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Nghién ctru quy trinh chiét tach cac
chlophenol trong dat bang phuong phap

siéu am ket hop cot chiét pha ran

Doan Vinh Truong, Lé Xuan Vinh, T6 Thi Hién, Ng6 Thi Thuan

Tém tiat—Chlophenol 13 mdt nhém cac hop chit
ddc va bén trong méi truwong dit. Viée lua chon va
xdy dung cic phwong phap phan tich thich hop dé
dinh lwong cic dong phén chlophenol 1a cin thiét.
Cac thong s trong chiét siéu am két hop véi cot
chiét pha rin (SPE — C18) sau d6 dung sic ky long
hiéu ning cao két hop véi dau do quang phd
(HPLC - UV) dwgc toi wu héa. MAiu déit 6 nhiém
chlophenol ¢6 chira ham lwgng hitu co tir 0,67—
2,36% va ham lwong sét tr 1,37%-22,30% dwgc
phan tich thir nghiém. Két qua phan tich trén
nhém chlophenol (3—chlophenol; 3,4—dichlophenol;
3,5—dichlophenol; 3.,4,5-trichlophenol; 2,3,4,6—
tetrachlophenol; 2,3,4,5-tetrachlophenol;
pentachlophenol) trong miu dat dat hi¢u suét thu
hoi kha cao hon 70% va d9 léch chuén twong dbi
nhé hon 7%. Phwong phap phén tich chlophenol
nay thich hop nong dd ppm trong cac nén dat véi
gioi han phat hién khodng 0,2 mg/kg va giéi han
dinh lwgng khoang 1,0mg/kg. Viéc xiay dung quy
trinh phéan tich dinh lwgng Chlophenol trong nén
dit nay gép phan thuin lgi cho nghién ctru danh
gia ham lwong nhém Chlophenol giy 6 nhiém
trong dit ¢ nuéc ta.

Tir khéa—Chlophenol, HPLC-UV, dait, chiét
siéu Am, SPE-18

1 GIOI THIEU

lophenol 14 hop chat gay 6 nhiém moi trudng

ton tai lau trong dét, trAm tich, nudc va vi sinh
vat [1, 2] Ngudn phat thai vao méi trudng chu yéu
tir hoat dong san xuat cia cac nganh cong nghiép
gidy, thudc trir sau, thude diét co [3, 5, 7]. Cac nha
nghién cuu dung phuong phap nhiét phan nhiét do
thip két hop xtc tac dé xur 1y chlophenol mét cach
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hiéu qua hon nhung van gitr duoc tinh chat cta
dat [13]. Cac qua trinh xir 1y ndy thuong lam
phéan hily pentachlophenol thanh nhiing hop chét
chlophenol khac nhu 3—chlophenol (3-CP); 3,4—
dichlophenol (3,4-DCP); 3,5—dichlophenol
(3,5-DCP);  3,4,5-trichlophenol (3,4,5-TCP);
2,3,4,5—tetrachlophenol (2,3,4,5-TeCP); 2,3,4,6—
tetrachlophenol (2,3,4,6-TeCP);
pentachlophenol (PCP) [7, 12] vin ton tai tu
nhién trong méi trudng dat.

Tuy theo sy phan bd va ndéng d ciia chung
trong moi trudng ma st dung nhiéu phuong phap
chiét tach, 1am giau va phan tich khac nhau. Déi
v6i mau dit, tuy thudc vao tinh chét hoa hoc,
tinh chat vat 1y va cac diéu kién méi trudng dat
nhu pH, ham lugng chat hitu co ton tai trong dat,
ham lugng nudc trong dat ma c6 sy phan bd cua
cac chlophenol trong dat khac nhau [1, 5, 9]. Su
ton tai nhiéu chat hiru co phirc tap khac nhu hop
chat humic gdy anh hudng rit nhiéu cho chiét
tach 1am giau mau dé phan tich dinh luong. Cac
ky thuat phan tich thuong dugc dung 13 chiét
siéu am, chiét soxhlet, chiét vi song, chiét long —
1ong, chiét pha ran va phan tich bang sic ky long
hiéu ning cao véi cac dau do UV, huynh quang,
dién hoa, khdi phé... [4, 9-11]. Hién nay trong
nude, cac nha khoa hoc chi céng bb véi két qua
phén tich dat dwoc chu yéu trong nén miu nudc;
riéng mau dat thi c6 rat it nghién ctu xdy dung
phuong phéap phan tich dinh wgng chlophenol.

