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Abstract: Studies on the presence of polycyclic aromatic hydrocarbons (PAHS) in Vietnamese
incinerator ash samples are relatively limited. In this study, an analytical procedure for the
determination of 16 PAHs in fly ash and bottom ash of municipal waste incinerators were
investigated. PAHs were extracted from the ash samples by using a focused ultrasonic processor
with different solvents including acetone, dichloromethane, and toluene. Among these solvents,
toluene exhibited the highest extraction efficiency. The PAH extracts were purified by passing
through solid-phase extraction cartridges containing silica gel, with dichloromethane/hexane (1:3)
as the elution solvent. The PAHs were separated and quantified on a gas chromatography/mass
spectrometry (GC/MS) system operated in electron impact ionization (El) and selected ion
monitoring (SIM) modes. The total organic carbon (TOC) contents and total PAH concentrations
in the bottom ash were about 6 times higher than those in the fly ash. The levels of PAHSs in our
ash samples were generally lower than values documented by previous studies in the UK, Sweden,
China, and Taiwan. The concentrations and profiles of PAHs in ash samples varied greatly and
additional studies on these pollutants in waste incineration activities are needed to characterize
their formation mechanisms and emission pathways.
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Nghién ciru phan tich ham lugng tong carbon hitu co (TOC)
va hydrocarbon thom da vong (PAHSs) trong mau tro bay

va tro xi cua 10 dot rac thai sinh hoat
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Tém tit: Cac nghién ctru vé sy ton tai cuia hydrocarbon thom da vong (PAHs) trong mau tro cua
16 dbt rac tai Viét Nam con twong ddi han ché. Trong nghién ctru ndy, chung toi da tién hanh khao
sat va dé xuat quy trinh phén tich 16 PAHs trong méu tro bay va tro xi ctia 1o d6t rac thai sinh hoat.
PAHs duoc chiét tir m3u tro bang ki thuat chiét siéu am truc tiép véi cac loai dung méi khac nhau
nhu acetone, dichloromethane va toluene. Trong d6, dung méi toluene cho hiéu qua chiét cao nhét.
Dich chiét PAHs dugc lam sach trén cot chiét pha rin chua silica gel voi dung méi rira giai
dichloromethane/hexane (1:3). Cac PAHs duoc tach va dinh lugng trén hé théng sic ky khi kh61
phé (GC/MS) & ché do ion hoa duong (EI) va quan sat chon loc ion (SIM). Ham lugng téng
carbon hiru co (TOC) va ham luong tong PAHs trong mau tro i cao hon so véi mau tro bay
khoang 6 1an. Mirc d6 tich liiy PAHs trong cdc mau tro cuia nghién ciru ny nhin chung thip hon so
v6i mot s6 nghién ciru trude day duoc thuc hién tai Anh, Thuy Pién, Trung Qudc va Pai Loan.
Ham lugng va dic trung tich lily cia PAHs trong cic mau tro ¢6 su dao dong 16n va cac nghién
ctru tiép theo vé nhom chat 6 nhiém nay trong hoat dong thiéu ddt rac thai 1 rat can thiét dé tim ra
quy luat vé sy hinh thanh va phat thai cua ching.

Tir khéa: PAHs, tro bay, tro xi, dung mi chiét, GC/MS.

1. Mé dau

Trong nhiing nim gan day ¢ Viét Nam,
tong luong chat thai ran (bao gdm chat thai sinh
hoat, y té va cong nghi€p) da tang Ién nhanh
chong (ting gip do6i trong vong chwa day 15
ndm) do qua trinh do thi hoa, cong nghiép hoa
v6i toe @6 tang truong kinh té cao [1]. Lugng
rac thai 16n dat ra nhiing thach thirc cho cong
tac quan 1y va xir 1y cht thai. Trong sb cac hinh
thirc xur 1y rac thai dugc ap dung hién nay, thiéu
dbt 1a mot phuong phap phd bién do kha ning
xtr Iy nhanh va lam giam thé tich ciing nhu khoi
luong rac thai mét cach hi¢u qua [2]. Trong qua
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trinh thiéu ddt rac thai luén sinh ra mét lugng
tro thai (bao gdm tro bay va tro xi) va ngudn vt
lidu nay co thé duoc tai sir dung trong xay dung
va phat trién co s ha ting [3].

