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LGOI NOI DAU

gay 11/10/2024, Truong Dai hoc Khoa hoc Tu nhién

(PHKHTN), Pai hoc Quéc gia Ha Noi (DHQGHN) da 5

chtic phién toan thé Hoi nghi Khoa hoc thuong nién véi

chti dé “Gia ting nguon luc cho nghién cdu khoa hoc va
déi méi sang tao & Truong DHKHTN”. Hoi nghi 1a su kién quan trong cla
Nha triong va 1a dién dan dé cac nha khoa hoc trong va ngoai Truong
trinh bay nhiing két qud nghién cdu méi nhat, trao déi chuyén mon, kinh
nghiém va hgp tac nghién clu trong cac linh vuc khoa hoc tu nhién cling
nhu mot s6 linh vic lién nganh mai. Hoi nghi Khoa hoc phién toan thé
va tam tiéu ban tai cac don vi dugc ky vong sé tiép thém ngudn luc va
thac ddy hon ndia hoat dong nghién ciu khoa hoc chat lugng cao, d6i méi
sang tao va khdi nghiép clia Nha trudng.

/K I

GS.TS Pham Hung Viét
R R . ; . , Truting Dai hoc Khoa hoc Ty nhién, Dai hoc Qudc gia Ha Noi,
Bén viing t0 chiic Hoi nghi v6i chii dé “Chat 6 nhiém maéi noi trong m&i  thanh vien Hoi déng bién tép Tap chi Khoa hoc va Cong nghé Viét Nam

trudng va giam nhe hién tugng bién ddi khi hau” vao ngay 30/10/2024.
Hoi nghi thu hat sy quan tam ctia dong dédo cac nha khoa hoc dén tt PHQGHN, Pai hoc Bach khoa Ha Noi, Dai
hoc Thai Nguyén, Truong Dai hoc Khoa hoc va Cong nghé Ha Noi, Hoc vién Ky thuat Quan su, Trung tam Ung pho

La mot trong tam tiéu ban clia Hoi nghi Khoa hoc Truong DPHKHTN
ndm 2024, Tiéu ban lién nganh Cong nghé Mai tridng va Phat trién

Bién ddi Khi hau (B Tai nguyén va Moi truding), Vien Khoa hoc Cong nghé Nang lugng va Moi trudng, Trung tam
Nghién ciu va Phat trién Cong nghé cao thuoc Vién Han lam Khoa hoc va Cong nghé Viét Nam. Hoi nghi khong
chi mang y nghia hoc thuat su sidc ma con la co hdi dé cac nha khoa hoc mé rong mang ludi, thic ddy hop tac va
chia sé kinh nghiém nghién ciu. B3c biét, trong boi cdnh moi trudng toan cau dang phéi doi mat v6i nhiéu thach
thiic nghiém trong, viéc trién khai nhing nghién ctu vé cac chat 6 nhiém méi néi va bién déi khi hau dang tré
thanh nhiém vy cap thiét va thu hat sy quan tam clia cong dong khoa hoc trong nudc va quoc té. Hoi nghi ciing la
co hoi dé khuyén khich thé hé cac nha khoa hoc tré tham gia vao nghién ciu khoa hoc va phuc vu xa hoi.

Tuyén tap nhiing két qua nghién ctu maoi nhat trinh bay tai Hoi nghi Khoa hoc nam nay dugc téng hop trong an
pham dic biét vi chi dé “Chat 6 nhiém méi ndi trong médi trudng va giam nhe hién tugng bién ddi khi hau”. Hy
vong rang, s6 Tap chi Khoa hoc va Céng nghé Viét Nam dac biét nay co thé 1a ngudn tu liéu tham khdo hiu ich cho
cac nha khoa hoc quan tdm dén chd dé néu trén.

TM BAN TO CHUC HNKH TIEU BAN

AT ey

GS.TS Pham Hung Viét
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Anh hwing ciia TiO, va nhiét d dén ché tao gom x0p trén co 56 ALO,
bang phlm’ng phap thiéu ket khong ap luc

Dwong Minh Hong'!, Chu Hoang Pirc Anh"2, Nguyén Pirc Son', Vii Trong Nghia',
Nguyén Xuin Trwong?, Pang Quoc Khanh', Nguyén Thj Thao'"
"Truong Vat liéu, Pai hoc Bach khoa Ha Noi, 1 Pai Co Vier, phuwong Bach Khoa, qudn Hai Ba Trung, Ha N¢i, Viét Nam
2Cyc Cong nghiép, B Cong Thirong, 54 Hai Ba Trung, phwong Tran Hung Pao, qudn Hoan Kiém, Ha Ngi, Viét Nam
3Truong Hod va Khoa hoc su Szfng, Dai hoc Bach khoa Ha Ngi, 1 Pai Co Viét, phwong Bach Khoa, quan Hai Ba Trung, Ha Noi, Viét Nam

Ngay nhan bai 12/9/2024; ngay chuyén phan bién 15/9/2024; ngay nhan phan bién 30/9/2024; ngay chip nhan ding 15/10/2024

Tom tiit:

Trong nghlen ctru nay, chung t6i trinh bay anh hwong caa TiO, va nhiét do thiéu két t&i cAu tric va tinh chit co hoc
cua vat liéu gom x0p trén co s¢ AlLLO, duge ché tao bang phu'o'ng phap luyén kim bét. Két qua nghién ctru cho thay,
chi v6i ham lwgng nhé TiO, dlro'c them vao (nhé hon 1%.kl) da lam tang kha nang lién két giira cac hat ALO,,

do6 lam ting kha niang thleu két clia ALO, va cai thién dang ké do bén ciia sin pham 6 nhiét do thiéu két thap h(rn
1500°C. Khi thiéu két ¢ 1400°C, dé xop glam tir 82,54 xuong 64, 11% va do bén nen tang tir 1,35 len 13,73 MPa khi
ting ham lwrong TiO, tir 0 dén 1%.Kl. Khi ting nhiét do tll’ 1400 dén 1500°C, dé xop ciia tat ca cac miu gom xop giam
manh va do bén tang cao. b xop giam manbh tir 64,11 xuong 55,74% va do bén nén tang tir 13,73 dén 17,53 MPa khi
thém vao 1%.kl TiO,. Ket qua nghién ciru nay chi ra rang, TiO, dong vai tro quan trong trong vi¢c cii thi¢n tinh
chit co hoc cua gom xop trén co s6 ALO,.

Tir khéa: A1,0 gom xop, luyén kim bgt, thiéu két khong ap lue, TiO,.
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Chi so phén loai: 1.3,1.4,2.5

Effect of TiO, and temperature on fabrication of porous

Al O,- based porous ceramic by pressureless sintering

Minh Hong Duong!, Hoang Duc Anh Chu'’:2, Duc Son Nguyen!, Trong Nghia Vu!,
Xuan Truong Nguyen?®, Quoc Khanh Dang', Thi Thao Nguyen'
ISchool of Materials Science and Engineering, Hanoi University of Science and Technology, 1 Dai Co Viet Street, Bach Khoa Ward, Hai Ba Trung District, Hanoi, Vietnam

*Vietnam Industry Agency, Ministry of Industry and Trade, 54 Hai Ba Trung Street, Tran Hung Dao Ward, Hoan Kiem District, Hanoi, Vietnam
3School of Chemistry and Life Sciences, Hanoi University of Science and Technology, 1 Dai Co Viet Street, Bach Khoa Ward, Hai Ba Trung District, Hanoi, Vietnam

Received 12 September 2024; revised 30 September 2024; accepted 15 October 2024

Abstract:

This study investigated the effects of TiO, and sintering temperature on the structure and mechanical properties of
AL O,-based porous ceramic materials fabricated by powder metallurgy techniques. The results showed that a small
addition of TiO, (less than 1% by weight) increased the sintering ability of AL,O, and significantly improved the
strength of the samples at sintering temperatures below 1500°C. When sintered at 1400°C, the porosity decreased
sharply from 82.54 to 64.11%, while compressive strength increased dramatically from 1.35 to 13.73 MPa as the TiO,
content increased from 0 to 1 wt.%. As the temperature increased from 1400 to 1500°C, the porosity of all porous
ceramic samples decreased significantly, while their strength increased remarkably. The porosity decreased from
64.11 to 55.74%, and the compressive strength increased from 13.73 to 17.53 MPa with the TiO, addition of 1 wt%.
These study results indicated that TiO, played a crucial role in the improvement of the mechanical properties of
ALQ,- based porous ceramic.

Keywords: Al O,, porous ceramic, powder metallurgy techniques, pressureless sintering, TiO,.

Classification numbers: 1.3, 1.4, 2.5

“Tac gia lién h¢: Email: thao.nguyenthil @hust.edu.vn
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1. Ddt van dé

Hién nay, cac vin dé vé moi truong dang ngiy cang
duge cac nude trén toan thé gioi quan tam, dac biét 1a cac
nuéc dang phat trién nhu Viét Nam. Trong d6, 6 nhiém
moi truong khong khi do bui min dang 1a mdt trong nhiing
van dé rat nghiém trong d6i voi sitc khoe con ngudi va
chua c6 giai phap giai quyét triét dé van dé nay. Do do, cac
cong nghé xir Iy khi thai can phai duoc nghién ciru va phat
trién. Trong d6, cong nghé xur Iy khong khi bang vat liu
gbm x6p trén co so Al O, dang 1a mot huéng di day hira

hen trong Iinh vyc nay.

Vit liéu gém x0p trén co s& ALO, 1a mot trong nhirng
vat liéu tiém nang cho vi¢c san xudt cac bo loc ung dung
trong xir Iy moi truong, loc cac hat tir cac ludng khi nong
sinh ra tir qué trinh d6t chay, khi héa... boi nhiéu vu diém
ndi bat cua vat liéu nay nhu kha ning chiu nhiét, do x6p va
d6 bén co hoc cao [1]. Cho téi nay, c6 nhiéu phuong phap
v6i cac ki thuat khac nhau dé ché tao loai vat liéu nay va co
tong cong bon k¥ thuat chinh bao gdm: mau chay, st dung
chat chiém chd, thidu két mot phan va tao xdp truc tiép [2].
Phuong phap luyén kim bot 1a mot trong sé cac phuong
phap ché tao mang nhiéu uu diém nhu quy trinh ché tao
don gian, than thién voi moi truong, ton hao nguyén vat
liéu thap va tiét kiém ning luong [3]. Ngoai ra, phuong
phép nay str dung k¥ thuat mau chay c6 vu diém ndi bat 1a
kha niang diéu khién ciu trac x6p, kich thudc va phan bd
16 xp phu thudc vao yéu cau va myc dich ung dung cua
san phr?im can ché tao. Tuy nhién, do nhiét do thiéu két cua
ALO, c6 thé dén 1700°C nén nhiét do ché tao vat liéu gdm
Xép trén co s6 Al O, b?mg phuong phép nay rit cao [4]. Dé
giam nhiét d6 thiéu két cua AlO, xubng dudi 1500°C véi
chi phi ché tao thip, cac loai phu gia thiéu két nhu MgO,
Cr,0

273
d6, TiO, 1a loai phu gia pho bién dugc sir dung dé thiéu két

TiO, 1a mot giai phap v6 cung hi¢u qua [4-8]. Trong

cua AL,O, 6 nhiét do thap hon theo co ché thiéu két pha ran
bﬁng cach tao dung dich ran trén bé mit hat ALO
TiO, con c6 thé tao pha B-AL TiO, véi ALLO

273

,» Ngoaira
can trd su lon
hat cua ALO,. Nghién clru nay tap trung vao anh huong
cua ham luong TiO, va nhi€t d§ t6i do x0p, cau tric 10 xop
va do bén nén cua vat ligu gom x0Op trén co s& Al O, dugc

ché tao bang phuong phap luyén kim bot.

%H%-IE 66(10DB-HH) 10.2024

2. Phuong phap ché tao vat liéu
2.1. Nguyén li¢u ban diu

Nguyén liéu dau vao bao gébm bot a-AlO, (Macklin,
Trung Qudc) ¢6 do tinh khiét 16n hon 99,9%, bot TiO, &
dang rutile (Guangdong Guanghua Sci-Tech Co., Trung
Qudc) c6 do tinh khiét 16n hon 99%, chét tao xép NH,HCO,
(Guangdong Chemical Reagent, Trung Qudc) véi kich
thudc hat trung binh khoang 150 pm va silica sol véi 30%
khdi lugng (%.kl) SiO, dugc str dung lam chat két dinh.

2.2. Chudn bi bjt va ché tao vit liéu

Bot ALO, va TiO, dugc tron theo ty 1¢ tinh toan truge
de thu dugc hon hgp bot c6 thanh phan the hién trong bang
1 bang phuong phép nghién co hoc véi bi nghién ALO, va
moi truong nghién 1a ethanol trong 2 gio. Huyén phu thu
dugc sau qua trinh nghién dugc sy ¢ 200°C dé bay hoi
ethanol.

Bang 1. Ty Ié thanh phan cta hén hop bot AlLO,-TiO,

Miu ALO, (%.kI) TiO, (%.kl)
A 100 0

A-0,25Ti 99,75 0,25
A-0,5Ti 99,5 0,5
A-0,75Ti 99,25 0,75

A-1Ti 99 1

Hon hop bot sau d6 duogc tron vai chét tao xép NH,HCO,
voi ty 1€ 20:80 theo ty 1€ phan tram the tich va chat két dinh
silica sol, sau d6 dugc ép tao hinh véi lyc ép la 50 MPa.
Mau sau khi ép tao hinh s& duge nung & 150°C trong 3 gioy
dé loai bo chit tao x6p theo phuong trinh (1) va thiéu két
(str dung 10 nung Linn HT1600, Birc) & cac nhiét d6 1an luot
1a 1400, 1450, 1500°C v&i thoi gian thidu két 1a 2 gio trong
moi truong khi Ar (viée st dung khi Ar nhim bao vé dién
cuc cua 1o thiéu két).

NH,HCO,—NH,+CO,+H,0 (1)
2.3. Kiém tra va danh gid tinh chdt ciia vit li¢u

Thanh phan pha cta cic mau gdm xdp dugc xac dinh
va phan tich trén thiét bj chup nhiéu xa tia X (PANalytical
AERIS, Ha Lan). Kich thudc, hinh dang ciia 16 xp va ciu
trac xop dugc quan sat va phan tich trén may hién vi quang
hoc ky thuat sé (VHX - 7000, Keyence, Nhat Ban). May thtr
kéo van nang (MTS 809, Hoa Ky) dugc ding dé xac dinh
d6 bén nén cua mau gébm xbp dua theo tiéu chudn quic té



ISO 17162:2014. Phuong phap cén thuy tinh theo trén tiéu
chuian TCVN 10826:2015 dugc ding dé xac dinh do xdp
ctia mau gdm x6p sau khi thiéu két theo phuwong trinh sau:

;}é t;glrﬁhuc y, = mzrflm (g/em®) ()
Ho X’ép téng) ’ 0 = =2 100% (%) 3)
Do xdp bidu kién e

(D6 xbp ho) 0, = % 100% (%) (4)

trong d6: m, 1 khéi luong mau kho; m, 1a khéi lvong mau
sau khi bdo hoa chét 16ng; m, la khéi lwong mau khi cin
trong chat 1ong dua trén dinh luat Acsimet bang hé thong
can bao gébm déy hodc 16 treo miu sao cho mau thir dugc
ngam hoan toan trong chét long, binh chira chét long va
thiét bi can phan tich OHAUS PR224 vdi d§ chinh xac
0,0001 g; v, la ty trong 1y thuyét cta hdn hop bot duge tinh
theo phuong trinh sau:

Vi = m(g/cnﬁ) (5)

dq dp,

trong do: %om , %om, 1a phan tram khdi lugng twong g ctia
thanh phan chat ALO, va TiO, trong hdn hop; d , d, 1a khéi
luong riéng theo 1y thuyét twong tmg cta thanh phan chat
ALO, va TiO, trong hon hop.

3. Két qua va ban luan
3.1. Két qud phan tich nhiéu xa tia X

Hinh 1 1a gian dd nhiéu xa tia X ctia cac mau gbm duoc
thidu két & 1450°C vé6i ham lugng TiO, thay ddi tir 0 dén
1%.kl va cac mau gom str dung 1%.k1 TiO, khi nhiét d¢ thiéu
két tang tir 1400 dén 1500°C. Két qua phan tich & hinh 1A
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va 1B chira ré“mg, chi xac nhan duoc cac dinh nhidu xa cua
a-AlL O, ¢6 cuong d 16n va mot vai dinh nhiéu xa co cuong
d6 nho cua TiO,. Khi sir dyng tiéu chuén JCPDS-41-0258
danh cho aluminium titanate, mot s6 dinh nhiu xa cua
aluminium titanate tmg véi mot sé dinh nhiéu xa trong cac
mau gbm x5p v6i ham luong TiO, 1a 0,5, 0,75 va 1%.kl.

Khi so sanh vi tri cia dinh nhidu xa dau tién cia cac
mau, chiing c6 xu huéng dich chuyén sang bén trai khi ham
luong TiO, tang. Két qua nay chung to di xay ra qua trinh
thay thé vi tri ctia cation AP va cation Ti** trong mang tinh
thé dé tao thanh dung dich ran do sy sai 1éch vé ban kinh
ion nho hon 15% (ban kinh ion cua AP* 1a 0,068 nm va
ban kinh ion cta Ti*" 1a 0,075 nm) [9]. Khi gidi han hoa
tan 1a 0,27%.k1 TiO,, pha aluminium titanate bat dau hinh
thanh va luong pha méi hinh thanh ting theo chiéu ting
ham lugng TiO,. Khi nhi¢t do thidu két tang tir 1400 dén
1500°C, cac dinh nhiu xa khong cé su thay doi, dinh nhidu
xa cua pha aluminium titanate da xuat hién & 1400°C, két
qua nay cling phu hop vdi nghién cuu trude day cua P.C.F.
Alves va cs (2021) [10].

3.2. Két qua ciu tritc bé mdt, dp xop

Hinh 2 13 hinh anh vé hinh thai bé mit cta cac mau gbm
x0p khong dung va ¢ ding 1%.k1 TiO,. Két qua cho thay,
khi dua thém 1%.kl TiO,, cac 16 x0p lién thong (16 xbp
khoanh vang) dan bién mét va cac 15 xdp nim don 1¢ bt ddu
xudt hién nhiéu hon va kich thudc cua ching c6 xu hudng
nho dan. Hinh thai bé mit mau c6 xu hudng thay doi twong
tu khi nhiét do tang tir 1400 dén 1500°C.

(A) (B)
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— 1500°C p-ALTIO, l L * paLTio, i
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Hinh 1. Két qua phan tich nhiéu xa tia X. (A) Cac mau gbm st dung 1%.kl TiO, khi nhiét do thiéu két thay ddi tr 1400 dén 1500°C;

(B) Cac mau gém thiéu két & 1450°C v&i ham lugng TiO, khac nhau.
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Hinh 3 cho thay két qua phan tich phan bd va kich thudc  chat phu gia hodc ting nhiét do thidu két. O moi nhiét
16 x6p tuong Gng véi cac mau dugc thé hién & hinh 2. do thiéu két, ta co thé thdy rang, mau khong dung TiO,
Su phian bd va kich thuéc 16 xbp trung binh c6  c6 kich thudce 15 x6p trung binh 16n hon rit nhidu so voi
xu huéng thay d6i twong ty khi ting ham lugng mau ding TiO,.

(A) (B) (€)

| D6 phéngdai:x100

| D6 phong dai: x100

' P46 phéng dai: wa

a)A-1400

b) A - 1450 c) A-1500

(D)

Bé phong dai: x100

(F)

P06 phéng dai: x200

d) AT1 - 1400 f) AT1 - 1500

¢) AT1 - 1450

Hinh 2. Anh qua kinh hién vi ky thuat sé cia cac mau gém x6p khéng dung TiO, & nhiét do thiéu két: (A) 1400°C; (B) 1450°C; (C)
1500°C va cac mau gém xép ding 1%.kl TiO, & nhiét dé thiéu két; (D) 1400°C; (E) 1450°C; (F) 1500°C.

(B) dy, =157 pm

sf 7N (@) de=206pm | >

0 xap

S0 lugng |

(E) dy =72 pm

0 x3p
B

56 lugng |

0 m. zo © .o [ %00 120
Kich thuwére 16 x6p (um) Kich thuére 16 x5p (pm) Kich thuérc 16 x8p (um)

Hinh 3. Gian dé mé ta phan bé, kich thwéc 16 x6p trung binh (d,) cua cac miu gém xbp khéng dung TiO, &: (A) 1400°C; (B)
1450°C; (C) 1500°C va céc mA&u gdm xép dung 1 kl.% TiO, & (D) 1400°C; (E) 1450°C; (F) 1500°C.
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Hinh 4. D4 thi mé ta sw thay déi: (A) Do x6p thuc clia cac mau gém xdp; (B) Do xbp hé clia cac mau gébm xép voi ham lwgng TiO, khac

nhau khi nhiét d6 thay ddi tir 1400 dén 1500°C.

Hinh 4 13 d6 thi mé ta sy thay ddi cua do xdp thuc va
d6 x6p ho ctia cac mau gbm xdp ding TiO, v6i ham lugng
khéc nhau khi nhiét do ting tir 1400 dén 1500°C.

Do xbp cua tat ca cac mau gbm x6p déu giam khi ting
ham lwong TiO, hodc nhiét do. O nhiét do 1400°C, do xdp
thuc cua mau gom xOp gidm manh tu 82,54 xudng con
64,11% va do xop ho giam manh tir 71,62 xudng con 52,23%
khi tang ham lugng TlO tir 0 dén 1%.Kkl. Kh1 tang nhlet do tur
1400 dén 1500°C, d6 x0p cua tat ca cac mau gom XOp glam
manh. O nhiét do 1500°C d6 xbp thuce cua méiu gém xdp
giam manh tr 76,15 Xuong 55,74% va do XOp hé giam manh
tlr 65,12 xudng 49,76% khi ting ham lugng TiO,.

Tir cic két qua nhan duge sau khi phén tich vé cu trac
bé mat, do x5p, phan bd va kich thudc 16 xbp co thé thy
kha nang thiéu két cua AL O, dugc cai thign rd rét khi dung
TiO,. Sau khi loai bo chét tao x0p, m(f)t’ hé thong 10 x0p lién
thong dugc hinh thanh boi khoang trong gilita cac hat bot
ALO, ’Vfl @oéng tréng dé lai sau kh1 chét tao Xép bi loai bé.
Khi bat dau qua trinh thi€u két, tai bé mat cac hat AL O, dien
ra qua trinh hinh thanh va phat trién c0 lién két. Co lién ket
tiép tuc phat trién dén mirc d6 nht dinh s& dién ra qua trinh
két khoi. Khi do, cac hat ALO, bt dau hop nhat v6i nhau
lam cho kich thudc céac 10 xOp hd gilia cac hat nhé dan va
tré thanh céc 16 xdp kin, kich thude cac 16 x6p kin nay tiép
tuc nho dan dén kich thude téi han.

Mat khac, khi qué trinh két khdi & nhiét d6 cao dién ra
ddng nghia véi viéc co ngodt vé thé tich dién ra manh mé
hon. Do d6, kich thudc cac 16 xép lién thong dugc tao boi
khoang tréng sau khi loai bo chat tao x5p ¢6 xu hudng giam
dan va tré thanh 16 x6p kin. Su hinh thanh dung dich rén cua
TiO, va AL O, trén bé mét lam tang kha ndng lién két gitra
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cac hat ALO, dan dén qué trinh két khdi dién ra nhanh hon.
Vi¢c tang ham lugng TiO, ciing khién cho dung dich ran
cua TiO, va AL O, hinh thanh nhiéu hon. Do vay, do Xép va
kich thugc 10 x0p trung binh giam khi tang ham lugng TiO,,
cung véi do, do xop va kich thudce 16 xop trung binh giam
khi nang cao nhiét d¢ thiéu Kkét.

3.3. Pj bén nén

Hinh 5 mé ta sy phu thudc cua do bén nén clia cac mau
gbm x0p vao sy thay ddi cia nhiét do va ham luong TiO,.
Tai 1400°C, khi ham lugng TiO, ting tir 0 dén 1%.k1, do bén
nén ciia mau tang tur 1,35 1€n 13,73 MPa. Khi nhiét d¢ tang
tir 1400 dén 1500°C, d6 bén nén ciia mau khong st dung
TiO, tang tir 1,35 dén 2,58 MPa, do bén nén clia mau sir
dung 1%.kl TiO, tang tir 13,73 dén 17,53 MPa.

1 —=—1400°C
—e—1450°C

—+—1500°C

16 4
14 4
124

10 4

D6 bén nén (Mpa)

D Ll Ll T T T
0,00 0,25 0,50 0,75

Ham lwong TiO, (%.kl)

Hinh 5. D6 bén nén cua cac mau gém khi thay déi ham Iwong TiO,
va nhiét d6 tang tir 1400 dén 1500°C.
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Két qua vé do xdp o phan 3.2 va két qua do bén nén &
hinh 5 cho thy gia tri ciia d6 bén nén tang khi do x5p giam.
Mbi quan hé d6 c6 thé duoc biéu dién theo cong thirc Rice
dugc biéu dién & phuong trinh (6) [11]:

¢ = ¢%exp (-bp) (6)
trong d6: o 1a d6 bén cua vat liéu & do xdp p; o° 1a d6 bén
ctia vat liéu khi do x6p bang 0; p 1a do xdp cua vat liéu va b
1a hing s6 dic trung cua 16 x6p. Trong két qua nghién ctru
ctia hai nhom 1an lugt 1a M.S. Ali va cs (2017) [11], A. Celik
va cs (2022) [12] ciing x4c nhan twong ty mbi quan tuong
quan hé giita d6 bén nén va do xdp.

Mdi quan hé twong quan giita do bén nén va dé xdp ciing
c6 thé duoc gidi thich do kha nang két khdi ciia ALO, dugc
cai thién rd ret khi ting ham lugng TiO, dan dén mau két
khéi nhanh hon va lam ting d6 bén ciia cic miu c6 dung
TiO,.

4. Két luan

V61 mot lugng nho TiO, duge thém vao da ¢o thé 1am cai
thién kha nang thiéu két do d6 lam ting d6 bén cua vat liéu
gbém x6p trén co s& AlO, ¢ nhi¢t do thap hon 1500°C. Vi
muc tiéu nham ché tao vat liéu gém xép trén co s¢ ALO, ¢
nhiét d6 thap, két qua cho thdy, vat liéu gdm xdp trén co so
AL O, khi s dung 1%.k1 TiO,, thiéu 1400°C c6 do x6p thuc
chi dat 64,11%, trong d6 x6p ho chiém 52,15%, thap hon
khé nhiéu so vé6i vat liéu khi khong st dung TiO,, thi€u &
1500°C ¢6 d6 x6p thuc dat 82,54%, do xop ho dat 71,6%.
Tuy nhién, do bén nén cua vat liéu khi sir dung 1%kl TiO,,
thidu két tai 1400°C c6 d¢ bén nén 13,73 MPa, cao hon rit
nhiéu so v6i do bén nén cua vat liéu khi khong sir dung
TiO,, thiéu két & 1500°C 1a 2,58 MPa. Do d¢, can nghién
ctru thém nham nang cao do xép cua vat liéu khi st dung
1%.k1 TiO, va thiéu két & 1400°C.

LO1 CAM ON

Nghién ctru duge tai trg thong qua dé tai Nghi dinh thu
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Anh hwdng cia nhiét 0 thitu ket va ap e ép dén ché tao gom x0p ALO,
bang phwong phap thitu ket xung dién mot chiéu
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Tom tit:

Trong bai bio nay, anh hwéng ciia nhi¢t d thiéu két va ap lwc ép dén cAu tric va tinh chét co hoc ciia vat li¢u gom
xép ALO, ché tao bang phuong phap thiéu két xung di’én mjt chidu (PECS) di dwgc tién h:‘lnl’1 nghién ciru. T cac
két qua dat dwgre, co thé thay khi giam ap luc ép, d§ xop ciia vit li€u tang va c6 gia tri 16n nhat 1a 65,6% & 1000°C
v6i ap lwe ép 12 30 MPa. Bén canh dé, dd xop thay ddi theo xu hwéng ting khi giam nhiét d thiéu két va cé gia tri
nhé nhit 1 58,5% & 1150°C véi ap luc ép 1a 30 MPa. Nguore lai, khi ting ap luc ép, 9 bén nén ting va cé gia tri lon
nhit 13 16,68 MPa & 1150°C véi ap Iwc ép 1a 40 MPa. Két qua ciing cho thy, dd bén nén ciia miu gom xép giam va
¢6 gia tri nhé nhit 1a 6,86 MPa & 1000°C véi ap lyc ép 12 30 MPa khi gidm nhiét d§ thiéu két. Két qua thu duoc da
cho thay tim quan trong cuia nhiét do va ap suit thiéu két trong viéc cai thién cac tinh chét co hoc ciia vt lidu gom
xop AL O, va cung cap co s¢ khoa hoc cho vi¢c phat trién cac vat liu nay.

Tir khéa: Al O,, ap luc ép, gom x0p, nhiét d9, thiéu két xung dong dién mét chiéu.
Chi 56 phin logi: 1.3,2.5,2.7

Effects of sintering temperature and pressure on fabrication of

porous AL, O, by pulsed electric current sintering process
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Abstract:

In this article, the effects of temperature and pressure on the structure and mechanical properties of porous Al,O,
ceramic materials fabricated by pulsed electric current sintering (PECS) were investigated. The results showed that
a decrease in pressure led to an increase in the porosity, which reached a maximum value of 65.6% at 1000°C with
an applied pressure of 30 MPa. Additionally, the porosity tended to increase as the sintering temperature decreased,
with the minimum value of 58.5% achieved at 1150°C under the same applied pressure of 30 MPa. On the other
hand, when the applied pressure increased, there was an increase in compressive strength, with a maximum value of
16.68 MPa at 1150°C under an applied pressure of 40 MPa. When the sintering temperature decreased, compressive
strength decreased, with a minimum value of 6.86 MPa at 1000°C under an applied pressure of 30 MPa. The obtained
results have shown the important role of sintering temperature and pressure in improving the mechanical properties
of AL O, porous ceramic materials and provided a scientific basis for the development of these materials.

Keywords: Al O,, porous ceramic, pressure, pulse electric current sintering, temperature.

Classification numbers: 1.3, 2.5, 2.7
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1. Dat van de

Hién nay, Vé.i‘i lidu gébm xdp AlLO, dang 1a mét trong
nhiing vat li€u tiém nang cho cac ung dung bd loc nhu loc
kim loai néng chay, loc ludng khi néng tir qua trinh dét chay,
loc khi trong méi truong 6 nhiém... do vat liéu ndy mang
nhiéu vu diém nhu khoang nhiét do lam viéc rong, do xép
cao, dién tich bé mit riéng 16n, d6 bén 16n [1-3]. Du mang
nhiéu uu diém ndi bat, nhung loai vt liu nay lai c6 han ché
16n d6 12 nhiét do ché tao vat liéu gbm xbp AlO, rat cao do
nhiét do ché tao cua Al, O 16n hon 1700°C [4] Be ché tao
vat liéu nay & nhiét do thap va trong thoi gian ngan c6 thé
ding ti cac chit phu gia giam nhiét d¢ thiéu két nhur TiO,,
Cr,0,, MgO... [4-9] hoac céc phu’ong phap thiéu két hlen
dai nhu phuong phép thidu két bang séng dién tir, phuong
phap PECS [2, 3, 10-14]. Trong d6, PECS Ia phuong phap
hién dai, hiéu qua dugc st dung trong nghién ctru nay do néd
cho phép san xuét cac vat liéu véi cau tric min, déng nhét
v6i tinh chat dugc cai thién, tdc do nang (ha) nhiét nhanh,
c6 thé riit ngan thoi gian ctia qué trinh thiéu két [14]. Ngoai
ra, phuong phap nay c6 thé diéu khién ciu trac va do xop
cua vat li¢u phu thudc vao yéu cu va muc dich ung dung
[2]. Tinh dén thoi diem hién tai, dd c6 mot s6 nghién ciru
moi vé viée ché tao vat liéu gdm xdp ALO bang phuong
phap thiéu két xung dong dién duoc cong bo Két qua cho
thay, vat ligu c6 do xop cao (>50%) chi véi 10-30% thé tich
graphite 1am chét tao xdp, c¢6 kha ning diéu khién phéan bd
va kich thudc 16 xép dya vao dic tinh cta chét tao xép s
dung va do bén cua vat liéu cling dugc cai thién 10 rét [2-3,
11-13]. Nghién ctru nay tép trung vao anh huong cta nhiét
d6 thiéu két va ap luc ép dén cAu trac va tinh chét co hoc cua
vt liéu gém xdp AlLO, ché tao bang phuong phap PECS.

2. Phuong phap ché tao vat ligu
2.1. Nguyén li¢u ban diu

Bot ALO, (Macklin) ¢6 d¢ tinh khiét 16n hon 99,9% c6
kich thudc hat trung binh 6 um dugc st dung lam nguyén
liéu ban dau, chét tao xép st dung Ia than hoat tinh (Merck)
véi kich thude hat trung binh khoang 40 um .

2.2. Chudn bi bjt va ché tao vit ligu

Hon hop bot ban dau thu duge bing cach tron bot ALO,
v6i than hoat tinh theo ty 1€ tinh toan trudc va duge dua vao
trong khuon graphite véi duong kinh long khuén 1a 20 mm.
Sau do, khuon dugc dit trong thiét bi thiéu két xung dong
dién LABOX 625F (Sinterland, Nhat Ban). Vat liéu duogc
ché tao & nhiét do thiéu két thay doi tir 1000 dén 1150°C véi
ap lyc ép lan Iugt 1a 30 va 40 MPa trong méi trudng chan
khong. Mau gbm xdp sau khi thiéu két dwoc nung & nhiét do
800°C trong thoi gian 14 3 gid & méi trudng khong khi nham
muc dich loai bo hoan toan than hoat tinh ton tai trong mau
theo phuong trinh (1).
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C+0,—CO, (1)

2.3. Kiém tra va danh gia cau truc va tinh chat co hoc
cuia vat liéu

Phuong phap nhidu xa tia X duogc st dung dé xac dinh
thanh phan pha ciia mau bang thiét bj do nhiéu xa tia X
cua Hang PANalytical AERIS (Ha Lan). Kinh hién vi dién
tr quét (SEM, JEOL JSM-IT200, Nhat Ban), kinh hién vi
quang hoc k¥ thuat s6 VHX-7000 (Keyence, Nhat Ban)
dugc su dung dé phan tich ciu triic bé mat. Sy phan bd va
kich thudc 16 xop dugc phan tich bang phin mém Image]
trén két qua hién vi nhan dugc. D6 bén nén cia mau gbm
xop duoc xac dinh bang thiét bi thtr co tinh MTS E45.1058
(Hoa Ky) theo tiéu chuan JIS-R 1608-2003 ciia Nhat Ban.

Theo tiéu chudn TCVN 10826:2015, phwong phap can
thuy tinh dya trén dinh luat Acsimet dugc su dung dé xac
dinh d6 x6p ctia mau theo phuong trinh (2):

Ty trong thuc Ve = om (g/em?) (2)
Do xdp thuc B

N = M2 100% (%) 3)
(B0 x0p tong) Yie

trong do: m, la khdi lugng mau kho; m, la khéi luong mau
sau khi bao hoa chat long; m, la khoi 1u0'ng mau khi can
thiy tinh; v, 1a ty trong 1y thuyet cua a-AlLO,.

3. Két qua va ban luan
3.1. Két qud phdn tich nhiéu xa tia X

Hinh 1 biéu thi gian d6 nhidu xa tia X cta bot ALO,
trudc va sau khi thidu két tai nhiét o 1150°C. Gian do cho
thiy, da phan cac dinh nhidu xa ing véi dinh nhidu xa cua
a-ALO, va mot vai dinh nhiéu xa ung véi dinh nhiu xa
cua Y- Al 0,. Khong nhan thay sy khac b1et glua ha1 két qua
nhiéu xa tla X. Két qua nay cho thdy, mau gbm x&p sau khi
thiéu két & 1150°C trong 3 phut va nung ¢ 800°C trong 3

gio, y-ALO Van chua chuyén héa hoan toan thanh a-AlO,
va chat tao XOp duoc loai bo hoan toan.
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Hinh 1. Gian dé nhiéu xa tia X ctia bot Al0O, trwéc va sau khi thiéu
két & 1150°C.
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Hinh 2. Anh qua kinh hién vi ky thuét sb va biéu dé mé ta phan bé 16 xép, kich thwéc 16 xbp trung binh (d, ) ciia gbm xbp AlLO, thiéu két

bing phwong phap thiéu két xung dién mét chiéu.
3.2. Két qua céu triic bé mdt, dp xép

Hinh 2 cho thiy ciu truc bé mat, phan bd va kich thudce
16 x6p trung binh ctia cac mau gdém x6p khi nhiét d6 thay
dbi tir 1000 dén 1150°C voi ap luc ép 1a 30 va 40 MPa. Két
qua cho théy, kich thudc 16 x6p trung binh ¢é xu hudng
giam khi ting nhiét d6 thiéu két va ap luc ép. Cac 16 xdp ¢
kich thudc 100-140 um dan bién mat va cac 16 xdp ¢6 kich
thudc 20-90 pm bat dau xuét hién v6i tan sut nhidu hon,
din dén kich thuge 15 xép trung binh giam tu 85 xuéng 58
um khi nhiét do thiéu két thay doi tir 1000 dén 1150°C.

Hinh 3 1a két qua hién vi dién tir quét (SEM) cua céc
mau gém x0p thidu két & 1000 va 1150°C véi ap luc ép lan
luot 12 30 va 40 MPa. Tur két qua nhan dugc, kich thudc
16 xbp giam khi nhiét do thidu két thay ddi trong khoang
1000-1150°C. Véi ép luc ép 30 MPa, mau gom xdp ALO,

&CK:%HI\?G%E 66(10DB-HH) 10.2024

c6 kich thude hat trung binh 85 um v6i nhiét d6 thiéu két 1a
1000°C, kich thuée 16 xdp giam xubng con 58 um khi nhiét
d6 thiéu két 1a 1150°C. Véi 4 ap luc ép 40 MPa, kich thuée 16
x6p giam tir 81 xudng 52 pm khi ting nhiét d6 thiéu két tr
1000 lén 1150°C.

Su thay dbi ciia kich thudc 16 x5p co thé dugc giai thich
do khi ting nhiét d6 thiéu két lam ting dong luc thiéu két,
thiic ddy kha niang két khéi, do d6 lam cho vat lidu két khdi
nhanh hon. Mit khéc, khi ¢ nhiét d6 cao, qua trinh két khbi
dién ra nhanh hon, ddng nghia vé&i co ngot vé thé tich manh
hon, dan dén kich thudc cta 16 x6p nho hon khi nhiét do
tang tur 1000 dén 1150°C. Khi ap luc ép tang lam cho céac hat
bot sap xép lai trat ty. Cac hat nho hon dién day vao khoang
tréng gitra cdc hat 16n hon dan dén 1am tang dién tich tlep
xtic bé mat gitlra cac hat do do thic day qua trinh két khdi va
lam giam kich thudc 16 x6p.
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Hinh 3. Anh qua kinh hién vi dién ti quét mau gém xép Al,O,
dwoc thiéu két bang phwong phap thiéu ket xung dién mét
chiéu. (A) 1000°C-30 MPa; (B) 1150°C-30 MPa; (C) 1000°C-40
MPa; (D)1150°C-40 MPa.

Hinh 4 cho thdy mdi quan hé tuong quan giita d6 xdp
v6i nhiét do thiéu két va ap luc ép. Co thé thay rang, do
x6p, phan bd va kich thudce 16 x6p trung binh c6 ciing mot
xu hudng thay d6i khi nhiét do thiéu két va ap lyuc ép thay
d6i. Khi tang nhiét do tir 1000 dén 1150°C, d xbp giam tir
65,60 xudng con 62,01% vai ap luc ép 30 MPa. Vi ap luc
ép 40 MPa thi d6 xdp giam tir 65,37 xudng con 58,50% tir
1000 dén 1150°C. Ta c6 thé d& dang nhan thdy khi nhiét do
thiéu két va ap luc ép tang lam thiic diy qua trinh két khoi
ctia vat liéu, do d6 lam giam kich thudc 16 x6p, tic 1a thé
tich khoang tréng bén trong vat liéu giam dong nghia vai
viéc do xop cua vat liéu giam. Tu nhing phan tich trén, c6
thé thay, khi nhiét do thiéu ket va ap lyc ép tang, do xop, su
phan bo va kich thudc 16 x6p trung binh giam.
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Hinh 4. Két qua do x6p thwc ctia cac mau thiéu két & 1000, 1050,
1100 va 1150°C véi ap lwe ép Ian lwot 12 30 va 40 MPa.
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3.3. Bj bén nén

Hinh 5 cho thdy mbi quan hé twong quan giira d6 bén
nén véi nhiét do thidu két va ap luc ép. bo bén nén thay ddi
theo chiéu ting khi nhiét d¢ thiéu két va ap lyuc ép tang. Oap
luc ép 30 MPa, do bén nén cua gdm xbp Al O, tang tr 6,86
1én 9,13 MPa. Con 6 ap luc ép 40 MPa, do ben nén tang tir
11,98 1én 16,86 MPa. Khi so sanh voi két qua vé do xO0p O
hinh 4, c6 thé d& dang nhan théy d6 bén nén va do xép coxu
huéng thay ddi d6i nghich vi nhau.
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Hinh 5. Anh hwéng cta nhiét do thiéu két dén dé bén nén cua
gom xop ALO,.

Ta c6 thé thiy do bén nén va d6 xp c6 mdi quan hé
nghich do. Méi quan hé nay con dugc biéu dién thong qua
cong thirc ciia Rice duge biéu dién trong phuong trinh s6
(4) nhu sau [15]:

o = c%exp(—bp) “4)

trong do, o va o° lan hrort 1a do bén cua vat liéu x6p va vat
lidu khong xdp (do xop ¢6 gia tri bang 0); p 1a d6 xbp cua
vat liéu va b la hing sb phu thudc vao hinh dang va kich
thude cia 16 x6p. Ta c6 thé so sanh két qua vé mdi quan
hé twong quan giita do bén nén va do xdp véi cac két qua
nghién curu da cong bd trude do [2, 15, 16]. Két qua vé su
thay doi ctia d6 bén nén con c6 thé giai thich do khi nhiét do
thiéu két va ap luc ép tang lam ting kha ning két khdi, dan
dén vat lidu sau khi thiéu két c6 do két khdi tot hon, do d6
lam tang do bén cua vt liéu.

4. Két luan

‘Trong nghién ctru nay, vat li¢u gbém xdp ALQ, da duge
ché tao thanh cong bang phuong phap PECS su dung than
hoat tinh 13 chit tao x8p. Tir cac két qua nhan dugc, ta co
thé rat ra cac két luan:

- Do xdp, kich thude 16 x6p trung binh giam va do bén
nén thay doi theo chiéu tang khi nhié‘g do thiéu ket va ap luc
ép tang. Khi nhiét do thiéu két thay do6i tir 1000 dén 1150°C,
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tinh chét cua vét liéu bi anh hudng nhiéu hon so voi khi tang
ap luc ép tir 30 dén 40 MPa.

- Kich thuée 16 x6p trung binh cta vat liéu nam trong
khoang 52-85 ym khi sir dung chét tao x6p 1a than hoat tinh
vé6i kich thudc hat trung binh ban dau khoang 40 pm. Co6
thé thay, than hoat tinh 1a mot chat tao xOp rat c6 tiém ‘nang
trong viéc kiém soat kich thudc 16 xdp theo mong mudn.

