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Because of many applications and priorities in industry, microalgae culture is
growing in number and scale; therefore, a small, fast and low-cost device for
measuring algal concentrations is required. In this study, a portable and low-
cost absorption device of microalgae Chaetoceros gracilis was researched and
fabricated based on the color sensor TCS3200; the optical source was a
monochrome LED. The technology of fast patent based on 3D printing was
applied in the design of the measuring chamber and the finishing of product.
The system was evaluated and compared with the UV-viss spectrometer. The
results showed that the absorption of the microalgae Chaetoceros gracilis
solution linearly depended on its concentration in the range from 0 to 3.80
Megacell/mL. The experiment results showed that the red-LED with a
wavelength of 660 nm was suitable to evaluate the concentration of microalgae
Chaetoceros gracilis using the absorbance measurement method. The
sensitivity of the fabricated device was estimated to be 0.130 (Megacell/ mL)™,
and its limit of detection (LOD) was calculated to be 0.226 (Megacell/ ml) with
good linearity (R? = 0.9985). The total cost of the complete device is about
50%. This fabricated absorption device is compact, low cost, and displays
results quickly. Hence, this device is potential to apply in the concentration
measurement microalgae in actual and then develop into an online and real-
time measurement system in the future.
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V6i nhiéu tng dung va uu diém trong cong nghiép, nuoi trong vi tao dang
ngay cang phat trién vé s6 luong va quy mo, dit ra Yyéu cau vé céc thiét bi do
nong do vi tao nho gon, nhanh chong va chi phi thap. Trong nghién cau nay,
mot thiét bi di dong do hé sb hap thu cua dung dich vi tio Chaetoceros gracilis
cam tay duoc nghién ciru va ché tao dya trén cam bién mau TCS3200, ngudn
phat 1a diode LED don sic. Cong nghé tao mau nhanh in 3D duoc tng dung
trong thiét ké budng do mau va hoan thién san pham. Hé do duoc danh gia va
so sanh va&i phd hap thu do tir may UV-viss. Két qua cho thay, hé sé hap thu
cua dung dich vi tao Chaetoceros gracilis phu thugc tuyén tinh vao nong do vi
tao trong khoang tir 0 dén 3,80 Megacell/mL. Khao st cho thdy LED d6 c6
budc séng 660 nm 1a phii hop dé danh gia ndng do vi tao Chaetoceros gracilis
s dung phuwong phap do hép thu. Do nhay cua hé do dat duoc la 0,130
(Megacell/mL)™, gisi han phat hién 0,226 (Megacell/ml) véi d6 tuyén tinh dat
dugc cao (R? = 0,9985). Gia thanh hoan thién cua hé do xdp xi 50 $. Hé do
dugc ché tao nho gon, gi4 thanh thip, két qua hién thi nhanh chéng; do do, hé
do c6 tiém nang rat 16n dé ung dung trong do ndng do tao tai hién truong va
phét trién thanh hé do lién tuc thoi gian thyc trong twong lai.
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1. Giéi thiéu

Vi tao la sinh vat quang hop don bao, kich thudc tir vai um dén vai trim pm séng trong moi
truong nudc man va nude ngot. Ngay nay, vi tao ¢6 nhiéu ang dung quan trong trong cac nganh
cdng nghiép. Tuong tu vai tro cua thuc vat vai dong vat trén can, vi tao dai dién cho co s& dinh
dudng tu nhién va la ngudn cung cap chit dinh dudng chinh cuaa sinh vat dudi nude. Do dé, vi
tao dong vai tro quan trong trong nuoi trdng thuy san [1]. Tuy thudc vao loai vi tao, c6 thé chiét
Xuat cac hop chat c6 gia trj cao trong cong nghiép my pham, dugc pham, dinh dudng va phu gia
thuc pham [2], [3]. Vi tao ¢6 nhiéu wu diém nhu kha ning thich nghi cao trong nhiéu diéu kién
moi trudng, dic biét trén ca cac ving dat khdng thé canh tac nong nghiép, khong yéu cau nudc
ngot Véi Vi tao bién. Tc do phat trién cua vi tao nhanh hon 5 - 10 lan cay luong thyc, ning suat
lipid gap 15 - 300 lan cay lay dau théng thuong. Viéc nghién cau nudi trong vi tao dang ngay
cang dugc quan tam nham giai quyét cac thach thic 16n nhu 6 nhiém méi trudng, ning lugng tai
tao, bién doi khi hau,... Qua trinh nudi trdng vi tao cé thé sir dung CO; tir khi thai cong nghiép,
nitrogen va phosphorus tir nuéce thai chira NH4*, NOs', PO4”. Vi tdo c6 thé cung cap nguyén liéu
cho mét s6 loai nhién liéu diesel sinh hoc, methane, hydrogen, ethanol,... [2]-[5].

