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Abstract: Mango is a widely consumed fruit in Vietham. However, the abuse
of the fungicide carbendazim for mango preservation has become prevalent,
posing negative impacts on human health, the environment, and export
potential. This study proposes an electrochemical impedance spectroscopy
(EIS) system based on the voltage divider method for the rapid detection of
carbendazim residues. The system comprises four main modules: a sine-wave
generation module, an amplitude measurement module, a phase
measurement module, and a sample testing electrode, operating within a
frequency range of 100 Hz to 200 kHz. The experimental results demonstrate
that the proposed method can effectively distinguish between treated and
untreated mango samples through their impedance characteristics, thereby
establishing a database for identification. The developed system offers distinct
advantages, including low cost, non-destructive testing, and the capability to
operate under ambient environmental conditions, contributing to enhanced
efficiency in food safety management.

Keywords: Electrochemical Impedance Spectroscopy (EIS), impedance,
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Tom tat: Xoai 14 loai trai cay dwoc tiéu thu phd bién tai Viet Nam. Tuy nhién,
viéc lam dung thuéc chéng ndm carbendazim dé bao quan xoai dang tr& nén
phd bién, tac dong tiéu cwc dén strc khde, mdi trwdng va kha ndng xuét khau.
Nghién cru nay dé xuit mot hé théng do phd tré khang dién héa theo phuwong
phap do phan ap nham phat hién nhanh dw lwong carbendazim. Hé théng gém
bdn khéi chinh: khéi tao xung hinh sine, khéi do bién dd, khéi do pha va dién
cuwc do mau, hoat ddng trong dai tan 100 Hz — 200 kHz. Két qua cho thay
phwong phap cé thé phan biét mau xoai cé va khéng cé héa chét théng qua
dac trwng tré khang, tlr d6 xay dwng co s& di¥ liéu nhan dang. Hé théng c6 wu
diém chi phi th&p, khéng pha hdy mau va cé thé trién khai trong diéu kién mai
trwéng thong thwdng, gép phan nang cao hiéu qua quan ly van dé an toan
thwe pham.

T khoa: phd tré khang dién hoa (EIS), tré khang, carbendazim, dién cuc do.

1. Giéi thiéu

Trong th&i gian gan day, tinh trang lam dung
thudc bao vé thyc vat tai Viét Nam da gay ra nhiéu
hé luy nghiém trong t&i strc khde ngudi tiéu dung
va uy tin thwong mai néng san. Viéc str dung sai
muc dich mét s loai hoa chat bao vé thwe vat lam
phét sinh nhiéu van dé xa hoi va y té. Dac biét, Uy
ban Chau Au (EC) da ban hanh Quy dinh sé
2024/3153, &4p dung bién phap kiém soat nghiém
ngat ddi véi mot sé ndng san nhap khau twr Viét
Nam do phat hién dv lvgng thuéc bao vé thyc vat
vwot ngwdng, trong dé cé carbendazim [1].

Xoai la loai trai cay phé bién, c6 gia tri kinh té
cao va duoc tiéu thu réng rai trén thi tredng quéc
té [2, 3]. Tuy nhién, do d&c tinh dé bj sau bénh va
thoi gian bdo quan ngan, loai qua nay thuéng
dwoc xtr ly bang thuéc bao vé thuc vat, lam ting