- Tinh chét cua vat liéu & hai ap luc ép khac nhu do Xép,
kich thuéc 16 xép trung binh giam nhe khi ting nhiét do
thiéu két tir 1000 dén 1100°C va giam manh hon khi tiép
tuc tang nhiét do dén 1150°C. Trong khi do, do bén nén cla
vt liéu ting manh & 1100°C khi tang ap luc ép tir 30 dén 40
MPa. Két qua cho thy, gdm xbp co tinh chat tét nhat dugc
ché tao & nhiét o 1100°C véi ap luc ép 1a 40 MPa.
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Ung dung tia UV trong bo quan qua cam dwdng Canh (Citrus reticulata)
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"Trung tam Nghién ciru Cong nghé Moi truong va Phat trién Bén viing, Truong Pai hoc Khoa hoc T nhién, Pai hoc Quéc gia Ha Ngi,
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Tom tit:

Cam dwong Canh (Citrus reticulata) 12 mjt trong nhirng giong cam dwoc wa chudng tai Viét Nam boi hwong vi va gia
tri dinh duéng cao. Tuy nhién, gidng cam dwdng Canh cé thoi gian bao quan ngin, dé bi thdi hong sau thu hoach,
din dén that thoat I6n vé kinh té. Ung dung tia UV trong bao quan 1a mt phwong phap tiém nang, giup kéo dai thoi
lwgng biao quan cia hoa qua nho kha nang di€t vi sinh vat va khir bé khi ethylen. Trong nghién citu nay, qua cam
dwdng Canh dwoc chiéu tia UV (254 nm) trong thoi gian 30 phut (20,6 kJ/m?), sau d6 bao quén & nhiét do 4°C. Két
qua chi ra r?mg, qua cam dwge xir ly bz"mg tia UV c6 s cai thién vé chit lwgng qua va kéo dai thoi gian bao quén.
Cu thé, sau 4 tudn bao quan, vin con trén 90% sé qua cam chuwra bi théi hong, ty 18 ton thit khdi lwgng tw nhién rit
thip. Pong thoi, qua vin duy tri cac tinh chit cam quan véi tong diém danh gia cam quan 1a 16,5, thudc mirc chit
lwong kha, hao hut vitamin C giam ding ké so v6i miu cam chi dwoc biao quan lanh va miu débi chirng. Nhw vay,
phwong phap chiéu tia UV két hop véi bao quan lanh c¢é thé kéo dai thoi han bao quan qua cam dwong Canh téi 4
tuin, diam bao hi¢u qua kinh té vi ton that khéi hrgng duéi 10%, chit hrgng va hinh thire dwoc duy tri.

Tir khod: bao quan, bao quan sau thu hoach, cam dwomg Canh, Citrus reticulata, tia UV.
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Application of UV irradiation in preserving Canh oranges (Citrus reticulata)
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Abstract:

Canh orange (Citrus reticulata) is one of the favourite orange varieties in Vietnam due to its high flavour and
nutritional value. However, Canh oranges have a short shelf life and are prone to spoilage after harvest, leading to
significant economic losses. The application of UV technology in post-harvest preservation is a promising method
that helps prolong the shelf life by its antibacterial effects and the removal of ethylene gas. In this study, oranges
were irradiated with UV light (254 nm) for 30 minutes (20.6 kJ/m?), then stored at 4°C. The results indicated that
the UV-irradiated oranges showed improvements in fruit quality and shelf life. Specifically, after 4 weeks of storage,
90% of the oranges remained unspoiled, and the natural weight loss rate of Canh oranges is very low. Additionally,
the fruit still maintained its sensory properties with a total sensory evaluation score of 16.5, indicating a good quality
level, the loss of vitamin C was also significantly lower compared to orange samples that were only stored in cold
conditions and the control sample. Thus, the UV irradiation method combined with cold storage can extend the shelf
life of Canh oranges up to 4 weeks, ensuring economic efficiency because the mass loss is less than 10%, and the
quality and appearance are maintained.

Keywords: Canh orange, Citrus reticulata, postharvest preservation, preservation, UV rays.
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1. it van de

Trong cac loai thudc ho cam quyt, thi cam Canh hay
con goi 1a cam dwdng Canh 13 loai cdy trong nhiéu & cac
dia phuong trong nudc, c6 gia tri dinh dudng cao va dugc
nguoi tiéu dung ua thich [1]. Tuy nhién, viéc bao quan cam
va quyt sau thu hoach twong ddi khé khin, dic biét 1 trong
diéu kién thoi tiét khi hau ctia Vigt Nam. Khi hau néng 4m
lam tang cudng cac qua trinh sinh hoa bén trong qua, tang
qué trinh mat nude dan dén giam chit lugng dudng chit,
cam quan va gia tri thi trudng cua san phdm hoa qua. Bén
canh d6, moi truong nhiét doi am khién su phat trién cua vi
khuan, ndm mdc va céc loai sinh vét gay hai khac dé dang
hon, gop phan lam ting nguy co 6 nhidm, hu hong cam
duong Canh trong qua trinh bdo quan va giam thoi han su
dung cua qua [2, 3].

Viéc ung dung cac phuong phap bdo quan qua c6 mui
sau thu hoach hop 1y s& gép phan han ché ton that. Cac
phuong phép bao quan sau thu hoach hién nay di véi qua
¢6 mui bao gdm bao quan lanh, sir dung hoa chat, phuong
phép diéu chinh khi quyén (MAP) nhung phd bién nhét 1a
phuong phap phu mang bé mat [3]. Phuong phap st dung
tia UV voi kha nang diét khuén va ndm mdc, da duoc ung
dung phd bién trong y té hay thyc pham. Ddi véi rau qua
tuoi, viéc chiéu tia UV con gitp lam cham qua trinh chin,
gia hoa do co6 kha nang phan uing hoéa hoc voi cac enzyme
lam chin qua nhu ethylene [4, 5]. Uu diém ndi bét cta cong
nghé UV la khong 1am thay d6i thanh phan hoa hoc thuc
pham, an toan cho strc khoe nguoi tidu dung, khong 1am ton
that chat dinh dudng ctia nong san, khong gy 6 nhiém moi
truong. Do vay, tia UV khong nhiing gitip han ché ton thét,
kéo dai thoi han str dung ctia rau qua, ma con gop phan cai
thién chat luwgng va an toan thuc phrflm [6].

Trong nghién ciru nay, ching t6i sir dung tia UV két hop
v6i nhiét do thap nham nang cao hiéu qua bao quan ciia cam
v6i mong mudn mé ra nhitng nghién ctru sau hon va tmg
dung dugc trong thuc té voi sb luong 16n cam Canh. Nghién
clru nay c6 thé dong gop vao su phat trién cua nganh nong
nghiép, déng thoi hd trg ngudi nong dan trong viée duy tri
va ning cao gia tri ciia san pham cam Canh trén thi truong.

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

Qua cam duong Canh thu mua trén dia ban quén Thanh
Xuan, TP Ha Noi vao thang 2/2024 dugc van chuyén vé
phong thi nghiém, tién hanh xir 1y trong thoi gian som nhat.
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60 qua cam duong Canh duogc lya co kich thude déng déu,
b6 nhitng qua c6 déu hiéu sau bénh, sau d6 rira sach bang
nude dé ion va dé rao tai nhiét do phong.

2.2. Phwong phap nghién ciru

Céc thi nghiém bao quan qua Cam dugc tién hanh 1in
luot:

Thi nghiém (TN) 1 (Pdi chung): Khong bao goi, bao
quan qua ¢ diéu kién phong, nhiét d6 25-30°C va d6 am
80-85%.

TN 2: Cam dugc cho vao tai nilon va bdo quan tu lanh
0 nhiét d6 4°C trong ti mat Hoa Phat.

TN 3: Cam duoc dat cb dinh trong tu kin (kich thuéce 31
em x 31 em x 41 em) ¢6 trang bi dén UV 11W (liéu lugng
twrong dwong 20,6 kJ/m?) va chiéu trong thoi gian 30 phut
nhu hinh 1, sau d6 cho vao tii nilon va bao quan lanh &
nhiét d§ 4°C (hinh 1).

Pen UV

Hinh 1. T kin chiéu tia UV qua cam dwéng Canh trwéc khi cho
vao bao quan lanh.

2.3. Phwong phap phdn tich, danh gia

Ty 1é thoi héng: Qua cam duoc quan sat sau ting tudn
bao quan. Ty 1é nay dugc tinh bang ty 1& sé luong qua hu
hong trén tong sé lugng qua ctia mau tai mdi cong thire TN.
Qua cam khi ¢6 cac ddu hiéu nhu dém nim, vo qua thbi
nhiin ddc trung do ndm bénh gy ra trén bé mit qua s& két
luan bi thdi hong, cu thé cac chung Cylindrocladium sp. hay
Rhizopus sp. [3].

Ty I¢é ton that khoi luwong tw nhién: Qua cam dugc
do bang cach can khdi lugng timg qua véi do chinh xac
0,001 g 6 mdi thi nghiém sau mdi tudn bao quan.
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Tinh chdt cam quan: Qua cam trong qua trinh bao quan
duoc danh gia cam quan dua vao hinh thiic bén ngoai, trang
thai bén trong cia qua, mui va vi cua qua. Dya vao tiéu
chudn TCVN 3215-79, qua cam duong Canh dwoc danh gia
chat luong cam quan theo thang diém 5 (0-5 diém). Viéc
danh gia cam quan dya vao diém chim cia 5 thanh vién
trong hoi dong cam quan. Mdi chi tiéu déu co hé sé quan
trong, trong nghién ctru nay, hoi ddng théng nhat hé s6 quan
trong cu thé 1a: hinh thirc bén ngoai (1, 2), trang thai thit qua
(0,95), mui (0,85) va vi (1).

Viéc phan loai chat lwong cam dya vao tong diém trung
binh véi cac mirc 6 chat lugng khac nhau, cu thé: t6t (18,6-
20,0), kha (15,2-18,5), trung binh (11,2-15,1), kém (7,2-
11,1), rat kém (4,0-7,1) va hong (0,0-3,9).

Ham lwong vitamin C.: qua cam duong Canh dugc do
theo phuwong phap chuin d iot dya vao TCVN 11168:2015.

< SN -
3. Ket qua va ban luan

3.1. Ty I¢ ton thét khéi lwong tw nhién ciia qua cam
dwong Canh

Thanh phan nudc chiém ty 1¢ 16n trong qua cam duong
Canh, gitp cing mong va hoa tan cac chat dinh dudng trong
qua cam. Tuy nhién, theo thoi gian, lugng nude trong cam
duong Canh ciling nhu rau qua ndi chung s€ giam di do sy
thoat hoi nudc va giam cac hop cht hitu co khi qua ho hap,
dan dén vo qua kho, nhian nheo va bién mau, do d6 1am suy
giam chit lugng va mit gia tri thuong pham [7].

Hinh 2 trinh bay su giam khdi lwong tw nhién ctia qua cam
dudng Canh qua cac tudn bao quan boi cac TN khac nhau.

e}
G

%)
S

@

=—TN1

=)

=>=TN3

Sw hao hut khdi lrgng tw nhién (%)

—fe—

0 1 2 3 4 5 6 7 8 9
Thoi gian bdo quén (tuin)

Hinh 2. Sw giam khéi lwong ctia cam dwéng Canh & cac thi
nghiém khac nhau. Thi nghiém 1 (TN1): bdo quéan qua cam &
didu kién phong; thi nghiém 2 (TN2): cam dwoc bdo quén & nhiét
dd 4°C; thi nghiém 3 (TN3): cam dwoc chiéu tia UV 30 phut, sau d6
bdo quan lanh & nhiét dé 4°C.
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Hinh 2 cho két qua thoi gian bao qua cang lau thi gia tri
hao hut khéi luong tu nhién ciia qua cam cang ting & tit ca
cac mau va sy giam khdi luong tu nhién giita cac mau la
khéc nhau. Sau 1 tudn, ty 16 giam khéi luong ctia cam & TN 2
va TN3 lan luot 1a 0,35 va 0,31% (khong c6 sy khac bit);
trong khi do, su giam khdi luong cua cam ¢ TN1 1a 7,34%,
cao hon han so v6i 2 TN trén. Bat du tir tuan thir 4, sy giam
khéi luong ty nhién cua cam bao quan & TN2 va TN3 da ¢
su khac nhau ro rét hon. Ty 1¢ giam khéi lugng & mau TN2
14 2,66% sau 7 tudn bao quan, con & mau TN3 14 2,46% sau
8 tudn bao quan. Diéu nay cho thay, cam dugc xir Iy bang tia
UV két hop bao quan lanh ¢ nhiét do 4°C c6 tac dung trong
viée ngan su giam khdi lugng tu nhién cta qua trong thoi
gian bao quan. Xu 1y bang tia UV két hop v6i bao quan &
nhiét d6 thip da gitip han ché qua trinh ho hip va sy thoat
hoi nudc cua qua. Bén canh d6, vi sinh vat bi ti€u diét boi
tia UV, khi qua bi nhiém bénh hoic bi xAm nhdp bdi cac loai
vi sinh vat gy bénh, chiing ¢6 thé gy ra qua trinh phan hay
va lam giam khdi lwong tu nhién cua qua.

Két qua nghién ctru nay so v6i nghién ciru cia M. Baka
va cs (1999) [8] trén dau tdy co su tuong déng. Céc tac gia
da bao cao rang, dau tay duoc xir 1y tia UV véi liéu lugng
0,25 va 1 kJ/m?, sau d6 bao quan ¢ 4°C da lam giam sy ho
hép cua qua dau tay, dong thoi kiém soat duge sy thdi hong
gdy ra boi nam Botrytis cinerea va ting thoi gian bao quan
1én 4-5 ngay.

3.2. Ty ¢ thoi héng ciia qud cam dwong Canh

Théi hong 1a hién tuong tu nhién xay ra trong bao quan
rau qua, vo trai cdy nhin nheo va thay d6i mau sic do mat
nude, qua trinh ho hap lam tiéu hao va 1am giam cac chat
hitu co c6 gia tri dinh dudng, su phat trién cta vi sinh vat
gdy ra qua trinh thdi hong cua trai cdy. Bén canh do, viéc
xam nhép iy nhiém nam bénh tir cac c4 thé trong nhom
cling bao quan s& lam cho ty 1& hu hong qua nhiéu hon va
lam giam gia tri chat luong cia qua.

Ty 1¢ thdi hong ctia qua cam dudng Canh theo céc tuan
bao quan ¢ ba TN duogc trinh bay ¢ bang 1.

Bang 1. Ty lé théi héng clia cac mau qua cam dwéng Canh theo
thoi gian bao quan.

Ty 1é théi hong cia qua (%)

Thoi gia{l bao

quan (tuin) TN I TN 2 TN 3
1 0 0 0

2 40 0 0

3 40 20 0

4 40 60 10




Két qua cho thay, theo thoi gian, lugng cam bi thbi hong
& tit ca cac TN ting dan. Sau 4 tuan bao quan, mau TN1
c6 ty 1é thdi hong 1a 40%, mau TN2 1a 60% va mau TN3 la
10%. Nhu vay, trong cliing thoi gian bao quan 4 tudn, mau
TN3 ¢6 ty 1& cam thdi hong 1a it nhat, tiép theo 1a mau ddi
chimg TN1; ty 1é cam thdi hong cao nhat 1a mau TN2.

Mau TN lai ¢6 ty 1& qua thdi hong thdp hon mau TN2 1a
mau duoc bao quan trong ti lanh. Thong thuong, qua dugc
bao quan trong ti lanh s& 1au hong hon so v6i qua dé ngoai
diéu kién moi truong binh thuong vi nhiét d¢ thap s& han
ché su phat trién va hoat dong cua vi sinh vat. Tuy nhién,
TN nay cho thdy két qua nguoc lai. Viéc bao goi qua trong
tai nilon s& 1am cho khi ethylene khong thé thoat ra ngoai
moi truong, didu nay c6 thé dan dén day manh qua trinh gia
hoéa ctia cam dudng Canh khién qua nhanh théi hong. Ngoai
ra, viéc bao quan cam nhu véy khién cho vi sinh vat giy
hur hong dé dang lay lan tir cic qua bi bénh sang qua khong
bi bénh. Do d6, sé luong qua bi thdi hong ting 1én nhanh
chong.

Mau TN 3 c6 ty 18 thdi hong thap nhét va thoi gian bao
quan dai nhat 1a do & TN nay, cam duoc xir ly bang tia UV.
Khi cam duong Canh duoc chiéu tia UV, cac vi sinh vat ¢o
trong qua dugc loai bo va giam bét. Pidu nay lam giam nguy
co qua bi nhiém bénh va phan hay. Ngoai ra, tia UV ¢6 kha
nang loai bo khi ethylene, giap qua trinh chin qua cham lai,
thoi gian bdo quan cia qua s€ lau hon. Nghién ctru tuong tu
trén qua mam xo6i cho thdy, lidu chiéu xa UV-C 1-4 kJ/m?
va bao quan ¢ 5°C trong 7 ngay da tiéu diét mot sd lwong
2 loai ndm 1a Colletotrichum acutatum va Colletotrichum
gloeosporioides gitp ty 1¢ thdi hong ciia qua giam di 10% [9].
S. Mukhopadhyay va cs (2014) [10] chi ra rang xir Iy UV-C
& cuong do 0,60-6,0 kJ/m?da rc ché thanh cong cac mam
bénh Escherichia coli va Salmonella enterica trén ca chua
duoc bao quan trong 25 ngay ¢ 5°C.

Nghién curu cta C. Stevens va cs (1998) [11] cho théy,
lidu UV-C 7,5 kJ/m? trc ché san xuit ethylene ctia qua dao.
Két qua nay twong tu trén ca chua. J. Severo va cs (2015)
[12] da bao cdo rang, viée xtr Iy bang UV-C 3,7 klJ/m? da
lam giam san xuét ethylene & ca chua “MicroTom” trong
thoi gian bao quan 12 ngay ¢ 21°C. Tuong tu, theo J. Bu va
¢s (2013) [13] phoi nhiém ca chua bi “Zhenzhu” & nhiét do
4,2 kJ/m? trude khi bao quan ¢ nhiét do 18°C trong 35 ngay
s& 1am giam san xuat ethylene.

3.3. Ddanh gia cam quan ciia qud cam duwong Canh

Cam dudng Canh sau 4 tuin bao quan c6 két qua danh
gia cam quan trong bang 2. Chi tiéu cam quan trong thuong
pham rau qua rit quan trong vi ddy 1a chi tiéu ma ngudi tiéu
dung nhin thiy dau tién khi chon mua qua.
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Trong bang 2, két qua sau 4 tudn tién hanh bao quan,
mau TN3 ¢6 diém cam quan cao nhét 1a 16,5, thudc murc
chét luong kha. Cam cé d tuoi, vo qua cang bong, vi ngot
giam nhe, qua mém hon va van giit dugc huong cam ty
nhién. Bén canh d0, qua cam & miu d6i ching TN1 va mau
TN2 ¢6 diém cam quan lan luot 1a 2,3 va 3,6 xép ¢ muc
chat luong loai hong, tuy nhién tong diém cia mau TN2
cao hon mau TN1. O 2 miu nay, cac chi tiéu bao gdm ca
hinh thic bén ngoai, trang thai thit qua, mui va vi ciia cam
giam nhanh, mau sic vo qua thay ddi, do twoi giam nhiéu,
v6 qua nhan nheo, thit qua mém hon, mui va vi khong con
thom ngon.

Bang 2. Diém danh gia cam quan qua cac thi nghiém sau 4 tuin
bao quan.

Diém danh gia

Chi tiéu danh gia

TN1 N2 TN3
Hinh thic qua bén ngoai 1,4 1,7 5,5
Vi 0,2 0,8 4
Trang thai thit qua 0,4 0,6 3,8
Mui 0,2 0,5 32
Téng diém 2,2 3,6 16,5
Miic chét lwgng Hoéng Héng Kha

Nhu vay, c6 thé thdy mau TN3 c6 két qua cam quan
tdt, A.E.S. Darvishi va cs (2012) [14] nghién ctu trén dau
‘Kurdistan’ ciing ¢ két qua tuong ty. Mau dau dugc chiéu
tia UV voi liéu luong 0,50 kJ/m? va bao quan ¢ 1-5°C trong
7 ngay dugc cham diém cao hon va cé chit lugng cam quan
t6t hon so voi liéu lwong 0,25 kJ/m? va mau ddi ching.

Tia UV thyc su c6 tac dung duy tri d6 cing, mau sdc va
ham luong dudng trong qua. Mot s6 nghién ciru trén dau,
dao, tao da cho thiy do cimg cao hon khi dwoc xir 1y bang
tia UV [15]. Ddi véi ca chua duoe xir Iy bang tia UV, J. Bu
va cs (2013) [13] da luu y réng, thanh té bao va 16p giita ciia
qua duoc xir Iy bang UV-C van duoc sip xép day dic, trong
khi thanh té bao ctia qua khong dugc chiéu xa da co va tach
ra khoi mang sinh chit. Ngoai ra, UV-C dugc chirng minh
la ¢6 tac dung han ché dang ké cac hoat dong cua cellulase,
polygalacturonase va pectinmethylesterase - cac enzyme
1am suy giam thanh té bao quan trong, ddn dén kha nang giir
dd cting cao hon.

3.4. Ham lwgng vitamin C cia qud cam dwong Canh

Ham luong vitamin C rat dé bi hao hut va s& hao hut
nhiéu sau thu hai va trong qué trinh bao quan. Tai hinh 3,
ham lugng vitamin C trong qua cam dugc do va ghi lai
trong qua trinh bao quan.
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Hinh 3. Sw thay déi ham lwgng vitamin C tai cac thei diém bao quan so v&i ham lweng vitamin C ban diu cia cac mau cam
dwong Canh & cac thi nghiém khac nhau. TN1: bao quan qua cam & diéu kién phong; TN2: cam dwoc bdo quan & nhiét do 4°C; TN3:

cam dwoc chiéu tia UV 30 phut, sau d6 bdo quan lanh & nhiét do 4°C.

Tir két qua hinh 3, ham luong vitamin C da thay d6i theo
huéng giam dan tai cac TN bao quan theo thoi gian so voi
lac bat ddu qua trinh bao quan. Viéc qua cam van tiép tuc hd
hap trong qué trinh bao quan s& lam giam luong chit trong
qué, trong d6 c6 vitamin C. Ngoai ra, vitamin C con co thé
bi oxy hoa bdi oxy trong khong khi va anh sang. Tai thoi
diém sau 4 tuan, mau TN1 c6 ham luong vitamin C giam
nhiéu nhét, tiép theo 1a mau TN2, sau d6 ham lugng vitamin
C giam it nhét & mau TN3. Cu thé, sau 4 tuin bao quan, thi
nghiém d6i ching TN1 ¢6 ham lugng vitamin C giam con
57,14% so véi lugng vitamin C ban déu, & thi nghiém TN2
con 77,78 va ¢ thi nghiém TN3 1a 79,98%. Tuy nhién, sau
5 tudn, ham lugng vitamin C & mau TN2 giam manh chi
con 26,98%, trong khi ham lugng vitamin C & mau TN1 va
TN3 lan luot 1a 52,78% va 72,22% so véi lugng vitamin
C ban dau ciia qua. Hién tuong nay co6 thé giai thich 1a do
ham Iugng khi ethylene dugc sinh ra trong qua trinh bao
quan mau TN2 trong ti lanh. Khi ethylene co thé thuc day
hoat dong trao doi chit va qua trinh oxy hoa, dan dén sy
phan hily nhanh chéng ctia vitamin C. Nhu vy, mau TN3
giit dugc ty 1¢ vitamin C cao nhat trong sudt qua trinh bao
quan. Viée xir Iy bang tia UV két hop v6i bao quan lanh da
gitip gitr dugc ham luong vitamin C ctia qua tot nhat. Piéu
nay c6 thé 1a do tia UV da (rc ché su ho hap va san sinh khi
ethylene 1am cham céc qua trinh sinh hda cua qua. Ngoai ra,
tia UV con c6 kha ning tang cuong cac hop chat chéng oxy
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hoa nhu flavonoids va phenolic, ddng thoi ting cudng hoat
tinh chng oxy hoa. Nghién ciru cua L. Cai va cs (2012)
[16] trén ca chua xanh cho thdy nhitng mau duoc tiép xuc
véi tia UV-C ¢ mtrc 4 va 8 kJ/m?, sau d6 bao quan & 14°C
va do am 95% lam tang tong ham lugng phenolic trong qua
1én lan luot 1a 21,2% va 20,2%. Dong thoi, cac lidu chiéu xa
nay ciing thuc ddy su tich ty tong s flavonoids va ting hoat

dong chdng oxy hoa cua qua.
4. Két luan

Cam duong Canh dugc xtr 1y bang tia UV (254 nm)
trong thoi gian 30 phut (20,6 kJ/m?) két hop véi bao quan
trong tu lanh ¢ 4°C c¢6 tac dung tich cuc dbi vai su thay ddi
cac chi tiéu vat Iy va sinh hda cua qua. Phuong phap nay co
tac dung lam giam sy giam khéi lugng ty nhién, giam ty 1&
thdi hong, dam bao chét lwong cam quan bao gdm hinh thic
quéa bén ngoai, trang thai bén trong, mui va vi, han ché dugc
su bién doi ham lugng vitamin C. V&i bude dau sir dung tia
UV két hop véi nhiét dd thip nham nang cao hiéu qua bao
quéan ciia cam, chiing t6i mong mudn mé ra nhimg nghién
ctru su hon va tng dung duoc trong thuc té véi s6 luong
16n cam Canh, tir d6, c6 thé dong gop vao sy phat trién cta
nganh noéng nghiép, dong thoi hd trg ngudi nong dan trong
viéc duy tri va nang cao gia tri ctia san phdm cam Canh trén
thi truong.
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Nuée ng:“lm tai Ha N@i, trong do dic biét 1a khu vyc phia nam da duwgc bdo cao cé chia ham lwgng amoni
(NH,) cao trong gan 30 nim qua, nhung hiéu biét ve sw bién dm theo thoi gian ciia amoni trong nuwéc ngam tai Ha
N¢i van con han ché. Trong nghién ctru nay, nuéc ngam tir 44 gleng khoan h9 dan & khu vue phia dong nam Ha Noi
tir nghién ciru trude dé (nam 2013) dwgce tai thu thiap va phan tich nhim tim hiéu sy bién ddi theo thoi gian cia amoni
trong nwéc ngam sau 10 nim. Két qua nghién ctru chi ra rang, amoni phan b khong déu theo khong gian, phia bo' phai
song Hong ¢6 nong d§ amoni cao hon so v6i bo' trai. Trong so cac gleng khao sat, amoni trong khoang 57% so0 gleng co
Xu hlr0’ng giam va 23% 56 gleng ¢ xu hlrong tang sau 10 ndm. Cic giéng c¢6 xu hudng gia ting amoni ciing tip trung
chii yéu 6 phia b phai song Hong Piéu nay phan nao cho thay tac dfng cua qua trinh khai thac nuéc tip trung dén
chit lwgng nuée ngam ¢ Ha N¢i. Tuy nhién, do nhirng han ché nhit dinh nén dé cé bang chirng xac thye va tin ciy hon
cho co ché ding sau sy bién ddi nay thi cic nghién ctru vé dnh hwéng ciia qua trinh khai thic nuéc tip trung dén chit
lwgng nuée ngam tai Ha Noi vin can dworc tiép tuc khio sit va mé rong quy mé nghién ciru.

Tir khéa: amoni, bién doi theo thoi gian, dong nam Ha N§i, nwéc ngam.

Chi 56 phin logi: 1.4,1.5,2.7
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Abstract:

Groundwater in Hanoi, particularly in the southern area, has been reported to contain high levels of ammonium
(NH,") for nearly 30 years, but understanding of the temporal variation of ammonium in Hanoi’s groundwater
remains limited. In this study, groundwater samples from 44 household wells in the southeastern area of Hanoi,
which were studied in the past (in 2013), were re-collected and investigated about the changes in ammonium levels
over 10 years. The results revealed a spatially heterogeneous distribution of ammonium, with higher concentrations
observed on the right side of the Red river. Among the surveyed wells, concentrations of ammonium in about 57%
of the wells tended to decrease, while 23% showed an increasing trend over the past decade. Once again, the wells
with a growing trend are predominantly located on the right side of the Red river, where groundwater continues to
be exploited for domestic purposes. These findings suggested that the impact of excessive groundwater abstraction
in Hanoi may deteriorate groundwater quality. However, due to certain limitations in this study, further research
is needed to elucidate the mechanisms behind these changes and to understand better the impact of groundwater
abstraction on the temporal variation of groundwater quality in Hanoi.

Keywords: ammonium, groundwater, southeast Hanoi, temporal variation.

Classification numbers: 1.4, 1.5, 2.7
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1. it van de

Amoni (NH,") la mét trong nhig chat dinh dudng vo
co da lugng quan trong trong h¢ sinh thai dudi nude, dong
vai tro 12 ngudn nito ¢b dinh c6 tinh kha dung sinh hoc cao
cho sinh - thyc vat phu du. Amoni c6 thé di vao moi truong
nudc thong qua con duong tu nhién do phan huy ki khi cac
vat chit hitu co béi vi sinh vat va do anh hudng tu cac hoat
dong cua con nguoi nhu nudce thai cong - nong nghiép, do
thi, nudc ri rac... [1]. Trong moi truong nudc, amoni ¢
thé chuyén d6i thanh cac dang nito khac thong qua cac qua
trinh sinh - hoa hoc khac nhau [2, 3]. Néng d6 amoni trong
nudce tu nhién co thé bién doi trong khoang rong, tir vai dén
hang trim mmol/l. Nong d6 amoni trong nuéc mat khong bi
6 nhidm co6 thé dat t6i vai mmol/I hodc trong mat vai truong
hop nhu nuée bién thi ndng d6 amoni c¢6 thé rat thap, chi vai
nmol/l. Amoni trong nudc thai d6 thi va cong nghiép c6 thé
cao tdi vai tram mmol/l [3, 4].

Mic du amoni khong anh huc"mg truc tiép dén sirc khoe
nhu cac dang nito khac va T6 chirc Y té Thé gioi (WHO)
ciing chua dua ra bat ky huéng dan nao dua trén strc khoe vé
amoniac va amoni trong nudc ubng vi ndng do thudng thap
hon mirc gay lo ngai cho stic khoe, nhung véi nong do cao
thi n6 lai 1a mot trong nhitng chat gay 6 nhidm ngudn nudc
[5, 6]. Luong amoni du thtra dua vao nudc mét co thé kich
thich qua trinh san sinh nhanh chong cia quan thé sinh -
thuc vat phu du, 1am can kiét oxy trong nudc va gy ra hién
tugng phu dudng va c6 thé trg thanh mbi de doa déi véi hé
sinh thai duéi nude [1]. Pbi voi ngudn nude ding cho sinh
hoat thi sy ¢6 mat voi nf”)ng dd cao ctia amoni ¢ thé lam
giam hiéu qua xtr Iy nudce do giam hidu qua khir tring bang
clo va tang muc tiéu thy clo, d& dan dén hinh thanh nitrit va
thay dbi vé mui vi [2, 6, 7].

Db6i v6i nude ngdm, amoni 1a mot trong nhitng chat
gy 6 nhidm phd bién va c6 thé bat ngudn tir nguyén nhan
tu nhién 1a két qua cua qua trinh phan hay ky khi vat chat
hitu co hoac do con nguodi nhu sy xam nhap amoni tir cac
ngudn nudc thai cong - ndng nghiép, nude thai sinh hoat va
nudc ri rac... [4, 8]. Sy c6 mat véi nﬁ”)ng d0 cao ctia amoni
trong hé thong tang chita nudc c6 thé dan dén sut giam chat
lugng nudc ngém, han ché kha nang st dung nudc, nd co
thé tac dong dén tuong tac nudc - d4, 1a ngudn cung cap nito
dang ké cho nudc mit [4]. Ngoai ra, ham lugng amoni cao
thudng chi thi cho méi truong khtr trong nude ngam va moi
truong khir nay lai 1a diéu kién thuan loi cho viéc hoa tan
nhiéu chét gay 6 nhiém khac tir tram tich ra nuéc ngdm nhu
asen, sit, mangan... [9].

Tai Ha Noi, nudc ngﬁm da duoc khai thac tip trung
trong cac nha may xu 1y nudc ngam ké tir ndm 1909 va toc
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d6 d6 thi hoa nhanh chong lam cho nhu cAu st dung nudc
ngam lam nudc sinh hoat ngay cang tiang [10]. Mic du hién
nay nuéc mit tir song Hong va song Pubng di dugc khai
thac lai, nhung cho téi nim 2017 thi tong luong nudc ngam
khai thac van dat hon 1 triéu m3/ngay va chiém khoang 70%
téng lwong nudc khai thac cho cap nudc sinh hoat trén toan
Thanh phd [11, 12]. Viéc khai thac nudc ngdm tip trung
tr hon 100 nim nay tai Ha Noi di dan dén viéc muc nude
ngam bi sut giam, lam ting nguy co 6 nhidém cac hé thong
tang chira nudc va gy sut lan dat.

Nude ngdm mot sé khu vuc tai Ha Noi, dién hinh 1a khu
vuc phia nam dugc bao cdo bi 6 nhiém bai sét, mangan,
amoni va dic bi¢t la asen [10, 13, 14]. Méac du hién trang 6
nhiém trong céc téng chtra nudce tai Ha NoOi dd duoc bao cao
sudt nhiéu thap ky qua, nhung sy bién thién vé chat luong
nude ngam noi chung va dic biét 1a sy thang giang theo thoi
gian cua cac chit 6 nhiém trong nudc ngam, dudi tac dong
ctia d6 thi hoa va khai thac nudc ngim ting siu qua mic,
van la van dé dang duoc quan tam. Cau tra 10i cho xu hudng
bién dbi chit 6 nhidm trong nude ngam theo thoi gian co thé
gitp ich trong cong tac quan 1y, khai thac va xir Iy cac chat
6 nhiém nudc ngdm mot cach hiéu qua va bén virmg hon.

Béo céo cua M. Berg va cs (2008) [13] cho thiy, tir
nam 1993 dén nam 2001, nudc ngam tang sau & Ha Noi
¢6 xu hudng gia ting ham lugng amoni. Pdng thoi, nhidu
noi co néng do amoni vuot qua 10 mg/l va dac biét cao
trong khu vuc cé 16p than bun day. Ngoai ra, nghién ctru ctua
J. Norrman va cs (2015) [5] trén bai giéng sat bo song tai
Nam Du, Hoang Mai, Ha Noi cho thdy, nong d§ amoni
trung binh trong nudc ngdm ting Holocene va Pleistocene
lan luot 13 18 va 12,2 mg/l.

Nhiing nghién ctru trén cho thy, nudc ngam tai Ha Noi
¢6 chtra ham lugng tir cao dén rét cao cua amoni. Hién tai,
khi ma nudc ngam van la ngudn cung chinh cho cac nha
may xtr Iy nude sinh hoat cho nguoi dan toan Thanh phd thi
viéc amoni ¢6 mit voi ndng do cao trong ca hai ting chira
nudc da tré thanh mot thach thirc nghiém trong. Do su ¢6
mit cta amoni ¢ thé anh huéng dén hiéu qua xir Iy nude
cling nhu ¢6 kha ning chuyén hoa thanh dang nito khac ¢
doc tinh cao hon. Déng thoi, dudi tdc dong khai thac nudce
ngam tap trung trong hon mot thé ky qua thi viéc nghién ctru
vé sur bién dong theo thoi gian ciia chit lugng nuwdc ngam
n6i chung va 6 nhiém amoni n6i riéng 1a rit cin thiét va c6 y
nghia dac biét quan trong. Su bién ddi amoni theo thoi gian
ciing s& phan nao cung cap déu hiéu canh bao cho cac chit 6
nhidm dong hanh khac. Ngoai ra, viéc theo ddi va khao sat
amoni theo thoi gian con giup cac nha may xu 1y nudce lya
chon phwong an phu hop dé loai bé amoni trong quy trinh
lam sach nudc mot cach hiéu qua hon hodc giup du doan xu

20



Khoa hoc Tu nhién | Héa hoc; Khoa hoc tréi dat va méi trudng; Khoa hoc Ky thuét va Céng nghé | Ky thuat méi truong ns

hudng bién dong ctia amoni nham tim ngudn cung cap nudc
sinh hoat an toan hon. Béng thoi, biét duoe xu hudng bién
dong theo thoi gian ciia chat lwong nude ngdm ndi chung
hay amoni n6i riéng c6 thé giup cung cip thém co so dit liéu
cho cong tac quan 1y va khai thac nude ngdm bén viing hon.

Do d6, dé tim hiéu su thay d6i ndng do amoni trong
nudc ngam sau thoi gian 10 nam, nghién ctru nay s€ thu thap
va phan tich lai amoni trong nuéc ngadm tir 44 giéng khoan
hd dan trong mét dy an trude do6 (ndm 2013-2014) tai ving
dong nam Ha Noi [14].

2. Doi tuong va phuong phap nghién ciiu

2.1. Khu vuc nghién curu

Diém lay mau 1a cac giéng ciia ho dan & hai phia song Hong
(hinh 1) trén mot ving c6 dién tich khoang 200 km? vé phia
dong nam Ha Noi, trai rong trén dia ban cua 7 quan/huyén,

bao gdbm: Pdng Pa, Thanh Tri, Thanh Xuén, Hoang Mai, Long
Bién, Gia Lam (TP Ha N¢i) va Van Giang (Hung Yén).

Chu giai
[J Khu vye nghién civu
— So6ng

Hinh 1. Khu vwc nghién ctreu.

Khu vyc phia nam Ha N¢i néi chung la noi tip trung
déng dan cu, dia hinh thép triing, thinh thoang xay ra lut 16i
vao muia mua, c¢6 hé théng song - ngoi, kénh - muong va ao
hd day dic. Cac nha méy khai thac nudc ngim dung cho cip
nudce sinh hoat duge van hanh tir 1au va hién van con hoat
dong nhu Nha may nudc Phap Van, Nam Du, Tuwong Mai,
Ha Dinh...
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Dia chat khu vuc dugce ddc trung boi tram tich Ky Dé
T c6 do day thay ddi tir khoang 50 dén 90 m véi ciu tric
dia chét phurc tap. Hé théng ting chtra nudc sau phia dudi
dugc dic trung boi cac trim tich ling dong trong thoi ky
Pleistocene (tAng chira nudc Pleistocene), ¢6 thanh phin
d4 soi cimg, mau nau vang biéu thi cho cac diéu kién oxy
hoa sau lang dong. Céc trim tich tao thanh tang chira nudc
phia trén dugc lang dong trong thoi ky Holocene (tang chira
nudc Holocene) voi déac trung boi cac 16p cat xen k€ sét va
bun sét, c6 chira than bun va tan tich thuc vat [5]. Hai té"mg
chira nu6e thuong duoc phan tach boi 16p tram tich it thAm
nu6e. Tuy nhién, do su thay doi hinh thai séng tu nhién,
cac téng chtra nude khong duoc tach biét hoan toan, mot
s6 vi tri duge két ndi thong qua thiu kinh cat. Nude song
1a ngudn chit yéu bd cép vao cac ting chira nuée Holocene
va Pleistocene doc theo song Hong trong mot ving rong
khoang 5 km. D4i vé6i ting chira nude Pleistocence xa hon
thi nude chu yéu dugc bd sung théng qua qua trinh tham
thiu theo chiéu doc tir tﬁng chtra nuéc Holocene [5, 13].

2.2. Ldy va phén tich méu

Nué6c ngam tir 44 giéng khoan trong tong s6 137 giéng
ho dan c6 do sau trong khoang 4-71 m (so v&i muc nude
bién) da duogc thu thap lai tir thang 2 dén thang 4/2023 (93
giéng khoan con lai di bi pha bo). Trong d6, c6 19 miu
nude ngim dugce lay tir cac giéng khoan thude bo trai song
Hong va 25 mu duoc ldy tir cac giéng khoan thudc bo phai
song Héng.

MAu nuée ngam dugce lay sau khi d3 bom bo phan nuéce
dong trong giéng khoang 5-15 phut va cac thong sb hién
truong pH, oxy hoa tan (DO), d6 din dién (EC) va thé oxy
hoa khir (Eh) dat 6n dinh (thiét bj cdm tay HQ 40d, Hach).
Mau sau d6 duge loc qua mang loc cellulose acetate (CA)
0,45 um vao lo nhya polyethylene (PE) va bao quan bang
acid H,SO, 1:1 (v/v) t6i pH<2 cho phan tich amoni. Lo mau
sau do dugc gilr lanh ngoai hién truong véi da gel va ¢ 4°C
trong phong thi nghiém cho phén tich tiép theo.

Amoni sau d6 dugc phan tich bing phuong phap
salicylate [15], phirc chat hinh thanh dugc do tai budc song
690 nm trén thiét bi UV 1800, Shimadzu.

3. Két qua va ban luan

Két qua cho thdy, ndng d6 amoni trong nuéc ngam thay
dbi trong khoang rong tir <0,2 dén 120 mg N/1 (trung binh
8,66 mgN/I) va <0,2 dén 94 mg N/I (trung binh 7,16 mg/1)
tuong mg trong 2 nim 2013 va 2023. Do sdu cac giéng
lay mau nam trong khoang 4-71 m, cha yéu (khoang 73%)
tap trung trong khoang 10-36 m so v&i myc nude bién, tuy
nhién amoni trong nudc ngam phéan b khong dong déu theo
d6 sau (hinh 2).
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Hinh 2. Phan bb néng do amoni trong nwé'c ngdm khu vwe nghién
ctru theo do sau.

Mic dit WHO chua dua ra bat ky huéng dén nao vé sirc
khoe lién quan dén amoni trong nudc uéng, nhung tai Vit
Nam, gi6i han ham lugng tong amoni (NH , ) va amoniac
(NH,) trong nudc sinh hoat duge quy dinh boi Bo Y té 1a
0,3 mg N/I [16] va quy dinh trong nudc ngam la 1 mg/l
theo BO Tai Nguyén va Méi truong [17]. Vay, néu theo quy
dinh ctia BO Y té thi nam 2013, ¢6 téi hon 88% sd giéng (39
trong tong s6 44 giéng) va 84% sb giéng (37 trén tong sb 44
giéng) trong nam 2023 vuot qua tiéu chuin cho phép. Trong
s6 d6, khoang 20% s mau (9 trén tong s6 44 mau) c6 nong
d6 amoni trong khoang 0,3-1 mg N/I; 16% s6 mau (7 trén
téng s6 44 miu) co ndong dd amoni cao hon 10 mg N/1; con
lai ¢6 t&i mot nira (50%) sb miu co néng do amoni trong
khoang 1-10 mg N/I, cao hon tiéu chuin cho phép tir 3 dén
30 lan. Néu xét theo tiéu chuan cta Bo Tai Nguyén va Moi
truong thi nudc ngam tai day van chiém hon 63 va 70% s6
giéng vuot qua tiéu chuan twong tng trong nim 2013 va
2023. Qua d6 cho thiy, nudc ngam khu vuc nay bi 6 nhiém
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v6i ndng d6 cao dén rat cao ctia amoni trong ca 2 nam 2013,
2023 va hau hét nuéc ngam tai day khong phit hop cho muc
dich sinh hoat. Pdng thoi, diéu nay ciing chi ra rang, viée xur
1y va loai bé amoni 1a diéu can dugc lvu ¥ néu nudc ngdm
tai day duoc khai thac lam nudc cép sinh hoat.

Két qua nghién ciru cho thiy, amoni trong nudc ngim
phéan b khong déu theo khong gian trong ca 2 nim 2013 va
2023, nude ngam tai bo phai song Hong nhu khu vuc huyén
Hoang Mai va Thanh Tri ¢6 nong d¢ amoni cao hon so véi
phia bo trai séng Hong nhu huyén Gia Lam va Vin Giang
(hinh 3). Cac nghién ctru trude ddy ciing chi ra rang, phia
bo phai séng Hong c¢6 ndng do amoni cao va trim tich khu
vuc phia nam Ha N§i ¢6 noi c6 chira 16p than bun day téi
10 m [13] va ngudn gbe cho sw c6 mat véi ndng do rat cao
clia amoni trong nudc ngam tai day 1a thong qua qua trinh
phan hity vat chat hitu co tu nhién c¢é chta nito tir 16p than
bun nay [3, 13]. Diéu nay cho thay, két qua phan tich 1a phu
hop vai cac nghién ciru trude ddy, theo do, cac giéng co nong
d6 amoni cao chii yéu ndm trong khu vuc c6 16p than bun.

D6i voi sy bién thién trong thoi gian 10 ndm ciia amoni
trong nudc ngam, két qua nghién ctru cho thay, do khoang
khong dam bao do ctia phuong phap nén nhitng mau co6 su
thay d6i dudi 5% va cac miu c6 ndng do amoni nhé hon
gi6i han dinh lugng 1a 0,2 mg N/I dugc coi 1a it thay ddi.
Theo d0, trong tong s6 44 mau thi c6 9 mau la it thay doi
va chiém khoang 20% tong s6 mau. Trong s6 cic mau co sur
thay d6i dugc coi 1a dang ké ctia amoni theo thoi gian thi co
khoang 23% (10 trén tong s6 44 miu) s6 mau c6 xu hudng
tang sau 10 nam véi sy thay dbi trong khoang 6,5-805%
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Hinh 3. Phan bb amoni theo khéng gian trong nwéc ngam tai khu vwe nghién ciru.
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va phan 16n cac giéng nay déu nim & phia by phai song
Hong. O xu hudng nguoc lai, c6 toi khoang 57% s6 giéng
¢6 xu huéng giam ndng do amoni sau 10 nam. Ty 18 thay doi
amoni trong cac miu nay nam trong khoang 9-53% va phan
bd déu 2 bén b song (hinh 4).