Vi sy phat trién vé sé lugng va quy mo, cac hé théng nudi trong vi tao can thiét phai cé cac
thiét bi do nong do Vi tao nham kiém soét, cai tién quy trinh nudi, xac dinh thoi diém thu hoach
[6]. Hién nay, mot s6 phuong phap dang duoc str dyung dé xac dinh ndng dd vi tao nhu can khbi
lwong kho, dém trén kinh hién vi [7], do quang phd [8], do lugng protein [9], do huynh quang
[10], [11]. Tuy nhién, cac phuong phap nay déu yéu cau phai chuan bi mau, ton thoi gian va cong
suc, phu hop trong phong thi nghiém [12]. Cac phép do hién truong nhu do luu huynh, cac phep
do quang, phd hong ngoai gan, do hap thu c6 wu diém nhanh chong, don gian nhung van can thiét
bi phirc tap. Bé khic phuc nhiing van dé nay, di va dang co nhiéu nhém nghién ctu trién khai
xay dung hé do sir dung LED phat quang va cam bién anh sang dé do néng do tao nhanh. Nhém
nghién ctru Micaela Benavides di st dung LED RGB lam nguon phat va cam bién quang TAOS
TSL13T lam ngudn thu dé do ndng do tao véi gia thanh thap [13]. Nhém nghién ctu Binh T.
Nguyen sir dung cam bién do do duc dé do nong do tao [14]. Nhém nghién ciru Raben Christian
Barbosa st dung LED vdi cac budc séng 400 nm, 850 nm va 940 nm két hop véi cam bién quang
lam hé do ndng do tao [15]. Do d6, viéc phét trién mot thiét bi c6 kha ning do nhanh va nhé gon
ndng do vi tao I can thiét va kha thi.

Trong nghién ctru nay, mot hé do hé sb hap thy gia thanh thap duoc nghién ciru ché tao. Hé do
sir dung diode phat quang (LED) lam ngudn phét véi 3 mau co ban gdm mau d6 (RED- Apeak =
660 + 20 nm), mau xanh 1a cay (Green - Apeak = 515 £ 30 nm) va mau xanh luc (Blue - Apeax= 470
+ 25 nm). Cam bién quang hoc sir dung 1a cam bién mau TCS3200 c¢6 wu diém 1a do nhay cao, c6
kha ning chon duoc bd loc twong tng véi ngudn phat va chuyén déi truc tiép tir cuong do anh
sang thu duoc sang tan sb cua tin hiéu xung vudng gidp giam nhiéu tét va d& dang doc dwoc bang
cac bo vi diéu khién théng dung. Bo mach Arduino UNO R3 dugc st dung lam bo thu thap va xir
ly dir liéu thu dwoc. Két qua sau xtr Iy duoc hién thi trén man hién thi OLED va guri 18n may tinh
thong qua giao tiép USB. Két qua thu dugc cho thiy hé thong da do dwoc hé sé hap thu cua dung
dich chira cac ndng do vi tao khac nhau véi do tuyén tinh 16n, tinh 6n dinh cao. Uu diém cua hé
thng duoc ché tao 12 nho gon, o gia thanh thap va dé dang giao tiép dugc voi may tinh thong
qua giao tiép USB, do d6 c6 kha ning tng dung cao dé do trén hién truong.

2. Ly thuyét va phuwong phap thuc nghiém
2.1. Phwong phdp do hdp thu khdo st néng dp tdo trong dung dich

Theo dinh luat Beer-Lambert, ndng d6 mét chat trong dung dich lién hé véi do hp thu theo
cong thuc [12], [13], [16], [17]: A=exc X p @
Trong do, A la cuong do hap thy, £ 12 hé s6 hap thu (Imol*em™), ¢ la nong d6 chat trong dung dich
(mol/l), p 1a d6 dai quang dudng anh sang di qua mau (cm). Truong hop dung dich chira tio, ¢ 1a nong
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d6 tao trong 1 ml dung dich don vi la Megacell/ml. Trong nghién ctu nay, dung dich tao Chaeto
G’raCiIiS véi nong do co ban la 3,8 Megacell/ml dugc sir dung dé khao sat do hap thu. Mat khac, do
hap thu A cta anh sang truyén qua mot mau vat dugc tinh theo cong thirc:

Iy
A=logio )

Véi lo 12 cudng d6 anh sang toi, 1 1a cuong d6 anh ang sau khi truyén qua mau vat Hinh 1.

