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Ung dung mé hinh hoc sdu trong x4c dinh céc giai doan sinh trwdng
cua cdy dwa lwdi trong trong nha mang

Ping Hoang Anh Tuin", Nguyén Minh Thiing?

Wién Ung dung Cong nghé
2Vién Khoa hoc va Cong nghé Viét Nam - Han Quoc

Ngay nhdn bai 11/8/2021; ngay chuyén phan bién 16/8/2021; ngay nhan phan bién 14/9/2021; ngay chip nhéan ding 16/9/2021

Tém tit:

Ngay cang cé nhiéu mé hinh hoc sau (deep learning - DL) dwoc tng dung trong doi séng, xa hdi nhw phﬁn tich va
dy doan tai chinh, giao thong thong minh, xe ty hanh..., nhu’ng viéc st dung hié¢u qua cong nghe nay dé hd tro trong
canh tic ndng nghi¢p con han ché. Bai bao trinh bay két qua trién khai mgt kién triic tién tién va gon nhe c6 tén
1a YOLOVS trong viéc nhan dang tw dfng cac giai doan sinh trwéng ciia ciy dwa lwéi trong qua trinh sinh trwéng,
phat trién tir nhitng hinh anh thu thip dwoc cia hé thng mang camera lip dit trong nha mang. Pé xuit nhin dang
hinh anh nay dat d9 chinh xéc trung binh 96% diém F1 trong viéc xic dinh 5 giai doan sinh truwéng quan trong ciia
cay dwa lu6i bing cach sir dung mot bd dir liéu huéin luyén va thir nghiém han ché (2.818 anh ciy dwa lwéi). Két qua
s0' bd cho thiay, YOLOVS5 la mot giai phap DL gon nhe va diy hira hen sau khi ap dung ky thuit hoc chuyén giao
(transfer learning). Hon nira, Kién tric YOLOVS5 con thuec thi tét trén cac thiét bi 6 cAu hinh thip, diéu nay c6 thé
mé ra hwéng ti€p cin méi trong viéc nhan dang cac doi twong khac nhau theo thoi gian thue, dwoc thue thi truc tiép
trén cac thiét bi nhw smartphone, Jetson Nano, camera ip...

Tir khoa: dwa lwéi, mo hinh hoc siu, ndng nghi€p théng minh, thi giac may tinh, YOLOVS.

Chi s6 phin loai: 1.2

Gidi thiéu

Pé dam bao hiéu qua v& ning suét cling nhu chat luong
dap tng yeu cau ngay cang cao va khit khe hlen nay dbi véi
cac san phim nong nghiép, ngudi nong dan can phai co k1en
thire va kinh nghiém chuyén su vé cham soc cay trong,
vat nudi. Hién nay, nganh nong nghiép dang chuyén dich tir
quy mb ho gia dinh sang cong ty va tap doan, v6i hinh thirc
trién khai canh tic trén canh dong mau 16n; hé thong cac
nha mang khép kin voi dién tich 1én dén vai chyc ha; trang
trai chan nudi v6i quy mo 16n... Piéu nay dit ra bai toan ing
dung céc cong nghé dé quan 1y, canh tic néng nghiép hiéu
qua, dap Gmg su phat trién néu trén.

Cong nghé tri tu¢ nhan tao (AI) 1a mot thanh phan quan
trong trong cong ngh¢ nong nghiép thong minh. Cong nghé
Al duogc nghién ctru va tng dung trong ndng nghiép nham
phat hién va canh bao sém sau bénh trén cay tréng, nhan
dinh tinh trang han, d6 phi cua dét qua viéc phan tich anh vé
tinh, duy doan san lugng cua mua vu... ngay cang dugc quan
tam va dau tu. Trén co s& cac két qua/nhan dinh cua Al,
chung ta c6 thé tham khao dé dua ra cac quyét dinh/chién
luge phat trlen/phuorng an san xuat phu hop cho nong trai,
hay cu thé hon 1a ¢6 thé xem xét va diéu chinh ché d6 canh
tac cho cdy trong hay chim séc vat nudi tai timg thoi ky
sinh truong. Vai nam gin déy, di c6 mot sé cong bd vé viée
g dung Al trong trong trot nhu phat hién cac dau hiéu sau,

“Tac gia lién hé: Email: tuandhal980@gmail.com
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bénh trén cay trong nhu bénh trén 14, nhan dién mot s6 loai
sau, bo gay hai... [1-4], nhung v6i doi tugng la dua ludi cho
den thoi diem hién nay van chua thay cong bo nao.

Trong nghién ctru nay, chiing toi trinh bay két qua tng
dung cong nghé Al v6i viée p dung m6 hinh DL m6i trong
phat hién va phan loai 5 giai doan sinh trudng, phat trién
chinh cta cay dua ludi tir nhitng hinh anh thu thap duoc cta
hé thong mang camera lap dit trong nha mang. Mo hinh cia
chung t6i dugc xdy dung bang cach sir dung kién tric DL
tién tién, gon nhe nhét hién nay c6 tén 1a YOLOvVS (mét kién
triic DL tién tién trong linh vyc phat hién dbi tugng, can it
tai nguyén dé tinh toan hon so véi cac kién tric khac trong
khi van giit duoc hiéu ning tbt [5, 6]) va dugc huén luyén
trén 2.818 hinh anh cay dua ludi do chung t6i thu thap va
gan nhan [7].

Dir liéu va phuong phap nghién cuu

Chudn bi va xiv Iy tdp div liéu

Nguon dir liéu chinh trong nghién ciru ctia chung toi
dugc thu thap tir mang camera thiét lap trong nha mang
trong dua ludi. Tong s6 2.818 hinh anh cay dua ludi voi du
c4c giai doan sinh trudng, phat trién da dwoc thu thap, sau d6
phan loai va gan nhan thu céng voi su hd trg caa phan mém
VimageLabel (do nhém nghién ctru phat trién). Chu thich va
hinh anh vi du dugc hién thi ¢ hinh 1 (khong st dung hinh
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Application of deep learning
model in recognition of growth
stages of Cucumis melo L.
in greenhouse

Hoang Anh Tuan Dang", Minh Thang Nguyen’

!National Center for Technological Progress
?Vietnam - Korea Institute of Science and Technology

Received 11 August 2021; accepted 16 September 2021
Abstract:

Despite the increasing application of deep learning
(DL) models in various socioeconomics such as financial
analysis and forecast, intelligent transport, self-driving,
disease diagnosis, the effective use of this technology
to support agricultural cultivation is still limited. This
paper introduces the implementation of the lightest and
state-of-the-art YOLOVS architecture for automatic
recognising of important growth stages of Cucumis melo
L. from the camera images collected in the greenhouse.
This image identification initiative achieved an average
accuracy of 96% F1-score in the identification of the
five growth stages of Cucumis melo L. using a limited
set of training and testing data (total 2,818 images of
Cucumis melo L.). These preliminary results lead to
the conclusion that the YOLOVS object detection and
classification model is a truly lightweight and promising
DL solution after the adoption of the transfer learning
technique. Moreover, the YOLOVS model can execute
good performance on edge devices which may open
up a new approach in different object detection and
classification in real-time directly from a smartphone,
Jetson Nano, IP camera...

Keywords: computer vision, Cucumis melo L., deep
learning, smart agri, YOLOVS.

Classification number: 1.2
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anh tréng trong tap dir liéu nay). Thong qua viéc nghién
ctru tai li€u va kinh nghiém canh tac dua luéi cua Trang trai
Linh An (Giang Bién, Long Bién, Ha N¢i), chung t6i xac
dinh 5 giai doan sinh truong, phat trién quan trong ctia ciy
dua Iudi trong trong nha mang can dwoc nhan biét gom: 7
ngay; thu phéan; di thu phan; ciy dugc 40 ngay va qua duoc
15 ngay; tao ngot. Voi viéc nhan biét chinh xé4c céc giai
doan phat trién quan trong nay s& gitip ngudi trong ¢ nhirng
ché d6 canh tac phu hop véi nhu ciu sinh truéng cua cAy.

Hinh 1. Cac giai doan da nhan dién thanh céng. 1: giaidoan 7
ngay; 2: giai doan thu phan; 3: giai doan da thu phan; 4: giai doan
cay dwoc 40 ngay va qua dwoc 15 ngay; 5: giai doan tao ngot.

Tuong duong v6i 5 giai doan sinh truong, phat trién
chinh néu trén, chung téi c6 5 16p nhan dién trong tap dir
lidu nay. Hinh anh trong tap dit liéu ctia chung t6i c6 nhiéu
kich ¢& khac nhau nhung phan nhiéu 1a d phéan giai 2.0
Megapixel. Su phan bd cac kich thude va sé lwong dir lidu
dugc thé hién 6 hinh 2.
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Hinh 2. Sw phan b6 div liéu caa cac giai doan.



Két qua hinh 2 cho thay, giai doan tao ngot (Tao Ngot)
¢6 s6 nhan nhiéu nhét (2.124), tiép dén 1a 7 ngay (7_days)
512, thy phan (GiaiDoanThuPhan) 321, cdy dugc 40 ngay
va qua dugc 15 ngay (Cay_40 ngay Qua 15 ngay) 164,
da thy phin (DaThuPhanThanhCong) 42. O day c6 sy phan
biét dit liéu nhu vay 1a do viéc thu thap di li¢u cua cac giai
doan c6 su kho khan khac nhau, nhu giai doan da thu ph?in
thanh cong qua rat nho, bi che nhiéu bai 14 cay, cong voi
viéc ddt camera ¢ xa so vai kich thude nhan cta giai doan
nay.

Tiép theo kich thudc cua nhan phan bd véi chiéu rong
anh tir 0,001x1.920 dén 0,6x1.920 pixel va chiéu cao anh tir
0,001x1.080 dén 0,6x1.080 pixel. Cac nhin nay tap trung
chi yéu & kich thudc rat nho, chiéu rong tir 0,001x1.920 dén
0,2x1.920 pixel va chiéu cao tir 0,001x1.080 dén 0,3x1.080
pixel.

Chuing t6i thuc hién xac thyc chéo trong cac thir nghiém.
Pay 1a qua trinh tach tap dit liéu thanh 3 phan c6 kich thudc
bang nhau va tién hanh 3 1dn huan luyén. D6i véi mdi lan
huén luyén, 20% dir liéu duoc st dung dé xac thuc va 80%
con lai dugc st dung dé huan luyén mang. Sé vong huin
luyén dugc lya chon ting dan, ty 1¢ phﬁn tram dung cia cac
epoch khac nhau dugc phan bb & bang 1.

Bang 1. Ty lé % diing cta cac epoch trong cac lan huén luyén.

dcgiaidon o . Tao  Ciydugc40 Thu  Di thu phéin
"S4Y ngot  ngdy va qua hin  thanh con
%) ngot  ngdy vi qui phin  thanh cong
Epoch (%)  dugce 15 ngay (%) (%) (%)
100 93 90 85 45 35
200 98 955 92 88 86
300 99,8 97,6 983 96,3 88

Ly do chon mé hinh YOLOVS5 cho nghién ctru nay gdm:
hién 12 mang tién tién nhét trong linh vuc phét hién dbi
tuong nhanh; kién trac nhe, diéu nay cho phép ching toi
huén luyén mo hinh bang cach sir dung cac tai nguyén tinh
toan nho va chi phi thip; kich thudc nhé ctia mo hinh ¢6 thé
cho phép né duoc Gmg dung véi cac thiét bi di dong (nhan
dién nguoi, dd vat.. .). Hinh 3 cho théy kha nang vuot troi
cua m6 hinh YOLOVS so v6i cdc md hinh khéc.
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Hinh 3. So sanh giira cac mé hinh YOLOVS5 va EfficientDet [8].
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Céc hinh anh ma ching t6i thu thp dwuoc déu c6 do
phéan giai trung binh 1.920x1.080 pixel, cung véi d6 chinh
xac cia YOLOV5s6 1a thap hon nhiéu so véi YOLOvSm6
va YOLOvSm6 kho giai quyét van dé nhan biét cac dbi
tugng nhod (vin dé nodi tiéng cua YOLO) [9]. YOLOV516
va YOLOV5x6 lai c6 params rat 16m, gép 2,15 va 3,94 lan
YOLOvV5m6 nén viéc huan luyén mé hinh 1a rit mat thoi
gian va quan trong nhat 1a khong thuc thi duoc trén thiét bi co
c4u hinh thap nhu thiét bi Jetson AGX Xavier Developer Kit
cua chung t6i. Vi vay, chung t6i da chon Pretrained Model
YOLOv5m6 lam mé hinh huin luyén trong nghién ciru nay.

Huan luyén mé hinh

Viéc dau tién ctia qua trinh huén luyén mé hinh la diéu
chinh siéu tham s (hyper-parameter), diéu nay giup xac
dinh cac tham sd t6i wu hon cho tap dit liéu huén luyén.
Tiép theo, st dung cac hyper-parameter di duoc diéu chinh
dé huin luyén mé hinh va bét dau tir viéc kiém tra mo hinh
YOLOvV5Sm6 di dugc huén luyén. Cé khoang 30 hyper-
parameter dugc su dung trong YOLOv5m6 [10].

Sau qua trinh hudn luyén, cac hyper-parameter dugc mo
hinh hoa nhu ¢ hinh 4. Mdi hyper-parameter 1a mot cham
nho thé hién sy phii hop (truc y) tuong tng véi cac gid tri
clia n6 (truc x); mau vang cho biét mat do cua cac hyper-
parameter tap trung cao hon; sy phan b ctia cic cham nho
theo chiéu doc cho thdy mot tham sb bi vo hiéu va khong
lam anh huéng dén cac ddi twong di qua no.

110 =0,00589 momentum = 0,903 weight_decay = 0,00044 giou =0,0239
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Hinh 4. Sw phan b cua cac loai hyper-parameter.
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Hinh 5. Cac thay dbi vé& hdi quy, phan loai va méat déi twong cia hdp giéi han trong qua trinh huan luyén mé hinh.

Str dung mo hinh dugc hudn luyén trude 1a mot ky thuat
phd bién trong thi giac mdy dugc goi 1a hoc chuyen giao
[11]. Ky thuét nay gitp day nhanh qua trinh huan luyén va
giit cho su téng quat hoa & mirc cao. Trong cac thi nghiém,
chung t6i dd quan sat thdy rang, s6 chu ky hudn luyén ti vu
14 300, sau d6 c6 nhiing thay d6i khong dang ké trong mo
hinh. Hinh 5 cho thdy cac ham loss thay d6i nhu thé nio trong
qué trinh huin luyén, két qua duoc hién thi trén mot trong
cac phan tach dé xac nhan chéo gitta cac lan huin luyén.

Ham YOLOVS loss 14 tong ctia 3 ham loss nho hon: loss
hoi quy hop gidi han - hinh phat cho viéc phét hién hop neo
sai, 16i binh phuong trung binh dugc tinh todn dya trén vi
tri hop du doan (x, y, h, w); loss phan loai - Entropy chéo
duoc tinh toan dé phan loai dbi tuong; loss dbi tuong - 16i
binh phuong trung binh duoc tinh cho diém ddi tugng - do
tin cay (wdc tinh néu hop neo chira ddi tuong).

Phan mém chinh dugc sir dung trong viéc huan luyén
cac mo hinh la Python 3.8.8, voi PyTorch 1.7.1, CUDA 11.1
va PyCharm Professional. Tat ca cac lan lap lai mo hinh
Al ciing nhu m6 hinh cudi cting déu dugc huén luyén bing
cach su dung card man hinh GPU GTX 1650. Chung t61 da
thuc hién thir nghiém trén Jetson AGX Xavier Developer
Kit véi phin mém Linux dwoc cai dat sin. Thoi gian hudn
luyén cho mét 1an (100 epochs) trén dit liéu huan luyén mat
3 gid (8,5 gio cho toan by qua trinh x4ac nhan chéo).

Keét qua va thao luan

Sau cac lan huan luyén mé hinh véi mét lugng dit liéu
han ché (2.818 anh), két qua cho thay, trung binh 96% diém
F1 trong viéc xac dinh 5 giai doan sinh trudng, phat trién
quan trong cua cdy dua ludi. M6 hinh YOLOVS khong chi
¢6 thé duy tri ty 1¢ phat hién cao, ma con dap ting dugc cac
yéu ciu phat hién trong thoi gian thuc chinh x4c va nhanh
chong. Cac két qua duoc trinh bay ¢ day 1a két qua trung
binh tir 5 1an phan tach dé thyc hién qua trinh xac nhan chéo.

Tir dir liéu néu trén, ching ta co thé thay do chinh xac
phat hién ddi véi giai doan da thu phéan thanh cong 1a thap
nhét do ¢6 sb luong nhan it nhat va hinh dang rat nho so véi
cac ddi tugng khac. Hon nita, 16p da thu phén thanh cong
¢6 diém F1 thap nhat (0,88) vi ngoai su phong phii cua giai
doan da thy phan thanh cong thap, thoi diém nay con dé bi
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nhdm sang giai doan thy phén. Ca 2 giai doan nay déu ¢
dbi tugng nhan dién rat nho va sb nhan it. Do do, giai doan
thy phén va da thy phén thanh cong thuong bi phat hién
thiéu khi thyc thi mo hinh ctia chung t6i (hinh 6). Nhiing
khuyét diém néu trén s& dugc khic phuc & cac thi nghiém
trong tuong lai.

—— 7_Ngay

—— Tao Ngot

—— Cay_40_ngay_Qua_15_ngay
—— GiaiDoanThuPhan

—— DaThuPhanThanhCong
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Hinh 6. B6 chinh xac cuia cac giai doan & tap thir nghiém.

7_Ngay 0,19

08

Tao Ngot 0,26

Cay_40_ngay_Qua_15_ngay 0,08 08

Du doan

GiaiDoanThuPhan 0,37

- 04

DaThuPhanThanhCong 0,10

02

0,04

o
g
5

2
€
5

2

5
5

2

[
5

2

E
=

a

Nén FN

7_Ngay

Tao Ngot

GiaiDoanThuPhan
Nén FN

Cay_40_ngay_Qua_15_ngay

blng

Hinh 7. Ma tran cua cac giai doan & tap thir nghiém.



Két qua hinh 7 cho thay, 16p 7 days c6 d6 tin cdy cao
nhat, tuy khong phai 1a d6i tugng c6 sb nhin nhleu nhat
nhung giai doan nay khong bi anh huong boi cac yeu t gan
giong nhau. Giai doan tao ngot c6 s6 nhan nhleu nhat nhung
dbi twong nay co6 mau sic va kich thude gan gidng voi giai
doan cay duoc 40 ngay va qua dugc 15 ngay, nén giai doan
tao ngot thudng bi phan loai nham thanh cay dugc 40 ngay
va qua duoc 15 ngay (5%). Cac giai doan nay co kich thudc
tuong ty nhau nén 1y do cho nhimg két qua sai hodc co thé 1a
do sb Iwong muc tiéu thép - giai doan tao ngot va cay dugc
40 ngay va qua duoc 15 ngay thuong bi nhan thiéu cac hop
gii han do che khuat boi 14 cay. Dé giai quyét van dé nay,
chung t6i dé xuat nén thu thap thém nhiéu dir liéu, dic biét
1a cac dir liéu bi che khuét, mau sic gan gidng nhau.

Cdc vi du nhdn dang thiéu: ching t6i nhan thy nhiing
nhugc diém ciia md hinh phan loai ¢6 4 van dé phd bién
nhét 1a: dbi tugng nhan dang bi che khuét, nhan dang qua
xa, bl mo va trung voi mau cua la.

Hinh 9. M6 hinh nhan dang vé&i giai doan thu phan va giai doan da
thu phan thanh céng.
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Cdc vi du nhan dang chinh xac: giai phap da thir nghiém
hoat dong vo1 muce do chinh xac du kién & cac giai doan co
thé nhin thdy mot phan trén hinh anh. Hinh 8 cho thdy sy
phat hién va phan loai chinh xac cua giai doan tao ngot chi
c6 khoang 20% qua c6 thé nhin thiy trong khung hinh. Cac
vi du tiép theo (hinh 9) chimg minh rang, mé hinh c6 thé
phat hién cac giai doan bi tron 1an véi 14 cay.

Keét luan

Két qua so bo dat dugc khi sit dung mét luwong dit licu
huén luyén han ché, trung binh 96,0% diém F1 trong viéc
xac dinh céac giai doan sinh truong chinh cia cay dua ludi
trong trong nha mang. Nhitng két qua dy hira hen nay cho
théy tiém nang lon trong viéc st dung kién triic hoc siu
YOLOVS5 dé huan luyén mé hinh Al trong xac dinh cac giai
doan sinh truéng, phat trién cia cay dua ludi noi riéng, cac
yéu cau nhan dang khac néi chung trong twong lai. Bo dit
liéu hinh anh cang 16n sé cho phép kha nang nhan dién cia
mb hinh ngay cang tot hon, nhanh va chinh xac hon. Hon
nita, kién traic YOLOV5 nay da dugc chung toi thir nghiém
thanh cong trén céc thiét bi Jetson AGX Xavier Developer
Kit va Jetson Nano, diéu nay c6 thé mé ra mot hudng tiép
can mai trong viéc nhan dang cac ddi tuong khac nhau theo
thoi gian thuc dugc thuc thi truc tiép trén cac thiét bi nhu
smartphone, Jetson Nano, camera IP...

L0 CAM ON
Chung t6i xin tran trong cam on Vién Khoa hoc va Cong
nghé Viét Nam - Han Quéc, Vién Ung dung Cong nghgé,
Vién Nghién ciru Rau qua Viét Nam, Trang trai Linh An da
giup do trong qua trinh thuc hién nghién ctru nay.
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Phat trién hé kinh hién vi huynh quang siéu phan giai
ing dung trong nghién ciru vi-rut
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Tém tit:

Kinh hién vi (KHV) huynh quang siéu phan giii la hé kinh wu viét nho két hop tinh ning chup dnh huynh quang véi
kha nang quan sat cac miu sinh hoc vuot qua dwoge giéi han nhiéu xa ciia KHV quang hoc. Hé kinh nay givip quan
sat duwgc mau song v6i do chinh xac va do phan giai cao. Vi-rut la daoi twong dac truwng cho nghién ctru siv dung hé
kinh nay do hau hét cac loai vi-rut ¢ kich thwéc nhé hon giéi han nhiéu xa (<200 nm). Trong nghlen ctru nay, cac
tac gia da xay dung hé thong KHV huynh quang s1eu phan glal dwa trén ky thuat dinh Vl don dlem, do phan giai cia
kinh dat dwgc 1a 20 nm. Pwong kinh miu vi-rit sét xuat huyét (SXH) Dengue nudi ciy trén te bao BHK-21 dugc
danh dau mién dich huynh quang cé két qua do 1a 84+12 nm, trir di chiéu dai ciia khang thé, xap xi véi két qua do
béi KHV dién tir truyén qua (TEM, 45-60 nm). Sy thuin ti¢én ctia k§ thuit chuin bi miu va chup dwgc hinh anh
vi-rat SXH Dengue néi riéng, cac loai vi-riit néi chung bing KHV huynh quang siéu phan giai véi dd chinh xac va
dd phan giai cao sé dong gop cho nghién ciru, dao tao va giang day vé vi-riit hoc.

Tir khéa: dinh vi don diém, kinh hién vi huynh quang siéu phan giai, nanoscopy, STORM, vi-rit s6t xudt huyét

Dengue.
Chi s6 phdn loai: 1.3
Dt van de

KHV quang hoc luon 1a cong cu dic luc cua khoa hoc
su song nhd wu diém ndi bat 1a kha ning quan sat cac té
bao va mo sdng. Nhidu nghién ciru cai tién KHV quang hoc
thong qua cac cai tién vé ky thuat chiéu quang, k¥ thuat xu
Iy anh... da dugc thyc hién. Két qua la sy ra doi cua nhiéu
phuong phap hién vi quang hoc phan gidi cao, nhu KHV
quang hoc quét truong g?m (Scanning Nearfield Optical
Microscope - SNOM) [1, 2], KHV huynh quang dap tat
cudng birc (Stimulated Emission Depletion - STED) [3, 4],
va KHV huynh quang dinh vi don phan tr (Single Molecule
Localization Microscopy - SMLM) [5]. KHV quang hoc
SNOM c6 d6 phan giai ngang toi vai chuc nano mét, do
phan giai doc vai nano mét, tiy thudc vao khéu d6 cua dau
do. Hé kinh nay c6 wu diém 1a d6 phén giai khong phu thudc
vao bude song, cho phép quan sat bé mit mau vat, tuy nhién
loai kinh nay khong cho phép nghién ctru siu bén trong mau
vat [6]. KHV STED duoc phat trién tir cAu hinh KHV dong
tidu cai tién k¥ thuat chiéu sang dong thoi hai chum laser
1én mau. Chum thtr nhat c6 cuong do thap kich thich cac
phan tir danh dau phat quang. Chum thtr hai ¢6 bude song
dai hon, c6 cuong do manh hon nhiéu hoi tu hinh vanh khan
1én mau, c¢6 cudong do ¢ tim bang khong. Chum nay cudng

“Tac gia lién hé: Email: halien@iop.vast.vn
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blrc dugc cac phan tir (duge chum thtr nhét kich thich) hoi
phuc vé muc co ban. Do d6 chi con lai cac phan tir & tim
chum phat huynh quang dugc ghi nhan. Ky thuét nay khong
yéu cau xur ly anh phirc tap va c6 thé dat dugc do phan giai
ngang cd 30-70 nm, phan giai doc truc ¢& 50-100 nm. Tuy
nhién, do k¥ thuéat chiéu quang phuc tap, nén STED it dugc
lwa chon phat trién tai nhiéu phong thi nghiém [7]. Anh hién
vi huynh quang st dung k¥ thudt SMLM c6 do phan giai
ngang 20-50 nm [8]. Dya trén phuong phap KHV huynh
quang dinh vi don phan tr SMLM c6 hai ky thuat KHV siéu
phan giai chinh dugc phat trién di dua do phan giai ngang
xudng 20-50 nm, d6 1a KHV dinh vi quang hoat (PALM
- Photoactivatable Localization Microscopy) [9] va KHV
quang dung anh ngiu nhién (STORM - Stochastic Optical
Reconstruction Microscopy) [10]. Ky thuat KHV huynh
phat trién tir nim 2006 [10]. Hai phuong phap STORM va
PALM khéc nhau vé loai phén tir quang hoat duoc str dung.
Céc chat phat quang sir dung trong ky thuat PALM la cac
protein phat quang. K§ thudt STORM st dung quy trinh
danh diu mién dich huynh quang v&i cac phén tir phat quang
tong hop nhu cyanine, rhodamine... c6 do bén quang cao
hon rat nhiéu so véi protein phat quang sir dung trong k¥
thuat PALM. KHV siéu phan giai dugc sir dung dé do kich



Developing super-resolution
fluorescent microscopy for
virology research

Trong Nghia Nguyen', Thi Bich Ngoc Nguyen!,
Hong Nhung Tran', Duc Toan Nguyen',

Thi Ha Lien Nghiem'", Thi Thu Thuy Nguyen?,
Thanh Thuy Nguyen?, Tra My Le’, Huyen Quyen Dao?,
Minh Hien Nguyen’

!Institute of Physics, VAST
’National Institute of Hygiene and Epidemiology
$Vietnam National University, Hanoi
‘Bachmai Hospital
SThanhnhan Hospital

Received 15 March 2021; accepted 2 June 2021
Abstract:

Taking advantage of the use of photoswitchable probes
and high precision localisation of single molecules to
surpassthediffractionlimit, super-resolution fluorescence
microscopy allows observing non-invasive live-cell at
sub-diffraction size (<200 nm). Given the advantage of
super-resolution fluorescence microscopy, our group
has reconstructed the super-resolution fluorescence
microscopy based on the single-molecule localisation
microscopy technique with a resolution of 20 nm. In this
research, the authors present the reconstruction process
of the microscopy system and its application in observing
hemorrhagic fever Dengue virus. Dengue virus was
cultured in baby hamster kidney (BHK-21) cells and
was then negative stained for transmission electron
microscope (TEM) or immunofluorescent labeled for
stochastic optical reconstruction microscopy (STORM).
The diameter of the Dengue virus particles is 45-60
nm measured using TEM and is 84+12 nm measured
using STORM. After subtraction of the length of the
antibody attached to the virus particles, the diameter
of Dengue virus particles measured using STORM are
close to which measured using TEM. In conclusion,
the authors highlight the findings of super-resolution
fluorescence microscopy-based Dengue virus studies
and their contributions to the understanding of Dengue
virus particles. The current advances in super-resolution
microscopy may open new avenues for future virology
teaching and research.

Keywords: Dengues virus, nanoscopy, single-molecule
localisation microscopy, STORM, super-resolution
fluorescence microscopy.
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thudc, quan sat hinh thai cling nhu qué trinh 1ay nhiém cta
vi-rat HIV va HPV trén té bao [11], cac vi-rat nay thudng co
kich thuée trong khoang (120-200 nm). Véi céc vi-rut kich
thude nhéd dudi 100 nm nhu vi-rat Dengue hay Rota chua c6
nhiéu nghién ciru thue hién bang bién phap nay.

Sét Dengue va xuat huyét Dengue 1a mot bénh do vi-
rt 1ay truyén tir mu01 sang ngudi. T6 chirc Y té thé gidi
(WHO) uéc tinh mdi nam cé khoang 50-100 triéu nguoi
mic bénh, phan 16n trong s6 d6 1a tré em, ty 18 tr vong vao
khoang 2,5%. Tai céc tinh phia Nam Viét Nam, do tudi trén
15 miac SXH da ting tir 14% nam 1991 1én dén 30% nam
2004. Tinh dén dén giira thang 9/2015 ca nudc da ¢ hon
30.000 trudng hop méac SXH, dich nay da bung phat tai 50
tinh, thanh phd trén ca nudc véi 18 ca tir vong, bénh da tang
hon 76% so véi cing ky nam truée [12-14]. Hién nay, dé
chan doan 1am sang SXH Dengue, ngu0’1 ta thuong s dung
phuong phép huyét hoc (phat hién su giam so luong bach
cdu, tiéu cau...) va chan doan xac dinh bang phuong phap
tim cac khang thé Dengue-IgM, -IgG trong huyét thanh
hodc dinh tip huyét thanh bang k¥ thuat Real-time PCR -
hién dang 1a phuong phap chan doan SXH higu qua nhat
vi cho két qua khong chi ¢6 tic dung phat hién chinh xac
nguyén nhan gay SXH Dengue ma con xac dinh dugc tip
ctia vi-rt Dengue. Piéu nay gitp cac nha y hoc va dich té
hoc xac dinh dugc cac vu dich gay ra do tip Dengue nao va
tién doan dugc khuynh hudng thay doi tip gay bénh theo
thoi gian [15]. Vi du: ¢ nudc ta, khuynh hudng chuyén tip
Dengue gay bénh tir DEN-3 sang DEN-2 va sang DEN-1 da
duoc du bao tir nam 2004.

Trong bai bdo nay, ching to6i trinh bay viéc xay dung
hé thong KHV huynh quang siéu phan gii tai Viét Nam va
dung anh ky thuat siéu phan giai tai tao quang ngau nhién
STORM cho cac nghién ctru vi-rat. Thye nghiém dugc thuc
hién trén vi-rat SXH Dengue tip 2, dugc nudi cdy trong
té bao than chudt dat vang BHK-21. Vi-rat SXH Dengue
dugc danh ddu mién dich huynh quang v&i mau CF.647,
duoc sir dung 1am ddi twgng hién anh cho k¥ thuat nay. Viéc
phat hién dwoc vi-rit Dengue tip 2 bang KHV siéu phan
giai dd m¢ duong cho vigc ung dung céc thiét bi may moc
va phuong phép hién dai trong chan doan xac dinh nhanh,
chinh xé4c va trong nghién ciru dio tao giang day vé cac vi-
rat gay bénh trén nguoi trong twong lai ¢ Viét Nam.

Phuong phap nghién ciiu
Xdy dung hé KHV huynh quang siéu phdn gidi

KHV huynh quang siéu phan giai dugc xay dung dua
trén than KHV Ti2E cua Hang Nikon c6 tich hgp mé-dun
tu dong gitt mat ti€u PFS (Perfect Focus System). Mo-dun
PFS gitp giir mit tiéu cia KHV 6n dinh theo truc z trong
thoi gian dai. KHV duogc trang bi 3 vat kinh 10, 20 va 100x.
Vat kinh 100x CFT HP APO TIRF duogc sur dung dé thu anh
phét quang ctia cac don phan tir. Khdi laser gdom c6 4 laser
ciia Hang Roithner, trong d6 c6 hai ngudn laser dugc st
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dung trong nghién ctru nay. Laser ban din 405 nm 1a laser
kich hoat, cong suit 25 mW, co tac dung chuyén trang thai
ctia phén tir phat quang tir OFF sang ON. Laser ban dan 640
nm la laser kich thich, cong suit 190 mW. Hai laser con lai
c6 budce song phat la 488 va 561 nm. Dudi tac dung cua
laser kich thich, phan tr hodc phat quang hoac chuyen sang
trang thai OFF. Céc laser dd dugc chuan tryc sin. Bon laser
duoc ghép vao cung mét duong quang nho cac kinh loc
thong cao LP cua Hang Semrock (hinh 1).
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Hinh 1. Hé KHV huynh quang siéu phan giai STORM.

Céc chum laser duoc cho qua bo gian chum GBEO05-A
ctia Hang Thorlabs. Khi truyén qua bo gidn chum, dudng
kinh cua cac chum laser dat 4 mm. Viéc gian chum laser sé
gitip 1am tang dién tich chiéu 1én mau cta cac chum. Tiép
do, cac chum laser di t6i guong phang M2. Guong niy cb
thé diéu chinh goc nghiéng dé thay doi goc vao KHV. Do
d6, chung ta dé dang thay di gitra cac ché do chiéu sang
epi, HILO (Highly Inclined and Laminated Optical, goc toi
16n va ky thuat chiéu lat) - TIR (Total Internal Reflection,
phan xa noi toan phan). Cong suit cuc dai cia hai laser 405
va 640 nm tai 16i vao ciia KHV lan lugt 1a 2,4 va 60 mW.

Hé KHV duogc xay dung véi cac ché do chiéu sang 1a
TIR va HILO.

Trong ché d¢ chiéu sang TIR anh sang kich thich duoc
chiéu xién voi goc t6i 16n va bi phan xa tai bé mat tiép xtc
giita kinh va mau tao ra song tiéu tan kich thich phan mau
tiép xtc voi lam kinh véi d6 sau khoang 100 nm. Trong ché
do HILO, goc nghiéng ctiia chum sang nho hon goc phan xa
toan phan tai 16p tiép xuc giita mau va lam kinh. Khi do ta
¢6 mot chiim sang song song, hep chiéu kich thich 1én mau.
Do chum kich thich la mot dai sang hep nén giam dugc
nhiu nén phat ra tir cac phan tir khéng nam trong mit tiéu
phat quang.

Cap laser dap tit quang va kich thich quang duoc st
dung tuy thudc vao chit mau huynh quang danh dau trén
mau. Trude khi di vao KHV, ca hai chum laser dugc cho di
qua thau kinh hoi tu tiéu cy 500 mm. Thau kinh nay s& hdi tu
hai chum laser tai mat phéng tiéu sau cua vat kinh...
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Ca 4 laser déu duoc diéu khién bat tat, chon ché do lién
tuc hodc xung. PO rong cua xung laser duoc diéu khién
bang cac xung TTL (Transistor - Transistor logic) duoc tao
ra boi mdt mach Arduino mega 2560, nhéan 1énh diéu khién
tor may tinh.

Pau thu sir dung mot camera EMCCD iXon Ultra 897
v6i do nhay cao, ¢6 kha nang phat hién don photon, hi¢u
suat lugng ta dat 90% trong vung 500-700 nm.

Gidi han phan gidi cia KHV huynh quang siéu phén giai
phu thudc vao cach thu va xu ly anh, ngoai ra con phu thude
vao cac tham s6 khac nhu sai s6 ctia phép dinh vi don phan
tir va do on dinh co khi cia thiét bi.

Chudn bi méu vi-riit Dengue cho KHV STORM

Nguyén vt liéu hoa chat: khang thé dic hiéu vi-rat
Dengue dugc st dung trong nghién ciru 1a IgG cta chudt
do Trung tdm Kiém soat dich bénh My cung cap. Khang
thé khang IgG chudt gin mau CF.647 (Anti-Mouse IgG
(H+L)) 14 khang thé ciia tho dugc mua tir Hang Invitrogene.
Enzyme glucose oxidase va catalase duoc cung cip boi Hing
Invitrogene. Céc hoa chat NaH,PO,, K.HPO,, KCl va Tris
base dugc mua cua Merck. Cac hoa chat mercaptoethylamme
(MEA), axit chlohydric, Triton X-100, protein huyet twong
bo, glutaraldehyde, paraformaldehyde, glucose, NaCl dugc
mua cua Sigma Aldrich. Nudc khu ion dugc tiét trung dé
dung cho cac thi nghiém danh ddu va hién anh STORM.

Céac budc chuan bi mau vi-rit Dengue cho KHV
STORM dugc trinh bay trén so d6 khéi ¢ hinh 2. Cac mau
huyét thanh cua bénh nhan SXH dugc phén lap trong té
bao BHK-21 dugc nudi cdy, trong té bao cac vi-rat SXH
duoc nhan [én. Sau do6, cac vi-rit trong té bao duge gén két
v6i cac phan tr mau STORM bai quy trinh danh diu mién
dich huynh quang thong thuong. Dung dich hién anh huynh
quang dugc dua vao cic giéng chira té bao duge danh dau
trude khi chup anh STORM. Cac anh sau d6 dugc xu ly
bang phan mém chuyén dung dé duoc két qua hinh anh cia
vi-rat trong té bao.

Huyét thanh | P —|
RT-PCR

bénh nhan SXH - 4
Phan 13p vi-rut trong té /
3 Bi ca Chup anh hién vi dién

bao nudi cay BHK-21 —
1 tlr truyén qua (TEM)

Danh d4u vi-rut Dengue
bang mién dich huynh quang

v

Hién anh huynh quang vi-rit
bang k§ thuat STORM

v v
Chup va x(r ly anh vi-rat K&t qua hinh anh
bang k§ thuat dinh vi Pinh danh duoc vi-rat
don diém STORM Dengue

Hinh 2. So dé quy trinh chuan bi mau vi-rat cho chup anh KHV
STORM.



Dudi day la chi tiét cac budc trong so dd quy trinh chuan
bi mau vi-rut cho chyp anh KHV STORM.

Phan ldp vi-riit Dengue: t& bao nguyén bao sgi cta than
chugt BHK-21 dugc nudi trong moi truong DMEM chua
10% huyét thanh bé bao thai, trong didu kién vo trung &
nhiét d¢ 37°C ¢6 5% CO,. Mau huyét thanh bénh nhan nghi
mic SXH da duoc xac dlnh c6 vi-rat Dengue tip 2 bang k¥
thuat Realtime - PCR trugc d6 [16]. Mau huyét thanh duong
tinh sau d6 duoc phan 1ap trén té bao BHK-21 tai Phong thi
nghiém vi-rat Arbo - Vién V¢ sinh Dich té Trung wong. Mau
ddi chimg am 1a cac t& bao BHK-21 dugc nudi trong cling
diéu kién. Vi-rat Dengue dugc nudi cdy trong vong 48h, sau
d6 céc vi-riit duge nhudm 4m ban hodc dugc danh déu bang
hoé chat mién dich huynh quang.

Phuwong phap nhuom ban am sir dung TEM: mau 1a dich
nude ndi té bao BHK-21 sau 48 gid phan Iap tir huyét thanh
bénh nhan duong tinh v6i vi-rat Dengue tip 2. Phuong phap
nay dugc thuc hién trong tu an toan sinh hoc béc 2 theo phuong
phép nho giot trén gidy parafin, sir dung ludi dong 300 mat
dwoc phit mang collodion va cacbon. Thoi gian tién hanh cac
budc khoang 5 phat ¢ didu kién nhiét d6 phong thi nghiém.

Mau duge cd dinh bang dung dich Glutaraldehyte 1%
trong cacodylate 0,1 M. Rira mau bang dung dich cacodylate
0,1 M. Nhudém mau bf‘“mg dung dich Uranyl acetate 1%. bé
kho mau, doc két qua dudi TEM 1010-JEOL (Nhat Ban).

Ddnh ddu vi-rit Dengue bang mién dich huynh quang:
quy trinh danh dau huynh quang vi-rit Dengue duoc thuc
hién theo quy trinh danh dau mién dich huynh quang sir
dung khang thé so cép la IgG tr chudt dac hiéu cho protein
trén vo vi-rat Dengue va khang thé thir cp 1a khang thé
khéng dic hiéu cho IgG cuia chudt co gan huynh quang mau
CF.647. Viéc danh dau mién dich huynh quang co ban theo
cac bude sau: i) Mau duoc ¢b dinh té bao bé'lng dung dich
3% paraformaldehyde va 0,1% glutaraldehyde; ii) Su dung
dung dich NaBH, 0,1% khur céc lién két khong déc hiéu; iii)
Str dung dung dich chdn va duc mang 0,2% BSA va 0,2%
triton X 100; iv) St dung dung dich chan 3% BSA dé chan
nhimg vi tri lién két khong dic hiéu; v) Pua khang thé dac
hiéu khang vi-rat Dengue tip 2, tiép theo gin két v6i khang
thé thir cép lién két v6i phan tir mau CF.647; vi) Rira sach cac
khang thé du sir dung dung dich c6 dinh té bao va chong ndm
mbc NaN, nong d6 0,02% dé miu dugc bao vé dai lau. Sau
danh dau, mau s€ dugc bao quan trong dicu kién lanh va toi.

Hién anh huynh quang vi-rut b&ng ky thudt STORM: dung
dich hién anh STORM bao gdm céc enzyme glucose oxidase
va catalase, MEA va glucose dugc pha trong dung dich dém
Tris, pH 8,5, dugc chuan bi theo quy trinh cua NIKON [17]
va dua vao cac giéng trudc khi chup anh KHV huynh quang
siéu phan giai STORM.

Chup va xu ly anh vi-rut bang ky thudt dinh vi don diém:
trude tién danh ddu mién dich huynh quang té bao, sau do
dung dich hién anh duoc dua vao cac giéng té bao. Chiéu
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ddng thoi hai laser 640 va 405 nm vao vi tri cAn thu anh. Lién
tuc 1ap lai qua trinh trén cho dén khi dat duge s anh can thu
tir 10000 dén 20000, toc do khung hinh 1a 30 hinh/gidy. Tap
anh trén dugc xur 1y bang chuong trinh SMAP [18] dé dung
dugc anh huynh quang siéu phan giai.

Két qua
H¢ théng kinh STORM xdy dung & Viét nam

Hinh 3 1a anh cua hé thong KHV SPG (STORM) di
duogc xay dyng ¢ Viét Nam véi cac linh kién dugce trinh
bay chi t1ét trong phan phuong phap nghién ctru. Hé KHV
STORM gom than kinh Ti2E ECLIPSE, h¢ tu didu chinh
tiéu, by dich chuyén XYZ piezo két nbi quang voi nguon
kich thich gém 4 laser, dau thu st dung mot camera siéu
nhay EMCCD. Cac thong s6 ciia hé¢ KHV SPG dat dugc
nhu sau: d6 phan giai ngang x, y dugc danh gia xap xi 20
nm. D phan giai doc truc z dat dugc trong khoang 80-150
nm; thoi gian 14y mau khoang 10 phut; cac mode kich thich
hién anh: TIRFM-STORM, 3D STORM; phidn mém diéu
khién hé duoc viét bang ngon ngit 1ap trinh Labview.

Can]era -
v

Hinh 3. Hé KHV STORM str dung 4 laser kich dwoc két néi quang
hoc v&i KHV, dau thu 1a mét camera siéu nhay EMCCD.

Gioi han phdn gidi cua KHV siéu phdn gidi

Dé danh gia gidi han phan giai cia KHV, cac phan tir
mau huynh quang rhodamine 6G (Rh6G) dugc phan tan
trén lamen kinh. Két qua hinh anh diém phat quang ctia don
phan tir Rh6G dugc thé hién & hinh 4A. Phan bd vi tri duoc
dinh vi cua phan tir Rh6G trén hinh 4A 1a cac chdm do trong
hinh 4B duoc lam khép véi ham phan bé Gauss.

