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Abstract

Cigarette litter, such as cigarette ash, cigarette butts, and cigarette butt leachates, can
contain organic pollutants similar to those in cigarette smoke, but studies on these waste
types are still relatively limited. This review article compiles information from studies
published over the past four decades on organic pollutants in cigarette ash, cigarette butts,
and leachates from cigarette butts, to provide insights into quantitatively analytical methods
and the presence of these toxicants in cigarette litter. The main organic pollutants found in
cigarette litter include: volatile organic compounds (VOCs), semi-volatile organic
compounds (SVOCs), polycyclic aromatic hydrocarbons (PAHS), nicotine, and aromatic
amines. Gas chromatography or liquid chromatography coupled with mass spectrometry
detection have been the most frequently used methods to characterize organic pollutants in
cigarette litter. Toxic substances in improperly disposed cigarette waste can pollute the
environment through evaporation into the air or leakage through leachates into the water
environment, seepage into soil, accumulate in sediment, and cause negative effects on
organisms. Further studies on analytical method development, pollution monitoring, and risk
assessment related to organic pollutants in cigarette waste are needed.
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Tong quan vé phuong phap phan tich va su cé mat ciia cac chat & nhiém
hifu co trong rac thai tif thudc 1a

Nguyén Huy Duong!, Nguyén Lé Thiy Hién', Pham Hong Thai', Nguyén Pirc Manh!,
Luu Mai Anh!, Nguyén Thi Duyén', Nguyén Xuan Thao!, Nguyén Thé Hiéu',

Kiéu Thi Huyén’, Nguyén Pirc Hiéu', Nguyén Thi Quynh Hoa?, Hoang Qudc Anh!
Khoa Héa hoc, T ruong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha No¢i, Viét Nam
’Khoa Cong nghé Hoa hoc va Méi truong, Truong Dai hoc

Suw pham Ky thudt Hung Yén, Hung Yén, Viét Nam

Tom tit

Réc thai tir thube 14 nhu tro thudce 14, ddu mau thude 14 va nudce ri cia ddu mau thude
14 c6 thé chira cac chét 6 nhiém hitu co tuong ty nhu trong khoi thude, tuy nhién nhom dbi
tugng nay con it dugc quan tim nghién ctru. Bai bao tong quan nay tip hop thong tin tir cac
nghién ctru duoc cong b trong vong 4 thap ki qua vé cac chit 6 nhiém hitu co trong tro
thudc 14, ddu mau thude 14 va nude ri tir ddu mau thude 14, nhim dua ra nhitng quy luét lién
quan dén phuong phap phan tich dinh luong va su c6 mat ciia chat 6 nhidm hiru co trong
nhém ddi twong rac thai dic biét nay. Cac hop chét chinh dugc tim thdy bao gdm: cac chét
hitu co d& bay hoi (VOCs), cac chét hitu co ban bay hoi (SVOCs), hydrocarbon thom da
vong (PAHSs), nicotine va cdc amin thom. Phuong phap phan tich dinh lugng duoc st dung
pho bién 13 sic ky khi hodc sic ky 1ong ghép ndi detector khéi phd. Cac chat doc hai trong
rac thai thudc 14 bi vt bira bai c6 thé dan dén nguy co gdy 6 nhiém moi truong théng qua
qué trinh bay hoi vao khong khi hodc 10 ri theo nude i ric vao méi trudng nude, ngdm vao
dat, tich lily trong tram tich va tac dong tiéu cuc dén sinh vat. Cac nghién ctru tiép theo vé
phat trién phuong phap phan tich, quan tric 6 nhiém va danh gia rii ro lién quan dén chat 6
nhiém hitu co trong rac thai thudc 14 1a rat can thiét.

Tir khéa: Pau mau thuéc la, tro thudc 14, nwde ri rac, chat é nhiém hitu co.

1. PAT VAN PE

Cong nghiép san xuat thudc 14 va hanh vi hat thudc 14 gay ra nhiéu anh hudng tiéu cuc
dén moi truong, hé sinh thai va sirc khoe con nguoi [1]. Hau hét cac nghién ctru thuong tap
trung phan tich va danh gia anh huong cua khéi thude va cic thanh phan chét 6 nhiém vo
co, hitu co va chat phong xa trong khoi thudc dén con ngudi va méi truong xung quanh [2].
Rac thai tir thude 14 bao gom tro thudc 14, ddu mau thude 14 va nude ri rac tir ddu mau thude
14 ciing c6 thé chira cac hoa chit doc hai tuong tu nhu khoi thude [3, 4]. Rac thai ddu mau
thudc 14 kho bi phan huy sinh hoc va dugc udce tinh c6 chua trén 7000 hop chat doc hai vi
du nhu benzene, 1,3-butadiene, nitrosamine ketone, nicotine, formaldehyde, acrolein,
aniline, hydrocarbon thom da vong (PAHs) va nhiéu kim loai nang [5]. Céac chat doc hai
trong diu mau thudc 14 bi vt bira bai co thé dan dén nguy co giy 6 nhiém moi trudng va
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anh huong dén hé sinh thai thong qua qua trinh bay hoi vao khéng khi hodc ro ri theo nude
ri ric vao moi truong nude, ngdm vao dat va tich lily trong trim tich [6-8]. Mic du rac thai
tir thudc 14 c6 thé gay ra anh huong tiéu cuc dén méi truong va sinh vat, lugng rac thai khong
10 nay néu duoc xtr Iy mot cach phu hop cé thé trd thanh ngudn nguyén liéu quan trong cho
cac linh vuc nhu san xuat vat liéu xay dung, chét hép phu cho xtr Iy moi trudng, kiém soat
sinh vat mang mam bénh truyén nhiém va nhiéu tmg dung khac [5, 9, 10].

