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TOM TAT

Cyanide la mot tac nhan chién tranh héa hoc thudéc nhém chdt déc toan than. N6 la mét hop
chdt c6 khd nang phd hity sw trao déi oxy ciia té bao, gdy nhiém djc toan thin va dan dén tir
vong nhanh chéng. Co nhiéu phwong phap da dwoc nghién ciru dé phat hién chat doc cyanide
dua trén phan ing hién mau, tuy nhién, chung thiong co do nhay kém, thot gian phat hién lau va
gdy nguy hiém do tiép xiic truc tiép véi héa chat. Bai bdo nay trinh nay phwong phap moi ae
phat hién cyanide trong méi truong nwée. O diéu kién toi wu da thiét lap, cyanide dwgc phat hién
voi gioi han phat hién thap, & khodng 50 ppb. Két qud ban dinh lugng doi v6i mdu thue hién
trwong cho thdy, phwong phdp khéng bi nhiéu béi thanh phan mau, c¢é kha nang phdt hién
cyanide trong vong 15 phut. Bac biét, sau 30 phut, gidi han phat hién o murc 2-10 ppb. Phuong
phép ndy cé thé phat trién dé ché tao bé kit phat hién nhanh chit doc cyanide trong méi truong
nuwoc tai hién truong.

Tir khéa: Cyanide; Chit doc toan than; Kit phat hién chét doc; RGB.
1. MO PAU

Cyanide 12 hop chat dién hinh thudc nhom chit doc toan than va da dugc st dung trén quy mo
16n trong qua khir, ddc biét 1a trong chién tranh thé gidi thir nhat [1]. Cac hop chét cyanide anh
huong t6i co thé bang cach 1am nhiém doc hé thdng cytochrome oxidase, ngin can su ho hap té
bao va van chuyén binh thudng ciia oxy tir mau vao cac md té bao [2]. Chét doc cyanide ciing
dugc hép thu nhanh qua dudng tiéu hoa, qua niém mac, duong hd hip, sau d6 duoc phan bd
nhanh vio co thé véi thé tich phan b tdi da 1a 1,5 L/kg va gan Véi protein 60% [3]. Ching
khong nhimg dugc hap thu rit nhanh vao co thé ma con trc ché nhanh va manh 1én chudi ho hap
té bao (cytochrome oxydase) gy tir vong nhanh chong [2].

Di c6 mot s6 bo kit phat hién chat doc cyanide trong nudc nhu bd kit M272 Water co thé phat
hién dugc chét doc trong nude véi do nhay 2,0 ppm [4]; hom K-54 ciia Nga c¢6 kha ning phat
hién chat doc v6i gidi han phat hién ti uu dat dugc ¢& 5 ppm [5]. Tuy nhién, QCVN 01-1:2018
[6] quy dinh v& chét lwong nudc sach sinh hoat yéu cau ham lugng cyanide trong nuéc khong
vuot qua 0,05 ppm. Mat khac, cac bo kit nay doi hoi nguoi str dung phai duge dao tao chuyén
moén va phai tiép xuc voi cac héa chat nguy hai. Bai bao nay trinh nay phuong phap ché tao kit
phat hién nhanh chat doc cyanide trong mdi truong nude sit dung thude thir p-nitrobenzaldehyde
va o-dinitrobenzene. Gigi han phat hién dat duogc 1a 50 ppb (quan sat bang mét thuong), thoi gian
phat hién < 15 phut.

2. THU'C NGHIEM
2.1. Héa chat, thiét bi va dung cu
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Hoa chit: p-nitrobenzaldehyde (99%, Acros), o-dinitrobenzene (98%, Acros); NaOH (99-
100%, Merck); acid sulfuric (95-98%, Sigma Aldrich); nudc siéu tinh khiét (Milli Q plus);
potassium cyanide (PA, Merck); propylene glycol (99%, Merck); glycerol (99%, Fisher).

Thiét bi va dung cu: Cén phan tich dién tir Mettler hang Toledo (Thuy S¥), d9 chinh xac £ 0,1
mg; bé rira siéu &m Elma S100H (Puc); 6ng polypropylene (duong kinh trong 6ng 4 mm, chiéu
dai 10 cm); 6ng nghiém thuy tinh, kich thude (12 x 100) mm (Trung Qudc); micropipet Biologix
(20-200 pL, MJ) kém theo dau con phu hop; kim tiém c6 dudng kinh (0,58 + 0,02) mm va mot
s0 dung cu thong thuong khac.