(A) (B)
Hinh 4. Hinh anh diém phat quang ctia don phan tir Rh6G. Phan bd
vi tri dwoc dinh vi ctia phan t&r Rh6G trén hinh (A) 1a cac chdm dé trong
hinh (B) va dwoc lam khép véi ham phan bd Gauss.
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Két qua hién anh cua vi-riut Dengue

Dé thu dugc hinh dang va dudng kinh ciia hat vi-rit
Dengue vo6i d6 chinh xac cao, cac hat vi-rat Dengue trudc
tién dugc phan tich voi TEM. Hinh 5 thé hién hinh anh cia
hat vi-rat Dengue tip 2 dugc chup bdi TEM. Trén cac anh
dugc phan tich, vi-rat Dengue c6 dang hinh cau, kich thudc
do duge ndm trong khoang 45-60 nm. S6 lidu duoc ghi nhan
trén hai mau dich ndi chira vi-rat Dengue va tong s6 khoang
60 hat da duoc do.

Hinh 5. Hinh anh vi-rat Dengue tip 2 dw¢i TEM thang do 500 nm.

Hinh 6 la anh thu dugc clia céc té bao BHK-21 ¢6 va
khong c6 vi-rat Dengue tip 2 chup bang k¥ thuat STORM.
Hinh 6A 13 anh cia té bao BHK-21 nuéi khong nhiém vi-
rat, hinh 6B la anh phong dai cua céac cham sang trén hinh
6A. Két qua cho thdy cic cham sang trén hinh 6A chi l1a
nhiéu nén. Hinh 6C 1a anh huynh quang cua té bao BHK-21
c6 nhiém vi-rat Dengue, cac chdm sang c6 do chai cao hon,
sau khi phong dai cac chim sang nay s& thu dugc anh nhu
hinh 6D. Hinh 6E thé hién phan b6 vi tri dugce dinh vi cac
chim do, twong tmg véi cic chdm sang trén hinh D va dugc
lam kh6p v6i ham phan bb Gauss.

Ban luan
Ddnh gid sai sé ciia hé théng KHV huynh quang SPG

Sai s6 ctia phép dinh vi don phan tir dugc tinh boi cong
thirc sau [18]:

2
s2+% 332
< (Ax)? > =< 12>+ msh
N aN?Z

trong do: Ax la sai s6 dinh vi; s 1a d0 1éch chuén cua ham
mo rong diém (thuong 12 ham Gauss) tinh theo nano mét;
N 1a sé photon ghi nhan dugc do mot phan tir phat ra; b
1a nhidu nén; a 1a kich thudc pixel tinh theo nano mét. Ta
c6 thé théy sai sO dinh vi giam d6i véi phan tir phat quang
manh hon trén nén nhidu yéu hon.

Trong ky thuat KHV huynh quang si€u phan giai dinh vi
don phan tir, can thu hang nghin dén hang tram nghin anh.
Do d6 thoi gian thu anh c6 thé tir vai phut dén vai chyc phut.
Trong khoang thoi gian 6, KHV ¢6 thé chiu cac tac dong co
khi khién anh huynh quang thu dugc bi trdi theo truc x, y va z.
Dé khic phuc hién tugng nay, mo-dun PFS ciia Hang Nikon
duoc trang bi, giup gitt 6n dinh mit tiéu theo truc z. Cac thuat
toan khu troi dugce st dung dé khur troi theo truc x, y [19].

Danh gia gioi han phdn gidi x, y ciia STORM

Dbi v6i mdi phan tir phat quang, 4000 anh lién tiép dugc
thu véi toc do trung binh khoang 50 anh/gidy (hinh 4A).
Phén tir phat quang trén timg anh dugc dinh vi bang phan
mém SMAP [20]. Sau dé, cac vi tri cua phan tir duoc xac
dinh trong tirng 500 anh lién tiép dugc st dung dé xac dinh
phéan bd dinh vi cia phan tir d6. Phan bd i tri nay s€ duoc
lam kh6p voi ham Gauss dé xac dinh sai s6 dinh vi. Sai s6
nay duoc xac dinh bang do rong nira chiéu cao ctia phan bd
thu dugc. Hinh 4B biéu dién phan bd vi tri ctia phan tir bang

So lan dinh vi

X

—

(=]
S

Hinh 6. Anh STORM cua té bao BHK-21 khéng cé vi rat (A); hinh anh phéng dai cia cham sang trén hinh A, twong (’ng vé&i nhiéu cla
nén (B); anh STORM cua vi rut Dengue tip 2 trong té bao BHK-21 (C); anh phéng dai cua vi rat twong (rng véi tirng chdm sang trén hinh
B (D); phan b6 vi tri dwore dinh vi cac chdm dé trong hinh E, twong (rng vé&i cac cham sang trén hinh D va dwoc 1am khép véi ham phan

bé Gauss (E).
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céc dau chim mau do va ham Gauss dugc lam khép. Két qua
cho thdy, ham Gauss c6 d6 rong phan bd 14 16 nm theo c4 hai
truc x va y. Véi nhidu diém phat ‘quang khac ching to1 thu
duogc két qua twong tu cho phép két luan, KHV huynh quang
siéu phan giai xay dung dugc co thé dat do phan giai xap xi
20 nm véi d6 léch chuan 1a £2 nm.

Két qud SPG méu vi-rit SXH Dengue

Hinh 6 (C, D) 14 hinh anh cta té bao c6 vi-rat, ching ta
thiy mat do cham sang cua cac hat vi-rat day hon so véi cac
mat do chdm sang cta mau khong co vi-rt (hinh 6 A, B)
twong tmg. Kich thuée do dugce tuwong ung trung binh trong
khoang 79-84 nm theo hai chiéu x va y dugc xac dinh tir 22
cham sang ctia hinh 6C cho kich thudc cta vi-rat theo chidu
x=79,14+11,94 nm va theo chiéu y=83,8+11,92 nm. B¢ 1éch
chuan ~12 nm nay duoc déng gop chi yéu tir sy thay doi
kich thudc thuc cia vi-rit Dengue trong khoang 45-60 nm.
Sau khi d4nh ddu mién dich huynh quang véi 2 khang thé
IgG nguyén phat dic hiéu vi-rat va IgG tht phat c6 gin mau
CF.647, kich thudc cta khang thé IgG xap xi 14 nm [21].
Nhu vay, KHV siéu phan giai cia ching toi, dua trén ky
thuat dinh vi don diém STORM cho phép c6 thé quan sat
duoc cac cau trac kich thude dudi 200 nm va két hop voi
mién dich huynh quang dic hiéu gitp dinh danh dugc vi-
rt. K§ thuét nay tuong dwong voi hai phuong phap két hop
trudce day, do 1a su dung KHV dién tir va ky thuat danh dau
mién dich huynh quang hoic RT-PCR.

£ ~
Ket luan

Lan dau tién, mot thiét bji KHV huynh quang siéu phan
giai da dugc xay dung thanh cong ¢ Viét Nam. D9 phan
giai hién tai dat dugc gia tri phan giai thong thuong cua cac
thiét bi hién vi siéu phan giai dinh vi don diém 1a 20 nm
v6i d6 léch chuan 1a £2 nm. Bang ky thuat chup anh KHV
siéu phan giai STORM va danh du mién dich huynh quang
thong thuong, ching ta hoan toan co thé chyp anh duoc vi-
rat Dengue, c6 kich thudc trung binh xac dinh dugc 1a trong
khoang 79-84 nm véi d6 1éch chuén ~12 nm, vén trudc day
chi quan sat dugc bang TEM. Chi v6i ki thuat KHV huynh
quang siéu phan giai STORM cho phép vira dinh danh, vira
xac dinh dugc kich thudce cua vi-rat. KHV siéu phan giai
STORM cho phép chan doan nhanh, chinh xac loai vi-rut,
gitip cho viéc hd tro dua ra liéu phap diéu tri chinh xac cho
bénh nhan. Viéc phat hién va dinh danh dugc vi-rat SXH
Dengue bang KHV siéu phan giai s& dong gop cho viéc nhan
dang xac dinh nhanh tac nhan vi-rat gdy bénh, dong thoi mo
duong cho viée ung dung thiét bi hién dai trong cac nghién
clru sdu vé cac vi-rat gdy bénh trén ngudi trong twong lai &
Viét Nam.
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Khio sat tinh chat hoa 1y va dién hoa
cua cac hé dién gidi nong do cao véi muoi LiBF,
urng dung cho pin sac Li-ion dién thé cao 5V

Pham Kim Ngén, L& Minh Kha, Truwong Thi Thanh Tuyén, Huynh Thi Kim Tuyén,
Nguyeén Vin Hoang, Tran Vin Man, Lé My Loan Phung”

Pai hoc Quéc gia TP H6 Chi Minh
Ngay nhan bai 12/7/2021; ngay chuyén phan bién 18/7/2021; ngay nhan phan bién 19/8/2021; ngay chap nhan dang 27/8/2021

Tom tit:

Nghién ciru nay khdo sat tinh chét hoa 1y va dién hoa ciia cac dung dich dién giai c6 ndng dd cao sir dung mudi
lithium tetrafluoroborate (LiBF,) hoa tan trong cic dung moi nhuw tetramethylene sulfone (TMS) hodc trimethyl
phosphate (TMP) theo cac ty 18 mol khac nhau. Két qua cho thiy hé dién giai LiBF JTMS ty 1¢ 1:3 (ndng dd ~3,4 M)
¢6 dd bén oxy cao nhit (6,2 V vs. Li*/Li) va dd din ion cao 1,0 mS/cm, phu hop dé sir dung 1am hé dién giai cho pin
sac Li-ion cé vung thé hoat dong tir 3,5 dén 4,9 V. Tinh twong thich caa h¢ dién gidi LiBF /TMS (1:3) véi vat li¢u di¢n
cuc dwong LiNij Mn, 0, (LNMO) hoat dong & vung thé cao dwgc danh gia trén ban pin mo6 hinh cic a0 sir dung
kim loai Li la dlen cuc Am. Két qua cho thay pin c¢6 hiéu suat phong sac cao >91% vm dung lrong phong diu tién
dat 113,0 mAh/g va duy tri kha 6n dinh trong 100 chu ky ¢ toc dd C/10. Ngoai ra, hé s6 khuéch tan cia ion Li* ciing

dwgc danh gia bang phwong phap quét thé vong tuin hoan, c6 gia tri la 4,51x10™" cm?/s.

Tir khéa: chét dign gidi ndng d9 cao, LiBF,, LiNi, Mn, O

154

Chi s6 phin logi: 1.4
Gidi thiéu

Hién nay, pin sac Li-ion (LIB) dugc xem la mdt trong nhiing
thiét bi luu trir nang luong hidu qua nhat, véi nhiéu wu diém vuot
troi nhu: mat do nang lugng 1én (100-200 Wh/kg), dai thé hoat
dong rong (3-4 V), do tu phong thap (<1%/nam) va do bén phong
sac cao (~1000 chu ky) [1, 2]. Do d6, LIB ngay cang dugc ung
dung rong rai trong nhiéu linh vuc khoa hoc va doi séng, tr cac
thiét bi dién tor nhu dién thoai, may anh, laptop, may tinh bang dén
cac thiét bi y t& nho gon nhu may trg thinh, may do duong huyét
cam tay [3, 4]. Dac biét, LIB con dugc hudng dén 1a nguén dién
chu yéu cho cac loai xe dién (Electric Vehicles - EV) hay cac loai
xe st dung dong co xang lai dién (Hybrid Electric Vehicle - HEV).
Trén xe dién, LIB thé hién nhiéu wu diém nhu mét do ning luong
cao cho phép pin kich thudc nho va nhe ma xe van di duoc quing
duong 16n, dién ap 6n dinh gitp bao vé dong co tdt va than thién
voi moi truong [5-7].

Mat d6 nang lugng 1a mot trong nhimg thong sb quan trong
dé danh gi4 chat lugng cua pin. Pé nang cao mat do nang luong
(E) cua LIB, viéc thiét ké hé dién cuc - chit dién giai co do tuong
thich va hiéu sut cao c6 vai tro dic biét quan trong. Do mat do
ning luong ty 18 v6i dung lugng va dién thé theo cong thic E =
QxV[8] nén dé cai thién mat do nang luong ctia pin cin phai phét
trién cac vat liéu dién cuc c6 dung lugng cao (tang Q) hoac di¢n
thé hoat dong cao (tang V). Hién nay, vi¢c phat trién vét liéu dién
cuc duong (cathode) hoat dong & ving thé cao (>5 V so véi Li*/Li)
nhan dugc nhidu sw chi y hon vi gifip ting hiéu qua mat do ning

"Tac gia lién hé: Email: Imlphung@hcmus.edu.vn
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pin sac Li-ion, tetramethylene sulfone.

luong cua pin [9, 10]. Dong thoi, dé pin hoat dong tot & ving thé
cao, yéu cau cap thiét 1a phai tim ra céc h¢ dién giai m6i phu hop
dé han ché céc phan img khong mong mubn ciia vat liéu cathode
v6i chat dién giai, do hién tai cic chat dién giai thuong mai ding
cac dung moi carbonate hitu co trong LIB trén thi truong chi co
d6 bén oxy hoa ¢ thé <4,5 V (so véi Li*/Li). Khi sac 1én ving thé
cao hon 4,5 V, chat dién giai truyén thong s& bj phan hity tao ra 16p
thu dong trén bé mit dién cuc, lam cho dung lugng sut giam nhanh
chong va anh huong dang ké dén tudi tho cua pin.

Dén nay d c6 nhidu cong bd khoa hoc vé chét dién giai ding
chat 16ng ion, chat dién giai ran vo co va chét dién giai polymer
[11] duoc dung nhu cac hé dién giai m6i dé thay thé chat dién giai
truyén thong trén co so dung moi carbonate. Thong thudng, hé
dién giai duoc chia lam hai loai phd bién 1a hé dién giai nong do
thip ¢6 ndng do ion dan dién chinh <1 mol/l va hé dién giai nong
o cao (Highly concentrated electrolyte - HCE) c6 nong do ion >1
mol/l. Cac nghién ctru ciing da chimg minh ring, & nong do cao
cac tinh chat hoa Iy va dién hoa ctia hé dién giai thay doi rat 1on
nhu: tinh bén nhiét cao hon, ap suét hoi bdo hoa thip hon va tinh
on dinh dién hoa tot hon do ham luong dung moi tu do it hon dang
ké so voi chat dién giai nong do thip [12].

Nho tinh 6n dinh dién hod dugc cai thién nén c6 thé g dung
HCE trong LIB sir dung vét liéu dién cyc duong dién thé cao. Cac
nghién ctu trude day cho thay, viéc sir dung mubi LiBF, tot hon
LiPF, ¢ diéu kién toc do phong cao va nhiét o cao 50°C do do dan
ion cua LiBF  cao hon [13, 14]. Ngoai ra, tetramethylene sulfone
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Abstract:

In this work, highly concentrated electrolytes were
prepared by dissolving tetrafluoroborate (LiBF,) salt
in the two solvents including tetramethylene sulfone
(TMS) and trimethyl phosphate (TMP) with different
mole ratios. The results indicated that the electrolyte
LiBF /TMS (1:3) (~3.4 M) possessed the highest oxidation
stability of 6.2 V (vs. Li*/Li) and high ionic conductivity
of 1.0 mS/cm that could be promising for high voltage
Li-ion batteries operated in the voltage range of 3.5-4.9 V.
The electrolyte compatibility with high voltage cathode
Li || LiNi, Mn, O, (LNMO) was evaluated in coin-cell
configuration, which displayed high reversible discharge
capacity of 113 mAh/g in the first cycle and high initial
Coulombic efficiency >91% and remained >80% of the
initial capacity at the 100" cycle. By using the cyclic
voltammetry (CV) method, the diffusion coefficient was
also calculated as about 4.51x10"" cm?/s.

Keywords: high concentrated electrolytes, LiBF,, Li-ion

batteries, LiNi, Mn, O, tetramethylene sulfone.

Classification number: 1.4

(TMS) 1a mot dung moi tiém nang dé thay thé cho cac dung moi
carbonate do TMS ¢ d6 phan cuc cao va bén oxy hoa khir véi cira
s dién hoa 1én dén 5 V [12, 15, 16]. Bén canh TMS, trimethyl
phosphate (TMP) ciing 1a mot dung mdi ndi bat st dung trong
HCE, khong chi vi tinh phan cyc cao va chdng chay tot ma con
boi gia thanh thap [17]. Nghién cru trén pin hoan chinh graphit |
LNMO sir dung hé dién giai HCE 1a LiFSI/TMS cho thdy qué trinh
oxy hod dién giai ¢ ving thé >5 V dién ra khong dang ké khi nong
d6 mudi lithium 1a 3,0 mol/l va do vay dung luong duy tri dugc
69% sau 1000 chu ky ¢ toc do C/5 ngay ca trong diéu kién nhiét
d6 cao ~55°C [18]. Ngoai ra, dung moi TMP c6 thé tao thanh HCE
v6i mudi LiFSI co ndng d6 >5 mol/l ma khong can chat pha lodng
(dlluent) nhung van cho phép ban pm Li||LiNi ,Mn, .Co, .O, hoat
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ctia ban pin nay ¢ chu ky dau tién dat duoc 1a 117,5 mAh/g [19].

Trong nghién ctru nay, cac hé dién giai nong do cao ctia mudi
LiBF, trén co s6 hai dung moi TMS va TMP voi ty 1€ mu01/dung
moi = 1:3 va 1:4 dugc tong hop va khao sat cac tinh chét hoa ly va
dién hoa. Két qua do phong sac cuia ban pin Li || LNMO hoat dong
& ving thé cao (>4,5 V) trong h¢ dién giai LiBF /TMS va LiBF /
TMP s& dugc thao luan chi tiét & cdc phan sau.

Thuc nghiém
Chudn bj chit dién gidi nong dé cao

Céc chit dién giai nf)ng dd cao dugc pha va bdo quan trong
budng thao tac chan khong (glovebox, MBRAUN, Phép) chira khi
argon véi ndng do H,0 va O, dugc kiém soat dudi 1 ppm. LiBF,
(98%, Sigma- Aldrlch) duoc say chan khong ¢ 110°C trong 12 gio
truge khi sir dung. TMS (98%, Sigma-Aldrich) va TMP (99%,
Acros) dugc bao quan trong glovebox. LiBF, dugc hoa tan lan
lugt voi TMS va TMP véi cac ty 1€ 1:3 va I 4 theo s6 mol. Céc
hén hop trén duge khudy tir voi toe do 150 vong/phut trong 10 h
cho hdn hop hoan toan déng nhit va trong sudt.

Chudn bi dién cuc dwong va lap rdp ban pin ciic do

Vit liéu dién cyc duong LiNij Mn, O, (LNMO, MTI, My),
carbon AB (Imerys, Phap), graphlte (MTI, My) va chit ket dinh
polyvinylidene fluoride (PVdF) theo ty 18 80:7,5:7,5:5 vé khdi
lugng dugc phdi tron bang may nghién bi (MSK-SFM-3) trong
mot lugng vira di dung moi N-methyl-2-pyrrolidone (NMP, Acros,
Phap) dé tao thanh dang keo ddng nhat. Hon hop nay dugc phu lén
mang nhom bing k¥ thudt Doctor Blade. Sau d6, mang nhom dugc
sdy chan khong ¢ 80°C trong 12 gios va cat thanh dién cuc tron véi
duong kinh 12 mm, mat do khéi lugng 1-2 mg/cm.

Ban pin cic 40 CR2032 Li || LNMO duoc lép rap trong
glovebox chutra khi argon, su dung mang dién cuc duogc ché tao
O trén lam cathode, kim loai Li lam anode, 2 mang ngén soi thuy
tinh Whatman (Aldrich, M) va cht dién giai 1a dung dich 1 mol/l
LiBF /EC-DMC hogc cac HCE dugc chuan bi & phﬁn trén.

Dinh gid tinh chit héa I va dién héa ciia dung dich dién
gidi

bo d‘ﬁnvion cua chat dién giai duoc xéc dinh bang phuong
phap pho tong tro dién hoéa (EIS) trong dai tin sb tir 1 MHz -
100 mHz véi bién d¢ thé kich thich 1a 10 mV. Cell do d dan
CDC641T  (Radiometer Analytical) duogc chuan bj trong
glovebox gom 2 ban dién cyc Pt voi khoang cich khong
d6i nhung vao dung dich dién giai. H¢ dugc 6n dinh nhi¢t ¢
25°C trong 2 h trudc khi tién hanh do EIS trén thiét bi do dién
héa VSP (BioLogic, Phap). Dung dich chuin KCI 0,010 M
(1412 pS/em) duge st dung dé hiéu chinh hang sb dién cuc.

Phuong phap quét thé tuyén tinh (LSV) dugc thyc hién trén
méay MPG2 (Biologic, Phap) dé khao sat dd bén oxy hoa ciia cic
h¢ dién giai. Pin cuc 40 CR2032 dugc lép rap gém dién cuc lam
viéc 1a 14 Al duong kinh 14 mm, dién cuc d6i va so sanh 1a 14 Li
kim loai c6 cung dudng kinh, mang ngadn Whatman (loai GF/C)
duoc thim w6t bang dung dich dién giai nong do cao. Thé trén dién
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cuc lam viée d}rqc quét tuyén tinh voi toc do 0,1 mV/s tir thé can
bang (OCV) dén gia tri 6-7 V.

Pin cic do Li || LNMO dugc khao sat bing phuong phap quét
thé vong tuan hoan (CV) & toc do quét 0,1 mV/s dé khao sat do
bén trong viing thé hoat dong 3,0-4,5 V va tinh toan hé s6 khuéch
tan. Phép do dugc thuc hién trén may MPG2 (Biologic, Phéap). Pin
ctc 4o Li || LNMO duoc do phong sac trén may CT2001A (Landt
Inst., Trung Qudc), st dung phuong phap phong sac dong ¢b dinh
voi gia tri dong C/10 (twong ing vai kha nang dan cai 1 Li* trong
10 gio) trong vung thé hoat dong 3,0-4,5 V.

Két qua va ban luan

Gia trj nong do ion Li* va do dan ion ctia cic HCE ¢ 25°C thé
hién trong bang 1. Cac h¢ di¢n giai vdi ty 1€ mol muéi/dung moi
= 1:4 ¢4 d6 dan ion cao hon so v6i hé c6 ty 1& 1:3 (LiBF /TMS
1:4 - 1,16 mS/cm, LiBF /TMS 1:3 - 1,00 mS/cm), phu hop Voi
viéc pha loang lam ting do dan ion do lam giam twong tac gitra cac
fon trai d4u. So sanh hai dung moi, hé dién giai chira TMP (LiBF/
TMP 1:4 - 2,97 mS/cm) c6 gia tri dd dan cao hon hé dién giai chira
TMS (LiBF /TMS 1:4 - 1,16 mS/cm). Nguyén nhén boi vi dung
mdi TMS c¢6 kha nang solvate héa cac ion ctia mudi tot hon do
hang 6 dién moi cia TMS cao hon TMP (e, =44.0; ;,,~20.6)
[20, 21] nén mac du sy phan tach cation Li* va anion BF,” t6t hon
nhung lam day 16p vo solvate hoa cua cac ion, lam giam toc do
chuyén dong cta ching dudi tac dung cia dién truong. Ngoai ra,
d6 nhét cia TMP thap hon TMS rét nhiéu (2,257 cP [22] <10,2 cP
[23]) ciing gop phan lam ting d6 din ciia hé dién giai chira dung
moi TMP.

Bang 1. Gia tri do dan ion clia cac hé dién giai nong do cao so véi hé dién
giai dung méi carbonate.

Chit dién gidi Nong dd ion P din (mS/cm)

LiBE,/TMS (1:3) 3,40 1,00
LiBF/TMP (1:3) 2,86 1,04
LiBE,/TMS (1:4) 1,68 1,16
LiBE,/TMP (1:4) 1,32 2,97
LiBE,/EC-DMC (1,0 M, 25°C) 1,00 4,90 [13]

Khi so sanh d6 dan ion cua dién giai carbonate nong do thip
thong thudng (1 mol/l LiBF /EC-DMC - 4,9 mS/cm), cdc hé dién
giai nong do cao trong nghlen ciru ndy c6 do dan ion thap hon
khoang 4,5 lan, trir hé LiBF /TMP chi thap hon 1,6 lan. Két qua
nay phu hop vdi viée tang nong 6 mubi 1am ting kha nang ghép
cdp ion lam giam d¢ dan ion. Tuy nhién, hé dién gidi nong do cao
van ¢6 y nghia do kha ning bén dién hod cua né khi tiép xuc voi
cac vat liéu dién cuc dién thé cao nhu LNMO nho vide mé rong
cira s0 dién hoa (chi yéu mo rong ving bén oxy hod).

That vy, duong cong quét thé tuyén tinh LSV ctia cac hé dién
giai dé xac dinh thé oxy hoa dugc thé hién trong hinh 1. Thé oxy
hoa dugc chon tai mat do dong i=0,005 mA/cm. Nhin chung, d¢
bén oxy hoa hay thé oxy ho ciia cac hé dién giai tang khi ting
ndng do mudi (ty 1é mubi/dung moi nho hon). Véi dung moi TMS,
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gi4 tri thé oxy hoa cta hé LiBF J/TMS (1:3) 14 6,2 V, cao hon so
voi h¢ LiBF /TMS (1:4) (5,8 V) va hé dién giai nong d¢ thap 1 M
LiBF /EC- DMC (4,6 V[24] vs Li"/Li). So sanh gitta hai loai dung
moi, he dién giai s dung dung mdi TMP co d9 bén oxy hod thap
hon (khoang 5,4 V). Diéu nay di duoc giai thich ¢ trén, 1a do kha
niing solvate hoa cac cation va anion tir mudi d6i véi TMS t6t hon,
lam giam b6t lugng dung moéi tw do, 1a thanh phan d& bi oxy hod
cua h¢ dién giai.

0,030

0,025 |

——LIBF,/TMS (1/3)
——LIiBF,[TMS (1/4)

0,020 |

]
/

0,015 |

1 (mA/cm?)

0,010 |

0,0050 |

0 = - 1 1
20 30 40 50 60 7,0
E vs Li*/Li (V)

Hinh 1. Dwéng cong quét thé tuyén tinh LSV cua dién cwc lam viéc
Al trong cac loai hé dién giai & téc do quét 0,1 mV/s.

Tinh tuong hop ciia hé dién giai nong do cao trén vat ligu
LNMO dugc khao sat qua phuong phap CV trong m6 hinh ban pin
Li || LNMO tir 3,5-4,9 V (so v6i Li*/Li ) véi toe do quét thé 0,02-
0,1 mV/s. Két qua CV (hinh 2) cho thay ving thé hoat dong cua vat
liéu LNMO nam trong khoang 4,6-4,8 V, dugc dac trung boi hai
¢ap mili xen phu 1én nhau twong Umg voi cdp oxy hoa khir NiZ*/Ni**
(ving thé thap) va Ni**/Ni*" (ving thé cao) duoc biéu dién twong
ung boi phuong trinh (1) va (2).

L1N1II Mn O, -

1574
1 i _
Lll_le 0501 Mn 0, - ye « Li

Ni"' Mn O

1,574
11
_le 05

Ni™ Ni"¥ Mn, .0
-X Xy y 1574

xe « Li Ni 0

(1
2

Bén canh do, trén duong CV con xuét hién mot cdp mili nho &
khoang 4,0 V do phan tng oxy hoa khir Mn*/Mn** ctia ion Mn**
con lai trong cdu trac cia LNMO [18]. Trong hé dién giai véi
dung méi TMS, dién cuc LNMO thé hién hét cc dic trung oxy
hoa khr trong viing thé dwgc khao sat va & cac toe do tir cao dén
thip. Trong khi d6, vat liéu LNMO trong h¢ dién giai LiBF /TMP
chi thé hién cac miii oxy hoa khi bat du quét ¢ toe dg cao, sau
d6 cac miii oxy hoa dich chuyén vé phia duong va mét dan khi
toc do giam dan dén cac gi4 tri nho hon. Két qua nay cho thdy vat
liu LNMO khéng tuong thich t6t v6i hé dién giai sir dung dung
moi TMP. Mic du cac hé dién giai dugc sir dung c6 do dan ion
gan nhau nhu co thé théy 0 bang 1, nhung do bén oxy hoa clia
dung moi la yéu to quyet dinh chinh dén do bén hoat dong ciia
chat dién giai khi tlep xtic truc tiép v6i vat ligu LNMO va sy hinh
thanh lién dién pha rin bén viing 1a yéu t6 can thiét dé ngin chan
su phan huy ciia chat dién giai & cac chu ky phong sac. Su giam
hoat tinh cua dién cuc LNMO co6 lién quan dén thé oxy hoa th?ip
cta TMP va khi dung méi bi phin huy s& tao ra rét nhidu cac san
phém thy dong trén bé mat dién cuc va lam giam kha ning dan
jon va trao doi dién tir.
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Hinh 2. Dwéng CV cua ban pin Li || LNMO st dung hé dién giai (A)

LiBF /TMS (1:3), (B) LiBF /TMS (1:4) va (C) LiBF /TMP (1:3) trong

vung thé 3,5-4,9 V (so v&i Li*/Li) & téc do quét the 0,02-0,1 mV/s.

Phuong trinh Randles-Sevcik dugc st dung dé xac dinh gia
tri hé s6 khuéch tan dbi voi phan ing dan cai va giai phong ion
Li" trong cau trac vat lieu LNMO khi sir dung cac h¢ dién giai
ndng do cao co biéu thire nhu sau:

=269 x 105 x n3/2ACL1+D1/2 1/2 3)

trong d6: I 1a dong trao ddi (A), n 1a s6 electron trao doi, A la
dién tich bé mat dién cuc lam Vlec (cmz) C, la nong do L1

trong vat lidu (mol/cm?®), D 1a hé s6 khuéch tan (cm?/s), v 14 tdc
do quét thé (mV/s).

Bang 2. Gia tri hé s6 géc cua dwong biéu dién | theo v'2 va gia tri
hé sé khuéch tan twong (rng.

H¢ dién giai Hé sb goc H¢ s6 khuéch tin D (cm?s)
LiBF/TMS (1:3) 0,0497 4,51x101!
LiBF/TMS (1:4) 0,0329 1,97x101!
LiBF /TMP (1:3) 0,0228 9,50x10"12

Bang 2 trinh bay céc hé sb goc cua dudng biéu didn cudng
d6 dong I theo v va cac gia tri hé s6 khuéch tan tinh dugc
trong qua trinh quét CV cua dién cuc LNMO trong cac h¢ dién
giai. Sy khuéch tan ciia ion Li* bao gém sy khuéch tan tir bé
sau dung dich dén bé mit dién cuc va su khuéch tan trong céu
trac vat liéu. Trong truong hop hé dién giai n@)ng do cao, su
khuéch tan trong dung dich c6 sy anh hudng nhét dinh dén toc
d6 khuéch tan chung cua ion Li*. Hé dién giai st dung dung méi
TMS c6 gid tri hé s6 khuéch tan cao hon nhiéu so v6i hé sir dung
dung méi TMP. Biéu nay phu hop véi két qua do CV cho thiy
h¢ TMP c6 phan ung phu hinh thanh 16p thu dong ngan can sy
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khuéch tan ciia ion Li* va lam gidm hoat tinh di¢n hoa cua dién
cuc sau cac chu ky. Tuy nhién, khi so sanh véi cung dung moi
TMS, nhan thiy hé s6 khuéch tan tinh duoc trong hé dién giai
LiBF /TMS (1:3) cao hon khoang 1,5 1dn hé LiBF JTMS (1:4)
mac du hé nay ¢6 do dan ion kém hon. C6 thé ly giai diéu nay
khi theo ddi thé oxy hoa cta cac hé dién giai chira TMS nhu ¢
hmh 1. H¢ dién giai LiBF /TMS (1:4) c6 thé oxy hod thap hon
va gan hon véi ving thé du’O'c khao sat cua vt liéu LNMO. H¢
dién giai nay c6 nong do mudi thap, do d6 van con nhiéu phan
to dung mdi chua tham gia vao qua trinh solvate hod va bi oxy
hoé trong qua trinh quét thé, dan dén cac san pham thy dong
van dugce hinh thanh trén bé mit dién cuc LNMO va ngan chin
su khuéch tan coa ion Li'. Tuy nhién, san phém thy dong hinh
thanh trong dung moi TMS van c6 thé cho céc ion Li* trao dbi
tot hon so v6i truong hop ciia dung moéi TMP. Dic trung phong
sac cta dién cuc LNMO trong céc hé dién giai nong do cao
dugc trinh bay trong hinh 3. Buong cong phong sac cua LNMO
(hinh 3A) thé hién hai viing thé phing gan nhau & khoang 4,7 V
tuong ung véi qua trinh oxy hoa khir cua cap Ni**/Ni** va Ni**/
Ni?* ciia vat liéu LNMO. Két qua nay phu hop véi két qua CV
di thao ludn ¢ trén. Tuy nhién, qua trinh dan cai cua ion Li* d6i
v6i vat lidu LNMO dién ra khong hoan toan thuan nghich & céc
chuky. O chu ky dau tién xay ra qué trinh oxy hod chét dién giai
trén bé mit dién cuc hinh thanh 16p lién dién pha ran bén vimg
bao vé bé mat dién cuc, vi vay tidu ton mot lugng nhat dinh dién
lugng di qua hé, din dén do bat thuan nghich 16n & chu ky dau
tién. Hé dién giai st dung dung mdi TMS c6 hiéu suit phong
sac tuong d6i tét, dat trén 80% ddi v6i ca hai ty 1€ 1:3 va 1:4.
Két qua nay ciing phu hop véi gia tri hé s6 khuéch tan da tinh
toan & bang 2, cho thiy hé¢ dién giai sit dung dung méi TMS
ty 1& 1:4 ¢6 dung lugng bt thuan nghich cao hon ty 1¢ 1:3 do
hinh thanh mang thy dong nhiéu hon. Vat liéu LNMO cho dung
lugng phong dat 113,0 mAh/g trong chu ky dau tién (dung luong
Iy thuyét 13 148 mAh/g) va hiéu suat Coulomb c6 xu huéng ting
dan theo chu ky, dat gia tri 91,86% & chu ky thir 100 trong
h¢ dién giai LiBF /TMS (1:3). V6i h¢ di¢n giai LiBF,/TMS
(1:4), dung lugng phong chi dat duoc 98,6 mAh/g ¢ chu ky dau
tién. Cac gia tri dung luong va hidu sudt Coulomb trong qua
trinh phong sac cua ban pin Li || LNMO trong cdc h¢ di¢n giai
dugc trinh bay ¢ bang 3.

A T T T T T T T T T 100
(A) sof ] .

>
o

——LiBF /TMS (1/3)

LiBF /TMP (1/3)
——LIBF [TMS (1/4) 7

E vs Li*/Li (V)
(%) 3gns n3IH

»
°

* LiBF/Ms (13) {40
o LiBF /TMP (113)

:_j o LIBF,/TMS (14)

3,5

s L L s L
0 50 100 150 200 250 300
Q (mAh/g)

Hinh 3. (A) Bwong cong phéng sac chu ky dau tién, (B) dung
lwong va hiéu suat Coulomb theo chu ky cta ban pin Li || LNMO
trong cac hé dién giai néng dé cao st dung dung méi TMS va TMP.
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Bang 3. Dung lwgng phéng sac, hiéu suat Coulomb chu ky 1 va do
duy tri dung lwong sau 100 chu ky cua ban pin Li | [LNMO.

Dung lwgng chu ky 1 o a .
o oAby it D s
Phong Sac
LiBF,/TMS 1:3  113,0 2314 48,83 83,40
LiBF,/TMS 1:4 98,6 296,5 33,26 86,77
LiBF,/TMP 1:3 654 2377 21,53 13,56

Kha nang duy tri dung lugng phong sac theo chu ky cua ca hai
chat dién giai sir dung dung mdi TMS véi ty 18 mol 1:3 va 1:4 déu
kha t6t (>80%), cho thdy tinh 6n dinh va kha ning tuong thich tot
cua hé dién giai néng d6 cao nay voi vat licu LNMO. Dung méi
TMS solvate hoa tot ion Li*, do d6 sy van chuyén va dan cai ion Li*
Vao cau tric vat liéu tuong dm thuén nghich, khong gay ra sy thay
d6i cau trac va bén canh do 16p lién dién dién cuc - dién giai bén
viing tao thuén lgi cho qua trinh chuyen dién tich trén bé mdt dién
cuc. Day ciing 1a ly do gitip tdng cudng tudi tho cua pin (the hién
qua s chu ky phong sac) (hinh 3B). Trong d6, hé dién giai voi ty 1¢
mol 1:3 cho hiéu ning phong sac tot nhit nho ¢6 ddy di céc yéu t6
thuan loi vé do dan ion va do bén oxy hod. Tuy nhién, do bén phong
sac sau 100 chu ky ctia hé dién giai v6i ty 1¢ mol 1:4 cho thay 16p
lién dién dién cyc - dién gidi co thé day 16n hon, gitip ngan chan
t0t sy oxy hoa cua dunng méi khi phong sac nhiéu chu ky, nhung
nguoc lai l[am gidm dung luong thudn nghich do tré khang cua 16p
lién di¢n 16n hon.

HE dién giai LiBF /TMP ty 1€ 1:3 ¢ dung lugng rat thap (65,4
mAh/g) va c6 xu hu(mg giam rat nhanh nén kha nang duy tri dung
luong sau 100 chu ky chi dat 13,56%. Diéu nay cho thay kha ning
tuong thich kém cta dung moi TMP ddi voi dién cue LNMO.
Nguyén nhan ¢ thé do dung mdi TMP khong solvate hoa tot cac ion
Li* nhu TMS nén sy van chuyén va sy dan cai cua ion Li* vao trong
céu tric vat lidu khong tot, dong thoi 1am chdm qua trinh phan tng
dién hoa, dan dén sy giam dung luong nhanh chong qua céc chu ky.

H¢ dién giai nf”)ng do cao str dung mubi LiBF . két hop véi cac
dung moi TMS va TMP da duogc tong hgp va khao sat tinh chat hoa
1y va dién hod. Hé dién giai st dung dung moi TMP ¢6 do dan ion
cao hon TMS nhung cé mitc do solvate hoa ion Li* kém, din dén do
bén oxy hod kém hon so vdi h¢ dién gidi st dung dung méi TMS.
Do bén oxy hod cua hé LiBF /TMS (1:3) Ién dén 6,2 V vs. Li7/Li,
cao hon ving thé hoat dong cua dién cuc LNMO.

HE dién giai st dung TMS cho thay tinh tuong thich t6t va hoat
dong 6n dinh ¢ ving thé cao khi tlep xuc voi dién cuc LNMO.
Phan tmg phu phén huy chat dién giai dé hinh thanh 16p thu dong
trén bé mat dién cuc LNMO giam di khi ting nong d6 mudi, giam
ham lugng dung méi TMS. Do d6, h¢ dién ly LiBF /TMS gitp cho
LNMO thé hién tinh ning phong sac tt nhat. Dung lugng cua vat
liéu dat duoc 113,0 mAh/g ¢ chu ky dAu tién va duy tri dugc 93,9
mAh/g sau 100 chu ky véi hiéu suat Coulomb khodng 92%.
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Su bién doi nong do asen trong nwdc ngam doc theo mot mat cat
¢ lang Van Phuc, Ha Noi
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Tom tit:

Nghlen ctru trinh bay két qua vé sy bién ddi nong do asen (As) trong nuée ngim doc theo mdt mit cit tai khu vue
gan trung tam thanh pho Ha N01 Két qua cho thay, nuéc ngam tai khu vuc nay khong di an toan dé sir dung cho
muc dich an uong, v6i 64% s6 mau co nong do As vuot qua tiéu chuén cho phép cia Té chirc Y té thé giéi (WHO)
vé ndng do As trong nuéc in udng. Su bién doi As doc theo miit cit nghién ciru phu thudc manh vao dic diém tram
tich ciia tirng viing twong ing. Ngoai As, nwéc ngim tai diy ciing bi 6 nhiém béi ndng dd cao ciia Fe, Mn va amoni.
Nghién ciru ciing cho thiy mdi twong quan thuin giira As v6i cac thanh phan thé hién tinh khir cho méi truomg nudée
1a DOC (cacbon hiru co hoa tan), NH," va CH,. Tuy moi twong quan giira As voi Fe va Mn khong ro rang theo mot
chiéu hwéng, nhung véi cac két qua da dat du’(rc 6 thé khang dinh, sy hinh thanh cua As trong nuéc ngam & khu

vue nghién ctru la theo co ché khir hoa tan cac khoang Fe dudi diéu kién khir.

Tir khéa: asen, asen dia hoa, mit cat, nwéc ngam, Van Phic, vung chuyén tiép o6xy héa khir.

Chi s6 phén logi: 1.5
Gidi thiéu

Nude ngam bi 6 nhidm As khong phai 1a vin dé méi, n6
da duogc phat hién ¢ nhiéu noi trén thé gidi tir dau nhimg
nam 1980. O Viét Nam, nhitng nghién ctru vé 6 nhiém As
& Ha Noi va cac khu vue 1an can 1an dau tién duoc cong bd
vao nam 2001 bai M. Berg va cs [1]. Sau do, nhiéu nghién
ctru vé As trong nudc ngam da duoc thyc hién ¢ Ha Noi,
cac khu vuc 1an can va toan bo Dong bang song Hong [2-
5]. Két qua cua cac nghién ctru cho thdy, tang chira nuée
& Pong bang song Hong bi 6 nhidm boi As v6i nong do
1én téi hon 3.000 pg/l, trong d6 nuwéc ngam ting nong &
Ha Noi c6 ndng do As trong khoang 240-320 pg/l [1]. Hon
nira, mot khao sat trén toan bo vung DPdng bang song Hong
cho thdy, cac giéng co nong do As cao tap trung chu yéu ¢
cac khu vic déng dan cu doc theo song Hong nhu Ha N,
Ha Nam, Nam Dinh, Hung Yén, Thai Binh [5]. Tuy nhién,
khong phai tang chita nudc nao & cac khu vire ndy cing bi 6
nhlem As. Cac nghién ciru trén cling chi ra rang, nuGe ngam
tang noéng hay tang chtra nuc Holocene véi tram tich tré
va diéu kién khir manh d& bj 6 nhiém boi As nong do cao.
Trong khi d6, ting chira nuéc sau hon, véi trim tich gia hon
va diéu kién khir yéu hodc mdt sb noi thdm chi ¢o tinh oxy
hoéa thi it c6 kha nang bi 6 nhiém bai As [2-4].

Nuée ngam thuong duge st dung 1am nudc an udng,
sinh hoat trudc khi c6 nuée cap. Tuy nhién, do su gia ting
dan sd, dac biét & Ha Noi trong cac thép ky qua da dan dén

“Tac gia lién hé: Email: phamhungviet@hus.edu.vn
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viéc khai thac qua mirc ngudn nudc nay, gy nén tinh trang
nudc ngam d2 bi 6 nhiém bai As, cac chit hiru co, amoni va
nhitng cht 6 nhiém khac. Hién nudc ngam da dugc han ché
khai thac sau khi nhiéu nghién ctru cho thay, cac tang chua
nuée & khu vue Dong bang song Hong bi 6 nhidm boi As
voi néng dod cao [1, 2, 4-6]. Do d9d, cac nha may xu ly nuéc
da dan chuyén sang sir dung nude mat dé xu Iy va cung cap
nudc smh hoat cho thanh phd. Mic du vay, nude ngam van
1a ngudn cung cap chinh cho nudc sinh hoat ciia ca thanh
phé. Uéc tinh nam 2017, tong lugng khai thac nudc ngam
ctia toan Ha Néi la 1 triéu m’/ngay, trong khi do, lugng
nude miat duoc khai thac tir song Da va song Hong boi cac
nha may xu ly nudc chi dat khoang 330-350 nghm m3/ngay
[7]. Viéc khai thac qua mirc ngudén nudc ngam co thé lam
thay d6i huong dong chay tu nhién va xu hudng bd cap cua
nude ngam. Chinh viéc thay d6i huéng dong chay va sy bd
cap nay c6 thé dan dén sy lan truyén cac chat 6 nhiém, dic
biét 1a As, tir tang chira nudc phia trén xudng tang dudi von
dugc coi la an toan [8, 9].

Bai bao trinh bay két qua nghién ctru vé sy bién doi As
doc theo mot mat cit tai lang Van Phuc, huyén Thanh Tri,
thanh phd Ha Noi ciing nhu mbi trong quan gitta As va mot
s6 thanh phan hoa hoc cia nudc ngam trong khu vuc nghién
ctru dudi tac dong cua qua trinh khai thac nudc tap trung tai
trung tAm thanh ph.
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Abstract:

In this study, the author report detailed results of the
variation of arsenic in groundwater along a transect in an
area near the Hanoi city centre. The results showed that
64% of collected samples exceeded the WHO guideline
value for arsenic concentration in drinking water. The
arsenic concentration varied in a wide range, strongly
depending on the sediment characteristics of each zone
along the transect. Aside from As, groundwater in this
area also was contaminated by elevated concentrations
of Fe, Mn, and ammonium. The study also pointed out a
positive correlation between As and reductive chemical
species, namely DOC, NH_", and CH, in groundwater.
Although there is no clear trend in the correlation
between As and Fe, Mn, it can be concluded that the
formation of arsenic in groundwater in the study area
was due to the reductive dissolution of As-bearing iron
minerals under the presence of organic matter.

