non-linear
behavior of strands was observed in terms of both degradation and MP/soil mass ratio.
Similarly, non-degraded fiber showed a non-linear trend in terms of MP/soil mass ratio.
However, the impact of degradation of fiber was significant (p<0.05, Table 7 and Table 9), and
average evaporation time increased with an increased MP/soil mass ratio.

Table 6. P-value of ER of control sample versus soil contaminated with pellet and strands (bold, underlined, and
red fonts refer to condition where the changes are statistically significant).

P-value of ER from t-statistics
21=02% | 22=05% | 25=08% | ha=10% | As=15%
Pellet 0.00000 0.00000 0.00000 0.00000 0.00023
(non-degraded)
Pellet
Control (degraded) 0.05021 0.00000 0.00000 0.00000 0.00000
vs Strands 0.00000 0.00000 0.00000 0.00000 0.00003
(non-degraded)
Strands 0.18221 0.00000 0.00000 0.00157 0.10267
(degraded)
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Table 7. P-value of ER of control sample vs fiber-contaminated soil (bold, underlined, and red fonts refer to

condition where the changes are statistically significant).

P-value of ER from t-statistics
A1 =0.05% | A2=0.10% | hs=0.20% | %s=0.4% | As=0.6%
Fibers
Control | (non-degraded) | 200000 | 0.08446 0.00000 | 0.00006 | 0.00000
Vs Fibers 000001 | 0.00000 0,00000 | 0.00000 | 0.00000
(degraded)

Table 8. P-value of average ER of pellets and strands-contaminated soil (bold, underlined, and red fonts refer to

condition where the changes are statistically significant).

P-value of average ER from t-statistics
AM=02% | A2=05% | 23=0.8% | A2=1.0% | As=1.5%
Pellet (non-degraded)

Vs 0.00000 0.00000 0.00000 0.00000 0.00005

Pellet (degraded)
Strands (non-degraded)

VS 0.00000 0.00000 0.11722 0.00000 0.00023

Strands (degraded)

Table 9. P-value of average ER of fiber-contaminated soil (bold, underlined, and red fonts refer to condition

where the changes are statistically significant).

P-value of ER from t-statistics

A1 =0.05%

A2 =0.10%

Az =0.20%

s =0.4%

A5 =0.6%

Fibers
(non-degraded)

VS

Fibers (degraded)

0.00000

0.00000

0.00000

0.00000

0.00000
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Figure 24. Time required for 50% of retained water at field condition to be evaporated. Circular,
rectangular, and triangular markers are used to represent pellet, strand, and fiber, respectively. Solid
color represents non-degraded MP, and dashed pattern represent degraded MP. A is the MP/soil mass

ratio. Data represents the mean value of N=10 replication. The solid black lines represent the
averaged value of clean soil samples as the control value. The figures above show how degradation
plays a role in changing soil-water dynamics at different MP/soil mass ratios.
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averaged value of clean soil samples as the control value. The figures above show how degradation

plays a role in changing soil-water dynamics at different MP/soil mass ratios.
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Figure 26. Time required for 50% of retained water at
field condition to be evaporated with an increased MP/
soil mass ratio.

Figure 27. Time required for 75% of retained
water at field condition to be evaporated with an
increased MP/ soil mass ratio.

Circular, rectangular, and triangular markers are used to represent pellet, strand, and yarn, respectively. Solid
color represented non-degraded MP, and dashed patterns represent degraded MP. ). is the MP/soil mass ratio. Data
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represents the mean value of N=10 replication. The solid black lines represent the averaged value of clean soil
samples as the control value. The figures above show how degradation plays a role in changing soil-water dynamics
at different MP/soil mass ratios.