Trong khi ti 16 ngudi hut thude 14 va lwong thude 14 tiéu thu c6 xu hudng giam & cac
nudc phat trién thi mic do hat thude ¢ cac nude méi va dang phat trién, trong d6 co Viét
Nam, van c6 chiéu huong gia tang [1, 11, 12]. Mot khao sat dugc thuc hién trén 2004 nguoi
truong thanh tai Ha No6i, thanh phé Ho Chi Minh va 2 xa & khu vuc néng thén cho théy
khoang 80% ngudi dugc phong van déu y thire dugce tac hai cta thude 14 dbi véi stic khoe
va moi trudng xung quanh [12]. Tuy nhién, cac nghién ciru cu thé vé thanh phan héa hoc
ctia thudc 14 & nudc ta con rat han ché. Nhom tac gia Tran Cao Son va cong sy (2024) da
tién hanh phan tich ham lugng nhuya thudc 14 (tar) va nicotine trong khoi ctia 166 mau thude
la tir 10 cong ty san xuét thudc 14 tai Viét Nam [13]. Ham lugng nicotine va tar 1an luot dao
dong tur 0,27 dén 1,35 mg/diéu vatir 1,7 dén 15,1 mg/diéu, nhin chung déu thép hon so véi
mirc ham luong tdi da 1a 1,4 mg nicotine va 16 mg tar trong khéi cta 1 diéu thude quy dinh
boi QCVN 16-1:2015/BYT Quy chuan k§ thuat qudc gia vé thude 14 diéu [13]. Trong khi
d6, hién chua c6 nghién ciru nao ¢ Viét Nam tién hanh phan tich va danh gia tac dong lién
quan dén chét 6 nhiém hitu co trong rac thai tir thudc 1a. Nghién ciru tong quan nay duoc
thuc hién nham cung cép nhitng thong tin lién quan dén phuong phap phan tich cac chit 6
nhiém hitu co trong rac thai thudc 14, bao gdm tro thudc 14, dau mau thudc 14 va nude ri rac
tir ddu mau thude 14. Day 1a nhitng thong tin tham khao va 1a budce chuan bi cho cic nghién
ctru tiép theo vé phat trién phuong phap phan tich, quan tric 6 nhiém, danh gia tic dong va
hudng dén bién phap xir 1y va tai sir dung rac thai thude 14 & Viét Nam ciing nhu cac nudc
dang phat trién khac.

2. PHUONG PHAP NGHIEN CUU

Bai bao tong quan nay dugc thyc hién dya trén phuong phap luan PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) voi qua trinh tim kiém va lwa
chon tai liéu tham khao dwa trén 4 budc: (1) nhan biét, (2) sang loc, (3) xem xét cac didu
kién va (4) lua chon. Cac t6 hop tir khoa dugc str dung trong qua trinh tim kiém tai liéu bao
gdm “cigarette litter”, “cigarette butt”, “cigarette ash”, “cigarette leachate”, “organic
pollutants” va tén cac nhém chat 6 nhiém hiru co cu thé, vi du nhu “nicotine”, “amine”,
“pbenzene”, “PAHs”, v.v. Cac co s& dit liéu dugce tim kiém bao gém: Web of Science, Scopus,
ScienceDirect, SpringerLink, ACS Publications, Oxford University Press, J-Stage, v.v. Két
qua tim kiém thu dugc 13 bai bao di duge binh duyét trén cac tap chi khoa hoc quéc té, xut
ban tir nim 1985 dén 2024. Céac bai bao nay s& dugc nghién ciru dé thu thap cac thong tin
can thiét bao gdm: dbi tuong mau, chat phan tich, phwong phap xir Iy mau, phuong phép
phan tich dinh luong trén thiét bi, ky thuat dam bao chit lugng va kiém soat chat lugng
(QA/QC) cung v6i mot sb két qua phan tich mau thuc té.
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3. PHAN TiCH CHAT O NHIEM HU'U CO TRONG TRO THUOC LA

Ham luong PAHs va dan xuat methyl (Me-PAHs) da dugc phan tich trong mot s it
mau tro thudc 14 tai Trung Qudc [14] va Nhat Ban [15]. Quy trinh phan tich mau tro thube
14 duoc ap dung twong tu d6i v6i nén mau bui va duoc tom tit trong Hinh 1. Wang va cong
su (2017) da tién hanh chiét 0,1 g mAu véi hé thong chiét ting cuong dung moi ASE sir dung
hdn hop dung moéi acetone/dichloromethane (1:1, v/v) & diéu kién nhu sau: nhiét do chiét
100°C, ap suit 10 MPa, thoi gian tinh 5 phut, thoi gian xa 90 gidy [14]. Dich chiét sau d6
duoc co dac va chuyén vao 1 mL hexane trude khi lam sach. Cot lam sach chura 6 g silica
gel (100-200 mesh, hoat héa & 160°C trong 16 gio, sau d6 phan hoat hoa vdi 10% nude) va
1 g natri sulfate khan (nung & 450°C trong 4 gi®). Dich chiét mau dugc 1am sach véi 50 mL
dichloromethane/hexane (1:4, v/v). Dich rtra giai dugc c6 dac dén 1 mL trude khi phan tich
dinh luong trén hé thng sic ky khi khéi phd (GC-MS).

