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SUMMARY

EVALUATION OF THE EFFECTIVENESS OF ULTRASONIC AND SOXHLET
EXTRACTIONS IN PREPARING SEDIMENT SAMPLES FOR DETERMINATION
OF POLYCYCLIC AROMATIC HYDROCARBONS (PAHS)

Polycyclic aromatic hydrocarbons (PAHSs) are a family of polycyclic aromatic organic substances
composed of several benzene rings attached directly to each other. The present study evaluated the
extraction efficiency of ultrasonic and soxhlet extractions in preparing sediment samples for the
determination of PAHSs by gas chromatography coupled with mass spectrometry (GC-MS). We found
that both ultrasonic extraction and soxhlet extraction techniques met the AOAC requirements
demonstrating repeatability and recovery efficiencies of surrogate standards >60% and analyte
recovery efficiencies >73% with 16 PAHs. The soxhlet extraction method indicated higher precision
than ultrasonic extraction. The statistical calculation results also indicate that at the research
concentration level, the average values of the two different sample treatment methods are not
statistically significant with a statistical reliability of 95% (P> 0.05).
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1. MO PAU

Hydrocacbon da vong thom (PAHs) 1a mét ho chat
hitu co da vong thom duoc ciu tao tir mot s6 nhan
benzen dinh truc tiép véi nhau. Hién nay, cac nha
khoa hoc di tim ra hon 200 chit PAHs khéc nhau.
Nhiéu hop chit PAHs c6 doc tinh cao va la tac
nhan gay 6 nhiém moéi truong nghiém trong. Tuy
nhién, do kha ning gy ung thu va bién ddi gen
nén cuc bao vé moi truong My da phan loai va dua
ra 16 PAHs c6 ciu tric dién hinh va nghién cau,
quan tric cac hop chit nay bao gom 2 vong thom
(Naphthalene), 3 vong thom (Acenaphthene,
Acenaphthylene, Fluorene, Phenanthrene,

Anthracene), 4 vong thom (Fluoranthene, Pyrene,
Benzo (a) anthracene, Chrysene), 5 - 6 vong thom
Benzo (b) fluoranthene, Benzo fluoranthene, Benzo
(@) pyrene, Indeno (1,2,3- ¢,d) pyrene, Benzo (g,h,i)
perylene, Dibenz (a,h) anthracene [1].

Do nhimng tac dong cd hai cua PAHs dén moi
tredng va suc khoe ctia nguoi va dong vat nén céc
nha khoa hoc tai Viét Nam va trén thé gisi da co
nhiéu nghién ctru vé PAHs dugc tién hanh ¢ nhiéu
qudc gia bang mot sé phuong phap phan tich hign
dai nhu sic ky long khdi phé LC-MS, sic ky khi
khéi phd GC-MS [1]. Bhupander, Kumar va cong
su d3 xac dinh 16 PAHSs tir nuéc thai va tram tich
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bing phuong phap sic ky long hiéu ning cao
(HPLC) vai gidi han phat hién (LOD) va gigi han
dinh luwong (LOQ) dao dong trong khoang 0,01-
051 pg/L va 0,03-1,71 pg/L [2]. Tuy nhién,
phuong phap GC-MS thuong la phuong phap uu
tién dé xac dinh ham luong PAHSs trong nhiéu ddi
tugng MAau tir don gian dén phuc tap. Déi véi cac
mau phac tap nhu mau méi trudng hoic mau thuc
pham, viéc sir dung cac phuong phép tach chiét va
xtr Iy mau Ia can thiét [3]. Hién nay, dé tach chiét
PAHs trong mau dat va tram tich co cac phuong
phip nhu: Chiét vi séng (MAE - Microwave
Assisted Extraction) [4], Chiét long &p suét cao
(PLE - Pressurized liquid Extraction) [5] nhung
thuong st dung nhat 1a chiét siéu am [6] va chiét
soxhlet [7] do 2 phuong phép nay tién hanh don
gian va khdng yéu cau cao vé mit thiét bi. Phuong
phép chiét soxhlet c6 wu diém cé kha ning lam
tang hiéu suat chiét mau do mau phan tich dugc
tiép xdc nhiéu lan véi cac phan dung moi mai. Tuy
nhién, phuong phap nay yéu cau thoi gian chiét
kéo dai (16-24 gio); dong thoi lwong dung méi can
loai bo sau khi chiét Ion khong chi tén kém ma con
gay ra thém van dé 6 nhiém méi truong. Bén canh
d6, phuong phap chiét siéu 4m c6 wu diém luong
dung méi sir dung it, thoi gian tach chiét ngan va
hiéu qua xa ly mau cao [8-9].