5.3. POROSITY RESULTS (EXPERIMENT 3)

Figure 28 shows the averaged value (N=10 replication) of the MP impacts on porosity. All
collected data in this figure are tabulated in Appendix-Ill. To better analyze, the collected data
are compiled, and Figures 29 and 30 are produced, which can better represent how the shape of
plastics and MP/soil mass ratio, A, play a role in changing soil porosity.
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Figure 28. Averaged value of the MP impacts on porosity.
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Figure 29 shows the shape impact of MP on soil porosity. At A = 0.2%, non-degraded pellets
slightly increased the average porosity (p<0.05, Table 10); however, the reduction in average
porosity of soil was not significant for degraded pellets (p>0.05, Table 10). Moreover, the
observed change in average porosity was not significant when incorporating non-degraded
pellets with increasing value of A (p>0.05, Table 10), however, the change in average porosity
due to the degraded pellet contamination was significant and reduced linearly with increasing
value of A (p<0.05, Table 10). Similarly, non-degraded strands and degraded strands reduced the
average porosity (p<0.05, Table 10), nevertheless, no clear trend was observed between non-
degraded and degraded strands. For example, A = 0.2%, 0.8%, and 1.0%, degraded strands
reduced the average porosity more than non-degraded strands as opposed to degraded strands at
A = 0.5%, and 1.5%, which reduced the average porosity less than non-degraded strands. Unlike
pellets and strands, both non-degraded and degraded fiber increased the average porosity at A =
0.2% (p<0.05, Table 11), and degraded fiber affected the average porosity almost as similar as
non-degraded fiber.

Even though the degradation of pellets decreased the average porosity of the soil, the behavior of
degradation is non-linear for the case of strands. Figure 30 represents the average porosity of the
soil in terms of MP/soil mass ratio. The impact of degradation was significant for pellets
(p<0.05, Table 12) except A= 0.5% (p>0.05, Table 12). Figure 30(a) shows that pellets have a
minor impact on changing the porosity of soil samples and degraded pellet has more impact than
non-degraded pellet. Strands have a relatively higher impact and slightly decrease the average
porosity non-linearly. None of them show significant changes with respect to A. However, the
impact was not significant for degraded strands at A =0.2%, and 1.0% (p>0.05, Table 12) In
contrast, fiber samples in Figure 30(b) show that the porosity of the sample increases by
increasing A. Non-degraded fiber increased the average porosity linearly (p<0.05, Table 11).
Even though the change in average porosity due to the non-degraded fiber at L = 0.05%, and
0.10% was not significant (p>0.05, Table 11), a linear increasing trend was observed at A =
0.20%, 0.40%, and 0.60% (p<0.05, Table 11). Moreover, the impact of fiber degradation was not
significant at A =0.60% (p>0.05, Table 13).
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Figure 29. Average porosity of soil samples. Circular, rectangular, and triangular markers are used to
represent pellet, strand, and yarn, respectively. Solid color represented non-degraded MP, and dashed
patterns represent degraded MP. A is the MP/soil mass ratio. Data represents the mean value of N=10
replication. The solid black lines represent the averaged value of clean soil samples as the control value.
The figures above show how degradation plays a role in changing soil-water dynamics at different
MP/soil mass ratios.
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Figure 30. Average porosity of soil samples with respect to MP/soil mass ratio. Circular, rectangular,
and triangular are used to represent pellet, strand, and yarn, respectively. Solid color represented non-
degraded MP, and dashed patterns represent degraded MP. 1 is the MP/soil mass ratio. Data represents

the mean value of N=10 replication. The solid black lines represent the averaged value of clean soil
samples as the control value. The figures above show how degradation plays a role in changing soil-
water dynamics at different MP/soil mass ratios.
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Table 10. P-value of average porosity of control, pellet, and strands-contaminated soil (bold, underlined, and red
fonts refer to condition where the changes are statistically significant).

P-value of average porosity from t-statistics
A = 0.2% A=05% |[A3=08% | Ma=1.0% | As=15%
Pellet 0.03056 0.16032 0.29777 0.37935 0.13064
(non-degraded) | ———
Pellet
Control (degraded) 0.19808 0.03363 0.00056 0.00043 0.00162
Vs Strands 0.00072 0.00013 0.02358 0.00015 0.00023
(non-degraded)
Strands 0.00024 0.00058 0.00127 0.00006 0.07421
(degraded)

Table 11. P-value of average porosity of fiber-contaminated soil (bold, underlined, and red fonts refer to condition
where the changes are statistically significant).

