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ABSTRACT

Heavy metal pollution, particularly chromium (VI) contamination, is a significant issue in Indonesian waters due
to numerous chromium-producing industries. Research conducted in the downstream waters of Wonorejo found
Cr(VI) levels ranging from 0.0025 to 0.018 mg/L, exceeding Indonesia’s quality standard of 0.002 mg/L. Thus,
it is crucial to treat industrial wastewater containing Cr(VI) before disposal into water bodies. One alternative for
treating Cr(VI) waste is using biological agents like microalgae. Chlorella sp. was chosen for this study due to its
abundance in Indonesian waters. The study aims to determine the minimum inhibitory concentration (MIC) of Chlo-
rella vulgaris against Cr(VI) and salinity variations. The research involved propagating the microalgae to analyze
growth rates and conducting MIC tests against salinity for 14 days with variations of 0, 20, 30, and 40 ppt. MIC
tests against Cr(VI) were then performed using the optimal salinity (20 ppt) with variations of 0, 5, 10, 20, 30, and
40 mg/L. Results showed that C. vulgaris can thrive in salinities up to 40 ppt, with the optimal salinity being 20 ppt.
The optimal Cr(VI) concentration for growth was 5 mg/L, resulting in a growth rate of 1.17 cells/mL/day. Based on

statistical analysis only concentration of Cr(VI) that affected C. vulgaris cell density and not the salinity.
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INTRODUCTION

Madura Strait has experienced heavy metal
pollution, including chromium, copper, mercury,
and lead. Excessive levels of heavy metals can ac-
cumulate in organisms, leading to organ function
disruptions. Some diseases caused by heavy met-
al pollution include neurological disorders and
death (Romadhon et al., 2017; Sari et al., 2017;
Tirta Wardana et al., 2023). Chromium (Cr) ex-
ists in two forms, one of which is Cr(VI), known
for its toxic properties. Some industries that pro-
duce this element include tanning, paint manu-
facturing, metal coating, paper mills, and incin-
eration (Hlihor et al., 2009; Wanta et al., 2022).
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The leather tanning industry in Indonesia has
exceeded 60 factories as of 2013 and continues
to grow each year (Waaly et al., 2018). A study
indicated that the concentration of Cr (VI) in the
downstream waters of Wonorejo ranges from
0.0025 to 0.018 mg/L (Romadhon et al., 2017). It
exceeds the seawater quality standards of Indone-
sian regulation (KepMen LH No. 51/2004) with
threshold level at 0.002 mg/L. This indicates the
need for technology to remediate polluted brack-
ish and seawater.

Remediation technologies vary based on the
technique used, one of which is using microal-
gae. Microalgae are known for their ability to
reduce CO, through photosynthesis. This process
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produces oxygen, thereby increasing the dis-
solved oxygen (DO) levels in water (Aratboni et
al., 2019). Other studies have shown that micro-
algae can reduce the levels of heavy metal lead
(Pb) in water (Dyniari et al., 2019). One of the
most commonly found microalgae in Indonesia
is Chlorella sp., including in the downstream
waters of Wonorejo (Saputro et al., 2019). Chlo-
rella vulgaris can remove various types of heavy
metals such as arsenic, cadmium, and chromium.
(Musah et al., 2022). Therefore, this study was
conducted to assess the ability of C. vulgaris to
survive in environments with high salinity and
heavy metal contamination, specifically Cr (VI).
This study will focus on MIC testing to determine
the algae’s tolerance limits to pollutants, environ-
mental conditions, and pollutant concentrations.
MIC tests were conducted on salinity and heavy
metal Cr(VI) concentrations in microalgae C. vul-
garis. Statistical analysis conducted in this study
was Analysis of Variance (ANOVA) using Stat-
Ease 360 Trial program to know the correlation
between salinity level and concentration of Cr
(VD to C. vulgaris’s cells density.

METHODOLOGY

C. vulgaris preparation

Chlorella vulgaris inoculum were obtained
from the Natural Feed Laboratory in Situbondo.
Before being used in the MIC test, they were

aerator

propagated for 14 days. The inoculum was added
to reactors already filled with media. The volume
added to each reactor was 150 mL. Nutrients in
the form of walne, vitamins, and trace metals were
added at a dose of 1 mL/L each week. The walne
composition consisted of NaNO,, H,BO,, Na,
EDTA (anhydrous), NaH,PO,-H,O, FeCl,-6H,0,
MnCl,-4H,O, and vitamins Bl and B12. The
trace metal contained the metal elements needed
for microalgae cell formation, namely ZnCl,
CoCl,-6H,0, (NH,)6Mo.0,,-4H,0, CuSO,-5H,0
(Andersen, 2005).

