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SUMMARY

Industrial and feedlot water waste that contain large
amounts of heavy metals can be harmful for Taiwan’s
aquaculture. This problem can be solved in an
environmentally-friendly way by biosorption, which
is using biological materials to absorb heavy metals.
In this research, we aimed to reduce the food safety
issues introduced by heavy metal contamination
through the use of probiotics in food-producing
aquafarms. Lactobacillus rhamnosus GG (LGG)
and Bifidobacterium longum (BL) were added into
seawater to determine if they have an ability to uptake
heavy metal ions in a natural environment. Inductively
coupled plasma mass spectrometry (ICP-MS) was
used to detect the ion concentrations of arsenic (As),
cadmium (Cd), and mercury (Hg) before and after
biosorption. Both living and dead LGG showed a great
biosorption capacity towards Hg and Cd, indicating
that probiotics of LGG are a potential resource for
efficient biosorption. Dead BL also showed a great
biosorption capacity towards Cd and Hg, but much
lower than living and dead LGG. Thus, the results of
our experiment support the idea of using probiotics
to solve heavy metal pollution issues in aquafarms in
Taiwan.

INTRODUCTION

The aquaculture industry is very popular in Taiwan due to
the country’s island geography (1, 2), and this industry can
greatly affect Taiwan’s national economy and its citizens’
health if the coastline is polluted. The amount of heavy
metal in the ocean of the Taiwanese coasts is relatively high
because of the industrial and feedlot water wastes (3), which
results in damage to the ocean ecosystem and poisoning of
aquatic organisms (4). Therefore, heavy metal pollution is a
very serious issue that needs to be addressed.

Heavy metal ions comprise a large portion of industrial
and feedlot water wastes (3). Releasing these heavy metal
ions into rivers, estuaries, and the ocean severely damages
the environment, eventually leading to the pollution of food
sources. Consuming the polluted food can cause iliness, even
leading to death (5, 6). The most common heavy metal pol-
lutants in the Taiwanese coastline are arsenic (As), cadmium
(Cd), chromium (Cr), copper (Cu), mercury (Hg), nickel (Ni),
lead (Pb) and zinc (Zn) (3, 7). Exceeding the legal standard
of these heavy metal ions could lead to the abandonment of
the aquaculture industry in several coasts of Taiwan. Among

these heavy metals, As, Cd, and Hg are easily taken up by
marine organisms and very harmful to human beings (8).

There are several ways to clean up heavy metal pollu-
tion, including physical, chemical, and biological methods (9).
Physical methods are more limited, and the solutions used
to collect or dissolve the heavy metal could leave liquid or
gases that are harmful to the environment. Chemical methods
require a great amount of energy, and the chemicals used in
the process can create waste products that will permanently
damage the ocean environment and marine life. Therefore,
using biological materials to absorb heavy metals is the pre-
ferred method due to its environmentally friendly nature and
low cost (10).

The biological method of biosorption is ideal for solving
issues within marine environments, since other methods’ re-
sults might be disturbed by the high concentration of salt in
sea water (11). Furthermore, biosorption can be performed
using both living and dead cells (12), which greatly increases
the capacity for heavy metal removal. The most common
method of biosorption is bacteria-based biosorption, which
offers several advantages (14). First of all, bacteria are able
to uptake heavy metal in a few minutes as well as exhibit high
binding capacities for metal ions. The bacteria can then be
collected, effectively removing heavy metal ions from aquatic
environments without byproducts. Secondly, bacteria grow at
a very rapid rate; therefore, a great number of bacteria can
be cultured in a short period of time, enhancing scalability.
Lastly, if the recollected products leak out accidentally, the
biosorption method will cause less burden to the environment
compared to other methods. Considering these advantages,
we think bacteria-based biosorption might be able to convert
heavy metal polluted coastlines into healthy areas that are
suitable for aquaculture in an environmentally friendly, time-
efficient, and low-cost way.

Since we ultimately want to employ selected bacterial
agents in industrial aquafarms, we chose organisms that
have minimal impacts on human and environmental health.
Probiotics, or bacteria and yeast that are considered benefi-
cial for human health, are widely used in food products (14).
Since probiotics are safely used in food production process-
es, they are suitable candidates for removing heavy metals
from seafood within aquafarms. Probiotics have unique re-
sistance mechanisms that allow them to bind and sequester
heavy metals to their cell surfaces, removing heavy metals
from the environment, without causing cellular damage (15).
The most common probiotic organisms used are from the Bi-
fidobacterium and Lactobacillus (16).

