VNU Journal of Science: Natural Sciences and Technology, Vol...., No.... (20...) 1-10

VNU Journal of Science: Natural Sciences and Technology

Journal homepage: https://js.vnu.edu.vi/NST

Original Article

Study on the Determination of Chlorobenzenes by Gas
Chromatography with Electron Capture Detection (GC-ECD)

Trinh Hai Minh!”, Nguyen Duc Hieu?, Hoang Quoc Anh?, Phan Dinh Quang?,
Hoang Thanh Nga?, Tran Thi Lieu?, Bui Cao Tien?, Nguyen Thi Thu Thuy?,
Chu Thi Hue?, Tu Binh Minh?, Nguyen Thi Anh Huong?

WNU University of Science, 19 Le Thanh Tong, Hoan Kiem, Hanoi, Vietnam
2\/ietnam National Institute of Occupational Safety and Health, 99 Tran Quoc Toan, Hanoi, Vietnam

National Institute for Food Control, 65 Pham Than Duat, Hanoi, Vietnam
*University of Science, Thai Nguyen University, Thai Nguyen, Vietnam

Received 25" January 2024
Revised 03" March 2025; Accepted 04" April 2025

Abstract: Chlorobenzenes (CBzs) are typical organic pollutants, however studies on detailed
profiles of these substances in Vietnam are still limited. In this study, an analytical method for the
simultaneous determination of 11 CBzs with 2 to 6 chlorine atoms was studied on a gas
chromatography with electron capture detection (GC-ECD) system. CBzs were separated on a
Rxi-5ms capillary column (30m x 0.25 mm x 0.25 um). Nitrogen with a flow rate of 1 mL/min
was used as carrier gas. Column oven temperature program was set as follows: 40 °C to 160 °C
(20 °C/min, hold 1 min), to 220 °C (10 °C/min, hold 5 min), and to 300 °C (20 °C/min). Injector
and detector temperatures were 220 °C and 300 °C, respectively. Except for 1,2,3,5- and 1,2,4,5-
tetrachlorobenzenes with similar retention time, peaks of the remaining analyte pairs were well-
resolved (Rs > 1.5). Limits of detection of CBzs ranged from 1 ng/mL (hexachlorobenzene) to
50 ng/mL (dichlorobenzene isomers). Analytical signals exhibited linear correlation with CBzs
concentrations up to 1000 ng/mL (R? > 0.99). Some recovery tests for CBzs were conducted
including: treatment with concentrated sulfuric acid, liquid liquid partitioning, solid phase
extraction, and ultrasonic extraction.
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Nghién ctru phan tich chlorobenzenes bang phuong phap
sac ky khi véi detector bat gitt electron (GC-ECD)
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Tém tit: Chlorobenzenes (CBzs) 1a cac chét 6 nhidm hitu co dién hinh nhung nghién ctru vé thanh
phén chi tiét cia nhom chét ndy & Viét Nam con rat han ché. Trong nghién ctru nay, phuong phap
phan tich dinh luong ddng thai 11 chat CBzs véi s6 nguyén ti clo tir 2 dén 6 duge nghién ctru trén
hé thdng sic ky khi v6i detector bt gitr electron (GC-ECD). Cac CBzs duoc tach trén cot mao
quan Rxi-5ms (30m x 0,25 mm x 0,25 pm). Khi nitrogen véi tbc do dong 1 mL/phut duoc sir dung
lam khi mang. Chuong trinh nhiét d6 16 ¢t dugc thiét 14p nhu sau: 40 °C dén 160 °C (10 °C/phut,
giit 1 phut), dén 220 °C (10 °C/phut, giit 5 phut) va dén 300 °C ( 20 °C/phit). Nhiét do céng bom
mau va detector lan luot 14 220 °C va 300 °C. Trir cip chét 1,2,3,5- va 1,2,4,5-tetrachlorobenzene
¢6 thoi gian luu tring nhau, cac cap chét con lai déu dat duoc do phan giai duong nén (Rs>1,5).
Gidi han phat hién ctia CBzs dao dong tir 1 ng/mL (hexachlorobenzene) dén 50 ng/mL (cac dong
phan dichlorobenzene). Tin hi¢u phén tich phy thudc tuyén tinh vao ndng d6 CBzs 1én dén
1000 ng/mL (R2 > 0,99). Mot sb thi nghiém khao sat dg thu h01 cua CBzs da duoc thuc hién bao

gom: xir Iy voi acid sulfuric ddc, phan bd 1ong 16ng, chiét pha rin va chiét siéu am.