Chi giai

Nha méy nuéc

Hinh 4. Xu hwéng thay déi vé ndng dé amoni trong nwéc ngam &
cac giéng khao sat. Kich thuoc cac d[ém dwoc biéu dién dwa theo ty
Ié’thay ddi nong d6 amoni. Lép ban do than bun dwgc tham khdo va
bo sung tir M. Berg va cs (2008) [13].

Mot vai nghién ctru trude d6 da chi ra rang, amoni (NH )
c6 theé bi deproton hda thanh amoniac (I}IHQ trong dicu kién
pH trén 6 va amoniac hinh thanh c6 thé bi khir khi dac biét
trong diéu kién nhiét do nuéc 19-27°C [5]. Pdng thoi, nhidu
nghién ctru khéc ciing cho thdy su hinh thanh methane trong
tﬁng chira nudc co diéu kién khir va néu methane c6 mit
trong nudc v6i ap suat riéng phan cao ciing c6 thé dan dén
su khur khi trong cac tﬁng chura nudce [5, 18]. Trong nghién
clru nay, gia tri trung binh trong 2 nam 2013 va 2023 c6 xu
huéng ting trong nudc ngdm cua pH 13 6,71 va 7,18 va gia
tri nhiét do 1a 25,96 va 26,19°C trong nudc ngam co thé da
kich thich qua trinh chuyén amoni thanh amoniac (hinh 5).
Pong thoi, tir s6 liéu chua cong bd cua chiing t6i ciing cho
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thdy, nudc ngam tai khu vyc nay c6 chira ndng dd methane
tuong ddi cao trong khoang <0,13 den 48 mg/l (trung binh
5,49 mg/1). Sy xuét hién ca 2 yeu t6 nay trong nudc ngam
khu vuc nghién ctru cho thiy ring, kha ning amoni co thé
bi deproton hoéa va bi khir khi ciing véi methane, tir d6 dan
dén giam nong d6 amoni trong nudc. Hon nita, do diéu kién
dia chét phtc tap ctia khu vyc va sy lién két cua téng chtra
nuée Holocence va Pleistocene thong qua thau kinh cét co
thé 1am cho nudc ngim tir ting Holocene bd cap véao tang
Pleistocene do tac dong ctia khai thac nudc tap trung. Didu
nay c6 thé gian tiép 1am dich chuyén cac chat 6 nhiém tir
tang Holocene xudng tang Pleistocene, dong thoi 1am cho
amoni trong nudc ngdm tang ndng giam xudng [13].

Mic du gan 57% sb gleng thé hién Xu huong giam
nong d6 amoni trong nudc ngam nhung van xuit hién xu
hudng gia tang & mot vai giéng ngay gan do. Cac giéng co
xu huong giam nay tép trung chu yéu ¢ phia bo phai song
Hdng va phan bb doc gin bo song va phia ngoéi ria cua 16p
than bun (hinh 4) Céc nghién cu’u truorc d6 vé ngudn nude
b6 cap di chi ra rang, nude ngam tang chira nuéce khu vuce
Ha Noi, dic biét khu vue ndi thanh, duoc bd sung tur nguon
chinh Ia nudc song, nudc bé mit tir ao, hd, muong, nudc
mua ciing 14 ngudn bd sung khac cho khu vuc nay [5, 19].
Qua trlnh khai thac nudc tap trung dan dén sut giam myc
nudc ngam 0 Ha Noi ddng thoi co thé kéo theo cac ngudn
chit 6 nhlem vao tang chira nudc. Trong dé, sw xam nhép
ctia ngudn carbon hiru co hoa tan c6 thé 1am ting ndng do
cac san pham khir nhu amoni va methane trong nudc ngam
tai noi nay. Su phan bd cac giéng c6 thé hién su gia ting 0
nhidm amoni bén phia bd phai séng Hong ciing da phan nao
cho thdy tic dong cua qua trinh khai thic nudc tap trung
dén chét lugng nudc ngﬁm. Do do, viéc tiép tuc khai thac
nudc ngﬁm véi tde do nhu hién nay can dugc xem xét dé co
phuong an khai thac va xtr Iy amoni phu hgp va hiéu qua
nhét trong tuong lai.

Mic du phan 16n cac mau nudc ngdm nghién ciru cho
thiy xu hudng giam theo thoi gian, tuy nhién do han che vé

mit s6 lwong miu nén

° ching xac thyc va tin
cay hon thi viéc méd

la can thiét. Do d6, cac

khao sat tiép theo van

° cochévaxu hudng anh
hudéng cua viéc khai

su bién doi theo thoi

gian trong chat lugng

2013 2023

Hinh 5. Gia tri pH va nhiét d6 cia nwé'c ngam khu vwe nghién ctvu trong hai nam 2013 va 2023.

66(10DB-HH) 10.2024

KHOA HOC
SCONG NGHE

dé co6 thém cac bing
rong pham vi diéu tra
R can tap trung tim hiéu
thac nudc qua muc dén
nudc ngam tai Ha Noi.
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4. Két luan

Amoni ¢6 mit vi ham luong cao trong nudc ngdm khu
vuc phia dong nam Ha Noi cho thdy, nudc ngam tai day
khoéng phu hgp cho muc dich sinh hoat. Ngoai ham lugng
cao thi amoni trong nudc ngam phéan bd khong déu theo
ca khong gian va d§ sdu. Tuy nhién, trong ndm 2013 va
2023 nghién ctru déu cho thay nudc ngam phia bo phai song
Hdng 6 nhiém ning hon so véi phia bo trai. Didu nay phfin
nao cho thiy anh huong cua khai thac nudce tap trung dén
chét lugng nudc ngdm nodi chung va amoni noi riéng. Do
6, cac nha may khai thac va xir Iy nudc ngam cho sinh hoat
can lya chon phuong phép t6i wu nham loai bé amoni khoi
nudce sinh hoat. Déng thoi, sy xut hién véi néng d0 cao cua
amoni trong tang chira nuge cling la dau hiéu canh bao rang
tang chtra nude c6 thé chira ndong do cao cic chat 6 nhidm
khac do dleu kién khtr thuén loi cho viée giai phong cac chat
6 nhiém von co trong trim tich vao nudc ngam.

Két qua danh gia sy thing giang sau 10 nam cho théy,
57% s giéng nghién ctru ¢6 amoni c6 xu hudng giam va
khoang 23% sb giéng co sy gia ting ndng do amoni theo
thoi gian. Trong do, xu hudng gia tang 6 nhiém tap trung
nhiéu hon ¢ phia bo phai song Hong Nguyén nhan cho xu
hudng giam ndng do 6 nhidm amoni nay cé thé 1a do diéu
kién pH va nhiét d6 hién tai da lam cho amoni chuyen thanh
amoniac va thoat ra ngoai cung vdi khi methane hinh thanh
trong diéu kién khir ciia tang chtra nude. Tuy nhién, do ¢
nhitng han ché nhat dinh vé ¢& mau nghién ciru nén dé co
bi’mg ching xac thuc va tin cdy hon cho co ché ding sau su
bién d6i nay va anh hudng cua L qua trinh khai thac nude tép
trung dén cht luong nude ngam tai Ha Noi can duoc tiép
tuc khao sat va mo rong quy moé nghién curu.

LO1 CAM ON

Tac gia Vi Thi Duyén dugc tai trg boi Chuong trinh hoc
bdng dao tao tién sy trong nudc ciia Quy Doi méi Sang tao
Vingroup (VINIF), ma s6 VINIF.2022.TS028. Cac tac gia
xin chan thanh cim on Nguyén Vin Tién da ciing tham gia
va hd trg trong sudt qua trinh 14y mau. Céc tac gia xin cam
on sinh vién Nguyén Thiy Hién d hd trg trong qua trinh
phan tich mau.

TAI LIEU THAM KHAO

[1] X. Guo, J. Chen, Y. Shen, et al. (2024), “Evolution of the
fluorometric method for the measurement of ammonium/ammonia in
natural waters: A review”, TrAC Trends in Analytical Chemistry, 171,
DOI: 10.1016/j.trac.2024.117519.

[2]1K. Lin, Y. Zhu, Y. Zhang, et al. (2019), “Determination of ammonia
nitrogen in natural waters: Recent advances and applications”, Trends
in Environmental Analytical Chemistry, 24, DOIL: 10.1016/j.teac.2019.
€00073.

[3] M. Zhang, X. Dong, X. Li, et al. (2020), “Review of separation
methods for the determination of ammonium/ammonia in natural water”,
Trends in Environmental Analytical Chemistry, 27, DOI: 10.1016/].
teac.2020.00098.

KHOA
&CONGHI\?GCI:-IE

66(10DB-HH) 10.2024

s Khoa hoc Tu'nhién | Héa hoc; Khoa hoc tréi dat va méi truong; Khoa hoc Ky thudt va Céng nghé| Ky thuét méi truong

[4] J.K. Bohlke, R.L. Smith, D.N. Miller (2006), “Ammonium
transport and reaction in contaminated groundwater: Application of
isotope tracers and isotope fractionation studies”, Water Resources
Research, 42(5), DOI: 10.1029/2005WR004349.

[5] J. Norrman, C.J. Sparrenbom, M. Berg, et al. (2015), “Tracing
sources of ammonium in reducing groundwater in a well field in Hanoi
(Vietnam) by means of stable nitrogen isotope (815N) values”, Applied
Geochemistry, 61, pp.248-258, DOI: 10.1016/j.apgeochem.2015.06.009.

[6] G. Radu, G. Racoviteanu (2021), “Removing ammonium
from water intended for human consumption. A review of existing
technologies”, IOP Conf. Series: Earth and Environmental Science, 664,
DOI: 10.1088/1755-1315/664/1/012029.

[7] S.R. Buss, A.W. Herbert, P. Morgan, et al. (2004), “A review
of ammonium attenuation in soil and groundwater”, Quarterly Journal
of Engineering Geology and Hydrogeology, 37(4), pp.347-359, DOI:
10.1144/1470-9236/04-005.

[8] J. Liu, J. Yuan, Y. Zhang, et al. (2023), “Identification of
ammonium source for groundwater in the piedmont zone with strong
runoff of the Hohhot basin based on nitrogen isotope”, Science of The
Total Environment, 882, DOI: 10.1016/].scitotenv.2023.163650.

[9] K.R. Henke (2009), Arsenic: Environmental Chemistry, Health
Threats and Waste Treatment, John Wiley & Sons, Inc., 592pp.

[10] V.D. Nguyen, T.D. Nguyen (2004), “Current status of
groundwater pollution in Hanoi area”, Journal of Geology, 280, pp.44-53.

[11] P.H. Giao, V.T. Hue, N.D. Han, et al. (2020), “Land subsidence
prediction for a new urban mass rapid transit line in Hanoi”, Underground
Space, 5(2), pp.93-104, DOI: 10.1016/j.undsp.2018.11.002.

[12] L.W. Contreras, H. March, S. Schramm (2017), “Fragmented
landscapes of water supply in suburban Hanoi”, Habitat International,
61, pp.64-74, DOI: 10.1016/j.habitatint.2017.02.002.

[13] M. Berg, P.T.K. Trang, C. Tengel, et al. (2008), “Hydrological
and sedimentary controls leading to arsenic contamination of groundwater
in the Hanoi area, Vietnam: The impact of iron-arsenic ratios, peat,
river bank deposits, and excessive groundwater abstraction”, Chemical
Geology, 249(1-2), pp.91-112, DOI: 10.1016/j.chemge0.2007.12.007.

[14] T.T. Mai, P.T.K. Trang, V.T.M. Lan, et al. (2017), “Chemical
characteristics of groundwater in southeastern Hanoi”, HNUE Journal of
Science, 62(10), pp.44-51, DOIL: 10.18173/2354-1059.2017-0053.

[15] Ministry of Science and Technology (1996), TCVN 6179-
1:1996, Water Quality - Determination of Ammonium. Part 1: Manual
Spectrometric Method (in Vietnamese).

[16] Ministry of Health (2018), QCVN 01-1:2018/BYT, National
Technical Regulation on Domestic Water Quality (in Vietnamese).

[17] Ministry of Natural Resources and Environment (2023), OCVN
09:2023/BTNMT, National Technical Regulation on Ground Water
Quality (in Vietnamese).

[18] D. Postma, F. Larsen, N.T.M. Hue, et al. (2007), “Arsenic in
groundwater of the Red river floodplain, Vietnam: Controlling geochemical
processes and reactive transport modeling”, Geochimica et Cosmochimica
Acta, 71(21), pp.5054-5071, DOI: 10.1016/j.gca.2007.08.020.

[19] A.A. Nghiem, M.O. Stahl, B.J. Mailloux, et al. (2019),
“Quantifying riverine recharge impacts on redox conditions and arsenic
release in groundwater aquifers along the Red river, Vietnam”, Water
Resour. Res., 55(8), pp.6712-6728, DOI: 10.1029/2019wr024816.

21



DOL: 10.31276/VIST.66(10DB-HH).25-34 Khoa hoc Ty nhién | Héa hoc; Khoa hoc tréi dét va méi tring; Khoa hoc Néng nghiép | Céc h viic khac cla khoa hoc nong nghiép  ne—

Panh gid thue trang, tiém ning tai nguyén moi trwong
phuc vu phat trién nong nghiép hiru co' khu vue Tay Nguyén
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Tom tit:

Nghién ciru dwoge thue hién & khu vire TAy Nguyén tai 4 tinh: Pak Lik, Pik Nong, Gia Lai va LAm Pong nhiam danh
gia thuc trang va tiém ning tai nguyén méi trwomg phuc vu phat trién néng nghiép hiru co (NNHC). Cac phwong
phap thu thap s6 liéu thir cip, khio sat thue dia, quan tric méi trwdng va xir Iy s6 liéu da dwoc sir dung trong nghién
ciru nay. Két qua cho thiy, TAy Nguyén c6 tai nguyén dat dai rong 16n, mau mé; khi hau thuin loi; tai nguyén nwée
ddi dao, dam bio dé phat trién NNHC. Hién tai, chit lwong mdi trwdng tw nhién: dt, nwéce va khong khi 6 cac ving
san xuit NNHC cia Vung dam bao, chura bi 6 nhiém, cé thé duy tri va phat trién lau dai. Tuy nhlen, mot s0 van dé
nhw nguon nudéc phan bd khong dong déu, chat luwgng dat suy giam, bién doi khi hau (BDKH) ¢6 dién blen phire tap
l1a nhirng rao can can phai giai quyet Trong th(n gian téi, can c6 nhirng glal phap tong thé cho phat trién NNHC &
Tay Nguyén nhw thwe hién quy hoach phat trién vung NNHC; xay dung ké hoach thich wng véi BDPKH cho nganh
ndng nghiép; phat trién cac chudi lién két sian xuit va tiéu diung cac sain phAm NNHC; ban hanh cac chinh siach h
tro ngwoi nong dan tham gia canh tac NNHC.

Tir khod: danh gia tiém ning, ndng nghiép hiru co, tai nguyén mai truong, Ty Nguyén, thuc trang phat trién.
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Abstract:

The study was conducted in the Central Highlands region across four provinces: Dak Lak, Dak Nong, Gia Lai, and
Lam Dong, aimed at assessing the current situation and potential of environmental resources for the development of
organic agriculture. The main methods used in the study included secondary data collection, field surveys, environmental
monitoring, and data analysis. The result has shown that the Central Highlands region has the potential for large and fertile
land resources, a favourable climate, and abundant water resources for organic agricultural development. Currently, the
natural environment quality including soil, water, and air in areas with organic agricultural production is still good,
allowing for long-term maintenance and development. However, certain issues such as uneven water distribution, declining
soil quality, and complex climate change are barriers that need to be addressed. In the coming time, there need to be
comprehensive solutions for the development of organic agriculture in the Central Highlands, such as implementing a
development plan for organic agriculture areas, building climate change adaptation plans for the agricultural sector,
developing production and consumption chains of organic farm products, and enacting policies to support farmers in
engaging in organic farming.

Keywords: Central Highlands, development status, environmental resources, organic agriculture, potential assessment.
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1. Ddt van de

Noéng nghiép hiru co 1a mot hé thong san xuat nong
nghiép hudng téi viée duy tri sy lanh manh cua d4t, hé sinh
thai tu nhién va con nguoi. NNHC dua trén cac nguyén ly
va chu trinh sinh thai, tinh da dang sinh hoc cua hé sinh thai
tu nhién dé thich ung voi diéu kién thuc té cua dia phuong,
han ché tbi da viéc str dung cac yéu td bén ngoai gy tac
dong tiéu cuc cho hé thong san xuat. NNHC két hop phuong
thirc canh tac truyén thong véi cac thanh tyu khoa hoc va
cong nghg, tor d6 tao ra 1gi ich hai hoa cho méi truong va
con ngudi, ndng cao chat luong cudc séng cta con ngudi
nhung van bao vé duge moi truong tu nhién [1]. Diém khac
biét cia NNHC vdi cac hé thong noéng nghiép khac la viée
cung cp cac chat dinh dudng dudi dang gian tiép thong qua
huy dong ngudn dinh dudng co san trong tw nhién nho tac
dong cua vi sinh vat; tang cuong str dung cac cay ho dau co
kha ndng c6 dinh dam va phan gidi chat hitu co; tién hanh
ky thudt phong trir sau bénh hai téng hop bang nhiéu bién
phép nhu: luan canh, st dung cac loai thién dich dé diét
sau bo, su dung cac giéng moi khang bénh, céac loai thube
trir sau sinh hoc, thdo mde... N6i mdt cach khac, trong tam
ciia NNHC 1a ting cudng tinh bén viing cta hé thong, su
hai hoa cua ty nhién, taing cuong bao v¢é moi trudng va suc
khoé con nguoi.

Nong nghi¢p hitu co véi tinh wu viét va nhiing loi ich
dang duoc uu tién trién khai trén pham vi toan cau. Cac quéc
gia dang dan dau thé gi¢i vé canh tic NNHC goém co: An
Do, Uganda, Mexico, Uc, Argentina, Hoa Ky, Tay Ban Nha,
Trung Qudc, Pirc. Tinh dén cudi ndm 2017, trén thé gidi co
xép xi 70 triéu ha dat duogc su dung cho NNHC. Ba nudc co
dién tich dung dau vé NNHC lan luot 1a Uc (35,6 triéu ha),
Argentina (3,4 tri¢u ha) va Trung Quéc (3 triéu ha). Cho toi
nam 2019, da c6 187 quéc gia trén thé gisi thuc hién NNHC.
Dién tich danh cho NNHC c6 xu hudng tang 1én. Lién doan
qudc té cac phong trao ndng nghiép hitu co (IFOAM) cho
rang, NNHC con c6 vai trd dong gop cho giam nhe bién doi
khi hau. Mot nghién ctru dugc uy thac boi IFOAM cho théy,
NNHC ¢6 tiém ning 16n trong giam thiéu phat thai va ¢ dinh
khi nha kinh (KNK) so véi nong nghiép truyén thong [2].

Tai Viét Nam, BDKH dang dién bién phuc tap giy ra
nhiing tac dong ning né cho kinh té - x4 hoi, dic biét 1a san
xuit néng nghiép va doi sdng ciia ngudi nong dan. Trong
bdi canh d6, Chinh phu Viét Nam da dua quan diém cy thé
cho van dé tam nong 1a phat trién nong nghiép sinh thai,
néng thon hién dai va nong dan van minh. Tai Hoi nghi
thuong dinh vé hé théng lwong thyc do Lién hop qubc to
chire vao thang 9/2012, Chinh phu Viét Nam da cam két
tro thanh nha cung cap luong thyc, thyc pham minh bach -
trach nhiém - bén viing cta thé gioi. Den thang 11/2021, tai
Hoi nghi thuong dinh ctia Lién hop qudc vé bién doi khi hau
(COP26), Viét Nam tiép tuc khang dinh sé& tro thanh qudc
gia ¢ phat thai carbon rong bang 0 vao nam 2050. Thyc
hién cac cam két trén, Viét Nam di va dang trién khai nhidu
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mo hinh nong nghiép theo dinh hudng xanh, than thién voi
moéi trudng nhu: ndng nghiép sinh thai [3], néng nghiép bén
viing [4, 5], nong nghiép thong minh thich ung véi BDKH
[6], nong nghiép tuan hoan [7-9], NNHC [10, 11]... Trong
d6, NNHC nhan dugc sy quan tam dac biét dé tao ra cac
nong san sach, giam thiéu phat sinh KNK va bao vé stc
khoé cua con nguoi.

Tay Nguyén la khu vuc cé vi tri dia ly chién luge cua
Viét Nam bao gém cac tinh Lam Béng, bik Lak, Bik Nong,
Gia Lai va Kon Tum. Tay Nguyén c6 dién tich ty nhién vao
khoang gan 54,5 nghin km? (chiém 1/6 tong dién tich tu
nhién cua ca nudc), trong do, ¢6 khoang 5 tri¢u ha dét néng
nghiép. Khu vue Tay Nguyén dugce biét dén 1a vung trong
diém vé san xuat nong nghiép cua Viét Nam voi nhiéu san
pham chu lue dé xuat khau nhu: ca phé, hd tiéu, cao su.
Bén canh ngudn tai nguyén dat doi dao, Tay Nguyén con cd
nhiéu dleu kién ty nhién thuan loi vé thoi tiét va nguon nudc
dé phat trién nong nghiép theo huéng hang hod, quy mé lon.
Tuy nhién, thot gian gan day, BDKH dién bién phtrc tap da
tac dong tiéu cuc dén san xuat nong nghiép & khu vuc Tay
Nguyén, gdy ra nhimng thiét hai 16n vé kinh té. NNHC tro
thanh hudng di pht hop dé dua nong ‘nghi¢p cua khu vue
Téay Nguyén thich img voi diéu kién khic nghiét cia BDKH,
giam thiéu phat thai KNK va 6 nhidém méi trudng, néng cao
chat lugng nong san va timg budc cai thién doi song cua
ngudi ndng dan. Nghién ctru nay dugc thue hién nham danh
gia thuc trang va tiém ning tai nguyén moi truong cia khu
vue Tay Nguyén dé dua ra cac giai phap phu hop nham phat
trién NNHC tai khu v nay trong thoi gian t6i.

2. Phuong phap nghién ciiu
2.1. Thu thip sé liéu thir cap

Nghién cuu da thu thap tai liéu vé hién trang chét luong
mai truong, sé lugng nguodn thai, tai liéu diéu kién ty nhién,
tai nguyén thién nhién, kinh t& - xa hoi... tir cic co quan/
don vi ¢ lién quan nhu: Sé Nong nghiép va Phat trién Nong
thon, SO Tai nguyén va Mdi truong céac tinh Gia Lai, ik
Lak, Pak Nong va Lam Pdng; Truong Pai hoc Tay Nguyén,
Vién Khoa hoc K¥ thuat Nong Lam Nghiép Tay Nguyén; so
liéu nién gidm thong ké va cac so liéu tir cac cong bd khoa
hoc trong va ngoai nudc.

2.2. Diéu tra khdo sdt thue dia

Nhém nghién ctru d thyc hién 4 tuyén diéu tra khao sat
tirngay 03 dén ngay 07/12/2023 tai céc viing san xuit NNHC
dién hinh thudc 4 tinh Gia Lai, Lam Déng, Pik Lic va bik
Nong dé danh gia diéu kién ty nhién, tai nguyén moi truong
cua khu vue. Hoat dong quan trac moi trudng (liy mau dat,
nuge va khong khi) dugce két hop trong qua trinh diéu tra
khao sat & danh gia hién trang chit lwong moi trudng ciia
cac khu vuc phat trién NNHC. Téng s6 64 mau dat mat, 32
méu nudc mat va 16 mau khong khi xung quanh di dugc 1iy
tai céc khu vuc canh tic NNHC dién hinh cta 4 tinh Gia Lai,
Pik Lik, Pak Nong va Lam Pong (bang 1).
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Bang 1. Théng tin s6 lwong mau dat, nwéc mat va khong khi lay 2.3. Quan tric moi truong
tai cac khu v san xuét néng nghiép hiru co dién hinh cua Tay ) ) )
Nguyén. Tai cac khu vue san xuat NNHC, chung t6i tién hanh lay
_r " . cac mau dat, nuéc va khong khi dé danh gid hién trang chat
Thitw  Tinh Mau dat Mau nwée mat Mau khong khi .. . X az A o , e an
luwong moi truong. Mau dat dugc 1y tai tang canh tac voi do
1 Gia Lai 16 8 4 . C N ..
s sau 0-30 cm; mau nude dugc lay tai cac ao, ho, song, suoi...,
2 Dik Lik 16 8 4 . N , . e x
: la ngudn nudc phuc vu cho hoat dong tudi tiéu va mau khong
3 Dk Nong 16 8 4 ; ., \ £ N
khi xung quanh tai cac khu vuc san xuat NNHC. Mo ta cac
4 Lam Don 16 8 4 J T X A \ o \ ;
¢ tuyen khdo sat, lay mau mdi truong tai 4 tinh thanh dugc chi
Téng s 64 ky) 16

ra trong hinh 1.

Al

b

%

HHHHTHH

Tinh Lam Béng Tinh D&k Nong

Hinh 1. So d6 cac tuyén khao sat va lday mau moi trwong tai 4 tinh nghién cteu.
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Bang 2. Phwong phap phan tich cac chi tiéu chat lwong dat va nwéc.

Thirty  Thong sb Phwong phép phén tich Thirtw  Thong s Phwong phap phén tich
M dit Mau nwéc mit

1 0C TCVN 6642:2000 1 TSS TCVN 6625:2000

2 N tong AGG/L-SOP-$.15 2 BOD, TCVN 6001-1:2008

3 P tng TCVN 6499:1999 3 COD SMEWW 5220C:2017

4 K tong AGG/L-SOP-$.24 4 NH," TCVN 6179-1:1996

5 Ca? AGG/L-SOP-PB.13 5 NO, SMEWW 4500-NO3-.E:2017
6 Mg AGG/L-SOP-PB.13 6 NO, SMEWW 4500-NO2-B:2017
7 Na* AGG/L-SOP-8.32 7 Crr TCVN 6194:1996

8 K TCVN 8660:2011 8 F- SMEWW 4500-F- B&D:2017
9 KLN (Cu, Pb, Zn, Cd, As) US EPA Method 3051A + US EPA Method 200.8 9 CN- TCVN 6181:1996

10 Thube BVTV nhom clo hitu co ES N ﬁ:ﬁzg ;;;gg + US EPA Method 3630C + 10 PO, TCVN 7939:2008

i ﬁfi@ BVTV nhom phét pho ﬁsetigg g;ggd 3510C + US EPA Method 3620C + US EPA 11 Eeui S(C;{ngP&6 chffo nl\;l) M i
KLN: kim loai nang; BVTV: bao vé thyc vat.

Phuong phap phan tich cac chi tiéu chat luong dit va 2.4. Xir ly s6 ligu

nude duoc thé hién ¢ bang 2. Cac thong sb phan tich cho mdi
thanh phan moéi trudng cy thé nhu sau:

- Mau dat: Chat hitu co (OC), N tbng, P tong, K tong,
Ca?", Mg*, Na*, K*, cic kim loai nang (Cd, Pb, Cu, Zn, As),
du lugng thudc bao vé thuc vat nhom clo hitu co va phét pho
hitu co.

- Mau nudc mit: Téng chét ran lo lung (TSS), nhu cau
oxy sinh hoa (BODj), nhu cau oxy hod hoc (COD), amoni
(NH,"), nitrat (NO, ) nitrit (NO,’), clorua (CI'), florua (F),
phot phat (PO,*), xyanua (CN"), KLN (As, Cd, Pb, Cr%,
Cr tong, Cu, Zn, Ni, Mn, Hg, Fe), chat hoat dong bé mat,
phenol, tong diu md va tong cac bon hitu co.

- MAu khong khi: SO,, CO,NO,, O,, TSP, bui PM10, bui
PM 2.5, bui Pb.

Phuong phéap phén tich cac thong sé chat lugng khong
khi dugc chi ra trong bang 3.

Bang 3. Phwong phap phan tich cac théng sé chat lwgng khong
khi.

Thirty Théng sb Phuong phap

1 SO, TCVN 5971:1995

2 CO SOP/KKXQ-PT.CO

3 NO, TCVN 6137:2009

4 0, SOP/KKXQ-PT.O3

5 Téng bui lo limg (TSP)  TCVN 5067:1995

6 Bui PM10 SOP-KKLV.15

7 Bui PM 2.5 SOP-KKLV.16

8 Bui Pb US EPA Compendium Method 10-3.4
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Padnh gid chat leong ddt, mede, khong khi:

- Panh gia dat: Céc chi tiéu chat luong dit dwoc danh gia
theo thang danh gia dit ciia FAO nam 1992 - Panh gia dat
dai va phan tich hé thong canh tac cho quy hoach st dung dat
dai. Bén canh d6, ham luong cac chit 6 nhiém trong dét duoc
so sanh v6i QCVN03:2023/BTNMT - Quy chuan ky thuat
qudc gia vé chit lugng dét.

- Panh gi4 chét luong nudc mat: Két qua phan tich cac
mau nudc mit dugc so sanh véi QCVN08:2023/BTNMT -
Quy chuan ky thuat quéc gia vé chét luwgng nudc mat.

- Panh gia chit luong khong khi: Két qua phan tich cac
mau khong khi dugc so sanh vai QCVN05:2023/BTNMT -
Quy chuan ky thuat qudc gia vé chét luong khong khi xung
quanh.

Phén tich diém manh, yéu, co hoi, thach thirc (SWOT):
Tién hanh phan tich diém manh, diém yéu, co hoi, thach
thirc cua hién trang tai nguyén moi truong dbi véi phat trién
NNHC tai khu vuc Tay Nguyén. Phan tich SWOT dugc thuc
hién thong qua hinh thirc thao luén nhém cua cac thanh vién
chinh ctia dé tai va cac can bd quan 1y (can bd néng nghiép,
tai nguyén moi truong) ciia cac tinh Gia Lai, Dik Lak, Lam
DPong va Dk Nong dua trén két qua ciia qua trinh diéu tra
khao sat va danh gia cac $6 liéu thu thap duoc.

Xir Iy 56 liéu: Cac 6 lidu, dit lidu cua dé tai dugc tong hop
thanh cac bang biéu, hinh v&, dd thi va xur 1y thong ké bang
phan mém Excel.
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3. Két qua va ban luan

3.1. Tiém ndng tai nguyén va moi truong phuc vu nong
nghiép hitu co khu vuc Tay Nguyén

Tai nguyén ddt dai:

Téng dién tich tu nhién cua khu vuc Ty Nguyén 1a gan
54,5 nghin km? chiém 1/6 tong dién tich cua ca nudc véi
khoang 5 triéu ha dat nong nghiép, trong d6 1,3 triéu ha 1a
dat do bazan - loai dat rat mau m& va phi nhiéu dé phat trién
cac loai cdy trong khac nhau. Pay 1a nén tang co ban gitip
Tay Nguyén trd thanh khu vuc phat trién nong nghiép trong
diém cua Viét Nam, dic biét 1a v& cac ciy cong nghiép va
cdy an qua lau ndm. Bang 4 mo ta tai nguyén dat va dit nong
nghi¢p cua 4 tinh khdo sat.

Bang 4. Tai nguyén dat dai cta khu viec nghién ciru.

Uiy i giril:)ﬁm i g;fl:uf)llfg nghiép (ha)
1 bik Lk 13.070,41 1.191.514
2 Dak Nong 6.509,27 378.000
3 Gia Lai 15.510,99 500.000
4 Lam Pong 9781,2 4.932
Toan khuvie 5, 173 79 5.000.000

Tay Nguyén

Ngudn: Nién giam théng ké 2023.

Theo két qua danh gia dat cua Bo Tai nguyén va Moi
truong, khu vuc Ty Nguyén c6 11 nhom dét chinh, trong
d6 nhom dat do bazan co dién tich 16n nhét (chiém 60%
tong dién tich dit bazan ctia ca nudc), loai dt nay phan bd
chu yéu tai cadc cao nguyén nhu Pleiku, Buén Ma Thut,
Kon Ha Nung, Lam Vién, ik Néng va Di Linh. Dat do
bazan c6 dic diém 1a chira ham luong mun rat cao, c6 két
cAu vién cuc, do xép 16n (65%), do 4m cao vao mua kho
van duy tri duge muc 40%, day dugc coi la loai dét tt nhat
thé giGi nén rat thich hgp cho sinh truong va phat trién ciia
nhiéu loai cay trong. Bén canh d6, Tdy Nguyén con c6 mot
s6 loai dat khac rat mau md nhu dat den (78.658 ha), dat phu
sa (134.575 ha) phu hop dé phat trién co cu cdy trong da
dang. C6 thé néi, tai nguyén dét 1a yéu t6 nén tang va quan
trong nhat dua Tay Nguyén thanh ving sinh thai dac thu c6
nhiéu vu thé n6i bat dé phat trién nong nghiép néi chung va
NNHC noéi riéng.

Tai nguyén nuoc:

Tai nguyén nudc cua Tay Nguyén dugc cung cap bdi h¢
thong song ngoi va cac ho chua nudce 16n, cu thé:

%H%-IE 66(10DB-HH) 10.2024

- Hé théng song ngoi cua Tay Nguyén kha day dic, co
nhiéu thac, nghénh. Tay Nguyén c6 4 hé thong séng chinh
v6i trit lugng thuy ning 1én t6i 15-16 ty kWh (chiém 22%
nguén thuy nang cia ca nudc). Cac song 16n gém hé théng
song P6 K6 - Sé San thudc tinh Kon Tum va hé thong song
Sé ré pok & tinh Pak Lak do vao song Mé Kong; hé thdng
song Ba - Ayun thudc tinh Gia Lai d6 vao song Pa Rang sau
d6 chay ra bién Pong; hé théng song Pong Nai thudc 2 tinh
Dic Nong va Lam Pdng ¢6 ngudn nude db ra bién Dong.

- Ho chtra nudce ty nhién va nhan tao: Tdy Nguyén ¢
hé théng cac hd 16n ty nhién va nhan tao dé chtra nudc gop
phan chéng han vao mua khé va tiéu thoat nudc vao mua
mua, dam bao cung cAp nudc ddy du cho san xuit nong
nghiép ciia khu vuc. Mot s6 hd 16n co thé ké téi nhu hd
thuy dién Yaly (nam trén dia ban tinh Gia Lai va Kon Tum)
c6 dién tich 1ong ho 1én t6i 6.450 ha, ho thuy lgi Ay Un Ha
(tinh Gia Lai) v6i kha nang trlt nudc vao khoang 253 triéu
m?, Bién Ho, ho Ia Brung, hd Ia Ning (tinh Gia Lai), ho Dik
Hniéng, hd Pak Uy thudc tinh Kon Tum, hd Lak, hd Ea Kao
va hd Budn Triét thue tinh Dik Lak.

Vi hé thong song ngoi day dic va nhiéu hd chira 16m vé Iy
thuyét s& bao dam ngudn nudc doi dao cho hoat dong san xudt
nong nghiép, sinh hoat ctia ngudi dan va cac linh vuc kinh té
khéc. Tuy nhién, do phan bd dong chay khong dong déu trong
mua kho va mia mua nén nguy co thiéu hut nude & khu vuc
Tay Nguyén kha cao. Dong chay bé mat tap trung chi yéu vao
mua mua, cong véi chidu dai dong chay ngén, dia hinh dbc
nhiéu thac nghénh nén tdc d6 dong chay cao, nudc chay xiét
rat d& gay hién tuong 1 lut. Nguoc lai vao mua kho dong chay
bé mat thép, dan t6i tinh trang han han dién bién nghiém trong,
gay nhitng tac dong xau cho san xuit nong nghiép. Ngoai ra,
viéc phat trién nhidu nha may thuy dién trén thuong ngudn cac
song 16m, khai thac nuéc ngam thiéu hop 1y va dién bién phirc
tap ctia BDKH khién cho tinh trang khan hiém ngudn nudc
cang tro 1én tram trong hon tai khu vuc Tay Nguyén nhimg
nam vira qua. Trude thyc trang ndy, viéc chuyén ddi sang phat
trién néng nghiép tir phuong thirc canh téc truyén thng sang
canh tac theo huéng than thién voi moi truong va giam thiéu
phat thai KNK nhu mo hinh NNHC 14 xu huéng tit yéu va phu
hop ddi v6i khu vuc Tay Nguyén.

Tai nguyén khi hqu:

Tay Nguyén nam trong ving nhiét d6i gié mua, khi hau
chia 2 mua rd rét: mua mua va mua khé. Mua mua ¢ Tay
Nguyén bit dau tir thang 5 va kéo dai dén thang 10, thuong
6 mua nhiéu, nhiét d6 khong khi giam, lwong boc hoi thép.
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Hinh 2. Dién bién nhiét dé va lwong mwa trung binh cac thang trong nam tai Tram Khi twong Ayun Pa giai doan 1960-2000 va tir 2010-

2018. Ngudn: Tram Khi twong Ayun Pa, 2020.

Mua khé bt dau tir thang 11 va kéo dai dén thang 4 nam
sau voi lugng mua rat it, nhiét do khong khi cao, lugng
bdc hoi 16n, dan dén nguy co kho han cao. Ngoai ra, do su
phan hoa vé dia hinh (huéng nui, dd cao), dan téi viéc hinh
thanh nhiéu tiéu ving c¢6 dic diém khi hau khac biét tai
Tay Nguyén nhu: tiéu viing bac Tay Nguyén (Kon Tum, Gia
Lai), tiéu ving trung Tay Nguyén (Dik Lik, ik Nong) va
tiéu ving nam Tay Nguyén (Lam Dong).

- V& nhiét d6: Nhiét do trung binh nam cda khu vuc bién
thién 18,4-28,4°C, trung binh dat 22,8°C. Nén nhiét d6 binh
quén cia khu vuc trong mua kho thudng cao hon tir 0,8 dén
3,2°C so voi muia mua. Tong sé gid ning cua khu vuc 1a
2.366,7 gio/ndm v6i do 4m binh quan dat 81,3%. Trong giai
doan gén day, nén nhiét do trung binh cta ving c¢6 xu hudng
tang, dic biét 1a trong nhimg thang nong nhét (hinh 2). Cu
thé nén nhiét do trung binh giai doan 2010-2018 cao hon
binh quan 0,2-0,7°C. Nén nhiét tang c6 vai tro kich thich su
phat trién cua cay tréng, nhung ciing giy ra nhidu van dé
nhu: nang néng, han han va muwa 16n xay ra nhiéu hon, bat
loi cho hoat dong san xuit nong nghiép.

- V& luong mua va bdc hoi nudc: Tong luong mua binh
quan hing nam vao khoang 1.970,1 mm, s6 ngdy mua trong
nam 1a 154,4 ngay, ngdy mua 16n nhat c6 luong mua la
205,2 mm. Luong mua phan bé khong déu giita cac mua
(thoi gian) va cac khu vuc (khong gian).

Khu vic ¢6 lugng mua 16n nhét 1a ving Dak Nong, Bao
Loc (tinh Lam DPdng) v6i lugng mua trung binh nim 1a
2.413-2.542 mm, s6 ngay mua la >190 ngay. Ving Ayun
Pa, An Khé c6 lugng mua trung binh nam chi dat 1.248,8-
1.466,2 mm. Thap nhat 1a Ayun Pa c6 lugng mua trung binh
nam la 1.248,8 mm, s6 ngay mua céd 109,9 ngay, ngay mua
16n nhét ¢ lugng mua 1a 250,5 mm.
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Can ctr lugng mua, co thé chia khi hau khu vuc Tay
Nguyén thanh 2 mua la mua kho va mua mua. Mua mua tir
thang 5 dén thang 10, lwgng mua trung binh dat 1.478 mm,
chiém 80% téng luong mua ndm. Luong bdc hoi 1a 491,6
mm (mua gép 3,2 1an lugng bdc hoi). Mua kho kéo dai tir
thang 11 dén thang 4 nam sau, v6i lugng mua trung binh chi
dat 366,8 mm, trong khi d6, luong bdc hoi 1a 771,5mm, gip
2,10 lan lugng mua. Diéu nay cho thdy, su phan bd lugng
nuée khong dong déu ciia khu vuc Tay Nguyén, cu thé mua
mua lugng mua I6n, do am cao, dong chay bé mat lén dé
gay lii lut, nguoc lai mua kho lwong mua thap, do am thap,
dong chay can, nguy co kho han cao.

Trong nhitng nim gan ddy, luong mua trung binh nim
tai nhitng khu vuc c6 lugng mua 16n nhu Béo Loc (tinh Lam
Déng), Pik Nong c6 xu hudng tang, dac biét la trong mua
mua; con tai cac khu vuc it mua thi lwgng mua binh quén c6
xu huéng giam hau hét cac thang trong ndm, ké ca trong mua
mua. So sanh luong mua trung binh theo céac thang giai doan
1960-2000 va giai doan 2010-2018 tai tram khi tuong Ayun
Pa cho thdy, 6 thang c6 lugng mua giam 1a cac thang 2, 4,
5,6, 7, 10, trong d6 thang 10 lugng mua giam nhiéu nhat
la 75 mm.

- Vé ché do gié: Tay Nguyén c6 2 ché d6 gi6 thinh hanh.
Gi6 Tay Nam théi trong khoang thoi gian tir thang 5 dén
thang 9, téc do gi6 trung binh 4,1-5,2 m/s, 1a nguyén nhan
gay hiéu Uimg phon suon dong cua day Truong Son tao ra
cac con gid nong hodc con 16¢ 16n. Gié mua Dong thoi tir
thang 11 dén thang 4 nam sau, day la gi6 mua Pong Bic,
loai gi6 nay thuong gy hién tugng kho han cho dit. Day
1a nhitng kiéu thoi tiét bat lgi cho san xuat nong nghiép, vi
véy, can phai quan tim chu ¥ dé bd tri lich thoi vu canh tac
va lya chon cac giéng cay trong cho phu hop véi kiéu loai
thoi tiét nay.
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Tai nguyén thuc vat:

Thuyc vat quyét dinh dén do phi nhiéu cua dét trude hét
l1a ham lugng hiru co, dam va mot s6 chat dinh dudng khac.
Ngoai ra, tham thyc vat con gop phan lam thay déi ché do
am, nhiét, qua trinh 1y, hod trong dét, cic qué trinh thoai
hoa dat nhu x6i mon, ria troi, két von, da ong hoéa, kho han,
hoang hoa...

- B9 che phu cta tham thyc vat ty nhién: Rung ty nhién
cua Tay Nguyén c6 dién tich vao khoang 2,57 triéu ha,
chiém 17,5% tong dién tich rimg cua ca nude. Do che phu
rung ty nhién cua Tay Nguyén vao khoang 45,94% (khong
tinh rimg trong). Tdy Nguyén rat da dang céc loai ring nhur:
rimg rdm nhiét d6i thuong xanh ving ndi thap, ving nai
trung binh; ring ram nhiét doi rung 14, rung tre, trang tre,
rumg thong, rimg dam lay. ..

- B9 che phu ctua tham thyc vat nhan tao: Tham thyc vt
nhan tao ciia TAy Nguyén gdm: ring trong (209,5 ha) voi
d6 che phu quy d6i dat 70-80% so véi rimg tu nhién; dién
tich cdy lau ndm (hon 1 triéu ha) véi d6 che phu quy doi dat
60-70% so v6i rimg ty nhién; va dién tich cay hing nim
(673 nghin ha) v6i do che phi quy doi dat 20-40% so véi
rung tu nhién.

Lop phu cua tham thyc vat ty nhién va nhan tao chiém
khoang 70% dién tich toan vung, ty 1€ che phu rung dat
53,12% (bao gom ca rimg trong), & muc kha cao so voi ca
nudc va dat ngudng an toan sinh thai, thuan loi cho hoat
dong phat trién nong nghiép theo hudng hiru co bén viing.
Tuy nhién, do phan bd khong déng déu trén ldnh thd nén
mirc d6 bao dam cho su phat trién bén vimg noéi chung va
giit dugc do phi nhiéu cta dat néi riéng con thap.