Bai b4o nay danh gia hiéu qua xu ly mau tram
tich bang phuong phap chiét siéu am va chiét
soxhlet dé xac dinh ham lwgng cac PAHs bing
phuong phap GC-MS. Nghién ctu gop phan quan
trong trong viéc lya chon phuong phéap chiét dé
xac dinh PAHs bang phuwong phip GC-MS va
danh gia mac d6 6 nhidm PAHs trong trim tich
Vv6i s6 lugng mau 16n trong cac nghién cau vé
phan tich danh gia méi truong.

2. THUC NGHIEM
2.1. Chét chuén va hoa chit

Db6i tugng nghién ctu la 16 PAHs bao gom:
Naphthalene,  Acenaphthene,  Acenaphthylene,
Fluorene, Phenanthrene, Anthracene, Fluoranthene,
Pyrene, Benzo (a) anthracene, Chrysene, Benzo (b)
fluoranthene, Benzo (k) fluoranthene, Benzo (a)
pyrene, Indeno (1,2,3- c,d) pyrene, Benzo (g,h,i)

perylene, Dibenz (ah) anthracene trong nén mau
tram tich.

Céc chat chuan sir dung trong nghién ctu gém:

- Chuan Native hdn hop 16 PAHs 200ug/mL cua
hang CIL, My (ES-5438)

- Chuan dong hanh hdn hop gom 16 PAHs - D (D,
98%) 200ug/mL cta hdng CIL, My (ES-5164)

- Chuan danh gia hiéu suat thu hoi cia hang
Sigma-Aldrich, My (CLM-2722-1.2)

Céc dung mdi sir dung véi do tinh khiét sic ky cua
hang Fisher Scientific, My. H6a chat khac: Na,SO,
khan cta hang Merck, My.

2.2. Phwong phap nghién ciru

Nén mau tram tich duoc xir ly bang cach ngam
trong hon hop n-Hexane/Acetone ty 18 1:1 (v/v),
loc, sdy khd va dugc tién hanh dinh luong cac
PAHs dé dam bao nén mau khong chira chat phén
tich. Tién hanh nghién ctu dya trén cac mau thém
chuén 16 PAHSs vao nén mau tram tich sach va tach
chiét, 1am sach, 1am giau trong phong thi nghiém
biang 2 phuong phap chiét mau: phuong phéap chiét
soxhlet (theo US EPA method 3540C) va phuong
phép chiét siéu am (theo US EPA method 3550C).
Dung dich cudi ciia qua trinh trén dwoc phan tich
trén thiét bi sic ky khi khéi phé GC-MS (Agilent
7890A —5975C).

2.2.1. Phwong phdp tach chiét mau
a. Phirong phdp chiét siéu am

Mau tram tich (m = 2,0000 g) duoc thém chit
chuin PAH Native (ES-5438, CIL, My) & mirc
ndng d6 1a 15 pg/kg va chit chuan noi (duoc pha
tir chuan goc ES-5164, CIL, M§) chira dong vi D
cia 16 PAHs nghién ctu. Thém 50 mL n-
Hexane/Acetone ty 1¢ 1:1 (v/v) vao lo chira mau.
Pay nap va lic trong 2 gio. Sau dé tién hanh siéu
am trong bé siéu am (tan sb 37 kHz, cong suat 200
W) trong 2 1an (5 phGt/lan), nhiét do bé siéu am <
40°C. Loc phan dung mdi qua phéu c6 gidy loc
chira Na,SO, khan dé loai nuée, thu lay phan dung
moi chay qua phéu loc vao binh cau 250 mL. Trang
lo chtra mau trude khi thém 2 1an x 5 mL dung moi
chiét [6].



