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Phat trién tmg dung di dong dwa trén tri thire chuyén gia
ho tro sang loc nguy co mang gen bénh Thalassemia

Pham Quang Anh', L& Duy Anh', Ping Tién Diing?, Nguyén Phwong Linh',
Nguyén Thi Trang?, Tran Danh Cuong’, Tran Thi Van Anh"
Trwong Pai hoc Y Duwoc Thai Binh, 373 Ly Bén, phwong Tran Lam, tinh Hung Yén, Viét Nam
Truong Pai hoe Cong nghé, Pai hoc Quéc gia Ha Néi, 144 Xudn Thiy, phwong Cdu Gidy, Ha Ngi, Viét Nam
$Truong Pai hoc Y Ha Noi, 1 Ton That Tung, phuong Phuong Liét, Ha N¢i, Viét Nam
Ngay nhén bai 28/5/2024; ngay chuyén phan bién 1/6/2024; ngay nhan phan bién 23/6/2024; ngay chap nhan diang 26/6/2024
Tom tit:

Muc tiéu ciia nghién ciru la xay dwng co sé dir liéu tri thire chuyén gia vé két qua xét nghiém va danh gia do chinh
xac, do nhay, do dac hleu ciia ing dung di déng ho tro sang loc nguy co mang gen Thalassemia. Nghlen ctru thu thap
céc tri thire chuyen gia vé sang loc Thalassemla trén cac tai liéu, bao cao uy tin. H01 ciru va md ta cit ngang tren ho
so bénh 4n gom Kkét qua xét nghlem tong phéan tich té bao mau ngoai vi, két qua chin dosn gen Thalassemia, tién sir
lién quan dén Thalassemia ctia 233 thai phu va chong dén sang lgoc bénh Thalassemia tai B¢nh vi¢én Phu sin Trung
wong tir thang 8/2023 dén thang 6/2024. Két qua thu dwgc cho thiy, tudi trung binh ciia cic thai phu tham gia nghién
ciru 1a 31 tudi, chi c6 8,61% doi twong nghién ciru cé tién sir sinh con mic Thalassemia. Thé bénh hay gip nhit 1a
thé mang gen alpha-Thalassemia (54,08%). Pi c6 34 luit dwgc xdy dung cho co sé dir liéu hé tri thirc chuyén gia
sang loc nguy co mang gen bénh Thalassemia. Két qua ciia ung dung di dfng tir h¢ tri thirc chuyén gia dat do chinh
xac 91,30%, dd dic higu 72,73% va d9 nhay 1én dén 99,22%. Phan mém dwoc ing dung dwéi dang app dién thoai
di dong, giao dién than thién, dé sir dung.

Tir khoa: hé chuyén gia, Thalassemia, tri tué nhan tao, trng dung di dong.

Chi s6 phén loai: 1.2,3.1, 3.3

Mobile application development based on expert knowledge

supporting screening Thalassemia carriers

Quang Anh Pham', Duy Anh Le!, Tien Dung Dang?, Phuong Linh Nguyen!,
Thi Trang Nguyen?, Danh Cuong Tran’, Thi Van Anh Tran'
'Thai Binh University of Medicine and Pharmacy, 373 Ly Bon Street, Tran Lam Ward, Hung Yen Province, Vietnam
2University of Engineering and Technology, Vietnam National University - Hanoi, 144 Xuan Thuy Street, Cau Giay Ward, Hanoi, Vietnam
SHanoi Medical University, 1 Ton That Tung Street, Phuong Liet Ward, Hanoi, Vietnam
Received 28 May 2024; revised 23 June 2024; accepted 26 June 2024
Abstract:

The goal of the research is to build a knowledge base for an expert system on testing results and evaluating the
mobile application’s accuracy, sensitivity, and specificity, supporting screening of Thalassemia carriers. This
research collected the knowledge base about Thalassemia in reputable documents and reports. A retrospective,
cross-sectional study was carried out based on medical records, including complete blood count results, Thalassemia
genetic diagnosis results, and Thalassemia-related medical history of 233 pregnant women and husbands who came
to screen for Thalassemia at the National Hospital of Obstetrics and Gynaecology from August 2023 to June 2024.
The results have shown that the average age of the pregnant women who joined the survey was 31 years old, only
8.61% of the study subjects had a history of giving birth to a child with Thalassemia. The most common type
was alpha Thalassemia carrier (54.08%). 34 rules were developed for the knowledge base of the expert system for
screening the risk of carrying the Thalassemia gene. The mobile application results from the expert knowledge
system achieved an accuracy of 91.30%, a specificity of 72.73%, and a sensitivity of up to 99.22%. The software is
applied in the form of a mobile phone app with a friendly and easy-to-use interface.

Keywords: artificial intelligence, expert system, mobile application, Thalassemia.

Classification numbers: 1.2, 3.1, 3.3
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1. it van de

Thalassemia 12 mot bénh rdi loan di truyén anh huong
dén qua trinh tong hop huyét sic td, gy thiéu mau man
tinh va kéo theo nhiéu bién chirg nghiém trong & tim, gan,
xuong, tuyén ndi tiét, tac dong nang né dén sirc khoe gidng
noi ciing nhu chit lugng cude sdng ciia ngudi bénh va cong
ddng. Theo théng ké ciia TS chie Y té Thé gigi (WHO) nim
2018, khoang 5,2% dan s6 mang gen Thalassemia, 1,1%
cac cap vo chong c6 nguy co sinh con méc rdi loan huyét
sic td va 2,7/1000 truong hop thu thai bi anh huong [1].
Tai Viét Nam, ty ¢ ngudi mang gen bénh dao dong 7-10%,
v6i khoang 20.000 bénh nhan Thalassemia thé ning va hon
2.000 tré so sinh méc bénh mdi nam [2].

Bién phap phong ngira Thalassemia chii yéu 1a ngan
chan viéc sinh ra tré mic bénh, vi vay can tién hanh sang loc
dé phat hién sém cac thai phu va chong c6 nguy co mang
gen. Vo thang 4/2020, Bo Y té d4 ban hanh huéng din sang
loc Thalassemia trudce sinh trong quy I cta thai ky, quy dinh
tat ca thai phu bit budc phai lam xét nghiém tong phan tich
té bao mau ngoai vi, két hop khai thac tién st bénh ban than
va gia dinh, cting két qua xét nghiém méu ciia chong. Muc
tiéu 1a nhan dién sém ngudi mang gen dé c6 bién phap du
phong va can thiép kip thoi [3]. Tuy nhién, viéc sang loc
trude sinh bénh nay cho tat ca thai phu tai Viét Nam con gap
nhiéu kho khan, dic biét tai cac tuyén duéi hoac cac vung
dan toc thiéu sé boi sy hiéu biét vé bénh nay con han ché
khong chi & céac thai phy, gia dinh thai phu ma con & ca cac
nhan vién y té. Ngoai ra, hién nay, tri tué nhan tao dang phat
trién manh mé va dugc tng dung ngay cang nhiéu trong cac
linh vuc cua doi séng, trong d6 co y té. Chinh vi vay, viéc
xay dung mot ph?m mém tri tué nhan tao véi kién thuc to
hop tir hé tri thirc chuyén gia (Expert System) c6 thé phan
tich dong thoi nhidu di liéu va thong tin vé cong thirc mau
hay tién str gia dinh, c6 thé dap ing nhu cau hd trg cac nhan
vién y té cac tuyén trong viéc sang loc Thalassemia. Chi can
thao tac don gian 1a nhap sd liéu thong tin vé thai phu va
két qua cong thirc mau, phdn mém c6 thé ty dong dua ra két
ludn nguy co méc bénh cao hay thap va phan trim kha ning
du bao nguy co.

Xudt phat tir nhitng dic diém trén, nhom nghién ctru da
tién hanh thyc hién dé tai “Nghién ctru xdy dung tng dung
di dong trén nén tang tri tué nhan tao hd tro sang loc nguy
co mang gen bénh Thalassemia” v6i myc tiéu: Xay dung co
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s dit liu tri thirc chuyén gia vé két qua xét nghiém va danh
gia dg chinh xac, d nhay, do dac hiéu cua ung dung di dong
hd trg sang loc nguy co mang gen Thalassemia.

2. Doi tuong va phuong phap nghién ciiu
2.1. Péi twong

Poi twong nghién ciru cho xdy dung co sé dit liéu tri
thitc chuyén gia: Cac bao cdo, tai lidu, bai bio va hudng dan
uy tin vé Thalassemia trong giai doan 2007-2023.

Déi twong nghién ciru cho danh gia vmg dung di dong:
Két qua xét nghiém cuia cac cip vo chong thai phu dén kham
sang loc trude sinh bénh Thalassemia tai Bénh vién Phu san
Trung wong tir thang 8/2023 dén thang 6/2024.

Tiéu chuan lwa chon: Dbi véi xay dung co so dit liéu tri
thirc chuyén gia: Tai liéu chinh théng, dugc cong bd, duge
phép str dung; khuyén cdo ciia co quan y té lién quan chu
dé Thalassemia.

Doi voi viée danh gid vmg dung di dong: Thai phu/chong
thai phy co két qua xét nghiém mau, c6/khong c6 chan doan
gen Thalassemia, co/khong c6 tién st sinh con/gia dinh mic
Thalassemia. Uu tién trudng hop da c6 chan doan gen chinh xéc.

Tiéu chuan logi trir: Dbi véi xay dung co so dit liéu tri
thirc chuyén gia: Nghién ctru trung lap, khong phu hop tiéu
chi, khong do luong dir liu.

Poéi véi viée danh gid vmg dung di dong: Thiéu két qua
xét nghiém méu, gen, mac bénh tim than va cac bénh 1y 1am
anh huong chi s6 huyét hoc.

2.2. Phwong phap nghién ciru

Thiét ké nghién ciru: M6 ta cat ngang, hoi ctru dit liéu.

Mau nghién ctru: C& mau va cach chon mau
th X Pse X (1 B pse)

TP + FN = >
[0]
Z2 x x (1—
TN + Fp = 2% ZPsp 2( Psp)
w
TP + FN
Ny = ———— =140
p
_TN+FP_21
2 — 1_p -

trong d6: TP, FN, TN, FP lan luot 1a s6 duong tinh that,
am tinh gia, 4m tinh that va duong tinh gia. N, 1a ¢& mau
nghién ctru dé danh gia do nhay; N, la c& mau nghién ciru
dé danh gia do dic hiéu; o 1a sai 1am loai I. V&i khoang tin
cay la 95%, ta c6 o= 0,05. Nhu vay, Z 1a 1,96, v6i o 1a chi
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s6 dao dong cua do nhay va d¢ dic hi¢u (0=0,1), p_1a xac
suat duong tinh that (hay d6 nhay) téi thiéu. Ta c6 p_=0,95,
Vi p_ 12 xac suat am tinh thit (hay d dc higu) t5i thicu.
Té’l 6 p,=0,95, voi p la ty 16 mang gen bénh Thalassemia,
dén kham tai Bénh vién Phu san Trung wong udc tinh co
khoang 13% [4].

Quy trinh nghién ctru dugc thé hién & hinh 1.

Két qua chan doan
béang xét nghiém gen

Bang 1. Vi du vé tap luat.

Thir ty  Luat Két luan
IF HGB >= 110
AND MCV >= 80 . )
1 AND MCV <= 100 THEN Iongphantich € bioméu
ngoai vi binh thuong
AND MCH >= 28
AND MCH <= 32
IF HGB >= 110
AND MCV < 80 S
2 THEN Hong cau nho
AND MCH >= 28
AND MCH <= 32

) Xac dinh do
/ —| chinh xac cta
Y hé chuyén gia

Tién xtr i |
Bénh| | diliéu D ligu Thir
an [’| céng thirc kiémtra [ | nghiém
mau
PAT Nguy co

cao/thap
KHONGDAT

Hinh 1. Quy trinh nghién ctru.

Buwoc 1: Thu thdp va lam sach 6 lidu dé xdy dung co 56
dir liéu nham thir nghiém vmg dung: Ly day du cac gia tri
dau vao ciia phan mém bao gdm: cac chi s6 tong phan tich
té bao mau ngoai vi: MCV, MCH, HGB, RBC; cac chi s6
dién di huyét sdc to: HbA2, HbF; tién sir bénh nhan: tién sit
timg sinh con mic Thalassemia, tién sir gia dinh c6 nguoi
mic Thalassemia, tién str phu thai (bang 1).

Buée 2: Tim kiém, thu thdp, ra soat, loai trie va soagn
théo cdc tai liéu dé xay dung tdp ludt tri thire chuyén gia vé
sang loc nguoi mang gen Thalassemia: Mot s6 tai liéu chinh
duoc ding dé xay dung tap ludt c6 thé ké dén nhu: Hudng
dan chan doan va diéu trj mot s6 bénh 1y huyét hoc ban hanh
kém theo Quyét dinh s6 1832/QD-BYT ngay 1/7/2022 cia
B6 truong BO Y té [5]; Quyét dinh s6 921/QD-BYT ngay
18/9/2014 vé viéc ban hanh tai liéu chuyén mén “Huéng
dan chan doan va diéu tri bénh Hemophilia va Thalassemia”
[6]; hudéng dan phong ngira va chan doan cac bénh 1y huyét
sdc t6 danh cho chuyén gia y t& va cac nha nghién citru ctia
J. 0ld (2016) [7]; hudng dan sang loc ngudi mang gen bénh
Thalassemia va céc bénh 1y huyét sic t6 tai Canada ciia S.
Langlois va cs (2008) [8]; nhan xét vai trd cua xét nghiém
Hemoglobin A2 (HbA2) trong chan doan bénh Thalassemia
va cac bénh 1y huyét sic té lién quan ctua A. Mosca va cs
(2009) [9]; nghién ctru vé dic diém di truyén, quan ly 1am
sang va diéu tri bénh p-Thalassemia ciia A. Cao va cs (2010)
[10]; cac chuong trinh phong ngtra bénh Thalassemia ctuia A.
Cao vacs (2013) [11].
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Trong ngdn ngit 1ap trinh, “IF” 14 1énh néu, “AND” 14 1¢nh
va, “THEN” 1a két qua. Vi dy, mot lénh IF a AND b THEN
¢ ¢6 nghia Ia néu thoa man diéu kién a va b thi ket qua c sé
xdy ra. Céac chi so HGB, MCV, MCH lan luot 1a nong do
hemoglobin trong méu, thé tich trung binh hong cau va nong
do hemoglobin trung binh hong cau. Céac dau “>=", “<=" “<”
la cac toan tir thé hién lan luot cac gia tri sau “16n hon hodc
bang”, “nhd hon hodc bang”, “nhdé hon”. Cot “Dé xuat” s&
dugc dung dé ghi cac khuyén cdo cho cac nhan vién y t& tuy
thudc vao két luan.

Budc 3: Thir nghiém tdp ludt.

Buoc 4: Lya chon gidi phap ky thudt cong nghé, gidi
phadp phdn quyén sw dung va giai phap dir liéu, giai phap
sao lwu phuc hoi.

Bude 5: Thiét ké mé hinh trién khai, mé hinh xdy dung
ung dung, mo hinh kién truc ung dung.

Bude 6: Thiét ké giao dién.

Budc 7: Panh gia do nhay, do ddc hiéu va do chinh xac
cuia phan mém.

Phan tich va xir Iy s6 liéu: Cac két qua dua ra tir phan
meém du bao sau d6 dugc phan tich bang phuong phap thong
ké y hoc theo chuong trinh SPSS 16.0 va Stata.

Dao diec trong nghién curu: Nghién ciu duoc sy cho
phép cua Truong Pai hoc Y Dugc Thai Binh va dugc thong
qua Hoi dong Y dic cua Bénh vién Phu san Trung wong so
1042/CN-PSTW ngay 29/12/2020.

3. Kétqua
3.1. M6 ta diic diém bé dir liéu input va output

Nghién clru sang loc trude sinh bénh Thalassemia tai
Bénh vién Phy san Trung wong tir thang 8/2023 dén thang
6/2024 thu thap 233 truong hop, bao gdom 151 thai phu va
82 chong thai phu. Tudi trung binh ciia cac ddi tugng trong
nghién ciru 12 31 tudi. Chi c6 8,61% thai phu c6 tién sir sinh
con mic Thalassemia. Thé bénh hay gip nhét 14 thé mang
gen alpha-Thalassemia (54,08%), khong gap thé mang phoi
hop gen alpha va beta Thalassemia (0%) (bang 2).



Bang 2. Théng tin chung cta déi twong nghién cilru.

Pic diém S6 lwrgmg (n, %)
Tubi trung binh 31
- Nam 82 (35,19%)
Gidi (n, %)
Nir 151 (64,81%)
. Sinh con méc Thalassemia 13 (8,61%)
Tién st (n, %) ;
Sinh con khong mac Thalassemia 138 (91,39%)
Khong mang gen Thalassemia 76 (32,62%)
Thé bénh Mang gen alpha - Thalassemia 126 (54,08%)

Thalassemia

(0. %) 31(13,30% )

Mang gen beta - Thalassemia

Mang phdi hgp gen alpha va beta Thalassemia 0 (0%)

Phan mém hé tri thic chuyén gia dugc thiét ké dudi
dang mot co so tri thirc st dung céc tap luag IF-THEN va
mot bd may suy ludn, c6 kha nang du doan két qua dua trén
dir lidu dau vao. Co s¢ tri thirc cia phin mém dugc xdy
dung tir cac huéng dan va khuyén cao méi nhat cua cac
t6 chiic uy tin trong va ngoai nuéc nhu WHO, Lién doan
Thalassemia quéc té (TIF), Bo Y té va dugc tham dinh bai
doi ngii chuyén gia giau kinh nghiém. Do do, co s¢ tri thurc
va cac luat cia phan mém la yéu té quan trong nhat quyét
dinh hiéu qua ctia qué trinh sang loc. Trén thé gi6i, phuong
phép phd bién dé sang loc ngudi mang gen Thalassemia
1a str dung hai chi s6 MCV va MCH. Tinh trang hong ciu
nho nhuogc sic voi MCV<80 fl va MC<27 pg 1a 2 chi sd
thong dung nhit cho muc dich nay. Tuy nhién, Thalassemia
1a bénh 1y gy su giam hodc mét kha ning téng hop chudi
globin, tao ra cac hemoglobin bat thudng, anh huong dén tat
ca cac chi s6 huyét hoc chir khong chi riéng MCV va MCH.
Do d6, tap ludt cua phin mém trong nghién ctru nay dugc
xdy dung dua trén sy két hop ciia nhidu chi s6 khac nhau,
bao gém: HGB, MCV, MCH, ferritin va cac tién st lién
quan dén Thalassemia. Cac loai tap luat nhom nghién ciru
da xay dyng dugc trinh bay trong bang 3.

Bang 3. Co s& dir liéu tri thirc chuyén gia.

Luat S6 lwrong lut
Luét st dung cac chi s6 tong phén tich té bio méau ngoai vi 12

Luét st dung két qua ferritin huyét thanh 2

Luét két hop cong thirc mau, ferritin huyét thanh 8

Luét két hop cong thirc mau, ferritin huyét thanh va dién di huyét 11
séc t6

Luét lién quan dén tién st bénh nhan 1

Céc luat trong co so dit liéu tri thure chuyén gia dugc xay
dung dudi dang [F-THEN va c6 téng cong 34 luat da dugc
xay dung.
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3.2. Dy chinh xdc va kha nang dw bdao nguy co cia
wng dung di dong tir hé tri thirc chuyén gia trong sang loc
trudc sinh bénh Thalassemia

Két luén cua hé chuyén gia vé cong thirc mau va tinh
trang sit cua ddi twong nghién ctru dugc trinh bay trong
bang 4. Trong d6, tinh trang hong cau nho nhugc sic
(36,48%) va tinh trang khong thiéu sét (71,67%) chiém ty 1¢
cao nhét. C6 5 trudng hop thiéu sat déu co tinh trang hong
cau nho nhuoc sic, két qua cho thay 1 truong hop c6 mang
gen Thalassemia.

Bang 4. Két luan cha hé tri thirc chuyén gia.

S6 lwgng (n, %)
53 (22,75%)

Két luin tong phan tich té bao mau ngoai vi

Téng phén tich té bio mau ngoai vi binh thuong

Hf")ng cau nhugc séc 8 (3,43%)
Hong ciu nho nhuge sic 85 (36,48%)
Thiéu méu hdng ciu binh thuong 6 (2,58%)
Thiéu méau hdng ciu nhé nhuoc sic 73 (31,33%)
Hong ciu uu séc 8 (3,43%)
Két luan vé tinh trang sét

Thiéu sit 5(2,15%)

Khéng thiéu sit
Khong xac dinh dugce

167 (71,67%)
61 (26,18%)

Két luan ctia hé tri thire chuyén gia sau d6 dugc so sanh
v6i két qua chan doan chinh xéc tir cac chuyén gia dé danh
gi4 hiéu qua cia phan mém. Céc gia tri théng ké duoc trinh
bay ¢ bang 5, tng dung di dong tur hé tri thic chuyén gia
cho théy hiéu qua 72,73% vaéi d6 dac hiéu va do chinh xac
1én dén 91,30%.

Bang 5. Danh gia két qua cua tng dung di déng tir hé tri thirc
chuyén gia trong chan doan kha nang mang gen Thalassemia.

Chi s6 hiéu lic ciia bién phap Ty 1€ (%)
Do nhay 99,22
Do dac hig¢u 72,73
Do chinh xac 91,30
Gia tri du bao duong tinh 89,51
Gia tri du bao am tinh 97,56

Giao dién cua (mg dung duoc xdy dung dua trén nén
tang ReactJS nén co thé hién thi trén moi loai hé diéu hanh
va ty dong can chinh vira véi kich ¢d ciia man hinh. Khi
nguoi dung chay ung dung, mét giao dién dang nhap s& hién
thi yéu cau ngudi dung nhap tai khoan dé truy cap. Sau khi
dang nhap thanh cong, nguoi dung s€ dugc dua to1 giao
dién hé chuyén gia Thalassemia va man hinh dang hién thi
noi dé nhap cac dir lidu can thiét vé tong phan tich t& bao
mau ngoai vi, dién di huyét sdc to va tién sur. Sau do, khi
ngudi dung nhan “suy dién”, phan mém s& tra lai két qua dy
b4o nguy co mang gen Thalassemia cung cac kién nghi cho
nhan vién y té (hinh 2).
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HE CHUYEN GIA THALASSEMIA
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Hinh 2. Giao dién va thir nghiém ctia (rng dung di déng hé tro’ sang loc nguy co mang gen bénh Thalassemia.

4. Ban luan

Thalassemia 1a mot trong nhiing rdi loan di truyén pho bién
nhét ciia huyet sic t, gy anh huong nghiém trong dén chét
lugng cudc song va tudi tho cua nguoi bénh va gia dinh cua ho
néi riéng ciing nhu toan dén sé n6i chung. Vi vay, cac bién phap
sang loc phat hién nguoi mang gen gdy bénh dugc coi la mot
cong cy hidu qua nham phat hién sém va ngan ngira sy luu truyén
cta bénh trong quéan thé dan sb. Trong tim cuia céc bién phap nay
la sang loc trudc sinh, tic 1a sang loc trén cac cdp vo chéng thai
phu dén kham thai v6i muc tiéu phat hién nhimg ngudi mang gen
gdy bénh trong cac cip vo chdng va c6 nguy co sinh ra nhimng
dtra tré bi Thalassemia. Tir d6, c6 thé dua ra chan doan sém thai
phu mic cac thé nang & tudi thai nho va tur van di truyén cho gia
dinh trong qué trinh mang thai hién tai cling nhu cac lan mang
thai tiép theo.

Nghién ctru sang loc trude sinh bénh Thalassemia tai Bénh
vién Phy san Trung uong tir thang 8/2023 dén thang 6/2024 thu
thap 233 truong hop, bao gdm 151 thai phy va 82 chdng thai phu
(bang 2). Két qua xét nghiém trén 233 truong hop cho thiy, ty 18
mang gen alpha-Thalassemia chiém cao nhét 54,08%, ké dén 1a
B-Thalassemia v6i 13,30%. Céac nghién ctru trude day cling ghi
nhan ty 1¢ mang gen alpha-Thalassemia cao hon so véi cac thé
bénh khéc, dao dong 16-18% [12, 13]. Ty 1¢ truong hop mang
gen Thalassemia trong nghién ciru cua chiing t6i cao hon nhiéu
so v6i cac nghién clru nay, nguyén nhan la do chung toi uu tién
lya chon nhimg truong hop da c6 két qua chan doan gen chinh
Xéc, chit yéu 1a cac truong hop c6 két qua sang loc nguy co cao
trong viéc danh gia thu nghlem phan mém, nham muc dich tranh
bo sot nhitng truong hop mic Thalassemia. V& tudi thai phu
(bang 2), tudi trung binh 1a 31.
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Nghién ctru cia ching t6i st dung phan mém co sé tri thirc
chuyén gia, duoc xay dung dua trén co s¢ tri thirc tr cac chuyén
gia vé bénh 1y Thalassemia, dé tmg dung sang loc nguy co mang
gen Thalassemia cua cac cap vo chong.

H¢ tri thic chuyén gia duge xay dung dua trén mot tap luat
IF-THEN, c6 kha nang dv doan két qua dau ra dua trén dir liéu dau
vao. Co s tri thitc cia phan mém duoc xdy dung tir cac hudng dan
va khuyén cao méi nht cua céc t chirc uy tin trong va ngoai nude
va dugc thim dinh boi doi ngii chuyén gia giau kinh nghiém. Do
do, co so tri thire va cdc ludt cia phin mém 1a yéu t quan trong
nhét quyét dinh hiéu qua cia qua trinh sang loc. Trén thé gi6i,
phuong phap phd bién dé sang loc ngudi mang gen Thalassemia 1
str dung hai chi s6 MCV va MCH. Tinh trang hong cdu nho nhuoc
sic voi MCV<80 fl va MCH<28 pg 1a hai chi s thong dung nhat
cho myc dich ndy. Tuy nhién, Thalassemia 1a bénh 1y gy su gidm
hodc mat kha ning tong hop. chudi globin, tao ra cac hemoglobin
bét thudng, anh huong dén tit ca cac chi s6 huyét hoc chtr khong
chi riéng MCV va MCH. Do do, tap ludt cia phin mém trong
nghién ciru ndy duoc xdy dung dua trén su két hop cua nhiéu chi
s khac nhau, bao gdm: HGB, MCV, MCH, ferritin va c4c tién st
lién quan dén Thalassemia. Nghién ctru cta G.S. Paterakis va cs
(1989) [14] vé hé tri thire chuyén gia di duoc tién hanh nhidm phat
hién bénh Thalassemia thé trait va thiéu méu, thiéu sat cling danh
gi4 trén nhidu chi s6 gom c6 MCV, RDW, HGB, RBC, MPV va
PLT. Trong nghién ctru nay, ching t6i da xay dung duoc tap luat
cho mé hinh co s tri thitc chuyén gia hd trg sang loc trudce sinh
Thalassemia bao gdm 34 luat, trong d6 c6 12 luat st dung céc chi
s cong thire mau; 2 ludt st dung két qua ferritin huyét thanh; 8
ludt két hop cong thitc mau va ferritin huyét thanh; 11 luat két hop
cong thire mau, ferritin huyét thanh, dién di huyét sic t6 va 1 luét
lién quan dén tién st bénh nhan (bang 3).



Phan mém h¢ tri thirc chuyén gia ¢6 kha ning két luan tinh
trang huyét hoc va tinh trang sit ciia dbi tuong. Thiéu méau trong
Thalassemia la héng cau nho, nhuge sic do thiéu hut mot loai
chudi polypeptid cua hemoglobin va du thira chudi con lai, dan
dén giam tong hop hemoglobln sinh hong cau khong hiéu luc, tan
mdu, tang sinh hong cau non. B6i vai truong hop chi xét nghiém
tong phan tich té bio mau ngoai vi, khong lam xét nghiém danh
gid tinh trang sét thi phin mém khong danh gia nguy co mang gen
ma chi két luan vé tinh trang cong thirc mau. Nghién ctru trén 233
truong hop cho thdy, phan 16n ¢6 thay ddi cong thire mau, phd
bién nhat 1a “Hong cau nho nhugc sic” (36,48%), thip nhat 1a
“Thiéu mau hdong cau binh thuong” (2,58%), 22,75% trudng hop
c6 cong thirc mau binh thuong (bang 4). Vé tinh trang sit, khong
thiéu sit chiém 71,67%, thiéu sit chiém 2,15%, khong danh gia
dugc do thiéu dir lidu ferritin huyét thanh 13 26,18% (bang 4). Két
luan ctia phan mém dugc xdy dung dua trén huéng din, khuyén
c4o nén dang tin cdy, d§ chinh xac cao.

Két qua img dung phan mém tri thirc chuyén gia trong sang
loc bénh Thalassemia duoc trinh bay trong bang 5, cho thiy, nhom
nghién ciru di xdy dung dugc mot phan mém hé tri thirc chuyén
gia ¢ hi€u qua cao vdi do chinh xac 1a 91,30%, do nhay 99,22%,
do dac hi¢u 72,73%, gia tri du bao duong tinh va am tinh lan luot
1489,51% va 97,56% (bang 5). Gié tri du bao duong tinh ctia phan
mém cao hon so voi phuong phap hién tai dang duoc sir dung tai
Bénh vién Phu san Trung vong (50,5%). Cac nghién ciru trén thé
gi6i vé phan mém tri tué nhan tao hd trg tam soat Thalassemia
ciing danh gia trén nhidu chi s6 va dua ra két qua tot.

Tuy nhién, hé tri thirc chuyén gia ciing c6 nhitng diém han
ché. Thir nhat, trén thyc té 1am sang c6 rat nhiéu tinh hudng c6
thé xay ra v6i cac chi s cong thirc mau, ferritin va dién di huyét
sdc to ma cac luat khong thé bao phu hét dugc. Cau hoi dit ra 1a
d6i voi cac truong hop khong xuét hién trong tap luat, day thuc
su la nhimg bat thuong hiém khi xay ra hay do 15i ciia may xét
nghiém hodc 15i in 4n? Dic biét, véi Thalassemia la cin bénh
phtc tap ¢6 rat nhiéu thé bénh. Thi hai, viéc xay dung ciing nhu
diéu chinh tap luat s& twong ddi kho khan do can cd sy phan tich,
thao ludn va thong nhét giita cic chuyén gia. Do do, viéc ning
cép va cai thién céc tap luat trong sang loc bénh Thalassemia doi
khi khong thé thyuc hién mot cach lién tuc, nhanh chong va sy bat
dong quan diém giita cac chuyén gia 1a khong thé tranh khoi [15].
Phan mém h¢ tri thirc chuyén gia trong nghién ctru nay hién tai
van dang dimg lai ¢ sang loc nguoi mang gen hodc khong mang
gen Thalassemia, mang dot bién alpha hay beta Thalassemia va
van chua thé phan ra dugc céc thé bénh phuc tap hon. Vi vay,
chung t6i dy dinh trong twong lai cac cong thire ¢6 thé dugc dua
vao cac luat dé lam ting kha ning phan biét cac thé bénh cua
phan mém.

Ngoai viée xdy dyng phan mém, nhém nghién ctru con xdy
dung mot giao dién than thién véi nguoi duing, dé sir dung, tién loi
khi c6 thé str dung trén dién thoai thong minh (hinh 2). Ung dung
di dong nay da gitp viéc img dung phan mém hé tri thirc chuyén
gia clia chiing toi tré nén dé dang, hiéu qua hon.
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5. Két luan

Viée xdy dyng (g dung di dong trén nén tang tri tué nhan tao
hd tro sang loc nguy co mang gen bénh Thalassemia v6i do chinh
xac 91,30%, d6 nhay 99,22%, d¢ dac hiéu 72,73%, mo ra hudng
moi cho viée Gmg dung tri tué¢ nhan tao trong y té, dic biét hd trg
tim soat, duy tri gibng noi va han ché cac bat thuong bam sinh,
dé phuc vu chién luoc cham soc ste khoe cong dong ctia Dang va
Nha nude.
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Hi¢u chinh sy phu thugc vao nhiét do
cho dau do nhap nhay SiPM
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Tom tit:

Bai bio trinh bay mgt phwong phap nhiam 6n dinh xung diu ra cho diu do nhip nhay bd nhin quang silicon (SiPM),
st dung tinh thé CLYC(Ce) ghép ndi véi SiPM ghi nhin birc xa gamma va neutron. Phuong phap nay dua trén dic
tinh cua SiPM la d¢ khuéch dai tang khi dién ap phan cuc ting va gidam khi nhiét do ting. Mot ngufﬁn dién ap phan
cwe cho SiPM dwoc thiét ké sir dung vi xir Iy dé quan Iy va diéu khién gia tri dién ap diu ra theo nhiét do méi truwong
hoat dong. Dik liéu hiéu chinh vé sw phu thudc vao nhiét dd ciia dinh ning lwong nguon ¥’Cs (662 keV) dwoc luu triv
trong bo nhé. Tuy vao nhiét d¢ moi truwdng do dugce, vi xir ly sé tinh toan va diéu khién dién 4p phén cuc cho SiPM.
Két qua cho thiy, trong dii nhiét dd mdi truomg hoat dong ciia diu do thay ddi tir 0,5 dén 45°C thi sy thay ddi ciia
vi tri kénh dinh nang lwgng 662 keV khi chwa hi€u chinh va khi da hiéu chinh twong @ng la 247 va 5 kénh. Nhw vay,
phuong phap hi¢u chinh sy phu thudc vao nhié¢t dd ciia bién do xung ra SiPM trong nghién ctru nay cé thé phat trién
rong rii trong cac dau do nhip nhay sir dung SiPM thay thé cho 6ng nhan quang di¢n (PMT).

Tir khéa: bo nhan quang silicon, CLYC(Ce), diu do nhip nhay, nhiét dj.
Chi sé phin logi: 1.3,2.2

Correcting the temperature dependence
of the SiPM scintillation detector
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Hanoi Irradiation Center, Vietnam Atomic Energy Institute, Km 12, Road 32, Tay Tuu Ward, Hanoi, Vietnam
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Abstract:

The article presents a method to stabilise the output pulse for the SiPM scintillation detector, which uses CLYC(Ce)
scintillation crystal coupled with a silicon photomultiplier (SiPM) to measure gamma and neutron radiation. This
method is based on the characteristic of SiPM that its gain increases with increasing bias voltage and decreases
with increasing temperature. A bias voltage supply was designed for SiPM that uses a microprocessor to manage
and control the output voltage value according to the operating ambient temperature. The corrected data on the
temperature dependence of the 662 keV peak energy of *’Cs radioactive source are stored in the memory. Depending
on the measured ambient temperature, the microprocessor controls the bias voltage value for SiPM. The results
show that in the operating temperature range of the detector from 0.5 to 45°C, the change of 662 keV peak energy
position when uncorrected and corrected is 247 and 5 channels, respectively. Thus, the method of correcting the
temperature dependence of the SiPM output pulse amplitude in this study can be widely developed in scintillation
detectors using SiPM to replace the photomultiplier tube (PMT).

Keywords: CLYC(Ce), scintillation detector, silicon photomultiplier, temperature.
Classification numbers: 1.3, 2.2
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1. it van de

B§ nhan quang silicon (Silicon photomultiplier - SiPM)
la lya chon thay thé t6t cho PMT dé ché tao dau do nhép
nhay voi nhiém vu chuyén doi tin hiéu quang thanh tin hiéu
dién va khuéch dai chung thanh gia tri do dugc. SiPM co
kich thudc nho gon, ¢6 dd tin cdy cao hon dudi céc tac dong
co hoc, d6 nhay véi tir truong thip va ching co thé hoat
dong & dién 4p hoat dong thap hon dang ké so v4i PMT.
Viée str dung SiPM trong cac dau do nhép nhay cho phép
thu nho kich thudc va tiét kiém nang luong dé c6 duge cac
dau do v6i do phan giai ning luong pht hop trong nhiéu
ung dung [1].

Hién nay, phat trién cac dau do nhap nhay str dung SiPM
(goi tit 1 diu do nhip nhay SiPM) dang trd thanh xu huéng
trong viéc ché tao cac thiét bi ghi do btic xa xach tay nho
gon. Tuy nhién, SiPM c6 mdt s6 nhuogc diém va dic biét 1a
d6 khuéch dai cua ching phu thuoc dang ké vao nhiét do
moi truong lam viéc, diéu nay lam cho viéc st dung céac
dau do nhap nhay SiPM trong diéu kién nhiét d6 moi trudng
khong 6n dinh tré nén khé khan [2]. Do d6, khi sir dung cac
dau do nay can phai c6 phuong phap dé hiéu chinh sy phu
thudc vao nhiét do cho chiing.

C6 2 céach tiép can dé 6n dinh dic tinh cia SiPM theo
nhiét d6 1a phuong phap 6n dinh nhiét d6 moi truong hoat
dong cho dau do SiPM [3-5] va phuong phap hiéu chinh
lai sy phu thudc vao nhiét do cua dau do SiPM [6, 7]. Tuy
nhién, phuong phap 6n dinh nhiét d6 méi truong cho dau do
yéu cau cac giai phap thiét ké phirc tap, tiéu hao ning lugng
va khong thé st dung trong cac thiét bi xach tay di dong.
Phuong phép hiéu chinh sy phu thudc cua cac dac tinh dau
do vao nhiét do, co wu diém 1a thiét ké don gian, it tiéu hao
nang lugng, nhung khong thé 6n dinh duoc hét cac dic tinh
cua ddu do ma phai lua chon mét vai dic tinh thay ddi nhiéu
theo nhiét d va anh huéng 16n dén két qua cia bai toan ting
dung dé thuc hién.

Dau do st dung SiPM thuong dugc dung trong céc thiét
bi x4ch tay di dong, can thiét ké don gian va tiéu thy it ning
lwong. Do d6, phuong phap 6n dinh dic tinh cho dau do
theo nhiét do trong nghién ctru nay la khdo sat thuc nghiém
su thay ddi va hiéu chinh lai su phu thudc vao nhiét do cua
cac dic tinh dau do [7, 8].

2. Dol tuong va phuong phap nghién ciiu
Do6i tugng nghién ctru chinh 1a mot dau do nhép nhay sir
dung SiPM cta Hang CapeSym la MacroPixel nEL-14x25¢c-

SiPM-T (hinh 1). Pay 1a mot dau do nhap nhay c6 kha ning
ghi nhan biic xa gamma va neutron dua trén tinh thé CLYC
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(Cs,LiYCl:Ce) ghép ndi véi mang 2x2 SiPM (MicroFJ-
60035-TSV), dugc san xuit boi Hang CapeSym cta My. Bén
trong dau do di tich hop mot cam bién nhiét do cho phép theo
ddi chinh xac nhiét do cta tinh thé va SiPM [9].

Déu do c6 kich thudc tinh thé 1a 14x14x25 mm va c6 thé
do duogc tur nang lugng 10 keV, cho d6 phan gidi khoang 5%
& dinh 662 keV v6i do nhay 90 cps/uSv.h'. Ngudn phén cuc
yéu cau tir 26 dén 32 V, su phu thudc cua dién ap danh thing
vao nhiét d 1a 21,5 mV/°C [9], nghia 1a khi nhiét d6 ting
1°C thi dién ap danh thung ctia SiPM s¢€ tang 1én 21,5 mV va
chinh diéu nay lam thay d6i d6 khuéch dai cua dau do.

FASTOUT NEL425CSIPMT
THP4S
Ve SCL!
v sa—— (A
[o0E THERWZ —NC
D
G
MICROF. 4003575V

Hinh 1. Hinh anh va cau tao ctia ddu do MacroPixel nEL-14x25c-
SiPM-T.

SiPM duge ché tao tir vat liéu ban dan silicon c6 céac
dac tinh phu thudc nhiéu vao nhiét do moi truong lam viéc.
Tham sb quan trong nhat cua SiPM phu thudc vao nhiét
d6 chinh 1a do khuéch dai va sy phu thudc co ban cua do
khuéch dai vao nhiét do co lién quan dén su phu thudc cua
dién 4p danh thing (V, ) vao nhiét do. Mt khac, do khuéch
dai cua SiPM cling phu thudc vao qua digén ap (V, ), voi su
gia ting qué dién ap, d6 khuéch dai cua SiPM ciing ting 1én.
Do d6, theo cong thirc (1) vé dién ap phan cuc ciia SiPM thi
khi nhi¢t do tang, dién ap V| s€ tang lén, lam cho qua dién
ap vV, giam xudng, kéo theo do khuéch dai ctia SiPM giam
xudng.

Vop = Vbd + Vov (1)

D¢ hiéu chinh d6 khuéch dai ctua SiPM ting tro lai can
lam cho qua dién ap tang 1én, va cach don gian nhat 1a ting
dién ap phan cyc (V, ) cho SiPM. Déy la co so ly thuyét cho
phuong phap hi¢u chinh sy phu thude vao nhiét do cho dau
do nhép nhay st dung SiPM. Mot mach dién tor da dugc
thiét k& voi chire ning do nhiét do moi truong thong qua
cam bién c6 sin trong dau do, sau d6 dua trén s6 lidu thuc
nghiém vé sy phu thudc ciia do khuéch dai SiPM véo nhiét
d6 moi truong dé diéu khién lai gia tri ngudn dién ap phan
cuc cho SiPM théng qua bd vi xu 1y va b bién ddi DAC
(hinh 2).
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Hinh 2. Sgy dd va mach dién ttr hiéu chinh sw phu thudc vao nhiét
do cho dau do.

B0 vi xtr Iy STM32L031 s& dinh ky doc nhiét d¢ tir dau
do thong qua két ndi SPI voi cam bién nhiét do. Dya trén sb
liéu thyc nghiém dugc luu trir trong bd nhé vi xu 1y, dién ap
phan cyc cta dau do s& duoc xac dinh. Vi xir ly thong qua
két ndi SPI voi mot b bién ddi DAC 12 bit, cung cap dién
ap thay d6i tir 0,7 dén 1,2 V t6i tin hiéu diéu khién ngudn
LT3842 dé cho ra dién ap phan cuc cho SiPM tuong tng tir
26V dén 32 V véi do chinh xac 12 £10 mV. Tat ca dau do,
mach khuéch dai, vi xu Iy va bd tao nguén phan cuc dugc
thiét ké trén mot ban mach c6 kich thuge 100x30 mm va sir
dung ngudn nudi 3 V v6i dong tiéu thu 20 mA.

Thyc nghiém hiéu chinh sy phu thudc vao nhiét d¢ cho
dau do duoc tién hanh véi viée sit dung mot buéng on dinh
nhiét do0 HH-2, cho phép cai dat va duy tri nhiét d6 véi do
chinh xac +0,5°C tao mo6i truong hoat dong cta dau do. Mot
ngudn phong xa chuan '¥'Cs (9,87 uCi) va mét thiét bi phan
tich ph6 bién do da kénh ctia Hang Ortec két hop véi phan
mém GammaVision, dugc st dung dé ghi nhan phd ning
luong va xac dinh vi tri dinh phé (hinh 3).

Hinh 3. Nguén phéng xa, budng én nhiét va hé phan tich phé da
kénh Ortec.

So dd b tri thuce nghiém nhu trén hinh 4, cung vdi cac
budc khao sat léy sb liéu thuc nghiém nhu sau:

- Bude 1: On dinh nhiét d6 budng 6n nhiét & gia tri nhiét
do 22,5°C (diém gilia cua dai nhiét do khao sat) va dat gia
tri dién ap phan cuc cho SiPM tuong tng voi nhiét do do
1a 28,5 V (diém giita khoang dién ap hoat dong ciia SiPM).
Tién hanh do va xac dinh vi tri kénh dinh 662 keV cua
nguén 137Cs, day duoc coi 1a vi tri chudn dé thyuc hién qua
trinh hi€u chinh.

%K%HN%CI:-IE 67(8) 8.2025

Dao dingkf s6
TDS302C

1N

i

-y
e

Bite xa Gamma

Biudo SiPM v
Mach biu chinh

B} Khuéch dai
Ortec

BiMCA

Bubng in it
——

B4 nguin i
BK Prec...1761

Hinh 4. So dd b tri thwe nghiém khao sat dd tréi dinh phd *'Cs
theo nhiét do.

- Budc 2: Gilt nguyén gia tri dién ap phan cuc SiPM &
28,5 V, ting budc thay doi cac diém nhiét do moéi truong
hoat dong cuia dau do trong khoang nhiét d6 khao sat thong
qua budng 6n nhiét. Tai mdi diém nhiét d6 do, tién hanh
do phé ngudn '¥'Cs trong thoi gian 60 gidy va xac dinh vi
tri dinh ning lugng 662 keV. Két qua thu dugc dir lidu cac
pho va vi tri dinh 662 keV tuong tmg véi cac diém nhiét do
khéc nhau.

- Budc 3: Tung budc thay doi cac diém nhiét do moi
truong hoat dong ciia dau do trong khoang nhiét d6 khao
sat thong qua buéng 6n nhiét. Tai mdi diém nhiét do, tién
hanh do phd ngudn ¥’Cs va diéu chinh gié tri dién ap phan
cuc SiPM dé hiéu chinh dinh ning luong 662 keV vé dung
vi tri chuan. Két qua thu dugc mot ham phu thudc gitra dién
ap phan cuc SiPM va nhiét d0 moéi truong hoat dong cta
dau do.

- Budc 4: Cai dat ham phu thude gitta dién ap phan cuc
SiPM va nhiét d6 méi truong hoat dong ciia dau do vao
trong bo nhd cua vi xir 1. Tién hanh khao sat ghi nhan dir
liéu phé va xac dinh vi tri dinh 662 keV tai cac diém nhiét
d6 khéc nhau, ta c6 duoc sb liéu vé vi tri cua dinh phé tai
cac diém nhiét d¢ sau khi d tién hanh higu chinh.

£ 2 < <
3. Két qua va ban luan

Két qua khao sat ghi nhan cac dit liéu phd nang luong
ngudn ¥’Cs & cac nhiét do moi truong khac nhau khi chua
c6 su diéu khién ctia mach hi¢u chinh nhiét d6 duoc thé hién
trong hinh 5. Két qua cho thay, khi nhiét d6 méi trudng hoat
d6ng cua dau do tang 1én thi bién do xung tin hiéu ra ciia ddu
do cang giam xudng, diéu nay la phi hop voi 1y thuyét vi
khi’ dodignap V, s& tén,g Ién, lam cho qua dién ap Vo,v giam
xuong, kéo theo d§ khuéch dai cua SiPM bi giam xudng.
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Hinh 5. Phé nguédn '¥Cs & cac nhiét do khac nhau trwéc khi hiéu
chinh.

Két qua khao sat va xdy dung ham phu thudc gitra dién
ap phan cuc SiPM va nhiét d6 moi truong hoat dong cua
dAu do dé 6n dinh vi tri dinh ning lugng 662 keV ctia ngudn
137Cs, dugc thé hién trén hinh 6. Két qua khao sat nay cho
théy, & diéu kién nhiét do6 moi truong hoat dong thép, su
thay doi bién d¢ xung ra cua dau do it hon va khi nhiét do
mdi trudng hoat dong cua diu do cang ting cao thi su thay
d6i d6 cang 16n. Pidu d6 cho thy, cac dau do nhip nhay st
dung bd nhan quang SiPM sé& hoat dong 6n dinh hon trong
diéu kién nhiét d6 moi trudong lam viéc thap.

Ham hiéu chinh thé phin cic dé giit én dinh dinh
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Hinh 6. Sy phuy thuéc cda thé phan cwc cua SiPM vao nhiét do
moi trwong.

Két qua khao sat ghi nhan cac dit liéu phd ning luong
ngudn ’Cs & cac nhiét d6 moi truong khic nhau, véi sy
diéu khién ciia mach hiéu chinh nhiét d¢ dugc thé hién trong
hinh 7. Két qua cho thdy, sau khi ap dung phuong phap hiéu
chinh su thay ddi theo nhiét d thi vi tri kénh dinh 662 keV
hau nhu khong c6 sy thay ddi, nghia la xung tin hiéu dau ra
ctia dau do dugc duy tri 6n dinh bién d6 khi nhiét d6 moi
truong thay doi.
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Hinh 7. Phé nguén "*’Cs & cac nhiét dé khac nhau sau khi hiéu

chinh.

Phan tich dénh gia cac két qua s6 liéu trén hinh 8 cho
théy, trong dai nhiét do thay ddi tir 0,5 dén 45°C, néu khong
¢6 su hiu chinh thay ddi theo nhiét do hoat dong cua dau
do, thi vi tri kénh dinh 662 keV thay dbi trung binh 1a 247
kénh, tir kénh 486 dén 733 (vao khoang 50%). Sau khi ap
dung phuong phap nay dé hiéu chinh sy thay d6i theo nhiét
d6 do, vi tri kénh dinh 662 keV chi con thay doi trung binh
1a 5 kénh, tir kénh 673 dén 678 (vao khoang 0,7%).
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Hinh 8. Vi tri dinh nguén '¥'Cs trwéc va sau khi higéu chinh & céac
nhiét dé khac nhau.

So sanh véi két qua nghién ctru ciia F. Licciulli va cs
(2015) [7] cho thiy, mic du khong cung dai nhiét d6 khao
sat nhung sb liéu vé do on dinh vi tri kénh dinh tir 50%
xudng 0,7% trong khoang nhiét do thay doi 44,5°C cia
nghién ciru ndy co ban twong dong vai sb lidu cai thién tir
22 xubng 0,78% trong khoang nhiét d¢ thay doi 10°C.

4. Két luan

Mot khéi mach dién tir thue hién viéc hiéu chinh su phu
thudc vao nhiét @6 cho dau do nhép nhay MacroPixel nEL-
14x25¢-SiPM-T, nham 6n dinh bién d6 xung tin hi¢u dau ra,
da dwoc phat trién va thir nghiém bang phuong phap didu
khién gia tri dién ap phan cuc cho SiPM trén dau do nay.

10
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Thuc nghiém khao sat sy thay d6i theo nhiét do cua bién do
xung tin hiu ra tu dau do cling da duoc thuc hién bﬁng cach
xéc dinh vi tri kénh dinh 662 keV ctia ngudn ¥’Cs trén phd
ké gamma da kénh.

Két qua nghién ctru cho théy, su phu thudc vao nhiét do
ctia bién d6 xung ra tir dau do 1a rat 16n, thé hién ¢ sy thay
dbi vi tri kénh dinh 662 keV vao khoang 50%, sau khi sir
dung phuong phap hiéu chinh, sy phu thudc vao nhiét do
cho dau do di cai thién ddng ké vé d6 on dinh bién d¢ xung
ra cia dau do, su thay ddi vi tri kénh dinh 662 keV chi thay
doi khoang 0,7% trong ca dai nhiét do thuc nghiém tir 0,5
dén 45°C.

Nhu vay, phuong phép hi¢u chinh sy phu thudc bién do
xung ra cua SiPM vao nhié¢t d§ trong nghién ctru nay co
thé phat trién rong rii trong cac dau do nhép nhay, sir dung
SiPM thay thé cho PMT, ung dung trong viéc ché tao mot
s6 thiét bi xach tay nh(} gon, hoat dong trong diéu kién nhiét
d6 moi truong khong 6n dinh.
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Ché tao tam dién cue linh hoat cu tao tir soi nano carbon xop
bang phwong phap electrospinning ing dung trong pin Li-0,

Lé Ping Manh"2, Pham Hoai Phwong?, Pinh Pirc Anh?, Nguyén Manh Tién?,
Tran Pai LAm*, Nguyén Thi Thu Trang®, Bui Trung Hiéu*
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Tém tit:

TAm vat liéu gf)m cac s¢i nano carbon xép ¢6 kha niang udn cong (FCNF) da dugc ché tao thanh cong bﬁng phuong
phap electrospinning ing dung lam di¢n cuc cathode trong pin Li-O,. Viéc sir dung acid terephthalic (PTA) lam chat
thiing hoa, két hop véi qua trinh carbon hoa ¢ 1200°C trong N, da tao ra cac 18 x6p lién két véi nhau doc theo s¢i
FCNF. Hon nira, cac 16 xop l6n khoang 2-4 pm giira cac sgi FCNF riéng 1€ giip cho dién cwc khong bi tic khi hinh
thanh sian pham xa. Kinh hién vi dién tir quét (SEM), phan tich di¢n tich bé mat (BET), kinh hién vi dién tir truyen
qua (TEM) va phé Raman (Raman) di dwoc sir dung dé phﬁn tl'ch tinh chit vt liéu cia dién cuc FCNF. Phlro'ng
phap nay lam cho FCNF ¢4 dién tich bé mit riéng 1én téi 156 m2g?, cao hon so véi s¢i nano carbon (CNF) (94 m? g .
Két qua hiéu suét dién hoa ciia pin Li-O, da cho thay viéc sir dung di¢n cuc FCNF dat dung lwgng 5270 mAh g ! tai
mit do dong 200 mA g. Tudi tho ciia p1n Li-O, ciing da dwgc kiém tra, dién cue FCNF dat 262 vong so v6i 73 vong
ciia dién cuc CNF tai dung lwgng gidi han 1000 mAh g! va mit d dong 500 mA g'.