[ 0,1 g mau tro ] [
Chiét tang cudng dung méi
Acetone/dichloromethane (1:1)

[ Dich chiét mau ]

2 g mau tro ]

Chiét siéu am tryec tiép
Acetone/hexane (1:1)
Lam khan véi Na,SO,

Co quay chan khong

[ 10 mL dich chiét mau trong hexane ]
Co quay chan khong
@ Chuyén vao 1 mL hexane Q

[ 0,5 mL dich chiét mau chua lam sach ]

[ 1 mL dich chiét mau chua lam sach J

Thém chat ddng hanh

Lam sach trén cot silica gel Lam sach trén cot Florisil/silica gel

Rira giai vdi 50 mL dichloromethane/hexane (1:4) Rira giai v&i 40 mL ethyl acetate/hexane (5:95)
Codicdén 1 mL Thém chat ndi chudn

C6 ddc dén 200 pL

1 mL dung dich phan tich ]
[ idetand fontl ol [ 200 pL dung dich phan tich ]

U

[ 1 pL dung dich phan tich dva vao ]

hé thong GC-MS

Wang va cs. (2017) [14]

O

[ 2 pL dung dich phan tich dua vao ]

hé thong GC-MS

Hoang va cs. (2020) [15]

Hinh 1. Quy trinh phén tich PAHs trong mdu tro thudc la [14, 15]

Hoang va cong sy (2020) di tién hanh chiét mau tro (2 g) vdi tong cong 50 mL hdn
hop dung moéi acetone/hexane (1:1, v/v) st dung dau do phat siéu &m. Mot phan dich chiét
trong hexane (ng voi khoang 100 mg mau) dugc thém chat ddng hanh danh diu dong vi
deuterium dugc lam sach trén cot sic ky da 16p chira 1 g Florisil (hoat héa & 130°C trong 8
gio), 0,5 g silica gel (hoat hoa ¢ 130°C trong 3 gid) va cac 16p natri sulfate. Cot lam sach
duoc rira voi 30 mL hexane, nap mau, rira tap chat mach ho véi 15 mL hexane rdi rira giai
PAHs va Me-PAHs véi 40 mL ethyl acetat/hexan (5:95, v/v). Dich rira giai duogc c6 dac,
thém chit ndi chudn danh ddu dong vi deuterium va chuyén vao 200 pL ethyl acetat trudc
khi phan tich trén hé théng GC-MS.

Diéu kién phan tich dinh luong PAHs trén hé théng GC-MS cua 2 nghién ctru trén
duoc tom tat trong Bang 1. Cac PAHs dugc tach trén c6t mao quan c6 pha tinh it phan cuc
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(do phan cuc trong duong véi 5% diphenyl 95% dimethyl polysiloxane) véi pha dong 1a khi
helium. Detector thuong van hanh & ché do ion hoa va dép electron (electron impact
ionization — EI) va ghi nhan tin hiéu chat phan tich & ché d6 quan sat chon loc ion (selected
ion monitoring — SIM). Céc chit duoc dinh luong bang phuong phap ngoai chuan sir dung
dudng chuin [14] hodc phuong phap ndi chudn sir dung chat chuan danh ddu dong vi bén
deuterium [15]. D6 thu hdi va do lap lai 1a nhitng yéu t6 co ban cia QA/QC. B¢ thu hoi caa
chat ddng hanh danh diu dong vi deuterium dao dong tir 65% dén 112%, trong khi do 1éch

chuan twong d6i (RSD) ciia cac thi nghiém lap lai thuong khong vuot qua 10% [14, 15].

Bdng 1. Piéu kién phan tich PAHSs trong mau tro thudc 1a bang phwong phip GC-MS

Pidu kién

Wang va cs. (2017) [14]

Hoang va cs. (2020) [15]

Chét phan tich
Cot tach

Khi mang
Nhiét dg injector

Chuong trinh
nhiét d6 cua 10 cot

Nhiét do detector
Ché d¢ ion hoa

Ché 6 quan sat

16 PAHs
DB-5ms Ul
(30 m x 0,25 mm x 0,25
pm)
Helium (1 mL/phut)
260°C
40°C (1 phat) —» 270°C
(10°C/phat, 20 phat)

230°C

Quan sat chon loc ion

19 PAHSs va 15 Me-PAHSs

DB-5ms Ul
(30 m x 0,25 mm x 0,25 um)

Helium (1,15 mL/phut)
300°C
110°C (1 phdt) — 170°C (20°C/phdt)
— 220°C (4°C/phat) — 270°C
(3°C/pht) — 310°C (20°C/phiit, 10
phut)

Interface 310°C; nguén ion 230°C
Va dap electron EI (70 eV)
Quan sat chon loc 1on (SIM)

(SIM)

Ham luong tong 19 PAHs va 15 Me-PAHs trong mau gop tro thudc 14 thu thap tai cac
ctra hang tién loi & thanh phd Matsuyama, Nhat Ban c6 gia tri 1an luot 13 55 va 49 ng/g, trong
d6 cac hop chat chinh dugc tim thidy bao gdom 2-methylphenanthrene, phenanthrene,
fluoranthene, fluorene, anthracene, 1-methylanthracene, pyrene va 1-methylnaphthalene
[15]. Ham luong tong 16 PAHs trong 3 mau tro thudc 14 1iy trong nha tai thanh phd
Changchun, Trung Qudc déu thap hon 10 pg/g va duoc cho 1a khéng dong gop dang ké vao
su 6 nhiém PAHs trong bui [14].