Keywords: arsenic, arsenic geochemistry, groundwater,
redox transition zone, transect, Van Phuc.

Classification number: 1.5

Phuong phap nghién ciiu
Vi tri nghién ciru

Khu vuc nghién ctru thudc dia phén xa Van Phic, huyén
Thanh Tri, cach trung tim thanh phd Ha Noi khoang 13 km
vé phia nam va déng nam (hlnh 1). bay la mot trong nhu’ng
khu vuc dién hinh cho Pdng bing song Hong do nim &
khuc quanh cta song, hang nam nhan dugc luong phu sa 16n
d6 vé gitip cho dit dai mau md, thuan tién cho viéc trong
cac loai hoa mau va cdy cong nghiép. Trudc day, khu vuc
nay thudng xay ra lut 16i vao miia mua va nudc ngam hau
hét duoc khai thac dé phuc vu cho muc dich an udng, sinh
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hoat cua nguoi dan noi day. Hién nay, nguoi dan da st dung
nude cdp cho an ubng va sinh hoat, nhung nudce ngam van
duoc khai thac, str dung tai mot ) ho dan cho cac muc dich
khac nhau (tudi ti€u vao mua khé hoac tdm giat). Hon niia,
nude ngam tai khu vuce nay ciing chiu anh hudng truc tiép
tr qué trinh khai thac nudc tap trung tor cac nha may xu ly
nudc tai trung tim thanh phd. Véi cac ddc diém tu nhién vé
dong chay nudc ngam, cac dic tinh vé trim tich ting chtra
nudc Holocene va Pleistocene cling nhu vi tri dia ly lam cho
khu vyc nay dac biét phu hop cho cac nghién ctru vé sy lan
tmyen cua As gitra cac tang chtra nudc [3, 4, 10]. Vi vay,
cac giéng quan tric da duoc lap dit doc theo mot mat cit
¢ khu vuc lang Van Phuc nham phuc vu cho cac muc dich
nghién ctru sy 6 nhiém As trong nudc ngam va sy lan truyén
giita céc tang chira nudc.

Hinh 1. Mat cat nghién ctru tai lang Van Phuc, Thanh Tri, Ha Noi.
(A) Mb ta vi tri dia ly cGa lang Van Phuc trong khu vic Béng béng séng
Hong (B) Anh v& tinh (Google Earth, 2020) mé ta vj tri mat cét va cac
giéng quan tric. Pwéong ké mau tréng danh dau mét cat nghién clru.

Ldy méu va phan tich

Téng cong 25 miu nude ngam & cac do sdu khac nhau
(khoang -20 dén -54 m tir mat dit) duoc ldy tir cac giéng
quan trac doc theo mit cit nghién ciru trong thang 4/2019
bang bom chim va phan nudc dong trong gleng dugc bom
bo hoan toan. Sau khi cac thong s6 hién truong on dinh (pH,
oxy hoa tan, do dan dién - Ec, thé 6 oxy hoa khur - Eh), cac
mau nudce nay dugc loc qua mang CA 0,45 um dé loai bo
ph?m khong tan vao trong 2 lo nhua. M4t lo cho phan tich
cac ion kim loai, NH," va PO, duoc axit hoa bé‘lng HNO,
(65%, Merck) t61 pH<2, 1o con lai cho phan tich cac anion.
Mau cho phan tich tong DOC duoc loc vao lo thay tinh co
nép kin v6i septum va axit hoa bang HCI (37%, Merck) t6i
pH<2. Cac miu nay sau d6 dugc bao quan lanh ngoai hién
truong va ¢ 4°C trong phong thi nghiém cho cac phan tich
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tiép theo. Mau cho phan tich CH, duoc lay truc tlep tir dau
voi vao lo chan khong (819 W, Labco Ltd) v6i thé tich nuée
khoang 2/3 lg. Sau do, cac lo nay dugc Gp nguoc va bao
quéan trong da kho ngoai hién trudng, roi trong ngin da ti
lanh dén khi phén tich.

Céc ion kim loai dugc phan tich trén thiét bi quang pho
hép thu nguyén tir AA-6800, Shimadzu. As tong duoc phan
tich trén cung thiét bi két hop v6i bo hydrua hoa (HVG-
AAS). Céac anion: F-, CI', Br, NO,, NO;,, SO dugc phan
tich bang thiét bj sic ky trao 601 10n HIC 20A Super,
Shimadzu. Cic ion NH,” va PO,* duogc phén tich bing
phuong phap quang pho hép thu phan tur trén thlet bi UV
1800, Shimadzu. Nong d6 DOC trong nudc ngim duoc
thuc hién trén thiét bi phan tich tong C hitu co TOC-V
Shimadzu. CH, dugc phén tich trén thiét bi sac ky khi GC-
2014, Shlmadzu Céc mau kiém chimg voi nong do co san
clia cac chit can phan tich (dung dich chuin da nguyén t6
ICP IV va ICP IX, Merck, mau kiém ching ndi bd ARS 26
va ARS 27; dung dich kiém ching anion PIA, Shimadzu)
duogc phan tich kém theo trong sudt qua trinh phan tich miu
thuc voi do thu hoi trong khoang 90-110%. Mdi phép do
cho ca mau thuc va kiém ching dugc thuc hién 3 lan va
%RSD cua cac phép do luon <10%.

Két qua va thao luan

Sw bién déi nong dp As trong nwéc ngam doc theo mdt
cat nghién cuu

Nong do As tong trong nudc ngam & mit cit nghién ctru
bién ddi trong khoang <5-525 pg/l, trong do6 c6 to1 64%
(16/25 mau) sO giéng nghién ctru cd nong do As vuot qua
tiéu chuan cia WHO va quy chuén Viét Nam ddi voi nuée
sach st dung cho muc dich sinh hoat (10 pg/l) tur 2 den 50
lan [11, 12]. Hon ntra, c6 the thdy, nuéc ngam c6 ndng do
As cao déu tap trung & cac giéng co do sau trong khoang 20-
40 m (hinh 2). Khoang nong d6 tuong tu ciia As trong nudc
ngam ciing duoc tim thiy trong nghién ctru cua Stopelli va
¢s (2020) [3], Eiche va cs (2008) [10] tai lang Van Phtc.

Dong chiy nwie ngim
-—
2000 1500 1.000 500
1.000 As (ng/h)
o 0-10
10-50
° 50-100
100-300

® 300-500

PO sdu (m)

° D Ving chuyén

0 . tiép oxy hoa khit
Khodng cdch t¢i song (m)

Hinh 2. Sy bién ddi As trong nwéc ngdm doc theo mat cat nghién
clru.
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Ngoai 6 nhiém As, nudc ngﬁm tai khu vuc nay con bi
6 nhiém boi Fe, Mn va amoni véi ty 1& sé giéng vuot qua
QCVN 01-1:2018/BYT vé chit luwgng nude sach cho muc
dich sinh hoat lan lugt 1a 80 (20/25), 68 (17/25) va 72%
(18/25). Néu xét theo gia tri dwa trén sirc khoe cia WHO 14 2
mg/1 d6i véi Fe, 0,4 mg/1 d6i véi Mn thi van c6 t6i 68 va 60%
s6 giéng bi 6 nhidm (bang 1). Vi vay, hau hét cac giéng nay
khong du tiéu chuan dé sir dung lam nudc an udng [11, 12].

Bang 1. Néng dé As, DOC, CH, va NH,* tai mat cat nghién ciru.

Pjsau  Khoing  As Fe Mn DOC CH, NH,
m)  cich(m) (g) (mgh) (mg) (mgCH (mgh  (mgNN)
25 240 14453 12,58 0,77 0,65 - 0,60
-20 580 78,01 17,89 0,34 2,06 12,66 10,65
-30 580 24491 22,14 0,23 2,24 10,15 15,60
-40 580 235,62 23,54 0,29 2,01 6,92 12,34
-20 1.100 43934 997 1,05 5,64 39,87 53,00
28 1.100 52405 12,16 0,27 4,54 47,53 33,80
-40 1.100 388,77 13,60 <0,2 2,55 20,83 29,73
27 1.490 33995 20,20 <0,2 3,14 231 5,69
-20 1.490 437,59 20,09 <0,2 1,73 11,26 524
-25 1.640 52533 12,22 <0,2 6,26 57,84 67,40
-37 1.640 41637 11,40 0,21 1,98 6,00 10,17
-25 1.730 42307 11,46 0,55 3,89 37,36 26,50
-32 1.730 <5 <03 1,59 0,82 - 9,46
-47 1.730 10,50 16,00 1,14 113 0,18 0,54
-25 1.740 293,05 1044 0,96 2,70 15,55 18,20
-29 1.740 51,40 9,45 2,36 1,78 13,65 14,60
-32 1.740 <5 0,68 2,06 0,74 - 5,71
-37 1.740 <5 <0,3 2,69 0,72 - 0,97
41,5 1740 5,61 1,85 2,24 0,84 - 1,71
25 1.760 70,83 8,46 3,38 2,07 18,90 15,30
25 1.780 <5 0,73 1,99 1,23 0,38 11,04
24 1.790 - <03 1,26 0,91 11,93
22 1.980 - <0,3 2,49 0,67 - <0,2
38 1.980 - <03 0,32 <0,50 - <0,2
-54 1.980 6,90 24,83 1,14 0,61 - 0,65

Ghi chu: *-": khéng phat hién.

Ving chuyén tiép giita ting chira nudc Holocene va
Pleistocene thuong dugc xac dinh boi sy thay d6i diéu kién
khir ctia tang chira nuéc (ttr khr manh sang yéu hon), tir 46
tao thanh viing chuyén tiép 6xy hoa khir. Ving chuyén tiép
oxy hoa khtr trong khu vuc nghién ctru dugc xac dinh nhu
trong cac nghién ctru cua Stopelli va cs (2020) [3], Geen va
cs (2013) [4]. Neu xét doc theo mat cit va hudng cua dong
chay nudc ngam c6 thé thay, nong do As trong nudc ngam
cao, tang dan tir by song dén trude vung chuyen tiép va it
thay d6i theo do sau. Tai ving chuyen tiép oxy hoa khir,
nong do As lai giam dan va dic biét giam manh theo do sau.
Sau viing chuyén t1ep, hau nhu ' khong thdy sy xut hién ciia
As trong nudc ngam tai cac gleng nay (hinh 1 va 2).
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Tram tich khu vuc nghién ctru co su dan xen giira ting
Holocene (d0 sau 15-55 m), Pleistocene (18-45 m) va duoc
ngan cach bai 16p cach nude [3, 4, 10]. Theo cac két qua
nghién ctu vé dac tinh trAm tich tai khu vuc nghién ctru cho
thiy, img véi mdi dang tram tich s€ quan sat thiy nong do
As khac nhau trong nudc ngam. Khoang cach tir bo song
vao 600 m, nong do As trong nudc ngam tai day nam trong
khoang 78-245 pg/l ing véi tram tich Holocene gan bo
song (bang 1). Tién xa hon so v&i bo séng & khoang cach
1.000-1.600 m tng voi tram tich Holocene, nong do As
trong nudc ngam 1a cao nhit (340-525 pg/l) (bang 1). Ung
v0i vung nay, néng do NH,", CH, va DOC ciing la cao nhit,
qua do6 cho thay tinh khir cua ‘nude ngam ¢ vung nay manh
nhit. Con tai ving chuyén tiép, c6 thé thiy r6 ndng do As
giam manh theo do sdu twong Gmg véi sy thay ddi mau sic
clia tram tich tai ving nay (tlr cat/cat-bun trén xam sang cat/
cat-bun trén vang-nau). Cubi cling, ving ma hau nhu tim
thay rat it su c6 mit cia As ¢ khoang cach 1.760-1.800 m
(g véi tram tich tang Pleistocene.

Nghién ctu cho thdy, kha ning ting chtia nudc
Pleistocene bi 6 nhiém As do sy lan truyén tir ting Holocene
hoan toan c6 thé xay ra & khu vuc nay. Tir bang 1 c¢6 thé
nhan thay, nong d6 DOC trong nudc ngém la khé cao ¢ 2
vung tir bo song t6i trude ving chuyen tiép (trong khoang
0 dén 1.640 m). Néu c6 su lan truyén xay ra thi cic vét chat
hiru co nay ciing ¢ kha nang dugc vén chuyén theo dong
nuge ngdm t6i ving xa hon va séu hon, thdm chi vét chat
hiru co tir cac tang cach nudc cling co thé duoc van dong
va di vao tang chira nudc Pleistocene. Piéu nay lam cho
tang chtra nude Pleistocene cang ¢ nguy co bid nhiém As.
Nguyén nhan hinh thanh As trong nudc ngam duoc da sd
cac nha khoa hoc thong nhat 13 do As dugc giai phong vao
nuée ngam thong qua qua trinh khir hoa tan cac khoang Fe
dudi diéu kién khir voi su 6 mit cua cac vat chit hitu co [2,
13]. Tuy nhién, dé két luan chinh xac vé kha ning lan truyén
As toi tang chtra nu6e sau hon dudi tac dong cua qua trinh
khai thac nudc ngim qua mure thi cac nghién ciru vé sy bién
ddi As trong nude ngam theo thoi gian van can thiét.

Moi twong quan giita As va cdc thanh phfin khadc trong
nwoc ngam

Twong quan giita As va Fe: day 1a mdi twong quan ma
hau hét cac nghién ctru vé As déu dé cap dén. Theo cac nha
khoa hoc, mot trong nhiing gia thiét vé co ché 1am cho nudce
ngam bi 6 nhim As ndng do cao la do As hinh thanh dudi
diéu kién khir thong qua qua trinh khir hoa tan cac khoang
Fe c6 chira As trong tang chira nu6e véi sy ¢6 mit clia cac
chat hiru co [2, 10]. Theo gia thuyét nay, As s& c6 mdi trong
quan thuan v6i Fe. Tuy nhién, trong thyc té, mdi twong quan
thuan nay khong phai bao gid ciing c6 thé quan sat dugc. Do
trong tu nhién, cac téng chira nu¢ce thuong chiu tdc dong boi
nhiéu yéu té dia chat, thiry vin phurc tap ciing nhu cac hoat
ddng cua vi khuan nén thanh phan héa hoc nudc ngam ciing
bi anh hudng theo.
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Hinh 3. Méi twong quan As-Fe.

Hinh 3 thé hién méi tuong quan gilia As téng va Fe téng
& khu vuc nghién ctru. Tir hinh 3 c6 thé thy, twong quan
giita As va Fe tai mat cit nay dugc chia lam 3 ving tuong
g voi 3 mbi twong quan khac nhau néu xét dya trén co ché
hinh thanh As trong nudc ngém.

Ving 1 (mau xanh): As thp - Fe cao. Viéc ndng do Fe
tong tai cac g1eng nay cao trong khi sy c6 mat cua As lai
rat thip c6 thé 1a do tram tich tai diy khong co As hodc ¢
nhung da giai phong va van chuyén di noi khac sau khi qua
trinh khir hoa tan cac khoang Fe c6 chira As xay ra. Hoac
ciing c6 thé do As lién két voi cac pha khoang bén cia Fe
(nhu pha pyrit) ma ¢ diéu kién khtr théng thudng cia ting
chira nudce thi khong du manh dé c6 thé hoa tan cac khoang
nay, ddng thoi giai phong As. Vi cac nghién ctru ve su phan
b clia As trén cac pha khoang Fe trong tram tich tang chtra
nudc & Dong bang song Hong chi ra rang, As phan 16n lién
két voi pha khoang Fe (oxihydr)oxit tinh thé, mot phan nho
duoc phan bd trén pha khoang dé hoa tan va pha hap phu
ion. Trong khi d6, Fe lai chu yéu dugc tim thay trén 2 pha 1a
(oxihydr)oxit tinh thé va khoang d& hoa tan [2, 10, 14, 15].

Ving 2 (mau do): Fe thp - As thip, Fe cao - As cao.
Ving nay cho thdy mdi twong quan thuan giita As va Fe,
khi ndng do Fe tang thi ndng do As ciing ting theo. Hay noi
cach khac, cac gieng thudc Vung nay tuan theo ly thuyét vé
co ché giai phong As tir trim tich vao nudc ngim qua qua
trinh khr hoa tan cac khoang Fe c6 chira As.

Vung 3 (mau vang): Fe cao va As ciing cao, As tang
nhung Fe thi khong ting. Mdi twong quan khéng rd rang
nhu vung nay co thé 1a do qua trinh tai két tia ctia Fe voi
cac ion nhu carbonat va/hodc ion phosphate cd6 mat trong
nude ngam. Tic 13, tai cac giéng nay co ché giai phong As
tir trdm tich vao nudc ngim van tuén theo co ché khir hoa
tan cac khoang Fe va 1am cho ndng d6 Fe va As tai day cao.
Nhung sau khi di vao nudc ngam, véi sy ¢ mit ctia cac ion
nhu CO,* va PO da dlen ra qua trinh tai két tia cua Fe voi
cac ion nady va lam cho nong dd As tdng, nhung nong dd cua
Fe thi khong tang theo.

Khé nang hinh thanh hay hoa tan mdt khoang nao do
trong tang chira nude thudng duoc xem xét dua trén chi sd
bao hoa cua khoang d6. Hinh 4 biéu dién mbi quan hé giira
ham logarit hoat dg cation va anion cua cac khoang Siderite
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va Vivianite mg voi ting vung tuong quan Fe-As (cac diém
cham) véi cac dudng biéu dién tich so tan cia cac khoang
d6 (duong lién va duong dut doan). Nhin vao vi tri cia
cac diém so v6i cac duong tich sb tan cua timg khoang ¢
thé biét dugc trang thai bdo hoa cta khoang d6 trong nudc
ngam. Néu cac diém nam phia dudi duong biéu dién tich s6
tan thi khoang chua bdo hoa. Néu diém trung v6i duong thi
chung té khoang d6 da dat trang thai bao hoa. Truong hop
cac diém nam & phia trén dudng biéu dién thi khoang d6 dat
trang thai qua bao hoa va sé tai két tua.

Siderite Vivianite

Siderite

K=1089

log [Fe*]
log [Fe¥]

Tog [CO:*]

log [P0

Hinh 4. Trang thai bao hoa cua cac khoang Siderite va Vivianite
twong ng vé&i tirng vung twong quan giira As va Fe. Cac duong
nét lién va nét dit trong bidu dd biéu dién cho tich sé tan cla cac
khoang.

Tir hinh 4 c6 thé thiy, cic mau tmg véi ving 3 & ca 2
khoéang trén déu ¢ trang thai qua bdo hoa. Piéu nay co thé
chimg minh cho giai thich trén vé su twong quan khong theo
quy luat ctia As va Fe 13 xay ra su tai két tia cua cac khoang
Fe. Do d6, ham lugng Fe tai céc giéng nay cao nhung khong
tang ty 18 voi ndng d6 As va qua trinh tai két tua nay ciing
khong kéo theo sy tai két tia/hap phu ctia As trén bé mit cac
khoang Fe nay. Trang thai qua bdo hoa dbi véi cac khoang
ctia Fe ¢ khu vuc nghién ctru cling dugc khing dinh trong
nghién ctru ¢ cung khu vuc cua Stopelli va cs (2020), Eiche
va cs (2008) [3, 10].

Twong quan giita As va Mn: theo thir tu chudi 6xy hoa
khir xay ra trong nudc ngam thi cac oxit cia Mn s& bi khtr
trude khi xdy ra qua trinh khir hoa tan cac oxit Fe, dong thoi
giai phong As [13]. Piéu nay c6 nghia 13, néu chiéu theo quy
luat, noi nao Mn cao thi chua chic di c6 As, noi nao As cao
thi Mn ciing s€ cao.
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Hinh 5. Méi twong quan As-Mn.
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Tuy nhién, mdi twong quan giita As va Mn & khu vuc
nghién ctru lai khong hoan toan tuan theo quy luat nay. Tu
hinh 5 ¢6 thé thay, twong quan giita As va Mn & day cting
duoc chia lam ha1 vung. Vung 1 (mau xanh) cho thiy, tai
cac giéng nay nong dé Mn trong nudc ngam cao nhung
ndng do As lai thap, cd thé noi trong quan Mn va As trong
nudc ngam tai cac gleng nay tuan theo quy ludt trén. Tuy
nhién, ¢ vung 2 (mau do), quy luat nay khong con dung khi
ma ndng do As cao nhung Mn lai thap. Diéu nay c6 thé do
qua trinh tai két taa cac khoang cua Mn véi cac ion CO,*>
hodc HPO,* lam cho ndng d6 Mn giam xudng, trong khi do
As da giai phong ra sau qua trinh khir hoa tan khoang Fe thi
van con ton tai trong nudc.

MuHPO, Rhodochrosite
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Hinh 6. Trang thai bao hoa cac khoang cua Mn twong (rng véi tirng
vung twong quan As-Mn.

Hinh 6 biéu dién trang thai bio hoa cac khoang MnHPO,
va Rhodochrosite (MnCO,) trong nudc ngim tai cac gleng
0 khu vuc nghién cuu. T h1nh 6 c6 thé thay, nudc ngam tai
khu vyc nghién ctru 1a qua bao hoa dbi v6i khoang MnHPO,
va qua bio hoa mot phan dbi voi khoang Rhodochrosite 0’
ca hai ving twong quan trén. Didu nay co thé giai thich cho
su twong quan khong théng nhat giita Mn va As trén toan bo
khu vuc nghién ctru va mot lan nira khe‘ing dinh sy phure tap
ctia hé thong thiry dia hoa nude ngam.

T wong quan gitta As va cac thanh phan thé hién tinh
khir cia nuée ngam: qua trinh phan huy cac hop chat hiru
co dong mot vai trd quan trong trong tang chira nudc, lién
quan tryc tiép dén tinh 6xy hoa khir ciia moi truong nude
xung quanh n6. Nong d6 DOC trong nudc cang cao cang
thuan lgi cho qua trinh phéan hity chét hitu co do vi sinh vt.
Theo thtr ty day phan mg 6xy hoa khur xay ra trong nuge
ngam, NH," la san pham khir dau tién va CH, la san pham
khtr cudi cung Do d6, c6 thé néi rang, bén canh DOC thi
NH," va CH, cling 1a mot trong nhiing chi thi va thude do
cho tinh khu cia moi trudng nude ngam [13, 16]. Vi vy,
ve,mat ly thuyét, giita As tong véi NH,", CH, va DOC s& c6
moi tuong quan thuan theo gia thuyét moéi truong cang cod
tinh khu thi cang thuén loi cho qua trinh giai phong As vao
nudc ngarn Hinh 7 thé hién m01 tuong quan gitra As, NH,*
CH, va DOC trong nudc ngam ¢ khu vue nghién ctru. Qua
hinh nay c6 thé thay r6 mot diéu rang, giita As voi NH,* Lo As
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voi CH,, va gitta As voi DOC déu co mdi tuong quan thuén,
phu horp v6i quy ludt giai phong As tir tram tich vao nudc
ngam qua qua trinh khir hoa tan cac khoang Fe. Ngoai ra,
mdi twong quan nay con khang dinh méi trudng nudc ngam
tai khu vuce nghién ctru ¢6 tinh khu.

As-NH,* As-CH, As-DOC
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Hinh 7. Méi twong quan giira As véi NH,*, CH, va DOC trong nwéc
ngam & khu vwe nghién ciru.

Két luan

Két qua nghién ctru cho thiy, nudc ngdm tai khu vuc
nghién ctru 1a khong du an toan dé sir dung cho muc dich
sinh hoat, bai n6ng do As tai day cao hon tur 2 dén 50 lan
50 v6i tiéu chuan cho phép ciia WHO va QCVN 01-1:2018/
BYT. Ngoai As, nudc ngﬁm tai khu vuc nay con bi 6 nhiém
boi Fe, Mn va amoni. Sy bién d6i ciia As trong nudc ngam
tuong l'mg v6i dac diém tram tich cia timg vfmg doc theo
mit cit nghién ctru. Theo huéng dong chay, nong do As
tang dan tir bo song t6i trude Vung chuyen tiép va it thay
d6i theo do sdu, tai ving chuyén tiép thi ndng do As giam
manh theo d¢ sau cho t6i gan nhu khong xuat hién sau ving
chuyén tiép. Nghién ctru ciing cho thiy mdi twong quan
thuan gitra As va cac thanh phan mang tinh khir trong nudc
ngam nhu DOC, NH," va CH,. Ngoai ra, mdi twong quan
gilia As va Fe cling nhu gilta As va Mn cling da dugc phan
tich, tuy nhién mbi twong quan nay lai khong thé hién mot
xu huéng 16 rang. Qua d6 cho thiy, tinh phirc tap trong hé
thong thiy dia hoa nudc ngdm. Mat khéc, cac két qua nay
ciing khang dinh sy hinh thanh As trong nuéc ngam tai khu
vuc nghién ctru 1a theo co ché khir hoa tan cac khoang Fe
duéi diéu kién khir.

Nghién cttu nay duogc tai tro béi Truong Pai hoc Khoa
hoc Ty nhién, Dai hoc Québc gia Ha Noi thong qua dé tai ma
s6 TN.19.19. Nhém tac gia xin chan thanh cam on du 4n
“Retardation and mobilization of As at redox fronts under
advective flow conditions - a concerted multidisciplinary
approach (AdvectAs)” da cho phép nhom tac gia st dung
hé théng cac giéng khoan ciia du an dé phuc vu cho viéc
thu thap mau ding lam ddi twong nghién ctru trong cong
trinh nay.
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Khao sat so bd sw c6 mét ciia cic hop chat PFOS va PFOA
trong nuéc va tram tich song Cau

Tran Hoai Lé" ¥, Vii Pirc Thao', Huynh Trung Hai', Hoang Thi Lién?

'Vién Khoa hoc va Cong nghé Moi tricong, Truwong Dai hoc Bach khoa Ha Noi
’Khoa Ky thudt Méi truong, Truong Pai hoc Xdy dung
3Phong Phan tich moi truong Dioxin va déc chat, Trung tam Quan trac Moi truong mién Bac

Ngay nhédn bai 6/5/2021; ngay chuyén phan bién 14/5/2021; ngay nhan phan bién 16/6/2021; ngay chap nhan dang 23/6/2021

Tom tit:

Hop chit Perfluoro-octane sulfonate (PFOS) va Perfluoro-octanoic acid (PFOA) dugc xac dinh 1a nhirng hop chit 6
nhiém méi treong méi vi tinh bén virng cia ching trong cac thanh phan mdi troeong va kha nang gay doc d6i véi con
nguoi va dong vat. Nghién ciru nay danh gia so b$ sw 6 nhiém PFOS va PFOA trong nudc va tram tich song Cau tai
thanh phd Thai Nguyén. Két qua ghi nhan nong d9 PFOS va PFOA trong nuéc lan luot dao dong <LOQ-0,67 ng/l va
0,05-8,11 ng/l, trong tram tich 1,19-4,73 ng/g va 0,17-1,78 ng/g. Téng nong d9 ciia PFOS va PFOA cao nhit cd trong
miu nuéc va tram tich déu dwgce ghi nhin é cac khu vue tlep nhin nwoc thai sinh hoat va cong nghiép. Hé s0 phén
b6 nwéc - trim tich (K,) khic nhau ding ké abi voi PFOS va PFOA, gia trj K, dao dong 20,51- 72,83 I/g cho PFOS
va 1,21-20,31 l/g véi PFOA Két qua nay goiy vé sw phan bd ciia PFOS va PFOA giita nwéc va tram tich, trong dé

PFOS sé wu tién lwu giir trong trim tich, con PFOA c6 xu huéng phén b trong pha long.
Tir khéa: hé s6 phan bd, nwée, PFOA, PFOS, song Ciu, Thai Nguyén, trim tich.

Chi s6 phdn logi: 1.5

Gidi thiéu

Céc hop chat hydrocarbon perflo hoa (PFCs) 1a nhom hop chét
nhan tao dugc san xudt tir nhiing ndm 1950. PFCs s¢ hitu cc déc
tinh dgc dao va hitu ich nhu cyc ky bén viing, tro vé mit hoa hoc,
khong tham nu6c, khong bi phan hity sinh hoc, vi véy ching dugc
str dung trong nhiéu nganh cong nghiép va san pham tiéu ding.
Céc ngudn phat thai ciia PFCs ra méi truong bao gdm nudc thai
tir san xudt cong nghiép, cac san pham tiéu ding, cac bii chon lap
chét thai, cac tram xtr ly nudc thai [1]. PFCs ciing duoc biét dén 1a
nhitng hop chit co tinh doc va kha nang tich liy sinh hoc. Nhiéu
két qua nghién ctru da cong bb vé nhimg tic dong tiéu cuc cua
PFCs ddi v6i sttc khoe con ngudi dua trén mdi twong quan gitta sy
phoi nhiém PFCs va cac bénh Iy nhu ham lugng cholesterol cao,
céc bénh tuyén giap, huyét ap cao khi mang thai, ung thu than va
tinh hoan [2]. PFCs da dugc xem nhu 1a mot nhom chét méi cua
“Céc chét 6 nhiém hitu co khé phan hiyy - POPs”, trong d6 PFOS
va PFOA 1a nhiing chat tidu biéu nht cho nhém hop chat PFCs da
duoc b sung vao Cong ude Stockholm tir ndm 2009 va nim 2017.

Sy ton tai ciia PFCs trong moi truong chi yéu & cac dang sau:

(1) tan trong nudc; (2) hap phu 1én céc hat ran trong khong khi va
nuéc; (3) lang dong trong tram tich, dat; va (4) tich lity sinh hoc
trong co thé dong vét va con nguoi [1]. Cac nghién ciru vé sy 6
nhiém cua PFCs da ghi nhén sy hién dién cua PFCs trong nu6c va
tram tich v6i nong do dao dong trong khoang tir ppb dén ppm [3,
4]. Sy ton tai cua PFCs trong nudc va tram tich phu thudc vao sy
phan bd tram tich - nude. Sy phan bd nay rat phic tap va phy thude
vao dac tinh Iy hoa cta hop chat PFCs, dic tinh moi truong nude
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va tram tich. Vi vay, viéc xac dinh sy phan bo cta PFCs trong
nudc va tram tich 1a rat can thiét dé hiéu duogc co ché van chuyén
va chuyén hoa cua cac hop chat nay trong moi truong.

Ciing nhu cac qubc gia dang phat trién khac, cac nghién ciru
vé céc hop chit POPs tai Viét Nam bao gém PFCs chi méi duge
chi y trong nhimg nim gin ddy. Nghién ciru dau tién vé PFOS
va PFOA trong nuéc mat ¢ Viét Nam vao nam 2007, trong do
PFOS va PFOA dugc phét hién véi ndng do cao nhét 1an luot 13 6,6
ng/l va 1,27 ng/l trong céc séng, muong thai va hd ¢ Ha Noi [5].
Nghién ciru Nguyén Thity Ngoc va cong sy [6] da ghi nhan mirc 6
nhiém PFOS va PFOA trong cac kénh nu6c thai cia céc lang nghé
dét nhudm tai Ha Noi va Bac Ninh dao dong trong khoang 7,68-
11,5 ng/l, véi PFOS va PFHxA (perfluorohexanoic acid) la nhung
chat 6 nhlem chiém wu thé. Mot nghién ciru ¢ quy m toan quoc
dau tién vé s 6 nhiém cta 16 hop chat PFCs trong cac kénh thoat
nudc do thi tai 4 thanh phd 1on ciia Viét Nam gom Ha Noi, Hué, Pa
Ning va thanh phd Ho Chi Minh dugc thyc hién boi nhom nghién
ciru ciia H.T. Duong va cong sur [7]. Cac két qua cho thiy PFOS,
PFOA va PFNA (perfluorononanoic acid) 1a nhitng chat 6 nhidm
dién hinh v6i nong do cao nhét lan luot 1a 5,3, 18,0 va 0,93 ng/l.
Nghién ctru ciia nhom tac gia N.H. Lam va cong su [8] da do duoc
ndng do cia PFOA va PFOS trong cac mau nudc mit clia cac kénh
thoat nudc tiép nhan nudc thai cua tram xu ly nudce thai lan luot 14
53,5 va 40,2 ng/l, PFOS va PFHxS (perfluorohexanoic sulfonate)
1a nhimg chat 6 nhiém dién hinh trong tram tich. C6 thé thay, cho
dén nay dit liéu vé su 6 nhiém PFCs trong nudc va trAm tich tai
Viét Nam con kha it 6i.
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Abstract:

Perfluoro-octane sulfonate (PFOS) and Perfluoro-
octanoic acid (PFOA) are recognised as emerging
environmental pollutants because of their high
persistence in various environmental matrices and toxic
effects on humans and animals. The objectives of this
study were to preliminarily investigate the occurrence
of PFOS and PFOA in the water and sediment of the
Cau river in Thai Nguyen city. The concentration of
PFOS and PFOA in water ranged from <LOQ-0.67 ng/l
and 0.05-8.11 ng/l; 1.19-4.73 ng/g, and 0.17-1.78 ng/g in
sediment, respectively. The highest total concentrations
of PFOS and PFOAwere recorded in the areas that
directly received wastewater from domestic and
industrial activities. The water-sediment distribution
coefficient (K)) was relatively different for PFOS and
PFOA, with K, ranged from 20.51-72.83 l/g and 1.21-
20.31 I/g for PFOS and PFOA, respectively. This result
suggested the distribution of PFOS and PFOA between
water and sediment, in which PFOS will preferentially
deposit in the sediment, and PFOA will tend to distribute
in the liquid phase of the aquatic environment.

Keywords: Cau river, distribution coefficient, PFOA,
PFOS, sediment, Thai Nguyen, water.

Classification number: 1.5

Nhu vay, su co mét clia cac hgp chat PFCs néi chung va PFOS,
PFOA néi riéng trong mdi truong da dugc ghi nhan tai Viét Nam.
Tuy nhién, cac nghién ciru mdi chi dugc thuc hi¢n tai mot $6 khu
vuc nho hodc dac thu, nén chua dua ra dugc blrc tranh téng quat
vé hién trang 6 nhidm cac hop chit nay trong cac thanh phan moi
truong. Dic biét 1a sy phan bd giira nude va tram tich van chua
dugc mo ta va nghién ctu day du, day la mot trong nhing khoang
trong 16n trong cic nghién ctru vé PFCs & Viét Nam. Vi vdy, nghién
cuu nay cua chiing t6i duge thyc hién véi muc tiéu: (1) khao sat
s0 bd sy 6 nhiém cua hop chit PFOS va PFOA trong nudc va trAm
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tich song Cau; (2) so sanh mic d6 6 nhiém tai song Cau véi cac
nghién ctru khéc tai Viét Nam va (3) danh gia so b su phan bo cla
PFOS va PFOA trong nudc va tram tich song.

Doi tugng va phuong phap nghién ciiu
Déi twong va pham vi nghién civu

Hop chit PFOS va PFOA dugc lya chon lam ddi tuong nghién
ctru. Hai hop chat nay 1a cac dai dién tiéu biéu cua nhom hop chat
PFCs, chung thuong dugc phat hién v6i nong d6 cao nhat trong
tit ca cdc mau mdi truong nhu nudc, tram tich, bin cin... dong
thoi dgc tinh, kha nang tich ty sinh hoc cua chung da dugc bao cao
trong rat nhiéu két qua nghién ciru [3, 4, 9-11].

Nghién ctru dugc thyc hién tai song Céu, doan chay qua thanh
phd Thai Nguyén. Luu vie song Cau 1a mot trong nhiing lwu vire
song 1on & Viét Nam voi tong dién tich 14 6.030 km?, dong chinh la
song Cau (chiéu dai 290 km); co vi tri dia ly quan trong; tai nguyén
da dang va phong ph... Trong céc dia phuong thuge luu vuce song,
tinh Thai Nguyén 1a noi tap trung nhiéu nhat cac ngudn thai ra
song Cau, trong d6 thanh phd Thai Nguyén 1a ving kinh té phat
trién ning dong nhat cua tinh, 1a trung tam cong nghiép lau doi
v 1a noi tap trung cha yéu céc khu cong nghiép va nha méy 1on.

Thiét bi, dung cu v héa chit

Cac chét chuin Perfluoro-n-octanoic acid (PFOA-001S)
va Perfluorooctane-n-sulfonic acid (PFOS-001S) dugc mua tir
AccuStandard, Inc. (M§). Céc chat ndi chuan MPFOS (Sodium
perfluoro-1-[1,2,3,4-13C ] octane  sulfonate) va MPFOA
(Perfluoro-n-[1,2,3,4-13C,] ~ octanoic acid) dugc mua tir
Wellington Laboratories (Canada). Cac dung dich methanol va
acetonitrile voi cap do tinh khiét HPLC cua Merck (Duc). Tét
ca cac dung cy trong qua trinh lay mau, xir Iy va phan tich mau
déu duoc trang rua bing methanol va nuoe Mili-Q trude khi su
dung. Hop chat PFOS va PFOA trong mau nudc va tram tich duoc
phan tich bang hé thong sic ky 1ong ghép nbi khdi pho song song
Agilent 6430A Triple Quadruple HPLC-MS/MS System (Agilent,
M), v6i cot sac ky 1a Eclipse Agilent XDB-C18, 2,1 x 150 mm, 5
wm narrow-bore (Agilent, My).

Lay madu, chuan bi va phén tich méau

22 miu nude va 5 mau trdm tich di duoc lay tai song Cau doan
chay qua thanh phd Thai Nguyén vao thang 10/2019. Céc vi tri lay
mau duoc lya chon nham danh gia mic do 6 nhiém céc hop chat
PFOS va PFOA cua song Cau tir thuong Iuu, ha luu va cac khu
v tiép nhan nudc thai tir cac kénh, sudi chinh do ra séng. Mau
nuoc duge dung trong cac chai nhya Polypropylen dung tich 1,5
1. Mu trim tich dugc lay bing giu lay mau, dyng trong cac hop
nhua Polypropylen. Mau nudc va trim tich duoc bao quan trong
thing lanh khi van chuyén vé phong thi nghiém va duoc xir Iy
trong vong 24 gio.

Méu nu6e va tram tich duge xir Iy so bo theo quy trinh phat
trién boi C. Kunacheva va cong su [12]. Tai phong thi nghiém,

1.000 ml mau nuée duge loc qua gidy loc soi thuy tinh GF/B
(Whatman, Anh) véi kich thudc 16 1 pm dé tach chat ran lo limg.
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Dung dich chira céc chat ndi chuin MPFOS va MPFOA (nong d6
10 pg/l) duge bom vao dung dich sau loc trude khi thuc hién qua
trinh chiét pha rin SPE nham danh gia d¢ thu hoi cia mau. Quy
trinh xtr 1y mAu nhu sau: dung dich sau loc dugc dua qua mot cot
chiét PresepC-Agri C18 (Wako, Nhat Ban) ghép ndi véi mot cot
chiét Oasis HLB C18 (Water, My). Trudc do, cac cot chiét duoc
hoat hod bing 10 ml methanol, tiép theo 1a 20 ml Milli-Q. Téc
do dong 1a 10 ml/phut dugc duy tri trong toan b qué trinh chiét
méu. Hop chit PFOS va PFOA dugc rira giai ra khoi cot chiét
bang 4 ml methanol, dung dich thu dugc dugc chuyén vao ong
polypropylene c6 dung tich 20 ml, lam kho bing dong khi nito tinh
khiét, roi hoan nguyén bing dung dich acetronitrile 40% thu dugc
thé tich cudi cung 1a 1 ml. Mau trAm tich dwoc dé kho tu nhién
& nhiét do phong trong 24 gio. Sau do, miu duoc can véi khdi
luong xac dinh (0,2-0,3 g), bé sung dung dich ndi chuin MPFOS
va MPFOA (ndng do 10 pg/l), roi dua vao cell chiét ciia hé chiét
dung méi nhanh ASE 350 (Thermo Fisher, M§) v6i dung moi chiét
1a methanol. Qué trinh chiét duoc thuc hién trong hai vong & ap
suit 2.000 psi va nhiét do 100°C. Dich chiét thu duoc ¢6 dung tich
60-90 ml, duoc dinh mirc dén 1.000 ml bang nudc Milli-Q, va tiép
tuc thuc hién qué trinh chiét pha rén giéng nhu mau nude. Nhu
vay, qua trinh chiét xudt trén da gitp 1am sach va lam gidu dung
dich miu. 1.000ml dung dich mau dugc ¢o dic xudng thé tich
cudi cung 1a 1 ml. 5 pl dung dich chiét xuat cudi cung duoc tiém
vao ¢t sac ky, phan tich bang hé HPLC-MS/MS. Pha dong bao
gdm kénh (A) 5 mM amoni axetat trong nudc Milli-Q va kénh (B)
100% acetronitrile.

Kiém sodt chit lwong

Cac dudng chuan dinh luong duge dung tir 5 diém nim trong
dai ndng do 0,1-100 pg/l. Hé s6 x4c dinh (R?) cia cac dudng chudn
tuyén tinh déu 16n hon 0,99. Gidi han dinh luong (LOQ) dugc tinh
bﬁng ty 1¢ tin hiéu trén nhiéu (S/N) 1a 10:1, gi4 tri LOQ cho mdi
chat phan tich dugc tom tit trong bang 1. Do thu hdi duoc kiém
tra bang viéc phan tich nong do céc chat chuan ndi MPFOS va
MPFOA. Két qua do thu hoi ciia tat cd cac mau dao dong trong
khoéang 78,5-116%.

Bang 1. Gia tri gi¢i han phat hién ciia phwong phap phan tich
PFCs trong mau nwéc va tram tich.

Gi6i han phat hién ciia phwong phap (MDL)
Hop LOQ (ngh) p phwong p ‘p(
chat Mau nuwdc (ng/l) Mau tram tich (ng/g)
PFOS 0,02 0,02 0,04
PFOA 0,05 0,05 0,10
Két qua va thao luan

Ham lugng PFOS vi PFOA trong nwdc song Ciu

Két qua khdo sat hién trang 0 nhiém PFOS va PFOA trong
nude song Cau dugce biéu dién trén hinh 1.

PFOA duoc phat hién tai 22/22 vi tri khdo sat, véi néng do
dao dong trong khoang 0,05-8,11 ng/l, PFOS dugc tim thdy trong
19/22 vi tri voi néng d6 dao dong <LOQ-0,67 ng/l. D thu hoi cho
tAt ca cac mau nude dao dong 78,5-115,3% cho PFOS va 79,7-

TAP CHI

HOA HOC

ONG NGHE I} Nam 63(11) 11.2021

Khoa hoc Tu nhién n—

10.0
EBPFOA

9.0 - - #@PFOS
8.0 - :
7.0 -
6.0 -
5.0 -
4.0 -
3.0 -

Nong d9 trong nwdrc (ng/l)

2.0 4

1.0 -

Hinh 1. Néng dé PFOS va PFOA trong nwéc (ng/l).

116% cho PFOA. Gi4 trj tong ndng do cua PFOS va PFOA cao
nhét 1a 8,7 ng/l dugc ghi nhan tai vi tri M11, tiép theo 1a M22 voi
t6ng néng do do duoc 1a 4,34 ng/l. Céc gia tri cao nhét déu duge
tim thy tai nhitg vi tri xung quanh Nha méy xir Iy nu6c thai cua
thanh phd Thai Nguyén. Nha may xtr 1y nudc thai nim cach song
Cau khoang 700 m vé phia déng nam. Nudc thai sau xu ly cua nha
may dugc do vao sudi Xuong Rong, roi chay vao song Céu. Sudi
Xuong Rong doan dau chu yéu di qua dong rugng, doan sau di
qua khu vyc tap trung dong dan cu sinh song, c6 nhiéu doan long
sudi bi ngudi dan 14n chiém. Theo bao cio Panh gia tac dong moi
truong du 4n “Hé thong thoat nude va xir ly nude thai thanh phd
Thai Nguyén”, luu luong dong chay 16n nhit tai sudi Xuong Rong
14 18,93 m¥s, thc do dong trung binh 3,96 m/s [13]. M11 va M22
déu 1a nhitng vi tri ndm trén sudi Xuong Rong, M22 nim trude
diém xa, cach diém xa 425 m, M11 1a vi tri ndm sau diém xa, cach
diém xa 185 m. Ngoai ra, Nha méy xir Iy nu6c thai Thai Nguyén
hién sir dung céc cong doan gdm lang cat, tich ddu md, xu ly
sinh hoc bang muong oxy héa, khir tring bang clo dé xir Iy nudc
thai. Nhiéu nghién ctru da chi ra rang, chi nhitg nha méy c6 tich
hop cac cong nghé xtr 1y tién tién nhu qué trinh oxy héa ning cao
(quang phan bang tia UV, quang xtc tac...), loc mang, qua trinh xr
1y hoa 1y két hop siéu 4m mai ¢6 thé loai bo hiéu qua cac hop chat
PFCs ra khoi moi truong nudc [14, 15].