Thi nghiém dugc tién hanh lap lai 5 lan.
b. Phirong phdp chiét Soxhlet

Mau tram tich (m = 10,0000 g) dugc thém chat
chuin PAH Native (ES-5438, CIL, My) & mic
nong do 1a 15 pg/kg, va chat chuan noi (duoc pha
tir chuan goc ES-5164, CIL, M) chtra dong vi D
cia 16 PAHs nghién ctu. Tién hanh chiét Soxhlet
v6i 300 mL n-Hexane/Acetone ty 1€ 1:1 (v/v) trong
16-24 gio véi toe do tran dung moi 4-6 lan/gio [7].

Thi nghiém duoc tién hanh lap lai 5 lan.
2.2.2. Phirong phdp lam sach, 1am giau mau

Tién hanh 1am sach mau trén cot thay tinh duong
kinh 1 cm chia 10 g Silica gel 60 A° (d4 say &
130°C trong 16h) c6 phu Na,SO, trén dau cot. Hoat
hoa cot bang 40 mL pentane; Sau khi dung moi
cham dén mit Na,SO,, chuyén dich chiét mau l1én
cot (thé tich < 10 mL); loai bo tap chat bang 25 mL
pentane. Rwa giai mau bing 25 mL
Dichloromethane/pentane ty 1€ 2:3 (v/v).

Co dich mau sau khi 1am sach vé thé tich khoang 2
mL. Diéu chinh &p suat chan khéng sao cho thoi
gian ¢6 mau la ~ 30 phut/mau. Dung khoang 5 mL
dung méi n-Hexane trang thanh binh cau, tiép tuc
co t6i thé tich ~ 1 mL; Chuyén miu di c6 can &
binh cau vao dng nghiém day nhon (d4nh s thir ty
mau tuong (ng), trdng rira binh va thanh éng
nghiém 3 lan bang n-Hexane dén thé tich ~ 5 mL.

Str dung thiét bi dudi dung méi bang khi N, dé co
can dung dich mau vé thé tich < 1 mL. Chuyén
toan bo dung dich miu vao cac lo chira mau
chuyén dung (vial 2 mL) di vach dau mic 500 pL.
Tiép tuc cd N, dé bay hoi dung méi, thém dung
dich chit chuan danh gia hiéu suat thu hdi (dugc
pha tir chuan géc CLM-2722-1.2, CIL, My) vao
mau, cd N, (néu can) t6i vach mic 500 pL. Dung
nip dap c6 dém septum PTFE day kin lo, rung
Vortex cho dich mau dugc ddng nhit, chuan bi
phan tich mau trén thiét bi GC/MS [10].

2.3. Piéu kién van hanh thiét bi phan tich

Céc diéu kién phan tich duoc thir nghiém va tbi wu
nhu trong bang 1.

Bang 1. Cdc diéu kién phan tich PAHs trén thiét bj

GC MS
Piéu kién Théng s6

Khi mang Heli

Tbc do khi mang 1 mL/phat

Thé tich bom miu 2\ uL, ché do khong chia
dong

" DB-5MS

Cottach (30mx0,25mmx0,25um)
Nhiét d¢6 dau 80°C giir trong
1 pht, taing 20°C/phat dén
160°C, khong gitr;

Chuong trinh nhi¢t | taing 2°C/phut dén 190°C,

do khong gitt; ting S5°C/pht
dén 270°C, khéng giir; ting
10°C/phut dén 320°C, giir 3

phut.
Nhiét do Aux 300°C
Nhiét do ion source | 230°C
Nhiét ¢o Quad 150°C
Nang lugng ion héa | 70 eV
Ché d6 do SIM

Hinh 1 thé hién sic d6 phan tich PAHSs trén thiét bi
Véi cac diéu kién t6i wu & bang 1.

