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Cristaria plicata is a species of freshwater mollusk in the genus Cristaria of the family Unionidae.
Cristaria plicata shells are available natural raw materials in Vietnam for the production of sorbents that can
absorb many pollutants from wastewater. The most important pollutants are heavy metals. The aim of the
study was to study the possibility of using powders from Cristaria plicata shells to purify contaminated water
from heavy metals such as Cd and Cr by sorption method. A technology for obtaining a sorbent has been
developed. After collection, the shells were washed, dried and ground to a size of no more than 0.5 mm, then
the powder was soaked in distilled water for 10 hours, dried to a constant weight and sieved through sieves,
collecting a fraction with a particle size of about 0.5 mm. Microscopic studies showed that the sorbent parti-
cles from the shells of Cristaria plicata contained pores with a diameter of 4.5 to 8.2 microns and a length of
15.9 to 27.6 microns. The static sorption method was used. The Cd and Cr content in water samples before
and after sorption was performed by atomic absorption spectrophotometry. It is shown that the sorbent from
the shell material of Cristaria plicata can be used quite effectively for wastewater treatment from Cd and Cr.
It was found that with an increase in the mass fraction of the powder in the treated water, the concentration of
Cr and Cd in this water noticeably decreases. The Cr content drops by 29.5-45.5% after shaking for 60
minutes, while the Cd content drops by 91.6-96.9%. The absorption capacity of the sorbent from the shells of
Cristaria plicata depends on the initial concentrations of Cr and Cd, the higher the initial concentration, the
more pollutants are absorbed by the sorbent. The best effect of sorption purification is observed at the initial
concentrations of Cd 1 mg/l and Cr 20 mg/l. For maximum Cd allocation, the recommended processing time
is 40+60 minutes, and for Cr-80+100 minutes.
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Introduction

Heavy metals contamination, radionuclides and other inorganic chemicals are prob-
lems in many countries, including Vietnam. The cause may come from nature, however,
most of it come from the product created by human activities. Remarkable activities are
mining, waste from heavy industry, petroleum production, fertilizer, etc... Most of that
waste is discharged directly into the environment without treatment. Therefore, it creates
enormous pressure on the ecosystem and environmental protection activities. In addition,
heavy metal pollution in soil, water and air is causing many harm to people’s health [1-5].

Cristaria plicata is a freshwater mollusk species in the genus Cristaria of the Un-
ionidae family. In Vietnam, Cristaria plicata shells are an affordable natural raw material
for the manufacture of sorbents that are capable of absorbing many pollutants from
wastewater. Pearl’s shell consists of 3 layers: the horny layer, the limestone layer, the na-
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cre layer. The limestone layer, which has a lot of internal pores as it characteristics, is ca-
pable of retaining some surface matter, so this could be a good adsorbent material. Pearl’s
shell is a natural material capable of absorbing many substances in wastewater, especially
heavy metals and a common material easily found in nature. Inhabits river and lake water
bodies, prefers silty-sandy soils.

Methods

Research subjects. The subjects of this study is self-made solutions containing
Cadmium, Chromium in the laboratory and the pearl’s shells are grinded to sizes below
0.2mm. Experiments conducted in the laboratory.

Research content. Study on characteristics of Cristaria plicata sheel. Assess the ef-
fects of Cr, Cd concentration inputs to the adsorption capability of Cristaria plicata sheel.
Assess the effects of the shell content on the ability to remove Cr, Cd in polluted
wastewater. Assess the effect of mixing time on the efficiency of Cr and Cd treatment in
polluted wastewater of Cristaria plicata sheel.

Methods of collecting secondary data. Gather the necessary documents, data and in-
formation for the purpose of the study of the thin-shelled clam shell, information on chro-
mium including the amount of chromium in the environment and the impact of chromium
on the organism.