Tuy nhién, cic qua trinh nhiét do cao c6 thé
hinh thanh céc chat 6 nhidm hiru co mot cach
khong chii dinh va cac chét nay co thé tich liy
trong tro thai, c6 thé tiém an nhimg mbi de doa
d6i v6i strc khoe con ngudi va moi trudng [4].
Mot sb nghién ciru gan day dd bao co su co
mat cua hydrocarbon thom da vong (PAHs) va
céc chét 6 nhiém hiru co khé phan hity (POPs)
nhu polychlorinated dibenzo-p-dioxins va
furans (PCDD/Fs), polychlorinated biphenyls
(PCBs), chlorobenzens (CBzs) trong ciac mau
khi thai va tro thai dugc thu thap tir cac 16 ddt
rac trén ca nudc [5-9].
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Trong s cac chat hitu co duge tim thiy
trong tro thai, PAHs 1a nhém chit 6 nhiém nhan
dugc nhiéu sy quan tdm nghién ciru trong vong
5 thap ki qua do chiing c6 thé tich lity sinh hoc
va doc tinh cao, bao gom kha ning giy ung thu
va dot bién gen [10, 11]. Su c¢6 mit cuia PAHs
trong tro thai cha yéu lién quan dén qua trinh
dbt chay khong hoan toan ciia nhién lidu hoa
thach, sinh khdi va cac vat liéu hitu co khac
[12]. M6t sb nghién ctru dd cho thiy luong
PAHs duoc sinh ra khi ddt rac thai nhua va cao
su cao hon so voi ddt than [13]. Cac 10 dbt rac
quy md nhé va thiéu hé thong kiém soat 6
nhidm thudng c¢6 nguy co cao ddi v6i sy hinh
thanh va phat thai PAHs [12]. Ham luong
PAHs do dugc trong cac mau tro 16 dbt trén thé
gidi dao dong trong mdt khoang rong tur < 1
ng/g dén > 8000 ng/g [14, 15]. Ham luong cua
18 PAHs trong mau tro bay va tro xi ciia mot s6
10 @6t rac thai ¢ phia bac Viét Nam nim trong
khoang 51,8 dén 74400 ng/g [9].

PAHs trong mau tro thuong dugc chiét
bang phuong phéap chiét Soxhlet v6i dung moi
toluene [16, 17], acetone/hexane (1:1,...) [9]
hoac dichloromethane [2, 18]. Mac du chiét
Soxhlet dem lai hiéu qua chiét tot nhung ki
thut nay can thoi gian chiét 1au va luong dung
modi lon. Trong nghién cuu nay, ching toi su
dung ki thuat chiét siéu 4m dé chiét PAHs trong
mAau tro bay va tro xi cua 10 dbt rac voi cac
dung méi khac nhau. Ki thuat chiét si€u &m ¢
nhimng vu diém nhu don _gian, nhanh, tlet kiém
dung mdi, thoi gian chiét ngan ma van c6 thé
cho hiéu qua chiét tot Céc két qua thu duoc s&
gop phan phat trién phuong phap phan tich
PAHs trong mau tro, hudng dén ap dung trong
cac nghién ctru vé& kiém soat 6 nhiém va han
ché phat thai tir 16 d6t rac.

2. Thwe nghiém
2.1. Chudn bi méu

Cac mau tro bay (n = 9) va tro xi (n = 9)
dugc thu thap tir mot 10 ddt rac thai sinh hoat tai
huyén Thuy Nguyén, Hai Phong (toa do
20°59'50,4"B; 106°42'19,4"D) lién tuc tur ngay
7 dén 15 thang 9 nim 2019. Mau dugc iy vao
cac budi sang trude khi cong nhan cia 1o dot

tién hanh chuan bi cho mé ddt ciia ngay hom
d6. Lo dbt rac duoc khao sat co cong nghé ghi
chuyén dong (moving grate incinerator) véi hé
thong kiém soat 6 nhiém bao gém quat thong
gi6, thiét bi phun nudc va phun dung dich kiém.
Cong suit trung binh cua 1o dot 13 10 tin rac
thai/ngay va lugng tro bay hinh thanh trung
binh 20 kg/tan rac thai. Tai phong thi nghiém,
mot mau g0p tro bay va mot mau gop tro xi
duoc chuan bi béng cach tron déu cac luong
khoang 50 g ctia cic mau trén. Cac mau gop
dugc nghién trong cdi st va sang qua riy co
kich thuéc 0,1 mm (d6i voi miu tro bay) hodc
1 mm (dbi véi miu tro xi) dé ddng nhat. Mau
tro sau d6 dugc bao quan trong chai thuy tinh
& nhiét d6 phong va trong boéng toi dén khi
phan tich.