To quantify the concentration of ions in aqueous solu-
tion, several methods can be used. Two of the most com-
mon methods are atomic absorption (AA) spectroscopy and
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Table 1: The removal efficiency of As, Cd and Hg for each bacteria group.

As Cd Hg
BL LGG  BL LGG BL LGG
Group (DA) LGG (DA)  (DA) LGG (DA) (DA LGG (DA)
Removal Efficiency o1 g78 7230 100 100 49.11 7148 8036

(%)

inductively coupled plasma mass spectrometry (ICP-MS).
A common limitation for ion concentration detection instru-
ments is that cannot be used on highly salinized samples. For
example, with the AA spectrometer, salt can change the color
of the flame, resulting in instability of the final detection. Also,
the concentration of heavy metal in seawater is between 0.1 —
100 parts per billion (ppb), which is outside the detection limit
of AA spectrometers. In contrast, ICP-MS is a highly sensitive
instrument for detecting trace elements, and it is not as af-
fected by high salinity (17). In addition, ICP-MS requires less
volume of samples for detection. Therefore, we used ICP-MS
which is often used to determine heavy metal concentrations.

In this work, we tested the effectiveness of using probi-
otics, a biological material that is largely harmless to both
humans and the natural environment, to reduce heavy metal
concentrations in seawater. Our results supported our hy-
pothesis that probiotics could clean up the heavy metal ions
of seawater, which could have implications for providing an
efficient way to maintain clean aquafarms that provide healthy
and fresh food products to the public.

RESULTS

For biosorption test, we incubated the probiotics into real
sea water, and measured the concentration differential of
metal ions between experimental group and the control. We
purchased two types of probiotic supplements for obtain the
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Figure 1: The concentration of the As, Cd, and Hg in the sea water
detected by ICP-MS. The control group is pure sea water without
reaction. The BL (DA) group is the sea water treated with dead BL.
The LGG group is the sea water treated with recovered LGG. The
LGG (DA) group is the sea water treated with dead LGG. ***p < 0.001
as measured by one factor ANOVA.

bacteria strains, which contained Lactobacillus rhamnosus
GG LGG and Bifidobacterium longum BL bacteria powder, re-
spectively, and tried to recover them in Lactobacilli MRS broth
(MRS). The reason that we chose these two probiotics for this
study is because they are the most commonly used probiotics
in Taiwan. However, only LGG was successfully recovered,
and BL did not expand in culture. The recovered LGG was
separated into the LGG group and the LGG deactivated (DA)
group, while BL only had the BL (DA) group. These deacti-
vated groups were produced by heat-killing the cells. For this
experiment, bacteria were used at a concentration of 1.25 g
(7.6 x 108 colony forming units [CFU] for live LGG bacteria)
per liter in each group in a total volume of 50 ml of seawater.
The bacteria were left in the seawater for 2 hours prior to
analysis. ICP-MS was used to detect the concentrations of
remaining heavy metals, specifically of As, Cd, and Hg, in the
seawater sample.

Following ICP-MS analysis, we calculated the removal ef-
ficiency of each group (Table 1) from the recovered ion con-
centrations (Figure 1). The concentrations of each ion are
relatively different in the sea water of control group; there are
154.9, 1.7 and 825.7 ppb of As, Cd, Hg being detected. The
best result for Cd biosorption was detected after 2 hours of in-
cubation in the LGG and LGG (DA) groups, where both groups
absorbed 100% of Cd ions (Table 1). For the BL (DA) group,
only 72.32% of Cd ions were removed from solution (Table
1). The same resulting pattern was shown in Hg biosorption,
where the LGG and LGG (DA) group had much better results
than the BL (DA) group, with 71.48% and 80.36% removal
efficiencies as compared to a 49.11% removal efficiency, re-
spectively (Table 1). Across all groups, As biosorption was
limited. Only the LGG and LGG (DA) groups absorbed a small
amount of As ions after 2 hours of incubation, with 9.1% and
8.78% removal efficiencies, respectively. No substantial bio-
sorption of As occurred in the BL (DA) group (Table 1).

