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Tém tit:

Bai bdo trinh bay viéc nghién ciru xiy dung quy trinh phén tich phenol trong nuwéc bing phwong phép dién di mao
quéin (CE) sir dung detector do quang vung UV-Vis (detector UV/Vis) két hop chiét léng - 16ng hai giai doan. Quy
trinh phan tich duge t8i wu héa qua cic diéu kién chiét va didu kién phan tich dién di. Didu kién chiét dwgc t6i wu
bing phwong phap bé miit myc tiéu (RSM) két hop véi thiét ké Iip tim (CCD); 20 thi nghiém da dwoc xiy dung
cho ba yéu t6 khio sat 1a thé tich dung méi chiét 1-octanol, théi gian tic chiét giai doan mot va giai doan hai. Cac
didu kién phan tich dugc khéo sat bao gdm dung dich di¢n ly nén (ndng dd borac va pH dung dich), di¢n thé tich
va thoi gian boem miu. Phuong phép phan tich da toi wu c6 giéi han dinh lugng v6i phenol 13 8,7 mg/l, d§ Lip lai vé
thoi gian di chuyén va dién tich pic tin higu t6t (RSD<3%). Phwong phap di dwgc 4p dung d& phén tich mot sé miu
nwéc mit. Cac két qua thu dugce cé dd 1éch so véi cic két qui ciia phwong phap dbi chimg (sic ky léng hi¢u ning
cao) trong khoéng 6,4-13,1%.

Tir khéa: chiét 16ng - 16ng hai giai doan, detector do quang viing UV-Vis, dién di mao quin, miu nwéc, phenol.

Chi s phdn loai: 2.4
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chii yéu I3 tac dong Ién he than kinh, hé tim mach va mau &' o S e B e P at hién cao (LOD
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xuat gang thép, luyén kim. Mot s0 nganh cong nghiép khac :lg ah.? ; n );lac cao nimg ot hor ph’al ST Elung theq
nhu cong nghigp dét, nhuém, san xudt giay, nhya hogc san r::?g ! ':t i va thuc hién trong phong thi nghiém, chi phi
xuét thudc trir sau ciing 12 nhitng nguon phat thai phenol ra plan t;lc cao va van hat.]h phire fep [‘6]' Trong nghién cuu
méi truong [3]. Ngodi ra, hop chét phenol ciing dugc sinh nay, phuong phap dién dl. mao; quan d.ung detector do quang
ra tu nhién trong qué trinh phan hiy cita thyc vat va cic  Vung UV-Vis (CE-UV/Vis) dé xac dinh phenol trong nuée
hop chét hiru co. Cac ngudn phat thdi phenol trén deu phat da duoc phat trién trén co s¢ sir dung mt hé thiet bi dién
thai chis yéu vao méi truong nude. Béi vy, viée kiem soat di mao quan tur che tao. Nghién ciru c6 myc tiéu xdy dung
ham hwong phenol trong nudc 1a rat can thiet. Quy chuén dlfﬂ.’c mot guyhtrml,l phat1 tlch‘vm chi E)hxlpha;n tich thap, cl}o
Viét Nam vé nu6e mt hang BI quy dlg'nh ham lugng phenol d’o nhg}/ va qo chinh xac phu hop dé cé thé phuc vu phéan
téng s6 khong vurot qué 10 g/l véi ddi tuong nue phuc vy - tich hién trudng.
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Abstract:

Development of analytical procedure for the
determination of phenol in water by the capillary
electrophoresis method using a home-made UV/Vis
detector combined with the two-stage liquid-liquid
extraction has been studied. The procedure was
optimized with extraction conditions and analytical
conditions. Optimized extraction conditions were
determined using the response surface methodology
(RSM) in connection with the central composite design
(CCD); twenty experiments were conducted to determine
the effect of three factors: volume of the solvent
1-octanol, extraction time of the 1 stage and of the 2™
stage. Analytical conditions which were investigated
included the background electrolyte solution (borax
concentration and pH value), separation voltage and
injection time. Quantification limit of the optimized
procedure was 8.7 pg/l with the good repeatability of
migration time and peak area (RSD<3%). This method
was applied to analyse some water samples. Compared
with the reference method (HPLC), the deviation of
results ranged from 6.4 to 13.1%.