2.2. Phdn tich ham lwong tong carbon hitu co
(TOC) va pH

Ham luong TOC trong mau tro dugc Xac
dinh bang phuong phap chuin d6 Walkley-
Black [19]. Khoang 0,5 g mau tro duoc chuyén
vao binh noén 250 mL va thém 5 mL K.Cr.0-
0,167 M, 10 mL H2SO4 (c6 chira 15 g Ag2SO4
trong 1 L H,SO4 dic). Binh chira mau duoc lic
nhe va dit vao bé diéu nhiét & 60 °C trong 30
phut. Sau d6, binh phan tng dugc thém 100 mL
nuéc deion va 5 giot chi thi 1,10-
phenanthroline (c6 chia 0,371 g 1,10-
phenanthroline monohydrate va 0,174 ¢
FeSO4.7HO trong 25 mL nudc deion).
Dung dich chuin Fe?* 0,5 M (hoa tan 49 g
(NH4)2Fe(S0O4)2.6H20 va 5 mL H,SO4 dac trong
200 mL nudc deion) duge thém vao binh noén dén
khi dung dich chuyén sang mau hat dé. Mau tring
dugc phan tich theo quy trinh tuong tu.

Ham lugng TOC dugc tinh theo cong thuc
sau: TOC% = [(Vo — V1) x Cre x 0,003 x 100 x
1,3] = m. Trong do6: Vo va Vi 1a thé tich dung
dich chuan Fe?* tiéu ton khi chuén d6 mau trang
va mau thue; Cre la nong d6 dung dich chuén
Fe?*; hé sb 0,003 Gmg voi 3 mg carbon dugc
phan tmg véi 1 mL KoCr,07 0,167 M; hé s6 1,3
phan anh hiéu suit phan g oxy hoa 77% cua
phuong phap nay; m la khoi luong mau. Mdi
mau tro dugc phan tich 1ap lai (n = 3) dé xéac
dinh ham Iuvong TOC trung binh.
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Gia tri pH cua cac mau tro dugc xac dinh
theo phuong phap chiét v6i nudc deion [16].
Mau tro (2 g) duge thém 10 mL nudc deion
(ti 16 mau : dung méi = 1 : 5) trong 6ng 15 mL
va lic véi toc do 240 vong/phut trong 1 h.
Ong chirta mau sau d6 dugc ly tAm véi tbe do
3500 vong/phit trong 10 phat. Phan dung dich
dugc chuyén sang dng khac va do pH véi dién
cuc thuy tinh (HI 2210 pH meter; HANNA
Instruments). M6i mau dugc do lap lai 3 1an dé
lay két qua trung binh.

2.3. Héa chat

Cac chat chuin gbc PAH H-QME-01
Quebec PAH Mix bao gbébm cac chat:
naphthalene (Nap), acenaphthylene (Acy),
acenaphthene (Ace), fluorene (Flu),
phenanthrene  (Phe), anthracene  (Ant),
fluoranthene (FIt), pyrene (Pyr), benz[a]

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), nong do 500 ug/mL mdi chat
dugce cung cip boi hing AccuStandard, USA.
Hdn hop chét chuan dong hanh bao gém Nap-
d8, Acy-d8, Phe-d10, FIt-d10, Pyr-d10, BaP-
d12, BP-dI12 dugc cung cip boi ES-2044
Surrogate  Cocktail ~(Cambridge  Isotope
Laboratories, USA). Dung dich chit ndi chuin
Chr-d12 dugc cung cip boi DLM-261-1.2
(Cambridge Isotope Laboratories, USA). Cac
dung moéi dugc st dung trong nghién ciru nay
bao gdm: dichloromethane (DCM) (99,5%;
Deajung, Han Qudc), hexane (96%; Deajung,
Han Quéc), acetone (99,5%; Macron, DPruc),
toluene (99,7%,; J.T.Baker, USA). Cot chiét pha
ran silica gel Bond Elut SI (500 mg, 3 mL,
120 um, Agilent, USA) ding dé lam sach dich
chiét mau.
2.4. Khdo sdat do thu héi ciia PAHs trén cit
chiét pha rdn

Cot lam sach dugc rira véi dung moéi DCM
(3 mL x 2) va hexane (3 mL x 2). Mau dugc
chuén bi bao gom 200 uL dung dich chat chuan
PAHs 100 ng/mL va 300 pL hexane (20 ng mdi

chat). Mau dugc chuyén 1én cot chiét pha rin va
trang 2 1an, mdi 1an v6i 250 uL hexane. Luong
dung moi nap mau nay (khoang 1 mL) 1a phan
doan dau tién (F1). Sau d6, PAHs duoc rira giai
voi 3 phan doan (F2, F3, F4), mdi phan doan su
dung 3 mL DCM/hexane (1:3, v/v). Cac phan
doan duoc thém 200 pL dung dich chit dong
hanh 100 ng/mL va 200 uL dung dich chat noi
chuan 100 ng/mL rdi dugc c6 dudi dong khi N,
dén 200 pL.