4. PHAN TICH CHAT O NHIEM HU'U CO TRONG PAU MAU THUOC LA

Yan va cong sy (2015) da dé xuat mot phuong phap hiéu qua va don gian nham ude
luong murc do hép thu céc chat 6 nhidm hitu co doc hai nhu benzene, nicotine, nitrosamines
va PAHs trong khoi thudc dya trén két qua phan tich phd hip thu phan tir UV-Vis ctia dich
chiét diu mau thudc 14 voi dung méi isopropanol [16]. Khoang 1 cm déu mau thudce 14 tinh
tir dau hiit duoc cit khoi diéu thude, loai bo 16p gidy boc va chiét véi 4 mL isopropanol trong
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30 phut v6i sy hd tro ctia méy lac & toc do 200 rpm. D6 hip thu quang cua dich chiét & budc
song 360 nm c6 mdi twong quan tuyén tinh tot (R? = 0,9303-0,9941) v6i ham lugng benzene,
nicotine, nitrosamines va PAHs trong khoi thudc, dua ra kha ning st dung thong sb tong
quat nay trong cc uédc lwong mirc d6 hip thu chat 6 nhiém trong khoéi thude thay vi phai ap
dung nhiéu phuong phap phan tich dinh lugng cho timg nhém chét cy thé [16].

Fukuhara va cong su (1985) phan tich cac hop chét bay hoi tir ddu mau thubc 14 bang
phuong phap khong gian hoi va giai hap nhiét két hop véi sic ky khi ghép nbi detector ion
hoa ngon ltra (GC-FID) [17]. Hai ddu mau thudc 14 c6 chiéu dai 25 mm (sau khi duoc cit bo
nhimg doan 5 mm phia dau chay) dugc dit trong mot binh thity tinh (80 mm x 30 mm dudng
kinh trong). Binh thuy tinh nay dwoc ndi tiép v6i mot dng by chira 30 mg chat hip phu
Tenax GC va mot dong khi helium (20 mL/phut) dugc thdi qua hé trong 5 phut dé 16i cudn
cac chat bay hoi ra khoi dau mau thudc 14 va hap phu vao ng bay. Ong bay sau d6 duogc dat
vao b phan giai hdp nhiét phia truéc cong bom mau cta hé théng GC-FID va gia nhiét ¢
300°C trong 1 phut. Dong hoi mau dugc dua vao hé thdng GC-FID va phan tich véi cac diéu
kién nhu sau: cdt mao quan thay tinh (60 m % 0,28 mm) c6 thanh trong phu pha tinh Reoplex
400; nhiét do cot tang tir 30°C dén 180°C (2°C/phiit); khi mang helium (1 mL/phut). Céc
hop chit hitu co dugc tim thay trong ddu mau thudc 14 (theo thir tu thoi gian luu) bao gom:
2-pentanone, toluene, 2,3-pentadione, ethyl benzene, 3,3-dimethyl-1-butene, N-
methylpyrrole, xylene, pyridine, cyclopentanone, limonene, pyrazine, isocapronitrile,
cyclooctatetraene, 2-methylpyrazine, acetol, 2-cyclopentenone, 2-methylcyclopentenone, 3-
furaldehyde, 2-furaldehyde, pyrrole, acetol formate, 3-methyl-2-cyclopentenone, 3-
methylpyrrole, 2-methylpyrrole, protoanemonin, cyanobenzene va 2-furfuryl alcohol [17].
Céc hop chat hitu co ¢ trong dau mau thude 1a duge dinh danh bang phuong phap GC-MS
tuong ty nhu cac diéu kién phan tich ddi v6i mau khoi thude 14 duoc thue hién boi Ishiguro
va Sugawara (1978) [18].