Tir khéa: Chlorobenzenes, sic ky khi, detector bét gilr electron.

1. Mé dau

Chlorobenzenes (CBzs) la nhom céc hgp
chat hitu co dwoc hinh thanh khi thay thé dan
cac nguyén tir hydro cua vong benzen bang cac
nguyén tir clo, bao gom 12 hgp chit véi sb
nguyén tir clo tir 1 dén 6 [1]. Bén canh luong
16n CBzs duogc san xuét trong cong nghiép vai
cac ung dung chinh nhu héa chét bao vé thuc
vat, dung moi va chét phan tmg trung gian, cac
hop chat nay ciing c6 thé dwoc hinh thanh
khong chu dinh trong cac qua trinh nhiét d6 cao
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[2]. Hexachlorobenzene (HCB) va
pentachlorobenzene (PeCB) da dugc liét ké la
céc chét 6 nhiém hiru co khé phan hity (POPs)
trong Cong udc Stockholm. Téng lugng HCB
va PeCB phat thai vao moi truong dugc udc
tinh 1én dén 23000 va 100000 kg/nim [3, 4].
Trong khi d6, théng tin vé mirc do 6 nhiém va
su phat thai ciia cac CBzs véi sb nguyén tir clo
thdp hon con twong ddi han ché [5-9].

CBzs ¢6 kha ning bay hoi (nhiét d6 s6i nam
trong khoang 132 °C dén 325 °C) nén sic ky
khi (GC) 1a phwong phap phu hop nhit d& phan
tich dong thoi cac hop chit nay. Pha tinh pho
bién nhit duoc st dung dé tach cac CBzs co do
phan cuc tuong duong voi 5% diphenyl 95%
dimethyl polysiloxane [5, 6]. Tuy nhién, pha
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tinh c6 d6 phan cuc thip nhu DB-5 khong tach
dugc hoan toan hai chat 1a 1,2,3,5- va 1,2,4,5-
TeCB [5]. Pha tinh ¢6 d¢ phan cyc cao hon nhu
DB-WAX (polyethylene glycol) c6 kha nang
tach dugc hai hop chat nay [9]. Mot sd loai
detector duoc dung dé phén tich CBzs bao gom:
detector bat giir electron (ECD), detector ion
hoa ngon lira (FID) va detector khéi pho (MSD)
[5-9]. Trong d6, d6 chon loc va do nhay cao
hon dat dugc khi st dung detector MSD va
ECD so v6i detector FID.

Trong nghién clru nay, phuong phap phén
tich dong thoi 11 chit CBzs véi sd nguyén tir
clo tir 2 dén 6 duoc khao sat trén hé thong séc
ky khi véi detector bt giit electron (GC-ECD).
Céc thong s tham dinh phuong phép duoc xéac
dinh bao gom: thoi gian luu va d6 6n dinh cua
thoi gian luu, d6 on dinh cua tin hiéu phan tich
(dién tich peak), gidi han phat hién va do tuyén
tinh. D6 thu hoi ciia CBzs trong mot sb budc
cia quy trinh xir Iy mau duoc khio sat bao
gom: xtr 1y véi acid sulfuric ddc, phan bd long
long va chiét pha ran. Hiéu qua chiét CBzs tur
mAu tro bay bang hai ky thuét chiét siéu 4m truc
tiép va gian tiép ciing duoc danh gia cho mot s6
loai dung moi khac nhau. Cac két qua budc dau
thu dugc tr nghién ctru nay s& gop phan phat
trién cac phuong phap phan tich dong thoi
CBzs trong moi trudng va cac nguon thai tai
Viét Nam trong thoi gian toi.

2. Phwong phap nghién ciru

2.1. Héa chdt, thiét bi xir 1) mdu

Hon hop chudn gbc CBzs (Chlorinated
Aromatics-Mix 7) chira cic chat 1,2-

dichlorobenzene (12-DCB), 1,3-
dichlorobenzene (13-DCB), 1,4-
dichlorobenzene (14-DCB), 1,2,3-
trichlorobenzene (123-TCB), 1,2,4-
trichlorobenzene (124-TCB), 1,3,5-
trichlorobenzene (135-TCB), 1,2,3,4-
tetrachlorobenzene  (1234-TeCB), 1,2,3,5-
tetrachlorobenzene  (1235-TeCB), 1,2,4,5-
tetrachlorobenzene (1245-TeCB), PeCB va

HCB v6i nong d6 mdi chat 100 pg/mL (Dr.
Ehrenstorfer, Ptc). Cac dung dich chuan lam
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viéc duge pha lodng tir dung dich chudn gbc véi
dung mdi hexane co néng dd mdi chat 1a 1, 5,
10, 50, 100, 500 va 1000 ng/mL.