Tir khéa: dién cuce cathode, electrospinning, pin lithium-oxygen, s¢i nano carbon xdp.

Chi s6 phén loai: 1.3,2.2,2.5

Flexible binder-free electrode of porous carbon nanofibers by

electrospinning for Li-O, batteries
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Abstract:

Free-standing cathodes composed of porous, bendable carbon nanofibers (FCNFs) were fabricated by electrospinning
for use in lithium-oxygen (Li-O,) batteries. By using terephthalic acid (PTA) as the sublimating agent, one-step
carbonisation at 1200°C for 2 hours under nitrogen converts the as-prepared samples to have interconnected
pores along the FCNFs. Furthermore, the pores with a size of 2-4 pm between the individual FCNF's help prevent
electrode clogging during discharge product formation. The physicochemical properties of FCNF were further
carefully characterised by scanning electron microscopy (SEM), surface area analysis (BET), transmission electron
microscopy (TEM), and Raman spectra (Raman). This strategy makes the FCNFs with a specific surface area of up
to 156 m? g, which is significantly higher than the CNFs with 94 m? g'. Electrochemical test results exhibited that
the FCNFs have a high discharge capacity of 5270 mAh g at 200 mA g"'. The cycle life of the Li-O, battery was also
tested, the FCNF electrode showed 262 cycles compared to 73 cycles of the CNF electrode at a limited capacity of
1000 mAh g' and a current density of 500 mA g’'.

Keywords: cathode, electrospinning, lithium-oxygen batteries, porous carbon nanofibers.

Classification numbers: 1.3,2.2, 2.5

“Tac gia lién hé: Email: bthieu@ntt.edu.vn
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1. Dt van de

Su phat trién cua pin lithium oxygen (LOB) nhan dugc
su quan tim I16n do mat d6 niang luong 1y thuyét cua LOB
1én toi 3436 Wh L', cao hon dang ké so véi pin lithium ion
(1015 Wh L") [1]. LOB ¢6 ciu tao md va tao ra dong dién
thong qua phan mg oxy hoa khir tai cathode: 2Li" + O, +
2e < Li,0O,[2]. Céu tao dién hinh cia pin LOB bao gom
lithium anode dung dich dién ly va cathode O, xbp. Mdi
thanh phan nay déu c6 nhitng thach thic riéng tac dong dén
van dé chung cia LOB nhu: qua thé 16n, toc do sac - xa
thdp va tudi tho ngén [3]. Tai cathode cia LOB, san pham
xd Li,0, s€ dugc hinh thanh va phat trién, tuy nhién do san
pham xa nay c6 do dan dién va do hoa tan thip nén gay tic
cac 16 x6p, dan dén can tré qua trinh khuéch tan cia Li* va
O,, ngén cdn qua trinh khir O, (ORR), dong thoi gay ra qua
the l6n trong LOB [2]. Nhu'ng thach thuc trén da lam cho
carbon tr¢ thinh mot trong nhitng vat lidu tiém nang tng
dung lam cathode trong LOB do tinh dan dién kha tét, khoi
luong nhe va co thé diéu chinh do xép dé dang. Vi vay,
nhiéu nghién ctru gan day da tap trung nghién ctru, thiét ké
cathode trén co s vat liéu carbon hodc carbon/xic tac dé
tang cuong hiéu suét, mat do nang lugng va tudi tho cua
LOB.

Cathode trong LOB thudng duogc ché tao bang cach két
hop chit két dinh polyme véi vat lidu hoat tinh, sau d6 phan
tan hon hop nay trong dung méi hitu co dé tao hdn hop sét.
Bang cach st dung phuong phap doctor blade hon hop sét
sau d6 dwoc phu 1én tam vat liéu nén nhu tim carbon hoac
tam Ni. Hién nay, polyvinylidene fluoride (PVDF) vin dang
1a chat két dinh dugc st dung nhiéu nhét trong LOB [4].
Tuy nhién, do céu trac khong phan cyc cia PVDF nén chi
c6 thé hinh thanh tuong tac yéu giita cac phan tir voi vat liéu
hoat dong va bg thu dong, do d6 sau nhiéu chu ky sac - xa,
cau tric ddng nhat cua dién cuc bi pha v, gdy ra sy xudng
cap cua dién cyc [5]. Hon nita, chat két dinh c6 thé lam phan
tach cac thanh phﬁn dién cyc khoéi bo thu dong va tang thém
khéi lugng cho cathode trong LOB. Do d6, mot trong cac
chién luoc dé dat duoc hiéu suit dién hoa cao cua LOB la
tim cach loai bo chat két dinh.

Electrospinning la phuong phap top-down don gian va
hig¢u qua dé ché tao mang soi nano polymer 1D véi kich
thude soi tir nanomet dén micromet [6]. Thong qua viéc
lua chon tién chét polymer va xu ly nhiét, soi electrospun
polymer c6 thé dugc chuyén hod thanh soi nano carbon
(CNF) véi kha nang dan dién t6t, khuéch tan nhanh Li*/e-.
Soi CNF mang lai nhiéu loi ich dic biét so voi éng nano
carbon va graphene nhu chi phi thap, kha nang tao ra nhiéu
hinh théi va cdu triic, quy trinh ché tao d& dang [7]. Di
véi ung dung LOB cathode, khoang cach gitia cac sgi CNF
riéng 1¢ nam trong khoang micromet nén s& khong bi lap
kin boi Li,O, trong qua trinh xa. Sgi CNF tir phuwong phap
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electrospinning va composite ctia n6 tong hop dudi dang
mang 3D dung tryc tiép lam dien cuc da duoc bao cao boi
mot sb tac gla [8]. Tuy nhién, tim dién cuc trong cac nghlen
ctru ndy c6 bé mit thuong khong bang phing, gion va dé
v, ¢o thé can tré viée st dung thuc té clia chung trong pin
LOB. Phan 16n cic nghién ctru sir dung CNF lam cathode
cho LOB tép trung vao xuc tac tai 1én CNF nhu Co/CNF
[9], RuO,/CNF [10]... ma bo qua ¢ cac yéu td quan trong khac
nhu t6i vu hoa leh thuoc, do xop va phan bo 16 x6p. Mot
vai nghién ciru gan day di ching minh do xp ctia CNF ¢o
thé anh huong dén dong thai dién hoa cua vat liéu anode pin
lithium-ion [11]. Tuy nhién, trong g dung LOB cathode,
rat it nghién ciru khao sat mdi lién hé giita d6 xop ctia CNF
v6i hiéu suat cta pin.

Trong nghién ctru nay, sgi nano carbon x6p da dugc ché
tao thanh cong thong qua qua trinh phan huy PTA trong giai
doan xt 1y nhiét, nham tang cuong hi¢u suét dién hoa cua
cathode trong LOB. S¢i nano electrospun da dugc chuén bj
bang cach sit dung hdn hop PAN/PTA trong dung dich N,
N-dimethylformamide dugc carbon héa ¢ 1.200°C trong N,
dé tao ra FCNF. Puong kinh trung binh cua sgi FCNF thu
duoc khoang 580 nm c6 tinh chét linh hoat du tt dé dap
truc tiép thanh dién cuc. CAu truc tinh thé, tinh chat dién tir
va anh huong dén hi¢u qua dién hoa khi tmg dung trong pin
LOB ctia FCNF di dugc kiém tra ciing voi sy quan sat san
pham xa.

2. Vat liéu va phuong phap nghién ciu
2.1. Vit liéu

Polyacrylonitrile (PAN, M =150,000), acid
terephthalic (PTA), N, N-dimethylformamide (DMF), N,
N-Dimethylacetamide (DMAc). Tat ca hoa chit déu dwoc
cung cip boi Cong ty Sigma-Aldrich.

2.2. Ché tao dién cuc co khd nang uon cong

Pau tién, hdn hop PAN/PTA dugc electrospun tir dung
dich gdm: 0,5 g PAN va 0,5 g PTA dugc hoa tan trong 9,18
g dung moi DMF. Hén hgp nay dugc gia nhiét & 60°C va
khudy tir trong 5 gio. Tiép theo, dung dich duoc electrospun
qua bo kim phun c¢é duong kinh kim 13 0,38 mm. Tdc do
déy cua dung dich dugc kiém soat ¢6 dinh ¢ 0,4 ml/h thong
qua bom micro (KDS 200, My). Pi¢n thé ap vao la 10 kV
va khoang cach tir diu kim phun dém bo thu mau 1 15 cm.
Cudi cung, tam vat liéu g@)m cac soi nano electrospun PAN/
PTA duoc thu thip trén tdm aluminum. Tdm electrospun
PAN/PTA nay dugc xtr Iy nhiét trong mai truong khong khi
& 300°C trong 2 gio sir dung 10 nung. Sau d6, mau tiép tuc
duogc carbon hoa ’6 1200°C/2 gi¢ trong N,. Trong gué trinh
carbon hoa, cac tam alumina (AP) dugc sur dung dé tao cau
trac sandwich AP-fiber mat-AP, nhim gitr phing cho tim
dién cuc.
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2.3. Tinh chit vit li¢u

Hinh thai va duong kinh cua FCNF dugc phan tich
thong qua kinh hién vi dién tir quét (SEM) (Tescan VEGA-
I1 LSU) va kinh hién vi dién tir truyén qua (TEM) (Tecnai
G2, FEI). Pho hdng ngoai bién ddi Fourier (FTIR) (Nicolet
6700, Thermo Scientific) dugc su dung dé xac dinh céac
lién két va nhom chtrc cua electrospun PAN/PTA, CNF va
FCNF. Ph6 Raman thu dugc tir thiét bi quang ph6 Raman
(Renishaw) véi budc song cua laser 1a 532 nm. Phuong
phap hip phu - giai hip phu nitrogen Brunauer-Emmett-
Teller (BET) (Quantachrome Nova) ciing dugc sir dung dé
phan tich dién tich bé mit cua dién cuc.

2.4. Tinh chit dién hod

Hiéu suit dién hoa cua cac tim vat lidu duoc nghién ctru
bang cach sir dung pin Swagelok-type Li-O,. Cac mau dién
cuc sau khi dap thanh tam tron véi duong kinh 12 mm duogc
sir dung truc tiép 1am cathode trong pin Li-O, ma khong can
thém chat két dinh. Cac thanh phan khac nhu Li foil, tim
loc sgi thuy tinh (GF/C, Whatman), luéi thép khong gi (200
mesh) duogc sir dung 1an luot 1a dién cuc anode, tim mang
ngin (separator) va phan thu dién (current collector). Dung
dich dién ly duoc su dung la LiNO, 1M trong DMAc. Tht
ca pin Li-O, dugc ghép trong tu glovebox (MBraun, H,O
<1 ppm). Phan tich dién héa cua pin Li-O, duoc tién hanh
st dung may phan tich dién hoa VMP, (Biologic Science
Instrument). Phd tong tré (EIS) cua LOB duogc ghi lai voi
tan s quét tir 0,1-10° Hz.

£ 2 S S a
3. Keét qua va ban luan

Qua trinh ché tao dién cuc FCNF duoc minh hoa & hinh
1A. Mic du cac hat keo polystyrene (PS) khau mach trudc
day da dugc nhom sir dung dé ché tao soi nano carbon
macroporous (MCNF) [12], PTA duoc lya chon vi kha nang
dé dang tai sir dung sau khi xir 1y nhiét, giup t6i uu hoé chi
phi ché tao dién cuc. Ngoai ra, PTA phén tan hiéu qua trong
dung dich PAN/DMF c¢6 thé tao ra céc 15 xop phan bd bén
trong soi CNF, diéu nay s& lam giam ung suét khi CNF bj
udn cong, gilip cai thién tinh chét co hoc ctia dién cuc FCNF
[13]. Dung dich electrospinning gdm PAN 1a ngudn carbon
va PTA la vat liéu khuon tao 15 Xép. Thanh phf?ln PTA bi
phan huy trong khi PAN chuyén ho4 thanh carbon sau khi
xtr 1y nhiét. Qu4 trinh phan huy PTA din dén hinh thanh cac
16 xép lién két v&i nhau bén trong CNF, tao ra cac sgi nano
carbon xép. Hinh 1B, 1C thé hién tdm dién cuc FCNF thu
dugc sau qua trinh carbon hoa c6 thé déap 15, udn cong.
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(A)

Carbon hoé &

.
U c 1200°C trong N,
o

Soi nano

Hinh 1. Minh hoa qua trinh ché tao dién cwc FCNF (A); dién cuc
FCNF c6 thé dap 16, uén cong (B, C).

carbon xép (FCNF) Soi electrospun PAN/PTA

Hinh thai, duong kinh s¢i, cdc nhém chuc cua dién
cuc FCNF di dugc phan tich bang SEM, TEM va FTIR
(hinh 2). Qua phan tich anh SEM, sg¢i c6 hinh thai khong
ddng déu vai sy xuét hién cua cac 16 xép mo, phan bd doc
theo so¢i, duong kinh soi trung binh thu dugc khoang 580
nm (hinh 2A, 2B). Su tuong phan trong anh TEM (hinh 2C)
da minh chimg 16 rang hon cau triic xdp ctia sgi nano FCNF.
Pho FTIR cua cac mau electrospun PAN/PTA, CNF, FCNF
thé hién & hinh 2D. Mau electrospun PAN/PTA xuét hién
miii h?ip thu cua PAN tai vi tri sb song 2242 va 1453 cm’!,
ung vdi cac dao dong kéo dan cia nhom nitrile (C=N) va
dao dong ubn CH_ cua mach béo [14]. Bén canh do, cac mii
hép thu ctia PTA cling xuét hién tai vi tri sd song 1683, 1283
va 935 cm! tmg voi kéo dan bat dbi xing ciia C=0, dao
dong ubn bén trong va bén ngoai mit phang cua C-H [15].
Céu trac tinh thé va tinh chat dién tr ctia dién cuc CNF va
FCNF ciing da dugc xac minh bang gian d nhiéu xa tia X
va quang phd Raman (hinh 2E, 2F). Gian d6 XRD ¢ hinh 2E
cho thdy, cac dinh nhiu xa tai vi tri goc 20=25° va 26=45°
tuong Gng vdi cac mat mang (002) va (10/) dac trung cua
vat liéu carbon [8]. Tinh chét dién tir cua dién cuc CNF va
FCNF ciing da dugc danh gia bang phd Raman (hinh 2F).
Két qua da cho théy su xut hién cua hai dinh D band va G
band tai vi tri s& song 1340 va 1580 cm™! & ca hai dién cuc.
D band thé hién khuyét diém va céu tric mat trat tu cua
mang carbon Uing véi lién két sp® va G band cho th?iy su sép
xép ¢ trat tu theo phuong ngang ciia mang carbon tng voi
lién két sp? [16]. Ty 1é I /1, caa CNF va FCNF lan luot 1a
0,99 va 0,88. Nhu vy c6 thé thiy rang, do graphite hoa cua
dién cuc FCNF cao hon so v6i dién cuc CNF.
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Hinh 2. Anh SEM (A, B), TEM (C) cua FCNF, phd FTIR cta electrospun PAN/PTA, CNF va FCNF (D), phé XRD (E) va Raman ctia CNF va
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Hinh 3. Bwéng cong hap phu - giai hap phu nitrogen (A); phan bé dweng kinh 16 x6p ctiia CNF va FCNF (B).

Dé phan tich va danh gia cdu tric xp cia CNF va
FCNF, phuong phap do dién tich bé mat BET ciing da duoc
sir dung. Pién cuc FCNF ¢6 dién tich bé mat BET udc tinh
1 156 m? g, 16n hon dang ké so véi CNF (94 m? g') (hinh
3A). Su phan bd kich thudc 16 xdp thu duge tir cac duong
dang nhiét giai hap phu ddi véi CNF va FCNF ciing chi ra
rang, FCNF c6 thé tich 16 x6p ctia micropores (<2 nm) va
mesopores (2-50 nm) 16n hon CNF (hinh 3B). Ngoai ra,
tong thé tich 16 xdp ciia FCNF (0,344 cm? g) ciing cao hon
dang ké so voi CNF (0,158 cm® g). Nhu vdy, co thé thy
rang, qué trinh thiang hoa cua PTA sau khi xir Iy nhiét soi
electrospun PAN/PTA d3 gép phan hinh thanh cac 16 xbp ¢
kich thude micropores va mesopores, két hop véi cac 16 x6p
¢6 kich thudc macropores (>50 nm) dugc tao ra gilra cac sgi
FCNF riéng 1¢ da dan dén sy gia tang dién tich bé mit riéng
va thé tich 16 xp cua FCNF. Hiéu sut dién hoa cua dién
cuc c6 thé dugc tang cudng nhd tinh chat x6p nay, gitp thuc
day su khuéch tan Li* va O, ciing nhu cung cép khong gian
cho qua trinh hinh thanh san pham xa Li0,.
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Hiéu qua dién hoa cua dién cuc FCNF da dugc nghién
ctru dé dénh gia uu diém ctia n6 khi tng dung tryc tiép lam
cathode trong pin LOB. Dién cuc CNF va FCNF déu dugc
phan tich véi duong kinh 1a 12 mm, d¢ day khoang 30 um
va khoi luong trong khoang 0,3-0,4 mg. Pién cuc FCNF
¢6 thé str dung truc tiép cho pin bang cach dap 16 véi kich
thudce dinh trude ma khong can thém chat két dinh. Hinh 4A
thé hién dix liéu sac-xa dung lugng ti da cho vong dau tién
cua pin Li-O, str dung dién cyuc cathode FCNF, tai cac mat
d6 dong 200, 500 va 1.000 mA g, trng v&i dung lugng dat
duoc lan lugt 1a 5.270, 4.000 va 2.106 mAh g'. Nhu vay
¢6 thé thiy, két qua nay cao hon dang ké so voi soi CNF
ma nhom d4 tién hanh nghién ctru trudc day, khi pin chi dat
dung lugng 1600 mAh g'tai mat d6 dong 200 mA g!' [17].
Hiéu suét dién hoa dugc cai thién r6 rét la do viée thém cac
16 x6p vao cau triic soi nano carbon di cung cap sd lugng
16n cac diém hoat hoa dé Li,0, hinh thanh va phat trién, ma
khong lam anh huong den qua trinh van chuyén cua Li* va
O,. Hinh 4B thé hién sb vong lap cua dién cuc FCNF véi

19



s Khoa hoc Tu' nhién | Vét Iy; Khoa hoc Ky thuét va Cong nghé | Ky thuat dién, ky thuét dién i, ky thuat thong tin; Ki thuat vét liéu va luyén kim

(A) 50 (B) 5.0 dung lugng gidi han 1000 mAh g' va
45 1000mAg"  500mAg”’ 200 mAg" 45 mat d¢ dong 500 mA g''. Pin Li-O, sur
_ ~ dung dién cyc FCNF c6 s6 vong 1ap
§ o g 40 1én t&i 262 vong, cao hon dang ké so
¢ 354 ¢ 351 — 1 —10 — 50 voi dién cye CNF (73 vong) ma nhom
> > ——100 ——200 —— 260 R Y S A .
3 304 3 301 — 22 tac gia da tien hanh nghién ctu trude
g- 25 g 25 day [17]. ‘
20 20 Nghién CL’I’llﬂ vé qua trinh hinh
500 mA g thanh, phat trién va phan huy san
Y 2000 4000 6000 " T @m0 a0 o mo ww  Pham xa tai cathode cua pm LOB la
Dung lwong (mAh g) Dung lwong (mAh g) rat quan trong dé danh glé kha néng

Hinh 4. Di¥ ligu sac - xa dung Iweng téi da cho véng diu tién ciia pin Li-O, st dung dign  SaC - Xa cting nhu hi¢u qua di¢n hoa
cwc cathode FCNF tai mat do dong 200, 500, 1.000 mA g (A). D liéu sac - xa déng dong  cua pin. Vi vay, san pham xa tai dién
cua dién cwc FCNF vé&i dung lweng gi¢i han 1.000 mAh g va méat dé dong 500 mA g (B). cuc cathode di duoc phén tich béng
cac phuong phap SEM, FTIR va XRD
(hinh 5). Hinh 5A cho théy, hinh thai
clia san pham x4 sau khi xa hét dung
luong & chu ky dau tién, san pham
xa Li,0, da dugc hinh thanh va phat
trién co dang toroid véi duong kinh
khoang 1 pm da bao phu lén toan bd
bé mit ctia sgi FCNF. Sau qua trinh
sac, cac hat toroidal Li,O, nay da phan
huy gan nhu hoan toan va bé mit dién

— : cuc FCNF da dugc hoan nguyén trang
oot @ — FONF thai ban dAu (hinh 5B). Qua trinh hinh

—— FCNF sau qua trinh xa
CNF sau qua trinh sac
CNF sau qua trinh xa

(8)

G)

—— FCNF sau qué trinh sac thanh, phat trién va phan huy san pham
xd Li,0, dd dugc x4c nhan lai bing
*Liy0, phuong phap FTIR va XRD. Hinh 5C
cho théy su xudt hién mii hép thu tai
vi tri s6 song 534 va 862 cm’!, tng
v6i chét chuan Li,0, va Li, CO Co
thé thay, san pham chmh sau qua trlnh
3000 2500 2000 1500 1000 500 30 35 40 45 50 55 60 xa chu yeu van la Li O véi mot it san
84 song (em™) 20 (%) pham phy Li,CO,. Gian dd XRD ciia
Hinh 5. Anh SEM cta dién cwc FCNF. (A) Sau khi x& hét dung luong; (B) Sau khi sac hétdung  dién cuc FCNF trlIO'C va sau qua trinh
lwgng; (C) Phd FTIR va (D) Phd XRD trwéc va sau qua trinh sac - xa. sac - x4 duoc thé hién & hinh 5D. Két
qua di cho thay dién cuc FCNF sau
(A) 500 —~, 1B . qué trinh x4 xuAt hién ba dinh nhidu
—e—50 —e-50 xa tai vi tri goc 20=32,8, 35 va 58,7°
4004 400 o . o AL Iy
)/ ung voi cau truc luc giac (hexagonal)
% 3 s cua tinh thé Li,0, [18]. Sau qué trinh
Y sac, cac dinh nhleu xa nay bién mat
‘ hoan toan, két qua nay cing véi anh
SEM va phd FTIR cua san pham x4
da minh ching r6 rang cho phan tGng
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Hinh 6. Phé tdng tré ciia pin Li-O, st dung cathode FCNF hoat ddng sac - xa tai didu kien  trinh sac, san pham xa Li,O, da phan
dung lwong 1000 mAh g va mat dé6 dong 500 mA g™'. (A) Sau khi xa; (B) Sau khi sac. huy hoan toan.
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Phé tong tré (EIS) ctia pin LOB trude va sau khi xa duoc
trinh bay trong hinh 6, chimg to sy 6n dinh ctia FCNF sau
nhiéu chu ky. Ban cung & ving tﬁn s6 cao thé hién dién tro
Ohm (R) ban cung & ving tan s6 trung binh thé hién dién
tré chuyén dién tich R)vaz, 1a phéan tir pha khong doi.
Ban cung 1 thuong lién quan den qué trinh chuyén dién tich
& anode, ban cung 2 thudng lién quan dén cathode [19]. Sau
khi xa 1an 1, dién tré6 Ohm R (R)vaR_ (R,R)Ia5,203
Va 76 Q. Sau 50 chu ky & didu klen dung luong 1 000 mAh
g' va mat do dong 500 mA g, di¢n tro R (R, ) va Ru (R,
R, co g1a tri 9, 327 va 69 Q bién doi khong nhiéu so v6i tai
chu ky dau (hinh 6A). Dac biét, pho téng tro sau khi sac tai
chuky 1 va 50 thé hién su tuong ddng trong gia tri R vaR,
1a 4 va 50 Q (hinh 6B) Diéu nay da chimg minh thém cho
kha nang hoat dong on dinh cta dién cuc FCNF sau nhiéu
vong lap.

4. Két luan

Trong nghién ctru nay, sgi nano carbon x6p da duoc ché
tao thanh cong bing phuong phép electrospinning thong
qua viéc su dung PTA lam vat liéu hy sinh. Hinh thai, ciu
trc, dién tich bé mat riéng va thanh phén lién két hoa hoc
ctia dién cuc da dugc danh gia bang SEM, TEM, FTIR,
BET, XRD va quang phd Raman. Dién cuc FCNF da chuin
bi ¢6 céu truc 15 x5p phan cép, voi cac 16 xdp 16n lién két
v6&inhau phan bd doc theo bén trong FCNF. Vi vay, dién cuc
FCNF dugc ché tao c6 dién tich bé mit riéng 1én t6i 156 m?
g'. Dang chu y, pin Li-O, sir dung FCNF lam cathode dat
dung lugng khoang 5. 270 mAh g sau chu ky dau tién, tai
mat do dong 200 mA g va sb vong lap 1én téi 262 vong so
voi 73 vong cua dién cyc CNF & diéu kién gidi han dung
lwong 1.000 mA g tai mat do dong 500 mA g'. Cac két qua
trén da cho théy, cAu trac xép cua dién cuc cathode trong
LOB la rit can thiét, gop phan truc tiép nang cao hiéu suit
dién hoéa. Hon nira, phuong phap ché tao FCNF dugc dé
xuét c6 thé duge mo rong dé ché tao cac vat liéu co do xép
cao khac cho cac hé théng luu trit nang luong.
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Tom tit:
Vatliéu Y AlsOu-YAlO pha tap ion Mn*" (YAG-YAP: Mn“*) dwoc ché tao thanh cong bang phwong phip phan ing pha ran
¢6 sur hd tro ciia nghién bi hanh tinh ning lwong cao. Két qua phan tich gian do nhiéu xa tia X (XRD) cho thay, vt li¢u ton
tai hai pha chinh 1a Y ALO,, (YAP) va YAIO, (YAG) khi u tai cac nhlet dd 16m hon 1300°C. Anh hién vi dién tir quét phat
xa truwong (FESEM) Va pho tan sdc nang lu’o’ng tia X (EDS) chi ra ring, vat liéu YAG-YAP:Mn* c6 dang hat véi kich thuée
trung binh khoéng 1-5 pm véi d¢ sach cao. Nghlen ciru pho kich thich huynh quang (PLE) va pho huynh quang cho thay, vat
liéu YAG-YAP:Mn* ¢6 thé dwoc kich thich tot tai hai budc song 305 va 477 nm; phat xa manh trong dai rng tir ving anh
sang d6 (674 nm) dén dé xa (715 nm). Nguon gbc ciia phat xa dé va dé xa lan lwgt dwoe Iy gidi 1a do sw chuyén mire dién tir
tir ’E—*A, ctia ion Mn** trong mang nen YAG va YAP. Duéi diéu kién thwe nghi€ém cia nghién ciru nay, cwong do pho huynh
quang manh nhit dwoc tim thiy trong miu YAG-YAP:Mn* pha tap 0,2% va i tai 1300°C trong thoi gian 5 gio ngoai khong
khi. Cac kf:t qua thu duge cho thay, vt liéu YAG-YAP:Mn*" ¢c6 tiém nang 16n trong ché tao dén LED chiéu sang chuyén dung
cho cay trong.

Tir khéa: bot huynh quang, chiéu séng ciy trong, phan ing pha rin, phat xa dé-do xa, Y,ALO,,-YAIO :Mn*.
Chi 56 phén logi: 1.3, 4.1
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5712
Thi Thu Khuat', Dinh Hoang Duc Nguyen', Dinh Huan Vu', Thi Duyen Tran?, Van Quang Nguyen®, Huu Tinh Nguyen®, Anh Van Chu?, Thi Kim Thoa Vu?,
Thi Thu Huyen Dang’, The Duyen Nguyen®, Thuy Tien Do®, Quang Bac Hoang?, Tri Tuan Nguyen®, Tu Nguyen®', Thi Hao Tam Tong®

!Faculty of Materials Science and Engineering, Phenikaa University, Duong Noi Ward, Hanoi, Viemam
2University of Transport Technology, 54 Trieu Khuc Street, Thanh Xuan Ward, Hanoi, Vietnam
’Department of Chemistry, Hanoi Pedagogical University 2, 32 Nguyen Van Linh Street, Xuan Hoa Ward, Phu Tho Province, Vietam
“College of Science, Can Tho University, 3/2 Street, Ninh Kieu Ward, Can Tho City, Vietmam
SFaculty of Fundamental Sciences, Phenikaa University, Duong Noi Ward, Hanoi, Vietnam
5School of Information Technology and Digital Economics, National Economics University, 207 Giai Phong Street, Bach Mai Ward, Hanoi, Vietnam
Received 10 April 2024; revised 1 May 2024; accepted 5 May 2024

Abstract:

Mn*-doped Y,ALO,,-YAIO, phosphor (YAG-YAP:Mn*") material was successfully fabricated by a solid-state reaction method,
supported by a high-energy planetary ball milling. X-Ray Diffraction Pattern (XRD) analysis result shows that the obtained
product consists of two main Y,ALO , (YAP) and YAIO, (YAG) phases when the sample is annealed at higher temperatures
of 1300°C. Field Emission Scanning Electron Microscopy (FESEM) and X-ray Energy Dispersion X-Ray Spectrum (EDS)
spectra indicate that the high-purity YAG-YAP:Mn*" phosphor has a granular form with an average size of about 1-5 pm. By
Photoluminescence excitation (PLE) and Photoluminescence spectra investigation, the YAG-YAP:Mn*" phosphor, which could
be well excited at two wavelengths of 305 and 477 nm, emits strongly in a wide wavelength range from the red light region (674
nm) to the far red region (715 nm). The peaks at 674 and 715 nm are attributed to the ’E—*A, transition of Mn* ions in the YAG
and YAP lattices, respectively. Under the experimental conditions, the highest photoluminescence intensity is found in the YAG-
YAP:0.2%Mn* sample after annealing at 1300°C for 5 hours in the air. The obtained results suggest that the synthesised YAG-
YAP:Mn*" phosphor material has great potential for application in specialised plant growth LED.

Keywords: phosphors, plant growth lighting, red-far emission, solid-state reaction, Y,AL.O, ,-YAIO :Mn*.
Classification numbers: 1.3, 4.1
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1. Dat van de

Nong nghiép luén 1a nganh phat trién thé manh trong
nén kinh té cua Viét Nam va hién nay nong nghiép cong
nghé cao dang duoc chu trong bai nd ¢6 thé mang lai hidu
qua kinh té cao [1]. Vi muc dich nang cao ning suit ciy
trong va san lugng néng nghiép, viéc nghién ctru va ap dung
cac cong nghé hién dai vao nong nghiép da va dang thu hut
rat nhidu sy quan tim cua cac nha khoa hoc trén toan thé
gidi [1]. Chiing ta déu biét rang, qua trinh thiic ddy su sinh
truong cua thuc vat nhat thiét phai thong qua ba yéu té co
ban 1a: nuoc, khong khi va anh sang [2]. Mt trong nhiing
tac nhan co thé can thiép bang cach nhéan tao d6 chinh la 4nh
sang [2]. Hién nay, viéc cac bong dén thap sang cho nong
trang vao budi t6i nham thuc ddy qua trinh sinh truéng cia
thuc vat 1a rat phd bién. Tuy nhién, hiéu biét vé co ché hap
thu anh séng clia cdy trong 13 yéu t6 can thiét trong viéc tim
ra cac nguon sang nhan tao thich hgp. Céac nghién ctru chi
ra riang, cdy trong khong hap thu hoan toan dai anh sang
ty nhién (Mit troi) ma chi hip thy mot s6 ving anh sang
nhit dinh nhu vung xanh lam (450-500 nm) va do - dé xa
(620-740 nm) [1, 2]. Trong dé, ving do - do xa dugc hap
thy boi hai sic t6 protein 1a phytochrome do (660 nm) va
phytochrome do xa (730 nm) [2-4]. Nghién ctru sau hon cho
thdy, sc td protein phytochrome do6 xa hap thu trong dai 4nh
sang rong, voi cuc dai nim trong ving do xa (730 nm) va
mot phé‘ln hép thu yéu hon trong vung dé (660 nm). Do do,
viéc nghién ctru tim ra loai bot huynh quang c6 thé phat xa
trong dai budc song rong tir do dén do xa 1a rat can thiét.

Theo cac bao cao trude day, dai phat xa dé va do xa
thuong dua trén cac ion pha tap kim loai chuyén tiép, hodc
kim loai dat hiém nhu Eu®*[5], Cr** [6], Mn*' [2].

Maéi ion déu cé cac wu va nhuge diém riéng biét. Trong
d6, Mn* 14 ion kim loai chuyén tiép c6 phan 16p d chua dién
day, cac muc chuyén doi nang lwong phi hop véi viing phat
xa d6 - do xa khi pha tap vao trong cac mang nén phu hop.
Hon nita, ion Mn*" lai ¢6 nguén vat liéu ddi dao va than
thién voi moi truong, do d6 san pham thu dugc thuong cd
gi4 thanh ré [2]. Thém vao d6, mang nén dugc biét dén 1a
mot trong nhimg yéu t& quan trong tic dong manh mé& 1én
vi tri, d6 rong vach ph6 phat xa va tudi tho cta bot huynh
quang. Nhom oxit (Al ,) va Ytrium ox1t (Y,0,) la céc
vat liéu ngudn co thé tao ra cic mang nén co dd bén co -
nhi¢t cao nhu Y, ALO, (YAM, don nghleng) YAIO, (YAP
perovskite) va Y Al O , (YAG, garnet) bang cach thay do6i
ty 1& cac oxit dau vao, cung nhu diéu kién ché tao [7]. Nhan
dinh nay dugc ching minh rd rang hon thong qua gian do
pha trinh bay tai hinh 1 [7]. Cu thé, theo ty 1& can bang ciia
cac oxit ngudn ALO, va Y, 0, nhim tao ra san phdm YAG
thi trong khoang nhiét d nhé hon 1400°C, trong khi céac
pha YAG va YAP hoan toan c6 thé dugc ché tao d(‘A)ng thoi
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dua trén ty 1€ mol% cua 3{203. Vi mbi pha tinh thé khac
nhau, s€ gdy anh huéng dén kha nang phat xa cta ion tam
tap Mn*" 1a khac nhau. Mic di YAG thudc ho mang nén
garnet con YAP thudc ho mang nén perovskite, nhung van
¢6 su twong dong vé ban kinh ion cua AP* véi Mn*". Cu
thé, xét vé s6 phdi tri CN=6 ddi véi cation A ¢6 ban kinh
1=0,535 A trong c4 hai mang nén YAG va YAP kha tuong
déng véi ban kinh ion Mn* 1=0,53 A. Bén canh d6, trong
YAG con ¢6 mot phan cac ion AIP* chiém vi tri tAm o tur
dién vai s6 phdi tri CN=4. Vi vi tri nay, ban kinh cta ion
AP hoan toan trung lip véi Mn* (CN=4, r=0,39 A). Khi
ion Mn*" thay thé cho ion AP* trong mang nén YAG c6 thé
cho phat xa trong ving do, va cho phat xa d6 xa khi Mn**
thay thé cho ion AI** trong mang nén YAP [8]. Do do, viéc
nghién ctru phét xa do - do xa trén co s& mang nén YAG-
YAP pha tap ion Mn*" ¢6 tiém ning va y nghia hét sirc cao
trong thuc tién.

T Léng
i Y;0,
+
Lén
—HALO; g
+ Léng
YAP YAM
T + +
YAG [ YAM Y,0,
4 ALQO, + YAG +
YAP

Hinh 1. Gian db pha AL,0,-Y,0, [7].

Trong nghién cru nay, ching t6i tdp trung nghién ciru
quy trinh ché tao bot huynh quang YAG-YAP pha tap Mn**
bang phuong phap phan mg pha rin, két hop véi nghién
bi hanh tinh ning lugng cao. Anh huéng ciia nhiét do va
ndng do pha tap 1én ciu trac va tinh chat quang cua vat
liéu YAG-YAP:Mn*" s& dugc thao luan chi tiét. Toa d0 mau,
d6 tinh khiét mau, sy phu hop gitta phd hép thu cua sic td
phytochrome va ph6 huynh quang ctia mau YAG-YAP:Mn**
cling dugc tinh toan.

2. Doi tuong va phuong phap nghién ciiu
2.1. Héa chit

Trong nghién ciru nay, cic hoa chit dugc sir dung
bao gém cac oxit ALLO, (Merck, d6 sach 99,9%, Xilong
Sciqntiﬁc, Trung Quoc) va Y, 0, (Merck, do sach 99,’9%),
muéi MnCl,.4H,0 (Merck, d¢ sach 99,7%) va nudc cat hai
lan.
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2.2. Quy trinh thuc nghiém

Quy trinh tong hop vat lidu YAG-YAP:Mn** duoc thuc
hién dya trén phuong phap phan tng pha rin c6 hd trg
nghién bi hanh tinh ning lugng cao. Ty 1& timg tién chat
ALO,, Y,0,va MnCl,.4H,0 dugc tinh toan dé ché tao vat
liu YAG-YAP:x%Mn* (x=0-2,0%mol). Pau tién, tron cac
vat ligu ALO,, Y,0, va MnCL,.4H,0 trong 50 ml nudc cAt
hai 1an bang may khudy tir & nhiét do phong dé thu dugc
hdn hop dong nhat. Sau dé, hdn hop dong nhét dugc siy
kho tai 120°C trong thoi gian 15 gio ngoai khong khi dé
loai bo hoan toan lugng nudc. Trong bude tiép theo, hdn
hop sau qua trinh sdy duoc nghién bi hanh tinh nang luong
cao trong khoang 30 phut véi toc do 200 vong/phut dé thu
dugc bot mau trang. Cudi cling, bot mau tring dwoc u nhiét
tai cac nhiét do khac nhau tir 1100 dén 1400°C trong thoi
gian 5 gid ngoai khong khi dé thu dugc bot huynh quang
YAG-YAP:x%Mn*".

2.3. Cac phwong phadp phdn tich

Céu trac tinh thé cua cac mau dugc nghién ctiu bang
phép do XRD véi goc nhidu xa 2 tir 20 dén 80° sir dung
nguén burc xa Cu-Ka (=0,1541 nm) trén co s& thiét bi do
XRD-D8 Advanced. Hinh thai bé mit va thanh phan nguyén
t6 hoa hoc trong mau duoc xac dinh bﬁng FESEM va EDS su
dung thiét bi FESEM-JEOL/JSM-7600F. Tinh chat phat xa
va kich thich cta vat liéu dugc nghién ctiru bang phd huynh
quang (PL) va PLE duya trén thiét bj NanoLog (Horiba, M¥)
véi kich thich ctia dén Xenon 450W. Tat ca cac mau dugc
do ¢ nhi¢t do phong.

3. Két qua va ban luan

Gian dd XRD cua mau YAG-YAP:0,2%Mn*" 0 tai cac
nhiét d6 khac nhau, tir 1100 dén 1400°C trong 5 gir ngoai
khong khi duoc trinh bay trén hinh 2. C6 thé thay rang, khi
mau  tai nhiét do thép hon 1200°C, gian dd XRD bao gém
cac dinh nhidu xa tmg véi cac pha tinh thé ngudn Y,0, va
Al O,. Cu thé, cac dinh nhicu xa tai vi tri 26=20,42°, 29,03°,
33,71°, 35,76°, 39,79°, 43,26°, 46,91°, 48,51°, 50,19°,
53,27°, 56,08°, 57,67°, 58,89°, 60,39°, 64,50°, 69,75°,
71,05°, 72,18°, 77,14° va 78,45° g v6i cac mit phang
(211), (222), (400), (411), (332), (431), (521), (440), (433),
(611), (541), (622), (631), (444), (721), (651), (800), (811),
(831) va (662) cia Y, O, (theo th¢ chuén PDF #41-1105) [9]
va cac dinh tai 26=25,48°, 35,05°, 37,73°, 43,18°, 52,30°,
66,54° va 68,18° twong mg véi cac mit phang (210), (020),
(121), (402), (420), (42-4), (424) ctua AL O, (theo the chuan
PDF #50-1496) ¢ hinh 2 [10].
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Hinh 2. Gian dé nhiéu xa tia X cla mé'u YAG-YAP:0,2%Mn* 0 tai
cac nhiét do khac nhau, tr 1100°C den 1400°C, thei gian 5 gio
trong méi trwong khéng khi.

Khi nhiét d¢ u tang Ién 1300°C, bén canh cac dinh dac
trung cho Y, 0, va ALO,, gian dd XRD cho thdy bat dau
xudt hién cac dinh nhifu xa méi ddc trung cho vat liéu
Y,ALO,, (YAG) va YAIO, (YAP). Cic dinh nhiéu xa tai goc
20=27,74°, 29,67°, 33,33°, 35,05°, 36,57°, 41,14°, 42,46°,
46,52°, 49,36°, 52,70°, 55,04°, 56,02°, 57,47°, 61,63°,
71,97°, twong Ung v&i mat tinh thé (321), (400), (420),
(332), (422), (521), (440), (532), (541), (444), (640), (721),
(642), (800) va (842) ctia pha tinh thé YAG (theo thé chuén
PDF #33-0040) [11]. Trong khi d6, cac dinh nhiéu xa tai goc
20=23,88°, 26,74°, 34,12°, 35,74°, 41,75°, 48,95°, 50,68°
va 60,61° ung v6i cac mit tinh thé (101), (111), (121),
(210), (220), (202), (212) va (321) dac trung cho pha tinh
thé YAIO, (theo thé chuan PDF #33-0041) [12]. Tiép tuc
ting nhiét d6 0 mau lén 1400°C, hai pha tinh thé YAG va
YAP chiém uu thé trong gian dd XRD. Piéu nay kha phu
hop véi gian db pha Y,0,-Al,O, nhu da phan tich ¢ hinh 2.
Théng qua gian &6 XRD, ching t6i c6 thé két luan rang, pha
tinh thé YAG va YAP bt dau dugc hinh thanh tai nhiét do
1300°C va chiém wu thé vuot trdi tai 1400°C.

Cac nghién ctru trudce dy chi ra rang, pha tinh thé YAG
v6i cAu trac 14p phuong thudc nhém ddi xting khong gian
Ia3d. Trong cu tric nay, ion Y3 duoc dat trong khéi da
dién 12 mit (YO,) con AP* lan luot dwoc dit trong cac tam
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khéi bat dién A1O , va tir dién AlO, theo ty 1¢ 2:3 [13]. Trong
khi d6, pha tinh thé YAP thudc ho mang nén Perovskite véi
cAu tric truc thoi lai duoc ciu thanh boi cac khdi 12 mat
YO, (CN=8) va khdi bat dién cua AlO . (CN=6) [14]. Do do,
su pha tap ciia ion Mn** vao hé mang nén nay hoan toan c6
thé dugc xét dén trong ca hai pha tinh thé YAG va YAP. Cu
thé, kha nang thay thé cia ion Mn** vao céc vi tri ion AI*
trong hai mang nén nay duoc xac dinh thong qua cong thirc
sai léch ban kinh sau [15]:

D, = Rm(CN)~Ra(CN) (1)

Rm(CN)

trong d6: R (CN) la ban kinh ion bi thay thé trong mang
nén; R (CN) 1 ban kinh ion thay thé; D 1 do sai léch ban
kinh giita cac ion tap va ion duoc thay thé trong mang nén.
CN 1a s6 phbi tri twong tng ciia ting ion.

Theo céac bao céo cua cac nghién ctru trude, cac tam tap
c6 thé dugc thay thé vao cac ion trong mang nén khi gia tri
Dr nh6 hon 30% [15]. Véi ban kinh ion Mn*" tai s6 phéi tri
CN=6 12 0,53 A, d0 sai léch D_khi xét dén su thay thé cta
jon Mn*" vao vi tri cua ting ion kim loai trong mang nén
dugc tinh toan dya trén cong thic (1). Két qua tinh toan
cho thiy do sai léch D_ khi Mn*" (r=0,53 A, CN=6) thay
thé cho AP (=0,535 A, CN=6), AI** (r=0,39 A, CN=4) va
AP (r=1,019 A, CN=8) c6 gia tri 1an luot 12 0,93; 35,89 va
47,99%. Piéu nay c6 nghia 1a ion Mn* chi c6 thé thay thé
cho ion AP (1=0,535 A, CN=6) trong ca hai pha YAG va
YAP.

I Phé EDS
% Nt
67,21
19,85

Hinh 3. Anh hién vi dién tir quét phat xa trwong (A), phé tan sic
ning lwong tia X (B), phd tan sac nang lwong tia X mapping tirng
nguyén té (C-F) va phé tan sic ning lwong tia X mapping téng (G)
ctia mau YAG-YAP: 0,2%Mn*.
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Anh FESEM ciia miu YAG-YAP:0,2%Mn* u tai
1400°C thoi gian 5 gid trong modi truong khong khi dugce
trinh bay trén hinh 3A. Két qua cho théy, vat liéu YAG-
YAP:0,2%Mn*" c6 dang hat vai kich thudce nam trong dai
rong tir khoang 1-5 pm. Phd EDS trén hinh 3B chi ra sy hién
dién cua tat ca cac nguyén td O (67,21%), Al (19,85%), Mn
(0,26%) va Y (12,68%). Khong c6 nguyén té tap chit nao
khac dugc phat hién. Pho EDS mapping trinh bay trén hinh
3 (C-F) mét 1an nita xac nhan sy c6 mat cia timg nguyén to
trong mau. Thém vao d6, phd EDS mapping tong thé trén
hinh 3G chi ra sy phan bé kha ddng déu cia cic nguyén to
trong mau. Két qua phan tich phd EDS chimg t6 mau YAG-
YAP:0.2%Mn** sau ché tao c6 do sach cao.

(A) (B)
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305 A e
— ——PLE: 3,,= 715 345 _° DrEAn=674
> ——PLE: A,,=674 ~—— Binh 2
s — Pinh 3
E‘ ~— Phé téng
w 477
-
o
© PLE,, = 715
< > o
— Binh 2
§ w2 —_— D;:ih ?
o 477 —— Pho tong
é 356 477
300 350 400 450 500 300 350 400 450 500
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Hinh 4. Phé kich thich huynh quang (A) va phd kich thich huynh
quang (B) dwoc fit thanh cac dinh thanh phan cia mau YAG-
YAP:0,2% Mn** do tai cac bwéc song phat xa dac trwng 674 va 716
nm. Phé huynh quang ctia mau YAG-YAP:0,2%Mn*" 0 tai 1400°C
th&i gian 5 gi® trong méi trwng khéng khi (C). So dé mé ta cac
qua trinh hap thu va phat xa cia ion Mn* trong mang nén YAG-
YAP (D).

Nham danh gia mtc d6 dap tng vé dai phd phat xa cua
vat liéu huynh quang YAG:Mn véi cac ving héap thy dic
trung cua cdy trong, phd kich thich huynh quang PLE va
phé huynh quang PL dd duoc do. Hinh 4A 1a két qua nhan
dugc khi do phd PLE tai hai budc song phat xa 674 va 715
nm ctia mau vat liéu YAG-YAP:0,2%Mn*" u tai 1400°C. Ca
hai duong phd déu chi ra hai ving hap thu kich thich rd rét
trong vung tir ngoai (UV: cuc dai trong khoang 305-323
nm) va vung kha kién (cuc dai 477 nm). C6 sy dich dinh
hap thy manh vé phia budc séng dai (tir 305 vé 323 nm) khi
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do ph6 PLE tai 674 va 715 nm. Diéu nay dwoc giai thich
1a do Mn*" dugc pha tap vao hai mang nén YAG va YAP
khac nhau. Ph6 PLE con dugc fit tt véi 3 dinh tai 302, 345
va 477 nm (hinh 4B) tuong tmg v&i cac chuyén doi dién
tir *A —*T,, *A —°T, va *A_—*T, clia ion Mn** khi dugc
dit trong truong bat dién ciia mang nén YAG-YAP [16].
Dé minh chimg cho su thay thé ciia ion Mn*" trong ca hai
mang nén YAG va YAP, ph6 PL kich thich tai hai budc song
khac nhau 305 va 323 nm da duogc thyc hién (hinh 4C). Phd
huynh quang c6 thé chia thanh 2 ving rd rét: ving d6 tng
v6i 3 budc song 646, 674 va 668 nm; vung do xa Ging vdi
hai budc séng 702 nm va 715 nm. Mot diém can luu y ¢ day
la ty 1¢ cuong do phat xa do/do xa (I,,/1,,,) trong phd PL,
khi kich thich tai 305 nm 16n hon khi kich thich tai 323 nm.
Céc nghién ctru gan day chi ra rang, khi Mn*" thay thé cho
AP trong YAG s& sinh ra phat xa do va thay thé cho AP
trong YAP s& cho ra phat xa do xa [8]. Diéu nay chimg to
rang, trong nghién ciru clia ching t6i, ion Mn*" da thay thé
ddng thoi cho ion AP trong ca hai mang nén YAG va YAP.
Do do, nguén géc cua phat xa doé (674 nm) va do xa (715
nm) twong tmg voi chuyén doi dién tir tir mirc ‘A,—T, cta
ion Mn*" khi dugc pha tap vao vi tri bat dién ctia AI** trong
mang nén tinh thé YAG va YAP. Két qua nay ciing kha phu
hop véi cong bd ciia Z. Zhou va cs (2019) [8]. Tir cac két
qué phén tich trén, chiing t6i dé xuat cac qué trinh hap thu
va phat xa clia ion Mn*" trong hai mang nén YAG va YAP
duoc trinh bay trén hinh 4D.

Hinh 5A va 5B trinh bay phd PL nhan dugc khi kich
thich tai 305 nm va 323 nm ctia mau YAG-YAP:0,2%Mn*"
u tai cac nhiét do khac nhau 1100-1400°C thoi gian 5 gio
trong moi truong khong khi. Tai nhiét do u thip (1100 va
1200°C), chi c¢6 phat xa trong vung do dam tai budc song
cuc dai xung quanh 695 nm véi cuong d6 khong dang ké,
cac dinh phét xa ciing khong biéu hién rd rét. RS rang, cac
pha ngudn dudng nhu khéng c6 sy anh huong dang ké 1én
tinh chit quang cia Mn*' trong ving d6 va do6 xa. Cuong
do phat xa trong vung dé va dé xa chi thyc sy quan sat o
nét khi nhiét d6 o dat dén 1300°C. Khi nhiét d6 o tang tur
1300°C 1én 1400°C, bén canh su ting cuong phat xa ¢ hai
viing d6 va do xa, ching toi con nhan thay ty 1¢ cudong do PL
I674/1715 ; ,
nguyén nhan: thur nhat 1a ting cuong kha nang khuéch tan
ion Mn** trong cic mang nén [17] v tht hai 1a su chiém uu
thé ctia pha tinh thé YAG so v&i pha YAP ¢ nhiét 6 1 miu
cao. Piéu nay ciing kha pht hop véi gian dd6 XRD da dugc
phan tich trén hinh 2.

ciing tang theo. Didu nay c6 thé dugc 1y giai boi hai
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Hinh 5. Phé huynh quang cGia miu YAG-YAP:0,2%Mn* 0 tai
cac nhiét do khac nhau (A, B), phé huynh quang cia mau YAG-
YAP:O,Z%Mn4+ u tai 13p0°C kich thich tai 305 va 323 nm (C, D), gian
do toa d6 mau cia mau YAG:YAP:Mn“* (E) va d6 dap trng cua phé
phat xa huynh quang ctia mau YAG-YAP:Mn* vé&i phd hap thu cla
phytochrome dé xa (F).

