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Abstract: Polycyclic aromatic hydrocarbons (PAHS) are a typical group of organic pollutants and
are commonly found in the soil environment. Analytical procedures for PAHs in soil samples
typically consist of three main steps: sample extraction, extract clean up, and enrichment
concentration prior to quantitative analysis. Ultrasonic extraction is a technique with several
advantages such as simple, fast, effective, and chemical saving. In this study, the efficiency of
PAHs extraction from soil samples was investigated using direct extraction (with a focused
ultrasonic processor) and indirect extraction (with an ultrasonic bath) techniques with 3 different
solvent systems such as acetone, dichloromethane, and acetone/hexane (1:1, v/v). The extract was
purified on a glass column containing activated silica gel and anhydrous sodium sulfate with
dichloromethane/hexane (1:3, v/v) as elution solvent. Concentrations of 18 PAHSs in soil samples
were determined by gas chromatography/mass spectrometry (GC/MS). Method detection limits of
PAHSs ranged from 0.20 to 3.0 ng/g. Total concentrations of 18 PAHs (X18PAHs) in the studied
soil samples ranged from 30.8 to 55.7 ng/g and the benzo[a]pyrene equivalent (BaP-EQ) values
ranged from 6.3 to 9.4 ng BaP-EQ/g. Based on £18PAHs and BaP-EQ values, soil extraction using
ultrasonic bath with acetone provided the highest extraction efficiency. This sample extraction
condition can be applied for further studies to assess the pollution levels and impacts on
environmental and human health of PAHSs in soil.
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Nghién ctru hiéu qua chiét hydrocarbon thom da vong (PAHs)
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Tém tit: Hydrocarbon thom da vong (PAHs) 1a nhom chit 6 nhidm hitu co dién hinh va c6 mait
phd bién trong méi trudng dat. Quy trinh xir Iy mau dit cho PAHs thudng bao gdm 3 budc chinh:
chiét mau, 1am sach dich chiét mau va ¢6 dic, lam giau truée khi phan tich dinh lugng. Chiét siéu
am la mot ky thuat co nhiéu vu diém nhu don gian, nhanh, hi¢u qua va tiét kiém dung moi, hoa
chat. Trong nghién ctru nay, hiéu qua chiét PAHs tir mau dét dugc khao sat bang 2 ky thuat chiét
siéu am truc tiép (st dung dau do phat siéu 4m) va gian tiép (s dung bé rung siéu 4m) véi 3 hé
dung moi khac nhau bao gdm acetone, dichloromethane va acetone/hexane (1:1, v/v). Dich chiét
sau d6 duogc lam sach trén cot chiét pha rin chira silica gel hoat hoa va sodium sulfate khan véi hé
dung méi rira giai dichloromethane/hexane (1:3, v/v). Him luong ctia 18 PAHs trong mau dat
duoc xac dinh bang phuong phap séic ky khi khbi phd (GC/MS). Gidi han phat hién cua cac PAHs
dao dong tir 0,20 dén 3,0 ng/g. Ham luong tong 18 PAHs (218 PAHs) trong mau dit nghién ctru
dao dong tir 30,8 dén 55,7 ng/g va gia tri d6 doc tuong duong quy vé benzo[a]pyrene (BaP EQ) tir
6,3 dén 9,4 ng BaP-EQ/g. Thong qua ham luong £18 PAHs va gia tri BaP-EQ, chiét mau bang bé
rung siéu 4m voi dung mdi acetone mang lai hiéu qua chiét cao nhét. Pidu kién chiét mau nay cé
thé dugc 4p dung cho cac nghién ciru tiép theo dé danh gia muc d6 6 nhidm va cac tac dong dén
sirc khoe mdi trudng va con ngudi cua PAHs trong dat.

Tir khéa: PAHs, dung moi chiét, dét, chiét siéu 4m, GC/MS.

