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Bioremediation of polluted water by using wild and mutant strains of microalgae Parachlorella kessleri

Pollution of the aquatic ecosystems with different types of pollutants affect on water quality. In this study, wild and
mutant strains of green microalgae, Parachlorella kessleri were used. The wild and mutant strains introduced into the
polluted water of Al-Sayyadin lagoon which is polluted by sanitary and agricultural wastewater and heavy metals. The
results showed that, the growth of algal strains was very poor in the samples which contained only water due to the
competition between other microorganisms and bacteria, this poor growth affect on the remediation potential of the
algal strains. In the samples that contained mixture of medium and water, the wild and mutant strains well grown and
the remediation potential was powerful in removing Ammonia, Phosphate, Co, Zn and reducing the levels of BOD and
COD in the polluted water.

Keywords: remediation, pollutants of wastewater, heavy metals, wild and mutant strains of green microalgae
Parachlorella kessleri.

M.M. Canex, M.M. I'abamnax, b.K. 3asnan, A K. Cagsakacosa
Parachlorella kessleri MUKpo6aIABIPHIHBIH TAOMFH K9HE MYTAHTTHI IITAMAAPBIH JIACTAHFAH CYyIbIH
OuopeMeauaNMsIChIH/AA NaliIadany
Byn sxxymeicta Parachlorella kessleri xacbun MUKpOOaIIbIpIIapIbIH xka0aiibl jKoHE TAOUFU IITaMAAphl KOJJAHBLUIIHL.
AyBUI IIapyambUIbIK KAIIBIK CYJIapMEH JKOHE ayblp MeTalJapMeH jacTaHFaH On-CasauH CYBIHBIH Ka0aibl KoHE
MYTaHTTHI MTaMIapbiHa 9cepi 3eprreni. KopekTik opra MeH JacTaHFaH Cy apajackaH YIIjiepae, aMMOHHH, ocdar,
KOOAJIBT JKOHE IMHK MOHJAPBIH ANbIN TACTAaFaH JKarJaifa, skabailbl ®oHE MyTAHTTHI IITAMIAPIBIH KAPKBIHIbI OCKEHI
aHBIKTANIBL. By ynrine MukpoOamasipiaapapiH OHOpeMeInalrsUIbIK ITOTSHIINAIBI XKOFaphl OOIFaHbl OaKbLUIAHIBL.
Tyiiin ce30ep: pemenuanysi, JacTaHFaH CyJap MOJUTIOTAHTTApHI, ayblp MeTaimap, MUKpobanmelp Parachlorella
kessleri-HbIH TaOWFHU J)KOHE MYTAHT IITaMIAPHL.

M.M. Canex, M.M. I'abamax, b.K. 3asgnan, Cagsakacosa A.K.
Buopemeananusi 3arpsi3HEHHOI BOJBI ¢ HCMOJIb30BAHMEM JHKHMX H MYTAHTHBIX IITAMMOB MHKPOBOJI0POCIH
Parachlorella kessleri

B wuccrnenoBanuy ObLUTH KCIIOJB30BAHBI JUKUE W MYTAHTHBIC IITaMMBI 3e€JIEHOW MUKpoBomopociu Parachlorella
kessleri. I3yueno BiusiHre Boabl BojoeMa An-CasuH, 3arpsA3HEeHHON CENbCKOX03IHCTBEHHBIMU CTOKAMU U TSIKEJIBIMA
METaJUTAMH, Ha POCT JAWKHUX U MYTAHTHBIX IITAMMOB 3€JICHOW MHKPOBOIOPOCIH. Y CTaHOBIICH aKTHBHBI POCT KIETOK
JUKUX W MYTaHTHBIX OITAMMOM MHKPOBOAOPOCICH B BapUaHTaX, COACPIKANIMX CMECh MHTATCIBHOH Cpeasl W
3arps3HEHHYI0 BOXY, NPH HWCKIIOYEHWH W3 Cpeasl amMMmmuaka, Qocdara, koOaimbTa, IHHKA, YTO CIOCOOCTBOBAJIO
YIYYIICHUIO MTOTEHIInAa OHOpEMeIHAIlK 3arpSI3HEHHOM BOIbI.