nguy co tdn dw héa chat. Mét trong nhirng hoat
chat dwoc st dung rong rai la carbendazim
(Methyl-2-benzimidazole-carbamate), thuéc nhém
benzim-idazole, cé kha nang diét nAm manh. Tuy
nhién, n6 da dwoc WHO va EPA canh bao vé kha
nang gay rdi loan ndi tiét, tdn thwong DNA va tang
nguy co ung thw khi tich tu trong thwe pham [4, 5,
6]. Thuc té, carbendazim trong trai cay da dwoc ghi
nhan vuot ngwdng an toan tai nhiéu qubc gia [7].
Diéu nay khéng chi 1am anh huéng t6i strc khde
ngwoi tiéu dung ma con tao rao can thwong mai
khi nhiéu 16 hang néng san khoéng dat chuan bi tra
Ve, géay thiét hai lon cho doanh nghiép. Do do, viéc
phat trién cac phwong phap phat hién carbendazim
nhanh, chinh xac, chi phi thap va khéng pha hay
mau 1a yéu cau cép thiét trong thoi diém hién tai.
Hién nay, cac phwong phap phan tich truyén théng
nhw sac ky 16ng hiéu nang cao (High-performance
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Liquid Chromatography - HPLC), séc khi ky ghép
khéi phd (Gas Chromatography - Mass
Spectrometry - GC-MS), quang phd tlr ngoai — kha
kién (Ultraviolet - Visible Spectrophotometry UV-
Vis) hay cac ky thuat phd khac cho dd chinh xac
cao nhwng doi héi quy trinh x& ly mau phirc tap,
chi phi I&n va khé ap dung dién réng [8, 9, 10, 11].
Trong bdi canh d6, phd tr& khang dién hoa
(Electrochemical Impedance Spectroscopy — EIS)
ndi I&n nhw mot gidi phap trién vong. Ky thuat cho
phép danh gia sw thay ddi dic tinh dién cla vat liéu
sinh hoc bang cach do su thay dbi tré khang dui
tac dong cuda tin hiéu dién xoay chiéu, giup nhan
dién suw khac biét gitra mau sach va mau cé ton dw
carbendazim. So véi cac phwong phap truyén
thdng, EIS c6 wu diém ndi bat la khéng pha hiy
mau, chi phi thap, thao tac don gian, thdi gian phan
tich nhanh va d6 nhay cao [12-19].

Pa phan cac phwong phap EIS dwoc nghién
clru tai thoi diém hién tai dang s dung cac hé
thdng phan tich tré khang dé ban hodc bd khuéch
dai lock-in [22, 23, 24] ¢c6 chi phi cao, céng kénh,
ddng thoi doi hdi ngudi thwe hién phai cé chuyén
mon nhat dinh m&i cé thé sir dung, tr d6 dan dén
viéc kho trién khai tai diéu kién thuc té - noi cac
yéu t6 nhanh, gon, ré dwoc wu tién hang dau.
Trong nghién clru nay, ching téi tién hanh phat
trién hé théng EIS di déng st dung vi diéu khién
ESP32 va m6 dun tao tin hiéu AD9850. Hé théng
s dung mach phan ap va mach bat diém khong
nham dam bao dd chinh xac cta két qua, dong thoi
gidm do phurc tap cla hé théng, gitp dé& dang hon
trong viéc phan tich xoai trwdc va sau khi xtr ly
bang carbendazim. Sé liéu dwoc dung dé xay
dwng co s& dir liéu ddc trung, hd tro nhan dién
nhanh tinh trang tén dw thudc béo vé thwe vat trong
trai cay.

2. Co s& ly thuyét
2.1. Nguyén ly do phé tré& khang

Trong nghién ctru nay, chung téi tién hanh thi
nghiém phan tich &nh huéng clta thubc bdo vé
thwe vat carbendazim déi véi cac mau xoai dé theo
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ddi phd tré khang clia qua tr dai tan thap dén cao.
Trong cac nghién ciru st dung dé phan tich chéat
lwong mau hoa qua, cé thé thay phwong phap st
dung phan tich phé tré khang dién (EIS) 1a don
gidn va dem dén hiéu qua tét dé phan tich chéat
lwong mau. Nguyén ly phan tich cac dac tinh thong
qua viéc kich thich mau béng cactin hiéu dién xoay
chiéu & cac tn sb khac nhau va do cac tin hiéu
phan héi. Tt d6 nghién ctru, phan tich sb liéu cung
tinh 6n dinh cta cac phép do thu dwoc tr dién cuc
c6 gan dién tré. Sau dé tién hanh xac dinh cac
nguyén nhan khac gay ra anh hwéng dan dén khac
biét truwdc va sau khi tam [20, 21].