Reactor preparation

The equipment used in this study includes
50 mL beaker glass, 100 mL measuring cylinder,
spray bottles, spatulas, and an analytical scale
(Ohaus, United States). Other equipment needed
to support microalgae growth includes a 1 L trans-
parent plastic container as a reactor (Figure 1), a
lamp, an aerator (Amara AA-350, China), and
plastic tubing. The aerator flow rate of 2 L/min,
connected to tubing leading to the 1 L plastic re-
actor. The lamp is a cool daylight 4W (Philips,
China) placed 10 cm from the reactor.

MIC test against salinity

The media used in this study was artificial brack-
ish water made from NaCl (Merck, Germany) with
concentrations of 0, 20, 30, and 40 ppt. Distilled
water was used, and it was supplemented with

—9cm—"\ sparger

Figure 1. MIC test reactor design
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walne, vitamin, and trace metal fertilizers as the
nutrient source for C. vulgaris. After adding NaCl
to the reactor as needed, distilled water was added
up to 350 mL. Walne, vitamin, and trace metal
fertilizers were added at 0.5 mL each. These three
nutrients were added once a week. The test was
conducted under a light intensity of 6,000 lux
with planned lighting duration of 12 hours/day
and an aerator with a flow rate of 2 L/min running
24 hours/day for a 14-day observation period.

MIC test against Cr(VI)

The media used in this study is the same as
the media used for the MIC test on salinity. At this
stage, the salinity used is the result of the MIC test
on salinity. The source of Cr(VI) ions used is Potas-
sium Dichromate or K Cr,O, (Smart lab, Indone-
sia). The variations of Cr(VI) concentrations used
are 5, 10, 20, 30, 40 mg/L based on the chromium
concentrations in the Madura Strait (Romadhon et
al., 2017) then increased to the limits researched
in other studies by (Lee et al., 2017). The reactor,
nutrients, and distilled water added are the same
as for the MIC test on salinity. The MIC test was
conducted under a light intensity of 6,000 lux (cool
daylight 4 W) with a planned lighting duration of
12 hours/day and an aerator (Amara AA-350, Chi-
na) with a flow rate of 2 L/min running 24 hours/
day for 14 days observation period.

Data analysis

This study was conducted in batch form and
in duplicate. The parameters tested were tempera-
ture, pH, and microalgae cell density. Observa-
tions were made daily for 14 days. Temperature
and pH were measured using an alcohol thermom-
eter (GEA, China) and a pH meter (Trans Instru-
ments, Singapore). Microalgae cell density was
measured using a microscope (Yazumi XSZ-107
BN, China) and a hemocytometer (Marienfeld,
Germany) based on the number of cells in one of
the squares on the hemocytometer (BTI, 2015).
Measurement using a hemocytometer was done
by selecting 5 squares according to the size of the
microalgae. In this study, the squares used were
0.2%0.2 mm with a thickness of 0.1 mm, resulting
in a reading volume of 4x10° mL. The formula
used to calculate cell density is the average num-
ber of cells from the 5 selected squares divided
by the volume of the square. Thus, the resulting
unit is cells/mL. In this study, the cell density was
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further divided by the number of days (14 days)
to determine the average growth rate each day.

p cell = % (1)

where: p cell — cell density (cells/mL), x — aver-
age number of cells per square (cells),
fp — dilution factor (if needed), V' — vol-
ume of the square, mL.

ANOVA analysis

Statistical analysis in this research was used
ANOVA method using Stat-Ease 360 Trial pro-
gram. The use of ANOVA will show the data set
we input significant or not based on the model
they run. Statistical significance can be utilized
to address scientific inquiries (Brereton, 2019). In
this study the questions or inquiries are whether
the salinity level variation used affect cells den-
sity and whether the variation of Cr (VI) affect
the cells density for 14 days of observations. Data
used for ANOVA can be seen in Table 1 below.