Knrwueesvle cnosa: pemenuaiyisi, MOJUTIOTAHTBI CTOYHBIX BOJ, TSKEIbIE METAIIIBI, HPUPOJHBIC M MYTaHTHbBIC
mTaMMbl MUKpoBogopociu Parachlorella kessleri.

Nowadays, there are many problems that may threaten waterbodies allover the world, such as the
pollution of many aquatic ecosystems with different types of pollutants that affect on water quality. The
rapid increase of the industrial activity has caused a progressive deterioration of the water quality over the
past decades. Numerous natural and chemical substances have been used and released without knowledge of
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the possible impact on the structure and function of aquatic ecosystems [1]. Bioassays are based on the
response of living organisms to putative toxic substances in the water [2]. This approach does not allow
identifying a given chemical substance but it indicates the presence of a pollutant above a potentially harmful
threshold. Different unicellular and multicellular organisms have been used for this purpose including
bacteria, protozoa, algae, invertebrates and fishes. It well known that the biomass of algae (living or dead)
have immense capacity to sorb metals and have been applied to treat wastewaters [3, 4]. Different
physiological responses such as growth rate, biomass, photosynthesis, fluorescence, and movement behavior
have been monitored as criteria for the toxicity of a given water sample [5].

One of the main interests for microalgae in biotechnology is focused on their use for heavy metals
removal from effluents and wastewater [6,7] stated that due to the high toxicity of the salts of heavy metals,
as well as their ability to accumulate in the organisms and to be transferred along the trophic chain, they
occupy a special position among environmental pollutants [8].

In this study the bioremediation of the polluted water of the Al-Sayydin lagoon was done by using wild
and mutant strains of green microalgae Parachlorella kessleri (PC). These strains were used to investigate
the efficiency of both strains in improving the physical, chemical parameters of water and efficiency of these
strains in absorbance of some heavy metals from water.

Materials and Methods

Study area Al-Sayyadin lagoon located at south of Ismaillia city at the western side of the lake Timsah.
This lagoon is polluted by sanitary and agricultural wastewater. Indeed, the accumulated heavy metals result
in metal loading of the recently deposited sediments and water. These toxic pollutants in suspended and
bottom sediments may access food web for aquatic macro-invertebrates and fish (Figurel & 2).

Microalgal strains. The microalgal strain of Parachlorella kessleri (PC) and PCMut2, PCMut3, PCMut4
obtained from Kazakh National university- Al-Farabi, Biotechnology department culture collection. The
strains were grown in TAP medium in 250 ml Erlenmeyer flask at 28C and were exposed to continuous
illumination at a light intensity of 120uE m™s™.

Figure 1 — Geographical location of Al-Sayyadin lagoon

Results and Discussion

Design of the Bioremediation experiment. Water samples were collected from Al-Sayyadin lagoon
(Fig.1) for only one time during the study. Physical and chemical parameters and some heavy metals were
analyzed in the water. For all algal strains, the samples were divided as: Sample No.1: Negative control was
1000 ml of the culturing medium. Sample No.2: Dilution 4:1 was 800 ml culturing medium + 200 ml of the
polluted water to reach 1000ml. Sample No.3: Dilution 3:2 was 600 ml culturing medium + 400 ml of the
polluted water to reach 1000ml. Sample No.4: Dilution 2:3 was 400 ml culturing medium + 600 ml of the
polluted water to reach 1000 ml. Sample No.5: Dilution 1:4 was 200ml culturing medium + 800 ml of the
polluted water to reach 1000 ml. Sample No.6: Positive control was 1000ml of the polluted water. All those
samples were inoculated with the algal strains. These samples were incubated for 7 days at the same growth
condition of light and temperature.
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Investigation of the growth of algal strains in the samples. Examination of the algal cells was done by
using light inverted microscope of the OLYMPUS series. The initial cell density was about 1x10° cells/ ml.
Counting the number of cells everyday for a period of 7days by using UTERMOHL’s technique (1958)
under the light microscope [9].