Nhém s dung tin hiéu hinh sine c6 tan sé
cao di qua mau. Khi nang dan dén tin hiéu cé tan
s rat cao, n6 sé& lam tang tinh thAdm cGia mang sinh
chét, tir d6 lam gidm tré khang vén phu thudc nhiéu
vao do cach dién clia mang sinh chat. Trén thuc té,
mang sinh chat vé mat ciu tao la moét I16p kép
phospholipid c6 tinh cach dién [22, 23]. C4u truc
nay gidng v&i cu tric cla tu dién. Theo cdng thire
(1) tinh Z¢, ta co:

Zc= 5z (1)

Trong dé, f la tan s cua tin hiéu dau vao, khi
dat gia tri v cung I&n, Zc sé tién vé 0. Luc nay, kha
nang cach dién cla mang sinh chat sé& gan nhw
bang khéng, gia tri tré khang cltia qua sé chi con
phu thudc vao do dan dién clia bao twong [24]. Sau
khi thu dwoc sb liéu, phan tich tinh tré khang thu
duwoc theo thoi gian twr hé théng mach do tr&
khang, tlr d6 rat ra két luan vé trang thai ctia qua,
ta sé phan biét dwoc tré khang cla qua tdm va
chwa tdm carbendazim. Mét sé yéu té c6 thé anh
hwéng tdi sai sb6 phép do nhuw: tac dong clia dién
tich tiép xuc gitra vé qua va kim dién cwce, tinh thiéu
on dinh cla dién cwc vé&i mau thi nghiém, sw oxi
héa, kém tiép xuc gitra cac mdi ndi, tinh tdi wu cla
vat liéu,...

Ngoai cac yéu t6 ké trén, tinh khéong dong
nhét clia vé qua va thit qua ciing can dwoc luu y.
T& cac van dé néu trén, nhém da duwa ra cac
phwong an dé cé thé cho ra két qua dau ra tdi wu
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nhét.
2.2. Phwong phap phan ap

Phwong phap phan ap dwgc lya chon lam co
s& dé do tr& khang dién hoa trong EIS [12].
Phwong phap cho phép xac dinh tré khang mau
bang cach do dién ap roi trén mot dién tré chuan
mac ndi tiép v&i mau thir. Gia tri tré khang cia mau
sau do dwoc suy ra tir ti 1é gilra tin hiéu ap dat va
dién ap do duoc. Viéc sir dung phan ap trong
nghién ctu EIS c6 mét vai wu diém so véi ciu hinh
khuéch dai hoac cau can bang. Thir nhat, phwong
phap nay cé cAu trdc mach don gian, dé trién khai
va khéng yéu cau cac thanh phan phurc tap — yéu
t6 cac phwong phap EIS hién tai thwdng méac phai.
Thi&r hai, phwong phap nay phu hop véi dai tan
rong, tor vai Hz dén hang tram kHz, dac biét thich
hop v&i cac mau thi nghiém nhw hoa qua, noi dac
tinh dién tré- dién dung co6 thé thay dbi dang ké
theo tan sb [13, 14].

Ngoai ra, viéc ap dung phan ap cé thé dam
bao tinh &n dinh trong diéu kién do ngoai phong thi
nghiém, noi cac yéu t6 méi trwérng nhw nhiét do,
dd &m c6 thé anh hwdng dén két qua cha phép do
[14]. Dbi v&i muc tiéu phan tich chat lwong hoa
qua, tr& khang thwdng nam trong khoang t vai
tram ohm dén vai kOhm, phu hop véi ving tuyén
tinh ctia phwong phap phan ap va dam bao do
nhay cao trong phan tich dé thi Nyquist va Bode.
[15].