Experimental design. Experiments were conducted by static adsorption method
with triangle flasks containing 50 ml Cr®" or Cd?*" solution. Adding shell contents into the
flasks containing the solution and mixing on the shaker at 60 rpm at room temperature and
for the specified time for adsorption to occur. Then filter paper was used to separate the
material from the mixed solution and take Cd*" and Cr solution samples to analyze by ap-
plying AAS spectrophotometer.

The experiment assesses the effects of mixing time factors, Cr®", Cd** concentra-
tion inputs and absorbed shell contents on treatment efficiency. Each experimental formula
did 3 replicates.

Experiment 1. Effect of the concentration of Cr, Cd on the absorption capacity of
Cristaria plicata shells. Effect of Cr concentration: (5 formulas) Adding 500 mg of shell
contents into 50 ml of Cr®" solution with the different concentrations: 5, 10, 15, 20, 25 mg/I
and mixing on a shaker for 60 minutes. Effect of Cd concentration: (5 formulas) Adding
500 mg of shell contents into 50 ml of Cd** solution with the different concentrations: 0.5,
1.0, 2, 5, 10 mg/l and mixing on a shaker for 60 minutes.

Experiment 2. Influence of pearl shell content on the ability to remove Cr and Cd.
Effect of pearl shell content on Cr removal: (5 formulas) Adding the amount of shell con-
tents 100, 200, 300, 400, 500 mg to 50 ml Cr®" solution 20 mg/l and mixing on the ma-
chine for 60 minutes. Effect of pearl shell content on Cd removal: (5 formulas) Adding the
amount of shell contents 250, 500, 750, 1000, 2000 mg into 50 ml Cd?* solution 20 mg/1
and mixing on the machine for 60 minutes.

Experiment 3. Effect of mixing time on Cr and Cd removal performance by Cris-
taria plicata shells. The effect of mixing time on the performance of Cr removal: (5 formu-
las) Adding 400 mg of shell contents into 50 ml of Cr%" solution 20 mg/l, mixing with the
time of 20, 40, 60, 80 and 100 minutes, respectively. The effect of mixing time on the per-
formance of Cd treatment: (5 formulas) Adding 500 mg of shell contents into 50 ml of
Cd?" solution 1 mg/l, mixing with the time of 20, 40, 60, 80 and 100 minutes.

Laboratory analysis methods. Cd and Cr mobilize were analyzed by AAS spectro-
photometer.
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Synthesis and analysis data and documents. The statistics were processed by SAS
software and Microsoft Excel.
Conduct experiments. Fabrication of adsorbent material from pearl shell. The pro-

cess of shell treatment is described in the following fig. 1.

Pearl shell

Soak
distilled
water

Adsorbent

[EICHE]

Fig. 1. The process of handling the shell into adsorption material

Shells after being collected are washed then dry and grind to size below 0.5 mm.
Next, it is soaked in distilled water for 10 hours, then filtered, dried for a second time to a
constant weight and brought to light, sieved to remove materials larger than 0.5 mm (fig.2).

Pearl’s shell Pearl’s shell powder
Fig. 2. Pearl's shell before and after grinding

Results and discussion

Pearl’s shell adsorption characteristics. To observe the characteristics of pearl’s
shell adsorption, it is needed to enlarge x100 and high oil soaked to visualize, count and
measure bacteria. The results showed that there were many cracks on the shell
perpendicular to the shell (fig. 3-4). The mature subshell consists of thin matrix layers
interspersed with ~500nm thick layers of calcium carbonate minerals parallel to the inner
shell surface as well as the cell’s shells in the coating. The matrix layers are so thin that
they cannot be detected by the naked eye (arrows indicate the position of the matrix). The
significant difference between the superstructure formed by the different mollusk layers is
the persistence of the orientation of the crystals in the direction perpendicular to the surface
of the shell: the two edges of the two aragonite crystals of the Layers close to each other
never exist, while in Cephalopods [1] form a stack of ~50 vertical flat bricks in the vertical
direction.