Anh huoéng cta nong d6 Mn*" pha tap 1én cudong do
huynh quang cta vat liéu YAG-YAP cling duoc nghién ctru.
Hinh 5C va 5D trinh bay phd PL nhan dugc ciia mau YAG-
YAP:x%Mn*" (x=0,2-2,0%) 1 tai nhiét d6 1300°C. Két qua
chi ra ring, mau dwoc pha tap tai 0,2% cho phat xa voi
cuong d6 manh nhét, khi kich thich tai ca hai budc song
305 va 323 nm. Khi ting ndng do pha tap 16n hon 0,2%,
cuong do PL giam dan, nhung ty 18 I,/1, . ting dan. Do do,
¢6 thé xay ra qua trinh tai hop canh tranh hodc/va truyén
ning lugng gita Mn*—Mn*" xdy ra trong hai mang nén
khac nhau [17]. Viéc nghién ctru pha tap & nong do thap
hon 0,2% dé tim ra néng d6 t6i wu cho cuong do phat xa
manh nhat can duogc thuc hién trong cac nghién clru trong
thoi gian sép to1. Tinh toan toa do mau cho théy, toa d0 mau
clia cac mau YAG-YAP: xMn* (x=0,2-2,0%) nim & ria do
trén gian d6 CIE v6i d9 tinh khiét mau 1én dén 100% (hinh
5E). Trong so sanh v&i phd hap thu Phytochrome d6 xa ctia
cdy trong trong ving nhin thay va phd PL cua miu YAG-
YAP:0,2%Mn*" u tai 1300°C, kich thich tai 323 nm cé su
phul hop 1én dén 36,1% (hinh 5F). Piéu nay ching to vat
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liéu YAG-YAP:Mn*" chiing t6i ché tao co tiém nang trong
g dung ché tao dén LED chiéu sang chuyén dung cho ciy
tréng.

4. Két luan

Trong nghién ctru nay, ching t6i di ché tao thanh cong
bot huynh quang Y,ALO, -YAIO,:Mn*" cho phat xa dong
thoi anh sang do va do xa bang phuong phap phan ung
pha rin c6 hd trg nghién bi hanh tinh ning lugng cao. Bot
huynh quang YAG-YAP:0,2% Mn*" ché tao duoc c6 dang
hat voi kich thude tir 1-5 pm va c6 do sach cao. Két qua
nghién ctru chi ra rang, ¢ thé diéu khién ty 18 phat xa do/
d6 xa bang cach thay d6i nong do pha tap va nhiét do
mau. Cuong d6 PL manh nhat thu dugc khi mau YAG-YAP
pha tap ndng d6 0,2%Mn*" va 1 tai 1300°C trong thoi gian
5 gid ngoai khong khi. Toa d6 mau cia cic mau YAG-
YAP:xMn*" (x=0,2-2,0%) nam & ria do, trén gian d6 CIE
v6i do tinh khiét mau 1én dén 100%. So sanh véi phd hap
thu phytochrome do6 xa cua cay trong, ty 1¢ phii hgp phd PL
ciia miu YAG-YAP:Mn*" 1én dén 36,1%. Cac két qua thu
duogc ching to vt liéu YAG-YAP:Mn*" c6 thé sir dung nhu
thanh phan phat xa do - do xa trong ing dung ché tao dén
LED chiéu sang chuyén dung cho cay trong.
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Tom tit:

Biy dén xuét 2-cyanopyrazine trong dé c6 sau hop chit méi di dworc thiét ké theo mé tip donor-acceptor-donor ddi ximg
v6i 16i acceptor 1a 2-cyanopyrazine. Viéc sir dung acceptor manh nay bién nhém cac Vong phenyl don gian tré thanh donor,
nhim tao ra cdc phéin tir phat quang méi, ciing nhu nghién ciru két qui cia sy thay doi cac nhom thé trén vong phenyl.
Day la mé tip khong pho bién va co thé dwoc ap dung rong rai trong viéc thiét ké cac phan tir phat huynh quang hoat héa
nhiét tré (TADF) méi. Céac din xuit nay da dugce tong hop mot cach hi¢u qua théng qua phan rng Suzuki. Panh gia tinh
chat phat quang cuia cac hop chét méi nay cho thziy, nhém thé Donor 1a cac din xuat phenyl khac nhau cé thé diéu chinh
tinh chit phat quang ciia phén tir bing nhiéu cach khac nhau. Hai hop chét mdi 3f va 3g phat quang trong vang nhin thay,
trong d6 hop chit 3g cho dai phat xa voi d§ chon lgc cao. Két qua chi ra ring, phwong phap sir dung 2-cyanopyrazine
1am 16i acceptor két hop véi cac din xuit vong phenyl v6i cac nhom thé khac nhau mang lai tinh chat phat quang linh
hoat, c6 thé diéu chinh dé dang. Cac két qua thu dugc trong nghién ciru nay mé ra trién vong g dung ciia cac din xuit
2-cyanopyrazine trong linh vue quang dién tir va vit liéu phat quang.

Tir khéa: phat huynh quang hoat héa nhiét tré, pyrazine fluorescent, 2-cyanopyrazine.

Chi 56 phén loai: 1.4,2.5
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Abstract:

Seven 2-cyanopyrazine derivatives, including six novel compounds, were designed based on a symmetric donor-
acceptor-donor (D-A-D) motif, employing 2-cyanopyrazine. The use of this strong acceptor transforms simple
phenyl rings into donors aimed to develop new photoluminescent molecules and investigate the effects of substituent
modifications on the phenyl rings. This is an uncommon motif with potential for broad application in designing new
thermally activated delayed fluorescence (TADF) molecules. The derivatives were efficiently synthesised via Suzuki
coupling reactions. Investigation of the photoluminescent properties of these novel compounds revealed that the
phenyl-based donor substituents could modulate the photoluminescent characteristics of the molecules in diverse
ways. Two new compounds, 3f and 3g, exhibited emission in the visible region, with compound 3g demonstrating
a highly selective emission band. The results suggest that strategically adding various phenyl derivatives as donor
substituents to the 2-cyanopyrazine acceptor core yields flexible and easily tunable luminescent properties. The
results obtained in this study open up promising prospects for the application of 2-cyanopyrazine derivatives in the
fields of optoelectronics and luminescent materials.

Keywords: pyrazine fluorescent, thermally activated delayed fluorescence, 2-cyanopyrazine.

Classification numbers: 1.4, 2.5
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1. Dt van de

Pyrazine 1a mot di vong thom c6 vai tro quan trong trong
nhiéu linh vyc, déc biét la trong nganh dugc pham [1]. Tuy
nhién, tiém ning Gng dung cua cac hop chit pyrazine trong
linh vyc vat li€u phat quang hitu co (OLED) van chua
duogc khai thac day di. Cac nghién ctru gan day da chi ra
rang cac dan xuét pyrazine (khong bao gdm cic dan xut
quinoxaline) co thé duoc su dung dé ché tao cac vat lidu
phat quang hiéu suét cao dua trén co ché phat huynh quang
hoat hoa nhiét tré (TADF) va phat quang kich thich tap hop
(AIE). Y. Kato va cs (2019) 2] lan d4u tién cong b hai chat
phat quang méi chira ciu phan pyrazine 1a: 2Ac-PRZ phat
quang mau xanh da troi voi A, =475 nm va toa do CIE la
(0,31; 0,55) va EQE__ la 21,4%; 2PXZ-PRZ phat quang
mau xanh 14 v6i A, =519 nm va toa do CIE la (0,19; 0,31)
va EQE_ la 11 9% Khi hop chat 2Ac-PRZ tao phue voi
Cul, vat heu nay phat quang mau trang hiéu suat lugng tir
ngoai (external quantum efficiency - EQE) dat 11%. Ngay
sau nghién ctru nay, nhém cua M. Cai va cs (2021) [3] cling
da cong bd mot loat cac chit phat quang TADF mau xanh
chira pyrazine 1am c4u phan nhén (acceptor) va benzofuro-
carbazole hodc benzothieno-carbazole 1am cdu phan cho
(donor). Trong s cac phan tir trong nghién ctru, BFCZPZ2
cho ning suat lwong tir phat quang cao (PLQY) (91% trong
2,8-bis(diphenylphosphoryl)dibenzo[b,d]thiophene (PPT)).
Thiét bi st dung vat liéu BFCZPZ2 thé hién phat xa mau
xanh dam v6i A =464 nm va toa d¢ CIE la (0,15; 0,16) va
EQE 21,3 % [3] Cung trong nam d6, P.L. Santos va cs
(2019) [4] da thlet Kké, tong hop va nghién ctru tinh chat phat
quang ctia mot s6 hop chat sir dung cac di vong pyridine,
pyrimidine va pyrazine thay thé vong benzene cua nhom
sulfonyldibenzene (acceptor). Dbi véi di vong pyrazine, mic
du chua thu dugc OLED mau xanh dam nhu mong muén,
tuy nhién OLED sir dung di vong pyrazine da cho hiéu suat
phat quang cao hon céac di vong con lai ma nhém da nghién
ctu, EQE_ 18% cho phat xa mau xanh 14 A i =522 nm [4].
Gan day, P. Rajamalli va cs (2021) [5] dd cong bd hai hop
chat phat quang méi dya trén 13i pyrazine 1a DTCz-Pz va
DTCz-DPz cho phat quang mau xanh dam. Hai vat liéu nay
cho thay hiéu suat lugng tir phat quang khé cao, khoang tir
76 dén 96%, trong ca dung dich toluene va mang méng PPT
pha tap. Ca 2 da duogc xac nhén la phat xa TADF. Cac OLED
s dung DTCz-Pz cho EQE_ 1a 11,6%, CIE (0,15; 0,16)
vaEQE_ =7,2% d6i voi thibt b1 s dung DTCz-DPz ¢6 CIE
(0,15; 0, 30) [5]. Hau hét cac nghién ctru déu cho thay tiém
nang cua pyrazine trong viéc thiét ké vat lieu TADF mau
xanh lam [6]. Mot s0 it truong hop nghién ciru cho phat
quang mau do dén do cam [7, 8]. Ngoai ra, mot sé nghién
ctru con cho thdy cac hop chit pyrazine c6 kha niang phat
xa lan quang cao [9-11]. So sanh véi di vong 1,3,5-triazine,
thi pyrazine it dugc sir dung hon nhiéu, do kha ning nhan
dién tir trong cac mo hinh donor-acceptor cua pyrazine kém
hon. Bé giai quyét van dé nay, viéc dua cac nhom hut dién
tir manh nhu cyano (-CN) vao vong pyrazine da dugc dé
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xuit va chirg minh 1a mot giai phap hiéu qua. Tuy nhién,
s6 luong cac nghién ctru lién quan dén hudng tiép can nay
van con rat han ché. Méi chi c6 2 nghién ctru cua J. Liu va
cs (2019) [12] va L. Salah va cs (2021) [13] dugc cong bd
lién quan dén giai phap nay. Ca 2 déu str dung nhom cyano
(-CN) dé tang kha nang hut dién tir cia vong pyrazine [12,
13] (hinh 1). Hai hgp chat TCZPZCN va 2TCzPZCN trong
cong bd cua J. Liu va cs (2019) [12] dwoc chimg minh phat
xa TADF v6i AE . nho hon 0,1 eV. Linh kién OLED st
dung vat liéu TCzPZCN va 2TCzPZCN cua J. Liu va cs
(2019) [12] cho EQE lan luot1a 7,1 va 12,2% [12]. Trong
nghién ctru cua L. Salah va cs (2021) [13], nhom tac gia da
chi ra rang 16i 2-cyano pyrazine dugc xac dinh 1a mot mo tip
quan trong dé diéu chinh khong gian lap thé va goc nhi dién
theo cach ngan chan sy hinh thanh dimer. Ca hai nghién ctru
dd ching minh ring 2-cyanopyrazine 1a acceptor dy hua
hen dé thiét ké c4c tac nhan TADF mau xanh lam ¢6 do 6n
dinh mau cao.

Qnmal
G%}Q{%G

[2]

s NixQ :-&“ﬂ«:

[1 1]
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Hinh 1. Mét sé phan tir phat huynh quang hoat héa nhiét tré cé
chira pyrazine.

i, O%

> Bié€n tinh dai mau phat xa

Hinh 2. M6t s6 phan tir phat quang méi chivra 2-cyanopyrazine
trong nghién ctru nay.

Trong nghién ciru nay, chung t6i trinh bay quy trinh tong
hop va danh gid tinh chit quang ctia mot loat cic dan xuat
2-cyanopyrazine méi. Cac hop chét nay dugc thiét ké dua
trén mo tip donor-acceptor, v6i 161 2-cyanopyrazine dong
vai tro acceptor va hai nhom thé phenyl dong vai tro donor
yéu (hinh 2). Piém dic biét cla ciu trac nay 1a cac nhom
thé trén phenyl c6 thé d& dang duoc thay d6i thong qua phan
mg Suzuki, cho phép diéu chinh tinh chat phat quang ciia
phan tir. Nghién ctru ndy nham muc dich mo rong thu vién

25



cac hop chat phat quang dua trén pyrazine, dong thoi lam
sang to mdi quan hé giita cdu tric va tinh chat quang cta
chung. Két qua thu dugc s& dong gbp quan trong vao viée
phat trién cac vat liéu OLED mau xanh hiéu suét luong tu
cao va 6n dinh. Véi tiém ning tmg dung to 16n cua cac vat
liéu nay trong cong nghé man hinh va chiéu sang tién tién,
nghién ctru cia ching t6i hira hen s€ thu hut sy quan tam
ctia cong ddng khoa hoc ciing nhu cac nha nghién ctru cong
ngh¢ trong linh vuc lién quan.

2. Nguyén liéu va phuong phap nghién cuu
2.1. Nguyén liéu

Céc héa chat va dung méi phan tng dugc mua tir cac
Hang Sigma-Aldrich, Merck, TCI, AKSci va st dung truc
tiép ma khong qua tinh ché. Phd cong hudng tir hat nhan
1H-NMR va 13C-NMR dugc do trén may Bruker Avance
500 MHz, stt dung CDCI3 lam dung méi va tetramethylsilane
(TMS) 1am chat chuan ndi. Pho hap thu tir ngoai (UV) dugc
do trén hé¢ may DS5 Dual Beam UV-Vis Spectrophotometer
(Edinburgh). Ph6 huynh quang duoc do trén hé may Mid-
Focal Length Imaging Spectrometers iHR550 (Horiba).

2.2. Quy trinh téong hop 3,6-diarylpyrazine-2-
carbonitrile thong qua phan irng Suzuki-Miyaura

Quy trinh chung tér}g hop cua 3,6-diphenylpyrazine-2-
carbonitrile 3a dugc thé hién & (hinh 3):

Pd(PPh3)4
Cl_ N_ CN NaZCO3
T, v A
N D|oxane/H20
1 2a-f 110°C. 24h 3a-f
(R=aryl)

Hinh 3. So dbé téng hop cac dan xuét 3,6-diarylpyrazine-2-
carbonitrile (v&i R la cac aryl khac nhau).

Cho 3,6-dichloropyrazine-2-carbonitrile 1 (150 mg,
0,862 mmol), axit phenyl boronic 2 (231 mg, 1,897 mmol),
Pd(PPh,), (5’0 mg, 0,043 mmol) va Na, CO, (457 mg, 4,31
mmol) vao ong chiu ap 40 ml. Hon hop dugc loai khi bang
ky thuat back-filled bang khi Argon nhiéu lan. Phan tng
duogc gia nhiét & 100°C trong 24 gio. Sau phan tng, dung
mdi duoc loai bo bing may cit quay ap suét thip. Hon hop
dugc chiét véi etyl axetat va nude. Pha hiru co dugc 1am kho
bing Na_SO,, loc va dung mdi duge cét loai & ap suat thép.
Céan mau vang dugc tinh ché b?mg sic ky cot (silica gel,
hexan/etyl axetat 3:1) thu dugc 3a (177 mg, 80%) dudi dang
chit ran mau tring. '"H NMR (600 MHz, Chloroform-d) &
9,24 (s, 1H); 8,14-8,08 (m, 2H); 8,08-8,02 (m, 2H); 7,62-
7,51 (m, 6H). 3C NMR (126 MHz, Chloroform-d) & 154,5;
150,8; 143,5; 134,3; 134,1; 131,0; 130,9; 129,3; 128,9;
128,9; 127,0; 126,7; 116,7.
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3,6-di-m-tolylpyrazine-2-carbonitrile 3b: Pugc diéu
ché theo quy trinh chung sir dung 3,6-dichloropyrazine-2-
carbonitrile 1 (150 mg, 0,862 mmol), axit (3-methylphenyl)
boronic (258 mg, 1,897 mmol). San phdm dugc tinh ché
bang séc ky cot nhanh (silica gel, hexan/etyl axetat 5:1) thu
duogc 3b (199 mg, 81%) dudi dang chit rin mau tring. 'H
NMR (600 MHz, Chloroform-d) 6 9,20 (s, 1H); 7,93 (s, 1H);
7,90-7,82 (m, 3H); 7,49-7,40 (m, 2H); 7,36 (dddt, J=15,7;
7,6; 1,8; 0,9 Hz, 2H); 2,48 (d, J=2,2 Hz, 6H). *C NMR (126
MHz, Chloroform-d) ¢ 154,5; 150,8; 143,5; 139,1; 138,8;
134,2; 134,1; 131,7; 131,6; 129.4; 129,1; 129,1; 128.,8;
127,9; 127,7; 126,7; 126,0; 124,1; 116,7; 21,5; 21.4.

3,6-di-o-tolylpyrazine-2-carbonitrile 3¢: Puoc diéu
ché theo quy trinh chung sir dung 3,6-dichloropyrazine-
2-carbonitrile 1 (150 mg, 0,862 mmol), axit (2-dimethyl)
boronic (258 mg, 1,897 mmol). San pham dugc tinh ché
bang sic ky cot nhanh (silica gel, hexan/etyl axetat 6:1) thu
dugc 3¢ (165 mg, 67%) dudi dang chat rdn mau trang. 'H
NMR (600 MHz, CDCL,) 6 8,96 (s, 1H); 7,50-7,32 (m, 8H);
2,50 (s, 3H); 2,36 (s, 3H). "C NMR (126 MHz, CDCI,)
5 156,4; 154,0; 146,3; 136,9; 136,8; 134,6; 134,2; 131,6;
131,2; 130,4; 130,2.

3,6-bis(3,5-dimethylphenyl)pyrazine-2-carbonitrile
3d: Puoc diéu ché theo quy trinh chung st dung
3,6-dichloropyrazine-2-carbonitrile 1 (150 mg, 0,862
mmol), axit (3,5-dimethyl)boronic (285 mg, 1,897 mmol).
San pham dugc tinh ché bang sic ky cot nhanh (silica gel,
hexan/etyl axetat 6:1) thu dugc 3d (189 mg, 70%) dudi
dang chat rdn mau trang. 'H NMR (600 MHz, CDCL) §
9,19 (s, 1H); 7,71 (s, 2H); 7,63 (s, 2H); 7,16 (s, 2H); 2,44 (s,
12H). "C NMR (126 MHz, CDCl,) § 154,7; 151,1; 143,6;
139,1; 138,7; 137,3; 134,3; 134,2; 132,7; 132,4; 131,2;
126,7; 124,9; 21 ,4.

3,6-di([1,1’-biphenyl]-2-yl)pyrazine-2-carbonitrile
3e: Puoc diéu ché theo quy trinh chung st dung
3,6-dichloropyrazine-2-carbonitrile 1 (150 mg, 0,862
mmol), axit (1,1>-biphenyl)-2-ylboronic (376 mg, 1,897
mmol). San pham dugc tinh ché bang sic ky cot nhanh
(silica gel, hexan/etyl axetat 6:1) thu dugc 3e (212 mg,
60%) dudi dang chat ran mau tring. '"H NMR (600 MHz,
CDCL,) 6 8,14 (s, 1H); 7,78 (dd, J=7,7; 1,4 Hz, 1H); 7,63-
7,47 (m, 7H); 7,39-7,27 (m, 6H); 7,18-7,14 (m, 2H); 7,13-
7,08 (m, 2H). "C NMR (151 MHz, CDCL,) § 155,8; 153,0;
147,4; 142,0; 141,1; 140,0; 139,7; 133,9; 133,6; 130,9;
130,7; 130,6; 130,5; 130,3; 130,2; 130,1; 129,7; 129,2;
128,7; 128,3; 128,2; 127.,8; 127,7; 127,4; 115,5.

3,6-bis(3-methoxyphenyl)pyrazine-2-carbonitrile
3f: Pugc didu ché theo quy trinh chung st dung
3,6-dichloropyrazine-2-carbonitrile 1 (150 mg, 0,862
mmol), axit (3-methoxyphenyl)boronic (288 mg, 1,897
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mmol). San pham dugc tinh ché bang sic ky cot nhanh
(silica gel, hexan/etyl axetat 3:1) thu duoc 3f (213 mg, 78%)
dudi dang chit rin mau tring. '"H NMR (600 MHz, CDCI )
89,21 (s, 1H); 7,68-7,63 (m, 3H); 7,51-7,44 (m, 2H); 7,13-
7,07 (m, 3H); 3,92 (s, 3H); 3,91 (s, 3H). *C NMR (126
MHz, CDCl,) & 160,9; 160,4; 159,9; 156,9; 150,7; 143,5;
135,4; 130,0; 121,2; 119,3; 117,3; 117,1; 113,8; 112,2;
107,8; 106,2; 101,5; 55,4; 55,2.

3,6-bis(2- methoxyphenyl)pyrazme 2-carbonitrile
3g: duoc diéu ché theo quy trinh chung st dung
3,6-dichloropyrazine-2-carbonitrile 1 (150 mg, 0,862
mmol), axit (2-methoxyphenyl) boronic (288 mg, 1,897
mmol). San phim duoc tinh ché bing sic ky cot nhanh
(silica gel, hexan/etyl axetat 3:1) thu duoc 3g (219 mg,
80%) dudi dang chat ran mau tring. '"H NMR (600 MHz,
CDCL,) 6 9,46 (s, 1H); 8,00 (dd, J=7,7; 1,8 Hz, 1H); 7,57
(dd, J=7.,5; 1,8 Hz, 1H); 7,49 (dddd, J=20,3; 8.3; 7.4; 1,8
Hz,2H); 7,15 (tdd, J=7,5; 4,0; 1,0 Hz, 2H); 7,07 (dd, J=14,6;
7,4 Hz, 2H); 3,93 (d, J=1,8 Hz, 6H). *C NMR (126 MHz,
CDClL,) 6 157.,4; 156,9; 152,4; 149,7; 147,8; 132,0; 131,9;
131,4; 131,2; 124,3; 123,7; 121,5; 121,1; 116,3; 116,0;
111,4; 111,4; 55,6; 55,3.

2.3. Quy trinh dinh gid tinh chit phdt quang

Quy trinh chung chuan bi miu d4nh gia tinh chét quang
hoc nhu sau:

3,6-diphenylpyrazine-2-carbonitrile 3a: Can 12,86 mg
(0,05 mmol) 3a, thém vao binh dinh mic 25 ml va dinh
mirc bang DCM thu duoc dung dich A ¢6 ndng do 2 mM.
Lay 62,5 pl dung dich A vao binh dinh mirc 25 ml thu dugc
dung dich 5 pM. Dung dich nay s& duoc dung dé danh gia
céc tinh chat quang hoc [14].

3,6-di-m-tolylpyrazine-2-carbonitrile 3b: Puoc chuan bi
theo quy trinh chung su dung 14,26 mg (0,05 mmol) 3b.

3,6-di-o-tolylpyrazine-2-carbonitrile 3¢: Pugc chudn bi
theo quy trinh chung su dung 14,26 mg (0,05 mmol) 3c.

3,6-bis(3,5-dimethylphenyl)pyrazine-2-carbonitrile 3d:
Pugc chuan bi theo quy trinh chung st dung 15,67 mg (0,05
mmol) 3d.

3,6-di([1,1’-biphenyl]-2-yl)pyrazine-2-carbonitrile 3e:
Puoc chuan bi theo quy trinh chung st dung 20,41 mg (0,05
mmol) 3e.

3,6-bis(3-methoxyphenyl)pyrazine-2-carbonitrile ~ 3f:
Pugc chuén bi theo quy trinh chung sir dung 15,85 mg (0,05
mmol) 3f.

3,6-bis(2-methoxyphenyl)pyrazine-2-carbonitrile ~ 3g:
Pugc chuan bi theo quy trinh chung sur dung 15,85 mg (0,05
mmol) 3g.
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3. Két qua va ban luan
3.1. Két qud tong hop chit

Bang 1. T6i wu héa phan (¢ng.

SO thirtw  Xiic the Dung méi Bazo Hiéu suét (%):
1 Pd(PPh,), THF K,PO, 40
2 Pd(PPh,), THF K,CO, 40
3 Pd(PPh,), THF Na,CO, 45
4 Pd(PPh,), THF NaOH 33
5 Pd(PPh,), Dioxane Na,CO, 55
6 Pd(PPh,), Tol Na,CO, 41
7 Pd(PPh,), DMF Na,CO, 19
8 Pd(PPh,), Dioxane/H,0 Na,CO, 70
9 Pd(C,H,).CI, Dioxane/H,0 Na,CO, 58
10 Pd(NCCH,),Cl, Dioxane/H,0 Na,CO, 60
11° Pd(OAc), Dioxane/H,0 Na,CO, 20
12¢ Pd(OAc), Dioxane/H,0 Na,CO, 15
13¢ Pd(PPh,), Dioxane/H,0 Na,CO, 71
14¢ Pd(PPh,), Dioxane/H,0 Na,CO, 80
15 Pd(PPh,), Dioxane/H,0 Na,CO, 80

Diéu kién: Pd(PPh,), (0,05 equiv.), bazo (5 equiv.), dung méi (5 ml,
Dioxane/H,O (5/1)), 80°C, 24 gi¢. ® DPEPhos (0,1 equiv.). © XantPhos
(0,1 equiv.); ¢ 90°C; © 100°C; * 120°C; 9 Hiéu suét phan lap béng sic ky
c6t. Dimethylformamide - DMF, Tetrahydrofuran - THF.

Quié trinh t&i uu héa phan ng duge thuc hién bang cach
str dung xtc tac Pd(PPh3), trong dung moi tetrahydrofuran
(THF) ¢ 80°C (bang 1). Cac bazo khac nhau nhu K.PO,,
K,CO,, Na,CO,, NaOH da duoc khdo sat, trong d6 Na,CO,
cho hiéu suat tot nhat (45%). Tiep theo, anh hudng cua dung
moi dugc danh gia voi cac dung moi nhu dioxan, toluen,
dimethylformamide (DMF). Két qua cho thdy, DMF cho
hiéu suat thap nhat, trong khi dioxan mang lai hiéu suat cao
hon (55%). H¢ dung moi chtra nude thuong dugce st dung
trong phan tmg Suzuki va mang lai hiéu qua tét. Do do, hé
dung mdi dioxan/H,O da dugc khdo sat va thu dugc két qua
kha quan v6i hiéu suit phan tng 1én dén 70%. Dé nghién
ctru anh huong cia xuc tac, cac ngudn xuc tac paladium
khéac nhau nhu Pd(C H,),Cl,, Pd(NCCH,),Cl, da dugc danh
gia, tuy nhién khong mang lai hi¢u suat cai thién dang ke.
Khi st dung Pd(OAc), két hop véi cac ligand DPEPhos va
XantPhos, hiéu suit phan ung giam xudng con 15-20%.
Cudi cung, anh hudng cua nhiét d6 dugc khao sat va 100°C
duoc xac dinh 1a nhiét do tdi uu, mang lai hi€u sudt cao nhat
(80%) (hinh 4).
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Dung méi ‘ >
Bazo N
80°C 3a

Hinh 4. So’ d4 t6i wu héa phan (rng téng hop 3,6-diphenylpyrazine-
2-carbonitrile 3a.

Véi didu kién t6i wu dd xac dinh, 7 din xuét
2-cyanopyrazine mdi da dugc tong hop thanh cong véi higu
suét phén 1ap tir 60 dén 81% (hinh 5).

Red

Pd(PPha)s
Na,CO, R__N_ _CN

15

(HO)B-R
Dioxane/H,0

3a, 80% 3b, 81% % 3c, 67% F : 3d, 70}©/
‘? CN
3e, 60% ‘I/‘ 3, 78% 39, 80%

Hinh 5. Cac dan xuét 2-cyanopyrazine da téng hop thanh céng.
3.2. Két qud ddanh gid tinh chit phdt quang

Bang 2. Cac thong sé vat ly ctia dan xuét 3,6-diphenylpyrazine-2-cyano.

Hop A i, &3 A em Av Av FWHM E o
4 o ‘max max ’ ; 1 (nm) ‘ap
chat (nm)  (nm) (nm) (nm)  (em?) (em”) @ (eV)

3a 275 283 382 99 9158 3259 344 343
3b 215 295 389 94 8191 3325 354 339
3e 275 266 353 87 9265 6250 317 347
3d 215 300 390 90 7692 4019 357 337
3e 215 282 394 112 10080 3274 354 343
3 215 280 414 134 11560 4486 364 3,29
3 215 264 403 139 13065 3295 n 328

Pé danh gia anh hudng cua cac nhém thé khac nhau
trén cau phan phenyl dén tinh chét phat quang, dan xuat
2-cyanopyrazine véi nhom thé phenyl don gian (3a) duoc
khao sat dau tién [15]. Két qua béng 2 cho thdy, 3a hiu nhu
khong phat quang o vung kha klen trong dung dich, véi dai
phat xa chil yéu ndm trong ving gan UV, dinh phat xa & 382
nm. Gia tri bgndgap cua 3a duoc t}nh toan tu ‘puoc song A,
la 3,43 eV, nam trong vung UV. D¢ dich chuyén dai phat xa
vé ving kha kién, cac nhom déy dién tir dwoc dua vao phan
tr nham (1) tang d¢ dai lién hop va (2) su dung hi¢u ung
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nhom lién ké dé giam bandgap. Cac phd phét xa thu dugc co
cuong do cao, tin hidu khong nhiéu, goi y hiéu sudt lwong tir
cao. Cung vai do, & phd hap thu cua tit ca cac san pham, dai
chuyén dién tir (CT band: charge transfer) déu dugc quan
sat thiy.

Do cac nhom thé dugc dwa vao & ca hai ciu phan vong
phenyl (ciu phan donor - vi tri cta orbital HOMO) déu la
céc nhom déy dién tir, kha ning day dién tir ciia chung déng
vai trd quan trong hon so véi vi tri cia nhom thé. Nhom
methoxyl trong 3f va 3g ¢ hiéu tmg cong hudong day manh
vao vong phenyl, gitip diéu chinh dang ké gia tri bandgap,
khong phu thudc vao vi tri nhém thé.

Dbi voi 3e, viéc dua hai nhom phenyl vao phén tir duoc
cho 13 s& l1am tang dang ké do dai lién hop, nhung gia tri
bandgap gin nhu khong ddi. Nguyén nhan 1a do nhém
phenyl dugc thé vao 0 vi tri ortho so v6i16i 2-cyanopyrazine,
cau tric khong gian cong kénh khién hai vong phenyl b vin
xoin, dan dén giam do dai lién hop va ting gia tri bandgap .

Cac phan tir 3b va 3d co gia tri bandgap gan nhu khong
thay d6i dang ké do do dai lién hop khong doi va kha ning
day yéu ctia nhom methyl lién ké. Tuong tu, 3¢ ciing chi
dugc dua thém nhom methyl ddy dién tir yéu, nhung do vi
tri céng kénh, d6 dai lién hop giam, tham chi con dan dén
su ting 1én cua gi4 tri bandgap. Su twong ddng vé tinh chét
giita 3b va 3d cho thay kha ning diéu chinh kém ctia nhom
methyl & vi tri meta. Hiéu tng day siéu lién hop cta mot
nhoém methyl (3b) l1am gidm bandgap 0,04 eV, nhung khi
dua vao hai nhom methyl (3d), gia tri bandgap ciling chi
giam 0,06 eV.

Hai phan tir 3f va 3g phat quang chu yéu ¢ dai kha kién,
trong d6 do rong dai phat quang cua 3g nhoé hon dang ké
so voi 3f. Nhom methoxy ddy dién tir qua hiéu tng cong
hudng ctia 3f ndm & vi tri 3, khién orbital HOMO phén b
O cac carbon 2, 4, 6 cua vong phenyl. Trong khi d6, nhom
methoxy ctia 3g ¢ vi tri 2, din dén orbital HOMO phan bd
O céc carbon 1, 3, 5. Nho vay, qua trinh chuyén dién ti tur
HOMO sang LUMO (phén b & acceptor) cua 3g tré nén
hiéu qua hon hon 3f, ning lugng bi mét di it hon, khién dai
phat xa trd nén chon loc hon .

Ngoai ra, ph6 hap thu cia tat ca cac phéan tir déu quan
sat thay hai dinh hap thu hodc mét vai & dinh hip thu chinh,
tuong ung vdi hai qua trlnh hap thu khac nhau (hinh 6) Dai
hap thy dich chuyen vé phia do tng v6i qua trinh hap thy
chuyen dién t. Diéu nay clng goi ¥ rang, trong qué trinh
hap thy photon, ¢6 sy di chuyén cia electron tir HOMO t6i
LUMO véi vi tri khac nhau trén phén ta. Sy xuét hién cta
dai CT, cung véi kha nang diéu chinh bandgap hiéu qua
bang nhom lién ké, goi ¥ su phén tach vi tri cia HOMO
va LUMO trén phan tr. Cac phan tr c6 HOMO va LUMO
phan bd & cic phan khac nhau thuong dem lai hiéu suat
lugng tir cao thong qua hiéu g TADF.
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Phat xa tiéu chuin

H3p thu tiéu chudn

Bwéc séng (nm )

Hinh 6. Phé hap thu va phat xa clia cac hop chat 3a-3g.

4. Két luan

Trong nghién ctru nay, ching t6i da thiét ké va tong
hop thanh cong 7 dan xuét 2-cyanopyrazine méi theo mo
tip donor-acceptor-donor (ngoai trir hop chét 3a). Tinh chét
phat quang trong dung dich cta cac dan xuét nay da duoc
khao sat va danh gia. Két qua cho thay, cac tinh chat quang
hoc ¢ thé duge diéu chinh mot cach hiéu qua bﬁ“mg cach
dua cac nhom thé vao ciu trac phan tir. Nghién ciru ciing
chi ra cac phuong phap tiém niang dé kiém soat tinh chat
phat quang ctia phan tir theo muyc dich mong mudn, bao gdm
viéc thay doi do dai lién hop, str dung hiéu tmg nhém lién
ké, va diéu chinh vi tri ciia céc orbital HOMO va LUMO.
Céc két qua thu dugc trong nghién ciru ndy mé ra trién vong
g dung ctia cic dan xudt 2-cyanopyrazine trong linh vuc
quang dién tu va vat liéu phat quang.
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Nghién ctru ndy duoc tai tro boi Quy Phat trién Khoa
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Tom tat:

Ngudn nuée khoang nong (NKN) khu vye Dong Nam tinh Bac Liéu (nay thugc tinh Ca Mau) dwgc phan bo c6 quy
luit trong moi lién quan nguon goc V0’l cac nguon dia nhiét va cac dit gy sdu trong lich sir phat trién ciia bén triing
Kainozoi Ciru Long. Dinh danh nguon NKN: nuéc khoing thlen nhlen, khoang hoa thap, radon, radi, nong. NKN khu
vwe Dong Nam tinh Bac Liéu cé chit lwgng tot, dap @ng nhu ciu in uong, déng chai va ngim tam. Ngoal ra, day la loai
NKN c¢6 tinh doc dao trén lanh thé Viét Nam, voi do pH cao, thugc nguon NKN thién nhién co tinh klem, dwgc xem la
m¢t loai hinh tai nguyén tw nhién mang tinh déc thu, cé thé dugc khai thac phuc vu phat trién du lich. Véi dac diém
phéan b6 nguon NKN ¢ cum Hung Hi (d9 siu 100-120 m) va Vinh Trach Péong (d9 siu 105-120 m) thudc khu vire Péng
Nam Bac Liéu, nguon NKN kiém thién nhién cé chit lwong tét va nhiéu dic tinh wu viét, cAn dwge tiép tuc quan tim
nghién ciru va sit dung hop ly.

Tir khda: nwée khoang kiem, nwéc khoang kiém thién nhién, nwéc khoang nong, nwéc khoang thién nhién, nwéc kiem.
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Abstract:

The hot mineral water sources in the southeastern region of Bac Lieu province (now is Ca Mau province) are distributed
systematically, linked to their origins with magma heat sources and deep faults in the development history of the Cuu Long
Cenozoic basin. Identification of hot mineral water sources: natural mineral water, low mineralisation, radon, radium, hot. The
hot mineral water in the southeastern region of Bac Lieu province has good quality, meeting the needs for drinking, bottling,
and bathing. Additionally, this is a unique type of hot mineral water in Vietnam, characterised by its naturally high pH, making
it an alkaline natural hot mineral water source, which can be exploited for tourism development. With the characteristics of hot
mineral water distribution in Hung Hoi cluster (at a depth of 100-120 m) and Vinh Trach Dong cluster (at a depth of 105-120
m), the natural alkaline hot mineral water sources have good quality and many superior characteristics, highlighting its value
and the need for further research and rational use strategies.

Keywords: alkaline mineral water, alkaline water, hot mineral, natural alkaline mineral water, natural mineral water.
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1. Dt van de

Nudc khoang nong (NKN) va nude kiém ty nhién 1a mot loai
tai nguyén khoang san c6 nhiéu tng dung trong doi song. Hién
nay, didu kién nén kinh té ca nudc ndi chung va Bac Liéu noi riéng
dang phat trién, mc séng ngay cang tot hon, nguon NKN 1a mot
trong c4c ngudn tai nguyén 6 gia tri sir dung.

Quy dinh vé Phan cép trir lugng va cép tai nguyén nudc
khoang, nudc nong thién nhién ndm 2014 cta B9 Tai nguyén va
Moi truong (nay 1a Bo Nong nghiép va Moi truong), “ngudn nudc
khoang thién nhién” la nudc thién nhién dudi dat duoc thanh tao
va chira trong mat cdu trac dia chit co dic diém dia chét, dia
chit thity van thuan 1¢i cho viéc hinh thanh, tich ty, van dong cua
nudc; co thanh ph?m khoang chét va c4c tinh cht hoa hoc, vat ly,
vi sinh, d¢ tinh khiét nguyén thuy on dinh theo thoi gian, dap tmg
tiéu chuan, quy chuan ky thuat Viét Nam hodc tiéu chuan nudc
ngoai dugc phép ap dung tai Viét Nam. Nguon nude nong thién
nhién 1 nudc thién nhién dudi dat dugce thanh tao va chira trong
mdt cau tric dia chit co dic diém dia chat, dia chat thity van thuan
loi cho viéc hinh thanh, tich ty, van dong clia nudc; co nhiét do
16n hon hogc bang 30°C, dap tmg tiéu chuan, quy chuan ky thuat
Viét Nam hodc tiéu chudn nudc ngoai duoc phép ap dung tai Viét
Nam [1].

Theo céc nguon tai lidu, nude kiém alkaline (alkaline water) la
loai nude co do pH cao (pH>7), ¢6 ngudn gdc tu nhién hodc nhin
tao. NKN kiém thién nhién 1a mot loai nude co nguon gbc dia cht,
dap tmg duoc yéu cau chit luong ciia nude khoang, ¢o do pH tu
nhién trén 7, nhiét do trén 30°C [1].

Céc két qua nghién ctru ciia dé tai khoa hoc va cong nghé cip
tinh “Nghién ciru, xdy dyng co s¢ dir li¢u vé tai nguyén du lich
phuc vu phét trién bén vimg du lich tinh Bac Liéu” lan dau tién
ghi nhan va mo ta & mot so 16 khoan cta cac ho dan khu vue bong
Nam tinh Bac Liéu. Bai viét cung cdp cac thong tin bude dau vé
ngudn tai nguyén thién nhién rat ¢6 gia tri cia Bac Liéu (nay thue
tinh Ca Mau) trén co so tong hop céc két qua nghién ctru ctia dé tai
va cac ngudn tai liéu khac.

2. Phuong phap nghién ciiu
2.1. Phuwong phadp khdo sdt thuc dia

Tién hanh cac 16 trinh khao sat dia chat thuy vin, nghién ciru
cac nguén xuat 10 NKN nhén tao, xéc dinh dic diém cac thanh tao
dét da, trong 6 gdm céc 16 khoan ciia ngudi dan va cac tram cap
nude thude Trung tdm Nudce sach va V¢ sinh mdi truong ndng thon
tinh Bac Liéu.

2.2. Phwong phdp ldy va phén tich méu

Quan tric va léy cic mau nudc trong cac nguén xuét 10
NKN nhan tao; bom thi nghiém xac dinh luu lugng, mic ha
thép muc nudc, quan sat va xac dinh nhiét do, pH; giri mau dén
cac phong thi nghiém phén tich cac chi tiéu theo cic quy chuin
vé NKN, nuéc in uéng va sinh hoat, nudc dong chai, nude
phuc vu ngdm tam.
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2.3. Phwong phdp thu thdp, téng hop tai liéu

Thu thap céc tai liéu nghién ctru va thong tin trong quaé trinh
diéu tra khao sat, nghién ctru, thi nghiém thiy van, cac két qua
phan tich chit luong nude. Cac tai liéu thu thap chu yéu thudc du
an diéu tra, tim kiém ngu?)n nude dudi dat tai cac vung nii cao,
ving khan hiém nu6c tinh Bac Liéu thudc Chuong trinh: Diéu
tra, tim kiém ngudn nudc dudi dit dé cung cap nude sinh hoat & cac
ving ndi cao, ving khan hiém nu6c nam 2020; cac ngudn tai liéu
trong Danh ba cac nguon nude khoang & nude nong Viét Nam [2].

2.4. Phwong phdp tong hop, so sinh va danh gid

Téng hop cac ngudn dit ligu; tap hop, thong ké két qua phan
tich, so sanh véi cac tiéu chudn, quy chuan danh gi4 chat luong
theo muc dich sir dung. Céc quy chudn 4p dung gdm: Thong tu sb
52/2014/TT-BTNMT cua B¢ Tai nguyén va Moi truong, dinh danh
cac nguon NKN; QCVN 6-1:2010/BYT va QCVN 01-1:2018/
BYT.

< L -
3. Ket qua va ban luan

3.1 Vi tri dia Iy, lich s nghién ciru, hi¢n trang s dung
nguon nuwdc

3.1.1. Vi tri dia ly: Khu vuc nghién ctru c6 dién tich khoang 250
km?, phan bé trén 3 dién tich thudc dia ban xa Hung Hoi (huyén Vinh
Loi, trudc sat nhap), trung tm TP Bac Liéu (trudc sap nhap) va xa
Vinh Trach Dong (TP Bac Liéu, trudc sap nhap) (hinh 1). Pay 1a 3
khu tap trung cac nguén NKN, trong d6 hai khu thude xa Hung Hoi
(Vinh Loi) va khu Vinh Trach Pong (TP Bac Liéu) do nhom tac gia
lan dau tién phat hién va mo ta.
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Hinh 1. Vi tri dia ly khu vwc Bac Liéu va phan bé cac nguén nwéc
khoang néng kiém (trwéc sap nhap).
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3.1.2. Lich sur nghién curu: Trong Danh ba NKN [2] trén dia
ban tinh Bac Liéu, d4 ding ky 4 nguén NKN gom:

(1) Nguon nuéc Bac Liéu 2, 16 khoan LK2 phat hién sém
nhit vao nam 1975, nim trén khu nha khach tinh thuoc TP Bac
Liéu. Nude tw chay tir 16 khoan sau 150 m, luu lwong 1,5 Us.
Céc tinh cht vat 1y cua nudce: trong, khong vi, hoi lg, nhiét d§
39°C, pH 7,5, do khoang hoé 1.197,83 mg/I (tong ion).

(2) Nguon Bac Liéu 1, 16 khoan 9597 - II phat hi¢n nim
1982, trong 16 khoan sau 300 m khu vuc TP Bac Liéu. Luu
lugng 8,46-10 1/s, d6 ha thép muc nude 13,45-17,05 m. Cac
tinh chat vat ly: trong, khong vi, nhat, nhiét do: 37°C, pH 8,2,
do khoang hod 995,9 mg/l.

(3) Ngudn Bac Liéu 3, 16 khoan 1P ciing duoc phat hién
nam 1982. Cac tinh chit vat ly: trong, khong mui, khong vi,
hoi lg, nhiét d¢: 37°C, pH 7,5, d6 khoang hoa 1197,83 mg/l
(tong ion).

(4) Nguon NKN Phudc Long trén dia ban thi trin Phudc
Long, huyén Hong Dén. Phat hién nim 1997, nu6c xuat hién
trong 16 khoan sau 258 m, luu lwong 24,3 I/s, d6 ha thép muc
nuée 4,95 m. Céac tinh chat vat ly: trong, khong vi, nhat,
nhiét do: 37,5°C, pH 8,05, d6 khoang hoa 615 mg/l (can kho).
Cac diéu tra chi tiét cho thy, ci 4 nguon NKN néu trén déu
chua duoc khai thac str dung.

3.2. Dic diém dia chit va dia chit thity vin

3.2.1. Déc diém dia chdt: Cau tric dia chat khu vue Bac
Liéu (hinh 2) dén chiéu sau 600 m, bao gom cac tram tich
Kainozoi.

CHI DAN
# Lo khoan Dé an
# Lo khoan thu thip
Cioting  Cic thanh o DC
chimnwde it nghso nuse
] [Je
1 o [ er
0 . o
[ Q'
| KX B~
- I >
Viing nghién ctu

Hinh 2. Mat cit dia chat thay vin khu ve TP Bac Liéu (trwdc sap
nhap.

Cac tdng tram tich Kainozoi 19 ra trén bé mat dia hinh hién
dai: Toan bd bé mit dia hinh hién dai phan bd cac trAm tich
Pleistocen thong thuong, hé ting Long My (amQ’Im) va céac
tram tich Holocen thong trung-thuong Q). He tang Long
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My phéan bd ¢ khu vuc huyén Gia Rai va Vinh Loi. TP Bac
Liéu gdm sét bot, cat xam tring, sét bot cat loang 16 phan 16p
Xién, sét bot loang 16 bi laterit hoa tudng song - bién, tong chidu
day vao khoang 29 m. Trim tich Holocen §Q22'3) chiéu day tir
1-2 dén 4-5 m, chiém dién tich 16n nhat gom cat pha, sét pha
va sét tudng song bién, bién - dim lay, song - dam lay va tudng
bién. Py 1a tram tich khong chira nudc. Riéng cac con cat ven
bién (mQ,’) c6 chira nuéc, nhung véi luu lugng nho, c6 thé
khai thac phuc vu quy mé hd hay cum dan cu.

Cdc tram tich Kainozoi nam phia duwdi t&ng phii dén dé sau
600 m: Tt dudi 1én trén, duge rno ta trong hé¢ tang Phung H1ep
N, ph) hé ting Can Tho (N ct) hé ting Nam 2C3an (N, nc)
hé tang Ca Mau (Q cm) hé tang Long Toan (Q 1), he tang
My Tho (Q, mz) va he tang Long My (Q lm) [3]. Mu:c do bién
d6i hau s1nh cla cac tang dat khong dong deu Hé tang Phung
Hiép va hé tang Can Tho nam dudi cing, gom céc cat két, bot
két, sét bot két bién ddi hau sinh dén giai doan Diagenesis s6m
(thanh d4 s6m). Cac tang nam trén, gdm céc trAm tich cat, bot,
sét, cac thau kinh cuéi, san bo roi chua gan két. Riéng hé tang
Long Toan (Q, " 1f) ¢6 thém cac 16p hodc théu kinh thyc vat hoa
than bun quy mé nho.

T 5ng da mong truoc Kainozoi: Trén dia ban tinh Bac Liéu
chua ¢6 16 khoan sau nao gip ting da mong trudc Kainozoi.
L4 khoan LK.216 trén dia ban huyén Nam Can (Ca Mau, trudc
sap nhap) do sau 415 m gdp da granit & d¢ sau khoang 370 m.
Trén vung ddo Hon Khoai, cdch TP Bac Liéu khoang 130 km,
khu vyc Con Bao cach TP Bac Liéu khoang 120 km 1 ra cac da
granit biotit va granit hornblende phic hé Pinh Quan. Céc tai
liéu vira néu cho théy, mong két tinh cua khu vuc Bac Liéu va
Dong béng Nam B6 ¢6 dic diém tuong tu nhu dia khoi Pa Lat.

3.2.2. Pgc diém dia chat thiy van: Theo két qua nghién
ctru didu tra, tim kiém ngudn nuéc dudi dat tai cac ving nui
cao, ving khan hiém nudc ciia Trung tim Quy hoach va Diéu
tra tai nguyén nudc Qudc gia nam 2020 [4], trong viing ¢b cac
tang chira nudce 16 hong xen k& vai cac ting cich nude. Thanh
phan thach hoc cta cac ting chira nuée gom céc trim tich hat
tho, cudi, san, cat; cac t?mg cach nudc gom sét, sét 1an bot va
sét cat. Trén dia ban tinh Bac Liéu, da xac dinh 5 tﬁng chira
nude 16 hong, gdm: Pleistocen trén (qu) Pleistocen giira - trén
(qp,.,), Pleistocen dudi (qp,), Pliocen gilta (n,’), Pliocen dudi
(n,"). Tang chtra nuéc Ple1stocen trén (qp3): phan bé cuc bo,
trén tong dién tich 150,48 km?, khong 16 ra trén mat, bi thanh
tao rat nghéo nudc Pleistocen thuong (Q,) pht tryc tiép lén
trén, chiéu sau theo 16 khoan tir 34,0 dén 86,0 m (trung binh
56,1 m). Céc két qua phan tich cho thay, day 1a ting nudc man.
Téng chtra nude Pleistocen gilta - trén (qp, ,): phétn b6 rong
khap khu vuc, chiéu sau theo céc 16 khoan tir 70,0 dén 124,0 m
(trung binh 85,0 m), chit lwong nudc tét, sir dung lam nude dn
udng va sinh hoat. Tang chira nudc Pleistocen dudi (qp,): cling
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phan bd rong khip trén toan tinh, chiéu sau theo cac 16 khoan
tir 122,0 dén 161,0 m (trung binh 130,6 m), chat lwvong nudc
t6t. Hién da c6 nhidu giéng khoan sdu, khai thac s dung tang
chira nudc nay phuc vu an udng sinh hoat. Tang chira nudc
Pliocen gifta (n,?): phan b6 rong khip khu vuc, chiéu siu theo
cac 10 khoan khai thac tir 169,0 dén 198,0 m (trung binh 183,65
m), nudc nhat, chat lugng t6t, c6 thé sir dung cho an uéng, sinh
hoat. Tang chtra nudc Pliocen dudi (n,'): phan b6 kha rong,
mtrc d6 chira nu6e tir trung binh dén kha gidu, chiéu siu theo
céc 18 khoan khai thac tir 261,4 dén 354,0 m (trung binh 307,7
m), chat lugng nuée khong dong déu, da sé cac 16 khoan déu
dat yéu cau cho an ubng va sinh hoat.

3.3. Dac diém cdc nguo“‘n nuwoc khoang nong khu vuc

S6 liéu bang 1 cho thay, cac ngudn NKN déu dugc phat
hién trong cac cong trinh khoan sau; chidu sdu phan bd tir 105
dén 300 m, nhiét do dao dong trong khoang 33-39°C. Ba 16
khoan trong cum Trung tdm TP Bac Liéu (sé thortw 2,3 va4
bang 1) dugc tham khao tir Danh ba NKN, nam trong khu dan
cu, déu chua duoc khai thac sir dung. Sau 16 khoan con lai, méi
dugc mo ta va phan tich, dang dugc khai thac st dung phuc vu
cho &n udng va sinh hoat.

3.3.2. Bdc diém chdt heong cdc nguon nieée khodng nong:
Cac két qua phan tich cac ngudn NKN khu vuc Pong Nam Bac
Liéu tir cac ngudn tai liéu tong hop tai bang 2.

Bang 2. Téng hop cac két qua phan tich chat lwong nguén nwéc
khoang néng kiém khu vwrc Déng Nam tinh Bac Liéu.

