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Abstract: Residual ash from waste incinerators can be reused for different purposes; however, this
material can also contain substantial amounts of toxicants including polycyclic aromatic
hydrocarbons (PAHSs). Therefore, several studies on PAHSs in ash samples have been performed
over the last five decades. This review paper investigated the determination methods of PAHSs in
incinerator ash samples from available databases, providing insights into trends and improvements
in PAH analytical procedures, and referencing information for further studies on this pollutant
class in waste from Vietnam. The analytical procedures of PAHSs in ash samples usually include
main steps such as: i) Sample collection and storage; ii) Sample extraction; iii) Extract treatment
and concentration; and iv) Quantitative analysis by gas or liquid chromatography. Gas
chromatography/mass spectrometry (GC/MS) has been commonly applied to separate and quantify
PAHs because of its high selectivity, high accuracy, and low detection limits. Additional studies on
method development and validation for PAHs and their derivatives in waste should be conducted
in Vietnam and other developing countries.
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Tong quan vé phuong phap phan tich hydrocarbon thom

da vong (PAHs) trong mau tro tir 10 d6t rac thai
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Tém tit: Tro thai tir 10 ddt rac c6 thé duoc tai sit dung cho nhimg muc dich khac nhau, tuy nhién
ngudn vt lidu nay ciing chira mot luong déang ké cac chat doc hai bao gdm hydrocarbon thom da
vong (PAHs). Vi vay, cac nghién ctru vé PAHs trong mau tro thai di duge thuc hién trong vong
hon 5 thap ki qua. Nghién ctru téng quan nay tap hop thong tin v& phuong phap phan tich PAHs
trong mau tro cua 10 dét rac tir cac co s& dit liéu hién c6, nham tim ra nhimg xu hudng va cai tién
trong quy trinh phan tich PAHs, phuc vu cho cac nghién ciru v& nhom chét 6 nhiém nay trong chét
thai tai Viét Nam. Quy trinh phan tich PAHs trong mau tro thudng gdm cac bude co ban nhu:
i) LAy miu va bao quan mau; ii) Chlét mau; iii) Xt 1y dich chiét mau va co déc; va iv) Phén tich
dinh luong bang phuong phap sdc ky khi hodc sic ky long. Phuong phép sic ky khi khéi phd
(GC/MS) duoc sir dung phd bién nhat dé tach va dinh luong PAHs vi phuong phap nay c6 dd chon
loc va dd chinh xac cao, gi6i han phat hién thap Cac nghlen ctru tlep theo vé phat trién, thAm dinh
phuong phap phan tlch PAHs va cac dan xuét trong chat thai 1a rat can thiét & Viét Nam va céc

27

qudc gia dang phat trién khac.

Tir khéa: PAHs, tro, 10 d6t rac thai, phwong phap phan tich, GC/MS.

1. Mé dau

Hydrocarbon thom da vong (PAHs) la cac
chat 6 nhiém hiru co, trong phan tir ciia ching
¢6 hai hay nhiéu vong thom, dwoc hinh thanh
chii yéu do qua trinh d6t chay khéng hoan toan
cac chit hiru co [1]. PAHs trong diéu kién
thuong tdn tai & thé rin, co nhiét do néng chay
va nhiét do sbi tuong ddi cao, ap sudt bay hoi
va do tan trong nudc thip [2]. Cuc Bao vé Mbi
truong Hoa Ky (US EPA) déd quy dinh 16 PAHs
can duoc uwu tién nghién ctu bao gom:
naphthalene (Nap), acenaphthylene (Acy),
acenaphthene (Ace), fluorene (Flu),
phenanthrene  (Phe), anthracene  (Ant),
fluoranthene (FIt), pyrene (Pyr), benz[a]
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anthracene (BaA), chrysene (Chr),
benzo[b]fluoranthene (BbF),
benzo[K]fluoranthene (BKF), benzo[a]pyrene

(BaP), dibenz[a,h]anthracene (DA,
indeno[1,2,3-cd]pyrene (IP) va benzo[ghi]
perylene (BP) [3]. Céc nghién ciru trén dong vat
thi nghiém da chi ra kha nang gy ung thu va
gy dot bién gen ciia mot sé PAHs, dic biét 1a
cac chat c6 phan tir khéi 16n [4 H. Trong do, Co
quan Nghién ciru Ung thu Quéc té (IARC) da
liét ké BaP trong nhom 1A 1a chit gay ung thu
& ngudi [5]. Con ngudi c6 thé phoi nhiém
PAHs théng qua cac con duong khac nhau nhu
hit tho khong khi, dn udng, hap thu bui, tiép xlc
gua da [6].