/Lép
Cuvette
Cuvette M_odulfvanr
\ /‘Cracrg??Zlgg
lo Dung | Budng
d|Ch mau\
C, & Thau kmh\
beén LED\ ‘f; ¥
+—pP—> ¢e ’

Hinh 1. M6 hinh do @6 hdp thu Hinh 2. M6 hinh 3D thiét ké buong do mau sir dung

phan mém Autodesk Fusion 360

Dé do cudng do sang, cam bién mau TCS3200 duogc st dung dé bién ddi cuong do séng thanh
tan s dau ra cua xung vudng. TCS3200 c6 vu diém nhu gia thanh thap, 6n dinh véi nhiét 46, do
tuyén tinh va d6 phan giai cao [18]. Tan sé dau ra f cua cam bién TCS3200 s& ti 1¢ thuan véi
cuong d6 anh sang toi cam bién. Nhu vay, cng thirc (2) tinh hé sb hap thu A cua anh sang truyén
qua mau vat dugc tinh theo cong thuc:

A= 10910]% 3)

Véi fo 12 thn s6 dau ra cam bién twong wng voi cuong do séang lo caa anh séng téi, 14 tan sb
déu ra cua cam bién tuong g véi cudng do sang | sau khi truyén qua mau vat. Tir cong thirc (1)
va (3) cho thay, nong db tao ¢ trong dung dich setilé tuyén tinh vai hé sé hap thu do bang cam
blen mau TCS3200. Trong nghién ctru nay, nguédn phat duoc sir dung la diode LED 4nh sang don
sac. Nguon LED cé dic diém la tiét kiém nang luong va nho gon, thich hop cho cac thiét bi phan
tich thu nho [19]. D6 hap thu cua dung dich tao ciing duoc khao sat boi hé do phé UV-VIS
(JASCO 2450).

2.2. Thiét ké va ché tao buong do méu sir dung phwong phdp in 3D

M3u do 14 cac dung dich vi tao Chaetoceros gracilis cd thé tich 3ml dwoc chira trong cuvette.
Nong d khéc nhau thu dwoc bang cach pha dung dich tio goc véi nudc cat theo ty 18. Budng do
mau duoc thiét ké su dung phan mém Autodesk Fusion 360. Ngu0n phat sir dung diode phat
quang LED dugc gdn vao budng do tai mit trudc va module cam bién TCS3200 dugc gan vao
mit sau dé do cudng do anh sang truyén qua. Nham tao ra anh sang c6 géc mo hep, thau kinh hoi
tu c6 géc m¢g 15° dugc gan trude dén led. Buong mau cé nap nham giam anh huéng cua anh sang
moi truong téi mau do. M6 hinh 3D cua budng do dwoc thé hién nhu Hinh 2. Kich thudc chi tiét
budng mau va nip dugc thé hién trén Hinh 3 véi don vi 1a mm. Kich thudc thiét ké da tinh dén
sai s6 trong qua trinh ché tao.

Ung dung c6ng nghé tao mau nhanh, budng mau dugc ché tao bang phuong phap in 3D, sir
dung may in Anycubic Mega-S dua trén cong nghé in FDM. Nhya PLA mau den dugc su dung
v6i muc dich giam nhidu tir anh sang méi truong ngoai. Dac biét, buong mau duoc thiét ké dé
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phi hop véi cuvette nhya vudng nham giam gia thanh. Do sir dung phuong phap in 3D, cuvette
dugc dat hoan toan vira khit véi budng do gitip giam nhiéu trong qua trinh do thé hién nhu Hinh
4; kich thuéc ché tao hc chira cuvette 1a 12,8 mm, sai khac 0,2 mm so vaéi thiét ké do phan giai
ctia may in. Buong mau da duoc ché tao co do chinh xac cao phu hop vai thiét ké ban dau sir
dung phan mém Autodesk Fusion 360.
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Hinh 4. Bugng do mau duwoc ché tao Hinh 5. Su phu thuge dau ra vao nong dé vi tao véi
si dung cbng nghé in 3D c&c mau nguon LED khéc nhau