Single Aragonite pellets are nucleated on the matrix ground and grow rapidly in a di-
rection perpendicular to the surface of the shell (crystal-shaped axis c). Parallel growth
with the thin layer after the Aragonite layer reaches its maximum thickness. The growing
crystal is hexagonal. They are just like the irregular polygons when they grow and merge
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together in a continuous layer. The image shows three characteristic, well-defined hierar-
chies of overlapping development layers. The arrow indicates the direction of growth. The
coating cells are placed next to the steps in living organisms.

The shell of the mussel is characterized by a break as shown in Figure 3.c. In Figure
3 (A) the breaking position is shown by an arrow. It is illustrated as the red bars in the pic-
ture. (B) illustrates the part of the shell where the «after crack» measurements are made.

3.c. Front side of the nacre
layer on the inner surface

3.a. Cracks on the shell 3.b. Layers of 60-70 nm
Fig 3. Shell structure

3 iy =
Mt T nad SR =

Fig. 4. Characteristics

Explaining this characteristic, in the SEM image, it shows that in the shell of the
pearl, there are always exist of bacterias which are arranged in a contiguous order, distrib-
uted from the outer layer to the inside. Cracking in the shell is due to a change in the size
of the bacteria, including the width and length during which bacteria live on the shell. The
smallest width measured is 4.50 um and the maximum width is 15.94 um, the minimum
value measured by covers taken from other areas is: 8.17 pum and the maximum value is
27.56 pm (Fig. 4) shows that this difference depends on the growth of microorganisms and
may be due to both mussel habitat but no conclusions about environment and locality can
be made due to lack of information and the fact that it is impossible to measure a year in a
row and there is no information about the lifetime.

There is also a big difference in quality between the layers of shell, although they
all have the same arrangement and structure. In every thin piece removed from the original
shell it is evident that the degree of cracking is different for this, as a result of the differ-
ence that exists singly and population or compete in the community, among organisms in a
population.

Thus, the structure of the shell always exists with small holes having a width of
from 4.50 to 8.17 um and a length of 15.94 um to 27.56 um and gradually decreasing from
the outer surface of the shell. For this reason, pearl shell has the ability to adsorb many
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substances in the water and has the potential to be used in handling heavy metal adsorption
in general as well as Cadmium itself, while it like other adsorbent materials in desorption
capacity and enrich the metal.

Assess the effect of input Cr, Cd concentration on the shell adsorption capacity.
The results of the effects of Cr and Cd concentrations are shown in Table 1, fig. 5.

Table 1. The effect of Cr, Cd concentration on the shell adsorption capacity

Before the Pearl Treatment
. . After the treatment, .
No Formula treatment, powder, | Time, min. efficiency,
mg/l o
mg/l mg Yo
The effect of Cd*"concentration on the shell adsorption capacity
1 CTl1 0.5 0.066 + 0.007¢ 86.8
2 CT2 1.0 0.063 £ 0.002¢ 93.7
3 CT3 2.0 500 60 0.169 £ 0.017¢ 91.6
4 CT4 5.0 0.377+0.108° 92.5
5 CT5 10.0 1.144 £ 0.046* 88.6
6 LSDy .05 0.097
The effect of Cr® concentration on the shell adsorption capacity
7 CT1 5 3.49+0.20¢ 30.2
8 CT2 10 4.52+0.31¢ 54.8
9 CT3 20 6.48 +£0.45¢ 67.6
10 CT4 30 500 60 16.84+ 0.84° 43.9
11 CT5 40 28.38+0.95° 29.1
12 LSDy 05 1.136
- 80,0
- = a7.6
010 Q17 ors f'_,- 0
E o010 916 E 60,0 54.8
£ 900 $5.6 g >0 P
= . & 40,0
E 550 86.8 E 30.2 29,1
E 60 ?E‘ 30,0
E 510 E 20,0 I
= = 10,0
= 80
E 0.5 1 2 s 10 0.0
= 5 1 20 30 40