Tro thai 1a mot ngudn phét thai PAHs duoc
quan tam nghién ctru do viéc st dung vat li¢u
nay cho muc dich cai tao dit, ddn dén nguy co
thoi nhidm cua cac chat doc (bao gdbm PAHs) tir
tro vao dat, thuc vat va di vao chudi thire an cua
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nguoi va dong vat [7]. Mac du lugng 16n rac
thai c6 thé dugc xir Iy bang phuwong phap dbt
nhung diéu kién d6t khong phu hop co thé dan
dén su hinh thanh khong chi dinh va tich liy
cac chit 6 nhiém hiru co trong tro thai
[1, 8]. Ham luong ctia mot s PAHs trong mau
tro thai cta 1o ddt rac sinh hoat tai Vuong qudc
Anh da dugc bao cao tir nhitrng ndm 1970 [9].
Cac PAHs phat hién duoc bao gdm Phe, Ant,
Flt, Pyr, benzofluoranthenes, benzpyrenes,
perylene, anthanthrene va mot s6 dan xudt
methyl cua Phe, Chr, BaA v6i tong ham luong
1én dén 724 ng/g [9]. Sau do, PAHs da dugc tim
thay trong mau tro thai ctia cac 16 ddt rac tai cac
quoc gia khac nhau trén thé gioi nhu Vuong
qudc Anh [10], Italia [11], Thuy Dién [8], Phan
Lan [12], Pai Loan [13] va Trung Quéc [14].
Vi PAHSs trong tro c6 thé di chuyén va giy 6
nhim méi trudng dat [15], viée sit dung tro
thai cAn phai dwoc thyc hién voi quy trinh giam
sat nghiém ngat [16, 17].

Tai Viét Nam, cac nghién ctru vé PAHs
trong mau tro thai cta 1o dét rac con rat han ché
[18, 19]. Hoang va cong su (2020) da xac dinh
ham luong cua PAHs va din xudt methyl hoa
(Me-PAHs) trong mau gop tro xi lay tai cac 1o
ddt rac thai sinh hoat & mién Bic Viét Nam véi
ham luong Z19PAHSs va £15Me-PAHs lan luot
la 140 va 38 ng/g voi Nap va Phe 1a cac chat
chinh [18]. Ham luong X18PAHs (bao gdm 2
dan xuat Me-Nap) trong cac mau tro cta 10 dbt
rac tai mot sd tinh & mién Bac Viét Nam nhu
Ha Noi, Hoa Binh, Bic Ninh, Bic Giang, Hai
Duong, Vinh Phic va Hai Phong dao dong
trong khoang rong tur 430 dén 785000 ng/g dbi
V01 mau tro bay va tu 52 dén 6090 ng/g dbi voi
mau tro xi [19]. Mot so nguyén nhan dan dén su
thiéu hut thong tin vé PAHs trong tro thai ¢
Viét Nam 1a do chua c6 nhimng phuong phap
tiéu chuan danh cho nhém chét nay trong nén
mau tro thai va con it cac nghién ctru chuyén
sau vé phat trién phuong phap phan tich PAHs
trong mau tro & nudc ta. Vi vdy, bai bao tong
quan nay dugc thuc hién nham tap hop co so dir
liéu hién c6 vé phuong phap phan tich PAHs
trong mau tro, phuc vu cho cac nghién ctu
vé nhom chit 6 nhiém nay trong chét thai tai
Viét Nam.

2. Phwong phap nghién ciru
2.1. Phuwong phap thu thap thong tin

Cac nghién ctru khoa hoc ¢6 ngi dung lién
quan dén PAHs trong mau tro cua 1o dot rac
thai dwoc tim kiém va danh gia theo phuong
phdp PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) vdi 3
budc co ban: i) Phat hién; ii) Sang loc; va
iii) Lua chon. T4 hop tir khoa duoc st dung 1a
“PAHs” va “incinerator ash”. Cac nén tang co
so dir liéu dugc sir dung dé tim kiém bao gém:
ScienceDirect, SpringerLink, PubMed, ACS
Publications, Wiley Online Library, Taylor va
Francis Online va MDPI. Cac bai bao khoa hoc
duoc phat hién va sang loc so bd thong qua
danh gia tiéu d8, tr khoa va tom tit. Cac bai
béo sau do tiép tuc duoc sang loc chuyén siu va
lwa chon dua trén cac tiéu chi nhu sau: i) Puoc
cong bd trén cac tap chi thudc hé thong
ISI/Scopus; ii) C6 bao gdm ndi dung chi tiét vé
quy trinh phan tich PAHs trong mau tro (d& cp
truc tiép trong bai bao hodc dir liéu bd sung):;
iii) Sir dung phuong phap phan tich 1a sic ky
khi ghép ndi khdi phd (GC/MS) hodc phuong
phap khac c¢6 d6 chon loc tuong duong hodc
cao hon; va iv) C6 bao cdo cac thong s6 vé dam
bao chit luong va kiém soat chit luong
(QA/QQC).