DISCUSSION

In general, the results of our experiment support the hy-
pothesis that probiotics can efficiently remove heavy metals
from aquatic environments, and the result of our study sup-
ported this statement. Both of the probiotics have shown a
good efficiency on cleaning the Cd and Hg ions in 2 hours of
incubation.

In the experiment, while trying to recover both LGG and
BL in MRS broth, BL recovery was not successful. One of
the reasons for this occurrence might be because the organ-
isms were deactivated during packaging by the manufacturer.
Alternatively, BL may not be recoverable in a medium with
oxygen, and a study by Dr. Shimamura in 1992 found a similar
result (18), also MRS broth might not be the suitable medium
for it. Our experiment could be extended by employing an-
aerobic equipment in the future.
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Previous research suggested that dead probiotics showed
better results in absorbing ions (19, 20). However, in this
study, we found that the living probiotics also showed great
results in absorbing ions (Table 1, Figure 1). Therefore, in
addition to its known role as a probiotic, live LGG has great
potential as a biosorption material.

Our experiment was completed successfully, and the
results demonstrated proof of concept, but more work can
be done. The method can be extrapolated to a larger scale
situation more reminiscent of natural environments. For ex-
ample, a logical next step is to greatly increase the amount of
probiotics in the experiment, allowing the probiotics to have
enough surface area to absorb the heavy metals of a whole
aquafarm. Using microbial as soil amendment to improve the
condition of arable land has been researched and commer-
cialized for many years (21), however, there are less studies
for marine aquafarms. Thus, we explored the possibility of
aquafarm amendment by using the probiotics to improve the
sea water condition, and we expect that this experiment could
take place at one of Taiwan’s many aquafarms for the future
work.

MATERIALS AND METHODS
Bacteria

Lactobacillus rhamnosus GG and Bifidobacterium longum
were cultured from LGG probiotic (Grape King Bio, Taiwan)
and Suntory Lactobacillus Bifidus + Xylo-oligosaccharide
(Suntory, Japan), respectively. They were seeded into Lac-
tobacilli MRS Broth (NEOGEN, USA) for conducting biosorp-
tion in the seawater sample.

Collecting seawater

A liter of seawater was collected from the southern coast
of Shen’ao Fishing Port, Taiwan. The sample was collected
by sinking a whole bottle vertically into the ocean. After col-
lection of the seawater sample, it was filtered through 0.45
pum Millipore bacterial filters and then a 0.22 ym Millipore filter
(Merck, Germany) into a new bottle in order to filter out in-
soluble matter and living creatures. The filtered sample was
stored in the refrigerator at 4 °C.

Culturing probiotics

All glass tools were wrapped in aluminum foil and, along
with the MRS medium, placed into an EZ SS0-50E autoclave
(EZ Medica, Taiwan) for sterilization at 121°C. Fifty milliliters
of sterilized MRS medium with 3 g of probiotic powder were
cultured at room temperature (RT) for 2 hours before subcul-
ture into new MRS medium overnight at RT. Bacteria were
harvested by centrifugation at 4000 x g at 25 °C for 5 min-
utes (Centrifuge 5804 R with A-4-44 swing bucket rotor, Ep-
pendorf, Germany), and the bacterial pellet was washed by
Milli-Q water (MERCK, Germany) twice to remove the MRS
medium. After cleaning, the bacteria were resuspended by
Milli-Q water at a final concentration of 25 g per liter. The two
deactivated (DA) experimental groups were incubated in a
100 °C water bath for 20 minutes. For calculating the num-
ber of bacteria, 100- and 10,000-fold diluted bacterial solu-
tions were sprayed on the MRS agar plate and cultured at
RT for overnight, then the colonies were counted to calculate
the bacterial numbers. All the experiments described above
were completed in a 1300 Series A2 biological safety cabinet
(Thermal Scientific, USA) under aseptic conditions.

Biosorption in seawater

Biosorption in seawater was processed by resuspending
the bacterial pellet at a final concentration of 1.25 g per liter
of bacteria in seawater and incubating at 25 °C for 2 hours.
The reaction was stopped by filtering the solution through a
0.22 ym Millipore filter (Merck, Germany) after centrifugation
at 4000 x g at 25 °C for 5 minutes. To stabilize the heavy
metal, nitric acid (SHIMAKYU’S PURE CHEMICALS, Japan)
was used with a final concentration of 1.7%.