RESULTS AND DISCUSSION

MIC test against salinity

Physical observations of the salinity test can be
seen in Figure 2. In the control (0 ppt), the color in-
tensity continued to increase until the day — 12, but
on the day — 13 and 14, the color returned to a lighter
shade. Meanwhile, at a concentration of 20 ppt, the
most noticeable difference in color intensity was
between the day — 7 and day — 10. When observed
physically, C. vulgaris can grow in salinities ranging
from 0 to 40 ppt, with the reactor at a concentration
of 20 ppt showing the best results as its color inten-
sity is darker compared to the others. The optimum
temperature range for C. vulgaris is 2042 °C (Rus-
diani et al., 2016). In this salinity MIC test, it can be
seen that the media temperature is still within the
optimum temperature range. The temperature ob-
servations showed sufficient stability, with a range
of £ 1.5 °C in all reactors during the 14-day obser-
vation period (Figure 3). The temperature at O ppt
salinity is more stable compared to 20 ppt, 30 ppt,
and 40 ppt. This temperature range is considered
optimal as it does not disrupt nutrient absorption by
the microalgae (Gatamaneni et al., 2018; Juneja et
al., 2013). According to Henry’s law, temperature
and pressure differences can affect gas solubility
(Elperin et al., 2007). Aside from temperature, pH
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Table 1. Data set for ANOVA

N T = T
1 0 6.67 0 6.26
2 0 6.89 0 6.56
3 0 6.96 0 6.71
4 0 6.99 0 6.87
5 0 6.92 0 6.92
6 0 6.84 0 6.97
’ 0 7.12 0 7.05
8 0 7.22 0 7.09
9 0 7.26 0 7.1
10 0 717 0 7.12
L 0 7.2 0 7.2
12 20 6.59 5 6.49
13 20 6.92 5 6.66
14 20 7.04 5 6.68
15 20 7.14 5 6.79
16 20 7.15 5 6.76
17 20 7.16 5 6.74
18 20 7.19 5 6.82
19 20 7.21 5 6.75

20 20 7.26 5 6.79

21 20 7.29 5 6.82

22 20 7.29 5 6.81
23 30 6.75 10 6.48
24 30 6.97 10 6.6
% 30 7 10 6.67
% 30 7.15 10 6.71
27 30 7.17 10 6.74
28 30 7.2 10 6.69
29 30 7.15 10 6.74
30 30 7.25 10 6.73
31 30 7.22 10 6.74
32 30 7.26 10 6.72
33 30 7.17 10 6.71
34 40 6.6 20 6.43
35 40 6.86 20 6.62
36 40 6.82 20 6.62
37 40 7 20 6.66
38 40 7.04 20 6.69
39 40 7.13 20 6.7
40 40 7.01 20 6.76
41 40 7.11 20 6.68
42 40 7.11 20 6.71
43 40 7.15 20 6.74
44 40 7.13 20 6.7
45 30 6.46
46 30 6.61
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No. Salinity (ppt) k%eycgﬁglsni% Cr (V) (mg/L) I(E;]e?c Zﬁgﬁﬁ)
47 30 6.64
48 30 6.66
49 30 6.68
50 30 6.68
o1 30 6.69
52 30 6.7
53 30 6.65
o4 30 6.74
55 30 6.75
% 40 6.37
57 40 6.6
%8 40 6.53
%9 40 6.58
60 40 6.6
o1 40 6.61
62 40 6.61
63 40 66
64 40 6.61
65 40 6.63
e 40 6.65
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Figure 2. Physical observation results of C. vulgaris against salinity concentration

is also a determinant of the optimal or suboptimal
growth environment for microalgae. C. vulgaris
grows optimally at a neutral pH, with a pH range
between 6.3—7.3 (Dyniari et al., 2019; Rusdiani et
al., 2016). The pH observations in the salinity MIC
test can be seen in Figure 4.

Based on the observations, the pH in reactors
with 20, 30, and 40 ppt salinity was lower com-
pared to the control reactor (0 ppt). Although the
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pH appeared lower, the pH values remained neu-
tral throughout the two weeks. This is because the
decomposed NaCl does not produce ions, either
cations or anions. Salinity affects the biomass of
microalgae and fatty acid production. Fatty acids
are a source used as an alternative for biodiesel
(Aratboni et al., 2019). Furthermore, among the
observed parameters in this study, microalgae cell
density is an important result. This is because the
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Figure 3. Temperature observation results of MIC test against salinity concentration
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Figure 4. pH observation results of MIC test against salinity concentration

main purpose of the MIC is to determine the maxi-
mum limits of salinity and Cr (VI) concentration at
which C. vulgaris can still survive. The observa-
tions of microalgae density can be seen in Figure 5.