2.2. Phuong phap phan tich thong tin

Cac bai bao khoa hoc sau khi dugc lya chon
dé dua vao bai tong quan niy s& dugc nghién
ctru, phan tich va thu thap thong tin, nham tim
ra nhitng xu hudng va cai tién trong quy trinh
phan tich PAHs trong nén mau tro cua 1o dot
rac thai. Cac ndi dung dugc tong quan lién quan
den quy trinh phan tich PAHs trong mau tro bao
gom: i) Phuong phap thu thip mau; ii) Phuong
phap chuan bi mau; iii) Phuong phap chiét mau;
iv) Phuong phap lam sach dich chiét mﬁu
V) Phuong phap phén tich dinh lugng PAHs; va
vi) Pam bao chit luong va kiém soat chat
luong trong quy trinh phén tich. Diéu kién cta
ting phuong phéap s& dugc tip hop, so sanh dé
nhan xét vé wu, nhuge diém va kha ning ap
dung. Hi¢u ning cia phuong phap phan tich s€
duoc danh gia dua trén cac yéu t6 nhu: do
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trinh bay thong tin vé quy trinh phan tich PAHs
trong mau tro 10 dot dugc bao cao bodi cac
nghién ctru trude day.

dang, do chum, gidi han phat hién va hiéu qua
(dugc thé hién qua cac yeu to nhu don gian,
nhanh, tiet kiém dung moi, héa chat). Bang 1

Bang 1. Quy trinh phan tich PAHs trong mau tro 10 dbt

Loai miu Chét phan | Phuong phap | Phuong phap Phuong phap Danh gia TL
: tich chiét mau lam sach phén tich phuong phap | TK
3 ié RSD 5-20%
Tro bay va tro Chict Soxhlet | s iica gel | GC-MS, cot HP- °
xi 10 dét rac 17 PAHs vdi toluene : , - 2 MDL [8]
. phan hoat hoa 5MS, ndi chuan
sinh hoat trong 24 h 0,2-0,5 ng/g
y HPLC-FLD, cot
x Chiét Soxhlet . >
Tro bay 16 @6t e . . Spherisorb S5 R% 80-100%
rac sinh hoat 13 PAHSs véi DCM Cot Florisil ODS 2, ngoai RSD < 15% [10]
trong 12 h 2
chuan
Tro bay va tro Chiét Soxhlet o .
xiloddiric | 16PAHs | voiDCM/ | Gorsilicagel ) GLAS, et DS- _ [13]
sinh hoat hexane (1:1) p ; P
Tro bay va tro Lz ..
A S Chiét ASE voi R
xilodotricy | g paps | DCM/hexane | Cot Florisil | OO MS, €0t DB- - [14]
té€ va sinh . 5MS, n6i chuan
h (1:1)
oat
Tr9 l?ayAva Fro (;hle;[.swu am Phap bo qung HPLC_FLD, MDL <0.1
xi 10 dot rac 11 PAHs | va hoi luu véi long vai nooai chuin na/ [15]
sinh hoat toluene DMSO £04 99
. ié RSD 5-20%
Tro xi 10 dot Ch,l ?t Soxhlet Cot silica gel GC-MS, cot HP- °
. 16 PAHSs voi toluene , . . 2 MDL [16]
rac sinh hoat phan hoat hoa 5MS, n6i chuan
trong 24 h 0,2-0,5ng/g
Tro xi 16 dét Chiet Soxhlet |5 icagel | GC-MS, cot VS-
L 16 PAHs vé6i toluene . . e 2 - [17]
rac sinh hoat phan hoat hoa 5ms, ndi chuan
trong 24 h
. R% 70-120%
Tro bay’va tro Chiét Soxhlet GC-MS. cot DB- ° o °
xiloddtrac | 17PAHs | véiacetone/ | Cotsilica gel > SOt D/ RSD <25% | [19]
' i 5MS, n6i chuan MDL
sinh hoat hexane (1:1)
0,1-1,0 ng/g
i 0 000
Tro xi 16 dét Chiet Soxhlet E?DGS 230/@
o 16 PAHs voi DCM Cot silica gel GC-MS A7 1 [20]
rac sinh hoat . MDL
trong 30 min
0,1-0,3 ng/g
, 4 Y
Tro xi 16 dét Chict Soxhlet | GC-MS, cot Hp- | oD 9%
L 18 PAHSs vai toluene Cot silica gel A MDL [21]
rac sinh hoat 5MS, ndi chuan
trong 24 h 0,2-0,5ng/g
. Chiét Soxhlet
0 do . - - 0 - R% 80-120%
Trobaylodot | yepapie | ygiDCM | Cot silica gel | CC MS: 0t DB ° 11221
rac sinh hoat 5, ndi chuan
trong 48 h
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3. Két qua va thao luin
3.1. Phwong phdp thu thdp mau