Déng Nam tinh Bac Liéu LK95971 LK2 LKI1P BL272 BLI3
, , . \ 5 PR ; . Vinh
3.3.1. Déc diém phan bé: Ngoai 4 ngudn NKN di duge 1 Thones Do %’)’;’3”";%"1’" Trach Z’f?'f*
< , T L ac Licu 3 oi
dang ky trong Danh ba NKN Viét Nam [2], trong qua trinh Ding**
trién khai d¢ tai “Nghién clru, xay dung co s¢ dit ligu ve tai | pH i 8,2 1515 1500 746
nguyén du lich phuc vu phat trién bén viing du lich tinh Bac 2 Chis6 pemanganat mg/ 365 34
Liéu”, nhom tac gia di khao sat bd sung mot s ngudon NKN ne chit in he
T % R £ me N guo s 3 Tongchitrnbéatn 10045 10117 1076 648 54
mai ¢ khu vuc x8 Hung Hoi va Vinh Trach Dong. Vi tri cac (TDS)
nguon NKN Dong Nam Bac Liéu dugc tong hop trén hinh 1. s 22 chn)g t0ng 50 (tinh theo g T
, r \ 3
Theo khong gian phén bo, nhén thay c6 3 cum NKN, gom 5, (NH, tihtheo) g Q0 <00l
cufn @ng tim TP B%(.: L1€1A1, cu~m Vlnh T{@Ch Dor:g TPAB?C 6 Nitrit (NO,) (tinh theo N)  mg/! 001 <001
Liéu va cum Hung Hoi huyén Vinh Loi. Bang 1 thong ké cac N P
X n A 1trat ) (tinh theo m| b ,
ngudon NKNK Dong Nam Bac Liéu. ?
. . . §  Clorua(Cl) mgl 15598 21475 1482 436 3757
Bang 1. Thong ké cac dir liéu vé nguon nwéc khoang néng khu :
vwc Déng Nam tinh Bac Liéu. 9 Sulfat(S0.) mgl 20,0 10410 1027 2688 2654
10 Xianua (CN-) mgl <0002 <0,002
a b A e Hiéﬂ A 5q
Tr  1ennguon Y H D0t DiRdp o Newatil 1 Asen(Ay) mgl 0,001 <0001 <0001
NKN (m) (°C) liéu
dyng 12 Cadimi (Cd) mg/ <0,0006 <0,0006
Cum Hung Hi 13 Chi(Pb) mg/l <0,004 <0004
I BLI3 583.930 1032472 05 115 35 Anubng  Détai 14 Crom VI(CGr) mg/l 0,003 <0,003
Cum trung tim TP Bac Liéu 15 Dong((w) mg/ <l <l
Kiinest Dunhh 16 Kém(Zn) mg/ Q1 <l
ong su ann ba
2 LK9597 579622 1028255 06 300 39 dng NN 17 Mangan (Mn) el Q04 <0004
3K 9775 108100 06 150 3% N Ei“(“Nh b 5 g mgl UL
19 Sit(Fe) mgl Q1 <01
Danh ba
4 LKIP 579.624 1027487 06 3 M NKN 20 Natri (Na) mgl 0945 B0 203 3T 349
Cum Vinh Trach Ding 2 Kali(K) mg/ 163 93 17 13
e : 2 Magie (Mg) 30,04 Bl 2528
5 BL2TI 583276 1020591 2 120 34 Anubng  Détii :
23 Tong phenol mg/l KPH KPH
6  BL2 584783 1022123 - 0 ¥ M Dé tii % Colbom i o
7 BL2M4 587603 1022789 - 05 35 Mt Dé tii % E coli MPN/100 ml KPH  KPH
8§ BL276 SS7845 102130 1 15 33 Nt D ti % Nhiérd (0 302 o 3
9 BL2T 88473 1021373 | 120 34 Nt Phtii H.M. Tho (2019) [5]; **Peé tai lay mau va gi phan tich tai Vién Khoa
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Cdc chi tiéu thanh phan héa hoc thong thiong: Bao gdm céc
chi tiéu mau séc, do duc, mui vi, pH, téng chét rén hoa tan (TDS);
céc cation Na', K', Ca*', Mg*, Fe™; cdc anion Cl, HCO*, SO %,
CO, tu do, tong do cing. Hinh 3 trinh bay thanh phan hoa hoc
cua cac nguon NKN khu vuc nghién ctru trén bieu do Piper. Co
thé thdy rang, thanh phan hoa hoc ciia cic miu ldy & cac didu
kién va thoi gian khac nhau, nhung phan b6 tap trung trong truong
bicarbonat Na-K va clorua Na-K; kim loai kiém (Na va K) c6 ham
luong vuot trdi so v6i kim loai kiém thd (Ca va Mg); cc nguon
nude khong bi pha tron va khong bi bién dong theo thoi gian.

Nuoc_Khoang_BacLieu Piper - Ca/Na+K/Mg/HCO,+CO,/CliSO,
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Hinh 3. Biéu dé Piper cac ngudn nwéc khoang néng khu ve BDong

Nam tinh Bac Liéu.
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Pinh danh nguon NKN: Theo Thong tw sb 52/2014/TT-
BTNMT cua By Tai nguyén va Moi truong, dinh danh cac nguon
NKN khu vyc Dong Nam tinh Bac Liéu la NKN thién nhién,
khoang hoa vira (bang 3). Céac két qua phén tich cho thiy, hdu hét
cac ngudn NKN déu ¢6 do pH>7, ham luong tong kidm (Na+K)
dén trén 345 mg/l. Do d6, dinh danh day du 1a NKN kiém thién
nhién khoang hoa vira.

Bdnh gid kha nang sir dung cdc nguon NKN kiém thién nhién
khodng héa vira lam niée uong déng chai va dn uong: Céc két
qua phan tich cho thy, cum nu6c khoang nong kiém Hung Hoi
va Vinh Trach Pong (BL13 va BL 271) déap ung cac chi tiéu theo
QCVN 6-1:2010/BYT va QCVN 01-1:2018/BYT; céc chi tiéu déu
nim trong ngudng cho phép; d6 pH>7,0. Cac nguon NKN hién
hitu trong cum Hung Hoi va Vinh Trach Déng du tiéu chudn lam
nuée udng dong chai va n udng.

Riéng cum trung tdm TP Bac Liéu, theo Danh ba NKN, cac
mau phan tich ¢6 TDS kha cao, trén 1000 mg/l, vuot ngudng gisi
han cho phép.

Bdnh gid kha ning sir dung cdc nguon muée khodng néng kiém
thién nhién khodng héa vira cho ngdm tam, nghi dwdng: Theo tiéu
chuén tam thoi NKN chita bénh Viét Nam ap dung tai Hoi déng danh
gi4 trit luong khoang san [1], giéi han dui ciia mot sb chi tiéu cua
nudc khoang chita bénh nhu sau: dd khoang hoa >1000 mg/l; khi
CO, tu do>500 mg/l; tong H,S+HS>1 mg/l; ndng do H,Si0,>50
mg/l; Fe+Fe”>10 mg/l; As>0,7 mg/l; Br>5 mg/l; [>1 mg/l; Rn>1
nCi/l; Ra>10"" g/l va nhiét do >30°C. Theo d6, cic nguon NKN kiém
cum Trung tim TP Bac Liéu dép tmg dong thoi cac chi tiéu nhiét do
va tong khoang hoa; cic nguén Hung Hoi va Vinh Trach Pong chi
dap ung chi tiéu nhiét d¢.

Bang 3. Dinh danh ngudn nwéc khoang néng Déng Nam tinh Bac Liéu theo Théng tw sé 52/2014/TT-BTNMT.

LK LK LK i
TT  Chitiéu dinh danh ﬁ,“;ﬁ'ﬁ'ﬁ?};'ﬁﬁg T 959711 2 1P BLam BLI3 fi(::ﬂ‘l"g‘:‘a
Cum trung tim TP Bac Liéu** Vinh Trach Dong** Hung Hpi**
<50 Rég thép
1 Téng chit ran hoa tan (TDS) :2805 (])(5)00 I}f 1024,5 1011,7 1176 648 542 Vira
>1500 Cao
2 Khi CO, ty do (hoa tan) >500 mg/l NK carbonic 0,58 1,18 2,2 95,24 76,42
3 Téng ham lugng (HS+HS) > mgl NK sulphua 0,41 0,56 0,11 0,08 0,14
4 Ham lugng (H,Si0,") >50 mg/l NK silic 13,42 10,13 22 1,12 0,91
5 Ham lugng (Fe* + Fe™) >10 mg/l NK st 0,81 1,09 0,097
6 Ham lugng (F) >1,5 mg/l NK flo 0,05 0,07 0,22
7 Ham lugng Asen (As) >0,7 mg/l NK asen 0,001 0,001 <0,001  <0,001 <0,001
8 Ham luong Brom (Br) >5 mg/l NK brom 0,31 0,22 0,015 0,12 0,05
9 Ham lugng lod (I') >1 mg/l NK iot 0,02 0,042 <0,001  <0,01 <0,01
10 Ham lugng Radon (Rn) >1 nCi/l NK radon 0,017 0,013 0,003 0,18 0,12
11 Ham lugng Radi (Ra) >10" g/l NK radi 0,113 0,18 0,08 1,47x10" 1,05 x10"
12 Nhit d6 >30°C Nudc nong 30,5 39 37 37°C 35°C Nudc nong

*H.M. Tho (2019) [5]; ** Dé tai ldy mau va gl phan tich tai Vién Khoa hoc va Ky thuat Hat nhan, NK: nwéc khoang.
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Nude kiém va chi s6 kiém cia cic nguon NKN khu viee
nghién ciru: Nude ¢6 tinh kiém (hay nuée kiém) duge xac dinh
dua trén d6 pH ciia nu6e. Chi sé pH do nong do cia cac ion
hydro trong dung dich va danh gia xem no c6 tinh axit hay tinh
kiém. Chi s pH cang 16n hon 7 thi tinh kiém cang manh, pH14
1a dung dich c6 tinh kiém nhat. Nguoc lai, d6 pH<7 thi dung
dich c6 tinh axit, pHO 1a dung dich c6 tinh axit manh nhat. Néu
pH7 dwoc xem 1a nude trung tinh. DO pH cta nude tinh khiét
duoc loc qua cong nghé RO nam & pham vi 6,5-7.

Hién nay, ¢ Viét Nam chua c6 cac quy chuén cu thé v& nudce
kiém thién nhién ciing nhw NKN kiém thién nhién. Tuy nhién,
¢6 thé nhan théy, dé sur dung cho an uéng va sinh hoat, ngoai
chi tiéu pH, céc chi tiéu nhu chi, thuy ngan, arsenic, hoac cac
hop chit hoa hoc khéc ¢ hai cho stc khoe phai dap tng céc
yéu cau QCVN 6-1:2010/BYT va QCVN 01-1:2018/BYT.

Tir céc ndi dung vira néu, dbi chiéu voi cac két qua phan
tich hién co, ngu@)n NKN cum Hung Hdi va Vinh Trach Dong
¢6 du cac tiéu chuan 1a ngudn NKN kiém, kho4ng hoa vira, sit
dung cho an udng, déng chai va chita bénh.

Tai nguyén nguon NKN kiém khu viee Pong Nam tinh Bac
Liéu: Theo két qua khao sat ctia dé tai, ngudon NKN kiém khu
vuc Dong Nam Bac Liéu rat phong pht, nhat 1a cum Hung Hoi
va Vinh Trach Dong.

Cum Hung Hbi, trén tuyén 16 khoan chiéu dai 300 m phuong
Bic Nam c6 4 16 khoan khai thac nguon nudc khoang phuc vu
cho an udng va sinh hoat quy mé ho gia dinh. Chiéu sau cac 16
khoan dao dong 100-120 m, myc nude tinh vao khoang 10 m,
tong luu lugng khai théc 6n dinh dao dong 40-60 m*/h, mirc ha
thap myc nude 0,3-0,5 m. Qua 15 ndm st dung, nhiét d¢ cac
ngudn nude 6n dinh 34-37°C, chit lugng nude tot, khong mui
vi, khong mau. Cac thanh vién cia cac ho dan st dung ngudn
nude déu c6 sire khoe tot. Cum Vinh Trach Dong phéan bd trong
dién tich kha 16n, dai kéo dai 4-5 km doc theo tuyén duong
Thuén Hoa di Xiém Can. Tt nhiéu nim nay, nguén NKN duoc
Trung tdm Nudc sach va V& sinh mdi truong nong thon TP Bac
Liéu khai thac 1am nudc sinh hoat, bang cac 16 khoan sau 105-
120 m, tong luu lugng udce tinh khoang 500 m/h.

3.4. Nguén goc nwéc khodng néng khu viee Pong Nam tinh
Bac Liéu

3.4.1. Cic mé hinh nguon goc ciia meée khodng néng: Cac
két qua phén tich dong vi oxy 8'*0 va hydro & H tir cac ngudn
NKN trén thé gi6i [6] cho thiy, da s6 NKN dugc hinh thanh
do sy tron 1an giita nudce khi tugng va nuéc nhiét dich nguén
magma véi céc ty 1¢ khac nhau. Nhiét d9, thanh phan hoa hoc
cta cac ngudn NKN thay doi tir nguén nay sang nguén khac,
thdm chi mot nguén NKN ciing thay doi thanh phéan theo thoi
gian, theo mua, bi anh hudng boi cac nguon nude ngam bén
canh. Cac nguon nhiét tao nén NKN gom: ngudn nhiét tan du
cua cac khdi magma, ngudn gradient dia nhiét (geothermal),
ngudn nhiét do cac phan ung phan ra phong xa. Nudc ngam
nuéc mua di chuyén xudng dudi sau theo cac dut giy kién tao.
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o] cac do sau lon cua vo Trai dat, nu6e duge dun nong boi cac
nguon nhiét va di chuyen nguoc 1én phan trén va dun 1én mat
dat. Con duong di chuyen xubng dudi siu va ép dun nguoc lai
1én phia trén thuan loi nhét 1a cac dut gly kién tao, nhét 13 cac
dit giy sau c6 tinh truot bang, dat d4 bi bién dang va niit né
manh (hinh 4).

L& khoan

D4 chira nuéc

D4 khéng thim nuée

Khi dl chuyén

Hinh 4. Mé hinh don gian giai thich nguén géc ctia nwéc khoang néng [6].

Cac hop chét hod hoc c6 trong cac ngudn NKN do nhiéu
nguyén nhan: dugc cung cap boi cac khi hodc dung dich nhiét
dich ctia magma trong qué trinh két tinh, trong qué trinh b1en
chat. Trén quing duong di chuyen 1én phia trén, cac ngudn
NKN c6 nhiét d9 cao, chira cac chat khi, gdy ra cac phan tmg
voi cac khoang vét va da vay quanh, duoc cung cip thém cac
hop phin hoa hoc. Qua trinh hoa tan rat thuan loi khi ngudn
NKN di chuyén qua cac tang da vOi, cac than quing chua cac
khoang vt sulphur. Nhiéu sudi NKN 14 biéu hién trén bé mat
ctia cac mo khoang san “nhiét dich” dudi 1ong dat.

ﬂmi'i‘ Dot arde Giéng
P khi ngim khoan Noéng/ &m hoje nhiét
< @ 1néng ﬂ“‘?‘ nong bat thudng
0 Démﬁmt{ch
Cool khng thim
Water == Boiling
Nudgc lanh
N
L5 khoan Kiéng. 7
0 nude nong
L& khoan khéng

c6 mrde néng

Hinh 5. Mat cit mé phéng sw xuét hién cac kiéu nwéc khoang
néng kiém soat b&i cac hé thong dirt gay & mién tay Hoa Ky [7].
Cac két qua phan tich dia chit 3D cua hé thong dia nhiét
trong cac bé tram tich va cac diy nai phia tiy Hoa Ky (hinh
5), nha dia chat D.L. Siler va cs (2019) [7] cho réng, chu trac
dia chat dong vai trd quan trong trong viéc khdng ché cac hé
théng dia nhiét. Dac biét, trong ving co cAu tric dia chét rat
phirc tap, nhiéu dut giy giao nhau c6 khoang cach gan nhau,
hé théng nhiét c6 mat do cao hon. Cac dut gay lién két voi
nhau, nhit 1a c4c dut giy trugt bang dong vai trod 1a dudng dan



nudce, ngudn nude ndng ding 1én phia trén doc theo mot dirt
giy hodc mot tap hop nhiéu cac dut gay. Tuy nhién, trén thyc té
rat kho xac dinh nguon NKN di 1én theo mot diit gdy cu thé nao.
Cac ngudn NKN duoc kiém soat bai cac diat giy, NKN dugc
dan 1én tir du6i sdu, nhung vi tri xuat 16 khong nhét thiét nim
trong ving dit gdy. Vi tri s (1) nguon NKN phén b6 va tran
theo cac dut gdy; vi tri (2) nguon NKN hoa 1dn v6i ngudn nude
tﬁng nong va tran ra trén mat tai cac vi tri kha xa cac dat gay; vi
tri (3) nguon NKN dang 1én nhung bi chén boi 1 ting trim tich
khong thdm ¢ dudi sdu, do 6 khong di 16n dugc mat dat; vi tri
(4) ngudn nuée nong dang 16n nhung duoc hoa tron véi cac ting
chira nudc ndm phia dudi bé mat dét.

Pay 1a mot mod hinh phu hop dé ng dung luan giai ngudn
gdc, phan bd khong gian cia cac nguén NKN Pong Nam tinh
Bac Liéu.

3.4.2. Ngué‘n nuoc khodng néng khu vwe Bong Nam Bac
Liéu trong moi lién quan voi cdc lich sir hinh thanh va phat
trién cdc bon tring Kainozoi: Khu vyc Dong Nam tinh Bac
Liéu 1a mot bd phan cua bon cing din Kainozoi muén chéu
thd song Mekong [8], tao nén boi cac trAm tich Kainozoi phu
1én trén tang ¢4 mong udn nép Mesozoi. Sy hinh thanh bon chau
tho song ‘Mekong, theo cac nha nghién ciru, c6 mdi lién quan
voi chuyen dong kién tao Himalaya va cham giita mang An Do
va mang Au A xdy ra cach day khoang 50 tri¢u nam. Két qua
chuyén dong kién tao Himalaya da tao nén hang loat bon triing
l4p day béi tram tich Kainozoi.

Trén phuong di¢n 1y luan, co nhiéu cach phén loai, luan giai
co ché dia dong lyc va mo hinh thanh tao cac bon triing [6]. Tuy
nhién, dii theo kiéu bon triing nao, thi sy xut hién cta cc nguon
NKNK déu lién quan véi hai yéu t6 chinh. D6 1a cic hé thong
dut gay kién tao va cac nguon nhiét.

Cac dut giy kién tao: Trong khu vuc nghién ctru va dién tich
ké can, cac dut giy kién tao phat trién c6 quy luat trong mdi lién
quan véi chuyén dong Himalaya, hién bi chon viii dudi tang phi
Dé tir. Vat liéu trAm tich Kainozoi trong khu vuc co bé day 2-3
km, phi1 1én tang d4 mong gém céc da xdm nhap co thanh phan
thay ddi tir felsic dén trung tinh, mirc tudi tir chii yéu tir Trias
mudn dén Paleogen. Déu tich céc dit gdy kién tao pha v vo luc
dia trén tﬁng da mong trude Kainozoi dugc ghi nhan & nhiéu noi,
trong d6 co phan ria phia tiy dao Pha Quéc (hinh 6).

Hinh 6. Cac dirt gay va niet vor ghi nhan & ria tay dao Pha Quéc
(nay la déc khu Phu Quéc).
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Giai doan sau rift, sy ddo nghich kién tao tir Oligocen
mudn dén Miocen som, tao nén nhiéu dut gay 16n, ting tram
tich Dé tam bi nirt né manh mé. Cac tai liéu dia chét va dia vat
ly da ghi nhan hang loat cac dut gy 16n (hinh 7). Trong s6
o, trong khu vuc Bac Liéu, c¢6 cac dut giy 16n cép I va cap
II, Thuan Hai - Minh Hai, Song Hau, Ha Tién - Ganh Hao,
Rach Gia - Nam Can [8]. Theo tai liéu cua C.D. Trieu va cs
(2002) [9], dut gay Song Hau kéo dai 350 km phuong Tay
Bic - Pong Nam, d6 sdu dén 590-60 km xuyén qua vo, cim
vé phia Pong Bic goc 70-80°. Trong Kainozoi mudn, dut gy
¢6 tinh chat truot bang trai v6i cu ly dich chuyén trén 1000
m. but gdy Thuan Hai - Minh Hai kéo dai trén 630 km theo
hudng Pong Bic - Tay Nam, co tinh truot bang trai nghich,
cdm vé Tay Bac voi do sau anh huong trén 60 km.
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Hinh 7. Cac hé théng dut gay I&n khu ve Bac Liéu va ké can.

Vé ngudn nhiét: Tuong ty nhu trong d6i Pa Lat, mong két
tinh nim dudi tram tich Kainozoi c6 nhidu khéi magma tré,
mirc tudi Mesozoi mudn dén Kainozoi. Cac phirc hé magma
granit c6 tudi tré nhat 1a xdm nhap granit phirc hé Péo Ca 82-
87 tri¢u nam, phic hé Phan Rang 62 triéu nam, phtic hé Ca
Na 87 triéu nam, phun trao riolit Pon Duong 76 triéu nam...
[8]. Vao Kainozoi sém, trong cac doi rift ndi luc xuét hién
céc Plum manti [8]. Bang ching tryc tiép 1a cic ¢4 magma
bazan quy md rong 16n khu vuc dat lién ciing nhu trén bién
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bong. Theo nghién ctru trude day [8, 10], c6 6 giai doan
thanh tao bazan tr Q ', Q,*, Q *, Q *, Q,™, dén Q, trong ving
tdy nam Con Co (nay 1a dic khu Con C0), trong d6 bazan khu
vuc day bién Vinh Linh - Con Cé thudc mirc tré nhat, tuong
ung véi Holocen. Theo T.Y. Lee va cs (1998) [11], phuong
phap “Ar/*Ar, cac da bazan trén dao Con CoO cb muc tudi
0,44 triéu nam. Cac biéu hién phun trao hi¢n dai tré nhét
xuét hién trén bién bong tai khu vuc ddo Hon Tro nam
1923 vé6i quy md tuong ddi nho.

3.4.3. Panh gid vé sw hinh thanh nguon nwdc khodng
nong vung Dong Nam tinh Bac Liéu: Trén quy mo khu vuec,
ngoai cum NKN khu vuc Dong Nam tinh Bac Liéu, trén
khu vuc dong bang Ciru Long, con ¢ kha nhiéu ngudn
NKN khac c¢6 nhiét do 31-37,5°C nhu Cau Vén, Cau K,
My Théi va ddo Pha Qude [2, 5]. V& ngudn gbc, NKN
kiém khu vuc Pong Nam tinh Bac Liéu va dong bing song
Cuu Long, dugc du doan c6 lién quan voi cac ngu(‘Sn nhiét
tan du cua cac khoi dung thé magma Mesozoi mudn va
Kainozoi sém ciing nhu vai trd duong dan cua cac hé thong
dut gy kién tao phat trién trong giai doan nghich kién tao
vao Oligocen mudn dén Miocen sém.

4. Két luan

Tai Bac Liéu, cac ngu(“)n NKN kha phong phtl, gém 3 cum
Hung Hoi, Vinh Trach Dong va trung tim TP Bac Liéu. O ca
ba cum, NKN c6 chit luong tét, dép tmg nhu cau déng chai
va ngam tam. Riéng hai cum Hung Hoi va Vinh Trach Pong
¢6 du chét lugng st dung cho sinh hoat, an uéng. Cac nguén
NKN dugc xem 1a mét loai hinh tai nguyén ty nhién mang
tinh dic thi, c6 thé duoc khai thac phuc vu phat trién du lich.

Tinh doc dao cua cac nguén NKN khu vuc Bac Liéu l1a do
pH tuong ddi cao, thuge vao nguén NKN thién nhién cé tinh
kiém. Vi tinh ning dién giai va nhiéu dic tinh wu viét khac,
cac ngudn khoang néng kiém thién nhién khu virc Pong Nam
Bac Liéu rat c6 gia tri, can duoc tiép tuc quan tam nghién ctru
va su dung hop 1y.

NKN khu vuc BPong Nam tinh Bac Liéu dugc du doan
¢6 lién quan véi cac ngudn nhiét tan du cua cac khdi dung
thé magma Mesozoi mudn hoac Kainozoi soém, ciling nhu
vai tro duong dan cua cac hé thong dut giy kién tao phat
trién trong giai doan nghich kién tao vao Oligocen mudn
dén Miocen sém.
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LGOI CAM ON

Bai bao la san phém ctia d& tai khoa hoc va cong nghé cép
tinh “Nghién ctru, xdy dung co s dir lidu vé tai nguyén du
lich phuc vu phat trién bén viing du lich tinh Bac Liéu”. Trong
qua trinh thyc hién d@ tai va hoan thanh bai bao, cac tac giada
sir dung nhiéu tai liéu khoa hoc ctia cac nha dia chét, dia chét
thity vin dd duoc cong bd hodc luu trit dia chat. Ching toi xin
chan thanh cam on.
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Sir biéu hién cac gen diéu hoa sinh tong hop fructose, glucose va sucrose
trong qua trinh phat trién trai dwa hoang kim (Cucumis melo L.)

Nguyén Tran Pong Phwong’, Tran Tan Pat, Thi¢u Hong Hué, Lao Pirc Thuin, Lé Huyén Ai Thiy
Truong Pai hoc Mé TP Ho Chi Minh, 35-37 H6 Héao Hon, phiong Cau Ong Lanh, TP Ho Chi Minh, Viét Nam
Ngay nhén bai 2/3/2023; ngay chuyén phan bién 5/3/2023; ngay nhan phan bién 30/3/2023; ngay chép nhan dang 5/4/2023

Tém tit:

Dwa hoang kim thwong dwge sit dung lam trai ciy trang miéng do c6 vi ngot va hwong thom déc trung. Ba nhom
dwdng rit quan trong quyét dinh chét lrgng trai gdm fructose, glucose va sucrose. Trong bai bao nay, ching tdi khio
sat ham lwong ciia fructose, glucose va sucrose, dong thoi nghién ciru sw biéu hién ciia cac gen AIN2, SUS1, SUS2,
UGE3, SPS2, SPPI trong qua trinh phit trién trai. Két qua cho thiy, sw ting trudng ciy va trai duwa hoang kim dwoc
chia thanh ba giai doan: ting truwédng chim, ting trwéng nhanh va trwéng thanh. Trong giai doan trwéng thanh cua
trai (35 ngay), pH cua thit trai dwa la 5,13, d§ Brix 4,44, ham lwgng fructose 25,20 mg/10 g TLT (trong lwgng twoi),
glucose 62,00 mg/10 g TLT va sucrose 39,27 mg/10 g TLT. O vé trai, mirc d9 biéu hién gen AIN2 cao nhit ¢ ngay 35,
SUS1, SUS2, UGE3 va SPS2 ¢ ngay 21, SPPI cao nhit ¢ ngay 28. O thit trai, mirc d9 biéu hién gen AIN2 cao nhit &
ngay 14, SUS1, SUS2 va UGE3 & ngay 35, SPPI cao nhit & ngay 21 va SPS2 cao nhit & ngay 28. Trong nghién ciru
nay, chiing t6i ghi nhan dwoc sy biéu hién ciia cac gen tham gia vao con dwdng diéu hoa sy tdng hop fructose, glucose
va sucrose trong qua trinh phat trién ciia dwa hoang kim.

Tir khéa: Cucumis melo L., dua hoang kim, fructose, glucose, sucrose.

Chi s6 phén logi: 1.6, 4.6

Evaluation of the expression of fructose, glucose and sucrose

synthesis-related genes in developing golden melon (Cucumis melo L.)

Tran Dong Phuong Nguyen®, Tan Dat Tran, Hong Hue Thieu, Duc Thuan Lao, Huyen Ai Thuy Le
Ho Chi Minh City Open University, 35-37 Ho Hao Hon Street, Cau Ong Lanh Ward, Ho Chi Minh City, Vietnam
Received 2 March 2023; revised 30 March 2023; accepted 5 April 2023

Abstract:

Golden melon (Cucumis melo L.) has been used as a dessert fruit due to its sweet flavour as well as its typical odour. The
quality of golden melon is mostly determined by the three main sugar contents, including fructose, glucose and
sucrose. Herein, we investigated the contents of fructose, glucose and sucrose in developing melon fruit, as well as the
expression of AIN2, SUS1,SUS2, UGE3, SPS2, SPP1, related to the accumulation of sugar contents. The results show
that the growth of the plant and its fruit is divided into three stages: slow growth, rapid growth, and mature stage.
At the mature stage (35 days), the pH, Brix, fructose, glucose and sucrose content of mesocarp were 5.13, 4.44, 25.20
mg/10g FW (fresh weight), 62.00 mg/10 ¢ FW and 39.27 mg/10 g FW, respectively. On the epicarp, the expression of
AIN2 reached the highest peak on day 35, SUS1, SUS2, UGE3, SPS1 on day 21, SPS2 on day 28. In summary, we
successfully evaluated the expression of sucrose synthesis-related genes in golden melon.

Keywords: Cucumis melo L., fructose, glucose, golden melon, sucrose.

Classification numbers: 1.6, 4.6

“Tac gia lién hé: Email: phuong.ntd@ou.edu.vn
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1. Ddt van de

Su tich Iiiy duong Ia tién trinh quan trong dé xac dinh chat lugng
trai, dugc kiém soét boi hai qua trinh: chuyén vi duong va trao doi
chat trong qua trinh phat trién trai. 53 gen c6 lién quan dén qué trinh
chin trai va s tich liiy duong (SNPs) da duoc nghién ctru [1]. O ho
Bau bi, ¢6 3 loai duong chinh gom fructose, glucose and sucrose
duoc du trir trong khong bao cuia cac té bao nhu md trai [2, 3]. Tuy
nhién, ham lugng duong cua cac loai Cucumis phy thuge vao kiéu
gen va giai doan phat tr1en trai [4]. Céc loai dua hoang dai tich Iity
ham luong dudng tong s6 cao s& tich lity nhidu sucrose. Trong khi
d6, cac loai ¢ ham lwgng dudng thap s& khong tich liy sucrose [4].
Trong vai loai, sy tich lily sucrose kém theo giam ham lugng glucose
va fructose. Diéu nay cho thiy sy tich lity sucrose duoc tong hop tir
glucose va fructose [5]. Ty I¢€ cta 3 loai duong nay dugc xac dinh
chu yéu boi 3 ho enzyme invertases (AINs), sucrose synthase (SuSy)
va sucrose phosphate synthase (SPSs) [6]. Su tich Iily sucrose & trai
phu thudc vao qua trinh chuyén hoa cic carbohydrate trong trai
va duoc cung cip tir ba ngudn chinh: (1) san pham cta qua trinh
quang hop; (2) qua trinh di hoa céc raffinose family oligosaccharides
(RFOs); (3) tai tong hop sucrose. Céc gen chu chét trong qua trinh
sinh tong hop sucrose gdm AIN2, SPS2 va SPPI [7].

Theo nghién cu cua N. Dai va cs (2011) [2], mic do biéu hién
cua gen AIN2 giam manh 6 trai dua 10-40 ngay sau khi thu phén.
Tuy nhién, theo nghién ctru cia M.O. Schemberger va cs (2020) [7],
mirc d6 biéu hién cta gen AIN2 dat dinh ¢ ngay 20 sau khi thy phéan.
Sucrose synthase (SuSy) la enzyme chia khoa xic tac trong con
duong sinh tong hop va thuy giai sucrose. Hoat dong cua enzyme
nay trén su tong hop truc tlep sucrose tot nhat & pH 7-9 va sucrose
hydrolysis & pH 6,2-7,3. Tuy nhién, ¢ trai dua, SuSy khong dong
vai tro quan trong trong sy tich lily sucrose [8]. Sucrose phosphate
synthase (SPS) 1a enzyme chinh trong tong hop sucrose. Enzyme
nay ¢6 dinh va hoat dong trong té bao chat cia mo quang hop, ciing
nhu 6 cac co quan bé (sink) nhu hot hoac trai. Co sy lién hé chat
ché gilra hoat dong cua SPS va su tich lily sucrose ¢ trai ca chua va
trai dua [8]. SPS gia ting manh & cubi giai doan phat trién trai dua,
cung vdi sy giam hoat dong cua invertase, dan dén sy tich Ity manh
sucrose [8]. Gen SPS! ting muc do biéu hién rat manh, SPS2 va
SPPI ting nhe & ngay 30 sau thy phan [2]. Tuy nhién theo nghién
ctru cia M.O. Schemberger va cs (2020) [7], mirc do bicu gen SPPI
tang rat cao & ngay 20 sau thu phan, mirc do biéu hién cta gen SPS2
dat dinh & ngay 30 sau khi thy phan.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Hat dua hoang kim Cucumis melo L. cua Cong ty TNHH mdt
thanh vién hat giong Rang Pong duoc trong tai vuon chi Chinh,
phuong Phit My, TP Thu Dau Mét, tinh Binh Duong (nay 1a phuong
Binh Duong, TP Ho Chi Minh).

2.2. Dia diém va thoi gian nghién cieu

Dia diém: Phong thi nghiém Cong nghé té bao thyc vét va Sink‘l
hoc phan tir, Khoa Céng nghé Sinh hoc, Truong Dai hoc Mo TP Ho
Chi Minh.
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Thoi gian thyc hién: Tir thang 2/2021 dén thang 8/2022.
2.3. Phuwong phap
Khao sat sy tang truong cua cdy:

Muyc dich thi nghi¢m: Khao sat hinh thai sy sinh truong va phat
trién cua cdy dua hoang kim.

Phuong phép tién hanh: Trudc khi gieo trong 15 ngay, céc ludng
dat trong dugc xir Iy bing CaCO, va bén 16t véi NPK ty 1¢ 30:10:10.
Hat dua hoang kim dugc ngadm trong nudc 40°C trong 2 gio, sau do
gieo trong bau dat. Sau 7 ngay, cac cdy dua hoang kim di ¢6 2 1a tht
dugc chuyén tir bau dét sang trong truc tiép trén luong. Phan NPK ty 1¢
30:10:10 dwgc bon bo sung 15 ngay/lan.

Chi tiéu theo doi: 0 cic giai doan tang truong (14, 28, 42, 56,
70 ngay) sau khi ndy mam, cay dugc do chieu dai, duong kinh than,
duong kinh la tha 10.

B tri thi nghiém: Thi nghi¢ém dugc b trf theo kiéu khdi hoan toan
ngau nhién voi 4 nghiém thire (cdy hoang kim 14 ngay duogc sir dung
1am d6i chimg, 28, 42, 56, 70 ngay) voi 5 lan lp lai va mdi lan 1ap lai
2 cay/nghi¢m thirc.

Xt 1y théng ké: Két qua thi nghiém duoc xir Iy bing phin mém
Statgraphics 3,0, su khac bi¢t c6 y nghia ¢ mirc 0,05 phan hang Duncan.

Khao sat sy tang truong trai dua hoang kim:

Muc dich thi nghi¢m: Khao sat hinh thai sy sinh trudng va phat
trién cta trai dua hoang kim.

Phuong phép tién hanh: 1 ngay trude khi cdy dua hoang kim bat dau
ra hoa thi hoa c4i dugc bao lai bang tui gidy wax. Tién hanh thu phan
tryc tiép bang cach ding tim bong chira phan hoa thu 1én hoa céi. Tiép
tuc bao lai hoa c4i bang tui gidy wax. Sau khi thy phan, canh hoa héo
va bau noén phat trién thi bo tii gidy wax, bao lai bang tii lu6i bao trai.

Chi tiéu theo doi: O céc giai doan tang truong (7, 14, 21, 28, 35
ngay) sau thy phin, trdi duoc cén trong luong, do duong kinh, do do
day thit trai.

B trf thi nghiém: Thi nghiém dugc b tri theo kiéu khoi hoan toan
ngau nhién voi 4 nghiém thirc (tréi dwa hoang kim 7 ngay duoc sir dung
lam d6i chimg, 14, 21, 28, 35 ngay) véi 5 lan lap lai va mdi lan lap lai
2 tri/cay/nghiém thirc.

Xu ly théng ké: Két qua thi nghiém duoc xtr Iy bé“mg phan mém
Statgraphics 3,0, su khac biét c6 y nghia ¢ mirc 0,05 phan hang Duncan.

Khao sat pH, d¢ Brix, ham lwong sucrose, glucose va fructose
trong qua trinh tang truong trdi:

Muc dich thi nghiém: Tim hiéu sy thay doi mot sd chi tiéu sinh Iy
trong qua trinh tang trudng trai.

Phuong phép tién hanh: pH, do Brix, ham lugng duong sucrose,
glucose va fructose.

Chi tiéu theo doi: pH, do Brix, ham lugng sucrose, glucose,
fructose.

-pH: 3 g thit trdi ¢ cdc giai doan tang truong (7, 14,21, 28, 35 ngay)
duoc nghién nhuyen b6 sung 3 ml nudc cit 2 lan. D yén trong 3 phut,
do do pH thit trai bang may do pH HI 8314 Hanna, Y.



- Do Brix: 3 g thit trai ¢ cdc giai doan tang tm(mg (7, 14, 21,
28, 35 ngay) duoc nghién nhuyén, bd sung 3 ml nu6e cat 2 lan. bé
yén trong 3 phit, do do Brix thit trai bang Brix ké 3000002 Sper
Scientific, My.

- Ham luong sucrose, glucose, fructose: Mau thit trai dua
hoang kim theo cdc giai doan tang truéng (7, 14, 21, 28 va 35 ngay
tudi) dugc thu nhan theo tiéu chuan qudc gia TCVN 9017:2011
va xéc dinh ham luong sucrose, glucose, fructose theo tiéu chudn
qudc gia TCVN 8906:2011 (EN 12630:1999). Két qua phén tich
ham lugng duong fructose, glucose va sucrose dugc tinh trén 10 g
TLT cta thit trai.

Bo tri thi nghiém: Thi nghiém dugc b4 tri theo kiéu hoan toan
ngau nhién véi 4 nghiém thirc (cdy dwa hoang kim 7 ngay duoc sir
dung 1am ddi chimg, 14, 21 va 35 ngay) voi 3 1an lap lai, mdi lan
lap lai 1 mau/trai/nghiém thirc.

Xt Iy thong ké: Két qua thi nghiém dugc xir Iy bang phan
mém Statgraphics 3,0, su khac biét c6 ¥ nghia & mic 0,05 phan
hang Duncan.

Khao sat su hién dién va mire dé biéu hién cia cac gen md hoa
cdc enzyme chii chot trong con dwong tao duwong 6 vo va thit trong
qua trinh tang truong trdi:

- Thu nhan DNA bo gen: DNA ciia mau thi nghi@m duoc thu nhan
bang phuong phdp Phenol/Chloroform pH § [9] bo sung proteinase
K (1 mg/ml). Méau dugc bao quan trong 100 ul TE, & -20°C.

- Phuong phap PCR: Sau khi DNA dugc thu nhén, nghién ciru
s& tién hanh khao sat sy hién dién cua cac gen voi cac cap moi
(bang 1) va thanh phin phan tng bao gom: 7,5 ul Master mix; 0,5
ul moi xudi; 0,5 pl moi nguoe, 1 ul DNA sau khi tach va 5,5 ul
nude khong chira nuclease. Dong thoi, dé kiém tra thao tac chimg
am s& duoc thay bing lwgng nudc khong chira nuclease.

Bang 1. Trinh tw va kich thwéc cua cac primer.

Ky A gy s Kich thuée  Tai li¢u
higy MOIS-3 (bp) tham khio
F - GGTTCAAGTCCCTCTATCCC
CLO 460 [10]
R - ATTTGAACTGGTGACACGAG
F - CTCGATCTTGCAAAAAGCAGC
AIN2 213
R - TTCCCCAAACGCCCCTAAAG
F - AGTTCGTTTCTTCGTTTGGCT
SPS2 198
R - TTGGCGCTTCTTTTGTGATGG
F - TATCGTCACTCTTCTCCAC
SPPI 182
R - CATGAGACGTGCTGAAGCG -
F - AACCGTGTTCATAGCCTCCG
SUsl 195
R - TCAGGACTTCCCCAAATGCC
F - TCCAGATGCGAAGGGGACTA
SUS2 204
R - ATCCGGCTTTGCTTCCATGA
F - CTGTGGGGAGAGTGTTGCT
UGE3 203
R - GCTTCGTCCGACCATAAGGA
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Doc két qua: Sin pham sau khi phan (mg két thic s& tién hanh
doc ket qua bang phuong phap dién di trén gel agarose 1,5%.

- Thu nhan RNA tong s6: RNA tong ciia cac miu thi nghiém
duoc thu nhan bang phuong phap TRIzol (Invitrogen) va tia bang
Isopropanol [11]. Mau RNA sau khi tach chiét duoc bao quan
trong DEPC-treated water, 6 -20°C.

- Chuyén mRNA thanh ¢cDNA: RNA s& tién hanh chuyén
mRNA thanh ¢cDNA béng ky thuat Reverse Transcription PCR sir
dung b kit SensiFAST cDNA Synthesis Kit (Cat. No. BIO-65054)
(Céc thanh phan phan tng bao gom: 4 pl 5X TransAmp Buffer, 1
ul Reverse Transcriptase, 5 pul RNA va 10 pl nude free nuclease).
Phan ung dugc thuc hién véi chu trinh nhiét 25°C - 10 phit, 42°C
- 15 phit, 85°C - 5 phut va 4°C - .

- Phén (ng Realtime-PCR: cDNA trudc khi st dung dé khao
sat su biéu hién cta céc gen duoc tién hanh chuén vé néng d6 200
ng/ml. Sau d6, phan ng Realtime-PCR dugc thuc hién vdi cac
thanh phan bao gdm: 5,5 pul Syber Green; 0,25 pl mdi xudi; 0,25
ul mdi ngugc, v ul cDNA sau khi tach va v pl nude khong chira
nuclease sao cho tong thé tich phan tmg 1a 10 pl. Dong thoi, chimg
am ciing duogc thuc hién thay lugng cDNA bing lugng nudc khong
chira nuclease voi chu trinh phan ung nhu sau: 95°C - 2 phut; 95°C
- 5 gidy, 60°C - 10 gidy, 72°C - 30 gidy trong 40 chu ky. Ciing trong
thoi gian d6, tién hanh phan tich melting-curve ghi nhan anh sang
huynh quang duogc phét ra & 60 dén 90°C, 0,1°C/s.

Sau khi phan tng két thiic, san pham Realtime-PCR mot lan
nita duoc tién hanh dién di trén gel agarose 1,5% dé so sanh két
qua. Sau d6, mau s& dugc giri gidi trinh ty tai Cong ty TNHH Dich
vu va Thuong mai Nam Khoa.

- Phén tich két qua: Phan tich mdi twong quan giira sy biéu
hién cuia cac gen diéu hoa sinh tong hop sucrose ¢ vo va thit trai
dura hoang kim trén phuong phép dinh luong tuong déi 24 cua
K.J. Livak va cs (2001) [12] v6i chung ndi CLO.

3.Két qua
3.1. Su tang trudng ciia cdy dwa hoang kim

Sau 42 ngay trong, chiéu dai than (92,60 cm), dudng kinh than
(1,02 cm), duong kinh 14 thi 10 (16,46 cm) cua cay dua hoang kim
ting rat nhanh (bang 2, hinh 1). Hoa dyc bit diu xuat hién ¢ ngay
20 va hoa cai xuét hién ¢ ngay 26 (hinh 2).

Bang 2. Sw tang trwéng cua cay dwa hoang kim.

Nghiém thire Chiéu dai thin Duong kinh thin ~ Puwong kinh 14 thi 10
(ngay) (cm) (cm) (cm)

14 2,44 0,49 0,00

28 62,80° 0,90° 13,000

2 92,60 1,02 16,46°

56 99,20 1,04 17,62

70 99,80 1,05 17,62

CV% 8,94 583 7,59

Trong cuing mét cot, khac mau tw c6 khac biét & mirc y nghia 95% qua
phép thtr Duncan.
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Hinh 2. Hoa dwc cua cay dwa hoang kim (A) sau 20 ngay va hoa cai
(B) sau 26 ngay trong.

3.2. Su tang trudng trdai dwa hoang kim

O ngay 35 sau khi thy phén, trong luong trai 914,00 g, duong
kinh trai 38,12 cm va d¢ day thit trai 3,15 cm dat toi da (bang 3,
hinh 3).

Bang 3. Sw tang trwéng cua trai dwa hoang kim.

Nghiém thirc (ngay) ~ Trong lwong trdi (g/trdi) ~ Dwong kinh trai (em) D day thit trai (cm)
7(bC) 64,00° 14,50¢ 1,05¢
14 174,00¢ 20,36¢ 1,39
21 582,00° 30,420 2310
28 638,80 3,16° 2,63
35 914,000 38,120 3,15
CV% 49,53 1743 16,43

Trong cuing mét cot, khac mau tw cé khac biét & mirc y nghia 95% qua
phép thtr Duncan.

Hinh 3. Sw téng trwéng cua trai dwa hoang kim.

‘ KHORHOC e

3.3. Sw thay déi pH, dp Brix, ham lwgng sucrose, glucose vi
fructose trong qud trinh ting truong trdai dwa hoang kim

pH 5,68 cao nhat & ngay 28, do Brix 4,54 cao nhat ngay 21,
ham lugng sucrose 42,20 mg/10 g TLT, glucose 70,60 mg/10 g
TLT va fructose 29,20 mg/10 g TLT cao nhat ¢ ngay 28 sau khi thy
phan (bang 4, biéu do 1). Sau d6, cac chi tiéu sinh Iy nay giam nhe
& ngdy 35, tuy nhién khong c6 su khéc biét co ¥ nghia thong keé.

Bang 4. Sw thay déi pH, do Brix trong sw ting trwéng trai dwa
hoang kim.

Nghiém thirc (ngay) pH Brix (%)
7(DC) 5,26 3,06°
14 4,95° 3,10°
21 5,43 4,54
28 5,68 4,20°
35 5,13%® 4,44
CV% 7,37 12,77

Trong cung mét cot, khac mau tw co khac biét & mirc y nghia 95% qua
phép thtr Duncan.

80
70
60
50 e Glucose

40 = Fructose
30

20

Sucrose

Ham lugng duong (mg/ 10 g TLT)

7 ngay

14 ngay

21 ngay 28 ngay 35 ngay

Biéu dé 1. Sw thay déi ham lwong dwong trong qua trinh ting
trwdng trai dwa hoang kim.

3.4. Khdo sdt sw hién dién va mivc dp biéu hién ciia cdc gen
md hoa cdc enzyme chii chot trong con dwong tao dwong & vé va
thit ciia qua trinh ting truong trdi

DNA b¢ gen, voi myc dich hudng toi viéc khao sat sy hién
dién cac gen muc tiéu ¢ thit trai dua hoang kim ¢ cac giai doan
ngay khac nhau, viéc tach chiét DNA thanh cong bo gen ciia dua
hoang kim 14 diéu kién tién quyét. Két qué tach chiét dugc thé hién
¢ hinh 4: khi tdich DNA b gen cua thit trai dua hoang kim tr 7,
14, 21, 28 va 35 ngdy tudi cho thdy cac bang sang 1o va c¢6 kich
thudc 16n hon 2.000 bp (hinh 4). Két qua dién di cho thiy, DNA bo
gen cta cac mau dugc tach chiét thanh cong, do d6, san phim tach
chiét dugc lwu giit va sir dung cho thi nghiém tiép theo.

14d 21d 28d 35d
. e —

2.000 bp =p

Hinh 4. DNA bd gen cua thit trai dwa hoang kim theo théi gian 7,
14, 21, 28 va 35 ngay. L: thang, -: chirng am.
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3.5. Sw hién dién cua cdic gen CLO, AIN2, SUSI,
SUS2, UGE3, SPS2 va SPPI trong thit trdi dwa hoang
kim theo thoi gian

Tach chiét mRNA chuyén thanh ¢cDNA va chay phan
ung PCR, realtime-RT PCR, sau d6 dién di va giai trinh tu,
két qua cho thdy c6 sy hién dién cua cac gen CLO 460 bp,
AIN2 213 bp, SUS1 195 bp, SUS2 204 bp, UGE3 203 bp va
SPS2 198 bp tuong ting voi cac nghién ctru trude do (hinh
5-9). Tuy nhién, gen SPPI cé kich thudc dudi 50 bp, nho
hon so véi kich thudc tham khao 1a 182 bp (hinh 10).

L - CLO7d 14d 21d 28d 35d

L - CLO7d 14d 21d 28d 35d

L - CLO7d 14d 21d 28d 35d

Hinh 6. Sw hién dién gen SUS7 195 bp PCR (A), realtime-RT PCR (B).

L — CLO7d 14d 21d 28d 35d L - CLO7d 14d 21d 28d 35d

Hinh 7. Sw hién dién gen SUS2 204 bp PCR (A), realtime-RT PCR (B).

L - CLO7d 14d 21d 28d 35d L - CLO7d 14d 21d 28d 35d

- CLO7d 14d 21d 28d 35d - CLO7d 14d 21d 28d 35d

L

L

Hinh 10. Sy hién dién gen SPP1 50 bp PCR (A), realtime-RT PCR (B).
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3.6. Mikc d biéu hién ciia cic gen AIN2, SUS1, SUS2,
UGE3, SPS2 va SPPI trong vo va thit trdai dwa hoang kim
theo thoi gian

Murc d6 biéu hién cua cac gen AIN2 2,28, SUSI 15,89,
SUS2 6,57, UGE3 6,33, SPS2 6,82 trong vo trai dua hoang
kim rit cao ¢ ngay 21 sau thy phin. Tuy nhién, SPP! 4,34
trong vo trai dua hoang kim rat cao & ngay 28 sau thy phan,
nhung giam manh & ngay 35 (biéu d6 2).

18
16
14
- 12
10
8

gen

Mtrc do biéu hién
)

N

AIN2 SuUSs1 UGE3 5PS2 SPP1

o

SuUs2

Thoi gian (Ngay) 7 m14 m21 m28 mM35

Biéu do 2. Mirc d6 biéu hién ctia cac gen AIN2, SUS1, SUS2, UGES3,
SPS2 va SPP1 trong vo trai dwa hoang kim theo th&i gian 7, 14,
21, 28 va 35 ngay.

Mtc d6 biéu hién cac gen AIN2 18,12, SUSI 1,64, SUS?2
5,13, UGE3 4,28 trong thit trai dua hoang kim rat cao &
ngdy 14 sau thy phin, nhung giam manh ¢ ngay 21 va ting
tro lai & ngay 28 dén ngay 35. Con gen SPP1 3,92 dat dinh ¢
ngay 21 va SPS2 5,42 dat dinh 6 ngay 28 (biéu do6 3).

Mtrc d6 biéu hién gen

AIN2 Sus1 SUS2 UGE3 SPS2 SPP1

Thoi gian (Ngay) 7 W14 m21 w28 m35

Biéu dé 3. Mirc d6 biéu hién cua cac gen AIN2, SUS1, SUS2, UGES3,
SPS2 va SPP1 trong thit trai dwa hoang kim theo th&i gian 7, 14,
21, 28 va 35 ngay.

4. Ban luan

Sy tang trudng cua ciy dua hoang kim c6 thé chia thanh
ba giai doan: tang truéng cham (0-14 ngay), ting trudng
nhanh (14-42 ngay) va truong thanh (42-70 ngay). Su ting
truong trai dua hoang kim gdm ba giai doan, giai doan ting
trudng cham, giai doan tang trudng nhanh va giai doan
truong thanh, gia ting tich lity cac chat dinh dudng. Trong
giai doan ting truong cham (0-14 ngay sau thy phan), trong
luong trai, duong kinh trai va do day thit trai bat dau gia
tang. Tuy nhién, pH, d¢ Brix, ham lugng sucrose, glucose,
fructose va murc do biéu hién AIN2, SUSI, SUS2, UGE3,
SPS2 va SPPI tuong ddi thip. Trong giai doan ting truong
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nhanh (14-28 ngay sau thy phan), cac chi tiéu sinh Iy nay
tang rit nhanh, giup trai ting truong vé trong luong, duong
kinh va d¢ day thit trai. Cac gen chu chét SUSI, SUS2,
UGE3, SPS2 trong con dudng tao duong ¢ vo trai (21 ngay
sau thu phan) gia ting cao, gitip trai ting truéng nhanh trong
luong va ham luong cac duong fructose, glucose va sucrose.
Con cac gen AIN2, SUSI, SUS2, UGE3 trong thit trai gia
tang (35 ngay sau thy phan) dong thoi véi sy gia ting ham
luong cac duong fructose, glucose va sucrose. Nhu vay, co
1& duong duoc tao ra tir vo trai c¢6 thé cung cp cho hoat
dong phan chia va ting truong cia té bao thit trai. Puong
duoc tao ra tu thit trai s€ dugc du trit trong cac té bao nhu
mo thit trai trong giai doan tich liy chat dinh dudng.

