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Abstract

Water consumption rate is a key factor in water supply and wastewater
systems. Previous studies have identified socioeconomic, demographic,
building, and behavioral factors influencing household water
consumption. In this study, building type—classified as small, semi-
luxury, luxury houses, and apartments —is the focus. Annual household
water consumption data were collected from 275 households across six
regions of Tripoli. Descriptive statistics were used to analyze the data
distribution, while hypothesis testing was used to evaluate differences
among building categories. The results revealed no significant differences
in domestic water usage between small-house groups and semi-luxury-
house groups, with p-values of 0.396 and 0.998, respectively. However,
notable differences in water consumption were observed between small
houses and luxury houses, as well as between small houses and
apartments. Furthermore, there were no significant differences in the
average water consumption between spring and annual measurements for

small and semi-luxury houses. The study concludes that household water
consumption is associated with building type and construction
characteristics and can serve as a useful measure of domestic water use. It
also suggests that the measurement of consumption could be conducted
effectively during the warm season to approximate annual averages.

o8]

1. Introduction

The water consumption rate is one of the most complicated and essential challenges for water
and environmental engineers. It is the first step in planning water and wastewater transfer
facilities, water and wastewater treatment plants, water supply networks, and wastewater
collection systems. Determining and managing the water usage rate, along with its influencing
factors, is considered the primary goal of many water research centers and institutions.

Generally, water uses are classified into three categories: urban, industrial, and agricultural.
Urban water uses include domestic, commercial, institutional, and public services. Domestic
water use in the USA accounts for approximately 56-60% of urban water use (Matthew, 2011),
which is categorized into indoor and outdoor uses, further divided into personal and shared
uses. The personal water use accounts for approximately 35-40% of household water
consumption, while shared water accounts for approximately 60-65% of the domestic water
use (Inskeep & Attari, 2014). Shared uses include activities that do not depend directly on
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household size, such as outdoor activities, house cleaning, toilet flushing, and water system
leaks.

The domestic water usage rate can be expressed as household consumption within a specific
period, which refers to the amount of water used by the whole family or a single-unit building
per unit time (Crouch et al., 2021). Additionally, domestic water usage can be expressed as
per capita consumption, which indicates the average amount of water consumed per
household member. To calculate the per capita consumption rate, g, divide the total household
water consumption rate by the number of household members, as shown in Eq. (1).

Q 4

= —_—= — 1
q n nAt ()

where:

Q is the total household consumption rate over the specified period,

V is the total volume of water consumed by the household during the time interval At,
n is the number of household members.

Water consumption varies throughout the day and year in response to factors such as holidays
and seasonal conditions, generally increasing during hot weather and decreasing during cold
weather. Accordingly, water consumption may be expressed as average hourly consumption
or average daily consumption over a week, month, or year. For these reasons, the average
daily water consumption is measured as an annual average to account for seasonal changes
(Vonk et al., 2019).

Based on water-use classifications and their corresponding definitions, studies of influencing
factors have followed similar classifications. For domestic water consumption, socioeconomic,
demographic, and building characteristics are considered influential factors (Hussien et al.,
2016; Cruz et al.,, 2017; Sant’Ana & Mazzega, 2018). Voskamp et al. (2020) identified the
cultural, economic, technological, infrastructural, and resource characteristics as influencing
factors. Hussien et al. (2016) identified family size, monthly income, and building area as
primary factors influencing domestic water consumption.

In addition to the previously mentioned classifications of influencing factors, factors can be
classified by the type of their relationship, which can be direct or inverse. The literature notes
that certain factors influence per capita consumption both positively and negatively, such as
the number of family members. Dias et al. (2018) reported that small families have higher
average daily per capita water consumption than large families, although large families have
higher daily household consumption. Grespan et al. (2022) found that building type
significantly affects water consumption, with cluster houses and one-story houses having
lower water consumption than two-story houses.

The study aims to statistically examine the relationship between house type and the average
annual household water use. If a significant relationship exists between building type and
average water consumption, building type may provide a useful basis for estimating domestic
water demand in new or unmonitored water supply systems. Additionally, it will statistically
examine the annual and spring averages in the same regions of Tripoli city under relatively
stable climatic conditions. These findings suggest that a three-month spring monitoring period
may adequately represent annual consumption for similar settings.

2. Methodology

To achieve the research aims, a set of random samples should be taken, given that these
samples represent the differences within the communities. To obtain an accurate result from
any experiment, the sample size should be large enough to capture the variables, especially in
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modeling. Some literature recommends that the sample size be larger than 30 to obtain
accurate results (Sekaran & Bougie, 2016). Ramezan et al. (2021) mentioned that the accuracy
of a random sample can reach 94.7% with a sample size of 40.

For these reasons, since Tripoli city has a large area, the area was divided into six different
regions, with each region located at a considerable distance from others. The sample size for
each region ranged from approximately 25 to 50 households, with a total of 275 households.
Also, the study considered the family income differences as a building type, where the data
samples include four types of buildings: small houses, semi-luxury houses, luxury houses, and
apartments. The study includes one group of luxury houses (Group A), two groups of semi-
luxury houses (Groups B and C), two groups of small houses (Groups D and E), and a group
of apartments (Group F). This type of house can also indicate family income, a key factor in
water consumption. Since water consumption varies throughout the month and the year,
annual household water consumption data covering three years were obtained from local
municipal water offices. These records were based on existing water meters installed in the
buildings, and no additional flow meters were required for the study. As a result, the samples
considered the differences in demographics, infrastructure, building characteristics, income
levels, and seasonal factors.

The small house is defined as a simple one-story building with a building area of 100 -120 m2,
and an outdoor area of less than 10m?. These houses are generally located in densely
populated, low-income neighborhoods. Semi-luxury houses typically have one or two floors,
a floor area of up to 180m?, and an outdoor area of up to 30m?. They are generally located in
medium-density residential neighborhoods and occupied by middle-income households.
Luxury houses typically have a larger area and garden and often include luxury features such
as a bathtub. They may also include a jacuzzi or a swimming pool.

After completing the data collection stage, the data needs were classified, and various tests,
such as descriptive statistics, should be conducted to identify and address outliers.
Additionally, the normality of data distribution should be checked graphically or analytically
to determine which tests are appropriate for the data. Finally, to determine if the building type
influences water consumption, hypothesis tests were conducted among the six groups, with
the null hypothesis that there is no difference between the means of each group and the others,
as shown in Eq. (2). If the null hypothesis is not rejected, there is no difference between the
groups; if it is rejected, a difference between the means is found, as shown in Eq. (3).

Ho:ipy —p2 =0 (2)
Hyrpy —pp #0 3)

To accept or reject a hypothesis test, specific steps must be followed to determine the
appropriate type of test to use and to calculate the comparison limit and its associated
probability, with the latter depending on the normality of the data distribution. Assessing the
normality of the data distribution can be done visually, using methods such as histograms or
Normal Q-Q plots, or analytically by examining skewness and kurtosis or by employing the
Shapiro-Wilk Test (Khatun, 2021).

For the Shapiro-Wilk test, a p-value greater than 0.05 indicates insufficient evidence to reject
the assumption of normality. Standardized skewness and kurtosis value may also be examined
separately (Khatun, 2021).

In cases where the data are normally distributed, but the population means and variances are
unknown, and the sample size does not meet the conditions for a z-test, the t-test is used. The
t-test statistic (T) should be compared with the critical value from the ¢-distribution table (%),
along with the probability of acceptance.
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Before testing the equality of group means, the equality of their variances should be assessed
using an F-test. If equal variances can be assumed, the pooled-variance t-test is applied as
follows:

Xy —Fp,— &
=X 12 - "
Sp |7+ —
ny, Ny
where
2 (ny — Dsf + (np — 1)s3
S5 =

n+n, —2

If the group variances are unequal, Welch’s t-test is used instead (Montgomery & Runger,
2006):

xl—fz—é‘

2,3 ®)

ny n;

T =

Here, ¥, and i, denote the sample means, s? and s? represent the sample variances, n, and n,
indicate the sample sizes, S, is the pooled standard deviation, and § is the hypothesized
difference between the population means. The resulting p-value ranges from 0 to 1, with
smaller values indicating stronger evidence against the null hypothesis of equal means.

The t-test relies on sample variances rather than population variances. A two-tailed
independent-samples f-test assuming unequal variances was conducted at the 95% confidence
level to determine whether the mean water consumption differed between the groups.
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS),
version 22, and selected graphs were generated using the Datatab website, which offers better
data visualization tools.

3. Results

The second stage, after data collection, is data classification and treatment. The raw data were
presented in box plots to provide a general view of its statistical properties and to identify any
outliers. Figure 1 illustrates the distribution of the raw data. As can be seen, Groups A, B, and
E have extreme outliers. When the sample size was sufficiently large, outliers were removed.
When the sample size was insufficient, outliers were replaced with the mode (Mark &
Workman, 2018). The histogram of the data for groups A and B is illustrated in Figure 2.

The normality of the water-use data was assessed visually and analytically. In addition to the
histograms shown in Figure 2, the normal Q-Q plots for Groups A and B, presented as
representative examples, are presented in Figure 3. The analytical normality calculation, along
with other basic statistical results for the sample groups, is tabulated in Table 1.

