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SU NO HOA CUA LOAI VI KHUAN LAM POC RAPHIDIOPSIS
RACIBORSKII TAI HO BUON PHONG, TINH PAK LAK
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Tom tit. Nghién cttu nay diéu tra thanh phan loai, ddc diém hinh thai, sw bién dong mat d6 t& bao cua
vi khuan lam (VKL) Raphidiopsis raciborskii va ham lwong doc t6 cylindrospermopsin trong h6 Budn
Phong. Ham lugng doc t8 duoc xac dinh béang phuong phap ELISA. Két qua cho thdy su c6 mat ctia 23
loai VKL phéan bd trong 10 chi, 5 ho va 3 bd (Chroococcales, Oscillatoriales, Noctoscales). Raphidiopsis
raciborskii ton tai dwdi dang soi théng, nd hoa quanh ndm vdéi s6 luong té€ bao 53,6 x 100-58,3 x 107 tb/L.
Ddc t6 cylindrospermopsin ton tai trong sudt 12 thang nghién ctru véi ham lwong 0,04-0,72 ug/L. Mdc
dt ham lugng doc t8 van nam dudi mizc d6 nguy hai (1 ug/L), nhung sw xuét hién doc t& trong nude hod
chita cho thdy rti ro tiém tang do day la ngudn nudc duoc st dung cho sinh hoat, chidn nudi va nudi
trong thuy san.

Tt khéa: phuc titanium peroxide, g-C3Ns, TiO2, TiO2/g-CaNs, xtt Iy nude thai

Blooming of harmful cyanobacterium Raphidiopsis raciborskii in Buon
Phong reservoir, Daklak province
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Abstract. This study investigates species biodiversity composition, morphological characteristics and
fluctuation in cell density of cyanobacterial Raphidiopsis raciborskii, and cylindrospermopsin toxin
concentration in Buon Phong reservoir. The cylindrospermopsin concentration in the reservoir was
identified by using the ELISA test. The results show that 23 species of cyanobacteria in 10 genera, 5
families, 3 orders (Chroococcales, Oscillatoriales, Noctoscales) were identified. Straight filamentous
Raphidiopsis raciborskii bloomed all year round in the reservoir with cell densities of 53,6 x10°-58,3 x 107
cells/L. The results of the ELISA test show that cylindrospermopsin toxin in the reservoir existed during
the 12 months of the studied period, ranging from 0.04 to 0.72 ug/L. Although the toxin concentration is
below the hazard level (1 ug/L), the presence of cylindrospermopsin in the reservoir poses a potential
risk because the reservoir water is used for domestic, livestock and aquaculture activities.

DOI: 10.26459/hueunijns.v131i1A.6341 43



Ng6 Thi Didm My va CS.

Keywords: cyanobacteria, cylindrospermopsin, bloomed, reservoir, Dak Lak

1 Mo dau

Trong nhitng ndm gan day, nhiéu nghién
ctru da chi ra rang hién tuong phti duéng, nong &6
CO: tang va su nong lén toan cau ¢ kha nang lam
tang tan sudt, cuong do va thoi gian no hoa cua vi
khuén lam (VKL) trong nhiéu hé sinh thai thuy
sinh trén toan cau. Xu hudéng nay rat dang lo ngai
vino cd thé cé tac dong tiéu cuc dén da dang sinh
hoc va hoat dong cta lwdi thirc dn trong hé sinh
thai thuy sinh cting nhu tiém ndng nguy hai khi st
dung cac vung nudc nay lam nudc udng, sinh hoat
va cac muc dich giai tri khac. Raphidiopsis raciborskii
(trudc day dwoc goi la Cylindro-spermopsis
raciborskii) la mot trong nhitng VKL dang soi duoc
nghién cttu nhiéu nhat do sy phan bé trén toan cau
va kha nang gay doc ctia n6 [1, 2]. Sw xam 14n 6 at
cua loai nay c6 16 moét phan chiung c6 kha nang
thich nghi cao véi nhitng thay d6i ctia cac yéu to
moi treong; mat khac, ching ton tai trong nhiéu
kiéu sinh théi khac nhau ctia moi truong song [3,
4].