Keywords: capillary electrophoresis, phenol, two-stage
liquid-liquid extraction, UV-Vis detector, water sample.

Classification number: 2.4
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phenol dé tinh khiét >99.5%. borac decahidrat 98%, natri
hidroxit 97%, axit clohidric diac 37% (Merck, CHLB Dire);
cac dung méi chiét: 2-octanol 97% (Sigma-Aldrich, My);
n-hexan HPLC 98%, diclometan GC 99.9%, 1-octanol GC
99%. acetonitril HPLC grade (Meu_k CHLB DBire); nude
deion tir mdy lgc nudc tinh khiét dién tro 18 MQ, Milipore
- Simplicity UV. Phap Mau (.hLlElﬂ g()c phenol 1000 mg/I
chuan bi trong nude deion; mau chuan nong do thép hon
dugc pha lodng tir chuén gbc bang nude deion.

Thiét bi: hé thiét bi dién di mao quan thao tac bang tay
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(CE manual) két hop detector UV/Vis tu ché tao CI:IE‘TI'UI:lg
tam Nghién clru cong nghé mai trudng va phat trién bén
ving (CETASD) Trudng Bai hoc Khoa hoc Ty nhién, Pai
hoc Quéc gia Ha Noi. Diy la mét thiét bi nho gon véi khdi
lugng nho hon 10 kg, c¢6 thé dat trong phong thi nghiém
cting nhu mang ra ngoai hi¢n truong. Hé sir dung ngudn cao
thé thuong pham Spellman £30 kV (Spellman, Pulborough,
Anh) b ghi dir liéu e-corder (eDAQ, Denistone East, NSW,
Uc), detector UV/Vis tu ché tao vai dai budce song chon loc
tir 200-800 nm, c6t mao quan silica néng chay duong kinh
trong 50 um, duong kinh ngoai 375 um, dé dai tong 75 cm
va do dai hi¢u dung 68 cm (Agilent, MV).

Cac thiét bi phan tich phu tro: mdy do pH d dan hién
truong HQ40d (HACH, My), can phan tich AE 200, Mettler
(Thuy S7), may rung Vortex G-560E, Scientific Industries
(M)

Plurong phdp nghién ciru

T6i wu diéu kién phan nch trén thiét bi CE-UV/Vis theo
phiong phdp lan heot nng y b 16: khao sat c‘hrorc thue hién
bang cach tdi wu tirng yeu t6, giir ¢6 dinh yéu to da lua chon
dé tiép tuc khao sat yéu t6 khac. Cac diéu kién duoc gitr cd
dinh la: nong do phenol 10 mg/l; bude song xac dinh phenol
0 220 nm; mao quan silica néng chay duong kinh trong 50
pum, chiéu dai 75 cm (chiéu dai hi¢u dung 68 em). Céc yéu
t6 duge khao sat 1a dung dich dién ly nen (nong do borac,
pH) va diéu ki¢n hé phan tich (thoi gian bom mau, dién thé
tach) voi khoang khao sat thé hién trong bang 1.

Bang 1. Khodng khao sat cac diéu kién phan tich phenol trén
hé CE-UV/Vis.

Khoang khio sat

Piéu kién khio sit

Nong do borax 10 mmol/1=50 mmol/l

pH dung dich dién ly nén

9,5+12,0
Di¢n thé tich -10 kV+-22,5 kV
Thai gian bcrm nﬁu 20+ IZU bmy

Toi uu quy trinh c!nel long - long hai giai dogn: sau khl
lya chon cac diéu kién phan l:ch trén thiét bj CE- UV/Vis,
diéu kién xu Iy va lam giau mau duge khao sat tle theo.
Khi phén tich phenol voi ham luong thép trong mau nude,
qua trinh Cthl chon loc nham loai bo céc chét anh huong va
lam giau mau la rit quan trong, anh huong quyét dinh dén do
nhay, chon loc cua phuong phap. Hién nay co rat n]mu ky
thuat chiét khac nhau cho hop chat nay nhu thel pha ran dé
phén tich phenol trong nudce [16], vi chiét pha um va vi chiét
pha long dé phén tich phenol trong mét lwgng mau nho [17—
19] Tuy nhlen cac k¥ thut nay déu kha phtre tap hoac dat
tién, yéu cau nhiéu thiét bi phong thi nghiém. Trong nghién
ctru nay, ky thuat chiét long - long hai giai doan da dugc lua
chon dé khao sat voi wy diém don gian va dich chiét cudi
cung ¢ pha nudce dé phan tich bing dién di mao quan.
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Mot quy trinh chiét long - long gém hai giai doan da
duogc xdy dung, quy trinh dugc thuc hién & nhiét do phong
(25°C) va dugc mo ta nhu hinh 1.