Mot s6 nghién cuu da tién hanh xac dinh ham luong cuia mot s6 chét 6 nhidém hiru co
dién hinh trong ddu mau thudc 14, vi du nhu PAHs [19, 20] va cac amine thom [21]. Quy
trinh phan tich PAHs trong dau mau thudc 14 ctia mot s6 nghién ciru trude day dugc tom tat
trong Hinh 2. Moriwaki va cong sur (2009) di chiét siéu 4m 0,5 g ddu mau thudc 14 trong 30
phut voi1 4 mL ethanol va 16 mL toluene, qua trinh chiét duge lap lai thém mot 14n nita. Cac
phan dich chiét dugc gop lai va c6 quay chan khong dén 1 mL, sau dé tiép tuc dugc thodi dén
can dudi dong khi nitrogen. Phan cin mau dugc hoa tan trong 2 mL hexane va dung dich
nay dugc lam sach trén cot chiét pha ran (SPE) silica gel. PAHs dugc rira giai tir cot SPE
v6i 10 mL toluene/hexane (1:9, v/v). Dich rura giai dugc c6 can dudi dong khi nitrogen va
can mau dugc hoa tan trong 0,5 mL acetonitrile. Dung dich phan tich (1 pL) dugc bom vao
hé thong sic ky 16ng hiéu ning cao ghép ndi detector huynh quang (HPLC-FLD). Cac diéu
kién phan tich PAHs trén hé thong HPLC-FLD nhu sau: cot tich C18 (Supelcosil LC-PAH;
250 mm x 2 mm x 5 pm); tbc 46 dong pha dong 0,2 mL/phit; thanh phan pha dong gom
nude va acetonitrile; chuong trinh gradient pha dong 0—5 phut acetonitrile 60%, ting dén
100% acetonitrile trong 30 phut, gitt 5 phut; budc soéng kich thich 250, 270, 290, 300 nm;
budc séng phat huynh quang 320, 380, 390, 400, 500 nm. PAHs dugc dinh luong bing
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phuong phap duong chuan. Giéi han phat hién cua phuong phap (MDL) dao dong tir 3 dén
20 ng/g [19]. Dobaradaran va cong su (2019) da tién hanh chiét mau ddu mau thude 14 (0,3—
0,4 g) v6i 3,5 mL cyclohexane trong 14 gid sir dung thiét bi rung lic (tc d6 390 rpm). Dich
chiét mau (1 uL) dugc phan tich trén hé thong GC-MS véi cac didu kién nhu sau: cot tach
Rxi-PAH (30 m x 0,25 mm x 0,1 um); khi mang helium (1,4 mL/phut); ché d6 bom mau
khong chia dong, nhiét d6 injector 300°C; chuwong trinh nhiét d6 cua 10 c6t 110°C (1 phut)
— 190°C (35°C/phut) — 280°C (3°C/phat) — 300°C (11°C/phut, gitr 4,5 phut); nhiét do
interface va nguén ion 300°C; ché d6 ion hoa EI (70 eV); tin hi¢u dugc ghi nhan & ché do
scan trong khoang m/z tir 30 dén 300 [20].

[ 0,5 g mau dau mau thudc 13 J [ 0,3-0,4 g mau dau mau thudc I3 ]
Chiét siéu am (2 lan) -
@ Ethanol (4 mL), toluene (16 mL) ﬂ Thém 3,5 mL cyclohexane
. Rung lac 14 h, téc d§ 390 rpm
[ Dich chiét mau ]
C6 quay chan khong va co N, [ 3,5 mL dich chiét mAu ]
Chuyén vao 2 mL hexane
[ 2 mL dich chiét mau chua lam sach ] ﬂ Chuyén 1 mL dich chiét vio vial
Lam sach trén cot SPE silica gel
Rira giai vdi 10 mL toluene/hexane (1:9)
C6 can va hoa tan cin véi 0,5 mL acetonitrile [ 1 mL dung dich phan tich trong vial ]
[ 0,5 mL dung dich phan tich ] B
1 pL dung dich phan tich dua vao 2 uL dung dich phan tich dua vao
hé théng HPLC-FLD hé théng GC-MS

Moriwaki va cs. (2009) [19] Dobaradaranva cs. (2019) [20]
Hinh 2. Quy trinh phén tich PAHs trong mau ddau mau thuéc la [19, 20]

Moriwaki va cong su (2009) dd bao cdo ham lwong PAHs trong cac mau dau méau
thudc 14 thu thap tai thanh phé Ueda, Nhat Ban dao dong tir 6,5 dén 91 ng/g cho timg chat
v6i cac chat chinh 1a pyrene (chiém 23% ham luong téng PAHs), phenanthrene (20%),
chrysene (11%), benzo[a]pyrene (8,1%) va benzo[ghi]perylene (8,0%) [18]. Pac trung tich
lity PAHs trong mau thudc 14 kha twong ddng so véi mau dat trén duong di tai khu vuc nay,
cho thiy nguy co gy 6 nhidm lién quan dén rac thai thudc 14 [18]. Dobaradaran va cong su
(2019) tim thiy ham lugng PAHs cao hon dang ké trong cac mau dau mau thudc 14 thu thap
tai mot s6 khu vuc d6 thi & Puc, véi gia tri tong 16 PAHs dao dong tir 12200 dén 35900 ng/g
[19]. Ham lugng ciia mot sé PAHs ¢ phan tir khdi thdp nhu naphthalene, acenaphthylene,
acenaphthene va fluorene c6 xu hudng giam rd rét theo thir tr ddu mau thude 14 méi hat >
dau mau trén dudng phd > diu méu trén bo song, cho thiy mirc d6 phat tan cao cta cac chat
nay ra méi trudng do kha ning bay hoi va d6 tan cao hon so voi cac PAHs ¢6 phan tir khéi
16n [20].