2.3. Thiét ké mach phan ap

Mach phan ap dwoc thiét ké voi dién tré
tham chiéu R mac néi tiép v&i mau can do. M6t tin
hiéu xoay chiéu Vi, c6 bién do va tan sb xac dinh
dwoc dwa vao hai dau mach. bién ap V., dwoc do
tai nat ndi gitka R va mau. phan ap dwoc thiét ké
v&i dién tré tham chiéu R mac ndi tiép véi mau can
do. Mét tin hiéu xoay chiéu V;, cé bién do va tan sb
xac dinh dwoc dwa vao hai ddu mach, dién &p Vg
dwoc do tai nut néi gitka R va mau. Tré khang cua
mau dwoc tinh theo céng thire (2):

Vin

Z=R.g"-1 2)

Nguyen & nnk

Cbng thirc mach phan ap dwgc xay dwng tw
mach twong dwong cla hai phan t&r méc néi tiép,
trong d6 tdng tré clia mach bang Z+R. Khi mau c6
tinh chat dién hoa, dac biét la dung khang, tré
khang Z khéng chi phu thudc vao bién d6 ma con
phu thudc vao tan sé kich thich. Tin hiéu kich thich
c6 dang hinh sin, quét trong z dai tn 100 Hz — 200
kHz. Qua trinh phat va thu tin hiéu dwoc diéu khién
bai vi didu khién ESP32, véi ADC tich hop d& ghi
nhan ddng thdi Vi, va V.. Tt dir liéu thu dwoc, hé
théng xac dinh dé léch bién d6 va pha, qua doé xay
dwng cac dd thi Nyquist va Bode. Dién tré tham
chiéu dwoc chon Ia 1 kQ nham tbi wu d6 nhay va
do tuyén tinh cta phép do.

2.4. Chuan bj héa chat va mau do

Thi nghiém s dung dung dich carbendazim
500 g/L. Péi twong thlr nghiém 1a xoai c6 khdi
lwong 350—-400 g/qua, tat ca déu twoi, khéng dap
nat va dwoc lam sach trwdc khi do.

2.5. Phwong phap do

Qué duogc do trwdc va sau khi xt ly bang
cach ngdm dung dich carbendazim 10% trong 1
gi®, dé kho tw nhién 30 phut. Cac phép do tién
hanh trén hai nhém mau (dbi chirng va x ly), tai
ba vi tri (§4au, than, dudi), 13p lai ba Ian trong dai tAn
100 Hz — 200 kHz. Kim do dwoc thay méi sau mbi
qua dé giam sai s6 va han ché oxy hoéa dién cuc.

2.6. Phan tich tr& khang cua qua hoan chinh

2.6.1. Hé théng do dw lwgng carbendazim

Hé théng do duw lwgng carbendazim st dung
vi xtr ly ESP32 lam bd x& ly trung tam. D liéu tr&
khang thu dwoc sé dwoc lwu trec tiép qua may cha
day vao co sé div liéu SQL, cho phép Iwu triv theo
ddi va phan tich trang thai cla mau, sau do di liéu
dwoc day 1én trang web va dwoc dbi chiéu cung co
s& dir lieu dwoc dan nhan dwoc thu thap dé phan
loai qua tAm va qua chwa tdm. Hé théng c6 bén
khéi chinh, bao gém: khdi phat xung sine tin hiéu,
khéi doc dinh, khdi doc pha va dién cwc do mau
(Hinh 1)
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Ngudn

Khéi doc dinh

ADC
5V 3,3V

4

Vixirly

Khéi phat xung
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Cosdduliéu

(AD9850) (ESP32)

GPIO

Khéi doc pha

Hinh 1. So do

2.6.2. Khéi phat xung sine tin hiéu

C6 vai tro chinh trong viéc tao ra tin hiéu cho
phép do. Nhém sir dung mé dun AD9850 nham
dam bao dd chinh xac va tinh 6n dinh cda tin hiéu
dau vao. Tan sb cua tin hiéu dau vao dao dong tw
khoang 100 Hz — 200 kHz.
2.6.3. Khéi doc dinh

Tin hiéu hinh sin khi dwoc phat tv khéi phat
xung sé truyén qua mau thir. Mach thu sé& ghi nhan
mirc bién dd cha tin hiéu dau ra. Hé théng thu bién
do dworc thiét k& 12 mot mach ndi tiép st dung
diode va tu dién. Gia tri dién ap sau dé dwoc bd
chuyén ddi twong tw sé (ADC) tich hop trong
ESP32 doc va xt ly, tir dé cho biét mrc bién do
cla tin hiéu dau ra.
2.6.4. Khéi doc pha