Su tang trudng cdy va trai dua hoang kim dugc chia
thanh ba giai doan: tang trudng cham, tang trudng nhanh va
truong thanh. O trai chin ngay 35, pH cia thit trai dua hoi
acid 5,13, d¢ Brix 4,44, ham lugng sucrose 39,27 mg/10 g
TLT, glucose 62,00 mg/10 g TLT, fructose 25,20 mg/10 g
TLT. O v6 trai, mic do biéu hién gen AIN2 3,87 cao nhét &
ngay 35, SUSI 15,89, SUS2 6,57, UGE3 6,33 va SPS2 6,82
& ngay 21, SPPI 4,43 cao nhit & ngay 28. O thit trai, mirc
d6 biéu hién gen AIN2 18,12 cao nhét & ngay 14, SUSI 8,55,
SUS2 9,02 va UGE3 9,13 & ngay 35, SPPI 3,92 cao nhit &
ngay 21 va SPS2 5,42 cao nhit & ngay 28.

L01 CAM ON

Két qua nghién ctru nay 1a mot phan thudc dé tai nghién
ctru dugce cp kinh phi boi B6 Gido duc va Pao tao va Truong
Pai hoc Mé TP H) Chi Minh (mé sb: B2022-MBS-07). Céc
tac gid xin chan thanh cdm on.
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Danh gi4 két qua phAu thuat véi muc dich triét cin
diéu tri ung thu nga ba dwong mat tai Bénh vién Bach Mai

Nguyén Thanh Khiém", Nguyén Ham Hi', Lwong Tuin Hiép', PJ Viét Anh', L& Vin Duy’, D6 Hai Ding?

'Trung tam Phau thudt Tiéu héa, Bénh vién Bach Mai, 78 Gidi Phéng, phwong Phuong Mai, Ha Noéi, Viét Nam
*Trung tam Ghép tang, Bénh vién Hitu nghi Viét Dirc, 40 Trang Thi, phuong Hang Bong, Ha Néi, Viét Nam

Ngay nhén bai 26/9/2024; ngay chuyén phan bién 30/9/2024; ngay nhan phan bién 25/10/2024; ngay chap nhan diang 28/10/2024
Tém tit:

Nghién ciru nham danh gia két qua diéu tri ung thw nga ba dwong mit bang phiu thuit véi muc dich triét ciin.
Nghién ciru tién ciru, can thi¢p khong déi chirg dwoc thye hién trén 19 bénh nhan tir thang 1/2021 dén thang
12/2023. Tudi trung binh la 56,89+11,25 (31-68), nam chiém 65%. Kich thwéc khdi u 25,33+11,77 mm. Thoi gian
Kiém soat cudng gan va thoi gian mé trung binh Ian lwot 13 115,46+53,69 va 327,24+73,49 phiit. Lwrong mau mat
trung binh trong mé 1 230,29+138,91 ml, khong c6 tai bién trong md, c6 8 bénh nhan (42,1%) cin truyén mau trong
mo. S6 hach nao vét trung binh 1a 14,71+6,21. 100% bénh nhéan dat dién cit RO hoic R1. Ty I¢ bién chirng chung
sau mo 1a 15,8%, trong d6, suy gan chiém 5,3%. S6 ngay nim vién trung binh sau mo la 27 ngay, ngin nhat 10 ngay
va dai nhit 63 ngay. 1 bénh nhén ning xin vé do suy gan (5,3%). Ty 1é song thém toan by va khong bénh sau 3 nim
lan luwot 13 80 va 80,4%. Nhuw viy, phiu thuat diéu tri ung thw nga ba dwong mat véi muc dich triét cin 1a phwong
phap an toan, hiéu qua.

Tir khéa: phiu thuit tiéu hoa, phiu thuit tri¢t cin, ung thu nga ba duong mait.

Chi sé phén loai: 2.6, 3.2

Outcomes of radical intended surgery for hilar cholangiocarcinoma
in Bach Mai Hospital

Thanh Khiem Nguyen', Ham Hoi Nguyen', Tuan Hiep Luong', Viet Anh Do', Van Duy Le', Hai Dang Do?

!Center of Digestive Surgery, Bach Mai Hospital, 78 Giai Phong Street, Phuong Mai Ward, Hanoi, Vietnam
’Organ Transplant Center, Viet Duc University Hospital, 40 Trang Thi Street, Hang Bong Ward, Hanoi, Vietnam

Received 26 September 2024; revised 25 October 2024; accepted 28 October 2024
Abstract:

The study aimed to evaluate the results of radical resection for hilar cholangiocarcinoma. A prospective, non-
controlled intervention study was performed on 19 patients from January 2021 to December 2023. The mean age
was 56.89+11.25 (31-68) years and the male rate was 65%. The average tumour size was 25.33+11.77 mm. The mean
time for controlling Glisson pedicles and the average operative time were 115.46+53.69 and 327.24+73.49 minutes,
respectively. The mean blood loss was 230.29+138.91 ml, there were no complications during pedicle dissection,
and 8 patients (42.1%) required intraoperative blood transfusion. The mean number of dissected lymph nodes was
14.71+6.21. An RO or R1 resection margin was achieved in 100% of patients. The overall rate of postoperative
complications was 15.8%, of which postoperative liver failure accounted for 5.3%. The average number of days in
hospital postoperatively was 27, the shortest was 10, and the longest was 63. One critically ill patient requested to go
home due to liver failure (5.3%). The 3-year-overall and disease-free survival were 80 and 80.4%, respectively. Thus,
radical resection for hilar cholangiocarcinoma is a safe and effective method.

Keywords: digestive surgery, hilar cholangiocarcinoma, radical resection.

Classification numbers: 2.6, 3.2
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1. Dat van de

Ung thu ngd ba dudng mat, hay ung thu duong mét ron
gan (Hilar cholangiocarcinoma - u Klatskin) 1 mot khéi u
4c tinh xudt phat tir biéu mo duong mat ron gan lan dau tién
duge mo ta vao nam 1965 [1, 2]. bay 1a mét loai ung thu
c6 tién lugng XAu, it dap tng véi diéu trj toan than, do do
phiu thuat van Ia can thi¢p 1am sang quan trong nhat ddi
v6i u Klatskin trong 20 nim qua [3]. Phau thuat triét cin
khéi u 13 yéu té then chdt dé dat dwoc ty 18 sdng ti wu cho
cac bénh nhan u Klatskin [4]. Tuy nhién, dé dat duoc phau
thudt triét can la madt thach thirc 16n vi lién quan dac biét cua
khdi u véi tinh mach ctra va dong mach gan, phﬁu thuat doi
hoi phau thuat vién c6 kinh nghiém chuyén siu vé gan mat
tuy. Hién c6 rét it cong trinh nghién ctru trong nudc vé didu
tri phau thuat bénh 1y ung thu dudng mat rén gan véi muc
tiéu triét can. Tai Trung tdm Phau thuét Tiéu hoa, Bénh vién
Bach Mai, mdi nim ghi nhan nhiéu truong hop u Klatskin
duoc phau thuat véi muyc dich triét can. Tuy nhién, chua cé
nhiéu théng ké danh gia hiéu qua ciing nhu bién ching cua
phau thuat nay tai Viét Nam [5, 6], do d6 ching t6i tién hanh
nghién ctru véi muc tiéu: “Péanh gia két qua phau thuat triét
can diéu tri ung thu ngd ba duong mat tai Bénh vién Bach
Mai”.

2. Déi tuong va phuong phap nghién ciiu
2.1. Péi twong

Nghién ctru dugc thyc hién trén 19 bénh nhan duoc chén
doan ung thu duong mat ving ron gan, dugc phiu thuat voi
muc dich triét cin tai Trung tim Phau thuat Tiéu hoa, Bénh
vién Bach Mai tir thang 1/2021 dén thang 12/2023.

2.1.1. Tiéu chudn lya chon:

- Bénh nhan ung thu duong mat ving rén gan duoc phau
thuat triét can tai Bénh vién Bach Mai.

- Ung thu dwong mat rén gan loai I dén loai IV theo
phan loai cua Bismuth-Corlette va ¢ giai doan I dén IlIb
theo phan loai UICC/AJCC nam 2017.

- Khéng c6 xo gan hay xo gan muc d¢ Child A theo
Child-Pugh.

- Bénh nhan vdi phan loai ASA-1 va ASA-2 theo Hiép
Hoi gay mé Hoa Ky.

- Xét nghiém mo bénh hoc sau md xac dinh la ung thu
duong mat.

- Khéng c6 chdng chi dinh lién quan dén phau thuat.

2.1.2. Tiéu chuan logi trir: Dya vao tiéu chuén loai trir
dugc dé xuat bdi Jarnagin nam 2001:

Yéu 6 lién quan dén u: Dya trén hinh anh chyp cong
hudng tir va chup CT-scan da day dung hinh:
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+ U lan rong qua chd chia dbi thi 2 ctua duong mat ca
2 bén.

+ Teo mot thily gan v6i nhanh tinh mach ctra bén ddi
dién bi thdm nhiém hodc bi tac.

+ Teo mét thily gan v6i u tham nhiém qua chd chia doi
thtr 2 duong mat cia bén doi dién.

+ U tham nhiém qua chd chia déi thir 2 duong mat cing
bén va tham nhiém hoac lam tac tinh mach ctra bén doi dién.

Yéu 16 di can: Di can nhom hach N2 (hach quanh dong
mach, tinh mach chu dudi, dong mach than tang va dong
mach mac treo trang trén); Di can xa.

2.2. Phwong phap nghién ciru
Thiét ké nghién ciru: M6 ta hdi ctru.
C& mau va phirong phdp ldy mau: Chon mau thuén tién.

Quy trinh phau thudt: Bénh nhan nam ngira, da dugc sat
trung tr xuong mu dén qua hai que‘ing nim vu. Rach da tu
mili trc dén bo sudn bén phai hinh chit J. Dung dung cu kéo
sudn chuyén ding cho phiu thuat gan dé nang hai bo suon.

Trinh tu thyc hién cdc budc chinh trong mo:

+ Budc 1: Tham do toan 6 bung va ton thuong, danh gia
kha nang cat bo khoi u.

+ Budce 2: Nao vét hach cudng gan va than tang, boc 16
riéng cac thanh phan cuong gan: dong mach gan, tinh mach
cua va duong mat. Cat dau xa ctia ong mat chu thap toi da
phia sau dau tuy. Sinh thiét tirc thi dién cit dudi cia dng
mat chu.

+ Budc 3: Giai phong gan, thit cic tinh mach gan dudi
dan luu mau tir ha phan thuy I do truc ti€ép vao tinh mach
chu.

+Budc 4: Ty vao vi tri khéi uma thyc hién cac ki thuat
khéc nhau. Cét duong mat ngoai gan cho loai I hoac loai II.
Thyc hién cét gan trai trong truong hop ung thu loai IIIb
hodc cit gan phai cho ung thu loai Illa, cit gan trung tam
cho ung thu loai IV hodc loai I1la ma khong du thé tich gan
con lai. Ha phén thuy I dugc cat kém theo trong tit ca cac
hinh thai cit gan. Co thé thuc hién cat dong mach gan hoac
tinh mach ctra néu u xam lan. Sau khi hoan tat cit nhu mo
gan va mach mau trong gan, duong mat dwoc cit sau cing.
Puong mat dugc cit xa khoi u it nhat 1em vé& mit dai thé,
sau d6 tién hanh cit lanh dau gan ctia duong mat. Truong
hop sinh thiét van con té bao 4c tinh ma dudong mat khong
thé cat thém, ching t6i chip nhan phau thuat R1.

+ Budc 5: Tao hinh cac éng mat lai véi nhau trude khi
tién hanh ndi véi hdng trang theo kiéu Roux-en-Y. Trong
truong hop cac éng mat cach xa nhau khong thé tai tao
duogc, ching t6i thuc hién ndi tung 6ng riéng 1¢ hoac ndi véi
nhu mo gan.



+ Budc 6: CAm mau, dat dan luu, dong bung.
2.3. Bién sé nghién citu

biac diém chung va mét so dac diém 1am sang, can lam
sang.

Phén loai khéi u (theo Bismuth-Corlette) va hinh thai
cat gan.

Dic diém ky thuat trong mo: Thoi gian cit nhu mo gan
(TB+£SD, min-max, phut), thoi gian md trung binh (TB£SD,
min-max, phut), cit tinh mach ctra bén d6i dién (n, %), cit
dong mach gan bén dbi dién (n, %); Cac dac diém khéc
trong mo: Kich thude u 16n nhat (TB£SD, min-max, mm),
lvong mau mat trong md (TBxSD, min-max, ml), truyén
mau trong moé (n, %).

Dic diém giai phiu bénh: Dai thé, vi thé theo phan loai
UICC/AJCC nam 2017, phan loai phau thuat (RO, R1, R2).
Trong d6, phau thuat RO: khong con u trén ca dai thé va vi
thé; Phau thuat R1: hét u trén dai thé nhung con trén vi thé;
Phau thudt R2: con u trén dai thé.

Két qua gan:

+ Bién chimg: Chay mau (mau chay qua dan luu can
can thiép md lai, nit mach hodc truyén mau); suy gan (tiéu
chuin 50-50: PT <50% va bilirubin mau >50 pmol/l vao
ngay hau phiu thtr 5 sau mé cit gan) [7]; ro mat (dya vao
tiéu chuan cia Ho6i Nghién ctu Qudc té vé Phiu
thuat Gan: nong d¢ bilirubin dich dan luu cao gap ba lan
s0 v&i ndng do bilirubin trong mau & ngay thir 3 sau
phdu thuat hodc thdy ro mat qua chup duong mat) [8]...
Phan loai bién ching theo Clavien-Dindo.

+ Nang vé, ti vong, s6 ngay nam vién.

Két qua xa: UGc lugng xdc suat song khong bénh va
song toan b sau 3 nam.

Hinh 1. Céat gan trung tam. Bé&nh nhan Nguyé&n Thi T., nir, 45 tudi.

‘ KHORHOC e

memmsmmmmm Khoa hoc Ky thuat va Céng nghé | Ky thuat y hoc; Khoa hoc Y - Duoc | Y hoc lam sang

2.4. Thong ké va xie ly sé ligu
Théng ké va xtr 1y s6 liéu bang phan mém SPSS 26.0.
2.5. Dao dirc nghién ciru

Nghién ciru dd duoc théng qua Hoi dong dao duc cua
Bénh vién Bach Mai.

’ ,
3. Ketqua

Nghién ctru duge thyc hién tir thang 1/2021 dén thang
12/2023 tai Trung tam Phiu thuat Tiéu héa, Bénh vién
Bach Mai. Két qua, c6 19 bénh nhan duoc phau thuat u
duong mat ving rén gan v6i muc dich triét can. Tudi trung
binh 1a 56,89:11,25 (31-68) tudi, ty 1& nam gidi 65%, chi
s6 BMI trung binh 1a 21,59+3,64. Tat ca bénh nhan duoc
phén loai chirc nang gan 1a Child-Pugh A, sb lugng tiéu cau
trén 100.000/mm? va tinh trang d6ng mau binh thuong. Vé
triéu chirng 1am sang, 70,6% bénh nhan c6 vang da. Vé xét
nghiém, chi sé Bilirubin toan phan, truc tiép c6 gia tri trung
vi lan luot 1a 67,6 va 45,8 pmol/l. Chét chi diém khdi u:
CEA, CA 19-9 ¢6 gia tri trung vi tai thoi diém trude md 1an
luot 1a 12,8 ng/ml va 478,3 U/ml.

Bang 1. Phan loai u theo Bismuth-Corlette va phwong phap phau
thuat (n=19).

Phwong phap phau thuat SO bénhmhdn Ty 1¢ (%)
Cit gan phai + HPT I 3 158
Tuyp 11la :
Cat thuy gan phai + HFTI 2 10,5
. y § i+
Cht gan Tugp IlIb  Cat gan trai + HPT I 8 4,1
Cit gan trung tam + HPTI 3 15,8
Tuyp IV :
Cat thuy gan phai + HPTT 2 10,5
Citduongmit  Tujpll  Cht duong matngodi gan 1 53

Tinh mach gan giira|

@

P _ _ _ = =
% WY i Déng mach gan tra

-
A

/ Nbrong mat HPTII va HPT i

-~

Hinh 2. Cét gan phai mé réng. Bénh nhan Ta Thi C., ni¥, 63 tudi.
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Két qua bang 1 cho théy, 94,7% bénh nhan la u Klatskin y sl Furtin
, \ I3 \ re L e ’ ansore
tuyp III va IV. Céc hinh théi cat gan da dang, chiém 94,7%, I L
trong d6 chiém ty I¢ cao nhat la cat gan trai (42,1%). Hinh
1 va 2 1a 2 bénh nhan nit duoc cat gan trung tdm va cat gan % 1
phai mé rong.
Bang 2. Cac thong sé trong mé. 5
Dic diém Két qua @
g
Kich thude u I6n nhat (TB+SD, min-max, mm) 25,33+11,77 (9-45)
Tinh chitu  Thé khoi (n, %) 15 (78.9%) B
Thé tham nhiém (n, %) 4(21,1%)
Thoi gian cit nhu md gan (TB+SD, min-max, phat)  87,54+33,79 (40-200) aa
Thoi gian mé trung binh (TB£SD, min-max, phit)  327,24+73,49 (200-448) ! " . " . " *
ang
Cit tinh mach cira bén dbi dién (n, %) 4 (21,1%) N L . . .
: Bieu do 1. Thoi gian song thém khéng bénh.
Cat dong mach gan bén doi dién (n, %) 1(5,3%) . —1Sunival Funetian
s o 7 ¢ d
Luong méu mét trong mé (TB<SD, min-max, ml)  230,20+138,91 (100-700) by s dmp g -
Truyén mau trong mé (n, %) 0
(Khi lwrgng mau mét trong md trén 500 ml) 8(42,1%) i
Két qua bang 2 cho thay, thoi gian cit nhu mo gan va thoi
gian mo trung binh lan lugt 1a 87,54+33,79 va 327,24+73,49 o
phut. 21,1% truong hop cé cat mach méau kém theo.
.
Bang 3. Két qua giai phau bénh. B o
Pic diém n=19
Tl 2(10,5) Ea
. T2 13 (68.,4%)
T3 3 (15,8%) 0
T4 1 (573%) 1] 10 20 30 40 50
N NO 11 (57,9%) thang
N1 8 (42,1%) Biéu do 2. Thi gian séng thém toan bo.
Tdng s hach nao vét (TB+SD, min-max) 14,716,21 (9-24) L . o ) L
S6 hach nao vét duong tinh (TBSD, min-max)  1,842,2 (0-8) Thoi gian theo ddi trung binh la 35 thing. Ty 1€ song
RO 15 (78.9%) thém toan bd va khong bénh sau 3 nam lan luot 1a 80 va
DA GG T Rl 4(21.1%) 80,4% (Biéu d6 1 va 2). Phan tich da bién bing mo hinh hoi

Két qua bang 3 cho thiy, 78,9% bénh nhén giai doan u
Trl hoac T2, 42,1% c6 di can hach 10()% bénh nhan dat dién
cat RO hodc R1, trong d6 ty 1¢ dién cat R1 1a 21,1%.

Bang 4. Két qua s&ém sau mb.

quy Cox, cac yéu td nhu dién cat duong mat (RO so v6i R1),
tinh trang di can hach (c6 hodc khong), mic do xam l4n u tai
chd (T 1,2 so v6i T 3,4) déu khong anh huong t6i thoi gian
song thém khong bénh va toan bo.

§he V18 4. Ban luan
Két qua v P ¢nh Tylg Clavien-Dindo :

nhin (%) 1A 1A a ‘A X N < \ A
Chiy miu® i 53 Vb Y kién 1am sang hién nay van cho rang, cat duong mat
" ngoai gan la di cho bénh nhan loai Bismuth-Corlette loai

Suy gan 1 53 I goai gan / ;
Bién chingsaumd  Ro mat 2 10,5 it I va nén két hop vai cat thuy gan dudi cho bénh nhan loai
Nhiém tring vétmo 1 53 11 Bismuth-Corlette loai I [4]. Péi voi cac bénh nhan loai
Ning xin vé - tir vong* 1 53 Vb Bismuth-Corlette loai III va mot s bénh nhéan loai 1V,

S6 ngay nim vién trung binh (ngay)

27413 (10-63)

*: Cung 1 ngwoi bénh.

Két qua bang 4 cho thay, ty 1¢ bién chung chung la
15,8%, nang xin vé - tir vong chiém 5,3%.
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thuong khuyén cao két hop véi cit gan ban phan (cit gan
phai - trai) hoac cit gan ban phﬁn mo rong (cét thuy gan
phai, cit gan trai mo rong) [4, 9]. Tai trung tim cia ching
t6i, vé phan loai u theo Bismuth-Corlette, 94,7% bénh nhan

a1



la u Klatskin tuyp III hodc IV, chi ¢6 1 truong hop 1a u
Klatskin tuyp II. V& hinh thdi cit gan, c¢6 2 truong hop cat
gan trung tim véi u Klatskin tuyp IV va 4 truong hop cit
thuy gan phai voi u Klatskin tuyp Illa, IV. 100% bénh nhan
u Klatskin tuyp III, IV cta ching toi duoc phau thuat cit
phan thity dudi, diéu nay dam bao phau thut triét cin ciing
nhu han ché nguy co ro mat sau mo.

Ky thudt cét thiy gan phai kém cit dudong mat ngoai gan
nguyén khéi (hilar en bloc resection) va khong cham u (no-
touch technique) v6i u Klatskin 1an dau tién dugc mé ta boi
P. Neuhaus va cs (1999) [10]. Mot trong nhung tiéu chi quan
trong cua ky thuat nay 1a dién cit cic 6ng gan phan thuy
bén dugc cit bén trai va trén “Khe rdn” (urnb111ca1 fissure)
[11]. Véi u Klatskin tuyp IV, phiu thuat cit thiy gan phai
thuong dugc lua chon hon cit gan trai mé rong vi vé mat
giai phau, phan dng gan trai ngoai gan dai hon so véi éng
gan phai. V& mit giai phau, day ciing 1a k¥ thuat dé thuc
hién nhat trong cac phau thuat cat gan 16n, vi dién cit nhu
mo gan 1a nho nhét. Tuy nhién, khi xem xét chitrc ning gan,
day 1a phuong phap cit bo rong rii nhat. Vi vay, danh gia
chirc nang gan trudec mo va udce tinh thé tich gan cit bo la
rat quan trong. Trong nghién ciru ciia chung toi, ¢6 2 truong
hop u Klatskin tuyp Illa dwoc thyuc hién theo cat thity gan
phai do mét s6 nguyén nhan sau: vé mit ky thuat, cit thuy
gan phai don gian hon cét gan phai do dién cit nhu mé gan
nho hon; trude md, ching toi da danh gia chirc nang gan va
uéc lugng thé tich gan nhitng truong hop nay 1a phu hop
cho cit thily gan phai; cac nghién ctru cho théy, cit thily gan
phai c¢6 thé mang lai mot phan dng gan trai cit bo dai hon
khoang 10 mm so v&i cit gan phai, do d6 dan t6i ty 1& dién
cét trén 4m tinh cao hon dang ké [11]; cudi cung, dién cit
gan cach xa cac thanh phan con lai ctia cudng gan gitip tao
khong gian tao hinh mach mau trong truong hop u xam lan
dong mach gan hoac tinh mach ctra.

Nghién ctu ctia chung t6i c6 3 truong hop u Klatskin
dugc phau thuat cit gan trung tim. Hinh thai cit gan nay
6 thé giir lai toi 35% nhu mo gan chic ning so véi cac
hinh thai cat gan mo rong khac [12]. Phuong phap nay chua
duoc chép nhén rong rai nhu mot sy thay thé cho cac hinh
thai cit gan mo rong khac do tinh twong dwong vé mit ung
thu hoc con chua 16 rang va do phuc tap ky thuat cao hon.
Tuy nhién, mét sé nghién ciru gn ddy cho thiy, cit gan
trung tam trong u Klatskin c6 thé bao ton nhiéu thé tich
gan chtrc nang hon trong khi van dam bao dién cit 4m tinh
[13]. Nguyén nhan duoc tac gia dua ra: dién cit éng gan hai
bén trong cat gan trung tim tuong duong véi dién cat trong
cit gan trai mo rong cong v6i cit thily gan phal va dai hon
dang ké dién cit trong cit gan trai hodc cat gan phai [14].

KHOA
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Vi vy, ching t6i cho rang, cit gan trung tim hoan toan c6
thé ap dung voi u Klatskin tuyp IIT - IV trong cac trudng
hop thé tich gan khong du cho céc hinh thai ct gan 16n hon.

Nghién ctru cia ching t6i 1dn lugt c6 4 bénh nhan
(21,1%) va 1 bénh nhan (5,3%) co cat tinh mach cira va
dong mach gan bén ddi dién kém theo. Khong tai tao lai
sau khi cit bo dong mach gan lam ting dang ké nguy co
suy gan sau phau thuat va tir vong [4]. U Klatskin d& xam
lan vao dong mach gan, va su thanh cong cia tai tao dong
mach bi han ché béi mtrc dd xam 14n khdi u va d6 khoé cua
cudc phau thuat. Hon nira, c6 mot s6 tranh luan vé sy can
thiét cua viée tai tao mach mau. Két qua cua nghién ctru cla
B. Li va cs (2023) [4] cho thdy, tai tao dong mach gan bén
con lai 1a quan trong dé giam nguy co bién chimg sau phau
thudt nghiém trong ¢ u Klatskin. 100% bénh nhan dat dién
¢t RO hodc R1, trong d6 78,9% dat RO, cao hon so véi Kkét
qua ctiia N.H. Hoang (2018) [6]. Ty 1¢ séng thém toan bd va
khong bénh sau 3 nam 1an luot 1a 80 va 80,4%. Két qua nay
kha tuong dong véi cac nghién ctru khac trén thé gisi, véi
thoi gian sdng thém toan b dao dong trong khoang 50-70%
[15, 16].

Vé két qua sém sau md, nghién ciru ctia chung t6i c¢6 1
truong hop bién ching IVb tré 1én (5,3%). Day la truong
hop chay mau sau cat gan trai kém cit doan tinh mach
cura phai va boc 16p ao ngoai dong mach gan phai. Ty 1é
bién chimg ning ciia chung t6i twong dwong véi cac tac gia
khac trén thé gidi, 1-10% tiy timg trung tam [11, 17]. Mot
sb nghién curu cho th:?iy, tao hinh mach mau (tinh mach ctra
va dong mach gan) trong phiu thuat u Klatskin lam ting
nguy co blen ching va tir vong [16, 18, 19] Bénh nhan
ning xin vé trong nghién ctru ctia chiing nam trong nhom
phau thuét c6 nguy co cao: cit tao hinh tinh mach ctra va
boc 16p 4o ngoai dong mach gan. Nhu vay, nhin chung
phau thuat cit gan diéu trj u Klatskin van 1a mot phéu thuat
phtre tap, nguy co cao, can dugc thuc hién tai cac trung
tam phau thuat gan mat 16n v6i nhitng phau thuat vién gan
mat c6 kinh nghiém.

Bén canh nhitng vu diém, nghién clru nay cling c6 han
ché can xem xét. Cu thé, nghién ctru nay la mot nghién ctru
quan sat hoi ctru, don trung tam, voi cd mau con han ché.

5. Két luan

Diéu tri khdi u ngi ba duong mat bang phiu thuat véi
muc dich triét can 1a phuo‘ng phép an toan, hleu qua, vdi cac
két qua som va xéac suét séng 3 nim sau md twong ddi kha
quan. Tuy nhién, phau thuat doi hoi nhidu hinh thai cat gan
phtic tap, nén duoc thuc hién tai cic trung tdm phau thuat
gan mat tuy voi cac phau thuat vién c6 kinh nghiém.
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Phwong phap va ky thuat kiém toan chat thai:
Kinh nghiém quoc té va g0i y ap dung cho Viét Nam

Ta Thi Yén', Vii Thi Mai, Pham Thi Mai Théo, Lé Thi Trinh
Truong Pai hoc Tai nguyén va Méi truong Ha Ngi, 414 Phit Dién, phwong Phii Dién, Ha Ngi, Viét Nam
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Tom tit:

Kiém toan méi trwomg (KTMT) 1a cong cu quén Iy hiéu qua, dwoc nhiéu qudc gia ap dung va di dwoce quy dinh
trong Luat Bao vé mdi truwong (2020). KTMT cung cAp thong tin vé hién trang mdi truwdng, giip danh gia va ra quyét
dinh. Trong dé, kiém toan chit thai (KTCT) la loai hinh quan trong, gitip doanh nghi¢p xac dinh lweng chét thai
rin phit sinh, tir 6 dé xuit giai phap tai ché, t6i wu héa tai nguyén va ning cao hi¢u qua san xuit. Tuy nhién, hi¢n
nay KTCT chii yéu tip trung vao quy trinh ma thiéu hwéng din cu thé vé phwong phap, ky thuét thye hién. Nghién
ciru nay tong hop kinh nghiém KTCT tir cic nwéc, dé xuit Ap dung vao Viét Nam. Két qua cho théy c6 hai cach tiép
can: tir trén xudng (top-down) va tir dwéi 1én (bottom-up). Cach tiép cin top-down (sir dung mé hinh LCA, MFA)
phit hop véi kiém toan nganh, lién nganh. Trong khi dé, cach tiép cin bottom-up (kiém ké phat thai tai hién truong,
cin bang vat chit, quan tric hién truong) phit hop véi co sé san xuit, dich vu. Ty thude vao mire df sin c6 caa dir
liéu va yéu ciu ddu ra, don vi kiém toan c6 thé lwa chon phuong phap va k§ thuat phut hgp. Viée 4p dung linh hoat
cac phwong phap nay sé ning cao hiéu qua KTCT, gép phin quan Iy chit thai bén virng.

Tir khéa: kiém toan chat thai, kiém toan méi trwong, kinh nghiém qudc té, ky thuat, phwong phap.
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Abstract:

Environmental audit (EA) is an effective management tool, applied by many countries and stipulated in Vietnam’s
Law on Environmental Protection (2020). EA provides information on the current state of the environment,
aiding assessment and decision-making. Among these, waste audit (WA) is an important type, helping businesses
determine the amount of solid waste generated, thereby proposing recycling solutions, optimising resources, and
enhancing production efficiency. However, currently, WA mainly focuses on processes, lacking specific guidance on
implementation methods and techniques. This study synthesises WA experiences from other countries and proposes
their application in Vietnam. The results indicate two approaches: top-down and bottom-up. The top-down approach
(using LCA, MFA models) is suitable for sectoral and inter-sectoral audits. Meanwhile, the bottom-up approach (on-
site emission inventory, material balance, field monitoring) is suitable for production and service facilities. Depending
on data availability and output requirements, the auditing unit can select appropriate methods and techniques. The
flexible application of these methods will enhance WA efficiency, contributing to sustainable waste management.
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1. Dt van de

Quan ly chat thai theo hudng tan thu chat thai dé bién
chit thai thanh tai nguyén dang la moét dinh huéng quan
trong trong Ch1en lugc quoc gia vé quan 1y chat thai ran dén
nam 2025 va tdm nhin dén nam 2050 cua Viét Nam. Bén
canh mot sb co ché, chinh sach quan ly chét thai da dugc
thé ché hoa trong Luat Bao vé moi truong nim 2020 nhu:
phan loai chét thai tai ngudn, thu phi chat thai dya trén khoi
luong; tai ché, tai str dung chat thai; trach nhiém mo rong
ctia nha san xudt; cac cong cu, chinh sach kinh té nhu thué
tai nguyén, phi bado vé moi truong; phat trién cong nghiép
moi truong, dich vy moi truong... thi KTCT dong vai tro
quan trong trong cong tac quan 1y nha nudc vé bao vé moi
truong. Két qua KTCT theo nganh s& cung cép cho ngudi ra
quyét dinh co sd dir lidu vé phat thai ctia nganh, tir 6 ¢6 su
lwa chon vé cach thirc quan 1y hiéu qua cho nganh do, lién
quan téi van d& kinh té - xa hoi - méi truong nhu han ché
hodc thuc déy phat trién/dau tu, kiém soat sy phat thai, hinh
thanh co ché quan 1y chét thai cho nganh. Két qua KTCT
g6p phan x4c dinh “diém nong” vé moi trudng can cai thién,
tao co s tin cdy cho nguoi ra quyét dinh. Bén canh do,
KTCT dem lai cho doanh nghiép co hoi dé ty nhan dinh vé
hoat dong san xuét ctia minh, tir d6 cai thién hoat dong quan
Iy méi trudng, quan 1y chat thai, quan tri san xudt, giam chi
phi san xuat, va chi phi lién quan bao gdm ca chi phi xir phat
néu khong tuan thu.

KTCT da dugc thuc hién ¢ nhidu qudc gia trén thé gidi.
Trong d6 c6 mot sé qudc gia dd dwa KTMT/KTCT vao lam
cong cu phap ly bét budc trong hoat dong quan ly nha nud6ce
vé moi truong. Dién hinh 12 tai Uc, ddi véi nganh khai thac
mo da dugc Cuc Bao vé moi truong Uc ban hanh nam 1995,
trong d6 bao gdm ca quy dinh vé KTCT va ndp béo cio
kiém toan hang nam [1]. Tai Canada, quy dinh s 102/94
Ontario vé KTCT va ké hoach giam thiéu chat thai néu o
cac truong hoc, bénh vién, khach san, co sé san Xuét, cac
toa nha cong sd, nha hang phai thuc hién chuong trinh giam
thiéu chat thai bao gdbm 4 budc: Thyc hién KTCT, thiét lap
ké hoach giam thiéu chét thai, thuc hién ké hoach giam thiéu
chét thai, cap nhéat va thyc hién KTCT va ké hoach giam
thiéu chat thai hang nam [2]. Tai An d6, B Moi truong va
Rurng da ban hanh Thong tu GSR 329(E) vao thang 3/1992
dua ra yéu cau bt bugc ndp bao cao KTMT hang nim d6i
v6i cac co s cong nghiép, trong d6 phai thé hién cac thong
tin vé quan 1y timg ngudn thai [3]. Singapore di Iya chon
KTCT nhu 1a mét chién lugc téi thiéu hoa phat sinh chat
thai [4]. Bi 1a nu6c di ddu trong EU cam két thiic ddy hon
nira viéc ap dung cac chinh sach vé moéi trudng, tuan thi
quy trinh kiém toan va quan 1y sinh thai (Eco-Management
Audit Scheme - EMAS) cuia cac nudc chau Au. Quy trinh
nay cung cép cho cac doanh nghiép mét cong cu linh hoat
va mot cach tiép can dat hidu qua chi phi, trong d6 quan 1y
chat thai trong hoat dong san xuét 1a mot phan cta quan ly
mdi truong [5].
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Hién nay, tai Viét Nam KTMT da dugc dua vao quy dinh
trong Luat Bao v€ mdi truong ndm 2014 va nam 2020 [6].
Theo d6, cac doanh nghiép duoc khuyén khich ty thuc hién
kiém toan nhim muc dich xem xét, danh gi4 c6 hé thong,
toan dién hiéu qua quan 1y méi trudng, kiém soat 6 nhiém tai
chinh co s& cia minh. Cho dén nay, da c6 mot s6 nghién ciru
trong nudc vé& KTCT duge thuc hién cho mot sb nganh cong
nghiép nhu: nghién ctru xay dung quy trinh k§ thuat KTCT
cho nganh cong nghlep quoc phong, ap dung thi diém cho
cac nha may san xuat thuc phong - thude nd. Nam 2008,
Téng cuc Moi trudng thyc hién xdy dung quy trinh KTCT
cho nganh san xuat da giﬁy. Nam 2013, Vién Chién luoc,
Chinh sach Tai nguyén va Moi truong da thuc hién xay
dung quy trinh KTCT chung cho nganh cong nghi¢p ¢ Viét
Nam, ap dung thi diém dé xay dung s6 tay huéng dan KTCT
trong san Xuat cong nghiép cua 10 nganh. Nam 2016, Vién
Khoa hoc Moi truong thuc hién dé tai KTMT tai mot s6
doanh nghiép quy mé vira va nhé. Nam 2017, Tong cuc Moi
treong da nghién cou dua ra quy trinh KTMT cho nganh
dét may o Viét Nam. Hién nay, nghién ciru trong nudc lién
quan dén KTMT di duoc thu:c hién, cha yéu tip trung vao
kiém ké phat thai cho mot sb nganh cong nghiép, khu cong
nghiép, khu ché xuat, doanh nghiép c6 quy mé nho. Cac
nghién ctru ndy chu yéu dugc thyuc hién bang phuong phap
kiém ké hién truong, nén s€ tén nhiéu chi phi va kho thuc
hién dugc & quy mod rong. Pén hién tai, Luat Bao vé moi
truong nam 2014 va 2020 da ghi nhan KTMT nhu mot cong
cu khuyén khich dé thyc hién quan 1y méi truong, tuy nhién
van chua ¢ van ban hudng dan trién khai thuc hién. Thém
vao do, ciing chua c6 nghién ctru nao cung cip phuong
phap, k¥ thuat thyc hién kiém toan dé giup doanh nghiép
tu thuc hién KTMT/KTCT, va gitip cac co quan nha nude
¢6 co s6 dit liéu dé& KTMT/chit thai theo nganh/linh vuc
dé c6 dugc co so tin cdy xdy dung chinh sach, chién lugc
cho nganh va linh vie. Do do, viéc nghién ctru hoc hoi kinh
nghiém cua cac quic gia trén the gidi vé ap dung phuong
phap va ky thuat KTCT la rat can thiét. Day s¢ la tién dé dé
dé xudt cac phuong phap va ky thuat KTCT phu hop cho
Viét Nam.

2. Khai niém, loai hinh, phuong phap va ky thuat thuc hién
kiém toan moi truong
2.1. Khdi ni¢m va cdc loai hinh kiém todn méi truwong

Hién nay trén thé gi¢i da c6 rat nhidu cac dinh nghia
khac nhau vé KTMT. Theo tiéu chuan ISO 14011 (1996)
phan 3.9 thi KTMT dugc dinh nghia nhu sau: “KTMT la
mot qué trinh thdm tra c6 hé thong va dugc ghi thanh vin
ban, bao gém viéc thu thap va danh gia mdt cach khach
quan céc bang chimg nhim xac dinh nhiing hoat dong, su
kién, hé théng quan 1y lién quan dén moi truong hay cac
thong tin vé nhimng két qua clia qua trinh nay cho khach
hang” [7].
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Theo T6 chirc Lao dong qudc té (ILO), KTMT xuat phat
tir cac yéu cau vé an toan mdi trudng va sirc khoe trong moi
truong lao dong. T6 chirc nay da trich din dinh nghia vé
KTMT ciia Phong Thuong mai qudc té nam 1989 nhu sau:
“KTMT la mot cong cu quan 1y bao gdm viée danh gia mot
cach co hé thong, theo dinh ky va khach quan vé to chirc
quan Iy méi trudng va sy van hanh cua cac thiét bi cac nha
may, co s vat chit véi muc dich bao vé méi truong thong
qua tro gitip quan 1y, kiém soat cac hoat dong méi truong;
danh gia sy tuan thii cac chinh sach cua cong ty, bao gdm
viéc tudn theo cac tiéu chuin moi truong va cac quy dinh
bét bude” [8].

Nhén thie duoc tim quan trong cua cac van dé moi
truong va KTMT, tir ndm 1992, t6 chtre quc té cua céac to
chirc kiém toan t6i cao (INTOSALI) da thanh 1ap Nhom cong
tac vé KTMT - WGEA (Working Group on Environmental
Auditing). KTMT bao gém nhiéu loai hoat dong nhu kiém
toan quan 1y, xac nhan/chimg nhan san pham, cac bién phap
kiém so4t cta chinh phu... nhim cong khai cac thong tin
mai trudong, danh gia sy tuén thu chinh sach, phap luat quc
gia va qudc té, viéc thuc hién cac giai phap thic day tiét
kiém, hiéu qua da dé ra [9].

Theo Luat Bao vé€ moi truong nam 2020, KTMT Ia viée
xem xét, danh gia c6 h¢ thong, toan dién hi¢u qua quan ly
moéi truong, kiém soat 6 nhidm cia co sd san xudt, kinh
doanh, dich vu [6].

Hién nay, ¢ Viét Nam, KTMT dugc phan chia thanh cac
dang khac nhau. C6 ba cich phan loai KTMT. Thir nhat,
phéan loai theo chu thé kiém toan, c6 thé chia thanh ba loai
la: KTMT néi by, KTMT nha nudc va KTMT doc 1ap. Thu
hai, theo muc dich KTMT hudng t6i, co thé phan loai thanh
cac dang: KTMT phap 1y, KTMT t6 chire, KTMT k¥ thuét.
Thur ba, phan loai dbi tuong cia KTMT, c6 thé phan chiara
lam rat nhiéu loai khac nhau nhu kiém toan hé théng quan
1y moi truong, KTCT, kiém toan ning luong, kiém toan tac
dong moi truong [10].

Trong d6, KTCT 1a mot loai hinh kiém toan phd bién
nhat. KTCT duge xem la qué trinh kiém tra su tao ra chat
thai nhdm giam ngudn, luong chét thai. KTCT 1a mét cong
cu quan 1y quan trong c6 hiéu qua kinh té ddi v6i nhiéu co
s& san xudt [11].

Kiém toan chit thai cho phép cac doanh nghiép xac dinh
duogc hién trang phat thai chat thai, tir 46 ¢ thé dé xuat giai
phap nhim ti wu hoa dé bién chit thai thanh tai nguyén va
nang cao hiéu qua san xuét. Dong thoi, cong cu nay giup cac
nha quan 1y xac dinh cac “diém néng” vé méi trudong cho
nganh/linh vuc/khu vyc tir d6 ¢6 co s6 ra quyét dinh.
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2.2. Phwong phdp va ky thudt thwc hign kiém todn chit
thdi

Trén co s6 tong hop cac kinh nghiém vé thuc hién KTCT
trén thé gidi hién nay, co thé tong quat cac phuong phép tiép
can va cac ky thuat thyc hién KTCT dang dugc ap dung nhu
O hinh 1.

Tiép can tir trén xudng
(Top-down)

—

chét thai

Ki thugt ki€m ké hién truemg

Phuong phép tiép cdn trong kiém toan

Tiép can tir dudi lén
(Bottom-up)

KTthuat ki€m ké duwa vao canbéng
vit chit, can bing ning luong

K7 thuat ki€m ké dua vao quan tric, do
dac tai hién truémg

Hinh 1. Phwong phap va ky thuat thwe hién kidm toan chat thai.
Nguén: nhém tac gia tdng hop.

Trong KTCT c6 hai phuong phap tiép can co ban: tiép
can tir trén xubng va tiép can tir dudi 1én. Cac phuong phap
tiép c4n mo hinh tir trén xudng va tir dudi 1én doi khi co thé
dan dén cac két qua khac nhau, vi ching dugc “hinh thanh
va thiét ké thong qua cac linh vuc khac nhau va cho cac muyc
dich khac nhau” [12], déng thoi phu thudc vao muc dich cua
cudc kiém toan, nhan luc, kinh phi cua cugc KTCT.

Céch tiép can tir trén xudng cho phép nhom chuyén gia
kiém toan chuyén sy chu ¥ tir thong tin bao quat nhat tir
cac ngudn khac nhau nhu thong tin toan bd lién quan t6i
d6i tugng kiém toan, dén cac thong tin chi tiét hon nhu cac
quy trinh con hodc hoat dong riéng 1¢ cta d6i tuong kiém
toan. Béng cach hiéu dﬁy du vé cach thire hoat dong, dac
diém... cua ddi tuong dugc kiém toan, nhom danh gia co
thé thiét 1ap cac vu tién ciia minh trudce khi di vao cong viée
chi tiét va tén thoi gian 1a danh gia cac hoat dong chinh cu
thé [13]. Pai dién cho cac cach tiép can nay la cac mo hinh
nhu LCA (Life Cycle Assessment - Panh gia tac dong vong
doi), MFA (Material Flow Analysis - Phan tich dong vat
lidu). Bang viéc sir dung cac mo hinh nay, dong chit thai
cua cac nganh/véat liéu s€ dugc xac dinh, tr d6 cho phép cac
nha quan 1y ¢6 dugce birc tranh téng quat vé sy phat thai cia
nganh/vét lidu, 1am co sé cho viée ra quyét dinh. Céch tiép
can nay phu hop hon cho viéc thuc hién kiém toan/kiém ké
phat thai theo nganh.
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Céch tiép can tir dudi 1én cho phép nhom danh gia xay
dung két luan ctia ho va danh gid tong thé vé tinh day du
hién trang, bdi canh cua ddi tuong kiém toan trén co s& lap
ludn logic, dugc hd trg boi bang chimg thuc té [13]. Dién
hinh cho cach tiép can nay 1a hé théng cac phuong phap,
ky thuét nhu kiém ké dua vao hé sb phat thai, can béng vat
chét, can bfmg nang luong, quan tric do dac hién truong, so
sanh, phan tich, danh gia. Cach tiép can tir dudi 1én s& cung
cap cho ngudi kiém toan cac thong tin chi tiét, day du cua
ddi tugng duoc kiém ke, tuy nhién sé& tdn kém nhan luc, vat
luc va thoi gian trong khi higu qua cua viéc kiém ké phu
thudc nhleu vao sy hop tac tir cac dbi tuong kiém ké trong
viéc cung cap s6 licu. Ngugce lai, cach tiép can tir trén xudng
thuong dugc thyc hién bang cac cong cu md hinh hoa, cach
tiép can nay cho phép nguoi thyc hién kiém toan c6 dugc
cac dir liéu kiém ké & pham vi vi mo, tir d6 c6 thé dé dang
quyét dinh cac uu tién trong kiém toan, gitip khac phuc han
ché trén. Tuy nhién, cach tiép can tir trén xudng doi hoi phai
c6 du dix liéu dé chay cac mo hinh. Do d6, trong KTCT cho
nganh néu tich hop duoc cic phuwong phap/ky thuat thuc
hién theo ca hai cach tiép can nay thi qua trinh kiém toan s&
thuan loi hon, két qua kiém toan c6 sy bd tro va dat do tin
cay cao [14, 15].

3. Kinh nghiém uui’;c té trony kiém toan chat thai theo cach
tiép can tir trén Xxuony

3.1. M6 hinh LCA

Theo Hiép hoi Chét doc Moi truong va Hoa hoc (SETAC-
Society of Toxicology and Chemistry) dinh nghia LCA 1a mot
qua trinh xac dinh va danh gia gdnh nang mai truong cuia mot
san pham, mot qua trinh hay hoat dong bang cach x4c dinh va
dinh lugng viéc tiéu thu nang luong, vat li¢u va thai bd ra moi
truong, tir d6 dé xudt co hoi cai thién moi truong [16]. Trong
do, kiém ké vong doi - LCI 1a mot phan ndi dung cdt 16i ciia
LCA. E.R.K. Neo va cs (2021) [17] da nghién ciru danh gia
tac dong vong doi ciia cac hinh thirc xtr 1y chat thai nhya ciia
An Do va Indonesia. Trong nghién ctru nay, LCA da duoc st
dung dé so sanh tac dong moi truong cua qua trinh EoL cua 1
kg chét thai nhua & An Do va Indonesia dua trén hon hop cac
phuong phap EoL, bao gom téi ché co hoc, dong xir 1y trong
10 nung xi mang, dot, chon ldp hop vé sinh, bai thai 1 thién
va dbt 16 thién. Mot nghién ciru khac cia TR.D. Silva va cs
(2021) [18] da tong hop két qua ctia cac nghién ctiru LCA cho
san pham nhya dé phan tich tic dong vong doi ciia viée tai
ché chét thai nhua PET thanh vat liéu xdy dung. J. Biswas
(2021) [19] dd khang dinh LCA 1a mot cong cu dic biét giup
KTCT phat sinh trong sudt vong doi ctia mot san pham.

3.2. M6 hinh MFA

Phan tich dong vat li¢u la mot cong cu su dung dé quan
ly dong chat thai phirc tap tai cadc nudc phat trién [20]. Trong
quan ly tai nguyén, quan ly chat thai va moi truong, MFA
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duoc coi 1a mot cong cu hd tro ra quyét dinh hép dan, duoc
cac nha triét hoc Hy Lap cong nhan hon 200 nam trude [21].
Khoang 40 nam tro lai day, Abel Wolman da dua ra thuat
ngilt “sy trao d01 chat cua cac thanh ph”’ da dat thanh phd
nhu mét co thé song véi dau vao, nguodn du trir va dau ra cua
vét chat va nang lugng [22]. Theo P.H. Brunner va cs (2016)
[21], c4c tac gia hang dau trong linh vuc tng dung MFA di
phat biéu rang: “MFA 1a mot danh gia c6 hé thong vé cac
dong chay va trit luong vat liéu trong mot hé théng duoc
xéc dinh theo khong gian va thoi gian. N6 két ndi cac ngudn
nguyén liéu, cic qua trinh san xuét, cdc phan trung gian va
cudi cing ctia mot vat liéu”. Vi cong cu danh gia st dung
quy luat bao toan vat chat, nén két qua ctia MFA c6 thé duoc
klem soat thong qua mot can bang vat chit don gian so sanh
tat ca cac dau vao, nguon du trix va dau ra cia mot qua trinh.
Thém vao d6, MFA c6 thé két hop v6i LCA dé hd trg cho
viéc ra quyét dinh quéan Iy chit thai ran [23, 24], danh gi4 tac
dong moi trudng cua quan 1y chét thai thyc phdm [25], cling
nhu phan tich dong nguyén li€u, hach toan chi phi dong
nguyén liéu va danh gia vong doi dé xac dinh tinh bén viing
vé tai chinh va méi trudng trong san xuat cao su [26].

4. Kinh nghiém quéc té trong kiém toan chat thai theo cach
tiép can tir duei Ién
4.1. Kiém ké phat thdi tai hién truong

Kiém toan cht thai la qua trinh kiém tra su tao ra chit
thai nhim giam nguén va lugng chat thai [11]. Theo khai
niém nay, mot ndi dung quan trong trong quy trinh KTCT
1a viéc xac dinh lugng va loai chat thai phat sinh tai mot
nha may/khu vie cu thé. Pé thuc hién dwoc ndi dung nay,
ky thuat kiém ké tai hién truong thuong dugc ap dung pho
bién. Kiém ké phat thai tai hién truong 1a qua trinh kiém
ké su phat thai/su tao ra chét thai tir cac ngudn khac nhau
trong mot khu vuc dia 1y, 1a tién d& cho thyuc hién cac ky
thuat/phuong phap khac cia KTMT/KTCT. Nguoi kiém
toan vién co thé thuc hién tong hop cac ky thuat nhu quan
sat, quay phim, chup anh, phong van can bé cong nhan vién
dé thu thap cac thong tin ban dau vé khu vue, dbi tuong
kiém toan dé phuc vu cho cac ndi dung tiép theo trong qua
trinh kiém toan. K¥ thuat nay duoc thuc hién phé bién trong
kiém ké phat thai khi thai, kiém ké phat thai chat thai. Cac
hudng dan vé thuc hién kiém ké phét thai da dugc nhiéu t6
chirc uy tin trén thé giéi ban hanh [10-14]. Chuong trinh
mai truong Lién hop qudc (UNEP), T chirc phat trién cong
nghiép Lién hop qubc (UNIDO) di phat hanh S6 tay kiém
toan va giam thiéu phat thai, chat thai cong nghiép vao nam
1991 [27]. Nam 1993, Cong ty quéan 1y chat thai Ontario da
phat hanh “S6 tay klem toan va giam thiéu chat thai cong
nghiép” [28]. Ca hai cudn s6 tay nay déu dua ky thuat kiém
ké hién trudong vao trong quy trinh kiém toan va day dugc
coi 1a mot trong nhitng k¥ thuét quan trong nhat dé thuc hién
KTCT tai cac co so va doanh nghiép.
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4.2. Kiém ké phdt thai thong qua hé sé phdt théi

Ky thuét thuc hién kiém ké phat thai thong qua hé sb
phat thai 1a mot k§ thuat phd bién nhit trong thuc hién kiém
toan khi thai/chat thai khi khong thuc hién duoc kiém ké
tryc tiép tai hién truong, dic biét 1a dbi voi kiém ké phat thai
khi thai. Phuong phap kiém ké nay dwoc thyc hién thong
qua cong thirc co ban ¢ hinh 2 [15].