100 ml miu

Gial dogn 1 phadung méi chift
tich pha
— pha

Dung mai
chidt
500 pINaOH 0.1M
Iy tim Ihe vortex
Gialdogn 2

IﬁL’?—. a ——»Phin tich trén CE-UV/Vis

dd NaOH
Hinh 1. Quy trinh chiét long - I6ng hai giai doan.

O giai doan 1, 100 ml méu dugc chiét trong phéu chiét da
¢6 sin mot thé tich dung moi chiét thém vao tir trrde. Miu
nudc duge dleu chinh vé pH=2 khién cho cac ion phenolat
duoc chuycn vé dang phan tu phenol va di vao pha dung
moi chiét khi lic phéu chiét trong mét thoi gian nhét dinh.
Sau khi lac, dé yén 30 phit cho qua trinh tach pha, pha dung
mai chiét duge vao mdt ong thiy tinh day nhon va bat dau
giai doan chiét thir 2. Thém 500 pl dung dich NaOH 0.1M
vio 6ng thuy tinh ddy nhon da ¢6 pha dung moi chiét cua
giai doan 1, rung lac voltex trong mot thoi gian nhat dinh.
Phenol s& chuyén vé dang muoi phenolat va di vao pha dung
dich NaOH. Sau khi ly tdm 6 pht voi toc do 1600 vong/
phut, dich chiét 1a pha dung dich NaOH s¢ duoc chuyén vao
mot vial 1.5 ml bing pipet pasteur va duogc phan tich trén

thiét bj CE-UV/Vis.

Ngoai viée phai lua chon dung moi chiét, cac yéu 6 anh
huong dén qua trinh chiét long - long con la ty 1é chiét va
thoi glan lic chlet Théng thudng, cac yeu t0 nay thuong
du‘cr(, toi wu hoa bang phuong phap t6i wu lan luot tng yeu
t6 (one factor at a time method - OFAT) vai uu diém la dé
thuc hién. Tuy nhlen phuong phap nay lai boc 16 nhitng han
ché khi cac ycu t6 khao sat trong phén tich anh huong dong
thai toi két quag viée khao sat l'm lugt s& cho diéu kién cudi
cung chua han da 1a diéu kién l01 wu nhat. Vi v vay, dé khac

huc nhuoc, diém nay, mo hinh bé mit muc ti¢u két hop vm
L lap tam (RSM-CCD) da dugce s dung voi 5
hin ]mm cho 3 yéu to la thé tich dung méi chiét, thoi
it l]g t giai doan | va thoi gian lic chml giai doan 2
ggﬂ)}aiutl::): quy trinh chiét phenol khoi nén nirde.

Khao sat lwa ¢

mot thiét ké

hon dung moi chiét: 4 loai dung méi 1a
diclometan, l-octanol va 2-octanol véi clng thé

n-hexan[ duac st dung cho quy trinh chiét hai giai doan néu

:lrz]; fj:]hmuthﬂ“ dung moi phu hop cho viée chiét phenol.

Toi wru cdc diéu kién trong chiét long - long véi mé hinh
O 1 ¢
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RSM-CCD: sau khi lura chon duge dung méi chiét, cac diéu
kién chiét dugc khao sat qua viéc xdy dung mé hinh thiét
ké thi nghiém dé t6i wu hoa cac diéu kién nay cho phén tich
phenol V&i myc tiéu hi¢u qua chiét tot nhat, ham muc ticu
ctia md hinh 1a hiéu sudt thu hdi phenol (Y) v6i hieu sudt
thu hdi cang cao thi qué trinh chiét cang tét. Cac nhén té anh
huong 161 qué trinh chiét duogc lra chon t6i wu 1a: thé tich
dung moi chiét (X,), thoi gian lac chiét giai doan 1 (X)) va
théi gian lac chiét giai doan 2 (X))