Cylindrospermopsin (CYN) la doc t& do
Raphidiopsis raciborskii tao ra. N6 la mot alkaloid
(C1sH21N507S; 415,43 Da) v6i goc guanidine ba
vong, mot nhém sulfat va mot vong uracil. Hoat
dong sinh hoc ctia hgp chat nay rat rong.
Cylindrospermopsin gay ddc tinh trén t€ bao, gen,
hé mién dich, than kinh va noi tiét. Co ché gay doc
cht y&u bang cach tic ché su tong hop protein,
teong tac voi cytochrome P450 (CYP450), gay ra
stress oxy hoa va dut gay soi DNA, lién két véi cac
thu thé estrogen va anh hwong dén hoat dong cua
acetylcholinesterase (AChE) [5, 6]. Khong giong
nhu doc t6 microcystin (MC), phan 16n doc t6 CYN
dwoc gidi phong ra moi treong nuedc bén ngoai, tan
manh trong nudc, bén voi dnh sang mat troi, bén
nhiét va ton tai trong khoang pH rong [7, 8]. T6c
dd phan huy ctia CYN trong moi trieong tir nhién
rat nho. Vi vay, CYN gdy ra nhiéu nguy co tiém
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ndng va kho khdn trong viéc sit dung va quan ly

nguon nudc.

Bu6n Phong la h6 chita nhan tao c6 vai tro
quan trong trong dam bao an toan ngudén nwdc
nhdm dap tng nhu cau cho con nguoi nhu: cung
cap nudc sinh hoat, twéi tiéu, phuc vu cho chan
nudi va nudi trong thuy san. Do d6, trong bai bao
nay, ching toi tap trung nghién ctru vé thanh phan
loai VKL, dadc diém hinh thai Raphidiopsis
raciborskii, sw bién dong mat do Raphidiopsis
raciborskii va ham luong doc t6 CYN trong nudc ho
Bu6n Phong. Két qua cho thdy tiém nidng nguy hai
cua loai VKL nay va doc t6 CYN trong van dé st

dung va quan ly ngudn nudc noi day.

2 Phuong phap

2.1 Vi tri nghién cttu

Nghién cttu duoc thiec hién tir thang 5-2019
dén 4-2020 tai HO6 Budn Phong (12°92'01",
108°16'24") thudc tinh Dik Lik. Vi tri diém thu
mau duoc xac dinh nhu trong Hinh 1.

Ho6 Budn Phong la h6 chita nhan tao; dung
tich toan bo 1a 3,3 triéu m3; dién tich lvu viec 13 km?;

ho ¢6 d0 séu trung binh 10 m; noi sau nhat vao mua
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Hinh 1. Ban d6 vi tri h6 Budn Phong véi cac diém
thu mau: BP1, BP2 va BP3
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mua la 20 m. H6 nhan nwdc tir ba con sudi nho va
nudc mua, cung cap nudc sinh hoat, nude twdi,
phuc vu chdn nudi va nudi trong thay san. HO
nhan nguon thai tir nwdc thai sinh hoat va nuwdc

thai nong nghiép.

2.2 Phuong phap thu mau

Thoi gian thu mau: Mau nude va mau thuce
vat phu du dwgc thu hang thang tai ba diém thu
mau & Buon Phong (BP1, BP2 va BP3), trong sudt
thoi gian tir thang 5 ndm 2019 dén thang 4 nam
2020.

Mau dinh tinh: M3u duoc thu bf?mg cach st
dung luéi thu mau véi kich thude mat ludi 20 um
va duoc bao quan bang dung dich formaldehyde
4%. Tai mdi diém 1&y mau, mau séng (khong cd
dinh formaldehyde) duoc thu trong chai nhya
dung cho phan lap [9].

Mau dinh lwong: Mau dwoc thu thap bf?mg
mot 6ng nhya dai 2 m va duong kinh 10 cm. Sau
d6, cac mau nude (d6 sau 0-2 m) duwoc khudy déu
trong mot x6 va 18y 100 mL mau nudc dung trong
chai thuy tinh sAm mau. T4t ca cdc mau dinh luong

duoc bao quan bang dung dich Lugol’s acid [9].