1. Mé diu

Hydrocarbon thom da vong (PAHs) 1a mot
nhom chat 6 nhidm hiru co dién hinh dugc quan
tam nghién ctru boi nhiing tac ddng ti€u cuc cia
chung tdi con nguodi, mdi truong va hé sinh thai
[1]. Benzo[a]pyrene (BaP) da dugc phat hién
trong mau dat tai cic bang Massachusetts va
Connecticut Hoa Ky vao nhiing nam 1960 véi
mirc ham lugng tir 40 dén 1300 ng/g [2]. Co
quan Nghién ctru Ung thu Quéc té (IARC) da
liét ké mot s6 PAHs va din xuit cia ching co
kha ning gy ung thu va dot bién gen ¢ ngudi
va dong vat [3]. Su phat thai PAHs thuong co
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lién quan dén hai ngudn gbc chinh do6 1a cac quéa
trinh nhiét d6 cao (vi du nhu d6t rac thai, nhién
liéu hay cac hién tugng ty nhién nhu chay ring,
phun trao nui lra) va sy chdy tran, bay hoi cia
cac san pham dau mo [4]. PAHs trong khong
khi c6 kha nang hip phuy 1én cac hat lo limg va
sau d6 ling dong thanh bui ling va tich liy
trong dat [5]. Dat bi 6 nhiém PAHs co thé gay
ra rii ro cho hé sinh thai va 13 ngudn phoi
nhiém cho con nguoi [5].

Nghién ciru va phat trién cac quy trinh phan
tich PAHs trong mau dat di duogc thuc hién vao
nh1eu thap ky qua. Cac PAHs c6 thé duogc chiét
tir nén mau dat vao mot s6 dung méi hitu co co
d6 phan cyc thip dén trung binh nhu (hexane,
acetone, dichloromethane, toluene,...) bé‘mg cac
phuong phap khac nhau nhu chiét Soxhlet,
chiét 16ng ran, chiét 1ong ap suét cao, chiét siéu
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am,...[6-9]. Tai Viét Nam, B Khoa hoc va
Cong nghé da ban hanh TCVN 9318:2012 vé
phuong phap tiéu chuan xac dinh PAHs trong
mAu dat bang phuong phap sic ky khi khdi phd
(GC/MS) [10]. Theo phuong phdp nay, cac
PAHs dd duoc chiét ra khoi mau dat bang k¥
thuat chiét long ran v6i 150 mL dung méi
acetone va ether dau hoa trong thoi gian 2-6 h
[10]. Phuong phép trén c6 han ché 1a can ding
mot lugng dung méi 16n va thoi gian chiét dai.
Vi vay mot s6 k¥ thuat chiét hién dai voi nhiing
vu diém ndi bat nhu don gian, nhanh, hiéu qua
va tiét kiém dung méi duoc lya chon dé thay
thé, dién hinh 14 k¥ thuat chiét siéu 4m [7, 9].

Trong nghién ciru nay, hiéu qua chiét PAHs
tir nén mau dat duoc so sanh giita hai ky thuat
chiét siéu am truc tiép (str dung dau do phat
siéu 4m) va gian tiép (st dung bé rung siéu am).
Céc hé dung méi chiét duge khao sat bao gdm
acetone, dichloromethane va hén  hop
acetone/hexane (1:1, v/v). V&i cing mét nén
mau khao sat, diéu kién chiét img v6i mirc ham
luong do dugc cao nhét va do thu hdi tét cua
cac chat thém chuédn va chat ddng hanh s& duoc
lva chon. Cac két qua cua nghién ciu nay
hudng dén xdy dung quy trinh phan tich nhanh,
don gian, tlet kiém dung moi, hoa chat cho
PAHs trong mau dat.

2. Thuc nghiém
2.1. Chat chudn, héa chdt va thiét bi

Hon hop chit chudn PAHs khong danh diu
déng vi bao gdébm cac chit phan tich:
naphthalene (Nap), acenaphthylene (Acy),
acenaphthene (Ace), fluorene (Flu),
phenanthrene  (Phe), anthracene  (Ant),
fluoranthene (FIv), pyrene (Pyn),
benzo[c]phenanthrene (BcP), benz[a]anthracene
(BaA), chrysene (Chr), benzo[b]fluoranthene va
benzol[j]fluoranthene (Bb/jF),
benzo[K]fluoranthene (BKF), benzo[e]pyrene
(BeP), benzo[a]pyrene (BaP),
dibenz[a,h]anthracene  (DA), indeno[1,2,3-
cd]pyrene (IP) va benzo[ghi] perylene (BP)
(H-QME-01 Quebec PAH Mix; AccuStandard,
USA). Hon hop chét chuan dong hanh bao gém
Nap d8, Acy d8, Phe d10, Flu, Pyr d10, BaP
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d12 va BP d12 (ES-2044 Surrogate Cocktail;
Cambridge Isotope Laboratories, USA). Dung
dich chat noi chuan chira Chr d12 (DLM-261-
1.2, Cambridge Isotope Laboratories, USA).