Cac dung mdi va hoa chat khic duogc sir
dung trong nghién ctru ndy bao gdm: hexane
(96%; Daejung, Han Quéc), acetone (99,5%;
Macron Fine Chemicals, buc),
dichloromethane (99,5%; Daejung, Han Quéc),
ethyl acetate (99,98%; Fisher Chemical,
Mexico), toluene (99,7%; J.T.Baker, My), nudc
(@6 tinh khiét LC-MS, Merck KGaA, Dic),
sodium chloride (>99,5%, Merck KGaA, Pan
Mach), sodium sulfate (>99%, Scharlau, Tay
Ban Nha), sulfuric acid (>95%; Scharlau, Tay
Ban Nha) va cot chiét pha rin silica gel Bond
Elut SI (500 mg, 3 mL, 120 um; Agilent, M¥).

Céac thiét bj duoc st dung dé tién hanh
thi nghiém x&r 1y mau bao gdm: can dién tir
(HC-B10002, d9 doc 0,01 g; Labex Instrument
Limited, Trung Qudc), bé rung siéu am
(WUC-32; 40 KkHz; Shenzhen Jiayuanda
Technology Co., Ltd, Trung Qudc), may rung
vortex (ZX3 Advanced Vortex Mixer, tbe do
rung t6i da 3000 vong/phit; Velp Scientifica,
Y), may li tam (80-2B, téc do li tam tbi da
4000 vong/phit; Taisitelab, Trung Qudc), bd
chiét pha rin (VISIPREP™; Supelco, My) va
b thoi khi nitrogen (99,99%).

2.2. Piéu kién phdn tich CBzs trén hé thong
GC-ECD

Diéu kién phan tich CBzs duoc tham khao
tir cac nghién ciru trude ddy [5, 6], voi mot sb
didu chinh dé phu hop vé6i hé théng GC-ECD
tai phong thi nghiém cua ching to6i (GC-2010
Plus; Shimadzu, Nhat Ban). Cét tach dugc st
dung 1a c6t mao quan silica nung chay Rxi-5ms
(30m x 0,25 mm x 0,25 um; Restek, M¥). Khi
nitrogen dugc st dung vai vai tro 1a khi mang
(téc do dong 1 mL/phit) va khi phu trg (tdc do
dong 30 mL/phut). Chuong trinh nhiét do 1o
cOt duge thiét 1ap nhu sau: 40 °C dén 160 °C
(10 °C/phut, git 1 phat), dén 220 °C
(10 °C/phut, git 5 phat) va dén 300 °C
(20 °C/phat). Nhiét d6 céng bom miu va
detector lan luot 1a 220 °C va 300 °C.
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2.3. Cac théng so tham dinh phirong phdp

Céc dung dich chuan CBzs dugc phan tich
trén h¢ thong GC-ECD dé danh gia hiéu lyc cua
phuong phap qua cac yéu td bao gom: i) Thoi
gian luu va hi€u qua tach; ii) Gidi han phat hién
ctia thiét bi; iii) Do 6n dinh cua tin hiéu (d6 lap
lai ctia dién tich peak); va iv) Do tuyén tinh cua
tin hiéu.

2.4. Khao sat dj thu héi cua CBzs qua buéce xir
Iy voi acid

Cac mau dugc st dung trong thi nghiém
khao sat do thu hdi cua CBzs qua budc xu ly
vdi acid sulfuric dugc ky hi¢u 1a A0, Al va A2.
Trong d6 A0 1a miu tring chi chira 2 mL
hexane, Al va A2 1a 2 mau lip gobm 100 pL
dung dich chuén CBzs 1000 ng/mL va 1900 L
hexane (ing voi luong 100 ng moi chat), dugc
chura trong cac éng thuy tinh 10 mL. Cac ong
mau dugc thém 2 mL acid sulfuric dic, lic
x0ay trong 1 phut, li tdm 10 phut véi toc do
3500 vong/phut. Lop acid phia dudi dugc hut
b6 bang pipet Pasteur. Thao tac xir 1y acid
sulfuric dugc ldp lai 3 lan. Luong acid du duoc
loai bo bang cach rira dung dich mau 2 1an, mbi
lan v6i 3 mL dung dich NaCl 5% sau d6 lic
xoay 1 phat va li tam 5 phat. Lép dung dich
mudi phia dudi duoc hat bo bang pipet Pasteur.
Khoang 0,5 g Na;SO4 khan dugc thém vao miu
dé loai bo lwgng nudce con lai. MaAu sau khi lam
khan dugc chuyén sang dng c6 dic va thoi dudi
dong khi N2 d¢én 1 mL. Dung dich mau duoc
chuyén vao vial va bao quan & —4 °C dén khi
phan tich.