Mau phan tich doc t6: 3 mL nudc duoc 18y
ttr ho chira dung trong dng eppendorf va luu trix &
—18 °C cho toi khi phan tich.

2.3  Phan tich dinh tinh

St dung phwong phap so sanh hinh thai.
Viéc dinh loai va mo ta loai dwoc dya trén ca mau
s6ng, mau cd dinh ciing nhu cdc mau nudi cay.
Anh duoc chup bang kinh hién vi BX51 ¢6 gén bd
phéan chup hinh [9].

2.4  Phan tich dinh lugng

Dém s6 luong t€ bao dwa vao phuong phap
dém véi buong dém Sedgewick — Rafter (dung tich
1 mL v6i 1000 6 dém) [10].
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2.5 Phan tich doc t6 CYN

Thi nghiém mién dich lién két véi enzym
(ELISA). Nong d6 cylindrospermopsin trong mau
nudc twe nhién va trong moi treong nudi cdy duoc
tich d6c t6 véi bd kit Abraxis

Cylindrospermopsin ELISA (Microtiter Plate)

phan

(Abraxis, Hoa Ky). Tat ca cac budc dugc thuee hién
theo huwéng dan ctia nha san xuat. Mat d6 quang
cta mau duoc do & bude séng 450 nm trén hé
thong may doc ELISA ty dong (CODA, Bio-Rad,
Hoa Ky) va nong d¢ cylindrospermopsin (ug/L)
trong cac mau duwoc x4c dinh dua vao duong
chuan cta cylindrospermopsin-HRP. Néu nong do
cylindrospermopsin trong cac mau cao hon chat
chudn (2 pg/L) thi cdc mau duoc pha loang cho dén

khi nam trong khoang ctia duwong chuan.

3 K&t qua va thio luan

3.1 Thanh phin loai VKL ¢ hé Budn Phong

Két qua khao sat thanh phan loai VKL da ghi
nhan dwogc 23 loai thudc 10 chi, 5 ho va 3 bd
(Chroococcales,  Oscillatoriales, Noctoscales).
Danh muc thanh phan loai VKL dwoc sap xép theo
hé théng phan loai cia Komarek va Anagnostidis

va duoc trinh bay ¢ Bang 1.

Béang 1. Thanh phan loai VKL & ho Budén Phong tinh

Dak Lik
H6 Bu6n phong
STT Tén khoa hoc Mia (BF)
Mua kho
mua
Bo Chroococcales
Ho Merismopediaceae
1 Aphanocapsa holsatic + +
) Merismo;'ﬂedia . B
tenuissima
3 Woronichinia compacta + +
4 Woronifhinia B .
naegeliana*
5 Snowella fennica + -
Ho Microcystaceae
6 Microcystis aeruginosa® + +
45
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H6 Bu6n phong
STT Tén khoa hoc Muia (BF)
Mua kho
mua
7 Microcyst?f: . .
wesenbergii*
8 Microcystis botrys* + +
9 Microcystis flos—aquae® + +
10 Micr.ocyst.is . .
panniformis*
11 Microcystis novacerkii +
12 Microcystis cf natan +
13 Microcystis spl. + —
14 Microcystis sp2. + -

B0 Oscillatoriales
Ho Oscillatoriaceae

15 Oscillatoria limosa* -
16 Oscillatoria sancta —
17 Oscillatoria sp1. +
Ho Pseudanabaenaceae
18 Plc%nktolyngbya . .
circumcreta®
19 lelzktoly.n gbya N N
limnetica*
Bo Nostocales
ho Nostocaceae
20 Anabaena sp.* +
21 Anabaena circinalis* -
” Aphm?izomenon B .
ovalisporum™
23 | Raphidiopsis raciborskii* + +

Ghi chil: Dau +: Xuat hién; dau *: Loai sinh ddc t6.