Céac dung moi va hda chat dugc sir dung
trong nghién ciru nay bao gdm: acetone (99,5%;
Macron Fine ChemicalsTM, D), hexane
(96%; Daejung, Han Quéc), dichloromethane
(99,5%; Daejung, Han Qudc) va sodium sulfate
(99,0%; Merck, Pirc). Cot chiét pha ran silica
gel Bond Elut SI (500 mg, 3 mL, 120 pm;
Agilent, My) dugc sir dung dé 1am sach dich
chiét mau dat. Khi nitrogen (99,99%) duogc st
dung dé c6 dic dich chiét.

Cac thiét bj chiét duoc st dung trong
nghién ctru nay bao gom: dau do phat siéu 4m
tryc tiép VCX 130 (Sonic & Materials, Inc.,
USA) va bé rung siéu am (WUC-32, Jiayuanda,
Trung Qudc). PAHs dugc phédn tich trén hé
thong sic ky khi (GC 8890) ghép ndi detector
khéi phd (MS 7010B GC/TQ) véi cot mao quan
DB-5MS (30 m x 0,25 mm % 0,25 pm) cua
hang Agilent Technologies

2.2. Thu thdp va chudn bi mau dat

Mau dat (0-10 cm) duoc thu thap theo Tiéu
chuan Viét Nam (TCVN 7538-2:2005) trong
khuén vién Khoa Hoéa hoc (Truong Pai hoc
Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Noi)
dé tao thanh mot mau gop dai dién [11]. Mau
dat duoc ldy bang xéng thép khong gi tir 5 vi tri
(toa d6 cac vi tri ldy mau lan luot la:
21,0208272 B, 105,8587974 D; 21,0207214 B,
105,8586751 b; 21,0209959 B, 105,8588129 D;
21,0211236 B, 105,8587452 b; 21,0214109 B,
105,8586396 D). Mdi miu don c6 khdi luong
khoang 100 g duoc tron déu trong khay nhom
dé tao thanh khoang 500 g mau gdp. Mau dat
dugc phoi trong t6i & nhiét do phong dén kh01
luong khong d6i, sau d6 dugc nghién trong cdi
st va sang qua rdy co kich thudc 1 mm dé dong
nhat. Mau sau khi ddng nhit duoc chuyén vao
chai thiy tinh va bao quan ¢ nhiét do0 phong.
D6 am cua miu dat dugc xac dinh bang phuong
phap trong luong theo Tiéu chuin Viét Nam
(TCVN 4048:2011) [12]. Mau dat duoc sdy &
100 °C dén khdi lwong khong d6i va d6 am
dugc xac dinh 1a 4,25%. Mau trrfmg duoc chuin
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bitr 0,5g mubi sodium sulfate d3 duoc nung &
450 °C trong 8 h va thém 200 pL dung dich
chat chuan dong hanh 100 ng/mL (20 ng mdi
chat) trudc khi chiét. Cac thi nghiém khao sat
hiéu qua chiét va d6 thu hdi dugc thyuc hién trén
nén miu dat nay véi khoi lugng mau khoang
0,5 g khi khong thém chuin va thém chuan.
MaAu thém chuin dugc chuin bi tir 0,5 g mau
dat va thém 200 pL dung dich chuan PAHs
100 ng/mL va 200 pL dung dich chat dong
hanh 100 ng/mL (20 ng mdi chat), dé can bang
trong 2 h trude khi chiét.

2.3. Khdo sat diéu kién chiét mau

Mau dét duoc chiét bang hai k¥ thuat khac
nhau: chiét siéu am tryc tiép bang thiét bi phat
sidu am va gian tiép bang bé rung siéu am. Voi
mdi k¥ thuat chiét, 3 loai dung méi dugc khao
sat dé so sanh hiéu qua chiét 1a acetone (ACE),
dichloromethane (DCM) va  hdn hop
acetone/hexane (1:1, v/v) (ACE/HEX). Mau dat
(0,5 g) dugc chuyen vao ong thuy tinh 10 mL
101 thém hon hop chat chuan dong hanh (20 ng
mdi chit). Mau duogc chiét hai lan, mdi lan véi
3 mL dung méi trong thoi gian 10 phat. Sau
moi lén chiét, 6ng chira mau duoc ly tim 10
phut toc d6 3500 rpm. Hai phan dich chiét cia
moi mau duoc gop lai, c6 dic dudi dong khi
nito va chuyén vao _dung moi hexane voi thé
tich 500 UL. Cac miu dat nghién ciru duge ky
hiéu lan lwgt la: BI-ACE, B1-DCM,
B1-ACE/HEX, P1-ACE, P1-DCM,
P1-ACE/HEX tuong ung voi ky thuat chiét siéu
am glan tiép (B) va siéu 4m truc tlep (P). Céc
méu tring twong ung duoc ky hiéu lan luot 1a:
BO-ACE, B0O-DCM, BO0-ACE/HEX, PO-ACE,
PO-DCM, PO-ACE/HEX.