Viéc xac dinh do 1éch pha gitra tin hiéu kich
thich va tin hiéu thu dwoc tvr mau la mét yéu td

sqL Web

khdi ctia hé théng

quan trong dé phan tich phé tr& khang. Nhom st
dung mach bat diém khéng dé do théng sé nay. Ca
tin hiéu vao va ra déu dwoc x&r ly qua mach bat
diém khong (zero — crossing detectors). Khéi st
dung mach chinh lwu cau Schottky 1N5817,
optocoupler HCNR201 va céng tac cach ly nham
tranh nhiéu déng két qua do. Vi xt ly sé& s dung
timer ndi bo dé xac dinh khoang th&i gian chénh
léch gitra hai l4n xuét hién diém khong twong (rng.
T sy chénh léch thdi gian nay ma ta cé thé tinh
toan dwgc géc léch pha gitra hai tin hiéu.
2.6.5. bién cwc dau doc

bién cwc dau doc dwoc thiét ké dwa trén
mach phan ap qua mét con tré ndi véi cap kim. Cac
kim dwoc cb dinh, co chiéu dai 1 cm va dat cach
nhau 0,5 cm (Hinh 2). Tt cac gia tri thu duworc, ta
c6 thé tinh toan ra dwoc gia tri tré khang cla qua
tai thoi diém do.

R8
1k
J
L2
1 Vout
| Dien cuc

GND

Hinh 2. Pau doc dién cuwc kim
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2.6.6. Co’ s& di¥ liéu va hién thi két qua

Hé théng do ESP32 (Hinh 3) [a mot vi xt ly
loT c6 giao thirc mang, di¥ liéu dwoc day 1én may
chdi va lwu tri trong co s& di¥ lieu SQL. Web sé 4y
d liéu ttr co' s& di liéu dbi chiéu véi cac co sé div
liéu tham chiéu dwoc gan nhan, thu thap dé dwara
két qua.
3. Quy trinh xtr ly sé liéu

Chon dai tan ttr 100Hz - 200kHz, do theo kich
ban sau: 3 vj tri dau, than, dudi & méi qua, khong
rat kim, méi vi tri do lién tuc 3 lwot, thay kim sau
méi qua dwoc do. Bwédc nhdy khi chay dai tan 1an
lwot la: 100Hz (tir 100-1kHz); 1kHz (ttr 1-10kHz);
10kHz (ttr 10-100kHz); 50kHz (ttr 100-200kHz).

Hé théng do thwc nghiém dwoc tich hop trén
cau tric bo mach thir nghiém phéi hop cac khbi
chirc ndng x& ly va diéu hoa tin hiéu (Hinh 3). Cau
tric phan ctrng ctia hé théng bao gébm bén thanh
phan cét 16i dwoc dinh vi cu thé nhw sau: Khéi vi

Nguyen & nnk

diéu khién trung tam (1): S& dung md dun SoC
ESP32 dat & phia bén phai bo mach, déng vai trd
thu thap dir liéu tr mach do, thwc hién cac thuat
toan x ly sé liéu va diéu khién truyén théng. Mo
dun do pha chuyén dung (2): La mach chirc nang
AD8302 dat & vi tri trung tdm, chiju trach nhiém tiép
nhan va so sanh pha gitra cac kénh tin hiéu dau
vao dé chuyén dbi thanh dai lwong dién ap twong
&ng. Khdi diéu hoa tin hiéu (3): Puoc b tri & phia
cép tin hiéu dau vao (phia trén bo mach) bao gdm
céc vi mach khuéch dai thuat toan cau hinh DIP-8
phdi hop cung mang dién tr& phan ap, thwc hién
chuén hoa bién dd va phdi hop trd khang trdc khi
dwa vao md dun do. Khdi két ndi va phu tro (4):
Go6m hé théng cac khéi dau ndi phan b & ria bo
mach (phia bén trai va phia trén bén phai) dam
nhan chirc nang giao tiép vat ly dé cap ngudn nudi
dn dinh va dan truyén cac kénh tin hiéu can do vao
hé théng.