1
SPLLE
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Mirc nong do thap hon dugc ghi nhan tai céc vi tri M5 va M6
v6i tong ndng do PFOS va PFOA lan lugt 1a 1,19 va 1,08 ng/l. Day
13 khu vue trung tAm thanh phd Thai Nguyén, 6 mét do dan sé cao.
Céc vi tri ¢6 nong do thap nhét dugc ghi nhan ¢ khu vye thuong
luu ciia song (M1), khu vire san xuét - nong nghiép (M9, M10, M14,
M15) va ha luu song (M21). Cac két qua nay goi y rang, cac nha
may xur Iy nude thai do thi VOI cac cong nghé truyén thong s¢ 1a
mot trong nhimg nhimg ngudn phat thai chinh cac hop chat PFOS
va PFOA ra méi truong nude. Két luan trong tu ciing duoc khing
dinh bdi cac nhom tac gid J. Yu va cong su [16], B.R. Shivakoti
va cong sy (2010) [17], C. Kunacheva va cong su (2011) [12].

Ham lugng PFOS vi PFOA trong trim tich song Cu

Céc két qua do dac vé ndng do cua PFOS va PFOA trong tram
tich tai song Cau, thanh phd Thai Nguyén dugc trinh bay trong hinh
2. Nong d¢ cta PFOS va PFOA dao dong lan luot trong khoang
1,19-4,73 ng/g va 0,17-1,78 ng/g, vdi do thu hoi cho cac miu dao
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dong tir 87,5-115,4% v6i PFOS va 86,1-115,5% voi PFOA. Tuong
tu nhu véi mau nude, tong ndng do cia PFOS va PFOA trong tram
tich 16n nhat duoc ghi nhan tai vi tri M12 1a 6,44 ng/g. Day la vi
tri song Cau tiép nhan nudc thai tir muong thoat nudce cha Nha
may xir Iy nudc thai thanh phd Thai Nguyén. Nong do cao thir hai
duoc tim thay tai vi tri M6, v6i gia tri tong nong do do duoc 1a 4,85
ng/g, trong do nong do ctua PFOS va PFOA lan luot 1a 3,07 ng/g
va 1,78 ng/g. Trong khi do, cac vi tri con lai 1a M1, M14, M21 la
cac vi tri thude khu vure thuong luu, diém hop luu gitra song Ciu
va muong thuy loi, va ha luu séng déu c6 murc nong do tuong dbi
thip v6i tong nong do PFOS va PFOA do dugc lan luot 1a 1,37,
2,06 va 1,80 ng/g. Céc két qua nay khing dinh ring, nudc thai sinh
hoat va nudc thai cong nghlep khong dugc xu 1y hodc xur Iy khong
hiéu qua s¢ 1a nhing nguon c6 kha nang gay 6 nhiém céc hop chét
PFOS va PFOA dén trim tich song. Két qua nay cling tuong dong
v6i cac két luan dugc dua ra trong cac nghién ciru clia cac nhom
tac gia Bao va cong su (2010) [18], Pan va cong su (2015) [19].

4,5 4

35 4

Nong dd trong tram tich (ng/g)
~
i

Hinh 2. Néng d6 PFOS va PFOA trong tram tich (ng/g).

So sinh nong dp PFOS va PFOA trong nuwéc va trim tich
song Cau

Hop chit PFOS va PFOA di xuit hién trong cac mau nudc
song Cau, song ham luong ciia chiing con twong dbi thap néu
s0 sanh voi mau nudc mit (song, ho) tai cac thanh phd 16n nhur
Ha Noi, thanh ph H6 Chi Minh hay Da Néng, tuy nhién van
cao hon néu so sanh v6i mau nudc cac song 16n tai cac tinh/
thanh phé nhu Thanh Hod, Phi Yén hay Ninh Thuan. Vi trim
tich, ndng do ciia ca PFOS va PFOA trong trim tich song Cau
tai thanh phd Thai Nguyén déu ghi nhan c6 mirc ndng do cao
hon dang ké so v6i ham lugng trong trim tich dugc ghi nhan
mot sb song 16n & Viét Nam (bang 2). Sy khac nhau vé ndng
d6 PFOS va PFOA trong nudc va tram tich song gitra cac két
qua nghién ctru ¢6 thé duoc 1y giai 1a do sy khac nhau clia cac
ngudn phat thai 6 nhidm, phuong phap xir Iy nuéc thai, luu
lugng xa thai, $6 lugng, vi tri va thoi gian léy mau, dic diém
dia chét thily vin cua song va dic tinh hoa 1y cua nude va trim
tich song. Tuy nhién, do dit liéu vé& nong do cac chat PFOS va
PFOA trong nudc va dac biét trong tram tich tai Viét Nam hién
van con kha han ché, nén sy so sanh nay s€ ¢ tinh chinh xac
hon khi cac dit liéu vé sy 6 nhiém trong nudc va tram tich day
du va chi tiét hon.
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Bang 2. Nong dd PFOS va PFOA trong nwéc va tram tich tai cac
khu vwc & Viét Nam.

Tinh/thanh phd  Dia diém Iy miu PFOS PFOA TLTK
Néng @ PFOS vi PFOA trong miu mée (ng/)
Mau nude (song Hong, song Nhué) ND-0,14  ND-1,00
Méu nue hd (h6 Tay, ho Hoan Kiém) 017081 140660  [3]
Mau mée song To Lich ND-130  ND-6,10
Mau nuée g?m Tram xur Iy nudc thai Yén S0 ND-0,80 ~ ND-7,70
Mau nude tai muong thodt mu6e cia bii 20
Ha Noi chon 1 chit thai o N S LEEREC TS
Mau nude mét tai lang nghé dét nhugm
Hibhag g nghe et miue 005 (331) 1]
Méu nude song Hong ND-0,04  0,13-040 [8]
Me:iu nuée ho Tay (0.42) 249 o
Mau nude ho Yén So (0,46) (2.93)
A glgsgn;\.r/[(;ci mét tai lang nghe téi che chi ND27T0 250560
Himg Yen Méu nude mit tai ling nghé téi ché rac thai (20
ién i BLi Din ND-1,80  3,30-35,00
L Mau mudc mét tai lang nghé dét nhugm
Bic Ninh Hoi Quan e (0.33) 281) [21]
Thanh Hoa Mau ndc song Ma ND ND 8]
Hué Méu nude song B va sng Huong ND-0,19 009032 [8]
- Miu\ﬁnm’{c sE”)ng (§6ng Céu Do, song Han) ND380  NDIO4SO (23]
Pa Nang vi ho (ho Bau Tram)
Mau nuée song Cu D¢, song Tay Loan ND-0.84  0,32-9,80 7
Phi Yén Méu nude song Da Réng, Da Nong ND-0,05  ND-0,22 [8]
Ninh Thugn Mau néc song Ci, song Quan Truong ND-0,05  ND-0,16 [8]
Dong Nai Mau nuéc song Dong Nai ND-020  ND-1,06 [8]
TPHO ChiMinh ~ Méu nuée song Sai Gon ND-L,&2 092639  [§]
Mau nuée song Déng Nai, song Sai Gon ND-530  0.21-1800  [7]
TP Thai Nguyén Mau nude song Ciu ND-0,67  0,05-8,11
Néng dg PFOS vi PEOA trong méu trim tich (ng/g)
o Trim tich h Tay (0.05) (0,03)
HaNgi R e (2]
Tram tich ho Yén So 0,13) (0,14)
Phil Yén Trim tich song Da Rang, Da Nong ND-0,17  ND 8]
Ninh Thugn Trim tich song Cai, song Quén Trudng ND ND [8]
Dong Nai Trim tich song Déng Nai ND ND [8]
TPHO ChiMinh  Tram tich song Sai Gon ND ND 8]
TP Thii Nguyén ~ Tram tich song Céu 119473 0,17-1,78

Ghi chu: trong ngoac la gia trj trung binh. ND - khéng phat hién dworc.
Sw phin bé gilta nwoe va tram tich ciia PFOS vi PFOA

Su phan b cua PFOS va PFOA gitra nude va trdm tich duogc
danh gid qua hé sb phan b6 K, H¢ sb K, dugc xac dinh bing ty sb
giita nong do trong tram tich (C ) va nong dg trong nudce (C) theo
cong thire: K =C/C.. Két qua tinh toan hé s6 K, cho nudc va tram
tich song Cau tal cac vi tri nghién ctru duoc trlnh bay trong bang 3.

Bang 3. Hé sé phan bé (K,) giira nwéc va trdm tich séng Cau.

PFOS PFOA
Vitri C, C, K, Djtn’  Log C C, K,  Djtan’ Log
(ngle)  (ngf) (Vg) () K, (g (mgh) () () K,
ML LI199 0056 2142 0175 004 431
M6 3773 0,184 2051 1,783 0,892 1,99
MI2 4734 0065 72,83 0,57 526 1,710 0,084 2031 34 4,59
M4 1519 0063 2411 0538 0053 10,19
M2 1565 0074 2115 0235 0,94 121

Ghi chu: () [24].
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Két qua tinh toan cho thiy gia trj K jtuong d6i khac nhau giita
PFOS va PFOA, gié tri K dao dong trong khoang 20,51-72,83 g/I
voi PFOS va 1,21-20,31 g/l v PFOA. H¢ s6 phéan b6 Octanol-
Nuéce (K ) 1a thong s6 thuong duge s dung & wdc tinh mic do
ky nudc cua mot hop chit. Gia tri logK  cua PFOS la 5,26, cao
hon so voilogK  cua PFOA1a 4,59. Gia tr1 ndy chi ra rang, PFOS
¢0 tinh ky nudc hon so véi PFOA. Ngoai ra, PFOS c6 d0 tan trong
nude rat thap (0,57 g/l), trong khi d6 PFOA c6 d9 tan trong nuée
twong dbi cao (3,4 g/l). Cac gia tri nay goi ¥ rang, PFOS ¢6 i lyc
hép phu Ién tram tich cao hon déng ké so v6i PFOA mic di hai
hop chét nay c6 cung d6 dai chudi carbon trong phén tu. Piéu do
gitp khang dmh rang, mot trong nhiing co ché chinh ciia qua trinh
hip phu Ién trdm tich 1 dua trén tuong tac ky nudc gitra phan tir
hop chét PFCs va bé mit cta trim tich. Vi cing do dai chudi
carbon trong phan tr thi nhém chirc sulfonate (dai dién 1a PFOS)
6 déc tinh ky nudc cao hon so vdi nhom chuc carboxylate (dai
dién 1a PFOA) [25]. Két qua nay ciing goi y vé sy ton tai va dic
tinh sinh kha dung cua cac hop cht nghién ctru trong méi truong
nude. PFOS véi i Iyc hip phu cao 1én trdm tich nén ching s&
wu tién luu giit trong trim tich hon 14 trong pha nu6e. Nguoc lai,
PFOA v6i kha nang hip phu yéu, cong v6i do hoa tan trong nudc
cao, chiing s& ¢6 xu hudng phan bd trong pha long khi xudt hién
trong moi truong nudc.

Nghién ctru dd xéc dinh mire d6 6 nhiém hop chat PFOS va
PFOA trong nudc va tram tich séng Cau (doan qua thanh phd Thai
Nguyén). Nong d6 PFOS va PFOA trong nuéc lan luot dao dong
<LOQ-0,67 ng/l va 0,05-8,11 ng/l, trong trdm tich 1a 1,19-4,73
ng/g va 0,17-1,78 ng/g. Tong nong dg cua PFOS va PFOA cao
nhét ghi nhan ¢ céc khu vyc tlep nhin nude thai sinh hoat va cong
nghiép ctia thanh phd. Hé s6 phan bd nudc - tram tich (K,) dao
dong 20,51-72,83 I/g cho PFOS va 1,21-20,31 l/g v6i PFOA. Két
qua nghién ctru cling goi y vé sur tOn tai va phan bd cua PFOS va
PFOA gilra nuge va trdm tich, trong d6 PFOS wu tién ling dong
trong tram tich, con PFOA ¢6 xu huéng phan b6 trong pha long.
Tuy nhién, can c¢6 thém cac nghién ciru v sy anh hudng cua dic
tinh hoa 1y ctia mdi trudng nude, cla tram tich, dic diém cia hop
chit PFCs dén su phan bd gilta nudc va trAm tich, dé c6 sy hiéu
biét rd rang va chat ché hon vé co ché phan bé va chuyén hoa cac
hop chét nay trong moi truong.
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Dénh gi4 thich hop dat dai trong‘diéu kién bién doi khi hau va nudc bién ding
tai tinh Thai Binh bang mo hinh tich hop GIS-ALES

Hoang Qudc Nam'*, Nguyén Thi Thity', Luu Thé Anh?, Nguyén Ngoc Thanh', Nguyén Pirc Thanh'

Vién Pia Iy, Vién Han ldm KH&CN Viét Nam
2Vién Tai nguyén va Moi truong, Dai hoc Quoc gia Ha Ngi

Ngay nhan bai 7/6/2021; ngay chuyén phan bién 11/6/2021; ngay nhan phan bién 12/7/2021; ngay chip nhan dang 14/7/2021

Tom tit:

Danh gia thich hop dit dai 12 ciin cir khoa hoc aé quy hoach sir dung dat mdt cach hop ly. Quy trmh danh gia nay
lién quan dén cac diéu kién dat dai tw nhién nhw dja hinh, khi hau, thiy van... Tuy nhién, cac yeu to nay dang bi
thay déi do tac dong cia bién ddi khi hau (B})KH) va nuéc bién dang (NBD), déc biét 1a ¢ cac viung ven bién (su
xam nhap man, ngap ung), diy la nhirng yeu t6 can dwogc dwa vao danh gia. Két qua wng dung mo hinh tich hgp GIS
(Geographic information system)-ALES (Automated land evaluation system) vao danh gia thich hop dét dai trong
diéu kién BPKH, NBD tai tinh Thai Binh cho thiy, dién tich dit dai rit thich hop (S1) va thich hop (S2) cho trong
la 1a 92.818,5 ha, nudi trong thiyy san (NTTS) 34.518,6 ha, cAdy mau 27.424,9 ha va ciy lau nim (chii yéu 1a cy in
qua) 13.104,1 ha. Phan bé khong gian ciia cic cip thich hop ciing da dugc thé hién trén ban db ty 18 1/50.000. Két qua

nghién ciru di gitp dwa ra dinh huéng quy hoach sir dung hop Iy dit san xuét néng nghiép cho tinh Thai Binh.

Tir khéa: ALES, bién ddi khi hau, danh gia dit dai, GIS.

Chi 56 phén logi: 1.5
Mé dau

Thai Binh 14 tinh san xuét néng nghiép trong diém cta ving
Ddng bing song Hong, c6 dicu kién dat dai tu nhién thuan lgi cho
phét trién nhiéu loai hinh san xuat nong nghiép khac nhau (chuyén
lta, mau, cdy an qua, NTTS...). Nhimg nam gn déy, voi myc tiéu
ning cao gi4 tri san xudt, viéc chuyen ddi co chu sir dung dét gitra
cac loai hinh sir dung dat san xuat nong nghiép cua tinh dién ra
manh mé. Tuy nhién, viéc quy hoach nhanh chéng va chuyén doi
cap tap giita cac loai hinh sir dung dét sé tiém 4n nhiéu rai ro khi
chua co nhimg nghién ctru ddy di va dong b vé kha nang thich
hop cta céc loai sir dung dat (Land utilization types - LUTs) voi
cac diéu kién sinh thai ciia mdi ving. Dic biét, trong diéu kién tinh
lai giap bién voi chidu dai 54 km, ciing 5 cira song chinh, nén san
xuét nong nghiép da va dang phai chju nhimg tic dong truc tiép
cua BDKH va NBD (nhu gia ting mirc d0 han han, ngdp ng va
xam nhdp man) [1]. Vi vy, 8 ¢ co so khoa hoc cho viée dinh
huéng sir dung hop 1y dét san xuat ndng nghiép tinh Thai Binh,
viéc danh gia thich hop dét dai co xem xét dén cac tac dong cua
BDKH, NBD la hét strc can thiét.

Hién nay, khung huéng dan dénh gia dat dai ciia FAO (1976,
2007) duoc van dung va chip nhan 1a phuong phap tot nhat dé
d4nh gia dat dai & Viét Nam ciing nhu nhidu qudc gia khéc trén thé
gidi [2-5]. Panh gi4 dit dai co thé coi 1a qué trinh phan tich da chi
tiéu, yéu cau phai xir Iy va phan tich nhiéu loai dit liéu khong gian
v6i khdi luong 16n, didu ma hé théng thong tin dia 1y ¢6 kha ning
xir 1y dé dang va hiéu qua. Mit khéac, trong tién trinh d4nh gia dat
dai, viéc xay dyng cdc bang so sanh va tinh toan kha nang thich
hop thuong miét nhiéu thoi gian va dé xay ra sai sot. pé giai quyet

“Tac gia lién hé: Email: namhquoc@gmail.com
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van dé nay, phan mém danh gia dat dai ty dong di duoc Rossiter va
Van Wambeke (1997) [6] phat trién dua trén phuong phap dénh gia
dit dai ctia FAO. ALES c6 thé tu dong tinh toan dwa ra muc d¢ thich
hop dét dai dwa trén phan khung 13 cdy quyét dinh c6 sin va phan
dir liéu dwoc nguoi st dung dua vao theo yéu cdu. Cac md hinh
danh gia nay c¢6 thé dugc luu lai dé phuc vu nhimng lan cap nhat
dir li¢u sau, gitip gidm thoi gian va kinh phi cho nguoi tao 1ap mo
hinh. Két qua danh gia thich hop bang ALES khong nhimng chi ra
cée mite d6 S1, S2, S3, N'ma con 1am rd céc nhan t6 han ché lam
nén hang thich hop & cap do, 1a can ctr cho viée dinh hudng cai tao
dt khi dwa mot loai hinh vao st dung. Han ché chinh cua ALES 1a
chi xtr 1y céc dit liéu thudc tinh, khong thé biéu dién dir liéu khong
gian trén ban d0. Nhu vay, viéc tich hop GIS-ALES sé tan dung
dugc nhiing diém manh va khic phuc dugc nhiing han ché cua hai
hé thdng nay trong danh gia thich hop dat dai.

) Nghiél} cfru‘duq,c thuc hién voi muyc tiéu danh gia thich hqp
dat dai nham d€ xuat dinh huong quy hoach su dung hop 1y dat
san xuat nong nghiép ¢ tinh Thai Binh bang mo hinh tich hop
GIS-ALES.

Co sd dir liéu va phuong phap nghién ciu

Co so dir lieu

Cac chi tiéu duge lya chon dé d4nh gia thich hop dét dai cua
tinh Théi Binh cho LUTs san Xuat nong nghi¢p (chuyén lia, cdy
mau va NTTS) gbdm 4 nhom chi tiéu: dét (loai dit, do day ting dit,
thanh phan co gidi, pH, ., ham lugng chat hitu co - OM, kha ning

trao doi cation - CEC), dia hinh (dia hinh tuong dbi, do ddc), khi
hau (lugng mua trung binh nam, nhi¢t do trung binh ndm, do dai
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Abstract:

Land suitability assessment is the scientific basis for rational
land use planning. This assessment process relates to natural
soil conditions (soil, topography, climate, hydrology, etc.).
However, these factors are being changed due to the impacts
of climate change and sea level rise, especially in coastal areas
(saline intrusion, inundation), which should be included
in the assessment. The results of applying the integrated
GIS-ALES model for land suitability assessment in climate
change and sea level rise in Thai Binh province, showed that
the very suitable (S1) and suitable (S2) land area for rice
cultivation, aquaculture, crops, and perennial crops (mainly
fruit trees) were 92,818.5 ha, 34,518.6 ha, 27,424.9 ha, and
13,104.1 ha respectively. The spatial distribution of the
appropriate grades was also shown on a 1/50,000 scale map.
The results of this study help to orient planning the rational
use of agricultural land for Thai Binh province.

Keywords: ALES, climate change, GIS, land assessment.
Classification number: 1.5

mua kho), thuy van va ché dg nudc (ché do tudi, mic do ngép ng,
muc d§ xam nhdp man).

Dit liéu vé dic tinh va tinh chat vt Iy dat: gbm do day tang dat
va thanh phan co gid1 dugc chiét tach tir ban do dat tinh Thai Binh
ty 1¢ 1/50.000 (Vién Quy hoach va Thiét ké nong nghiép, 2005).
Céc chi tiéu vé tinh chat hoa hoc dat (pHy ., OM, CEC) duogc tinh
toan tir két qua phén tich cua 91 mau dat tang mat (gdm 13 phau
dién va 78 mau nong héa lan can) trong vung nghién ctru. Gia tri
pH, ., OM, CEC ctia m¢t khoanh vi dét 13 két qua tinh gia tri trung
binh cia cac mau dét trén khoanh vi do, két qua nay gan gid tri cho
cac khoanh vi dat khong ¢6 mau khao sat, nhung c6 mot so thue
tinh tuong dong vé loai dét, tang day, thanh phan co gigi va hién
trang st dung dat.

Dit liéu vé dia hinh: thong s6 vé do doc dugc chiét tach tir mo
hinh s6 DEM véi d6 phéan giai 30 m va dia hinh tvong dbi dugc
chiét tach tir ban db dat tinh Thai Binh ty 1¢ 1/50.000 (Vién Quy
hoach va Thiét k& nong nghiép, 2005).

Dit liéu vé khi hdu: dugc chiét tach tir ban do luong mua, nhiét

TAP CHI

HOA HOC

ONG NGHE I} Nam 63(11) 11.2021

Khoa hoc Tu nhién n—

d6 trung binh ndm ving Ddng bing song Hong giai doan 1985-
2015 ty 1¢ 1/100.000; ban d6 phan b mirc d kho han ving Pong
bing song Hong giai doan 1985-2015, duoc thanh lap boi Phong
bia 1y khi hau, Vién Dia ly, Vién Han 1am KH&CN Viét Nam nam
2019.

Dit liéu vé ché dé tudi va mirc d¢ ngdp lut, xam nhdp man:
dugc xéc dinh theo két qua diéu tra cua tiéu du an “Piéu tra, danh
gia chat luong dét, tiém nang dét dai lan dau ving Dong bang
song Hong thudc dyu an “Tong diéu tra, d4nh gia tai nguyén dat
dai toan qudc (hop phan I: diéu tra, danh gia dat dai ca nudc, cic
ving kinh té - xa hoi)” do Trung tim Diéu tra va Quy hoach dat
dai, Tong cuc Quan Iy dit dai, Bo Tai nguyén va Moi trudng thyc
hién ndm 2019.

Ngoai ra, nghién ctru da str dung dir liéu hién trang str dung dat
canh téc la, cdy mau, cdy lau nim va NTTS tir ban do hién trang sir
dung dét va dir lidu kiém ké dét dai tinh Thai Binh nim 2015 ty I¢
1/50.000 do Bo Tai nguyén va Moi truong cong bd nam 2015.

Phuong phdp nghién ciru

Cac bude danh gid thich hop dit dai tuan theo TCVN
8409:2012 - Quy trinh danh gia dat san xudt nong nghiép do Bo
Nong nghiép va Phat trién nong thon ban hanh nam 2012 [7]. Tuy
nhién, nghién ctru giéi han trong viéc danh gia thich hop dat dai vé
mit ty nhién. Phan mém GIS str dung trong nghién ctru la Mapinfo
12.0 va ArcGIS 10.2, phan mém ALES 4.65 duoc cai dat va chay
6n dinh trén Window 7 (32 bit). Cac budc nghién ciru duogc tién
hanh nhu sau (hinh 1):

Co dulc K‘IS

Hién trang sir dung dit
khu vue nghién ctru

Lua chon LUTs dé danh gia

(chuyén lta, cay mau, cdy lau nam, NTTS)

overlay
LMz Xéc dinh LUR cta LUTs phén cdp mic d6 thich
& > hop (S1, S2, S3, N) cua cic chi tiéu dénh gid

ng GIS

Xudt két qua dnh gid thich hop dit dai ‘

Ban dd phan hang thich hop dit dai Bang, bicu s6 liéu
Hinh 1. M6 hinh tich hop GIS-ALES trong danh gia thich hop dat
dai tinh Thai Binh.

- Budc 1: xac dinh myc ti€u danh gia, thu thap co s¢ di liéu
GIS vé tai nguyén dat (ban do hién trang su dung dat, ban do dat,
ban d6 lugng mua trung binh nam, ban do nhiét o trung binh nam,
ban do phan bo vung han...).
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- Bude 2: tir co s6 dit liéu GIS, phan tich ban d hién trang
st dung dat dé lua chon LUTS ¢6 trién vong nham danh giad
thich hop dit dai. Xac dinh yéu cau st dung dat (land use
requirement, LUR) cua ting LUT. Lya chon va phan cap mirc
do thich hop (S1, S2, S3, N) cac chi tiéu thudc tinh dat dai (land
characteristic, LC) cho danh gia cua tng LUT.

- Bude 3: tir co so dit liéu GIS, phan cap va xay dung cac
ban do don tinh ctia timg chi tiéu LC cho danh gia (ban do dat,
tAng day, thanh phan co gidi, dia hinh twrong ddi...), chong xép
cac ban d6 don tinh dé xdy dung ban d6 don vi dat dai (land
unit map, LMU).

- Budc 4: thiét 1ap trong ALES danh sach LUR va mé ta LC
twong tmg véi thugc tinh cia LMU. Thiét 1ap LUT va LUR cua
LUT, xay dung cdy quyét dinh cta timg LUR.

- Budc 5: nhép dir liéu LMU va gia tri LC tir GIS vao ALES.
ALES ty dong tinh toan thich hop cho cac LMU theo nguyén
tac giéi han cao nhat.

- Budc 6: xuét két qua danh gia tir ALES sang GIS va thanh
1ap ban db danh gia thich hop dét dai, tinh toan dién tich céc cap
thich hgp cua tung LUT.

Két qua nghién ciu

LUTs c6 trién vong

Phan tich dit li¢u st dung dt tir ban do hién trang su dung
dat va két qua kiém ké dat dai cua tinh Thai Binh ndm 2015,
nién gidm théng ké tinh Thai Binh ndm 2016 [8], d lya chon
LUTSs san xudt néng nghiép co trién vong phat trién dua vao
d4nh gia kha ning thich hop dé dé xudt quy hoach sir dung dat
hop 1y. Két qua Iya chon duge LUTs san xuat nong nghiép 1a:
lGa, cdy mau (cay hang nam khac), cay lau nam va NTTS.

Cdc chi tiéu va phdan ccfp xdy dung LMU

Can ctr vao LUR cua 4 LUT dugc chon, cac diéu kién dat
dai thuc té (dat, dia hinh, khi hau, thuy van, ché d6 nuéc) va dic
diém tac dong cua BbDKH, NBD (ché do mua, ngap ung, xam
nhap min) dén cac dic tinh va chat lugng dit dai tinh Thai Binh
trong giai doan nam 1985-2015, 11 chi tiéu thudc 4 nhom tiéu
chi dé xay dyng LMU tinh Thai Binh ¢ ty 1& 1/50.000 di duoc
Iya chon (bang 1). Céc chi tidu c¢6 gia tri ddng nhit ¢ mirc S1
trén toan tinh Thai Binh 1a d6 doc dia hinh <3¢, nhiét do trung
binh nam >22°C va dg dai mua kho >2 thang khong dua vao xay
dung LMU va danh gia.

LMU

LMU tinh Thai Binh dugc xdy dung bing phuong phap
chong xép cac ban d6 don tinh cua 11 chi tiéu di lya chon. Mdi
LMU chira dyng day du cac tinh chét dat dai thé hién trong cac
ban d6 don tinh va phan biét vdi cac don vi khac bdi sy khac
biét cua it nhat mot chi tiéu. Két qua da tong hop va xéc dinh
dugc 138 LMU (hinh 2).
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Bang 1. Phan cap cac chi tiéu xay dwng LMU tinh Thai Binh.

Chi tiéu K hi¢u

Phén cép chi tiéu

Cic chi tiéu ddc tinh va chét egng dit

C, Cc

Mm, Mn

M

Sp2, Sp2M

Loai dét G

Sp1Mn

Spl

Pbe

Pf, Pe, Pc, P/c

Pg

TD

<100

Do day ting dét (cm)

>100

a (cat)

b (cat pha)

Thanh phén co gi6i TPCG

¢ (thit nhe)

d (thit trung binh)

>6-7

pHyq PHyq

>4-6

<4,>7

<1 (vt thap)

1-2 (thép)

OM (%) oM

2,1-4,2 (trung binh)

4,3-6 (cao)

>6 (rat cao)

>25

CEC (1d1/100 g dat) CEC

>10-25

WIN — L A WN ~ W ~&B WR =N~ © oo nu kb WK~

<10

Cac chi tiéu dia hinh

Thép, triing

Pia hinh tuong di DHTD 2

Trung binh

Cao, rat cao

Cdc chi tiéu khi hgu

1600-1800

Luong mua trung binh nam (mm) R

1400-1600

Ciic chi tiéu vé ché dj nwéc

Khong tudi

Ché do tudi I

C6 tudi

Khéng xam nhap man (<1)

Mirc do xam nhap man (thang/nam)

Xam nhap man it (>1-3)

Khong ngdp (<5)

[S3 S IO QU VO TS

Muc d6 ngap ung (ngay/nam) F

Ngap nhe (>5-30)

620000 630000 640000 650000

660000 670000

/ HAI DUONG

2260000 2270000 2260000 2290000

2250000

NAM PINH

9

DDONO00N §

%)

S Ki
20000 30000 540000 650000

660000

Hinh 2. LMU tinh Thai Binh.




LUR cuia cac LUT

Téng hop LUR theo 4 mirc d9 thich hop: S1, S2, S3 (it thich
hop) va N (khong thich hop), cho 4 LUT san xuét nong nghiép
duoc lua chon cta tinh Thai Binh duoc thé hién ¢ bang 2. Cac chi
tiéu ndy déu dugc lua chon, phan cép trén co so didu kién ty nhién
cua tinh va tham chiéu véi céc gi4 tri vé yéu ciu sinh thai cua cc
loai cay tréng ¢ vung nhiét doi va can nhiét doi theo tai liéu ctia Sys
va cs (1993) [9].

Bang 2. Phan cép LUR cua cac LUT.

Khoa hoc Tu nhién n—

15,11% (16.522,5 ha), chi yéu phan bd & cac ving dét cat bién cac
huyén Vii Thu, Kién Xuong, Tién Hai, Thai Thuy va cac ving dét
man nhiéu, d4t man su, vet, dudc, dét phen tiém tang nong dudi
rimg ngdp man ven bién cac huyén Tién Hai, Thai Thuy. Céc yéu td
gi6i han & nhitng viing dat nay chii yéu la thanh phan co gidi nhe tir
cat pha (b) dén cat (a), thoi gian xam nhap man dai (1-3 thang/nam),
khong co dicu kién tudi va mirc d man, phén cia loai dat. Phan bd
khong gian ctia cac cép thich hop thé hién ¢ hinh 3.

Bang 3. Két qua phan hang thich hop dat dai cho LUTs.

o Mitc d§ thich hop/han ché Mire d thich nghi  Liia (ha)  Ty1¢(%) Caymau(ha) Ty1¢(%) Cdylaunim(ha) Tyl¢(%) NTTS (ha) Tyl (%
LUTs  Chi tiéu i ¢ w ! w Y o v
s1 ) $3 N
Loai dit PLPo,Pe.PePe MSplSyMPhe, Spl T sl B B USLF 0B 005 649 100 00
Dodaytangdat 2100 <10 9 G405 68 19B6  4F 6088 S5 M6 3156
Thanh phan co gioi d ¢ b a
PHyq 241 SO0 - 8 S350 485 MO31 MY 81642 B US4 684
- ) 12 <1
e CRe >)5 10-25 <10 N 120751026 28930 265 9077 830
Diahinh twongd6i ~ Trung binh Thip, triing ~~ Cao, rit cao - Tinedienteh it
Ché d6 tuéi C6 tudi - 5 Khong tudi néngn ghiép () 1093410 10000 109.341,0 10000 109.341,0 10000 109.341,0 100,00
M d9 xam nhip min <1 - >1-3 = -
Mirc do ngp tng <5 >5-30 - -
Logi dét Pf, Pe, P, Plc, Phe Pg, M, Sp2, Sp2M, C, Cc it khéc =" A e T *,v_j““““ ST AW
Dj day tang dat >100 <100 - s g 5 AN iy o - 2
Thanh phin co gi6i c,d b a § TS“ ) ~
pH, . 47 S70,<40 - S 5
oM ) >1 <1 Bk L
Ciyy  CEC 5 >10-25 <10 g 5
M3 Pia high tuong dbi Trung binh Cao,titcao  Thip, triing
L}rqng mua trung binh 000 B 2000
nam (mm) g s
Ché 49 tudi C6 6 . Khong tudi
Muc d9 xam nhgp man <1 - >1-3 -
Mirc do ngap ing <5 - >5-30 -
Loai dit Pf, Pe, Pc, Ple Phe Pg, M, Sp2, Sp2M Dit khac - =
DO day ting dat >100 <100 . hi K
Thanh phén co gici d ® b a
Chu giai
pHeq 247 >7,0,<4,0 g Thich hop dét tréng Lia: |§
Gy OM ) >12 < il — i
liw  CEC 25 >10-25 <10 [ s3: tnienop
5 i i i [ N: Khéng thich hop
DA Pia hinh twong dbi Cao, rat cao Trungbinh ~ Thap, triing o [ Thé cur 4
L trung binh v, S| seng, 5u6|‘n6ﬁFH=.:
HOTE MUA fTUng BN 1200 1000-1200 B 5750 o &
nam (mm)
Chedout ol Khingitut Hinh 3. Ban dé phan hang thich hop dét dai cho cay lta nwéc.
Muc do xam nhgp man <1 - >13
Micdinglping <5 2530 - Dat trong mau: cap S1 va S2 ¢6 dién tich nho (27.424,9 ha,
e M, Mn, Mm Sp2,Sp2M,  Pf, Pe, Pe, Pl Pbe, C, Lo <A 0 A s Ao A IO A PR A
Loai dét e Co.Spl. SpIMn Diit khéc chiém 25,08% dién tich dat nong nghiép), tap trung 0 cac hu‘ye;n
Thinhphincogisi ¢, b a Hung Ha, Vii Thu, Bong Hung, Quynh Phu. Co thé thay rang,
wrrs P 267 246 >70,<40 trén thuc t€ dién tich dat trong cac loai cay mau cuia tinh con
2:*,‘;““ tuong doi ghap’ mog . Tgho S kha nho so véi tiém ning dat dai tw nhién. Cap S3 ¢6 dién tich
¢ do tuoi 0 twoi - 0ng tudi L L )
. £ £ 0/\ iA LA,
Mitc 8 xim ahip min 313 P 16m nhat (79.023,1 ha, ghlem 72,27%), tap trung chu yéu ¢ cac
Micdongiping 530 < huyén Kién Xuong, Tién Hai, Thai Thuy do diéu kién gidi han

Két qua ddnh gid thich hop dit dai
Két qua danh gia thich hop dét dai cho 4 LUT san xuat nong
nghiép o bang 3 cho thay:

Dt trong lia: cip S1 va S2 c6 dién tich 92.818,5 ha, chiém
84,89% dién tich dat nong nghiép cta tinh. Cap S3 va N chi chiém

TAP CHI

H:é :g:IE &t Nam 63(11) 11.2021

vé thanh phéan co gidi nhe (cat), dia hinh thép, triing, thoi gian
ngdp ung (5-30 ngay) va xam nhdp man dai (1-3 thang) cling
nhu dic tinh loai dit. Cip N co dién tich rat nho (2.893,0 ha,
chiém 2,65%), 1a nhiing vung dAt man nhiéu, dit man su, vet,
dudc, dat phén tiém ting néng ven bién cac huyén Thai Thuy va
Tién Hai. Phan bd khong gian ctia cac cap thich hop thé hién &
hinh 4.
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—~ g Pit NTTS: cip S1 va S2 chiém 31,57% dién tich dat nong
nghiép (34.518,6 ha), tap trung ¢ cac huyén Thai Thuy, Tién Hai,
Kién Xuong, Dong Hung, Quynh Phy. Dién tich dit nong nghiép
con lai 78.822,4 ha (twong tmg 68,43%) duoc danh gia & cip S3
do céc didu kién giéi han vé thanh phan co gidi nhe (cét), dia hinh
tuong ddi cao, khong c6 diéu kién tudi... (hinh 6).

L
29000

280000
TR0

270000
727000

Dé xuit sir dung dit

2600

280000

Tong hop, phan tich két qua danh gia, phan hang dét dai voi

menmnaicamawerfz|  Ni€N trang st dung dat tinh Thai Binh nam 2015 va tham khéao ké
[ s1: Rétthichhop |5 2 2. z N X n x , . \ ..
I < i v hoach chuyén ddi co cau cay trong trén dat lua ndm 2020 va giai

) - =L doan 2021-2025 cia UBND tinh Thai Binh [10], da dé xuét dinh
i h“;"”“"B - d:mh“ N e thich h dat d“"_“"“ ho c3 — hudng quy hoach str dung hop Iy dat san xuat nong nghiép cua tinh
ihh 4. Ban do phan hang thich hop ¢4t dal cho ey mau. trong diéu kién BDKH, NBD theo cac LMU (bang 4, 5 va hinh 7).

24000
24500

e ) N\ Bang 4. Diéu chuyén LUTs cho dinh hwéng quy hoach st dung
§ hop Iy dat san xuat néng nghiép trong diéu kien BDKH, NBD cua
tinh Thai Binh.
J Hin trang HET e I Conggidn™*  Bién ding e vuit
5 W (0
E LUA HNK  CLN  NITS  RSX RPH CSD
LUA 797360 626535 82643 20666 57516 160825 -152706 644654
i
§ HNK 63310 6597 55091 1106 517 8220 75881 13919,
| G A B 18850 00 m 100
L B s1: Réttichhop  [R
i — Pt NTTS 129850 103878 25972 25912 34090 163942
[ N: Khéng thich hop
8. \ ’ ; e
e —— e R Lo ey RSX - . 00 25913 25913
Hinh 5. Ban dé phan hang thich hgp dat dai cho cay lau nam. RPH 8850 885 00 00 8850
e [ = T e “m "mm > A (W CSD 5010 1522 1458 203,1 - 01,0 5010

290000

Congting*(ha) 8119 841001 21772 60064 25973 -

Ghi cha: LUA: dét trdng l0a nuéc; HNK: dat trong cay hang nam khac (céy
mau); CLN: dét trong cay lau nadm; RSX: dét rirng san xuét; RPH: dat rirng
phong ho; CSD: dét chwa st dung.

280000
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Bang 5. Két qua dinh hwéng quy hoach sir dung hop ly dat san
xuat néng nghiép trong diéu kién BDKH va NBD ctia tinh Thai Binh.

260000

Hién trang nam 2015 DE xuat

Tang/giam
.o 8 TT LUT Dign tich T lé (% Dign tich T (%) (ha)g ¢
Sl e , (ha) (ha)
B = e I Phtnongnghicp 1088400 6861 1093411 6893 5011
= = %;:i;m ~ J2 1.1 Dit san xudt nong nghiép 939520 59,23 884467 5576 -5.5053
Hinh 6. Ban db phan hang thich hop dat dai cho NTTS. 111 Déittr(:'mg liia 797360 5027 644654 4064 -152706
o . 112 Dittring ciy hing nim khdc 63310 399 139191 877 75881
Dat trong cdy lau nam. cap S1 va S2 ¢6 dién tich nho (13.104,1 113 pitubng iy liu nim 850 497 100622 634 2172
ha, chiém 11,98% di¢n tich dat nong I}ghiép), chu yéu ¢ céc huyép 12 Ditlamnghiép 8850 056 3483 220 25973
Hung Ha, Dong ’Hu‘ng, Vi Thu. C@p S3 co dién tich 16n nhat 121  Dit rimg sin xuit ] 0,00 25973 164 25973
(87.164,2 ha, chiém 79,72%), cac y€u t0 gidi han ¢ nhiing ving 122 Datrimgphonghj 885,0 0,56 885,0 056 -
dét nay cha yéu la thanh phan co gioi nhe (cat pha), dia hinh thp, 123 Détrimg dic dung : 0w - 00 -
triing, thoi gian xAm nhap man dai (1-3 thang), khong co diéu kién 13 étNTTS 129850 819 163941 1033 3409,1
tudi. Cap N 6 dién tich nho nhat (9.072,7 ha, chiém 8,30%), gom 14 Ditlimmui 00 0B 500 0B -
nhimg vung dét cat bién va dit man nhiéu, dat man su, vet, dude, 15 Dit nong nghitp khic 968,0 0,61 968,0 061 -
dat phén tiém tang nong ¢ cac huyen Vi Thu, Kién Xuong, Tién 2 Dfét phi nong nghiép 492900 3107 492900 3107 -
Hai, Thai Thyy. Phan bd khong gian cua cac cap dét thich hop thé 3 Datchuasidyng 5010 031 - 000 -5010
hién & hinh 5. Téng DTTN (ha) 1586310 10000 1586310 10000 0
' DTTN: dién tich ty nhién.
TAP CHI
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Hinh 7. Ban do dé xuat dinh hwéng sir dung dat san xuat nong
nghiép tinh Thai Binh trong diéu kién BDKH va NBD.

Dt trong lia: d& xuat giam 15.270,6 ha, con 64.465,4 ha
(chiém 40,64% DTTN). Trong d6, giit nguyén dién tich dat dang
trong la trén cic LMU c6 hang thich hop (S1, S2). Piéu chuyén
gidm 16.082,5 ha dat dang trong lta trén cac LMU c6 hang S3
hoac N sang céc loai st dung khac, trong d6 cén ctit vao muc do
thich hop dét dai cho LUTS, cu thé chuyén 8.264,3 ha sang trong
cdy mau, 2.066,6 ha sang trong cdy lau ndm va 5.751,6 ha sang
NTTS. Pong thoi, diéu chuyén ting thém 811,9 ha dat thich hop
(S2) cho trong lta tir cic LMU dang trong ciy mau & cap it thich
hop (S3) 13 659,7 ha va dét chua st dung 1a 152,2 ha.

Dt trong mau: dé xuit ting thém 7.588,1 ha 1én 13.919,1
(chiém 8,77% DTTN). Trong d6, giit nguyén dién tich dit dang
trong cdy mau trén cac LMU ¢6 hang S1, S2 va nhitng LMU hang
S3 (do c6 thanh phan co gidi nhe) nhung chu dong nudc tuéi la
5.509,1 ha. Diéu chuyén giam 822,0 ha dat dang trdng ciy mau
trén cac LMU c6 hang S3 hodc N sang cc loai sir dung khac, trong
d6 can ctr vao mirc do thich hop dt dai cho LUTs, cu thé chuyén
659,7 ha sang trong lta, 110,6 ha sang trong cdy lau nam, 51,7 ha
sang NTTS. Dong thot, diéu chuyén tang thém 8.410,1 ha dét thich
hop (S1, S2) cho trong ciy mau tir cac LMU dang trong lta & cap
S3 va dit chua st dung.

Dt trong cdy lau nam: d& xudt ting thém 2.177,2 ha lén
10,062.2 ha (chiém 6,34% DTTN). Trong d6, giit nguyén dién tich
dt dang trong cy 1au nam trén cac LMU ¢6 hang S1, S2 hodc S3
(do c6 thanh ph?m co gioi nhe) nhung c6 nguf”)n nudc tudi thuan
loi 1a 7.885 ha. Diéu chuyén ting thém 2. 177,2 ha dét thich hop
cho trong cay lau nam tir cac LMU dang trong lta, ciy mau & cip
S3 va dat chua st dung.

Pat NTTS: @ xuit tang thém 3.409,1 ha 1én 16.394,1 ha
(chiém 10,33% DTTN). Trong d6, giit nguyén dién tich dat dang
NTTS trén cic LMU c6 hang S1, S2 12 10.387,8 ha. Dicu chuyén
giam 2.597,3 ha dét dang NTTS ¢ cac LMU c6 hang S3 ¢ ven bién
sang trong rimg san xuat. Diéu chuyén tang thém 6.006,4 ha dat
thich hgp cho NTTS tir cac LMU dang trong lga va cdy mau & cap
S3, N va dat chua sir dung.