2.5. Khdo sat dung méi chiét PAHs trong madu tro

Céac mau nghién ctru duoc chuan bj trong 9
4ng thay tinh 10 mL: 3 miu tring BL (0,5 g
Na SO, khan/dng), 3 mau tro bay FA (0,5 g
mau/6ng) va 3 mau tro xi BA (0,5 g mau/ng).
Mdi 6ng duge thém 200 pL dung dich chat
doéng hanh 100 ng/mL. Cac dung mdi duoc
khao st bao gdm acetone (ACE), DCM va
toluene (TOL). Cac mau nghién ciru dugc ki
hiéu l1an luot 13 BL-A, BL-D, BL-T, FA-A,
FA-D, FA-T, BA-A, BA-D, BA-T. Cic mau
duogc chiét 2 1an véi thiét bi VCX-130 (Sonics
& Material, Inc, USA), mdi lan véi 3 mL dung
mdi va trong 10 phut ¢ nhiét d6 4 °C. Sau mdi
lan chiét, 6ng chira mau duoc ly tdm voi tdc do
3500 vong/phit trong 10 phut. Phan dich chiét
duoc chuyén vao 6ng c6 dac, ¢6 dudi dong khi
Nz va chuyén vao 500 pL hexane. Dich chiét
mau sau d6 duoc 1am sach trén cot silica gel,
thém 200 pL dung dich chit ndi chuin
100 ng/mL va c6 dudi dong khi N dén 200 pL.

2.6. Diéu kién phan tich PAHs trén hé th(fng
GC/MS

PAHSs dugc phéan tich va dinh lugng trén hé
thong GC 8890 véi detector MS 7010B Triple
Quadrupole, autosampler 7693A va cot tach
DB-5MS UI (30 m x 0,25 mm x 0,25 pm)
(Agilent Technologies). Cac diéu kién phan tich
dugc tham khao tir nghién ctru trude day [9] voi
mot s6 thay doi nho dé phu hop véi hé thong
GC/MS cua chang t6i. Khi mang 1a helium voi
tbc do dong 1,2 mL/phtit. Mau dugc bom vao
hé théng GC/MS & ché do khong chia dong véi
thé tich bom 1 pL va nhiét d6 cong bom mau la
300 °C. Chuong trinh cua 10 cot dugc cai dat
nhu sau: giit & 80 °C trong 1 phut, ting dén
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170 °C (20 °C/phit), dén 220 °C (4 °C/phut),
dén 270 °C (3 °C/phit) va ting dén 310 °C
(20 °C/phut, gitt 20 phut). Detector MS hoat
dong & ché d6 ion hoa va dap electron voi nang
lugng ion héa 70 eV. Nhiét do bd phan ghép
nbi va ngudn ion lan luot 1a 310 °C va 230 °C.
Tin hi€u phéan tich cta cac chét dugc ghi nhan &
ché do quan sat chon loc ion (SIM). Manh ion
dinh luong cta cac PAHs lan luot nhu sau: Nap
(m/z = 128), Acy (152), Ace (154), Flu (166),
Phe (178), Ant (178), FIt (202), Pyr (202), BaA
(228), Chr (208), BbF (252), BKF (252), BaP
(252), DA (278), IP (276) va BP (276).

3. Két qua va thao luan
3.1. Ham lwong TOC va pH trong mau tro

Ham luong TOC 1a mét yéu t6 c6 anh
huong dén muc do tich iy cua cac chat 6
nhiém hitu co noéi chung va PAHs néi riéng
trong cac mau tro thai. Lee va cac cong sy da
tim ra mdi lién hé gitta ham lugng TOC va ham
lvong PAHs trong mau tro bay cua 1o dét rac
thai sinh hoat (h¢ sO tuong quan nim trong
khoang tir 0,82 dén 0,93), tir d6 dé xuit md
hinh dé udc tinh ham lugng PAHs tir TOC [20].
Ham luong TOC trong mau tro xi cia chung toi
(2,40 + 0,01%) c6 gia tri cao hon dang ké so
véi mau tro tro bay (0,36 + 0,02%). Mirc ham
lugng TOC trong mau tro thai dugc bao cao bai
cac nghién ctu trudc day co gia tri dao dong
trong mot khoang rong (tir <0,1% dén 14% dbi
voi mau tro bay; <0,1% dén 53% d6i voi mau
tro xi) [11, 16, 20-22]. Ham lugng TOC do
duoc trong mau tro bay va tro xi cliia nghién
ctru nay nhin chung nim & muc thap so voi
khoang ham luong cong bd boi cac nghién ciru
truée ddy, cho thiy diéu kién van hanh tuong
dbi tot ctia 16 d6t rac. Ham lwgng TOC cao hon
trong mau tro xi so vdi tro bay phut hop vai két
qua nghién cru cta Johansson va Cac cong su
(2003) [16]. Ham lugng TOC cao hon trong mau
tro xi ¢6 thé do cac vat chat hitu co chura dugc ot
chay hoan toan [23]. Tuy nhién mét s& nghién
ctru khac da phat hién ham lugng TOC cao hon
trong mau tro bay so véi tro xi [21, 22, 24]. Ham
lugng TOC cao hon trong mau tro bay co thé