2.2. Phuwong phap nghién ciru
2.2.1. Phuong phdp chudn bi mdau chudn goc va dung dich KCN trung gian

Phuong phap pha dung dich gbc tham khao TCVN 7723-1:2015 - Chat luong nudc - XAac
dinh cyanide tong s6 va cyanide tu do st dung trong phuong phap phan tich dong chay [7].

- Dung dich géc KCN, pCN = 1000 mg/L: Hoa tan 125 mg KCN vao dung dich sodium
hydroxide (CM = 0,01 mol/L) trong binh dinh mirc 50 mL va thém dung dich natri hydroxide
den vach mirc. Dung dich nay bén trong 6 thang tai nhiét do tur 2 °C dén 8 °C.

- Dung dich KCN, pCN = 100 mg/L: Dung pipet hut 10 mL dung dich KCN ¢ trén cho vao
binh dinh mare 100 mL va thém dung dich sodium hydroxide (CM = 0,01 mol/L) dén vach mic.
Dung dich nay bén trong mét tuan néu dugc bao quan tai nhiét do tir 2 °C dén 8 °C.

- Ttr dung dich KCN, pCN = 100 mg/L, pha loang dé thu dugc 7 ong nghiém thiy tinh véi
5,0 mL m@u c6 nong do lan luot la ql, 2, 5,10, 20, 30, 50 mg/L dé dinh tinh dupg djch ghﬁ:a
cyanide. D€ ban dinh luong khi chuyén cyanide thanh dang khi, pha loang mau chuén goc d¢ thu
dugc cac mau co6 nong do lan luot 1a 0, 20, 50, 100, 200, 500 va 1000 ppb.

2.2.2. Phuong phdp do mau dinh tinh cyanide trong dung dich nuoc

Chuan bi 8 dng nghiém thiy tinh dung tich 10 mL, thém lan luot 5 mL cac dung dich KCN ¢6
nong do tir 1,2, 5, 10, 20, 30 va 50 mg/L vao cac ong danh s0 lan luot tir 1 dén 7. Ong s6 8 dugc
thém 5 mL nuée siéu tinh khiét. Thém vao mdi lo 100 pL dung dich hon hop p-
nitrobenzaldehyde va o-dinitrobenzene da chuan bj ¢ trén va 100 pL dung dich NaOH (Cy =
0,75 mol/L). Lac déu cac 6ng va dé yén trong 10 phuit. Sau d6, theo ddi mau séc trong ting lo.
2.2.3. Phuong phdp xdy dwng dai mau chudn xdc dinh cyanide trong mau nuée
a. Thiét k& mo hinh thi nghiém:

i Thiét bi dugc thiét ké dé giai phong, bay va dinh lugng hydro cyanide bén trong mét hop kin
de loai bo sy ti€p xuc cua nguoi dung voi hoa chat. Thiét bi nay duoc dat trong mot ong hut
polypropylene nhé chira bon dung dich: 1am kin, base, chat chi thi va acid nhu hinh 1.
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Hinh 1. M6 hinh thiét ké ché tao kit phdt hién chdt djc cyanide.
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Dung dich 1am kin (45 pL) duoc thém vao ddu trén ctia 6ng hut va truot vao vi tri nho trong
luc. Dung dich nay s& kéo dai trén mit cit ngang ctia 6ng hut. Cac dung dich base (5 uL) duoc
chuyén vao khoang khong gian gilta hai nuat that xuyén tdm tao thanh mot giot va s€ tron voi chi
thi trong qua trinh hoat dong. Chét chi thi (20 pL) va acid (20 pL) dugc hat tryc tlep vao cac vi
tri thich hop trén dng hut (hinh 1). Pau dudi cing cia dng hat dugc lam kin bang cach dung
sting ban keo. Mot manh bong di duoc dwa vao vi tri tir phia dau trén cta ong.

b. Phuong phap chuan bi cac thanh phan cta bo kit:

Dung dich 1am kin dugc chuén bi bang cach tron nudc siéu tinh khiét voi propylene glycol
theo ty 1¢ thé tich 3:1. Dung dich base dugc chuan bi bang cach tron dung dich kali hydroxide
0,8 M véi propylen glycol theo ty 1¢ thé tich 3:1. Dung dich chi thi duoc chuan bj bang cach hoa
tan lugng thich hop cta p-nitrobenzaldehyde va o-dinitrobenzene ¢ 60 °C trong propylene glycol
dé tao thanh dung dich p-nitrobenzaldehyde 0,05 M va o-dinitrobenzene 0,0125 M. Dung dich
acid dugc chuin bi béng cach thém tung giot acid sulfuric 5 M trong nudc dén mét thé tich
tuong duong cua glycerol lanh.