Nguoén tai nguyén phu pham néng nghiép phuc vu néng
nghiép hitu co:

Tay Nguyén 1a ving san xuit nong san hang hoa trong
diém cta Viét Nam véi hon 2,4 triéu ha dat canh téc. Tay
Nguyén n6i tiéng v6i nhiéu loai cady cong nghi¢p nhu ca
phé (dién tich 610 nghin ha, chiém 90% dién tich ca phé ca
nudce); cao su véi hon 250 nghin ha, chiém 26% va xép tht
2 ca nudc vé dién tich (xép sau ving Pong Nam Bo). Bén
canh d6, mot sd loai cay tréng ndi bat khac nhu hd tiéu vai
90 nghin ha, chiém 60% dién tich h tiéu ca nudc; didu 83
nghin ha, chiém 28% tong dién tich diéu cta ca nudc. Vi
dién tich cay trong rong 16n ngoai san pham thu hoach (cac
ndng san), TAy Nguyén ciing san sinh mot lugng rat 16n phu
pham hitu co nhu: v6 qua ca phé, than canh ca phé, than hd
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tiéu cit tia tao hinh sau thu hoach, vo sau riéng, triu va rom
ra, than 161 ngd, vé hat diéu... Mic du mot phé‘in phu phém
cdy trong da dugc nong dan tdn dung G 1am phén vi sinh,
san xuat khi sinh hoc, dém sinh hoc, séy noéng san hodc lam
chat dét... Tuy nhién, lugng phu phim néng nghiép duogc
xtr 1y va tan dung van con it, mot luong sinh khéi 16n chua
duoc xr 1y, dan t6i lang phi chit dinh dudng va 6 nhiém moi
truong. Trong thoi gian toi, néu biét cach tan dung tot ngudn
phu phdm néng nghiép thi s& tao ra mot ngudn chét hiru co,
dinh dudng hiru ich phuc vu nhu cau dau vao cua cac khu
vuc san xudt NNHC trong toan ving.

Nhu vay, qua danh gid tai nguyén va moi truong ty nhién
ctia Tay Nguyén co thé thiy ddy 1a viing c6 thé manh dé phat
trién nong nghiép nédi chung va NNHC néi riéng khi s¢ hiru
tai nguyén dat doi dao, mau md; ngudn nudc phong phu, khi
hau néng 4m rat phi hop cho canh tic nong nghiép. Mic du
vay, cac yéu td nhu phan bd nuéc khong dong déu, diéu kién
khi hau khic nghiét (ning nong, kho han) va dién bién phtrc
tap ciia BPKH cin duoc quan tdm chii y dé giam tac dong
xau dén san xuat nong nghiép.

3.2. Chit lwong dit, nwéc, khéng khi phuc vu phdt
trién nong nghiép hitu co khu vuwc Tdy Nguyén

Méi trieong ddt:
Céc chi tiéu dinh dudng dat:

- Ham luong cac bon hitu co: Gia tri trung binh dao
dong 2,40-4,53%. Theo thang danh gid cua FAO (1992),
ham luong carbon tong s cuia dat xép & mirc trung binh dén
giau. Trong d6, chi c6 tinh Lam Ddng gid trj OC & mirc giau
(>4%), ba tinh con lai xép & mtc trung binh (2-4%).

- Ham luong N tong s cua cac khu vuc dét canh tac
NNHC cua tinh Pk Lik, Dk Nong xép & muc kha theo
thang danh gi4 cia FAO véi 1an lugt 12 0,17 va 0,18%. Trong
khi d6, ham luong dam tong sb trong dat tai tinh Lim Dong
va Gia Lai xép ¢ mirc giau voi 1an luot 13 0,21 va 0,20%.

- Ham lugng trung binh cia P téng sé dao dong 0,13-
0,19% (<5%) va K téng sé dao dong 0,06-0,56% (<4%) déu
bi xép ¢ muc rat nghéo (theo thang danh gia cua TS chirc
Luong thuc va Nong nghiép ctia Lién hop qubc - FAO).

Nhu vay, c6 thé théy, dét & khu vuc canh tac NNHC cua
khu vye Tay Nguyén co dic diém 1a giau N, rit nghéo P va
K. Trong khi d6 ham lwong mun dao dong tir trung binh dén
giau. Dit tai khu vyc tinh Lam Dﬁ”)ng t6t hon so véi dat ¢ 3
tinh con lai.
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Céc chi tiéu chét luwong dat: Ham luong cac kim loai nang
trong dat khu vuc canh tac NNHC ctia Tay Nguyén déu nim
dudi ngudng quy dinh cua QCVN 03:2023/BTNMT - Quy
chuin k¥ thuat qudc gia vé chit luong dat. Trong khi do, két
qua phén tich ciing khong phat hién du lugng thudc bao vé
thuc vat nhom clo hitu co va phdt pho hitu co (bang 5). Piéu
nay cho théy, dét tai cac khu vuc nay hién con tot, khong bi
6 nhiém boi kim loai nang va thude bao v¢ thyc vat - nhiing
dang 6 nhiém kha pho bién tai cac khu vuc tham canh nong
nghiép sir dung nhiéu phan bén hoa hoc va hoa chit bao vé
thue vat.

Bang 5. Két qua phan tich chat lwong dat tai khu vwc san xuét
néng nghiép hivru co’ dién hinh khu vwc Tay Nguyén
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Bang 6. Két qua phan tich chat lwgng nwéc tai cac viing san xuét
néng nghiép hiru co’ dién hinh ctia Tay Nguyén.

Thir  Chi tiéu L?:xm Gia bik Df:ik QCVN 08:2023/BTNMT
fr phan tich  Dong Lai Nong Lak (Mite B)

1 TSS 85,00 62,50 62,29 69,62 <100

2 BOD; 6,22 525 583 5,39 <6

3 COD 13,05 10,96 12,05 11,55 <15

4 Amoni 0,19 0,15 0,17 0,17 0,3

5 Clorua 76,28 84,53 74,93 66,08 250

6 Florua 0,24 0,19 029 0,36 1

7 Nitrit 0,01 0,01 0,01 0,01 0,05

8 Nitrat 0,32 0,31 0,52 0,41 -

9 Phosphat 0,12 0,13 0,11 0,08 .
Thirtyr  Thong sb DikLik  DikNéng LimBDdng GiaLai 0 Xpoma - ) ) ) 0.01
1 Carbon hitu co (OC) 2,77 2,40 4,53 2,77 11 As 0,001 0,0014 0,002 0,002 0,01
y . 017 018 021 020 2« 3 0,0008 0,00 0001 0,005
13 Pb 0,003 0,002 0,001 0002 002
3 T-P 0,13 0,16 0,20 0,29
14 Cr(vl) 2 2 = . 0,01
4 TongKO 0,56 018 0,06 0.4 15 Cr 003 001 001 002 005
5 Ca¥ 391 8,15 427 470 16 Cu 0,01 0,004 0,01 0,01 0,1
6 Mg ) 465 127 177 17 7Zn 0,07 0,07 0,07 0,05 05
18 Ni 0,004 0,003 0,00 0,004 0,1
7 K 036 0,26 0,28 028
19  Mn 0,04 0,05 0,04 0,04 0,1
8 Na' 0,40 0,82 043 0,49
¢ ’ ’ ’ ’ 20 Hg 0,001 0,001 0001 00003 0,001
9 Cd 0,34 0,49 0,33 0,00 21 Fe 0,40 035 033 0,38 0,5
10 P 11,27 948 3,60 7,04 Chat hoat
22 dong be - - - - 0,1
11 Cu 2,15 1,56 0,69 181 mit
23 Phenol * - - - - 0,005
12 Zn 77,19 80,49 88,63 97,58 -
2 To~ng dau i ) i 5
13 As 2,92 2,89 435 2,88 mg
K o A Tang cacbon
14 Th1,100 bao Y@ thyc vat KPH KPH KPH KPH 25 hitw e * 5,18 437 485 4.49 <6
nhom clo hitu co
5 LaselTgie Ry KPH KPH KPH KPH

nhém phot pho hitu co

Moi truong nuoc:

Két qua phan tich chit luong nudc phuc vu tudi tiéu tai
khu vuc san xuat NNHC dién hinh ctia Tay Nguyén dugc
trinh bay trong bang 6.

Theo d6, chat luong nudc dau vao cua khu vuc san
xudt NNHC con kha t6t khi hau hét cac chi tiéu chit luong
nude déu nam dudi ngudng cho phép cia QCVN08:2023/
BTNMT cot B (Chét luong nudc phuc vu tudi ti€éu nong
nghiép). Tuy nhién, nong do ciia BOD5 va COD dang ¢
muc hoi cao, cu thé BODS5 dao dong 4,18-7,17 mg/l (trung
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binh dat 5,67 mg/1) véi ty 1& mau vugt qua ngudng cho phép
1a 31,25%. Trong khi d6, COD dao dong 8,76-15,95 mg/l
(trung binh 11,9 mg/l) voi ty 1¢ mau vuot chuan thap 3,13%.
Diéu nay cho thay, ngudn nude phuc vu canh tac NNHC tai
Tay Nguyén c6 dau hiéu bi 6 nhiém chit hitu co dé phan
huy ¢ mac do nhe.

Chat lwong khong khi:

Két qua phan tich cho thiy, tai khu vuc san xuat NNHC
chit lugng méi truong khong khi con rat tét. Cac chi tiéu
quan tric déu & muc thap va ndm du6i ngudng cho phép ciia
QCVNO05:2023/BTNMT (bang 7).
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Bang 7. Két qua phan tich chat lwong khong khi tai mét sé khu
ve canh tac néng nghiép hiru co dién hinh ctia Tay Nguyén.

Thirty Chitituphintich  Donvi DikLik LimDPdng GiaLai  Dik Nong
1 S0, pgm® 16,58 16,58 1655 1655

2 o ugm*  KPH KPH KPH  KPH

3 NO, pgm® 1575 13 1725 18

4 0, pgm® 41,00 4505 4500 4505

5 TSP pgm® 69,29 70,73 68,56 6843

6 Bui PM10 pgm® 3675 36,5 3500 34

7 Bui PM 2.5 pg/m? 8,25 8,25 9,50 75

8 Bui Pb ugm*  KPH KPH KPH  KPH

Két qua danh gia chét luong moi truong tu nhién tai cac
viing san xuat NNHC cta Tay Nguyén cho thdy, cac khu vuc
nay hién co chét luwong moi truong kha tbt, dam béao diéu kién
cho hoat dong san xuat NNHC. Tuy nhién, dé phat trién bén
vimg va hiéu qua cac khu vire nay can chi y t6i viée bo sung
ham lugng P, K va chat hitu co cho dit. B6i véi ngudn nude
str dung dé tudi tiéu can chi y kiém soét cac chat dinh dudng
va hitu co trong nudc, co thé coi day 1a mot dinh dudng bod
sung cho dét nhung khi sir dung phai tinh toan phu hop véi
luong phan bon st dung cho phu hop.

3.3. Phén tich cic diéu ki¢n thugn lgi, khé khin vé
diéu kién tai nguyén moi truwong phuc vu phdt trién nong
nghiép hitu co tai khu vuc Tdy Nguyén

Phan tich diém manh, diém yéu, co hoi, thach thire:

Dua trén viéc phan tich, danh gia thyc trang tai nguyén
moi truong & trén co thé rat ra mot sb dlem manh, diém

yéu, co hoi va thach thirc ddi véi phét trién NNHC cta Tay
Nguyén nhu trong bang 8.

Qua béng phén tich SWOT ¢6 thé thay, diém manh cia
Tay Nguyén trong phat trién NNHC la nén tang tai nguyén
dat dai rong 16n, mau md& phi nhleu ngudn nude ngot doi
dao va diéu kién khi hau noéng am cho phat phat trién da
dang cac loai cdy trong. Trong khi d0, cac kho khin chi yéu
dén tir viéc khai thac va sir dung cac ngudn tai nguyén chua
hop 1y nhu: canh tac thiéu hop 1y dan t6i dat c6 nguy co bi
suy thodi; mat rimng dan t6i tham thuc vat che pha dat giam;
khai thac va diéu tiét tai nguyén nudc chua hop 1y dan t6i
tinh trang khan hiém nudc vao mua kho va gia ting nguy co
6 nhiém nudc. Trong thoi gian tdi, NNHC cia Tay Nguyén
tiép tuc phai ddi dién véi nhiéu kho khan thach thic, trong
do dac biét 1a tdc dong tiéu cuc cua BDKH, suy giam tai
nguyén rimg, thoai hoa dat va khan hiém nuéc trong mua
kho tiép tuc gia ting. Tuy nhién, néu biét phat huy tot cac
tiém nang, thé manh, han ché cac khé khan, thach thic s&
mé ra nhimg co hoi 1on dé NNHC cua Tay Nguyén phat
trién do day la xu huéng phat trién nong nghiép pht hop voi
tinh hinh thuc té cua thé gidi va thi hiéu cua thi truong tiéu
thu ndng san trong va ngoai nudc trong thoi gian toi.

Pé xudt mot s6 gidi phdp thic ddy phdt trién néng
nghiép hitu tai Tay Nguyén:

Dé thiic day va phat trién NNHC trong thoi gian t6i tai
khu vue Tay Nguyén, can phai thyc hién mét so giai phap
cu thé nhu sau:

Thir nhét, can sém thuc hién viéc quy hoach phat trién
cac ving san xudt NNHC cu thé cho khu vuc Tay Nguyén
dya trén viéc phan tich, danh gia cac thé manh vé tai nguyén
mdi trudng va cac ngudn luc khac. Trong do, chu trong t6i
viéc phan ving san xuat NNHC dé bao dam cac diéu kién can
thiét cho san xuat NNHC dugc duy tri va phat trién bén ving.

Bang 8. Phan tich diém manh, diém yéu, co’ hdi, thach thirc phat trién nong nghiép hivu co déi voi cac yéu té tai nguyén va méi trwong cha Tay Nguyén.

DPiém manh

- Dién tich dat nong nghiép lon, déc biét 1a d4t do bazan c6 do mau md, phi nhiéu cao.

- Khi hau néng, 4m voi nén nhiét d6 cao cho phép phét trién co ciu cdy trong da dang, dic
biét 1a cac cdy cong nghi¢p dai ngay.

-He thong song ngoi day ddc va ¢ nhiéu h chita nude 1on, gitp hwu trir, didu tiét va phan
bo nude cho san xuat nong nghiép.

- Két qua quan tréic chét lwong dat, nude, khong khi cho thay chat lugng moi truong tai cac
ving san xuat NNHC hién con kha tot.

- Tai nguyén rimg phong phu, d9 che phu ciia tham thyc vat 1dn, gop phan duy tri cac dic
trung sinh thai tu nhién, dac biét 1a bao v¢ va duy tri d9 phi nhiéu cua dat.

- Ngudn phu pham ndng nghiép phat sinh 16n tao ngudn cung cap chét hiru co va dinh
dudng doi dao cho hoat dong san xuat NNHC.

DPiém yéu

- Tai nguyén dét doi dao, mau md, nhung dudi tac dong ctia canh tac nong nghiép khong bén vimg
nén d9 phi nhiéu c6 xu hudng giam; dat ngheéo lan va kali.

- Nguon nude phong phu, nhung phn bd khong ddng déu giita miia mura va mua kho, din dén nguy
co thiéu hut née cho san xuét nong nghiép trong miia kho.

- Nhiéu hién tugng khi hau khic nghiét nhu: mua l6n, 1 lut vao mua mua, ne'ing nong, kho han vao
mua kho, giong loc, phon nong...gay anh huong xau cho san xuat nong nghip.

- Phit trién cy cong nghlep va cdy an qua quy mo lorn dAn t6i nguy co mat rimg va suy thodi dat
khién dét b suy giam chat lugng kho dap img yéu cu cua canh tac hitu co.

- Chét lugng nguon nude & mot s6 khu vue bi 6 nhidm chat hivu co & muc df nhe.

Co hoi

- NNHC dang dugc khuyén khich phét trién trong giai doan hién nay.

- Thi truomg carbon hinh thanh va phét trién tao wu thé 16n cho céc hinh thirc canh tac nong
nghiép phat thai thap, trong d6 co NNHC.

- San pham ciia NNHC ngay cang duoc quan tim va str dung tai thi truong trong va ngoai
nudc.

- Qué trinh thuong mai hod toan cu gitip cac san phim NNHC mo rong thi truong ra toan
thé gioi.

Théch thire

- Dién bién ctia BDKH ngdy mot phtrc tap, lam tram trong hon tinh hinh kho han va mot $6 kidu thoi
tiét bat loi cho san xuat nong nghiép tai Tay Nguyén.

- Thi truong tiéu thy san pham hitu co trong nude con nhiéu han ché, gi thanh ctia cac san pham hiru
co con thap so v6i chi phi va cong sitc dau tu. Trong khi d6, thi trudng tiu thy ngoai nude gip nhiéu
kho khin do thiéu cac chudi lién két trong san xuat va tiéu thy san pham.

- Suy giam tai nguyén rimg, suy thoai chat lugng dat, 0 nhiérq nguén nude dudi ap luc cua phat trién
kinh te - x4 hoi va canh tac nong nghiép khong hop 1y con pho bien de doa cdc nguon luc ty nhién

clia NNHC.
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Thir hai, cin xay dung ké hoach thich tng véi BDKH
cho nganh nong nghiép cua Tay Nguyén, chu trong to1 cac
giai phap nhu: diéu tiét sur dung nudc hop ly; phat trién mo
hinh néng 1dm thong minh két hop thich tmg véi BDKH;
bao vé rimg va 16p che phu dét; khic phuc tinh trang thoai
hoé dét canh tac.

Thir ba, ddy manh tmg dung khoa hoc va cong nghé
trong san xudt néng nghiép, dic biét 1a cac giai phap ky
thuét, cong ngh¢ trong xur Iy va tai sir dung phu pham nong
nghi¢p, tan dung t6i da ngudn phy pham nong nghi¢p dé
cung cip chét hitu co, dinh dudng cho dat. Py 1a yéu t6 dau
vao khong thé thiéu ctia canh tac NNHC.

Thi tu, c6 chinh sach khuyén khich phu hop dbi véi
NNHC va cac san pham hitu co; hinh thanh cac chudi lién
két trong san xuat va tiéu dung dé dua san pham hiru co dén
v6i nguoi tiéu dung trong nudc va quic té.

Thir ndm, phai kiém soat tot cac ngudn gay 6 nhidm dat,
nude, khong khi dé duy tri didu kién méi truong tw nhién
trong sach, dam bao chat luong cho cac san phdm NNHC &
hién tai va tuong lai.

4. Két luan

Qua diéu tra khao sat cho thdy, Tay Nguyén 1a ving c6
thé manh 16n dé phat trién san xuat nong nghiép noi chung
va NNHC ndi riéng. Cu thé, Tay Nguyén c6 dién tich dat dai
16n véi 5 triéu ha dat san xuét ndng nghiép, trong d6 ¢6 1,3
triéu ha dat d6 bazan - loai dat co chat luong tbt hang dau
aé phat trién nong nghiép; tai nguyén nudc cua Tay Nguyén
kha doi dao véi hé thong song ngodi va hd chira nude 16n
dap tng dugc nhu cau st dung cho canh tdc ndong nghiép va
cac muc tiéu phat trién kinh té khac. Tay Nguyén c6 khi hau
néng am, nén nhiét binh quéan cao, lugng mua lon nén thuan
loi dé phat trién co cdu cay trong da dang va phong phu. Két
quéa quan tric chat lugng moi trudng (dat, nudce, khong khi)
tai cac ving san xuat NNHC trong diém cua Ty Nguyén
cho thay dat tai cac khu vuc nay giau chit hiru co, dam,
nhung ham luong P va K lai & muc trung binh. Céc chi tiéu
6 nhiém dit nhu kim loai nang va du lugng hoa chét bao vé
thuc vat nam trong ngudng an toan. Chat luong nude tudi
va khong khi xung quanh con kha t6t, bao dam cho canh tac
NNHC duy tri va phat trién. Tuy nhién, cic két qua dénh
gid cho thay, san xudt NNHC ¢ Tay Nguyén con gip nhiéu
khé khin, thach thic nhu: tinh trang khan hiém nuéc tudi
vao mua kho, dién bién phurc tap cua BDKH, xu hudng suy
giam d6 phi nhiéu cua dat va cac ap lyc vé 6 nhidm moi
truong do mt rimg va gia tang cac chat 6 nhidm. Do do, dé
thiic day phét trién NNHC & khu vuc Tay Nguyén trong thoi
gian t6i, can c6 nhitng chinh sach cuy thé, trong d6 tap trung
vao thuc hién quy hoach t6t vung san xuat NNHC, dua ra
ké hoach hanh dong giam thiéu tic dong ciia BDKH; ting
cuong chudi lién két trong san xudt va tiéu dung ddi véi san
pham néng san hitu co; thyc hién cac bién phap hd trg nguoi
nong dan tham gia san xuit NNHC.
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Nghién ctru ndy cua ching toi 1a nghién ctru budc dau,
chi gi6i han trong viéc khao sat va danh gia cac diéu kién
tai nguyén moi truong dé danh gia tiém ning cho phat trién
NNHC ¢ Tay Nguyén. Nhidu yéu t6 khac 6 lién quan t6i
phat trién noéng nghiép hitu co nhu: tip quan canh tac, k¥
thuat cham soc cdy trong, thi truong tiéu thy... chua duge
xem xét trong nghién ctru ndy, can dugc xem xét trong cac
nghién cttu sau hon.

Nghién ctru ndy dugc thuc hién trong khudn kho dé tai
“Nghién ciru x4c dinh cac ving san xuit nong nghiép hiru
co cho khu vic Tay Nguyén thich tng véi bién ddi khi hau
va dé xuét giai phap tiéu thu san pham ndng nghiép hiru co
g dung cong nghé chudi khbi” (ma sé: TNMT.885.08) do
B¢ Tai nguyén va Méi truong tai trg. Céc tac gia xin tran
trong cam on.
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Dong hoc khir mau methylene blue trong dung dich
bang peracetic acid véi diéu kién xic tac Co** va tia UV
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Tom tiit:

Téc d9 khir mau methylene blue (MB) bang peracetic acid (PAA) trong dung dich véi xiic tic Co?* va chiéu anh sing
UV & nhiét d9 25+1°C da dwoc khio sat trong nghién ctru nay. Céc thi nghiém dong héa hoc dwoc tién hanh véi thé
tich dung dich 1 0,5 1, trong d6 ndng dd PAA cao hon 100 lin so véi nong d chat mau. Hai yéu t6 chinh dnh huéng
dén toc Ao mat mau 1a pH va ndng dd ion Co?* dwge khio sat. Kha ning ting cwong khir mau khi két hop PAA véi
anh sing tir ngoai ciing dwgc dinh gia trong nghién ciru nay. Céc s6 li¢u thwe nghiém cho thiy, gia tri pH ciia dung
dich phan tng anh hwéng 16n dén téc do khir mau, khi pH ting tir 4 1én 6, toc dd phan Gng ting 1én khoang 7 lan.
Ton Co? ¢6 tic dung xiic tac cho qua trinh phan hiiy mau, nong d§ Co*" ting tir 0,01 dén 0,1 mg/l gitp tdc d ting
khoang 11 lan. Khi chiéu 4nh sang UV, téc dd phan g clia PAA trong dung dich nhanh hon nh’iéu so v6i H,0,, hi¢u
qua khir mau dat 95% chi trong thoi gian 420 gidy. Hiéu qua nay co6 thé dwgc ly gidi nho lién ket O—O cia phan ti
PAA c6 niing lwgng thip nén rat dé phén li khi dwgc chiéu tia UV.

Tir khéa: dong hoa hoc, khir mau, methylene blue, peracetic acid, quang xtc tac.

Chi s6 phin logi: 1.4,2.4,2.7

Kinetics of decolourising methylene blue by peracetic acid
in the presence of Co** and UV light
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*Faculty of Chemistry, VNU University of Science, Vietham National University - Hanoi, 19 Le Thanh Tong Street, Phan Chu Trinh Ward, Hoan Kiem District, Hanoi, Vietnam

Received 19 September 2024; revised 30 September 2024; accepted 10 October 2024
Abstract:

The kinetics of decolourising methylene blue (MB) by peracetic acid (PAA) in the presence of Co** ion and ultraviolet
(UV) light at the temperature of 25+£1°C were examined in this study. All experiments were conducted with a solution
volume of 0.5 I, where the concentration of PAA was over 100 times higher than that of MB. The effects of two
main factors (pH and Co*" concentration) on the rate of MB decolourisation, and the enhancement of combining
PAA with UV light were examined in this study. The obtained experimental results showed that the pH value of the
reaction solution strongly affected the reaction rate of decolourisation. When pH increased from 4 to 6, the reaction
rate increased about 7 times. The Co?" ion revealed high catalytic activity for the reaction, concentrations of Co*
varied from 0.01 mg/l to 0.1 mg/l, resulting in a rate increase of nearly 11 times. Under UV light irradiation, PAA
exhibited more powerful activity compared to H,O,, achieving a decolourisation efficiency of 95% in 420 seconds.
This observation can be explained by the low energy of intramolecular bonding O-O in PAA molecule.

Keywords: decolourisation, Kinetics, methylene blue, peracetic acid, photocatalyst.

Classification numbers: 1.4,2.4,2.7
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1. it van de

Trong nhiing nam qua, nganh dét may da gop phan quan
trong vao phat trién nén kinh té nuéc ta. Trén co sé nhiing
thanh tyu dat duoc, Chinh phu da dé ra muc tiéu kim ngach
xuat khau dét may nam 2025 1a 50-52 ty USD va nam 2030
dat 68-70 ty USD [1]. Tuy nhién, dét may lai la nganh tao
ra lugng nudce thai rit 16n nén cé nguy co anh hudng tiéu
cuc dén moi truong néu khong duoc quan 1y va xir Iy phu
hop, dac biét 1a cong doan nhuom vai. Thanh phﬁn cua nudc
thai nhudém rat phtc tap, trong dé thude nhuém hitu co co
cuong d6 mau 16n, bén va doc véi hé sinh thai. Hién nay,
cac cong nghé cii nhu keo tu - tao bong, cong nghé vi sinh
dang duoc str dung phé bién dé xur Iy nude thai dét nhudm,
nhung hiéu qua chua duoc triét dé [2]. Cac cong nghé tién
tién hon nhu loc mang, Fenton, oxi hoa quang hoa c¢6 kha
ning khoang hoa hoan toan cac chat 6 nhidm hiru co, nhung
chua duoc ap dung do cong nghé phtc tap va chi phi dau tu
lon. Do vay, viéc tim ra giai phap xu ly nudc thai hiéu qua
¢6 cong nghé don gian, phu hop voi diéu kién Viét Nam 1a
can thiét dé thuc hién myc tiéu phat trién nganh dét may ma
Chinh phu d3 dé ra. Gan ddy, mot sb nhom trén thé gisi da
nghién ciru kha nang xur Iy nudc thai ciia PAA va cho thiy
day la mot tac nhan tiém nang c6 tinh oxi héa manh, than
thién véi méi truong [3, 4]. Tuy nhién, cac thong tin vé dong
hoc ciing nhu cac yéu té anh huong dén hoat tinh PAA chua
duogc cong bd nhiéu. Peracetic 1a mot peracid hitu co c6 hoat
tinh 6xi hoa manh vai thé 6xi hoa - khir nim trong khoang
1,06-1,96 (V) tuy theo gia tri pH [5]. Tai diéu kién binh
thuong, PAA ¢ trang thai long, khong mau, c6 mui hang
dac trung. Trong dung dich nudc, PAA ton tai déng thoi véi
H,0, va CH,COOH. Hon hop nay da dugc tmg dung dé tay
trang va sat khuan tur 1au [6-10]. Kha nang oxi hoa manh cua
PAA duoc gidi thich 1a do lién két peroxy (O—O) ndi phan
tir trong ddi yéu va kém bén [5]. San pham chinh trong qua
trinh phan huy/phan ung cua PAA la CH,COOH, H202, 0,
va nudc la cac chat khong c6 tac dong xdu dén moi tru(mg
Vi thé, gan day mot sb nghién ctru da thir nghiém xir 1y cac
chét 6 nhidm sir dung PAA [5, 11, 12]. Ton Co*" da dugc
cong bd c6 vai tro xic tac rat tot cho cac phan tng ciia PAA
[11]. Nhdm muc dich c6 thém thong tin vé kha ning ap dung
PAA trong xir Iy méi truong, nghién ctru nay khao sat toc do
khir mau methylene blue bang PAA véi xuc tac 1a ion Co?*
trong nudc khi thay doi pH, ndng do xtic tic va chiéu anh
sang tir ngoai.

2. Vat liéu va phuong phap nghién ciiu

2.1. Vit liéu

Dbi twong dugce chon dé danh gia hiéu qua khir mau
la MB. Cic hoa chét khac (H,SO,, NaOH, NaNO,,

Co(NO ),-6H,0) co nguon gbc cua hang Xilong (Trung
Qudc) v6i do tinh khiét phén tich, duoc str dung khong qua
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tinh ché lai. Dung dich PAA sir dung hing ngay cho céc thi
nghiém duoc pha tir dung dich gbc PAA diéu ché theo quy
trinh & 2.2. Bén UV cho thi nghiém chiéu sang co cong suit
15 W, chiéu dai 45 cm dugc gin trong dng phan tmg inox
voi thé tich 1,25 1.

2.2. Phwong phap nghién ciru

PAA dugc diéu ché tai phong thi nghiém tir acetic
acid dic va hydrogen peroxide (30%) véi ty 1& thé tich
CH,COOH:H,0, 1a 1,5:1. Néng d¢ san pham (PAA) sinh
ra duogc xac dinh bang chuan dd iodine - thiosulphate. PAA
duoc diéu ché trude khi duge su dung cho cac thi nghiém
mot ngay.

Pong hoc khir mau MB bing PAA trong dung dich duoc
tién hanh & nhiét d6 25+1°C, thé tich dung dich 0,5 1 ¢
khqu tur. Néng dd PAA dugc su dung (2,5 mM), du hon
nhiéu so v6i ndng d6 dau cua chat mau (0,025 mM). Nhirng
yéu t6 c6 anh hudng tdi tbe do khir mau dwoc khao sat bao
gém: nong do Co**, pH va anh sang tir ngoai UV. Tdc do
mat mau trong cac dung dich phan tng duoc theo ddi qua
d6 héap thu quang tai budc song 664 nm, twong Gmg véi dinh
ha?ip thu cuc dai cua methylene blue.

2.3. M6 hinh dong hoc

Phuong trinh dong hoc biéu dién toc do mat mau dugc
gia thiét co dang cong thue (1):

r=(k+k,[Co™ "y mBY [Pad) [oH ] (1)
trong d6: nl, n2, n3, n4 lan luot 1a bac riéng cua Co*", MB,
PAA va OH-.

Vi nf”)ng d6 PAA dugc st dung rat du so voi néng do chat
mau; ndng d6 Co? va pH khong dbi nén cong thire (1) dugc
chuyén thanh cong thic (2):

= k'[MB]" )
3)

trong d6 k’ duogc coi 1a hang sb trong qua trinh phan tng.

V61 & =(k+k,[co? Y Padl* [or ]

Gia thiét n2=1, cong thirc (2) duoc chuyén thanh dang
tich phan:

(M)

" oss)

trong d6 C 1a nong do MB.

y=k't hodc ln(—) k't @)

Tur cac s6 lidu thu duoc vé dién bién bién néng do MB
theo thoi gian, gia tri £” dugc xac dinh trén dd thi su phu
thudc cua m(%) theo thoi gian (7).
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3. Két qua va ban luan

3.1. Hoat tinh ciia PAA so véi H,0,

Dung dich PAA ludn chira H,O, do can bang phan tng:

CH,COOOH + H,0 «+» CH,COOH + H,0,

Nham khé‘ing dinh hoat tinh cua dung dich la do PAA chu
khong phai do H,O,, thi nghiém nay tién hanh do sy mat
mau MB khi st dung hai dung dich PAA va H,O, ¢6 cung
nong d6 2,5 mM (v6i dung dich PAA, day la nong do tong
PAA+H,0,), cac diéu kién phan tng khac gidng nhau gdm:
pH=6, nong do0 MB ban dau 8,5 mg/l, [Co*]=0,1 mg/l, va
nhiét 6 25+1°C. Dién bién ndng do MB theo thoi gian ung
v6i hai dung dich 6xi hoa dugc trinh bay trén hinh 1.

i

XX XXX X XXX X

s PAA
X H,0,

0 L L L ’
0 1000 2000 3000 4000
Thoi gian (gidy)
Hinh 1. Dién bién néng doé mau methylene blue trong hai phan
rng v@&i peracetic acid va H,0, & cung nong d$ 2,5 Mm.

84 ligu dong hoc thu duge cho thiy, ¢ diéu kién da khao
sat, dung dich H,0, hau nhu khéng lam thay doi nong do
MB trong thoi gian 3500 (gidy). Tuy nhién, dung dich PAA
da khtr dugc trén 95% mau trong thoi gian 1000 (gidy). Do
vay, hoat tinh khir mau ctia PAA cao hon nhiéu so véi H,O,.
Két qua nay ciing di dugc cong bd bai nhom nghién ctru cta
7. Zhao va cs (2021) [12] khi khao sat phan Gng ctia PAA va
H,0O, v6i bisphenol A (BPA). BPA hau nhu khong phan hay
béi H,0,/Co*" nhung phan hity dugc 93,6% trong thoi gian
20 phut boi hé PAA/ Co**. Piém khac biét & chd nghién ctru
nay danh gia kha nang phan rng vao nhém mang mau con
nghién ctru ctia Z. Zhao va cs (2021) [12] danh gia kha nang
phan rng vao vong thom.

3.2. Anh hwong ciua pH

PAA 1a mét axit yéu nén dang ton tai (axit hay bazo lién
hop) phu thudc pH cua dung dich phan ung (ty 1¢ dang bazo
s tang o pH cao). Hoat tinh dang axit va bazo cua PAA c6
thé thay doi theo pH, nén hoat tinh chung ctia dung dich PAA

%H%-IE 66(10DB-HH) 10.2024

s€ phu thuoc vao gia tri pH. Dé khao sat hién tugng nay, cac
nghién ctu do toc dg mat mau MB duogc thyc hién tai 3 gia
tri pH (4-6) vdi cac diéu kién khac nhu trong bang 1.

Bang 1. Cac diéu kién thi nghiém nghién ctru anh hwéng pH.

pH [MB] (mg/l)
4,5,6 7+8

[Co*] (mg/l)  [PAA](mM)
0,01 2,5

Nhiét do (°C)
2541

Dién bién nong d6 MB theo thoi gian trong cac thi
nghiém duoc trinh bay trén hinh 2. Hinh nay cho thiy, toc
dd phan tng khur mau nhanh hon khi pH tang. Do do, ta
c6 thé két luan 1a dang bazo cua PAA c¢6 hoat tinh cao hon
dang axit.

b LT
7 u, ®op ®ee
= ‘ °
.;35 -\,' l--.. [ ] ‘.m..‘
g E"l;{% g '
E 5 | 'q,i oy
. ", s ° pH=
gat iy "y
w0 “n““" "m, ®=pH=5
63T iy . B nH=
2 g " pH=6
2 F DiTH]
By . o
1 -
0 L L Il 'l 'l J
0 1000 2000 3000 4000 5000 6000

Thoi gian (gidy)
Hinh 2. Dién bién néng d6 methylene blue theo th&i gian khi thay
déi pH.
Dua trén mé hinh dong hoc phan ting dugc trinh bay &
muc 2.3, héng s6 tde d6 biéu kién &’ cho tung pH duoc xac
dinh va trinh bay ¢ bang 2 va hinh 3.

Bang 2. Hang sé téc do phan (rng biéu kién & cac pH khac nhau.

pH 4 5 6
Kx10%, s 0,5 16 3,3

3,5
3,0 -
2,5 -

2,0 -

k’x10%, s™

1,5 - *

1’0 .

0,5 o *

0,0 T T T 1

Hinh 3. Hang sé k’ khi thay ddi pH.
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Hing s6 k’ tang theo pH (k’ ting khoang 7 lan khi pH
tang tir 4 1én 6). Xu hudng nay cé thé duoc giai thich nhu
sau: & pH cao, PAA ton tai dang ion PAA- nhiéu hon. PAA-
lai c6 kha ning twong tac v6i PAA dé tao cac chat trung gian
hoat dong manh [13]. Céc chat trung gian phan tng nhanh
v6i MB 1am ting téc d6 mat mau. Két qua nay cho thay tiém
ning str dung PAA dé loai bo céc chit c6 mau va cac chat 6
nhiém hitu co & diéu kién pH gan 7.

3.3. Anh huwéng ciia nong @ Co*

Pé thay 16 vai trd xuc tac cta ion Co*", toc do khir mau
MB di duoc khao sat khi thay d6i nong d6 Co?* tir 0,01 dén
0,1 mg/l. Cac didu kién khac dé thyuc hién thi nghiém nhu
trong bang 3.

Bang 3. Diéu kién phan (rng dé danh gia anh hwéng ciia ndng do
Co?.

[PAA] (mM)  [MB](mg/l)
2,5 7.5

[Co*](mg/l) pH
0,01; 0,04; 0,06; 0,08; 0,1 6,0

Nhiét do (°C)
25£1°C

Tir cac s6 liéu vé bién thién nong do chiat mau theo
thoi gian cho ting gia tri nong d6 Co*" ta tinh va biéu dién
In(C/C) phu thudc thoi gian nhu hinh 4.

35 1 © 0,01 mg Co?/l
3 4 0,04 mg Co?/I
- 2+
25 | 0,06 mg Co?/I
—_ + 0,08 mg Co%*/I
% 2 x 0,1 mg Co%/l
o L)
< 1,5
—
1
0,5
0 1 J

0 2000 4000
Thei gian (giay)

6000

Hinh 4. Dién bién In(C/C) phu thudc th&i gian (f) & cac néng do
Co%,

Hinh 4 cho thdy, ¢ cac nbng do xtic tac khac nhau, gia tri
In (C/C) « déu phu thudc tuyén tinh vao thoi gian (¢). Su phu
thudc tuyén tinh nay khing dinh bac phan “ung riéng cua MB
1a 1 (n2=1). Khi ndng d6 Co** ting thi do ddc cua dwong thing
(hay gia tri &) ting 1én, nghia 1a tbc d6 qué trinh xay ra nhanh
hon. Céc gia tri k" thu dugc ing véi cac ndng do xuc tac khac
nhau duoc biéu dién trén hinh 5 cho thdy téc d6 phan tng ting
tuyén tinh theo ndng d6 Co>*. Céc s liéu nay da chimg minh
hoat tinh xdc tac cua ion Co** dbi v6i qué trinh xtr Iy mau
MB bang PAA. Khi so sanh véi cac gia tri k* (0,8+11x10
s') do nhom nghién ciru D. Yuan va cs (2022) [14]
cong bé khi st dung xtic tac Fe?* & pH=3 dé xur Iy mau MB,
két qua thu dugc trong nghién ciru nay (3,3+37x10%s™) cao
hon. Piéu d6 chung to xuc tac Co** hidu qua hon so vi Fe?'.
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Hon thé nita, xuc tac Co*" duge thyc hién & pH gan trung
hoa nén khong ton chi phi chinh pH nhu truong hop Fe** khi
duoc ap dung thyc tieén.

0,004
*
0,003 | .
0,002 | .
= .
0,001 |
*
o L L L L J
0 002 004 006 008 01
[Co*], mg/I

Hinh 5. Sy phu thudc k’ vao ndng dé Co?.
3.4. Anh hwéng ciia dnh sdng tiv ngoai

Trong phan m¢ dau di trinh bay ning luong lién két 0-O
cua phan tir PAA nho hon so v6i cta phén ta H,O,. Do do,
dudi tac dung cua tia UV, lién ket 0—O trong phan tu PAA
rat d& phan li, dong li dé tao gdc tw do. Nham chimg minh
kha ning nay, thi nghiém chiéu anh sang UV duoc tién hanh
v6i cac didu kién phan tng trong bang 4.

Bang 4. Cac diéu kién thi nghiém khao sat anh hwéng ctia UV.

[PAA] mM) [MB] (mgl) [Co*] (mg/l) Nhiét dj (°C)

2,5 8 0,01 6 15 25+1

pH UV (W)

Khoang thoi gian 150 (gidy) dau tién, dung dich phan
g dugc tién hanh khi khong c6 tia UV. Sau khoang thoi
gian nay, dén UV dugc bét chiéu dung dich phan tmg. Két
qua do mau theo thoi gian trong ca 2 giai doan dugc trinh
bay ¢ hinh 6.

91 £ <X
chwa chiéu UV Chiéu UV
8 b
7 4
e
- 5
=]
> 4
<«
=]
e 34 —i— 0,01 mg/I
<o 2 n
V4
1 4
0 T T T T T T T T \
0 50 100 150 200 250 300 350 400 450

Thoi gian (gidy)

Hinh 6. Dién bién nong dé methylene blue trong thi nghiém chiéu
anh sang UV.
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Hinh 6 cho thdy, khoang thoi gian dau tién (150 gidy) khi
chua c6 UV, nong d6 mau giam khong déng ké (<5%). Khi
dugc chiéu UV (tir thoi diém 150-450 (gidy)), toc do khir
mau ting nhanh, dat dugc 95% sau 420 gidy. Cac két qua da
cho théy hoat tinh vuot troi cua PAA dé xu Iy mau khi dugc
chiéu UV va sy c6 mit cta ion kim loai Co?** 1am xc téc.
Nhiéu cong bé trude day ciing thu duge hiéu qua tuong tu
nhu nhom cua M. Cai va cs (2017) [4], Y. Zhu va cs (2023)
[15]. Téc do phan Gng nhanh khi chiéu UV duoc giai thich
1a do lién két O-O trong phan tir PAA yéu d& bi phén li dé

tao géc tu do, hiéu suét luong ta l6n @, =1,2 [4].

4. Két luan

Céc sb liéu thu duoc da ching minh dung dich PAA c6
kha ning xir Iy mau ctia methylene blue rat nhanh. Hoat
tinh oxy héa cia PAA manh hon rat nhiéu so véi tién chét
la H,0, (H,0, khong lam mét mau trong khi dung dich PAA
da khtr dugc trén 95% mau trong thoi gian 1000 gidy voi
su ¢6 mat [Co**]=0,1 mg/l). Téc d6 cua phan Gng ting &
pH cao duoc giai thich la do hoat tinh dang bazo cua PAA
cao hon so vdi dang axit, khi pH tang tur 4 1én 6, tbe do
phan mg ting 1én khoang 7 1an. Nghién ciru ciing cho thay
rang, ion Co*" ¢6 vai trd xuc tac rat tot dé ting cudng hoat
dong ctia PAA, ndng do Co** tang tir 0,01 dén 0,1 mg/1 giup
toc do ting khoang 11 1an. Khi két hop PAA véi chiéu UV,
téc d6 mat mau xay ra nhanh hon rat nhiéu (hiéu qua trén
95% sau 420 gidy). Hiéu qua nay c6 thé dugc 1y giai nho
lién két O—O cua phén tir PAA c6 ning luong thdp nén rat
d& phan 1i khi dugc chiéu tia UV. Két qua thu duoc rat c6
y nghia trong dinh hudng st dung PAA lam tac nhan xu ly
moi trudng.
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Nghién ctru g dung phirc xtc tac giira ion kim loai chuyén tiep coban (II)
va axit xitric dé xir Iy chat 0 nhiém hiru co trong nwdc thdi dét nhugm
Nguyén Pirc Trung, Tran Thu Van, Nguyén Ngoc Tué"

Tom tit: | | | | | | | |

Trong nhirng nim tré lai diy, hwéng nghién ciru vé wng dung nhirng wu thé ciia phire xic tac dong thé trong xir ly
moi trlr()’ng dang dugc cac nha nghién ctiru quan tim va phat trién. Bai bao thao luin vé phuwong phap xi ly cac chét
6 nhiém hiru co trong nudrc thai dét nhugm sir dung hydrogen peroxide (H Oz) dudi tac dung caa phirc chét giira ion
kim loai chuyen tlep coban (II) va axit xitric (H, L). Nghién ctru da khao sat cac thong so anh huéng dén hiéu qua xir
1y nhu cau oxy héa hoc (COD) dé xac dinh cac dleu kién phan tng tdi wu theo thong s6 COD duoc quy dinh trong
QCVN 13-MT:2015/BTNMT. Trong diéu kién t6i wu 12 pH 9,5, nong do ban diu 1 2,0.10-° M déi véi ca [Co*], va
[H,L],, cing nhw nong do ban dau 12 2,0.10° M déi véi [H,0,],, hiéu qua xir ly COD la 87,1% (khozng 65 mg/l) sau
150 phut Tinh kha thi cia phwong phap gop phan dang ke vao su phat trién bén virng cuia cic co' s¢ san xuat cong
nghiép. Day 12 co' sé dé dé xudt thém cac phwong phap bd sung nham xir ly nuédc thai nhudm dét bang cach str dung
cac phirc chit xiic tic dong thé & nhigt do méi treong va ap suat khi quyeén.