P-value of average porosity from t-statistics
A1=0.05% | X2=0.10% | A3=0.20% | 24=0.4% | As=0.6%
Fibers
Control (non-degraded) 0.00419 0.04830 0.00099 0.00003 0.00000
vs Fibers 0.09511 | 0.49427 0.00034 | 0.00504 | 0.00000
(degraded)

Table 12. P-value of average porosity of pellet and strand-contaminated soil (bold, underlined, and red fonts refer
to condition where the changes are statistically significant).

P-value of average porosity from t-statistics
M=02% | Ar=0.5% A3 =0.8% A =1.0% As = 1.5%
Pellet (non-degraded)
Vs 0.01622 0.48681 0.00007 0.00017 0.00627
Pellet (degraded)
Strands
(non-degraded)
Vs 0.15217 0.00917 0.01141 0.21578 0.00143
Strands (degraded)
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Table 13. P-value of average porosity of fiber-contaminated soil (bold, underlined, and red fonts refer to condition
where the changes are statistically significant).

P-value of average porosity from t-statistics
A1=0.05% | 2,=0.10% | A3=0.20% | A4=0.4% As = 0.6%

Fibers (non-
degraded)

S
Fibers (degraded)

0.00058 0.00776 0.03133 0.00191 0.49560
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5.4, INFILTRATION RATE RESULTS (EXPERIMENT 4)

Figure 31 shows the averaged value (N=10 replication) of the MP impacts on infiltration rate. All
collected data in this figure are tabulated in Appendix-1V. To better analyze, the collected data
are compiled, and Figures 32 and 34 are produced, which can better represent how the shape of
plastics and MP/soil mass ratio, A, play a role in changing infiltration rate.
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Figure 31. Average cumulative infiltration of soil containing MP.
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Figure 32. Cumulative infiltration of soil at T = 20 s. Circular, rectangular, and triangular markers are
used to represent pellet, strand, and fiber, respectively. Solid color represents non-degraded MP, and
dashed patterns represent degraded MP. 1 is the MP/soil mass ratio. Data represents the mean value of
N=10 replication. The solid black lines represent the averaged value of clean soil samples as the control
value. The figures above show how degradation plays a role in changing soil-water dynamics at different
MP/soil mass ratios.
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All types of MP affected the average cumulative infiltration of soil (p<0.001). To better
understand the effects of shape of plastics and MP/soil mass ratio (1), the average cumulative
infiltration of soil at 20 s and 60 s were analyzed (Figures 31 and 33). At times T = 20 and 60 s,
both degraded and non-degraded pellet behaved non-linearly with an increased value of A and
significant changes were observed in cumulative infiltration (p<0.05, Table 14). The effect of
strands is similar to that of pellets (p<0.05, Table 14).
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Figure 33. Cumulative infiltration of soil at T = 60 s. Circular, rectangular, and triangular markers are
used to represent pellet, strand, and fiber, respectively. Solid color represents non-degraded MP, and
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dashed patterns represent degraded MP. 1 is the MP/soil mass ratio. Data represents the mean value of
N=10 repetition. The solid black lines represent the averaged value of clean soil samples as the control
value. The figures above show how degradation plays a role in changing soil-water dynamics at different
MP/soil mass ratios.
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Figure 34. Cumulative infiltration of soil at T = 20 and T= 60 s with respect to MP/soil mass ratio. Circular,
rectangular, and triangular are used to represent pellet, strand, and fiber, respectively. Solid color represents non-
degraded MP, and dashed patterns represent degraded MP. J. is the MP/soil mass ratio. Data represents the mean

value of N=10 repetition. The solid black lines represent the averaged value of clean soil samples as the control
value. The figures above show how degradation plays a role in changing soil-water dynamics at different MP/soil
mass ratios.

Figure 34 shows the changes in cumulative infiltration with MP/soil mass ratio at T=20 s and 60
s. From the data, it can be observed that the impact of both pellets and strands in cumulative
infiltration is non-linear, while degradation has no impact (p>0.05, Table 17). However, fiber
decreased the infiltration rate with an increased MP/soil mass ratio. Similar to pellets and
strands, the impact of degradation is minimal (p>0.05, Table 18).