Hypothesis tests were conducted between each pair of groups, and the p-values obtained from
pairwise comparisons of group means are tabulated in Table 2. For the two-tailed tests,
statistical significance was assessed at the 0.05 level. The null hypothesis was rejected when
p < 0.05.
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Figure 2. Histograms of household water consumption in Groups A & B after data treatment
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Figure 3. Normal Q-Q plots of household water consumption in Groups A and B after data
treatment
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Table 1. Basic descriptive statistics for the sample groups

GroupA GroupB GroupC GroupD GroupE  GroupF

Mean 2.683 1.438 1.437 1.141 1.208 0.724
Median 2.800 1.400 1.491 1.100 1.196 0.700
Mode 3.000 1.400 1.600 1.000 0.900 0.700
Standard deviation +1.076 +0.272 +0.401 +0.344 +0.336 +0.324
95% confidence interval 0.359 0.075 0.169 0.0819 0.136 0.0884
Skewness -0.029 -0.046 -0.222 0.201 0.041 0.090
Kurtosis -0.478 -0.561 -0.157 -0.707 -0.615 -0.764
Skewness/std. error -0.075 -0.141 -0.47 0.700 0.09 0.277
Kurtosis/ std. error -0.630 -0.871 -0.171 -1.249 -0.693 -1.196
Shapiro-Wilk p-value 0.837 0.764 0.918 0.209 0.887 0.404

Table 2. P-values from the pairwise hypothesis tests

Group A Group B Group C Group D Group E Group F

Group A 1

Group B 3.0 E-08 1

Group C 5.3 E-08 0.9976* 1

Group D 1.7 E-10 4.7 E-07 0.002703 1

Group E 6.4 E-10 0.0042 0.0345 0.3959* 1

Group F 1.7 E-13 51E-22 3.7 E-09 2.5 E-10 1.7 E-07 1

* Nonsignificant difference between group means at the 0.05 significance level.

4. Discussion

As shown in Figures 2 and 3, the histograms and Q-Q plots indicated approximately normal
distributions. This finding was supported by the Shapiro-Wilk test results presented in Table
1, with p-values ranging from 0.209 to 0.918, all exceeding 0.05. In addition, the standardized
skewness and kurtosis values ranged from -1.249 to 0.918, which is also within £1.96. So, the
data can be considered normally distributed.

By examining the results for groups B and C, both representing semi-luxury house types, we
observe a slight difference in their means: 1.438m3/day and 1.437m3/day, respectively. The
variances were 0.0742 and 0.1607(m?>/day)?, respectively. The results of the hypothesis test
indicate a significant difference in variance; therefore, an unequal variance t-test was
conducted. The null hypothesis, which posited that there is no difference between the means
of groups B and C, was not rejected, as the two-tailed p-value was 0.9976 with a high level of
confidence. Additionally, the critical ¢-value at the 95% confidence level was 2.034, while the
calculated t-statistic was 0.003. This suggests that the two groups did not differ significantly
in their mean water consumption and are influenced by similar factors regarding water
consumption, one of which is building type.

A similar result was found in another type of house associated with groups D and E. The
means for these groups were 1.141m3/day and 1.208m>/day, which are very close to each
other. An F-test was conducted on the variances, and it showed no significant differences.
Additionally, an equal-variance t-test was used to test the null hypothesis. As a result of the ¢-
test, the acceptance probability for no difference in the means was p(T < t) = 0.3959. The
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standard t-value with confidence level 95% was 2.013, while the calculated t-value was 0.857,
indicating that the two groups share the same average and some other consumption
characteristics. This finding is consistent with Grespan et al. (2022), who reported that building
type and floor area significantly affect water consumption. Also, Villarin (2019) reported that
building characteristics, such as floor area, influence residential water consumption.

Another important finding is that the comparison between Groups C and E yielded a p-value
of 0.0345. Because this value is below 0.05, the null hypothesis of equal means was rejected
because the standard t-value was 2.014, while the state T-value was 2.181 (T > t), leading to
rejection of the null hypothesis.

Additionally, the null hypothesis of equal means was rejected for the comparison between
Groups B and E with a p-value of p(T < t) = 0.0042. The reason could be that group C has a
higher variance than group B, with variances of 0.161 and 0.074m3/day, respectively. The high
variance in group C may lead to an overlapping range of C values with another group, which
does not occur for group B.

By comparing the results with another study, the spring mean for small houses in Tripoli city
was found to be 1.12 + 0.44m3/day (Alseid, 2018). A hypothesis test was conducted to
determine whether there was a difference between the spring mean for small houses and the
mean for group D. The null hypothesis, which stated that there is no difference, was accepted
using an unequal-variance t-test, with a p-value of p(T < t) = 0.793. Additionally, the mean
of group E was compared to the spring mean using an equal-variance f-test, which also
resulted in acceptance of the null hypothesis at the 95% confidence level, with a p-value of
p(T <t) = 0.309. This indicates that there is no significant difference between the spring
means and the annual means for small houses.

Additionally, the spring mean for semi-luxury houses in Tripoli city was recorded at 1.318 +
0.41m3/day (Alseid, 2018). The null hypothesis, which stated that there was no difference
between the spring mean and the mean for Group B, was accepted at a p-value of 0.0507 from
an unequal-variance t-test. For Group C, the acceptance probability, determined by using an
equal-variance f-test with confidence level 95%, was p(T < t) = 0.216. Additionally, the
acceptance probabilities for the spring mean differed from those of Groups B and C, likely due
to differences in their standard deviations. In conclusion, there is no significant difference
between the spring means and the annual means for semi-luxury houses.

5. Conclusions & Recommendations

The study examined the effect of building type on average annual household water
consumption. The data on household consumption were collected across various regions, and
descriptive statistics and statistical analyses were conducted to compare statistical parameters
and differences in water consumption between house types. The water consumption was
1.141 and 1.208 m3/day in the small houses, 1.438 and 1.437m3/day in the semi-luxury
houses, 2.683m?* /day in the luxury houses, and 0.724m?/day in the apartments.

The normality check for the data groups was accepted for all groups, with p-values ranging
from 0.209 to 0.918 in the Shapiro-Wilk test. Also, the results for skewness and kurtosis, after
dividing by their standard deviations, were -1.249 and 0.918, which are within the accepted
range for normally distributed data. Using statistical tests, the t-tests revealed no significant
differences between the two small-house groups (p=0.396) or between the two semi-luxury-
house groups (p=0.998) with confidence level 95%, respectively. These findings indicate that
mean water consumption was consistent between groups within the same housing category.

Additionally, the study’s annual average was statistically compared with another study
conducted in the spring, which is expressed as the spring average. The hypothesis was
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accepted, with a probability range of 0.0507 to 0.793 with confidence level 95%, indicating no
significant difference between the spring average and the annual average, meaning they are
approximately the same. This result is helpful for water consumption studies, as it suggests
that water consumption and its influencing factors could be studied in spring rather than over
the whole year, which is a long period.

Future research directions include:

1. Reexamine the relationship between annual household water consumption and
building type, as well as the relationship between spring and annual consumption,
across different communities and climatic conditions.

2. Compare household-level and per capita water consumption rates and assess whether
household consumption can serve as an alternative indicator of domestic water
demand.
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Abstract

This study investigates the effects of boric acid remediation on the
geotechnical and strength properties of sandy soils contaminated with
copper sulphate (CuSO,). Boric acid was selected as the remediation agent
due to its low cost, wide availability, and known chemical affinity for
immobilizing heavy metal ions through borate complexation; in this
context, remediation refers to the in-situ immobilization of copper ions
rather than their physical removal. Experimental analyses evaluated
specific gravity (Gs), fine content (FC), liquid limit (LL), optimum moisture
content (OMC), maximum dry unit weight (MDU), and internal friction
angle (¢). Increasing boric acid content led to a systematic decrease in Gs
and MDU (up to ~6%), attributed to the low density of boric acid and its
influence on soil-metal interactions. At a given CuSO, concentration, LL
and OMC increased with boric acid content, whereas increasing CuSO,
concentration itself suppressed LL, reflecting opposing effects of
contamination and remediation on soil plasticity. FC decreased by up to
~88% with increasing boric acid content, indicating enhanced particle
aggregation. Internal friction angle decreased by up to ~42% (from 35.6° to
20.8°) with both increasing heavy metal concentration and boric acid
addition, consistent with the SEM and FTIR observations. The findings
demonstrate that boric acid immobilizes heavy metal contaminants but
simultaneously reduces soil shear strength, revealing an important trade-
off between environmental and geotechnical performance that should be
considered in practical remediation applications

1. Introduction

In recent decades, heavy metal contamination in soils has increased due to rapid urbanization
and industrial growth (Coruh et al., 2013). Soils exposed to heavy metal contamination are a
critical concern in terms of both environmental sustainability and geotechnical engineering
parameters, as they pose long-term risks to natural systems and civil infrastructure safety
(Zhao et al., 2023). The most common heavy metals causing contamination are lead, cadmium,
zinc, copper, mercury, chromium, and arsenic. Of these pollutants, copper (Cu) is particularly

How to cite this paper: Develioglu, i, Giiler, S., Suvag, C., & Yiicel, O. E. (2026). Effects of boric acid remediation
on the geotechnical properties of CuSOs-contaminated sandy soil. Scientific Research Communications, 6(2), 92-107.
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important due to its widespread industrial use, high mobility under certain environmental
conditions, and persistence in the soil matrix (Ma et al., 1997; Rashid et al., 2023).