Hau hét cac nghién ciru vé PAHs trong mau
tro 16 d6t khong trinh bay chi tiét quy trinh ldy
mau. Mau tro bay c6 thé dugc thu thap tur cac vi
tri khac nhau phu thuoc vao cong nghé cia 1o
dbt, vi du nhu bo loc tinh dién [10] hodc tai loc
bui [14, 17]. MAu tro xi thuong duogc ldy & day
cia cac 10 ddt [14, 19] hodc thu thap tir cac
diém tap trung tro xi phia ngoai 1o dbt [8, 20].
Pé dam bao tinh dai dién ctia mau nghién cuu,
cac mau don dugc lay lién tuc trong cac ngdy
khéc nhau (3 dén 10 ngay) hodc duoc ly tur
nhiéu diém khac nhau cua miu téng thé, sau do
tron déu dé thu dugc mau dai dién. Khdi luong
mau thu thip cia cac nghién ctru khac nhau dao
dong tr 80-150 g [15], 450-500 g [20], 1 kg
[19], 1,5 kg [13] hodc 25 kg/mau [16]. Mau
duogc chira trong cac chai thiy tinh borosilicate
t6i mau co ndp van [15] hodc goi trong phoi
nhém va chuyén vao tai zip polyethylene [19],
sau d6 chuyén vé phong thi nghiém.

3.2. Phuong phdp chudn bi mau

pé déng nhit miu, cic vat lidu co kich
thude 16n nhu thay tinh, dé, séi va kim loai can
phai duogc loai bd [20, 21]. Mot sb nghién ctu
da tién hanh siy khé miu tro & 50 °C, nghién va
rdy mau dé lay pha hat ¢ kich thudéc 4 mm
[16, 21]. Trong khi do, viéc lam kho mau tu
nhién ¢ nhiét do phong cling dugc ap dung bdi
mot sb nghién cuu khac [13, 20]. Liu va cong
su (2008) di nghién ciu sy phan bd PAHSs
trong mau tro xi theo cac phan doan kich thudc
hat khac nhau bao gém hat thé (>4,5 mm), hat
trung binh (1,0-4,5 mm) va hat min (<1,0 mm)
[20]. Phan doan nho hon 0,5 mm ciing dugc st
dung dé phan tich ham luong PAHs trong mau
tro [19]. Mau tro duoc bao quan & nhiét do
thdp (4 °C hodc thip hon) trudc khi phan tich
[16, 19, 21]. Nhin chung, cac ki thuat chuan bi
mau va diéu kién bio quin mau tro thai co
nhidu diém twong doéng voi cac nén mau ran
moi truong khac.

3.3. Phirong phdp chiét mau

Do cac phuong phap tiéu chuin vé phan
tich PAHs trong mau tro chua duogc ban hanh
boi cac to chirc vé mdi truong, quy trinh phin
tich PAHs trong loai mau nay thuong duoc
tham khao tir quy trinh danh cho nhém dioxins
va furans (vi du nhu phuong phap 8290A cua
Cuc Bao vé€ Moéi truong Hoa Ky US EPA) [13].
Mau tro thudng duoc chiét biang phuong phap
c¢b dién Soxhlet véi cac dung méi nhu: toluene
[8, 16, 21], dichloromethane (DCM) [10, 20, 22],
DCM/hexane (1:1) [13], acetone/hexane (1:1)
[19]. Thoi gian chiét Soxhlet ¢6 thé dao dong tir
12h[10],24 h [8, 13, 16, 21] dén 48 h [22].

Ki thut chiét 16ng ap suat cao (pressurized
liquid extraction, PLE) v&i hé thong chiét ting
cuong dung méi (accelerated solvent extractor,
ASE) ciing duoc sit dung trong mdt s6 nghién
ctru v& PAHS trong mau tro [14, 20]. Liu va cs.
(2008) da tién hanh chiét mau tro xi (20 g/mau)
v6i hon hop dung mdi acetone/hexane (1:1) &
140 °C va 4p suat 1500 psi trong 5 min [20].
Chen va cong su (2013) ciing st dung thiét bi
ASE dé chiét cic miu tro thai (10 g/miu) véi
hon hop dung moéi DCM/hexane (1:1) ¢ 100 °C
va 4p suét 1500 psi [14].

Wheatley va Sadhra (2004) da két hop 2 ki
thuat 1a chiét siéu 4m va chiét hoi luu cho quy
trinh phan tich PAHs trong mau tro xi [15].
Mau tro xi dugc thém 300 mL benzene va siéu
am trong 10 min, sau d6 mau tiép tuc duoc
chiét hoi luu trong benzene trong 2 h. Phuong
phap nay c6 thé rit ngan thoi gian chiét so vai
ki thuat chiét Soxhlet c6 dién nhung sir dung
dung mai chiét co doc tinh cao nhu benzene can
phai c6 nhitng chi ¥ nghiém ngit dé dam bao
an toan phong thi nghiém [15].