c. Xay dyng dai mau chuan:

Quy trinh tién hanh nhu sau: Puc mot 16 & phia g?ln acid st dung mét kim léy tr xylanh loai
10 mL. Thiét bj sau d6 dugc nhing vao cac miu cé thé tich 10 mL va ndng do lan luot 1a 0, 20,
50, 100, 200, 500 va 1000 ppb, diu acid duoc hudng xubng dudi. Mau di vao thiét bi qua 156 kim
va trdn véi dung dich acid. Chét chi thi tron véi base va van tach khoi mau. Khi dung dich lam
kin dugc hip thu bai bong, thiét bi duge lam kin va thoi gian bit dau dugc tinh. Thiét bi duge
liy ra khoi miu va déo nguoc 3 14n dé tron cac dung dich v6i nhau. Sau 15 phat, quan sat mau
sic cuia 16p dung dich 1am kin va chup lai hinh anh ciia cac ong thir. Dai mau chuan dugc xay
dung trén co sé mau sdc thu duoc.

2.2.4. Phuong phdp phan tich ban dinh lwong cyanide trong mau thire

Mau thyc 1a miu nude mit duge lay tir ving song sudi, dugc xir Iy s0 bd bang phuong phép loc
qua bong/gidy loc dé loai cac tap chat v co. Chuyén mau nudc vao ong nghiém thuy tinh, tién
hanh thir nghiém nhu quy trinh da néu & trén, quan sat mau sic va so sanh véi dai mau chuan.

3. KET QUA VA THAO LUAN

Co ché phan ung phat hién cyanide st dung thudc thir p-nitrobenzaldehyde va o-
dinitrobenzene trong sy c6 mat cua base dién ra nhu sau [8]:
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Hinh 2. Co ché phan img phdt hién cyanide.
Co ché cu thé duge giai thich nhu sau:

- Vi tri carbonyl cua p-nitrobenzaldehyde bi tdn cong béi nucleophile CN™ v6i sy hoat hoa
ctia nhom hut electron NO,. B¢ pH cta mdi truong dugce duy tri 1a 8,5 d¢ cyanide ton tai dudi
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dang ion CN. San pham trung gian p-nitrobenzcyanohydrin dugc hinh thanh nhanh chéng theo
dong hoc vi dugc 6n dinh boi cac dang cong hudng dudi déy'
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Hinh 3. Cdc dang cong hudng ciia p-nltrobenzcyanohydrln.
- Dudi sy c¢6 mit cua o-dinitrobenzene, su chuyén dich electron khong lién két cua p-
nitrobenzcyanohydrin sang orbital 7* cta o-dinitrobenzene. Piéu nay tao nén san pham c6 mau
xanh tim déc trung. Qua trinh phan rng nhu sau:
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Hinh 4. Co ché tao san pham mau.

Dangkulwanich M. va cong su [9] dé bao cdo rang, hon 30 anion c6 kha ning gay nhiéu, bao
gom sulfide, hypochlorite va nitrile vé phan tig c6 thé xdy ra v6i thude thir chi thi nay va tat ca
déu am tinh.

3.1. Két qua dinh tinh ndng d9 cyanide trong dung dich

Dinh tinh dung dich chura cyanide véi gidi han phat hién 1a 2 ppm:

- Trong thi nghiém nay, thanh phan thudc thir duogc sir dung 1a p-nitrobenzaldehyde va o-
dinitrobenzene.

- Céc nong d6 dung dich cyanide duge st dung 1a 1 ppm, 2 ppm, 5 ppm, 10 ppm, 20 ppm, 30
ppm, 50 ppm. Sau khi nh¢ 100 pL thudc thir va dung dich NaOH vao dung dich, theo doi trong
10 phut. Cac dung dich co6 su thay d6i mau sac d¢ dang quan sat bang mat thuong. Cu thé, mau
cta dung dich chuyén dén tir vang rat nhat dén xanh tim khi néng d6 tang dan. Duéi day 1a hinh
anh ket qua thu dugc:

Hinh 5. Két qud dinh tinh nong dé cyanide trong mau.
Tir hinh 5, gi6i han phat hién xac dinh dugc 14 2 ppm va mau sic cia cac dng ting dan cuong
d6 khi nong d6 cta cyanide tang dan.
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3.2. Két qua xAy dung dai mau chuin dé xic dinh cyanide trong nuéc