2.5. Khao sat do thu hoi ciia CBzs qua budc
phan bo long long

Cac mau dugc st dung trong thi nghiém
khao sat d6 thu hdi cia CBzs qua bude phan bd
long 16ng duoc ky hiéu 1a PO, P1 va P2. Trong
d6 PO 1a mau tring chi chira 2 mL acetone, P1
va P2 1a 2 mdu lap gébm 100 pL dung dich
chuin CBzs 1000 ng/mL va 1900 pL acetone
(fmg v6i lugng 100 ng mdi chét), dugc chira
trong cac ong thuy tinh 10 mL. Cac 6ng miu
duoc thém 4 mL dung dich NaCl 5% va 2 mL
hexane, lic xody trong 1 phut va chd dung dich
phan 16p trong khoang 5 dén 10 phut. Lép
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hexane phia trén dugc hit bang pipet Pasteur va
chuyén sang mot ong khac. Hexane tiép tuc
dugc thém vao 6ng mau ban du 2 1an nira, mdi
lan 2 mL va lp lai thao tac nhu trén. Tong cong
khoang 6 mL dung dich hexane dugc lam khan
bang 0,5 g NaySO4 dé loai bod lugng nudc con
lai. Mau sau khi 1am khan dugc chuyén sang
ong cb dic va thoi dudi dong khi N2 dén 1 mL.
Dung dich mau dugc chuyén vao vial va bao
quén & —4 °C dén khi phan tich.

2.6. Khdo sat dé thu héi ciia CBzs tir ¢ét chiét
pha ran silica gel

Cac mau dugc st dung trong thi nghiém
khao sat do thu héi cia CBzs tir cot SPE duge
ky hiéu 1a SO, SI va S2. Trong d6 SO la miu
trang chi chira 1 mL hexane, SI va S2 la 2
mau lip gdbm 100 puL dung dich chuidn CBzs
1000 ng/mL va 900 pL hexane (ing voi luong
100 ng mdi chat), dugc chia trong cac dng thiy
tinh 10 mL. Cot SPE duoc rira bang 3 mL
hexane (FO0). Mau (1 mL) dugc nap Ién cot va
trang rira 6ng mau 2 lan, mdi lan véi 1 mL
hexane va chuyen dich trang len cot (3 mL Fl)
phan doan 3 mL hexane (F2, F3 va F4) Cac
phan doan (FO den F4) tr mdi cot duge thu
riéng r& vao cac éng co dic va th01 dudi dong
khi N2 dén 1 mL. Dung dich miu dugc chuyén
vao vial va bao quan & —4 °C dén khi phan tich.

2.7. Khao sat so bg hiéu qua chiét CBzs tir mau
tro bay

Mau tro bay duoc thu thap tir mot 16 d6t rac
thai sinh hoat tai Hai Phong lién tuc tr ngay 7
dén ngay 15 thang 9 nim 2019 dé tao thanh mot
mau gop. Mau dugc nghién trong cdi st va
sang qua ray c6 kich thudc 0,1 mm dé dong
nhit. Mau duoc bao quan trong chai thity tinh
t6i mau ¢ nhiét do phong dén khi phan tich.
Mau tro (1 g) dugc chiét véi cac dung moi khac
nhau: acetone (A), dichloromethane (D), ethyl
acetate (E), hexane (H), va toluene (T). Mdi
mau duoc chiét 2 1an, mdi 1an véi 5 mL dung
modi va si€u am trong 10 phat. Hai k¥ thuat
chiét siéu 4m duoc nghién ciru 1a chiét bang dau
do phat siéu am (UP) va bé rung siéu am (UB).
Dich chiét mau sau d6 dugc c6 dudi dong khi
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N, dén 2 mL, 1am sach véi acid sulfuric dic va
cOt SPE silica gel (theo diéu kién khao sat duoc
0 muc 2.4 va 2.6) trudc khi phan tich trén hé
thong GC-ECD. Budc chiét phan bd long long
thuong duoc ap dung cho cac nén mau wa nudc
nhu dat va trAm tich, do d6 budc nay da duoc
bd qua nharn don gian hoa quy trinh phén tich
CBzs trong nén mau tro.