PAHs dugc chiét tir cac nén miu ran khac
nhau bing nhiing phuong phap nhu chiét
Soxhlet, chiét siéu am, chiét vi song, chiét long
ap suat cao va chiét v6i chat luu siéu téi han
[23]. Trong d0, cac ki thuat chiét Soxhlet va
chiét 1ong ap suat cao duoc sir dung phd bién
cho miu tro thai [8, 10, 13, 14, 16, 19-22].
Chiét Soxhlet mang lai hiéu qua chiét cao (kha
ning chiét triét dé cac chat phan tich ra khoi



N. T. Hieu et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 41, No. 3 (2025) 26-35 31

nén mau) do qua trinh chiét dugc thuc hién &
nhiét d6 twong dbi cao va dugc lip lai nhidu
1an. Tuy nhién, ki thuat nay can thoi gian chiét
kéo dai (tir 12 dén 48 h) va sir dung luong dung
mdi 16n (vai tram mL/mau). Hon nita, thao tic
voi hé chiét Soxhlet twong (101 phuc tap, yéu
cau tay nghé phan tich cao va ton thoi gian cho
cac budce co dic dich chiét sau do.

Pé khic phuc nhirng han ché trén cua ki
thuat chiét Soxhlet, cac ki thuat chiét hién dai
d3d dugc 4p dung nhim dam bao hiéu qua chiét
trén cac khia canh nhu hiéu suét chiét cao, thoi
gian chiét ngdn va tiét kiém dung méi chiét. Ki
thuat PLE ¢6 vu diém nhu hiéu qua chiét cao,
su dung lugng nho dung mdi (thuong la vai
chuc mL/mau) va thoi gian chiét ‘ngan (vai phat
dén vai chuc phut). Ki thuat chiét PLE két hop
2 yéu t6 1a nhiét d6 cao va ap suét cao dé lam
thay dbi tinh chat Iy héa cia dung méi chiét,
cho phép thuc hién qua trinh chiét ¢ nhiét do
cao hon nhiéu so v&i nhiét do so6i cta dung moi
[24]. Trong diéu kién nay, strc cing bé mit va
dd nhot ciia dung moi giam manh, dan dén kha
ning xdm nhdp cia dung moi vao nén miu
ting, do tan cua chat phan tich vao dung méi
ting, két qua 13 qua trinh chuyén khéi duogc
thuc hién mot cach nhanh chong va hoan toan
[24]. Tuy nhién, hé thiét bi PLE c6 gia thanh
tuong ddi cao va chua c6 mit phd bién trong
cac phong thi nghiém phan tich & Viét Nam.

3.4. Phuong phdp lam sach dich chiét

Dich chiét miu tro can dwgc xu ly dé loai
b6 cac tap chit c6 thé gay anh huong dén tin
hiéu cua PAHs ciing nhu han ché su nhiém bén
hé thong phan tich. Ki thuat sic ky cot véi cac
loai chat hdp phu pha thuong khac nhau nhu
silica gel, Florisil, alumina dugc st dung rong
rdi dé lam sach dich chiét PAHs tir miu tro.
MaAu dugc hoa tan va dua 18n cot lam sach trong
cac dung moi it phan cuc nhu hexane [14, 22]
hodc cyclohexane [20]. Sau khi dua miu lén
cot, cac tap chat nhu hydrocarbon mach hé can
duoc loai bo béng cach rua cOt voi hexane
[8, 19] hodc pentane [20]. PAHs dugc rira giai
bang hdn hop dung méi nhu DCM/hexane (1:3)
[8], DCM/hexane (3:7) [22], DCM/pentane
(2:3) [20], acetone/hexane (2:98) [14] hoac

acetone/hexane (1:1) [19]. Dich rua giai duge
¢6 ddc va chuyén dung méi thich hop (néu cin
thiét) truéc khi phan tich dinh lrong. Ngoai ra,
viéc lam sach dich chiét PAHs con dugc thuc
hién vai ki thuat chiét 1ong 1ong v6i dung moi
dimethyl sulfoxide [15], tuy nhién ki thuat nay
khong duoc st dung phd bién trong cic nghién
clru gan day do thao tac turong dbi phirc tap.