2.3. Khdo sdt dé nhay mau ciia dung dich tdo

Ba mau LED duoc lya chon khao sat 1a do6 - red, xanh luc - green, xanh duong — blue twong
g véi cac bo loc cua cam bién TCS3200. Hinh 5 thé hién tan sé dau ra cam bién mau TCS3200
do bang Kethley 2000 twong ng Vei cac nong do vi tao. Két qua cho thdy, 4nh do tuong tng Vvéi
b6 loc mau do trén cam bién TCS3200 cho két qua tét nhat, tan s6 dau ra bién doi ‘manh vei nong
d6 vi tao. Trong khi do, cAc mau xanh lyc va xanh duong c6 it su thay doi khi nong d¢ tao thay
ddi. Nguyén nhan do LED d6 c6 dinh buéc song gan véi dinh hap thu caa vi tao Chaetoceros
gracilis 680 nm, thé hién nhu trén Hinh 6.
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Hinh 6. Phé phét xa ciia nguon LED va phé hdp thy cia vi tdo ¢ nong do 1.900 MegaCell/ml
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2.4. Thiét ké va xay dung hé do d hdp thu

Dua trén két qua khao sat nhay mau cua dung dich tao thé hién ¢ phan 2.3, hé do duoc xay
dung st dung nguon phat LED Lumex SSL-LXS5093XRC/4 c6 budc song trung tam tai 660 nm
lam nguodn phat 4nh sang, so do thiét ké hé do trén Hinh 7. Trong so dd thiét ké nay, cam bién
TCS3200 duoc cai dat bd loc mau do, 100% dai tan sé dau ra. Bo mach Arduino Uno dugc st
dung lam bo xt ly trung tdm thu thap va xi ly dit liéu thu dugc cua cam bién mau TCS3200
thdng qua chan s6 8 (Frequency). Nut nhan CAL sir dung dé ghi gié tri cuong do sang fo cua dung
dich chuan ban dau. Man hinh OLED 128x64 duoc sir dung dé hién thi gi tri do va giao tiép véi bo
mach Arduino thdng qua giao tiép 12C (chan A4 va A5). Ngudn nudi cia ca hé 1a ngudn 5 V/500 mA.
Hé do duoc xay dung véi gia thanh thap ¢& khoang 50 USD bao gom bo mach Arduino Uno (30$),
cam bién anh sang TCS3200 (5$), ngudn phéat LED (0.1$), budng cam bién va hop (5$), nguén nudi
5V (2$) va mét s6 phu kién khac nhu cuvet nhwa, day dién, mach in. Gia thanh nay so sanh dwoc véi
hé do dugc xay dung béi nhom tac gia Micaela Benavides [13].

Thuat toan cua hé do duogc thé hién trén Hinh 8. Hé ban dau khoi dong s& doc gia tri tan sé
chuan f, cua dung dich chuan tir EEFROM. Tiép theo hé thdng kiém tra xem nit CAL c6 bj nhin
hay khéng, néu c6 thi doc lai gié tri fo va luu vao EEFROM, néu khéng thi do tan s6 f cua dau ra
module TCS3200 va tinh gia tri do hap thu sir dung cong thic (3). Hé do duoc lap rap hoan
chinh, thé hién nhu Hinh 9. Kich thudc sau l4p rap cua hé 1a 67,5 x119,0 x 57,0 mm. Hé do nho
gon, phu hop véi cac phép do hién truong.

N
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Hinh 8. Luu do thudt toan hé do dg hap thu Hinh 9. Thiét bj do hap thu duwoc ché tao
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3. Két qua va thao luan

Hinh 10 thé hién pho hap thu ciia dung dich vi tao Chaetoceros gracilis ¢ cac nong do khéac
nhau, dugc do bang hé do UV-VIS. Két qua cho thay, dinh hap thu cua vi tao Chaetoceros
gracilis 1a ving mau do voi dinh tai buéc séng 680 nm thé hién nhu Hinh 10 (a). Hinh 10 (b) thé
hién mdi lién hé tuyén tinh cao giira ndng do va gia tri dinh hap thy cua vi tao Chaetoceros
gracilis tai buéc séng 680 nm (R? = 0,9980), do nhay cua phuong phap do UV-VIS dat duoc la
0,29 (Megacell/ml)™. Két qua nay tuong dodng véi nghién ctu caa nhom tac gia Fares A.
Almomani [12] khi sir dung hé sé hap thu tai budc song 695 nm dé do nong do vi tao Chlorella
vulgaris véi R? = 0,9960. Nhu vay, viéc sir dung phuong phép do phd hap thu dé tinh nong do vi
tao Chaetoceros gracilis la phu hop.