Cd concentration m water before

treatment(ppun) Cr concentration in water before

freatment “]'l}l]'l]
Cd (a) Cr (b)
Fig 5. Cd and Cr treatment efficiency in water has different concentrations

With a shell content of 500 mg and shaking time of 60 min with different
concentrations of input in the ascending direction, the treatment efficiency decreases from
7 to 15 times corresponding to the processing efficiency of 86.8-93.7 %. The results also
show that the greater the concentration of Cd** will give the higher concentration of Cd*"
after processing, the ability to treat Cd*>" with mussel powder by shaking method for the
highest treatment results when applied in according to the formula 2: C2=1.0 mg/I.

With shell content of 400 mg and shaking time of 80 minutes with different
concentrations of input in the ascending direction, the treatment efficiency decreased by
30+67.6% compared to the initial concentration. The results also show that the higher the
concentration of input Cr, the higher the concentration of Cr after treatment, the ability to
remove Cr with mussel powder by mixing method for the highest treatment result when
applied according to the formula 3: C3=20 mg/l, treatment efficiency decreased 67.6%.
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Effect of shell content on the ability to remove Cd*" and Cr®*(tab.2, fig.6). With the
input concentration of 1.0 mg/l with the content of shell powder according to different
formulas after shaking for 60 minutes, the processing efficiency varies from 91.6 to 96.9%.
Comparing the initial pollutant concentration after the experiment with the ratio of mussel
shell powder ratio according to the formulas showed that: The higher the adsorption
efficiency of the thin-shelled shellfish powder for Cd**, the higher the fixed ability of the
bigger it. The trend of reducing this concentration decreased with the increase rate of
Cristaria plicata sheel powder but the decrease was not significantly different.

Table 2. Effect of shell content on the ability to remove Cd** and Cr®"

Before the Pearl . Treatment
No Formula | treatment, | powder, Tlme, Adter the treat- efficiency,
minutes ment, mg/l
mg/1 mg %
Effect of shell content on the ability to remove Cd**
1 CT1 250 0.082 + 0.004* 91.8
2 CT2 500 0.062 + 0.003° 93.8
3 CT3 1.0 750 60 0.045 £ 0.003¢ 95.5
4 CT4 1000 0.035 £ 0.004¢ 96.5
5 CT5 2000 0.031+0.001¢ 96.9
6 LSDy.os 0.005
Effect of shell content on the ability to remove Cr®"
7 CT1 100 14.10£0.422 29.5
8 CT2 200 13.32+0.38° 33.4
9 CT3 20 400 60 10.91 +0.58° 45.5
10 CT4 600 13.90 £ 0.69* 30.5
11 CT5 800 13.65+0.45% 31.8
12 LSDo.05 0.934

With the input concentration of 20 mg/l with the content of shell powder in
different formulas after shaking for 60 min, the processing efficiency decreased by 29.5-
45.5%. Comparing the initial pollutant concentration after the experiment with the ratio of
shell powder ratio according to the formulas showed that: the higher the adsorption
efficiency of the Cristaria plicata sheel for Cr, the more fixed the the bigger it. The ability
to remove Cr with pearl shell powder by shaking method gives the highest treatment
results when applying the formula 3: CT=400 mg of pearl shell powder. The trend of
reducing this concentration decreased with the increase rate of Cristaria plicata sheel
powder but the decrease was not significantly different.

The influence of mixing time on Cd*' treatment efficiency of Cristaria plicata
sheels (tab. 3, fig. 7). With the input concentration of C=1.0 mg/L, the content of shell
powder 500 mg is added to the shaker at different time intervals in the direction of
increase, resulting in the concentration of Cd?" with reduced treatment efficiency compared
to the original. from 6 to 20 times, respectively 84-95.1%.

The results showed that in formula 1 with shaking time of 20 minutes, the value of
the highest concentration of Cd** or the lowest adsorption capacity of Cd*"in CT2 with a
shaking time of 40 minutes, the adsorption efficiency was more effective than the
remaining formulas.