Phén nu.m design-expert 11 dugc suir dung trong m6 hinh
thiét lap, so thi nghiém N= ?l‘¢”k+6 (N=20 véi k=3). Trong
do, k 14 56 bién s6 dgc lap va 2k sd thi nghiém b sung tai
diém sao. Khoang cach tir tam dén diém sao a=2. TAt ca cac
nghién ctru dugce thye hién ¢ 5 muc (-o, -1, 0, +1, + «). Nhu
vy, trong nghién ctru nay, 20 thi nghiém sé dugc thyc hién
voi 8 thi nghiém cua quy hoach toan phan 6 thi nghi¢m Iap
lai tai tAm va 6 thi nghiém bé sung tai diém sao niam céch vi
tri tam thye nghiém mot khoang . Sau d6, mé hinh thong ke
biéu dlen su phu thudc cia hiéu suat thu hoi phenol vio céc
nhin t6 duge ma hoa 1a mot phuong trinh da thirc bic hai.
Cudbi cung tir mo hinh xdy dung dugc. gia tri hi¢u suat 1on
nhat v&i céc didu kién chiét ti vu duoc du doan.

Danh gia phtrmwphdp' sau khi téi wu quy trinh chiét va
phén tich, cac thong so danh gia phuong phap da duge xac
dinh dé xac nhan hi¢u qua cua quy trinh nhu: gioi han phat
hién (LOD), gi¢i han dinh luong (LOQ). khoang tuyén tinh,
dé lip lai, hu,u suét thu hoi.

Ap dung phan tich mau thye: dé minh hoa cho quy trinh
phan tich, mét s6 mau nude mat tai Ha Noi da duoe thu thap
tr cdc con muong, song trén dia ban Ha N6i (hinh 2) bao gom:
2 mau NTI va NT2 duge ldy tr 2 con muong doc theo duong
Nguyén Chanh va duong Mac Thai Té; 2 mau nuoc song Nhué
1a NS1 va NS2 duoc hy dudi cau Dién va ciu Trung Van.
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Hinh 2. Ban d6 18y mau nudc mat tai Ha Nai.

Mau sau khi lay duoc loc qua mang loc 0.45 um (dung
cu loc ‘vﬂ dung mau déu duoc rua sach banﬂ deion va trano
bans, mau thue). Trude khi thue hién chiét long - long, mau
sau khi loc duge axit hoa dén pH=2. Sau qua trinh xu ly,

dich chiét duge phan tich trén thiét bi CE-UV/Vis va donﬂ
thoi duge phan tich doi chimg bang phuong phap sic ky
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long hiéu ndng cao ghép ndi detector diot mang (HPLC-
DAD).

Trong qué trinh phén tich bing CE, phenol dugc dinh
tinh qua thoi gian di chuyén va khing dinh lai khi thém
chuin vao mau bom, viéc dinh luwong dugc thuc hién theo
phuong phap dudng chudn.

Két qua ndng dé phenol trong mau thuc duge xac dinh
nhu sau:

Cphcnnl dich chiét (mg/l) x 0.5 ml x 1000 }Jgf”mg
Cphunnl miu (ng/l) =-

100 ml x H% phenol
Phan tich d6i chimg dugc thyc hién trén thiét bi HPLC-
DAD cua hiang Shimadzu. Cac diéu kién cua thiét bi: cot
C18 Shim-pack VP-ODS (4,6 mm i.d. x 150 mm, kich
thudce hat 4,6 um); pha dong gom pha A (acetonitril) va pha
B (dung dich H,SO, c6 pH=3.2), toc d6 dong 1 ml/phit;
detector diot arrziy véi budc song lua chon 1a 220 nm.

Két qua va thaoluan
Téi wu diéu kién phan tich phenol bang CE-UV/Vis

Khao sat anh huong cua nong dé borac trong dung dich
dien ly nén: dbi twong phenol 12 hop chét co tinh axit rat
yéu (pKa=9,75). Vi vy, & diéu kién pH cao (pH=9), phén
tir phenol ¢ dang anion (phenolat C. H.O") c6 thé phan tich
bing phuong phép dién di mao quan Dung dich dién ly nén
duoc chon la dém borat pha tir borac va NaOH, ¢6 pH>9,25.
V& 1y thuyét, khi ap dién thé, cac ion phenolat s€ di chuyén
dén cuc dwong cua hé dién di. Tuy nhién thyuc té, cac ion nay
lai di chuyen dén cuc am boi & diéu kién pH cao dong dién
di tham thau (EOF), la dong hinh thanh trong mao quan, c6
cuong d manh va cé chiéu di chuyen tr duong sang am s&
16i cudn cac ion phenolat, khién céc ion nay dao chiéu vé
hudmg phan cuc am.