3. KET QUA VA THAO LUAN
3.1. Xac dinh khoang lam viéc ciia dwong chuin

Duyng chuan 5 diém tir CS1 dén CS5 véi ham luong
chat Native lan Iuot 1a 50, 100, 200, 500, 1000 pg/L.
Puong chuan biéu dién mdi quan hé giira ty 1¢ dién
tich va ty 18 ham Iwong cuia chat Native véi chat dong
hanh tuong Gng.

Puong chuan cia 16 PAHs duoc trinh bay tai
Bang 2.

Bang 2. Két qua dung dwong chudn ciia 16 PAHs

nghién cau
PAHS Phl‘m'ng triilh R?
duwong chuan
Napthalene y=0,8777x+0,2627 | 0,9995
Acenaphthylene | y=0,7288x+0,0159 | 0,9994
Acenaphthene y=0,4291x-9,5322 | 0,9996
Fluorene y=0,5187x+0,0052 | 0,9996
Phenanthrene y=0,5406x-0,0555 | 0,9987




PAHS Phl‘ro’ng tru;h R? PAHS Phl‘m'ng trn;lh R?
dwong chuan dwong chuan
Fluoranthene y=1,3353x+0,0868 | 0,9994 Indeno[1,2,3-cd] | y=0,7355x-0,1404 0.9989
Pyrene y=2,0933x-0,0969 | 0,9998 Pyrene ’
Benz[a]anthracene | y=0,6655x-0,2184 | 0,9982 Dibenz[a,h]Anthra | y=0,6643x-0,0799 | , oo
Benzo[a]Pyrene | y=0,9367x-0,1542 | 0,9972 cene
Benzo[b] y=3,1072x-0,1236 0.9958 Perylene y=1,0924x+0,0772 | 0,9999
Fluoranthene ’ Két qua phan tich thé hién tai Bang 1 cho thay hé
Benzo[k] y=31044x-0,1108 | /o000 s6 tuong quan tuyén tinh cua duong chuan déu dat
Fluoranthene ’ yéu cu (R? >0,995). Piéu d6 chung to dudng
Benzo[ghi] y=0,8433x+0,1007 chuan x4c dinh cac chat PAHs trong khoang nong
Perylene 09994 | 45 50 — 1000 pg/L phu hop dé dinh luong cac
Chrysene y=1,3891x+0,1107 | 0,0996 |  PAHS.
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3.2. Két qua so sanh hiéu qua cia 2 phuwong

phép chiét

Hinh 1. Sdc do phan tich PAHSs trén thiét b;

3.2.1. Higu sudt thu héi chdt chudn dong hanh

Hiéu suat thu hdi cua qué trinh xir Iy mau duoc danh
gia qua higu sut thu hoi ciia cic chat chuan dong

hanh trén timg mau va duoc tinh theo cong thic:

C
H (%) = C

Trong d6: Cg: Ham luong cua chat chuin dong

cal

X 100

N

hanh phan tich dugc trong mau (ug/kg).

Cs: Ham lugng cua chit chuin ddng

hanh thém vao ban dau (ug/kg).

Két qua hiéu suét thu hoi cia cac thi nghiém duoc

trinh bay & bang 3.

Bang 3. Hiéu sudt thu hoi chudn dong hanh

Higu suit thu
A A A s hoi (%)

Chat chuan dong hanh Chit Chit
Soxhlet |siéu &m

Napthalene-D8 78-100 | 78-97
Acenaphthylene-D10 60-95 62-92
Acenaphthene-D10 62-90 66-94
Fluorene-D10 60-82 61-90
Phenanthrene-D10 60-92 60-81
Fluoranthene-D10 66-99 60-93
Pyrene-D10 74-86 87-91
Benz[a]anthracene-D12 71-97 69-99
Benzo[a]Pyrene-D12 76-98 73-87
Benzo[b]Fluoranthene-D12 | 76-102 | 69-86
Benzo[k]Fluoranthene-D12 78-93 80-88




Bang 4. g léch chuan cua két qua phan tich

Higu suét thu

Chit chun déng hanh ot (96)
Chiet Chiet

Soxhlet | siéu &m

Benzo[ghi]Perylene-D12 73-89 75-86
Chrysene-D12 72-87 77-85
Indeno[1,2,3-cd] Pyrene-D12 | 81-99 64-87
Dibenz[a,h]Anthracene-D14 73-97 67-82
Perylene-D12 70-83 71-82