Based on the observations in Figure 5, there
was considerable growth at concentrations of
20 ppt and 30 ppt. Both concentrations showed
growth phases until the 5th day, followed by a
small or stationary growth. The 40 ppt concentra-
tion did not show identifiable phases, as it contin-
ued to fluctuate within a similar range. Similar to
other studies, higher salinity concentrations tend
to result in fewer microalgae (Almutairi et al.,
2021; Hanifa, 2019). The growth rates of microal-
gae at salinities of 0, 20, 30, and 40 ppt were 1.16,
1.18, 1.14, and 1.15 cells/mL/day, respectively.
Based on the MIC results, the optimal salinity for

C. vulgaris growth is 20 ppt. This indicates that
Walne, known as the best fertilizer for C. vulgaris
(Satriaji et al., 2016), can be used in conjunction
with salinity. The presence of salinity can stimu-
late microalgae growth up to the optimum con-
centration (20 ppt). In aquatic environments, 20
ppt falls within the range of brackish water salin-
ity, which is 0.5-33 ppt (Gray et al., 2011), mak-
ing it suitable for testing in the downstream wa-
ters of Wonorejo, which are affected by Cr (VI)
accumulation (Nursanti et al., 2021; Romadhon
et al., 2017; Suharjo, Ernawati, 2022).

MIC test against Cr (VI)

The MIC test for Cr (VI) was conducted for 14
days under consistent salinity conditions of 20 ppt
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Figure 5. Cell density observation results of C. vulgaris against salinity concentration
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Figure 6. Physical observation results of C. vulgaris against Cr (VI) concentration

across all reactors. The physical observations of C.
vulgaris can be seen in Figure 6. Based on the physi-
cal observations, C. vulgaris can grow at concen-
trations of 5 mg/L and 10 mg/L as there is still an
increase in green color intensity. Additionally, there
is a preliminary suspicion that Cr(VI) is adsorbed by
C. vulgaris and affects its chlorophyll color. The ac-
cumulation of heavy metals at high levels by micro-
algae can lead to the formation of reactive oxygen
species (ROS). ROS can inhibit chlorophyll forma-
tion and disrupt cell proliferation.

The observations in the Cr (VI) MIC test showed
that the temperature did not significantly change and
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remained within the optimum temperature range for
C. vulgaris, which is 2042 °C (Figure 7). The stable
temperature is crucial for the algae’s metabolism.
Fluctuations can disrupt the carbon source, slowing
down carbon binding and electron transfer processes.
Additionally, it can affect the amount of carotenoids
in chlorophyll, thereby impacting photosynthesis
(Juneja et al., 2013).

The pH tends to become more acidic as the
concentration of Cr(VI) increases. This observa-
tion can be seen in Figure 8. This phenomenon oc-
curs because dichromate (Cr,0,*) is easily soluble
and reacts with water. This reaction binds hydrogen
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atoms, thus lowering the pH of the solution (Unce-
ta et al., 2010). An acidic environment can inhibit
the growth of microalgae, leading to reduced sur-
vival rates. The microalgae may die and transform
into adsorbents (Aththanayake et al., 2022). In the
observation of microalgae cell density, the slow
growth of microalgae is due to the acidic pH envi-
ronment. The increase in the number of microalgae
cells can be seen in Figure 9.

Based on the cell density results, it can be ob-
served that all reactors, except the control, expe-
rienced prolonged growth, resulting in a graph re-
sembling a stationary phase. The most noticeable
increase occurred on the first day. Reactors with
concentrations of 5, 10, and 20 mg/L continued to
increase until the eighth day. On the other hand,
reactors with concentrations of 30 and 40 mg/L
showed minimal growth after the first day. The
growth rates at concentrations of 0, 5, 10, 20, 30,
and 40 mg/L were 1.17, 1.07, 1.04, 1.05, 1.06, and

1.04 cells/mL/day, respectively. Thus, based on the
observations, C. vulgaris thrived best at a concentra-
tion of 5 mg/L in a salinity of 20 ppt. A concentration
of Cr(VI) at 5 mg/L is relatively high, considering
that concentrations in mining areas and rivers range
between 0.3 and 1.1 mg/L. The efficiency of Cr(VI)
removal from various studies using aqueous media
and nutrients ranges from 12.93% to 34.78%. Fur-
ther research can investigate Cr(VI) degradation in
environments with brackish or seawater salinity.