dugc giai thich do thoi gian ton tai trong ving
nhiét d6 cao cua budng dot ngén hon so voi tro
xi [21]. Dé c6 dugc cac danh gia téng quat hon
vé ham luong va xu hudng phan b cuia carbon
hitu co trong cac ngudn thai cua 16 d6t rac, viée
thyc hién cic nghién cru chuyén sau véi sb
lwgng mAu 16n hon 13 rét cin thiét.

Gia tri pH cta mau tro bay (10,63 + 0,03)
cao hon méu tro xi (9,19 + 0,06). Tinh kiém cta
mau tro 160 ddt co thé dugc giai thich boi cac
thanh phan nhu mudi kim loai c6 tinh kiém,
oxide, hydroxide va carbonate [25]. Johansson
va cac cong su da tién hanh do pH ctia mau tro
bay va tro xi ctia cac 16 d6t rac thai sinh hoat tai
Thuy Pién va ciing cho thiy gia tri pH cao hon
& mau tro bay (trung binh 12,7) so v&i mau tro
Xi (trung binh 8,0). Tro xi c6 tinh kiém thdp hon
s0 voi tro bay c6 thé do kha ning hip thy khi
carbonic [16].

3.2. B¢ thu héi ciia PAHs trén cot SPE

Cuc Bao vé Méi truong Hoa Ky (US EPA)
d3 ban hanh phuong phap tiéu chuan Method
610: Polynuclear Aromatic Hydrocarbon hudng
dan viéc str dung cot lam sach chua chét hép
phu silica gel dé loai bo cac chat anh hudng
trong quy trinh phan tich PAHs [26]. Trong
nghién curu nay, cot SPE chua silica gel dugc sir
dung dé lam sach dich chiét PAHs vé&i hé dung
moi gdm DCM va hexane. D¢ thu hoi cia cac
PAHs trén c¢ot SPE tr cac phan doan rura giai
khac nhau dugc trinh bay trong Hinh 1.

Phan doan F1 (1 mL hexane) bao gém dich
chiét miu ban du (0,5 mL) va cac thé tich
dung moi trang rira (0,5 mL). Phan doan nay
chi chira lwong nho mot s6 PAHs phén tir khdi
thap nhu Nap (7%), Phe (2%), Acy (1%) va
Ace (1%). Tuy nhién, phan doan dau tién nay
thuong chira cac tap chat nhu hydrocarbon
mach hé nén can phai loai bo. Cac PAHs duoc
rira giai bang hdn hop dung moi DCM/hexane
(1:3, v/v) v6i cac phan thé tich 3 mL ung voi
dung tich cta cot. Phan 16n cac PAHs duoc rira
gidi tir cot SPE & phan doan F2 (3 mL du tién)
v6i d6 thu hoi tir 83-99%. Ti 1¢ PAHs c6 mit
trong cac phan doan tiép theo nhin chung thap
va nam trong khoang 0,1-6%. Do 4o, thé tich
dung moi ria giai duoc lya chon 1a 3 mL. Theo
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US EPA, dich chiét PAHs duoc lam sach trén
cOt thuy tinh chira 10 g silica gel hoat hoa va
1-2 cm NaSOs khan véi 65 mL pentane
(bao gdm budc rira cot trudc khi nap mau va
rira tap chat sau khi nap mau) va 25 mL

100% -
90%
80%
70%
60% -
50%
0%
30%
20%

10% -

0%
Nap  Acy Ace Flu Phe Ant Flt

DCM/pentane (2:3,...) [26]. Ki thuit SPE st
dung trong nghién ctru nay c6 uu diém ndi troi
vé kha ning tiét kiém dung méi (16 mL) so
v6i phuong phap tiéu chuan cua US EPA
(khoang 100 mL).