Tir khéa: Co™, H,0,, H L, nwéc thii dét nhugm, phire chit dong thé.
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Abstract:

In recent years, the research direction on the application of the advantages of homogeneous catalytic complexes
in environmental treatment has gained significant interest and development. This article discusses the findings
of a method for the treatment of organic pollutants in textile wastewater using hydrogen peroxide (H,0,) with
the assistance of a homogeneous complex formed by the transition metal ion cobalt (II) and citric acid (H,L). The
parameters affecting the efficiency of chemical oxygen demand (COD) treatment were investigated to identify the
optimal reaction conditions according to the COD standards specified in the technical regulation QCVN 13-MT:2015/
BTNMT. Under the ideal conditions of pH 9.5 and initial concentrations of 2,0.10° M for both [Co*'] , and [H,L] as
well as an initial concentration of 2,0.10° M for [H,0,] , the treatment efficiency for COD was 87.1% (about 65 mg/l)
after 150 minutes. The feasibility of the method significantly contributes to the sustainable development of industrial
production facilities. This serves as a basis for proposing additional methods for the treatment of textile dyeing
wastewater using homogeneous catalyst complexes at ambient temperature and atmospheric pressure.

Keywords: Co™, H,0,, H L, homogeneous complex, textile wastewater.
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1. Dat van de

Nudéce théi tr cong doan dét nhuém da va dang gay ra
nhitng anh huong khong nho ddi véi méi truong nude noi
chung va sirc khoe con ngudi bi ham luong chat hitu co
kho phan huy, cac chit mau, cling nhu su tdn du chat hoat
dong bé mat. Bén canh cac phuong phap phd bién dé xur ly
nudc thai dét nhudém nhu keo tu, hép phu... thi viéc ing dung
phuong phap oxi hoa tién tién mang lai nhiéu két qua kha
quan [1-4]. Phtrc xtc tac gitra ion kim loai chuyén tiép (Fe?',
NiZ", Co*...) va cac phdi tur thich hop (EDTA, Histidine,
H L...) duoc lya chon cho qua trinh chuyén hoa H,O, sinh
ra cac gbe tu do c6 kha ning oxi hoa cac chat hitu co doc hai
thanh CO,, H,O hodac cac hop chét it doc hai hon [2-6]. Bén
canh do, mot sb loai phtc chét ¢o trong moi truong, tham
gia vao phan tmg Fenton hoa, mo rdng vung pH xt 1y so véi
Fenton c6 dién, giam dugc lugng 1on bun thai so voi hé cd
dién do tiét kiém duoc néng d¢ ion kim loai cling nhu H,O,.
Theo nhiing nghién ctru va bao cdo cua N.N. Tue (2004)
[3] va N.V Duong (2004) [4] da ching minh su hinh thanh
phtrc gifta ion Co*, Ni** - H,L c6 hoat tinh cao trong qué
trinh xuc tac hoat hoa H,O, tao thanh géc tuw do OH{7, 8].
Trong nghién ctu nay, kha nang tmg dung phtc xtic tac
giita ion Coban (II) va phdi tir axit xitric (H,L) trong xir Iy
chat hitu co doc hai va kho phan hity sinh hoc ¢6 trong nudc
thai dét nhudm (trude khi dua ra hé thong xtr 1y) dugc thu
thap tir Cong ty TOP TEXTILES (Ha Nam) da duogc phdi
hop khao sat nhdm ning cao ning lyc kiém so4t moi truong
ctia Cong ty. Chi s6 COD dugc st dung 1am chi s6 danh gia
hiéu qua ctia qua trinh xir Iy. MAu nudc thai cé gia tri COD
ban dau 13 525 mg/l, pH=7,8; d0 mau 1026 Pt/Co va TSS la
116mg/1. Hé phan tmg duoc t6i wu dé mang lai hiéu suit cao
nhit bang cach khao sat c6 diéu kién cua méi trudng phan
ung nhu pH, né)ng do ion Co*, [H,L], [H,0,]. Hai h¢ phan
ung sau s€ dugc lya chon dé khao sat cac su thay doi trén:

Nude thai-Co?*-H,0, (I)
Nude thai-H,L-Co**-H,0, (II)
2. Phuong phap thuc nghiém

Mau nudc thai dugc thu thap tir Cong ty TOP TEXTILES
(Ha Nam) theo TCVN 6663-1:2011 (ISO 5667-1:2006).
Chi sb COD truée va sau khi xur Iy dugc sir dung dé danh
gi4 hiéu qua cta phuong phap duoc Iya chon. Lan lugt mau
nudce thai, ligand H,L, Co* va H,0O, dugc cho vao binh phan
mg 3 ¢b, dat trén may khudy tir gia nhiét AREC.X Velp.
Sau mdi khoang thoi gian s& 1dy mau di phan tich COD theo
TCVN 6491:1999 (ISO 6060:1989).
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3. Két qua va ban luan

Thuec té cho thdy, viéc nghién ciru vai trd cua phirc xuc
tac giita ion Co*" va phdi tir thich hop trong xir 1y chit 6
nhidm hiru co dudi tac dung cua tac nhan oxi hoa 1a cac gbc
tur do 1a rat tiém nang. Hé (I) duoc lya chon dé xac dinh kha
nang xir 1y khi khong c6 phdi tir (axit xitric-H D).

Nude thai-Co*-H,0, (I)

Diéu kién phan tmg: [C0*]¢=3.10¢ M; [H,0,],=2.10° M;
COD, =525 mg/l; pH=9,0; t=120 phut. Gia tri COD
(521 mg/1) sau xur Iy khong khac biét dang ké so véi COD
ban dau (525 mg/l). Trong mdi trudng pH tuong ddi cao,
v6i ndng d6 16n [Co?*] (~10 M), cac ion Co?* ¢6 thé bi thuy
phan dé tao thanh cac hydroxit c6 ndng d6 khac nhau, dan
dén két tiia khién hé tro nén dyc, mét tinh ddng thé va khong
¢6 hoat tinh xuc tac [3, 4]. Nghién ctru tiép tuc lya chon va
khao sat hé (II):

Nuée thai- H,L-Co**-H,0, (II)
3.1. Anh hwéng ciia diéu ki¢n moi trwong pH

Trong s nhitng tac nhan da dé& cap & trén, diéu kién
clia moi truong phan tmg (pH) quyét dinh rat 16n dén hiéu
qué cta quéa trinh chuyén hoa H,O, thanh gbc tu do OH-
va diéu kién dé ton tai phuc chét c6 hoat tinh xuc tac. Két
qua nghién ciru sy anh hudng ciia mdi trudng dén hiéu
sudt cia qua trinh xir Iy COD cua nudc thai duge lay tir
nha may dét nhudm duogc trinh bay trén hinh 1 cho théy
hi€u qua xu ly tang ty 1é€n thuan vdi pH (dat cuc dai tai
pH=9,5). Céc phan g dugc tién hanh ¢ cac diéu kién sau:
[Co*] =[H,L]=3.10°M, [H,0,],= 2,5.10° M , pH duoc
khao sat tai cac gia tri 7,5; 8,0; 8,5; 9,0; 9,5; 10,0; 10,5.
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Hinh 1. Anh hwéng ctia méi trwong pH dén qua trinh xir ly COD.
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Thuc nghiém qua trinh xtr Iy nudc thai cho thiy hiéu qua
ctia qua trinh xtr 1y 13 rat thip khi hé phan tng c6 pH<7, va
khi ting gia tri pH ctia moi truong 1én pH=9,5 thi hiéu suét
clia qua trinh phan mg ciing tang ty 18 thuan. Két qua thuc
nghiém chimg minh rang, & mdi trudng pH thap thi nong
d6 ion L* sinh ra khong dang ké, trong hé phan tng thi H L
tdn tai chu yéu o dang axit [9, 10]. Do do, hoat tinh cua xtc
tac tao thanh trong hé phan mg 1a khong cao, ndng d6 phic
chat hoat dong thap.

Khao sat gia tri pH trong khoang 7,5+9,5 thiy ring, qua
trinh xwr Iy cho hiéu suét tang dan va dat cuc dai tai pH=9,5.
O khoang pH nay, ndng do6 phtic chat hoat dong tao thanh
¢6 hoat tinh xtic tac cho qua trinh chuyén hoa H,O, tang lén
theo chiéu ting cua gia tri pH do khi pH tang thi nong do
ion H* giam, chiéu ctia phan tmg phan ly cia H ,L (1) s€dich
chuyén vé phia phai, phia tao nhiéu ion L*, phtic xuc tac
dugc tao thanh nhidu hon va hé c6 hoat tinh r rét. Qud trinh
proton héa ctia H,L dugc thé hién trong phuong trinh (1):

+ + + +
- — — N —H

HL H,L > HL* HL* > L* (1)

Khi tang gia tri pH Ién trén 9,5, hé c¢6 hién tugng van
duc, nguyén nhan co thé do c6 mot lugng 16n ion Co*" bi
thily phan tao thanh phuc hidroxo khong c¢6 hoat tinh xtic
tac hodc chuyén thanh hydroxit, néng do phirc chat hoat
dong giam. Mt khac, H,0, kém bén ¢ nhiig gi4 tri pH cao,
d& bi phéan huy thanh O, va H,0 [6, 7]. Gi4 trj pH=9,5 dugc
nghién ctru Iya chon dé thyc hién nhimg khao sat tiép theo.

3.2. Anh huéng ciia 1y I¢ néng d@p [H L] va [Co™]

Ty 1¢ giita [H,L] va [Co*] dugc biéu dién boi hé so
B. Piéu kién qua trinh khao sat dwoc dién ra nhu sau:
B=[H, L]o/[Co*]o; [Co*[o=3.10"° M; pH=9,5; [H 0O ,]o=
2,5.103 M. Su thay débi néng do H,L dugc khao sat thong
qua gia tri f vai cac gia tri duoc khao sat 1a 0; 0,5; 1,0; 1,5;
2,0 va 3,0. Hiéu suét cta qué trinh xur ly COD dugc trinh
bay trong hinh 2.

Véi gia tri B=0, phtrc chit gan nhu khong duoc tao
thanh, hé chi gém c6 ion Co?' tai gia tri pH=9,5, COD cuta
mau thu dugc co gid tri xép xi véi mau thai ban dau. Hé
nghién ctru (II) tr¢ thanh (Nudc thdi - Co**- H,0,). Trong
h¢ khi khong c6 sy tham gia cta ligan (H,L), khi tién hanh
& diéu kién moi trudong co gia tri pH 16n (khoang 9,5), ion
Co*" & trong diéu kién nay bi thuy phén tao thanh két tia c6
hoat tinh xtc tac rat thip 1am cho dung dich nghién ctru mat
tinh dong thé [4].

8‘: ; H"OGCHE 66(10DB-HH) 10.2024
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Hinh 2. Anh hwéng cua ty 1é ndng dé [H,L] va [Co*].

Khi p>0, sy c6 mit cua ligan (phdi tir) H,L, twong tac
phdi tri dugc hinh thanh giira ligand va ion Co?*. Mic du &
gia tri pH cao, nhung ndng d6 ion kim loai Co?* giam xudng
dang ké, ddn dén qua trinh hinh thanh phirc chit hidroxo va
hydroxit bi can tré, ndng do phirc chat ¢ hoat tinh xtc tac
tang 1én. Két qua cho thiy, hiéu qua xir Iy COD cao nhit dat
71,67% tai gié trj B=1 ([Co*]:[H,L]=1:1). Két hop véi két
qua khao sat pH c6 thé thy rang, phirc chat dugc tao thanh
1a phirc da nhan [Co,L,]%, day la phirc chat kim loai chuyén
tiép c6 hoat tinh cao ddi véi qua trinh xtc tac dé chuyén hoa
H,O, va sinh ra géc tu do c6 kha nang oxi hoa cao - géc tu
do HO [2-4]. Tai B=1, gén nhu toan bd lugng L* da tham
gia tao phirc véi Co** trong hé (IT) va phurc xuc tac dat gia tri
cuc dai, ting toc do qua trinh phan hay H ,0,, tao gbe tu do
‘OH, tang hiéu qua xu ly COD.

Khi B>1, ngoai qua trinh oxi hoa cac chat hitu co, phdm
nhudm co san trong mau nude thai, thi khi du mot luong 16n
H,L cling gy can tr¢ cho qua trinh phan tng, do dy cling
la tdc nhan phan g vo6i goc tu do OH- dugc sinh ra, do d6
lam giam ndng d6 gbc tu do trong hé, din dén lam giam
kha ning COD céc chit 6 nhiém khéc (hiéu suat xtr Iy COD
giam). Gia tri p=1 duogc chon 1a gia tri tbi wu cing voi pH
(9,5) cho cac khao sat tiép theo.

3.3. Anh hwéng ciia nong dé [Co?]

Nhiéu nghién ctru cho thiy, ion Co** doc 1ap khong co
hodc c6 hoat tinh rat thap khi tham gia cic phan g hoa
hoc, nhung khi ion nay twong tac, hinh thanh lién két v6i
céc ligan (phéi tir) thich hop thi lai cho thdy hoat tinh xtc
tac rat rd rang. Trong nghién ciru nay, diéu kién ciia phan
tmg dugc gitt nguyén véi cic gia tri f=1, [H,0,]=3.10°M,
pH=9,5; thoi gian phan tmg 120 phut, khoang ndng d6 Co*
khao sat tir 1.10° t61 6.10°M .
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Hinh 3. Anh hwéng cia ndng dé Co?.
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Hiéu qua cia qua trinh xtr Iy COD ting dan va dat gia
tri cao nhat khi ndng dé cua ion trong hé [Co*] ,=2.10° M.
Diéu nay thé hién trén hinh 3. C6 thé tai gia tri nong d6 nay
sy hinh thanh phic chét da nhan ¢ hoat tinh, xtc tac cho
qua trinh xtr 1y 1a thuan loi.

3.4. Anh huéng ciia néng dp H,0,

Qua trinh khao sat sy anh huong cta néng do H,0, toi
hiéu suét cua qué trinh xtr Iy COD duoc xét trong khoang
tr 0,5 dén 4 mM, céc yéu t6 khac duoc gitt ¢b dinh [Co?"]
1a2.10° M, B=1, pH=9,5 trong 120 pht.

Khi thay d6i nong do H,0, tir 0,5.10° 1én 4.10°M (hinh
4) cho thiy, hiéu suat ctia qua trinh xir 1y néng d6 COD véi
mau nude thai dét nhudém trén c6 xu hudng ting tir 41,9 1én
85,7% (dat cuc dai tai gia tri nong do H,0,1a 2.10°M). Khi
ham luong H,O, tang cling thic day lam ting nhanh téc do
phan tng, do qua trinh nay thiic ddy mot lugng 16n gbc HO-
duoc sinh ra tn cong vao mot cac phan tir chat 6 nhiém hitu
co, chuyén thanh cac chat vo co nhu CO,va H,0, 1am giam
thiéu gia tri COD ctia mau nudc thai dét nhuom.
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Hinh 4. Anh hwéng cta néng dé H,0,
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Tuy nhién, khi nong do H,O, trong h¢ tang lél} trén
ngudng phan Ung thi hiu qua cé xu hudéng gidm doi voi
qua trinh xir Iy COD. Mit khac, & diéu kién pH cao, lugng
H,O, du trong hé¢ phér} ung s€ lam tang gia tri COD do dugc
cao hon so voi thye t€, thém mot lwgng H,O, du nay c6 kha
nang phéan huy sinh ra H O va O,, dong thoi ¢6 kha ning
oxy héa H,L dan dén hi¢u qua xur Iy c6 thé bi gidm ¢ ving
nong do H,O, lon.

3.5. Anh hwong ciia thoi gian hé phén iing

V6i cac thong sb duge tdi wu hoa nhu pH, B, [Co*'],
[H,0,], nghién ctru tién hanh khao sat khi thay doi thoi gian
phan tng cua h¢ téi qua trinh xtr Iy COD ctia nudc thai dét
nhuom (hinh 5).
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Hinh 5. Anh hwéng thei gian hé phan ng.

Qua két qua thu dugc cho thay, khi thoi gian phan ting
clia hé tang 1én thi hidu sut qua trinh xtr Iy COD tang tir
37,1 1én 87,61% (65mg/l), 0 mau dat 32 Pt/Co sau 150
phat. Didu nay dugc 1y giai 1a do khi thoi gian phan Gmg nho
hon 150 phat thi luong chit 6 nhiém chwa bi phan hay hoan
toan, hé van ton QH mot luong 16n H,0, dan dén hiéu suét
qua trinh xtr ly thap. Khi tang thoi gian phan Gng, thoi gian
tuong tac giita chat oxi hoa va chat 6 nhidm ciing ting lén,
hé dan 6n dinh, din dén hiéu suét cta qua trinh xir Iy COD
ciing nhu dd mau ciia mau nghién ctru ting 1én (hinh 6).

Hinh 6. Mau nwéc thai trwdc va sau qua trinh xtv ly bing phirc
xuc tac.



4. Két luan

Nghién ctu da dugc thuc hién va xac dinh dugc bo
thong s ti wu cho qua trinh xtr 1y dat hiéu qua cao nhat tai
gia tri pH=9,5, ndng d6 phirc chit 1a 2.10 M, gia tri p=1,
[H,0,] =2,0.10°M, thoi gian phan Gng la 150 phut, nhiét
dd khao sat & 30°C. Gia tri COD cua mau nghién ciru thuc
té sau qua trinh xur 1y 12 65 mg/I (giam 87,61% so véi miu
ban dau (525 mg/l)), do0 mau 32 Pt/Co, dat cot (A) QCVN
13-MT:2015/BTNMT. Tiém ning ciia phirc chit xuc tac
[11] trong xur Iy moi truong, dugce hinh thanh gitta ion kim
loai chuyén tiép Co (II) va ligan H ,L da duogc nghién ctru
va chimg minh c6 tng dung cao, gop phan ting cuong giai
phap xu ly nudc thai qua trinh dét nhuom ctia Cong ty TOP
TEXTILES (Ha Nam).

TAI LIEU THAM KHAO

[1] J. Karam, J.A. Nicell (1997), “Potential applications of
enzymes in waste treatment”, J. Chem. Tech. Biotechnol., 69(2),
pp-141-153,DOTI: 10.1002/(SICI)1097-4660(199706)69:2<141::AID-
JCTB694>3.0.CO;2-U.

[2] V.X. Nguyen (1994), Homogeneous Oxidation-Reduction
Catalysis Using Mononuclear and Dinuclear Complexes of Some
Transition Metal Ions, PhD Thesis in Chemistry, Hanoi University of
Science and Technology (in Vietnamese).

[3] N.N. Tue (2004), Catalase Properties of Ni(ll) Complex
and Citric Acid, Master’s Thesis in Chemistry, Hanoi University of
Science and Technology (in Vietnamese).

[4] N.V. Duong (2004), Peroxidase Properties of The System:
H,0-CO,+-H L-Indigocamine-H,0,, Master’s Thesis in Chemistry,
Hanoi University of Science and Technology (in Vietnamese).

%: ; H"OGCHE 66(10DB-HH) 10.2024

msssssmmmm  Khoa hoc Tu nhién | Héa hoc; Khoa hoc Ky thuat va Céng nghé | Ky thuat héa hoc; Ky thuat méi trudng

[5] S. Biswas, S. Bose, J. Debgupta, et al. (2020), “Redox-active
ligand assisted electrocatalytic water oxidation by a mononuclear
cobalt complex”, Dalton Transactions, 49(21), pp.7155-7165, DOL:
10.1039/DODT00838A.

[6] M. Nasrollahzadeh, Z. Nezafat, N. Bidgoli, et al. (2020),
“Recent progresses in polymer supported cobalt complexes/
nanoparticles for sustainable and selective oxidation reactions”,

Molecular Catalysis, 484, DOI: 10.1016/j.mcat.2020.110942.

[7IN.N. Tue,N.D. Trung (2021), “Degradation of organic pollutant
in restaurant wastewater using the homogenous catalysis with Mn (IT)
and EDTA”, Vietnam Journal of Catalysis and Adsorption, 10(4),
pp.50-55, DOI: 10.51316/jca.2021.067.

[8] T.N. Ngoc, N.N. Trong, T.N. Thi, et al. (2020), “Study on
printing wastewater treatment by decomposition reaction H,O,
catalyzed of complex between ion Ni** and citric acid”, Vietnam
Journal of Catalysis and Adsorption, 9(4), pp.106-110, DOI:
10.51316/jca.2020.078.

[91 M.D. Ingram, G.G. Lewis, J.A. Duffy (1972), “lonic-covalent
interactions and glass formation in molten acetates. Cobalt (II) as a
spectroscopic probe”, The Journal of Physical Chemistry, 76(7),
pp-1035-1040, DOI: 10.1021/j100651a016.

[10] T.V. Nhan, N.T. Nga (2006), Technology Curriculum for
Wastewater Treatment, Science and Technics Publishing House,
331pp (in Vietnamese).

[11] T.Q. Khan, M.M.A.E. Martell (1974), Homogeneous
Catalysis by Metal Complexes, Academic Press, New York and
London, 415pp.



DOL: 10.31276/VIST.66(10DB-HH).45-49 Khoa hoc Tu nhién | Héa hoc; Khoa hoc Ky thudt va Cong nghé | Ky thuat hda hoc; Ky thudt méi truong n—

Nghién ciu quy trinh bién tinh cht hap phu sinh hoc rau ngét
(Sauropus androgynus) dé xir Iy ion chi trong nwoc

Nguyén Thi Mai', Bui Vin Nhiam', Chu Thi Bio Tran', Cao Min Binh', Lé Vin Diing?, Vii Anh Tuin"

"Truong Héa va Khoa hoc Sw Szfng, Dai hoc Bach khoa Ha Néi, 1 Pai Cé Viét, phuong Bach Khoa, qudn Hai Ba Trung, Ha Noi, Viét Nam
2Vién Nghién ciru Khoa hoc Hau can Quan su, Hoc vién Hdau can, phuwong Ngoc Thuy, qudn Long Bién, Ha N¢i, Viét Nam

Ngay nhan bai 12/9/2024; ngay chuyén phan bién 15/9/2024; ngay nhan phan bién 15/10/2024; ngay chip nhan ding 20/10/2024
Tom tit:

Rau ngot, tén khoa hoc 12 Sauropus androgynus (SA) ¢6 chira nhiéu hop chéit nhw cellulose, hemicellulose, lignin va pectin,
¢6 kha ning tao lién két véi cac ion kim loai nho' cac nhém chire nhw hydroxyl (-OH), carboxyl (-COOH), amit bac 2
(-CONH), amin (-NH, NH,). Tuy nhién, bé mit 12 nguyén ban ¢6 it vi tri hap phu. Nghién ciru di tién hanh bién doi bé mat
clia SA bang cach sir dung dung dich NaOH dé tao ra mot chit hap phu sinh hoc méi mang tén Sauropus androgynus bién
tinh (MSA). Két qua cho thay, hiéu suat hap phu ciia MSA da ting tir 49, 04 1én dén 80% trong 30 phit, khi thye hién o diéu
kién pH6 voi 0,1 g vat liéu va ¢ nhiét do phong bé dac trung hinh thai ciu tric, nghién ciru da tién hanh phan tich miu vat
bang kinh hlen vi dién tir quét (SEM) va pho hong ngoai bién doi Fourier (FT-IR). Qua trinh bién ddi bé mit da lam thay
doi ré rét ciu tric va kha nang hap phu cia MSA Bén canh do, diéu kién t6i wu dé bién doi bé mat dwgce xac dinh 1a nhiét
do 40°C, thoi gian khudy trdn trong 2 gio va nong do NaOH la 0,1 M. Nhirng két qua thue nghlem nay khong chi chirng
minh kha ning hap phu vugt tri cia MSA so voi SA ma con mé ra tiém ning cho cac nghién ciru tlep theo ve viéc cai tién
chat hap phu sinh hoc théng qua cac ky thuat bién doi bé mat.

Tir khéa: bién tinh bé mit, chit hip phu sinh hoc, kim loai ning, rau ngét, rau ngét bién tinh.
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Abstract:

Sauropus androgynus (SA) leaves contain many compounds such as cellulose, hemicellulose, lignin and pectin, which can
form bonds with metal ions thanks to functional groups such as hydroxyl (-OH), carboxyl (-COOH), secondary amides
(-CONH), amines (-NH, NH,). However, the intact leaf surface only provides a few adsorption sites. In this study, the
surface of SA leaves was modified with NaOH solution, resulting in a new biological adsorbent referred to as modified
Sauropus androgynus (MSA). The results showed that the adsorption performance of MSA increased from 49.64 to 80%
within 30 min at a pH6, using 0.1 g of material at room temperature. To characterise the structural morphology, the
samples were analysed by Scanning Electron Microscopy (SEM) and Fourier Transform Infrared Spectroscopy (FT-IR).
The surface modification process significantly changed the structure and adsorption capacity of MSA. In addition, a
temperature of 40°C, a stirring time of 2 hours and a NaOH concentration of 0.1 M were determined as optimal conditions
for surface modification. These experimental results not only demonstrated that the adsorption capacity of MSA was
significantly superior to that of the SA, but also highlighted the further potential studies on the improvement of biological
adsorbents through surface modification techniques.

Keywords: bio-adsorbent, heavy metal, modification of Sauropus androgynus, Sauropus androgynus, surface
modification.

Classification numbers: 1.4,2.4, 2.7
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1. it van de

Ngay nay, su phat trién manh mé ctia cac hoat dong kinh
té - k¥ thuat lam cho doi sdng con ngudi ngay cang dugc
nang cao, nhung mit trai cta no 1a thai ra moi trudng nhidu
chit doc hai. Trong d6, nudc thai cong nghiép, von 1a ngudn
phat thai mang theo vo s hoa chit doc hai va mot hiém
hoa mang tén “kim loai nang”. Nguy hiém hon, nuéc thai
chira kim loai ning thudng duoc xa truc tiép ra song, hd va
dai duong ma khong qua xu 1y [1, 2]. Cac ion kim loai nay
khong thé bi phan huy hodc pha huy va ching tich tu trong
mai truong anh hudng nghiém trong dén hé sinh thai va stc
khoe con nguoi.

Ton chi (Pb*") 1a mét trong nhirng ion kim loai ning phd
bién co trong nu’c’rc thai. O nhidm chi trong cac song, ho va
sudi Xay ra chu yéu do cac hoat dong khai thac, luyén kim,
san xuat dc quy, san xuat son, dd gém st, nhya, myc in.
Tinh 6n dinh, doc tinh cao va kha nang thay thé cac kim loai
khac trong enzym ngudi khién chi tré nén vo cung nguy
hiém. Theo T chirc Y té Thé gidi, ndng do ti da cho phép
cta Pb* trong nude sinh hoat 1a 0,05 mg/l. Khi vuot qua
ngudng cho phép, n6 gy ton thwong hé tudn hoan, hé thong
tim mach, hé than kinh va gay ung thu [3].

Hién nay, c6 mot s6 phuong phap thuong dugce sir dung
dé loai bo Pb** trong nudc nhu trao ddi ion, két tua héa hoc,
tham thau mang va xu ly sinh hoc dugc cho 1a khong hiéu
qua va ton kém, dic biét, khi xtr Iy nude thai co ndng do
Pb?* cao [4-6]. Mat khac, su hép phuda ndi 1én nhu mot giai
phép thay thé tiém ning cho cac cong nghé hoa 1y thong
thuong. Hip phu 1a mot qua trinh phén tach hiéu qua c6 vu
diém vé chi phi, thiét ké don gian va d& van hanh [2]. Song
thuc té chimg minh rang, khong phai tit ca cac chat hap phu
déu c6 kha ning loai bo Pb*" tbt, va do do, viéc tim kiém
chat hap phu hiéu qua, chi phi thip, than thién méi truong
voi hiéu suit hép phu cao van 1a mot thach thuc.

SA thuong moc ty nhién & cac khu vuc nhiét déi trén
toan thé gioi. Mot sé nghién ctru cho théy, 14 cia ciy nay
6 nhidu chét c6 hoat tinh sinh hoc nhu terpenoid, steroid,
tannin, phenol, alkaloid, flavonoid, axit béo va dau dé bay
hoi [7]. Trong s6 nay, co chtra nhiéu cic nhom chirc nhu
hydroxyl, carboxyl, amit va amin c¢6 kha ning lién két véi
Pb* thong qua lyc twong tac tinh dién va lién két phdi tri.
Tuy nhién, b& mat 14 con nguyén ven, céu truc cellulose
chang chit, tao ra it khoang trdng, 16 rdng va khe ho. Dé
khic phuc nhitng van dé nay, cac bién phap nhu stra d6i chat
hép phu sinh hoc thd dé ting cudng kha ning phan tng bé
mat cua ching da dugc dé xuét.

Nghién ctru nay tdp trung vao kha nang loai bo Pb**
bang viéc st dung 14 SA, dwoc ting cuong hiéu qua hip
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phu thong qua bién d6i bé mit bang natri hydroxit (NaOH).
Mau vat liéu duge chuan bi va duge dic trung b'ﬁmg SEM
va FT-IR. Hiu suét ciia vat li¢u trudce va sau khi bién tinh
dugc do ludng bang cach xir Iy Pb** trong méi truong nudc.
Quy trinh tong hop vat liéu duoc nghién ctru thong qua viéc
diéu chinh nhiét do, thoi gian khqu va ham lugng NaOH su
dung dé bién tinh bé mat.

2. Phuong phap nghién ciiu
2.1. Héa chat

SA duogc thu mua trong siéu thi Winmart trén dja ban phd
Lé Thanh Nghi, phuong Bach Khoa, quan Hai Ba Trung,
TP Ha Noi. Cac hoa chit duge sir dung trong nghién ciru
nay la: chi (I) nitrat (Pb(NO,),, 99,5%), sodium hydroxit
(NaOH, 96%), sodium acetat trihydrat (CH,COONa.3H,0,
99%), ammonia (NH,, 25-28%), 4-(2-pyridylazo)-rezoxin
(PAR, C HN,NaO,.H,0, 99%). Nudc cat duogc sir dung
trong suot quéa trmh tong hop vat li¢u va danh gid kha nang
hap phu kim loai ning.

2.2. Cac phwong phap ddc trung vit liéu

Hinh thai ciu trac cia cidc mau vat liu duoc quan
sat bang SEM (JEOL-7600F). Cac lién két va dao dong
tuong Ung cua cac mau vat liéu duoc xac dinh bang FT-IR
(Madison, WI).

2.3. Tong hop vit liéu

La SA dugc tudt, thu gom lai, rira sach nhiéu lan b?mg
nudc thuong va nudce cit cho dén khi hét bui ban. Sau do,
mau s& dugc sdy ¢ 60°C trong 24 gio. Cudi ciing, mau duoc
dem di nghién min thu céng bang cbi. MSA dugc tong hop
bang cach can chinh xac 1g SA cho vao cbc ¢6 mo chira 20
ml NaOH va khudy véi toe do quay 250 vong/phut trong 2
gio dé dam bao bé mit rau da dugc bién tinh dong déu. Mau
sau khi bién tinh duoc loc va rira béng nude cit nhiéu lan
cho dén khi pH bang 7. Cudi cting, mau dugc dem di siy ¢
80°C trong 12 gid, duoc luu gilt bao quan ¢ lo khd, sach, kin
cho dén khi sén sang sir dung (hinh 1).

Rika sach Nghién
Siy 60°C S
trong 24 gio" . 3
1gSA
Khuay
20mL NaOH 0,1M 2 gio

Hinh 1. Quy trinh tdng hep vat liéu tir rau ngét bién tinh.
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2.4. Phwong phap, quy trinh danh gia khda nang hd'p
phu ciia vt li¢u

Dé danh gia kha ning hap phy Pb?" thi vat liéu da dugc
tién hanh do trén may quang phd hap thu UV-vis NIR Cary
500. Hiéu qua duoc danh gia thong qua kha nang hip phu
Pb** cua vét liéu MSA. Pau tién, 0,1g chit hap phu MSA
dugc thém vao coe co chira 100 ml dung dich Pb** véi nong
d6 1a 40 mg/l va siéu am cho vat liéu phan tan déu trong
dung dich. Hn hop (A) nay dugc khudy tron lién tuc, sau
nhitng khoang thoi gian nhét dinh ldy 4-5 ml bang xylanh
ra loc qua filter, dem di tao phtic. Binh tao phuc gém 1 ml
dung dich mau Pb*, 3 ml dung dich CH,COONa 0,1 M, 2
ml dung dich NH, 0,1 M, 2 ml dung dich PAR 100 mg/l &
pH=5,5-5,8 va dinh muc 1én 25 ml. Sau khi tao thanh phuc
Pb(I1)-PAR, dung dich dugc dem di phén tich trén thiét bi
do quang phd UV-Vis & bude song xac dinh 1 520 nm dugc
mo ta ¢ hinh 2 [8]. Hi¢u sudt h'?ip phu cua ion kim loai ning
Pb*" dugc tinh theo cong thirc sau [2]:

%H =2 x 100 %
trong d6: C va C, tuong ung 1a nong d6 kim loai nang (mg/1)
& thoi diém ban dau (t=0), sau thoi gian t (phut).

100 m/1 dd Pd** 40 mg/l
0,1 g MAA

\

A
— Tao phm:
% — U = Do

My Khuiy Binh dinh mic Dyng cy chira miu
2 dé do trong méy quang phd

L:i!}' mau A

Hinh 2. So’ d6 danh gia kha nang xtr ly kim loai nang cua vat liéu
tlr rau ng6t bién tinh.

3. Két qua va ban luan
3.1. Ddc trung cua vit liéu

Hinh thai cdu trac bé mit cua vat liéu trude va sau khi
bién tinh 1 mot trong nhiing dic trung rat quan trong. Trong
nghién ciru ndy, anh SEM d dugc phén tich va két qua duoc
trinh bay trong hinh 3.

Trudce khi bién tinh hinh 3 (A, B), bé mit véi cau trac
khong déng nhét, xép chéng chéo 1én nhau tao ra it khoang
tréng hip phu. Sau khi bién tinh hinh 3 (C, D), cic manh
vO ¢6 xu huong tap hop lai voi nhau thanh nhitng méang 16n
¢6 cau tric xOp voi nhitng nép gip déu din hon lam ting
dién tich bé mat, céc vi tri sin c6 dé hép phuy, tao nhiéu co
hoi hon cho cac ion kim loai twong tac va dugc gitr lai boi
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Hinh 3. Anh tr kinh hién vi dién tir quét phat xa & cac do
phéng dai khac nhau dé thay ré bé mat cha vat liéu: (A, B) Rau
ngét; (C, D) Rau ngét bién tinh trwéc khi hdp phy; (E, F) Rau ngét
bién tinh sau khi hap phu ion chi.

chat hip phu sinh hoc. Sau khi hap phu hinh 3 (E, F), quan
sat thay su thay ddi do cac vi tri lién két sau khi tuong tac
v6i Pb?* 1am bé mit cta chat hip phu sinh hoc tré nén sang
hon, min hon va do xép giam. Bén canh 4o, cAu truc téng
thé khong thay ddi, ching to ring ciu trac MSA 6n dinh sau
khi hdp phu Pb*".

D) truyén quang (%)

T T 1 - T+ T T* 1 T
3500 3000 2500 2000 1500

Tién s6 séng (cm!)

Hinh 4. Phé hdng ngoai bién dbi Fourier ctia rau ngét va rau ngét
bién tinh.

a1



Tiép theo, lién két va dao dong cua mau vat liéu dugc
xac dinh bing may FT-IR & hinh 4. Tan sé dao dong
khoang 3282 cm™ ¢ thé phan anh nhém (-OH) kéo dai
hodc (-NH,, -NH) kéo dai. Ddi hap thy cia nhém (-OH)
trong axit carboxylic rong do sy tao lién két hydro manh
gilta cac phdn tir axit, va no c6 thé chong lan 1én dai hip
thy ctia nhom (-NH) trong amit bac 2. Dai yéu ¢ 2917 cm’!
cho thay su c6 mat cua lién két (Csp*-H) trong nhom metyl
(-CH,) [9, 10]. Dao dong udn 1729 cm! duge gan cho lién
két (-C=0) trong nhém (-COOH) [10, 11]. Cubi cung, dai
dao dong trung binh ¢ 1617 cm™ xac nhan sy ton tai cua
lién két (-C=0), va dai dao dong cua (C-N) duoc quan sat &
1027 cm! trong amit bac 2 (-CONH) [12]. Sau khi bién tinh
bé mit SA bang NaOH, xuét hién nhiing thay di nho vé tan
s6 dao dong dugc quan sat thdy: cac dai kéo dai (-OH) hoic
(-NH), (C-H), (-C=0), (C-N) ¢ mutrc 3279 cm™, 2921 cm’!,
1613 cm™, 1008 cm. Su dich chuyén nay cho théy, sau khi
bién tinh cic nhom chirc nay cé thé tham gia qua trinh hap
phu ion Pb?* trong nudc.

3.2. Nghién civu cdc yéu té anh hwong dén quy trinh
tong hop vit liéu

Khdo sat nhiét do cua qua trinh bién tinh bé mdt rau
ngét: Tir hinh 5, két qua cho thiy 40°C 14 nhiét d6 tdi uu cho
qua trinh bién tinh. O 40°C, toc d6 phan tmg vira phai dam
bao qua trinh bién tinh bé mat didn ra mot cach 6n dinh va
ddng déu, cung cip niang luong dé kich thich sy twong tac
giita cac phan tir cau tric. Nguoc lai, & 80°C, ning lugng
cao co thé gy pha v cdu trac ciia SA, lam mat di mot
s6 nhoém chte hiru ich. Trong khi d6, & 30°C, ning luong
khong du dé thuc day qua trinh bién tinh hiéu qua, dn dén
tdc do phan g cham va hiéu qua thip.

100
- .
- o o
=
N’
=
z s
=" e 2y
R
=
"
“g —B—MSA25°C
w
= —8—MSA40°C
&
= —A—MSAS0'C

100
Thai gian (phut)

Hinh 5. Anh hwéng cia nhiét do ban dau.
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Khao sat thoi gian khudy ciia dung dich: Hinh 6 cho
thdy, khudy trong 2 gio véi tbe do khudy 250 vong/phut
1a t6i wru, gitp NaOH di chuyén va tiép xtc dong déu trén
bé miat SA. Tuy nhién, néu khudy qué lau, & 8 gio hoac 24
gi0, ¢6 thé an mon dan dén phé v cdu tric xdp clia bé mit.
Nguoc lai, néu khudy trong thoi gian quéa ngén, qué trinh
bién tinh khong ddng déu va kém hiéu qua.

50 4
4 1
=_..--1‘ 4 : 4
=
=
S
:.
= # i
(="
S w0l —@— MSA 5 phat
f —g— MSA 30 phat
3 —d MSA 1 gitv
@ —— MSA2gi6
fi' 20 4 —¢- MSAB8giy
= —d— MSA24 g6
0 E T L T L
0 20 40 60 80 100

Thai gian (phut)
Hinh 6. Anh hwéng cua thei gian khudy cua dung dich.

Khdo sdt nong dé NaOH ding dé bién tinh: Két qua hinh
7 cho théy, néng d6 NaOH 0,1 M dugc xac dinh 1a tdi vu
dé bién tinh bé mit rau ngot, dat hiéu sudt h?ip phu kim loai
ning cao nhat. Nong d6 nay du dé pha v ciu tric té bao,
tang dién tich bé mat va tao nhiéu vi tri hép phu kim loai.
Tuy nhién, ndng d6 NaOH vuot qua 0,1 M co thé gy ma
sat va an mon manh, lam mat cac nhom churc hitu co hitu
ich, trong khi ndng d6 thap hon khong du dé pha v& hoan
toan cau tric bé mat, dan dén it vi tri h?ip phu va hiéu sudt
thip hon.

100
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Hinh 7. Anh hwéng cta ndng do NaOH dung dé bién tinh.
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Hiéu sudt hép phu ion chi cua vat liéu truoc va sau khi
bién tinh: Két qua tir hinh 8 cho thay, sau khi bién tinh &
didu kién toi wu, hiéu sudt hip phu ting tir 49,64 1én 80%
sau 30 phit va gin nhu dat trang thai hap phu bao hoa sau 60
phat v6i hidu suat hap phu 1a 81,93%, & pH=6, khéi lugng
vat liéu la 0,1 g, néng do Pb** ban dau l1a 40 ppm va nhiét
d6 phong. Qua trinh bién tinh da lam bé mit SA tré nén
sach hon, loai bo céc tap cht va phéa v& cAu tric cellulose,
tao ra nhiéu 16 rdng, khe hd va nép gip trén bé mat. Nhimng
thay d6i nay cung cip nhiéu diém hap phu hon, lam cho cac
nhém chire trén bé mit trd nén hoat dong hon va lam ting
hiéu suét hap phu Pb*".

hu (%)

gu suat hﬁp p

~

Hi

0 20 40 60 80 100
Thai gian (phut)

Hinh 8. Hiéu suat hap phu ion chitrwéc va sau khi bién tinh bé
mat.

4. Két luan

Nhin chung, trong nghién ciru ndy da tong hop thanh
cong chét hép phu sinh hoc MSA bién tinh bé mat. Cac dic
trung cua vat liéu da dugc phan tich, ching té sau khi bién
tinh bé mat c6 su thay doi 16 rét. Cau trac bé mat xop véi
nhitng nép gip déu dan tao ra nhidu 18 rdng, khe ho lam ting
vi trf lién két voi ion kim loai. Qua trinh bién tinh bé mat t6i
wu nhit ¢ nhiét do dung dich NaOH ban dau 1a 40°C, thoi
gian khudy 2 gio va nong d6 NaOH 13 0,1 M. Vit liéu MSA
cho thiy hiéu suét hip phu cao 1én dén trén 80% sau 30 phat
hép phu. Bay la mot vat li¢u dﬁy hira hen, tao co so cho cac
nghién ctru trong twong lai vé ning cao kha ning hip phu
ctia kim loai ning thong qua bién tinh bé mit.
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So sanh hiéu qua chiét dioxin/furan bang phirong phap chiét gla toe dung méi
va phirong phap chiét Soxhlet trong méu dat va trim tich
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Tom tit:

Muc dich cia nghlen ctru nay l1a so sanh hiéu qua chiét dioxin/furan trong miu dét va trﬁm tich cua phuong phap
chiét Soxhlet va chiét gia toc dung méi. Két qua phan tich mau dat da dugc chirng nhan nong do cho thay, hiéu qua
chiét cuia hai phuwong phap chiét 1a tuong dwong nhau, véi d 1éch niam trong khodang do nha sian xuét dua ra. bo
l1éch vé két qua tir -14,5 den 11,7% khi chiét miu dit chuin (CRM) bang hai phuong phap néu trén. Két qua phan
tich trong mau dit va mau trim tich bang hai phwong phap chiét gia toc dung moi va Soxhlet cho do léch ve két
qua lin lugt tir -6,3 dén 13,6% va tir -15,8 dén 18,6%. Miu dét thir nghiém lién phong chiét bang phuwong phap gia
toc dung méi cho két qua Z-score tir -2 dén 2 v6i 16/17 d(‘)ng loai doc, ngoai trir octa chloro dibenzo furan (OCDF)
trong khoang tir 2 den 3, miu trim tich 17/17 dong loai dgc co két qua Z-score trong khoiang -2 dén 2. Phwong phap
Soxhlet va chiét gia toc dung moi déu cho hiéu qua tach chiét twong dwong, tuy nhién phwong phap chiét gia tdc sir
dung it dung moi, tiét kiém dién ning va thoi gian hon.