Phat thai = Hé s6 phat thai x Dit liéu hoat déng

Vidu

o Phit thai SO; trén mot hrong nhién liéu duge dot chay,
dugec tinhtoan dua trénham lrong lueu huynh trong nhién
liéu, lwu huynh git lai trong tro va mirc giam phat thai
dat dwoc bing cong nghé kiém soat khi thai (dot nhién
liéu)

¢ Phat thai NO; trén moi quing dwong (phat thai khi thai
tir cdc phuong tién giao thong)

¢ Luwong nhién liéu bi ot chdy (dbt
chéy nhién liéu)

¢ Quang dudng xe chay (khi thai tircde
phuong tién giao thong)

o Ty I¢ san xvit hang hoa (qua trinh
cong nghiép khong dot chay)

o Phat thai SO; trén méi lugng déng dwoc niu chay (nfu
chay dong)

Hinh 2. Céng thirc tinh kiém ké phat thai thong qua hé sé phat
thai [9].

Hé 56 phat thai: La ty 18 phat thai trung binh ctia mot chat 6
nhiém trén mot don vi dit liéu hoat dong cho mdt linh vuc nhét
dinh. Khi khong ¢6 hé s6 phét thai phan anh tinh hinh thuc té
cua dia phuong (do kiém ké truc tlep) cac gia tri mac dinh (hé
so phat thai) trong sach hudng dan dugc sir dung. Tuy nhién,
néu hé s6 mic dinh dugc coi 1a khong phu hop, thi nén ly hé sb
phat thai phan 4nh tinh hinh thyc bing phép do truc tiép. Trong
qua trinh st dung hé sO phat thai can co sy hiéu chinh cho phu
hop véi diéu kién thyc té cua ddi twong kiém ké trong truong
hop can thiét. B hé s6 phat thai 1 co s quan trong ciia ki thuat
kiém ké nay. N6 quyét dinh toi két qua cua cude kiém ké. Néu
b hé sb c6 do tin cay t6t thi két qua kiém toan s& c6 tinh chinh
xdc cao hon va nguogc lai. Hién nay, mot s to chirc uy tin trén
thé gioi da cong b6 vé hé sb phat thai va huéng din tinh toan
cu thé nhu Co quan Béo vé Moi truong Hoa Ky (EPA) [29], Co
quan Mo6i truong chau Au (EEA) [30], Chuong trinh phat trién
Lién hop quoc (UNDP) [31]. Tuy nhién, hau hét céc tai liéu nay
du cong bo hé s6 phat thai khi thai nhiéu hon 1a chét thai ran.
Chi co tai liéu cta To chirc Y té thé g101 (WHO) (1993) [32] da
cong bd 13 co hé s phat sinh chat thai rn va chat thai rdn nguy
hai cta nhiéu nganh theo mot s cong nghé san xut co ban da
dugc phan loai.

Dir lidu hoat dong: La quy md ciia ngudn thai, cé thé 1a
lugng nhién liéu dugc ti€u thu boi cac hoat dong cia to chic
(san xuat, van tai...).

4.3. Cin bang v{t chit va ning lwong

Trong kiém toan, can b'?lng vét chit dugc xem 1a mot ky
thuat quan trong dé thyc hién kiém ké luong phat thai tir céc
qua trinh san Xudt ctia cic nganh cong nghiép. That véy, nhleu
chét 6 nhiém dic trung duoc thai ra tur nguyén liéu san Xuat va
trong cac qua trinh san Xuat cla mot sO nganh cong nghiép.
Tinh toan can bang vat chat 13 ky thuat chu chdt trong KTCT,
théng qua ngudn nguyén/nhién lidu, nude, hoa chit dau vao,
trai qua qua trinh cong nghé sé cho ra san pham va cac dang
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thai cting v6i cac dang trung gian (san pham phu, dang thai tir
cac cong doan). C6 thé dinh lugng cac chat thai nay mot cach
chinh x4c hon trén co sé tinh toan can bang vat chat c6 tinh dén
qua trinh cong nghé va dic diém cua ngudn thai. Nguyén tic
chung ctia phuong phap nay dya trén hai dinh Iudt co ban cua
hoa hoc va nhiét dong luc hoc quan trong.

Pinh ludt bao toan khdi lugng (Pinh luat Lomonosov -
Lavoisier): Trong phan tmg hoa hoc, tong khoi lugng cdc chat
tham gia phan tng bang tong khoi luwgng san pham tao thanh.

Y m trudc =X m sau

- Binh luat bao toan nang luwgng: Nang lugng khong tu sinh
ra ciing khong ty mét di ma chi chuyén tir dang nay sang dang
khéc hay chuyén tir vat nay sang vét khac.

= Era

Phuong phép tinh can bang vat chit va ning luong da dugc
dua vao nhiéu bao cdo hudng dan thuc hién KTCT cho cac
nganh cong nghiép [27, 28].

4.4. Kj thudt quan tric, do dac tai hi¢n truong

K§ thudt quan tric, do dac tai hién trudng rat c6 y nghia
trong thyc hién KTCT, dac biét la kiém ké phat thai cho cac
hoat dong san xuat cla cac nganh T6 chire bién phap bao vé
moi truong qudc gia NPI ciia Uc (NPI NEPM - NPI National
Environment Protection Measure) da thyc hi¢n cac kiém ké
phat thai cho cdc nganh cong nghiép dua trén k§ thudt quan tric
va do dac tai hi¢én truong, tor d6 xay dung cong thirc tinh phat
thai va xac dinh duoc hé sb phat thai cta cac loai cht thai cho
hau hét cac nganh san xut caa Uc va c6 ban hanh 94 s tay k§
thuat uéc luong phat thai (EET) thong qua k¥ thuat quan tric,
do dac tai hién truong [33].

Tuong tu nhu vay, t6 chirc EPA cling da ban hanh by hé¢ s0
phat thai va huéng dan kiém ké cu thé cho céc linh vyc khac
nhau. AP-42 véi cac hé s6 phat thai 6 nhidm khong khi, da
dugc xuat ban tir ndm 1972 nhu 1a tai liéu tong hop chinh thong
tin vé hé s6 phat thai cua EPA [29]. N6 chtra céc hé s6 phat thai
va thong tin xtr 1y cho hon 200 loai ngudn 6 nhiém khong khi.
Danh muc nguén la mot linh vyc cong nghiép cu thé hodc mot
nhom cac nguén phat thai twong tu. Cac hé $6 phat thai da dugc
phat trién va tong hop tir dit liéu thir nghiém ngudn, nghién ciru
cin bang vét chit va udc tinh k¥ thut. An ban tht nim ctia AP-
42 dugce xudt ban vao thang 1/1995. Ké tir d6, EPA di xuét ban
cac bd sung va cap nhat cho phién ban méi nhat 1a ndm 2011,

5. Goi y ap dung phucng phap va ky thuat kiém toan chat thai
cho Viét Nam

Tir nhing kinh nghiém qudc té trong KTCT da trinh bay
& trén c6 thé thay, dé thuc hién cac phuong phap va k¥ thuat
KTCT c6 hiéu qua va phu hop véi diéu kién cta Viét Nam,
can xem xét Iya chon st dung phu hop véi déi tugng kiém

o4



toan va muc dich kiém toan. Vi goc nhin trén, nghién ciru
dé xuat mot so goi y vé€ ap dung cac phuong phap va ky
thuat KTCT cho Viét Nam nhu sau:

- Phuong phap kiém toan tiép can tir trén xudng bang
viéc sir dung cac mo hinh LCA/MFA phu hop ap dung d6i
v6i kiém toan cho nganh/linh vuc dé kiém toan trén pham
vi rong, phan tich kiém ké dong phat thai cho nganh, hoic
phan tich sy phat thai theo cac pha cua vong doi, cung cp
cho ngudi quan 1y bl tranh vé phat thai theo nganh/linh
vuce tir 6 ¢6 co s6 ra quyét dinh. Str dung phuong phéap nay
can phai luu y vé tinh day du, tin cdy cta co so dit lidu dugc
sir dung dé kiém toan.

- Phuong phép kiém toan tiép can tir dudi 1én s& phu hop
v6i kiém toan cho quy mé hep nhu hoat dong cua doanh
nghiép. Phuong phép nay s& cho phép xac dinh cac ngudn
phat thai trong pham vi nha may, dé gitip cac doanh nghiép
¢6 co hoi phat hién khoang trong va dé xuat giai phap quan
l}'/ chat thai hiéu qué Cac k¥ thuat dugc stir dung trong cach
tiép can nay la kiém ké phat thai thong qua h¢ so phat thai,
can bang vét chat, cAn bang ning lugng, quan tric va kiém
ké hién truong.

- Lya chon cac phuong phap, k¥ thuat kiém toan phu
hop voi cac dbi tugng va muc tiéu cia kiém toan. Mdi linh
vuc khac nhau c6 dac thu riéng, do do can lva chon phuong
phap/cong cu cho phu hop. Péi véi linh vyc giao thong
duong bg, dac thu vAn dé moi truong la viée tiéu thy nang
lwong cia cac phuong tién giao thong, do dé6 phuong phap
k§ thuat phu hop 1a kiém ké théng qua hé sb phat thai, can
bang ning lugng. Pdi véi linh vyc san xuat cong nghiép,
san xuat nong nghiép véi dic thu 1a qua trinh san xudt theo
quy trinh, tuan hoan, do d6 phwong phap, k¥ thuat kiém toan
ap dung goi ¥ 1a can bang vat chét, cin bang ning luong,
kiém ké qua hé sb phat thai, hay ky thuat m6 hinh MFA,
LCA. Véi linh vyc y té, gido duc, tai cac co sc cac bénh
vién, trung tam y te truorng hoc, dac thu cac Van dé moi
truong 1a chét thai rén, chit thai nguy hai, nudc cap, nudc
thai, ndng luong thi phuong phap, k¥ thuat kiém toan phu
hop d6 1a kiém ké phat thai tai hién truong, kiém ké qua hé
sO phat thai, do dac truc tiép.

Pé thuc déy thyc hién cac phuong phap, ki thuat KTCT
hiéu qua ¢ Viét Nam, trong thoi gian toi can ap dung mot
sO giai phap sau:

- Ban hanh huéng dan phuong phap va ky thuat thuc
hién KTMT/chat thai cho cac doanh nghiép. Dé giup cac
doanh nghiép thyc hién ty KTMT/chit thai, can c6 cac
huéng dan vé phuong phap va k¥ thuat thyc hién kiém ké
phat thai dé cac doanh nghiép c6 thé tiép can va tu thyuc hién
kiém toan. Tur kinh nghiém cia nudc Uc ¢6 thé théy, viéc
xdy dung huéng dan kiém ké cho timng nganh 14 rat can thiét.
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Céc hudng din nay s& cung cap cac ndi dung vé quy trinh
thuc hién kiém ké, phuong phap va k¥ thuat kiém ké cho
timg nganh. Trong bdi canh cua Viét Nam, can timg budc
xay dung huéng din phuong phap va ky thuat thuc hién
kiém toan cho timg nganh.

- Xem xét thé ché hoa KTMT/KTCT va timg budc dua
KTMT/KTCT nhu 1a mot cong cu bét budc thuc hién va ap
dung cho toan bd cac nganh. Néu theo cach tiép can ciia mot
s6 qudc gia trén, KTMT duorc coi 1a mdt cong cu bit budc
thi s& gia tang hiéu qua v& cong tac kiém soat 6 nhiém, co
b6 dit liéu vé phat thai ciia cic doanh nghiép, nganh lam co
so cho viéc ra quyét dinh. Pong thoi, tao ra tinh cong bang
cho cac doanh nghi¢p va tang muc d9 tudn thu phéap luat
moi trudng cua cac doanh nghiép.

- Xay dung co so dit liéu qudc gia vé hé sé phat thai. Bo
dir liéu vé hé sb phat thai can ¢6 dé 1am co so dir liéu cho
thue hién kiém ké phat thai cho cac nganh, dac biét 1a khi
str dung k¥ thuat kiém ké phat thai theo hé s6 phat thai. Viéc
xay dung bo hé sb phat thai riéng cho cac nganh ¢ Viét Nam
s& gitp két qua kiém toan duoc chinh xac hon so vdi viée sir
dung bd hé s6 phat thai cua cac nudc trén thé gidi.

£ ~
6. Két luan

Thong qua nghién ctru tai liéu va cong trinh clia cac tac
gia da cong b trén thé gidi vé cac ky thuat va phuong phap
c6 thé nhan thy trong hoat dong KTMT c6 hai cach tlep
can dé thuc hién. Thir nhét, 1a cach tlep can tu trén xuong,
cach tiép can nay vi mé va thudong dung dé kiém ké phat thai
cho cac nganh cong nghi¢p thong qua k¥ thuat st dung cac
mo hinh dé kiém ké. Cac mo hinh thuong duoc sir dung la
LCA, MFA. Uu diém cua cach tiép can nay 1a dé dang phan
tich kiém ké dong phat thai cho nganh, va phan tich sy phat
thai theo cac pha cua vong doi. Han ché cuia cach tiép can
nay la doi hdi co sd dit li¢u phai da 16n dé thuc hién chay
cac mo hinh va k¥ thuat thyc hién cling khé phtrc tap. Song
song v6i cach tiép can trén, trong KTMT cho cac nganh
cong nghiép con cé cach tiép can tir dudi 1én, day duoc
xem la cach tiép can phé bién dic biét 1a trong hoat dong
kiém toan cho cac doanh nghiép. Céc k§ thuat duoc st dung
trong cach tiép can nay la kiém ké phat thai thong qua h¢
s0 phat thai, can bang vét chét, can bang ning luong, quan
trac va kiém ké hlen truong. Uu dlem ctia cach tiép can ndy
1a d& thuc hién, sb liéu it bi sai s6, va thuc hién truc tlep
trén d6i tuong kiém toan nén két qua co do tin cay cao, phu
hop khi ap dung tai cac co so san xuét kinh doanh, dich vu.
Han ché cua cach tiép can nay la chi thyc hién kiém toan
trén pham vi hep, khong phan tich danh gia dugc tinh lién
nganh. Trong KTMT, néu tich hop duoc cac phuong phap/
k¥ thuat thuc hién theo ca hai cach tiép can thi qua trinh
kiém toan s& thuan loi hon, két qua kiém toan c6 sy bo trg
va dat d6 tin cdy cao.
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Nghién ciru xay dung bira fin ché bién sin
theo khau vi ngwoi Viet Nam

Pham Kién Cuwong, Nguyén Thi Tam Thu"
Vién Cong nghé mai, Vién Khoa hoc va Cong nghé Quan su, 17 Hoang Sam, phuwong Nghia D6, Ha Noi, Viét Nam
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Tom tiit:

Viét Nam 12 mot quoc gia thwong phai chiu anh hwéng ciia thién tai, dic biét 12 1d lut Khién nhiéu nguoi phai song
trong diéu kién ¢6 14p nén khong thé niu in. Hién nay, phwong phap wng ciru cho nhitng nguoi séng trong ving cd
1ap van l1a my tém, lwong khd. Tuy nhién, cic thue phdm nay khong thé dn nhiéu ngay do khong phit hop khau vi
va chwa can bang dinh dwdng. Do dé, viéc nghién ciru nhiam tao ra cic moén in truyén thong, phu hop véi khau vi
nguoi Viét, dim bao ning lwgng, cé thé dn dai ngay trong truwong hop wng ciru 1 cin thiét. Nghién ctru nay trinh
bay mjt s6 két qua vé viéc sir dung cong nghé retort dé san xuét bira in phit hop khéu vi nguoi Viét, tién dung trong
diéu kién khong thé niu in. Bira in gom 3 thanh phin la com tring, canh su su va ca saba kho ca. Véi khdi lwgng
200 g com, 150 g ca kho va 200 g canh/tii di cung cip ning lweng cho bira in 12 968,1 kcal. Bira iin cung cip cin doi
vé thanh phan protein, lipid, gluxit, dim bao an toan vé sinh thue pham theo quy dinh ciia B§ Y té. Bira iin ché bién
sin c6 thé bao quan & diéu kién thwong (nhiét d phong) trong thoi gian 24 thang.

Tir khéa: bira an, ché bién san, thuin tién, truyén thong.

Chi s6 phén loai: 2.10

Research on the development of ready-to-eat meals tailored

to the tastes of the Vietnamese people
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Abstract:

Vietnam is a country often affected by natural disasters, especially floods, which makes it impossible for many people
who live in isolated conditions to cook. Till now, the typical food relief options for those living in isolated areas are
instant noodles and dried rations. However, these foods cannot be consumed for an extended period due to their
incompatibility with Vietnamese tastes and nutritional imbalance. Therefore, researching to create traditional dishes
that suit Vietnamese tastes, ensure energy, and can be consumed over an extended period in rescue situations is
necessary. This research presents some results on using retort technology to produce meals that match the Vietnamese
palate and are convenient for situations where cooking is impossible. The meal consists of three components: white
rice, bottled gourd soup, and canned saba fish. With a weight of 200 g of rice, 150 g of canned fish, and 200 g of soup
per pouch, the meal provides 968.1 kcal of energy. The meal provides a balanced amount of proteins, lipids, and
carbohydrates, ensuring food safety according to the regulations of the Vietnam Ministry of Health. These ready-to-
eat meals can be stored under normal conditions (room temperature) for 24 months.

Keywords: convenient, meals, ready-to-eat, traditional.

Classification number: 2.10
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1. Ddt van de

Viét Nam nam trong ving nhiét déi gié mua, hang nim
htng chiu 5-6 con bdo va 2-3 dot ap thap nhiét d6i. Moi
con bio c6 thé trit hang trim tham chi vai trim milimet
nuée chi trong mot ngay. Nguy hiém hon khi bdo két hop
v6i tridu cudng s& gy ra lii lut nghiém trong. Ngoai ra gid
giat trong bdo kém theo nhiing con 16¢ xody c6 thé lam db
nhiéu cong trinh, nha ctra, cay cdi [1], nén ngudi dan bi co
1ap trong ving ngdp nudc, khong thé ndu in. Nhiéu nguoi
dan Viét Nam sdng bang nghé danh ca nén thudng xuyén
séng dai ngay trén bién, dic biét rat kho nu an khi gap mua
bdo. Do d6, viéc chuan bi luong thuc phém ché bién sin dé
mang theo 1a can thiét. Ngoai ra, khi di du lich, da ngoai
hay tham hiém, viéc chun bj cac thuc don ché bién sin la
rat thiét thuc. Hién nay, co nhiéu loai thuc phém ché bién
san nhu lvong kho, my an lién, gao siy hay dd hop. Tuy
nhién, cac thuc pham nay khong phu hop vé6i khau vi cta
nguoi Viét Nam, chua can bang dinh dudng va khé ding
dai ngay. Vi vay, viéc nghién ctru ra bira an ché bién sin phu
hop voi khéu vi cua nguoi Viét Nam can duoc thuc hién.
Thong thuong, d6 an sang thong dung véi ngudi Viét Nam
1a x8i, chéo, bin, mién, pho, nhung vai bita chinh (btia trua
va téi) thi com, canh va mén man (ché bién tir thit, ca.. ) la
nhimg mén phd bién. Nang lugng can thiét cho 1 ngay in
cta mdt nguoi trudng thanh c6 murc hoat dong trung binh la
2.000 kcal [2]. Nhu vy, 1 bita n chinh can cung cp ning
luong 850-900 kcal. Nhitng thuc pham ché bién san ciing
can dam bao an toan vé sinh thic phém (ATVSTP) theo quy
dinh ctia BO Y té [3-5]. Ngoai ra, san phim niy ciing can ¢
thoi gian bao quan dai ngay dé phu hop cho nhimng chuyén
di dai ngay. Hién nay, da c6 mot s6 nghién ctru vé cic mon
an riéng 1é nhu com tuoi [6], com sdy [7], canh ché bién
san [8]. Trén thi truong ciing da c6 cdc mon an riéng 1é nhu
chéo tuoi, thit kho, ca kho, pate hay cac mon canh tir rau séy
thang hoa. Tuy nhién, chua c6 cong bd nao vé bd khau phan
ché bién sin duogc dinh luong tung mon theo blra an. Vi vay,
nghién ctru nay xay dung dinh luong, cia tirng mon an trong
1 bita dn ché bién sin hoan chinh sir dung cong nghé retort.

Retort 1a c6ng nghé nham ché bién cac thyc pham ché
bién sin nho tai va thiét bj tiét tring retort (c6 thé can bang
ap sudt bén trong va ngoai ti, thoi gian gia nhiét chim hon
so véi tiét trung thong thuong). Thi st dung trong cong
ngh¢ retort la mot bao bi dan linh hoat, co6 thé chiu duoc qua
trinh xtr 1y nhiét. N6 ¢6 loi thé 1a cung cip sy 6n dinh nhu
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hop kim loai, giltt dugc gia tri dinh dudng cia thuc phém.
Bao bi dung trong retort la loai mang nhom phtc hgp, bao
gém 4-5 16p mang nhu mang nhua dé can khi, mang nhom
dé can 4nh sang, mang PET dé can tinh thim 6xy va hoi
nude. Cong nghé nay da duoc nghién ctru boi nhiéu tac gia
[9, 10] va Cong ty Sai Gon Food la don vi da ap dung cong
nghé nay dé dwa nhiéu san pham ra thi trudng véi thoi han
sir dung dén 12 thang véi cac loai chéo tuoi.

Trong nghién ctru nay, nhom tac gia str dung cac nguyén
lidu dé tao bira an truyén théng nhu gao, qua su su, thit lon
bam, c4 saba va céc phu gia khac, ap dung cong nghé retort
va thi retort 4 16p dé thiét 1ap dugc cong thirc cho mot bira
an ché bién sdn bao gdm com tring, canh su su thit bam va
c4 saba kho ca (tong khdi lugng 550 g) di cung cip ning
luong hon 968 kcal cho nguoi sir dung. Bita dn cung cap
day di ham lugng gluxit, lipit va protein va phi hop voi
khau vi cia nguoi Viét Nam. Bang phuong phap 13o hoa cap
téc danh gia thong qua ham luong chat dinh dudng, nghién
cuu da du doéan thoi han bdo quéan cia thuc phém la trén 24
thang & diéu kién nhiét d6 phong.

2. Déi tuong va phuong phap nghién ciiu
2.1. Poi twong

Céc nguyén liéu dé ché bién moén an nhu gao ST, ca saba,
thit bam, qua su su va cac gia vi khac dam bao ATVSTP, d¢
tuoi ngon (dugc mua tai Siéu thi Winmart Thang Long). Tui
retort 4 16p do Cong ty Lo Puc (TP HO Chi Minh) cung cap.
Céc hoa chat dé phan tich cac chi tiéu héa ly, vi sinh vat
(VSV) xuat tir Merck, Sigma, Ha Lan, Trung Qudc.

2.2. Phwong phap nghién ciru

Céac mon an duge ché bién theo cac cong thiic nau an
truyén thong nhu sau:

Com dugc ndu bang ndi com dién thong thuong, ty 18
gao:mnude 14 1:0,9, ¢6 bd sung 0,5% PG (propylen glycol - 1
chét phu gia thuc pham duoc phép st dung trong ché bién
thyc pham, véi nong d6 tbi da cho phép 1a 25 mg/kg trong
lugng/ngay) dé chéng hién tuong lai gao.

C4 saba kho ca (cho tii 150 g): Ca saba 160 g, ca chua
10 g, ddu dn 5 g, cac gia vi khac nhu 6t, toi, duong, bot ngot,
nudc mam, hat ném 10 g, nuoc 15 g. Sau khi ca dugc ria
sach, bd dau va rudt, duoc cit thanh céac khac 5 cm, uop gia
vi trong 30 phut va cho nudc vao dun nho lira trong khoang
20 phut.
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Canh su su thit bam (cho tii 200 g): Su su 35 g, diu an
1 g, thit lon bam da xao cung gia vi (hanh tim, hat ném,

mudi, bot ngot) 64 g, nude 100 g.

Céc thuc pham sau khi ndu xong duoc chia vao cac thi co
day, kich thudc 11x15 cm va tién hanh loai khi, han kin tui
trén may han ty dong, sau d6 xép vao cac khay va tién hanh
khir tring trén thiét bi retort (Static overpressure retort, ky
hiéu KM-P60SS-E - Thai Lan) cia Vién Cong nghé mdi.
Ché d¢ retort 1a nhiét d¢ gia nhiét 121°C trong 30 phut, lam
lanh trong 30 phat. San pham sau khi tiét tring duoc lay
ra phéan tich cac chi ti€u hoa 1y (protein, gluxit, lipit, ndng
luong), phan tich cac chi ti€éu VSV va danh gid cam quan.

Panh gid cam quan bang phuong phap cho diém theo
H.D. Tu (2008) [11]. MAu dugc chon ngau nhién di qua tiét
tring nhiét d6 121°C trong 15 phiit. Mdi thanh vién trong
hoi déng 10 ngudi duoc nhan 100 g mau ting mon an, danh
gia cam quan thong qua trang thai, mau sic va an thir danh
gia mui, vi cia san phdm, sau d6 dién phiéu danh gia theo
thang diém 6. Cac phiéu diém dugc tong hop két qua va xir
1y s6 lidu.

Phan tich cac chi tiéu nAm men, nAm mdc va tong sd vi
khuén hiéu khi (TSVKHK) theo TCVN 4884-1:2015 [12]
va chi tiéu E. coli, coliform theo SMEWW9221:2017 [13].

Phan tich protein theo phuong phap Kelhdal, phan tich
lipid theo phuong phép chiét Soxhlet, phéan tich gluxit theo
phuong phap Bertrand [14, 15] va dugc so sanh vai két qua
phan tich cua Vién Kiém nghiém an toan v¢ sinh thyc phém

Qubc gia.
Nang luong (kcal) dugc tinh theo cong thurc sau:
NL = (G+P)*4 + L*9

trong d6: NL Ia nang luong; G, P, L lan luot 1a ham luong
(g) cua gluxit, protein, lipit cia mbi moén an da phan tich
duoc.

Danh gi4 thoi han bao quan san phim bing phuong phép
lao hoa cép tde: dé san phém trong ti vi khi hau ¢ nhiét do
45°C, do am 75% trong vong 6 thang va dinh ky 60 ngay
1y san pham ra dé phén tich cac chi tiéu VSV va hoa ly, tir
d6 xac dinh thoi han bao quan thyc phim theo phuong trinh
Van't Hoff [16]:
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t =t,.Q,n
trong do: t: han str dung & diéu kién luu trit binh thuong; t:
han sir dung & diéu kién gia toc nhiét; Q : hé sb nhiét do; n:
nhiét do gia tdc nhiét (°C) trir di nhiét do luu trit binh thuong
(°C) chia cho 10°C.

3. Két qua va ban luan
3.1. Két qud ddnh gid cam quan sin phim

Két qua dugc xir Iy theo Tiéu chudn Viét Nam TCVN
3215-79 va tham khao theo H.D. Tu (2008) [11]. Két qua
danh gia cam quan dya trén chi tiéu trang thai, mau sic,
mui vi ctia cac san pham dugc trinh bay & bang 1 (c6 hé sd
trong luong) cho thiy, ca 3 moén an déu c6 sb diém trén 19,
dat mac kha. Nhu vay, xét vé mit cam quan, ca 3 moén an
dugc danh gia & muc kha thich, phit hop véi khau vi ngudi
Viét Nam.

Bang 1. Két qua danh gia cam quan déi vé&i 3 mon in.

o Com tring Canh susu thithim  Ca saba kho ca
Chi tiéu cé‘trgng y Tryung binh Trung Ti:ung binh Trung Tn"ung binh
I A I
Mausic 12 42:0,11 504201 3940,11 4,680, 4340, 5,160,1
Trangthai 1,5 444002 6,6:0,12 450,09 6,75:0,11 454,12 6,7540,11
Mui 08 4240,1 3361011 420,11 33640, 400,12 3240,11
Vi 1 4,0:0,1 40£0,09 430,12 430,08 4,1£0,08  4,120,1
Téng diém 19,00:0,1 19,09:0,11 19210,11
Xép loai Khé Khé Khé

3.2. Két qud phdn tich vi sinh vit

Sau khi d4nh gi4 cam quan, cac mau dugc phan tich dé
danh gia sy c6 mit ciia cac VSV trong miu. Két qua phan
tich danh gia cac VSV trong mau thyc phdm ngay sau khi
tiét tring dugc trinh bay ¢ bang 2. Két qua bang 2 cho théy,
tat ca cac san pham déu khong phat hién sy c6 mit cta bat
ky VSV nao, ching to didu kién tiét tring dam bao. Theo
QCVN 8-3-2011 cta B3 Y té, s6 luong VSV cho phép c6
mit trong cac mau thuc phém thit va cac san phém thit da
qua ché bién str dung truc tiép khong can xir 1y nhiét gdm
TSVSVHK la 5x10° CFU/g, E. coli 5x10', Salmonella
khong phat hién. Theo quy dinh sé 46.2007/QD-BYT vé
gidi han cho phép cta cac san pham tir ngli cde va cac san
pham ngii cdc dung truc tiép khong qua xir Iy nhiét bao gdm
TSVSVHK 104, Coliforms 10, E. coli 3, S. aureus 10, CI.
perfringens 10, B. cereus 10, tong s6 bao tr nAm men va
nam médc 102 Cac mau tiép tuc duge bao quan & ta vi khi
hau va danh gia céc chi tiéu VSV theo thoi gian.



Bang 2. Két qua phan tich vi sinh vat sau khi tiét triing.

Clitéu VSV E::'g bC::.h susu i ;‘f:‘c’;’a Gidi han cho phép theo QCYN $-12012BYT)
TSVKHK (CFUg) KeH  KPH KpH Sxl0%5x10f

Némmen (CFUg) KPH  KPH KPH X

Némmée (CFUIg) KPH  KPH KPH X

E. coli (PN KeH  KPH KpH 551053107

Coliform (MPN/g) KPH KPH KPH X

Sulmonella KPH KPH KPH KPH

KPH: khéng phat hién; x: khéng quy dinh; TSVKHK: téng s vi khuin
hiéu khi.

3.3. Két qud phén tich cdc chi tiéu héa Iy

Dé tinh toan khdi lwong an ting bita cho phu hgp, mirc
nang lugng, protein, gluxit, lipit cling dugc phan tich va tinh
toan (bang 3).

Bang 3. Két qua phan tich cac chi tiéu hoéa ly ctia thwe pham.

Thinh phin dinh duiing (%) Tongming Ty 1 ning lugng (%)
Mén dn lrgng

Gluit Lipit Protein (keall100g) Gluxit Lipit Protein
Comtng ~ 3795:008  03:004 395005 17006 882005 261004 9,1820,05
Csaba
toci 352:009 49008 138006 2934005 48007 7639:007 18824008
Canhsusu 174007 689:006  573:008  91,9+0,08 1514008 6748007 24944007

Két qua phan tich cla Vién Kiém nghiém Quéc gia, c6 tinh toan do sai
s6 v&i két qua thuc hién tai phong thi nghiém clia Vién Céng nghé mai.

Sau khi phan tich cac chi tiéu hoa ly va dinh dudng, cac
moén n s& duoc can d6i dé dong tai phu hop vé nang lugng
cho 1 bita an, tur d6 xay dung duogc cong thirc cho bita an va
ning lugng twong tng nhu trinh bay ¢ bang 4. D& phu hop
v6i ning lugng can thiét khoang 2.000 kcal/ngay, cac mon
dugc dong goi vai khdi lugng 200 g com/thi, 150 g c4 saba
kho ca va 200 g/thi canh su su thit bam 1a can déi vé thanh
phan dinh dudng, dam bao mirc ning lugng can thiét.

Bang 4. Bang danh gia niang lweng va cac thanh phan dinh dwéng
cua bira an.

s Khoa hoc Ky thuat va Cong nghé | Ky thuat thuc phdm va dé uéng

Céc mau khong bi nhiém VSV ciing ¢6 thé duoc xem la
hét thoi han bao quan khi thanh phan dinh dudng bi giam
xudng (giam trén 10%). Do do, viéc danh gia thoi han bao
quan dugc danh gia thong qua cac chi tiéu VSV va thanh
phan dinh dudng theo thoi gian. Két qua phén tich vé ham
luong dinh dudng trong thoi gian bao quan dugc trinh bay
o bang 5.

Bang 5. S‘l_.l’ thay dbi thénh’ ph?n dinh dwdng theo th&i gian bao
quan & dieu kién lao héa cap toc.

thing 4thing Othing

Dinhding (9/100g) Ningfrng Dinh deing (g100g) Nighung Dinh dwing (¢/100g) Nighng

¢ I P (keall00g) ¢ I » (keall00g) ¢ I » (keall00g)
n 6008 048005 30 10964005 308011 04005 3009 16304006 35400 04009 330008 15303009
E;::;a S0 W08 133000 MTB000 32009 T2AM L6008 00T 1006 24008 1238009 2634008
(b 165009 673006 SE2007 S965008 18009  G41007 54006 806007 1550 QI80L 524009 82740

G, L, P 1an lwot & gluxit, lipit, protein.

Theo cac 6 liéu trén, cic san phim com tring, c4 saba
kho ca, canh su su déu c6 murc ning lwong giam dan theo
thoi gian do cic thanh phan dinh dudng giam. Tuy nhién,
mirc do giam cac thanh phan dinh dudng 1a <10% trong 6
thang bao quan & diéu kién lo héa cap tdc, cho thdy cac san
pham nay bao quan dugc 6 thang & diéu kién nay.

Ngoai ra, viéc xac dinh cac VSV ¢6 mit trong thuc phém
ciing cho thiy chua co6 mat cac vi khuan nhu Salmonella,
E. coli, sau 4 thang bat dau xudt hién su c6 mit cua vi
khuan hiéu khi tong s6 v6i s6 lugng <102 va dén 6 thang
thi s6 lugng VSV tong s6 khoang 10° CFU/g. Theo QCVN
8-3:2012 thi sé lugng nay van nim trong tiéu chudn cho
phép cua Bo Y té dbi véi thuc pham tir thit da ché bién, co
thé sir dung ngay khong can gia nhiét (<5x10° CFU/g). Két
qué thé hién & bang 6.

Bang 6. Sy thay doi sb lweng vi sinh vat trong cac mau thwe pham
trong th&i gian bao quan.

- £ Ham hrong ) - Ham hrong Tong ning lugmg
Mén in Khoi lwong (g) T Ham lwong lipit () rveng (ke : ‘
Cmeg 00 BED LW 1901 WA AT Cobuniifhin _Giled Gi i chophp (e QCVN
T - o o i Mhing dihing Gihing Dihing dihing Gihing Dihing dihing 6iehing SSHUBYT)
Cahsusu 205 R48:008 378:0 18462011 IB8:01 IKHK(CFUR) KPR 8 20 K 3 A K@ 30 <Gl
Tong cing 55010 84,66:0,09 1340 40,0620,12 968,120,12 Nimma((FUg KPH KPH KPH KPH KPH KPH KPH O KPH KPH x
3.4. Ddnh gid thoi han bio quan thie phim Nimmbo((FUg KPH KPH KB KPH KPH KPH KPH KPH KPH x
. \ \ 2 } o Eoi(MNg KPH KPH KPH KPH KM KPH KPH KPH KPH <f
Thoi han bao quan thuc pham dugc danh gia thong qua :
céc chi s6 VSV va ning luong. Cac mau c6 sb lugng VSV (im0 R KRR R KKK KR
16n (bi nhiém trong qua trinh bao quan) ciing lam hong thyc ~ Shode  KH - KHKH KW KPH KPH K KM K KM

pham. Thyc phdm hong s& c6 mui vi la (do VSV 1én men,
gay thoi rlta) hodc thi dung bi phong cang (do sinh khi).
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KPH: khéng phat hién; x: khéng quy dinh; TSVKHK: téng sé vi khudn
hiéu khi: VSV: vi sinh vat.
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Duya vao cong thirc tinh thoi han bao quan theo hé sb
Q,, V61 Q =3, diéu kién bao quan ¢ ti vi khi hau 1a 45°C,
bao quan ¢ diéu kién thuong 1a 30-32°C thi thoi han bao
quan cta cac san pham trong nghién ciru nay 1a t,,=(45-
30)/10*3*6=27 thang, va t,,=(45-32)/10*3*6 = 23,4 thang.
Do vay, véi diéu kién bao quan ¢ 30°C thi thoi han bao
quan san pham 1a 27 thang, voi diéu kién bao quan ¢ 32°C
thi thoi han bao quan 1a 23,4 thang. Vi san pham bao quan
0 nhiét d6 phong vdi nhiét d trong ngay dao dong nén cac
san pham dugc tinh 1 ¢6 thoi han bao quan 24 thang. Theo
mot s6 nghién ciru trude day, st dung cong nghé retort trong
ché bién thuc pham an sin co thé kéo dai thoi han bao quan
thyc pham do giam gia tri Q, dbi voi 13 loai thuc phr?im
khéc nhau [9]. Thoi han dy doan clia san pham co thé tir 3
dén 5 nam ¢ diéu kién thuong, trong d6 cac san pham tir thit
bao quan duogc dai ngdy nhit, sau d6 14 cac san pham tir trai
cay va mon trang miéng (1,5 dén 5 nam), tinh bot, rau, sip
(1 dén 4 nam). Theo PM. Catauro va cs (2012) [9], cong
nghé retort c6 thé bao quan thuc pham ché bién san vai cac
thoi gian khac nhau tily vao san pham duoc bao quan. Thit
va cic mén rau c6 thé bao quan 2-8 nim khong can dé lanh,
trai cay va cdc mon trang miéng bao quan dugc 1,5-5 nam,
cac san phém tu stta bao quan duoc 2,5-3,25 ndm, cac san
phém tinh bot, rau va sip bao quan dugc 1-4 nam. Nhu vay,
két qua nhén dugc trong nghién ctru nay twong dwong voi
cac két qua di duoc cong bo.

4. Két luan

Pi xay dung duoc bira an ché bién sin bang cong nghé
retort véi 3 mon an truyén théng 1a com tring, canh su su
thit bam va céa saba kho ca. Bita an ché bién sdn c6 khoi
lwong 550 g va niang luong 968,1 keal c6 thé dam bao cung
cép niang lugng khoang 2.000 kcal/ngay. Ca 3 mén trong
bita an déu dugc danh gia thoi han bao quan bang ldo hoa
cap te (45°C, dd 4m 75%) cho thdy, cac mon an co sy thay
d6i <10% vé dinh dudng trong 6 thang & diéu kién nay,
tuong duong 24 thang ¢ diéu kién thuong.

LO1 CAM ON

Cong trinh duoc hoan thanh véi su hd trg vé kinh phi
ctia dé tai cip qudc gia ma s DTDL.CN-74/21-C: “Nghién
ctru cong nghé ché tao khiu phan an ché bién sin va thuc
pham hd tro tiéu hoa dap tng yéu cau hoat dong dic thu cia
cac luc luong vii trang hoat dong trén bién”. Céc tac gia xin
chan thanh cam on.
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Nghién ctru dinh lwong verapamil trong huyét twong ché
bang phwong phap sac ky long khoi pho

Vii Vin Tudn"?, Trinh Nam Trung?, Nguyén Vin Bach?
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Ngay nhén bai 12/6/2025; ngay chuyén phan bién 16/6/2025; ngay nhan phan bién 8/7/2025; ngay chép nhan dang 11/7/2025
Tom tit:

Nghién ciru nhiam xay dung phwong phap dinh lrong verapamil trong huyét twong ché bing sic ky 1ong khéi phd (LC-
MS/MS), dap ng yéu ciu ciia Cuc Quaén ly Thue ph;lm va Duge phfim Hoa Ky (FDA) va Dugc dién Viét Nam, dbng thoi
lrng dung dé danh gla sinh kha dung in vivo cuia vién nen noi verapamil gidi phéng kéo dai. Miu huyet twong dugce xir ly
bang phuong phap két tiia protein két hop chiét pha rin véi acetonitril, magnesi sulfat va natri clorid. Verapamil va chuén
ngi diltiazem dwgc phén tich bang LC-MS/MS véi ion héa bang phun dién tir & ché d¢ dwong (ESI(+)) va ghi pho phan ing
da ion dic trung (MRM). Phwrong phap dwoc thim dinh theo: d§ dic hi¢u, tuyén tinh, d9 ding, d9 lip lai, giéi han dinh
lwgng duéi (LLOQ), hiéu suét chiét, dd 6n dinh va do nhiém chéo. Két qua cho thiy, LLOQ 12 5,0 ng/ml, khozng tuyén tinh
5,0-495,0 ng/ml; binh phwong hé s6 twong quan R*=0,9999, d9 diing 87,1-106,6%, hiéu suit chiét 70,5-79,7%. MAu 6n dinh
qua 3 chu ky dong - ri, trong qu4 trinh xir 1y va bio quan dai han & -40°C; d nhiém chéo trong giéi han cho phép. Phwong
phép dwoc ap dung dinh lrgng verapamil trong huyét twong ché (n=6) sau udng vién ndi 120 mg; C,..=232,9£18,1 ng/ml;
T, =5,3+1,2 gio; AUC ,,=2907,5+290,3 gio.ng/ml; AUC, =3310,6+365,0 gio.ng/ml. Phwong phap dat do nhay, chinh xac
va do tin cay cao, phu hgop nghién ciru sinh kha dung cac dang bao ché verapamil.

Tir khéa: huyét twong ché, sic ky 16ng khdi phd, verapamil.
Chi s6 phan logi: 3.1, 3.4

Study on quantification of verapamil in dog plasma by liquid
chromatography-mass spectrum

Van Tuan Vu"?, Nam Trung Trinh?, Van Bach Nguyen’

'Dai Nam University, 1 Xom Street, Phu Luong Ward, Hanoi, Vietnam
2Vietnam Military Medical University, 160 Phung Hung Street, Ha Dong Ward, Hanoi, Vietnam
Received 12 June 2025; revised 8 July 2025; accepted 11 July 2025
Abstract:

This study aims to develop and validate an Liquid chromatography - Tandem mass spectrometry (LC-MS/MS) method for the
quantification of verapamil in canine plasma, compliant with FDA and Vietnamese Pharmacopoeia requirements, and to apply
this method for the in vivo bioavailability evaluation of a gastro-retentive extended-release verapamil tablet. Plasma samples
were processed using protein precipitation combined with solid-phase extraction employing acetonitrile, magnesium sulfate, and
sodium chloride. Verapamil and the internal standard diltiazem were analysed using LC-MS/MS with electrospray ionisation in
positive mode (ESI+) and multiple reaction monitoring (MRM) acquisition. The method was validated for specificity, linearity,
accuracy, precision, lower limit of quantification (LLOQ), extraction recovery, stability, and carry-over. Results show that
the method achieved an LLOQ of 5.0 ng/ml, a linear range of 5.0-495.0 ng/ml; a coefficient of determination of R?>=0.9999,
accuracy between 87.1 and 106.6%, and extraction recovery ranging from 70.5-79.7%. The analyte was stable after three freeze-
thaw cycles, during sample preparation, and under long-term storage at -40°C. Carry-over was within acceptable limits. The
method was successfully applied to quantify verapamil in canine plasma (n=6) following oral administration of a 120 mg floating
tablet; C__=232.9£18.1 ng/ml; T _=5.3£1.2 h; AUC,,=2907.5+290.3 h.ng/ml; AUC  =3310.6+365.0 h.ng/ml. The developed
LC-MS/MS method exhibited high sensitivity, accuracy, and reliability, making it suitable for bioavailability studies of verapamil
formulations.

Keywords: canine plasma, Liquid chromatography - Tandem mass spectrometry, verapamil.

Classification numbers: 3.1, 3.4

“Tac gia lién h¢: Email: tuanvw@dainam.edu.vn
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1. Dat van de

Verapamil hydroclorid (VER) 1a mot thudc nhom trc ché
kénh canxi sir dung trong diéu tri dau thit nguc, ting huyét
ap va rdi loan nhip tim. Verapamil c¢6 sinh kha dung thap,
dat khoang 20% do bi chuyén hoa manh 1an dau tai gan va
thoi gian ban thai ngén (tir 2 dén 8 gio) [1, 2]. Do do, viéc
nghién ctru bao ché cac dang thudc giai phong kéo dai chira
verapamil gitp giam s 1an dung thude trong ngay cho bénh
nhan 13 can thiét [3]. Bé dam bao do an toan va hiéu qua
kinh té, viéc danh gia sinh kha dung cua cac dang bao ché
dugc thuc hién trén dong vat (thuong Ia trén cho) trude khi
thir trén nguoi. Nong do thude trong mau ¢ mirc ng/ml va cd
1an nhiéu tap chat gay kho khan cho qua trinh phén tich. Vi
vdy, can thiét phai xdy dung mot phuong phap thich hop dé
dinh lugng verapamil trong huyét twong cho.

Dén nay, trong nudc méi chi 6 T.D. Manh va cs (2025)
[4] d4 dinh luong verapamil trong huyét twong cho bang k¥
thudt sic ky 1ong voi dau do huynh quang. Tuy nhién, do
nhay va dac hleu clua phlr(mg phap nay khong t6t nén cac
truong hop ndng d6 thip va 1an tap chuyén hoa co thé cho
két qua khong chinh xac. Ngoai ra, viée xir ly mau huyét
twong theo phuong phap két tua protein bang dung mdi hiru
co ¢6 han ché vé muc d¢ tinh sach. Ky thuat sic ky long
khéi phd dugc biét dén véi do didc hiéu cao. Mot s6 nghién
ctru da duoc tién hanh dé dinh luong verapamil trong huyét
twong nguoi [5, 6] va huyet tuong chudt [7, 8]. Tuy nhién,
chua c¢6 cong bd qudc té nao dinh lugng verapamil trong
huyét twong cho. Vi vdy, nghién ctru ndy nhim xay dung
mot phuong phap méi dé dinh lugng verapamil trong huyét
tuong ché bang sic ky long khdi phd, cho két qua tin cay
va dap tmg cac yéu cau cua FDA vé phuong phép phan tich
thube trong dich sinh hoc.

2. Déi tuong va phuong phap nghién ciiu
2.1. Déi twong

Nguyén liéu: Chat chuan verapamil hydroclorid, SKS:
QT060909 ham lugng 100,52% tinh theo nguyén trang va
chét chuan noi diltiazem hydroclorid SKS: C0221218 ham
luong 99,60% tinh theo nguyén trang dugc cung cip boi
Vién Kiém nghiém thudc Trung wong. Thudc st dung trong
nghién clru 1a vién nén verapamil 120 mg giai phong kéo
dai theo co ché ndi & da day, 1a san pham nghién ctru cta
nhom tac gia [3].

Mau huyét trong tring khong chira verapamil, duoc 1ay
tu cdc chd tham gia thtr nghiém danh gi4 sinh kha dung
truée khi dung thube. Mau huyét twong cho udng thude
chira verapamil, 1a cic mau huyét twong ché duoc 13y sau
khi ding thudc. Cac héa chat, dung moi dat tiéu chuan tinh
khiét dung cho sic ky long gdm methanol, acid formic va
nudc. Magnesi sulfat va natri clorid dat tidu chuan tinh khiét
phan tich.
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Dong vdt: Cho ta, giéng duc khoé manh, can nang 10-12
kg/con, dugc theo dbi trude khi tién hanh thi nghiém 1 tuan.
Bira t6i trudc ngay dung thudc, cho ché an nhe trude 10 gid
dém. Ngay dung thudc, khong cho ché an sang, cho cho
ubng 1 vién thudc con nguyén ven véi 50 ml nudce (trong
tinh trang khong gy mé) va cho ché an vao thoi diém 8 gio
ké tir sau khi udng thudc.

Thiét bi va dung cu: HE théng HPLC Agilent 1290
Infinity II (Dtc) két ndi voi hé phd khéi Agilent 6475 Triple
Quadrupole (LC-MS/MS) (Singapore). Cac thiét bi khac
bao gdm cén phén tich MS 205 DU (Mettler Toledo, Thuy
S¥), may lic vortex (IKA, buc), may ly tdm Universal
320 (Puc). Ong dung mau c6 sin heparin loai 4 ml (BD
Vacutainer® Heparin).

2.2. Phwong phdp nghién ciru
Phwong phap dinh lwong:

- Chuén bi cac dung dich chuan: Chat chuén va chuan ndi
duoc hoa tan bang methanol dé ¢6 dung dich chuén gc ndng
d6 1 mg/ml. Pha lodng cac dung dich nay véi nudc dé duoc
diy cac dung dich chuan va chuan noi lam viéc 1000 ng/ml.

Xt Iy mau huyét twong cho: Hat chinh xac 0,5 ml huyét
trong cho vao éng ly tim 2 ml. Thém 50 ul dung dich
diltiazem 1000 ng/ml va 0,5 ml acetonitril. Tién hanh lic
X0dy trén may vortex trong mot phut. Tiép tuc thém 0,2 g
magnesi sulfat va 0,05 g natri clorid. Lic xoay mot phut rdi
ly tim vi toe do 16000 ref trong 10 phiit ¢ nhiét dé phong
(22-24°C). Hut 16p dich long trén cing dé dinh lwong bang
LC-MS/MS [9].

- Chuan bi mau thdm dinh: Pha lodng dung dich chuén
va chudn noi lam viéc bang dich chiét huyet tuong trang dé
dugc day dung dich chuin trong huyét twong c6 ndng do
VER lan luot la 5, 10, 25, 50, 150, 200, 300, 500 ng/ml.
Mau kiém tra nong do thap (LQC), nong do gitra (MQC) va
ndng do cao (HQC) trong huyét trong c6 ndng d6 VER lan
luot 1a 15; 175 va 375 ng/ml duogc chuin bi doc 1ap. Mau
trang 1a huyét turong chéd duoc 1ay trude khi cho chéd udng
thudc. Cac méu tham dinh duoc xir Iy twong tw nhu mau
huyét twong cho & trén.

- Diéu kién sic ky: Cot sic ky Hypersil Gold RP C18
(150x2,1 mm; 3pum); nhiét do cot 40°C; tbe do dong 0,25
ml/phtt; Detector MS/MS; nhiét d§ autosampler 15°C. Pha
dong gébm hdon hop Methanol:Acid formic 0,1% (48:52,
tt/tt); Thé tich tiém: 0,4 ul. Cac diéu kién nay da dugc toi
uu dua trén nghién ctiu cua N.C.C Borges va cs (2005) [5].

- Diéu kién ghi pho: Vi kiéu khdi pho hai 1an MS/MS,
ché d6 ion hoa ESI(+), ché d6 ghi phd MRM, tién hanh tiém
cac dung dich phan tich sau xtr Iy (nhu mé ta phan xu Iy
mau huyét twong chod) vao trong hé thdng sic ky khdi phd.
Xéc dinh cac ion me, ion con ¢6 cudong dg tin hi¢u cao va on
dinh cho VER va ndi chuan nhd phfin mém Optimizer dugc
tich hop sin cua thiét bi.
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Tham dinh phirong phdp: Tién hanh tham dinh phuong
phap theo huéng dan thdm dinh phuong phap dinh lugng
thudc trong dich sinh hoc ciia FDA va Duoc dién Viét Nam

V10, 11].

Pinh lwong verapamil trong huyét twong: Mau mau
duogc thu thap tai cac thoi diém: 0, 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 12, 16 va 24 gio sau khi dung thude. Tai mdi thoi
d1em lay khoang 3 ml mau tu tinh mach chi sau, cho vao
cac dng dung mau chira sn chit chong dong heparm (BD
Vacutainer® Heparin), lic nhe 8-10 lan. Ly tam ¢ toc do
5000 vong/phtt trong 10 phat ¢ nhiét d§ phong (22-24°C)
dé thu huyét twong. Huyét twong thu dugc dwoc bao
quan & -40°C cho dén khi phan tich bang phuong phép
LC-MS/MS [11].

Phirong phdp xir 1y s6 liéu: Cac tham sb théng ké bao
gdm gia tri trung binh, do 1éch chuan tuyét ddi (SD), do
chinh x4c (CV), phuong trinh hdi quy tuyén tinh va hé s6
tuong quan (R) dugc tinh toan bang phan mém Microsoft
Excel 2016. Cac thong s6 duoc dong hoc dugc xac dinh
bang phan mém Phoenix 8.3.4.

Dao dirc nghién ciru: Cac s6 liéu duoc Vién Pao tao
Duoc, Hoc vién Quan y cho phép st dung va cong bd; nhom
tac gia cam két khong c6 xung dot loi ich trong nghién ctru.
3. Két gua

3.1. Két qud xdy dung phwong phap

Dung dich chuan verapamil (100 ng/ml) dugc tiém truc
tiép vao h¢ thong phan tich dé t6i uu hoa diéu kién phan tich.
Ché d6 ion hoa ESI duong dugc su dung va ion me [M+H]+
dugc phan manh dé chon ion con ¢6 cuong do manh nhét
phuc vu dinh lugng. Cac thong s6 t6i uu thu dugc nho phan
mém Optimizer va dugc trinh bay trong bang 1.