2.4. Ky thudt lam sach dich chiét mau

Dich chiét dugc ¢ dic vé 500 puL sau do
lam sach qua c6t chiét pha rin Bond Elut SI
chtra 500 mg silica gel. Cot lam sach dugc rira
bang 3 mL DCM (2 lan) va 3 mL hexane (2 lan)
truée khi nap mau. Mau duge dua 1én cot bang
tong cong 1 mL hexane (phan doan nay chira
tap chat va duoc loai bo). Cac PAHs duoc rira
giai bang 3 mL hdn hop DCM/hexane (1:3).
Dich rira giai dugc c6 dic, thém 20 ng chat noi
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chuan Chr d12 va tiép tuc ¢o dic dén thé tich
200 pL trude khi phan tich trén hé thong sac ky
khéi pho (GC/MS).

2.5. Phdn tich dinh luvong trén GC/MS

Céc PAHs dugc tach va dinh lugng bﬁng
phuong phép sic ky khi khéi phd (GC/MS) véi
cac diéu kién phan tich dugc tham khao tir cong
bd trudc ddy ciia nhém nghién ciru [13]. Khi
helium dugc sir dung 1am khi mang véi tdc do
dong 1,2 mL/phdt. Nhiét d6 ctia bo phan két ndi
(interface) va ngudn ion lan luot la 310 va
230 °C. Chuong trinh nhiét d6 cua 1o cot duoc
cai dat nhu sau: 80 °C (1 phut), tang dén 170 °C
(20 °C/phut), dén 220 °C (4 °C/phut), dén
270 °C (3 °Clphat) va ting dén 310 °C
(20 °C/pht, gitr 20 phut). Téng thoi gian phan
tich 1a 56,67 phut. Detector MS dugc van hanh
& ché do ion hoa va dap electron (EI). Ning
luong ion hoa 1a 70 eV. Dit liéu phd duoc quan
sat va thu thap & ché d6 quan sat chon loc
ion (SIM).

3. Két qua va thao luin
3.1. Két qud phan tich dung dich chuan

Vi cac diéu kién phan tich ciia hé thong
GC/MS néu trén, cac dung dich chuin PAHs
v6i noéng d6 chat phan tich dao dong tur
5-500 ng/mL (noéng dd chit chuin danh dau
ddng vi 1a 100 ng/mL) di dwoc phan tich. Cac
dong phan benzofluoranthenes (BbF, BjF va
BKF) c6 thoi gian luu gin nhau va khong tach
dugc hoan toan thanh 3 peak. Thoi gian luu
(phtt) ciia cac PAHs lan luot 1a: Acy (6,962),
Ace (7,274), Flu (8,344), Phe (11,041), Ant
(11,216), FIt (15,840), Pyr (16,839), BcP
(22,254), BaA (23,505), Chr (23,695), Bb/jF
(30,107), BKF (30,274), BeP (31,653), BaP
(31,936), IP (36,957), DA (37,122), BP (37,609).