a 161 b

1.24

y=0.047-029x
R%=0.998

Néng dd
(MegaCell/ml)
3.800
1.900
— 1.267
— 0.950

Do hép thu

0.760
0.633

(urr 0g9) tpy dey o0

0.4

0.4 \/\_\
»\\—

400 500 600 700 800 1 2 3
Bude song (nm) Nong dd (MegaCell/ml)

Hinh 10. (a) Bé hdp thu ciia dung dich tdo véi cac nong dé khac nhau,
(b) sw phu thugc cua dé hap thu tai budc song 680 nm va nong do tao

Véi thiét ké hé do trén Hinh 7 str dung dén LED lam bo phét va module cam bién mau
TCS3200 lam bé thu, d6 hip thu cua tirng ndng d6 dung dich duoc tinh toan. Goi iy 1a cuong do
phét xa cta dén LED tai bude séng A (nm), 7, dap ung cua cam bién TCS3200 véi bo loc mau
do, a, 1a do hap thy cua dung dich vi tio voi ndng do xac dinh. Tong cudng do sang caa nguon
phat cam bién thu Iyes, duge tinh nhu sau:

750
ItCSO = Z i;\r;\ A (4)
2=550
Tur cong thic (2), cuong do sang sau khi di qua mau tai bude song A la:
. 2]
llt = 10&}L (5)
Téng cuong d6 sang sau khi di qua dung dich vi tao cam bién thu duoc Iy
750
Lies = Z iy, A (6)
2=550

Tir cong thic (2), (4), (6), d6 hip thy cua dung dich vi tao & nong d6 xac dinh duoc tinh theo
cbng thic:
ItCSO

(")

= log
Cc 10 Itcs
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Hinh 11. (a) Phé phét xa ciia dén LED Lumex SSL-LX5093XRC/4, (b)phé ddp ing cuia cam bién TCS3200
voi bo loc do

T dit liéu phd cua ngudn phat, phd dap tng cua cam bién TCS3200 trén Hinh 11 [18], [20];
phd hap thu cua vi tao trén Hinh 10, két qua tinh do hap thu 4p dung céng thic (7) cung véi gia
tri hap thu thu duoc tir thiét bi do thé hién nhu Bang 1.

Bang 1. Két qua do dg hap thu véi cac nong do vi tao khac nhau
M4u do (3 ml) P hip thu
Dung dich tao (ml) Nuéc (ml) Thiétbido  Tinh toan

Nong do (MegaCell/ml)

3 0 3,800 0,50 1,077
15 15 1,900 0,26 0,583
1 2 1,267 0,17 0,404
0,75 2,25 0,950 0,13 0,292
0,6 2,4 0,760 0,12 0,248
0,5 2,5 0,633 0,09 0,190
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Hinh 12. So sanh dg hap thu tinh toan va do tirthiétbi  Hinh 13. Do thi si phu thugc ciia dg hap thu tir
thiét bj cam tay vao nong do vi tao

Dd thi Hinh 12 thé hién tuong quan giira s6 liéu hap thu do cua thiét bi thé hién trén truc x va
s6 liéu tinh toan trén truc y. Két qua cho thay, do hap thu tinh toan gap 2,2 lan gia tri do tir thiét
bi, su khac biét nay la kho tranh khoi d6i véi cac hé cam tay va hé sé nhan phu thudc vao ciu tao
hé do [21]. Hai gia tri co do tuyén tinh cao véi R? = 0,997 cho thay, hoan toan cé thé dung két
qua tir thiét bi cam tay trong xac dinh ndng do vi tao.