Dé phén tich ham luong 10 amine thom (bao gdm aniline, o-toluidine, p-toluidine, m-
toluidine, o-anisidine, 2,6-dimethylaniline, 2-naphthylamine, 1-naphthylamine, 3-
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aminobiphenyl, 4-aminobiphenyl), ddu méau thubc 14 dugc chiét v6i 50 mL methanol trong
60 phut stir dung thiét bi rung lic [21]. Dich chiét sau d6 duoc loc qua mang loc PTFE 0,45
um trude khi phan tich dinh luong trén hé thong sic ky long ghép ndi detector khéi phd 2
lan (LC-MS/MS). Cot tach duoc sir dung 14 cot Synergi Polar-RP (150 mm x 2 mm x 4 pm)
& nhiét d6 40°C. Thanh phan pha dong gém kénh A (0,1% acid formic trong nuéc) va kénh
B (hdn hop methanol 25% acetonitrile 75% chua 0,1% formic acid) véi téc do dong 0,4
mL/phat. Chuong trinh gradient pha déng nhu sau: 0-4 phit (5% B), 4-10 phut (ting dén
95% B), 10-12,5 phit (95% B), 12,5-13 phut (giam dén 5% B), 13-15 phut (5% B). Céc
diéu kién cta detector MS/MS duoc cai dit nhu sau: ché do ion hoa phun di¢n tich duong
(ESI+), thé phun ion 4500 V, nhiét d6 ngudn ion 550°C. Tin hiéu cta cac chat phan tich
duogc ghi nhan & ché d6 quan sat da phan Gng (multiple reaction monitoring—-MRM). D6 thu
héi trung binh cta cac amine 1 90,8% + 5,1%. Gi6i han phat hién va gidi han dinh luong
lan luot dao dong tir 0,7 dén 2,1 ng/g va 2,1 dén 6,4 ng/g. Ham lugng trung binh cua tong
10 amine trong cac ddu mau thude 14 méi hut ¢ gid tri cao nhét (3434 ng/g), sau d6 giam
dan & cac mau bi vt trén dudng trong thoi gian dudi 1 tudn (2120 ng/g) va cac dau mau moi
chwa hut (283 ng/g). Cac chét dugc tim thay véi mire ham lwong cao nhat 1a o-anisidine, 2,6-
dimethylaniline, toluidine va aniline [21].

5. PHAN TICH CHAT O NHIEM HUU CO TRONG NUOC RI TU THUOC LA

Qua trinh hoa tan va rira troi cac chit hitu co c6 trong dau méau thude 1a dan dén nhiing
nguy co gay 6 nhiém mai trudng nudc, dat, tram tich va co nhing tac dong tiéu cuc dén sinh
vét [22-28]. Thi nghiém chiét cac chat 6 nhiém hiru co khac nhau di dugc thuc hién va mau
nude ri rac sau d6 duoc phan tich dinh tinh hoic dinh luong bang cac phuong phap sic ky.
Hinh 3 dudi day tom tat cic phuong phép tién hanh thi nghiém va két qua chinh dat duoc
ctia mot sd nghién ctru.

Phan tich B ) h )
khéngar:::z tidu Nicotine Nicotine Amine thom BTEX PAHs
(22) (23] [24] [25] [26] [27]
o J J J . J
l g I & T 3§
C \ N N
r ™ [~ = =N 2 — s o P
TN S AL Chiét vai Chiét véi Chiét véi nudc
Chiét véi nudc Chiét voi Chiét vai PN x : g ; ‘ 7
. g X PSR ixr iy nuéc tinh khiét nudc tinh khiét deion, nudc may
may/nudc deion nudc tinh khiét nudc cat Ao e An T ahe AR
3 7 & > NG NG 8 - 8 RS 8 J/
{ J { 4 U J
s \ 7 N (& P 'S )
GCXGC-TOF/MS LC-ESI-MS/MS HPLC-UV Lc-gsims/ms || Headspace GC-Ms
\ - AR\ - A 7 N A J
i )\ ( cisiphong7amg || wongas | nNongas |[  Nongds Nong dé
> iai phong 7,1 mg ong do ong do ong do ong do
p)? ééc‘ :;;’:‘1232:’?5? nicotine/g dau mau nicotine tong 10 amine tirng chat tong 15 PAHs
|, ) sau 1440 min J \0,11—3,04 mg/LJ 0,2-596 ng/L L 0,09-0,90 pg/L 3,0-5,7 pg/L