With the input concentration of C=20 mg/l, the content of shell powder 400 mg put
into the shaker at different time intervals in the direction of increasing the Cr concentration
results with a reduction of treatment efficiency compared to the original 18.8-41.7%. The
results showed that in formula 4 with the shaking time of 80 minutes, the value of the Cr
concentration was treated with the highest efficiency of 41.7%.
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Fig 6. Cd and Cr treatment efficiency in water has different amounts of shell

Table 3. Effect of mixing time on Cd*" and Cr®" treatment capacity of pearl sheels

Before the Pearl After Treatment
No Formula treatment, Time, min. the treatment, efficiency,
mg/1 powder, mg mg/1 %
Effect of mixing time on Cd*" treatment capacity of pearl sheels
1 CTlI 20 0.160 + 0.030° 84.0
2 CT2 40 0.049 £ 0.007° 95.1
3 CT3 1.0 500 60 0.080 + 0.018° 92.0
4 CT4 80 0.075 £ 0.025° 92.5
5 CT5 100 0.075+0.015° 92.5
LSDo.os 0.038
Effect of mixing time on Cr®" treatment capacity of pearl sheels
6 CTl1 20 16.25 +1.55° 18.8
7 CT2 40 15.04 +£2.302 24.8
8 CT3 20 400 60 12.48 +0.35° 37.6
9 CT4 80 11.67 +£0.39° 41.7
10 CT5 100 12.12 £ 0.60° 39.4
LSDg .05 2.347

96.0 450

94.0 0.0

95.1 1.7
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020 925 925 v
92.0 — 350
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78.0 0.0
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Processing Time (minutes)

Treatment efficiency (%)
Treatment efficiency (%)

Processing Tune (munutes)
Cd (2) Cr (b)
Fig 7. Cd, Cr treatment efficiency with different mixing times

Conclusion

The pearl shell is made up of small holes always having a width from 4.50 to 8.17
pm and a length of 15.94 to 27.56 pm and gradually decreasing from the outer surface of
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the shell. Therefore, mussels have the ability to adsorb many substances in the water. The
Cristaria plicata sheel powder has the potential to be used to remove heavy metals in
water. According to the research results, the higher the ratio of pearl shell powder, the
lower the proportion of Cr, Cd concentration in water. The change of the content of pearl
shell powder increased with a defined Cr concentration after shaking for 60 minutes, the
treatment efficiency reached 29.5-45.5% and Cd achieved the higher efficiency of 91.6-
96.9%. However, the results showed no significant difference. The change of shaking time
affects the concentration of Cr, Cd output after the experiment, the treatment efficiency
reaches 29.5-45.5% for Cr and and 91.6-96.9% for Cd. The absorption capacity of Cris-
taria plicata sheel powder is affected by the input concentrations of Cr and Cd, Cd and Cr
treatment efficiency respectively changes are 86.8-93.7% and 30-67.6%. It was found that
the higher the input concentration will give the greater concentration after treatment, but
the results show that the input concentration effect will give the highest adsorption results
when applied according by C=20 mg/] for Cr and C=1 mg/] for Cd.
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NMpumeHeHue namenbyYeHHbIX pakoBUH Cristaria plicata
AnA U3BnNeYeHUsa KagMma n Xpoma U3 3arpsi3HeHHoOM BoAbl
MEeTOAOM CTaTU4eCcKou copouum

© 2020 Yan Xaii [aur', Pynakos O.B.2, Xopoxopauna E.A 2,
Yan Txu ®a'!, ban Txu Mu!