Tai ho Bu6én Phong tat ca cac loai déu c6 mét
tai ba vi tri nghién cttu (BP1, BP2 va BP3), trong d6
13 loai sinh déc t6 (chiém 56,5% tong sO loai) tap
trung chu yéu & b Chroococcales (46,2%). Nhin
chung, khong c6 su khéc biét trong phan bs theo
khoéng gian ctia cac loai VKL trong ho nghién ctru.
biéu nay phan anh tinh chat kha dong nhat cta

moi treong nudce trong toan ho.

Trong s6 23 loai VKL ghi nhan duoc, bd
Chroococcales bao gom nhitng loai dang don bao,
tap doan cd 2 ho (chiém 40% tdng s6 ho), 5 chi
(chiém 50% tong sd chi) va 14 loai (chiém 60,7%
tong so loai). Tiép dén la bd Oscillatoriales bao gom
nhitng loai dang s¢i, khong ¢ t€ bao di hinh ¢6 2
ho (chiém 40%), 2 chi (chiém 20%), 5 loai (chiém
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21,7%); bo Nostocales gom nhiing loai dang soi, c6
té€ bao di hinh ¢6 1 ho (chiém 18,1%), 3 chi (chiém
30%), 4 loai (chiém 17,4%) (Hinh 2). Nhu véy, bo
Chroococcales chiém s6 luong nhiéu nhat cho ca

ho, chi va loai.

Ti 1é phan tram twong ddi cua cac chi VKL
trong khu vuc nghién cttu la Microcystis 39,1%,
Oscillatoria 13,1%, cac chi nhw Planktolyngbya,
Anabaena, Woronichini, mdi chi chiém 8,7% va cac
chi con lai nhw Aphanizomenon, Raphidiopsis,
Snowella, Merismopedia, Aphanocapsa mdi chi chiém
4,4%, trong d6 chi Microcystis chiém s6 lwong loai
nhiéu nhat trong quan xa VKL (Hinh 2). Két qua
nay hoan toan phtt hgp véi nhitng nghién cttu cua
mot s tac gia khi thay rang Microcystis 1a thanh
phan chinh trong cac thuy vue ho nghién ctru [11,
9, 12]. Sut giau loai cia nhitng chi nay trong cac viec
nudc cd thé vi trong nhitng hé néng va pht dudng
thuong xudt hién nhiéu loai cia nhém VKL khong
c6 kha nang ¢8 dinh nito (nito trong ho khong gioi
han), dac biét la bo
Osillatoriales
Oscillatoria [13].

Chroococales va bd

bao gbébm chi Microcystis va

Khi so sanh véi cac nghién ctru vé thanh
phén loai VKL trong mdt so thuy viee da dwgc cong
b3, két qua khao sat cho thay sd luong loai VKL
trong khu vuc nghién ctu it hon so véi hé Dau
Tiéng — 42 loai [12], h6 Hoan Kiém - 55 loai [11] va
ho Tri An - 59 loai [14]. C6 thé su kém da dang vé
thanh phan loai & ho nghién cttu mot phéan 1a do sw
nd hoa thuan loai cua R. raciborskii xuyén sudt ca

nam két hop véi sw nd hoa ctia cac loai thudc chi

B Microcystis

A Oscillatoria

B Planktolyngbya
B Anabaena

B Woronichini

B Aphanizomenon
B Raphidiopsis

B Snowella

B Meris-mopedia
EAphanocapsa

Hinh 2. Ty 1& phan trdm s& loai trong cac chi VKL
6 ho Budn Phong
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Microcystis  (Microcystis  aeruginosa, Microcystis
wesenbergii, Microcystis botrys, Microcystis flos-aquae,
Microcystis panniformis) trong sudt nhiing thang
mua kho. Cac loai nay duoc cho la cé kha nang tao
ra doc t6 nhw chat tic ché cdm nhiém. Tai ho Waahi
cing bét gap hién twong twong tu khi R. raciborskii
nd hoa thuan loai, dat s6 luong t€ bao trén 262.700
tb/L thi chi bt gdp sw xudt hién ctia mot loai tao
silic véi mat do rat thdp 1900 tb/L. Khi hién tueong
no hoa giam, sy da dang thanh phan loai tang 1én
v4i s xuat hién ctia mdt s6 loai nhw: Peridinium

sp., Trachelmonas volvocina va Scenedesmus sp. [15]