Copper accumulation in soils not only threatens ecological balance but can also cause
significant deterioration in the physical and mechanical properties of soils, jeopardizing their
engineering performance (Khalid et al., 2017). Studies in the literature have shown that heavy
metal pollution leads to significant changes in fundamental geotechnical parameters such as
consistency limits, grain size distribution, and permeability, as well as in key strength
properties such as compressibility, shear strength, and bearing capacity. These effects are
particularly critical in clayey and sandy soils, which are highly sensitive to physicochemical
interactions and are often used as base materials for engineering structures (Moghal et al.,
2020; Kamal et al., 2021). In copper-contaminated soils, soil-water interactions change
significantly because of mineralogical transformations and chemical reactions between metal
ions and soil minerals. These changes directly affect the compaction properties and optimum
moisture content of soil, creating significant challenges in construction and soil improvement
processes (Karkush et al, 2013; George et al., 2015). Consequently, a comprehensive
investigation of the effects of copper pollution on soil properties is essential for the
development of reliable engineering designs and effective environmental management
strategies. Zhao et al. (2023) examined the effects of pollutants from different sources
(industrial, agricultural, and domestic) on the geotechnical properties of soils within the scope
of a comprehensive literature review. The study considered different soil types and numerous
pollutants (heavy metals, hydrocarbons, acidic/alkaline solutions, etc.); changes in parameters
such as permeability, shear strength, and compressibility were evaluated. The reviewed
studies showed that soil properties can either increase or decrease depending on the type,
concentration, and exposure time of the pollutants. It was emphasized that these changes may
pose serious risks in terms of foundation bearing capacity and long-term structural safety.
Accordingly, the authors suggested that contaminated soils should be evaluated based on the
source of contamination and treated with appropriate remediation strategies before being
used in engineering projects. Several studies have documented that heavy metal pollution
alters key geotechnical parameters such as consistency limits, grain size distribution,
permeability, compressibility, and shear strength, particularly in clayey and sandy soils
(Moghal et al., 2020; Kamal et al., 2021; Zhao et al., 2023). Karkush et al. (2013), Karkush and
Ali (2020), and Ali and Karkush (2019) investigated high-plasticity clay soils synthetically
contaminated with copper sulphate and consistently reported increased plasticity, void ratio,
and compressibility alongside decreased cohesion, consolidation coefficient, and shear
strength parameters (¢ and ¥ with increasing contaminant concentration. Similarly,
Nartowska (2019) showed that copper and zinc ions reduce the specific surface area and
montmorillonite content of bentonites while increasing permeability. Collectively, these
studies confirm that copper contamination negatively affects the geotechnical performance of
clayey and sandy soils and that such soils generally require improvement prior to engineering
use. In addition, remediation of soils contaminated with copper using different acids is a
common practice. Acid remediation is carried out to remove heavy metal contamination from
soil. However, the geotechnical effects of soils exposed to heavy metal contamination and
subsequently remediated with acid have not been extensively investigated in the literature.
From an environmental perspective, the changes in geotechnical properties of soils
contaminated with heavy metals after remediation remain an important issue.

However, most existing studies have focused either on the direct effects of contamination on
clay soils or on contaminant removal efficiency, with comparatively little attention paid to the
post-remediation engineering behavior of contaminated sandy soils. Boric acid was selected
as the remediation agent in this study due to its relatively low cost, wide availability, and well-
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1&-(*4.&:!"(4&-&,%! *1,2/&.%2.1>! ?G<IIC! ?<+,&:.! @2',(/'4'2C8! K&'.&! /.! @AB! .E*,&L-/".(5! /+,!

%1,2",(*16,&,1.L,(
A42/*8I@AB!":-),*16,8,1-2M%'&,$!-/1-(1-22,=,&-/'()IL.=/-),!.41
A19771-($1Q7770B<11*1,2/8-16,8,1&,2.8$,$!"(1/+,1&-(), 4IRT7

*2- (M 641 -1%1 2/&-=1& * =%/".(1.4IR! 2:
2+-(),*1($%2, SIE>12. (/- (-I'. (-(S%E* M%, (/'&,, $'-/".(51-1/.[-=1.4Y/+&, 18, 1&,* (/-I'L,!

*1,2" (*16,8,1*,=,2/,$14.8&! @AB!-($!G<IJI-(-=>* *8l<+ * ' 2=96$, $T1?'C12=,-(1*-($! 2U@C5! 2"C!
*($12.(/-1(-/,$16'/+19777111:12.11,&1%%=1+-/,12U @977
9777111:12.11,&%=1+-/,-($*%E* M%, (/=>1/&,-/,$!6'[+I78RVIE.&21-2'$IE>I$&>16,")+/1.41* '=I
2U@97TBRWCEH+, ! * =2/ .(1.41 [+*1%1,2" (*16-*1 E-* $! (1 & 1&* (/') /+,! ,0/&, )]

2.($7.(* .4 [+ ,01,&",(/-=! 1&)&5
2.0-(-1'.(1=,L,=1 (S 7T8RVI E.&'2!-2'$1 &, 1&,*,(/* /+,1:-0"%:1 &1, $-/".(1 $.%-),8! <+'*1
“11&.-2+1-==.6,$14.8!1-12=-&12.:1-&* (1.4 /+,1:'2& *18%2/%&-=! -=/,&-I'.(*1 2-%* S E>1+,-L>!

=12, (- S+ 1,

2'$1/8&,-1:, (I8 !

< 1= ML A== 1= K K S+ L 01, & (45 1-=. ()16 + 1+, '&11.==%/-(/-($1&, . $'-/".(!
3, (&' *51-&,1¥%::-&'F $V'(I<-E=,IN§ |

DUH WDNHQ IURP WKH VWXG\Y E\

& $-($12.-/, BI6 +1-+'(12.(3%2/'L, 1) =$l=->, &I 1'(+'F, 12+-&) ()!

NQOP1%($,&!-1:-)('4'2-/".(!

WBRI(LA)-1 N A+,128.41&%2/%&

R77712: HE>I-L,&-)'()!SQ!

=1 ($12+,12-=!

7C5I-($12"CI*-($12. (/-1 (-/, $16'/+!

| 6+,&,! 97771 111 2.&&,*1.($*1 1.1 [+, +)+*/1

I"H$%& (@-:1=,1(-"(05!1.==%/-(/5!-($!&,,$

'-=1&,2.L,&>1.&!:.$'4'2-/.(1.41*.'=1*/1&%2/%&,! -4/, &' E.&'2!

(D), &

e & 1012 & 3ASSOMJRIZ5W. s e e o g
) +0+N HW DO H H H
U@NT777U% +0*N HW DO U.11&%=1+/1 N777 r
U@Q777U% +0+N HW DO U1L&M%=1+/! Q777 r
U@9777U% L+0+ WI-=812Q7Q) U.11,&P%=1+/,1 9777 H
U@NT77U%T8NW U%&&, (%8  U.11,81%0%6=1+-/,1 N777 78N
U@Q777U%TENW U%&&,(141%$s  U.11&%06=1+-,1 Q77T 78N
U@I777U%TENW. U%&&,(141%3b  U.11&%0%6=1+-/,1 9772 78N
U@N777U%78QW U%&&, (%S> U.11&M*%=1+/,1 N77T 78Q
U@QT77U%78QW U%&&,(14%Ss  U11,&M%=1+/,1 Q77T 78Q
U@IT7T7TU%TBOW U%R&&,(1H%Ss  U1L&M%=1+/,! 9777 78Q
U@NT77U%T8RW U%&&, (%S U.11,81%0%=1+-/,1 N777 78R
U@Q777U%TBRW U%&&,(1%1%$>  U.11&%0%6=1+-1 Q77T 78R
U@I777U%TERW. U%&&,(141%3>  U.11& *%=1+/) 9772 78R

#$%8&(%)*+,)-.%/8%%.0}%
<% 2L (1,0-:"(H+,1,01, &, (1-=1&,*%=/*1.41/+1), [, 2+ (' 2-=1-($!%/&, ()/+11&.1,&/' 14!
* (S22, (/- (-, $16'/+12.11, &1 %=1+-/,1-4/ &IE.&'21-2'$1&,: $'-/".(81<+,1,01,&", (/-=!
&, %%=/*1 AL (=>1/+,2.(/-:' (1, $12%(&, ,$'-/ $CI*-: 1= ¥+ 6(1'(1/+, ) &-1+*1'(1/+*1% 2/ (!