Vi vdy trong bai bdo nay s& nghién ctru vé
quy trinh chiét, 1am giau chlophenol trong dit,
dinh lugng ap dung phwong phap sic ky long
dau do UV, véi muc tiéu nhim dua ra quy trinh
phan tich dinh luong ddng thoi mot sb dong
phén chlophenol trén cac nén mau dit khac nhau,
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phu hop voi didu kién hién co cia phong thi
nghiém phan tich méi truong.

2 VAT LIEU VA PHUONG PHAP

Héa chit va thiét bi

Chuan chlophenol: 3—chlophenol (3-CP)
98,00%; 3,4—dichlophenol (3,4-DCP) 99,00%;
3,5-Dichlophenol (3,5-DCP) 97,00%; 3,4,5—
trichlophenol  (3,4,5-TCP) 99,90%; 2,34,5—
tetrachlophenol (2,3,4,5-TeCP) 99,90%; 2,3,4,6—
tetrachlophenol (2,3,4,6-TeCP) 99,90%;
pentachlophenol  (PCP) 99,50% —  Sigm.

triethylamin, methanol, acetonitril — Merck (Ptc);
n—Hexane, dichloromethan — Scharlau (Tay Ban
Nha).

H¢ thdng sic ky long hiéu ning cao dau do
UV - SHIMADZU (Nhat); may quang phd JASCO
— V650 (Nhat); may siéu am Elma S100H (DPrc);
can phan tich 4 s6 1¢ Ohaus (M¥); may lic Stuart
(Anh)

Phwong phap

- Chuan bi miu dit: tron déu, phoi kho, léy
khoang 500g dem nghién, rdy 2mm, lay ' lugng da
qua rdy 2mm tiép tuc qua rdy Imm. LAy phan
<Ilmm dung trong hu thuy tinh, bdo quan & nhiét
do 4°C.

- Tinh chit miu dit duoc xac dinh theo
phuong phap TCVN 6648 — 2000 (xac dinh chét
khé va ham luong nuée theo khdi lwong), TCVN
5979 — 2007 (xac dinh pH), TCVN 4050 — 85 (xéc
dinh tong s chét hiru co), TCVN 8567 — 2010 (xé4c
dinh thanh phan co giéi dat):

Pat
Chiét tach

Ly tam

Hoat hda véi 5mi
Metanol, 5ml HzO

Pha dén 1ml bang metanol

HPLC - UV

SPE - C18

Mau dat A: dat cat pha (cat 78,95%, limon
21,68%, sét 1,37%, pHio = 6,03, Com% = 0,67,
Ci20% = 10,65)

MAu dat B: thit pha limon (cat 11,77%,
limon 66,14%, sét 23,30%, pHmuo = 5,14, Com%
= 1,10, Ci20% = 15,07)

Miu dit C: limon (cat 5,11%, limon
82,06%, sét 11,86%, pHmo = 4,24, Com% =
2,36, Cm20% = 16,34)

- Khio sat quy trinh lam sach mau
chlophenol trong dat theo Hinh 1. Téi wu cac
théng s6 nhu dung méi va thoi gian chiét tach
cac hop chét chlophenol trong dat bang phwong
phap siéu am, anh huong pH dét, anh huong ty 16
chit hitu co, LOD, LOQ cua cac chlophenol
trong nén dét bang phuong phap HPLC — UV.

Cac thong sb trén chlophenol chuan bang
HPLC-UV dua trén hé sé dbi xtmg, do phan
giai va sd dia 1y thuyét theo sic ky d6 cua cac
chlophenol dwgc nhém tic gia tdi wu va lya
chon nhu sau:

+ Hé thdng sic ky: HPLC — UV

+ Cot: C18, 250x4mm, hat Spm; nhiét do
cot: 35°C

+ Pha dong: ding dong, MeOH/HCOOH
0,1% (v/v) (61:39)

+ Thé tich tiém: 20uL

+Tbe do dong: 1,ImL/min

+ Budc song phat hién: 215nm

Axit héa pH 2

Théi véi Nz, < 0,5ml

Hinh 1. So db quy trinh khao sat chiét tach chlophenol chun trén miu dat
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3 KET QUA - THAO LUAN