TAP CHI
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Keét luan va kién nghi

Két qua danh gia thich hop dét dai cho LUTs san Xudt nong
nghiép bang mo hinh tich hop GIS-ALES trong dic¢u ki¢én BDKH
va NBD hién tai cho thdy, Thai Binh hién vin ¢6 diéu kién dat
dai thuén loi dé chuyén canh lta, véi dién tich dat hang S1 va S2
cho trong lta 12 92.818,5 ha, chiém dén 84,89% dién tich dit nong
nghiép. Tinh hién ciing ¢6 tiém nang dat dai Ion dé phét trién NTTS
v6i 34.518,6 ha, chiém 31,57% dién tich dat nong nghiép, khong
chi ¢ viing ven bién ma con ca trong ving ndi dong. Bén canh do,
tinh cling c6 mot di¢n tich khong nho S1 va S2 cho céc loai hinh
canh tic cdy mau (27.424,9 ha, chiém 25,08% dién tich dat nong
nghiép) va cho cdy lau nam (chu yéu 1a cdy an qua, 13.104,1 ha,
chiém 11,98% dién tich d4t nong nghiép).

Két qua danh gia nay cung cap co so khoa hoc dé dé xuét dinh
hudng quy hoach sir dung hop 1y dét san xudt nong nghiép cua
tinh Thai Binh dén nam 2025, theo d6 dé xuat dién tich dét trf”)ng
l0a 1a 64.465,4 ha, giam 15.270,6 ha do dugc chuyén sang NTTS,
cdy mau va cdy lau nam. Trong d6, dit NTTS 1a 16.394,1 ha, ting
3.409,1 ha; dit trong cAy mau 1a 13.919,1 ha, ting 7.588,1 ha; dat
trong cdy lau nam 13 10.062,2 ha, ting 2.177,2 ha.

Mb hinh tich hop GIS-ALES c6 thé 4p dung dé danh gia dét
dai thich tmg v6i céc kich ban BDKH va NBD cho tinh Théi Binh
0 cac giai doan tiép theo, voi dit liéu dau vao duge cap nhat tuong
ung.

Nghién ctru str dung mot phan két qua cua dé tai doc lap cip
quic gia “Nghién ctru, danh gia tac dong ciia BDKH dén tai
nguyén dat ving Pong bang song Hong va dé xudt cac giai phap
chii dong tmg pho” (mi s6 DTDLCN.48/15) va dé tai cho can bo
tré cép Vién Dia ly, Vién Han 1am KH&CN Vigt Nam. Céc tac gia
xin chan thanh cam on.
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Nghién ctru thwe nghiém tinh ché tinh dau hoi
trén thap chung luyén chan khong gian doan

Nguyén Thi Thao, P4 Xuin Truong”
Vién Ky thudt Hoa hoc, Truong Dai hoc Bach khoa Ha Ngi
Ngay nhan bai 1/6/2021; ngay chuyén phan bién 4/6/2021; ngay nhan phan bién 2/7/2021; ngay chip nhan ding 6/7/2021

Tom tit:

Viét Nam 12 mét trong nhirng nwéc ¢6 sian lwgng hdi thu hoach hang nim 16m nhat thé giéi. Tuy nhién, cac sain pham
tir hoi ciia chiing ta hién nay chi yéu & dang qua hoi siy kho va tinh diu thd co gia tri kinh té thap. Thanh phan
chinh ciia tinh dau hdi thé 1a trans-anethole can dwoc tinh ché dé san xuit cac san phim cé gia tri cao hon. Nghién
ciru nay tip trung vao xay dung hé thong thue nghi¢m dé tinh ché tinh diu hdi bang thap chwng luyén giin doan loai
dém lam viéc & ap suit chan khong CAac san phzim thu dugc trong qua trinh tinh ché dwgrc phan tich bimg phuong
phap sic ky khi ghép khdi pho (GC-MS). Két qua phan tich dwgc dung dé danh gia kha niing tach cac tap chat de
bay hoi trong hén hop tinh diu hoi thé. Nghién ciru chi ra rang, nhiét do day thap duéi 150°C twong wrng véi ap suit
chan khong dwéi 0,1 bar co thé giam phan hiy nhié¢t cia tinh diu. Cac ciu tir de bay hoi hon anethole nhu a-pinene,
[f-phellandrene, limonene, linalool dwgc tach triét dé trén dinh thap. San phzim tinh diu hdi tinh ché thu duge tai
day thap va dat ham lugng anethole trén 88% khdi lwgng (wt.%). Hiéu suit thu hdi tinh diu 12 98,5 va 88,8% tai ap
suat dinh tuong ung 0,1 va 0,08 bar. San pham ddy cé thé cé thanh phan anethole cao hon néu ting chiéu cao thap,
tang chi so hdi luru, giam ap suit, va tang lwgng tap lay ra tai dinh thap. Cac két qua nghién ciru thwe nghiém la rat

hiru ich cho tinh toan, thiét ké, ché tao va van hanh hé thong tinh ché tinh dau hdi quy mé cong nghiép.

Tir khéa: anethole, chung luyén gian doan, thap dém, tinh dau hoi.

Chi s6 phén loai: 2.4

Téng dién tich trong hoi ctia Viét Nam 1a gan 50.000 ha, trong
6, dai hoi (Illicium verum) 1a loai cdy xanh quanh nim, duoc
trong chu yéu & céc tinh phia Bac nhu Lang Son, Cao Bing, Quang
Ninh. Tinh dau hoi chiét xuét dat 3,0-3,5 wt.% ddi véi qua hoi tuoi
va dat 8-13 wt.% dbi v6i qua hoi kho [1]. Thanh phan chinh cia
tinh du hoi tho & Viét Nam la trans-anethole (86,06 wt.%), ngoai
ra con c6 metyl chavicol (6,65 wt.%), linalool (2,34 wt.%) va mot
sd hop chét khac voi ham lugng rét nho. Nhung trén thyc té, tinh
dau tho trén thi truong nude ta hién nay c6 ham lwgng anethole
chi khoang 82-84 (wt.%), do dic trung hoi ciia timg ving va cong
nghé chung cat tinh du chua dat hiéu qua cao, cling nhu chua ¢6
cong nghé tinh ché hoan chinh.

Tinh dau hoi tinh ché (ham lwgng anethole >95 wt.%) 1a huong
liéu quan trong trong san xuét rugu thom Anise. Ngoai ra, tinh dau
hdi con duge dung lam huong liéu cao cap, 1a thanh phan quan
trong dé san xuat nude hoa va cac hod my pham khac [2, 3]. Tinh
dau hoi thd can phai dugc tinh ché nang cao ndng do cua anethole
dé 6 thé dap tmg yéu cau khit khe trong cac nganh cong nghiép
dugc pham, huong liéu va my pham.

Phwong phéap phd bién nhat dé tinh ché tinh dau hoi la phuong
phap chung luyén ¢ ap suét chan khong. Phuong phap nay co thé
tach duogc cac cau tir ¢o nhiét do soi thap hon anethole ra khoi hon
hop ban dau. Véi ning suat tinh ché thap, phuong phap chung
luyén gian doan dugc uu tién su dung. Thap dém co6 uu diém 1a

“Tac gia lién hé: Email: truong.doxuan@hust.edu.vn
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s0 dia ly thuyét trén 1 don vi chiéu cao 16, tré luc nho, do vay sé
giam duoc chiéu cao thap va nhiét do so6i cia hon hop & day thap.
Hon hop tinh dau hdi c6 nhiét d9 soi khoang 234°C tai ap suét khi
quyen va khoang 110°C tai 0,1 bar. Do vay, van hanh thap o ap
suat chan khong s€ lam gidm nhi€t d9 soi cua hon hop, giam lugng
nhiét cdp vao day thap, dong thoi tranh phan tmg phan huy boi
nhiét cua tinh dau.

Dén nay, trén thé gioi c6 mot s nghién ctru vé tach tinh dau
hdi bang phuong phap chung cudn theo hoi nudc, trich ly siéu toi
han hoic trich ly vé6i sy hd tro clia song siéu am [4-7]. Chiét xuat
bing CO, long thu dugc lugng tinh dau nhiéu hon 9,8% so voi
chung cat bing hoi nudc. Ham lugng anethole trong tinh dau thu
duoc bang hai phuong phép trén khéc nhau khong dang ké va nim
trong khoang 89-92 wt.% [7]. Da ¢6 mot s6 nghién ciru ve viéc
tinh ché tinh ddu quyt xanh, sa chanh va cam bang chung cat chan
khong [8-10].

~ Tém lai, da c6 nhitng nghién ctru vé tach tinh diu ra khéi qua
hdi bing phuong phap chung 16i cudn theo hoi nudc, trich ly siéu
t&i han hay c6 sy hd tro cuia song siéu am; nghién ciru thyc nghiém
tinh ché tinh d?lq cam, quyt xanh, hay tinh dau sa chanh. Tuy nhién,
chua c6 cong bo nao lién quan dén qua trinh tinh ché tinh dau hoi
dé nang cao nong do anethole. Vi vy, nhom téc gia thuc hién
nghién ctru nay nhim cung cp céc thong tin can thiét cho qua
trinh tinh ché tinh dau‘h01 dat hiéu qua cao nhz;t Noi dung cua
nghién ctu nay bao gom: (1) Xay duyng hé¢ thong thuc nghiém
chung chan khong gian doan loai dém; (2) Thyc nghiém tinh ché
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Abstract:

Vietnam is one of the world’s largest annual anise harvest
countries. However, products from anise are mainly in
the form of dried anise fruit and crude star anise essential
oil with low economic value. The main component of
the star anise essential oil is trans-anethole which needs
to be purified to produce higher-value products. This
study focused on building an experimental system for
purifying star anise essential oil by a batch distillation
column working at vacuum pressure. The products
obtained during the purification process were analysed
by gas chromatography-mass spectrometry (GC-MS).
Analytical results were used to evaluate the ability
to separate volatile impurities in the crude star anise
essential oil. Results showed that the bottom temperature
of the tower below 150°C, corresponding to a vacuum
pressure of less than 0.1 bar, can reduce the thermal
decomposition of essential oils. The volatile components,
such as a-pinene, f-phellandrene, limonene, and linalool,
were thoroughly separated at the top of the tower. The
purified star anise essential oil was from the bottom
of the distillation and had the anethole composition of
over 88% of mass fraction (wt.%). Anethole recovery
efficiency was 98.5 and 88.8% at a pressure of 0.1 and
0.08 bar, respectively. The bottom product can have a
higher anethole composition if increasing the column
height, the reflux ratio, and decreasing the pressure and
the quality of impurities removed at the top is increased.
The experimental results are helpful for the calculation,
design, manufacture, and operation of an industrial-
scale essential oil purification system.

Keywords: anethole, batch distillation, packed column,
star anise essential oil.
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Khoa hoc Ky thuat va Céng nghé

tinh dau hoi trén thap chung chn khong gian doan loai dém; (3)
Danh gia thanh phan san pham dinh va day thong qua phuong
phap phan tich GC-MS.

Doi tuong va phuong phap nghién ciiu

Phwong phdp thwc nghiém va van hanh thdp chung luyén
gidn doan

Chung luyén gian doan duoc sir dung pho bién voi cdc hé co
ning suat vira va nho hodc dé tach hé nhidu ciu tir khi chi can ding
mot thap. Pay 1a ky thuat tach da c6 tur lau, dugc su dung rong rai
& phan tach, tinh ché, loai bo tap chat trong cong nghiép hoa chat,
thuc pham va duoc pham [11]. Uu diém chinh cta phuong phap
chung luyén gian doan so vdi phuong phap chung luyén lién tuc
12 & su don gian va da nang ctia hé thong chung luyén, chi véi mot
thiét bi ¢6 thé tach thanh nhidu hdn hop long khac nhau. Tham chi,
ngay ca hdn hop nhiu cdu tir ciing ¢6 thé tach dugc bing chung
luyén gian doan chi trong mot thap bang cach ldy san phim ra ¢
cac thoi diém khac nhau. Nhugc diém cta phuong phap chung
luyén gian doan chinh 1a hon hop 1ong c6 thoi gian luu tai nhiét
d9 cao lau. Do d6 lam tang kha nang phan hiy nhiét va suy giam
chat luong san pham. Ngoai ra, ning luong tiéu ton ndi chung s&
16n hon va ning suat thap hon so v6i phuwong phap chung luyén
lién tuc.

Nghién cuu thyce nghiém tinh ché tinh dau hdi duoc thyc hién
trén hé thong thap chung luyén gidn doan chin khong loai dém
dat tai phong 106, toa nha C4, Trudng Pai hoc Bach khoa Ha Ngi.

(A)

(B)

Hinh 1. So’ db hé thong thiét bi chwng luyén gian doan chan khéng
loai dém. (A) So @ nguyén ly; (B) Hinh anh hé thdng thi nghiém.

Hé théng thiét bi chung luyén chan khong gian doan loai dém
dugc md ta trong hinh 1. H¢ thong bao gdm binh chung thuy tinh
3 ¢h dung tich 3 1, trén 2 ¢d bé ciia binh dugc nat chit va c6 cim
nhiét ké thuy ngan c6 dai do 0-300°C do nhiét d¢ tinh dau trong
binh chung, c6 nhdm to con lai duoc ndi véi than thap. Than thap
gdm 1 ong thity tinh ¢6 chidu dai 1000 mm va duong kinh 35 mm.
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Bén trong than thap c6 chira d¢m kim loai vong Raschig kich thude
10x10%0,5 mm duge d6 16n xon. Dém bén trong thap duoc do badi
ludi & dém c6 tac dung phan bé lai dém va phan bd hoi di 1én doan
luyén. Phia trén doan luyén duoc cam mot nhiét ké thiy ngan c6 dai
do 0-300°C dé do nhiét do hoi 1én trén dinh. Hoi 1én dinh thap duogc
ngung tu boi hé thong sinh han 3 16p véi nude lanh duge bom tir bé
6n nhiét. Bom hut chan khong duoc két ndi véi dinh thap. Ap suat
chan khong dugc do bing dong ho do ap suat. Chénh Iéch ap suat
gilta dinh va ddy thap dugc do bang thiét bj do chénh léch ap suat.
Déi voi hé thong thi nghiém trén, chénh Iéch 4p khong déng ké va
hau nhu khong doi. Gid trj do chéch léch 4p suat giita dinh va day
thap 1a 30 Pa. Cac thong s6 cua thiét bi chinh trong hé thong thuc
nghiém dugc ligt ké ¢ bang 1.

Ban dau, 0,5 kg hdn hop tinh dau hdi thé duoc rét vao binh
chung. Tiép d6, bép dién duoc bat dé gia nhiét cho hon hop tinh dau
trong binh chu’ng Piéu chinh bép dién gia nhiét tir twr cho t6i khi
tinh dau s6i déu. Trong qua trinh thi nghiém, tranh cap nhiét lwgng
qué 16n vi ¢6 thé dan dén qua nhiét va mét 6n dinh cta hé théng. Khi
tinh dau trong d4y thap soi, hoi di 1én thyc hién qua trinh phén tach.
Hoi tiép tuc 1én dinh thap va duoc ngung tu hoan toan bang nudc
lanh trong sinh han 3 16p. Hn hop 1ong ngung mot phan duoc hdi
Iuu trd lai thép, phin con lai duoc chira trong binh thu san pham. Ty
18 giita lwong long hdi lru va luong san pham dinh c6 thé dugc diéu
chinh bing céc van trong b diéu chinh chi s6 hoi luu trén dinh thap.

Bang 1. Cac thong sé kj thuat cta cac thiét bi chinh trong hé théng thi
nghiém.

STT  Thiét bi chinh Thong s6 ky thut

+ Cong sudt dong co: 180 W

+ Naing sudt hat khi 16n nhét: 90 Uphat
+ Gioi han 4p sult chan khong: 2 Pa
+Dién dp: 220 V/50 Hz

+Nhiét do t0i da: 380°C

1 Bom chan khong

Phuwong phdp phén tich thanh phén tinh dau héi

Thanh phan cac chit trong mau tinh dau hoi nguyén ligu, san
pham dinh, va san pham day duoc xac dinh biang phuong phap
phan tich GC-MS [12]. Hinh 2 mé ta nguyén 1y ciia hé¢ thdng
GC-MS. Théng qua phan tich GC-MS, cac hop chét khac nhau
duoc xac dinh, bao gém trans-anethole, a-pinene, f-phellandrene,
limonene, linalool, methyl chavicol, anisaldehyde, caryophyllene,
f-bergamoten, o-cymene. Cac mau tinh dau duoc do tai Phong thi
nghiém hod phan tich, Truong Dai hoc Bach khoa Ha N¢i.

Bé tiém miu

Piu vao
khi mang B

Sic ky khi Khii phd

Phin tich

Khiilwgng  pz g,
[ so———

Nguén ion
|

Hé théng chin khéng

Piu ra vi phin

Duing chuyén tich dit liéu

Hinh 2. So’ db hé théng GC-MS [13].
Nguyén ligu tinh ddu hoi tho

Tinh dau hdi thé chira nhiéu cu tir voi thanh phan chu yéu
la anethole, pinene, limonene, linalool, methyl chavicol. Trong
nghién ctru nay, tinh dau hdi thd duge san xudt tir qua hoi trong &
Lang Son, Viét Nam. Bang 2 thé hién thanh phﬁn tinh du tho dugc
str dung 1am nguyén liéu cho thap tinh ché trong nghién ciru nay.
Nhiét d6 s6i ciia cac cu tir dugc dung dé du dodn kha ning tach
cac chat trong hon hop tinh dau tho.

Bang 2. Thanh phan tinh dau héi thé siv dung trong thwe nghiém (wt.%).

2 Bépditn +Cong sult nhit 1 da: 600 W Ciuti Hamlwgng ~ Nhigt d§ sbi & dp sudt
L (Wt.%) khi quyén ("C)
3 Ding hd do chénh lch & suit + Dai ap suat: 1000 ....+1000 Pa
J oL +D0 chinh xdc: £0.5% (£2 Pa) o-pinene 24 1560
.y + Déi nhigt d0: 0-300°C f-phellandrene 087 1740
4 Nhigke 44 chia nho bt 2C
. limonene 241 177,6
5 Binh chung + The tich: 3000 ml
: linalool 2,14 198,0
+ Khodng nhiét d¢: RT+5~40°C
+D4§ chinh xac: £0,1°C methyl chavicol 5,03 2160
6 B¢ dn nhigt va bom tuan hoan nuéc lanh -+ Thé tich bé on nhigt: 14,51 anisaldehyde 102 2490
+ Ning sut bom nuéc lanh: 4 Upht
+Cong sudt gia nhit: 1000 W it st 240
; s chn +Butng kinh (D): 35 mm caryophyllene 1,07 2532
P Cumg + Chidu cao (H): 1000 mm f-bergamoten 0,38 2600
+ Kich thuoc: 10x10x0,5 mm 1-(3-methyl-2-butenoxy)-4-(1-propenyl)benzene 0,76 310,2
L ) + B& mit riéng: 500 (m?/m’) Cic chit khic 036
8 Bém inox (vong Raschig) 5 Thé tch t do: 0,88 () : ,
+ Khoi hugng riéng: 950 (kg/m’) Tong 100,0

Hon hop nguyén li¢u 1a h¢ tinh dau ¢6 kha ndng phan huy bgi
nhiét d9, do véy thap can lam viéc & ap suét chan khong cang thap
cang tot. Do chén khong cang 16n thi nhi€t dg soi cua hén hop cang
nho, nén co thé han ché hién tuong phan huy nhiét cua san pham
Ngoai ra, thdp loai dém dugc su dung dé giam ton that 4p suat ciia
thap. Nghién ctru thyc nghi¢ém nay st dung dém kim loai vong
Raschig kich thuge 10x10x0,5 mm.
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Két qua nghién ciu va thao luan

Nghién ctru thyc nghiém tinh ché tinh dau hoi dugc thyc hién
trén hé thng thap chung voi ning suét 0,5 kg/mé. Qua trinh chung
duoc thyc hién & cac diéu kién ap suit chan khong khac nhau, ché
6 hoi luu hoan toan va hdi luu mot phan R=3, trong khoang thoi
gian tur 4,2-4,5 gi¢ (bang 3).



Bang 3. Cac diéu kién van hanh thap.

Cic diéu ki¢n vin hanh TNI N2 TN3 TN4
Thoi gian chung (gid) 42 45 45 45
Ty s6 hoi luu Hoén todn 3 3 3
Luong nguyén li¢u (kg) 0,5 0,5 0,5 0,5

Bang 4 thé hién su thay doi nhiét do tai dinh thap va ddy thap
theo thoi gian tai ché d6 hoi luu hoan toan va 4p suét chan khong
0,08 bar. Nhiét do day thap thay doi tir 22-144°C, trong khi nhiét
do dinh thap thay doi tir 22-92°C. Trong khoang thoi gian ban dau
tir 0-1,5 gid, chua co hoi hodc hoi lén dinh thap rat it va luong long
ngung ty khong on dinh. Trang thai 6n dinh cta thap twong tmg véi
nhiét do dinh va day khong doi duoc duy tri trong 2,7 gio tiép theo.
0] trang thai 6n dinh, nhiét do trung binh dinh thap 1a 90°C, va nhiét
do trung binh day thap la 140°C. Nhiét do day twong ddi thap co
thé han ché hdn hop tinh diu bi phan huy nhiét.

Bang 4. Nhiét d day va dinh trong trwéng hop hdi lwvu hoan toan (TN1).

Khoa hoc Ky thuat va Céng nghé n—

d9 day dao dong nhe trong khoang 150-152°C. Nhiét d¢ trung binh
0 day thap va dinh thap trong khoang thoi gian nay lan luot 1a
150,7 va 120,7°C, nhiét d9 d4y nay twong ddi thap, gitp gidm hién
tuong hdn hop tinh dau day thap bi phan huy béi nhiét.

Tai ap suét 0,08 bar, nhiét do hdn hop tinh dau ¢ day thap thay
doi tir 20-144°C, nhiét d6 dinh thap thay ddi tir 20-124°C. Tong
thoi gian chung 1a 4,5 gio, thoi gian c6 long ngung tu 1a 1,5 gio. 3
gio tiép theo, ¢6 san pham dinh ngung tu. Trong khoang thoi gian
ldy san phdm dinh 6n dinh, nhiét d6 day dao dong trong khoang
130-144°C, nhiét d9 trung binh day va dinh thap 1a 136 va 116,4°C.

Bang 5. Nhiét do dinh va day thap trong trweng hop chi sé hoi lwu R=3.

TN2 TN3 TN4

Tt Apsudt g, gy THOT APy TR AP
gian  dinh ‘0 (0 gian  dinh 0 (0 gian  dinh )
(i) (bar) (@)~ (bar) i) (bay)

0 0,2 18 18 0 0,1 18 B0 008 20 20

Thiigian  Apsudtdinh Nhiétdp ddy  Nhiét dp dinh

@) 6w (O (0) Ghi ch

0 0,08 2 2 Bt dau chung

T R v

0,6 0,08 130 24 Chua c6 hoi Ién trén dinh Ifhéng
09 008 130 28 06 it long ngumg tu g;nh
1,2 0,08 136 34 Co it long ngung tu

15 0,08 134 36 6 it long ngung ty

18 0,08 138 89 C6 nhiu long ngung tu

21 0,08 138 89 4 nhiéu Iéng ngung tu

24 0,08 140 90 C6 nhicu long ngung ty

2,7 0,08 140 90 6 nhidu long ngung tu .

3 0,08 138 90 C6 nhiéu long ngung tu gl:lh
33 0,08 140 90 Co nhiéu long ngung tu

36 0,08 142 90 6 nhiéu long ngumg fu

39 0,08 144 92 C6 nhiéu long ngung tu

42 0,8 140 90 6 nhiéu Iéng ngung tu

m‘f 008 140 9

" nhiét do trung binh trong khoang thoi gian 6n dinh.

Két qua thyc nghiém tai cac diéu kién ap suat chan khong khac
nhau duoc liét ké trong bang 5. Trudng hop ap suat dinh tir 0,2 bar,
nhiét do day thap rat cao 1én téi 178°C. Nhiét d trung binh day va
dinh thap trong khoang thoi gian san pham dinh 6n dinh lan luot
14 168,8 va 144°C. Nhiét @6 hon hop tinh dau & day cao két hop
v6i thoi gian chung cat dai dan dén tinh diu bi phan huy boi nhiét
nhiéu.

Khi ap suét dinh duy tri on dinh tai 0,1 bar, nhiét &6 hdn hop
tinh dau ¢ day thap thay doi tir 18-150°C, nhiét do dinh thay doi tir
18-128°C. Tong thi gian chung 13 4,5 gio. Thoi gian ké tir lac bét
dau lay san pham dinh 1a 4 gio. Thoi gian dé hoi 1én trén dinh mét
0,5 gid. Trong khoang thoi gian lay san phim dinh on dinh, nhiét
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05 02 120 9% 05 0l 130 9% 075 008 72 34
1 02 130 100 1 0,1 140 100 1 008 8 40
15 02 134 106 15 0l 146 106 125 008 102 44
2 02 140 108 2 0,1 150 10 15 008 120 9%
25 02 158 120 25 0l 15212 1715 008 130 110
3 0.2 162 134 3 0,1 152 120 2 008 130 110
35 02 170 144 35 01 150 126 25 008 132 112
4 02 176 158 4 0,1 150 128 275 008 132 114
45 02 178 164 45 0] 150 128 28 008 134 114
3 008 136 118
33 008 138 120
35 008 140 120
35 008 14 122
45 008 144 124
Trung binh* 1688 144 150,7  120,7 136 1164

" nhiét d6 trung binh trong khoang thoi gian én dinh.

Tom lai, qud trinh tinh ché tinh dau hoi tai 4p sudt dinh <0,1
bar, nhiét d6 hon hop tinh dau day thap tuong dbi thip, gitp glam
phéan huy nhiét tinh dau. Tai ap suét dinh 0,08 bar, thoi gian bit dau
¢6 long ngung tu 1au hon. Do vy, dé dam bao tinh du khong bi
dun nong qué lau gay phan huy nhiét, thoi gian chung phai khong
qué dai. Khi thyc hién chung & ap sut chan khong cao, cn can
dbi thoi gian chung dé dam bao chit luvong san pham tinh dau hoi
tinh ché.

Hinh 3 cho thiy hinh anh mAu tinh dau hoi nguyén ligu va cac
mau san pham day thu duoc qua cic thuc nghiém. Qua mau sic
cia cac mau, ta thdy mau tinh dau nguyén liéu c6 mau vang rat
nhat, & TN2 vang rat ddm (gn nhu chuyén sang mau do), TN3 va
TN4 ¢6 mau Vang dam hon mot chat. Nhu vay, bang phuong phap
so mau cac mau, c6 thé danh gla dinh tinh dwoc miu san pham day
& TN2 bi phan hay nhiét nhiéu do nhiét do day thap rat cao va thoi
gian chung lau.
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Tinh diu thé

TIN2 TIN3

Hinh 3. Anh mau tinh dau thé va cac mau san pham day thu dwoc & cac
thi nghiém.

Béng 6 trinh bay két qua thanh phan cac mau tinh dau nguyén
liéu, san pham dinh, san phim day (dugc phén tich dinh luong
bing phuong phép GC-MS) va hi¢u suét thu hoi. Dleu kién van
hanh bao gom lugng nguyén ligu dau 0,5 kg, chi s hoi luu R=3,
va tai 2 ap suat khac nhau 0,1 va 0,08 bar.

Tai 4p suat dinh 0,1 bar, sau 4,5 gi¢ chung, lugng san pham
dinh (tap) va day (san pham tinh ché) thu duoc lan luot 12 0, 4625
va 0,0375 kg. San pham day thu dugc chira ham lugng cau tir
anethole 1 88,76 wt.%, ngoai ra chira céc ciu tir khic nhu methyl
chavicol 3,78 wt.%, linalool 1,65 wt.%, anisaldehyde 1,22 wt.%,
p-bergamoten 1,16 wt.%, 1-(3-methyl-2-butenoxy)-4-(1-propenyl)
benzene 1,62 wt.%, va 1,81 wt.% cdc chét khac. Tap chét thu dugc
¢ dinh thap chira ham lu’ong cau tir anethole 14,83 wt.%, methyl
chavicol 43,35 wt.%, linalool 7,00 wt.%, va nhiéu chat khac khong
c6 trong hdn hop tinh diu nguyén lidu 28,34 wt. %. Céc hop chat
o-cymene va terpinen-4-ol khong c6 trong tinh dau nguyén li¢u
nhung lai xuat hién trong san pham sau qua trinh chung cét, ddc
biét trén san pham dinh. Diéu nay co thé do anh huorng cua nhiét
do dan toi cac phan {ing phtc tap trong tinh diu va cac phan tng
bién dbi giira cac dong phan.

Bang 6. Thanh phan céac chét trong san pham dinh, day sau tinh ché
(Wt.%).

it Tinh ddu thd  TN3: P=0,1 bar TN4: P=0,08 bar
Nguyén liéu Day Dinh Day Dinh
a-pinene 242 - 0,84 - 5,260
S-phellandrene 0,87 - - - 0,71
0-cymene - - 0,83 - 2,64
limonene 241 - 2,30 0,21 18,57
linalool 2,14 1,65 7,00 - 30,50
terpinen-4-ol - - 1,09 0,09 3,16
methyl chavicol 5,03 3,78 4335 2,69 13,71
anisaldehyde 1,02 1,2 0,83 287 1,53
anethole 83,34 88,76 14,83 88,08 159
caryophyllene 1,07 - 0,09 142
B-bergamoten 0,58 1,16 0,50 1,55

1-(3-methyl-2-butenoxy)-4-(1-

076 1,62 : 1,61
propenyl)benzene

Cic chit khic 036 181 2834 148
Tong 100 100 100 100
Lurgng sin phim thu dwoe

Luong san pham déy (kg) 0,4625 0,42
Luong sén pham dinh (kg) 0,0375 0,08

04105 0.3699
Lugng anethole trong tinh ddu th (kg) 04167 04167
Higu sudt thu hoi anethole trong déy (%) 98,5 888

"Hiéu suéat thu hdi anethole trong day (%) = 100x(lwvgng anethole trong
san pham day)/(lwgng anethole trong tinh dau tho).

Luong anethole trong san phim day (kg)
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Khi ap suat dinh duy tri 6n dinh ¢ 0,08 bar, sau 4,0 gid chung
thu dugc 0,42 kg san pham day va 0,08 kg tap chat dinh. San phim
déy thu dugc chita ham lugng céu tir anethole 1a 88,08 wt.%, ngoai
ra cac ¢ cdu tir nhw limonene 0,21 wt.%, terpinen-4-ol 0,09 wt.%,
methyl chavicol 2,69 wt.%, anisaldehyde 2,87 wt.%, caryophyllene
1,42 wt.%, f-bergamoten 1,55 wt.%, 1-(3-methyl-2-butenoxy)-4-(1-
propenyl) benzene 1,61 wt.%, va 1,48 wt.% cac chat khac. Tap chat
thu duoc & dinh thap cho thiy céc cu tir co nhiét do soi thap va
trung binh nhu limonene (18,57 wt.%), linalool (30,50 wt.%) va
methyl chavicol (13,71 wt.%) dugc tach ra v6i ham lugng tuong ddi
16n. Két qua nay cho thdy trong san pham day hau nhw khong con
hién dién cua cdu tir c6 nhiét do soi thip nhw limonene, a-pinene,
f-phellandrene; cac chét ¢ nhiét do soi trung binh nhu linalool,
methyl chavicol, terpinen-4-ol c6 ham lugng twong dbi thép.

Qué trinh tinh ché ¢ ap suét 0,1 bar, luong san phim day va
dinh thu dugc lan lugt 1a 0,4625 va 0,0375 kg. Hiéu suat thu hoi
anethole trong san pham day 1a 98,5%. Tai 4p suat 0,08 bar, luong
san pham day va dinh thu dwoc 1an luot 14 0,42 va 0,08 kg. Hiéu suat
thu hoi anethole trong san pham déy 12 88,8%. Truong hop tinh ché
& ap suat dinh 0,08 bar thoi gian bat dau ¢ san pham dinh mat t6i
1,5 gio cho hi¢u suét thu hoi anethole thap hon trudng hop 4p suat
dinh 0,1 bar. C6 thé kéo dai thoi gian chung dé ting hiéu suit thu
hdi anethole trong truong hop nay, tuy nhién thoi gian chung qua
1au két hop voi nhiét do (day cao, s¢ gdy hién tuong phan huy nhit
nhiéu, 1am anh huong dén chat lugng san pham tinh dau.

Sir dung sic ky do phan tich cac miu tinh ddu nguyén liéu,
san pham day, san phim dinh (hinh 4-6) két hop v6i thong tin tir
hé théng dir li¢u twong ung, xac dinh dugc thanh phf?m cac chat
c6 chira trong mau tinh dau va % ham luong cac chit tuong tng
thong qua chuén hoa dién tich céc dinh. San pham tinh dau tai day
trong TN2 bi bién d6i mau rat dim, do d6 vé mit dinh tinh tinh
dau khong dap tmg dugc chat luong. San pham tinh diu trong
TN2 khéng duoc phan tich GC-MS dé xac dinh thanh phan. Cau
tir chinh anethole trong mau tinh dau thd va san pham dinh duoc
thé hién tai dinh 16n nhat va lan can dinh do. Céc chu tir khac nhu
limonene, linalool, methyl chavicol, a-pinene trong cac méau duoc
chi 13 trén sic ky do.

Qué trinh tinh ché tinh dau hdi bang thap chung gian doan loai
dém ¢ 4p suét 0,1-0,08 bar, chi s6 hodi lvu R=3 nhiét do hén hop
tinh dau day thap twong ddi thip, c6 thé han ché duoc hién tuong
tinh dau bi phan huy nhiét. Bang phuong phap GC-MS xac dinh
duoc dinh luong cac chét trong san pham tinh dau tinh ché, trong
d6 ham luong cu tir chinh anethole dat trén 88 wt.%.

Tuy nhién, qua phan tich GC-MS méu san pham day va san
pham dinh cho thdy mot s6 chét bi bién doi trong qué trinh tinh
ché. San phim dinh chira cac chat nhu isomaltol; cyclopropene,
3-methyl-3-vinyl-; 1-(4-methoxyphenyl)propane-1,2-diol;
1,5-dimethyl-1-vinyl-4-hexenyl butyrate; 1,2,4,5-tetramethyl-3-
neopentyl benzene. Day 1a céc cht dugc tao thanh do ¢6 sw phan
huy nhiét va tring hgp cidc monomer bi phan huy. Nguyén nhan
chu yéu la do nhiét do hdn hop tinh du ¢ day con cao, kém theo
thoi gian chung dai. Sy phan huy nhiét va trung hop cdc monomer
nay lam giam hiéu suét thu hoi anethole trong san pham day. Su
phan huy nhiét nay rat kho dé hoan toan khong xay ra, tuy nhién,
dé giam thiéu hién tugng phan huy nhiét c6 thé diéu chinh lrong
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Hinh 5. Sac ky dd phan tich mau san pham day bing GC-MS
trwong hop tinh ché tai 4p suéat dinh (A) - 0,1 bar (TN3) va (B) - 0,08
bar (TN4).

[Tinh M22012.0; meth) Ichawcol
inh dau 0 'Imaloal V @)

2_ anethole
f

! anisaldehyde

e 143-methyl-2-butenoxy)-4-1-propenyljbenzene
]

<aa916 :
6.3

LU L S N S N S
45 5 55 6 65 7 75 8 85 9

T T T T
95 10 105 11 115 12 125 13 135
Acquisition Time (min)

flinh dau (M23,3D) _ methylchavicol
£ x10 E ®)
3 linalool
3 o-cymene Y
pinene | o+ § anethole
51 [fimenene2 | (is-alpha.-Bergamotene
4 B-Bergamoten
KPS g prene
qn 285 8l 5§ s
1 sl g ; 38 8
sd ol Bl g% 2
1 1 T T U T T 1 U i U T U U T T 1 1 T T T
25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135

Acquisition Time (min)
Hinh 6. S&c ky db phan tich mau san pham dinh bang GC-MS truwéong
hop tinh ché tai ap suéat dinh (A) 0,1 bar (TN3) va (B) 0,08 bar (TN4).

nhiét cap vao day thap va giam bét thoi gian chung.

Sau qué trinh tinh ché, san pham dinh thu duoc ¢6 ham luong
anethole 13 14,83 wt.% (truong hop 4p sudt dinh 0,1 bar) va 15,9
wt.% (truong hop 0,08 bar). Gia tri trén con kha cao ddi véi phan
tap. Tuy nhién, luong san pham dinh thu dugc it nén c6 thé gom
khoang 12-13 mé san pham dinh dé tiép tuc tinh ché nham ting hi¢u
suét thu hdi anethole.

Két luan

Nghién ciru di tién hanh ¢ ché d hoi luu hoan toan va ché do
lfiy san phém, tai mot sb ap suat khac nhau, cho luong san phém dinh
khac nhau. Két qua thuc nghiém da chi ra tai cac ap suat dinh 16n
hon hoic bang 0,2 bar thi nhiét d hdn hop day thap trong qua trinh
chung 16n, xay ra hién twong tinh dau bj phan huy boi nhiét. Trong
truong hop ap suat dinh nhé hon hodc bang 0,1 bar, thap chung lam
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viée vi chi s6 hoi lru R=3, san pham tinh dau hdi tinh ché dat ham
luong ane‘ghole trén 88 wt.%. Hiéu suat thu hoi dat 88,8% y(')ri truong
hop ép suat dinh 0,08 bar va 98,5% voi truong hop ap suat dinh 0,1
bar.

Trong qua trinh nghién ctru con nhidu han ché nhu hé thng thiét
bi chua chiu duoc ap suat chan khong trigt dé, dan dén nhiét d6 hon
hop tinh dau day thap chung con cao, it nhidu van gdy nén hién tuong
phan huy nhiét. Pé nghién ctru dugc hoan chinh va day du nhat thi
huéng di tiép theo clia dé tai s& khao sat cac yéu t6 anh hudng toi qua
trinh tinh ché nhu nguyén liéu, chi $6 hoi luu, nhiét lugng cép vao
day thap, cac loai dém khac nhau. Nghién ciru tiép theo ¢6 thé két
hop thuc nghiém va st dung phan mém mo  phong dé mo hinh hoa
lai qué trinh chung luyén gian doan tinh ché tinh dau hoi dé co thé
tinh toan tdi uu va chuyen quy m6 thap tinh ché tinh dau hoi. Tir d6,
¢ thé thiét ké, ché tao hé thong tinh ché tinh dau hdi quy mo cong
nghi¢p ¢6 img dung thuc té hon dé dua san pham tinh dau hoi dat
chat lugng cao phuc vu cdc nganh dwgc pham, huong liéu, my pham.

LO1 CAM ON

Nghién ctru nay dugec tai trg boi Truong Dai hoc Bach khoa Ha
Noi, trong dé tai ma so T2020-PC-052. Nhom téc gia xin tran trong
cam on.
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Mot s0 dic diém ciia purpurin-18 tong hop tir chlorophyll a
tach chiét tir tao Spirulina
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Tom tit:

Viéc nghién ctru tong hop chit nhay quang (PS) purpurin-18 (Pp-18) tir tw nhién va xac dinh mot s dic diém ciia n 13 mot trong
nhiing chii ¢ dwgc nhiéu nhém nghién ciru quan tim va phat trién. Trong khudn kho nghién ciru nay, cac téc gia da xac dinh
mét s6 dic diém ciia Pp-18 tong hop dwoge tir chlorophyll a, mét chét dwoc phén lap tir tdo Spirulina. Két qua cho thiy, Pp-18 cé
Kkha ning phan tan tdt trong acetone tai budc song 478,5 nm (R=0,98285) va dat 98%. Phé huynh quang ciia Pp-18 trong acetone
thwe nghiém dwoc do tai nong d 70 ppm va budc song 365,39, 417,62 va 557,96 nm. Thoi gian sdng ciia Pp-18 trong dung dich

acetone la 2,85 ns.

Tir khéa: chat nhay quang, pho hip thu UV-Vis, ph huynh quang, Pp-18, Spirulina.

Chi 56 phén loai: 2.6

- £ X
Dat van de

Liéu phdp quang dong (Phytodynamic therapy - PDT)
dugc coi la mot phuong thirc sang tao va hip dan dé diéu tri
cac té bao bénh 1y tai chd va bé ngoai [1, 2]. Trai nguoc véi
cac phuong phap diéu tri y té thong thuong khac, PDT khong
can thiét phai giai phong loai thudc da st dung va né dua
trén dac diém cac phan tir PS ¢6 thé tao ra cac loai oxy phan
ting khi chiéu xa, chang han nhu 'O, hodc cac gdc tu do, co
thé lam ton thuong khong thé phuc hoi céc té bao bénh 1y ma
khong 1am hong cac té bao khoe manh 1an can [3].

Cac dihydroporphyrin ty nhién da thu hat nhiéu sy quan
tam vi chung c6 thé duoc sir dung nhu PS hiéu qua dé lam
trung gian cho PDT [4]. Cac hop chit nay thé hién ning suit
lugng tir cao trong viée hinh thanh oxy nguyén tir, doc tinh
thdp va hap thy manh trong vung budc song 650-700 nm
[5]. Pp-18 (hinh 1) 1d mot dan xuét ctia chét di¢p luc, mot
dihydroporphyrin thu vi dé tao ra chat PS nhu cac din xuat
imide cua Pp-18, hap thu 4nh sang trong ving do dén hong
ngoai va hoat dong chng khéi u hiéu qua nén duge ding lam
nguyén lidu ban dau dé tong hop cac chat PS phuc tap hon da
duoc sir dung trong nhiéu nghién ctru [6-8].

_Trong nghién ctru nay, chung t6i xac dinh mot sO dic
diém cua Pp-18 da tong hop tir chlorophyll a thu dugc tir tdo
Spirulina.

Vat lieu va phuong phap nghién ciiu

Vat liéu

Mau Pp-18 duoc tong hop boi Phong Thi nghiém Phat
trién tmg dung y sinh cong nghé cao, Vién Ung dung Cong

‘Tac gia lién hé: Email: orchidnlai@gmail.com
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Anhydride ring

Propionic acid
Hinh 1. C4u triic héa hoc cua Pp-18 [9].

nghe Cac dung moi nhu H,0, C,H,OH va (CH,),CO tinh
khiét (Merck) dwoc sir dung de xac dlnh kha nang phan tan
cua Pp-18.

Phwong phap nghién ciru

Phuong phap nghién cuu sw phan tan cua Pp-18 trong
dung dich: trong nghién ctru nay, chung t6i st dung thiét bi
do kich thudc hat bang may Zetasizer nano ZS dé danh gia
su phan tan cta Pp-18 trong cac dung moi la: nudc, acetone
va C,H,OH. Phuong phap nghién ctru qua trinh phan tan cia
Pp- 18 duoc tién hanh nhu sau: Pp-18 dwoc cin dinh lugng va
phan tan vao dung méi vai cac ty 1€ 5, 10, 20, 30, 40, 50, 60
va 70 ppm. Cac dung moi chira Pp-18 duoc dit vao bé siéu
am va tién hanh siéu am trong thoi gian 30 phut voi muc dich
gitip Pp-18 phén tan tdt trong dung mdi. Sau do tién hanh do
phén bé kich thude hat ciia cic mdu dung moi chira Pp-18 tai
céc ty 1& khac nhau. Cudi cung phan tich két qua thu dugc tir
thiét bi do.
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Some characteristics of purpurin-18
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Abstract:

Research and synthesis of photosensitive purpurin 18 (Pp-18)
from nature is one of the topics that many research groups
are interested in and developing. In this study, the authors
defined some characteristics of Pp-18 synthesised from
chlorophyll a - a substance isolated from Spirulina. The results
showed that Pp-18 had good dispersion in acetone at 478.5 nm
(R?=0.98285) and reached 98%. Fluorescence spectroscopy of
Pp-18 in acetone was measured at a concentration of 70 ppm,
wavelengths 365.39, 417.62, and 557.96 nm. The fluorescence
lifetime of Pp-18 in acetone solution was 2.85 ns.

Keywords: fluorescence spectroscopy, photosensitizer, Pp-18,
Spirulina, UV-Vis.

Classification number: 2.6

Phurong phdp do phé hap thu UV-Vis: phd UV-Vis hip thy
duogc ghi lai trén may UV 2450 ctua Nhat Ban (voi tong dai
budc song tir 200 dén 1000 nm). Cac budc song phat hién tir
405,5 dén 696,5 nm duoc sir dung dong thoi dé phat hién phd.