"#1

.»0*N HW DO
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$%8&!'(&)*+*)! ,-./0%&'1 12. 31 45! +*4& - *41)640&40'l 1783! 690.*4&5! +-6:1 0%&! &;(&-*:&40'! .-&!
(-&'&A0&5!*41 7% <-&! =>1201*'1 460&@6-0%A! 0%.0! 0%&!'(&)*+*)! ,-./*0A! /.B<&'! .-&! 6-5&-&5!."| CD6! E!
C>FD6!E!C>GD6!E!IC>=D6SISYB F48&5 19A10%&!+.)010%.0196-*)!.)*5!. BO&-'10%&!9&%./*6-16+1:&0.B
*64'1 %41 0%&) '6*BI'A'0&:>! D6-*)1 .)*51).41 +6-11 96-.0&! '(&)*&' *4! '6B<0*64! .45 &40&-1)6:(B&;!
-&.)0%64' @*0%!:&0.BI*64'HI @%*)%!).4! . ++&)010%&!.5'6-(0%6416+1:80.B1*64'16406!0%&!'6*B!'<-+.)&!
126B59&-,!.45!1<.-&JH!GCFK3>!7<-0%&-:6-&H!0%&!-&B.0*/&BA! B6 @!BE*PAFS5! . Al%./&!
).<'&5!.1'B* %60! 5&)-&.'&! *41 0%&! ./&-.,&!"(&)*+*)! ,-./*OA! 6+! 0%&! '6*B55+0*/&! :*;0<-&>! $%&'&!
-&'<B0'1 *45%).0&! 0%.0! 96-*)1 )*51).41 (.-0*.BBA! :65*+Al 0%&! (%A™*).B!)%.4,&' 0%.0! 6))<-! <45&-!
:&0.B1)640.:%4.0%64> |

L%&4!10%&!+*4&),-.*41)64084083!-&'<B0'!.-&!&;.:*4&5H!*0!*'169'&-/&5!0%.0!0%& ! +*4&!(.-0*) B&!-.0*6!
,&4&-.BBAI5&)-&.'&'."10%&!96-*)!.)*5!1)640&40!*4)-&.'&">1$%*'1-&B.0&5!06!96-*)!.)*5!*40&-.)0*4,!
@*0%! :&0.B! *64'l 06! +6-:! 9-*5,*4,1 96451 9&0@&&4! '6*B! (.-0*)B&'! .45! *4)-&."*4,! (.-0*)B&
1r-&,.0%64>! |&/&-.B!'0<5*&" %./&! -&(6-0&5! 0%.0! %&./A! :&0.B! *64'! .45!)%&:*).B! .55*0*/&'"!
&4%.4)&! +B6))<B.0*64! .45! .,,-&,.0*64! 9&%./*6-! *41'6*B!'A'0&:'H! .45!)64'&M<&40BAH! 0%&! +*4&!
+-.)0*64 % 1&++&)0*/&BA!-&5<)&5! 1N%.4,! &0! .B>H! GCG=0!P*! &0! .B>H! GSHD3% & <0 288%.0!
96-*)1.)*51.B0&-"10%&)%&:*).BI&M<*B*9-*<:1*410%&'6*B!'6 B<0*64H!.++&)0*4,10%&!5*'0-*9<0*64!6+!:&0.B!
*64'l 64! '6*B! '<-+.)&'H! :.Al %./&! )640-*9<0&5! 06! 0%*'! 9&%./*6-1% R O D&M \B>H! GCFR3>!
864'&M<&40BAH!0%&!.55*0*64!16+!96-*)!.)*5!:. Al%. B &-&5!0%&!(.-0*)B&!*40&-.)0*64'16))<--*4,!
<45&-18<IS 4)640.:*4.0*64H!B&.5*4,106!0%4&!+6-:.0*6416+!)6.-'&-!.,,-&,.0&"1*410%&!"6*B!'A'0&:!
451.1)64'&M<&40!5&)-&.'&!*410%&! (-6(6-0*6416+!+*4&!,-. * 4>

. -
- -
-
- .
. -

Specific gravity, G
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Fine content, FC (%)
W

2.2 —r

0

1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
CuSOy content (ppm) CuSOy content (ppm) I
"#$%&'()T.-*.0*6416+!1.3!'(&)*+*)!,-./*0A1.45!193!+4&! - *41-.0*6!6+!". 45AI'6*B!<45&-18<IS 4
)64)&40-.0*64!.4515++&-&40196-*)!.)*51)640&40'

$%8&1)6:(.)0*641(-6(&-0%&1690.*4&5!+-6:10%& & (&-*:&40'].-&(-& &408&5A4I7* <-&IU>IL%E&410%E&!
&++&)016+196-)1.)*51)640&401*1&;. *4&5H*01*169'&-/&:510%.010%&! VWX IBX0%&.! :&18<IS 4
)64)&40-.0*64!.-&!,&4&- BBAI-. 4Y&5!.''lCDBIEIC>FDBIEIC>GD6!EIC>=D6>1$%*158)-&. ' &I*4!: . *:<:]
5-Al<4*0! @&* %0!/.B<&'| @*0%!*4)-&.'*4,196-*)1.)*51 55*0*641&:(B.*4&5!9A196-*)1.)*5! BO&-*4,!

098! 98%./%6-1 6+!:8&0.B1 *64' *41 0%&! '6*B!'A'0& 51465*+A*4,1 0%8&! (%A™).B! (-6(&-0*&'1 6+! 0%&!
*:0<-&>1D6-*)1.)*51).41.++&)010%&*40&-.)0*6416+1:&0.BI*64 1 @*0%!'6*B!'<-+.)& 19AI+6-:*4,196-.0&!
'(&)*&1*4'6B<0*64H!@%*)%!).41B&.5!061)%.4,&'1*410%&'0-<)0<-&!+6-:&519AI'6*BI(.-0%)B&'I5<-*4,!
)6:(.)0%64!1Z&-&4!. 45!D*4,%.:HIF"#U3>1241 55*0*64H!0%&!-&B.0*/&BA! B6@! 5&4'*0A! 6+196-*)! )*5

"#1
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#$%! &S'(1)*+,-/0,(1! *1$123.4&,1 1)-($2(! . +! &(1 #$5.#0# 1-%! 0+.,1 6(.4&,1'$30(2! *7! ,&(!
#.5,0-(8190)&! 1()-($2(2! &$'( /((+1 $22%).$,(1! 6.,&! ,&(1 (77(),2! 71 $11.,. /(21 *+! 1(+2.,%! $+1!
$-,.) 3(IS--SHAMH(+,1$+LI&S (18324 ((+1-(*-, (1. +1,&(13.,(-$,0-(8 !

&(+,&(1%:, HOHIBS, (-1)+, (+,1<=>2@!-(203,21$-(! (5$#.+(1AL,1.21%/2(- (1!, &3, &(1=>7!
'$30(21.4)-($2(1$2!, &(1/*-.)1$). L)%+, (+,1.+)-($2(28!B&.2! .2(5:38.+(11/%! &(17$),,&S,!/*-)!$).1!
$3,(-2! &(N&(EFH.)$3L+,(-$), +21.+1,&(12%.3  %6$,(-12%2, (#1$+11$77(),20,&(1:-*:(-,.(21%71,&(16$,(-!
3$%(-120--+0+1.+41,&(12%.314-$.+28IB&(1.+,(-$), +1¥71/*-)I$). 116. &#(,$3L 5+ 214$%!) &$+4(1, & (!
)&(#.)$3! 2,-0),0-(1 *7! &(! 2%.31 2*30, *+Al 3($1.+4! *1 $! &.4&(-! 6$,(-1 )+ ,(+,1 -(CO.-(H#(+,! *!
$)&.('(! #$5.40#! 1(+2.,%! 10-.+4! Y#:$), *+8! D+ $11.,*+Al &(! (77(),! *7! /*-)! $).11 *+!
$44-(45, *+1/(&S' *-1.+1,&(12*.312962, (#I$+11,&(1-(203,.+41)&$+A4(2! +1:*-(12,-0),0-(1#$%! $32*!
&S$'(1)*+,-./0, (11,5, &(1.+)-($2(1.+1=>?'$30(28 !

a) b)
2.0 9
O0Bo O0Bo
<©0.1Bo - $0.1Bo
IO.’ZBo 1 “~< ~
3 N Ig.;ﬁo
. N, “\~ AO. 0

Maximum dry unit weight, MDU (KN/m?)