ICP-MS assay

An Xseries Il ICP-MS instrument (Thermal Scientific, USA)
was used in this experiment under the conditions described
below. The forward power of the machine was set to 1250 W,
and the gas flow rates were 14.5 L/min for cooling gas, 0.85
L/min for auxiliary gas, 0.89 L/min for nebuliser gas, and 4
L/min for CCT Gas. All the gases except CCT were helium
instead of argon. Five concentrations of 3.125, 6.25, 12.5, 25,
50 ppb of standard ion were used to generate the standard
curve. All the concentration results of detection have the de-
tection limit of 0.01 ppb.

Removal efficiency
Here we used a formula to calculate the removal efficien-
cy, which is described as follows:
Removal efficiency = ((C, -C)/ C,) x 100%
C, was defined as the ion concentration before treatment,
and C, was defined as the ion concentration after treatment.

Statistical analysis

All experiments were performed in triplicate All statistical
analyses was performed using Microsoft Excel and the Real
Statistic add-in package. The difference in mean values were
obtained using the Turkey HSD option in One-way ANOVA.
All figures were generated by Sigma Plot.

ACKNOWLEDGMENTS

I would like to express my sincere gratitude to Hsinchu
Biomedical Science Park Incubation Center, SMEA for letting
me have the opportunity to work in a clean lab with profes-
sional instruments.

| also want to thank the TMU Core Facility for all the tech-
nical support. It allowed me to gather the resulting data that
was included above.

Last but not least, my sincere thanks also go to seniors
Mia and Simon, who accompanied me through the whole pro-
cess. Also, | really appreciate the support of my family. We
together accomplished a difficult but interesting adventure.

Received: December 10, 2020
Accepted: April 20, 2021
Published: July 22, 2021

REFERENCES

1. Chen, Chung-Ling, et al. “The long and bumpy journey:
Taiwan's aquaculture development and management.”
Marine Policy, vol. 48, 2014, pp. 152-161, doi: 10.1016/j.
marpol.2014.03.026.

2. Su, Mao-Sen, et al. “The Status and Prospects of Coastal
Aquaculture in Taiwan.” Food and fertilizer technology
center for the Asian and pacific region, 15 April 2010,

Journal of Emerging Investigators « www.emerginginvestigators.org

22JULY 2021 | VOL 4 | 3



EMERGING INVESTIGATORS

10.

1.

12.

13.

14.

15.

16.

www.fftc.org.tw/en/publications/main/588.

Lin, Saulwood, et al. “Source and Effect of Heavy Metal
Pollution in the Coastal Taiwan Sediments.” Chemistry
and Ecology, vol. 12, no. 1-2, 1996, pp. 31-39, doi:
10.1080/02757549608035345.

Chen, Yi-Chun, et al. “Heavy Metal Concentrations in
Nine Species of Fishes Caughtin Coastal Waters off Ann-
Ping, S.W. Taiwan.” Journal of Food and Drug Analysis,
vol. 9, no. 2, 2001, pp. 107-114, doi: 10.38212/2224-
6614.2803.

Hashemi, M., et al. “Contamination of Toxic Heavy
Metals in Various Foods in Iran: a Review.” Journal of
Pharmaceutical Sciences and Research, vol. 9, no. 10,
2017, pp. 1692-1697.

Rai, Prabhat Kumar, et al. “Heavy metals in food crops:
Health risks, fate, mechanisms, and management.
Environment International, vol. 125, 2019, pp. 365-385,
doi: 10.1016/j.envint.2019.01.067.

Lin, Haw-Tarn, et al. “Heavy Metal Content of Rice and
Shellfish in Taiwan.” Journal of Food and Drug Analysis,
vol. 12, no. 2, 2004, pp. 167-174, doi: 10.38212/2224-
6614.2649.

Jaishankar, Monisha, et al. “Toxicity, mechanism and
health effects of some heavy metals.” Interdisciplinary
Toxicology, vol. 7, no. 2, 2014, pp. 60-72, doi: 10.2478/
intox-2014-0009.