Trong hinh 3, ndng d6 borac thay d6i tir 10-50 mmol/l,
dién tich pic phenol ting Ién. O ndng d6 borac >30 mmol/I,
dién tich pic phenol tang nhe, trong dé tai nong d borac 45
mmol/l trong dung dich dién ly nén pic phenol cho dién tich
I6m nhét. Vi vy, gié tri 45 mmol/l cua borac trong dung dich
dién ’f/ nén duge chon cho céc nghién ciru tlep theo.

0,09

0,08
0,07
0,06
0,05
0,04
0,03
0,02
0,01

0

30 35 40

Dién tich pic phenol (AU.s)

Nong d6 borac trong dung dich dién ly nén (mM)}

Hinh 3. Khéo sat anh huéng ctia néng do borac trong dung dich
dién ly nén tdi dién tich tin hiéu phenol.
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Khao sdt anh huong ciia pH dung dich dién ly nén borac:
sau khi da lua chon duoc néng do borac i vu tai 45 mmol/l,
gitr ¢b dinh nong do nay, thém NaOH dé gia tri pH thay doi
tir 9,5 dén 12. Két qua thu duoc trén hinh 4 cho thay, khi
tang gia tri pH thi dién tich pic phenol tang. Tuy nhién, dé
pH tang thi nong dé NaOH thém vao I6n lam dung dich dién
di nén c6 do nhét cao, két qua 1a thoi gian di chuyen cua ion
phenolat o1 detector 1au hon va chiéu cao pic phenol giam,
chan pic dan rong. Nhl.rng diéu nay anh huong tiéu cuc tdi
thoi gian phan tich va gi6i han phat hién cta phenol. Bai
vy, dé dién tich va chiéu cao pic phenol déu lom, thoi glan
phén tich phi hop thi pH cua dung dich dién ly nén la 11 va
dugc chon cho thuce hién cac khao sat tiép theo.

o Ml pH 9,5
10 mAU

M pH 10,0
_____[[,._L___ pH 10,5
__._IL_,_JL__ pH 10,75
___n__’___L_ pH 11,0

I A pH 11,25

HA11,5
,.,_n_,—«—————ﬂ—— P Phenol
’——-ﬂ————”’—""'&-';\“‘ pH 12,0
1000 2000 3000

Théi gian di chuyén (giay)

Hinh 4. Gian do dién di khao sat dnh hudng ciia pH dung dich
dién ly nén borac.

Khdo sat anh hwong ciia dién thé tach: dién thé tach
duoc khao sat trong khoang -10 kV tdi -22,5 kV véi cac gia
tri dién thé la: -10; -12.5; -15; -17,5;-20; -22,5 kV. Tir hinh
5 ¢6 thé thay, khi tang dién thé tach thi thoi gian di chuyén
ctia ion phenolat tdi detector ngin hon va pic sac nét hon,
anh huong tich cuc t6i thoi gian phan tich va gidi han phat
hi¢n ctia phenol. Dicu nay duge ly giai la do do 16n dién thé
tach tang thi lyc dién truong tang, do linh dong dién di tang
v ion phenolat di chuyén nhanh hon. Tuy nhién, di¢n thé
tang lén trén -20 kV thi tin hiéu nén khéng on dinh. Bai vay,
diéu ki¢n dién thé tach -17,5 kv dugc lua chon,

10 mAU

22,5 kv
-20,0 kv

'\-J.»A—-lq_k
T N
__L__L_ 7,5 kv

’—“_“‘n'm‘——f\ﬁ Phenol =12,5 kV
___,_\__n________J\_ -10,0 kV

1000 2000 3000
Théi gian di chuyén (giay)