Phwong phap nghién cieu khd nang phat huynh quang va
thoi gian song: phd huynh quang phan giai theo thoi gian
va duong cong phén rid huynh quang dugc do bang phuong
phap dém don photon twong quan thoi gian [10], véi budc
song kich thich 300-700 nm. Phd huynh quang dugc do trén
may quang phé huynh quang FL322 Horiba. Thoi gian ton
tai cua huynh quang dugc udc tinh thong qua phép tinh tich
chap [11].

Két qua va thao luan

Mot trong nhiitng dic diém can quan tim cia PS dé c6 thé
ung dung cho phuong phap PDT la kha nang tan trong nudc
hoac dung moi, kha nang phat quang va thoi gian song ctia no.

Nghién ciru sw phén tan cia Pp-18 trong dung dich

Vi miu Pp-18 thu duge, ching toi da tién hanh danh
gid kha nang phan tan cta Pp-18 trong cac dung méi nudc,
ethanol, aceton.
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Hinh 3. Sy phu thudc clia ndng dé Pp-18 trong acetone vao cwong
d6 hap thu tai cac bwéc séng 478,5 nm (A), 508,5 nm (B), 642,5 nm
(C) va 696,5 nm (D).
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Hinh 4. Phd huynh quang ctia Pp-18 trong acetone thwc nghiém véi ndng do 70 ppm va két qua fitting xac dinh vi tri dinh tai Xc=365,39

nm (A); Xc=417,62 nm (B); Xc=557,96 nm (C).

Nghién cru sy phan tan mau Pp-18 trong nuéc, ching
toi da xac dinh sy phan bd cua cac hat Pp-18 tai nhiéu néng
d¢ khac nhau (5, 10, 20, 30, 40, 50, 60 va 70 ppm). Mic du
chiing t6i da sir dung phuong phap hd tro siéu 4m dé phan tan
Pp-18, tuy nhién két qua thu dugc 1a cac hat nho Pp-18 vai
kich thuéc tir trén 500 dén 1100 nm, phan bd khac nhau tai
cac nong do khac nhau. Két qua do phan bd cho thay, Pp-18
khong tan trong nudc (hlnh 2). Ket qua nay c6 thé do ciu
trac phan tir ciia Pp-18 gdm cic gdc carboxyethyl, ethenyl,
dihydro, tetramethyl, porphine, dicaroxylic va anhydride.
Trong khi d6, chi ¢6 gbc hydroxyl (OH") 1a gop phin vao viée
phan tan trong nudc, tuy nhién cac gbe con lai chiém wu thé
hon nhiéu trong cau trac cuia Pp-18, nén c6 18 day 1a Iy do dan
to1 Pp-18 tao thanh cac hat nho trong nudc.

Ddi v6i dung moi C,H,OH, kha nang phan tan cta Pp-
18 tai cac budc song hap thu khac nhau c6 hé sb R*twong
ung 1a 405,5 (R*=00,88076), 508,5 (R*=0,94009), 640,5
(R>=0,89182) va 696,5 nm (R=0,81564). Két qua cho thy
hé s6 R? ¢6 gia tri thip nhat tai 696,5 nm (R>=0,81564) va cao
nhét tai 508,5 nm (R=0,94009). Cé thé thay, Pp-18 c6 kha
nang phan tan trong C,H.OH va duong chuan ¢6 do Chll’lh Xac
cao nhat tai budc song 508 5 nm (R*=0, 94009) & nong do 70
ppm. Tuy nhién, hé s6 R2nhu trén cho thiy kha nang phén tan
cua Pp-18 trong C,H,OH chi dat ¢& 94%, do d6 hoa tan chua
hoan toan.

Nghién ctru sy phan tan cia Pp-18 trong acetone voi 8
nong do khac nhau tai cac budc song hap thu khac nhau co hé
s0 R? tuong g tai 478,5 (R?=0,98285), 508,5 (R=0,98116),
642,5 (R*=0,97968) va 696,5 nm (R?=0,97723) cho thdy hé
s0 R? ¢6 gi4 tri thap nhét tai 696,5 nm (R>=0,97723) va cao
nhét tai 478,5 nm (R?=0,98285). Két qua cho thay, Pp-18 co
kha nang phan tan tot trong acetone dat c¢& 98%, cao hon mirc
94% cua C,H,OH va duong chudn co do chinh x4c cao nhat tai
budc song 478 5nm (R?=0,98285) &' nong d6 70 ppm (hinh 3).

Két qua trén cho thiy, kha ning phan tan ciia Pp-18 trong
acetone 1a tot hon nhicu so v6i trong C,H,OH va nuéc.
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Nghién ciru khd nang phat huynh quang ciia Pp-18

Phé phat xa huynh quang dugc dénh gia thong qua su kich
thich & dai budc song tir 300 dén 700 nm. Su thay doi cua
bude song kich thich c6 anh huong dén quang phd cua Pp-18.
Trong dai budc song thir nghiém, chiing t6i thay Pp-18 c6 kha
nang phat huynh quang xung quanh cac budc soéng: 365,39,
417,62 va 557,96 nm, trong d6 manh nhit ¢ budce song 365,39
nm. Tuy nhién, dé c6 thé st dung dugc hop chét nay lam chat
PS cho phuong phép PDT thi né can c6 kha ning phat quang
& budc song dai hon, chinh vi vay chung t6i nham muc tiéu
vao tim kiém sy phat quang ciia Pp-18 tai budc séng 16n nhat
ma hop chat co dugc. Két qua cho thy, phd huynh quang tot
nhit cua Pp-18 dat dugc ¢ budc song 557,96 nm. Cuong do
tuong doi ciia Pp-18 tai cac budc song nay dugc thé hién ¢
hinh 4. Két qua nay cia chiing t6i ciing twong tw nhu két qua
nghién ctru ctia Hoober va cs (1988) [12] cho kha nang phat
quang cua Pp-18 ¢ dai song 417 va 557 nm.

Nghién ciru thoi gian séng ciia Pp-18

Két qua do thoi gian séng cua Pp-18 phan tan trong
acetone dugc trinh bay trén hinh 5, st dung ham phan bd
EXPdecay! trén co s& ham phan bd nay xac dinh duoc thoi
gian séng ctia Pp-18 trong dung dich acetone 1a 2,85 ns voi
sai s6 chudn 0,057 ns.

80
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Ham noi suy: y=y0+A [ *exp(-(x-x0)/t1)
y0=-0,25498

x0-4,10552
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t1=2,85296
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Hinh 5. Thoi gian séng clia Pp-18 trong acetone thwc nghiém vé&i
néng do 70 ppm va két qua ndi suy xac dinh thoi gian séng cla
Pp-18 la 2,85 ns.

42



Dé ¢ thém thong tin cho nhan dinh co thé dé xuét
Pp-18 1am nén tang tiém ning trong PDT hay khong, thoi gian
ton tai huynh quang cua Pp-18 ciing duoc do trong cac diéu
kién thir nghiém cua chung toi. Hinh 5 thé hién cac két qua
thu dugc cho sy phan ra huynh quang cua Pp-18. Bong hoc
phéan rd ham mii dd dugc quan sat cho thfiy su hién dién cua
phan tir bi kich thich trong mau. Thoi gian song ctia Pp-18 thu
duoc cho thiy, day 1a khoang thoi gian ton tai trung binh cua
mot chat phat quang c6 ngudn gbe tu nhién: 2, 85 ns, phu hop
v6i nghién ciru ctia Correia va cs (2014) [13] vé thoi gian ton
tai cia huynh quang quan sat dugc d6i véi chlorophyll a dang
don phan tir va ludng phan ti.

Pp-18 c6 kha ning phan tan tot trong acetone tai budc
song 478,5 nm (R=0,98285) & ndng d6 70 ppm va dat 98%.
Phé huynh quang ctia Pp-18 trong acetone thyc nghiém véi
néng do 70 ppm thu dugc ¢ budc song 365,39, 417,62 va
557,96 nm. Thoi gian séng ctia Pp-18 trong dung dich acetone
l1a 2,85 ns.

Nhom thyc hién dé tai xin trén trong cam on Vién Ung
dung Cong ngh¢, Bo Khoa hoc va Cong nghé da cap kinh phi
de chung toi thuc hién va hoan thanh nghién ctru nay.
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Ung dung bun hat hiéu khi trén mé hinh cong nghé
(SBR) dé xir Iy nwde thai co tdi trong hiru co’ thap

Pham Vin Doanh", Nguyén Binh Minh?, Tran Thi Viét Nga>

"Trueong Dai hoc Kién triic Ha Noi
2Truong Pai hoc Xdy dung Ha Noi

Ngay nhén bai 4/8/2021; ngay chuyén phan bién 9/8/2021; ngay nhan phan bién 6/9/2021; ngay chap nhan ding 9/9/2021
Tom tit:

Cong nghé xir Iy nwée thiai (XLNT) theo mé (Sequencing Batch Reactor - SBR) ¢o nhiéu wu diém hon so véi cac quy trinh
XLNT khéac. Nhiéu nghién ctru cho thiy, bun hat hiéu khi cé thé thich ing véi cic loai nwéc thai c6 mire dd tai trong
hitu co khac nhau nhu: nwéc thai cong nghi€p, nwéc thai nha may rwou bia, nwéc thai tir ri rac, nwéc thai do thi... Bai
bao trinh bay Kkét qua loai bé COD, NH,*-N (nito' amon), T-N (tong nito), T-P (tong phot pho) cua viéc u'ng dung bun hat
hiéu khi trén bé phan ung theo mé SBR dé XLNT db thi tai Ha N@§i co tai trong hiru co thap trong diéu kién phong thi
nghiém. Nwéc thai nghién ciru dwgc lay tir be diéu hoa ciia Tram XLNT Kim Lién cé tai trong hitu co (OLR) 1a 0,4-0,6 kg
COD/m’.ngay, twong g véi nong do nhu ciu oxy hoa hoc COD la 150-200 mg/l, thoi gian nghlen ctru dién ra trong 55
ngay. Nghién ciru dwgc thye hién trén mé hinh bé SBR c¢é dwong kinh dng 0,11 m, cao 1 m, chiéu cao chira nuéc Ia 0,8 m,
thé tich 1am viéc ciia bé 13 2,5 1. Bé SBR lam viéc v6i 6 chu ky/ngay, thoi gian 1 chu ky 1a 4 gio, trong 1 chu ky: pha nap
nuwée 1-2 phit, pha suc khi 180 phit, pha nghi 20-30 phit, pha xa 10-15 phiit. Két qua cho thiy, cong nghé hoat dong on

dinh, hi¢u qua xir ly trén 92% COD, 90% NH,*-N, 20% T-N va 50% T-P.
Tir khéa: bé xir 1y theo mé SBR, bun hat hiéu khi, loai b6 COD, nwéc thai do thi tai trong thép.

Chi sb phén logi: 2.7

- £ by
Dat van de

Cong nghé XLNT theo mé SBR d chimg minh ¢6 nhiéu uu
diém trong XLNT [1]. Tai Viét Nam, theo bao céo ctia Ngan hang
thé gioi, nam 2013 ¢6 15/32 nha may dang hoat dong ap dung cong
nghé XLNT SBR. Néu tinh theo cong suit thi c6 trén 50% luong
nude thai duge xir 1y bang cong nghé ny tai cac do thi cua Viét
Nam. Tuy nhién, hiéu qua XLNT cuia cac nha may tai Viét Nam
phan 16n chua dat hiéu qua nhu thiét ké, dic biét 1a xir 1y nito,
phdt pho [2]. Nguyén nhan cic cong nghé XLNT dang ap dung
tai Viét Nam lam vi¢c khong hiéu qua 1a do nudc thai do thi Viét
Nam phan 16n duge thu gom bang hé thong cong chung, tir nhidu
nguon khac nhau, nuéc mua xdm nhép vao hé thong thu gom, bé
tu hoai duoc sit dung phd bién trong cac hg gia dinh nén nude
tha1 d6 thi co tai trong hitu co thip, ty s BOD JT-N thp. Nubi
cdy va sir dung bun hat hiéu khi trén mo hinh cong nghé bé phan
tng theo mé SBR trén thé gidi bt dau tir nhitng nam 1970 [2] va
di dugc nghién ciru sau trong nhitng nam sau d6 v6i cac chat nén
khac nhau nhu: glucose, acetate, ethanol, mat mia, duong, tinh
bot, phenol, axit phtalic... Cac nghién ctru cho théy, bun hat hiéu
khi ¢6 thé tmg dung rong rii voi cac chit nén khic nhau va cac
loai nude thai khac nhau. Dong thoi, bun hat hiéu khi c6 thé thich
ung voi cac loai nude thai cd mire dd tai trong hitu co khac nhau.
Theo nghién ctru ctia Moy va cs (2007) [3], bun hat hiéu khi c6 thé
thich g voi nude thai co OLR 2,5-15 kg COD/m?’.ngay; bun hat
hiéu khi c6 thé thich img tot v6i nudc thai do thi c6 tai trong hitu
co thap (OLR 0,3-0,6 kg COD/m’®.ngay) tai Singapore [4]. So v6i
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bun hoat tinh thong thuong, bun hat hiéu khi c6 co cau tdt, co kha
ning duy tri sinh khdi cao va ¢6 thé xir Iy cac hgp chat doc hai c6
trong nudgc thai [4]. Bun hat hiéu khi khong chi ¢6 tac dung loai bo
tot carbon ma con c6 kha nang loai bo nito va phot pho nho qua
trinh hoat dong ctia cac vi sinh vat hiéu khi, thiéu khi va ky khi c6
trong bun hat hiéu khi [4], vi vay n6 dugc ung dung d& XLNT sinh
hoat, nudc thai clia cac nha may ché bién thuc phém, nudce thai
chan nudi, nude thai cong nghiép. Do 1a sy ddm bdo tin cdy cho
nhitng nghién ciru tmg dung bin hat hiéu khi trén mo hinh cong
nghé SBR dé XLNT sinh hoat c6 tai trong hitu co thip. Mdi ciu
triic bun hat hiéu khi 13 tap hop cac nhom vi khuan khac nhau can
thiét cho qué trinh chuyén hoa céc hop chét hitu co, thanh phan cua
bun hat phy thudc vao loai co chét.

Tai Viét Nam, dd c6 mot vai dé tai nghién clu vé kha nang
loai b6 COD va nito ctia bun hat hiéu khi d6i véi nudc thai cong
nghiép, nudc ri rac, nudc thai chin nudi, nude thai 1o m..., tuy
nhién chwa ¢6 nghién ctru ndo doi véi nude thai do thi ¢6 tai trong
hitu co thdp. Muc dich cua nghién ctru nay 1a danh gia hiéu qua xu
Iy COD, NH,"-N, T-N va T-P cua vi¢c (g dung bun hat hiéu khi
trén mo hmh cong nghé SBR déi véi nudc thai do thi co tai trong
hitu co thap.

Doi tugng va phuong phap nghién ciiu
Doi twong nghién ciru

Nube thai d6 thi 6 tai trong hitu co thap: nuée thai do thi
dung cho thi nghiém dugc lay tir be dieu hoa ctia Tram XLNT Kim

a4
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Abstract:

Sequencing Batch Reactor - SBR is an advanced technology
to treat wastewater in Vietnam and around the world.
Many studies showed that aerobic granular sludge could
adapt to various types of wastewater with different
organic loads such as industrial wastewater, winery and
brewery wastewaters, landfill wastewater, municipal
wastewaters. This paper presents the removal results of
COD, NH*-N, T-N, T-P by applying aerobic granulation in
SBR technology to treat low-strength urban wastewater at
Hanoi in the laboratory. Research wastewater is taken from
Kim Lien wastewater treatment plant with OLR 0.4-0.6 kg
COD/m’.day, equivalent to COD 150-200 mg/l, and studied
for 55 days. Research is processed using the SBR technology
with a bubble column of 0.11 m in diameter, 1 m in height,
a water storage height of 0.8 m, and a working volume of
2.5 1. The reactor was sequentially operated 6 cycles/day.
A cycle time is 4 h, in which: water filling phase 1-2 min,
aeration phase 180 min, resting phase 20-30 min, discharge
phase 10-15 min. The results showed the stable operation of
the SBR technology with COD removal efficiency over 92%
COD, 90% NH,"-N, 20% T-N, and 50% T-P.

Keywords: aerobic granules, COD removal, low-strength
urban wastewater, Sequencing Batch Reactor.

Classification number: 2.7

Lién (Dong Da, Ha Noi). Nude thai dugc ldy tir Tram xir Iy 2 lan
mot tuan va duoc dyng trong cc can nhya loai 20 lit, bao quan o
nhlet d phong trong thoi gian 3-4 ngay. Trung binh 5 ngay lay
mau phén tich 1 1an, tong thoi gian thi nghiém 1a 55 ngay. bac
diém, thanh phan nu6c thai dau vao ciia thi nghiém nhu sau: nong
do COD 163-212 mg COD/I; NH,"-N 14-70 mg N/I; T-N 31-43 mg
N/I; T-P 1,5-2,16 mg P/1.

Bun hat: bin hat hiéu khi ding trong thi nghiém Ia nguén
bun dugc nudi cdy thanh cong trong phong thi nghiém ctia nhom
nghién ctru (hinh 1). Bin hat hiéu khi dugc nhém nghién ctru nudi
cdy thanh cong trong thoi gian 4-6 tudn voi chét nén la Acetate, co
kich thuge 3-5 mm, mau nu, cAu tric tron déu va dic, do bén cua
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hat cao, c6 thé hoat dong 6on dinh véi luu luong suc khi 1,5-5 I/phat
& didu kién nhiét d 20-35°C. Nghién ctru st dung 2,5 | dung dich
bun hat hiéu khi c6 ndng d6 bin MLSS 8000 mg/l, MLVSS 7800
mg/| dé lam thi nghiém.

Hinh 1. Bun hat dung trong thi nghiém.
Phuwong phdp xdy dung mé hinh thi nghi¢m

Nghién ctru duoc thuc hién trén mé hinh bé SBR lam bang
nhya acrylic trong sudt c¢6 duong kinh ong 0,11 m, cao 1 m, trong
d6 chiéu cao chira nuéc 1a 0,8 m, thé tich lam viée ciia bé 14.2,5 1.
Bé SBR lam viéc véi 6 chu ky/ngay, thoi gian 1 chu ky 1a 4 gio,
trong 1 chu ky: pha nap nudc 1-2 phut, pha suc khi 180 phut, pha
ling 30-50 phit, pha xa 10-15 phut (hinh 2). Khong khi dugc dua
vao bé SBR bang may suc khi véi bo khuéch tan khi bang d4 bot
duoc dat & day bé, luu luong suc khi tang dan tir 1,5 dén 4,5 I/phit
trong thoi gian thi nghiém; trén duong ng dan khi lp dit bo van
do Tuu lugng suc khi luén dam bao DO tir 2 dén 4 mg/l. Nhiét do
thi nghi¢m 1a nhiét d§ phong dao dong trong khoang 27-33°C. Van
xa nudc duge dat cach day bé 0,4 m dé thé tich xa khoang 50%
lugng nude sau mot chu ky hoat dong. He thong kiém tra pH, DO
dugc do bing may do cam tay hang ngay. Toan bo céc thiét bi nhur:
bom cép nude, may thoi khi, van xa nuee.. . déu dugc diéu khién
tu dong boi by PLC da dugce lap trinh san theo yéu cu thi nghiém.
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Hinh 2. So dd cong nghé mé hinh bé SBR trong phong thi nghiém.
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Qua trinh van hanh duoc thuc hién theo 2 budc:

Budc 1: dua vao bé phan tmg md hinh SBR 2,5 1 bun hat hiéu khi
c6 nong do bun MLSS 8000 mg/l, MLVSS 7800 mg/l dé lam ngudn
bun vi sinh vat cho md hinh va cho mé hinh chay tw dong bang chuong
trinh da duoc cai dat trudc trong bg diéu khién PLC.

_ Bude 2: tién hanh kiém tra cc thiét bi, van khod hang ngay, lay
mau dinh ky 5 ngay/lan theo ké hoach. Ché d¢ va dieu kién van hanh
mo hinh dugc trinh bay ¢ bang 1.

Bang 1. Ché dé van hanh bé SBR.

i ng do Thoi gian 1 chu ky (phit
Ngiythi B RO gy gy EEH ¥ (phi)
nghiém R coCOD - o dxy €0 M e Lig i
"M (kg COD/n'ngay) (mgl) e d
155 0406 2040 535 618 12 180 2030 1015

Phuwong phdp phan tich

Cac thong s6 dugc phan tich trong qua trinh nghién ctru bao
gom COD, NH,", TN, T-P, pH, DO, TS (tong chat rén) VS (tong
chat rin bay hm) Céc phuong phap phan tich thong so duge thuc
hién theo TCVN va dugc trinh bay ¢ bang 2.

Bang 2. Phwong phap phan tich cac thong sé thi nghiém.

Tén chi 6 phan tich ~ Don vi do Phuwong phap phan tich Tén suét phan tich
COD mg/l ;Eyg%gggphigg%g%? &u;l 1g 10 ;1;9 5 ngay 1 Ian phén tich
NH, mg/l ngg ﬁlil.?fcicaa it bf Method 5 ngdy | in phan tich
TN mg/l }"gg;)chlil_;iir;lcﬁa thiétbi Method Sngay 1 lan phan tich
T-P mg/l g?gg Clll_;adcin cia tiét f Method Sngay 1 lin phan tich
z
DO mg/l 2;%?5;31}%?[’ méy do DO cim Do hang ngay

Nhiét do Nhiét ké thong thdng Do hang ngay

TS mgl ;’2;’;’“2%33&? trong lugng, TCVN 5. 3y 1 thn phén tich
VS mg/l ggggnz%ggap g T R 5 ngdy | ldn phan tich
Két qua

Higu qud logi b6 COD, NH,*-N

1-5 ngay dau tién 1a giai doan khéi dong cua mo hinh, bun hat
hiéu khi cho vao chua thich nghi hoan toan v6i moi truong trong bé
nén hi¢u suat xtr Iy chua cao (loai bo 57-60% COD, 25-30% NH,"-N).
Trong céc tuan tiép theo do vi sinh vét trong bun hat da dan thlch nghi
nén hiéu qua xir 1y ting theo hiéu suat loai bo COD (tir 60 1én 90%),
NH,™-N (tir 45 1€n 89%) trong khoang thoi gian 10-25 ngay. Dén giai
doan tiép theo, do bun hat da thich nghi hoan toan v6i moi truong thi
nghiém nén hiéu qua xu 1y 6 6n dinh va luon duy tri ¢ mirc cao, v6i hidu
suét loai bo trén 92% COD va 90% NH,"-N. Diéu nay co thé 1y giai
do sy hoat dong cua céc vi khuan trong be phan ung SBR da dat trang
thai on dinh.

Két qud logi b6 T-N, T-P
Do trong cu tric bun hat gém cac vi sinh vt séng & bé mat hat, vi

sinh vat thiéu khi va ky khi sng & cac 16p du6i bé mit hat nén khi cac
vi sinh vat nay hoat dong s€ tao ra cac qua trinh hi¢u khi, thicu khi va
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ky khi, day 1a co ché dé loai bo T-N, T-P trong nudc thai. Thi nghiém
bun hat hiéu khi XLNT d6 thi ¢6 tai trong hitu co thap trén cong nghé
SBR cho két qua xtr Iy T-N, T-P khong cao néu so sanh véi cac nghién
ctru khac twong ty trén thé giéi [4]. Giai doan 1-5 ngay dau tién 1a giai
doan khoi dong ctia mo hinh, bun hat hiéu khi cho vao chua thich nghi
hoan toan véi méi trudng trong bé nén hiéu suat xi 1y con thap (9-10%
T-N, 16-23% T-P). Trong céc tuin tiép theo do vi sinh vét trong bun hat
d dan thich nghi nén hidu qua xt ly ting theo hiéu suit loai bo T-N (tir
15 1€n 20%), T-P (tir 35 1én 50%) trong khoang thoi gian 10-25 ngay.
Hi€u qua xur ly c6 dao dong thay doi trong khoang thoi gian sau 35
ngay. Tuy nhién, xu huéng van 6n dinh va dat hiéu suit trung binh 12
20-21% T-N va 50-52% T-P.

Hiéu qua loai bo COD, NH,"-N cua cong ngh¢ SBR tmg dung bun
hat hiéu khi dé XLNT d6 thi co tai trong thap dat hiéu suat cao va 6n
dinh khi so sanh véi cac cong ngh¢ XLNT khac dang ap dung tai Viét
Nam. Két qua khao sat hiu qua loai bo COD, NH,™-N cta 15 nha mdy
XLNT dién hinh v6i cdc mo hinh cong nghé khac nhau tai Vié¢t Nam
dao dong tir 60 dén 90% tiy vao cong nghé ap dung. Tuy nhién, qua
nghién ciru ctia nhom téc gia, cong nghé SBR sir dung bun hat hiéu khi
dé XLNT do thi ¢6 tai trong thép tai Viét Nam ciing ¢6 nhing han ché
nhu: hiéu qud loai bo T-N va T-P khong cao, chi dat mic trung binh
hoic thip so véi cac nghién ctru tuong ty trén thé gi6i, hidu suat xur Iy
chi dat 20-21% T-N va 50-52% T-P. Két qué loai bo céc chit hitu co ¢6
trong nude thai dugc trinh bay ¢ hinh 3 va 4.
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Hinh 3. Két qua xt ly COD va NH,*N.
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Hinh 4. Két qua xtr ly T-N va T-P.
Chisé TS, VS

Gi tri TS va VS ting déu trong qua trinh 1am thi nghiém, diéu
6 chimg minh sinh khdi vi sinh vat gia ting. Sinh khoi gia ting s&
gitip cho hiéu qua XLNT ciia bun hat hiéu khi ting theo thoi gian
va dat dén trang thai 6n dinh. Két qua thi nghiém cho thdy ndng do
TS, VS ting dan theo thoi gian lam thi nghiém. Trong giai doan
1-2 tudn dau, céc chi s6 TS va VS c6 ting dan nhung chim, trung
binh TS ting tir 2,9 dén 3,09 mg/l va VS tir 2,1 dén 2,25 mg/I. Tuy
nhién, cac tudn tiép theo co sy gia tang sinh khdi bin nhanh hon
nén céc chi so TS ting tir 4,6 dén 13,4 mg/l va VS ting tir 2,8 dén
11,5 mg/1 (hinh 5).
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Hinh 5. Sw thay d6i ndng d6 bun theo chi s6 TS, VS.
Cdc yéu to anh hudng dén hiéu qua xir Iy

Thoi gian ling: ¢6 vai trd quan trong dbi voi hiéu qua x Iy cua
tram XLNT, n6 anh huong truc tiép dén thoi gian cia 1 chu ky xir Iy
trong h¢ SBR. Khi thoi gian ling cang ngén, nhimg hat bun ¢6 kha
nang léng nhanh s€ dugc lya chon, nguoc lai nhitng hat bun c6 kha
ning lang kém s& khong ling dugc va troi theo dong nudc tai pha
xa ra ngoai. Trong 55 ngay thyc hién thi nghiém, nhom nghién ctru
da lién tuc diéu chinh giam dan thoi gian cua pha ling tir 30 xuong
20 phat. Két qua cho thy hiéu qua xir 1y khong giam va dat murc 6n
dinh ¢ thoi gian 20 phit. Diéu nay c6 thé Iy giai la do khi giam thoi
gian ling xudng, cc bong bun lo limg s& bi dao thai, day 1a nhiing
bong bun ¢6 kha ning XLNT kém. Nhiing hat bun c6 kha ning ling
tot hon duoc giir lai, ddy 1a nhiing hat bun c6 kha ning XLNT tt
hon. Ngoai ra, trong giai doan nay qua trinh hinh thanh va phat trién
ciia bun hat xay ra manh mé hon. Giai doan ling va khong cép thém
nude thai vao dugc goi la “giai doan doi an cta vi khuén”. Giai doan
nay dong mot vai tro quan trong dbi v6i sy hinh thanh cac hat hiéu
khi, dong thoi ciing 1a giai doan quan trong ddi vi kha ning xu 1y
hiéu qua cua bun hat hiéu khi. Sy hinh thanh hat hiéu khi duoc bit
dau boi giai doan d6i. N6 1am cho vi khudn ky nu6c hon, thuc diy
qua trinh tao hat tir cac bong bun, day la cach thuc tap hop cua céac
t& bao chdng lai giai doan doi thire dn. Khi bun hat ting trudng sinh
khi thi kha ning loai bo cac chit hitu co ¢6 trong nudc thai ciing
cao hon. Tuy nhién, néu thoi gian ling qué ngén s din dén rira troi
thém nhidu hat bun, kéo theo hi¢u sudt lam viéc chung cua tram
XLNT giam xuong, nén viéc giam thoi gian ling chi 6 mot mic do
nhét dinh. D6i véi két qua thi nghiém cua nhém nghién ciru, thoi
gian ling ti wu 14 20 phat. Két qua nghién ctru nay ciing phu hop véi
nhiéu nghién ctru trén thé gisi da nghién ciru qué trinh XLNT cia
bun hat hiu khi trén cong nghé SBR véi thoi gian lang 15-20 phut,
két qua loai bo cac chat hitu co dat hiéu qua cao (COD>90%) [4].

Lueu lwong suc khi: day 1a mot trong cac yéu to anh huong trye
tiép dén sw 6n dinh ctia bun hat hiéu khi. Giai doan 1-2 tuan dau,
nhom nghién ctru da vén hanh mo hinh v6i luu lugng suc khi 1-1,5 1/
phit, tuy nhién hi¢u suét xir Iy khong cao (COD<60%, NH,"-N<58%,

T-N<15% va T-P<20%). Nhom nghién ctru d& diéu chmh tang dan
luu lwgng suc khi vé dan muc 1,5-4,5 1/phut, két qua la hiéu suat xur
Iy tang dan va dat sy 6n dinh cao trong cc tuan tiép theo (COD 60-
92%, NH,'-N 58-90%, T-N 15-48% va T-P 20-21%). Tuy nhién, néu
tlep tuc tang Iuu lwong cap khi vuot 5 Uphut thi hidu suat xir Iy bit
dau giam dan. Hién tuong nay c¢6 thé duogc giai thich 1a do néu luu
luong suc khi qua 16n dan dén lyc cit tac dong 1én sy hinh thanh bin
hat 16n, 1am cho bun hat dé v&, cdu trac bun hat phat trién khong 6n
dinh. Vi vy hi¢u qua xtr 1y dat dugc khong cao. Nguoc lai, néu luu

TAP CHI

HOA HOC

ONG NGHE I} Nam 63(11) 11.2021

Khoa hoc Ky thuat va Céng nghé n—

lwong cip khi qua nho s& kich thich sw phat trién cta cac vi sinh vat
ky khi nén trong bé phan tmg céc vi sinh vét hiéu khi khong du sinh
khéi can thiét ¢& XLNT hiéu qua theo mong mudn. Tir két qua thi
nghiém c6 thé thy, hiéu suat xir y dat hiéu qua cao khi lwu luong
suc khi dao dong tir 1,5 dén 4,5 Uphut. Két qua nay ciing twong dong
v6i nhiéu két qua nghién ctru khac trén thé gi6i [4, 5]. Viéc ting luu
luong suc khi tir 2,5 1€n 3,5 I/phit giop tdng hiéu qua xtr ly COD
tir 80 18n trén 90% ddi voi nudc thai do thi tai Singapore. Mbi lién
h¢ gilra Iuu lugng suc khi va hi¢u qua xu ly dugc thé hién & hinh 6.

g 100
:;_"‘ B0
.Ec .
“% s
40
i
E 20
o
1 135 1,7 205 24 275 31 345 38 415 45
Luu heong suc khi (L/phuat)
—.—COD (%) == NHi* (%) TP TN (%%)

Hinh 6. Méi lién hé gitra Iu lwong suc khi va hiéu qua xtr ly ctia bun
hat hiéu khi.

Nhiét do. trong thoi gian 55 ngay thuc hién thi nghiém, diéu kién
thi nghiém 1a nhiét do phong luon bién di tir 25 dén 35°C. Qua cac
phan tich thi nghi¢ém, nhom nghién ctru nhan théy, khi nhiét do dao
dong hiéu qua xir Iy vé co ban van on dinh, nong do bin va toc do
ling van on dinh. Didu nay chimg minh nhiét ¢ moi truong it anh
huong dén hiéu qua 1am viéc cua bun hat hiéu khi.

Keét luan

- Hi€u qua loai bo COD, N-NH," cua cong ngh¢ SBR tmg dung
bun hat hiéu khi trong nghién ciru XLNT d6 thi tai Viét Nam kha
tot so v6i bin hoat tinh thong thuong, trung binh COD trén 92%,
NH,"-N trén 90% khi m6 hinh dat trang thai hoat dong on dinh.

- Két qua loai bd T-N, T-P chi ¢ mitc trung binh va thap (20-21%
T-N, 50-52% T-P), di€u nay cho thay con nhing van d€ can khac phuc
doi voi viée st dung bun hat hiéu khi d& XLNT d6 thi tai Viét Nam.

- Hiéu qua cta viéc tmg dung bun hat hiéu khi trén m hinh cong
nghé SBR dé XLNT d6 thj co tai trong thap c6 sy anh huong clia cac
yeu to: thoi gian lang, luu lwong suc khi.

- Yéu tb nhiét do trong pham vi 25-35°C khong anh huong nhidu
den hiéu qua loai bo COD, N-NH*, T-P va T-N.
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Nghién ctru kha niing sinh tong hop lipid ciia hai chiing nam men
Rhodosporidium toruloides VTCC 20689 va VTCC 20765
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Tém tit:

Nam men Rhodosporidium toruloides c6 kha nang sinh tong hop va tich lity lipid 1€n t6i hon 30% trong lwgng kho
ciia té bao. biy 1a nguon nguyén li¢u tiém nang dung trong sin suit diesel sinh hoc (biodiesel). Trong nghién ciru
nay, cac tic gia da tién hanh khao sit kha ning sinh tong hop lipid ciia 2 chiing nAm men R. toruloides VICC 20689
va VICC 20765. Két qua cho thiy, ca 2 chiing déu c6 kha ning tich liy lipid dat khoang 45% trong lwgng kho cia té
bao khi nudi ciy & 30°C trong 48 gio' voi moi truong nudi cé pH 5,5. Khao sat anh huéng cia mjt so ngudn cacbon
1én kha nang sinh tong hop lipid cia 2 chiing nam men nay cho thay, ri dwong cé thé dung lam nguon cacbon thay
thé cho glucose. Khi nuoi 2 chiing nim men nay trén ngudn cacbon gia ré la ri dwong, kha nang sinh tong hop lipid
ciia cd 2 chiing dat khoang 44%, twong dwong véi khi nuéi trén moi trudng c6 nguon cacbon la glucose.

Tir khéa: diéu kién nudi ciy, nAm men, Rhodosporidium toruloides, sinh tong hop lipid.

Chi sé phén loai: 2.8

Pat van de

Su gia ting cla gia dau tho cing voi nhimg anh huong tiéu cuc
ctia nhién liéu hoa thach d6i véi méi truong da thuc ddy nhiéu nghién
ctru vé nhién ligu sinh hoc trong nhirg nim gan day. Mot trong nhirng
ngudn nang luong tai tao ndi bat nhat chinh 1a biodiesel [1]. Ngudn
cung cap biodiesel bao gdm m& dong vat, dau thyc vt hodc céc vi
sinh vat sinh dau (oleaginous microorganism). San xuat biodiesel tir
md dong vat va dau thye vét thuong can chi phi cao, doi hoi dién tich
nuéi trong 16n. Do d6, viée tim kiém cac chung vi sinh vat sinh lipid
duoc dac biét quan tdm do chi phi san Xuét thap, qué trinh nuoi cay
don gian va c6 ning suét cao. Lipid tach chiét tir vi sinh vét duoc sir
dung dé chuyén hoa thanh dang biodiesel tinh khiét [1-3].

Do ndm men c6 céu tao don bao, sinh truong nhanh trén moi
truong dinh dudng don gian nén cé nhiéu loi thé trong nghién ciru san
Xuat lipid hon so véi cac vi sinh vat sinh lipid khac 1a nim soi va vi
tao [2]. Nam men R. toruloides dugc chimg minh 1a c6 kha ning sinh
tong hop mot lwgng 16n lipid va carotenoid, trong d6 lwgng lipid tich
lity ¢6 thé 1én dén 30% trong luong té& bao & mot s6 ching. SO lugng
cac cong trinh nghién ctru vé sinh tong hop lipid & R. toruloides ting
nhanh trong nhimg nédm gan day, dac biét khi cong nghé giai trinh tur
gen thé hé méi, cac ky thudt vé cai bién di truyén va céi bién trao doi
chat ngay cang phat trién [1-3].

Qui trinh sinh tong hop va tich Iy lipid 6 R. toruloides phy thue
nhiéu vao ching giong, ty 1é nguon cacbon/nito, thanh phin moi
truong dinh dudng va diéu kién nuoi cay [4, 5]. - Nghién ctru xdc dinh
duoc cac yéu tb thich hop cho sinh truéng & mdi ching R. toruloides
c6 thé thuc day kha nang tich liy lipid trong té bao. Tai Viét Nam,
chua ¢ cong trinh nao nghién ciru vé kha nang sinh lipid cia céc
ching ndm men, dic biét 1a tir R. toruloides. Céc nghién ctu trong

‘Tac gia lién hé: Email: linhmd@vnu.edu.vn
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nuée moi chi tap trung phan tich dac diém sinh hoc nhu kha ning
sinh carotenoid, sinh tong hop sic t6 astaxanthin va nghién ciru sy da
dang ctia loai nim men nay [6, 7]. Trong nghién ctru nay, ching toi
tién hanh khao sat anh huong cta cac diéu kién sinh truong dén kha
ning sinh lipid cta 2 chung ndm men R. toruloides c6 ngudn gde Viét
Nam. Céc két qua thu dugc cho thay, 2 loai ndm men nay c6 kha ning
tich lity lipid 1én dén gin 50% trong lugng kho cua té bao khi dugc
nudi cdy ¢ diéu kién toi uu Vé nhiét do, thoi gian va pH moi truong.
Nghién ciru nay ciing chi ra rang, ngudn phuy pham gia ré 1a ri dudng
¢6 thé duoc st dung lam nguon cacbon thay thé cho duong glucose
dé nu6i ndm men R. toruloides phuc vu thu nhan lipid & quy mé 16n.

Vat liéu va phuong phap nghién ciiu

Vit liéu

Ching nim men R. toruloides VTCC 20689 va VTCC 20765
dugce cung cap boi Bao tang giong chuan vi sinh vat (http://vtcc.imbt.
vnu.edu.vn), Vién Vi sinh vat hoc va Cong ngh¢ sinh hoc, Pai hoc
Quoc gia Ha Noi.

Phwong phdp nghién ciru

Nudi cdy ndm men R. toruloides: bd sung 2,5 ml dich huyén phu
chang nim men R. toruloides (OD=1 twong duong khoang 5,3x10°
CFU/ml) vao binh tam gidc 100 ml chira 50 ml méi truong MM
(glucose 5 g, NH,CI 2 g, Na HPO, 6 g, K.HPO, 3 g, cao ndm men 2
g NaCl5g, MgSO 0,1 g, nude cat 1000 ml pH 5,5). Nam men duoc
nudi ciy 6 nhiét do 30°C, toc do lac 200 vong/phit.

Téch chiét va xdc dinh ham heong lipid tir sinh khoi nam men:
st dyng phuong phap tach chiét lipid cua Bligh va Dyer (1959) 8]
cho ty 1¢ 5 ml dich nuéi cdy twong tmg. Ly tim dich nudi cay & toc

48
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Abstract:

The yeast Rhodosporidium toruloides is capable of
lipid biosynthesis and accumulation up to more than
30% of dried cell biomass. It is a potential source for
biodiesel production. Recent studies have shown that the
applications of culture technologies can promote increased
lipid accumulation in R. foruloides. In this study, the
authors investigated the lipid biosynthesis ability of two
yeast strains R. toruloides VITCC 20689 and VTCC 20765
isolated in Vietnam. The results indicated that both strains
have the ability to accumulate lipids up to approximately
45% of the dried biomass of cells when cultured at 30°C for
48 h in the culture medium with pH 5.5. Cultivation of these
two yeast strains on some different carbon sources showed
that sugarcane molasses can be used as a low-cost carbon
source for efficient lipid biosynthesis. When growing both
strains on the medium with sugarcane molasses, the lipid
biosynthesis reached about 44%, which is equivalent to in
the medium with glucose.

Keywords: culture conditions, biosynthesis,

Rhodosporidium toruloides, yeast.

Classification number: 2.8

-
d6 6.000 vong/phut, trong 10 phut ¢ 4°C, loai bo dich dé thu can. Rura
can véi nude cat vo trung, sau do ly tdm lan 2. Lap lai budc rua cén,
ly tam dé thu sinh khéi. Sau do, sinh khéi duoc sir dung dé tach chiét
lipid theo cac bude nhu sau:

lipid

Budc 1: b6 sung 3,75 ml hdn hop methanol:chloroform (ty 18 2:1)
va tron déu bang may vortex trong 15 phit ¢ nhi¢t do phong.

Budc 2: bd sung 1,25 ml chloroform, tron déu bang mdy vortex
trong 15 phut ¢ nhiét d§ phong.

Budc 3: bo sung 1,25 ml nude cat, tron déu bang may vortex trong
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15 phat ¢ nhi¢t d6 phong.

Sau d6, hon hop duoc ly tim & 3.000 vong/phut, trong 15 phut
& 4°C. Hon hop sau ly tim gdm 3 16p, trong do 16p thir nhét va thir
hai chira xéc té bao va methanol (khong chira lipid), 16p thtr ba chira
hdn hop chloroform va lipid duoc thu hoi. Siy kho mau dich long thu
duoc & 70-80°C cho dén khi khoi lwgng khong thay doi. Ham lrong
lipid thu dugc tinh theo cong thirc:

W=W -W,

trong d6: W: Tuong lipid thu dugc (g); W,: khi lwgng dng sau khi sdy
(g, W khdi lwong dng rong trude khi thu dich long (g).

Thir nghiém anh hiong ciia thoi gian nuéi cay: 2,5 ml dich nudi
ndm men (OD600 =1) dugc bd sung vio binh tam giac 100 ml chira
50 ml moi truong "MM. Ném men dugc nudi 6 30°C, toc do lac 200
vong/phut trong 126 giv. Thu sinh khéi ndm men sau 24, 30, 48, 54,
72,78, 96,102, 120 va 126 gio. Thuc hién tich chiét va xac dinh ham
luong lipid cta cic miu sinh khéi.

Thir nghiém anh hwong cua nhiét do nuoi céy: nim men duoc
nuoi ¢ cac nhiét do khac nhau gém 25,30 va 37°C. Moi truong va thoi
gian nudi cdy t6i wu dua vao cac thi nghiém da thuc hién. Sinh khoi té
bao ndm men dugc thu hdi cho tach chiét va xac dinh ham luong lipid.

Thir nghiém anh hwong cua pH: pH cla mdi truong dugc xac
dinh béng mdy do pH. Hai dung dich NaOH 1 M va HC1 4 M duoc sir
dung dé diéu chinh pH vé cdc gia tri khac nhau, gdm pH 4,5, 55,60,
6,5 va 7,0. Cac binh nubi cdy duoc nuéi & 30°C trong mdy léic 6n nhiét
v6i the d9 200 vong/phut trong thai gian toi wu da duge xac dinh trude
d6. Sau do, dich nudi dugc ly tam dé thu sinh khdi té bao phuc vu cho
tach chiét va xac dinh ham lugng lipid.

Thir nghiém dnh huwong ciia nguon cacbon: glucose, glycerol,
saccharose, lactose, maltose hodc ri duong (5 g/l) duge bo sung vao
moi truong MM (pH 5,5) dudi dang ngudn cacbon duy nhat. Tién
hanh nuéi cdy ¢ nhiét do 30°C; toc do lac 200 vong/phut. Sau thoi
gian nudi cdy, thu sinh khéi dé tién hanh tich chiét va xac dinh ham
luong lipid.

Xie Iy s6 ligu: cc thi nghiém duoc 13p lai 3 1an doc 1ap va s6 ligu
dugc xur ly véi phan mém Microsoft Excel.