3.2. Két qud phan tich mdu tring

Ham luong X 18PAHs trong mau tring duoc
xac dinh bang phuong phap chiét siéu am tryc
tiép va gian tiép voi cac loai dung moi khac
nhau dao dong tir 3,69-6,59 (ng/g). Mirc ham
lugng L18PAHs trong mau tring PO-DCM c6
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gia tri cao nhat (6,59 ng/g). Tuy nhién, dung
méi DCM lai cho ham luong X18PAHs thap
nhat (3,69 ng/g) véi ki thuat chiét siéu am gian
t1ep Ham luong PAHs trong cic maiu trang
chiét véi ACE va ACE/HEX c6 su khac biét
khong dang ké. Cac chit dwoc phat hién véi
tan suat va ham luong cao nhit trong cac mau
trang 1a Phe, Flt va Pyr. Him lugng cac PAHs
trong mau thuce té s& duge hiéu chinh béng cach
trr di ham lugng phat hién duoc trong mau
trang. Gidi han phat hién ctia phuong phap
(MDL) dugc xéac dinh theo cong thirc: MDL =
Cs + 3 x SDg (trong d6 Cg la ham lugng trung
binh ctia PAHs trong cic mau tring va SDg la
d6 léch chuan twong ung). Gia tri MDL dao
dong tr 0,20 ng/g (BcP, Chr va BKF) dén
3,0 ng/g (Phe).

3.3. D¢ thu hoi ciia PAHs va chat dong hanh

Trong quy trinh phéan tich PAHs, cac chat
chuén dong hanh duoc thém vao miu trudc qua
trinh chiét dé danh gia do thu hdi, mot trong
nhing yéu t6 quan trong dé dam bao chét luong
va kiém soat chat lugng (QA/QC) két qua phan
tich. Trong nghién ctru nay, do thu hoi ciia cac
chat chuan dong hanh dao dong tir 60 dén 115%
v6i thtr ty giam dan lan luot 1A BP d12
(102 = 8%), BaP d12 (100 + 12%), Pyr d10
(90 + 12%), FIt d10 (88 + 9%), Acy d8
(73 = 15%), Phe d10 (75 + 13%) va Nap d8
(68 + 7%). Theo phuong phap tiéu chuin
Method 625.1: Base/Neutrals and Acids by
GC/MS cua Cuc Bao v¢ Moi truong Hoa Ky
(US EPA\) thi d6 thu hdi cho phép cua cac chat
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chuan dong hanh lan luot 1a Nap d8 (22-192%),
Acy d8 (33-168%), Phe d10 (34-168%), FIt
d10 (30-187%), Pyr d10 (28-196%) va BaP
d12 (32-194%) [14]. Nhu vdy, d6 thu hdi cac
chat déng hanh trong miu dat cta nghién ciru
déu nam trong khoang do thu hdi cho phép quy
dinh boi US EPA. Trong phén tich dinh lugng,
phuong phap néi chuan str dung chat chuan
danh dau dong vi ¢6 wu diém vé& dd chinh xéc
cao do cAc chat dong hanh (chat chuan danh
dau deuterium) c6 tinh chét 1y héa va c6 hanh vi
tuong tu voi cac chat phan tich trong cac budc
cia quy trinh xtr Iy mau va trong hé thong
GC/MS. B¢ thu hoi cua 18 PAHs trén nén miu
dat & muc thém chudn 20 ng/g c6 gia tri 1an
ot nhur sau: BaA (107 £ 8%), BaP (105 + 5%),
BcP (102 = 2%), Bb/jF (100 + 8%),
(100 £ 6%), Chr (100 £ 3%), Ant (99 + 6%),
DA (99 £ 5%), Phe (99 £ 4%), Flu (97 = 6%),
Pyr (97 + 4%), Flt (95 + 12%), BP (95 % 8%),
BKF (94 + 7%), BeP (94 + 4%), Ace (90 * 6%)
va Acy (84 = 5%). Do thu hoi cua cac PAHs
thém chuin vao miu dét dao dong tir 80% dén
115% phan anh d6 chinh xac cao cuia phuong
phap va khong co sy mét mat chat trong qua
trinh phén tich. D6 thu hdi cia PAHs khong co
su khac biét dang ké giita cac ky thuét chiét
siéu am ciing nhu cac dung mdi khac nhau.
3.4. Hiéu qua chiét siéu am gidn tiép mau dat
voi cac dung moi khdc nhau

Hiéu qua chiét PAHs voi cac dung moi
khac nhau bang k¥ thuat siéu am gian tiép duoc
thé hién trong Hinh 1.