15,0 kV

Hinh 5. Gian do dién di khao sat 4nh hugng ciia dién thé tach.
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Khéo sat anh hieong cia thoi gian bom mdu: thoi gian
bom mau dugc khao sat trong khoang 20-120 giay véi cac
gid tri: 20, 40, 60, 80, 100 va 120 gidy. Khi thoi gian bom
mau ting thi dién tich pic phenol tang. Sy tang nay ty I¢
thuan véi thoi gian bom mau cho dén 100 gidy, tir 120
gidy thi sy tang nay giam di va khong con ty 1¢ thudn nira.
Nguyén nhan do thoi gian bom mau qua dai lam xuat hién
su khuéch tan nong do va gian ving mau, diéu nay c6 thé
gay ra cac gia tn bat thudng trong céc lan do lap. Vi vay,
thoi gian bom mau 1a 100 gidy duoc lua chon.

Toi wu quy trinh chiét long - long hai giai dogn

Sau khi da téi wu diéu kién phan tich phenol trén thiét bj
CE- UVNIS cdc diéu kién phén tich dugc lua chon la dém
borat v&i ndng do 45 mmol/l thém NaOH dén pH =11, di¢n
thé tach -17,5 kV va thoi gian bom mau 100 gidy. Ngoai ra,
cac diéu kién cd dinh tir trude la: detector UV/Vis vai budce
song duge lya chon theo ddi la 220 nm; mao quan silica
nong chay dudng kinh trong 50 um, chiéu dai 75 cm (chiéu
dai hiéu dung 68 cm). Tiép theo, céc diéu kién vé quy trinh

chiét duoc khao sat.

Khao sat lira chon dung moi chiét: céc dung moi khao sat
dugc sur dung vdi the tich ¢6 dinh la 5 ml, nong do phenol
sau khi thém vao nén nuéc la 0,05 mg/l. Két qua chiét cho
hiéu suat thu hoi khong dat dén 50% vdi tit ca cdc dung
méoi, thdm chi v&i n-hexan khi phan tich dich chiét khdng
xuit hién pic phenol. Hi¢u suét chiét khi diing cdc dung moéi
diclometan, 2-octanol va l-octanol lan luot 1a 13, 29 va

37%. Tir céc két qua trén, hiéu sudt chiét phenol 16n nhét khi
sur dung l-octanol nén 1-octanol dugc chon lam dung moi
chiét cho phan mé hinh téi tru hoa thue nghiém tiép theo.

Toi wu cdce diéu kién trong chiét long - long voi mo hfnh
RSM-CCD: bai toan tdi wu duoc lap dua trén phuong trinh
héi quy xac dinh bing phuong phdp quy hoach thuc nghiém
la ham mo ta sy phu thudc ctia hiéu suat thu hoi phenol vao
3 yeu t6: theé tich dung moi chiét, thoi gian lac chiét giai
doan 1 va thoi gian liic chiét giai doan 2 v&i mién khao sat
dugc thé hién trong bang 2. Phin mém Design-Expert 11
duge s dung aé phén tich két qua ctiia md hinh, xdy dung

phuong trinh hoi quy va g1a1 bai toan tbi uu.

Bang 2. Gldl han pham vi va mLfc bién dm clia cic nhan to

Mire nghién ciru
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Bién thye mi hoa 2(e) -1 0 +H o +2(ta)
“Thétchdmg g ety By W
moi chiét
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Khoa hoc Ky thuit va Céng nghé —

Két qua so sanh hiéu suat thu hdi phenol tir thye nghiém
vi gid tri du doan dua trén mé hinh vira xay dung thé hién
& hinh 6. Hé sé trong quan r cao (r=0,9335) cho thdy c6 su
twong dong giira két qua du doan va két qua thuc nghiém.
Piéu nay cho thiy phwong trinh hdi quy da mé ta chinh xdc
cdc sb liéu thue nghiém.
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Hinh 6. Biéu db tuong quan higu suat thu hdi phenol thuc
nghiém véi gia tri du doan trén ma hinh.