3. Két qua va thio luin
3.1. Sdc dé va thoi gian heu

Sic d6 tach cac CBzs trén hé thdng
GC-ECD duogc trinh bay trong Hinh 1. Tha tu
peak cia CBzs nhin chung phu hop voi céc
nghién ctru khac ciing sir dung ¢t tach c6 pha
tinh tuong duong véi 5% diphenyl 95%
dimethyl polysiloxane [5, 6]. Thoi gian luu cua
cic nhom CBzs ting dan theo sd luong nguyén
tr clo trong phan tir, ciing 12 chiéu ting cua
phan tir khdi va nhiét d¢ so6i. Pbi voi cac nhom
ddng phan CBzs c6 2 dén 4 nguyén tir clo, thoi
glan luu cling tang theo chleu tang cua nhiét do
s6i va chiéu giam ap suat bay hoi. Vi du voi
nhom DCB, thit tu rira giai 1a 13-DCB (nhiét do
s6i 172 °C; 4p suét bay hoi 1a 2,15 mmHg & 25 °C),
14-DCB (174 °C; 1,74 mmHg) va 12-DCB
(180 °C; 1,36 mmHg). Hai ddng phan
1235-TeCB va 1245-TeCB co6 thoi gian luu
trung nhau, c6 thé do su twong dong trong cu
tric, twong tac gidng nhau voi pha tinh va su
chénh 1éch nhoé vé nhiét do soi (< 2 °C). Hién
tuong trung peak cua hai dong phan nay ciing
duogc bao cao bdi cac nghién ciru trudc day trén
cdt tach DB-5 [5] va ¢t tach DB-210 voi pha tinh
twong duong trifluoropropylmethylsiloxane [9].

u
o
o Cchit Thevl gian I (min)

1 & 13-DCB 7.763
o |
| a = 14-0CB 7.898
& 12-008 8200
135-TCB 9737
124-TC8 10439
123-TCB 10.947
123/45-TeCB 12643
1234-TeCh 13.467
x|
PecB 15.588
| HCB 18.130
20

o

Hinh 1. Sic d6 va thoi gian luu cua cac CBzs trén hé
thong GC-ECD.
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3.2. Gidi han phat hién

Giéi han phat hién (LOD) cua cac CBzs
duoc xac dinh dua trén ti 1é tin hiéu trén nhiéu
(S/N) tir 3 dén 5 khi phén tich cac dung dich
chuan CBzs. Gia tri LOD nhin chung giam theo
chiéu ting phan tir khbi: DCB (50 ng/mL),
TCB, TeCB, PeCB (5 ng/mL) va HCB
(1 ng/mL). Chiéu huéng cia céc gia tri LOD
nay hoan toan phu hop véi nguyén tic phat hién
chat trong detector ECD: cac chit c6 nhiéu
nguyén tr clo trong phan tr s€ c6 tin hi¢u 16n
va gioi han phat hién thap hon so vdi cac chat
c6 it nguyén tir clo trong phan tir. Mac du cac
gia tri LOD cuia nghién ctru ndy cao hon so voi
két qua ctia Brahushi va cs. (2013) (0,38 dén
4,97 ng/mL) [5], nhung cac gia tri LOD trong
khoang 1 dén 50 ng/mL va quy trinh xtr Iy mau
phu hop s€ co the dap tmg dugc yéu céu Ve
phan tich luong vét CBzs trong cic nén mau
khac nhau.

3.3. B¢ 6n dinh cia tin hiéu

Do 6n dinh cua tin hiéu duoc danh gia qua
d6 léch chuan twong d6i (RSD) cua dién tich
peak thu duogc khi phan tich 1ap lai cac dung
dich chuan CBzs & cac mirc néng do 5, 50 va
500 ng/mL (n = 4 cho mdi mirc nong d6). Nhin
chung gia tri RSD déu nhé hon < 10% (Hinh 2),
dap mg dugc yéu cau ciia AOAC vé do lap lai
(RSD < 30% va RSD < 11% véi mirc nong do 1
ppb va 1 ppm, twong Gng) [10]. Tin hiéu cua
cac CBzs c6 phén tu khdi 16n (4 dén 6 nguyén
ttr clo) c6 do on dinh cao hon so véi cac chit co
phan tir khdi thap (2 va 3 nguyén tir clo).