11 11 1%

Chr BWF BF  BeF BaF DA [ :1d

BEAE BB BEACEMHEN

Hinh 1. Ham luong 218 PAHs trong mau dat bang k¥ thuat chiét siéu 4m gian tiép.
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Ham Iluong ZX18PAHs dao dong tu
30,8-55,7 (trung binh 42,12) ng/g. Hi€u qua
chiét v6i dung moéi acetone duogc chi ra la tot
nhat (55,73 ng/g), dung moéi DCM va hdn hop
acetone/hexane (1:1, v/v) mang hiéu qua chiét
gan twong dwong nhau. Véi dung méi acetone,
cic chat chiém wu thé 1a Flt (8,79 ng/g), Pyr
(8,89 ng/g), Phe (6,46 ng/g). Day déu 1a cac
PAHSs phan t kh01 thap kha phd bién va duoc
phat hién voi tan xudt nhiéu nhat trong moi
truong dat [15, 16]. Mot nghién ctru khéc ciing
da chi ra acetone la mot trong nhiing dung moéi
dem lai hiéu qua cao trong qua trinh chiét cac
hop chat PAHs tir nén mau dét [15].

Bén canh viéc xic dinh ham lugng
Y 18PAHs, chiing t6i con tién hanh xac dinh gia
trj 46 doc twong duong quy vé benzo[a]pyrene
(BaP-EQ). Nisbet va LaGoy (1992) di d¢ xuat
cac gia tri hé sé doc twong duong (toxic
equivalency factor, TEF) d& xac dinh do
doc twong duong cia cac PAHs so voi BaP
(BaP-EQ) [17]. Gia tri BaP-EQ ctia 6 miu dat
dugc chiét bang 3 loai dung méi va 2 ky thut
khac nhau dao dong tir 6,3-9,4 ng BaP-EQ/g.
Nong do BaP-EQ cao nhit duoc phét hién trong
mau B1-ACE véi gia tri 9,43 ng BaP-EQ/g.
Thong qua ham luwgng X18 PAHs va gia tri

e kg g g

o
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BaP-EQ c6 thé thdy chiét mau bang k thudt
siéu am gian tlep v6i dung moi acetone mang
lai hiéu qua chiét cao nhét.

3.5. Hiéu qud chiét siéu am truc tiép mau dat
voi cac dung moi khdc nhau

Ngoai viéc chiét cac mau mau dat bang bé
rung siéu am, ching t6i con tién hanh khao sat
hiéu qua chiét cac PAHs bang thiét bi phat siéu
am truc tiép. Ham luong X18PAHs tuong Ung
v6i 3 loai dung moi chiét khac nhau duoc thé
hién trong Hinh 2. Ham luong X18PAHs dao
dong tr 41,0-53,9 (trung binh 47,3) ng/g.
Acetone mang lai hiéu qua chiét cao nhit véi
ham luong T18PAHSs 1a 53,9 ng/g, tiép do la
hoén hop dung moéi ACE/HEX (46,9 ng/g) va
DCM (41,0 ng/g). Bac biét, dung mbi ACE cho
hiéu qua chiét tot nhit voi Phe (14,0 ng/g) so
voi ACE/HEX (10,2 ng/g) va DCM (7,9 ng/g).
Ham lugng ctia cac PAHs nhu Acy, Ace, Flu,
Ant, Flt, Pyr, BcP, BaA, Chr, Bb/jF va BaP déu
cao hon khi sir dung dung méi chiét ACE. Hiéu
qua chiét cac PAHs con lai (BKF, BeP, DA, IP
va BP) khong co su khac biét dang ké giita
ACE va hén hon ACE/HEX. Hiéu qua chiét
PAHs tir mau dit bang dung méi DCM thap
hon han so v6i ACE va hdn hop ACE/HEX.
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Hinh 2. Ham lugng =18 PAHs trong mau dat bang k¥ thuat chiét siéu am tryc tiép.

3.6. So sanh hiéu qua chiét PAHs trong mau dat
VOi cdc ky thudt chiet khdc nhau

Bo Khoa hoc va Cong nghé da ban hanh
Tiéu chuan qudc gia TCVN 9318:2012 Chat
luong dét - Xac dinh hydrocacbon thom da
vong (PAH) - Phuong phap sic ky khi ding