Tir khéa: chiét gia tdc dung médi, chiét Soxhlet, dioxin/furan, miu dit va trim tich.
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Abstract:

The purpose of this study is to compare the efficiency of extracting dioxins/furans from soil and sediment samples using
two methods: Soxhlet extraction and accelerated solvent extraction (ASE). Analysis of certified soil samples showed
that both extraction methods provided comparable performance, with deviations falling within the manufacturer’s
acceptable range. The deviation in results when extracting certified reference material (CRM) soil samples with the
two methods ranged between -14.5% and 11.7%. Further analysis of soil and sediment samples yielded deviations
as follows: soil samples: -6.3% to 13.6%, sediment samples: -15.8% to 18.6%. In inter-laboratory tests, the ASE
method yielded concentrations with Z-score between -2 to 2 for 16 out of 17 toxic congeners, with the exception of
octa chloro dibenzo furan (OCDF), which fell within the range of 2 to 3. For sediment samples, all 17 congeners had
Z-score within the range of -2 to 2. Both Soxhlet and ASE demonstrated equivalent extraction efficiency. However,
ASE offers advantages by requiring less solvent, energy, and time compared to Soxhlet extraction.

Keywords: dioxin/furan, soil and sediment samples, solvent accelerated extraction, Soxhlet extraction.

Classification numbers: 1.4,2.4, 2.7
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1. Dt van de

Dioxin/furan 1 nhém hoa chat hitu co doc hai bac nhat
khong c6 trong tu nhién ma chi dugc hinh thanh tir qua trinh
dbt chay khong hoan toan cua mot s6 hoat dong nhu luyén
kim, tai ché, ngoai ra cac hoat dong san xuét gidy, san xudt
thudc trir sdu ciing tao ra dioxin/furan [1-6]. Cac quy dinh
gidi han vé ham lugng vo cung thip nén cac phuong phap
phan tich dioxin/furan luén gy ra nhiéu khé khin di voi
cac nha nghién ciru vé phan tich hoa hoc, phuong phap phan
tich doi hoi quy trinh xir Iy mau phtrc tap va thiét bi phan tich
phai c6 d6 nhay, d6 chinh xac cao. DPdi voi mau dit va tram
tich, phd bién nhét 1a cac nghién ctru dua trén phuong phap
cua Co quan Bao vé Méi truong Hoa Ky (US EPA)1613B
[6]. Phuong phép nay ap dung chiét bang Soxhlet va phan
tich trén thiét bi sac ky khi ghép ndi khdi phd phén gidi cao
(HRGC/HRMS) dé phan tich 17 ddng loai doc trong tong
56 210 ddng loai cuia dioxin/furan véi quy trinh tén kém hoa
chit va ton nhiéu thoi [7, 8]. Tai Viét Nam, xtr Iy mau bang
Soxhlet theo phuong phap US EPA 1613B khong chi duoc
ap dung t6t d6i voi cac mau méi trudng ma con c6 thé ap
dung duoc véi nhiéu loai nén mau sinh hoc [2, 3, 9-11]. Do
vay, mot phuong phap chiét hién dai nham khic phuc nhuoc
diém trén ma van dam bao cho két qua tin ciy 1a phuong
phap chiét gia tbc dung méi [12, 13].

Phuong phap chiét gia tbc dung méi (ASE) 1a phuong
phap chiét hién dai. Chat phan tich dugc tich khéi miu
trong diéu kién nhiét d6 cao (50-200°C) va ap sudt 16n (500-
3000 psi) [14]. Trong qué trinh chiét, chat phan tich dugc
tach khoi mau boi dung moi chiét trong trang thai long &
nhiét d6 va ap suét cao [15]. So véi phuong phap chiét
Soxhlet thi phuwong phap chiét gia tdc dung méi tiéu thy it
dung méi hon, thoi gian chiét nhanh hon trong khi hidu qua
chiét tach chat hitu co ra khoi mau twong duong voi phuong
phap chiét Soxhlet [16, 17]. Mot s6 nghién ctru trude day da
sir dung phuong phap chiét gia téc dung moi ASE dé phéan
tich cac chét 6 nhiém hiru co nhu PAHs, PCBs, thudc trir sdu
[18-20]. Bén canh d6, ky thuat chiét gia tc dung moi ciing
da dugc su dung dé chiét PCDD/Fs trong mau bui, mau thyuc
pham hiéu qua chiét mau twong dwong voi phuong phap
chiét Soxhlet [21, 22]. Nhu vay, phuong phap chiét gia tc
dung méi 1a c6 thé ap dung dé phan tich cac chat 6 nhidém
hitu co doc hai nhu dioxin trong cac mau mdi truong.

Muc dich ciia nghién ctru nay 1a so sanh hiéu qua chiét
dioxin/furan trong cic mau dit va trdm tich bang phuong
phap chiét gia tc dung moi va phuong phép chiét Soxhlet.
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2. Phuony phap nghién ciiu
2.1. Vit tw, héa chit va chit chuin

Céc chit chuan dioxin duoc mua tir Cong ty Cambridge
Isotope Laboratories, Inc., (Hoa Ky), bao gém cic dung
dich chuan: céc dung dich chuén dung duong chuén EDF
9999, dung dich kiém tra duong chuén, dung dich chuin
lam sach EDF 6999, dung dich chuan dong vi d4nh ddu EDF
8999, dung dich chuan xac dinh hiéu suét thu hdi EDF 5999.
Cac dung moi Acetone, Hexane, Toluene, Nonane, d§ tinh
khiét 99% va cac cot 1am sach silica da 16p va cot than hoat
tinh ding cho phén tich déu mua tir cong ty Merck (Pic).
Mau dit chuan (CRM) mua tir Cong ty Cambridge Isotope
Laboratories, Inc., (Hoa Ky) va miu dat va mau trim tich
trong chuong trinh thu nghiém lién phong thi nghiém PT
InterCIN 2022.

2.2. Dung cu, thiét bi nghién ciru

Thiét bi sic ky khi khdi phd phan giai cao (HRGC/
HRMS) model DFS, san xuét boi hang Thermo (Hoa Ky);
thiét bi chiét gia toc dung moi model ASE 350, san xudt boi
hang Thermo (Hoa Ky); thiét bi chiét Soxhlet 6 vi tri model
R106S, san xuét boi hiang Behr (Dtc); can phan tich tir hing
Ohaus (Hoa Ky) v&i kha ning can chinh xac dén 0,0001 g;
thiét bi co quay chan khong Buchi R-300 (Hoa Ky); may
rung Votex VX-200 (Hoa Ky).

2.3. Ld'y mau

Mau dét va trAm tich dugc thu thap tai Ha Noi va Hué.
Mau dét duoc lay bang xéng ldy miu, mau tram tich dugc
liy bang gau Ekman. Mau sau khi 14y, duoc loai bo tap cht,
phoi kho & nhiét do phong, roi nghién min bang cbi gbm,
rdy qua rdy 1 mm va dugc bao quan trong tu lanh cho dén
khi phan tich.

2.4. Chiét mau

Phuong phap chiét Soxhlet, dugc thuc hién theo quy
trinh dugc mo ta trong nghién ciru cua N.X. Hung va cs
(2024) [2], tom tat nhu sau: can 2 (g) mau cho vao dng chiét
bang xenlulo; tiép theo 1001 chét chuin dong vi *C EDF
8999 ndng do 2-4 ng/ml duoc tiém vao mau, chiét bang 300
ml dung moi hexane: diclomethane ty 1€ 95:5 trong vong 18
gio [3]. Phuong phap chiét gia tc dung moi nhu sau: can 2 g
mau cho vao 6ng chiét; 50ul chat chuan dong vi *C EDF
8999 néng do 2-4 ng/ml dugc tiém vao. Mau sau d6 duoc
tron déu v6i dat chiét va cho vao dng chiét bang thép khong
gi va chiét gia toc dung moi bang thiét bi ASE 350. Mau
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dugc chiét bing dung mdi toluene & nhiét do 150°C, ap suét
1500 psi, luong dich chiét thu duoc 1a 80 ml.

2.5. Lam sach mdu

Mau sau khi chiét duoc co can dung moi béng thiét bi co
quay chan khong dén gan can. Sau dé chuyén 1én cot silica
da 16p da hoat hoa bang 100 ml n-hexane; rira giai bang
150 ml n-hexane. Sau d6 tiép tuc cd can va lam sach qua
coOt than hoat tinh dugc hoat hda b'fmg 40 ml toluene va rira
giai bang 150 ml toluene. Cudi cung miu dugc ¢b can, thoi
khé bang khi nito, thém 100 pl chit ndi chuin dong vi EDF
5999 ndng do 2 ng/ml, tiép tuc thdi khd bang nito dén can.
Mau sau d6 dugc hoa tan vao 20 pl nonane rdi chuyén vao
vial roi phan tich trén thiét bi sic ky khbi phd phén giai cao.

2.6. Phén tich mau

2 ul mau duoc tiém vao thiét bi HRGC/HRMS sir dung
cOt sdc ky TG-Dioxin (thong sb cot: 60 m x 0,25 m x 0,25
um) san xuat boi hang Therm (Hoa Ky). Chwong trinh nhiét
d6 cua cot nhu sau: nhiét dd ban dau 160°C gill trong vong
1 phiit rdi tang 1én 220°C véi toe do 20°C/phut, giir ¢ nhiét
d6 nay trong vong 11 phut rdi ting vé6i toc do 10°C/phut
1én 280°C va gitt & nhiét d6 nay trong vong 10 phut rdi
tang 1én 300°C véi téc do 10°C/phut va gitt & nhiét do nay
trong 25 phut. Nhiét do cong bom mau 1a 290°C, nhiét d6
nguén ion la 250°C, d¢ phan giai >10000, ché do do chon
loc ion (SIM). Két qua sau d6 dugc xir 1i bang phan mém
Targetquan 3.0 va phan mém Excel.

2.7. Tinh todn két qua

Do léch két qua ciia 2 phwong phép chiét dugc tinh toan
theo cong thuc (1):

-z
RPD = 2 X(C1+C2)

x 100 (%) (1)

trong d6: RPD 1a phan tram sai khac két qua phén tich C1 va
C2, C1 la két qua phan tich theo phuong phap chiét ASE, C2
1a két qua phan tich theo phuong phéap chiét Soxhlet.

Tinh toan Z-score cua két qua phan tich thir nghiém lién
phong qudc té: Chi sé Z-score dung dé danh gia d6 chinh
xac cua cac két qua phén tich trong chuong trinh. Chi 5O
Z-score dugc tinh toan bang cong thirc (2):
X—Xmean

SD (2)
trong d6: Z 1a két qua Z-score cua két qua phan tich; X 1a

7=

néng do dioxin phan tich dugc; Xmean la trung binh két
qua phan tich ctua tat ca cac phong thi nghiém, SD 1a d¢ 1éch
chuin cua tat ca cac két qua phan tich.
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3. Két qua va ban luan

3.1. So sanh hiéu qud ciia hai phwong phdp chiét trén
mdéu dit chudn va mau thiv nghiém lién phong InterCinD
2022

Céc két qua so sanh hiéu qua chiét cua hai phuong phap
ASE va Soxhlet dugc trinh bay trong hinh 1. Phuong phap
chiét ASE dugc tién hanh I3p lai 3 lan va 1 1an bang phuong
phap Soxhlet. S¢ di phuong phap chiét ASE chiét lai 3 lan
1a do phwong phap chiét nay chua dugc cong nhan trong cac
phuong phap phan tich dioxin/furan ¢ Hoa Ky, Nhat Ban
va chau Au trong khi phuong phap chiét Soxhlet Ia phuong
phap da dugc ap dung rong rai. Do léch két qua nong do
dioxin/furan trong cic mau dit va tram tich duoc st dung
dé so sanh hiéu qua ciia phuong phap chiét ASE voi phuong
phap chiét Soxhlet. Két qua phan tich ndng d6 17 dong loai
doc PCDD/Fs trong mau dt bang phuong phéap chiét ASE
trung binh tir 1,89 ng/kg dén 1958 ng/kg; bang phuong phap
chiét Soxhlet tir 2,11 dén 1978 ng/kg va két qua tham khao
tir nha san xudt 1a tir 1,96 dén 2050 ng/kg. Do 1éch vé két
qua RPD phén tich dugc tinh dya trén nong d phan tich
dugc va nong d6 do nha san xuat dwa ra. Két qua RPD thé
hién duéi hinh 1 cho thay, phuong phap chiét bang ASE cho
RPD tir -17,9 dén 33,5%; phuong phap chiét Soxhlet cho
RPD cac déng loai tir -11,2 dén 20,5%. RPD hai phuong
phap chiét déu ndm trong khoang do nha san xuét dua ra.
Do léch két qua mau dat giita 2 phuong phap chiét nam
trong khoang tir -14,5 dén 11,7%. Nhu vay, phuong phap
chiét ASE va chiét Soxhlet khi ap dung phan tich miu dt
CRM déu c6 RPD nam trong khodng ctia nha san xuat va
trong khoang chap nhan ctia Hiép hoi Cac nha hoa phan tich
chinh théng [23].

Bén canh d6, mau dét thu nghiém lién phong quéc té
cling duoc phan tich bang cach sir dung phuong phép chiét
ASE. Két qua Z-score cua két qua phan tich cua 16/17 dong
loai tlr -1,57 dén 0,23 ciia chat OCDF ¢6 Z-score 14 2,69
(hinh 2). Két qua Z-score thé hién do chinh xac cta két qua
phan tich, trong d6 Z-score trong khoang -2 dén 2, nghia la
do chinh x4c cao; tir -3 dén -2 va tir 2 dén 3 cho d6 chinh xéc
thdp, ngoai khoang trén cho do chinh xéc rat thip. Két qua
16/17 dong loai doc PCDD/Fs trong mau thir nghiém lién
phong cho két qua chinh cao va chat OCDF cho d¢ chinh
xéc thip. Nhu vy, phuong phap chiét ASE 4p dung dé phan
tich mau dat thir nghiém lién phong hau hét c6 két qua chinh
xac cao, ngoai trit OCDF.
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Hinh 1. So sanh do léch két qua phan tich giivra hai phwong phap chiét.

3.2. So sanh hiéu quad chiét trong méu thit

Mot miu trAm tich thu thap tai hd Tan Xa, huyén
Thach Thét, Ha Noi (toa do: 21.022649 N, 105.541162 E)
dugc chiét béng 2 phuong phap ASE va Soxhlet, sau do
phan tich va so sanh két qua. Két qua trung binh nong do
dioxin ciia mau dit chiét bang thiét bi ASE 350 va chiét
Soxhlet thé hién duéi hinh 2. Két qua cho thay, c6 4 dong
loai (2,3,7,8-TCDD; 1,2,3,7,8-PeCDD; 2,3,7,8-TCDF va
1,2,3,7,8,9-HxCDF) cua 2,3,7,8-PCDD/Fs khong phat
hién thiy trong mau & phuong phap ASE va 05 dong loai
(2,3,7,8-TCDD; 1,2,3,7,8-PeCDD; 1,2,3,6,7,8-HxCDD;
2,3,7,8-TCDF va 1,2,3,7,8,9-HxCDF) khong phat hién

thdy trong mau chiét theo phuong phap Soxhlet. RPD ciia
trung binh 03 14n chiét ASE véi két qua phuong phap chiét
Soxhlet trong khoang -15,8 dén 18,6%. Diéu nay cho thiy
phuong phap chiét ASE cho hiéu qua chiét dioxin ra khoi
mau tram tich twong duong v4i phuong phap chiét Soxhlet.

Ngoai ra, mau trim tich tir chuong trinh thir nghiém lién
phong thi nghiém quc té cling dugc phan tich bﬁng phuong
phap st dung thiét bi chiét gia téc dung moi. Két qua phan
tich 17 déng loai doc PCDD/Fs trong mau trim tich thu
nghiém cho két qua c6 do chinh xac cao, thé hién qua két
qua Z-score trong hinh 3 [10].
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2
w 1
£
=
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* 0.05 0.02 )
S, 0 - . 0.00 -
l u -0.01 I
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Hinh 2. Két qua Z-score cta két qua phan tich PCDD/Fs trong mau dét.
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Hinh 3. Két qua Z-score clia 17 déng loai PCDD/Fs trong mau tram tich.
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Hinh 4. So sanh do léch két qua phan tich giira hai phwong phap chiét.

Mau duge thu thap tai khu vuc san bay A Luéi, huyén A
Lu6i, tinh Thira Thién Hué (toa d¢ 16.118906 N, 107.331937
E). Méu duoc chiét bang 02 phuong phéap gia tbc dung moi
va Soxhlet. Két qua do léch két qua cua hai phuong phap
chiét thé hién ¢ hinh 4. Két qua ty 1é chénh léch két qua mau
dat phan tich bang cach sir dung hai phuong phap chiét ASE
va Soxhlet nim trong khoang tir -6,3 dén 13,6%.

Nhu vy, phuong phap chiét dioxin trong mau dat va
mAu tram tich bang thiét bi chiét gia tbc dung moi cho hiéu
qua chiét twong duong véi phuwong phéap chiét Soxhlet. Két
qua phan tich dioxin trong mau trAm tich phan tich bang
phuong phap chiét gia toc dung méi cho d6 chinh xac cao.

4. Két luan

Hiéu qua chiét phuong phap chiét Soxhlet va ASE da
dugc so sanh trong nghién ctru nay. Mac du phuong phap
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chiét ASE va Soxhlet c6 mot sy sai khac nho vé két qua phan
tich dioxin trong mau dét va tram tich, chénh léch giira cac
két qua chi trong khoang dudi 20%, nhung cac két qua cho
théy, phuong phap ASE ¢6 hiéu qua twong ty nhu phuong
phap Soxhlet. Ca hai phuong phap déu co ty 18 sai khac két
qua khi phan tich mau that va chi s6 Z-score tuong ddng doi
v6i tat ca cac mau. Phuong phap ASE c6 vu diém 1a thoi
gian xtr Iy mau ngin hon so v4i Soxhlet; luong hoa chat sir
dung ciing it ton kém hon so v&i phuong phap Soxhlet va
tidu ton it nang luong hon cho 1 1an chiét.

Cong trinh duoc tai tro bai hop phan sé 5: “Néng cao
chat luong phan tich dioxin ctia phong thi nghiém dat tim
qudc t&” (mi s6 TPDIOX.05/22-24) thudc dé an khoa hoc
va cong nghé trong diém cép Vién Han 1am Khoa hoc va
Cong nghé Viét Nam. Céc tac gia tran trong cam on.
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Tong hop zeolite X va danh gia kha niing hap phu chat mau crystal violet
trong moi truomg nurde

Lé Vin Duong, Mai Thily Trang, Ding Trung Diing, Nguyén Xuin Truong”
Truong Hoa va Khoa hoc Su séng, DPai hoc Bach khoa Ha Ngi, 1 Pai Cé Viét, phuong Bach Khoa, qudn Hai Ba Trung, Ha N¢i, Viét Nam
Ngay nhan bai 10/9/2024; ngay chuyén phan bién 13/9/2024; ngay nhan phan bién 13/10/2024; ngay chip nhén dang 21/10/2024

Tém tit:

Bai bao nay trinh bay két qua nghién ciru tong hop zeolite X ing dung 1am vt liéu hap phu loai bé chit mau crystal
violet trong méi trwdng nwéc. Cac dic tinh ciia vat liéu gom lién két diic trung, hinh thai va cdu tric; dién tich va
dién tich bé mit; nhiét trong lwong da dwoc phén tich. Két qua di khing dinh, vét liéu dwoc tong hop thanh cong
va ¢6 ciu tric dién hinh ciia zeolite X. Trong diéu kién t6i wu nhu méi trwong pH 9, thoi gian hip phu 2 gio va nong
dd ban du ciia crystal violet 1a 15 mg/l, hiéu suat dat ~92% vng véi dung lwgng 6,9 mg/g. Nghién ctru cho thiy qua
trinh hép phu crystal violet bing zeolite X di tong hop c6 dong hoc hap phu bic 2 gia dinh, tuin theo mé hinh hip
phu ding nhiét Langmuir, va 13 hip phu vt ly. Vit liéu zeolite X cho thiy kha niing tai sir dung t6t sau khi xir 1y
nhiét. Vit liéu zeolite X da tong hop c6 thé sir dung nhw mot loai vét liéu hap phu loai bé crystal violet hiéu qua tir
moi treong nwoc.

Tir khéa: crystal violet, hip phu, vét liéu mao quan, zeolite X.

Chi s6 phén loai: 1.4,2.4,2.7

Evaluate the adsorption ability of crystal violet

in water using synthesised zeolite X materials
Van Duong Le, Thuy Trang Mai, Trung Dung Dang, Xuan Truong Nguyen®

School of Chemistry and Life Sciences, Hanoi University of Science and Technology, I Dai Co Viet Street, Bach Khoa Ward, Hai Ba Trung District, Hanoi, Vietnam
Received 10 September 2024; revised 13 October 2024; accepted 21 October 2024

Abstract:

This article investigated the adsorption ability of synthetic zeolite X materials for the removal of crystal violet
from water. The characteristics of the synthesised materials including characteristic bonds, crystalline structure
and morphology; specific surface area and surface charge; and thermogravimetric were examined. The results
confirmed that the material was successfully synthesised and exhibited the typical structure of zeolite X. Under the
optimal conditions of the adsorption process such as pH 9, adsorption time of 2 hours and initial concentration of
crystal violet of 15 mg/l, the synthesised material bead adsorbed crystal violet up to ~92% efficiency corresponding
to a capacity of 6.9 mg/g. The study showed that the adsorption process of crystal violet by synthesised zeolite X
has assumed second-order adsorption kinetics, adhered to the Langmuir isotherm adsorption model, and physical
adsorption. Zeolite X material showed good reusability after heat treatment. The synthesised zeolite X material can
effectively be used as an effective adsorbent for removing crystal violet from an aqueous environment.

Keywords: adsorption, crystal violet, mesoporous materials, zeolite X.

Classification numbers: 1.4,2.4,2.7
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1. Dat van de

Nganh cong nghi¢p dét may chiém mot ty trong lon trong
cac nganh cong nghi€p ¢ Viét Nam. Nudc thai to nganh
cong nghiép nay chtra nhiéu loai chat mau hiru co kho phan
huy sinh hoc, khi bi thai ra moéi truong, ¢6 ddc tinh cao déi
v6i con ngudi va dong thuc vat. Cac ngudn nude thai tir

cong nghi¢p dét nhugm noi chung va cac nganh khac chira
thudc nhudém can phai duoc xir 1y, loai bo cac chét 6 nhidém
dé dat cac tiéu chuan theo quy dinh cuia By Tai nguyén va
Mai truong [1] trude khi xa thai tryc tiép vao ngudn nude
mat xung quanh.

Zeolite X 1a tinh thé aluminosilicate thudc ho faujasite
(FAU) ¢6 cdu tric bén vimg va hé théng vi mao quan dong
déu (hay rdy phan tir) dugc ing dung trong nhiéu linh vic
khac nhau nhu: xtic tac, son phti, my pham, hap phu va xtr Iy
mdi truong. Mat khéc, nho vao cac uu diém nhu: dién tich
bé mat 16n, thé tich 15 xép 16n, d bén cao, lai c¢6 thé duge
téng hop t nguyén lidu dau 1a cao lanh Viét Nam, day la
nguon nguyen lidu rt ddi dao va gia thanh thip, nén zeolite
X ¢6 tiém ning ding dé ché tao thanh cac vat liéu hip phu
hiéu qua. Crystal violet (CV) con goi la methyl violet 10B
hay basic violet 3 hodc gentian violet, 1a chdt mau cation
cAu trac triphenylmethane [2, 3] duoc sir dung nhiéu trong
nganh dét may va nghién ctru y-sinh [4]. Mot s6 loai chat
hap phu khéc nhau di dugc nghién ciru nhim loai bo CV
trong mdi trudng nude [5-7]. Bai bao nay trinh bay két qua
nghién ciru tong hop zeolite X tir nguyén liéu cao lanh cua
tinh Pht Tho, Viét Nam va danh gia kha nang hép phu CV
cua vat liéu.

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

Metacaolanh (SiO,/Al,0,=2,74) thu duoc bang cach
nung cao lanh cua tinh Pht Tho ¢ 650°C trong 3 gio;
NaOH 99%; crystal violet, ethylenediaminetetracetic acid
disodium salt (EDTA); NaCl 96%, thuy tinh long c6 ty khoi
d=1,36-1,4 g/ml, thanh phan khéi lugng: Si0,=25-29%;
Na,0=8,5-9,5%; nudc cat mot lan.

2.2. Téng hop zeolite X

Vit liéu zeolite X dugc tong hop bang phuong phap
két tinh thiy nhiét [8 9], theo quy trinh c6 sira doi dé
rit ngan thoi gian tong hop va phu hop voi nguyén li¢u
cao lanh dau vao. Tao hdn hop véi ty 1&: 3 ,5Na,0: ALO,:
4,5810,:130H,0: 1,2EDTA: 2NaCl. Cén va hoa tan NaOH
NaCl vao nudc trong thiét bi dong thé hoa c6 khudy. Sau
d6 bo sung 1,8 kg metacaolanh va thity tinh Iong theo khdi
luong (hoidc quy ddi theo thé tich) vao thiét bi. Sau 10 phit,
chd hdn hop duge khudy déu s& bd sung EDTA. Hon hop
dugc ddng thé hoa ¢ nhiét dd phong (25-30°C) trong 48 gidy
va két tinh & nhiét d6 90+3°C trong 8 gio, c6 khudy tron lién
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tuc. Két thic phan tmg, mau dugc dua sang thiét bi loc, rua
de giam pH t6i 9-10, say tai nhiét do 120°C trong 4 gio, roi
nghién va ray lay c& hat 0,18-0,35 mm.

2.3. Phén tich tinh chit vit ligu

Céc dao dong dic trung tmg véi cac lién két (nhom chirc)
trong ciu tric cia vat liéu hip phu zeolite X di tong hop
dugc xac dinh bang phuong phap do phd hong ngoai bién
ddi Fourier (sir dung thiét bi cua hing Thermo Scientific,
Hoa Ky). Ciu trac tinh thé vat liéu dugc xac dinh thong
qua phép do nhidu xa tia X (XRD) trén thiét bi Siemens D8
Advance- Brucker (Ptrc). Hinh thai hoc cua vat li€u duoc
xéc dinh thong qua kinh hién vi dién tir quét (SEM), Hitachi
S-4800 (Japan Electron Co., Nhat Ban). Bén canh do, phan
tich nhiét trong Iugng (TGA), Linseis (Puc) dugc st dung
dé xac dinh su thay ddi trong lugng cua vat li¢u theo nhiét
d6. Dién tich bé mit riéng Brunauer-Emmett-Teller (BET)
va duong kinh 16 xép cua hat vat liéu dugc xac dinh boi
thiét bi Micromeritics model ASAP 2060 - Hoa Ky. Diém
dang dién (PZC) ctia zeolite X dugc xac dinh bang phuong
phap khao sat su thay d6i pH ctia dung dich CV trude va sau
khi thém vat liéu [10].

2.4. Danh gia kha nang hcfp Phu crystal violet bdi vit
liéu zeolite X

Thi nghiém khao sat sy hép phu duoc thyc hién nhu sau:
thém 0,2 g vat li¢u zeolite X vao cde 250 ml chira 100 ml
dung dich CV ¢6 ndng d6 15 mg/l & nhiét d6 phong, khudy
dung dich véi tbe d6 360 vong/phut. Sau 15 phut 1iy ra 3 ml
mau, loc qua mang loc PTFE 0,22 pm va dua dich loc vao
cuvet thiy tinh dé tién hanh phan tich. Nong do chit mau
CV trong dich loc (C, mg/l) duoc phan tich bang may do
UV-Vis tai budc song hip thu 582 nm (A,,,) theo phuong
trinh A, = 0,1062C - 0,1322. T1ep tuc thyc hién qua trinh
hap phu nhu trén lién tuc, mdi lan 15 phut, dén tong 150

phut.

Kha nang hap phu chit mau CV va hiéu suat hap phy
loai bo chung khoéi nudc duge danh gia bang phuong
trinh (1):

_ (€ =C)V (1)

m

de

Hiéu suat hip phu chit mau CV (H%) cua vat liéu duogc
tinh theo cong thurc (2):

Co—Ct

H= .100% (2)

0
trong do: C, C, va C_ tuong img 1a ndng do chat mau CV
(mg/l) lac ban dau (= 0) sau thoi gian t va tai thoi diém can
bang hap phu (phit); m 1a khdi lwong vat lidu (g); V 1a thé
tich dung dich (1).
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3. Két qua va ban luan
3.1. Ddc trung vt li¢u

Phé nhiéu xa tia X (XRD): Tir hinh 1 c6 thé thdy, trén
phd XRD cta mau tong hop xuat hién pic dic trung cia
zeolit X tai goc 26=6,20° (mau chuan JCPDS 38-0237) vai
cudng do pic cao va dudng nén phing, nén c6 thé két luan
mau c6 chira zeolit X v&i do tinh thé cao.
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Phé hong ngoai bién doi Fourier (FTIR): Pho FTIR cia
hat zeolite X da téng hop duoc trinh bay ¢ hinh 2. Pinh
hép thu (chan rong) ¢ 3351,77 cm™ lién quan dén dao dong
kéo dén cua lién két —OH, cho th?iy su ¢6 mat ciia nudc hép
phu hodc cac nhom hydroxyl trong cdu triic zeolite. Thong
thuong, dai hap thy & 2168,60-2209,12 cm™ lién quan dén
dao dong cuia cac nhom C=C hodc C=N, nhung trong vat
lidu zeolite, n6 c6 thé lién quan dén tap chét hodc cac ciu

| d=1.719
=1.601
=1.378

d
d

30

60 7

2-Theta - Scale

vat liéu zeolite X téng hop.
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Hinh 2. Phé hdng ngoai bién dbi Fourier cua vat liéu zeolite X tong hop.
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tric bé mat. Pinh hap thu ¢ 962,12 cm™ dwoc gan cho dao
dong kéo dan cua lién két Si—O hodc Al-O trong khung
zeolite, cho théy su c6 mat cua lién két silicate va aluminat.
Pinh hz"ip thu tai 540,53 cm! 1a tin hi€u dic trung cho dao
dong lién két ngoai tr dién TO , cua vong kép 6 canh trong
zeolite X ¢6 cuong dd manh ciing gop phan khang dinh mau
téng hop c6 do tinh thé cao. Dai hip thu 704,37 cm™ lién
quan dén cac dao dong ngoai mit phing cua cic nhom Si—O
hodc Al-O trong khung zeolite. Nhur vy, cac dinh hap thu
dac trung trong phé FTIR da khéng dinh sy c6 mat cua cac
nhom chirc va cdu tric dién hinh cua zeolite X c6 sy phu
hop véi két qua theo tai liéu [8, 9].

Hinh danh hién vi dién tir quét (SEM): Anh SEM (hinh 3)
cho thiy bé mit cia zeolite X c6 dang da dién, gb ghé xen

X & do phéng dai x 10.000.

Isotherm Linear Plot
— X-H 04-D5 : X-H 04-05 : Adsorption®— X-H 04-05 : X-H 04-05 : Desorption

/
|

/

Quantity Adsorbed (em?*ig STP)

0.0 0.1 02 03 04 05 06 07 08 09 10
Relative Pressure (p/p*)

k&, c6 nhiéu khe ho 16n. Hinh thai nay lam dién tich bé mat
tang, tao diéu kién thuan lgi cho CV gén vao tam hép phu
va déng thoi tao ra nhiéu vi tri h?ip phu hon. Hinh anh SEM
cling cho thdy cac tinh thé c¢é kich thudc dao dong trong
khoang 1-2 micromet. Diéu nay cé thé do cac tinh thé dang
vay bat dién lién két véi nhau boi sol silica trong qua trinh
tong hop, sau qua trinh siy s& tao thanh hat zeolite X to hon.
Bén canh do, cling quan sat dugc hat zeolite X c6 khe ho
giita cac tinh thé hinh thanh viing mao quan trung binh thtr
cap twong (mg véi vong tré trén do thi duong dang nhiét hap
phu - giai hép phu N, khi do dién tich bé mét. Chinh sy hinh
thanh cac hat zeolite X da lam tang do bén hoa Iy va ho trg
hép phu céc chat mau.

Dién tich bé mat riéng (BET): Hinh 4 biéu dién cac két
qua phan tich BET ctia zeolite X d tong hop. Puong déng
nhiét hip phu - giai hap phu N, & 77K (hinh 4A) cho thdy,
vat li€u Zeolit X thudc dang vat liéu vi mao quan, c6 dung
lwong hip phu 16n ngay ca & P/Po thip. Két qua do cho thiy,
mau 6 dién tich bé mit riéng 16n, S, dat ~492 (m?/g), thé
tich 10 x0p vi mao quan (t-Plot) va thé tich 16 xop nha hap
phu (theo BJH) c6 gia tri tuong Ung 1a 0,174 (cm’/g) va
0,117 (cm?/g); dién tich vi mao quan: ~358 (m?%g); dién tich
bé mit ngoai ~134 (m%g). Cac gia tri ndy & mic cao trung
binh cuia vat liéu zeolite X (dién tich bé mat riéng 400-600
m?/g), tuong duong voi cac vat liéu zeolite FAU (X, Y) da
dugc dé cap trong [8, 9]. Pic biét mau c6 phan dién tich bé
mit ngoai cao 1a do mao quan trung binh thir cap hinh thanh
giita cac hat tinh thé zeolite X, img véi vong tré nho trén
dudng hap phu-giai hdp phu N, phu hop véi két qua SEM.
Theo phan bo tai hinh 4B, kich thudce 16 x0p cua vt liu co
mao quan trung binh (mesoporous) thir cip tap trung & ving

(B)
BJH Desorption dVidw Pore Volume

Harkins and Jura : Faas Correction
—— X-H 04-05 : X-H 04-05

dVidw Pore Volume (cm?ig-A)
o
]
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Hinh 4. (A) Pwéng dang nhiét hap phu - gii hdp phu N, & 77K va (B) phan b kich thwérc 16 xbp cia vt liéu zeolite X.
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30-40 A. Kich thudc 16 mao quan thudc vao loai mesopore
nén lam cho viéc hip phu cac phéan tir CV duoc d& dang.

Piém dang dién (PZC) cua vit liéu zeolite X: Hinh 5
biéu dién két qua xac dinh diém ding dién ciia zeolite X
téng hop. Theo d6, khi pH<8,85 bé mit vat liéu sé tich dién
duong, nguoc lai khi pH>8,85 bé mat cua vat liéu s& tich
dién am, va diém dang dién cua vat liéu 1a pHpzc=8,85. Tur
d6 co6 thé du doan ring, cation tim tinh thé (dang CV*) s&
bi hdp phu tét boi bé mit hat vat liéu khi pH>8,85 phu hop
v6i tinh chat cua zeolite X 1a vat liéu c6 dung lugng trao doi
cation (CEC) cao.

—a— pH ban dau
124—e— pH sau

pHpzc (8.85)

10

pH sau

2 4 6 8 10 12
pH ban dau

Hinh 5. Diém déng dién cha vat liéu zeolite X.
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Phan tich nhiét trong hrong (TGA): Két qua phan tich
nhi¢t trong lugng cua hat vat liéu zeolite X duogc biéu dién
& hinh 6. Pudng cong TGA biéu thi 2 giai doan suy giam
khéi lwong. O giai doan 1, ¢6 pic thu nhiét khoang 100 dén
200°C véi muc giam 17,2% khéi lugng. Khéi luong bi mAt
1a do su bay hoi cua nudc bé mit va trong mao quan. Giai
doan 2 khoang 250 dén 600°C véi mirc giam 7,9% khdi
luong, chu yéu & ving 500-600°C rng v6i pic toa nhiét nhe
va c6 thé do sy phan hily hodc chay ctia cac hop chét hitu co
con lai trong vat liéu, cu thé 1a phuc chét tao ciu trac con du
chua loc rira hét. Tir 600°C trg 1én, biéu do khong cho thiy
su thay ddi khdi luong dang Kké, chung t6 vat liéu con lai on
dinh va c6 thé khong bi pha hity thém trong khoang nhiét do
cao hon chiing té cAu trac cua zeolite c6 dd bén nhiét cao.

3.2. Qud trinh hép phu crystal violet béi vit ligu zeolite X

Anh hwong cia pH: Két qua khao sat (pH 3-9) chi ra
rang, hiéu suat hip phy tang theo pH (hinh 7). O pH 3 hi¢u
suat hip phu chi dat 74,8% do bé mit vat liéu tich dién
duong khong thuan loi cho qué trinh hap phu. O cac gia tri
pH 5,7, 9 hi¢u sudt hép phu tuong tng 1a 79,7%, 82,0% va
91,90%. CV trong nudc ton tai & dang cation CV*. Khi &
pH 9 dién tich am trén bé mat vat lidu s& tao diéu kién thuan
loi cho qua trinh hép phy. Mat khac, gia tri pH 9 van thudc
trong khoang cho phép theo Quy chuan Viét Nam (QCVN
24:2009/BTNMT) [1] vé nudc thai cong nghiép dbi véi
nguén nudc tiép nhén, nén pH 9 dugc chon dé khao sat cac
yéu t6 anh hudng tiép theo.

DITGA TGA DTA
mg.frrinl % uV
000 SV OIS M - 1000
100,00~ 80,00
Trong lwrong giam -1.490mg '
ol -17.166% Trong lworng giam -0.689mg
f -7.938% 60,00
80,00~
40,00
-2,00
—— DTA 20,00
TGA
60,00- DrTGA
’\/‘\—/_,’———v—//_/\_’_' 0,00
-3,00
40,00~ ~-20,00
fi. , s

0,00 100,00 200,00 300,00

febe A i s b
400,00 500,00 600,00 700,000

Tén fil MIM tad Nmiétdo [c1

&n file:

n file [Temp Program)

May do: DTG-60H Temp RateHold Temp Hold Time Gas
Magay mua: L R [Cmin] [C ] [ min ]

Trong lrong miu:  8,680{mg]

Chu thich 1000 7000 0

Hinh 6. Biéu d6 phan tich nhiét trong Iwong cuia vat liéu zeolite X.
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Hinh 7. Anh hwéng ctia pH dén kha nang hap phu cua vat liéu
zeolite X (t=120 phat, C =15 mg/l, m=0,2 g, V=360 vong/phut).

Thoi gian hdp phu: Hinh 8 chi ra két qua danh gia sy hap
phu CV béi zeolite X theo thoi gian. Theo d6, hidu sudt hap
phu dat duoc 1a 91,9% sau 2 gid tmg v6i dung luong hap
phu 13 6,9 mg/g. Sy hap phu dién ra nhanh trong khoang thoi
gian tr 15-60 pht.

100 r T T T T

. 69
80 r68
67 —~
- =)
§ 60 4 L 66 E
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/.’J (]
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[ |Hiéu suat
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Hinh 8. Anh hwéng cua thi gian dén kha ning hap phu crystal
violet b&i vat liéu zeolite X (pH=9, C, =15 mg/l, m=0,2 g, V=360
vong/phut).

Déng hoc hdp phy: Phuong trinh dong hoc biéu kién bac
1 (a) va bac 2 (b) dang tuyén tinh dugc biéu dién nhu sau:

In(q, - q)—Ing, =kt (a)
t 1 t

— + — b

qe kead q ®)

e

trong do, q, va q, (mg/g) lan luot 1a dung lugng hip phu tai
thoi diém can bang va thoi gian t; k, va k, 1a hang sb toc do
bac 1 (1/gio) va bac 2 (g/mg.gio) gia dinh.
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banh gia cac tham s6 cua phuong trinh (a) va (b) thu
duogc két qua nhu ¢ bang 1. Gia tri q,.~=1,54 mg/g thip hon
nhiéu so véi thuc nghiém ching t6 phuong trinh dong hoc
bac mot gia dinh la khong phu hop. Gia tri R*=0,9983 va
96,99 mg/g gan véi thuc nghiém dan dén két luan ring
phuong trinh dong hoc bac hai gia dinh 1a hoan toan phu
hop dé mé ta qua trinh hap phu CV bai zeolite X.

Bang 1. Cac tham s6 dong hoc bac mét va bac hai gia dinh.

Théng sb Biac 1 Bic 2
a -0,0071 0,143
b 0,4297 0,5352
q, (mg/g) 1,54 6,99
k, 0,0071 -

k, = 0,0382
R2 0,9435 0,9983

Anh hieong ciia nong do dung dich crystal violet ban
dau: Két qua ¢ hinh 9 cho thiy, khi ndng do dung dich CV
tang (5-25 mg/1) thi hiéu suat hap phu giam (100%-70,6%),
nhung dung lugng hdp phu lai ting ~3,5 lan (2,50-8,83
mg/g). Piéu nay c6 thé dugc giai thich do, dung dich vai
ndng do6 thuéc nhudm thép cé gradient ndng d6 nho, do do
su khuéch tan CV viao trong ciu tric cta zeolite X cham
hon so véi dung dich & ndng do cao. Tuy nhién, dung dich
co n@)ng d6 thube nhudém thép lai cho hiéu suit hép phu cua
vat li¢u 16n hon do lugng tdm hép phu chua bao hoa trén bé
mit vat liéu con nhiéu.

T T T T T
100 - 9
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T 404 2
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20 / 3
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Hinh 9. Anh hwéng cuia ndéng dé crystal violet ban dau dén kha
ning hap phu ciia vatliéu zeolite X (pH=9, t=75 phut, m=0,2 g, V=360
vong/phut).
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Pang nhiét hap phu: Két qua cac tham sé hap phu theo
md hinh dang nhiét Langmuir va Freundlich dugc trinh bay
& bang 2. Két qua cho thy, theo mo hinh Freundlich, hé
sé twong quan tuyén tinh (R>=0,9835) thap hon so véi theo
mé hinh Langmuir (R>=1). Dbi voi md hinh Freundlich thi
khi n=-7,241 hay 1/n=-0,1381 thi qué trinh hdp phu c6 thé
khong 6n dinh hodc khong thuan lgi. Nhu vdy c6 thé két
luan réng qué trinh hép phu CV b'fmg hat vat li¢u zeolite X
tudn theo mo hinh hap phy dang nhiét Langmuir - hap phu
don 16p, mt chiéu (K, =0).

Bang 2. Cac tham sé hap phu theo mé hinh ding nhiét Langmuir
va Freundlich.

Théng sb Langmuir Freundlich
K, 0 -

Gy 7,502 -

K, - 91,791

n - -7,241

R? 1 0,9835

Khd nang tai sie dung vdt liéu zeolite X: Nghién clru nay
danh gia viéc tai sir dung vat liu bang phuwong phap xir ly
nhiét, nung & nhiét do 550 trong 3-4 gid dé loai bo chat hip
phu, sau do tai su dung vat li¢u trong chu trinh tiép theo. Két
quéa & hinh 10 cho thay hiéu suit loai bo chit mau CV thay
d6i khong qua dang ké trong ba chu ky khao sat. Hiéu sut
loai bo chit hap phu 12 89,2% & chu ky thtr 2 va con 81,0%
& chu ky thir 3. Diéu nay co thé thiy chat hip phu zeolite X
1a mot loai vat liéu c6 do bén cao va kha nang tai su dung
tuong ddi tot. Tuy nhién, trong qué trinh tai sir dung, hat vét
liéu ciling c6 thé bi bién dang hodc vo, lam giam mot phﬁn
kha niang hap phu cua nd.
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=
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Chu ky 1 Chu ky 2 Chu ky 3
Hinh 10. Kha ning loai bé chat mau crystal violet qua ba chu ky
tai str dung.
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4. Két luan

Nghién ciru nay di tong hop thanh cong vt lidu zeolite
X ¢6 kha nang hip phu tét chat mau CV trong nudc. Vat
liéu thu duoc ¢6 cu trac vi mao quan va dién tich bé mit
riéng 16n véi nhidu khe ranh, 16 x6p va mao quan thir bac,
phéan bd tir 1én dén nho, tur ngoai vao trong, tao ra nhiéu vi
tri h'?ip phu. Vat liéu zeolite X cho hi¢u sudt hép phu CV dat
~92% véi dung lwong hip phu 6,9 mg/g & cac diéu kién tdi
wu pH=9, ndng d6 chat mau CV 1a 15 mg/l va thoi gian 1a
2 gio. Bén canh do, vat liéu cho théy kha nang tai su dung
tuong ddi tot v4i ba chu ky xr Iy nhiét lién tiép.
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Ung dung phuong phap sic kf long higu ning cao 3¢ dinh lwong dong tho
ba hoat chat levodopa, carbidopa va benserazide trong thudc diéu tri bénh Parkinson
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3Trung tam Nghién ciru Cong nghé Mai truong va Phat trién Bén viing, Trwong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Noi,
334 Nguyén Trdi, phiong Thanh Xuin Trung, quin Thanh Xudn, Ha Néi, Viét Nam
Ngay nhan bai 13/9/2024; ngay chuyén phan bién 15/9/2024; ngay nhan phan bién 20/9/2024; ngay chip nhan dang 25/9/2024
Tom tat:

Trong nghién ctru nay, mot phwong phap phan tich méi da dwgc xay dung va tham dinh dé xac dinh df)ng thoi levodopa
(LD), carbidopa (CD) va benserazide (BZ) trong cac thudc diéu tri bénh Parkinson bing phwong phap sac ky long h1eu
ning cao sir dung detector UV-Vis mang diode (HPLC-DAD). Cac diéu kién t6i wu dwogc lira chon bao gdm pha dong sic
ky long hiéu nang cao (HPLC) la h¢ dém 100 mM KH,PO-H,PO, ¢6 pH=3,5 va b6 sung sodium 1-octanesulfonate (SOSF)
0,10 mM, mau duoc xir ly bang cach hoa tan trong dung dlch H, PO 100 mM. O cac diéu kién nay, gioi han phat hién cia
thiét bi (IDL) dbi v6i LD, CD va BZ lan lugt 1a 0,765 0,19 va 0, 38 mg/l D4 lap lai trong ngay va giira cac ngay theo do léch
chuén twong d6i (RSD) déu duwéi 4% ddi véi ca thoi gian lwu va dién tich peak. Phwong phap nay da dwgc sir dung dé xac
dinh ba hoat chit trong cac loai thudc thue té, voi hi¢u sut thu hoi dao dong tir 80 dén 100%. Sy khac biét giira két qua
thu dwgc tir phwong phap HPLC-DAD da phat trién va gia tri cong bd trén nhin san pham l1a duéi 8%.