10%
9%
8%
7%
6% -
5% -
4% 4
3%
2%

@5ng/mL @50 ng/mL @500 ng/mL

léch chuan twong déi (RSD)

]
¥

6

0% -

Hinh 2. D6 léch chudn tuong dbi cua dién tich peak
CBzs khi phan tich 1ap lai (n =4) ¢ cac mirc nong do
5, 50 va 500 ng/mL.
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3.4. B$ tuyén tinh

Puong chuan cia cac CBzs duoc dung
trong khoang nong do tir 1 dén 1000 ng/mL.
Dién tich peak ctia cac CBzs nhin chung phu
thudc tuyén tinh vao ndng d6 cac chat voi hé s6
tuyén tinh R2> 0,99. Mtic ndng do cao nhét cua
duong chuén dugc lya chon 13 1000 ng/mL va
viéc xac dinh gidi han tuyén tinh khong duoc
thyc hién trong nghién ciru nay. Cac miu co
mirc ham luong cao v6i ndng d6 CBzs vuot qua
1000 ng/mL s& dugc phan tich lai (giam khi
luong mau hodc pha loang dich chiét mau). Két
qua cua cac thi nghiém khao sat tiép theo s&
dugc tinh dya theo phuong phap ngoai chuan
v6i phuong trinh dudng chuan trong Bang 1.

Bang 1. Phuong trinh duong chuén ctia CBzs
(S=axC+b,véiS la dién tich peak va C

1a ndng d6 ng/mL)

Chit Hésba |Heésébb | R?

12-DCB 437 —3819 0,9993
13-DCB 486 1469 0,9978
14-DCB 260 -916 0,9966
123-TCB 4986 16742 0,9974
124-TCB 2996 7307 0,9973
135-TCB 3410 18514 0,9969
1234-TeCB 8859 29944 0,9965
123/45-TeCB | 11873 65647 0,9970
PeCB 16836 81564 0,9959
HCB 17255 137149 | 0,9951

3.5. DG thu hoi ciia CBzs qua bude xir Iy véi
acid

Xt ly dich chiét mau véi acid sulfuric dic
la mét budc quan trong trong quy trinh phén
tich cac chat 6 nhidm hitru co khé phan huy nhu
polychlorinated biphenyls (PCBs) [11]. Céc tap
chat hitu co kém bén sé& bi phan huy khi tiép
xtic v6i acid sulfuric dic, két qua thu duoc 1a
sic d6 voi duong nén thap va it cac peak tap
chat cho phép dinh luong chat phan tich mot
cach chinh xac [11]. Do CBzs ciing thugc nhom
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chat hitu co kho phan hiy tuong tu nhu PCBs,
Quy trinh phan tich CBzs trong mau tro thai cua
mot sé nghién ciru trudc ddy ciing bao gdm
budc xu ly dich chiét v6i acid sulfuric dic
[12, 13]. Trong nghién ctru nay, do thu hoi
trung binh ciia CBzs nam trong khoang tir 97%
+ 1,7% (12-DCB) dén 109% = 1,6% (14-DCB)
(Hinh 3). D6 thu hdi trong khoang 94% dén
110% véi RSD = 0,8% - 3,5% cho thay budc xir
Iy v6i acid c6 do dang va do lap lai tdt, co thé ap
dung trong quy trinh phan tich mau thyc té.

100% - B B
80% -
60% -

40% -+

20% -

D6 thu hdi (trung binh va SD)

0%

> 2 D 2 > 2 > 2 2 D
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Hinh 3. D6 thu hdi ciia CBzs qua bude xt 1y voi
acid sulfuric dac.

3.6. Bé thu hoi cia CBzs qua budc phin bo
long long

Phan b6 dich chiét trong cin bang giita
dung moi hitu co va dung dich nudc ciing la
mot bude lam sach dich chiét chua cac cht hiru
co kém phan cuc [14]. Khi d6 cac tap chat phan
cuc va cac hop chit vo co co thé duge loai bo
cung v6i pha dung dich nudc, pha hitu co
(thudng 14 hexane) s& co thanh nén don gian hon.
Trong nghién ctru nay, do thu hdi trung binh ciia
CBzs nam trong khoang tir 87% + 0,3% (123/45-
TeCB) dén 114% + 1,2% (123-TCB), cho thiy
budc phan bd long long c6 do dung va do lap
lai tt (Hinh 4). Bugc lam sach ndy thuong
dugc ap dung cho cac nén miu wa nudc nhu dét
va tram tich dugc chiét voi hdn hop nudc va
acetone [14], nhung khong duogc ap dung rong
rdi cho mot s6 nén méau rén khac nhu tro va bui.