detector kh6i phd (GC-MS) véi 2 quy trinh
chiét [10]. Quy trinh 1 bao gdm céc budc chinh
nhu sau: i) Pong nhat miu dat 4m véi acetone
(lic 1 h); ii) Thém ether dau mo, lic va gan liy
pha hitu co (Ip lai tong cong 2 lan); iii) Thém
nuéc vao pha hitu co dé tach loai acetone;
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iv) Lam kho phan dich chiét véi sodium sulfate;
Va V) ¢b dic va chuyén vao isooctane. Quy trinh
2 gdm cac budc chinh nhu sau: i) Pong nhat
mau dat Am véi nudc, sodium chloride, acetone
va ether dau mo (lic 6 h); ii) Dé lang hdn hop
trong 1 h; iii) Gan 16p dung mdi hitu co phia
trén va lam khan bang sodium sulfate; va iv) Co
dac va chuyen vao isooctane. Tuy nhién, Ccac
quy trinh chiét trong TCVN 9318:2012 sir dung
luong 16n dung méi, thoi gian chiét kéo dai va
thao tac thuc hién twong d6i phuc tap. Ciing
trong TCVN nay, céc phu:ong phap chiét khac
nhu chiét siéu am, chiét vi song va chiét dong
bang 4p suét ciing duoc cho 1 phi hop sau khi
xac nhén gia tri st dung.

Hiéu qua chiét PAHs ciing nhu cic chat 6
nhidm hitu co trong mau dat duoc quyét dinh
boi hai yéu td quan trong 1a: dung moi chiét va
ky thuat chiét. US EPA da ban hanh phuong
phap tiéu chudn Method 3550C: Ultrasonic
extraction vé quy trinh chiét cac chat hiu co
trong mau ran nhu dat, bun thai va chat thai ran
[18]. Cac mau rin thuong dugc chiét voi hdn
hop gdm mot dung mdi phan cuc (tan duoc
trong nudc) va mot dung mdi kém phan cuc
hon (khong tan trong nudc). Dung moi phéan
cuc ¢6 vai trd xam nhap qua 16p nudc & bé mat
ctia hat mau ran, trong khi dung méi it phan cuc
¢6 kha ning chiét t6t cac chat hitu co kém phéan
cuc. Theo do, cac hé dung moi thuong dugc st
dung dé chiét chat hiru co kém phan cuc trong
mau dat 1a  acetone/hexane (1:1) va
acetone/dichloromethane (1:1) [18]. Su c6 mat
ctia dung méi phan cuc nhu acetone 14 can thiét
dé tang hiéu qua chiét cac nén mau ua nudc nhu
dét va tram tich [15, 18, 19].

Két qua phan tich ham lwong PAHs thu
dugc boi cung mot loai dung moi nhung voi hai
ky thudt chiét siéu am truc tiép va gian tiép
dugc danh gia bang _phuong phdp phéan tich
phuong sai mot yéu t6 (one-way ANOVA) déu
cho gia tri p-value lon hon 0,05 (khong c6 su
khac nhau c6 y nghia théng ké). Piéu nay cho
thay hi¢u qua cua ky thuét chiét siéu am truc
tiép va gian tiép la trong dwuong nhau. Tuy
nhién, viéc sir dung dau do phat siéu am co
nhuoc diém 12 mdi 14n chi chiét dugec mdt mau
va gifta cac mau khac nhau can c6 thao tac lam
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sach dau do nham tranh sy 6 nhiém chéo gitia
cac mau. Str dung bé rung siéu am c6 thé chiét
df”)ng thoi nhiéu mau va han ché tbi da sy nhiém
chéo giita cac mau. Do d6, st dung bé rung siéu
am voi dung moi acetone 1a diéu kién chiét mau
dat duoc chung t6i lwa chon.

4. Két luan

Nghién ctru da tién hanh khao sat hi¢u qua
chiét PAHs tir nén mau dat bang hai ky thuat
chiét khac nhau: chiét siéu am gian tlep (bé
rung siéu 4m) va chiét siéu am truc tiép (dau do
phat siéu am) voi 3 hé dung mobi 1a acetone,
dichloromethane va acetone/hexane (1:1, v/v).
Két qua phén tich da chi ra ky thuat chiét siéu
4m gian tiép véi dung moi acetone mang lai
hiéu qua tot nhat. Bén canh do, ham luong %18
PAHs va gia tri 46 doc twong duong quy vé
benzo[a]pyrene (BaP-EQ) trong mau dat cua
nghién ctru nay déu nim & murc tuong dbi thap
hoic twong duong so v6i mot s6 nghién ciru tai
Viét Nam va trén thé gi6i. Cac diéu kién chiét
mau trén c¢6 thé duge ap dung cho cac nghién
clru tiép theo dé danh gia mic do 6 nhidém va
cac tac dong dén sirc khoe méi trudng va con
ngudi ciia PAHs trong dat.
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