M0 hinh thiét ké ché tao kit phat hién cyanide dugc lya chon trén co s¢ tham khao tai liGu cua
Dangkulwanich M. va cong su [9]. Ong dugc lwa chon 14 loai dng mern bing polypropylene c6
duong kinh trong nho, khoang 4 mm va c6 chiéu dai 10 cm. Trén thanh 6 6ng duoc danh dau vi tri
dé dua cac thudc thir vao. Can luu y, thé tich ciia cac thanh phan can duoc tinh toan chinh xac vi
néu thé tich nho s& khong thé phu kin toan bd mit cit ngang cia éng dan dén sai 1éch két qua.
Luogng base st dung khong nén du qua nhiéu vi sé& dan dén twong tac véi thude thir tao ra san
pham phan hily mau vang nau nhat. Qua trinh van hanh bo kit cn luu ¥ quan sat sy hoa tron cia
cac thanh phan thudc thtr véi nhau, trong d6, mau di vao phai hoa tron voi acid va tach riéng
khoi hdn hop base va dung dich chét chi thi. Chat lam kin can twong tic hoan toan véi 16p bong
dé 1am kin hoan toan hé thong, tranh sy that thoat khi hydrogen cyanide ra khoi ong.

Két qua quan sat sy thay d6i mau sic theo nong d6 cyanide duge thé hién trong hinh 6.

itmidend il 1] 1
Hinh 6. Sw thay doi mau sac l6p chat lam kin
theo n(fng do cyanide (blank, 20, 50, 100, 200, 500, 1000 ppb).
Tir hinh 6 cho théy, gi61 han phat hién 1a 50 ppb (<15 phuat), néu kéo dai thoi gian 1én 30 phut,
gi61 han phat hién c6 thé dat dugc & muc 2-10 ppb.
3.3. Két qua phén tich miu thyc
Mau thyc 1a ;nﬁu nuoc mat duoc lay tlr ving song sudi, dugc xu ly so bo bang phuong phap
loc qua bong/gidy loc dé loai cac tap chat v6 co. Sau khi tién hanh nhu quy trinh da néu ¢ trén,
két qua cho thay, do1 vdi 05 mau nude thu thap duoc khong c6 mau nao duong tinh, chimg to
khéng c6 mau nao c6 nong do cyanide vuot qua muc 50 ppb.
Tién hanh thém chuan vao cac mau nay véi cac ndng do CN” va bo kit cho két qua phu hop
véi mau chuan da xay dung ¢ nong d6 100 ppb. Két qua thé hién trong bang 1.
Bing 1. Két qua xdc dinh cyanide trong mau thywc va mau spike.

Ky hiéu miu Nong dd tim thay Spike CN" (50 ppb) | Spike CN’ (100 ppb)
M1 Khong phat hién 50 100
M2 Khéng phat hién 50 100
M3 Khoéng phat hién 50 100
M4 Khong phat hién 50 100
M5 Khong phat hién 50 100
4. KET LUAN

Cyanide trong nuéc da duoc phat hién bang b kit st dung thude thir p-nitrobenzaldehyde va
o-dinitrobenzene trong sy c6 mit cuia base NaOH. Mau séc cta 16p dung dich 1am kin dugc quan
sat d& dang bang mat thuong. Gidi han phat hién ciia phan tng 1a 50 ppb. Dai mau chuan duoc
xdy dyng ting dan cudng do mau trong khoang tir 50-1000 ppb. B kit c6 kha ning phan tich
mau thuc tai hién truong cho két qua nhanh va chinh xéc.
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Loi cam on: Nhom tdc gia cam on sw tdi tro kinh phi ciia d@é tai cap Vién KH-CN qudn sw “Nghién citu
cdi tién bé phwong tién phan tich trén xe loc nwée BOC-2,5 vmg dung trong hudn luyén, dién tap, da
ngoai”’, nam 2022.
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ABSTRACT

Researching and developing a kit for the rapid detection of cyanide
in water using p-nitrobenzaldehyde and o-dinitrobenzene reagents

Cyanide is a chemical warfare agent belonging to the group of blood agents. It is a
compound capable of destroying cellular oxygen exchange, causing systemic toxicity and
rapid death. Many methods have been studied for cyanide detection based on chromogenic
reactions, but they often have poor sensitivity, long detection times, and are dangerous
due to direct chemical exposure. This paper presents new method for the detection of
cyanide in aqueous environment. Under established optimal conditions, cyanide was
detected with limit of detection at 50 ppb. Semi-quantitative results of the field samples
showed that the method was not effected by factors, capable of detecting cyanide within 15
minutes. In particular, after 30 min, the detection limit can be reached around 2-10 ppb.
This method could be applied to detect cyanide in water in the field.

Keywords: Cyanide; Blood agents; Toxicity tests; RGB.
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