Hinh 3. C4u tric phan cirng hé théng do thwe nghiém: (1) Vi diéu khién ESP32; (2) M6 dun do pha
AD8302; (3) Khdi diéu hoa tin hiéu; (4) Khdi giao tiép ngudn va tin hiéu.

Xtr ly s6 liéu:

Trwdce tién, hé théng sé 1an lwot thu hai 1an
tin hiéu cac chan digital doc dwoc qua méi 1an “bat
diém khoéng” ctia mach dé ta cé dworc hai gia tri thoi
gian. Trong d6, hiéu ctia chung chinh la thoi gian
tré pha ctia qua so véi hé théng, dudi tan sé cbd

dinh, do Iéch pha dwoc tinh toan qua céng thire (3):
18] = 2mf. |ty-t,] (3)
Trong dé:
|©|: Gia tri d0 Iéch pha (rad)
f: Tan s6 (600kHz)
t;: Gia tri thoi gian bat diém khong tham
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chiéu (us)

t,: Gia tri thoi gian bét diém khong tin hiéu
phan héi ctia qua (us)

Song song v&i do, tin hiéu hé théng va tin
hiéu ctia qua di qua mach doc dinh dé 13y gia tri
dinh cuda tin hiéu. D& gidm nhiéu va loai bd cac gia
tri bat thwong (outliers) trong chudi tin hiéu thu
duwgc tr ADC, nhém sir dung bo loc trung vi voi
ctra s6 30 mau. Cu thé, tai mbi thoi diém i, gia tri
dau ra y[i] dwoc xac dinh la gia tri trung vi ctia 30
mau tin hiéu lién tiép x[i],x[i+1],...,x[i+28],x[i+29].
Cong thirc tdng quat dwoc tinh nhu sau:

y[il = median ({x[K]}}=} (4)

trong do:

y: D liéu sau khi loc trung vi

x: D liéu tho

i- Vi tri th i cta di liéu

L&y trung binh cac gia tri dé ra div liéu chuan
cudi cung. Dwa trén céac sé liéu thu dwgc nhw dién
ap va do léch pha trén méi dai tan sb twong tng,
tr d6 co thé suy ra dwoc két qua phép do 1a trd
khang ciia mau theo d&i bang céng thirc phan ap
(5) dw¢i day:

2= R Vo ©)

R: dién tr& dAu vao (1kQ)

Vin: dién ap dau vao ctia mach (V)

Vout: dién &p dau ra ctia mach (V)

|Z|: tr& khang clia mau qua (Q)
3.1. V¢&i Oscilloscope
3.1.1. Kich ban do Oscilloscope

Céc phép do duoc thyc hién trong dai tn
100 Hz — 1 MHz tai ba vi tri (d4u, than, dudi qua),
méi vi tri I&p lai ba lAn. Sau méi lAn do cho mét qua,
kim do dwoc thay méi dé tranh sai s6. Bwéc nhay
tan sb 1a 15 Hz. Qua trinh do dwoc thwc hién can
than nham han ché tac dong ngoai vi, ddm bao do
chinh xac va sai sb thap. Oscilloscope duwgc st
dung dé thu nhan tin hiéu kich thich va tin hiéu thu
dwoc tai m6i tAn sd khao sat lam co s& cho viéc

Nguyen & nnk

phan tich dac tinh dién git)a cadc mau nghién ctru.
3.1.2. Xtr ly s6 liéu

— Vmax +Vmin
Ven =V - 122

(6)
trong dé:

Ven: dién ap da chuén hoa

V: dién ap dau vao/dau ra

Vmax: dién ap cwc dai

Vmin: dién ap cuc tiéu

"In Phase" (thanh phan dbng pha) va
"Quadrature" (thanh phan vuéng pha) dwoc xac
dinh theo céng thirc sé (7) va (8) dudi day:
n=1 Vi sin (2mrfxt;) (7)

N

Q=2 ¥, V;cos (2mfxt) 8)
trong do:

N: s mau trén 1 tan sb

V;: dién ap tai thoi diém ti

f: tan s6

t:: thoi gian tai thoi diém i

T |, Q co thé tinh dwoc do léch pha qua
cbéng thure (9):

¢ = arctan $ (9)

Dt liéu phd tré khang duoc biéu dién qua dd
thi Nyquist va dé thi Bode, tir d6 gidp ta mé hinh
héa dwoc té bao duwdi dang mach dién. Két qua thu
dwoc giup phén biét gilba xoai chwa chin va xoai
chin théng qua sy thay dbi tré khang dwa trén tan
sb va thoi gian. Nhém déng thdi tién hanh cai tién
mach bang cach st dung hé thdng véi muc tiéu co
thé tw déng héa qua trinh thu va phan tich di liéu,
han ché viéc thao tac ctia nguwdi dung dé tranh tao
ra sai sb trong qua trinh do.

4. Két qua va thao luan
4.1. D6 thj cia xoai tam va chwa tam tai 4 vi tri

Quy wéc cla cac dwong lan lwot nhw sau:
dwérng mau xanh dai dién cho quad chua tadm
carbendazim, 1an lwot tir dudi, lwng, than, dau qua.
Céac dworng mau dd 1a qua da tdm carbendazim,
lan lwot cac mau tr nhat t&i dam 1a dau, lwng, dudi,
than (Hinh 4).
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File name Plot color
¥oaiduoi.csv
xoailung.csv
xoaithan2chuan.csv
xoaidau.csv
BodeOXXD.csv
BodeOXXL.csv

Bode0XXDD.csv

BodeOXXT.csv

Nguyen & nnk

Format Status Controls

BASIC Loaded (O |
BASIC Loaded LO N |
BASIC Loaded (O I |
BASIC Loaded LO N |
BASIC Loaded L0 |
BASIC Loaded (O |
BASIC Loaded LO M |
BASIC Loaded (O |

Hinh 4. Bang cac vi tri ctia qua thé hién bang mau cla xoai

Hinh 5 m6 ta dd thi nyquist clia xoai tAm va
x0ai chwa tAm carbendazim, két qua thu dwoc la
dwéng cong clia xoai chwa tAm carbendazim ndm
cao hon va mé rdng hon so véi mau da tAm. Diéu
nay cho thdy mau chwa tdm c6 tré khang tong 16n
hon.

Hinh s6 6 md ta dd thj BODE tr& thwc cla
xoai. M&u chwa tAm duy tri gia tri cao 6n dinh trong
toan dai tAn, con mau da tAm gidm rd rét khi tan sb
tang. Piéu nay phan anh tinh cach dién ctia mang
sinh chét bi suy gidm do hoa chét lam tang tinh
thadm ion.

4k

(wyo) T (Z)bw -

Hinh 7 mo ta& dd thi Bode tré do cla xoai.
Xoai da tdm c6 gia tri Im Z nhd hon, cho thay dién
dung twong dwong tang 1én, nghia la mang té bao
bi tdn thwong va dan dién tét hon. Hinh 8 mo ta db
thi tré’ khang ctia xoai va téng tré cia mau giam khi
tdm carbendazim, diéu nay khang dinh réng thuéc
lam tang kha nang dan dién ndi md va gidm dién
tré toan phan. Hinh 9 mé ta db thi pha cta xoai.
MAu da tdm c6 do léch pha nhé hon, chirng té dap
trng dién dung manh hon (nang lwgng dién tich
truyén qua mang nhanh hon), phu hop véi hién
twong mang té bao mat tinh cach dién.

Re (Z), Q (Ohm)

Hinh 5. D6 thi Nyquist cla xoai tAm va chwa tAm

21



JSTT 2026, 6 (4), 204-216 Nguyen & nnk

10k
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D
N
b <
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j==
3 1000,
100 < 1000 ‘ 10k ‘ 100k £ 4 ™
Tan sb don vi Hertz (Hz);
Hinh 6. D6 thi Bode tré thyc clia xoai

3

«Q

n

b |000~

6 &

=2

3

100
100 2 s 1000 2 5 10k 2 s 100k 2 5 ™M
Tan sb don vi Hertz (Hz)
Hinh 7. B4 thi Bode trd do cla xoai

V)

o))

o 10k

> y

&

3

Q@ 5

. .