Khio sat dung mdi chiét tach chlophenol trong
dat

Qua két qua Hinh 2 cho thiy thiy déi véi
phuong phép siéu am (tdn s 37kHz, cong suét
150W) trong lh dé chiét cac dong phan
chlophenol cho hiéu suét thu hdi cao hon v6i hdn
hop MeOH/H,0 (4/1) so véi cac dung moéi con lai
v6i higu sudt thu hdi >70%, RSD <6% do cic
chlophenol c6 logK, khoang tir 2,48—5,06 [1, 2]
va c6 lién két hydrogen trong phén tr nén ching

t thu hdi %

Hiéu sué
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phan bb & 2 pha va chiém wu thé & pha hitu co, vi
thé viéc st dung dung méi hiru co kém phan cuc
nhu aceton/n-hexane, MeOH/DCM, n-
hexane/DCM lam tap chit trong dit phan tan vao
dung moi chiét nhiéu hon va khi qua lam sach
bang SPE C18 c6 thé 1am qua tai cot giy hiéu

sudt kém. Do vdy viéc st dung dung mdi
MeOH/H,0 la thich hop dé chiét va thuan loi dé
cac chlophenol phan tan nhidu hon trong pha
chiét.

3-chlophenol

B 3,4-dichlophenol

@ 3,5-dichlophenol

3,4,5-dichlophenol

| ).3,4,6-
tetrachlophenol

®23,4,5-
tetrachlophenol

Hinh 2. Biéu d6 khao sat dung moi chiét tach chlophenol trong dt véi cac dung méi khac nhau bing phwong phap siéu 4m
trong 1h, cong suit 150W (MeOH: methanol; MeOH/DCM: methanol/dichloromethan; TEA: trietylamin)

Khio sat thoi gian chiét tach chlophenol trong
dat

Khi tién hanh khao sat phwong phéap siéu am
theo thoi gian (Hinh 3), nhan thiy hiéu suat thu
hoi ¢ cac dong phan chlophenol trén 70%, RSD
< 6%, nhung khi dé thoi gian 120 phut thi hiéu
suat thu hdi giam di nhu 3 — CP tir 70% xudng
con khoang 60%. Piéu nay do song siéu 4m lam

cac cAu tir chlophenol hap phu trong dét phan tan
vao dung mdi nhiéu hon, nhung néu thdi gian
siétu 4m qua lau lam cac tap chat khac co sin
trong dét ciing phan tan vao dung moi chiét va cé
thé giy tit ngh&n khi lam sach qua c6t SPE C18
tir d6 giam hiéu sudt chiét tach. Vi vay, chon
phuong phap chiét siéu am v6i dung moi
MeOH/H»O (4/1) trong 60 phut 1a phu hop.
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30 60 90 120
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Hinh 3. Biéu dd hiéu suit chiét chlophenol trong dat theo thoi gian v6i dung méi methanol/nude (4/1) bang phwong phép siéu
am (tn s6 37 kHz, cong suit 150 W)
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Khio sat anh hwong ciaa pH dat

Két qua Hinh 4 cho thdy khi chiét & pH 2
hiéu sudt thu hdi ciia 7 ddng phan chlophenol
(CP) khoang 69,96-93,99%, RSD khoang 3,78—
7,76%; & pH 4 cac CP c6 hiéu sudt thu hoi
khoang 61,39-91,44%, RSD khoang 3,32—
7,33%; & pH 6 cac CP c6 hiéu suit thu hoi
khoang 62,35-89,98%, RSD khoang 4,40—
8,11%; & pH 8 cac CP co6 hiéu sudt thu hdi
khoang 71,88-85,44%, RSD khoang 3,21-—
8,20%; & pH 10 cac CP c6 hiéu sudt chiét
khoang 59,02-87,73%, RSD khoang 3,04—
9,71%. Két qua cho th:?iy cac mono, di, tri va
tetrachlophenol anh hudng it boi pH chiét, diéu
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nay do dung méi chiét 1a MeOH/H,0 (4/1) va co
c6 pKa tir 5,3-9,1 nén cac chlophenol dé dang
phéan bd trong hé nay. Riéng pentachlophenol ¢
pK. tir 4,7-4.9 khi pH ting dén pH kiém thi hi¢u
suat chiét c6 phan giam tir 70% giam con 59%,
diéu nay hop 1y vi khi chiét & pH kiém thi hiéu
suat thu hdi giam va tetra va penta khong phan
tich dugc didu nay phu hop theo cac tai lidu
nghién ctru khac [6, 12]. Phuong phap chiét tat
ca 7 dong phan chlophenol trong dit voi
MeOH/H,O (4/1) ¢6 thé thuc hién dugc khi pH
clia dét tir 2 dén 8 voi hidu suat thu hdi > 69% va
RSD <8%. Do d6 khoang pH dét tir 28 1a thich
hop dé chiét chlophenol 1a thich hop.