Nguyén tic ctia qua trinh lam sach dich
chiét PAHs tir cic nén mau khac nhau 1a qué
trinh hap phu chon loc va tich phan doan PAHs
trong hon hop voi cac hop chit mach hé va cac
nhom dan xuét phan cuc hon. Trong d6, dich
chiét miu duoc chuyén vao dung moi kém phin
cuc (phd bién nhat 1a hexane) va nap 1én cot sdc
ky chira chat hip phu pha thuong nhu silica gel
hodc Florisil. Thir ty rira giai phan doan bao
gém: i) Céac hop chit mach ho d& dang di ra
khoi ¢cbt véi dung moi kém phan cuc; ii) PAHS
duoc rira gidi voi hon hop dung méi c6 do phan
cuc trung binh; va iii) Cac tap chét c6 do phan
cuc cao hon sé bi hép phu manh va nidm lai trén
cot. Florisil ¢ dd thu hdi PAHs va kha nang
loai bo tap chat tét hon so voi silica gel do
Florisil c6 ai luc manh véi hop chét phan cuc
[25]. Trong khi d6, Anh va cong su (2023) da
khao sat kha ning rira giai PAHs tir cot chiét
pha rin chira silica gel va Florisil, cho thiy 2
loai chat hap phu nay c6 do thu hoi va kha ning
lam sach mau twong dwong nhung d6 phan cuc
va thé tich ctia dung méi rira giai PAHs trén cot
silica gel thip hon so Florisil [26]. Viéc khao
sat va lya chon diéu kién 1am sach dich chiét c6
y nghia quan trong nhim lam giam d6 nhidu
nén, ha thdp gidi han phat hién, 20p phan dam
bao d6 chon loc cling nhu han ché sy nhiém ban
cdt tach va cac bo phan cua h¢ théng sdc ky.

3.5. Phan tich dinh luong PAHs bang phirong
phap sdc ky khi

Do hau hét PAHs déu co kha ning bay hoi
v6éi nhiét d6 s6i dao dong trong khoang tur
100 °C dén 550 °C nén sic ky khi 1a ki thuat
tach phu hop nhat cho hdn hop PAHs. Cot tach
dugce sir dung thudng co chidu dai 30 m, duong
kinh trong 0,25 mm va lép pha tinh day
0,25 um [8, 14, 16, 19, 21]. pé tang hiéu qua
tach, cot v6i chiéu dai 60 m [22] hodc bé day
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16p pha tinh 0,5 pm [13] ciling duwoc st dung.
Pha tinh c6 d6 phan cuc thip twong dwong véi
5% phenyl 95% methyl polysiloxane vdi cac
tén thwong phim nhu DB-5 [22], DB-5ms
[13, 14, 19], HP-5ms [8, 21], VF-5ms [16]. Dé
ha thap giéi han phat hién, ché d6 bom méiu
khong chia dong thuong dugc ap dung vé6i thé
tich mau 1 pL [13, 19, 21] hodc 2 pL [16].
Nhiét d6 cong bom mau dao dong tir 220 °C
[19], 250 °C [14] dén 300 °C [8, 13, 16, 21].
Pha dong la helium c6 téc do dong tir
0,9 mL/min [19] dén 1,0 mL/min [16, 22]. Hiéu
qué tach con dugc dam bao voi chuong trinh
nhiét d6 phu hop cho 10 cot. Nhiét do dau cua
cot dao dong tir 50 °C dén 65 °C (dé dam bao
hiéu qua tach cho cic PAHs c6 phan tir khi
thdp) va nhiét d6 cudi dao dong tir 290 °C dén
330 °C (nhim han ché sy luu giit cua cac thanh
phin khé bay hoi trong nén mau & trong cot
tach). Cac budc nhay nhiét d6 dao dong tur
1,5 °C/min dén 20 °C/min. Thoi gian phan tich mot
mau ndm trong khoang tir 35 min dén 75 min.

Mot sb loai detector khac nhau da duoc st
dung dé phat hién va dinh luong PAHs sau khi
duoc tach béng GC vi du nhu detector ion hoa
ngon lira (FID) va detector khdi phd (MS) [27].
Trong d6, detector MS ¢6 d6 chon loc va kha
ning phat hién PAHs ¢ muc néng do vét va
siéu vét tot hon so voi detector FID [28]. Vi
detector FID, tin hiéu cua chat phan tich cé thé
bi anh huong boi cic chit c¢6 thoi gian luu
tuong tu va mirc do nhiéu nén twong ddi cao
dan dén gi61 han phat hién tang [27]. Séc ky khi
khéi phd (GC/MS) la phuong phap phan tich
dugc st dung phd bién nhat de tach va dinh
luong cac PAHs trong cdc nén miu phuc tap do
kha nang tach cao, do chon loc cao va gidi han
phat hién thap [8, 13, 14, 16, 19-22]. Detector
MS nhén biét cac chat dua trén cic manh ion
dac trung dugc tao ra boi qué trinh ion hoa va
phan manh cua cac phan tod PAHs va mang
nhitng thong tin ddc trung vé thanh phin va ciu
tric ciia ching [29]. Pdi voi PAHs, manh ion
co sO0 phuc vu cho muc dich dinh luong thuong
la manh ion phan tir, bén canh d6 mot s6 manh
jon dong vi ctia manh co s& duge sir dung voi
myc dich dinh tinh [29]. Véi phuong phap
GC/MS, viée str dung cac chat chuan dong hanh

va chat ndi chudn danh diu dong vi nhu *C
hodc °H (deuterium) gitip ting do chinh xéac cua
ki thuat dinh luong theo nguyén tic ndi chuin
va pha loang dong vi[l3, 14, 16, 19].