3.2 Su xult hién ctua Raphidiopsis raciborskii
va ham lugng doc t6 CYN trong ho Budn
Phong

Hinh thai ctaa Raphidiopsis raciborskii
(Woloszynska) Aguilera, Berrendero Godmez,
Kastovsky, Echenique va Salerno

Hinh thai: Ngoai tw nhién, sgi don ddc, dai
100-250 um, thfmg, trdi noi tu do, hoi eo thit tai
vach t€ bao, thon dan vé cudi soi v6i nhitng t€ bao
tan cung hinh nén tron. Cac t€ bao dinh dudng
hinh try, dai 4,5-10,5 um, rong 2,5-4,5 um. T€ bao
di hinh don d¢c, hinh nén hodc hinh mi tén, rong
3-3,5 um, dai 6,5-10,5 pm. Bao t&t nghi khong quan
sat thdy trong tu nhién. Trong nuoi trong, chiéu dai
s0i bién d6i manh ttr 50 um cho dén hang chuc cm,
bén lai vdi nhau thanh dam (Hinh 3d). Cac té€ bao
dinh duéng dai 10-12,5 pm, réng 3—4,5 um. Hinh
théi t€ bao di hinh thay ddi da dang trong ciing moi
treong nudi cdy, xuat hién tan cung ¢ mot hodc ca
hai dau mao tan, dai 6-11,5 um, rong 2,5-5,5 um.
Bao t& nghi dai 8,5-13,5 um, rong 4,5-5,5 pm.

Phan bo: Loai xAm 1an, cd mat hau hét & cac
luc dia ngoai trit vung curc. Loai nay truwdc day
duoc tim thay 6 Ha N6i, Hué€ va Nha Trang véi tén
goi Anabaenopsis raciborskii Woloszynska. Trong
cac ndm gan day chung xuat hién 6 ho Xuan
Huong, h6 Dau Tiéng, ho Tri An va mét s6 thay
vie & Hué [3, 10, 11]. Loai ¢6 kha nang tao doc t6

cylindrospermopsin, saxitoxin.
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Hinh 3. Hinh théi caa Raphidiopsis raciborskii & ho Budn
Phong trong ty nhién va trong nudi trong. Kich thuwéc
10 um

Sy xudt hién caa loai VKL ddc Raphidiopsis
raciborskii va ham lwgng déc t6 CYN trong ho
Buo6n Phong

Loai R. raciborskii xudt hién xuyén sudt ca
nam trong h6 nghién cttu voi mat do bién dong
dang ké theo mua, thdp vao nhiing thang mua mua
va cao hon vao nhitng thang mua khé. Mat d6 dao
dong tir 53,6 x 106 dén 58,3 x 107 tb/L (Hinh 4).
Trong nhitng nghién cttu truedc day, mat do no hoa
cua R. raciborskii & nhiéu thtuy vuc la khac nhau:
trén 262 x 106 th/L [15], trén 200 x 106 tb/L [16] hodc
nadm trong khoang tir 1,3 x 10¢ dén 41,5 x 106 tb/L
[17]. Vi s8 luong t€ bao trong khoang tir 53,6 x 106
dén 58,3 x 107 tb/L, loai R. raciborskii dwoc xem la
nd hoa quanh nam tai h6 nghién ctru. Hién tuong

700 08

(n/L)

(Triéu 1€ bo/L)
g

——CYN (ug/)

R raciborskii
(Triéu t bao/L)

Hinh 4. Mat d6 va ham lugng doc t6 tir thang 5-
2019 dén 4-2020 ¢ h6 Budn Phong

47



Ng6 Thi Didm My va CS.