Hiéu suit thu hdi chat chuan dong hanh di vai ca
2 phuong phéap chiét mau déu dat trén 60%, dap
ng theo yéu cau AOAC — Appendix F — Huéng
dan céc yéu cau cua d6i véi phuong phép phan tich
[11]. Céc két qua nay ching to ca 2 phuong phap
chiét mau da dap tng yéu cau cua phép phan tich
dé ap dung vao thyc té qua trinh phan tich.

3.2.2. Bé lap lai cia két qua phan tich

Do lap cua két qua phan tich dwoc danh gia qua do
léch chuan twong d6i cua cac két qua phan tich.
Két qua duoc trinh bay ¢ bang 4.

Do léch chuan twong dbi ddi vai ca 2 phuong phap
chiét mau déu nho hon 21%, dat yéu cau theo
AOAC — Appendix F. Cu thé, d6i voi phuong phap
chiét Soxhlet, @6 léch chuan niam trong khoang
3,99-14,23 %, dbi v6i phuong phéap chiét siéu am,
dd léch chuan nam trong khoang 6,18-13,74 %. Két
qua thi nghiém ddi voi phuong phap chiét Soxhlet
cling hoan toan phu hop véi két qua duoc dua ra
trong phuong phap US.EPA Method 8270D:1998
(RSD nam trong khoang 3,4-15% khi chiét bang
Soxhlet tu dong) [12].

RSD; (%)
Chit phan tich Chiét Chiét
Soxhlet | siéu am
Napthalene 11,72 12,11
Acenaphthylene 12,72 13,47
Acenaphthene 5,94 10,93
Fluorene 13,97 6,18
Phenanthrene 14,23 9,67
Fluoranthene 7,58 8,35
Pyrene 4,40 13,74
Benzo[a]anthracene 9,75 9,90
Chrysene 12,90 8,66
Benzo[b]Fluoranthene 7,03 10,94
Benzo[k]Fluoranthene 8,93 9,85
Benzo[a]Pyrene 6,56 11,43
Perylene 6,86 10,18
Indeno[1,2,3-cd]Pyrene 13,19 7,62
Dibenz[a,h]anthracene 3,99 10,93
Benzo[g,h,i]Perylene 11,72 12,11

3.2.3. B¢ chinh xac cia két qua phan tich

Do chinh xac cua phuong phap phan tich cé thé
danh gia gitra muc d6 gan cua két qua thir nghiém
bang phuong phap nay véi gia tri thuc. Boi vay, do
chinh xac dwoc biéu thi qua hiéu suét thu hoi cua
chat phan tich. Hiéu suét thu hdi cua chét phan tich
cung cip thdng tin vé do chinh x4c cia phwong
phép phan tich ciing nhu hiéu qua cua viéc chiét
chat phan tich tir nén miu. Két qua danh gia do
chinh xac duoc trinh bay ¢ Hinh 2.
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Hinh 2. Hiéu sudt thu héi chat phan tich



Hiéu suat thu hdi chat phan tich dbi voi ca 2
phuong phap chiét mau déu Ién hon 73 %. Két qua
nay cling teong ty nhu nghién ciau cua Ester Tio
Minar Erawaty Silalahi va cong su. Nghién ctu
cua Silalahi cho thiy ddi v6i mau dét thém chuan,
hiéu suat thu hdi ciia phuong phép chiét siéu am la
70-107 % va ddi véi phuong phéap chiét soxhlet 57-
99 % [6]. Tuy nhién, két qua phan tich mau thyc té
cho thdy, hiéu suit thu hdi ddi véi cac PAHSs it
vong (2, 3 vong) cta phuong phap chiét siéu am
cao hon. Piéu nay c6 thé giai thich do phuong
phap chiét soxhlet st dung nhiét do cao, thoi gian
chiét dai nén c6 thé 1am mét di cac hop chat PAHs
nhe hon. Két qua nay ciing phu hop véi nghién cau
cua Garciadiego va cong su khi cho rang phuong
phép chiét siéu am dat hiéu qua tét hon phuong
phép chiét Soxhlet ddi voi cac PAHSs c6 khdi lwong
phén tir <170 g/mol [7]. Tuy nhién, phuong phap
chiét Soxhlet lai cho két qua phan tich c6 d6 chum
hon do luwgng mau chiét 16n hon, dam bao duoc
tinh ddng nhat hon.