Tur khod: benserazide, carbidopa, levodopa, Parkinson, sic ky 16ng hiéu niang cao.

Chi s6 phin logi: 1.4,2.4,3.4

Application of high-performance liquid chromatography for simultaneous

quantification of levodopa, carbidopa, and benserazide in Parkinson’s drugs
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Abstract:

In this study, an analytical method was developed and validated to simultaneously determine the contents of levodopa (LD),
carbidopa (CD), and benserazide (BZ) in pharmaceutical formulations used for the treatment of Parkinson’s disease by using
high-performance liquid chromatography (HPLC) coupled with a diode array detector (DAD). The optimal chromatographic
conditions were established using an HPLC mobile phase consisting of a 100 mM KH,PO,-H,PO, buffer solution with a pH of
3.5 and an addition of 0.10 mM sodium 1-octanesulfonate (SOSF). The drug samples were prepared by dissolving them in a
100 mM H,PO, solution to ensure complete solubilisation and stable chromatographic signals of the active ingredients. Under
these optimised conditions, good sensitivity was demonstrated, with instrumental limits of detection (IDL) for LD, CD, and BZ
determined to be 0.76, 0.19 and 0.38 mg/l, respectively. Precision was evaluated through intra-day and inter-day repeatability
studies, with the relative standard deviation (RSD) values for both retention time and peak area consistently remaining below 4%,
indicating high reproducibility. The validated method was subsequently applied to the analysis of commercial pharmaceutical
tablets with recovery rates for LD, CD, and BZ ranging from 80 to 100%. The difference between the actual content determined
by the HPLC-DAD method and the labelled content of the product was found to be less than 8%.

Keywords: benserazide, carbidopa, high-performance liquid chromatography, levodopa, Parkinson.
Classification numbers: 1.4,2.4, 3.4
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1. it van de

Bénh Parkinson 1a mot loai bénh 1y lién quan téi su tich
tu a-synuclein, dan téi cac hoi ching r6i loan vén dong
[1]. Bénh Parkinson lién quan tryc tiép toi sy suy giam
dopamine, mot chit dan truyén than kinh trong ndo [2] va
do véy thuong dugc diéu tri bing cach bd sung levodopa
(LD, 3-(3,4-dihydroxyphenyl)-L-alanine), mot tién chat
cua dopamine [3]. Tuy nhién, levodopa thuong bi phan huy
trude khi di qua vo mang ndo, vi vdy, cac chét tc ché nhu
carbidopa (CD, 3-(3,4-dihydroxyphenyl)-2-hydrazineyl-
2-methylpropanoic acid) hay benserazide (BZ, 2-amino-
3-hydroxy-N’-(2,3,4-trihydroxybenzyl)propanehydrazide)
thuong dugc bd sung véi ty 16 1:10-1:4 (w/w) so voi
levodopa trong thanh phan thudc dé nang cao hiéu qua st
dung [4].

Trong nhom bénh thoai hoa than kinh, bénh Parkinson
xép thir hai vé s6 ngudi mic, chi sau bénh Alzheimer. Theo
thong ké nim 2016, ¢ Viét Nam c6 khoang 65.000 ngudi
méc bénh va trén toan thé gidi 14 6,1 tridu nguoi; con sd niy
da ting gép gan 2,5 lan tir 2,5 triéu ngudi mac nam 1990 [5].
Sy gia ting nhanh chong vé sé lwong ngudi mic da dit ra
nhu cu 16n trong viéc su dung thudc dé diéu tri, kéo theo do
la yéu cau cép thiét trong viéc kiém dinh chét luong thude,
ma cu thé 12 phan tich dinh lugng LD, CD va BZ.

Trong linh vye phén tich dugc phim, sic ky long (LC) la
phuong phap tach chit manh mé& va dugc st dung rat rong
rai. HPLC su dung detector UV la phuong phap tiéu chuin
duoc quy dinh dé phan tich cac thudc chira LD va CD trong
duoc dién cua nhiéu qudc gia nhu Viét Nam hay My. Phuong
phéap nay cling thuong dugc st dung trong cac nghién ciru
phan tich cac hoat chét chinh hodc tap chét trong thude [6],
phan tich cac mau y sinh nhu huyét tvong [7] hay huyét
thanh [8] ctia ngudi bénh sir dung thude diéu trj Parkinson.
Dé nang cao gidi han phat hién (LOD) ciia phuong phap
HPLC, céc detector c6 d nhay cao hon nhu huynh quang
(FL) hay khéi pho (MS) thuong dugc su dung [9- 13] Mot
56 phuong phap khac ciing dwoc da dugc sir dung dé phan
tich thudc diéu tri Parkinson nhu phwong phép quang phd
két hop v6i thuat toan hdi quy da bién [14-18]; phuong phap
dién hoa [19-23]; phuong phap dién di mao quan [24-26].
Trong cac nghién ctru trén, chi 1 nghién ciru phan tich dong
thoi ba hoat chat LD, CD va BZ, cac nghién ctru con lai
chi xac dinh dong thoi LD véi CD hodc LD véi BZ véi dbi
tugng mau 1a mau thude hodc miu y sinh [19].

Tai Viét Nam, hién chua c6 cong bd vé& huéng nghién
ctu dinh luong ba hoat chét noi trén trong thudc diéu tri
bénh Parkinson, ngoai trir mot nghién ctru vé CE-C“D cua
chinh cac tac gia [27]. Thiét bi duoc sir dung trong nghién
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clru nay la hé CE-C*D tu ché tao van hanh b?mg tay, do vay
khé co thé dap tng duoc cac yéu ciu van hanh 6n dinh,
lau dai véi s luong mau 16n. Cac hé thong HPLC véi uu
diém d6 on dinh cao 1a giai phap phu hop hon véi nhiing
phan tich sb luong 16n. Mac du vay, Dugc dién Viét Nam
cling chua c6 phuong phép twong ung dé xac dinh BZ. Vi
vay, nghién ctu nay duogc thuc hién véi muc tiéu phat trién
mot quy trinh phan tich trén HPLC sir dung detector UV-Vis
mang diode (DAD) dé xac dinh ddng thoi LD, CD va BZ
trong thudc diéu tri bénh Parkinson.

2. Thu'c nghiém
2.1. Hod chat

Benserazide hydrochloride, levodopa va carbidopa
monohydrate dugc dat mua tor Tokyo Chemical Industry
(Tokyo, Nhat Ban). Cac hoa chat duoc sir dung dé chuan
bi pha dong, bao gdm potassium dihydrogen phosphate rin
(99%), dung dich phosphoric acid 85%, dugc mua tir Merck
KGaA (Darmstadt, Buc). Cac hoa chét khac dugc st dung
dé chuan bi mau (dung dich HCI 37% (w/w)) dugc mua tir
Sigma-Aldrich (Taufkirchen, Puc).

Dung dich chudn gbc ctua LD, CD va BZ véi nong do
1000 mg/l mdi chét duoc chuén bi béng cach hoa tan mot
lugng chinh xac mdi chat trong dung dich H,PO, 100 mM.
Céc dung dich chuan lam viéc c6 nong d khac nhau thu
dugc bang cach pha lodng dung dich chuan gbc bang nudc
deion Vi cac hé sd pha loang thich hop. Dung dich chuan
gbc duge pha méi hang thang trong khi cac dung dich chuan
lam viéc dugc chudn bi méi hang ngay. Cac dung dich déu
dugc bao quan lanh ¢ 4°C trude khi st dung.

2.2. Thiét bi

Céc thi nghiém duoc tién hanh trén hé thong HPLC-
DAD 20A cua Shimadzu (Nhét Ban) voi ¢t tach pha dao
C18 Shim-pack VP-ODS (kich thudc cot 4,6 x 25 mm va
duong kinh hat nhdi 5 pm) va detector DAD SPD-M20A.
Thé tich mau bom 1a 50 pl. Detector DAD duogc cai dat dé
do phé trong dai 200-800 nm va cac sic ky dd dugc ghi ¢
282 nm.

2.3. Quy trinh phdn tich

Pha dong duogc st dung l1a dung dich dém phosphate
KH,PO,-H,PO, trong dung m6i nudc co bd sung sodium
1-octanesulfonate (SOSF) va chay ¢ ché d6 dang dong 6 1,0
ml/min. Trong qué trinh t&i uru hoa diéu kién phén tich, nong
dd cia hé dém phosphate dugc khao sat trong khoang 50-
150 mM véi pH dugce thay doi tir 3,0 dén 4,0 va SOSF dugc
thém vao té1 mic néng d6 0,05-0,15 mM. Viéc thim dinh
quy trinh phan tich va do cdc mau thuc té duoc thuc hién
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& cac diéu kién phan tich td1 vu dugce tim th?iy, bao g6m hé
dém 100 mM KH,PO,-H,PO, véi pH=3,5 va b6 sung SOSF
néng do 0,1 mM. Céc chat phan tich dugc phat hién va dinh
lugng & budc song 282 nm.

2.4. Lay mdu va xw ly mau

Trong nghién ctu nay, hai loai thudc diéu tri bénh
Parkinson dang vién 1a Madopar (chia 200 mg LD va 50
mg BZ trong mdi vién) dugc san xuit boi Delpharm Milano
(Segrate, Y) va Syndopa (chira 250 mg LD va 25 mg CD
mdi vién) dwoc san xudt boi Roche (Shanghai Branch,
Trung Quéc) da dugc thu thap tai cac nha thube & Ha Noi.
Nam vién thudc duge can khdi lugng, sau do nghién thanh
bot va khdi lugng bot chinh xac twong Uung véi mot vién
thudc dugc hoa tan trong 100 ml dung dich H,PO, 100 mM
va siéu am trong vong 20 phut. Dung dich thu dugc sau do
dugc pha loang boi dung dich H,PO, 100 mM tdi ndng do
100 mg/l LD, 25 mg/l BZ va 10 mg/l CD. Mau sau khi pha
lodng dugc loc qua mang loc nylon véi kich thude 16 0,45
um trude khi duge bom vao hé¢ HPLC.

2.5. Xir Iy thong ké

Séc ky d6 va cac thong tin cia peak chit phan tich duoc
ghi nhan va xir 1y boi phan mém Shimadzu Lab Solution.
Céc xir Iy thdng ké dugc thyc hién bang phan mém Microsoft
Excel 365.

3. Két qua va ban luan
3.1. Phat trién quy trinh phén tich

Dugc dién ctia Viét Nam chi quy dinh phuong phap phan
tich dong thdi LD va CD trong cac mau dugc phdm thay vi
phan tich dong thoi ca ba hoat chit nay va chua c6 phuong
phap phan tich cho BZ. Vi véy, budc dau tién 1a kiém tra sy
phtt hop ctia phuong phap hién c6 nay ddi voi nhu cau phan
tich dong thoi LD, CD va BZ. Pha dong 1a hé dém 100 mM
KH,PO,-H,PO, ¢6 pH=3,0, cdt tich duoc su dung la cot
C18, nhiét do cot duoc giit khong ddi ¢ 30°C va tde do dong
duogc ¢b dinh ¢ 1,0 ml/phut. Két qua cho thdy, do phan giai
giita hai peak LD va BZ déu kha thip (nho hon 1,0), khing
dinh rang diéu kién nay khong thich hop dé phén tich dong
thoi LD, CD va BZ va viéc phat trién mot quy trinh phan
tich méi 1a can thiét. Bén canh do, trong dugc dién cua My,
pha dong dugc st dung ngoai hé¢ dém phosphate, con co
su bo sung cua sodium 1-decanesulfonate nham ting cudng
kha nang tach va do nhay ciua phuong phap. Do vay, trong
nghién ctru nay, thanh phan pha dong ciing duoc bd sung
SOSF v6i muc tiéu tuong tu. Viéc st dung SOSF thay thé
cho sodium 1-decanesulfonate xuat phat tir han ché trong
viée tiép can hod chit nay.
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Khdo sdt nong dé pha déng: Céc pha dong v6i thanh
phan phosphoric acid hodc hé dém phosphoric acid-mudi
dihydrogen phosphate dd duoc ching minh 1a phu hop dé
phan tich LD va CD va duoc st dung trong cac Dugc dién.
Tuy nhién, do ban chét cot C18 khong thich hop véi nhimng
pha dong co pH thap <2. Do vdy, trong nghién ctru ndy, pha
dong dugce su dung la h¢ d¢ém H,PO,-KH, PO, v6i néng do
cua KH,PO, nam trong khoang 50-150 mM va pH duoc gt
c¢b dinh & 3,5, bd sung 0,1 mM SOSF. Cac sic ky do duoc
thé hién trén hinh 1 cho thiy khi ting ndng do pha dong,
dién tich peak c6 xu hudng tang 1én, dac biét 1a vdoi peak
LD. Nguoc lai, su bién dbi vé thoi gian luu dién ra phuc
tap hon, khi c6 xu huéng ting tir ndng do 50 mM t&i 100
mM va giam xudng ¢ ndng d6 150 mM. DPiéu kién nong do
KH,PO, 100 mM cho d¢ phan giai tdt hon ca, va do vay,
duoc lua chon dé st dung trong céac khao sat tiép theo.

40
AU LD
30 - “ BZ D 150 mM
20 LD
I\ BZ cD 100 mM
I N i
10
LD
) BZ CD 50 mM
T I I I T
0 5 10 15 20

Théei gian Iwu (phat)

Hinh 1. Sac ky dé phan tich déng th&i levodopa, carbidopa va
benserazide bdng HPLC-DAD véi pha dong chira néng dé khac
nhau cta hé dém KH,PO,-H PO, & pH=3,5, b6 sung 0,1 mM SOSF.
Nbng dé levodopa, carbidopa va benserazide Ian lwot 1 40, 10 va
20 mg/l.

Khdo sat pH cua pha dong: pH cia pha dong sau do
duoc thay doi trong khoang 3,0 téi 4,0, trong khi ndng do
KH,PO, dugc giit khong déi & 100 mM va bd sung 0,1 mM
SOSF. Két qua thu dugc trén hinh 2 cho théy, khi ting pH,
dién tich peak c6 xu huéng giam dan va thoi gian luu ting
dan. O diéu kién pH=4,0, khong thé x4c dinh dugc cac peak
chat phén tich, trong khi & pH=3,0, hai peak BZ va CD
khong thé tach ra khoi nhau. Piéu kién pH=3,5 cho sy phan
tach t6t nhit voi ca ba chét phan tich khi do phan giai gitta
LD-BZ va BZ-CD déu 16n hon 2,0. Do vay, pH=3,5 tiép tuc
duoc sir dung trong cac khao sat ké tiép.
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Hinh 2. Sic ky d6 phan tich déng thoi levodopa, carbidopa va
benserazide bing HPLC-DAD vé&i pha dong & cac pH khac nhau
cua hé dém 100 mM KH,PO,-H,PO,, b§ sung 0,1 mM SOSF. Néng
do levodopa, carbidopa va benserazide lan lwot la 40, 10 va 20 mgl/l.
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Thei gian Iwu (phiat)

Hinh 3. Sic ky d6 phan tich déng th&i levodopa, carbidopa va
benserazide bang HPLC-DAD véi pha dong la hé dém 100 mM
KH,PO,-H,PO, & pH=3,5 chira ndng d khac nhau chét b tro SOSF.
NoOng d6 levodopa, carbidopa va benserazide lan lwgt 1a 40, 10 va 20 mg/l.
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Khdo sdt nong d chat bé tro SOSF: Sau khi xac dinh
dugc thanh phan va pH cia pha dong (hé dém 100 mM
KH,PO,-H,PO,, pH=3,5), néng dd cua chit bd tro SOSF
tiép tuc duoc khao sat trong khoang 0,05-0,15 mM. Céc séc
ky dd thu dugc trén hinh 3 cho thay, khi ting nong do chat
b6 trg, dién tich peak co xu hudng giam dan va thoi gian
lvu ting dan. Diéu kién nong d6 SOSF 0,05 mM cho tin
hiéu chat phan tich 16n nhat, tuy nhién, d6 phan giai giira
LD va BZ lai 1 thap nhat. Nguoc lai, didu kién SOSF 0,15
mM cho dién tich peak nho nhat va d¢ phan giai 16n nhét.
Pé dam bao ca hai yéu td dién tich peak va do phan giai thu
duoc déu tbt, diéu kién néng d6 0,10 mM SOSF duoc lua
chon.

Khdo sat diéu kién xir [y mau: Viéc phan tich cac thude
diéu tri bénh Parkinson voi thanh phan LD, CD va BZ
thuong duge thuc hién don gian bang viéc nghién nho va
hoa tan vién thudc trong dung méi nude. Trong nghién ciru
nay, cac dung dich khac nhau trong dung mdi nuéce da duge
sir dung dé danh gia kha ning 4p dung trong viéc hoa tan
thudc, bao g@)m: nude, dung dich HCl 100 mM, dung dich
H,PO, 100 mM va dung dich d¢m 100 mM KH,PO,-H,PO,
pH=3,5. Hai loai thudc, bao gém mdt mau chtra thanh phﬁn
LD va CD va mau con lai chira LD va BZ, da duoc sir dung.
Két qua thu dugc trén hinh 4 cho thay, dung méi nudce, dung
dich d¢ém KH,PO,-H,PO, cho tin hi¢u phan tich cua BZ kha
kém, trong khi dung dich HCI 100 mM cé anh hudng cta
nén méu 16n khi xuét hién mot peak kha 16n bén canh peak
LD. Vigc str dung dung dich H,PO, 100 mM dem lai két qua
t6t hon ca va dugc lua chon dé hoa tan mau thude.
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40 —
AU LD
BZ H;PO, 100 mM
30 —
LD
BZ HCI 100 mM
20 —
LD
BZ 100 mM KH,PO,4-H;PO,
10 —
I \ Nwdre deion
o —

T T T
5 10 15 20 25

o -
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Hinh 4. Sac ky dé HPLC-DAD phan tich cac mau thudc dwoc xiv Iy bang cac dung dich khac nhau. (A) Mau thuéc chira levodopa va

carbidopa; (B) Mau thubc chira levodopa va benserazide.
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3.2. Thdm dinh quy trinh phén tich

Sau khi xac dinh dugc cac didu kién phan tich va xt
1y miu phi hop, bao gdm pha dong 1a hé dém 100 mM
KH,PO,-H,PO, pH=3,5, b sung SOSF ndng d6 0,1 mM
va hoa tan mau trong dung dich H,PO, 100 mM, quy trinh
phan tich duoc danh gia thong qua cac thong sd: gidi han
phat hién cua thiét bj va cua phuong phap (IDL va MDL),
gidi han dinh lugng cua thiét bi va ctia phuong phép (IQL va
MQL), duong chuén, d6 chum va do chinh xéc. Vi phuong
phap HPLC-DAD di phat trién, IDL va IQL duoc xac dinh
12 ndng do cho ty 1é tin hidu/nhidu nén (S/N) bang 3 va bang
10 twong ung; trong khi MDL va MQL duogc xéac dinh dya
trén IDL va IQL, c6 tinh dén qué trinh xir Iy mau. Céc gia tri
IDL thu dugc dbi v6i ba chét phan tich tir 0,19 (v6i CD) t&i
0,76 mg/1 (voi LD) va IQL dat dugc tu 0,63 téi 2,50 mg/l.
Véi gia thiét cac mau thude dwoc phan tich c¢6 khdi lugng
0,5 g, dugc hoa tan trong 100 ml dung dich H,PO, 100 mM
va sau d6 pha loang 10 lan, cac gia tri MDL thu dugc d6i
v6i LD, CD va BZ lan luot 1a 1,52; 0,38 va 0,76 mg/g va
céc gia tri MQL dat dugc ndm trong khoang 1,27 mg/g (v6i
CD)-5,07 mg/g (voi LD).

Puong chuan duoc xdy dung v6i 6 diém chuan trong
khoang 5,0-160 mg/l d6i voi LD, 1,25-40 mg/l dbi véi CD
va 2,5-80 mg/l d6i véi BZ. Hé sb tuong quan tuyén tinh R2
ctia ba duong chudn thu duoc déu 16n hon 0,999 cho thiy
mdi twong quan cao giita nong do va dién tich peak cua cac
chat phan tich (bang 1).

Bang 1. Thong s6 gi¢i han phat hién, gi¢i han dinh Iwong,
phwong trinh dwéng chun va hé sé twong quan cla phwong
phap HPLC-DAD.

I IDL MDL* IQL MQL**  Phwong trinh dwong .
CHAphinteh o) (mgig) (mgh) (mgy)  chuint+ K
LD 0,76 1,38 2,50 5,07 7=9385x+6605 0,9997
BZ 0,38 0,76 1,25 2,53 y=1984x-731 0,9995
CD 0,19 0,38 0,63 1,27 y=453Tx+321 0,9998
*MDL (mg/g) = IDL (mg/l) x 2>V (L)

m (g)
* MQL (mg/g) = IQL (mg/x 22V L) .
m (g)

trong d6: DF |a hé sé pha loang, V la thé tich dung dich H,PO, ding
dé hoa tan mau thudc va m 1a khéi lwong mau thude dwoc phan tich.
Cac gia tri MDL va MQL trong bang dwoc xac dinh véi DF=10, V=0,1
Lvam=0,5g.

= y- dién tich peak (mAU.min), x: ndng dd chat phan tich (mgl/l).
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Do chum cua phuong phap dugc danh gid thong qua
do lap lai trong ngay (n=5) va do lap lai gilta cac ngay
(n=3), thé hién thong qua do léch chuin twong déi (RSD)
vé thoi gian luu va dién tich peak. Cac két qua thu duoc &
bang 2 cho thay, cac gia tri RSD thu dugc trong ngay nho
hon 1% cho thoi gian luu va nho hon 2% d6i véi dién tich
peak; trong khi cac gia tri nay trong danh gia d¢ 1ap lai gitr
cac ngay 1a 3 va 4% tuong mg. Céc s6 liéu nay cho thiy
phuong phap HPLC-DAD c6 d chum tdt, dam bao viéc
phan tich thuong xuyén, lién tuc.

Bang 2. D6 léch chudn twong déi vé thei gian lwu va dién tich
peak trong cac danh gia do lap lai trong ngay va do lap lai giira
cac ngay.

D9 lap lai trong ngay (n=5) D§ lap lai giira cac ngay (n=3)

Chét phén
tich
RSD* (%) RSD" (%) RSD* (%) RSD* (%)
LD 0,4 2,0 0,5 2,9
BZ 0,6 3,7 1.9 0,4
CD 0,5 2,6 1,5 1,3

*RSD?: d6 léch chuén twong di vé thoi gian lwu; RSDP: d6 1éch chuén
twong doi vé dién tich peak.

Do ding cia phuong phap HPLC-DAD di phat trién
duogc danh gia thong qua hiéu suat thu hdi bang cach phan
tich mau thém chuin trén cac nén mau thyc (bang 3). Mau
thuc duoc chuan bi nhu trong muc 2.4 va nén mau dugc
tao ra bang cach pha loing dung dich mau thudc véi cac hé
s6 khac nhau (0, 2 va 4 1an). Céc chat phéan tich dugc thém
vao dé thu duoc ndng do chat phan tich gip hai 1an nong do
trong nén mau. Hiéu suit thu hodi dat duoc voi CD va BZ
déu rét tot, nam trong khoang 92-100%, trong khi gi trj thu
dugc d6i voi LD thap hon, dao dong tir 80-90%.

Bang 3. Hiéu suat thu héi cua phwong phap HPLC-DAD trén cac
nén mau khac nhau.

Hi¢u sudt thu hdi (%)

Nén miu thye  Thém chuén dé dat dwoe
Levodopa  Carbidopa  Benserazide

25% mau | 50% méu 1 80,8 94,8

50% mau | 100% méu 1 87,3 97,8

100% mau 1 200% mau 1 81,3 99,9

25% méau 3 50% méu 3 83,5 - 92,8

50% méu 3 100% méau 3 90,3 2 97,8

100% méu 3 200% mau 3 86,5 - 99,1

*Ky hiéu (-) thé hién mau phan tich khong chiva chét muyc tiéu.
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3.3. Phén tich méu thuc

Bén mau thuc, trong d6 mau 1 va mau 2 chira LD va
CD, mau 3 va mau 4 chtra LD va BZ, dugc phan tich theo
quy trinh HPLC-DAD da phat trién. Cac két qua thu dugc
duoc trinh bay trén bang 4 cho thay, nong do do duoc theo
HPLC-DAD chi sai khac dudi 8% so voi gia tri dugc cong
b6 trén nhan thudc.

Bang 4. Két qua phan tich cac mau thudc diéu tri Parkinson bang
phwong phap HPLC-DAD.

Miu 1 Miu 2 MAiu 3 Miu 4
LD 20,55 21,21 19,61 19,76
Néng d6 do
durge (mel) BZ . = 4,92 4,62
CD 2,10 2,10 - -
LD 256,9 265,1 196,1 197,6
Ham lugng
do dugc BZ - - 49,25 46,22
mg/vién
(mglvien) ) 26.26 26,34 ; -
LD 250 250 200 200
Ham lugng
trén nhan BZ 0 0 50 50
rid
(mglvien) ) 25 25 0 0
LD -2,7% -6,0% 2,0% 1,2%
Sai khac* BZ = . 1,5% 7,6%
CD -5,0% -5,4% = 5

*Sai khac=(Ham lwgng trén nhan-Ham lwgng do dwgc theo HPLC-
DAD)/Ham lwgng do dugc theo HPLC-DAD * 100 (%). Ky hiéu (-) thé
hién mau phan tich khéng chira chat muc tiéu.

4. Két luan

Nghién ctru dd xdy dung va tham dinh dugc mot quy
trinh phén tich trén HPLC-DAD dé dinh lwong dong thoi
cac hoat chat LD, CD va BZ trong mat s6 loai thudc diéu tri
bénh Parkinson. Cac két qua thu dugc cho thiy kha phuong
phap phan tich da phat trién c6 gidi han phat hién phu hop
cho viéc phan tich cac duoc pham véi do diing va do chinh
xac tot. Két qua do mau thyc té cho thay cac mau dugc phan
tich c6 ham luong sai khac khong qua 8% so vdi nhan sén
pham. Nhimng dit liéu thu duoc chi ra ring phwong phap
HPLC-DAD di xay dung c6 thé duoc sir dung cho nhu cau
kiém soat chat luong duoc phém diéu tri bénh Parkinson.

LO1 CAM ON

Nghién ciru nay duoc tién hanh trong khudn khé dé tai
QG.23.11 cua Pai hoc Qudc gia Ha Noi. Nguyén Thanh
bam dugc tai trg boi Chuong trinh hoc béng dao tao thac
sy, tién sy trong nude ciia Quy Pbi méi sang tao Vingroup
(VINIF), ma s6 VINIF.2022.TS019. Céc tac gia tran trong
cam on.
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Dénh gia ham lrong caffeine trong mit s0 loai o udng pho bién
c0 nguon goc tir tra, ca phe va mrdc tang lrc trén thi trwong Viét Nam hién nay
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Tom tit:

89 miu sin pham tra, ca phé, nwéc tra va nwéc ca phé dong chai, nwéc ting lwe pho bién trén thi trwong hién nay
dwgc thu thip va phén tich ham luwgng caffeine. Ham lwong caffeine trong tra tir 4,11 dén 22,37 mg/g miu kh (d.w)
(trung binh 12,67+4.90 mg/g d.w) véi ham lwgng caffeine giam dan theo thir tu: tra matcha ~ tra xanh > tra den >
tra 6long > tra twoi. Ham lrgng caffeine trong ca phé tir 3,32 dén 21,17 mg/g d.w (trung binh 11,09+5,02 mg/g d.w)
véi ham lwgng caffeine cao hon trong ca phé hoa tan so véi ca phé rang. Ham lwong caffeine trong nwéc tang lwe va
nuwéc ca phé pha sin gip 5-7 Ian nuéc tra déng chai. Do vy, cin luu y khi sir dung hai loai san pham nay. Lwgng san
phim tra va ca phé clia mgt nguoi sir dung toi da tinh theo gia tri khuyén cio (<400 mg/ngay ddi véi ngudi truéng
thanh) 1a 17-48 g twong ng vai tirng loai, san phim nuwéc ting lwe va nwéc ca phé déng chai la 3-6 don vi déng goi.
Tuy nhlen, sir dung ¢ liéu thap caffeine (<200 mg/ngay) sé cho hiéu qua tich curc hon, tré em va ba me mang thai can
can nhic khi sir dung va theo khuyen c4o ciia nha san xuit.

Tir khéa: caffeine, ca phé, nwéc ting lwe, tra.

Chi s6 phin logi: 1.4,2.4,2.10
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Abstract:

The popular products (n=89 samples) of tea, coffee, and bottled beverages originated from tea, coffee, and energy
drinks on the market today, were collected and analysed for caffeine content. Caffeine levels in tea products were
in a range of 4.11 and 22.37 mg/g d.w (mean 12.67+4.90 mg/g d.w), with the caffeine levels decreasing in the order
of matcha tea ~ green tea > black tea > oolong tea > fresh tea. Caffeine levels in coffee ranged from 3.32 to 21.17
mg/g d.w (mean 11.09+5.02 mg/g d.w) with higher caffeine amounts in instant coffee compared to roasted powdered
coffee. This is particularly noteworthy for consumers because energy drinks and bottled coffee contain a caffeine
amount 5-7 times higher than bottled tea water. According to the recommended value (<400 mg/day for adults), the
maximum intake of tea and coffee was calculated to be 17-48 g of dried weight per day, depending on the type of
product, while energy drinks and bottled coffee can be consumed at a rate of 3-6 packaging units per day. However,
only using low doses of caffeine (<200 mg/day) is likely to have more positive health effects. Children and pregnant
women should consider using these beverages and follow the manufacturer’s recommendations.

Keywords: caffeine, coffee, energy drink, tea.
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1. Dat van de

Tra va ca phé dugc biét dén 1a nhing loai d6 udng truyén
théng duoc wa thich & Viét Nam. Dan dan theo thoi gian,
nhitng thirc udng nay di dugc bién tdu nhim da dang hoa
va tiép can duoc nhiéu ddi twong. Trong nhitg nim gin
day, bén canh tra va ca phé thi nudc tang luc ciing tré nén
phé bién hon & Viét Nam, dic biét 1a trong gi6i tré va nhom
tudi thanh nién. Tra, ca phé va nudc ting luc déu c6 chira
caffeine hay con dugc goi la theine, mateine, guaranine,
methyltheobromine. Caffeine (1,3,7-trimethylxanthine) 1a
mot xanthine alkaloid duoc tim théy trong nhiéu loai thuc
vat nhu tra, ca phé, ca cao...[1]. Caffeine trc ché tac dung
ctia adenosine - mot hop chit dan truyén than kinh giup nio
thu gian, dé budn ngu, mét moi. B sung mot lugng vira
phai caffeine giup tang tinh tdo, gidm cam gidc mét mai va
budn ngu [2, 3]. Caffeine co thé cai thién hiéu suit van dong
trong khi tap thé duc, nang cao canh giac, tdm trang va qua
trinh nhan thirc [4]. Ngoai ra, caffeine con c6 vai tro dang ké
trong viéc giam can bang cach tac dong 1én toc do trao d6i
chét vi cac chét chuyén héa cua nd ¢o thé kich hoat sy (rc
ché cac enzyme quan trong trong qua trinh chuyén hoa toan
than va diéu chinh qué trinh chuyén hoa lipid va glucose [5].

Bén canh do, viéc st dung caffeine trén 400 mg/ngay
c6 thé géy ra lo lang, kho chiu va mét ngi dén rbi loan cam
giac, loi tiéu, réi loan nhip tim, nhip tim nhanh, ho hip ting
cao va rdi loan tiéu hoa. Str dung caffeine qua liéu con gay
dau diu man tinh, tham chi gdy ngd doc va lam dung dai
ngay c6 thé dan dén nghién caffeine [6]. Do d6, ham luong
caffeine trong cac san pham tir tra, ca phé va nudc ting luc
ciing 1a mot yéu t6 quan trong duoc quan tim.

Céc nghién ctru vé caffeine trong tra va ca phé ¢ Viét
Nam di cong bd khong nhiéu va chii yéu tdp trung vao
nghién ctu khao sat va t6i wu hoa phuong phéap phan tich
caffeine hodc phan tich dong thoi caffeine voi mot s6 chat
khac nhu theobromin, theophyllin trong mot s6 loai tra xanh
ctia Viét Nam [7]; caffein véi cac hop chét chong 6xy hoa
(EGCG) trong cao 14 ché [8]; caffein va thanh phan huong
ca phé bang sic ky kh6i phd (GCMS) véi nhiéu ki thuat
chiét khac nhau [9]. S6 lwong, ching loai tra va ca phé dugc
phan tich va danh gia con han ché. Luong caffeine trung
binh trong 5 mau hat ca phé kho dai dién tréng tai huyén
Mai Son, tinh Son La 1a 1,18% [10]. Ham lugng caffeine
nam trong khoang tir 0,3-1,79% dbi véi ca phé rang xay
(n=8) va tir 0,32-0,88% dbi véi ca phé hoa tan (n=7) [9].
Nghién ctru cia nhom tac gia T.T. Hue va cs (2019) [7] xac
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dinh caffeine trén 35 mau tra xanh va tra den tai cac ving
cho thiy c6 sy khac biét rd rang, cu thé: viing mién nui phia
Bic va Trung du Bac Bg (6,0-8,0%) cao hon rit nhiéu so
véi vung Tay Nguyén (2,5-3,5%). Trong nghién ctru nay,
chiing t61 hién danh gia ham luong caffeine trong céc loai
dd udng phd bién co ngudn gbe tir tra, ca phé va nude ting
lyc trén thi truong Viét Nam hién nay nhim so sanh ham
luong caffeine trong cac loai ¢ udng va dua ra dinh hudng
sir dung d6 udng cho nguoi tiéu dung.

2. Vit liéu va phuong phap nghién ciiu
2.1. Héa chit

Chét chuin caffeine (1,3,7-trimethylxanthine; methyltheobromine;
1,3,7-trimethyl-1H-purine-2,6(3H,7H)-dione; C.H, N,0,), cua
hang Sigma-Aldrich (Hoa Ky). Cac hoa chat khac nhu dung
moi ethyl acetate, magnesium monoxide MgO, chat lugng
phan tich (p.a) va methanol dung cho phuong phép sic ky long
hiéu ning cao (HPLC) duoc mua tir nha san xuat Merck (Dic),
nudc deion.

2.2. Péi twong nghién ciru

89 mau tra, ca phé va nude ting lyc duoc mua & cac chg
va siéu thi & TP Ha Noi, duoc chia thanh 2 nhom mau chinh.
Nhom mau thi nhat 1a nhém mau tra va ca phé: 5 mau l4 tra
(tuoi); cac mau dong goi khd gdm 10 mau tra xanh, 3 mau
tra matcha, 5 mau tra 6 long, 9 mau tra den, 11 mau ca phé
rang, 11 mau ca phé hoa tan. Nhém thir 2 1a nhom cac sin
pham pha sdn dong chai hodc lon trén thi trudng gdm 11
mau nudc tra dong chai, 3 mau ca phé pha san dong chai, 22
mau nudc ting luc. Mau tra thao moc (03 mau) la cac loai
la/hoa khong c6 chira thanh phan 14 tra dugc phan tich lam
méu kiém chiing

2.3. Phan tich

Phén tich caffeine trong cac san phdm tir tra, ca phé va
nudc tang luc trong nghién clru nay dua trén phuong phap
tiéu chudn cua Viét Nam (TCVN 9723:2013) [11] va co
thay d6i dé 1am sach mau va phu hop véi viée phén tich cho
cac d6i tugng mau.

Xk Iy mau: Mau (tra tuoi: 5 g, tra kho va ca phé: 1 g)
duoc cho vao binh dinh mtrc 250 ml cung véi 5 g MgO va
khoang 200 ml nuéc. Mau duge dun cach thuy & khoang
90°C trong vong 20 phut. Sau d6 mau dugc 1am ngudi vé
nhiét d6 phong va dinh mirc 250 ml. Lay khoang 30 ml
dich chiét va ly tam & tbc d6 3000 vong/phut trong 10 phit.
Véi quy trinh xir Iy mau theo TCVN 9723:2013, thi dich

n



chiét mau dén day duoc loc va bom 1én thiét bi phan tich.
Tuy nhién, dich chiét mau tra va ca phé c6 mau tir vang
nhat dén nau ddm s& anh huong khi phan tich caffeine trén
thiét bi HPLC. Do vay trong nghién ctru nay, budc chiét
caffeine voi dung moi etylacetate dugc thém vao dé loai bo
céc chit mau, tap chat khong mong muén di cting véi dich
chiét mau. 5 ml dich chiét duoc 13y va thém vao 3 ml ethyl
acetate, lic manh bang méy lic Voltex trong 5 phut va ly
tam & tbc do 1000 vong/phut trong 10 phat, hit phan dich
chiét phia trén. Lop nuéce phia dudi dugc chiét voi ethyl
acetate thém 2 lan nita nhu trén. Dich chiét ethyl acetate ciia
3 lan duoc g0p lai va c6 can bé'mg khi nito dé loai hét ethyl
acetate va thém 5 ml nu6c deion, lic déu. Mau dugc phan
tich trén thiét bi HPLC sau khi loc qua mang loc nylon 0,2
um, cia hang Vertical.

Mau nuéc tra va nude ca phé pha sin duoc iy thé tich
méu pht hop dé lugng caffeine c6 thé dinh lugng chinh xéac
trén thiét bi phan tich. 1 ml nudc ca phé dugc pha lodng
thanh 5 ml bang nudc deion va 5 ml nudc tra dugc ding
dé chiét voi 3 ml ethyl acetate, lap lai budc chiét voi ethyl
acetate thém 2 1an nhu trén va dich chiét duoc loc trude khi
phan tich trén thiét bi HPLC.

Sdc ky long hiéu nang cao véi detector UV (HPLC-UV/
PDA): Hé théng HPLC Shimadzu (Nhat Ban) LC-20AB,
ot séc ky pha dao VP-ODS (1,25 cm X% id. 1 cm X 5 um),
Shimadzu, pha dong 24% methanol, voi toe do dong qua cot
1a 1 ml/phat, nhiét do 16 cot 1a 40°C, thé tich bom mau 10 pl,
sir dung detector UV/PDA vdi dai song quét tir 200 dén 800

(A)
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nm va cyc dai hip phu cia caffeine ghi nhan tai budc song
272 nm. Dung dich chuén duge chuén bi bao gém 10, 20,
30, 40 va 50 mg/l lam dudng chuan duoc pha tir dung dich
chudn caffeine (2000 mg/1). Hé sé tuong quan cia duong
chuan dat R2>0,99, dat yéu cau phan tich. Mau thu hdi duoc
chuén bi bang cach thém chuan caffeine vao nén mau tra va
ca phé (mau rin) va vao nudc deion (miu 16ng) va thyc hién
toan bo qué trinh chiét tach nhu trén. Hiéu suit thu hdi cta
caffeine trén mau ran 1a 82-90 % va ciia mau nude 1a 98%
v6i d6 léch chuédn (SD) 1a 1,6%. Mau tring ludn duoc phan
tich cting dé tranh sy nhiém ban trong qua trinh phan tich.

3. Két qua va ban luan
3.1. Ham lwgng caffeine trong cdc logi tra va ca phé

Ham lugng caffeine trung binh trong 32 mau tra (5 mau
tra twoi, 10 mau tra xanh, 9 mau tra den, 5 mau tra olong
va 3 mau matcha) 13 12,67+4,90 mg/g mau kho (d.w) voi
khoang ham luong dao dong tir 4,11 dén 22,37 mg/g miu
khoé. Trong 5 loai tra dugc khao sat ham lugng caffeine trong
cac loai tra giam déan tra matcha ~ tra xanh > tra den > tra
0long > tra tuoi (hinh 1A). Ham lugng trung binh caffeine
cao nhat trong 2 loai tra 14 tra matcha la 17,724+5,23 mg/g
d.w (9,68-18,98 ng/g d.w) va tra xanh 1a 15,32+5,48 mg/d
d.w (8,43-22,37 mg/g d.w). Tra den va tra 6long ham lugng
caffeine thip hon v&i ham luong trung binh twong tng 1a
13,28+4,09 mg/g d.w (9,28-20,53mg/g d.w) va 10,48+0,85
mg/g d.w (9,41-11,7 mg/g d.w). L4 tra tuoi c6 ham lugng
caffeine thap hon hin chi bang 1/3 so véi tra xanh khé voi

(B)

25

i?j“l'
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= = ¥
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Hinh 1. Ham lwong caffeine trong mot sé loai tra va ca phé. (A) Tra; (B) Ca phé.
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gia tri trung binh 1a 6,68+1,56 mg/g d.w (4,11-8,26 mg/g
d.w). Tra xanh kho dugc ban trén thi trudng chi yéu 1a bup
tra, trong khi 14 tra tuoi dugc mua ¢ cho 1a loai 14 tra banh
té¢ hodc 1a gia. Piéu nay cho thdy, 1a tra non s& chira ham
luong caffein cao hon. Mgt nghién ctu cua tra Dai Loan
[12] ciing cho thiy ham luong caffeine trong 14 tra non cao
hon hin so vai 14 tra gia. Vi 03 tra thaio moc khong chia
thanh phan 14 tra dugc lam mau d6i chimg, két qua khong
phat hién thiy caffeine trong nhom tra nay. Su khac nhau
vé ham luong caffeine trong cac loai tra c6 thé do nhidu
nguyén nhan, nhung c6 thé ngudn nguyén liéu ban dau 1a
tra twoi va cach ché bién cac loai tra la khac nhau. Tra xanh
kho v6i quy trinh sao kho don thudn, tra den va tra 6long trai
qua qué trinh 1én men va diét men trong qua trinh ché bién.
Tra matcha dugc ché bién co vé cau ky hon sau khi bup tra
duoc hép hoi nudc nong, nghién dap, séy kho, tinh loai cac
phan cing 14, phan thit 1a dugc sdy kho trude khi nghién min
thanh bot tra. Cac loai tra xanh, tra den, tra 6long déu duoc
ché bién tir bup tra non, con tra tuoi trong nghién ctru dugc
lay tir nhitng 14 tra gia hodc banh té hién ban cho nguoi tiéu
dung néu nuée udng. Do vdy, ham luong caffeine trong 14
tra twoi thap hon han.

Trén bao bi san pham tra, ca phé va mot s6 d6 udng c6
chira caffeine luén duoc biéu dién ham luong caffein dudi
dang %. Trong 32 méu tra khao sat (hinh 2A), s6 lvgng mau
tra co khoang ham luong 1-2% cao hon hin véi 50% vé ty
1é sb lugng chu yéu 0 nhom tra xanh, tra matcha va ca tra
den. Hau hét cac miu tra tuoi va tra 6long c6 ham lugng
caffeine <1% va caffeine >2% & mot s6 mau tra xanh va 01
mau tra den.