3.7. B¢ thu hoi ciia CBzs tir ¢ét chiét pha ran
silica gel

Silica gel 1a chat hap phu dwoc su dung
rong réi trong quy trinh phan tich cac chat 6
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nhiém hitu co voi kha ning tach chat phan tich
ra khoi cdc chét anh huéng dya trén su khéc
biét vé do phan cuc cta ching [15]. Lam sach
mAu bang silica gel co thé dugce tién hanh vai 2
dang thuc la séc ky cot hodc chiét pha ran.
Trong nghién ctru nay, d6 thu hoi ctia CBzs trén
cOt SPE silica dugc khao sat véi dung moi
hexane bﬁng 4 phan doan, mdi phan doan 3 mL
ung véi dung tich cua cot SPE.
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Hinh 4. B9 thu hf}i cua CBzs qua budc
phén bo long 16ng.

Phéan doan F1 (3 mL nap mau dau tién) co
kha ning rira giai hau hét CBzs véi do thu hoi
tir 84% dén 110% (RSD < 12%) (Hinh 5). Phan
tir 0% dén 7%. Céc phan doan F3 va | F4 déu
khong phat hién sy c6 mat cua CBzs. Do do,
buéc lam sach trén cot SPE silica dugc thuc
hién voi téng cong 6 mL hexane va dam bao do
thu hdi 86% dén 104% (RSD < 14%).
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Hinh 5. D¢ thu hdi ciia CBzs qua budc chiét pha rén.
3.8. Hiéu qua chiét CBzs tir mdu tro bay

Chiét mau 1a budc quan trong trong quy
trinh phan tich vdi yéu cau tach dugc hoan toan

.. (20...) 1-10 7

va chon loc chit phan tich ra khéi nén mau
[16]. Mot s6 nghién ctru trude day da s dung
ki thuat chiét Soxhlet c6 dién dé chiét CBzs tur
cac mau tro thai v6i hiéu qua chiét cao nhung
can luong 16n dung méi (vai trim mL/méu) va
thoi gian chiét kéo dai (16 dén 24 h) [12, 13].
Nham han ché cac nhuge diém cua ki thuat
chiét Soxhlet, nhiéu ki thuat chiét hi¢n dai da
dugce nghién ctru va ap dung trong phan tich
chat 6 nhiém hitu co nhu chiét siéu am, chiét vi
song, chiét 1ong ap sudt cao va chiét luu siéu tGi
han [16]. Trong d6, ki thuat chiét siéu 4m béng
bé rung di duoc st dung boi Zhang va cs.
(2018) dé chiét PeCB va HCB trong mau tro
bay cia 10 d6t rac [17]. Trong nghién ciru cua
chung t6i, hiéu qua chiét CBzs duoc so sanh
giita hai ki thudt chiét siéu ding bé rung va dau
do véi cac loai dung moéi khac nhau (Hinh 6).

3500000
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1500000 1

1000000 |

Téng dién tich peak CBzs

500000
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Hinh 6. Hiéu qua chiét CBzs tir mau tro bay bang hai
ky thuat chiét siéu 4m voi cac dung mdi khac nhau
(A: acetone, D: dichloromethane, E: ethyl acetate,
H: hexane, T: toluene).

Hiéu qua chiét danh gia thong qua tong dién
tich peak ctia cac CBzs cho thiy anh hudng cua
2 yéu to ki thudt chiét va dung moi chiét la
tuong d6i phirc tap va khong dua ra nhimng xu
huéng rd rang. Doi v6i ki thuat chiét bé rung
siéu 4m, hiéu qua chiét giam dan theo thr tu
sau: toluene > acetone > ethyl acetate >
dichloromethane > hexane. D&i véi ki thuat
chiét dau do, hiéu qua chiét giam dan theo thir
tu: dichloromethane > ethyl acetate > acetone >
toluene > hexane. Cac dung mdi acetone,
dichloromethane va ethyl acetate cho hiéu qua
chiét cao hon vé6i dau do, con bé rung siéu am
cho hiéu qua chiét cao hon voi hexane va
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toluene. Cac két qua nay cho thdy, chiét mau tro
bang dau do voi dung méi dichloromethane cho
hiéu qua cao nhat. Mac du dichloromethane va
ethyl acetate cho hiéu qua chiét twong duong,
chiét mau bang dichloromethane c6 uu diém veé
dd chon loc véi sdc d6 thu duoc co duong nén
thip va it peak cua tap chat hon so véi cac dung
moi khic (Hinh 7). Ngoai hiéu qua chiét tt,
dichloromethane ciing la dung moi c¢6 nhiét do
s6i thdp (39,6 °C) va d& bay hoi nén tiét kiém
duge thoi gian ¢ dic mau va dé dang chuyén
sang dung moi khéc cho céc budc lam sach.