83 - Clophenol

13,4 - Diclophenol

ve
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o

= 3.5 - Diclophenoal
E3.45 - Triclophenol

E2,34 6 - Tetraclophenol

[2,34 5 - Tetraclophenol

a4 OPentaclophenol

Hinh 4. Biéu d6 hiéu suét thu hoi chiét tach chlophenol trong dat theo pH

Khio sit anh hwéng ciia chit hiru co

Hinh 5 cho thay loai dat c6 ham luong chat
hiru co ting dan dén hiéu suit thu héi cac dong
phan CP giam. Hiéu suat thu hoi cac chlophenol
trong dat cat 1on hon dit thit pha limon va limon
voi hidu suét trén 70%, RSD < 6%. Khi ting ham
lwong hitu co trong dat dan toi hiéu suat thu hoi
cac chlophenol giam do qua trinh hip thu
chlophenol trong hitu co cta dit xay ra nhiéu
hon. Hon nita, két qua ¢ Hinh 5 cho thiy cac

o
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Hiéu suét thu hoi %
2
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20 ijf 4
. 7B CEION
Catpha Thit pha limon

chlophenol nhu tetra va pentachlophenol ¢ dat
thit pha limon (CHC = 1,10%, sét 23,30%) co
hiéu suét thu hoi thép nhét so véi 2 loai dit con
lai, diéu nay c6 thé do dit thit pha limon c6 ham
luong sét cao nhat (sét 23,30%) va chinh thanh
phin sét nay lién két va giit cac tetra va
pentachlophenol trong d4t manh hon.

Sau khi khao sat chiét tach chlophenol trong
nén mau dat, dé xuat xdy dung dugc quy trinh
chiét nhu so d6 Hinh 6.
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&3,4 - Diclophenol
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33,4,5 - Triclophenol

B22.3.4.6 - Tetraclophenol

I,

Limon

[32,3.4.5 - Tetraclophenol

M Pentaclophenol

Hinh 5. Biéu d6 hiéu suat thu hdi chlophenol trong céc loai dit khac nhau
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. Axit hda pH 2
Siéu am
‘ L— Metanol/Hz0 4/1 (viv)

Ly tam

Hoat hoa véi Gml ”
Metanol, 5ml Hgo—+ SPE-C18

‘ Rira tap 3ml H2O/Metanol 3% (viv)

‘ Rira gidi 5ml Metanol ‘,, Théi véi Nz < 0,5ml

L 4

‘ Pha dé&n 1ml bang metanol |

l

HPLC - UV

Hinh 6. Quy trinh chiét chlophenol trong dat

Sau khi xdy dung quy trinh phén tich, tién ky d téi wu trong cac nén mau dat khac nhau,
hanh phan tich chlophenol véi cac diéu kién séc Xac dinh LOD va LOQ ddi véi cac nén mau dat.
iy —— " & TORLA CH

w a) b)
2 30
o | .
LN, R T R N
I‘. R 3 E - 3 1 -
L 10 [\ ' f ] £ : § E
| " 8 a s 5 §
) I ‘ LA 1 t 3 &
o e T —— - —i
4
0 5 1 15 ] = » s 0 § 10 15 P 2 0
Hinh 7. Sic ky dd a) nén dét; b) chlophenol trong nén mau dét cat & didu kién C18, téc d6 1,1 mL/phut, pha dong
MeOH/HCOOH 0,1% (tt/tt) (61:39), budc song 215 nm, ndng d6 5 mg/kg
Bang 1. Két qua gidi han phét hién LOD (mg/kg), gii han dinh luong LOQ (mg/kg) duoc xac dinh trén nén mau dét
2 L x Pit cit pha Pit thit pha limon Pit limon
Chuén hon hgp
LOD LOQ LOD LOQ LOD LOQ
3-CP 0,17 0,51 0,18 0,55 0,24 0,71
3,4-DCP 0,16 0,48 0,16 0,48 0,17 0,51
3,5-DCP 0,17 0,51 0,18 0,54 0,28 0,84
3,4,5-TCP 0,06 0,18 0,10 0,30 0,20 0,58
2,3,4,6-TeCP 0,11 0,33 0,28 0,83 0,30 0,90
2,3,4,5-TeCP 0,35 1,05 0,34 1,02 0,36 1,08
PCP 0,14 0,47 0,24 0,71 0,34 1,02