A)

Ham lugng caffeine:

Tra

0-1%
B 1-2%
N >0

Ham lugng caffeine trong 22 miu ca phé (11 mau ca phé
hoa tan va 11 miu ca phé rang) dugc thé hién ¢ hinh 1B va
2B. Ham lugng caffeine trung binh trong cic mau ca phé 1a
11,09+5,02 mg/g d.w va dao dong trong khoang 3,32 dén
21,17 mg/g d.w. Ca phé hoa tan c6 ham lugng caffeine cao
hon ca phé rang véi gia tri trung binh va khoang nong do
tuong ung la 13,02+6,13 mg/g d.w (3,32-21,7 mg/g d.w)
trong ca phé hoa tan va 9,16+£2,67 mg/g d.w (4,54-13,54
mg/g d.w) trong ca phé rang. Trung binh ham luong caffeine
trong ca phé hoa tan cao hon 1,4 1an so véi ca phé rang. Su
khac nhau vé& ndng do nay lién quan dén timg loai san pham
ca phé va cach ché bién. Vi dy, ham luong caffeine cao hon
trong ca phé rang vira so voi ca phé rang chay va nghién
lanh cao hon hat ca phé duoc nghién néng [9]. Ca phé hoa
tan 1a loai co dic cuia dich chiét ca phé trong khi ca phé rang
con chtra luong ba nhiéu. Két qua c6 sy twong ddng voi
ham lugng caffeine trén nhan mac cua cac loai ca phé duoc
khao st tir >0,2% dén >1%. So sanh ty 18 s mau ca phé &
cac khoang ham lugng, ghi nhan 50% sb miu nam trong
khoang tir 1-2% caffeine, 45% s6 miu chira <1% caffeine
va 5% s6 mau cé caffeine >2%. Két qua c6 phan nguoc lai
v&inhom tac gia N.P. Quyen va cs (2015) [13] xac dinh ham
luong caffeine trong ca phé rang 16n hon ca phé hoa tan, voi
s6 lugng mau it hon nhung ham luong caffeine cua 2 loai
ca phé nay nam trong khoang tir 0,3-1,79%. Caffeine trong
ca phé hoa tan trong mdi khiu phan ciing tim thiy cao nhat

trong cac loai d0 udng co chira caffeine cuia Argentina [14].

(B)
A Ham luong caffeine:
Ca phe e
m 0-1%
5% m1-2%
H >2%

Hinh 2. Ty 1é sé lwong mau thudc cac khoang ham lwong caffeine. (A) Tra; (B) Ca phé.
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3.2. Ham luwgng caffeine trong cdc loai do ué'ng dong
chai

San pham nudc tra pha san trén thi truong rat da dang,
cling bao gdm céc loai pha tir tra xanh, tra den va tra 6long
nhung dugc bd sung rat nhiéu huong vi va thanh phan khac
nhu chanh, chanh sa, chanh day, viét quét, huong buoi, hat
chia... Nudc ca phé pha san dong vao lon hodc thi gidy it
san pham hon. San pham nuéc tang luc kha phong phii véi
nhiéu huong vi cta ca cong ty trong nudc va nudc ngoai.
Pay la nhiing san pham rat dugc wa chudng cua gioi tré.
Bang | trinh bay két qua phan tich ham lugng caffeine trong
c4c san pham nudc tra, nude ca phé dong chai va nudc ting
lue. Két qua cho the”iy, ham lugng caffeine trong nudc tra
thdp hon ca v6i ham luong trung binh 1a 38 mg/l, tiép 6 1a
nude tang lyc 181 mg/l va nude ca phé 1a 256 mg/l. Xét vé
téng lugng caffeine nhan dugc sau khi uéng hét mot don vi
dong gbi (chai/lon) thi nude ting luc lai 1a cao nhét voi 56
mg/chai, tiép d6 1a nudc ca phé 43 mg/chai va cudi cing 1a
nude tra 16 mg/chai. Ham luong caffeine trong dung dich
va trong don vi dong gbi ciia mot sd san pham nudc tra,
nudce ca phé va nude tang luc trén thi truong hién nay dugce
biéu dién trén hinh 3. Ham luong caffeine trong nu6ce tang
luc va nude ca phé pha sin gip 5-7 lan nudc tra, do véy can
phai Iuu y khi str dung 2 loai nay. Panh gia chi tiét luong
san pham c6 thé st dung theo lidu caffeine khuyén cdo duoc
trinh bay ¢ muc sau.

Bang 1. Ham lwong caffeine trong chai san pham.

R 3 Khoin . i
o S6 mau Ham llr‘(_)’ng N g Thé tich Lu"(_)'ng trung blIll'l
Sin pham ) trungbinh ~ nong do chai (m) (min - max) caffeine
(mg/l) (mg/l) (mg)/chai
Nude tra 11 386 24-61 320-580 16 (9,6-31)
Nuoc caphé 3 25614 174-339 170 43 (30-58)
Nudc ting lyc 22 18115 84-261 150-390 56 (32-91)

Bang 2. Lwong caffeine khuyén cao str dung trong cac san pham.

s Khoa hoc Tu' nhién | Hoa hoc; Khoa hoc Ky thuét va Cong nghé | Ky thuat hoa hoc; Ky thuét thuc pham va dé uéng

400 4 ®WHam hrgng Caffeine (mg/1)

IT(:JﬂgllID‘ﬂg Caffeine (mg)/chai
330 1
300 4
230 1
200 -

150

Luwong Caffeine

100
50 1
0_

Nudc tra

T T
Nugc caphé Nudc ting hec
Hinh 3. So sanh ham Iwong caffeine trong dung dich va trong don
vi dong géi san pham nwéc tra, nwéc ca phé va nwérc tang luwc.
3.3. Khuyén cdo lwong sir dung cdc sin phim c6 chira

caffeine

Theo Co quan bdo vé stc khde Canada (2010), trong
nhiéu nghién ciru, lugng caffeine tidu thu ddi véi nguoi 16n
(65 kg) 1a khong du0’c vuot qua 400 mg/ngay [1, 6, 15]
Dura vao két qua vé ham lugng caffeine c6 trong mot so san
pham tra, ca phé, san phim nudc tra, nude ca phé pha san va
nude ting luc, nghién ctru da dua ra lugng san pham ngudi
dan c6 thé str dung t6i da twong img v6i mdi loai trong bang
2. Pbi v6i nhom san pham nudce, néu chi ding duy nhét san
phdm nay ma khong ding bt cir thyc pham nio c6 chira
caffeine thi mdi ngay ngudi 16n c¢6 thé dung 11 chai v6i thé
tich 16n nhat 580 ml nudc tra, 6 chai nuéc ca phé pha sin
thé tich 170 ml va gan 3 chai nudc tang luc voi thé tich 1on
nhit 390 ml. Tuy nhién, trong cic san phim nudc c6 chira
caffeine nay, ngoai thanh phan 14 caffeine, nha san xuat con
b6 sung nhiéu thanh phan khac nhu dudng, huong lidu, tinh

Sén phim nude Ham lirgng caffeine cao nhét (mg/l) Thé tich chai I6n nhdt (ml)  Lugng caffeine cao nhAt (mg)/chai S0 chai sit dung t6i da/ngdy  Ghi chii (HDSD)

Nude tra (n=11) 61 580 35 11

Nudc ca phé den (n=3) 339 170 58 6

Nude tang luc (n=22) 261 390 102 3

Sén pham kho Ham lwgng caffeine cao nhit (mg/g) llé:d(g sin phim diing/ t;glnfg:én phim ding tbi da/ S6 14n sir dung t6i da/ngay

Ca phé hoa tan (n=11) 212 4 18,9 4 1-2 gdi/ly, moi goi tr 2-3 g
Ca phé rang (n=11) 13,5 20 29,5 1 20-25 g/ly ~ 80 ml nude et
Tra tuoi (n=5) 8,26 10 484 4

Tra xanh (n=10) 24 5 179 3

Tra den (n=9) 205 5 195 3 3-5 g tra kho/150ml , tra tii loc
Tra 6long (n=5) 11,7 5 342 6 ding 2-3 g

Matcha (n=3) 19,0 3 21,1 7

Liéu caffeine khuyén cao ddi voi ngudi Ion (<400 mg/ngay); HDSD: hwéng dan st dung.
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dau, sira bot... Dic biét, nude tang luc ngoai duong téng
hop con ¢6 cac thanh phan dé ting sy hung phan, tinh tio
nhu vitamin nhém B, taurin, inositol... [16]. Trén nhan mac
ctia hau hét cac san pham nuéc ting lyc déu khuyén céo
ngudi trudng thanh nén sir dung 1 lon/chai mdi ngay; san
pham c6 thé khong phii hop ngudi man cam véi caffeine,
tré em va ba me mang thai hoac khong st dung cho tré em.

D6i v6i nhom san pham tra, ca phé kho, luong san pham
c6 thé dung tir 17,9 dén 48,4 g/ngay ude tinh theo luong
caffeine co trong cac nhom san pham tra ca phé va sb lan
ding t6i da tir 1 dén 7 lan trong ngay. Pay la luong udc
tinh t6i da mot ngudi truong thanh co thé str dung dugc.
Tuy nhién, str dung liéu cao trong mot thoi gian dai s& gay
nghién caffeine va luong thuong sir dung ¢ mirc thap 1a 200
mg/ngay. O lidu thap (<200 mg/ngay), cac nghién ciru bao
cao rr?mg, tiéu thu caffeine co thé cai thién tim trang, sy tinh
tao va tang hiéu sudt van dong, ciing nhu cam giac chi ¥
va toc do xir Iy thong tin [6]. Vi vdy, luong san pham chira
caffeine nén dung bang nira luong t6i da ¢ trén. Phu nit ¢6
thai va dang cho con b1, tré em nén can nhéc va than trong
khi dung [1].

4. Két luan

Caffeine ¢6 trong nhiéu d6 udng c6 ngudn gdc tra, ca phé
va nudc tang lyc duoc kiém tra trong nghién ctru nay. Ham
luong caffeine thay doi trong timg mau va nhém mau nhung
khong thay thay doi nhiéu trong hai loai san pham kho, tra
va ca phé. D6i voi nhém san pham nude tra, nudc ca phé va
nudc tang luc, ham lugng caffeine cao ¢ trong nudce tang luc
va ca phé pha sin. Sir dung nhom san phdm nudc can luu
y cac thanh phan khac nhu dudng nhén tao, vitamin nhém
B, taurin... va cac duoc liéu, huong li€u bd sung. Caffeine
trong tra va ca phé déu giup cho tinh than tinh tao, dé tap
trung hon, nhung nén dung cac san pham tir tra vi trong tra
con chira mot lugng nho cac chét alkaloid va axit amin... co
tac dung giam mdi co, lam diu ndo, tao cam giac thu gian
d6i v6i hé than kinh trung wong ma trong ca phé khong co
cac chat nay. Luong caffeine trong cac loai dd udng tir tra va
ca phé va nuéc ting luc st dung hang ngay nén ¢ liéu thip
(<200 mg/ngay) dé caffeine co tac dung tét vai sire khoe.

LO1 CAM ON

Nghién ctru nay dugc tai trg boi Truong Pai hoc Khoa
hoc Tu nhién, Pai hoc Qudc gia Ha Noi theo kinh phi ho trg
cac nhom nghién ctru manh ndm 2024. Cac tac giad xin chan
thanh cam on.
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Buge dau phat hién mét so chat o nhiém hitu co' dgc hai
trong tram tich vung hop lwu song Hong - Bach Hac, Phil Tho, Viét Nam
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’Hoc vién Khoa hoc va Cong nghé, Vién Han lam Khoa hoc va Cong nghé Viét Nam, 18 Hoang Quoc Viéet, phuong Nghla 6, quén Cau gidy, Ha Ngi, Viét Nam
STram Quan trdc va Phén tich Méi trirong Lao dong Vién Khoa hoc An todn va Vé sinh Lao dng, 99 Tran Quoc Toan, phuong Tran Himg Dao, qudn Hodn Kiém, Ha N¢i, Viét Nam
‘Trung tam Kiém nghiém tinh Ha Giang, t6 10, phwong Nguyén Trdi, TP Ha Giang, tinh Ha Giang, Viét Nam

Ngay nhan bai 19/9/2024; ngay chuyén phan bién 21/9/2024; ngay nhan phan bién 4/10/2024; ngay chip nhan ding 15/10/2024

Tém tiit:

O nhiém cac chit hiru co doc hai 1a mgt vin dé co tinh thoi su va dang dwgc quan tim dinh gia trong cac doi tugng moi
trudng. Nghién ciru buwée dAu da phat hi¢n mét s6 chat 6 nhiém hiru co nhur: hydrocacbon thom da vong (polycyclic aromatic
hydrocarbon - PAHs), héa chit bao vé thue vat (HCBVTYV) nhom clo hitu co va phot pho hiru co trong tram tich vung hgp luu
ciia ba nhanh song chinh: song Hong song Thao; song Lo - sdng Chay va song Pa (nga ba Viét Tri - Pha Tho) tai phwong Bach
Hac, TP Viét Tri, tinh Phii The. Biing ky thuat phan tich sic ky khi khdi pho (GC/MS), cac chit PAHs, HCBVTYV clo hitu co'va
phot pho hitu co trong cac méu trim tich tai nam vj tri khao sat (song Hong song Thao, song Lo - song Chay, song Da, Bach Hac
va song Hong) da dwge xac dinh, Két qué cho thay, da phat hién trong tram tich 12 chat thudc nhom PAHs trong khoang ham
lwgng trung binh tir 3,70 dén 32,9 pg/kg trong lwong kho (dw), 16 HCBVTV nhém co clo véi ham  lwgng rit nhé (<0,01 pg/kg dw)
va 9 loai HCBVTYV photpho hitu co' c6 ham lwgng trung binh tir 0,022 dén 0,88 pg/kg dw. Céc két qua ban diu nay di cung cip
thong tin khoa hoc vé hi¢n trang 6 nhiém va dong gop vao viéc xiy dung chién lrgc quan ly 6 nhiém cac chit hiru co trong moi
trudng, dic biét trong bdi canh 6 nhiém c4c chét dc hai trong trim tich dang ngay cang tang lén.

Tir khéa: Bach Hac, hoa chit bao vé thyce vét clo hitu co, héa chit bio vé thue vt phét pho hitu co, hydrocacbon thom da vong, trim tich.

Chi s6 phin logi: 1.5,2.4, 2.7

Preliminary detection of toxic organic pollutants in sediments of the

confluence area of Hong river - Bach Hac, Phu Tho, Vietnam
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Abstract:

Pollution of toxic organic substances in the environment is a topical issue that is receiving attention and evaluation. This article
has initially detected a number of organic pollutants such as polycyclic aromatic hydrocarbons (PAHs), organochlorine and
organophosphorus pesticides in the sediments of the confluence of three main river branches: Red river - Thao river (HT);
Lo river - Chay river (LC) and Da river (Viet Tri - Phu Tho junction) (SD) in Bach Hac ward, Phu Tho province. Using gas
chromatography-mass spectrometry (GC/MS) analysis techniques, PAHs, organochlorine and organophosphorus pesticides were
determined in sediments at five survey locations (HT, LC, SD, BH and SH). The results showed that the average concentrations of
12 substances belonging to the PAHs group in the sediments ranged from 3.70 to 32.9 pg/kg dry weight (dw). Sixteen organochlorine
pesticides with minimal concentrations <0.01 pg/kg dw and nine organophosphorus pesticides with average content from 0.022
to 0.88 ng/kg dw were found. These preliminary results have provided scientific information about the current levels of pollution
and contributed to the development of strategies for managing organic pollution in the environment, especially in the context of
an increase in toxic pollution in sediments.

Keywords: Bach Hac, organochlorine pesticides, organophosphorus pesticides, polycyclic aromatic hydrocarbon, sediments.

Classification numbers: 1.5, 2.4, 2.7
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1. Md dau

Hién nay, 6 nhiém luong vét cac chat hiru co doc hai dang
trd thanh van dé méi truong can dugc quan tdm boi cac doi
tuong 6 nhidm nay hau hét chua duoc liét ké vao chuong
trinh quan tric, giam sat moi truong dinh ky cua qubc gia;
dac biét phai ké dén su ton tai cua cac chat 6 nhidm hiru co
bén vitng (POP) 1a cac dang hop chat halogen hiru co nhur
HCBVTYV nhom co clo (OCPs), PolyChlorinated Biphenyls
(PCBs), PolyBrominated Diphenyl Ethers (PBDEs)... va
cac hoa chat bén doc hai (PTS) nhu cac chéat hitu co da
vong thom (PAHs), cac phthalate, HCBVTV nhém co phét
pho... c6 mit trong mdi trudng nude, tram tich va sinh vat.
Su ton tai cua céac hop chat doc hai nay gén day da duoc
phat hién trong trim tich ¢ song, hd va bién tai Viét Nam va
trén thé gioi [1-3].

Nghién ctru sy c6 mét ciia mot s6 OCPs, PCBs va PBDEs
trong cic mau tram tich tai 6 ctra song - ven bién tir Nghé
An dén Quang Nam cho thay, ham lugng PBDEs trong tram
tich mat tai Nhat L¢, song Han va Cua Dai co6 gia tri trung
binh dao dong 9,81+45,1 ng/g, muc do 6 nhiém OCPs va
PCBs c6 khoang ham lugng lan luogt 13 8,99+19,8 ng/g va
19,7820 ng/g [4]. Panh gia vé sy phat tan Phthalate vao
moi truong, H.T.T. Thuy va cs (2016) [5] da phat hién ham
luong trung binh ciia cac chat bis (2-ethylhexyl) phthalate
(DEHP), Diisononyl phthalate (DINP) 1an lugt 1a 74 va 0,12
mg/kg trong cic mau tram tich song tai thoi diém khao sat
thang 11/2013 & khu vuc Thu Thiém (TP HS Chi Minh).
Ham luong DEHP dao dong trong khoang 0,31-2,02 mg/kg,
chat 6 nhidm nay c6 mit & hau hét cac mau phén tich trong
khu vuc nghién ctru.

Trong mot nghién ciru tai Trung Qudc, tong cong co
96 mau nudc va tram tich, duoc léy tai 32 dia diém & khu
vuc song Duong Tu va phan tich da tim ra 9 este phthalate
(PAEs). Tong ndng do cua 9 PAEs trong cac miu nudc va
tram tich trong khoang 2,23-6,30 pg 1"! (trung binh: 4,11 pg
1Y), 155-1410 g kg™' (408 ug kg™), va twong g la 30,1-
16.000 pg/kg (1.200 pg/kg). Trong sb 9 PAEs, di-n-butyl
phthalate (DBP), DEHP va di-isobutyl phthalate (DIBP)
1a nhimg céu tir chiém wu thé trong khu vuc Pong bing
song Duong Tir. DBP 1a cu tir PAEs chiém ndong d6 wu thé
trong mau nudc, dong gop 50,6% vao téng 9 PAEs, trong
khi DEHP ¢6 ham lugng chiém wu thé trong dat va trim tich
(lan luot chiém 69,6 va 83,1% tong 9 PAEs). Trong mot
nghién ciru khac [6], cic mau trim tich dwoc thu thap tir TP
V6 Tich, tinh Giang T, Trung Qudc da cho thiy ham luong
PAE tuong d6i 16n hon. Trong tram tich, DIBP ¢6 nguy co
cao ddi véi cac loai ca nhay cam, trong khi DMP, DEP, DBP
va DEHP dugc danh gia chua gay ra nguy co. Mgt nghién
ctru sy phan bd ndng d cac chat PAHs, diphenyl, thudc
trir sdu clo hitu co trong tram tich ven bién tir viing ngap
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nudc mién Trung - Pai Loan, Trung Qudc cho thiy, ham
lwong PAHs dat t&i 254,38 ng/g-dw & cac khu vuc gan hoat
dong cong nghiép va chiém khoang 41,8-58,42 ng/g-dw &
cac khu vyc xa hoat dong cong nghiép [7]. Nghién ciru cac
chat 6 nhiém hiru co bén vimg (POP) trong tram tich song
& Ba Lan cho thdy, tong ham lugng thudc trir sdu tir 2,00
dén 77,5 ng/g-dw véi gia tri cao nhét ¢ thuong ngudn va
tim thdy dang Dichloro-Diphenyl-Trichloroethane (DDT).
Tdng lugng ham luong PCB trong khoang 0,9 dén 64,2 ng/
g-dw. Téng ham lugng chlorophenol thay déi tir 0,48 dén
143 ng/g-dw, hai cau tir 24-dichlorophenol va
pentachlorophenol duoc tim thay & ndng d6 cao nhét [8].

Nhu vay, nghién ctru xac dinh cac chit 6 nhiém hiru co
ddc hai PAHs, cac chét bao vé thuc vat clo hitu co (hién da
bi cdm sir dung ¢ Viét Nam) va phdt pho hitu co trong trim
tich tai khu vuc hop luu séng Hong - Bach Hac, tinh Pha
Tho 1a hét stc can thiét.

2. Vii tri khdo sat va phuong phap nghién ciiu
2.1. Vi tri khdo st

Cac mau tram tich khao sat duogc 1dy vao mua kho nam
2023 tai khu vue nga 3 song Bach Hac, 1a noi hop luu cta 3
nhénh song chinh: séng Hong - séng Thao, séng Lo - song
Chay va song Pa (nga 3 Viét Tri - Pha Tho). Ky hiéu mau
va vi tri mau cu thé trén bang 1. Mbi diém lay 1.000 mg miu
tram tich bang giu muc trdm tich chuyén dung, miu trim
tich dugc dung trong tui nhya zip nhdm bao quan kin trudce
khi van chuyén vé phong thi nghiém.

Bang 1. Vi tri lsy mau tai song Bach Hac.

Thir tw Vi tri Ky hiéu miu  Vidp Kinh d

1 Séng Hong - song Thao VT 21.2859945 105.4341294
2 Song L6 - song Chay VT2 21.2840523 105.4307163
3 Song ba VT3 21.2883638 105.4324483
4 Song Bach Hac VT4 21.2910073 105.4329406
5 Song Hong VTS5 21.2684582 105.4352589

2.2. Phwong phap nghién ciru

Céc chi tiéu PAHs, HCBVTV nhém co clo va co phdt
pho trong mau tram tich dugc phan tich tai Phong thi
nghiém cua Vién Khoa hoc Cong nghé Néang lugng va Moi
truong (VIMCERTS 079) bang cac phuwong phap da dugc
tham dinh trén co s& tham khao USEPA Method 3540C +
8027D, 8081B va 3540C + 3660B + 8270E.

Cac hop chét thudc nhém PAHs duoc chiét tir tram tich
vao dung moéi thich hop bang phuwong phap chiét 1ong - rén.
Sau do, dich chiét dugc loai nude béng natri sulfat khan,
lam sach bang silica gel va c¢6 giam thé tich bang co quay
chan khong, thoi bang dong khi nito toi thé tich 1 ml. Cubi
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cuing, mau sau xur 1y s& dugc tiém vao hé thong sic ky khi/
khéi phé GC/MS (model Agilent 8890N) dé dinh luong.
Gidi han phat hién cta phuong phap dbi voi cac PAHs don
trong tram tich 13 1-10 pg/kg dw.

Phan tich HCBVTV co clo trong miu tram tich: Mau
mau trAm tich sau khi dugc phoi khé va nghién, dwoc can
mot luwong chinh xac dé xur ly. Cac chét co clo duge chiét ra
khoi mau bang k¥ thuat chiét Soxhlet str dung hdn hgp dung
mdi hexane va aceton (1:1). Sau d6 dich chiét dwoc loai
nudc bé'mgmuéi natri sulfat va duoc lam sach qua ¢t florisil.
Dung dich chiét tach sau khi c6 cit quay, thoi bang dong khi
nito dé 1am giau mau s& dwoc phén tich bang phwong phap
sac ki khi khdi phd (GC/MS) [9]. Gidi han phat hién cta
phuong phap ddi voi cac OCPs don trong tram tich 13 0,01
ug/kg dw.

Phén tich HCBVTV co phdt pho trong tram tich: Mau
mau tram tich sau khi dugc phoi kho va nghién duoc can
mdt luong chinh xac dé xur ly. Céac chét phdt pho hitu co
dugc chiét ra khoi mau véi dung moi hexane va aceton (1:1)
bang k¥ thuat chiét Soxhlet. Sau d6 dich chiét dugc loai
nude v6i mudi natri sulfat va dua qua cot florisil dé lam
sach. Dich chiét da lam sach, sau khi co giam thé tich s&
dugc tiém vao thiét bi sic ky khi khdi phd [9]. Gidi han phat
hién cta phuong phap dbi v6i cac HCBVTV co phét pho
trong tram tich 12 0,01-0,2 pg/kg dw.

3. Két qua va ban luan

3.1 ((é't qud phan tich hydrocacbon thom da vong
trong tram tich khu vwe nghién ciru

Két qua phén tich cdc chat PAHS trong tram tich khu vue
nghién citu ngd ba song Bach Hac - song Hong dugc thé
hién trong bang 2 va hinh 1.

Bang 2. Két qua phan tich hydrocacbon thom da vong (ug/kg dw).

Thirty Tén chit VII VI2 VI3 VI4 VIS bT;;’l;'g Ef;‘;‘fh*
1 Acenaphthlene 188 155 11,8 127 125 143 889
2 Acenaphthylene 899 507 38 313 18 457 128
3 Anthracene 507 720 277 221 124 370 245
4 Benzo[aJanthracene 20,0 4,34 302 577 367 735 385
5 Benzo[ghi]perylene 353 - - - - 353

6 Benzo[k]fluoranthene 17,1 552 3,62 592 291 701

7 Chrysene 196 443 080 756 188 686 862
8 Fluoranthene 350 820 392 125 506 130 2355
9 Fluorene 169 184 830 11,5 806 126 144
10 Indeno[123-cd]pyrene 304 3,12 KPH 2,04 KPH 119

11 Phenanthrene 564 350 187 355 189 329 SIS
12 Pyrene 47 790 342 124 405 125 875

Ghi chu: * Ngwéng quy dinh trong trdm tich nwéc ngot theo QCVN
43:2017/BTNMT. - : khong phat hién (nhd hon gi¢i han phat hién).
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Hinh 1. Ham lwong trung binh ctia moét sé hop chat hydrocacbon
thom da vong trong cac mau trdm tich tai khu viec khao sat.

Céc két qua phéan tich PAHs trong cic mau tram tich
da phat hién dugc 12 chét c6 mit & trong mau léy 0 cac vi
tri tr VT1 téi VTS voi ham luwgng khéac nhau, trung binh
tur 3,70 té1 32,9 pg/kg dw trong dé Benzo[ghi]perylene chi
xuét hién trong mot mau & vi tri VT1 va khong xuat hién
trong cac mau con lai tai khu vuc léy mau ngi 3 song Bach
Hac - song Héng, Indeno[1,2,3-cd]pyrene dugc phat hién
& 3/5 mau. Cac PAHs con lai dugc tim thay trong tat ca
cic mau, trong d6 Phenanthrene 13 céu tir troi nhat véi ham
luong trung binh 14 32,9 ug/kg dw con Anthracene 1a cau
tir ¢c6 ham lugng thap nhat (bang 2). So sanh voi két qua
nghién ciru khac cho thay, cac gia tri ham luong PAHs tim
thdy trong trdm tich ving hop luu séng Hong, Viét Nam
thdp hon han ham lugng cta PAHs trong tram tich mat va
tram tich & cac do sdu khac nhau tai bai bién & Vinh Santos
trén bo bién phia déng nam cia bang Sio Paulo (Brazil) voi
cac gia tri PAHs don dao dong trong khoang 198 dén 1.042
ng/g. Tai ddy, ham lugng PAHs tap trung cao nhat trong 16p
bé mit cua trdm tich (0-10 cm) véi tong PAHs trung binh
1.996 ng/g dw, giam dan & cac 16p trim tich 60-70 va 30-
40 cm véi ham lugng tuong tng 1a 1.336 va 1.004 ng/g. So
sanh két qua thu duoc trong trim tich ving Bach Hac véi
QCVN 43:2017/BTNMT - Quy chuén k¥ thudt quc gia vé
chét luong tram tich nudc ngot, nudc man va nuoc lo [10]
c6 thé thdy su c6 mit cua cac PAHs trong trim tich khao sat
tai ving Bach Hac nay déu thip hon ngudng gidi han cia
cac PAHs trong tram tich nudc ngot.

3.2. Két qud phén tich héa chit bdo vé thuc vit nhom
co clo trong tram tich

Tat ca 16 HCBVTV nhém co clo da phan tich déu khong
phat hién thay (¢ mutc dudi 0,01 pg/kg dw) trong cic mau
tram tich ving Bach Hac, thap hon so voi ngudng quy dinh
trong tram tich nudc ngot theo QCVN 43:2017/BTNMT
(bang 3).
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Bang 3. Két qua phan tich hoéa chat bao vé thwe vat nhém co clo
trong trdm tich khu vwe nghién cteu (ug/kg dw).

Thirtw Tén chit VI1 VT2 VT3 VT4 VTS Nguiong quy dinh*

1 Lindan - - - - - 14
) Heptachlor

3 Adrin

4 Heptachloro Epoxide - = = ° - 2,7
5 cis-Chlordane - - - - - 8,9
6 trans-Chlordane - - © = > 89
7 Endosulfan

8 p.p’-DDE - - - - - 68
9 Dieldrin e - - - - 6,7
10 Endrin o - - - - 62,4
11 p.p’-DDD - < S s = 8,5

12 Endrin Aldehyde

13 Endosulfan sulfate

14 p.p”-DDT T -

15 Endrin ketone

16 Methoxychlor

Ghi chi: * Ngwéng quy dinh trong trdm tich nwéc ngot theo QCVN
43:2017/BTNMT. -: khong phat hién (nhé hon gi¢i han phat hién).

Nghién ciru ndy ciing phat hién duge ving tram tich
& day co do x4o tron cao, khai thac cat nhiéu cung véi 1y
do HCBVTV nhu DDT d3 bi cdm & Viét Nam tir cach day
gan 30 nam da 1y giai viéc khong phat hién thdy du lugng
HCBVTYV co clo tai vung Bach Hac. So sanh véi cac sb
liu da cong bd trude day 10-20 nim tai ving bién Nha
Trang (2005-2014) c6 phat hién thdy tong DDTs (bao gom
DDT va cac san pham chuyén hoa DDE va DDD), dao dong
tir 0,01 dén 1,98 ng/g [11] va tai 6 clra song - ven bién tir
Nghé An dén Quang Nam dao dong 8,99-19,8 ng/g [4], su
xuét hién ctia cic chat thudc nhom OCPs trong nghién ciru
nay 1a it hon. Két qua nay ciing gop phan khing dinh sy
tuan thu quy dinh cdm sit dung HCBVTV nhém co clo xung
quanh khu vuc khao sat, ciing nhu chua c6 ngudn phat sinh
6 nhidm cac hop chat nay tir xa mang toi.

3.3. Két qud phén tich héa chit bio vé thue vit nhom
co phot pho trong tram tich

Céc két qua phan tich du lwong HCBVTV co phdt pho
trong tram tich duoc chi ra trong bang 4. Két qua phan tich
cho th?iy, da phat hién duoc ca 9 loai HCBTVT co phét
pho trong tram tich khu vyc song Bach Hac - song Hong
v6i ham luong va tan suat khac nhau tai cac vi tri l'?iy mau
tor VT té1 VTS. Trong s6 cac HCBTVT nhom co phét pho
khao sat, ham lugng trung binh cua Chlorfenvinphos trong
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tram tich c6 gia tri cao nhét 0,881 pg/kg dw va Dichlorvos
cho két qua thap 0,022 pg/kg dw. Mot sd chat duge phat
hién véi tan suit thip nhu 1/5 miu (Parathion-Methyl,
Dichlorvos), 2/5 mau (Chlorpyrisfos methyl, Fenitrothion,
Malathion, Fenthion) tai khu vuc khao sat. Chlorfenvinphos
va Propentamphos 14 2 loai HCBTVT nhém co phdt pho ma
du lwong cua ching xuat hién phd bién nhét trong ca 5 miu
va cling & muc noéng do trung binh cao nhét trong 9 chét
khao sat. Su xuat hién phé bién cua du luong cac HCBVTV
nhém co phdt pho trong mau tram tich co thé 1y giai vi 8/9
héa chit hién nay déu thudc danh muc HCBVTV duge phép
sir dung, ngoai trir Parathion Methyl bi cAm sir dung theo
Thong tu s6 19/2022/TT-BNNPTNT. Hién trang nay khac
50 voi cac HCBVTV co clo 1a nhém chat 6 nhiém hitu co
bén vimng di bi cdm st dung tir cach day gan 30 nam.

Bang 4. Két qua phan tich mot s6 hoéa chat bao vé thwe vat phét
pho hiru co trong tram tich khu vwec khao sat (ug/kg dw).

Thir tw  Tén chit VT1 VI2 VI3 VT4 VTS5 Trungbinh
11 Dichlorvos 0,022 0,022
52 Propentamphos 0,011 034 1,13 0,868 0,537 0,58

43 Diazinon 0,44 KPH 020 022 023 027
24 Chlorpyrisfos methyl 0,061 0,043 0,052
15 Parathion-Methyl - - - - - 0,29
26 Fenitrothion 0,050 0,10 0,076
27 Malathion 0,011 0,070 0,041
28 Fenthion 0,047 0,030 0,039
59 Chlorfenvinphos 1,42 0,33 0,40 1,83 0430 088

-: khong phat hién (nhd hon gidi han phat hién).

Sé luong nghién curu tai Viét Nam vé su cO mat cua cac
chat 6 nhiém hitu co doc hai trong méi truong 1a khong
nhiéu, cic két qua di cong bd cho thay viée phan tich, quan
trac danh gia dinh ky ngay cang phai duoc quan tim dé thiy
phat hién ngudn gdc 6 nhidm ciing nhu dénh gia mic do ton
luwu, anh hudng ciia chung ddi véi hé sinh thai va strc khoe
con nguoi [12-14].

4. Két luan

Céc két qua nghién ctru nay budc dau di xac dinh duoc
ham luong céc chit PAHs, HCBVTV nhém co clo, va co
phdt pho trong cic mau trim tich tai khu vure hop luu song
Héng - Bach Hac. Nghién ctru da phat hién sy c6 mat cta
12 chat thudc nhom PAHs voi cac ham luong trong khoang
3,7-35,3 pg/kg tram tich lay tir cac vi tri VT1-VT5 trong
khu vuc khao sat. HCBVTV nhém co clo déu khong phat
hién dugc trong tat ca cic mau tram tich (ham lugng nho
hon 0,01 pg/kg). Cac HCBVTV nhém co phét pho chua bi
cAm st dung & Viét Nam déu phat hién thiy du lugng trong
tram tich tai khu vuc nghién ctu. Nhu vay, sy c6 madt ciua
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céc chat 6 nhiém doc hai nhu PAHs, HCBVTYV thudc nhom
co clo va co phdt pho trong cac mau tram tich tai khu vuc
hop luu song Hong - Bach Hac da budc dau gop phan cho
cac danh gia sdu hon trong cac nghién ctru tuong lai vé& 6
nhiém hiru co doc hai va quan 1y, kiém soat 6 nhiém vé chét
lwong trim tich hién nay.

LO1 CAM ON

Tap thé tac gia xin trin trong cam on Vién Han 1am Khoa
hoc va Cong ngh¢ Viét Nam da tai trg kinh phi thuc hién
Hop phén 2 trong nhiém vy khoa hoc va cong nghé ma sd
TPDGVN.02/24-26.
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QUY DINH VE BAI BAO DANG TAI TREN TAP CHI

Yéu cau chung

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

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

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

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

Ténbai bao

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

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

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

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

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

1.Datvén dé/Dan nhap/Md dau

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

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

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

3.Kétqud

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

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

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

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

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

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

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

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

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

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

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

Luu y:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Toan hoc va théng ké

Khoa hoc may tinh va thong tin
vatly

Hoéa hoc

Khoa hoc trai dat va méi trudng
Khoa hoc su séng

Khoa hoc nano

Khoa hoc tinh toan

Cac Iinh vic khac cua khoa hoc tu

Khoa hoc ky thuat va cong nghé

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

két cdu va do thi; ky thuat giao

théng van tai; ky thuat thuy Igi; ky

thuat dia chat cong trinh

Ky thuat dién, ky thuat dién tl, ky

thuat thong tin

Ky thuat cg khi, ché tao may

Ky thuat héa hoc

Ky thuat vat liéu va luyén kim

Ky thuat y hoc

Ky thuat méi truéng

Céng nghé sinh hoc cong nghiép

Céng nghé nano

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

ky thuat va cong nghé

Khoa hocy - duge

Y hoc co s6

Y hoc lam sang

Y hoc du phong

Dugc hoc

C4c linh vuc khac cta khoa hoc
y - dugc

Khoa hoc nény nghiép

Tréng trot

Chan nudi

Thay

Lam nghiép

Thay s&n

Cong nghé sinh hoc trong nong
nghiép, thly san

Céc linh vuc khac cta khoa hoc
noéng nghiép

Khoa hoc xa hoi va nhan van

Tam ly hoc

Kinh té€ va kinh doanh

Khoa hoc giao duc

Xa hoi hoc

Phap luat

Khoa hoc chinh tri

Pia Iy kinh t6 va x4 hoi

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

. Ngbén ngl hoc va van hoc

. Triét hoc, dao dtc va tén giao

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

xa hoi va nhan van
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A}lh huéng cia TiO, va nhigt dj dén ché tao gbm xdp trén co sé ALO,
bang phwong phap thiéu ket khong ap lwe.

Duwong Minh Hong, Chu Hodng Dirc Anh, Nguyén Pikc Son, Vii Trong Nghia,
Neguyén Xudn Truong, Ping Quéc Khanh, Nguyén Thi Thdo

Anh huéng cia nhiét do thiu két va ap lwc ép dén ché tao gbm xbp
A1203~b‘;'1ng phuong phap thidu két xung dién mot chiéu. .
Nguyén Thi Thdo, Chu Hoang Buc Anh, Duwong Minh Hong,
Neguyén Xudn Trong, Ping Quéc Khanh

Ung dung tia UV trong bio quin qui cam duwong Canh (Citrus
reticulata). N
Phan Thi Lan Anh, Hoang Cam Ly, Nguyén Thiry Ngoc

Su bién d6i sau 10 nim ciia amoni trong nuéc ngim & khu vwe dong
nam Ha Noi.

Vii Thi Duyén, Pham Thi Kim Trang, Nguyén Thanh DPam, Pham Himg Viét,
Lenny H.E. Winkel, Benjamin C. Bostick

Pinh gia thue trang, tiém ning tai nguyén méi trwong phuc vu phat
trién néng nghiép hiru co khu vwe Tay Nguyén.
Hodng Hiép, Nguyén Thi Hodng Anh,
Nguyén Hing Minh

Nguyén Hitu  Linh,

Pong hoc khir mau Methylene Blue trong dung dich bing peracetic acid
voi diéu kién xic tic Co* va tia UV.
Nguyén Thi Kim Giang, Vii Ngoc Duy

Nghién ciru ing dung phite xiic tic giita ion kim loai chuyén tiép coban
(II) va axit xitric @& xir 1y chit & nhiém hiru co' trong nwée thai dét
nhuom.

Nguyén Bire Trung, Tran Thu Van, Nguyén Ngoc Tué

Nghién ciru quy trinh bién tinh chét hf,lp phu sinh hoc rau ngét
(Sauropus androgynus) dé xir Iy ion chi trong nuwéc.

Nguyé~n Thi Mai, Bui Van Nhdm, Chu Thi Bdao Tran, Cao Man Binh,
Lé Van Diing, Vii Anh Tudn

So sanh hiéu qué chiét dioxin/furan bing phwong phap chiét gia téc
dung mdi va phwong phap chiét Soxhlet trong miu dat va trim tich.
Nguyén Xudn Hung, Vii Birc Nam, Biii Quang Minh, Nguyén Quang Trung,
Nguyén Anh Tuin

Téng hop zeolite X va danh gia kha niing hip phu chit mau crystal
violet trong mdi trwong nwéc.
Lé Van Duong, Mai Thuy Trang, Dang Trung Diing, Nguyén Xudn Truong

Ung dung phuwong phap sic ky 16ng hiéu nang cao aé dinh luwgng dﬁng
thoi ba hoat chit levodopa, carbidopa va benserazide trong thuéc diéu
tri bénh Parkinson.

Nguyén Thanh Bam, Nguyén Thi Minh Tam, Tran P6 Quéc Huy,
Nguyén Manh Huy, Dwong Hong Anh, Pham Hing Viét

DPanh gia ham lugng caffeine trong mot s loai dd udng phd bién cé
ngudn gdc tir tra, ca phé va nuée ting lwe trén thi truomg Viét Nam
hién nay.

Nguyén Thiy Ngoc, Trwong Thi Kim, Pham D6 Quynh Anh,
Nguyén Binh Phiic Hung, Phing Thi Vi, Dwong Hong Anh

Budc dau phat hién mot s6 chit 6 nhiém hiru co ddc hai trong trim tich
viing hop lwu séng Hong - Bach Hac, Phu Tho, Viét Nam.

Dang Thi Thom, Thai Ha Vinh, Loc Van Ky, Nguyé~n Xudn Pat,
Nguyé~n Thi Hué, D6 Van Manh

e Effect of TiO, and temperature on fabrication of porous Al,O,-based
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porous ceramic by pressureless sintering.
Minh Hong Duong, Hoang Duc Anh Chu, Duc Son Nguyen, Trong Nghia Vu,
Xuan Truong Nguyen, Quoc Khanh Dang, Thi Thao Nguyen

Effects of sintering temperature and pressure on fabrication of porous
AL O, by pulsed electric current sintering process.
Thi Thao Nguyen, Hoang Duc Anh Chu,
Xuan Truong Nguyen, Quoc Khanh Dang

Minh Hong Duong,

Application of UV irradiation in preserving Canh oranges (Citrus
reticulata).
Thi Lan Anh Phan, Cam Ly Hoang, Thuy Ngoc Nguyen

Decadal variation of ammonium in groundwater in southeast Hanoi.
Thi Duyen Vu, Thi Kim Trang Pham, Thanh Dam Nguyen, Hung Viet Pham,
Lenny H.E. Winkel, Benjamin C. Bostick

Assessment of the current status and potential of environmental resources
for the development of organic agriculture in the Central Highlands
region, Vietnam.

Hiep Hoang, Thi Hoang Anh Nguyen, Huu Linh Nguyen, Hung Minh Nguyen

Kinetics of decolourising methylene blue (MB) by peracetic acid (PAA)
in the presence of Co** and UV light.
Thi Kim Giang Nguyen, Ngoc Duy Vu

Research on the application of catalytic complex between transitional
metal ion cobalt (II) and citric acid to treat organic pollutants contained
in textile wastewater.

Duc Trung Nguyen, Thu Van Tran, Ngoc Tue Nguyen

Research on the process of modifying the bio-adsorbent of Sauropus
androgynus to treat ion heavy metals Pb** in water.

Thi Mai Nguyen, Van Nham Bui, Thi Bao Tran Chu, Man Binh Cao, Van Dung Le,
Anh Tuan Vu

Comparison of dioxin/furan extraction efficiency using accelerated
solvent extraction and Soxhlet methods in soil and sediment samples.
Xuan Hung Nguyen, Duc Nam Vu, Quang Minh Bui, Quang Trung Nguyen,
Anh Tuan Nguyen

Evaluate the adsorption ability of crystal violet in water using synthesised
zeolite X materials.
Van Duong Le, Thuy Trang Mai, Trung Dung Dang , Xuan Truong Nguyen

Application of high-performance liquid chromatography for
simultaneous quantification of levodopa, carbidopa, and benserazide in
Parkinson’s drugs.

Thanh Dam Nguyen, Thi Minh Tam Nguyen, Do Quoc Huy Tran,
Manh Huy Nguyen, Hong Anh Duong, Hung Viet Pham

Evaluation of caffeine levels in some popular drinks originated from tea,
coffee, and energy drinks on the Vietnam market.

Thuy Ngoc Nguyen, Thi Kim Truong, Do Quynh Anh Pham, Dinh Phuc Hung Nguyen,
Thi Vi Phung, Hong Anh Duong

Preliminary detection of toxic organic pollutants in sediments of the
confluence area of Hong river - Bach Hac, Phu Tho, Vietnam.

Thi Thom Dang, Ha Vinh Thai, Van Ky Loc, Xuan Dat Nguyen,
Thi Hue Nguyen, Van Manh Do
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