Optimum moisture content, OMC (%)

1000 2000 3000 4000 5000 - 1000 2000 3000 4000 5000
CuSO, content (ppm) CuSO, content (ppm)
"#$%&'()'ES-.$, *+1*7I<S@1#$5.#0#!1-%!0+.,16(.4&,!1$+1I</@!*:, #O#!6S, (-1)*+,(+,1*712$+1%!
2% 31041(-1209=  d)*+)(+,-$, FHS+LIL77(-(+, 1+ )I$). L)%+, (+,2 |

B&(13.CO.113.#. 1$+1L+,(-+$317-.), *+1$+43(I$30(21%/,$. + (L17-*#1, &(1(5: (- #(+,21$-(:-(2(+,(1!
+IF.40-(1GB&(+,&((T7(), ¥ 7*-)1$). 111 1., *+1+1 &(13.C0O. 113 #., 1. 21(5$#.+(1AL,1. 21%/2(-'(1!
&$,1$,I$14./(+1209=  d)*+)(+,-$, . *+AIHHI'$30(2! 4(+(-$33%!.+)-($2(16.,&! . +)-($2.+41/*-)1$).1!
Y+ (HALL0( 1 4)-($2(116$, (1$77.+.,%!1$-*0+11, &(1/4-)1$).1  2#*1.7.(11:$-,.)3(120-7$)(28! D+!
Yo+ ,-$2,A1 6&(+! ,&(1209= & )*+)(+,-$,.5+! ., 2(37! .+)-($2(2A! HH! '$30(2! 1()-($2(! <F.40-(! G$@A!
+1)$,.+41,83,1&($V01#(,$3N)*+ $#. 48, *HS+11/%-)1$). L1-(#(L1.$, *+! (5(-, 1*:¥2.+41(77(), 2!
£412% 31:3$2,). 0011 )5 (1 )+, $#.4$, 4+ (+ 121 %120:-(22!,&(13.C0.113.4#.,A16&.3(1/*-)! $).1!
(B, (F120,11-$.2(11$,1($)&!)*+ $#.+$, F+13((38  1J*-)1$).1)$+!$3, (-1, &(1.+,(-$), *+1*7!
#(,$3! .*+216.,&! 2%.31 20-7$)(2! /%! T*-#.+41 [*-$,(1 2:().(2! .+! 230, *+A! 6&.)&! )$+! $77(),! . &(!
(- (2PTL&(16 $,(-13$%(-120--*0+1.+412*.31:$-, )3(2I<K3.1(,|$38AILMLL@8!D+!$11., . *+Al/*-)I$).1!
$11., F+HS%IH*1.7%!:$-,.)3(1544-(4$, *+1/(&$' *-1%!$3, (- +41,&(1) &(#.)$3!(CO.3./-.0#1.+1,&(!

2* 3%6$, (12962, (HAIS+11)*+2(CO(+,3%Al$+.+)-($2(1.+1:3$2,.).,%L:-*:(-,.(2! $-(*/ 2(-'(18!E$-.*02!
2,01.(21&$'(1-(*-, (11,85, 1&($'%61#(, $31. *+2I$+ 1) &(#.)$3!$11.,.' (2)$02(12.4+.7.)$+,1)&$+4(2!
ALE&(IK,  (-/(-413.#.,21%712% 32A1:$-,.)03$-3%!$+1.+)-($2(1.+1,&(13.C0. 113 #., I<K/1(3-$8H#S$+](,|$38A!
LMLMNIK#.-.1(,|$38AILMLL@8!B&.2!.+1.)$ £2!) 8, L1)$+1#*1.7%12* 31:3$2,.)., %! :-*:(-,.(2!,*!
BN, $.+(5,(+,'0+1(-1&($'%!H#(,$3))*+,$#.+$,.*+8 |
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$U6&' (%&! ) (&*+,1-*).0/M+0,&11  21*&34,(3! +*&! &5+6)'&78!)(1)3!1 /93&*:&7! (Y%+(! (%&! )'(&*'+,!
).0/1+0,&):+,4&3N(&'TI(/178.*&+38&1+31(%&I9/). 1+.) 7L/ (& () *&+38&3;1<%)3! )A*&,+(&7!(/19/*).!
+)71+,(&*)'0! 3/), B&(+,1 )1 ) (&*+.()/'38! (%&*&9=! +--&.()'0! (%&! &--&.():&! ./'(+.(1 /T)()/'3!
98(>&&1 2+*().,&3;1 <U6&! .%6&B).+,1)'(&*+. ()31 +71 2+*().,&! +00*&0+()/' . +43&719=19/*).1+.)7!
B+=106+:&1+ (&*&T(%&!-*).()/'+,16&.%+")3619&(>&&'13/),10%+)'381,&+7)'01(/1+13,)0%(17&.*&+3&1)'
306&+* 3(*&'0(%! 2+*+6&(&*3; @/>&:&*8! +,(%/40%! 9/*).! +)7! 6+=1 [(*)94(& (/' (%&!
)66/9),)A+()/'! /-1 ./'(+6)'+'(3! 9=! 9)'7)'0! 6&(+,1 )/'38! )(!)3! B/>' (%+(! (%&38&! .9%&6).+,!
)'(&*+.()/'3).+1%+:817)--&*&' (18--&.(3!/'1(%6&16&.%6+) . +,17%/2&*()&3/-13/),3; !

a) b)
32 3 = 0Bo
0 a0 150
—~ EO:;BO
- < 25
S <
- = 20 7 ) 7
' 2 7 7 7z
oy
- £ Z % Z
ol
N im|
i N
N 1 A0.4Bo . ‘4 f ’/,
) 1000I - lzolool - I30I00I - I40I00I - Isooo 1000 2000 5000

CuSOy content (ppm) CuSOy content (ppm) !
I"H$9%8&' ()C+¥)+()/1/-11+21,)D4)71,)6) 1+ 711921) (&*'+,1-¥).)/1+'0,&Y/-13+'7=13/),  14'7&*!
EAFG 4./ & (*+()/'1+'717)--&*&'(19/*).1+.) 71/ &'(3 !

H/4%)&H (*+'3-/*61 )'-*+*&71 32&.(*/3./7=1 TH<IK2! >+31 ./ T4.(&7! (/'):&3()0+(&! (%&! .%&6).+,!
9/'7)'01 :+¥)+()/'3 +6/'01 (%&! .,&+'1 3+' 71 LEF28! 3+'71 /'(+6)'+(&7! >)(%! LiH##! 2261 ./228&*!
34,2%+(&I LEFLA#HZBBH T/ (+6)+(&71>) (%6 Li##12761./122&*134,2%+(&!+'713493&D A& (,=!
(*&+(&71>)(%H#E:MNIO/*).1+.) TI9=IT*=1>8)0%(1/-13/), | LEFL##H##:MO/2;1P31), 43 (*+(&71)' 1 (%&!137&. (*+!
-/ B1H)04*81Q8! (%&!7/6)+ (1+93/*2()/19+T731)1+*&+3 1" IQLHRHH.6 " 21+ 71+*&H4 SI1 "' SH
6 1"217%)6+%), =1 [&32/'71 (/! (%&! 3=66&(*).1 +'71 +3=66&(*).!F)  IGIF)! 3(*&(.%)'0!:)9*+()/'38!
Yo+*+.(8&%)3().1/-1(%&IDA+HA.%!3),).+16+(*)5!/-|(%&!3+'7=13/),11C/,B/1&(1+,;8! SHS"TIU*):/3%&)'
&(1+,;8ISHSS2;IV 2/ (%&L) (174.0)/I-IEFLAHH#EAS!3,)0%(::+*)+ ()" 31) (%&I32&. (*+,17*/-),&1>) (%)
+*&ASI+*&1/938*: & T8I TA& (/) (%&)/:&*,+2?)'01/-134, 2%-+(&! LFE2!3(*&(.%)'0!:)9%+()/'31>) (%! (%&!
246+*=1 3),).+1 9+'731 IW434-8! SHSX2;! H/, />)'0! (%&! +77)()/' -1 9/%).1 +.) 7! LEFL#H#HE 4#;MO/28!
X (Y&MB(*4.(4%+,16/7)-). +()'31+*&! &:)7&' . &719=1349(,&1)'(&'3)(=!.%+08&3!+'7!(%&!&68*0&. . &!
[-1-8+(A*&31) 1+*&AXI 1" MHHLHH#L.6 1"2;1<%)31*&0)/)31(=?).+,,=1+33/.)+(&7!>)(%!+3=66&(*).! G5!
3(*&(.%)'01:)9*+()/'38134008&3()'01(%&!-/*6+()/'1/-19/*+(&1./6?,&5E&3!+ T1(%6&)*) (&*+.()/'>) (%!
/(%! (%&B&(+,)/'31+71(%&!3/),12+*().,&!34*-+ &3! 1<B+.%&'B/1&(1+,:8!S#IB2;

"
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[—— CS5000Cu0.4Bo CS5000Cu

T T T T

cs|

area-1 area-2

Transmittance (a.u)
o e e g—

1000 1500 2000 2500 3000 3500 4000
Wavenumber (cm™) !
"#$%&'()$%&')*+,-.1/01+1*.21(.23145678!+/))*-1(91):.,*1+/2,.;<2.,*3!(.23!456=###5978!
231>/-<+1 +<31-**3<, *31(.231456=##H#59#? @A/T |

&2! $<B9-*! C8! (+.22<2B! *1*+,-/2! ;<+-/(+/)D! 46EFYG.(! *;)1/D*3! ,/ H<(9.11D! *H.19.,*! ,:*!
;<+-/(,-9+,9-.114:.2B*(1<2!,:*1(/<1;.,-<l1<2!<,(1)-<(,<2*8!)/119,*38!.23!-*;*3<.,*314/23<,</2(?!
51*.21(.2314567!3%/2(,-.,*3! 3<(,<2+,! .2B91.-! B-.<2(1 G<,:! 1//(*! (9-0.+*1).-,<+1*(8! >9,! ,:*!
.33<,</21/014/))*-1(91):.,*14  56=###597!-*(91,*31<2!(<B2<0<+.2,!1/+.1<J*3!(9-0.+*!)-*+<)<,.,</2!
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I"H#$9%& ()%& () (*+,-,1.110%1()!,()2!134%5610.7718!,9*7:(;110.);(<-)(;121,()2!34% #4956
()2!>.8-01(0-2!81<12-(;12!,()2!34%=t##49#? @A.3