N

b _—
[e)

g 1000
= ;

100 < s 1000 2 5 10k 100k 2 > ™

Tan sé don vi Hertz (Hz)

Hinh 8. D6 thi Bode tr& khang cla xoai
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Tan sé don vi Hertz (Hz)

Hinh 9. B4 thi Bode pha clia xoai

“(2)bw

(ywo) v

Re(Z), Q (Ohm)

Hinh 10. Déi chiéu gitra hé thdng va oscilloscope v&i xoai

4.2. B6i chiéu hé théng véi oscilloscope

Hinh 10 thé hién so sanh d liéu do clia hé
théng (chdm xanh) v&i dir liéu chudn tw
oscilloscope (dwérng mau cam). Két qua cho thay
hai dworng cé xu hwéng twong dong, chirng té hé
thdng dat do tin cay cao va dam bao tinh chinh xac
trong do lwong. Sai léch cha yéu xuét hién & cac
diém dau dai tAn do gi¢i han dd phan gidi ADC
ho&c nhiéu tin hiéu, nhwng nhin chung van nam
trong mirc chap nhan dwoc, khang dinh hé théng
c6 thé ap dung cho thuc té véi kha nang do 6n
dinh.

Qua xt ly di¥ liéu, két qua cho thay tré khang

clia qua chwa tdm duy tri xu hwéng cao va 6n dinh
hon, trong khi qua da tdm giam rd rét. Diéu nay
thdng nhat v&i phan tich trén [25], khang dinh rang
xt ly carbendazim lam tang tinh thAm mang sinh
chét, dan dén gidm dién tr& ndéi mé va suy gidm
tbng tr& clia mau. Két qua nay ciing phu hop véi
cac cong bd vé anh hwéng cla dd chin va trang
thai md qua I&n phd tré khang dién [18, 22, 23, 24,
khi cac thay ddi trong clu tric mé va tinh dan ion
déu dan t&i sy dich chuyén rd rét trén do thi
Nyquist va Bode. So v&i cac phwong phap héa
phan tich nhw HPLC-UV, phép do phd ion di déng
hodc UV-Vis [9, 10, 11], phwong phap dé& xuét
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khéng nham thay thé phép dinh lwong chuén trong
phong thi nghiém ma hwéng t&i vai trd sang loc
nhanh, chi phi thp va khéng pha hdy mau. Béng
thdi, so v&i cac hwéng tiép can danh gia chat
lwong xoai khéng pha hdy dwa trén am hoc, phé
nhin thAy/can héng ngoai hodc danh gia tinh chét
mé quéa [8, 15, 17], phuwong phap EIS cé wu thé
vuot troi & kha nang phan anh tryc tiép bién ddi
dién hoc bén trong mé, dac biét 1a sy thay déi o
thdm mang té bao sau x& Iy héa chét.
5. Két luan va dinh hwéng
Nhw vay, ta cé thé thay cac gia tri dinh lwong
chinh d&@ dwgc dam bao va trinh bay trong bai.
DPéng thoi, nghién ciu da chirng minh kha nang
(rng dung phuwong phap dién hoéa tré khang (EIS)
trong phat hién dw lwgng carbendazim trén qua
xoai. Két qua cho thay sw khac biét rd rét vé dac
trung phd trd khang gika cac mau co xi ly
carbendazim va mau dbi chirng, ddng thdi khang
dinh tinh kha thi cia EIS nhw mét cong cu phan
tich nhanh, khéng pha hidy. Phuong phap nay co
tiém nang tich hop vao cac hé théng giam sat an
toan thuwc phdm nham hé tro kiém soat du lwong
thudc bao vé thuc vat. Trong thoi gian téi, nghién
clru caAn mé rdng trén nhiéu gibng xoai va céac loai
trai cay khac, déng thoi téi wu thuat toan xd ly tin
hiéu dé nang cao dd chinh xac va kha ndng tng
dung thuc tién.
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