Hinh 3. Cdc nghién ciru vé phan tich chat hitu co trong mede ri i dau mau thuoc ld [22-27]
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Richardot va cong su (2023) da st dung phuong phap phan tich khong muc ti€u (non-
target analysis) v6i hé thong sic ky khi hai chiéu ghép ndi detector khdi phd thoi gian bay
(GCxGC/TOF-MS) dé phat hién cac chit hitu co c6 trong nude ri tir ddu mau thude 1a [22].
Mau nudc ri duge chuin bi nhu sau: 35 diu méu thude 14 dugce thém vao 3,5 L nude (ti 1€
nude may/nudce deion 1:1, v/v) va khudy trong 24 gio, phan nuée sau dé duoc loc qua hé
gdm hai tim loc bang thép khong gi 9,5 mm va 3,2 mm, va mang loc soi thuy tinh 2,7 pm.
Mau nudc ri ndy duoc lam sach qua cot SPE Oasis HLB. Cot SPE duoc ria véi 5 mL
methanol va 15 mL nuéc, nap 10 mL mau nudc ri, rira tap chit v6i 5 mL nudce va lam kho.
Sau do6, cot duoc rura giai voi 5 mL acetone va 5 mL dichloromethane. Dich rira giai duoc
lam khan véi natri sulfate va ¢6 dic dén 1 mL (dung dich phan tich nay tng v6i ham lugng
100 d¢au mau thudc 14 trong 1 L). Mau dugc phan tich véi hé gdm 2 cot tach: Rtx-5 (35 m x
0,25 mm x 0,25 pm) va Rtx-17 (0,79 m x 0,1 mm x 0,1 um). Khi mang helium c6 toc do
dong 1 mL/phuat. Chuong trinh nhi¢t d¢ cua cdt Rtx-5 nhu sau: 45°C (1 phat) — 60°C
(3°C/phuat, 2 phat) — 200°C (3°C/phat, 2 phat) — 300°C (10°C/phuat, 5 phat). Chuong trinh
nhiét d6 cua cOt Rtx-17 nhu sau: 65°C (1 phat) — 80°C (3°C/phat, 2 phat) — 220°C
(3°C/phut, 2 phidt) — 320°C (10°C/phut, 5 phit). Nhiét d6 cua interface va ngudn ion lan
luot 14 300°C va 250°C. Toc d6 quét 1a 151 spectra/s. Mau nudce ri ndy c¢6 kha ning ton tai
dén 722 hop chit, trong d6 c6 43 hop chat di dugc xac nhan dwa trén két qua phan tich chat
chuan. Céc chat c6 cuong do peak 16n nhat bao gdm nicotine, diacetin, triacetin, anatabine,
cotinine, myosmine, anabasine, 2,3-dimethyl-2-cyclopenten-1-one, 2,6-dimethylpyrazine va
2-methyl-2-cyclopenten-1-one [22].

Céc phuong phéap phan tich dinh lwong dd duoc ap dung dé xac dinh nong do chit 6
nhiém hitu co trong nude ri tir rac thai thude 14, bao gdm nicotine [23, 24], amine thom [25],
hydrocarbon thom [26] va PAHs [27]. Green va cdng su (2014) da thyc hién thi nghiém
danh gi4 qua trinh hoa tan cta nicotine tir ddu mau thudc 14 ra moi trudng nudc bang cach
cho 1 dau mau thudc 14 vao 1 L nudc, sau cac khoang thoi gian nhat dinh s& 1ay 10 mL nuéc,
loc qua mang so¢1 thuy tinh 0,45 pum trude khi phan tich. Nicotine dugc phan tich trén hé
thdng LC-MS/MS & ché d6 ion hoa ESI+ va ché d quan sat chon loc phan ung (selected
reaction monitoring—SRM). Két qua phan tich cho thiy sau 1440 phat, 1 g ddu mau thudc 1a
c6 thé giai phong 7,1 £ 0,07 mg nicotine [23]. Dobaradaran va cong su (2024) ciing nghién
clru qué trinh hoa tan nicotine tir réc thai thude 14 vao nudc trong cac khoang thoi gian tir 1
phut dén 30 ngay [24]. Dung dich mau (1,5 mL) duoc loc qua mang loc PTFE 0,45 um trudc
khi phan tich trén hé thong HPLC véi detector UV. Piéu kién phan tich nicotine trén hé
thdng HPLC-UV nhu sau: cot tach Synergi MAX-RP (150 mm x 2 mm x 4 um); téc do dong
pha dong 0,2 mL/phut; pha dong gdm kénh A (10 mM amoni acetat trong nuéc) va kénh B
(10 mM amoni acetat trong methanol); chuong trinh gradient pha dong 10% B (0,5 phut),
tang dén 100% B tai 3,25 phit, giit 100% B dén 15,5 phut, giam dén 10% B tai 16 phut;
budc séng detector 260 nm. Nong do nicotine trong nudc ri nam trong khoang 0,13-3,04;
0,11-1,35; 0,71-2,46; 0,04-0,59 mg/L cho céc loai rac thudc 14 khac nhau bao gdm ddu mau
moi hat, ddu mau vt trén dudng, phan 14 thude du va tro, phan dau loc va gidy goi [24].
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Tiép theo nghién ctru [21] vé su c6 mit cua amine thom trong dau mau thudc 14,
Dobaradaran va cong su (2023) da tién hanh xac dinh su phat thai ciia cac chit 6 nhidm nay
tir ddu mau thude 14 vao nude [25]. Mdi thi nghiém duogc thuc hién v6i 3 dau mau thude 14
trong binh n6n 100 mL va thém 50 mL nudc, bao gém 2 loai la nuéc tinh khiét va nuée
song. Sau cac khoang thoi gian nhét dinh tir 15 phat dén 30 ngay, cac luong nude 1,5 mL
duoc ldy ra khoi binh va loc qua mang PTFE 0,45 pL trude khi phan tich trén hé théng LC-
MS/MS véi cac diéu kién dd néu & nghién ciru [20]. Nong do tong 10 amine thom trong nén
nude tinh khiét va nude séng lan luot 1a 0,2-566 va 0,2-596 ng/L, v6i aniline 1 chat c6
ndng do cao nhit [25].