0:0B1,! -)!,.-*1 78.718;-1,?! C-;:! -)081(,-)B! >.8-0! (0-2! 0.);1);6! B8(29(*! 21081(,1,! D181!
>, 18E126!7(8;-09*(8*+!-)!;:1!1-);18)(*!/8-0;-.)! )B*1!E(*91,?!F:-,!- 1 1G7*(-)12!>+!;:11/(0;!;:(;!
>.8-0!(0-2!(*;18,!;:110:1<-0(*! 1H9-*->8-9<!-)!I;:1! .-*1 +;1<!()2!-);18(0;,! D-;:l: 1(E+! <1;(*!
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4(<1,1**16! $#"J5?! F:1! 81,9%;,! 781,1);12! -)! F(>*1! $! 81E1(*! ;:1! 1//10;,! ./! :1(E+! <1;(*!
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/**.D-)B!'> .8-0!(0-2!;81(;<1);! <(+!-)/*91)01!;:1!21,-B)! ()2! 718/.8<()01! ./! B1.;10:)-0(*!
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[+*.45+3! +3*&053! 6.".4+,+,&0/1 *.)6+,&4/H! 8&*,61)6,9! (*,)*, 71! 2046+,&4/1 81!1'&9,21,45! +3.!
(31/,6863.',6)7).4- *&4' 4+18213.)-11' )71, &4/!I, +3,41+3.1/&, 7V)+* J=1%&4/.K0.4+71H!I3,7.!
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X %&()&*+!,)-."-/&1 *&0+(1 1(.)(*2(1! 34! 56! '/1 7$89! :-';1 31,1 -&.) (*2-&0 ;(*< 4! =(*+!

&L (&)H-18) *& L B])-1 *.-11 &(&'>!)(<(*+-&O! I +(*)1')*1( 2,1 3(:((&! (== *+!
-==/3-+-@*-/&1*&112;(*)12')(&0"A !

X BCYDMH&LEFGHE*+42(21-&1-*(11;(1,/)=*-181/,13/)* (1./=6+(H(21*&116%)'-.+( 254 (]
*00)(0%'-/&>! B)/<-1-&0! * 6++52-3+(1 =-)/  2=(.;*&-*+] (HE+*&*-1&! /)1 ;1 132()<(1!
=*)/2./6-.1.;*&0(2A !

X 1<Q*++>1 3/)-1 %= 11 %66(*)2! (,,(-<(! ) -  ==/3-+-@-&0! ./66()! ./&™*=-&*-/&! 35']
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"62M[[1/-ANO["#ANSX"[[**)5A8# VASXA" At HA!
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)2154&:1$K"$SM&IG0)!-6123)!=-.(3-4-1+*541.)'(-0")'1-7').;)/120/).1/.-21321'2.)"1+'14)561.-44+01:!

DQG WKLV FRQGLWLRQ HQKDQFHV UHVLVWDQFH LQ FHUWDLQ
(3-2-)(+.5  2+-01(.-%)"120/).1/.-21321'2.)"1%-0'2+272)'123)1(.+=5.8'-?.%)1-61%)44245. I §Gl
5+%2=2452+-0150/: *-0")\?)0248:1 WG J! (.-/7*2+-0&! >-1 =+0+=+<)1 23+'1 -R+/52+:)! /5=51)! 50/!
)0350%)!(4502!.)'+250%):1'2((-.2+01123)!15*2+:52+-01-61)0<8=52+*I50/10-0 A0<8=52+*1052754!
502+-R+/502!/)6)0')!'8'2)="1+'151* +2+*541:+2541'2 52)18!I'5'50?7<<5=501)2154&:I$K"LM&

"#$!
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%&'()!*+,*+-+.)-1/.+1/01)(+!1/-)! 2*&)&234! +.5&*/.1+.)34!032)/*-1'/5+*.&." ,43.)!'*/6) (! 3.7!
7+5+4/,1+.)8!9.1377&)&/.1 )/ &)-1 *+":.43)/*;1 */4+-1 &1 5+'+)3)&5+! */6)(! 3.7! ,* 17:2)&5&);<! &)!
7&*+2)4;1 7T+)+*1&.+-1)(+!,(N/-;.)(+)&2! *3)+! 3.7! 3--&1&43)&/.! 7;.31&2-8! =/6+5+*<! &.! )(+&*!
.3):*341(3>&)3)-<!,43.)-13*+1 0*+?:+.)4;1 +@,/-+ 7)1 -:>/))&134! [*I + @2+--&5+! 4&'()! &.)+.-&) &+-8!
A(+-+!,(N&2!'04:2):3)&. V FROOHFWLYHO\ 4fH)HUU H&-*\W B:.7B1w.)34!
1+)3>/4&2! *[2+--+-1 -:2(1 3-1 23*>/.] 3.7 &)*/'+.! 0&@3)&/.<! -:,*+--1 [(N]-;.)(+)&2!
,+H*0/*13.2+<13.71)*&"+*13.)&/ @&73.)! 7+0+.-+11+2(3.&-1-<!)(+*+>;! ,*/0/:.74;1300+2) &." ) (+!
1/%,(/14/'&23413.713'%/./1&2!2(3*32)+*&-)&2-!/0!)(+!  ,43.)!BC3."'+)!348<!DE"FG8!H/.)&.:/:-1/*!
+@)+.7+7! &44:1&.3)&/.1 2/.7&)&/.-! -:, *+--1)(+! [)+.)&34! 2:3.):1! ;&+47! /0! ,(/)/-;-)+1! 99!

B>1 > 13&.1,43.)!,(;-&/4/',<16(&4+!7;.31&2344;!134)+*&.")(+!3.)&/ @&73.)! 7+0+.-+!-;-)+1!3.7!
2(4/%1,(;44123*N)+./1&7! \&'1+.)! >343.2+-1 )/1 3>-[*>1 )(+! (/)&2! 7313'+! /22:**&."t 3)! )(+!
2+44:43*14+5+4!BJ(&>3+53!+)!348«!DEDDG8

9.14&8'()/01)(&-18.0/*13)&/.<N)(+!,*+-+)-):7;  13&L-1)/12/1,*+(+.-&5+4;1+534:3)+1) (+134)+*3)&/.-!
&.1)(+13.)&/@&73.)132)&5&);!123,32&);13.71)(+1 T+0+.-+*+- [ ~+-1/01 >3-&4TB- T#7) $&2-@- #T1%8G!
43.)-4@,/-+T)/178&00+*+.)B>&/)&21-)*+--1032)/*-1B-34&.8);<I7*/: () <13. 71+ @) +.7+7\, ()], +*&/7G8

" HYE ($)*+S,-#&Y%./- +

1"0" 1)$,%+2'/3%.+4/,-(%(/,* +

9.1)(&!-):7;<!>3-&4!B,-7#7)$&2-@- , #1%8G!63-!:-+7!3-1)(+!,43.)!113)+*&348! J++7-16+*+!-/6.1&.!
N1 21)3&.&." +3)<! 3.7 )(+! ,43.)-! 6+*+! 2:4)&53)+7! .7+ 2/.)*/44+7! +.5&*/.1+.)34!
2/.7&8)&/.-8! A(+!,43.)-16+*+1344/6+7")/1'*/6!..7 +*1.3):*34! (N, +*&I7'2/.7&)&/.-13)!*//1!
)+1,+*3):*+1B PH#DKIHG!3.7!-:>L+2)+7!)/131*+":43*163)+*&."1*+'&1+8!M0)+*1*+32(&."3!-,+2&0&2!
7+5+4/,1+.)341-)3'+<!)(+!,43.)-16+*+1-:>L+2)+71)/13>&/) &2!-)*+--1)*+3) 1+.)-8 |

I"l" 5678'(8&,%$)+0&*(2,+$,-+:%6'&**+; &$%68&, U+

N(+.! 2,-TH7)$&2-@- #T%8-++74&. - 1*+32(+ 7IROI6++P-1/013+<12/**+- | 7T& ))(+#  2QI)*+R
4+3017+5+4/,1+.)341-)3'+<1)(+;16+*+H T&E&T+718.)1-+5+.178-)&.2) 1+ @ ,+*&1+.)341'*/:,-<16&)(13)!

443 ) (++I>&JA] 8234+ 4&23)+-1 +*1"[: IBISISG<IB. 71-:>L+2)+ 71/ *+- +2)&5+I3>&/) &21-) *+--!
)*+3)1+.)-10/41$16++P-IBD"173:-G!, *&/*1)/\(3*5+-)8IA(+131>&+))+1,+*3):*+163-113&.)3&.+7!3)!