I Txatineyenckuii ynugepcumem ceibCKo20 u 1echo20 xosaticmea, Boemuam
2 Bopouexcckuil 2ocyoapcemeenulil mexuudeckutl ynueepcumem, Bopoueoc, Poccus

Cristaria plicata — Bu IPECHOBOIHBIX MOJITIOCKOB B cocTaBe poaa Cristaria cemeiictBa Unionidae.
PaxoBuns! Cristaria plicata sBnstoTcs BO BheTHaMe JOCTYIHBIM HAaTypaJbHBIM CBHIPbEM IS H3TOTOBJICHUS
copOeHTOB, KOTOpPBIE CIIOCOOHBI TIOTJIONIATh MHOTHE 3aTrpS3HAIONINE BEIIecTBa U3 CTOYHBIX BoJ. K Hambomee
BaYKHBIM 3arps3HUTEISIM OTHOCSTCS TsDKEJIble MeTaiusl. Llenmbio mccnenoBanns ObUTO M3ydeHHE BO3MOXKHO-
CTH NPUMCHEHUS MOPOIIKOB 13 pakoBuH Cristaria plicata is OYMCTKH 3arps3HCHHON BOJBI OT TaKUX TsDKE-
nb1x MetaiuioB kak Cd u Cr copOIMOHHBIM METOIOM. Pa3zpaboTaHa TeXHOIOTHS motyueHus copoenra. [Toce
cO0Opa paKOBHHBI IPOMBIBAIIM, CYIITHIN U U3MEIbYAIH IO pa3Mepa He Oosee 0.5 MM, 3aTeM MOPOIIOK BhIMA-
YUBAIH B JUCTUJUIMPOBAHHOMN Boje B TeueHue 10 yacoB, CyIIMIN IO MOCTOSTHHOTO Beca U MPOCEUBAIU Yepe3
cuta, cooupas ppakiui ¢ pazmMepoM yacTuil oKoyio 0.5 MM. MHUKPOCKOIIHMUECKUE UCCIICIOBAHUS [TOKA3alIH,
4TO YacTHIbl copOeHTa M3 pakoBuH Cristaria plicata, copepkaiu MOPbI, UMEIOIIME auaMerp oT 4.5 10
8.2 MkM u mmuHy oT 15.9 no 27.6 MxM. Bt ucrons3oBad Meton cratideckoit copommu. Coxpepxanne Cd u
Cr B mpo0ax BOJIBI 10 ¥ IOCJIE COPOINHU BBITIONHSIIA METOJOM aTOMHO-a0COPOIIMOHHON CIIeKTPO(hOTOMET-
pun. IlokazaHo, uro copOeHT W3 Martepuana pakoBuH Cristaria plicata MoxeT HocTaTouHO 3()(HEKTHBHO
TMPUMEHSATHCS I OYHCTKH cTOYHBIX Box oT Cd m Cr. HalimeHo, 4TO mpH yBEIWYCHUH MacCOBOU JOJIU TO-
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pouika B ounmiaemoii Boje, konueHtpaust Cr u Cd B 3T0it Bose 3amerHo nanaer. Coxepskanue Cr mocie
BCTpsiXuBaHUs B TeueHne 60 MuHyT magaet Ha 29.5-45.5%, a Cd — Ha 91.6-96.9%. ITornomaronias croco6-
HOCTh copOeHTa u3 pakoBuH Cristaria plicata 3aBucut oT ucxoausrx konmnenrpanuii Cr u Cd, ueM BbIe nc-
XOJHas KOHIICHTpAIUs, TeM OoJbIllee KOJMYECTBO 3arps3HMATENEH Toriomiaercss copbenrom. Hawmrygmmit
5} PexT cOpOIMOHHON OYMCTKH HaOMIogaeTCs IpH UCxoaHbx Kornentparmusax Cd 1 mr/mv® m Cr 20 mr/om?>.
Jnst makcumansHOTO BBIEenenus Cd pekomenayemoe Bpems oopadotku 40-60 muH, a s Cr — 80-100 muH.
KuroueBble ci0Ba: 3arps3HEHHAs BOJA, IPECHOBOTHBIE MOJUTIOCKH, TSDKEIBIE METallIbl, CTaTHde-

cKast CopOITus, KaJIMHA, XpOM
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