Hinh 13 thé hién su phu thu¢c cua do hap thu vao ndng do vi tao. Két qua cho thiy su phu
thuoc nay 1a tuyén tinh. Do nhay cia cam bién dat duoc 14 0,130 (Megacell/ml)™? va c6 d6 tuyén
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tinh cao voi R2=0,9985. B tuyén tinh cua hé théng ché tao 1a twong ddng véi hé do vi tao duoc
xay dung boi nhém tac gia Micaela Benavides (R? = 0,9961) [13], hé do vi tao cua nhdm tac gia
Ruben Christian Barbosa (R? = 0,8071~0,9642) [15], va hé do vi tdo cua nhém tac gia Binh T.
Nguyen (R?= 0,95) [14]. Két qua nay cho thay hé do dugc ché tao ¢ kha ning cao ung dung dé
do nong db vi tao trong dung dich.

Bang 2. Két qua hai quy tuyén tinh A[P¢ hdp thu] = by +bic[Nong dé]

bo 0.012415
Sai s chuén 0.004668
by 0.128411
Sai s chuén 0.002464
R? 0.9985
Sai s6 chuan phan du 0.006561

Phuong trinh lién hé giita ¢ hap thu A va nong do vi tao ¢ dugc thé hién:
A=0,130xc+ 0,012 (8)
Gioi han phat hién dugc tinh theo phuong phap dé cap bsi nhém tac gia D. L. Massart [22].
Vi mé hinh hoi quy tuyén tinh thé hién nhu phuong trinh sau:
A=by+b xc+e ©)
e~N(0,02) (10)
v6i A 1a d6 hap thy, ¢ 1a ndng do, & 14 18i cua md hinh duoc gia dinh tuan theo phan phdi chuan,
giai han trén khoang tin cay cua A khi gié tri nong do ¢ bang 0 la:

EZ
R @

n 1a s6 quan sat thu thap duoc, ¢i 1a quan sat thi i, tes2 12 vi tri ham phan phéi t bac n-2 c6 gia
tri 1-a, € la gi& tri trung binh cua x. Gid tri ceo twong (tng véi Ac:

1
ACO = bo + ta;n_zo'\]]. +;+

A, — by
Ceo = Cb—l (12)
Gidi han ndng do c6 thé phat hién co:
o
Cp = Ceo + tﬁ;n—Z
1. (2c¢c,, —C)>
by 14+ 2 (13)
1\/ no ¥t i(c —0o)?

_ Vi s6 ligu trong Bang 1, va céc thong sd hoi quy tuyén tinh thé hién nhu Bang 2, phuong trinh
hoi quy tuyen tinh trén the hién nhu Hinh 13, n = 6 thay ¢ bang sai s chuan phan du trong mé hinh
hoi quy tuyén tinh, a, B bang 0,05 thu duoc gia tri gigi han nong do cé thé phat hién cp la:

Megacell
cp = 0,226 (—)

o (14)

4. Két luan

Trong nghién ctu nay, thiét bi do do hap thu cua dung dich vi tao Chaetoceros gracilis sir
dung cam bién mau TCS3200 da duoc thiét ké va ché tao thanh céng. Budng quang hoc va vo
cua thiét bi dugc ché tao sir dung cong nghé in 3D FDM. Nguén phét anh sang duoc st dung la
diode phat quang LED. Két qua do tir thiét bi cam tay duoc so sanh véi phd hap thu tir may UV-
VIS tuong ¢ng vai phd phat xa caa dén LED va phé dap wng caa cam bién. Két qua cho thiy,
anh sang do nhay véi nong d¢ ciia vi tao Chaetoceros gracilis, do d6, LED anh sang do budc
song 660 nm dugc sir dung dé lam ngudn phat quang hoc. P9 tuyén tinh caa hé do hoan thién
tuong dong véi may do phd UV-VIS véi R? = 0,9985. Do nhay cua hé do dat dwoc 1a 0,130
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(Megacell/ml), giéi han phét hién dat duoc 1a 0,226 (Megacell/ml). Hé do sau khi dugc ché tao
hoan chinh ¢ kich nho gon, do lap lai cao, gia thanh ré vai tong gia thanh hoan thién khoang
50$. Tinh nang hiéu chuan véi nat nhan CAL cho phép xac dinh d6 hap thu va néng d6 vai nhiéu
moi truong nudi tao khac nhau. Nhiing két qua trén cho thay hé do dugc ché tao c6 kha ning tng
dung cao dé do trén hién trudng ciing nhu phat trién thanh mot hé do lién tuc thoi gian thuc gié ré
sau nay.

Loi cam on
Nghién ctru nay dugc tai tro bai Pai hoc Qubc gia Ha Noi trong dé tai ma s6 QG.19.08.
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