nay ciing xudt hién trong mét s thuy vue ¢ vung
can nhiét ddi va nhiét ddi [18, 2]. C6 1é vi nhu cau
nhiét do cao cho su sinh treong nén R. raciborskii
khong thé ton tai dang t€ bao dinh dudng trong
sudt mua dong ¢ vung 6n doi. Riéng & vung nhiét
déi &m quanh ndm, quan thé chu yéu ton tai dang
soi dinh dudng va day ciing dugc xem nhw nguoén
nguyén liéu cho s nd hoa quanh nam cua loai nay
trong nhitng thiy virc nhiét d6i [16]. Bén canh do,
trong ho con xuat hién loai VKL Anabaena sp. voi
mat do t&€ bao kha cao tir 2,2 x 10¢ dén 72,3 x 10¢
tb/L. Pong thoi v6i viéc phan tich sy hién dién va
mat do té€bao R. raciborskii trong ho, chiing t6i cling
phan tich ham lwong doc t6 CYN trong mau nude
tw nhién. Cac két qua phan tich ELISA cho thay doc
t0 CYN trong nudc ho chira c6 mét trong sudt 12
thang nghién cttu, dao dong tir 0,04 dén 0,72 ug/L.
Ham luong cao nhat roi vao cudi mua kho (thang
4) va thap nhét 1a dau mua mua (thang 5). Mac du
ham luong déc to van nam dudi mie d6 nguy hai
(1 ug/L - WHO) nhung su xudt hién doc td trong
nudc ho chira da cho thdy rui ro tiém tang do day
la ngu6n nudc duoc st dung sinh hoat, chan nu6i

va nudi trong thuy san.

4  Kétluan

Qua diéu tra thanh phan loai VKL ¢ ho
nghién cttu, chung t6i ghi nhan duoc 23 loai phan
bd trong 10 chi, 5 ho va 3 bo (Chroococcales,
Oscillatoriales, Noctoscales). Trong d6, bd
Chroococcales ¢6 s6 luong ho, chi va loai cao hon
hai by con lai. Chi Microcystis c6 s6 lwong loai
nhiéu nhat trong quan xa VKL tai khu vuc nghién

7

cuu.

Raphidiopsis raciborskii (soi thang) no hoa
quanh ndm trong h6 véi mat d¢ t€ bao dao ddng tir
53,6 x 106 dén 58,3 x 107 tb/L (thap vao nhitng thang
mua mua va cao hon vao nhitng thang mua kho).
Ham luong doc t6 CYN trong moi truong cé mat
trong su6t 12 thang nghién cttu, dao dong tir 0,03
dén 0,72 ug/L (ELISA). Ham lwgng cao nhat roi vao
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cudi mua kho (thang 4) va thdp nhat la dau mua
mua (thang 5). Mac du ham luwong ddc t& van ndm
dwdi mire d6 nguy hai (1 pg/L - WHO) nhung suw
xudt hién ddc td trong nwdc ho chira da cho thay
rui ro tiém tang do day la nguon nudc dwgc sw

dung sinh hoat, chan nudi, nuo6i trong thuy san.

Tai liéu tham khao

1. Burford MA, Willis A, Chuang A, Man X, Orr P.
Recent insights into physiological responses to
nutrients by the cylindrospermopsin producing

Cylindrospermopsis  raci-borskii.

Chinese Journal of Oceanology and Limnology.

2018(36):1032-1039.

cyanobacterium

2. Werner VR, Tucci A, da Silva LM, Yunes ]S,
Neuhaus EB, Berthold DE, et al. Morphological,
ecological and toxicological aspects of Raphidiopsis
raciborskii (Cyanobacteria) in a eutrophic urban
subtropical lake in southern Brazil. Theringia, Série
Botanica. 2020;75.

3. Amaral V, Bonilla S, Aubriot L. Growth
optimization of the invasive cyanobacterium Cy-
lindrospermopsis raciborskii in response to phos-phate
fluctuations. Eur J Phycol. 2014(49):134-41.

4. Rigamonti N, Aubriot L, Martigani F, Bonilla S,
Piccini C. Effect of nutrient availability on
cylindrospermopsin gene expression and toxin
production in Cylindrospermopsis raciborskii. Aquat.
Microb. Ecol. 2018(82):105-110.

5. Puerto M, Prieto Al, Maisanaba S. Mutagenic and
genotoxic potential of pure Cylindro-spermopsin by
a battery of in vitro tests. Food Chem Toxicol.
2018(121):413-422.