ANOVA analysis

In this research we used the set data to know
the correlation between salinity or concentration
of Cr(VI) to C. vulgaris cell density. The result
of salinity data against cell density yielded a
p-value of 0.1686, indicating insignificance
(> 0.05). The results from the model were
not deemed significant, as shown in Table 2

Table 2. ANOVA result of salinity correlation with C. vulgaris cell density

Source Sum of squares df Mean square F-value p-value Signification
Model 0.1184 2 0.0593 1.86 0.1686 not significant
A-Salinity 0.0013 1 0.0013 0.0405 0.8415
A? 0.1184 1 0.1184 3.72 0.0607
Residual 1.30 41 0.0318
Lack of fit 0.0087 1 0.0087 0.2677 0.6077 not significant
Pure error 1.30 40 0.0324
Cor total 1.42 43
Std. dev. 0.1784 R? 0.0832
Mean 7.06 Adjusted R? 0.0385
C.V. % 2.53 Predicted R? -0.0607
Adeq precision 2.6704
Table 3. ANOVA result of Cr(VI) concentration correlation with C. vulgaris cell density
Source Sum of squares df Mean square F-value p-value Signification
Model 0.6194 3 0.2065 10.98 <0.0001 significant
A-Cr(VI) 0.0051 1 0.0051 0.2734 0.6029
A? 0.0597 1 0.0597 3.18 0.0797
A’ 0.1038 1 0.1038 5.52 0.0220
Residual 1.17 62 0.0188
Lack of Fit 0.0052 2 0.0026 0.1356 0.8735 not significant
Pure Error 1.16 60 0.0193
Cor Total 1.79 65
Std. Dev. 0.1371 R? 0.3469
Mean 6.70 Adjusted R? 0.3153
CV. % 2.05 Predicted R? 0.2401
Adeq Precision 9.1766
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Adequate precision evaluates the signal-to-
noise ratio. A ratio of 2.6704 suggests an insuf-
ficient signal, indicating that this model should
not be relied upon to explore the design space.

Meanwhile, the result of concentration of
Cr(VI) data against cell density yielded a p-value
of < 0.0001, indicating significance (< 0.05). The
results from the model were deemed significant, as
shown in Table 3. Adequate Precision evaluates the
signal-to-noise ratio. A ratio above 4 is considered
favorable. With ratio 0f 9.177, the signal is deemed
adequate, indicating that this model can be effec-
tively used to explore the design space.

From statistical analysis we can see that salinity
did not affect or does not have a significant correla-
tion for C. vulgaris cell density (in this case was for
salinity 0, 20, 30, and 40 ppt). Meanwhile using 20
ppt as base for salinity and Cr(VI) concentration as
variables showed that it has significant correlation.
Which means, Cr(VI) concentration affecting C. vul-
garis cell density.

CONCLUSIONS

Based on this research, the conclusion is that the
microalgae species C. vulgaris can survive in salini-
ties up to 40 ppt, but it grows best at a salinity of 20
ppt during the 14 days MIC test. This is indicated
by a growth rate of 1.18 cells/mL/day. In the MIC
test against the heavy metal Cr(VI), C. vulgaris can
tolerate Cr(VI) concentrations up to 40 mg/L, but
the best cell density with good growth rate is seen
at a Cr(VI) concentration of 5 mg/L. This is indi-
cated by a growth rate of 1.17 cells/mL/day over the
14-day observation period. Other factors such as pH
and temperature also have a significant effect. pH
and temperature must always be at their optimum
levels to avoid damaging the metabolism of the mi-
croalgae. In this study, a neutral pH at room tem-
perature between 29-31 °C was found to be the op-
timum condition. Based on statistical analysis only
concentration of Cr(VI) that affected C. vulgaris cell
density and not the salinity.
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