Pyr  BaA  Chr Bb/if BkF BaP DA [ BP

W%Fl m%F2 W%F3 © %F4

Hinh 1. D6 thu hdi cia PAHs trong cac phan doan rira giai tir cot SPE silica gel.

3.3. Bé thu héi cua chat dong hanh

Trong quy trinh phan tich PAHs, cic chét
chuan danh dau déng vi deuterium duoc thém
vao mau trude khi chiét voi vai tro 1a chat dong
hanh (danh gia d6 thu hoi) va tin hiéu cua
ching duge sir dung dé tinh lugng chat phan
tich ¢ trong mau. D¢ thu hdi ciia cac chat dong
hanh 13 mot trong nhing yéu t6 quan trong
trong dam bao chat lugng va kiém soat chat
lugng (QA/QC) két qua phan tich. Trong
nghién ctru ndy, d6 thu hdi cia cac chit dong
hanh dao dong trong khoang 42-125%. B¢ thu
hoi ciia chat dong hanh nhin chung giam theo
tha ty sau: BP D12 (103 + 20%) > BaP DI12
(100 + 16%) > Pyr D10 (89 + 15%) > Flt D10
(88 £ 17%) > Acy D8 (73 £ 21%) > Phe D10
(69 + 13%) > Nap D8 (53 + 12%). D9 thu hoi
ciia chit dong hanh _trong cdc mau tro cla
nghién ctru nay déu nam trong khoang gidi han
cho phép theo phuong phap tiéu chuan Method
625.1: Base/Neutrals and Acids by GC/MS cua
US EPA [27]. Cu thé, d6 thu hdi cho phép cua
cac chit dong hanh lan lugt la: Nap DS
(22-192%), Acy D8 (33-168%), Phe D10
(34-168%), FIt D10 (30-187%), Pyr D10
(28-196%) va BaP D12 (32-194%) [27].

Khoang cho phép cua do thu hdi chat dong
hanh deuterium PAHs dao dong trong khoang
tuong d6i rong mot phan phan anh nhimg kho
khin vé mat thyc nghiém trong quy trinh phan
tich PAHSs néi chung.

3.4.,A7nh huong cua dung moi dén hiéu qua
chiét PAHs trong mau tro

Chiét miu 1a mot budc quan trong trong
quy trinh phan tich PAHs vi két qua phan tich
chi chinh xdc khi PAHs duoc chiét trigt dé khoi
nén mau. Khi khao sat cac yéu td lién quan dén
diéu kién chiét mau, Iya chon dugc dung moi
chiét phu hop 1a mét yéu cau quan trong. Trong
nghién ctru nay, hiéu qua chiét PAHSs tir mau tro
bay va tro xi dugc khao sat voi 3 dung moi la
acetone, DCM va toluene. Dung moi ung voi
ham lugng PAHs do dugc cao nhat s& duoc lya
chon. Cac mau trang dugc phan tich cling véi
mau tro va ham luong PAHs trong mau tro
duoc hiéu chinh v6i miu tring. Luong PAHs
(ng/rnau) trung binh do dugc trong cic mau
trang 1an luot 1a Nap (5,0), Acy (0,8), Ace (0,5),
Flu (1,0), Phe (2,0), Ant (1,0), FIt (0,30), Pyr
(0,40), BaA (0,30), Chr (0,10), BbF (0,50),
BKF (0,02), BaP (0,05), DA (0,05), IP (0,07) va
BP (0,05).
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Hinh 2. Ham lugng PAHs trong mau tro bay dugc chiét boi cac dung méi khac nhau
(acetone, dichloromethane va toluene).

DPbi véi mau tro bay, ham luong tong 16
PAHs (X16PAHs) giam dan theo thir ty cic
dung mo6i nhu sau: TOL (44,5 ng/g) > DCM
(20,7 ng/g) > ACE (12,6 ng/g) (Hinh 2). Khi st
dung dung méi TOL, ham lugng PAHs thu
dugc cao hon so voi dung méi ACE (trung vi
8,95; khoang 0,94-38,9 1an) va dung méi DCM

1.E+03
1E+02
1.E+01

1.E+00

Ham lrong 316 PAHs (ng/g)

1.E-01

(trung vi 2,39; khoang 0,58-8,95 lan). Ham
lugng PAHs trong tro bay voi dung moéi DCM
cao hon 1,89 lan (khoang 1,25-6,74) so véi
ACE. Hiéu qua chiét khi sir dung TOL ddi véi
cic PAHs phan tir khéi cao (HMW, 4-6 vong)
duoc thé hién rd hon so vé&i cdc chét phan tu
khdi thap (LMW, 2-3 vong).