Bang 1. Diéu kién khéi phd sau téi wu.

Théng sb Verapamil Diltiazem
Ton me (m/z) 4553 4152

Ton con (m/z) 165,1 178,0
Dbién 4p phan manh (V) 188 152

Dién 4p gia toc (V) 5 5

Nang luong va cham (V) 30 26

Cuc ion hoa Duong tinh Duong tinh
Téc d6 khi (I/min) 13,0

Ap suét khi phun (psi) 35,0

Téc d6 khi bao (I/min) 11,0

Nhiét d¢ khi (°C) 300

Nhiét d6 khi bao (°C) 300

Dién ap mao quan (V) 5200

Dién ap dau phun (V) 200

KHOA
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3.2. Két qud thim dinh phwong phap

Dé chon loc - dé ddc hiéu: Phan tich cac mau huyét
twong tring va cac mau LLOQ theo phwong phap di dugc
xay dyng. Sic ky do thé hién trong hinh 1 va két qua danh
gia anh huong ciia nén dén mau duoc trinh bay ¢ bang 2.

Verapamil Verapamil
+ MRM C_ID@30.D (455.3 -> 165.1) + MRM CID@30.0 (455.3 -> 165.1)
£ xo! 3.130 min. £ x10%] 3.137 min.
3 E Verapamil 3 Verapamil
8 8 ;s
0.8 '
0.7 Z
0.6 1.5
0.57 1
0.41 0.57
0.3 0
T T T T T T T T
2.5 3 35 4 2.5 3 35 4
Acquisition Time (min) Acquisition Time (min)
Diltiazem Diltiazem
+ MRM CID@ZG 0(415.2 -> 178. 0) + MRM CID@26.0 (415.2 -> 178.0)
¢ € x10% 34 min
4 iltigzem
S S 1
0.8
0.6
0.4+
0.2
T T T I T T T T
25 3 35 4 25 3 35 4

Acquisition Time (min) Acquisition Time (min)

Huyét twong tréng Giéi han dinh lwgng dwéi
Hinh 1. Sic ky dé mau huyét twong trang va gi¢i han dinh lwong
dw&i thém néi chuan. (+ MRM CID: Ghi phd phan (ng da ion déc
trung & ché do ion dwong véi nang lwgng phan manh ion (Collision-
Induced Dissociation); Counts: D&m tin hiéu; Acquisition Time (min):
Thoi gian thu nhan tin hiéu (phat); LLOQ: Giéi han dinh lwgng dwéi).

Bang 2. Anh hwéng ctia mau trang tai thei gian Iwu ctia VER (n=6).

Tin hi¢u pic cia VER Tin hi¢u pic caa DIL

Thir
tw . , - .
Mau trang  LLOQ Mau trang LLOQ
TB 109+61 206524204 55430 77886199443
Ty 1€ tin hi¢u (%) 0,5310 0,0071

Két qua ¢ hinh 1 va bang 2 cho théy, trén sic ky dd
mau huyét twong tring, tai cic thoi diém 3,13 va 3,12 phut
(trang v&i thoi gian luu ciia VER va DIL trong mau chuén)
su xuét hién cac pic c6 cac manh phé khdi m/z=455,3 —
165,1 (VER) va m/z=415,2 — 178,0 (DIL) 1a khong dang
ké. Dién tich pic cac vét nhidu cia miu tring tai cac thoi
diém tring véi thoi gian luu cua VER va DIL 1a khong dang
ké, 1an luot chiém 0,5310 (khong qua 20%) va 0,0071%
(khong qua 5%). Vi vay, quy trinh phan tich dam bao c¢6 kha
nang phat hién, phan biét dugc VER, DIL va khong bi anh
hudng boi cac tap chit co trong huyét twong.

64



Puong chudn va khoang tuyén tinh: Cac dung dich VER
chuin trong huyét tuong tring c6 ndéng do khoang 5-500
ng/ml. Sau khi phan tich, nong 6 VER c6 trong mau dugc
tinh theo k¥ thuat ndi chuan. Két qua xac dinh mdi tuong
quan gifra ty 18 dién tich pic cia VER/DIL vé&i ndng d6 cua
VER trong huyét tuong ché dugc trinh bay trong bang 3 va
hinh 2.

Bang 3. Sw phu thudc giira ty 1é dién tich pic cia VER/DIL va néng
d6 VER chuén trong huyét twong.

Miu S1 S2 3 S4 S5 S6 7 S8

NongdOVER 5 g9 48 495 1485 1980 2970 4950
(ng/ml)

Ty ¢ dién tich

pic VER/DIL 00259 00537 0,1312 02740 08519 1,1250 16604 2,7834
Phuong trinh  y =0,0056x - 0,0005

hoi quy R2=0,9999

Nong do VER

theoduong 47 97 235 490 1522 2010 2966 497,
chuén (ng/ml)

Doding(%) 951 978 951 990 1025 1015 999 1004

2,50 y = 0,0056x - 0,0005
R?=0,9999

Ty 1€ dién tich pic VER/DIL

0,0 100,0 200,0

300,0

400,0 500,0

Néng d9 VER (ng/ml)
Hinh 2. D6 thi biéu dién sw twong quan giiva ty 1¢ dién tich pic va
nong do verapamil trong huyét twong.

Két qua bang 3 va hinh 2 cho théy, trong khoing ndng
do tir 5,0 dén 495,0 ng/ml, c¢6 sy twong quan tuyén tinh giita
noéng do VER va ty 1¢ giita dién tich pic ctia VER/DIL voi
binh phuong hé sé twong quan xap xi bang 1 (R*=0,9999).
Nong d6 VER xéc dinh tir dwong chuan so voi gia tri 1y thuyét
dat 95,1-102,5% va nam trong giGi han cho phép (£15%).
Puodng chuan va khoang tuyén tinh da xay dung phu hop véi
yéu cau vé phén tich thudc trong dich sinh hoc ctia FDA.

Gioi han dinh lvong dudi: Tién hanh phan tich mau
huyét twong tring va miu huyét tuong chira verapamil &
ndéng d6 5,0 ng/ml (mirc thip nhit trong dai tuyén tinh).
Dép ung dinh thu duge tir mau chuén duoc sir dung dé tinh
toan ndng do dua trén duong chuin. Do ding dugc danh gia
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thong qua so sanh giita ndng do tinh toan va gié tri thyc ciia
mau. Két qua vé LLOQ duoc trinh bay tai bang 4.

Bang 4. Két qua xac dinh gia tri gi¢i han dinh lwgng dwéi cla
phwong phap (n=6).

Dién tich Dién tich Ty I¢ di¢n tich Néng d D diing

pic VER pic DIL pic VER/DIL (ng/ml) (%)
TBSD 206524204 778869£9443  0,0265x0,0003 4,840,063 97,50£0,90
CV (%) 096

Theo két qua trinh bay tai bang 4, tai thoi gian luu
khoang 3,14 phut, tin hiéu cia mau chuén 5,0 ng/ml vuot
qué 5 1an so v6i mau tring. DO chinh xac qua 6 1an phén tich
c6 CV<10%, trong khi d6 dung 97,50+0,90%, nam trong
ngudng chp nhan 80-120%. Do d6, nong do 5,0 ng/ml dap
tmg tiéu chi LLOQ theo huéng dan phan tich sinh hoc ctia
FDA. Dong thoi, cac gia tri CV va do dung so véi Iy thuyét
tai LLOQ cho thdy phuong phap dam bao d6 dung va lap lai
tai n@)ng do LLOQ.

D6 ding va do lap lai: Cac mic ndong d6 kiém tra gdm
LQC, MQC va HQC duoc chuan bi va xir Iy theo quy trinh
phan tich da thiét 1ap. Nong d6 verapamil trong cac miu
dugc xac dinh thong qua duong chuén, va do ding duogc
tinh bang ty 1& phan tram giita gia tri do duoc va nong do 1y
thuyét. Két qua danh gia do dung, do lap lai trong ngay va
khac ngay duoc tdng hop tai bang 5.

Bang 5. Két qua tham dinh dé dung va db Iap lai (n=6, TB+SD).

Ngay LQC MQC HQC

I 100,090,94 104,93+0,98 102,92+1,15
I 93,52+4,52 99,53+4,75 102,35+2,56
11 92,64+4,45 94,93+2.85 100,24+4,09
TB+SD (n=18) 95 42+4,88 99,80+5,20 101,84+2,94
CV (%) 5,11 5,68 2,89

Két qua ¢ bang 5 cho thiy, & ca 3 nong do (thap: 14,9 ng/ml;
trung binh: 173,3 ng/ml va cao: 371,3 ng/ml) ctia khoang
tuyén tinh, phuong phap déu cho d6 dung khac ngay va trong
ngay cao (87,10-106,62%) va do 1ap lai vdi gia tri CV khong
qua 10% (2,89-5,68%). Cac két qua trén chimg t6 phuong
phap ¢ d6 lp lai, d6 dung dap ung dugc cac yéu cau dbi voi
phuong phap phan tich cac chit trong dich sinh hoc.

Hiéu sudt chiét cua phieong phdp: Tién hanh xt 1y va
phan tich sdc ky cac mau LQC, MQC, HQC theo quy trinh.
Song song v&i cac mau trong huyét turong, tién hanh phan
tich mau spike 1a cac dung dich ty tao bang cach thém dung
dich chuan 1am viéc vao nén huyét tvong tring da xu 1y co
nong do twong tmg nhu ciac mau QC. Tién hanh phan tich
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cac mau. Két qua xac dinh ty 1¢ thu hoi VER tir huyét tuong
cho duogc trinh bay ¢ bang 6.

Bang 8. D6 6n dinh cua VER trong huyét twong sau 6 gio (n=5).

LQC HQC
Bang 6. Hiéu suat chiet verapamil tir mau huyét twong ché (n=6). Ban di Suu 6 i Ban din Suu 6 gi
1QC MQC HQC TB=SD (ng/ml) 149:0,1 14,702 37,1412 369.2:2.9
b sl .. sl . il D§ én dinh (% 98,66 9922
Yoo e S o ingte O ik Mg S 9
= (W (W " V(%) 085 143 037 088

TBSD 042212462 872362811 73,68:238 7427055679 975522430512 76,19:2,14 147619412683 190507660448 77,54£2,11

CV (%) 012 3N 3N 076 33 181 0,86 317 N

Két qua & bang 6 cho thdy, & mdi ndng d6 QC, hiéu
suat chiét khong khac nhau qua 15%. Gia tri CV giita cac
dap ung ciia VER trong cac mau QC c6 qua chiét tach ¢
mdi néng do khong 16n hon 15%. Gia tri CV giita cac dap
g cua VER trong cac mau QC khong qua chiét tach &
mdi nong d6 khong 16n hon 10%. Do d6, phuong phap xir
ly mau da duoc xay dung 1a pht hop dé chiét tich VER tir
huyét twong cho.

Pé on dinh sau 3 chu ky dong - ra: Phan tich cc 16 mau
LQC va HQC (mdi nhom 5 mau) theo phwong phap di duoc
xdy dung. Xac dinh ndng d6 VER c6 trong cdc miu bang
dudng chudn tién hanh song song trong cung diéu kién. Két
qué so sanh ndng dd VER c¢6 trong cac mau LQC va HQC
ngay sau khi pha (ndng d6 ban d4u) va nong do6 VER c6
trong cac mau LQC va HQC bao quan sau 3 chu ky dong -
ra duoc trinh bay ¢ bang 7.

Bang 7. D6 6n dinh caa VER trong mau huyét twong sau 3 chu ky
dong - ra (n=5).

LQC HQC

Bandiu  Sau 3 chuky dong-ra  Bamdiu  Sau 3 chu kp dong - ri
TB+SD (ng/ml)  149+0,1 14,8401 372,1£1,3  370,842,7
Do éndinh (%) 9933 99,65
CV (%) 0,85 0,79 0,37 0,71

Két qua xac dinh néng do VER trong mau LQC, HQC
sau 3 chu ky dong - rd va cac mau tién hanh phan tich ngay
sau khi rd dong cho thdy: Do 6n dinh ciia mau huyét twong
& LQC va HQC lan lugt 12 99,33 va 99,65% so v6i ban dau.
Céc gia tri CV tai mdi nong d6 déu khong qua 5%. Nhu vay,
VER trong miu huyét twong 6n dinh qua 3 chu ky dong - ra.

Dé on dinh trong qud trinh xit 1y mau: Danh gia do 6n
dinh trong qua trinh xir Iy mau trén cac mau LQC va HQC.
So sanh ndng d6 VER trong cac mau LQC, HQC sau khi
pha duoc xur 1y theo quy trinh da lya chon va cac mau LQC,
HQC c¢6 ciing ndng do twong Gmg nhung xir Iy mau sau khi
dé tan chay & nhiét 6 phong 6 gio. Két qua dwoc trinh bay
o bang 8.
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Két qua nghién ciru cho thy, nong d6 VER trong mau
LQC, HQC dugc xir Iy ngay va xur 1y sau 6 gid dé tan chay
& nhiét d6 phong dam bao d6 6n dinh lan lugt 1a 98,66 va
99,22%. Céc gia tri CV tai mdi nong do déu khong qua 5%.
Nhu véy, VER trong miu huyét twong 6n dinh sau 6 gio ¢
nhiét do phong.

D6 6n dinh dai ngay: Panh gia d6 6n dinh ctia mau huyét
tuong trén cac mau LQC va HQC. Xéc dinh nong d6 VER
c6 trong mau tai cac thoi diém ngay sau khi pha va sau 10,
20 va 30 ngdy bao quan mau & nhiét do -40°C theo phwong
phap di xay dung. Két qua duoc trinh bay ¢ bang 9.

Bang 9. Két qua dé 6n dinh dai ngay cta verapamil trong huyét
twong (n=5).

LQC HQC
Ban gy TBiaSD (ng/ml) 1540,2 37,1213
B on dinh (%) 133 036
TBSD (ng/m) 14940,2 370,486
Sau 10 ngay g dn dinh (%) 9947 9949
CV (%) 1,53 234
TB+SD (ng/ml) 14,8402 3689291
Sau 20 ngay g 6n dinh (%) 98,67 99,15
CV (%) 1,07 247
TB£SD (ng/ml) 149403 366,147,5
Sau 30 ngay DG on dinh (%) 99,6 9839
CV (%) 225 2,04

Két qua bang 9 cho thy, do 6n dinh cia VER trong
cic mau bao quan & nhiét do -40°C sau 10, 20 va 30 ngay
so v6i mau dinh lugng ngay nam trong giGi han cho phép
85-115%. Cac gia tri CV tai mdi nong do déu khong qua
5%. Piéu d6 chimg t6 VER 6n dinh trong huyét twong trong
30 ngay bao quan ¢ nhiét do -40°C.

D¢ nhiém chéo: Chuan bi 6 mau huyét tuong tring va 6
mau huyét trong c6 nong d6 LLOQ va 1 mau ULOQ. Tién
hanh xir Iy mau theo quy trinh va phan tich xen k& nhau 6
lan giita mau tring va LLOQ sau khi phan tich mau ULOQ.
Dién tich pic ghi nhén tai thoi gian luu tuong tng véi chat
phan tich va néi chuén dugc thé hién trong bang 10.



Bang 10. Két qua danh gia do nhiém chéo phan tich.

Thirty  Tring  VER Ty 1 (%) Tring  DIL T§ 18 (%)
1 103 20787 0,4955 40 632703 0,0063
2 102 20785 0,4907 36 637663 0,0056
3 115 20645 0,570 48 636717 0,0075
4 119 20833 0,5712 50 638848 0,0078
5 424 20575 2,0608 116 637313 0,0182
6 137 20286 0,6753 44 644220 0,0068
TB 0,8084 0,0087

Két qua bang 10 cho thdy, tai thoi gian luu cua VER,
tin hiéu ghi ctia miu tring so voi LLOQ 14 0, 8084% (dudi
20%). Tai thoi gian luu cuia DIL, tin hiéu ghi cia mau tréng
so voi LLOQ 1a 0,0087% (du6i 5%). Do do, phuong phap
dam bao d6 nhiém chéo va tin cdy dé phan tich nong do
VER trong huyét tuong cho.

Nhu vy, két qua thim dinh d6 dac hiéu - chon loc, do
dung, d6 lap lai, khoang tuyén tinh, gi¢i han dinh luong
duéi, hiéu suat chiét, do on dinh va d¢ nhiém chéo ctia VER
cho thdy, phuong phap di xay dung dép tmg dugc cac yéu
cau ctia mdt phuong phap phan tich dung trong sinh hoc.
Phuong phap nay c6 thé dp dung dé dinh luong VER trong
huyét twong ché khi nghién ctru sinh kha dung cia cac dang
bao ché chira VER trén ché thuc nghiém.

3.3. Két qua dinh lwong verapamil trong huyét twong ché

Tién hanh phén tich cac mau huyét tuong cho da thu
thap theo phuong phap da xdy dyng va thim dinh. Xéc dmh
ndng d6 VER c6 trong mau dua vao dudng chuan duoc tién
hanh song song trong ngay. Két qua dugc minh hoa trong
hinh 3 (n=6).

~*=Cho! —@—Cho2 -—#—Ch63 —e—Cho4 —&—Cho5

Cho 6

Nong d9 VER (ng/ml)

)
G

Thai gian (gio)

Hinh 3. Néng dé verapamil trong huyét twong ché theo thi gian.

Két qua dinh lugng cho thdy, ndng 6 VER cao nhét dat
dugc 1a 251,4 ng/ml & thoi diém 7 gio sau khi chd 5 udng
vién thudc. Nong do VER thip nhit quan sat thdy 1a 31,6
ng/ml & thoi diém 24 sau khi ché 4 udng vién thir. Cac ndng
d6 nay hoan toan nam trong khoang tuyén tinh da xac dinh
dugc. Mot s6 mau co néng d6 VER dinh lugng dugc thép
hon 5 ng/ml déu 13 mau huyét twong thu dugc truée khi
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cho ché ding thude (miu ¢ thoi diém t=0 gid). Khi phan
tich dugc dong hoc, cac néng do nay déu duoc coi béng
0. Két qua xac dinh cac thong s6 dugc dong chinh bang
phan mém Phoenix 8.3.4 cho thiy C, .. =232,9£18,1 ng/ml;
T, =53+1,2 gio; AUC ,=2907,5+£290,3  gid.ng/ml;

0-24
AUC, =3310,6+365,0 giv.ng/ml.

4. Ban luan

Phuong phap dinh lugng VER trong huyét twong ch6 da
xay dung c6 gii han dinh lwong duéi 1a 5 ng/ml cho thay,
d6 nhay ctia phuong phép tot hon so v6i két qua cong bb ciia
N.V. Bach va cs (2025) [4] dinh luong bang séc ky 16ng véi
dau do huynh quang cho LLOQ 20 ng/ml. Puong chuén cta
phuong phéap c6 R2 1a 0,9999. Diéu nay cé thé do phuong
phap xtr Iy mau hop 1y va dau do MS/MS dic hiéu tét hon.
Dong thoi viée sir dung ndi chuan 6 ciing lam giam déng ké
sai s6 do mat mau khi xir Iy va han ché anh huong ciia nén
mau bao gdm cac san pham phan hay cta verapamil trong
huyét tuong. Cac két qua tham dinh chimg to phuong phap
¢6 do dac hiéu - chon loc, do dung, d6 lap lai, khoang tuyén
tinh, gidi han dinh lugng dudi, hi¢u suét chiét, do 6n dinh va
d6 nhidm chéo dap mg yéu cau déi vdi phuong phap phan
tich trong dich sinh hoc ciia FDA [10]. Khi dinh lugng VER
trong cic mau huyét twong chd nhan thiy nong d6 VER
trong cic mau huyét twong déu nam trong khoang tuyén
tinh, cac két qua nay phu hop véi cong bd trude do [4, 5].
Nhu véy, phuong phap di xdy dung co khoang tuyén tinh
pht hop, d6 diing - d6 chinh x4c cao va c6 thé tmg dung vao
thyc té dé danh gia sinh kha dung trén ch6 ctia VER tir céc
dang bao ché khac nhau. Mic du vdy, trong nghién ctru con
chua danh gia dugc anh huong cua nén mau (Matrix effect).
Do d6, viéc kiém soat dong vat thi nghiém vé tinh trang stc
khoe, can nang, ché d6 an uéng 1a can thiét.

Két qua dinh lugng va xac dinh céc thong s6 duge dong
hoc, thé hién tinh hop 1y ctia cac thoi diém 1y mau. Nghién
ctru ldy 6 thoi diém 0 gio va 13 diém khéc, dap Gmg yéu cau
(it nhat 11 diém sau khi str dung thudc). T .. bang 5,3 gio
thoa man yéu cau co it nhat 3-4 diém lay mau trudc dat C, .
S6 diém sau nong d6 dinh 1a 8 diém (quy dinh 1a khong it
hon 4-6 diém). Tong sb diém ldy mau ciia dudng cong nong
do - thoi gian 1a 14 diém, dap tng diéu kién khong it hon 12
diém. Mic du, thoi diém ldy mau de:ng 0 24 gio, tuong ung
v6i nong do 40 1 ng/ml, gid tri nay bang khoang 1/6 me,
chua dap u’ng vé thoi glan 1dy mau can kéo dai dén khi nong
d6 dugc chat trong miu méau bang khoang 1/10 dén 1/20 gia
tri ndng do dinh hodc sau khi udng thudc 72 gid. Tuy nhién,
ty 1¢ cua AUC,, so v6i AUC _ dat 87,8% (>80%) thé hién
nghién ciru c6 thoi diém 1dy mau phu hop [11].
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Nghién ctu da xay dung dugc phuong phap dinh luong
VER trong huyét twong cho bang LC-MS/MS va tham dinh
dﬁy da cac chi tiéu: do dac hi€u - chon loc, do dung, do
1ap lai, khoang tuyén tinh, giéi han dinh Iugng dudi, hiéu
suét chiét, d6 6n dinh va d6 nhiém chéo dap tng yéu cau
dbi v6i phuong phap phan tich trong dich sinh hoc cua
FDA va Dugc dién Viét Nam. Phuong phap da dugc tng
dung dé dinh luong VER trong huyét twong cho khi danh
gia sinh kha dung cta cac vién nén ndi verapamil 120 mg
giai phong kéo dai trén cho thuc nghiém, cac thong s bao
gdm C, .=2329£18,1 ng/ml; T =53+1,2 gio; AUC ,,
=2907,5+290,3 gio.ng/ml; AUC_=3310,6+365,0 gio.ng/ml.
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Anh hwéng ciia mat d9 gieo trong va liéu lwong phin bon
dén sinh trwong, phat trién cua giong ngo lai VS201 trén dia ban Ha Noi

Pham Vin Dan, Vii Vin Diing", Nguyén Viét Ha
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Tém tit:

Thi nghiém nghién ctru 4nh hudédng ctiia mét do gieo trﬁng va liéu lwgng phan bén dén sinh trudéng, phat trién ciia
gidng ngé lai VS201 trén dia ban Ha Noi dworc tién hanh trong vu Xuén va vu Pong nim 2021, v6i 4 cong thirc phan
bén 1a P1: 2,0 tin hiru co sinh hoc (HCSH) + 140 kg N + 90 kg P,0O, + 80 kg K,0/ha; P2: 2,0 tAn HCSH + 160 kg N:105
kg P,O_ + 90 kg K,0/ha; P3: 2,0 tan HCSH + 180 kg N:120 kg P,O_ + 100 kg K 0/ha; P4: 2,0 tan HCSH + 200 kg N
+135 kg P,O, + 110 kg K 0/ha va 4 cong thirc mét dg 1a: M1: 57.000 cay/ha (65x27 cm); M2: 62.000 cay/ha (65x25
cm); M3: 65.000 ciy/ha (65x23 cm); M4: 72.000 ciy/ha (65x21 cm). Thi nghiém 2 nhan t6 thiét ké theo kiéu 6 16n, 6
nhé. O 16n 12 mat d9, 6 nhé la cac mirc phéan bén. Két qua nghién ciru da xac dinh lwgng phan boén 2,0 tAn HCSH +
160 kg N + 105 kg P,O_ + 90 kg K,0/ha va mét d) gieo 65.000 cay/ha (65x23 cm) thich hgp cho gidng ngd lai VS201
dat ning suit cao tai dia ban Ha Ngi.

Tir khéa: gidng ngd lai VS201, Ha Noi, mat d, phan bén.

Chi s6 phén loai: 4.1, 4.6

Effects of planting density and fertiliser dose

on growth and development of hybrid corn variety VS201 in Hanoi
Van Dan Pham, Van Dung Vu’, Viet Ha Nguyen

Center for Technology Development and Agricultural Extension, Vietnam Academy of Agricultural Sciences, Thanh Tri Commune, Hanoi, Vietnam
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Abstract:

The experiment researching the effects of planting density and fertiliser amount on the growth and development
of hybrid corn variety VS201 in Hanoi was conducted in the Spring and Winter seasons in 2021 with four fertiliser
amount treatments, including P1: 2.0 tons of biological organic fertiliser + 140 kg N + 90 kg P,O, + 80 kg K,0/ha;
P2: 2.0 tons of biological organic fertiliser + 160 kg N: 105 kg P,O_ + 90 kg K,0/ha; P3: 2.0 tons of biological organic
fertiliser + 180 kg N: 120 kg P,O_ + 100 kg K,0/ha; P4: 22.0 tons of biological organic fertiliser + 200 kg N + 135 kg
P,0O, + 110 kg K,0/ha and four density treatments consisting of M1: 57,000 plants/ha (65x27 cm); M2: 62,000 plants/
ha (65x25 cm); M3: 65,000 plants/ha (65x23 cm); M4: 72,000 plants/ha (65x21 c¢m). The two-factor experiment was
designed using the split-plot method. The big plots were for the density, and the small plots were for the fertiliser
treatments. Research results show that treatment 2.0 tons of biological organic fertiliser + 160 kg N + 105 kg P,O,
+90 kg K,0 and 65,000 plants/ha (65x23 cm) obtained for the hybrid corn variety VS201 to get the highest yield in
Hanoi.

Keywords: density, fertiliser, Hanoi, hybrid corn variety VS201.
Classification numbers: 4.1, 4.6
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1. Dat van de

Dién tich ng6 trén dia ban TP Ha Néi 1a 13.900 ha [1], tap
trung chu yéu tai 3 huyén Ba Vi, Qudc Oai va Chuong My
(trude sap nhap). Huyén Ba Vi c6 khoang 3.600 ha dugc tréng
trén chan dat mau vu Xuan, vu Thu 1.500 ha va vu Dong 1.800
ha; ning suét binh quan dat 5,16 tan/ha, san lugng dat 18.323
tan. Huyén Qudc Oai co téng dién tich trong ngd 1a 2.277 ha,
chu yeu la ngd Dong chiém 83,97%, san lugng dat 10.542 tin;
giéng dugc trong pho bién 1a LVN99, TB61 CP333, NK4300...
ning suat binh quan dat 4,63 thn/ha. Tai huyén Chuong My
ngd dugc tréng chii yéu trong vu Pong véi dién tich khoang
725 ha; nang suat dat 5,9 ta/ha, san lugng dat 9.693 tan. Téng
dién tich trong ngd Dong trén toan TP Ha Noi ndm 2022 dat
9.787 ha, trong d6 cac huyén Ba Vi, Qudc Oai va Chuong My
chiém 49,09% dat 4.404 ha, dugc trong chu yéu trén chan dat
hai Ita va mot mau. Mic di thanh phd di dau tu hé thong tudi
tidu dong bd phuc vu san xuat ndng nghiép, nhung do bién doi
khi hau va toc do do thi hoa nhanh nén dién tich dat trong lua
kém, tuy nhién lai thich hgp cho viéc mé rong dién tich tréng
ngd [2]. Theo s liéu thong ké, toan thanh phd co 24.500 con
trau, 128.900 con bo, 979.900 con lon va 33.523.000 con gia
cam céc loai [2]. Nhu vay, nhu cau vé thue an trong chan nuoi
trén dia ban thanh phd 1a rat 1on.

Gidng ngd lai VS201 c6 nhidu wu diém: thoi gian sinh truong
trung binh, sinh truong khoe, ning suit cao, chiu han va chong
d6 tot, nhiém sau bénh nhe. Dic biét, sau khi thu hoach hat ngo,
b6 xanh c6 thé sir dung lam thirc an cho gia suc [3]. Hién tai,
chua ¢6 nghién ciru thir nghiém dé xdc dinh mat dg gieo trong
va liéu lugng phan bén phi hop cho glong ngd VS201. Chinh vi
vay, nghién ctru nay gop phan phat trién mé rong san xudt giong
ngo lai VS201 trén dia ban TP Ha Noi. Cac thi nghiém nghién
ctru xac dinh mat do gieo trong va lidu luong phan bon phu hop
cho giéng ngo lai VS201 dugc tién hanh trong Xuén va vu Dong
nam 2021.

2.Viat ligu va phugng phap nghién ciiu
2.1. Vit ligu

Giong ngd lai VS201 la gidng lai don do Vién Nghién ctru
Ngo lai tao, giong c6 thoi gian sinh truong trung binh, sinh truong
khoe, nang suét cao, chiu han va chong d6 tot, nhiém sau bénh nhe.

2.2. Phuwong phap nghién ciru
2.2.1. B6 tri thi nghiém

Thi nghiém 2 nhan t6 duoc bé tri theo phuong phap 6 16n, 6
nho; mat do gieo la 6 16n, lugng phan bon 1a 6 nho va nhéc lai 3
lan [4]. Liéu lwgng phan bon ¢6 4 mic: P1: 2,0 tin HCSH + 140
kg N +90 kg PO, + 80 kg K 0/ha; P2: 2,0 tin HCSH + 160 kg N
+105kg PO, +90 kg K,0/ha; P3: 2, 0 tin HCSH + 180 kg N +120
kg PO, + 100 kg K, O/ha P4: 2,0 tin HCSH + 200 kg N + 135 kg
PO, + 110 kg K, O/ha va 4 cong thire mat d¢ 1a: M1: 57.000 cay/ha
(65x27 cm); M2: 62.000 cay/ha (65x25 cm); M3: 65.000 cay/ha
(65x23 cm); M4: 72.000 cay/ha (65x21 cm).
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Thi nghiém d}IQC tién hanh tai x3 Son Da (huyén Ba Vi), xa
Nam Phuong Tién (huyén Chuong My) va x& Sai Son (huyén
Quoc Oai) trong vy Xuan va vu Bong nam 2021.

2.2.2. Cac chi tiéu theo doi

~ Céc chi tiéu theo dac diém nong sinh hoc va ning sudt cia
giong ngd lai VS201 dugce the hién ¢ bang 1.

Bang 1. Céc chi tiéu theo dic diém nong sinh hoc va ning suat cla gidng
ngo lai VS201.

TT Chi tiéu theo doi Don vi tinh

1 Thoi gian qua cac giai doan sinh trong phat trién ngay
Ngay gieo ngay
Nedy moc: C6 75% s6 cdy moc ngdy
Ngiy tung phin ngdy
Ngay phun rdu ngly
Ngay chin sinh ly ngdy

2 Dicdiém hinh théi, kha nang chéng chiu
Chiéu cao ciy cm
Chiéu cao dong bip cm
Khi ning chong chju séu, bénh theo thang diém tir 1-5: Diém 1 khong bi, diém 5 bi s
ngng nhat

3 Yéut6 céu thanh ning sudt va ning sut
S6 bap hiru hiéu/cay Bip
Chicu dai bap: Do hang hat dai nhét cm
Buong kinh bép: Do giita bép cm
S6 hang/bip hang
S6 hat/hang hat
Am d0 e thu hoach %
Khi lwong hat/miu kg
Ty I¢ hat/bp %
Khi lwong 1000 hat (m do 14%) g

Niing sut thye thu duoc tinh theo cong thire:
Ning sudt thue thu = [Khoi lugng 6 x tj 18 hat/biip x (100-A%)]/[(100-14) x dién tich 6)] ta/ha

2.2.3. Phwong phdp dénh gid va xi 1y 56 liéu

Cac chi tiéu theo ddi dwgc danh gia theo Trung tam Cai tién
Ngo va Lua mi Qudc té (1985) [4] va tiéu chuan Viét Nam - TCVN
13381-2:2021 cua B Khoa hoc va Cong nghg. S6 liéu dugc xir ly
bang chuong trinh MS. Excel 2003 va IRRISTAT 5.0 [4-6].

AL
3. Ket qua va han luan

3.1. Anh hudng ciia liéu lgng phan bén dén dic diém hinh
thdi ciia giong ngo lai VS201 vu Xudn va vu Dong 2021

Vé chiéu cao cdy: Két qud bang 2 cho thay, tai diém Son Da
(huyén Ba Vi): vu Xuén, chiéu cao cdy cua cic cong thirc blen
dong tir 224,3 dén 230,9 cm, tuong tac giita mat do gieo trong
va liéu lvong phan bon khong c6 sw khac biét vé chiéu cao cdy
(LSD, ,~=7,1 em); vu Dong, chiéu cao cdy. bién dong tir 213,0 dén
217,4 cm, tuong tic gitra mét do gieo trong va liéu luong phan
bon khdng ¢6 su khac biét vé chiéu cao cdy (LSD, ;=59 cm). Khi
ting luong phan bon tir mirc P1 1én muc P4 thi trung binh chiéu
cao cdy khong c6 su khdc biét, (LSD, =5,7 cm) va mét do gieo
trong khong anh huong nhidu dén chiéu cao cay (LSD, =49 cm).
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Bang 2. Anh hwéng clia mat do va lidu lwong phan bén dén dic
diém hinh thai cta giéng ngé lai VS201 trong vu Xuan va Bong 2021.

Chibu cao ey (cm) Chiéu cao déng bip (cm)

Cong o1 Quéc Oi Chieong Mj~~ BaVi Qudc Oi Chirong My

thiie
Xuin ~ Dong ~ Xuin ~ Ding  Xuin  Dong Xuan Dong Xuin  Dong  Xuin  Ding

PIMI 2243 2130 2220 2125 230 2120 181 MmL0 173 100 1170 1106

PIM2 2056 2132 2239 2129 241 2129 1189 1123 189 1112 1184 1109

PIM3 2267 2137 2244 2120 2267 2135 1187 1126 188 1120 1183 1100

PIM4 2269 2131 2258 2122 2260 2134 1190 1120 1190 1105 1190 109

PIML 274 2143 2255 233 2054 2130 1204 1120 193 1100 1205 1090

PM2 22718 2155 2261 2142 2260 2142 1207 1129 1190 1096 1204 1077

PIM3 2309 2161 2289 2141 2298 2157 198 1113 197 120 190 1103

PIM4 2300 2164 2287 250 2287 2160 1200 1128 1208 1106 1208 1110
PIMI 2274 2156 2260 2160 2276 2044 1206 1130 1200 1123 1195 1104
M2 2278 2160 2262 2159 2252 2165 1202 1126 1201 1105 1200 1102
P3M3 2301 2169 2280 2156 2277 2160 1220 1120 1220 1128 1226 11L0
P3M4 2300 2160 2289 245 22901 2073 1200 1133 1200 1129 1204 1119
PAML 2087 2160 2274 2150 2281 2150 1200 1139 1200 1107 1200 1101
PAMY 2213 274 2267 2162 2260 2157 1203 1123 12001 1100 1218 1100
PAM3 2309 2167 2280 2169 2205 2061 1228 1130 1228 1121 1229 1124
PAMA 2072 2169 2270 2160 2269 2150 1202 1131 1200 1140 1204 1105

e 15 88 78 98 12 71 63 59 13 62 8§ 73

I, 7139 19 80 34 67 I 45 63 47 72 64

Pl 2059 233 240 224 2250 230 187 1120 185 1109 1182 1102

P2 290 256 273 2142 275 247 1202 1123 1203 106 1202 1095

P3 288 261 273 255 274 26l 1207 1127 1205 1121 1206 1109

P4 285 268 2713 2160 2276 2155 1208 1131 1207 147 1203 1108

s, 75 51 74 70 64 62 32 41 29 32 45 36

005

ML 210 2147 2252 2142 2260 2136 1198 1125 1192 110§ 1193 1100

M2 71 2155 2257 248 2253 2148 1200 1125 1195 1103 1202 1080

|
M3 2297 2159 273 2147 2284 253 1208 1122 1208 1122 1207 1109
M4 285 256 276 244 2217 US4 1198 1128 1200 1120 1202 1106

1D, 62 49 79 7358 67 37 38 41 37 4 35

0.05

Tai diém Sai Son (huyén Qudc Oai): vu Xuén, chiéu cao cay
bién dong tir 222,0 dén 228,9 cm, twong tac gitta mat do gieo
trong va lidu lugng phan bon khong o su khac biét vé chidu
cao cdy (LSD,=7.9 cm). Khi tang tor mic P1 1én mutc P4 thi
trung binh chieu cao cay c6 su khac biét, tuy nhién ¢ muc tin cay

95% (LSD, ,i=7,4 cm) thi khéng coy nghia va mét do gieo trong
khac nhau khong anh hu(mg dén chiéu cao cay (LSD, (=79 cm).
Vu Péng, chiéu cao cay bién dong tir 212,0 dén 216,9 cm, twong
thc gitta mat do gieo trong va lidu lugng phan bon khong co sy
khac bigt vé chiéu cao cdy (LSD,,=8,0 cm). Khi tang liéu lugng
phéan bon tir mérc P1 1én mitc P4 thi trung binh chiéu cao cay khong
c6 sy khac biét (LSD (=6,4 cm) va mat do gico trong khac nhau
khong c6 su khac biét vé chiéu cao cdy (LSD, ;=73 cm).

Tai diém Nam Phuong Tién (huyén Chuong M§): trong vu
Xuén, chidu cao cay cia cac cong thirc bién dong tir 223,0 dén
229,8 cm, cong thuc P2M3 ¢ chiéu cao cdy cao nhat dat 229,8
cm. Phén tich théng ké cho thdy, tuong tac giita mat do gieo
trong va liéu lugng phan bon khong anh huong nhidu dén chidu
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cao cay (LSDO’05=5,4 cm). O cac mic phan bon khéc nhau thi
trung binh chicu cao cdy c6 sy khac biét, tuy nhién ¢ mic tin cdy
95% (LSD,,=6,4 cm) thi khong ¢6 ¥ nghia va mat do gico
trong khac nhau, ciing khong ¢6 su khac biét vé chiéu cao cay
(LSD,,=5.8 cm). Vu Dong chidu cao cdy cia céc cong thirc
bién dong tir 212,0 dén 217,3 cm. Cong thirc P3M4 ¢6 chleu cao
cdy cao nhat dat 217,3 cm. Tuong tac gitta mt do gieo trong va
liéu lwgng phan bon khong anh hudng nhiéu dén chiéu cao cdy
(LSD,;;=6,7 cm). Khi tang liéu lugng phan bén tirmire P1 (2,0 thn
HCSH:140N: 90P,0,: 80K,0) 1én mirc P4 (2,0 tin HCSH: 200N:
135P,0,: 110K 0) Va tang mat do gieo trong tir 57.000 cay/ha
(tuong ung 65x27 cm) den 72.000 cay/ha (twong tng 65x21 cm)
thi khong c6 su khac biét vé chiéu cao cdy (LSD0!05—6,7 cm).

Chiéu cao déng bdp: Tai diém Son Pa (huyén Ba Vi): vu
Xuén, chiéu cao dong bap cta cac cong thirc bién dong tir 118,1
dén 122,8 cm, cong thirc PAM3 c6 chidu cao dong bap cao nhat dat
122,8 cm, tuong tac giita mat do gieo trong va liéu lvong phan bon
khong c6 su khac biét vé chiéu cao dong bip (LSD,,=5,1 cm).
Phan tich riéng yéu t6 phan bon cho thay, khi ting tir mirc P1 1én
P4 thi trung binh chiéu cao dong bap co su khac biét, tuy nhién ¢
mure tin cdy 95% (LSD, =32 cm) thi khong ¢ ¥ nghia. Mat do
gieo trong khong anh erorng dén chidu cao dong bip (LSD, (=37
cm). Trong vu Déng, chidu cao dong bap bién dong tur 111,0 dén
113,9 cm, twong tac giita mat do gieo trong va liéu lwgng phan bon
khong c6 su khac biét vé chiéu cao dong bap (LSD ;=45 cm).
O cac mic phan bon khac nhau thi trung binh chiéu cao dong
bap khong co sw khac biét (LSD, =41 cm) va ¢ mat do gieo
trong khac nhau khong cé sy khac biét vé chiéu cao dong bap
(LSDO’O5—3,8 cm).

Tai diém Sai Son (huyén Quéc Oai): vu Xuan, chiéu cao dong
bip cua cac cong thire bién dong tir 117,3 dén 122,8 cm, twong tic
giita mat d¢ gieo trong va liéu lugng phan bén khong c6 sy khac
biét vé chiéu cao dong bap (LSD,,;=6,5 cm). Khi tang lugng phén
bén tir mirc P1 18n P4 thi trung binh chiéu cao dong bap ¢6 su khac
biét, tuy nhién ¢ muc tin cdy 95% (LSD, ,=2,9 cm) thi khong co y
nghia. Khi tang mét do gieo trong, khong c6 su khac biét vé chiéu
cao dong bip (LSD,,=4,1 cm). Trong vu Dong, chiéu cao dong
bap bién dong tir 109,6 dén 112,9 cm. Tuong tac giira mat do gieo
trong va lidu lrong phan bon khong c6 su khac biét nhiéu vé chiéu
cao dong bip (LSD, =4,7 cm). O cac mirc phan bon khac nhau thi
trung binh chiéu cao dong bap khong c6 su khac biét (LSD, =3,2
cm) va & mat do gieo trong khac nhau ciing khong c6 su khac biét
vé chiéu cao dong bip (LSD, =3,7 cm).

0,05

Tai diém Nam Phuong Tién (huyén Chuong M¥): vu Xuén,
chidu cao dong bép bién dong tr 117,0 dén 122,9 cm, tuong
tac gitta mat do gieo trong va lidu luong phan bén khong co
sy khac biét vé chiéu cao déng bap (LSD0 o= 12 cm). Khi
tang liéu luong phén bén tr mire P1 1én mire P4 thi trung binh
chiéu cao dong bap co su khac biét, tuy nhién & miic tin cdy
95% (LSD, ,;=4,5 cm) thi khong c6 ¥ nghia va mét do gieo
trong khac nhau khong co sy khac biét vé chiéu cao dong bap
(LSD,,=3,4 cm). Trong vu Dong chiéu cao dong bap bién dong
tir 107,7 dén 112,4 cm, twong tac giita mat do gieo trong va liéu
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lugng phan bon khong ¢6 su khac biét vé chidu cao dong bép
(LSDO’O;6,4 cm). O cac mic phan bon khac nhau thi trung
binh chiéu cao dong bE:lp khong c6 sy khac biét (LSD0‘05:3,§
cm) va & mat dg gieo trong khac nhau khong c6 su khac bi¢t ve
chiéu cao dong bip (LSD(,=3,5 cm).

3.2. Anh huwéng ciia mit dp gieo trong va liéu lwong phin
bén dén khd ning chong chiu ciia giong ngo lai VS201 trong
vu Xudn va vu Déong 2021

Séu duc than: Tai diém Son Da (huyén Ba Vi): vu Xuan
,cac cong thirc bi nhiém sau duc than bién dong tur 0,0 dén
6,5%, c¢6 4 cong thue 1la PIM1, P1IM2, P2M1 va P3M1 khong
bi nhiém sau duc than (0,0%), cac cong thirc con lai bi nhiém &
murc nhe, riéng c6 2 cong thirc P4M3 va P4M4 bi nhiém ning
nhét & mic 5,5 va 6,5%. Trong khi & vu Dong, cac cong thirc
hau nhu khong bi nhidm. Trong 6/16 cong thirc bi nhidm thi
P1M4, P2M4, P3M3 va P3M4 bi nhiém ¢ mitc nhe 2,0, P4M3
va P4M4 bi nhidm ning nhét & mirc 4,5 va 5,0%.

Tai diém Sai Son (huyén Quéc Oai): trong vu Xuan, so voi
chan dit mau & diém Son Pa, huyén Ba Vi, cac cong thuc trén
chan dat laa kém higu qua bi nhidm sau duc than nhe hon bién
dong tur 0,0 dén 4,5%, ¢6 6 cong thuc 1a PIM1, PIM2, P1M3
P2M1, P3M1 va P4MI khong bi nhiém sau duc than (0,0%)
cac cong thirc con lai bi nhiém ¢ muc nhe, riéng cong thtc
P4M4 bi nhiém ning nhét & muc 4,5%. Trong khi ¢ vu Dong,
cac cong thirc hau nhu khong bi nhiém. Trong 4/16 cong thirc
bi nhiém thi P3M4 va P4M4 bi nhiém ning nhét & mic 4,0%.
Nhin chung, trén chan dét Ia kém hiéu qua it bj nhiém sau duc
than ¢ ca hai vu thi nghiém (bang 3).

Bang 3. Anh hwéng clia mat do va liéu lwong phan bén dén mirc

dd nhiém sau duc than va bénh khé van cua giéng ngb lai VS201 &
giai doan tung phén, rung rau trong vu Xuan va Béng 2021.

Sau duc than (%)

BaVi Quic Oai
Xudn -~ Ding  Xuan  Dong
PIML 00 00 00 00 00 00 00 00 00 00 00 00
PIM2 00 00 00 00 20 00 00 00 00 00 20 0,0
PIMI 25 00 20 00 20 00 28 00 24 00 25 00
PIM4 42 20 30 00 25 00 32 20 30 00 35 0.0
PME 00 00 00 00 00 00 00 00 00 00 00 00
PM2 20 00 00 00 30 00 20 00 00 00 30 0,0
PMI 28 00 20 00 25 00 38 00 30 00 35 00
PM4 45 200 35 00 55 27 43 20 37 00 5l 29
PME 00 00 00 00 20 00 00 00 00 00 20 00
PM2 O30 00 35 00 33 00 40 00 35 00 37 00
PM3 40 20 35 30 32 24 43 20 38 30 42 25
PIM4 48 20 34 40 33 48 44 20 35 42 3] 48
PAML 4000 00 00 20 00 42 00 00 00 23 00
PAM2 45 00 40 00 51 00 47 00 45 00 52 00
PAM3 55 45 40 20 64 40 52 45 40 20 54 44
PAMA 65 50 45 40 70 50 55 500 45 40 60 50

Bénh kh vin (%)
BaVi
Xudn~ Dong ~ Xuan

Cong

thit Quac Oai

Xudn

Chong My Chuong Mj

Ding Dong ~ Xudn Ding
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Tai diém Nam Phuong Tién (huyén Chuong M¥): vu
Xuén, so voi chan dit mau ¢ diém Son Pa, huyén Ba Vi va
chan dét laa kém hiéu qua ¢ diém Sai Son, huyén Quéc Oai
thi cac cong thirc trén chan dat chuyén trong ngd bi nhiém
sau dyc than nang. Chi c6 2 cong thirc PIM1 va P2M1 la
khong bi nhiém, con lai cac cong thirc déu bi nhiém bién
dong tir 2,0 dén 7,0%, dién hinh c6 hai cong thirc 1a P4M3
va P4M4 bi nhiém ning nhit & mirc 6,4 va 7,0%. Trong khi
vu Dong céc cong thirc hau nhu khong bi nhiém. Trong 5/16
cong thirc bi nhiém thi P3M4 va P4M4 bi nhiém ning nhét
6 muc 4,8 va 5%.

Bénh khé van: Tai diém Son Pa (huyén Ba Vi): vu Xuan
nam 2021, cac cong thirc bj nhiém bénh kho van bién dong tir
0,0 dén 5,5%, c6 4 cong thirc 1a PIM1, P1IM2, P2M1 va P3M1
khong bi nhiém bénh kho vén (0,0%), cac cong thic con lai
bi nhiém & muc nhe, riéng c6 2 cong thuc P4AM3 va P4AM4 bi
nhiém ning nhit & mirc 5,2 va 5,5%. Trong khi vu Pong cac
cong thire hau nhu khong bi nhiém. Trong 6/16 cong thirc bi
nhiém thi P1M4, P2M4, P3M3 va P3M4 bj nhiém & mirc nhe
2%, PAM3 va PAM4 bi nhiém ning nhét 4,5 va 5,0%.

Tai diém Sai Son (huyén Qudc Oai): vu Xuan niam 2021,
s0 voi chan dit mau & diém Son Pa (huyén Ba Vi) thi cac
cong thtrc trén chan dat Ita kém hiéu qua bi nhiém bénh kho
van nhe hon, bién dong tir 0,0 dén 5,0%. C6 6 cong thirc 1a
PIMI, PIM2, PIM3 P2M1, P3M1 va P4M1 khong bi nhiém
bénh kho van (0,0%), cac cong thuc con lai bi nhiém & mirc
nhe, riéng cong thirc PAM4 bi nhiém ning nhit & mirc 5,0%.
Trong khi vu Déng, cac cong thirc hdu nhu khong bi nhiém.
Trong 4/16 cong thirc bi nhiém thi P3M4 va P4M4 bi nhiém
nang nhit & mac 4,0 va 5,0%. Nhin chung, trén chan dat lna
kém hiéu qua thi it bi nhiém bénh kho véan & ca hai vy thi
nghiém.

Tai diém Nam Phwong Tién (huyén Chuong M¥): vu
Xuén nam 2021, so voi chan dat mau & diém Son Da, huyén
Ba Vi va chan dat lua kém hiéu qua, thi cac cong thic trén
chan dat chuyén trong ngd bi nhidm bénh khé van ning. Chi
¢6 2 cong thirc PIM1 va P2M1 1a khong bi nhiém (0,0%), con
lai cac cong thiic déu bi nhidm bién dong tu 2,0 dén 6,0%,
dién hinh c6 hai cong thirc 1 PAM3 va P4M4 bi nhiém ning
nhat & mirc 5,4 va 6,0%. Trong khi vu Dong cac cong thirc
hau nhu khong bi nhidm. Trong 5/16 cong thirc bi nhidm thi
P3M4 va P4M4 bi nhiém ning nhat & mic 4,4 va 5,0%.

3.3. Anh hwéng ciia mét dp va liéu lwong phin bén dén
ndng sudt thue thu ciia giong ngé lai VS201 trong cdc thi
nghiém vu Xudn va vu Dong 2021

Két qua theo ddi & bang 4 cho thdy, liéu lvong phan bén
va mat do gieo trong da anh hudng dén nang suét thuc thu cia
giéng ngd lai VS201.
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Bang 4. Anh hwéng ciia mat dd va liéu lwong phan bén dén ning
suat thye thu ctia gidng ngé lai VS201 trong cac thi nghiém vu Xuan
vavu béng 2021.

Thoi gian sinh trudng Ning suit thre thu

:i'lf:i‘ncg BWi gziﬁc ;Iljt;uong Bl g:iéc ZC‘Z;an B g:;?c ;‘z;wang B g:;ic ;‘[hﬁmg
Xuin - Dong  Xuin ~ Diong  Xuan  Dong  Xuin  Ding Xuan  Ding Xuin  Dong
1190 1060 1190 1070 1190 1060 7181 6978 7061 6811 6957 6753
PIM2 1190 1060 1190 1070 1190 1060 73,67 7162 7265 70,05 7085 6852
PIM3 1190 1060 1190 1070 1190 1060 7543 7313 7443 LS4 443 MM
PIM4 1200 1060 1200 1070 1200 1070 7325 7025 738 6921 7227 7060

1

1

1

1

PIMI

PIMI 1200 1070 1200 1070 1200 1070 7451 7251 7351 7251 M54 7054
M2 1200 1070 1200 1070
PM3

200 1070 7620 7420 7621 7421 7581 7282

200 1070 1200 1080 1200 1080 8213 7989 80,12 7882 8091 7876

M4 1200 1070 1200 1080 1200 1080 7591 7391 7582 7382 7609 7405
P3MI 1200 1080 1200 1080 1200 1080 7380 7081 7323 7182 7512 7402
PM2 1200 200 1080 7572 321505 T3S AT 1S

P3M3 1200
P3M4 1200 1090 1200 1090

1

|

| 00 1090 7791 7571 7613 7413 7613 7314
|

PAMI 1220 1100 1230 1100

1

|

1

200 1090 7517 315 7498 7298 12 12
30 100 T8 OTLI8 48 T8 B 772

|

1

|

S 1

080 1190 1080 1
090 1200 1090 12

1 |

|

|

|

|

PMD 120 1100 130 100 130 100 TSI B BB W5 MH 1%
PG 120 1100 130 1100 130 100 767l I 7591 19 B I
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Tai diém Son Pa (huyén Ba Vi): vu Xuén, nang suét thuc thu
cua cac cong thire bién dong tir 71,81 dén 82,13 ta/ha. Két qua phan
tich thong ké cho thdy, twong tac gitta mat do gieo trong va licu
luong phan bén co anh huong dén nang suat thye thu. Cong thirc
P2M3 ¢6 nang suat thuc thu cao nhét, dat 82,13 ta/ha, cao hon céc
cong thirc con 1}.11 ¢ mire tin cdy 95% (LSD, ;=5,12 ta/ha). Phén
tich riéng yeu to phan bon thi cac mirc phan bon khac nhau c6 sy
khéc biét vé ning sudt thyc thu & mirc phan bon P2 cho trung binh
nang sudt thuc thu cao nhat (dat 77,19 ta/ha), cao hon trung binh
cac mic P1 va P4 6 muc tin cdy 95% (LSD, =2,12 ta/ha). Phan
tich riéng yéu to mat do: Khi gieo & mat do khac nhau, trung binh
nang suat thyc thu ¢6 su khac biét: & mat do M3 (65.000 cay/ha)
trung binh nang suat thuc thu cao nhat dat 78,05 ta/ha, cao hon
trung binh cac mirc con lai & muc tin cay 95% (LSD0’05=2,17 ta/ha).