D# & WKURXJKRXW WKH H[SHULPHQWDO SHULRG DQG WKH SO
/54413 )+ 11)/11&. & 1&T++@2+--&5+!+53 /*3)&/.8

A(+! 2/.)*4! /) BUAVG! 63-! 13&.)3&.+7! :.7+* 3! .3):*34! 6&.)+* (/)/,+*&/7! /0!

3, @&13)+4;!"E! (14&')I"#! (1 73*P! 3.7 &**&'3)+71) (*++!)&1+-! ,.+*16++P!6&)(!)3,!63)+*! 3)! 3!
-)3.73*7&T+7! 5/4:1+! /0! 3, */@&13)+4;! "EE! 1%! ,+*! /)8! J34&.&);! -)*+--1 63-1 &1,/-+7! >:!
&*&'3)&." )(+! ,43.)-1)(*++!)&1+-1 +* 6++P! 6&)(! QE! 1W! BUAA"G! /*! "EE! 1W! BUAADG! V3H4!
-147)&[.-8IXH () -)*+--163-1&.7:2+71>: 1%+ 7:2& " ) (+1 &**&'3)&/.| 0*+2:+.2;<I 6&) (! 1/7+*3) +!
7*'()!BUAY"G!*+2+&5&.'163)+*1)6&2+! ,+*16++P!13.7!-+5+*+17*/:'() BUAYDG!*+2+&5&.' 6 3)#!
1,241, +*16++P8IQ)(+1, (/) +*&IT1-)*+--1"*/: -<1)(+1&**&'3)&/.1*+'&1+163-113&.)3&.+713)!1)(+!

=31+ 0*+72:+.2;1 3-1)(3)1/0)(+! 2/.)*141 *[:, 8V A(+! -(/*) R3;!"*/:,BUA9"G! 63-!1+@,/-+7!)/!

3, @&13)+4;IKI(14& O)I"ZI(173*P!,+*173;1&.1314&'() R&-/43)+712(31>+*<I6(+*+3-1)(+1+@)+.7+R
(N1, +*&I71*;|BUAIDG!63-1+@,/-+7!)/! 3, */@8&13)+4;!DD! (14&'()ID! (1 73*P! ,+*173;1:-&."

-1, 4+1+)3%1 3%)&08&2834! 4&'()&.'8! [/44/6&." )(+! $ Fo++P!-)*+--1 )*+3)1+.)1 +*&/7<! )(+! 3+*&34!
,3%)-1/01 3441 43.)-1 6+*+! (3*5+-)+71 3.7 --+71 O/*1 -:>-+2:+.)  |>&/2(+1&234! +@)*32)&/.-! 3.7!
3.34;-+-8!

" 1'&7$'$%(/,+/:+7)$,%+&6%'$|4%*

A+ >3-&AB-THT) $82-@- #T%SG! 43.)-1:-+T71&.1)(&1-):7;1 6+*+1 2:4)853)+71 1. 7+*1 2/.)*/44+7)
2/.78)8&/.-8! All *+5+.)1 1/47) 0/*13)&/.<! )(+! (3*5+-)+7! ,43.)! -31,4+-1 6+*+] 7*&+71 3)! *//11

"#$!
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$%&'%6()$*00!1+,1), 196, +(., 896, $!'(.$%/$%60!1(.&10+(%/$12*, 3+45$6175%!0(+960!'3),$18) $%(+)32!8%(%!
4(.*,01+,$.1)15.8.4%,%.*2!".80%(1*2+,41)13)9.0$.(: :$:'0614(+,0%(6!<.(1%)/512)&'3%=!#14!.1!
$5%!4(.*,01'3),$18)$%(+)3!8)218%+45%0=1$(), 21%((%0!+,$.1)143) 221>(3%, &%:%(1 1 )RL= D %0!
8+$5#AI&B!. 118%$5),.36!75%!'(%')(%0!13)272218%(%!'3)/%0!.,1),1.(9+$)3125)2%(!),01)4+$)$%0!)$!
"HAIC&IL.(IC10):2)$!(.. &I$%& % ()$*(%!+,1)10)(?1%, -+(.,&%,$6!<.33.8+,41$5%!25) ?+,41'%6(+.0=!
$5%! (%2*3%+,4! &+@$*(%! 8)2! 1+3$96(%0! *2+,4! D5)$&),! E.6! "I"T9E3%)(0! $5%! 1+3$()$%! 8)2!
$0),21%((%0!+,$.143)221%-)".()$+.,113)2726! 7.1'(%-%,$! $5%! $5%(&)3!0%4()0)$+.,1.1!),$+.@+0),$!
1.&' *,02=18%$5),.31+,1$5%!1+3$()$%!8) 2! (%8&..-%601,0%(1-)/**&1*2+,41)1(.$) (:1%-).(0$.()$!

f& $IWHU WKH HYDSR U DW%G:! S@R)HIE)2'0+2280460! R POV, 4! FI&B!
1189%$5),.31$.1'(%') (%! $5%! 2$./21%@$()/$6! 75%!"(%') (%0! % @$()/$2! 8% (%! $(),21%((%0! +,$.1<)3/.,!
WXEHVY DQG VWRUHG DW f& LQ D GDUN HQYLURQPHQW XQWLO |

I"#" $06896'()*+&),*-,.-+*&),/)0+*&-+18)2)&3

7.1'(%")(%! $5%! GHHI'JK=K0+'5%,:3 ;" ; '+/(:35:0()L:3M! ()0+/)3! 2.3*$+.,1*2960! 1.(0%$%6(&+,+,4!
$5%1),$+.@+0),$1)/$+-+$:1.11$5%12)&'3%2=!A6AACN!4!. 1IGHHI!8)2!8%+45%0),010+22.3-%0!+,|0AI&B!
118%$5),.3! +,1 )l KOA! &B! >(3%,&%:%(! 13)22=! 1.33.8+,4! $5%! 4%,%()3! '(./980%8B/(+9%0! 9:!
P%,2.(1%3$!)36/.JKAA"M=18+$5123+45$18.0+1+/)$+.,211Q%, % ?=IKAK#M617.1'(%-%, $!$5%!0%4()0)$+.,1. 11$50
(%) (%0! GHHI! 2.3%$+.,10%061 $.1 3+45$1 % @".2%(%=$5%! /., $)+,%(2!/.,$)+,+,41 $5%! 2.3*$+.,1 8%(%!
8()"%0!+,)3*&+ *&!1.+31),0128$.(%0! +,))10)(?1%,-+(.,&%  ,$6!7.1%-)3%)$%!$5%! GHHI! ()0+/)3!
21)-%,4+,41 )/$+-+$:=! $5%! '(%')(%0! GHHI! 2.3%$+.,1),01 -)(+.*2! /.,/%,$0)$+.,2! .1! %@$()/$2!
9$)+,%0!1(.&!)33!$(%)$&%,SIURXSV UDQJILQJ IURP W R —J P/ ZHUH
8%33!'3)$%6! 75%! '3)$%! 8)2! $5%,! +,/+9)$%0! +,0FEHYS! (..&! $%6&'%()$*(%! 1.(! CAl &+,*$%26!
<.33.8+,41$5%!+,/9)$+.,1'%6(+.0=1$5%1)92.(9),/%!. 11$5%!8%332!8) 2!&%6) 2*(%01)$10"0!, &1*2+ 41)!
&+(.'3)$%! (%)0%(1JQ+.$%?! P+/(.'3)$%! R'%/$(.'5.$.&%$%(=! D+,..22+=IS7=ITRUM6!V, ! $5+21)22):=!
)21.(9+/1)/+018)21*$+3+L%0!)2B6!". 2+$+-%!/.,$(.3=1),01)331)22):218%(%!'%(1.(&%60!+, I$(+'3+/)$%6

I"4" 5&+&)6&)1+7-+*+736)6

R$)$+2$+/)31),)3:2+21.11$5%!0)$)! 8)2!1'06(1.(&9601*2+,41$8):1),)3:2+2! .11-)(+),/%! JUEWSUM!
$.1%-)3%)$%!$5%1&)+,1%11%/$2!. 11$5%14(.*2=1/. /%, $()$+.,13%-%32=1), OlSRIWHUD FWLRQ JURX
1.,1%,$0$+.,MBID5%, )12+4,+1+/),$10+11%(%,/%!8)2!.92%(-%0=1G* /), X21&*3$+'3%!(), 4%!$%62$!8) 2!
)"3+%0!1.("'.2$ ; KRF FRPSDULVRQV $00 GDWD ZHUH H[SUHVVHG DV PHI
2$)$+2$+/)312+4,+1+/),/%18)210%1+,%0!)2!'l Y IRGYEI@E+/)3!),)3:2%6218%(%!'%(1. (&%601*2+,4IVQP!
RHRRIRS$)$+2$+/213-%(2+.,\KZ6AM6

75%! 5)38) @+&)3! %11%/$+-%! /.,/%,$0$+.,! IoM! -)3*%2! 8%(%! 0%$%(&+,%0! *2+,4! . 3+,%)(!
(%4(%22+.,1),)3:2+2! +,1\()'5H)0! H(+2&! 2.1$8)(%! 9:! 1+$$+,4! $5%! 0)$)! $.1)! 2+4&.+0)3! 0.2%

(%2, 2%I/%(-%1*2+,41$5%!-)(+)93%23.'%!&.0%36

8" 9%6:7&6
75%! GHHI! ()0+/)3! 2/)-%,4+,41 )/$+-+$+%2! .11 $5%! $%62$%0! %@$()/$2! 8% (%! %-)3%)$%0! )/(.22! )!
1.,1%,$0$+.,10,4%!.11F6]" 2 —J P/ DQG WKH ILQGLQJV DUH SUHVHQWHG

)/+018)21*29%601)2! $5%! 2$),0Y0!".2+$+-%! /., $(.3! 1.(1/.&)(+2.,6! >@'%(+&%,$) 3! 0)$)! (%-%)3%0!