Két qua va thao luan

Dic diém hinh thdi ciia hai chiing R. toruloides diing trong
nghién ciru

Chung ndm men R. toruloides VTCC 20689 va VTCC 20765
dugc luu gilr tai Bao tang giong chuan vi sinh vat. Tuy nhién, thong
tin lién quan dén dac diém hinh thai cua 2 chung nam men nay trén
co so dit liéu ngudn gen chua c6. Do d6, viée cung cip minh chimg
vé dic diém hinh thai khuan lac va té bao cla ca 2 ching dung trong
nghién ctru 1a can thiét. Hai chung dwoc nudi trén moi trudng thach
YPD (yeast extract potato dextrose) trong 96 gio 6 30°C dé phuc vu
phan tich dic diém hinh thai khuan lac va té bao. Chung R. toruloides
VTCC 20689 ¢6 khuén lac tron, bé mit tron bong, mau d6 cam dam.
Chung R. toruloides VTCC 20765 c6 hinh thai twong tu nhu chiing
R. toruloides VTCC 20689, nhung khuén lac 6 mau d6 cam nhat hon.
Khi quan sat dudi kinh hién vi, ca 2 ching déu c6 té bao hinh ovan
dic trung va chuyén thanh dang que ngan véi giot lipid bén trong té
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bao ¢ giai doan gia hoa (hinh 1). Cac két qua nay ciing trong dong voi
céc két qua da cong bo ve dac diém hinh thai cta R. toruloides [1, 2].

R. toruloides VTCC 20689

R. toruloides VTCC 20765
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Hinh 1. Dac diém hinh thai cta hai chiing ndm R. toruloides. Khuin
lac ctia chiing VTCC 20689 va VTCC 20765 nudi trén mai trwdng YPD.
Hinh thai t& bao clia 2 chling duai kinh hién vi (46 phéng dai 1.500 14n)
sau 48 gi® nudi trén moéi trwrong MM.

Moi chiing R. toruloides c6 thé co nhimg dac diém vé sinh truong
va kha néng tich lily lipid khac nhau. Céac thay doi vé thoi gian, nhiét
d9 nudi cay, nguon cacbon ¢6 thé anh huong dén sy tich Ity cua lipid
trong t& bao nim men. Do d6, viéc xéc dinh céc diéu kién phu hop cho
sinh truong va tich Iy lipid ctia ching R. toruloides VTCC 20689 va
VTCC 20765 1a c6 y nghia.

Anh hwéng ciia thoi gian nuéi cdy dén khd ning sinh tong hop
lipid ciia 2 chiing R. toruloides

Xéc dinh duoc thoi gian nudi cdy thich hop s giup giam chi phi
thi nghiém, ddng thoi thu dugce sinh khdi té bao ndm men 6 trang thai
t0i uu vé tich Ity lipid. Sinh truong cia hai ching R. toruloides dugc
khdo sat trong khoang thoi gian 0-126 gio st dung phuong phéap do
OD tai budc song 600 nm. Sau 24 gid, sinh khéi té bao dugce thu hoi
dé tach chiét va xac dinh ham luong lipid. Két qua cho thdy, 2 ching
R. toruloides bit dau sinh truong manh sau 6 dén 24 gio nuéi va dat
mirc sinh truong t6i da sau 48 giv. Ham luong lipid tich iy bién
dong theo thoi gian va dat mirc cao nht sau 48 gio nudi (twong ting
dat 45,40% & R. toruloides VTCC 20689 va 44,34% & R. toruloides
VTCC 20765). Sau mot khoang thoi gian giam xudng thi s tich liy
lipid ting tro lai ¢ thoi diém 126 gio (dat 39,38% & R. toruloides
VTCC 20689 va 35,69% & R. toruloides VTCC 20765). Tuy nhién,
ham luong lipid tich Ity & thoi diém 126 gior van thdp hon ¢ 48 gio
va giam manh sau 126 gio nudi cay xudng duéi 30% (dir liéu khong
chi ra). Theo Uprety va cs (2017) [9], thoi gian nuoi cay dé thu lipid ¢
ching R. toruloides ATCC 10788 la 168 gio voi ham luong lipid dat
trén 30%. Trong khi do, két qua nghién ciru cia Zheng va cs (2021)
[10] cho thdy, thoi gian can dé dat dwoc ham lugng lipid twong ty &
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R. toruloides 1a 144 gio. Trong nghién ctru nay, 2 chung R. foruloides
nguon gde Viét Nam (VTCC 20689, VICC 20765) ¢6 toc do sinh
trréng nhanh va thoi gian can dé tich lity ham lugng lipid cao nhét chi
sau 48 gio (hinh 2).
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Hinh 2. Anh hwéng cua thei gian nudi cdy Ién sinh trwéng va
sinh téng hop lipid ctia chiing R. toruloides VTCC 20689 va VTCC
20765.

Két qua thu duoc cho thdy, 2 ching ndm men R. toruloides bat
dau sinh truong manh sau 6 gio nudi cy. Ching hinh thanh hai dinh
sinh truong lan luot tai 48 va 96 gio. Tir 102-126 gio 1 giai doan
suy thoai. Ham luong tich liiy lipid bién dong theo thoi gian, dat cao
nhit tai thoi diém nudi cdy 48 gior (khoang 45% ddi v6i R. toruloides
VTCC 20689 va 44% d6i v6i R. toruloides VTCC 20765) va thir 2 1a
tai 126 gio (39,38% vai R. toruloides VTCC 20689 va 35,69% voi R.
toruloides VTCC 20765).

Anh hwéng ciia nhiét dp nudi cdy dén khd ning sinh tong hop
lipid cvia 2 chiing R. toruloides

Trong nghién clru ndy, nhom tac gia tién hanh khao sat cac nhiét
d6 nuoi ciy khac nhau dé tim ra nhiét do thich hgp nhat cho qua trinh
sinh tong hop lipid & 2 ching R. toruloides VTCC 20689 va VICC
20765. Két qua duoc thé hién & hinh 3.
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Hinh 3. Anh hwéng cha nhiét dé dén kha nang sinh téng hop lipid
cua chung R. toruloides VTCC 20689 va VTCC 20765.

Két qua hinh 3 cho thdy, nhiét d6 thich hop nht cho sy sinh truéng
va sinh tong hop lipid cua ca 2 chung R. toruloides 1a & 30°C. Ham
lwong lipid thu dugc dat khoang 45% dbi voi chung VTCC 20689 va
44% d6i v6i chung VTCC 20765. O nhiét do 25 va 37°C, kha ning
sinh tong hop lipid cua 2 ching déu giam manh (ham lwong lipid chi
dat khoang 30%). Theo céc tong hop cia Ageitos va cs (2011) [2],
nhiét do thich hop cho sinh truéng va sinh tong hop lipid cua cac
chung ndm men R. toruloides thuong 1a 28-30°C, chi mot s6 ching
6 kha nang tich Iy lipid ¢ 25°C. Trong nghién ctru nay, 2 chung R.



toruloides VTCC 20689 va VICC 20765 déu sinh tong hop lipid cao
nhat ¢ nhiét d6 30°C. 0] r}hiét d6 25 va 37°C, 2 chung nay tich lily ham
luong lipid twong doi thap (dusi 30%).

Anh huéng ciia pH dén sinh tong hop lipid ciia 2 chiing R.
toruloides

Thay doi gi trj pH moi treong nudi c6 thé anh huong dén kha
nang sinh tong hop lipid cua cac chung ndm men nghién ctru. Ching
toi tién hanh kiém tra céc gia tri pH khac nhau ciia méi truong nudi
cay gom pH 4,5, 5,5, 6, 6,5 va 7. Két qua nghién ctiru dugc thé hién
6 hinh 4.
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Hinh 4. Sinh téng hop lipid & cac gia tri pH khac nhau cta 2 chiing
R. toruloides.

Két qua thu dwgc cho thiy, ca 2 chung nim men R. toruloides déu
c6 kha nang sinh ham luong lipid cao ¢ pH 5,5 (dat khoang 45% trong
luong sinh khdi kho ddi véi ching VTCC20689 va 44% dbi véi ching
VTCC 20675). O gia tri pH du6i 5 va trén 6, kha nang tich liy lipid
cua 2 chung nay giam dang ké. Cac nghién ciru trude day cting chi ra
rang, su thay doi gid tri pH moi truong ¢6 anh hudong dén kha ning
sinh truong va sinh tong hop lipid & nam men R. toruloides. Nghién
cru cita Dias va cs (2016) [11] cho théy, pH 4 14 t6i wu nhét cho sinh
tong hop lipid cua chung R. foruloides NCYC 921, trong khi pH 5
cho tbc do sinh truong cao nhat. Cac nghién ciru khac cung cho thay,
pH 5-6 la thich hgp cho qua trinh tich lity lipid ¢ ching nam men R.
toruloides [2]. Két qua ciia nghién ctru nay ciing cho thay, ca 2 ching
R. toruloides déu cho kha ndng sinh lipid cao & pH 5,5 v&i ham luong
dat khoang 44-45% luong sinh khéi kho. Tai pH dudi 5 v trén 6, kha
ning tich lily lipid cua 2 ching nay giam dang ké. Do d6 c6 thé két
luan réng, gia tri pH 5,5 1a thich hgp nhét cho nudi céy 2 chiing nim
men VTCC 20689 va VTCC 20765.

Nhu véy, khi kiém tra anh huong ciia nhiét o nudi cay, pH va thoi
gian nuéi khac nhau cua 2 chiing nim men R. toruloides VTCC 20689
va VTCC 20675 dugc phan lap tai Viét Nam cho thiy, 2 chung nay
tich lily lipid cao nhat khi nudi céy trén méi truong MM & nhiét do
30°C, pH 5,5 trong 48 gio. Cac déc diém nay tuong tu voi nhiéu cong
b trén thé gi6i vé diéu kién sinh lipid ctia loai ndm men R. toruloides
nay [2, 11]. Kha ning sinh tong hop lipid ctia 2 ching ndm men phéan
lap tai Viét Nam dat kha cao (khoang 45%) so véi céc cong bd vé kha
ning sinh lipid ctia loi R. foruloides [2, 9]. Tuy nhién, c6 mot diém
khac biét 1a 2 chung ndm men trong nghién ciru nay sinh tong hop va
tich lily lipid trong thoi gian ngén hon (chi sau 48 gio nudi cdy), trong
khi céc cong b trén thé gioi thuong cho thay, thoi gian tich lily lipid
cua R. toruloides 1a 72-96 gio, tham chi 1a trén 144 gio [9, 10]. Bay
s& 1a wu diém quan trong khi 0 tmg dung céc ching nédm men nay nham
thu hoi lipid phuc vu cho san xuat diesel sinh hoc.
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Khoa hoc Ky thuat va Céng nghé

Anh hwéng ciia nguon cacbon dén kha ning tich liiy lipid ciia
hai chiing R. toruloides

Trong nghién ciru nay, nhom tac gia di tién hanh danh gia kha
ning sinh truong va sinh tong hop lipid ciia 2 ching R. toruloides
VTCC 20689 va VTCC 20765 trén céc nguon cacbon khac nhau, gom
glucose, ri dudng, saccharose, maltose, lactose va glycerol. Két qua
dugc minh hoa & hinh 5 cho théy, ca 2 chung déu sinh truéng manh
(OD,,,>2) trén moi truong chl'ra’ glycerol v§1 sacgharose, tuy nhién
ham luong lipid tich lily trong té bao lai thap nhat (chi dat khoang
20%). Nguoc lai, trén méi truong véi ri dudng 14 ngudn cacbon duy
nhét, 2 ching nay sinh truong yéu hon so véi méi truong chira glucose
(0D, ’chi dat khoang 1,6-1',7), nhung cho ham lugng lipid tich liy
trong t€ bao dat trén 44% doi vai ca 2 chung (twong duong nudi trén
nguon glucose).
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Hinh 5. Sinh téng hop lipid cGia 2 chiing R. toruloides trén cac
nguén cacbon khac nhau.

R. toruloides dugc chung minh la c6 kha nang sinh trudng trén
nhiéu ngudn cacbon khic nhau nhu glycerol, xylose, arabinose va
tham chi véi ca dich thity phan lignocellulose, hay tinh bot [12-14].
Mic du glucose van 1a nguon cacbon tét nhat cho sinh trudng va sinh
tong hop lipid & loai nm men nay, nhung céc cong bd gan dy cho
thdy, nhiéu ngudn cacbon khéc c6 thé s dung dé thay thé glucose
trong moi truong nudi nhu glycerol methanol giup giém chi phi [2,
13]. Glycerol duoc xem la co chit 1 twong dé thay thé glucose cho
nudi ciy nim men sinh tong hop va tich liy lipid [7, 15]. Tuy nhién,
theo nghién ctru clia cac tac gia, ca 2 chung R. toruloides VTCC
20689 va VTCC 20765 lai sinh tong hop lipid v6i ham lugng khé thap
trén nguon cacbon 1a glycerol (hinh 5).

Ri duong 14 san pham phy cta qua trinh san xuét va tinh luyén
dudng, chira ham luong cao céc chét dinh dudng va khoang chit hd
tro tot cho su sinh trudng cua nim men [10, 15, 16]. bay duogc coi
1a phé phy phdm cia nganh cong nghiép san xuat duong. Két qua
cta nghién ciru nay cho thy, 2 chung R. toruloides VTCC 20689 va
VTCC 20765 sinh truong manh trén moi truong voi ngudn cacbon 1a
ri dwong va sinh tong hop lipid v6i ham lugng cao (twong duong véi
nguon cacbon 1a glucose). Didu ndy mé ra tiém ning img dung ngudn
cacbon gia ré (ri duong) trong nudi cdy hai ching ndm men VTCC
20689 va VTCC 20765 dé thu nhan lipid quy mé 16n phuc vu cho san
xuét biodiesel trong twong lai.
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Két luan

Hai ching ndm men R. foruloides VTCC 20689 va VTCC 20765
d dugc chimg minh 1a ¢6 kha ning sinh tong hop lipid voi ham hrong
dat khoang 45% trong luong kho cua té bao. Nghién ctru ciing chi
ra rang, ca 2 ching déu c6 kha nang tich Ity lipid cao nhét sau 48
gio nudi cdy ¢ nhiét do 30°C va pH 5,5. Piéu kién vé nuoi cdy sinh
lipid cua 2 chung VTCC 20689 va VTCC 20765 cling tuong duong
v6i két qua da cong bd ddi v6i cac chung R. toruloides khac trén thé
giéi. Két qua khao sat sy sinh truong va sinh tong hop lipid trén cac
nguon cacbon khac nhau d tim ra nguon cacbon gia ré 1a ri duong,
phit hop dé nudi ching R. toruloides VTCC 20689 va VTCC 20765
cho sinh tong hop luong 16n lipid, tvong dwong véi nuéi cy trén
nguon glucose.

Céc tac gia xin chan thanh cam on Quy Phat trién Khoa hoc va
Cong ngh¢ (BIOFUND) cua Khoa Sinh hoc, Truong Pai hoc Khoa
hoc Ty nhién, Pai hoc Qubc gia Ha Noi da hd tro kinh phi cho nghién
cuu nay.
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Khoa hoc Ky thuat va Céng nghé n—

Phan 1ap va tuyén chon nam men cd kha nang l1én men ruou
tr trai mang cau xiém Annona muricata

Poan Thi Kiéu Tién', P§ Thi Tuyét Nhung', L& Tri An', Tran Hoang Hiép',
Huynh Thi Ngoc Mi?, Nguyén Ngoc Thanh?, Huynh Xuin Phong?*

'Khoa Céng nghé thiee pham va Cong nghé sinh hoc, Triong Pai hoc Ky thudt - Cong nghé Can Tho
2Vién Nghién ciru va Phat trién Cong nghé sinh hoc, Truong Pai hoc Can Tho

Ngay nhan bai 23/3/2021; ngay chuyén phan bién 29/3/2021; ngay nhén phan bién 7/5/2021; ngay chip nhan ding 14/5/2021

Tom tiit:

Ruou vang 13 loai thirc udng c6 lgi sirc khée va dang c6 xu hwéng phat trién ngay cang da dang nho cac chét c6 hoat
tinh sinh hoc cao, kha nang khang oxy héa trong trai cay dwgc giir nguyén sau khi 1én men béi nam men. Muc tiéu
cua nghién ciru nay nham phan lap, tuyen chon nim men c6 kha nang lén men ruQu vang mang cAu xiém. Nghién
ctru da phan 1ap dwgc 8 chiing nam men, trong do tuyen chon dugc S ching nim men NM1.1, NM1.2, NM2.1, NM3.1
va NM3.2 ¢6 kha nang 1én men ruou vang ming cau. San pham ruou sau lén men st dung chiing NM1.1 véi diéu
kién ban diu 1a 22°Brix, pH 4,5, ty 1¢ nam men b6 sung la 1% (w/v) ¢ nhiét do phong (28-30°C) trong thoi gian 12
ngay cho ham lwgng ethanol 1a 10% v/v, methanol 1a 1,304 g/l va SO, 14 10,9 mg/l, dat Quy chuin Viét Nam QCVN

6-3:2010/BYT.

Tir khéa: Annona muricata, khang oxy héa, mang cau xiém, nam men, ruou vang mang cau xiém.

Chi s phén logi: 2.10
Gidi thiéu

Ngay nay nganh cong nghiép san Xuét ruQu vang tir tréi cay
ngay cang phét trién, do d6 nguon ndm men can thiét cho sur lén
men ciing dugc quan tim nhiéu hon. Trén thé gi6i ciing nhu ¢ Viét
Nam da ¢6 nhiéu nghién ciru vé phan 1ap va tuyén chon nguon nim
men ty nhién tur trai cdy, nhu dua héu [1], khom, cam [2, 3], thdt
ndt [4], trai gidc [5]... Nhiéu nghién ctru cho thiy, viéc sir dung
cac ching ndm men dugc phan 1ap tir cdc ngudn tréi cdy cung cp
@& 1én men cho chinh ngudn trai cay d6 c6 hidu qua dic trung cho
timg loai rugu va san pham rugu vang ciing dat chat lugng theo
yéu cau [1, 2].

Ruou vang trai cdy 1a mot thirc udng c6 loi cho strc khoe va
dang c6 xu hudng phat trién ngay cang da dang. Ruogu vang duoc
san xudt tir nhiéu nguf”)n trai cay khac nhau nhu nho, cam, chudi,
tdo... Bén canh do, cac loai trai nhu giac, cam, nho, chanh hay
mang cau xiém... cling chira nhiéu chét c6 hoat tinh sinh hoc cao,
c6 kha ning khang oxy héa, khang viém hay duoc sir dung nhiéu
trong y hoc dan gian, di gop phan khong nho trong viéc lua chon
nguén nguyén ligu trai cdy 1én men, giup nganh cong nghi¢p rugu
vang ngay cang phat trién.

Ming cau xiém c6 tén khoa hoc 1a Annona muricata, thugc ho
Annonaceae va dugc biét voi tiéng Anh 1a Soursop, ¢ ngudn gde
tr Nam My, phan b6 rong rdi ¢ cac vung nhiét dgi va can nhiét déi
trén thé gidi, trong d6 c6 Viét Nam. Trong nhimg nim gan day,
nhidu nghién ctru cho théy su hién dién cua alkaloid, acetogenin va
cyclopeptide trong mang cdu xiém - 1a nhitng hop chat ¢6 tim quan
trong, thu hut nhiéu su quan tam vé mit duge hoc ctia nhiéu nha

“Tac gia lién hé: Email: hxphong@ctu.edu.vn

TAP CHI

HOA HOC

ONG NGHE I} Nam 63(11) 11.2021

khoa hoc. Méng cau xiém duoc ngudi dan Indonesia st dung rong
1ai trong viéc diéu tri tiéu duong, chéng viém, diét con trung, tri
sbt rét, chong ung thw, khang khudn va chéng oxy hoa. Chiét xuit
ethanol ctia 14 mang cau xiém c6 chira steroid, alkaloid, flavonoid,
phenolic va saponin, dic biét ¢6 hoat tinh chng oxy hoa bing
cach loai bo géc DPPH v6i IC50 1a 141,127 g/ml [6]. La va thit
ming cau xiém c6 kha nang khang oxy hoa cao hon cac thanh phan
khéc cua cdy do c chira nhiéu hop chét phenol, flavonoid, alkaloid
va essential lipid... [7]. Véi cac déc tinh sinh hoc vuot troi da va
dang dugc nghién ctru hién nay cho thiy, mang cau xiém 1a ngubn
nguyén licu tlem ning trong 1én men rugu vang dat chat lugng tot
cho nhu cau vé am thyc va stic khoe ctia con ngudi.

Nghién ciru nay nham phan lap, tuyén chon ndm men c6 kha
nang 1én men rugu vang mang cau, gop phin tao nén sy dang va
phong phi cho nganh san xuét ruou vang tur trai cay.

Vat liéu va phuong phap

Vit ligu

Ba’mﬁu méng ciu xiém dugc thu mua ¢ ba dia diém khéc nhau
thudc ap 7, xa Thoi Hung, buyén Co Do, TP Can Tho. Méang cau
xiém dugc chon phai chin déu nguyén ven, tuoi, khong bi hu hong,
khong sau bénh hay dap nat.

Phuwong phdp nghién ciru

Phan Idp ndm men: mang cau chin duoc cit miéng nho tai 5
vi tri khac nhau (bao gdm phan thit va v0), sau do dugc nghién
nho ly nude. Liy 2-3 g nudce mang cAu nudi ting sinh trong méi
truong YPD di dugc chudn b sin & nhiét do phong (28-30°C). Sau
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Abstract:

Wine is a healthy drink and is becoming more diverse
thanks to the substances with high biological activity and
fully preserved the antioxidant capacity in the fruit after
fermentation by yeast. This study aims to isolate yeasts
that are capable of soursop fermentation. There were
eight yeast strains isolated, in which five strains of yeasts
NM1.1, NM1.2, NM2.1, NM3.1, NM3.2 are capable of
fermenting soursop wine. Wine product after fermentation
using strain NM1.1 with initial conditions of 22°Brix, pH
4.5, supplemented yeast 1% (w/v) at room temperature
(28-30°C), in twelve-day, produced the ethanol content
10% v/v, methanol 1.304 g/, and SO, 10.9 mg/l that meet
Vietnamese standards (QCVN 6-3:2010/BYT).

Keywords: Annona muricata, anti-oxidation, soursop,
soursop wine, yeasts.

Classification number: 2.10

48 gid i moi trudng tang sinh duoc pha lodng dén 107 va cdy trai
trén moi truong YPD agar, sau d6 tién hanh phéan Iap (tich rong
1am thuan) ndm men. Do thuan ciia nAm men phan 1ap duoc kiém
tra dudi kinh hién vi x40. Ndm men thudn sau khi duoc phan lap sé
duoc trir gidng trén moi truong YPD agar ¢ 4°C va trong glycerol
50% (v/v) ¢ -20°C.

Tuyén chon nam men Ién men rwpu méng cau xiém: tuyén
chon cac dong nim men ¢6 hoat tinh 18n men manh va nhanh céc
loai dudng glucose 1%, saccharose 1% va nudc mang cau ciia cac
ching ndm men phan lp dugc. Ching 1 ml (10° té bao/ml) dich
tang sinh ndm men lan luot vio 9 ml dich qua mang cau, 9 ml moi
truong phenol red carbohydrate broth chita 1% duong glucose va
9 ml phenol red carbohydrate broth chita 1% dudng saccharose va
6ng Durham. Céc khao sat dugc b tri ba lan lap. Xac dinh kha
ning 1én men dya vao chiéu cao cot khi CO, sinh ra trong bng
Durham ¢ nhi¢t d§ phong (28-30°C) sau moi 4 gio' 1én men trong
vong 48 gio.

Khdo sdt cdc yéu t6 anh hieong dén qud trinh lén men. khao sat
anh huong cua gid tri pH va ham luong chat kho hoa tan cua dich
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qua dén chat lugng san pham: dich ép mang cau dugc pha lodng
voi nude cat (dich ép mang cau/nude cat=1,5/1,0), sau d6 bd sung
enzyme pectinase (0,03%) vaovau ¢ 50°C. Sau 2 giou, dich ép mang
cau duoc loc lay phin nude trong va chinh vé céc gia tri pH (4; 4,5;
5) va °Brix (18; 20; 22). St dung acid citric va duong saccharose aé
diéu chinh pH va ham lugng chat kho hoa tan. Dich mang ciu sau
khi diéu chinh pH va °Brix, dugc thanh tring bang NaHSO, (140
mg/l trong 2 gio). Ching 1 ml moi trudng nam men vao 99 ml dich
ép ming cau va u ¢ nhiét do phong (28-30°C) v6i 8 ngay 1én men.

Khdo sat anh hwong ciia ty ¢ ndm men va thoi gian [én men
dén chat lwong sdn phcfm: thir nghiém dugc thuc hién véi ham
lugng chét kho hoa tan va gia tri pH dugc lya chon tir thi nghiém
trén voi ty 1€ mat sd chung ndm men lan luot 13 1, 2 va 3%, 1én men
trong diéu kién nhiét do phong (28-30°C) va thoi gian 1én men la
8,10, 12 ngay.

Thit nghiém 1én men rirou mang cau xiém ¢ quy mé 1 I: rugu
ming cau xiém dugc thir nghiém 1én men ¢ quy mo 1 1vdi cac diéu
kién 1én men dugc tuyén chon ¢ cac thi nghi¢ém trén va phan tich
céac chi tiéu hoa hoc sau 1én men (ham lugng ethanol, methanol,
acid tong so, SO,, ham lugng duong t‘éng trude va sau 1én men).
Bén canh do, cac chi tiéu cam quan vé mau sac, d¢ trong, mui vi
ctia san pham ciing dugc danh gia.

Phwong phdp phan tich 56 liéu: s6 lidu thi nghiém duoc xir 1y
thong ké bang chuong trinh Statgraphics XV va phan mém Excel
2013.

Két qua thao luan

Phin lap nim men

Qua qué trinh phan Iap tir 3 miu méng cau xiém di thu duoc 8
chung nam men thuan (bang 1).

Bang 1. Dic diém cda cac chiing nAm men phan lap dworc tir dich
ép ming cau.

Tén Dic diém té bao

STT . Dicdiém khuén lac Hinh énh té bao
chiing Hinh dang  Kich thuéc (um)

Tron, tréng sita, sn,

! R bia sgi 3,71x3,71

Ciu

2 NMp omiring sk, sin 4,03x4,02
bia soi

30 NMmig o tring duc, sin 3.96x3,26
bia sgi

4 NML3 rom,iring i, ron 375041
lang, bia nguyén

5 NMpp Tromfrang duc, fron 3,11x2,76
lang, bia nguyén

- Ovan

6  NMpy romiringsha fron 276033
lang, bia nguyén

7 NM3l Lrom tringsia, tron 425,97
lang, bia nguyén

g NM32 oM trangduc, trom 3,93x3,52
lang, bia nguyén

o4



Dua vao dic diém hinh dang té bao dugc chia thanh hai nhém
dac trung la té bao hinh cau va hinh ovan véi dic diém khuan lac
tron, tréng sita, san, bia soi hodc tron lang, bia nguyén. Kich thudc
té bao thay doi theo timg chiing nim men, cac ching ndm men
¢6 hinh dang té bao hinh ovan (NM1.2, NM1.3, NM2.2, NM2.3,
NM3.1, NM3.2) ¢6 kich thudc trung binh khoang 2,76-4,25 x
2,33-3,97 (um) chiém s6 luong wu thé hon véi 6 chung trong 8
chung nim men phan 1ap dugc, con lai la 2 chung co té bao hinh
cau (NM1.1, NM2.1) véi kich thudc té bao trung binh khoang
3,71-4,03 x 3,71-4,02 (um).

Tuyén chon nam men lén men rwou mang cau xiém

Tét ca cic chiing ndm men phan 1ap duoc thir kha nang 1én men
duong glucose 1%, saccharose 1% trong moi truong phenol red
carbohydrate broth va dich ép qua méang cau. Két qua thu duogc sau
48 ¢i0 1én men dugc trinh bay ¢ bang 2.

Bang 2. Két qua chiéu cao cét khi CO, ctia cac ching ndm
men sau 48 gio.

Tén Chiéu cao cft khi €O, trong chudng Durham (mm)

ching iy §gii
NMLL 2P 160 30 30 3 3 3 3 A 3 3 3

NMI2 18 155% 273 30° 3¢ 30 30° 30+ 30+ 30+ 30+ 30

12gio 16giv 20gi Mgio Bgio 32gio 36giv 4giv #giv 48 giv

NML3 00 00 83 145 197 245 275 300 300 300 300 30

Glose  NMLSJ 165 30 300 3 3 3 3 3 3 3 3

1% NM22 25 105 177 225 267 30° 30 30 3¢ ¢ 30 3

NM23 13 2,00 65 123 185 247 265 300 300 300 300 30

NM31 28 140¢ 30°  30° 30 300 300 30 30 30 300 30

NM32 0 93 18 25 300 300 300 300 300 300 300 30
NMLT 0= 55 18 27,5 300 300 300 300 30¢ 300 30¢ 300
NMI2 00 13 43 15 27 300 304 304 304 304 304 3¢

NMI3 0 0 3 TR RF IF 05 2 UF 26 0P BF
Gochaose NMEL 0 1P T8 1300 30 30 30 30 300 30 3
LT VI N O £ (N X T A K TR

NM23 0+ 00 00 00 L 23 9 145 185 2 24 5%
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Ca 8 ching ndm men déu ¢6 kha ning 1én men duong glucose,
saccharose va dich ép méing cu xiém. Céc chiing nim men NM1.1,
NM1.2, NM2.1, NM2.2 va NM3.1 bt dau 1én men glucose va dich
¢p méng cau xiém sau 4 gio 1én men dau tién, trong khi d6 dwong
saccharose chua c6 hi¢n tugng dugc 1én men. Cac ching nim men
NMI.1, NM1.2, NM2.1, NM3.1 va NM3.2 c6 kha nang 1én men
nhanh va manh hon cac chung con lai, sau 16 gio 1én men dich ép
mang cau chiéu cao cdt khi CO, 1an lugt 1 28,0; 20,5; 25,0; 27.5;
21,0 va dat 30 mm sau 20 gi¢ lén men. Tuy nhién, ching NM2.3
c6 kha ning 1én men thip nhét trong 8 ching nim men phén Iap
duoc, chiéu cao cot khi CO trong 6ng Durham do duoc sau 48
gi0 1én men dich ép mang cau chi dat 24,5 mm. Theo Poan Thi
Kiéu Tién va cs (2018) [8] trong nghién ciru tuyén chon ndm men
chiu nhiét [én men rugu vang tir trai giac cua tinh Kién Giang da
phén 1ap duoc 46 ching nAm men, trong d6 ¢6 cic ching nAm men
saccharomyces sp. KG1.1, AG1.3, DT1.2, DT3.1 ¢4 thoi gian Ién
men nhanh nhét, chiéu cao cot khi CO, dat 30 mm chi sau 6 gio 1én
men va c6 kha nang lén men rugu Vang tot 6 37°C. Dua vao kha
ning 1én men glucose, saccarose va dich ép méing cau bang cach
xac dinh chiéu cao cot khi CO, da tuyén chon dugc 5 chung nim
men NM1.1, NM1.2, NM2.1, NM3.1, NM3.2 cho thtr nghi¢m lén
men ruou méang cau. Tat ca 5 ching ndm men duoc tuyén chon
thir nghiém 1én men rugu mang cau voi thé tich 100 ml, két qua
thu dugc sau qua trinh 1én men cho thay, 2 chang NM1.1 (11,20%
v/v), NM2.1 (10,93% v/v) c¢6 ham lugng ethanol sinh ra cao hon,
c6 khéc biét § nghia thong ké ¢ do tin cdy 95% so v6i cac chung
NM1.2 (9,06% v/v), NM3.1 (8,93% v/v) va NM3.2 (8,36% v/v).

Anh hwéng cia chi so ) pH va ham lwong chit khé hoa tan
ban dau dén chit lwgng ciia sdin pham

Sir dung chiing nim men NM1.1 vao qua trinh 1én men, ham
luong chat kho hoa tan (°Brix) va pH cta dich 18n men ¢6 sy twong
tac voi nhau va anh huong dén ham lugng ethanol sinh ra cia san
phim duoc trinh bay ¢ bang 3, giira cdc nghiém thirc c6 sy khac
biét thong ké ¢ mirc ¥ nghia 5%.

Bang 3. Anh hwéng ciia pH va ham lwong chéat kho hoa tan dén
chat lwvong san pham.

o Nong d9 ...  Nongdj Him
.. GidtripH PR Gid tri PR
NM3L 0F 05 35% 13 300 30¢ 30¢ 304 304 300 30¢ 30 Nghiém trute lén chat kho hoa tan D Hla chat kho hoa lwong
N2 ¢ ¢ 28 1% 15 W W 3 W thire men trude 1én men én men tan sau lén men  ethanol
: ’ i ’ (°Brix) (°Brix) (% vIv)
NMLI 13" 14,06 21 28 300 300 30 30¢ 300 304 304 300 1 40 18 34 6 6.0
NMI2 LO° 65 122 205 304 30° 30 300 300 304 304 3(¢ 2 40 20 35 7,0 8.3
NML3 00° 335 83 I3 205 225 245 26 275 28 285 B 3 40 2 3.6 7,5 8,9
Dichép ~ NM21 23 105 17 25 30' 30° 30c 300 300 300 300 30 4 45 18 3,5 6,7 6,7
mang cau
dem NM22LEOBYB3SF IF 2 BS 2 BF 1 2 2P 2P 5 45 20 36 8,610 82
NM23 000 00 05 35 65 93 13 18 225 245 M5 US 6 45 2 3,6 9,2t 10,7¢
NM3LLOe 97 17 2750 304 304 300 300 30 304 304 3(¢ 7 5,0 18 3,6¢ 7,3 6,6°
NM32 ¢ 35 135 214 30t 304 30¢ 30 30° 30 304 30 8 5,0 20 3,6° 7,6% 8,00
Ghi chu: chiéu cao téi da clia cot khi trong chuéng Durham 1a 30 mm. 9 50 2 3,6° 10,14 8,30

Gia tri trong bang la gia tri trung binh clia 3 I&n I&p. Trong cung mot cot,
C4c gid tri co cac chi¥ gibng nhau thi khac biét khéng cé y nghia théng
ké & do tin cay 95%.
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Ghi chu: cac chir khac nhau trén cung mot cot biéu thi su khac biét
théng ké & murc y nghia 5% theo kiém dinh LSD.
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Ham lugng chat kho hoa tan va pH ban dau ctia san pham giam
sau khi qué trinh 1én men két thuc. Két qua cho thiy, do Brix ban
dau cang cao sinh ra ham luong ethanol cang cao khi 1én men &
ciing diéu kién pH, thoi gian 1én men va ty 1¢ nim men. O nghié¢m
thire (1), (2) va (3) v6i pH ban dau 4,0 va d6 Brix ban dau lan
luot 1a 18, 20 va 22 thi ham lugng ethanol sinh ra 1a 6,2; 8,3 va
8,9% v/v. Khi pH ban dau duoc tang 1én 4,5 thi ham lugng ethanol
cling tang, tuy nhién khi pH tang Ién 5,0 thi ham lugng ethanol ¢
nghié¢m thirc 7 (6,6% v/v), 8 (8,0% v/v) va 9 (8,3% v/v) giam hon
so vi cac nghiém thuc 4 (6,7% v/v), 5 (8,2% v/v) va 6 (10,7%
v/v). Trong ciing diéu kién 1én men & 22°Brix; pH 4,5, ruou vang
thot ndt (13,67% v/v) [4] va rugu xuong rong gai (13,5% v/v) [9]
¢6 ham lugng ethanol sinh ra cao hon rugu méang cau xiém (10,7%
vIv). biéu nay c6 thé do su khac nhau vé mat s ndm men, tinh
chat nguyén liéu va gidng nim men st dung.

Tir céc két qua c6 thé thiy ruou méing cau xiém 1én men tot &
22°Brix va gia tri pH 4,5 nén céc gia tri nay dugc chon cho céc thi
nghié¢m tiép theo.

Anh hwong cia ty Ié ndm men va thoi gian lén men den chat
lwong ciia san pham

Ty 1& ndm men va thoi gian 1én men anh huong 16n dén qua
trinh 1én men. Két qua bang 4 cho théy, khi ¢ cung thoi gian lén
men, néu ty 1¢ nim men tang tir 1% 1én 2% thi ham lugng ethanol
sinh ra tang. Tuy nhién khi ty 18 ndm men cao qua (& mitc 3%)
thi luong co chat st dung cang nhidu, trong méi truong khong du
ndng do co chat cho ndm men st dung dé sinh truong thi thoi gian
16n men két thiic som nhung lugng ethanol sinh ra khong ting.

Bang 4. Anh hwéng cla ty 16 nAm men va th&i gian 1én men dén
chat lwgng san pham.

Nehigm 1§ 1 nim 1:hn‘ﬂ gian  Gid tri N‘(“)ng a chfltA kho  Ham lugng
thite men (%) Ién ‘men [1H sau hoa .tan saulén men  ethanol
(ngay) 1én men (°Brix) (% vIv)
1 1 8 3,5 9,7 7,00
1 10 3,6" 74 9,7¢
3 1 12 3,6 6,5 10,6¢
4 2 8 3,6 9,6° 8,6°
5 2 10 3,5 72 9,8
6 2 12 3,6" 6,8 10,4%
1 3 8 3,5 9,5 8,7
8 3 10 3,6" 7,1k 9,5¢
9 3 12 3,5 74 9,9

Ghi chu: cac chir khac nhau trén cung mot cot biéu thi sw khac biét
théng ké & mirc y nghia 5% theo kiém dinh LSD.

Két qua cho thy, sau 8 ngay 1én men ¢ nghiém thirc 1 (1%
ndm men), 4 (2% nim men), 3 (3% ndm men) thi ham luong
ethanol sinh ra lan luot 1a 7,0, 8,6 va 8,7% v/v. Ham lugng ethanol
ting sau 10 ngdy 1én men va dat cao nhit & 12 ngay 1én men, lan
luot 14 10,6; 10,4 va 9,9 v/v. Két qua nay twong dong voi két qua
nghién ctru gan day vé rugu vang khom [2]. Mét s6 ndm men thich
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hop cho qua trinh 1én men rwgu khom 1a 106 té bao/ml. Ham lwong
gidng it (10° té bao/ml) thi nguén carbon dugc ndm men sir dung
dé tang sinh khoi it, ham lugng ethanol sinh ra thip, con khi lugng
gidng qué nhiéu (107 t bao/ml) s& xay ra su canh tranh chat dinh
dudng, ham luong ethanol sinh ra ciing thap.

Céc két qua thu duoc cho thdy, rrou mang cau xiém 1én men
tot & pH 1a 4,5, 22°Brix véi ty 16 ndm men 14 1% va thoi gian 1én
men 13 12 ngay, cac diéu kién nay duoc lya chon 1én men rugu
mang cau thir nghiém & quy mé 1 1.

Lén men ruwgu vang mang cau xiém & quy mo 11

Ruou vang mang cau xiém duoc 1én men theo céc diéu kién toi

wu 1a pH 4,5, 22°Brix, ty 1é ndm men 1 1% 6 nhiét d phong (28-

30°C) trong 12 ngay. Ruou sau khi 1én men duoc kiém tra phan

tich céac chi tiéu hoa hoc tai Trung tam Kiém soat bénh tat, So' Y té
TP Cén Tho (bang 5).

Bang 5. Két qua phan tich chi tiéu héa hoc cia rweu vang ming
cau xiém.

Chi tiéu Két qua Phuwong phdp thir ~ Mikc cho phép f:nh
Hém lugng cthanol 10% viv TCVN 80082000  >8,5% Dat
(620°0)
Ham lugng duong tong. L1100 1oy 45041998 Theo CBNSX
trudc 1én men ml
Hém luong Qudng 08 03 /100 ml  TCVN 70442000 Theo CBNSX
sau 1én men
Ham lugng acid tong 0,65% AOA(C930.35-2012  Theo CBNSX
Ham lugng methanol FOA-1986 14/8,
N <
(mg/l cbn 100°) L3l gy <l0gl Dat
Ham luong SO, 109 mg/ AOAC 892.022012 <350 mg/l Pat

Ghi cha: CBNSX: cong b clia nha san xuét.

Ruogu méng cau xiém sau khi 1én men c6 ham luong
ethanol (10% v/v), methanol (1 304 g/1 100°) va ham lugng
SO, (10,9 mg/l), dat Quy chuén Viét Nam QCVN 6-3: 2010/
BYT Nong d6 methanol trong ruou ming ciu cao hon
ruou vang khom (<1 g/l) [2] va rugu vang dua héu (0,4 g/l
[1] nhung thép hon so véi rugu vang giac (2,534 g/l) [10].
Trong qua trinh 1én men, duong dugc nam men sir dung dé
tang sinh khdi va tong hop mot sé san phim (rugu, CO,,
acid acetic...). Ham luong duong giam tir 25,11 xudng 0, 83
/100 ml sau khi 1én men. Nam men di sir dung gin nhu
hoan toan lugng duong dugc bd sung ban dau dé thuc hién
qua trinh 1én men.

Danh gida cam quan sdn phcfm theo thoi gian ton triv

Ruou mang cu xiém sau khi 1én men ciing dugc danh gia cim
quan theo thoi gian ton trit nhat dinh nham lua chon dugc thoi
gian ton trit thich hop cho ruou khi dwa vao sir dung va cho nhimng
nghién ciru xa hon vé thoi gian ton trit ciing nhu bao quan rugu
trong tuong lai.



San pham ¢ mau vang nga va van duc, mui ethanol con nong
va chua ém dju, ¢6 vi chua manh sau 12 ngay 1én men. Tiép tuc
dugc bao quan ¢ nhiét d§ phong dén ngay thir 20 (sau khi da gan
can lan 1) thi san phim trong dan, khong con van duc nhiéu va co
mau ndu canh gian nhat. Dén ngay thir 30, ruou chuyén sang mau
ndu canh gian dam, khong con vi chua git (hinh 4).

12 ngay

20 ngay 30 ngay

Hinh 1. Sw thay déi cua rwou vang theo thoi gian tén triv.

Két qua thi nghiém cho thay, chat lurong cam quan ; vé mau sic,
mui vi, d§ trong cua san pham tot hon sau thoi gian ton trit dai 1a
30 ngay so vdi san pham vira két thuc qua trinh Ién men hay so voi
san pham sau 20 ngdy. Nhu véy thoi gian ton trit co y nghia rit
quan trong d6i véi chat luong cam quan cta san phdm ruou vang.

Nghién ctru da phén 1ap va tuyén chon dugc 5 chung ndm men
NMI1.1, NM1.2, NM2.1, NM3.1 va NM3.2 c6 kha nang 1én men
rugu méang cau xiém. Sir dyng ching ndm men NMI.1 1én men
ruQu mang clu v6i diéu kién 1én men 1a 22°Brix, pH4,5,ty 1§ nim
men b sung 1a 1% & nhiét do phong (28-30°C) trong thoi gian
12 ngay, ham lugng ethanol dat dugc 1a 10% v/v. San phim ruou
duoc ton tri & thoi gian 30 ngdy cho thy, khong con vi chua gt va
6 mau canh gian ddm. Nghién ctru ndy da gop phan b sung céc
chang ndm men co tiém ning mg dung trong 1én men rugu vang
cung nhu phat trién céc san phim 16n men tir tréi cdy dic trung ¢
vung Dong bang song Ctru Long cling nhu ca nude.
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Nghién ciru phat trién quy trinh xc dinh du lugng glyphosat
bang phwong phap dién di mao quan
va irng dung trong phan tich mot so loai do uong
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Tém tit:

Ngay nay, vin dé thwe phim va dd udng sach hay phén tich du lwong cac hop chit doc hai trong thwe phim,
d6 udng dwge xi hdi ngay cang quan tim. Trong nghién ctru nay, mdt quy trinh phén tich dw lwgng glyphosat
(N-phosphonomethyl glycine) trong mét s6 loai dé udng nhw nwéc tra va bia da dwoc phat trién trén co sé sir dung
phuong phap dién di mao quan (CE), detector do dd din khéng tiép xiic két hop véi k§ thuat chiét pha rin (SPE).
Cic diéu kién phan tich di dwoc toi wu trén thiét bi CE, bao gom: dung dich dién ly nén (BGE) histidin (His)/axit
axetic v6i nong do His 1 mM va pH dwoc diéu chinh dén 2,75 bing axit axetic; dién thé tach 20 kV, bom dién hoat
dong ¢ dién thé 20 kV trong 10 s. Quy trinh da thu dugc két qua giéi han phat hién (LOD) cia glyphosat twong doi
thap (0,42 pg/l, do lap lai va tai lap xac dinh qua do léch chuin tuwong dbi (RSD) ciia dién tich pic va tho'l gian di
chuyen déu nho hon 10%, khoiang tuyen tinh rong, gia tri hi¢u suét thu hoi ciia glyphosat trén cac nén miu do uong

khac nhau dat 88,7-96,3%.