Vu Dong, nang suat thuc thu ciia céc cong thurc bién dong tur
09,78 dén 79,89 ta/ha. Cong thuc P2M3 c6 nang suat thuc thu
cao nhat dat 79,89 ta/ha, cao hon cac cong thirc con lai & muc tin
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cdy 95% (LSD,,=4,49 ta/ha). Phdn tich riéng yéu t6 phan bén thi
cac muic phan bon khac nhau c6 sy khac biét vé nang suat thuc
thu & cic mic phan bon P2, trung binh ning suat thuc thu cao
nhit cing dat cao hon trung binh cac mirc con lai & mic tin ciy
95% (LSD,,=2,09 ta/ha). Phan tich riéng yéu t6 mdt do: & mt
do M3 (65.000 cay/ha) trung binh ning suat thuc thu cao nhat
dat 75,55 ta/ha, cao hon trung binh M1 va M4 ¢ mtc tin cdy 95%
(LSD,,;=1,49 ta/ha) va twong duong véi trung binh M2.

Tai diém Sai Son (huyén Qudc Oai): vu Xuén, nang suét thuc
thu cta cac cong thire bién dong tir 70,61 dén 80,12 ta/ha, trong
tac gitta mat do gieo trong va liéu lwgng phan bon co anh huong
dén nang sut thuc thu. Cong thirc P3M3 cho ning suat thyc thu
cao nht dat 80,12 ta/ha cao hon céc cong thirc con lai 6 mirc tin
cdy 95% (L‘SDO’OS=4,,38 ta/ha). Cac murc phan bon khac nhau c6 su
khac biét vé nang suat thuc thu: & mic phan bon P3 cho trung binh
nang suat thuc thu cao nhét dat 76,74 ta/ha, cao hon trung binh céc
mirc P1 va P4 ¢ mure tin cdy 95% (LSD, ,=2,08 ta/ha). Khi gieo ¢
mat do khac nhau trung binh nang suat thyc thu c6 sy khac biét: ¢
mat d6 M3 (65.000 cay/ha) trung binh ning suat thuc thu cao nhat
dat 76,90 ta/ha, cao hon trung binh cdc muc con lai & muc tin cdy
95% (LSD,,;=2,37 ta/ha).

Vu Pong, ning suat thyc thu cia céc cong thire bién dong tir
68,11 dén 78,82 ta/ha. Cong thirc P3M3 c6 ning suét thuc thu
cao nhat dat 78,82 ta/ha, cao hon céc cong thuc con lai & muc
tin cdy 95%. (LSD, ,=4,36 ta/ha). Mirc phan bon P3, trung binh
nang suat thuc thu cao nhat dat 74,94 ta/ha, cao hon trung binh
cac murc con lai & muc tin cdy 95% (LSD0,05:2’35 ta/ha). Mét do
M3 (65.000 cay/ha) trung binh nang suat thyc thu cao nhat dat
74,35 ta/ha, chi cao hon trung binh M1 va M4 ¢ muc c6 y nghia

95% (LSD, ;=149 ta/ha).

Tai diém Nam Phuong Tién (huyén Chuong M§): vu Xuén,
ning suat thyc thu cia céc cong thic bién dong tir 69,57 dén
80,91 ta/ha. Cong thuc P3M3 cho nang sut thuc thu cao nht dat
80,91 ta/ha, cao hon cac cong thirc con lai & muc tin cdy 95%
(I‘JSDO,O5=3,’67 ta/ha). Cac muc phan bon khac nhau c6 su khéac biét
vé nang suat thuc thu & mirc phan bon P3 cho trung binh ning suat
thyc thu cao nhét dat 76,73 ta/ha, cao hon trung binh cac muc P1
va P4 & muc tin cdy 95% (LS]’)0505=1,67 ta/ha. Khi gieo ¢ mat do
khac nhau, trung binh nang suat thuc thu c6 su khac biét & mat do
M3 (65.000 cay/ha), trung binh ning sudt thuc thu cao nhat dat
76,90 ta/ha, cao hon trung binh cac murc con lai & muc c6 y nghia
95% (LSD, ,;=2,77 ta/ha).

Vu Pong, ning suat thuc thu cia céc cong thirc bién dong tir
67,11 dén 77,82 ta/ha. Cong thirc P3M3 ¢6 ning suat thyc thu cao
nhat dat 77,82 ta/ha, cao hon céc cong thuc con lai & muc tin cay
95% (LSD,,;=3,71 ta/ha). Mirc phan bon P3, trung binh néng suat
thuc thu cao nhat cung dat 75,66 ta/ha cao hon trung binh cac
muc con lai & mie tin cdy 95% (LSDO,05:1,71 ta/ha). Mét do
M3 (65.000 cay/ha) trung binh nang suat thuc thu cao nhat dat
74,35 ta/ha, cao hon trung binh M1 va M4 ¢ muc c6 y nghia
95% (LSD,,i=1,57 ta/ha).
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Nhu vay, qua 2 vu thi nghiém tai 3 diém nghién ctru da xac
dinh dugc cong thirc P2M3 (mte phan bén P2: 2,0 tin HCSH:
160N: 105P,0,: 90K, 0; mat d¢ gieo trong M3 (65.000 cay/ha))
tuong ing khoang cach 65x23 cm cho nang suat cao nhat trung
binh 2 vu va 3 diém dat tir 78,82 dén 82,13 ta/ha.

3.4. Anh hwéng ciia mgt dj va liéu lwgng phin bon dén
hiéu qua kinh té ciia giong ngoé lai VS201 trong cdc thi nghiém
vu Xudn va vu Dong 2021

Dé x4c dinh mat do gieo trong thich hop va lidu lugng phan
bon hop 1y cho gidng ngd lai VS201, ngoai viée theo ddi danh
gia dic diém nong sinh hoc, kha ning chdng chiu va ning suat
thi viéc danh gia hiéu qua kinh té cta cac cong thic ciing rat
quan trong, dugc tinh bé‘lng ty 1¢ phﬁn tram cua loi nhuan so véi
tong doanh thu. Két qua dugc trinh bay & bang 5.

Bang 5. Anh hwéng clia mat d va liéu lwong phan bon dén hiéu
qua kinh té caa giong ngo lai VS201 trong cac thi nghiém vu Xuan va
vu béng 2021.

Hiéu qua kinh t (%)
m ™ g Sii Som Nan Phicng Tién
thite Trung binh
Xudn Dong Xudn Dang Xudn Dong

CTl PIMI 240 2175 09 978 A5 1907 23]
M M 259 38l 49 06 0K UL B
P 206 B4 26,76 BROWT6 WH B
(4 PIM4 2555 1N 255 A0 USL 2B Bl
Cls  PMI 416 20 310 974 M 1971 28l
6 PM2 B89 Y 188 nBBH 0B Wl
M3 3138 2940 284 BE UM UM 2
(T8 PMé 559 B3H 48 N3N DO MUD
(m  PBM 2000 17,07 072 1961 BI8 094 2040
CTio P2 2276 2061 3,10 AW AT NG 266
CTIL PM3 2499 2209 2581 B BY NN 2648
T2 M4 218 19.98 53 090 0B 9% 236
CTIZ  PAML 1800 1562 19,13 TR LA (1) S L S VA
CTl4 PAM2 2015 1,7 179 407 1888 1659 1756
CTIS  PAM3 2118 18,34 203 169 1800 1685 1861
CTI6  PAM4 1842 16,07 1797 441930 1705 170

Tai diém Son Pa (huyén Ba Vi): vu Xuén, 6 cong thirc cho
hi¢u qua kinh té cao la: P1IM2, P1IM3, P2M2, PIM4, P2M2 va
P2M3 dat trén 25%. Dién hinh, cong thitc P2M3 cho hiéu qua
kinh té cao nhat dat 31,38%, hai cong thirc PAMI va P4M4
cho hidu qua kinh té thép nhat chi dat 18,00 va 18,42%. Vu
Dong, hidu qua kinh té ctia cac cong thirc thip hon, dao dong tir
15,62% (cong thirc P4AM1) dén 29,40% (cong thirc P2M3), tiép
dén 1a cong thirc PIM3 (dat 25,42%) va P2M2 (dat 23,84%).

Tai diém Sai Son (huyén Qudc Oai): vu Xuén, 4 cong thic
cho hi¢u qua kinh té cao la: P1IM3, P1M4, P2M3 va P3M3 dat trén
25%. Cong thirc P2M3 cho hiéu qua kinh té cao nhat dat 28,04%,
hai cong thirc PAM2 va P4M4 cho hiéu qua kinh té thap nht chi
dat 17,93 va 17,97%. Vu bong hiéu qua kinh té cua cc cong thure
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thap hon dao dong tir 14,07% (cong thirc PAM2) dén 25,88%
(cong thire P2M3), tiép dén 1a cong thirc P2M3 (dat 23,76%) va
PIM3 (dat 23,72%).

Tai diém Nam Phuong Tién (huyén Chwong M§): vu Xuan
nam 2021, 5 cong thirc cho hiéu qua kinh té cao la: PIM3, P2M2,
P2M3, P2M4 va P3M3 dat trén 25%. Cu thé, cong thirc P2M3
cho hidu qua kinh té cao nhét dat 27,84%, hai cong thirc P4M2
va PAM3 cho hiéu qua kinh té thap nhét chi dat 18,88 va 18,00%.
Trong khi d6, vu DPong hiéu qua kinh té ciia cac cong thirc thap
hon, dao dong tir 15,55% (cong thitc P4M1) dén 24,84% (cong
thirc P3M3) tiép dén 1a cong thitc PIM3 (dat 24,69%) va P2M3
(dat 22,70%).

Tém lai, qua 2 vu thi nghié¢m tai 3 diém nghién cuu da xac dinh
duoc cong thire P2M3 (mtre phan bon P2: 2,0 tin HCSH: 160 kg
N: 105 kg P,O.: 90 kg K.0; mét do gieo trong M3 (65.000 cay/ha)
tuong tng khoang cach 65x23 c¢cm cho hi¢u qua kinh té cao nhat,
trung binh 2 vy va 3 diém dat 27,89% (P2M3).

4. Két luan

Mat d¢ gieo trong thich hop cho gidng ngo lai VS201 14 65.000
cy/ha (twong ing khodng cach 65x23 cm) va cong thirc phan bon
phi hop cho 1 ha 1a: 2,0 tan phan HCVS + 160 kg N, 105 kg PO
90 kg K,O. Vi mét d§ va licu lugng phan bon nhu trén, cdy ngd
sinh truong, phat trién khoe, thoi gian sinh truong tir 109,0 dén
120,0 ngay, chiéu cao cay tu 215,6 dén 234,9 cm, chiéu cao dong
ba‘ip 111,0 dén 122,6 cm, nhiém sau bénh nhe, nang suit cao dat tur
79,89 dén 82,13 ta/ha tai Son Da, huyén Ba Vi; tir 78,82 dén 80,12
ta/ha tai Nam Phuong Tién, huyén Chuong My va tir 79,76 dén
80,91 ta/ha tai Sai Son, huyén Quéc Oai, cho hiéu qua kinh té dat
24,84 dén 31,38%.
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Anh hwing ciia cic hat nano cobalt, dong va molybden trioxide
lén giai doan ra ré in vitro cta cay Dau tay (Fragaria x ananassa Duch.,)
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Tém tit:

Nghién ctru nay da chirng minh ('Ilrg:c tac dong tl’c,h cuc ctiia CoNPs, CuNPs Va‘} MoO,NPs Ién kha ning ra ré in vitro ciia ciy Dau
tay (Fragaria % ananassa Duch.). Két qua cho thay, cdy Dau tiy dwgc nudi cay trén méi truwong Murashige va Skoog (MS) thay
thé mudi CoCl,.6H,0 bang 6,2 pl/l CoN,Ps (ty 18 1:1) sau 30 ngay nudi cdy cho chiéu cao cy, sb 14, s6 ré, chiéu dai ré, trong lrgng
twoi, trong lwong khé va SPAD cao nhat (twong wng la: 4,80 cm, 13 1a/cdy, 15,67 ré/cay, 1,97 cm, 248,33 mg, 25,56 mg, 48,70) so
véi méi trweomg MS co ban (khong c6 CoNPs) va cic nghiém thirc con lai. Ngoai ra, méi trwomg MS thay thé mudi CuSO SH,0
bang 6,4 pl/l CuNPs (ty 1€ 1:1) la toi wu nhat ve so 1a (15 ld/cay), so re (16,67 ré/cay), chieu dai re (2,5 cm), trong lwgng twoi (224,60
mg), trong lirgng khé (22,86 mg) so véi cic nghiém thire con lai sau 30 ngay nudi cdy. Nhimg phat hi¢n tir nghién ctru nay vé vige
thay thé cac mudi vo co (CoCl,.6H,0, CuSO_.5H,0 va Na,MoO,.2H,0) trong méi trudng MS bing CoNPs, CuNPs va MoO,NPs
gitip mé ra cac hwdéng nghién ciru méi va cdi thién qua trinh vi nhan giong cia cay Dau tay.

Tir khoa: cay Dau tiy, nano cobalt, nano d(“)ng, nano molybden trioxide, ra ré.

Chi 56 phén logi: 4.1, 4.6

Effect of cobalt, copper and molybdenum trioxide nanoparticles on in vitro

rooting stage efficiency of strawberry (Fragaria x ananassa Duch.)
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Abstract:

This study has demonstrated the positive effects of CoNPs, CuNPs and MoO,NPs on the in vitro rooting ability of
strawberry (Fragaria x ananassa Duch.). The results indicated that strawberry plants cultured on Murashige and Skoog
(MS) medium, in which COCl,.6H,0 was replaced with 6.2 pl/l CoNPs (1:1 ratio), resulted in the best growth indicators of
plant height, number of leaves, number of roots, root length, fresh weight, dry weight and soil plant analysis development
(SPAD) after 30 days of culture (4.80 cm; 13 leaves/plantlet; 15.67 roots/plantlet; 1.97 cm; 248.33 mg; 25.56 mg; 48.70;
respectively), which were higher than those observed in plants cultured on the basal MS medium (without CoNPs) and
the other treatments. In addition, MS medium supplemented with 6.4 ul/l CuNPs replacing CuSO,.5H,0 salt (ratio 1:1)
gave optimal results in terms of number of leaves (15 leaves/plantlet), number of roots (16.67 roots/plantlet), root length
(2.5 cm), fresh weight (224.60 mg), dry weight (22.86 mg) compared to the remaining treatments after 30 days of culture.
These findings are promising and open up exciting possibilities for further research and advancements in Strawberry
micropropagation.

Keywords: cobalt nanoparticles, copper nanoparticles, Fragaria x ananassa Duch., molybdenum trioxide, rooting stage.

Classification numbers: 4.1, 4.6
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1. Ddt van de

Cay Dau tay (Fragaria x ananassa Duch.) thudc ho Hoa
hong (Rosaceae), 1a mot trong nhitng loai cdy 4n qua phd
bién va duoc tr@)ng rong rai trén toan cau. No duoce biét dén
v6i huong vi thom ngon va ngot ngao, mau dé ruc rd va mui
thom. Chinh vi tim quan trong vé kinh té nén nhu ciu cay
Déu tay chat luong cao trong nganh ndéng nghiép ngay cang
tang, tuy nhién, cic phuong phap nhan gidng Dau tay thong
thuong nhu chia nhanh va wom hat bi han ché do ty 1€ nhan
giéng cham va dé nhiém bénh. Bén canh d6, su phu thudc
vao mua vu va diéu kién sinh truong ciing 1a mot sb yéu td
han ché khac trong qua trinh nhan gidng [1].

Ngay nay, vi nhan gidng da trg thanh mot k¥ thuét quan
trong trong nhan giéng thuong mai nhiéu loai thyc vat vi
nhitng uu diém nhu: tao ra mot s6 lugng 16n céc cay dong
nhit trong thoi gian ngin, dic biét day 1a mot trong nhiing
ky thuat co thé tao ra ciy con sach virus thong qua nudi
cdy mo phan sinh [2-4]. Tuy nhién, trong qua trinh vi nhan
gidng, van ghi nhan mot s6 hién tuong bit thuong & thuc
vat nhu hoai tir dau choi, 14 bi vang va rung, khi khong bi
rdi loan chtrc ndng, 1am giam chét luong chdi, cay con va ty
1¢ sdng trong diéu kién vuon wom [5]. Mot trong nhiing van
dé thuong gip trong nhan gibéng in vitro ciy Dau ty 1a hién
tugng thuy tinh thé, cay sinh truong va phat trién cham dan
dén 1am giam ty 18 sdng sot cua cdy con khi chuyén ra diéu
kién vuon wom do chat luong ciy con giam [6].

Moi truong Murashige va Skoog (MS) la mdt trong
nhitng moi truong nudi ciy nodi tiéng va duge str dung rong
rdi nhét trong nudi céy mé té bao thuc vat. Cobalt (Co),
ddng (Cu) va molybden (Mo) 1a nhimng vi luong thiét yéu,
doéng vai tro quan trong trong qua trinh sinh truong, phat
trién va trao doi chat cua thyc vat [7, 8]. Trong qua trinh vi
nhan gidng thuc vat, cic nguyén té nay thudng duoc thém
vao modi truong nudi cdy dé ting cuong kha nang hip thy
chat dinh dudng ciia thuc vat va hd tro cac qué trinh sinh 1y
khac nhau, bao gdm hat nay mam, tai sinh chdi va sy phat
trién clia mau céy. Su hién dién ctia chiing trong moéi truong
nudi ciy c6 thé lam tang ham luong chit dinh dudng va anh
huong dén cac chi sb sinh hoa khac nhau trong qua trinh
sinh truong va phat trién ciia cdy trong. Gidng nhu nhiéu
chat dinh dudng thiét yéu khac, Co, Cu, Mo thuong dugc
cung cip ¢ dang mubi vo co trong méi trudng nudi cdy mo
thuc vat. Mic du cac mudi vo co nay cé thé cung cap cac
chat dinh dudng vi lugng can thiét cho sy phat trién cia
thuc vat, nhung viéc hép thu va sur dung ching cuia thuc vat
trong diéu kién nuéi cy in vitro d6i khi c6 thé gap kho khin
do ching thuong ton tai & dang mudi v6 co véi kich thude
hat 1on [9].
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Dé khéc phuc van d& nay, nhidu nghién ctru di ing dung
cong nghé nano trong vi nhan gidng cdy trong nham cai
thién moéi truong nudi cdy ciing nhu ting kha ning sinh
truong va phat trién cht luong cdy con. Cong nghé nano la
mot linh vuc khoa hoc, k¥ thuat va cong nghé da nganh lién
quan dén vat liéu, ciu trac va thiét bi ¢ c?ip d0 nano. Cac
nghién ciru gin day di chi ra rang, cc hat nano cobalt va
dong (CoNPs, CuNPs) co thé 1a ngudn vi chat dinh dudng
tiém ning dé thay thé mudi vo co trong méi truong nudi ciy
[10-12]. Viéc thay thé CoCl, .6H,0 bang CoNPs trong moi
truong MS da cho thdy nhiing két qua tich cuc trong viéce cai
thién kha nang ra r&, ciing nhu khéc phuc céc hién tuong bat
thudng trong qua trinh nhan gidng in vitro cay hoa dong tién
[13]. Tuy nhién, nghién ctru vé viéc thay thé cac mudi vo
co bang CuNPs va molybdenum trioxide (MoO,NPs) trong
mdi truong nudi céy con han ché. Pac biét, viéc thay thé 3
loai nano (CuNPs, CoNPs va MoO,NPs) trong moi truong
ra 1é in vitro & cAy DAu tiy van chua dugc thuc hién. Chinh
vi vay trong nghién ctru nay, tdc dong don 1¢ ctia 3 loai nano
kim loai (CoNPs, CuNPs, MoO,NPs) trong vi¢c thay thé
3 loai mudi vo co (CoCl,.6H,0, CuSO,.5H,0, MoO,NPs)
trong moi trudng tao ré in vitro 1én kha ning ra ré, sinh
trudng va phét trién cta cdy Dau tdy da duoc thyc hién.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Chdi cay Dau tay in vitro mot thang tudi (Fragaria x
ananassa Duch.) co chiéu cao 3 cm va chat lugng tdt tai
Phong Sinh hoc Phén tir va Chon tao giéng ciy trong, Vién
Nghién ctu Khoa hoc Tay Nguyén dugc sir dung lam vat
liéu ban dau.

2.2. Dung dich nano kim loai

Nano CoNPs, CuNPs va MoO,NPs (500 ppm) véi kich
thudc trung binh 20-60 nm dugc cung cap bdi Vién Han 1am
Khoa hoc va Cong nghé¢ Viét Nam.

2.3. Méi trwong nuéi ciy

Méi truong nudi cdy voi nguyén liéu ban dau 1a moi
truong MS [14] (Sigma-Aldrich, My) c¢6 bd sung 30 g/l
sucrose (Dong Nai), 8 g/l agar (Viét X0, Cong ty Phan Tran,
TP H6 Chi Minh).

MS1: Moi truong ra ré (mdi truong MS cai bién -
CoNPs) la méi truong MS da loai bo CoCl,.6H, O va b6
sung CoNPs ¢ cac nong d6 khac nhau (1,55; 3,10; 6,20;
9,30; 12,4 pl/l, trong Gmg voi 1/4, 1/2, 1, 3/2 va 2 1an ndng
dd CoCl,.6H,0 c6 trong moi truong MS co ban) va 0,2 mg/l
NAA (1-Naphthaleneacetic acid; Sigma-Aldrich, M¥).
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MS2: Mbi truong ra ré (méi truong MS cai bién -
CuNPs) la méi truong MS da loai b6 CuSO,.5H,0 va b6
sung CuNPs ¢ cac néng d6 khac nhau (1,60; 3,20; 6,40;
9,60; 12,8 pl/l, tuong tmg vai 1/4, 1/2, 1, 3/2 va 2 1an ndng
d¢ CuSO,.5H,0 c¢6 trong mdi truong MS co ban) va 0,2
mg/l NAA.

MS3: Moi truong ra ré (méi truong MS cai bién -
MoO,NPs) la méi truong MS da loai bo Na,MoO,.2H,0 va
bd sung MoO,NPs ¢ céc néng d0 khac nhau (37,25; 74,50;
149; 223,5; 298 pl/l, twong Gng voi 1/4, 1/2,1,3/2 va 2 lan
nong do Na,Mo0O,.2H,0 ¢6 trong mdi truong MS co bén)
va 0,2 mg/l NAA.

Tat ca cac mdi truong nudi cay duge diéu chinh vé pH
5,8 trudc khi hip khir tring & 121°C, 1 atm trong 30 phiit.

2.4. Anh hwong ciia CoNPs dén kha néng ra ré ciia cdy
Diu tiy nudi cdy in vitro

Chdi cay Dau tay in vitro (3 cm) dugce nudi cdy trén moi
truong ra r& MS1. DPdi ching 1a méi trudong MS co ban ¢
bd sung 0,2 mg/l NAA. Sé 14, s6 ré, chidu cao cdy (cm)
(duge do tir dinh 14 cao nhat dén gbc chdi), chiéu dai ré
(cm), ham luong diép luc tong sé (SPAD) (duoc do bang
may SPAD 502 cam tay), khdi lugng tuoi (mg), khbi lugng
kho (mg). Két qua dugc ghi nhan sau 30 ngay nudi cay.

2.5. Anh hwéng ciia CuNPs dén kha néng ra ré ciia
cdy Diu tdy nudi cdy in vitro

Choi cay Dau tay in vitro (3 cm) dugc nudi cdy trén moi
truong ra ré MS2. Béi ching 13 méi truong MS co ban ¢6 bd
sung 0,2 mg/l NAA. Sau 30 ngay nudi cdy, cic chi tidu nhu
sO 1a, s6 1&, chiéu cao cdy (cm), chiéu dai ré (cm), SPAD,
khéi lwong twoi (mg), khéi lugng khé (mg) duge ghi nhan.

2.6. Anh hwong cia MoO ,NPs dén khd nang ra ré ciia
cdy Ddu tdy nuéi cay in vitro

Chéi cay Dau tay in vitro (3 cm) dugc nudi cdy trén moi
truong ra ré MS3. Bdi ching 1a moi truong MS co ban ¢d bd
sung 0,2 mg/l NAA. Sau 30 ngay nudi cdy, cac chi tiéu nhu
s6 14, s6 ré, chiéu cao cay (cm), chiéu dai ré (cm), SPAD,
khdi lwong twoi (mg), khéi lugng kho (mg) duge ghi nhan.

2.7. Phén tich thong ké

Tat ca cac thi nghiém trong nghién ctru nay duoc lap
lai 3 1an v6i 10 mau/nghiém thirc va 3 mau/binh. Tét ca sd
liéu dugc xir Iy bang phan mém Microsoft Excel 2021 va
phan mém phan tich thong ké SPSS 26.0 theo phuong phap
Duncan’s test voi p<0,05 [15].
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3. Két qua va ban luan

3.1. Anh huwong ciia CoNPs dén kha néng ra ré ciia ciy
Dau tiy nuéi cdy in vitro

Sau 30 ngay nudi cdy, qua trinh sinh truong va ra ré in
vitro cia cdy Dau tay trén moi truong ra r& (MS cai bién -
CoNPs) duoc ghi nhan va trinh bay trong bang 1, hinh 1.
Ty 18 ra r& dat 100% & tat ca cac nghiém thirc c6/khong co
CoNPs.

Bang 1. Anh hwéng cua cac néng dd CoNPs thay thé mudi
CoCl,.6H,0 dén sw sinh trwéng in vitro va ra ré cia cay Dau tay
sau 30 ngay nudi cay.

GPOR g T e
DC' 463018 1000£1,00°  10,66+120%¢  149£0,04 4157108 210,66£2,03  21,67+0,20°¢
155 437015 10,67+0,88°  1233£088%  1,630,03  4220¢140° 224,00:28%°  23,062032°
300 467:0,15° 120061730 13,6720 189008 46,100,600  236,00£5,13°  24,2640,55*
620 480015 13001000 1567:088  197:0,03*  4870£0,55 248334670  2556£0,50°
930 4,130,015  9,00£0,00° 933£133¢ 11420060 39,77x0,61%  198,00£5,89¢  20.40£0,57
1240 373015 11,0041,73%  73341,20¢ 107004 37,1603 185332296  19,10:0,32¢

*Déi chirng: Méi trrrng MS khong cé nano cobalt, trung binh + SE (Sai
s6 chuén) va cac ch cai khac nhau (a, b,...) trong cing mét cot thé
hién sw khac biét cé y nghia thdng ké v&i p<0,05 (ther nghiém Duncan,
n=30).

Hinh 1. Anh hwéng clia cac néng dé6 CoNPs thay thé mubi
CoCl,.6H,0 dép st sinh trwéng in vitro va ra ré cia cay Dau tay sau
30 ngay nudi cay. Doi chirng: 3,10; 6,20; 9,30; va 12,40 pl/l; trai sang phai.
Bar: 2,0 cm. Déi chirng: Méi trudng MS khéng cé nano cobalt.

Két qua cho thdy, viéc bd sung CoNPs thay thé
CoCl,.6H,0 trong mdi truong da cdi thién dang ké kha nang
sinh truéng va ra ré ciia cay Dau tay in vitro. Cac chi tiéu
sinh trudng nhu chiéu cao cay, s6 14, sb 12, chiéu dai ré, chi
s0 SPAD, khdi lugng twoi, khdi lugng kho tang ty 1é thuan
v6i ndng d6 CoNPs tir 1,55 dén 6,2 ul/l (bang 1, hinh 1).
Cay con nudi cdy trén moi trudng bd sung 6,2 ul/l CoNPs
thé hién kha nang sinh truong va ra ré tot nhat; diéu nay thé
hién qua ) lugng ré (15,67 ré/cay con) va chiéu dai r& (1,97
cm) cao nhét so véi cac nghiém thic con lai. Bén canh do,
cac chi tiéu sinh truong nhu chiéu cao cdy (5,13 cm), s6 1a
(13 la/cay), khdi lugng tuoi (260,33 mg), khéi luong kho
(52,06 mg) cua ciy con ¢ nghiém thirc nay déu cao hon so

n



v6i ddi ching va duge tdi uu so voi cac nghiém thire con lai.
Ngoai ra, CoNPs con kich thich qua trinh sinh tong hop séic
t6 quang hop. Cu thé, & ndng d6 6,2 pl/l CoNPs ham lugng
chlorophyll tong sb trong 1a dat cao nhét (48,70).

Nguoc lai, nong do cao ciia CoNPs (9,3 ul/l) lam giam
1d rét chit lwong ciy con. Sy ting trudng cia ciy con in
vitro trong nghiém thtrc nay giam dang ké, bao gdm chiéu
cao cay (3,73 cm), s6 1a (11 la/cay), chi sé SPAD (37,16),
khdi lwong tuoi (185,33 mg) va khdi lugng kho (19,10 mg).

Trong cac nghién ciru trude day, CoNPs trong moi
truong nudi cdy cho thay kha ning gitp cai thién chat
luong cdy con in vitro, tir d6 ting ty 1& sdng sot trong vuon
uom [9]. Ngoai ra, 4,65 pl/l CoNPs dugc st dung thay cho
CoCL.6H,0 c6 hiéu qua ddi véi su ra ré in vitro cua hoa
dong tién ciing nhu giam hién twong thiy tinh hoa, vang la
va héa nau clia mau cdy ciing nhu kha nang thich nghi, ting
trudng cua ching va giai doan ra hoa [13].

Tat ca nhiing két qua nay chi ra rang, CoNPs c6 thé kich
thich hodc tc ché su phat trién cia ciy con tiy thudc vao
céc ndng d6 khac nhau dugc sir dung. Két qua cho thiy, moi
trudng MS bo sung 6,2 pl/l CoNPs thay thé CoCL.6H,0 1a
moi truong t6i wu cho sy sinh truong va ra ré in vitro ciia
cay Dau tay.

3.2. Anh hwéng ciia CuNPs dén khd néing ra ré ciia
cdy Diu tdy nudi cdy in vitro

Sau 30 ngay nudi cdy, qua trinh sinh trudng va ra 1& in
vitro ctia cdy Dau tay trén moi truong ra ré (MS cai bién -
CuNPs) dugc ghi nhan va trinh bay trong bang 2, hinh 2.
Ty 16 ra ré dat 100% o tat ca cac nghiém thirc co/khong co
CuNPs.
Bang 2. Anh hwéng cia cac néng do CuNPs thay thé mubi

CuSO0,.5H,0 dén sw sinh trwéng in vitro va ra ré cta cay Dau tay
sau 30 ngay nudi céy.

o aew W gt R e
BC 460350367 10001000 10661,15°  149<0,16% 41572061 210,66:437  2167H044°
16 3534003 12,0040,73% L6700 1754005 34231270 189,33:2.85¢  19,30+0,28!
32 360+0,10%  1167+1,73% 120061730 1520,17 36232095 21533338 2193+034°
0,4 4134012 1500033 16671088 250,17 4040+136  22460:318  22,86+035
9.6 3306000 1067088 800+058"  LITH0,05  3416£130° 170,33:2.96°  1830+030¢

128 213050 1300£1,00° 8674102 095£025¢ 3373038 179,66£145  1733:0,16°

*Pdi chirng: Mai trudng MS khong ¢é nano déng, trung binh+SE (Sai
sb chuan) va cac chi¥ cai khac nhau (a, b...) trong cting mot cot thé
hién sw khac biét cé y nghia théng ké véi p<0,05 (thtr nghiém Duncan,
n=30).
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Hinh 2. Anh hwéng cia cac ndng dé CuNPs thay thé mubi
CuSO0,.5H,0 dén sw sinh trwdng in vitro va ra ré cta cay Dau tay
sau 30 ngay nudi cay. Doi ching; 1,6; 3,2; 6,4; 9,6 va 12,8 pl/l; tréi sang
phai. Bar: 2,0 cm. Di chirng: Méi truong MS khéng cé nano dong.

Két qua cho thay, CuNPs & ndng do thich hop khéng chi
cai thién dang ké su phat trién ctia ciy con ma con cai thién
kha ning ra ré so voi nghiém thirc d6i chimg. Cac chi tiéu
sinh truéng nhu chidu cao cdy, chidu dai 14, SPAD, trong
lwong twoi va trong lugng khé ting ty 18 thudn véi ndng do
CuNPs tir 1,6 dén 6,4 pl/l. Cay con duoc nudi cdy trén moi
truong MS bo sung 6,4 pl/l CuNPs 1a tdi wu nhat cho kha
nang ra ré. SO lugong ré va chiéu dai ré (16,67 ré va 2,5 cm)
cao nhat so véi cac nghiém thie con lai, ké ca dbi chung
khong str dung CuNPs. Tuy nhién, cac chi tiéu sinh trudng
nhu chidu cao ciy (3,53 cm) va SPAD (40,40) lai thap hon
dbi chimg, nhung cay Dau tiy & nghiém thirc d6i chimg co
14 nho, than manh va dé giy khi Iy ra binh nudi ciy (hinh
2). Bong thoi, khi sir dung ndong d6 CuNPs ¢ muc cao hon
6,4 ul/l s& e ché qua trinh sinh trudng cua cdy Dau tiy,
lam cho tit ca cac chi tiéu sinh trudng giam rd rét. Theo
F. Perreault va cs (2013) [16], néng d6 CuNPs cao hon tac
dong tiéu cuc dén ham luong chét diép luc trong 14 cay, dan
dén gié tri chi s6 SPAD thép hon. Mdi quan hé nay chi ra
rang, CuNPs c¢6 thé c6 tac dong bt loi dén qué trinh tong
hop hoac hoat dong cua chét diép luc, dan dén giam hoat
dong quang hop va kha nang gay hai cho suc khoe thyuc vat.
Tat ca nhitng két qua nay cho thiy CuNPs c6 thé kich thich
hodc e ché su phat trién cua cdy con tiy thudc vao cac
ndng d6 khac nhau dugc sir dung, méi truong MS bd sung
6,4 ul/l CuNPs thay thé CuSO ,-OH,0 1a t6i uu cho sy ra ré
in vitro cua cay Dau tay.

3.3. Anh hwéng ciia MoO NPs dén khd nding ra ré ciia
cdy Déu tiy nudi cdy in vitro

Anh hudng cia cac nong d6 khac nhau cua MoO,NPs
thay thé Na, MoO,.2H,0 (MS bién déi - MoO,NPs) dén
sinh truéng va ra ré in vitro cia cdy Dau tdy sau 30 ngiy
nudi cdy duoc ghi nhan & bang 3 va hinh 3.
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Bang 3. Anh hwéng cua cac néng d6 MoO,NPs thay thé muéi
Na,MoO,.2H,0 dén s sinh trwéng in vitro va ra ré ctia cay Dau tay
sau 30 ngay nudi cy.

x;;:))sNPs :il;iucaocﬁy Sl Sk feh(lce:ln;ial SPAD ;l'l:;n(gnllgr;mg E;(;n(ﬂ;ﬁﬂg
bC' 463:036"  10,00£100°  10,66<115°  14920,16° 4157097 210665365 21,67£1,1%
3125 ST3009° 150061730 13,67+1,76°  1,924005¢  40.83:050° 38333£696°  40,2620,69°
430 6160150 2067145 186741200 275:029° 43 56+048° 433,67+409  4553+,04*
14900 6362009 2133203 2033103 3014003 4523100 452335100 47494106
M50 603009 1833118 16,00:100° 2514023 4223105 4210045810  44,11£1,12°
29800 546:012¢ 14331000 11332088 1774003  39.23:088¢ 360674448  37.87+1,08¢

*Péi chirng: Méi treng MS khéng cé nano molybden trioxide, trung
binh +SE (sai s6 chuan) va cac chi cai khac nhau (a, b...) trong cting
mot cot thé hién sw khac biét co y nghia théng ké voi p<0,05 (thtr
nghiém Duncan, n=30).

Hinh 3. Anh hwong cua cac néng d6 MoO,NPs thay thé muébi
Na,MoO,.2H,0 dén s sinh trwéng in vitro va ra ré ciia cay Dau tay
sau 30 ngay nudi cay. Boi chirng; 37,25; 74,5; 149; 223,5; va 298 pl/l;
trai sang phai. Bar: 2,0 cm. Di chirng: Méi trwéng MS khéng cé nano
molybden trioxide.

Ty 18 ra ré dat 100% o tat ca cac nghiém thiic c6/khong
c6 MoO,NPs. Két qua cho thdy, ¢ tat ca cac nghiém thirc co
MOoO,NPs, c4c chi tiéu sinh trudng cua cdy Dau tay déu tot
hon so v6i nghiém thirc d6i chtng (bang 3). Twong tng voi
sinh truéng in vitro, cac ciy con nudi ciy trén moi truong
bd sung 149 pl/l MoO,NPs c6 sinh truong va phat trién tot
hon so v6i cac nghiém thic con lai (bang 3, hinh 3). Chiéu
cao cdy cao nhit (6,36 cm) dwoc ghi nhan ¢ nong do 149
ul/l MoO,NPs. Ngoai ra, trong nghién ctru nay ciing ghi
nhan ring cdy con in vitro dwoc nudi cdy trén moi truong
chtra 149 pl/l MoO,NPs cho sO luong ré toi da (20,33 ré/cay
con) v6i chidu dai r& (3,01 cm) cao nhit so v&i dbi ching
sau 30 ngay nuoi cay. Hon nita, nhiing cdy con nay cho thay
su phat trién t6t, 14 mau xanh dam, nhiéu ré va kich thuéc
dong déu (hinh 3). Tuy nhién, khi ting nong dd MoO,NPs
1én 298 pl/l thi chiéu cao céy (5,46 cm), sé luong ré (11,33
ré&/cay con) va chiéu dai r& (1,77 cm) giam manh (bang 3).
Ngoai ra, hinh thai bat thuong cia 14 da dugc quan sat thiy
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0 cac nghi¢m thirc 37,25 va 74,5 ul/l MoO,NPs. Hi¢n tuong
nay lan dau tién duoc mé ta bai D.I. Arnon va cs (1939)
[17], cay thiéu Mo phat trién mot kiéu hinh dic trung bao
gdm cac ton thuong va thay déi hinh théi cua 14 (dugc goi
1a “duodi roi’) va sau d6 duoc phén tich chi tiét boi nhom cua
R.J. Fido va cs (1977) [18].

Tt ca nhitng két qua nay chi ra rang, cic MoO,NPs c6
thé kich thich hodc trc ché su phat trién cta ciy con tiy
thudc vao cac nong d6 khac nhau dugc st dung. Két qua cho
thiy, méi truong MS bo sung 149 pul/l NP MoO,NPs thay
thé Na,MoO,.2H,0 la t6i wu cho sy sinh truong va ra ré in
vitro cua cay Dau tay.

4. Két luan

Mo6i truong MS bd sung 6,2 pl/l CoNPs thay thé
CoCl,.6H,0 la moi truong t6i wu cho sy phat trién va ra ré
in vitro cua cay Dau tay.

Mbi trudng MS bd sung 6,4 ul/l CuNPs thay thé
CuSO,.5H,0 la mdi truong t6i wru cho sy sinh truong va ra
1é in vitro clia cay Dau tay.

Moi trudng MS bo sung 149 pl/l MoONPs thay thé
Na,MoO,.2H,0 la m6i truong t6i wru cho sy phat trién va ra
1é in vitro ctia cay Dau tay.

Nghién ctru nay dugc hd trg kinh phi boi Chuong trinh
phat trién nhom nghién ciru xuat sic hang I vé “Nghién ctru
anh huong cia mot s6 hat nano kim loai 1én su phat sinh
hinh thai, sinh truong - phat trién, sinh 1y - sinh héa va tich
lity hop chét thir cip ctia mot sb cay trong c6 gia tri kinh té
nudi ciy in vitro”, ma s6 dé tai NCXS01.03/22-24 cia Vién
Han 1am Khoa hoc va Cong ngh¢ Viét Nam. Céc tac gia xin
chan thanh cam on.
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QUY DINH VE BAI BAO DANG TAI TREN TAP CHI

Yéu cau chung

Bai béo glii dang trén Tap chi phai la bai bao nguyén thuy (chua dugc cong bd trude do). Tac gid khong dugc gli dang bai béo trén cac
tap chi khac cho dén khi c6 quyét dinh xét duyet clia Ban Bién tap.

Bai béo dai khong qua 10 trang (bao gbm ca bang biéu, ghi chu, tai liéu tham khao va phu lyc); font chii: Times New Roman; ¢ chif 13;
kh gidy A4, 1& trén 2 cm, I& dudi 2 cm, 16 trai 3 cm, 1& phai 2 cm.

Bai bao gli qua Hé théng gli bai tryc tuyén tai dia chi https:/b.vjst.vn/index.php/ban_b/about/submissions hodc c6 thé gl truc
tiép dén Tap chi (Phong 507, s6 113 Tran Duy Hung, phudng Trung Hoa, quan CAu Gidy, Ha Noi, Viét Nam) hodc qua hom thu dién td:
khoahocvacongnghevietnam @most.gov.vn.

CA4u tric cla cac loai bai bao khac nhau cé thé thay di tly theo loai hinh nghién ctiu va néi dung clia bai bao. Sau day la chi tiét cac
thanh phan chinh clia bai bao.

Ténbai bao

- Tén bai bao dugc V|et bang tleng Viét va ti€ng Anh, trén trang du cla bai béo, in dam, khdng gach chan hay viét nghiéng.

- Tén bai béo phai ngan gon, rd rang va phu hop véi ndi dung bai bao.

- Phia dudi tén bai b4o 1 tén tac gia khong viét chiic danh va hoc ham, hoc vi. N&u ¢é nhiéu tac gia 1am viéc & cac co quan khac nhau thi
tén tac gid dugc danh s6 ("2-) & phia trén. D&u hoa thi (') chi tac gia lién hé, dugc viét § cudi trang dau tién clia bai bao.

Khi liét ké co quan cong tac cla tac gia, can néu rd tén co quan va dia chi co quan (sd nha, tén dudng, phudng, quan, thanh phé, quéc
gia) béng tiéng Viét va ti€ng Anh.

Tom tit
Tom tt bang tiéng Viét va tiéng Anh (khoang 160-250 tif). Néu dugc myc dich, phuong phap nghién ctiu chinh, két qua nghién ciiu va két
lu&n chi y&u. Tu khoa béng ca tiéng Viét va ti€ng Anh theo thi ty alphabet (it nhat 3 tii khoa). Chi sd phan loai (theo hudng dan).

1.Datvén dé/Dan nhap/Md dau

_ Dinh nghia van dé; tom qug van dé nghién cuiu da dugc cong bé trong va ngoai nudc, néu muc tiéu nghién ctu va giai thich sy lya chon
dé tai va myc tiéu nghién ctu dé thdy dugc tinh thdi sy, tinh khoa hoc va su can thiét clia van dé nghién cuu.

2. Dol tuong/VAt ligu va phuong phap nghién ciiu

Dai tugng nghién cuiu can trinh bay tiéu chuén lya chon, déc diém déi tugng nghién ciu.
Phuang phap nghlen cliu can néu rd cach tiép can nghién ctu, loai hinh nghlen ctu, phudng phap do Iudng, cong thic tinh ¢§ mau, phuong
phap x{ Iy 6 liéu, m ta ki cac ky thuat tién hanh trong nghién ctiu; cac quan diém, lap luan, y kién tranh luan, cac dn chiing...

3.Kétqud

Trinh bay day dd, khach quan céc két qua thu dugc sau nghién ctu, cac két qua nay phai phuc vu cho myc tiéu nghién ctu. Cac s6 liéu
phai chinh xac va khép véi nhau.

Phén két qua nghién cdu chi trinh bay céc két qua nghién cliu clia dé tai, khdng giai thich, so sanh va ban luan.
4.Banludn (phan nay cé thé gop vai phan két qua)

Chd yéu ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhan xét, danh gid mot cach khach quan céc két qua nghlen clu, c6 so sanh véi cac téc gia khac dé khéng dinh hoac phii dinh nhiing hiéu

biét da c6, qua dé néu dugc nhitng diém méi va déng gép clia dé tai. }

Du bao hudng nghién ciu ti€p va kha nang Ging dung céc két qua nghién clu vao thuc tién.
5. Kétluén

Néu két qua nghién ctu chli y&u clia dé tai ¢ tinh khai quat lién quan dén muyc tiéu nghién ctu, dé xuét cac vén dé tiép tuc nghién cuiu.
LG1 CAM ON (néu co)

Téc gia c&m on cac t6 chuic/ca nhan da tai trg kinh phi hodc hé trg cho nghién ciu.
Phu lue (néu co)

Ding tai bang s6 liéu, thong tin dé hé trg thém cho néi dung bai béo.
Chii thich va tai ligu tham khdo

Chi thich dugc dénh s theo thd tif xuat hién (22~ ) va dudc trinh bay ngay & cudi trang viét (footnote).

Cc tai liu tham khao dugc danh s6 theo thii ty xuat hién dé_chi dan chuing dugc trich dan & dau trong bai béo. S6 th( ty dugc danh trong
ngogc vuong, vi dy: [3] véi mot hogc [2, 5, 7-9] véi nhiéu s chi dan.

Luu y:

- Dai véi trich dn trong bai bao: tai lieu tham khao c6 nhiéu hon mét tac gid chi dé tén téc gia dau tién va cong sy, viét tat 1a cs, vi du: T.V.
Nguyen va cs (nam xuat ban) [th(f ty trong danh myc tai liéu tham khéo].

- D4i véi danh myc tai liéu tham khao cudi bai: tai liéu tham khéo bang tiéng Anh, céc tai liéu khong phai ti€ng Anh can dugc dich sang tiéng
Anh va chd thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai lidu tham khao 1a cac dudng link can b8 sung ngay truy cap.

Tac gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap(so) trang/so trang/trang dau-trang cudi (néu c6), s8 DOI (néu co),
URL (néu c6), ngay truy cap (ghi rd ngdn ngi nao néu khong phéi tai liéu bang tiéng Anh).

Téc gid: 1a tac gid/céc tac gia cla tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gid (chi viét tit dua Ién trudc) véi nhiing tai liéu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tli 4 tac gia trg I&n.

N&m xuét ban: ndm xuét ban cla tai liéu dugc tham kho, trich dan.

Tén tai liéu dugc trich dén: 1a tén bai bao, chudng/phan sach.. (chi viét hoa chii cai dau, trii tén riéng va sau d&u hai cham), viét trong
ngoac kép. .

Tén ngué‘n c6 thé Ia tén tap chi, tén sach, hay tén tai liéu gdc cla tai liéu dugc trich dn (phan nay dugc in nghiéng), viét hoa chii cai dau
tién clia mai tu chinh.

Tap(s6): danh cho nguon trich la tap chi, sach hogc cac xuat ban pham khac (phan nay in dam).

Trang/so trang/trang dau-trang cudi phan anh nai cu trd cla tai liéu dugc trich dén trong tai liéu nguon.

NEu c6 22 tai liéu tham khao do clng tac gia dau tién va cling nam cong ba, thi cac tai liéu tham khao nay can dugc danh dau a, b.. sau
nam xudt ban (vi dy: 1986a, 1986b...). ) )

Néu c6 mot s6 tai liéu tham khéo c6 cung 1 bai bao dugc trich dan cé s6 trang khac nhau thi can trich dan thém sé trang, vi du: A. Amber
(1982, p.39).

Chi tiét vui long xem thém tai: https:/b.vjst.vn/index.php/ban_b/quy-dinh-bai-viet.
Céc yéu cdu khac

- Bai viét khong dat yéu céu, Toa soan khong tra lai ban tho.

- Bai viét chi dugc dang khi phan bién nhan xét vé chat lugng bai bao dong y cho dang.

- Ban quyén: tac gia dong ¥ trao ban quyén bai viét (bao gom ca phéan tém tat) cho Ban Bién tap Tap chi.
Quy dinh nay ap dung tif ndm 2022 trd di.
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PHAN LOAI LINH VUC KHOA HOC

Toan hoc va théng ké

Khoa hoc may tinh va thong tin
vatly

Hoéa hoc

Khoa hoc trai dat va méi trudng
Khoa hoc su séng

Khoa hoc nano

Khoa hoc tinh toan

Cac Iinh vic khac cua khoa hoc tu

Khoa hoc ky thuat va cong nghé

Ky thuat dan dung: ky thuat kién
ky thuadt x@y dung; ky thuét

két cdu va do thi; ky thuat giao

théng van tai; ky thuat thuy Igi; ky

thuat dia chat cong trinh

Ky thuat dién, ky thuat dién tl, ky

thuat thong tin

Ky thuat cg khi, ché tao may

Ky thuat héa hoc

Ky thuat vat liéu va luyén kim

Ky thuat y hoc

Ky thuat méi truéng

Céng nghé sinh hoc cong nghiép

Céng nghé nano

. Ky thuat thuc phdm va dé uéng
. Céac Iinh vyc khac clia khoa hoc

ky thuat va cong nghé

Khoa hocy - duge

Y hoc co s6

Y hoc lam sang

Y hoc du phong

Dugc hoc

C4c linh vuc khac cta khoa hoc
y - dugc

Khoa hoc nény nghiép

Tréng trot

Chan nudi

Thay

Lam nghiép

Thay s&n

Cong nghé sinh hoc trong nong
nghiép, thly san

Céc linh vuc khac cta khoa hoc
noéng nghiép

Khoa hoc xa hoi va nhan van

Tam ly hoc

Kinh té€ va kinh doanh

Khoa hoc giao duc

Xa hoi hoc

Phap luat

Khoa hoc chinh tri

Pia Iy kinh t6 va x4 hoi

Théng tin dai chling va truyén théng
Lich st va khao ¢ hoc

. Ngbén ngl hoc va van hoc

. Triét hoc, dao dtc va tén giao

. Nghién ctiu vé khu vuc va quéc té
. Cac linh vuc khac cta khoa hoc

xa hoi va nhan van
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Nguyén Vin Sy, Nguyén Thanh Hing, Pang Cung Kiém, Ding Quang Bio

Ché tao tAm dién cuwe linh hoat cdu tao tir sgi nano carbon xép bing
phuong phap electrospinning ing dung trong pin Li-O,.

Lé bang Manh, Pham Hoai Phuong, Dinh Puc Anh, Nguyé~n Manh Tién,
Tran Pai Lam, Nguyén Thi Thu Trang, Bii Trung Hiéu

Nghién ctru kha niing phat xa dé/do xa ciia ion Mn* trong mang nén
Y,ALO, ,-YAIO, nhim dinh huéng ing dung trong chiéu séng ciy trong.
Khuat Thi Thir, Nguyén Dinh Hodng Bire, Vi Pinh Hudn, Tran Thi Duyén,
Nguyén Vian Quang, Nguyén Hitu Tinh, Chu Anh Vin, Vii Thi Kim Thoa,
Ping Thi Thu Huyén, Nguyén Thé Duyén, D6 Thiy Tién, Hoang Quang
Bdc, Nguyén Tri Tuin, Nguyén Tu, Tong Thi Hao Tam

Thiét ké tdng hop va danh gia tinh chit phit quang ciia mot s6 din xudt
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Nghién ciru dinh lrgng verapamil trong huyét twong ché bing phwong
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doan ra ré in vitro ciia cAy Dau tiy (Fragaria X ananassa Duch.).
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