3.2.4. So sanh két qua cua 2 ky thudt xir Iy mau
bang phwong phdp xir 1y thang ké

Trong diéu kién thi nghiém, tai mot mac ham
lwong chit phan tich 1a 15 pg /kg, dé so sanh hiéu
qua cua 2 ky thuat chiét miu thi so sanh phuong
sai va so sanh gia tri trung binh cua 2 tap s6 liéu la
phuong phap kiém tra thong ké phl hop nhat.
Nghién ctu nay st dung phan mém Minitab dé
thuc hién so séanh két qua cua 2 ky thuat chiét mau.
Két qua duoc trinh bay ¢ bang 5.

Bdng 5. So s&nh gia trj trung binh

Gia tri Pyaje
Chit phan tich So sanh So sanh
phuong sai | gidtri TB

Benzo[a]anthracene 0,837 0,179
Chrysene 0,584 0,055
Benzo[b]Fluoranthene 0,515 0,152
Benzo[k]Fluoranthene 0,885 0,743
Benzo[a]Pyrene 0,362 0,326
Perylene 0,377 0,186
Indenol[1,2,3-cd]Pyrene 0,348 0,583
Dibenz[a,h]anthracene 0,113 0,061
Benzo[g,h,i]Perylene 0,829 0,316

2 phuwong phdap
Gid tri Pyaie
Chét phan tich So sénh So sanh
phwong sai | giatri TB

Napthalene 0,829 0,316
Acenaphthylene 0,935 0,869
Acenaphthene 0,253 0,783
Fluorene 0,105 0,231
Phenanthrene 0,383 0,313
Fluoranthene 0,389 0,057
Pyrene 0,058 0,462

Két qua & bang 5 cho thiy cac gi tri Pyae > 0,05
c6 thé két luan rang & mic ndng do nghién ciu thi
2 phuong sai va 2 gia tri trung binh cta 2 ky thuat
chiét xar Iy miu khac nhau khong c6 ¥ nghia thong
ké & do tin cay thong ké 95 %. Két qua nay chimng
t6 hai phuwong phap xir Iy mau bang chiét siéu am
va chiét soxhlet déu phi hop dé xir Iy mau tram
tich dé phan tich cac PAHs bang phuong phap GC-
MS va khéng khac nhau c6 y nghia thong ké.

4. KET LUAN

Nghién ctu cho thiy hai phuong phap chiét siéu
am va chiét soxhlet déu cho két qua phan tich miu
tram tich dat yéu cau cua AOAC vé do lap, hiéu
suit thu hoi chat chuan déng hanh >60%, hiéu suat
thu hoi chat phan tich >73% vai 16 PAHs khi phan
tich bing phwong phap GC-MS. Két qua trong
nghién ciru ching to rang tly thudc yéu cau phan
tich mau tram tich c6 thé s dung linh hoat hai
phuong phap xir Iy mau bang chiét siéu am hoac
chiét soxhlet mac du phwong phap chiét soxhlet
cho két qua phan tich c6 do chum cao hon. Két qua
trong nghién ctru ciing cho thiy cho hai phwong
phép xir Iy mau khac nhau khong co ¥ nghia thong
ké ¢ do tin cay 95 %.

Loi cam on: Bai bao nay dugc thyc hién trong
khuén khé dé tai “Phén tich xac dinh ham lugng
Hydrocacbon da vong thom (PAH) trong dat, trAm
tich, nudc va khdng khi bang sic ky khi khdi phd
(GC/MS)” duoc thuc hién tai Phan vién Héa — Mbi
truong, Trung thm Nhiét doi Viét — Nga.
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