JJ.J_.\ | Wb

L | N li.‘m,u‘,v"\l*"‘" S

Hinh 7. Sic d6 chiét mau tro bay bang dau do siéu
am v&i dung moi dichloromethane
(UP-D) va ethyl acetate (UP-E)

Lya chon dugc dung moi chiét phu hop la
yéu t6 quan trong quyét dinh hiéu qua chiét
cling nhu gia tri st dung cua toan bd quy trinh
phan tich. Dung méi chiét can phai dap tng
dugc cac yéu cau nhu hoa tan tot chat phan tich,
tuong tic tot véi nén mau va phu hop véi
nguyén tic cua ki thuat chiét. Toluene 13 dung
moéi duge lya chon phd bién dé chiét cac chat
hiru co trong miu tro thai bang k¥ thuat chiét
Soxhlet [12, 13, 18, 19]. Mac du toluene c6 kha
ning chiét tot cac hop chit thom va phu hop
v6i nén miu tro do kha ning rira giai tot chat
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phan tich lién két v6i thanh phan carbon trong
tro, dung moéi nay kha doc, khd bay hoi
(dAn dén thoi gian c6 dic mau kéo dai) va kho
chuyén dung méi (vi du nhu hexane) truéc khi
tién hanh 1am sach. Balampanis va cs. (2017)
nghién ciru diéu kién chiét PeCB va HCB tir
méu tro bay va két luan rang hiéu qua chiét 2
chat nay bang ki thuat siéu am voi dung moi
acetonitrile kém hon dang ké so voi ki thuat
chiét Soxhlet va chiét long ap sut cao voi dung
moi toluene [19]. Vé6i ki thuat chiét vi song,
dichloromethane khéng chiét dwoc CBzs tir
méu tro bay thém chuén, trong khi cac hé dung
moi khac (nhu acetone/hexane, methanol va
acetone/toluene) mang lai do thu hoi tot [18].
Su lga chon dung moi dichloromethane cua
chung t6i phu hop vai két qua nghién ciru ciia
Zhang va cs. (2018) [17].

4. Két luan

Pay 1a nghién ctru dau tién & Viét Nam tién
hanh phan tich ham lugng 11 CBzs trén hé
théng GC-ECD ciing nhu thyc hién céc thi
nghiém xac dinh d6 thu hdi cia CBzs qua nhiéu
budc khac nhau cua quy trinh xr 1y mau.
Phuong phap GC-ECD da cho phép phan tich
dinh luong CBzs vdi @6 lap lai cao, gidi han
phat hién thap (co thé dén 1 ng/mL dbi voi
HCB), khoang tuyén tinh twrong ddi rong (trong
khoang nong d6 tir 1 dén 1000 ng/mL) va do
nhay cao (ddc biét v6i cac chit co nhiéu nguyén
tr clo). CBzs c6 thé duoc thu hdi tét qua cac
budc nhu xir Iy mau véi acid sulfuric dic, phan
b long 1ong giita dung dich nude va dung moi
hexane va chiét pha ran trén cot silica gel véi
dung moi hexane. Ngoai ra, cac khao sat so bo
kha ning chiét CBzs tir tro bay ciing dugc thyuc
hién bai 2 ki thuat chiét sidu am truc tiép (ding
dau do) va gian tiép (dung bé rung) véi cac loai
dung moéi khac nhau. Chiét siéu am voi dau do
va dung moi dichloromethane cho hiéu qua
chiét t6t hon cac diéu kién con lai. Cac nghién
ciru tiép theo nhim phat trién, tham dinh
phuong phap phén tich chinh xac, hiéu qua,
nhanh va don gian danh cho CBzs trong cac
nén mau moi truong, sinh hoc va chét thai 1a rat
can thiét.
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