$5)$! )33! %@$()/$2! %@5+9+$%0! 2$(.;89'Q%0,$! ()0+/)3! 2/)-%,4+,41 )/$+-+$:6! 78.;8):!
UEWSU!(%-%)3%0!$5)$! $5%!.-%()33!&.0%3!8)2!2$)$+2$+/)33:12+4,+1+/), $! I<IN"##E6CHF=!"l Y ABAA"M=!
8+3$512+4,+1),$18&)+,1%11%/$2!.119.$5!/.,/%,$() $+.,13%-%31I<N"" NZBAFC=IYIAGAA"M!),0!$(%)$8%, $!
JURXS ) S YXUWKHUPRUH D VLJQLILFDQW JURXS & |
.92%(-%01J<N IN6CO]=I"YIABAA"M=!+,0+/)$+,41$5)$1$5%!()0+/)312/)- U2+ 206!)/(.2210%/3+,+,4!
1.,1%,$0%+.,21-) (+%012+4,+1+/),$3:10%'%,0+,41.,1$5%!2'%/+1+/1)9+.$+/12$(%22!1$(%) $8&%,$6!E.$)93:=!
85+3%!$5%!),$+.@+0),$!/))/+$+%2!.1!$5%! % @$()/$2! 8% (%!/.&")()93%! $.!1$5.2%)! . 11)2/.(9+/!)/+0!)$!
5+45%(!/.,/%,$()$+.,2! JKOA —J P R%I+1+114(*2 3 )&%3:=1$5%!0(*45$!12$(%22!14(.*2!

"
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%&'(")*+!&'(,-1)*+!./0101.0*+0+!2/3.320453+!64372!%&'8, - 3 +093*:.4).0+!/56/04!;<<=!
LOQKLELWLRQ WKDQ DVFRUELF DFLG DW —J P/ XQGHU WKH WH

>3%>0*.4).53* &

Y- & —J &/ —J &/ —J &l —J &l —Jee! —Je&/ —J&/ —J&e/
g:gi?f;{f ‘ oL “ 89D “ 89D % © &l “ &G “ (H “ %H
51 & “ % Wl “ 89D “HI At “ &F “  '(FIG © %G
516 & “ % “© Wl 8% ©HI % %% O %&h L%
517 & “ % “© Wl “ 9D “ I R %% %k ‘%G
5176 & ©al Wl 8% 1 “HI %% S %WF %
518' & “ % “ ol “ %W “ S “ % %% o &'(H %l
5186 & “ % Wl 8% 1 “ S “$F “ %G O $H
519 & “al “© Wl “ 9D “ I “ % %k CN(e “ %H
9DOXHV DUH H[SUHVVHG DV PHDQ “ 6' Q 'LITHUHQW XSSHUF

:56*5C5>)*.1+5CC040*>0:1)93*6!.40).90*.164372:E!F/040):!1+5CC040*.! ?3F04)0004:!5*+5>).0!
..).5:.5>)??D!:56*5C5>)*.1+5CC040*>0:1)93*6!>3*>0*.4).53*1?0@07?:1%2IG!HIH$-I

62.5 pg/mL

120+

100+

H T

% Inhibition

& ~ O
Q <§& $

!
:0;,*%&'('&RPSDULVRQ RI '33+ UDGLFDO VFDYHQULQJ DFWLYLW!

"#$!
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%&' ()%+,-+. (X /(O(+*+11 21 > -THT)$&2-7- #7 '-*3(/*1! 4*(+)'.1 23,5! (66! *3'(*5)* 73,801!

9'3'1":(68(*.1 81+) 71 *&'1 :<<=1 3(.+/(6! 1/(:)7+)7! (11(>?!' @ (1.1 )1),) £6+)'(313'73'11+)!
0(6>1+1BF&I@%CD!73,80!-&+4+* *&&+T &' T*I()*+,+.()*I(/*+:+*>BI9+*&1*&'16,9'1*EE (68!
IDI?KBELEMN?19%&+119(112$84>1*&1 @%C"110"?GP!-2L.5MNB! @%QD! OF2BENB!().| @%Q"!
[#H?"OLZL5MN! 73,8017! %&' @%%D! ().! @%R! '-*3(/*1! 1&,9'.1 5,."3(*'! ().! /,50(3(46"!
DFWLYLWLHYV DQG —J P/ UHVSHFWLYHO\ ZKHUHDV WKH
3(H(B1L/()7HTUO  (J+*>B19+*&!() ERk(68',2!PD?D$LAL5M!I%(46' DN?

"#P%& (EF Gk (68'1! ,21>,-T#7)$&2-?- #7 IM?!I'-*3(/*1!

N%"*+%,*&-).10 & 1.2%& 3ls 1J P&
Sw'31 .3,87&* ! @%CD DJ?KD
T,.3(*1 .3,87&*! @%Qr 0"?GP
E-*)."!  0&*03+, ! @%OD OD?DG
U.8I!  0&*03+, ! @%O" #H?"O
=+7&1(6+)+*> @%%D HH?$P
F,)*3,6 ! @%R #G?2#O
T,.3(*!  1(6+)+* @%%" PD?D$

!

" #3$5%&'%%%()

06&.1;<<=13(.+/(611/(:)7+) 7 (11(>3"(6".1*&(*! (66! >@)$&2-2- BF3(/*11'-&+4+* 1(11*3,) 7B!
L1 A %+, 0F IO+ VI, 3.4)T! *,1 &' 2+).+)71B1 *&'1 .3,87&* I@%CN! ().!

%" 10&,*,0'3+, .| @%QDN!73,8011'-&+4+* 1&1&+7&' 1¥I3(.+/(6I1/(') 7+) TI(/*+:+*+1BI9&+6'!
*8'16,911(6+)+*>11*3'11173,801 @%%"N!().1*&1().(3.10,1+*+:'1/,)*3,6B!(1/,34+/!(/+.B!1&,9"!
*8'16,9'1%1:(68'1! 10! W HPHGN?! <3':+,811 1%8.+'11 +). +/(* 1 *&(*1 *&'] ()*+,-+.0* /(0(/+*>1 2! >@)
$82-2- #T+1103+5(3+6>1.3+)14>14+*110&"),6+/1().126(;,), +.1/,)¥)* 11 3(*&'31*&()! +*11'11")*+(6!
+B1BIOH*&I+*11 (/41 2%) 1 3+:(6+)7!/,55'3/+(611,83/'116+X173")1¥(1().1,3'7(), 1Y 86+()+1Z!
S+5,)B! DHHDN?!Q)!,83! 1*8.>BI *&'| &+7&! :<<=! 3(.+/(6! 1/(:)7+)710'32,35()/"1 21 *&'1'-*3(/*1!
1877'1*11 (1 0,11+46' )&()/'5)*! ,21),) A[>5(*+ ()*+,-+.0* 0,,61B! 0(3*+/86(36>! 8).'3!
3,87 &1 1@%C! 73,801N! (). '-*).".1 0&,*0'3+,.1 @%Q! 73,801N! /,).+*+) 17! %&'"! +)/3'(1".!
<<= 3(H/(6! 1/()7H)7! (*+:4+*>1,41'3:".18)."31 .3,87&* 1*3'111 5(>! 4'1 (11,/+(*.] 9+*&!

N&OI IO+, -+.0*L'2) 115 &()+1511+).8/.14>19(*'31.'2+/+*Bl/,) 1+1*)*19+*&103":+,81 !
24).4)7113'0,3%4) 71 +)/3(1.] ()*+,-+. ()" (/*+:+*>1 8).'31 .3,87&*1/,).+*+,)1! [%'583! *! (6?B!
DHDON?!%&+110&),5),)1 +1! &+7&6>1/,)1+1%)*1 9+*&1 3/)*1 6+*3(*831.'5 ) 1*3(*+) 71 *&(*I 5+6.!
O(*'3L'2+/+*1(/*11(11(13,481*!'6+/+* 31+)14(1+6\19&+6'1+*118003'11'110345>173,9*&!0(3(5™*'31!
6+X'11&,,41.:'6,05")*Bl+* 1*3(* 7+/(66>13'(66,/(* 115*(4,6+/13'1,83/'11* 15(-+5+['10&),6-+/!
(/18586(*+,)! (). ;<<=! 1/(:)7+)7! (/*+:+*>! |<+34(6,8*+! '*I (6?B! DH"PN?! %&+1! 1*3'114).8/".
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