Két qua Bang 1 cho cac nén dat khac nhau  chlophenol trong dat limon cao hon so v&i 2 loai

¢6 LOD khoang 0,06-0,36mg/kg, LOQ khodng dat cc‘)nrlai. Diéu nay cho thay ham lugng hitu co
0,18-1,08mg/kg. LOD va LOQ cia 7 ddng phan  trong dat cang cao thi kha nang phat hi¢n va dinh
luong kho hon. Két qua nay twong ddng véi cac



TAP CHI PHAT TRIEN KHOA HQC & CONG NGHE: 123
CHUYEN SAN KHOA HQC TU NHIEN, TAP 2, SO 2, 2018

phuong phéap phén tich cac hop chat phenol bang
cac phuong phap chiét pha ran két hop sic ky
1ong 4p sudt thuong véi dau do khdi phd co LOD
0,03-0,08ug/g, hidu sudt thu hdi 53-92% [2];
phuong phap chiét vi song két hop séc ky khi véi
dung moi chiét aceton, n — hexane cho két qua
LOD 0,01-0,025pug/g, hiéu sudt thu hoi tir 32—
78% [13].
4 KET LUAN

Bai bao da tién hanh khio sat phwong phap
phan tich 7 hop chit chlophenol trong nén méu
dat bang h¢ théng HPLC — UV véi két qua nhu
sau:

Xay dung phuong phap chiét tach lam sach
7 chlophenol trong nén miu dat véi két qua nhu
sau: dung 3 mL MeOH/H,0 5% (tt/tt) dé rira tap
qua cot chiét pha rén; dung phuong phép siéu am
voi MeOH/H,0 (4/1) (tt/tt) trong 1h dé chiét;
khoang pH 2-8 1a khoang thich hop dé chiét
chlophenol trong dat; chlophenol bi anh huéng
chit yéu boi chét hitu co trong dét trong qua trinh
chiét; hidu suat thu hoi >70%, RSD <7% (dbi voi
mau cat pha va mau dit limon).

LOD mau dét cat pha tir 0,06-0,35mg/kg,
LOQ tir 0,18—1,05mg/kg; LOD mau dit thit pha
0,10-0,34mg/kg, LOQ tir 0,30-1,02mg/kg; LOD
mau dét limon 0,17-0,36mg/kg, LOQ tir 0,51—
1,08mg/kg.

V6i két qua dat duoc chung t6i hy vong
trong tuong lai s& Gmg dung phan tich mot sd
chlophenol trong mau dat 6 nhiém khac nhau.

Loi cam on: Nhom tac gia chan thanh cam
on sw hé tro tai chinh tir Pai hoc Quéc gia
Thanh pho Ho Chi Minh cho dé tai mang md sé
C2014-18-17.
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Abstract—Chlorophenol is a group of toxic and
presistent compounds in soil. Investigation on an
appropriate procedure is very important to
quantify all  chlorophenol congeners. All
parameters in ultrasonic combined with soild phase
C18 extraction (SPE_C18), and then high
performance liquid chromatography/ UV detector
were selected and optimised. Various soil samples
contaminated by chlorophenols containing from
0.67% to 2.36% of organic matter and clay content
from 1.37%-22.30% were selected and examined.
The results showed that a group of 3—chlorophenol,

3,4—dichlorophenol, 3,5-dichlorophenol, 3.,4,5-
trichlorophenol, 2,3,4,6—tetrachlorophenol, 2,3,4,5—
tetrachlorophenol, pentachlorophenol
contaminated in soils has high recovery efficiencies
(>70%) with low standard devitation (<7%). This
method is suitable to analyze chlorophenol in soil
with limit of detection (LOD) about 0.2mg/kg and
limit of quantification (LOQ) about 1mg/kg. This
research is helpful in risk assessment of
chlorophenols contaminated in soil and suitable in
Vietnam.

Keywords—Chlorophenol, HPLC-UV, soil, ultrasonic extration, SPE-C18