Dada, Ebenezer, et al. “A review of current techniques
of Physico-chemical and biological remediation of heavy
metals polluted soil.” Ethiopian Journal of Environmental
Studies & Management, vol. 8, no. 5, 2015, pp. 606-615,
doi: 10.4314/ejesm.v8i5.13.

Kapahi, Meena, et al. “Bioremediation Options for Heavy
Metal Pollution.” Journal of Health and Pollution, vol.
9, no. 24, 2019, pp. 191-203, doi: 10.5696/2156-9614-
9.24.191203.

Ayangbenro, Ayansina Segun, et al. “A New Strategy
for Heavy Metal Polluted Environments: A Review
of Microbial Biosorbents.” International Journal of
Environmental Research and Public Health, vol. 14, no.
1, 2017, pp. 94, doi: 10.3390/ijerph14010094.

Fomina, Marina, et al. “Biosorption: current perspectives
on concept, definition and application.” Bioresource
Technology, vol. 160, 2014, pp. 3-14, doi: 10.1016/].
biortech.2013.12.102.

Mustapha, Mohammed Umar, et al. “Microorganisms
and Biosorption of Heavy Metals in the Environment: A
Review Paper.” Journal of Microbial and Biochemical,
vol. 7, no. 5, 2015, pp. 253-256, doi: 10.4172/1948-
5948.1000219.

Parvez, S, K. A. Malik, et al. “Probiotics and their
fermented food products are beneficial for health.”
Journal of Applied Microbiology, vol. 100, no. 6, 2006,
pp. 1171-1185, doi: 10.1111/j.1365-2672.2006.02963 .x.
Zoghia, Alaleh, et al. “Surface Binding of Toxins and
Heavy Metals by Probiotics.” Mini-Reviews in Medicinal
Chemistry, vol. 14, 2014, pp. 84-98, doi: 10.2174/138955
7513666131211105554.

Vlasova, Anastasia N., et al. “Comparison of probiotic
lactobacilli and  bifidobacteria  effects, immune
responses and rotavirus vaccines and infection in
different host species.” Veterinary Immunology and
Immunopathology, vol. 172, 2016, pp. 72-84, doi:

17.

18.

19.

20.

10.1016/j.vetimm.2016.01.003.

Jackson, S. L., et al. “Determination of Mn, Fe, Ni, Cu,
Zn, Cd and Pb in seawater using offline extraction and
triple quadrupole ICP-MS/MS.” Journal of Analytical
Atomic Spectrometry, vol. 33, 2018, pp. 304-313, doi:
10.1039/C7JA00237H.

Shimamura, Seiichi, et al. “Relationship Between Oxygen
Sensitivity and Oxygen Metabolism of Bifidobacterium
Species” Journal of Dairy Science, vol. 75, no. 12, 1992,
pp. 3296-3306, doi: 10.3168/jds.S0022-0302(92)78105-
3.

Hu, Xin, et al. “Pb?* biosorption from aqueous solutions by
live and dead biosorbents of the hydrocarbon-degrading
strain Rhodococcus sp. HX-21." PLoS One, vol. 15, no. 1,
2020, pp. 0226557, doi: 10.1371/journal.pone.0226557.
eCollection 2020.

Bayramoglu, Gulay, et al. “Removal of heavy mercury(ll),
cadmium(ll) and zinc(ll) metal ions by live and heat
inactivated Lentinus edodes pellets.” Chemical
Engineering Journal, vol. 143, no. 1-3, 2008, pp. 133-
140, doi: 10.1016/j.cej.2008.01.002.21. Deng, Siwen, et
al. “A Plant Growth-Promoting Microbial Soil Amendment
Dynamically Alters the Strawberry Root Bacterial
Microbiome.” Scientific Reports, vol. 9, no.1, pp. 17677,
2019, doi: 10.1038/s41598-019-53623-2.

Copyright: © 2021 Cheng and Fan. All JEI articles are

distributed under the attribution non-commercial, no
derivative license (http://creativecommons.org/licenses/

by-nc-nd/3.0/). This means that anyone is free to share,
copy and distribute an unaltered article for non-commercial
purposes provided the original author and source is credited.

Journal of Emerging Investigators « www.emerginginvestigators.org

22 JULY 2021 | VOL 4 | 4