Table 14. P-value of average cumulative infiltration of control vs pellet and strand-contaminated soil (bold,
underlined, and red fonts refer to condition where the changes are statistically significant).

P-value of average cumulative infiltration from t-statistics
AM=0.2% | 22=05% | A3=0.8% | Aa=1.0% | As=1.5%
Pellet (non-degraded) 0.00107 | 0.00079 | 0.04684 | 0.01462 | 0.00139

Pellet (degraded) 0.00109 0.00080 0.00301 0.00533 0.00130
Control
Vs Strands (non-

degraded) 0.00250 0.00575 0.00954 0.00105 0.00000

Strands (degraded) 0.00917| 0.01379 | 0.00331| 0.00000| 0.00573

Table 15. P-value of average cumulative infiltration of control vs fiber-contaminated soil (bold, underlined, and red
fonts refer to condition where the changes are statistically significant).

P-value of average cumulative infiltration
X1=0.05% | 2,=0.10% | 23=0.20% | 24=0.4% | s =0.6%
Fibers (non-
Control degraded) 0.00177 0.00097 0.00081 0.00086 0.00081
v Fibers 0.00122 | 0.00106 | 0.00082 | 0.00088 | 0.00082
(degraded)

Table 16. P-value of average cumulative infiltration comparison between non-degraded pellet and degraded pellet,
and non-degraded strands and degraded strands contaminated soil.

P-value of cumulative infiltration from t-statistics
A =0.2% 2=05% | 2:3=0.8% | As=1.0% s =1.5%
Pellet
(non-degraded)

Vs 0.946 0.862 0.986 0.845 0.893

Pellet (degraded)
Strands

(non-degraded)

Vs 0.791 0.895 0.886 0.062 0.645

Strands (degraded)
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Table 17. P-value of average cumulative infiltration comparison between non-degraded fiber and degraded fiber

contaminated soil.

P-value of cumulative infiltration from t-statistics

A1=0.05% | 22=0.10% | A3=0.20% | As=0.4% As = 0.6%

Fibers
(non-degraded)

VS
Fibers (degraded)

0.703

0.847 0.870 0.784 0.817

5.5. SOIL WATER RETENTION RESULTS (EXPERIMENT 5)

Figure 35 shows the MP impacts on the SWRC at MP/soil mass ratios of A=0.8% and 0.5%. All
collected data in this figure are tabulated in Appendix-V. All types of MP impact the SWRC
(F=20.82, p<0.05). To better analyze, the collected data are compiled, and Figures 36 and 37 are
produced, which can better represent how the shape of plastics and MP/soil mass play a role in

changing SWRC.
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Figure 35. Soil water matric potential vs. volumetric water content of control sample and MP contaminated soil.
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Figure 36 shows the change in air entry potential due to the incorporation of MP. Air entry
potential is a critical characteristic value that refers to the moment air starts to displace water.
Pellet at 0.8% and 0.5%, and 0.8% fiber increased the air entry potential as opposed to 0.8% and
0.5% strands, and 0.5% fiber. Figure 37 shows the residual water content of soil samples.
Residual water content is one of the critical points of SWRC in the dry side of the curve, where
the soil matric potential increases while the water content remains constant. In other words, it
refers to the remaining water in the system corresponding to the extremely high matric potential.
Figure-38 shows that 0.8% MP significantly increases the residual water content from ~1.5% for
the control to about 11.5%, 3.5%, and 6.5% in samples contaminated by pellets, strands, and
fiber, respectively. However, 0.5% pellet and strands decreased the residual water content to
0.9% and 0.5%, respectively; in contrast, 0.5% fiber behaved similarly to 0.8% fiber which
increased the residual water content to 2.8%. Unlike MP impact on residual water content,
almost all types of MP slightly decreased the saturated water content except 0.5% strands, which
reduced the saturated water content significantly from 39% to 26.1.
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Figure 36. Air-entry potential from SWRC of control sample and MP contaminated sample.
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