Microalgal strains. Wild type of Parachlorella kessleri and mutant strains PCMut2, PCMut3 and
PCMut4 are shown in (Figure 2 a, b, c, d).
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Figure 2 — Parachlorella kessleri (wildtype) (a), PCMut2 strain (b), PCMut3 strain (c), PCMut4 strain (d)

Analysis of the physical and chemical parameters and some heavy metals of water samples. Water
samples were filtered onto Whatman GF/C glass fiber filters to get rid of the algal cells before the analysis
of the physical, chemical parameters and some of heavy metals. According to standard methods for
examination of water and waste water (APHA), The temperature, pH were measured. Biological oxygen
demand (BODs), chemical oxygen demand (COD), total dissolved solids (TDS), Nitrates, Nitrites,
Ammonia, Phosphate, Cadmium, Cobalt and Zinc were analyzed in samples No.2, No.4 and No.6 for both
algal strains after 7 days.

Table 1 — Parentages of cells numbers in different water samples

Water Samples
Strains Neg. cont. Dilution 4:1 | Dilution 3:2 | Dilution 2:3 | Dilution 1:4 | Pos. cont.
PC 100 924 66,2 72,2 58,7 14,5
PCMuz2 100 216,3 204 218 93,6 29,3
PCMut3 100 81,3 1454 174,9 67 13,8
PCMut4 100 125,7 152,2 1433 141,9 27,3

Growth of algal strains in the water samples. Counting the number of cells of all algal strains in different
water samples every day for a period of 7 days PC, PCMut2, PCMut3 and PCMut4 and the comparison
between the best dilution that affect on the algal growth was shown in Table 1. The number of cells of both
wild and mutant strains was the lowest in the positive controls which was contained the polluted water in
comparison with all water samples. The algal strains in that case give us an indication that this water was
highly polluted. On the other hand, the number of cells was the highest in negative controls which was
contained the TAP medium for the wildtype. In PCMut2 and PCMut3 strains the best growth was in the
dilution 2:3. The PCMut4 strain was the only strain that showed the best growth in the dilution 3:2. The
other factor that affect on growth of the strains was the presence of other microorganisms and bacteria that
compete our strains and lowered their growth compared with the other samples that contained mixture of
water and culturing medium, because in the case of presence of the culturing medium with water enhanced
the algal strains to grow faster than the other microorganisms that not adapted with that culture medium like
our strains. This result was confirmed by the results of Olumayowa et..al., 2013 [10], microalgae increase in
growth by 1.5 and 2.5 fold in autoclaved wastewater to get rid of other microorganisms and bacteria, so that,
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the microalgae growth in wastewater can be enhanced by autoclaving the water. Wastewater microorganisms
including some anaerobic bacteria and viruses can be toxic or outcompete microalgae species. Absence of
microorganisms could be one explanation for improved growth in autoclaved media [10].

Analysis of physical, chemical parameters and some heavy metals in water samples after
bioremediation using Parachlorella kessleri and mutant strains. After a bioremediation using the algal
strains for 7 days, the physical, chemical parameters and some heavy metals were analyzed in three water
samples for each strain. The analysis of water in sample of dilution 4:1 showed a decrease in all parameters
than the control in all wild and mutant strains. The remarkable decrease was occurred in the levels of
Ammonia, Phosphate, Cobalt, Zinc.
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Figure 3 — Percent of Ammonia, Phosphate (a); Co and Zn (b) in water after bioremediation by using Parachlorella
kessleri and mutant strains

The efficiency of the four strains in remediation potential was determined for Ammonia, Phosphate,
Cobalt , Zinc removal and BOD, COD reduction which was clear in the analysis of water in both dilutions
4:1 and 2:3 samples. On the other hand, due to the poor growth in the samples of positive controls, which
contained only polluted water, all the wild and mutant strains had no efficiency in treating the water but
some parameters were increased than the control, and that result was explained previously by Cho, et..al,
2011. Due to the well growth of the wild and mutant strains in the samples of dilution 4:1, the results of
water analysis showed remarkable decrease in Ammonia, Phosphate, Cobalt and Zinc (Figure 3 a, b).
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Figure 4 — Percent of BOD and COD in water after bioremediation by using
Parachlorella kessleri and mutant strains

These N and P removal values were better or equivalent to those seen previously by algae from
wastewaters, however, it is important to note that the N and P concentrations vary markedly in these different
wastewater types [10]. The reduction in the levels of the BOD and COD, for the four strains in dilutions 4:1
showed in (Figure 4).