Tir khéa: bia, detector do dd din khéng tiép xic, dién di mao quan, glyphosat, nwéc tra.

Chi s6 phén logi: 2.10

Pat van de

Glyphosat (hinh 1) 12 hoat chat chinh trong nhiéu loai thudc
diét co, dwoc st dung rong rai trén toan thé gid1 voi nhu cau
hang nam wdc tinh khoang 800.000 thn [1]. Dong thoi, hoat
chét nay ciing duoc danh gia 1a chat doc c6 nguy co tiém tang
toi suc khde con nguoi [2].

0 0]
HO" | >~~~ OH
HO
Hinh 1. Céng thirc ciu tao glyphosat.

Glyphosat diét co theo co ché w@c ché enzym
5-enolpyruvylshikimat 3-photphat tong hop axit amin thom
thiét yéu cho su sinh truong cua co (tyrosin, tryptophan,
phenylalanin), ngan chin qué trinh sinh truong va gy chét co
[3]. Dua vao co ché nay, glyphosat c6 kha ning diét duoc hau
hét cac loai ¢ voi hiéu qua cao, thoi gian tac dung dai va co
tinh chon loc, khong tac dong ddi v6i nhiing cay trong bién doi
gen khang glyphosat.
Trong qué trinh diét co, glyphosat ciing bi hap thy vao cay
trong (chii yéu qua 14) [3]. Tuy ring, luong glyphosat nay sé& bi
chuyén hoa va dao thai nhung van con mot lugng nho duoc luu
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giit lai trong cay trong, gdy nén nguy co doi v0i con nguoi khi
str dung. Boi vy, viéc nghién ciru va phat trién quy trinh phan
tich glyphosat trong thuc pham hay d6 ubng co ngudn goc tir
cy trong nong nghiép 1a can thiét.

Trong nghién ctru nay, a6i tuong dugc lya chon 1a tra va
bia, déy la cac loai d6 udng phd bién nhat thé gioi. Trong khi
tra c6 nguon gdc tir cdy tra thi nguyén li¢u san xuat bia ciing
6 ngudn goc tur cdy trong nong nghiép - cdy dai mach. Trén
thé gioi, mot s6 quoc gia nhur Trung Qudc va Nhat Ban di dua
ra gi6i han du lugng glyphosat tdi da trong cac san pham tra
thuong mai nho hon 1 mg/kg [4]. Hién nay chua c6 tiéu chuin
vé du lugng glyphosat tbi da cho phép trong bia, tuy nhién qua
nghién ctru dd cong bd ctua K. Cook (2019) [5], du luong nay
¢6 thé dao dong tir 5,7 dén 49,7 pg/l.

Trén thé gioi, nhidu nghién ctru vé phat trién phuong phap
phén tich glyphosat di dugc cong bd: sic ky khi ghép ndi
v6i cac loai detector nhu detector quang ké ngon lta (FPD)
[6], detector nito-photpho (NPD) [7], detector khoi pho MS)
[8]; sdc ky long ghép ndi voi detector khdi phd hai lan (MS/
MS) [9], detector quang phd hip thu phan tir ving tir ngoai
(UV) [10] hay phuong phap CE két hop vai detector UV [11],
detector do do dan khong tiép xuc (C*D) [12]. Theo TVCN
11492:2016 [13], phuwong phap sic ky khi khdi phd duoc sir
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Abstract:

Nowadays, the issue of fresh food, drinks, and residue
analysis of toxic compounds in food and drinks is
increasingly interested in society. In this study, an
analytical procedure for quantitative analysis of the
glyphosate residue in beverages such as tea infusion
and beer was developed based on the -capillary
electrophoresis method with capacitively-coupled
contactless conductivity detector combined with sample
preparation using solid phase extraction technique.
The analytical conditions optimised for capillary
electrophoresis equipment included: histidine/acetic
acid background electrolyte solution with histidine
concentration of 1 mM and pH value was adjusted to
2.75 by acetic acid; a separation voltage was 20 kV was
applied and a high voltage injection at 20 kV for 10
seconds was chosen. The optimised analytical procedure
has resulted in a low detection limit of glyphosate (0.42
ug/l), the repeatability and reproducibility expressed
by the relative standard deviation of the peak area and
migration time were both less than 10%, a wide linear
range, and the obtained recovery efficiency of glyphosate
on different drinks were achieved to values ranging from
88.7 t0 96.3%.

Keywords: beer, capacitively-coupled contactless
conductivity  detector, capillary electrophoresis,
glyphosate, tea infusion.
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dung dé xéc dinh ham lugng glyphosat trong thyc pham c6
nguon goc tir thue vét. Trong phuong phap nay, glyphosat dugc
dan xuat truc tiép bang hén hop ciia trifluoroaxetic anhydrit va
heptafluorobutanol dé giam d¢ phan cyc va ting kha ning bay
hoi. TCVN 12473:2018 [14] st dung sic k¥ l6ng hiéu ning cao
detector UV dé phén tich truc tiép glyphosat trong thudc bao vé
thyc vat. Tuy nhién, dé c6 thé phan tich du luong glyphosat vi
mdt ham luong rat nho thi phuong phap nay ciing phai din xuét
hoa mau véi cac hop chit mang mau do glyphosat ¢6 tinh chat
quang kém [15-17]. Ngoai hai phuong phdp néu trén, CE dugc
biét dén 1a phuong phap ¢ kha nang tach cht tot, van hanh
thiét bi don gian. Dac biét, khi két hop sir dung voi detector
C'D, phuong phap nay ¢6 the truc tlep phén tich glyphosat ma
khong can dan xuét hoa mau [12] Diéu nay mang lai nhig loi
thé 16n boi viéc dan xuat hoa mau khién cho quy trinh phan tich
phtic tap, thoi gian chuan bi mau kéo dai va hiéu suat thu hoi
khong cao. Do vay, phuong phap CE véi detector C*D da dugc
str dung dé xdy dung quy trinh x4c dinh du lugng glyphosat va
tmg dung cho phén tich mot s6 loai d6 udng 1a tra (cu thé 1a
nudce tra) va bia.

Ngoai ra, dé phan tich glyphosat véi ham lugng nho (c&
ug/l) trong nén mau phirc tap nhu cac mau d6 ung bang thiét
bi CE, nghién ctru da st dung ki thuat SPE 1a phuong phap dé
lam sach va giau mau.

Thuc nghiém
Héa chit, thiét bi

Chat chuan glyphosat 1a loai tinh khiét dat 99,1%0,1%
(CPAChem). Cac hoa chat dwoc st dung dé chudn bi BGE
bao gdm: His>99,5% (Sigma-Aldrich, M¥); axit axetic 100%,
lactic >99%, clohydric dac 37%, xitric >99,5% (Merck, Duc),
fomic (Sigma-Aldrich, My). Cac dung moéi duge st dung cho
quy trinh chiét nhu MeOH, EtOH, isopropanol (IPA) 1a loai
tinh khiét cho HPLC (Merck, Pirc). Nude deion tir may loc
nude tinh khiét dién tro 18 MQ (Milipore - Simplicity UV,
Phap). Dung dich chuin gdc cua glyphosat 1000 mg/l duge
chuan bi trong nudc deion, cac (dung dich chuan nong do thap
hon duoc pha lodng tir chuan gbe bang nudc deion.

Cot chiét duge su dung 1a Oasis - WAX (Mixed - Mode
Weak Anion eXchange) 225 mg loai cot ngan. Mang loc lynon
¢6 kich thudce 16 0,2 va 0,45 pm (Whatman, Anh). Hé thiét bi
¢ quay chan khong cia Hang BUCHI (Thuy S7). Hé thiét bi
SPE ctia Supelco (MY).

Nghién ctru st dung hé thiét bi CE van hanh bang tay (CE
Manual) ty ché cia CETASD c¢6 khdi luong dudi 9 kg, ding
ngudn dién mot chidu 12 V, co thé dit trong phong thi nghiém
ciing nhuw mang ra ngoai hién truong. Hé sir dung ngudn cao thé
EMCO =25 kV (XP Power, M§). Detector C*D thwong phim
ctia Hang eDAQ (Uc) bao gom: dau do ET120 sir dung cho cac
mao quan dudng kinh ngoai nhé hon 380 pm, bd khuéch dai
EA 120 va ghi tin hiéu e-corder 410. Cot mao quan fused-silica
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cua Hang Agilent voi duong kinh trong 50 pm, duong kinh
ngoai 375 pm, do dai tong 70 cm va do dai hiéu dung 64 cm.

Toi wu héa quy trinh phén tich glyphosat trén hé thiét bi
CE-C'D

Nghién citu lra chon BGE: dé ¢6 thé phan tich dugc trén
CE-C*D, diu tién can lya chon BGE c6 thanh phan va pH
thich hop dé dam béao chét phan tich nam dud6i dang mang dién
(cation hogc anion). Glyphosat ¢6 4 gia tri pK , 1an luot 12 0, 3,
2,2, 5,4 va 10,2. Vi tinh chat axit - bazo nhu vdy, dang ton
tai trong dung dich cua glyphosat s€ phu thugc manh vao pH
cia BGE: ¢ pH<pK , (0,8), glyphosat nam dudi dang cation
(do sy proton hoa cua nhom amino trong phan tir); pH>pK ,
(2,2), glyphosat s& ndm duéi dang anion (do sw phan ly cua
cac nhom chure photphonic va cacboxylic). Viéc phan tich dudi
dang anion s& thudn lgi hon do diéu kién dé chuyén glyphosat
vé dang cation (pH<0,8) khong thun loi véi CE-C*D. See va
cs (2010) [12] da sir dung BGE véi thanh phan His 12 mM ¢
pH 6,3 dé phan tich glyphosat. Tuy nhién, & pH nay, anh hudng
can tro cua dong dién di tham thiu (EOF) téi sy phén tich cac
anion 1a kha 16n va can phai str dung thém cac chat bo trg dé
diéu chinh dong EOF, cu thé 13 CTAB. Trong nghién ctru nay,
glyphosat ciling dugc phan tich dudi dang anion nhung ¢ pH
thap hon (pH 3) dé han ché anh huong cua EOF. Cac BGE
voi thanh phan His (hop phan bazo) tiép tuc dugc lya chon,
nhung ¢ nong d6 thap hon (1 mM) do c6 kha ning phan tach
t6t d6i voi nhom chire photphat [18]. Viéc didu chinh pH cua
BGE t6i gia tri mong mudn duge thuc hién béng cach thém cac
hop phén axit hitu co mach ngén théng thuong (fomic, axetic,
lactic, xitric) va thu dugc cac BGE tuong ung la His/For, His/
Ace, His/Lac va His/Cit. Ngoai ra, céc diéu kién khéc trong
khao sat dugc ¢b dinh 1a: dung dich chuan glyphosat c6 nong
d6 10 mg/l, thoi gian bom mau kiéu xi-phong dugc giir trong
60 5. Dién thé tach & cac khao sat ban dau duogc dat 1a 17,5 kV.
Diéu kién phan tich dugc lya chon trén co so cho duong nén 6n
dinh, tin hi¢u phan tich cua glyphosat 16n, hinh dang sac nét.

Tiép theo 1a khao sat anh hudng cua His trong BGE véi cac
nf)ng do duoc khao satla 1, 2, 3, 4, 5 va 8 mM. Sau d06, khao
sat anh huong cua pH trong BGE voi cac gia tri pH dugc khao
sat tir 2,5 dén 3,5.

Nghién ciru lwva chon dién thé tach: diéu kién nay dugc khao
sat voi cac gia tri dién the tach thay doi tor 12,5 t6i 22,5 kV.

Khdo sat diéu kién bom mau: thay vi st dung k¥ thudt bom
mau kiéu xi-phong nhu cac khao sat néu trén, ky thuat bom
dién duogc khao sat 6 khoang dién thé bom 5-20 kV vé6i thoi
gian giit ¢ dinh 13 10 s.

T6i wu quy trinh xi¢ Iy va lam giau méu bang phwong phdp
SPE

Quy trinh xir Iy mdu so' bg: cac mau sau khi thu thap vé
phong thi nghiém dugc xtt Iy so bd voi quy trinh riéng biét
trudc qua trinh chiét. Vi cdc mau nudc tra, thyc hién can
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chinh xac 1 g tra kho vao coc thay tinh, thém 100 ml nude soi
va thuc hién ham tra trong 10 phut, loc qua mang loc 0,45 um.
Véi cac mau bia, 100 ml mau dugc dem di rung siéu 4m khu
bot khi va loc qua mang loc 0,45 pm. Qua trinh. t6i vu cac diéu
kién SPE dugc thyc hién trén nén miu gia - mau tra dugc pha
trong 100 ml nude dun sbi, dé ngudi c6 thém chudn glyphosat
sao cho ndng d6 1a 5 pg/l. Sau d6, miu ciing dugce loc qua mang
loc 0,45 pm trudce khi qua cot SPE.

Quy trinh chiét: cot chiét dugc hoat hoa bang 5 ml MeOH
va 5 ml nudc deion voi toc do dong 1 ml/phit. 100 ml dung
dich mau duoc qua cot voi toc do dong 1 ml/phut. Sau do, rira
cot bﬂ?mg 5 ml nude deion va 5 ml MeOH, dé kho cot khoang 10
phut. Rira giai cht phan tich trén cot bang dung dich HC1 0,5
M trong MeOH vdi tc d6 dong 0,5 ml/phat. Dich chiét dwoc
cd can béng may cit quay chan khong, sau d6 tiép tuc dwoc cd
toi kho bang khi N,. Mau sau khi ¢6 kho dugc hoa tan trong 1
ml nudc deion, loc qua mang loc 0,2 um trudc khi tién hanh
phén tich trén thiét bi CE-C*D.

T6i wu quy trinh chiét: cic yéu t6 duge khao sat bao gobm
loai cot chiét, dung moi rira giai va thé tich dung moi rira
giai. Qua tham khao cac cong trinh nghién ctru vé phan tich
glyphosat [19] va ddc tinh cua cac loai cot SPE, cot Oasis -
WAX dugc lua chon lam cot chiét trong nghién curu.

Sau do, cac yéu to khac anh huong téi quy trinh chiét lan
luot duge toi wu. Dau tién 1a lva chon loai dung méi ria giai:
dya vao dac tinh glyphosat va ct WAX, dung moi rira giai
dugc dé xuat la dung dich HCI pha trong cic dung méi hiru
co ¢6 kha nang solvat hoa cao. Trong nghién ctru nay, cac loai
dung moi hitu co duge khao sat la MeOH, EtOH va IPA. Sau
d6, khao sat thé tich dung méi rira giai duoc tién hanh véi cac
thé tich khao sat trong khoang 10-50 ml.

Didnh gid phwong phdp va phén tich méu thue

Gia tri LOD va gidi han dinh lugng (LOQ) dugc xac dinh
bang 3 va 10 lan ty 1¢ tin hiéu/nhidu nén. Khoang tuyén tinh
duoc xéc dinh béng cach cach do mot ddy dung dich chudn
glyphosat c6 nong do tang dan khoang tuyén tinh la khoang
nong d6 ma cac két qua do van con tuyén tinh t6t véi nhau (hé
sO twong quan tuyén tinh R2>0,99). Po chum dugc danh gia
thong qua do 1ap lai va tai 1ap. D9 1ap lai ctia phuong phap duge
xac dinh thong qua gia tri RSD cua thoi gian di chuyén va dién
tich pic khi do 1dp lai 7 lan; do tai lap duogc thyc hién trong 5
ngay lién tuc voi ndng do glyphosat 13 0,1 mg/l. Do dung dwoc
x4c dinh bing hiéu suét thu hoi cia mau thém chuin glyphosat
trén nén mau thyc véi ndng do 5 pg/l.

Puong chuan do mau thyc duoc xdy dung dya trén khoang
tuyén tinh. Mau thuc 1 mau nudce tra twoi (tir 14 tra tuoi) va 2
mau nudce tra tir cac loai tra thwong phim bén trén thi trudng
(tra den loai ti loc, tra xanh loai nguyén biip). Cdc mau bia la
cac loai bia pho bién trén thi truong. Sau khi tién hanh xu ly
va lam giau, cac mau nay duogc do trén thiét bi CE-C*D 1di x4c
dinh ndng d6 qua phuong phap dudng chuan.



T6i wu héa quy trinh phén tich glyphosat trén hé thiét
bi CE-C'D

Lua chon BGE: cac BGE la dung dich dém His/For, His/
Ace, His/Lac va His/Cit voi ndng d6 His 1 mM ¢ pH 3.
Theo cac két qua thu dugc ¢ hinh 2, diéu kién dém His/Ace
cho duong nén 6n dinh va tin hiéu glyphosat 16n nhat, boi
vay His/Ace duoc lya chon lam BGE.

1 4 mv 1 Glyphosat
/
J‘ W His/Ace
1
S G His/Cit
- i
fl .

— IS A J His/Lac
N ~__ His/For

400 500 660 700 800 900

Thaoi gian di chuyén (gidy)

Hinh 2. Pién di d6 khao sat lwa chon BGE.

Khao sat n5ng do His trong BGE': sau khi lya chon duogc
BGE la dém His/Ace, anh huong cua nf”)ng d0 His duoc
khao sat thong qua cac dung dich dém c6 ndng do ting dan
1a1,2,3,4,5va8mM, pH dugc giit ¢6 dinh ¢ 3.

{ 3 mvV ﬂ Glyphosat
__W_MMJ SN 1 mM
L
,___.,-.__“__,_,_____,_,,J 2 mM
ﬂ
e 3mM
‘/ L e 4 mM

' |
T
i J . /l_ 8 mM

s

T
600 1000 1200
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Hinh 3. Dién di dé khao sat anh hwéng ctia ndng do His.

Tin hiéu glyphosat xut hién trén dién di d6 (hinh 3) dya
trén nguyén tic do sy chénh léch d6 dan cua glyphosat so
v6i BGE. Boi vay, khi ndng do His tang dan (1-8 mM), do
dan cia BGE ting dan, dan t6i tin hiéu cta glyphosat trong
khao sat co xu hudng giam. Mit khac, khi nong d6 His ting
dan ciing lam d6 nhét cia BGE ting 1én, toc do di chuyén
clia cac ion glyphosat trong mao quan giam, dan t6i thoi
gian di chuyén ciia ion glyphosat t6i detector lau hon va thoi
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gian phan tich kéo dai hon. Diéu kién néng do His 1 mM
cho tin hi¢u glyphosat l6n nhét va thoi gian phén tich ngin
nén duoc lya chon dé tiép tuc khao sat cac yéu t khac.

Khdo sat anh huwong cua pH BGE: pH 1a mdt trong cac
yéu t6 quan trong can duoc khao sat, bdi no anh huong dén
thoi gian di chuyén va do 16n cua tin hiéu phén tich trén CE.
Céac diéu kién pH duoc khao sat 1a 2,5, 2,75, 3, 3,25 va 3,5.
Két qua thu dugc ¢ hinh 4 cho thiy, theo chiéu pH ting dan
(tr 2,5 dén 3,5), n6ng d6 axit axetic thém vao dé diéu chinh
pH giam dan, d6 nhét cua dung dich giam dan dan t6i thoi
gian phén tich ngan hon. Tuy nhién, & diéu kién pH 2,75 1a
16n nhat voi duong nén 6n dinh. Boi vay, diéu kién pH 2,75
duoc lua chon.

Glyphosat
]
/

S | pH=3.5

ISmV

T T T
600 800 1000 1200

Thaoi gian di chuyén (gidy)

Hinh 4. Dién di dé khao sat anh hwéng ctia pH BGE.

Khdo sat anh hwéng cia dién thé tach: sau khi di tdi wu
BGE la His/Ace 1 mM & pH 2,75, diéu kién dién thé tach
dwoc khao sat 14 12,5, 15, 17,5, 20 va 22,5 kV. Khi dién thé
tach tang dan, dién trudng ting 1én dan t6i ion phén tich di
chuyén nhanh hon, thodi gian phan tich ngin hon va pic sic
nét hon (hinh 5). Diéu kién dién thé tach 17,5 va 20 kV déu
cho tin hiéu phan tich cao, nhung thoi gian phan tich tai 20
kV ngin hon nén diéu kién dién thé 20 kV duoc lya chon.

[ 4 mV Glyphosat
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I
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—T a . 20KV
I
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Hinh 5. Dién di dd khao sat anh hwéng cha dién thé tach.
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Khao sdt anh hwéng ciia bom mdu: myc dich cua khao
sat bom dién 1a dé tang do nhay ctia k¥ thuat phan tich. Mot
dién thé xac dinh dwoc 4p vao trong qua trinh bom mau,
dudi tac dung cua dién thé, trong thoi gian ngin, lugng miu
dua vao mao quan s& tang 1én, tor d6 tang dugc tin hiéu ctua
chat phan tich. Céac diéu kién dugc khao sat bao gdm bom
mau kiéu xi-phong trong 60 s va cac diéu kién bom dién
tang dan tir 5, 10, 15 va 20 kV, thoi gian ap thé 1a 10 s.
Nhin vao biéu d6 so sanh dién tich pic thu dugc (hinh 6) c6
thé thdy, khi ting dién thé bom mau thi tin hiéu glyphosat
tang dan. Nhu vy, trong cing mot thoi gian, khi dién thé
cang 16n, lwong mau di vao mao quan cang nhiéu, tin hiéu
thu duoc cang cao. So sanh dién tich pic khi bom xi-phong
trong thoi gian 60 s va bom dién 10 s ¢ 20 kV thi tin hi¢u
thu duoc da ting 1én dén 9,2 l1an. Boi vay, diéu kién bom
mau duoc lya chon 1a bom dién & dién thé 20 kV trong 10 s.

700
600
500

400
300

.--III

200
100
0s Dk\ 10 kV 15 kv 'J[}k\.

Dién tich pic (mV.x)

Bom xi-phong Bom dién

Hinh 6. Biéu do khao sat anh hwéng cua diéu kién bom mau.
Téi wu quy trinh xiv Iy va lam giau méu bang SPE

Khao sat lya chon logi dung maéi riea gidgi: dung dich rira
giai 1a HC1 0,5M trong cac dung mdi hitu co phan cuc co
kha nang solvat hoa cao. Khi di qua cot chiét, ion CI- s& thay
thé va ddy ion glyphosat ra khoi pha tinh ctia cot chiét roi di
ra khoi cot. Cac dung méi khao sat gdm MeOH, EtOH va
IPA v6i thé tich dung dich rira giai ¢6 dinh 1a 50 ml.

Khi rira giai bang dung dich HCI 0,5M trong MeOH,
EtOH va IPA thu dugc hiéu sudt chiét twong tng 1a 71,6,
33,9 va 19,6% (hinh 7). Cac két qua higu sut chiét nay giam
dan theo chiéu c4u tao phan tir cac dung moi chiét phtrc tap
dan, nguyén nhan c6 thé 1a do dung méi c6 cau triic phan tir
cong kénh (nhu IPA) lam giam kha ning twong tac cua tac
nhan rira giai (HCI) v6i pha tinh cua cot chiét. Vi vay, dung
dich HCI pha trong dung méi MeOH véi hiéu suét chiét 16n
nhat duoc sir dung 1am dung méi rira giai glyphosat.
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Hinh 7. Biéu dd khao sat Iwa chon dung méi riva giai.

Khdo sat thé tich dung méi rira gidgi: cac didu kién dugc
khéo sat 1a thé tich dung dich rira giai ¢ 10, 20, 30, 40 va
50 ml. Két qua thu duoc hiéu suét chiét & cac thé tich 10,
20, 30, 40 va 50 ml twong tng 1a 92,6, 80,3, 79,9, 74,5 va
71,6%. Tir cac két qua nay, thé tich dung dich rira giai HCI
0,5 M/MeOH 1a 10 ml cho hiéu suit chiét cao nhit nén diéu
kién nay da duoc lya chon.

Danh gia phuong phap

Két qua LOD cua phuong phip MDL (Method
detection limit) va LOQ cua phuong phap MQL (Method
quantification limit) (bang 1) véi mau nude tra thu duge
déu tot, ndng do c& ppb, 1an luot 12 0,42 va 1,40 pg/l. Theo
céc tiéu chuan vé tra [4], gi6i han t6i da cho phép trong mau
tra 1a 1 mg/kg va vai quy trinh phan tich 1a pha 1 g tra trong
100 ml thi giéi han ndy tuong tng véi mau nude tra 1a 10
ng/l, gia tri gi¢i han nay 16n hon nhiéu so véi MDL, MQL.
Nhu vy, tr cac Kkét qua MDL, MQL da thu dugc cho théy,
quy trinh phan tich dap ung dugc muc tiéu cta nghién ctru
la phat hién va dinh lugng du lugng glyphosat trong nudc
tra - phan anh huéng truc tiép t6i ngudi st dung. Cac gia
tri MDL, MQL nay ciing dap tng dugc viéc phan tich du
lugng glyphosat trong cic mau bia (véi néng do glyphosat
tim thay dao dong trong khoang 5,7-49,7 pg/l) [5].

Do chum cua phuong phap duoc danh gia thong qua do
lap lai va tai lap, cac két qua do & ndng do 0,1 mg/I duoc trinh
bay ¢ bang 1. Két qua do lap lai cia 7 lan do lién tiép thong
qua RSD theo thoi gian di chuyén la 3,7% va theo dién tich
pic 14 5,6%. Két qua do tai lap trong 5 ngay lién tiép théng qua
RSD theo thoi gian di chuyén 1a 5,6% va theo dién tich pic
14 9,6%. Hau hét, cac gi tri do lap lai va tai lap thu dugc dap
{mg tiéu chuan cta Hiép hoi cdc nha hoa phén tich chinh thong
(AOAC) v& do chum [20].
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Bang 1. LOD, LOQ, dé chum va khoang tuyén tinh, dwong chuan
cua phwong phap phan tich.

Chit phén tich Glyphosat
Hiéu suét chiét (H%) 92,6+5,19
Hé s lam giau thyc = (H%x100)/H¢ s lam giau

” B it 92,6
ly thuyeét (lan)
LOD cua phuong phap MDL (pg/l) 0,42
LOQ cua phuong phap MQL (pg/l) 1,40
Do lap lai RSD% Thoi gian di chuyén 3,7
=) Dién tich pic tin hi¢u 5.6
Do t4i lap RSD% Thoi gian di chuyén 5,6
(n=5) Dién tich pic tin hiéu 9,6
Khoang tuyén tinh (pg/l) 1,40-216

Khodang duong chuan (ug/l)  2,16-108

Puong chuin :
Phuong trinh duong chuan: Y =2,351X + 5,230,
2=0,999

Theo bang 1, két qua danh gia khoang tuyén tinh cua
phuong phéap voi glyphosat 1a twong dbi tot, khoang tuyén
tinh rong (1,40-216 pg/1). Duya trén khoang tuyén tinh, dudng
chuén cua glyphosat v6i 8 diém chuan dugc xdy dung. Puong
chuan thu dugc ¢6 hé sé twong quan tuyén tinh tot (R2>0,999),
dap ung duge viée xac dinh glyphosat trong cac mau nudc tra
va cac mau bia.

Cac méiu nudce tra bao gdm: nudce tra tuoi (tr 14 tra tuoi),
nudc tra den (tra den loai thi loc) va nudc tra xanh (tra xanh
loai nguyén biip). Cac miu bia gdm 5 loai pho bién trén thi
truong. Sau khi dugc xir 1y va lam giau, cic mau nay dugc
do trén hé thiét bi CE-C*D. Két qua phan tich cdc mau thuc
dugc thé hién ¢ bang 2 va hinh 8. Chi ¢6 mot mau bia phat
hién thay glyphosat & ndng do 4,63+0,26 pg/l, cic mau con
lai déu khong phat hién thay glyphosat.

Bang 2. Két qua phan tich va hiéu suét thu héi.

o Mimiu  Két qud phin tich M3 miu t}"."c Higu suét thu hoi
thue (ng/) thém chuan (%)
Nuéctratuoi  TEA-1 <MDL TEA-1TC 94,1527
Nuéc trixanh ~ TEA-2 <MDL TEA-2TC 96,3+5,39
Nudctriden  TEA-3 <MDL TEA-3 TC 92,9520
Méu bia 1 B-1 4,6320,26 B-1TC 95,6£5,35
Mau bia 2 B-2 <MDL B-2TC 94,1527
Mau bia 3 B-3 <MDL B-3TC 89,5+5,01
Méu bia 4 B-4 <MDL B-4TC 88,7+4,97
Mau bia 5 B-5 <MDL B-5TC 90,3+5,07
T cH
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Hinh 8. Dién di dd két qua phan tich glyphosat mau nwéc tra (A)
va mau bia (B).

Hiéu suit thu hdi cia phuong phap dugc xac dinh khi
phan tich cic miu nudc tra, bia va cac mau thém chuan
5 pg/l glyphosat vao nén thyc. Két qua hiéu suat thu hoi
ctia glyphosat trong 3 mau nudc tra va 5 mau bia dat 88,7-
96,3% (bang 2) cac két qua nay da dap g duoc tiéu chuan
ciia AOAC vé hiéu suét thu hdi (cho phép tlr 70 dén 125%)
[20] ching t6 phuong phap dat dugc yéu cau vé do dung.

Nghién ctru da phat trién du0’c phuong phap phan t1ch
du lugng glyphosat trong mau nudc tra tuoi, mot s6 mau
nudc tra tir cic san pham tra thuong mai va bia phd bién trén
thi truong, su dung k¥ thudt SPE va dinh tinh, dinh luong
bang CE-C*D. Phuong phap phan tich ¢6 LOD thap (0,42
ug/l), khoang tuyén tinh rong (1,40-216 ug/l), dd chinh xac
cao (d6 lap lai va tai 1ap xac dinh qua RSD cua dién tich pic
va thoi gian di chuyén déu nho hon 10%, gi4 tri hiéu suat
thu hoi cua glyphosat trén cac nén dd udng khac nhau dat
88,7-96,3%). Vi cac két qua trén, nghién ctru bude dau da
xdy dung dugc quy trinh phén tich glyphosat trong mot s6
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loai thirc udng phd bién nhu nudce tra va big, mo ra hudng
phan tich du lugng glyphosat ¢ nhi€¢u loai d6 uong khac (ca
phé, stta dau nanh...) trong tuong lai.

Nghién ctu duge t:éli tro boi Truong Pai h(_)c‘ Khoa h()g
Tu nhién, Pai hoc Qudc gia Ha Noi thong qua dé tai ma so
TN.20.17. Céc tac giad xin chan thanh cam on.
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QUY DINH VE BAI VIET DANG TAI TREN TAP CHi

Yéu cdu chung

Bai viét gUi dang trén Tap chi phai 1a bai viét nguyén thuy (chua dugc cong bé trudc do). Tac gia
khong dudc gui dang bai viét trén cac tap chi khac cho dén khi cé quyét dinh xét duyét clia Ban Bién
tap.

Bai bao dai khong qua 10 trang (bao gdm ca bang biéu, ghi chu, tai liéu tham khao va phu Iuc) font
chi: Times New Roman; ¢G chii 13; khé glay A4, € trén 2 cm, |€ dudi 2 cm, € trai 3 cm, |€ phai 2 cm.

Bai viét glii vé Toa soan dudi dang file mém va ban in; cé thé guii truc ti€p dén Tap chi (Phong 507,
s6 113 Tran Duy Hung, Cau Gidy, Ha Néi) hoac qua hom thu dién t0, dia chi: khcnvn@most.gov.vn.

Tén bai hao

- Tén bai bao dudc viét bang tiéng Viét va tiéng Anh, trén trang dau cla bai bao, khéng gach chan hay
viét nghiéng.

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

- Phia dudi tén bai bao 1a tén tac gia khong viét chiic danh va hoc ham, hoc vi. NEu cé nhiéu tac gia lam
viéc & cac co quan khac nhau thi tén tac gia dugc danh sé ('2-) & phia trén. D&u hoa thi (') chi tac gia lién
hé, dudc viét & cudi trang dau tién cla bai bao.

Tom tit
Toém tat bang ti€ng Viét va ti€ng Anh. Néu dugc muc dich, phuang phap nghién ctu chinh, két qua

nghién ctiu va két luan chi yéu. T khod bang ca tiéng Viét va tiéng Anh theo thi tu alphabet. Chi s6
phan loai (theo hudng dan).

Dan nhap/datvan dé
Dinh nghia van dé; tém Iugc van dé nghién cliu da dugc céng bé trong va ngoai nudc, néu muc tiéu

nghién cuu \/é giai thich sy Iua\chon dé tai va muc tiéu nghién ctu dé thay dudc tinh thdi sy, tinh khoa
hoc va su can thiét clia van dé nghién cuu.

Ddi tugng va phuong phap

Déi tugng nghién ctu can trinh bay tiéu chuén Iya chon, déc diém d6i tugng nghién cuu.

Phuong phap nghién cuiu can néu rd cach tiép can nghlen cuu, loai hinh nghién cuu, phuong phap
do ludng, cong thic tinh ¢d mau, phuong phéap xG ly s6 liéu, mé ta ky cac ky thuat tién hanh trong
nghién clu; cac quan diém, lap luan, y kién tranh luan, cac dan ching...

Két qua

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

Phan ké&t qua nghién ctiu chi trinh bay cac két qua nghién ctiu cla dé tai, khdng giai thich, so sanh
va ban luan.
Ban lugn

ChU yé&u ban luan céc van dé lién quan dén muc tiéu dé tai.

Nhan xet, danh gia mot cach khach quan cac két qua nghién clu, c6 so sanh véi cac tac gia khac
dé khang dinh ho&c phl dinh nhiing hiéu biét da c6, qua dé néu dugc nhiing diém mdéi va déng gép

cla dé tai.
Dy bédo hudng nghién ciu tiép va kha nang tng dung céc két qua nghién cliu vao thuc tién.

Kétluan

Néu két qua nghién ctiu chli yéu clia dé tai c6 tinh khai quat lién quan dén muyc tiéu nghién clu, dé
xuat cac van dé tiép tuc nghién cuu.
Chi thich va tai liéu tham khdo
Chu thich dugc danh s6 theo thy tu xudt hién (2 ) va dugc trinh bay ngay & cudi trang viét (footnote).
Céc tai lieu tham khao dugc danh s6 theo thi tu xuat hién dé chi dan chung dugc trich dan & géu trong
bai bao. S6 thi ty dugc danh trong ngoac vudng, vi du: [3] véi 1 hodc [2, 5, 7-9] v6i nhiéu s6 chi dan.
| Téc gia (N&m xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap (s6), pp<trang dau-trang cu6i>|
Téc gid: la tac gid/cac tac gia cla tai liéu dugc tham khao, trich d~§n.
N&m xuat ban: ndm xuét ban cla tai liéu dugc tham khdo, trich dan.
Tén tai liéu dugc trich dan: 1a tén bai bao, chuang/phan sach.. B
Tén ngudn cé thé 1a tén tap chi, tén séach, hay tén tai liéu géc cla tai liéu dugc trich dan (phan nay dudc
in nghiéng).
Tap (s6): danh cho nguén trich 1a tap chi, sach hodc cac xuat ban phdm khéc (phan nay in dam).
Trang dau-trang cudi la s6 thii ty cac trang phan anh ndi cu tri cla tai liéu dugc trich dan trong tai liéu
nguoén.
Chu y: néu co 2 2 tai liéu tham khado do cling 1 tac gia/nhom tac gia, cung nam cong b, thi céc tai liéu
tham khao nay can dudc danh d&u a, b.. sau nam xuét ban (vi du: 1986a).
_ Né&u c6 mét s tai liéu tham khéo trong cuing 1 bai bao dugc trich dan c6 s6 trang khac nhau thi cén trich
dan thém sd trang, vi du: Kitchen (1982, p 39).

Cac yéu cau khac

- Bai viét knong dat yéu cau, Toa soan khong tré lai ban thao.

- Bai viét chi dudc dang khi phan bién nhan xét vé chét Iugng bai bdo dong y cho dang.

- Ban quyén: tac gid dong y trao ban quyén bai viét (bao gdm ca phan tom tat) cho Ban Bién tap
Tap chi.

PHAN LOAI LINH VUC KHOR HOC

_L_I._L_L_I._L_L_I._L.d
CP®NDO W=

Khoa hoc tu nhién

Toan hoc va théng ké

Khoa hoc may tinh va théng tin
vatly

Héa hoc

Khoa hoc trai dat va méi trudng
Khoa hoc sy song

Khoa hoc nano

Khoa hoc tinh todn

Cac linh vuc khéac cta khoa hoc tu
nhién

Khoa hoc ky thuat va cong nghé

Ky thuat dan dung: ky thuat kién
tric; ky thuat xay dung; ky thuat
két cdu va do thi; ky thuat giao
théng van tai; ky thuat thuy Igi; ky
thuat dia chat céng trinh

Ky thuat dién, ky thuat dién tl, ky
thuat thong tin

K§ thuat ca khi, ché tao may

Ky thuat hoa hoc

Ky thuat vat liéu va luyén kim

Ky thuét y hoc

Ky thuat méi trudng

. Cdng nghé sinh hoc cdng nghiép

. Cong nghé nano
. Ky thuat thuc phdm va dé uéng

. Céc Iinh vuc khac cta khoa hoc

ky thuat va cong nghé

. Y hoc cd s6
.Y hoc lam sang
.Y hoc du phong

Dugc hoc

. Céc linh vuc khac ctia Y - dugc hoc

. Tréng trot
. Chan nuoi
. Thay

Lam nghiép

. Thly san
. €bng nghé sinh hoc trong néng

nghiép, thly sén
Céc linh vuc khac ctia khoa hoc
ndng nghiép

Khoa hoc xa hoi va nhan van

. Tam ly hoc

Kinh té€ va kinh doanh
Khoa hoc gido duc

. Xahdi hoc

Phap luat
Khoa hoc chinh tri

. Dia ly kinh t€ va xa hdi
. Théng tin dai ching va truyén thong

Lich st va khao c6 hoc
Ngén ng( hoc va van hoc

. Triét hoc, dao dtic va tén giao
. Nghién ctiu vé khu vuc va quéc té
. Céac Iinh vuc khac cla khoa hoc xa

hoéi va nhan van
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Ung dung mé hinh hoc sau trong xic dinh cac giai doan sinh truwéng
ciia cay dwa lwéi trong trong nha mang.
Ping Hoang Anh Tuan, Nguyén Minh Théng

Phat trién hé kinh hién vi huynh quang siéu phén giai ing dung trong
nghién ciru vi rut.

Nguyén Trong Nghia, Nguyén Thi Bich Ngoc, Trin Hong Nhung, Nguyén
Dirc Toan, Nghiém Thi Ha Lién, Nguyén Thi Thu Thiy, Nguyén Thanh
Thity, 1.é Tra My, Pao Huyén Quyén, Nguyén Minh Hién

Khao sat tinh chét hoa Iy va dién hoa ciia cac hé dién giai ndng do cao
véoi mudi LiBF , ung dung cho pin sac Li-ion di¢n thé cao 5 V.
Pham Kim Ngan, I.é¢ Minh Kha, Truong Thi Thanh Tuyén, Huynh Thi Kim
Tuyén, Nguyén Vian Hoang, Tran Van Man, 1.&é My Loan Phung

Sw bién doi nong do asen trong nwéc ngam doc theo mot mit ciit & lang
Van Phiic, Ha N§i.

Vit Thi Duyén, Lang Thé Anh, Pham Thi Kim Trang, Pham Hung Viét,
Michael Berg

Khao sat so bo sw co mit ciia cac hop chat PFOS va PFOA trong nwdc
va tram tich song Cau.
Tran Hoai Lé, Vii Ptc Thao, Huynh Trung Hai, Hoang Thi Lién

Panh gia thich hep dét dai trong diéu kién bién doi khi hiu va nwoc
bién ding tai tinh Thai Binh bang mo hinh tich hop GIS-ALES.
Hoang Qudc Nam, Nguyén Thi Thiy, Lwu Thé Anh, Nguyén Ngoc Thanh,
Nguyén Dirc Thanh

Nghién ciru thue nghiém tinh ché tinh dau hoi trén thap chwng luyén
chan khong gian doan.
Nguyén Thi Thio, D6 Xuan Truong

Mot s6 dic diém ciia purpurin-18 téng hop tir chrolophyll a tich chiét
tir tao Spirulina.

Nguyén Minh Hiéu, Lé Binh Duong, Mai Anh Tuan, Nguyén Thi Binh, Bui
Thi Thanh Phuong, Pham Hwong Son, Nguyén Thi Lai

Ung dung bun hat hiéu khi trén mé hinh cong nghé (SBR) dé xit Iy
nwac thai cé tai trong hiru co thap.
Pham Vin Doanh, Nguyén Binh Minh, Tran Thi Viét Nga

Nghién citu kha ning sinh tong hop lipid ciia hai chiing nim men
Rhodosporidium toruloides VTCC 20689 va VTCC 20765.

Mai Thi Bam Linh, D5 Thi Quynh, Nguyén Thi Thanh Mai, Pham Thanh
Hién, Tran Van Tudn

Phén 14p va tuyén chon nim men cé kha ning 1én men rwou tir trai
ming cau xiém Annona muricata.

Doan Thi Kiéu Tién, DS Thi Tuyét Nhung, Lé Tri An, Tran Hoang Hiép,
Huynh Thi Ngoc Mi, Nguyén Ngoc Thanh, Huynh Xuan Phong

Nghién ciu phat trién quy trinh xac dinh dw lwong glyphosat bing
phwong phap dién di mao quan va img dung trong phin tich mot so
loai d6 udng.

Nguyén Manh Huy, Tran Thi Ha, Vi Minh Tuan, Nguyén Thanh Dam,
Duong Hf”)ng Anh, Pham Hung Viét
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Application of deep learning model in recognition of growth stages of
Cucumis melo L. in greenhouse.
Hoang Anh Tuan Dang, Minh Thang Nguyen

Developing super-resolution fluorescent microscopy for virology
research.

Trong Nghia Nguyen, Thi Bich Ngoc Nguyen, Hong Nhung Tran, Duc
Toan Nguyen, Thi Ha Lien Nghiem, Thi Thu Thuy Nguyen, Thanh Thuy
Nguyen, Tra My Le, Huyen Quyen Dao, Minh Hien Nguyen

Investigating on physical and electrochemical properties of high
concentrated electrolytes based on LiBF, salt for 5 V Li-ion
rechargeable batteries.

Kim Ngan Pham, Minh Kha Le, Thi Thanh Tuyen Truong, Thi Kim Tuyen
Huynh, Van Hoang Nguyen, Van Man Tran, My Loan Phung Le

Variations of arsenic in groundwater from a transect in Van Phuc
village, Hanoi.

Thi Duyen Vu, The Anh Lang, Thi Kim Trang Pham, Hung Viet Pham,
Michael Berg

Preliminary investigation of the presence of PFOS and PFOA in water
and sediment in Cau river.
Hoai Le Tran, Duc Thao Vu, Trung Hai Huynh, Thi Lien Hoang

Land suitability assessment in climate change and sea level rise
conditions in Thai Binh province with GIS-ALES integration model.
Quoc Nam Hoang, Thi Thuy Nguyen, The Anh Luu, Ngoc Thanh Nguyen,
Duc Thanh Nguyen

Experimental study on essential anise star oil purification in vacuum
batch distillation.
Thi Thao Nguyen, Xuan Truong Do

Some characteristics of purpurin-18 synthesised from chlorophyll a
of Spirulina.

Minh Hieu Nguyen, Binh Duong Le, Anh Tuan Mai, Thi Binh Nguyen, Thi
Thanh Phuong Bui, Huong Son Pham, Thi Lai Nguyen

Application of aerobic granulation in SBR technology to treat low-
strength urban wastewater.
Van Doanh Pham, Binh Minh Nguyen, Thi Viet Nga Tran

Study on the lipid biosynthesis of two oleaginous yeast strains
Rhodosporidium toruloides VTCC 20689 and VTCC 20765.

Thi Dam Linh Mai, Thi Quynh Do, Thi Thanh Mai Nguyen, Thanh Hien
Pham, Van Tuan Tran

Isolation and selection of yeasts from soursop Annona muricata for
wine fermentation.

Thi Kieu Tien Doan, Thi Tuyet Nhung Do, Tri An Le, Hoang Hiep Tran,
Thi Ngoc Mi Huynh, Ngoc Thanh Nguyen, Xuan Phong Huynh

Study on development of an analytical procedure to quantify
glyphosate by capillary electrophoresis method and its application for
beverage.

Manh Huy Nguyen, Thi Ha Tran, Minh Tuan Vu, Thanh Dam Nguyen,
Hong Anh Duong, Hung Viet Pham

Tap chi dién t& (E-journal): vjstum; h.ujstun