Céc thong s6 co ban lién quan dén diéu kién
van hanh cia detector khdi phd trong hé thong
GC/MS bao gom: nhiét do bo phan ghép nbi
gita GC va MS (interface hodc transmittion
line), nhiét d6 ngudn ion (ion source), ché do
ion hoa (ionization mode), ché d6 quan sat ion
(monitoring mode). Nhiét do cia bo phan ghép
nbi trong GC/MS dao dong tir 260 °C [14] d&én
280 °C [16, 19]. Nhiét do cta ngué)n jon nam trong
khoang tir 200 °C [16] dén 230 °C [13, 19].
Ché d6 ion hoa thuong duoc ap dung 13 ché do
va dép electron (electron impact ionization, EI)
v6i niang luong ion hoa 70 eV [16, 19, 22]. Phd
khéi lwong ctia cac PAHs c6 thé thu dugc ¢ ché
do quét (scan mode) trén khoang m/z tir 50 dén
550 véi toe do quét 1 scan/s [8, 21]. Dé dam
bao d6 chon loc, han ché anh huéng cua nén
miu va cic yeu t6 can trd, tin hiéu cua PAHs
thuong dugc ghi nhan ¢ ché d6 quan sat chon
loc ion (selected ion monitoring, SIM) [13, 14,
19, 22]. Ngoai detector MS vé&i b phan giai
khéi dang tir cuc (quadrupole) dugce st dung
phé bién, Shen va cong sy (2010) di tién hanh
phan tich PAHs véi detector MS dang bay ion
(ion trap) [16]. Cac diéu kién van hanh cua
detector MS dang ion trap nhu sau: ion hoéa EI
70 eV, téc do quét 0,5 s, dong filament 50 pA,
thé nhan electron 1650 kV, ché do luu gilr chon
loc ion (selected ion storage, SIS) [16].

3.6. Phan tich dinh lwong PAHs bang phirong
phap sdc ky long

Bén canh phuong phap GC, phuong phéap
sic ky long (LC) voi cot tach _pha dao (C18)
cling duoc st dung trong mot s6 nghién ciru dé
tach PAHs [10, 15, 28]. Nhin chung, kha nang
tach ciia LC dung c6t nhdi kém hon so véi GC
ding c6t mao quan va anh hudng truc tiép dén
sd lwong chat phén tich co thé duoc xic dinh
trong mot lan bom mau [28]. Trong phuong
phép LC, PAHs c6 thé dugc phat hién va dinh
lwong boi detector UV hodc detector huynh
quang (FLD) [10, 15]. Detector UV ¢6 d6 chon
loc kém do anh hudng ctia cac chat hiru co khac
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trong nén mau c6 kha ning hip thy anh sang
trong vung UV [28]. Trong khi do, detector
FLD c¢6 @6 chon loc va d6 nhay cao hon do kha
nang xac dinh cac chét dya trén tin hiéu huynh
quang v&i budc song kich thich va budc song
phat huynh quang déc trung [28]. Cac phan tir
PAHs 1a nhiing chat c6 kha nang phat huynh
quang manh do cAu trac vong thom véi nhiéu
lién két doi lién hop.

Mot sb nghién ctru da st dung phuong phap
sic ky long hiéu ning cao voi detector huynh
quang (HPLC/FLD) dé phan tich PAHs trong
mau tro [10, 15]. Wild va cong su (1992) da
tién hanh phan tich PAHs trén hé thong
HPLC/FLD véi cdt tach Spherisorb S5 ODS2
va hé dung moéi pha dong acetonitrile
(ACN)/nuéc theo ché do rira giai gradient, toc
d6 dong 1,5 mL/min, thoi gian phan tich 30 min
[10]. Whealey va Sadhra (2004) da str dung c6t
tach Hypersil™ Green PAH (100 mm x 4,6 mm
x 5 pum) voi dung moéi pha dong 1a hon hop
ACN/nuéc [15]. Chuong trinh gradient ctia pha
dong (ti 16 ACN/nuéce) duoc cai dat nhu sau:
50:50 (5 min), 50:50 dén 100:0 (25 min), giit &
100:0 (15 min), téc d6 dong 1,2 mL/min [15].
Detector huynh quang ghi nhan tin hiéu cta cac
PAHs v6i buéc song kich thich tir 245 dén
297 nm va budc séng huynh quang tir 365 dén
465 nm [15].