6. Yang Y, Yu G, Chen Y, Jia N, Li R. Four decades
of progress in cylindrospermopsin research: The ins
and outs of a potent cyanotoxin. Journal of
hazardous materials. 2021;406:124653.

7. JinY, Zhang SS, Xu HZ, Ma CX, Sun JM, Li HM, Pei
HY. Application of N-TiO: for visible light
photocatalytic degradation of Cylin-drospermopsis
raciborskii  more  difficult than that for
photodegradation of  Microcystis  aeruginosa?
Environmental Pollution. 2019(245):642-650.

8. Stefanova K, Radkova M, Uzunov B, Girtner G,
Stoyneva-Gartner ~ M. Pilot
cylindrospermopsin-producers in nine shallow
Bulgarian waterbodies reveals nontoxic strains of

search for



Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Tw nhién
Tap 131, S6 1A, 43-49, 2022

pISSN 1859-1388
eISSN 2615-9678

10.

11.

12.

13.

Raphidiopsis raciborskii, R. mediterranea and
Chrysosporum bergii. Biotechnology &
Biotechnological Equipment. 2020;34(1):384-94.

Nguyen TTL, Hoang TH, Nguyen TK, Duong TT.
The cyanobacterium
Cylindrospermopsis and its
cylindrospermopsin in the Huong River, Thua
Thien Hue province, Vietnam. Environmental
Monitoring and Assessment. 2017;189(10):490.

occurrence of toxic

raciborskii toxin

Karlson B, Cusack C, Bresnan E. Microscopic and
molecular methods for quantitative phy-toplankton
analysis (IOC Manuals and Guides, no. 55)
(I0C/2010/MG/55). UNESCO, Paris. 2010.

Duong TT, Sabine J, Le TPQ, Ho CT, Hoang TK,
Nguyen TK, et al. The occurrence of cyanobacteria
and microcystins in the Hoan Kiem Lake and Nui
Coc Reservoir (Northern Vietnam). Environ Earth
Sci. 2014(71)-:2419-2427.

Pham TL, Dao TS, Tran ND, Jorge N, Claudia W,
Utsumi M. Influence of environmental factors on
cyanobacterial ~ biomass and microcystin
concentration in the Dau Tieng reservoir, a tropical
eutrophic water body in Vietnam. Int ] Lim.

2017(53):89-100.

Havens KE, James RT, East TL, Smith VH. N:P
light
dominance in a subtropical lake impacted by non-

ratios, limitation, and cyanobacterial

DOI: 10.26459/hueunijns.v131i1A.6341

14.

15.

16.

17.

18.

point source nutrient pollution. Environmental
Pollution. 2003;122(3):379-90.

Dao TS, Cronberg G, Nimptsch J, Do-Hong LC,
Wiegand C. Toxic cyanobacteria from Tri An
Reservoir, Vietnam. Nova Hedwigia. 2010b-
(90):433-448.

Ryan EF, Hamilton DP, Barnes GE. Recent
occurrence of Cylindrospermopsis raciborskii in Wai-
kato lakes of New Zealand. New Zealand Journal of
Marine and Freshwater Research. 2003(37):829-836.

McGregor GB, Fabbro LD. Dominance of
Cylindrospermopsis raciborskii (Nostocales, Cyano-
prokaryota) in Queensland tropical and sub-tropical
implications for monitoring
management. Lakes and Reservoirs Research and
Management. 2000;5(3):195-205.

reservoirs: and

Li X, Huo S, Zhang ], Xiao Z, Xi B, Li R. Factors
related to  aggravated Cylindrospermopsis
(cyanobacteria) bloom following sediment dredging
in an eutrophic shallow lake. Environmental Science
and Ecotechnology. 2020;2:100014

Recknagel F, Zohary T, Riicker J, Orr PT, Branco CC,
Nixdorf B. Causal relationships of Raphidiopsis
(formerly Cylindro-spermopsis) dynamics with water
temperature and N:P-ratios: A meta-analysis across
lakes with different climates based on inferential
modelling. Harmful Algae. 2019;84:222-32.

49