EBA-A @EBA-D @EBAT

Nap Acy Ace Flu Phe Ant Fit
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Hinh 3. Ham lugng PAHs trong mau tro xi dugc chiét boi cac dung moi khac nhau
(acetone, dichloromethane va toluene).

V6i mau tro xi, ham luong tong 16 PAHs
(Z16PAHSs) sap xép theo thir tur cac dung méi nhur
sau: TOL (263 ng/g) > DCM (135 ng/g) > ACE
(84,3 ng/g). Ham luong PAHs trong tro xi st
dung dung mo6i TOL cao hon so véi dung moi
ACE (trung vi 5,39; khoang 0,59—-130,6 lﬁn) va
dung méi DCM (trung vi 2,51; khoang
0,69-37,3 lan). Vi dung méi DCM, ham lugng

PAHs thu dugc cao hon 1,57 lan (khoang
1,54-3,92) so véi ACE. Pdi v6i LMW PAHS,
hiéu qua chiét giam theo tha ty: TOL
(232 ng/g) > DCM (135 ng/g) > ACE
(83,5 ng/g). Su khac biét v& hiéu qua chiét cua
dung méi TOL so véi ACE va DCM dugc thé
hién 16 rét hon  HMW PAHs (31,1 ng/g so voi
0,54-0,79 ng/g). P6i v6i Nap, hidu qua chiét
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cao nhdt c6 dugc voi dung méi DCM
(121 ng/g) > TOL (90,0 ng/g) > ACE (78,7 ng/g).

Tur céc két qua trén, TOL la dung moi dugc
lua chon dé chiét PAHs tir cAc mau tro bay va
tro xi vi hiéu qua chiét cao hon ciia dung méi
nay so voi ACE va DCM. Toluene 1a dung moi
dugc str dung phd bién dé chiét PAHs tir mau
tro trong cac nghién ctru trudc day voi cac ki
thuat chiét Soxhlet [10, 16, 17]. Cac dung mdi
thom nhu benzene va toluene c6 hiéu qua chiét
cao d6i voi PAHs (dic biét 1a cac HMW
PAHs), nhung voi doc tinh cao hon cua
benzene thi toluene dugc sir dung rong rai hon
[28]. Sun va cs. (2006) dd khao sat do thu hoi
ciia cac PAHs trén mau tro bay ciia nha may
nhiét dién v6i ki thuat chiét siéu am st dung 4
hé dung moéi cho hiéu qua chiét giam dan theo
thur tu: toluene > DCM/acetone (1:1,...) > DCM
> hexane/acetone (1:1,...) [29]. Trong mot nghién
ctru khéc, toluene ciing cho hiéu qua chiét PAHs
tir mau g va than sinh hoc cao hon so véi cac
dung mdi hexane, DCM, acetone, methanol va
hexane/toluene (1:1,...) khi str dung ki thuat chiét
1ong ap suit cao [30]. Mic du toluene 1a dung méi
duoc lya chon nhung viéc str dung dung moi nay
cling gap phai mot s6 han ché, dic biét 1a can thoi
gian twong d6i dai dé co dic dich chiét trong
toluene va chuyén dung méi hexane (truéc khi
lam sach trén cot silica gel).

3.5. So sanh ham luong va dac trung tich liiy
PAHs trong mdu tro

Ham lugng PAHs trong cac mau tro khi
chiét véi dung mai toluen duge s dung dé so
sanh két qua giira 2 loai mau va véi cac nghién
ctru khac. Ham lugng tong 16 PAHs trong mau
tro xi (263 ng/g) cao hon miu tro bay
(44,5 ng/g) khoang 6 lan. Ti 1& nay hoan toan
phu hop véi ti 16 TOC giita 2 mau (ham lugng
TOC trong mau tro xi cao hon khoang 6 1an so
véi miu tro bay). Két qua nay cho thidy ham
luong TOC la mot yéu td quan trong anh hudng
dén ham luong PAHs trong miu tro. Ham
lugng TOC va PAHs cao hon trong mau tro xi
c6 thé dugc giai thich boi sy dot chay khong
hoan toan cac vat chat hitu co trong rac thai va
su hinh thanh PAHs ¢ khu vuc sau buéng dbt 1a