3.7. Pam bdo chat luong va kiém sodt chdt
luvong

Céc thong s6 dam bao chat lugng va kiém
soat chat lugng (QA/QC) trong quy trinh phan
tich PAHs dugc danh gia boi cadc nghién cuu
trude day bao gom: i) Két qua phan tich miu
tréng; i) Mau lap; iii) Mau thém chuin;
iv) Mau chudn dugc chimg nhan (SRM); v) B
thu hoi cta chat dong hanh; va vi) giéi han phat
hién. Hau hét cac nghién ciru déu tién hanh
phan tich miu tring véi muc dich xac dinh mirc
ham lugng nén ciia PAHs lién quan dén hoa
chit, dung cu va méi truong phong thi nghiém
[19-22]. Ham luwong PAHs trong mau tring
khong vugt qua 5% ham lugng do dugc trong
mau tro thuc té [20, 21]. D¢ lap lai cta phuong
phap dugc danh gia thong qua két qua phan tich
mau lip v6i d6 léch chuan twong doi (RSD)

nhin chung khong vuot qua 30% [10, 19-21].
D6 thu hdi ciia hiu hét PAHs trong miu thém
chudn dao dong tir 60% dén 110% [10, 20]. Tuy
nhién, Wild va cong su (1992) da bao cao do
thu hoi twong dbi thip ciia Nap (trung binh
10%) do su bay hoi ciia hop chit nay trong qua
trinh chiét [10]. M6t sé nghién ciu ciing su
dung mau SRM dé danh gia phuong phap phan
tich [10, 19, 22]. Wild va cong sy (1992) da
phan tich mau chuén duoc cung cip bodi Vién
Nghién ciru Nudc Qubc gia Hoa Ky (NWRI)
voi cac gia tri do dugc phu hop voi gia tri
ching nhan (tuy nhién két qua cu thé khong
dugc trinh bay) [10]. Mot so mau SRM cua
Vién Tiéu chuin va Cong ngh¢ Quéc gia Hoa
Ky (NIST) cho cic nén mau moi truong nhu
bui (NIST2585) [19] va trAm tich (NIST1941)
[22] ciing dugc s dung dé tham dinh phuong
phap phan tich PAHs trong nén méu tro. Cac
chit déng hanh (thuong 1a cac PAHs dugc danh
diu bang ddng vi deterium) dugc thém vao miu
dé kiém soat do thu hdi cta quy trinh phan tich.
D6 thu hdi cia cac chit dong hanh thudng dao
dong tir 60% dén 120% [19, 22]. Giéi han phat
hién cua phuong phap d6i v6i cac PAHs nim
trong khoang 0,1-0,3 ng/g [20], 0,1-1 ng/g [19]
va 0,2-0,5 ng/g [21].

4. Két ludn

PAHs 1a mot nhom chat 6 nhiém hitu co
dién hinh dugc quan tim nghién ciru tir nhidu
thap ki qua vé su tOn tai va tac dong doc hai cua
chang d6i voi moéi trudng va sic khoe con
ngudi. Tuy nhién sb lugng cac nghién ctru vé
PAHs trong chat thai con twong doi han ché va
phuong phap phan tich tiéu chuin danh cho
PAHs trong chit thai con chua dugc ban hanh
mot cach day du. Trong bai tong quan nay,
phuong phéap phan tich PAHs trong mau tro thai
ctia 10 d6t rac dugc nghién ctru dua trén cac co
s& dir liéu khoa hoc qudc té. Cac thong tin lién
quan dén quy trinh phan tich PAHs trong tro
thai bao gf”)m: ki thuat thu thap mau, chuin bi
mau, tach chiét, 1am sach dich chiét, phén tich
dinh lwong va QA/QC dugc thu thap va danh
gid nham tim ra nhitng quy ludt co ban va xu
huéng phat trién cia héa hoc phan tich lién
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quan dén PAHs trong nén miu tro thai. Cac
nghién ciru trude day thuong ap dung quy trinh
xtr Iy mau ¢ dién (vi du nhu chiét Soxhlet két
hop voi sac ki hip phu dé lam sach dich chiét)
véi phuong phap phan tich cong cu hién dai
(nhu GC/MS), dam bao dugc cac yéu té co ban
trong QA/QC nhu d6 thu hoi, do lap lai va gioi
han phat hién. Bén canh dé, cac mau SRM véi
gid tri ham lugng PAHs duogc ching nhén cho
nén miu tro thai con chua dwoc st dung phd
bién. Cac nghién ctru tiép theo vé& phat trién,
thdm dinh va mg dung phwong phap phan tich
PAHs trong tro thai noi riéng va cac nén miu
chit thai noi chung can duoc tiép tuc thuc hién.
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