Hdn hop BTEX (bao gom benzene, toluene, ethylbenzene va 3 dong phan xylene) ciing
dugc nghién ctru trong nudc ri tir ddu mau thude 14 [26]. Mot ddu mau thude 14 moi hut
(0,28-0,37 g) duoc dat trong dng thuy tinh 20 mL (loai dung cho k¥ thuat khong gian hoi
véi septum silicone/PTFE) va 10 mL nudc deion hodc nudc song voi cac khoang thoi gian
xac dinh tir 15 phut dén 24 gi0. Sau thoi gian tiép xuc, 6ng chira mau dugc phan tich truc
tiép trén hé théng GC-MS bang ky thuat khong gian hoi (headspace—HS) sau khi gia nhiét ¢
40°C trong 10 phut va lic voi tbe dd 500 rpm. Trong thoi gian gia nhiét cho dng chira mau,
syringe bom mau dugc thoi bang dong khi nitrogen trong 9 phut va 1y 100 uL mau hoi dé
dura vao hé théng GC. Cac chat BTEX duoc tach trén cot Rxi-5ms (30 m x 0,25 mm x 0,25
um) voi khi mang helium (1 mL/phat). Cong bom mau ¢ nhiét dd 250°C, van hanh & ché
dd bom mau khong chia dong. Chuong trinh nhiét d6 cuia 10 ¢dt nhu sau: 35°C (3 phat) —
90°C (10°C/phit) — 200°C (20°C/phut). Nhiét do cia interface va ngudn ion lan luot 1a
250°C va 230°C. Detector dugc van hanh & ché d6 ion hoa EI (70 eV) va ghi nhan tin hi¢u
& ché @6 full scan (m/z = 49-110). Nong d6 cua benzene, toluene, ethylbenzene, 0-xylene
va p-xylene dao dong tir 0,13-0,18; 0,39-0,90; 0,11-0,25; 0,12-0,38; 0,09-0,19 ug/L, twrong
ung [26].

Tiép ndi mot sd nghién ciru dd tim thdy PAHs trong dau mau thude 1a [19, 20],
Dobaradaran va cong su (2020) di danh gia kha nang ro ri cac chat 6 nhiém hitu co nay tir
dau mau thudc 14 ra méi trudng nudce [27]. Mdi dau méau thude 1a (0,3-0,4 g) duoc chuyén
vao 6ng thity tinh 20 mL c¢6 nap van véi 1p 16t silicone/PTFE véi 19 mL nuéc, bao gdm 3
loai 1a nude deion, nue may va nude song. Sau cac khoang thoi gian chiét tir 4 gid dén 21
ngay, dau mau thudc 14 duoc 14y ra khoi dng va thé tich dung dich duoc hiéu chinh dén 16
mL. Dung dich nay duogc chiét bang k¥ thuat vi chiét pha ran véi thiét bi PAL SPME (pha
hap thu polydimethylsiloxane ¢ chiéu dai 30 mm va bé day 250 um) trong 70 phut. Sau do,
soi chiét duoc dua vao céng bom mau ctia hé théng GC-MS va dugc gia nhiét ¢ 280°C dé
giai hip PAHs. Cac PAHs duoc phén tich trén cot tach Rxi-PAH (30 m x 0,25 mm). Chuong
trinh nhiét d6 ctia 10 ¢4t nhu sau: 40°C (5 phut) — 110°C (50°C/phut) — 240°C (5°C/phat)
— 320°C (50°C/phut). Nong d6 tong PAHs trong nudc deion, nudc may va nude séong dao
dong trong khoang 3,9-5,7; 3,3-5,5; 3,0-5,0 pg/L, tuong ung. Naphthalene va phenanthrene
1a 2 chit c6 ndng d6 cao nhat trong nude ri va toe do hoa tan ctia PAHs tir ddu mau thude 14
vao nudc co xu hudng giam dan theo chiéu tang khdi lugng phén tir [27].
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6. KET LUAN

Bai bao téng quan ndy dwa ra nhirng thong tin lién quan dén cac chat 6 nhiém hitu co
c6 trong rac thai tir thude 14, mot loai rac thai co khdi lugng khong 16 trén quy mé toan cau.
Trong khi d4 c6 rat nhiéu nghién ctru phan tich cac chat doc hai trong khoi thude thi thong
tin tuong tu vé tro thudc 13, ddu mau thude 14 va nudce i tir ddu mau thude 14 con rat han ché.
Céc phuong phéap phan tich sang loc va phéan tich khéng muc tiéu st dung ky thuat sic ky
khi va sdc ky 16ng da chi ra sy c6 mit ciia hang trim hop chat hitu co ¢6 trong dau mau thude
la. Bén canh do, cac phuong phap phan tich dinh luvong hién dai (GC-MS, LC-MS/MS,
HPLC-UV, HPLC-FLD) ciing dugc ap dung dé xac dinh ham luong cuia mot s6 chit va
nhom chét dién hinh nhu nicotine, amine thom, BTEX va PAHs trong tro thude 14, ddu mau
thudc 14 va nudc ri rac bang cac thi nghiém ngam chiét dau mau thudc 14 trong cac loai nudc
khac nhau (vi du nhu nuée deion, nudc méay, nude song). Cac nghién ciru tiép theo vé chat
6 nhiém hiru co trong rac thai tu thudc 14 1 rat can thiét nham danh gia su c6 mat, muc ham
luong, kha ning phat tan ra moi trudng va nhitng tic dong tiéu cuc cua ching dén hé sinh
thai va sttc khoe con nguoi. Pong thoi, cic nghién ciru vé phat trién va tham dinh phuong
phap phan tich chét 6 nhiém hiru co trong rac thai thudc 14 ciing can dugc thyc hién trong
cac phong thi nghiém ¢ Viét Nam.
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