khong dang ké. Ham luong PAHs trong mau tro
bay ctia nghién ctru nay thap hon nhiéu so véi
gi tri cong bd bai mot sb nghién ctru trude day
[2, 15, 16, 18, 20]. Ham lugng tong PAHs trong
cic mau tro bay ciia 26 10 dot rac thai tai Anh
dao dong tir 1 dén 1000 (trung binh 227) ng/g
[2]. Ham luong PAHs tuong ddi cao ciing duoc
tim thdy trong tro bay cta 1o d6t rac thai sinh
hoat tai Pai Loan (5947-15100 ng/g) [15, 20],
Trung Qudc (trung binh 2445 ng/g) [18] va
Thuy Dién (141-4495 ng/g) [16]. Ham lugng
PAHs trong miu tro xi ctia nghién ctru nay
ciing thap hon so véi cac miu tuong tu lay tai
10 @6t rac tai Trung Qudc (2222-6884 nglg)
[10], Pai Loan (2252 ng/g) [15] va Thuy Dién
(479-3589 ng/g) [16].

Pic trung tich lily cia PAHs trong 2 loai
mau c6 su khéac biét tuong ddi 16m, phan anh su
khéac nhau trong co ché hinh thanh va sy ton tai
ciia nhom chét ndy trong tro xi va tro bay.
Trong tro bay, ti 1¢ cia cac PAHs trong ham
lugng tong giam theo thir tu sau: Phe (28%) >
Flu, Flt (15%) > Bb/jF (13%) > Pyr (10%) > IP
(6%) > Chr (4%) > BP (3%). Trong tro xi, hai
chat chiém ti 1& cao nhat la Nap va Phe (mdi
chat chiém 34%), tiép do 1a Flu (10%), Pyr
(6%), Ant (5%), Flt (5%), Acy (3%). Mau tro xi
c6 ti 16 LMW PAHs (88%) cao hon dang ké so
v6i HMW PAHs (12%), trong khi mau tro bay
¢6 ti 18 cia LMW PAHs (47%) va HMW PAHs
(53%) tuong duong nhau. No6i cach khac, ti 1€
cia HMW PAHs trong mu tro bay cao hon
hin so v6i miu tro xi. Pic trung tich liy cua
PAHs trong mau tro xi cia nghién ciru nay
tuong tw so v6i mau tro xi tai Thuy Dién véi
céc chat chinh Ia Nap, Phe, Flt, Pyr [16]. Tuy
nhién, Nap lai chiém ti 1& nho (4,6%) trong tong
PAHs ctia mau tro tai Pai Loan [15]. Ti 1¢ cta
PAHs trong cac mau tro bay duoc bao céo trong
cac nghién ctru ¢o sy khac biét tuong dbi 16n.
Wild va cic cong sy tim théy ti 1& cao ciia BP,
Pyr va Phe [2]; trong khi Nap lai la chat chiém
ti 1& cao nhét trong miu tro bay tai Dai Loan va
Trung Quéc [15, 18]. Piac trung tich liy cua
PAHs trong mau tro khong thong nhat giita cac
nghién ctru do sy khac biét vé cong nghé 16 ddt,
thanh phan cia chat thai duoc ddt va dic tinh ly
hoéa ctia nén mau tro [2, 15-20].
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4. Két luan

Quy trinh phan tich cic chat 6 nhiém hitu
co ndi chung va PAHs noi riéng trong cic mau
tro thai dugc 4p dung trong cic nghién cuu
trudc day thuong tham khao tir cac phuong
phap tiéu chuan nén twong ddi phuc tap, ton
thoi gian va sir dung lugng 16n hoa chat, dung
moi. Nghién ciru ndy sir dung ki thuat chiét siéu
am tryc tiép dé chiét PAHs tir miu tro bay va
tro xi cua 10 dot rdc thai sinh hoat véi mot
luong nho dung méi (6 mL) va thoi gian chiét
ngan (30 phut). Dung méi toluene mang lai hiéu
qua chiét cao hon so véi acetone va
dichloromethane. Ham Iuwgng TOC c¢6 anh
huodng dén ham luong téng PAHs. Cu thé, mau
tro xi c6 ham luong TOC va tong PAHs déu
cao gap khoang 6 lan so voi miu tro bay. Ham
luong PAHs twong dbi thap trong miu tro cia
nghién ctru nay so v6i mot sd nghién ciru trude
day duoc thyc hién tai cac quéc gia khac trén
thé gi6i phan 4nh diéu kién van hanh tot cia 10
d6t duwoc khao sat. Quy trinh phan tich PAHs
trong miu tro véi cac wu diém nhu nhanh, don
gian, tiét kiém cta nghién ctru nay co thé duoc
ap dung cho céac khao sat, danh gia véi quy mo
16n hon vé& su hinh thanh va phat thai PAHs tir
hoat dong thiéu ddt rac thai cling nhu cac linh
vuc san xuat cong nghiép khac.
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