From the above results we proved that all the wild and mutant strains had approximately the same
efficiency in water treatment because there was no significant difference (P > 0.05) between the wild and
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mutant strains in treating the polluted water because they had the approximate results. We concluded that the
used doses of UV radiation didn’t affect on the efficiency of remediation potentials in treating polluted water
in the tested mutant strains.
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HNMMyHHBIIT cTaTyc 60JBHBIX € 05K0T0BOI TPaBMOii Ha ¢oHe MpHeMa CIeNMAJTU3UPOBAHHOIO0 MPOAYKTA
NUTAHUS
B craree wu3naraioTcs JaHHbIE 110 OLEHKE HMMMYHHOrO cTaryca OOJIbHBIX C OJKOrOBOW TpaBMoOil Ha (hoHe
MCI[I/IKaMeHTO3HOI71 Tepaluru, MnoJy4aBHINX CHCHI/I&J’II/BI/IpOBaHHBIﬁ MNpOAYKT ((CepFCKTiK))
Knrwueswie cnosa: CHCHI/IaJ'II/I?»I/IpOBaHHI)Iﬁ OpOAYKT, UMMYHUTECT, OKOIrOBasi TpaBMa.

Y.A.Sinyavsky, M.K.Koshimbekov, Zh.M. Suleimenova
The immune status of patients with burn injury in patients receiving specialized food
This paper presents data on the assessment of the immune status of patients with burn injury on a background of
drug therapy, treated with a specialized product "Sergektik"
Keywords: custom product, immunity, burn injury.

10.A.Cunsseknit, M.K.Kommmb6ekos, XK.M.CyneiimeHoBa
ApHaiibl TaFaM eHIMIiH TYTBIHY Ke3iHJeri KyHiK kapakaTTapbl 0ap HayKacTapAbIH HMMYHBIK MapTedeci
Makanana «CeprexTik» apHaiibl TaFaM ©HIMIH TYTHIHY Ke3iH/ETr A9PIIiK Tepanus ajibll KaTKaH KYHiK apakaTTapbl
0ap HayKacTapIbIH UMMYHJBIK MOpTeOeci Typajbl IepeKTep KOPCeTiIreH
Kinm ce30ep: apHaiibl 6HIM, IMMYHHTET, KYHIK KapaKaThbl.

B naroreneseoxoroBoii 0oje3HH, KIIOYEBYIO pOJIb WIPaeT COCTOSHHE HMMYHOJIOTHYECKOU
PEaKTHBHOCTH, C KOTOPOM CBSA3aHBl PHUCKU Pa3BUTHS WHQPEKIMOHHO-BOCTIAIUTENIBEHBIX OCIOXHEHUH,
OUMILCHHE paHbl M HHTEHCHBHOCTb pENAapaTHBHBIX IPOLECCOB, a TAKXKE COCTOSIHUE MHUKPOOHMOIIEHO3a
tosictoro kumeyHukall-4].[lo maHHBIM nuTEpaTyphl, aOCOIIOTHO BCE aBTOPHI YKA3bIBAIOT Ha HAIWYHE Y
MAlMEHTOB C TEPMHYECKOH TpaBMOH KOMOMHHPOBAaHHOTO BTOPUYHOTO HMMMYHOJC(QHLNTA, CBA3aHHOTO
CTPaBMaTHYECKHM CTPECCOM, OXKOTOBBIM IIOKOM,BBIPAKEHHBIMU HapYIIEHUSIMU CO CTOPOHBI LIEHTPAIBHON U
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