Kiém dinh F ctia mo hinh (F-test hay kiém dinh Fisher)
cho gia tri P 150,05 (P,.44<0.002) nghia la chi co dudi
0,2% su thay doi cua gia tri F 1a do sai s0. Két qua nay cho
thdy d¢ twong thich tdt cua hai phuong trinh hdi quy so véi
s6 liéu thuc nghiém, tir do cho thz"iy do tin cay théng ké cao.
Hé s xac dinh R? (coefficient of determination)=0,8715
cho thfiy c6 87,15% su bién dbi cua hidu sudt thu hdi 1a do
anh hudng cua céc bién doc lap (thé tich dung méi chiét
va thoi gian lic chiét giai doan 1 va 2). chi ¢6 12,85% su
thay doi 1a do cac yéu td khong xac dinh duge nguyén nhin
gdy ra (sai s6 ngdu nhién). Kiém dinh F cta sai sé mo hinh
(lack of fit) c6 P >0.1 (P =0,1313) cho thdy mé hinh

pht hop. Bén canh d6, hé sd bién thién CV% (coefficient of

variation) thap (CV =5,70%) chirng to cac thi nghiém dugc
thue hién chinh xéc va d9 1ap lai cao.

Sau khi kiém dinh sy pht hop cua mo hinh, md hinh
toan hoc md ta moi quan hé gitra hi¢u suat thu hi phenol
(H%Phenol) véi cac bién ma hoa (diéu kién khao sat) da
duoc xac dinh nhu sau:

H%Phenol (Y)=55.11 - 1,05X,+ 1,48X, - 1,23X, - 4,04X X,
-2,65X X, - 1,92X X, - 3,13X 2+ 0,67X,? - 0,57X? (1)

Phuong trinh héi quy (1) cho thdy anh huong trong tac
dong thoi cua cc cap nhan td (X1¥X2) 1a 16n nhit va anh
huong bic hai ctia X3 14 nho nhét. X1 va X3 anh huong tiéu
cue dén hiéu sudt thu hdi, X2 anh huong tich cue dén higu
sudt thu hoi.
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¥
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* Thetch  Tho gianlicchigt”
1-octanol giai doan 2
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us
. ** Thoi gian lic chiét
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Hinh 7. Do thi dang 3D (3D response surface) vé anh hudng ctia
céc cdp yéu td dén hiéu sudt thu héi phenol khi yéu té con lai
dugc gii¥ ¢b dinh & miic 0.

Tir mé hinh, rit ra diéu kién chiét tdi wu cho phenol la:
thé tich 1-octanol 8,25 ml, thoi gian lic chiét giai doan I la
4 pht va thoi gian lic chiét giai doan 2 13 | phut. Kiém tra
diéu kién nay bang céch so sanh két qua chiét thuc té voi gia
tri du doan mo hinh va khoang du doan cua mé hinh. Vi s
lan chiét 1ap 1a 3 1an, khoang hiéu suat thu hdi cia phenol
dugc du doan tir 55.3-82.3% va gia tri du doan 1a 68,8%.
Két qua hiéu suat trong thi nghiém kiém tra la 64%, nam
trong khoang du doan ctia mé hinh va do Iéch so v&i gia tr
mé hinh du doén cta mé hinh 1a 7,2%, gia tri hidu suét thu
hoi phenol dy doan cé do chinh xac tét.

Ddnh gid phuong phdp phén tich

Phuong phip phan tich phenol trong nude sir dung céc
diéu kién chiét, dinh tinh, dinh lugng bang CE-UV/Vis da
ti wu duoc danh gia théng qua cac théng s6 LOD, LOQ
ctiaghiét bi va phuong phép, duong chuan, dé 1ap lai vé thoi
gian di chuyén va dién tich pic, hiéu suat thu hdi khi phén
tich cdc mau thém chuin vao nén mau thue, cac két qua
dugc trinh bay & bang 3.

Buong chuan phan tich phenol duoc dung véi 8 diém
chuan trong khoang nong dg 1-20 mg/l. Pudng chuin co hé
50 twong quan tuyén tinh tét (R*=0,9993). Kiém dinh Fisher
danh gia s sai khéc cta gia tri b v6i 0 & do tin cay 95% cho

i F g (resiesy = 4950 chimg 16 b va gié tri 0 khong khac
nhau, hay phuong trinh duong chuén khong mac sai s0 hé
théng. Kiém tra d6 ding cua dudng chuin qua hiéu sudt thu
héi khi phén tich mau chuan phenol 5 mg/l va 7.5 mg/l trén nén
deion cho gia tri thu hoi rat bt 100,1 va 97.3%. Khi phén tich

KHOA HOC |/,
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mau chuan 5 mg/l, gid tri d§ lap lai cua thoi gian di chuyén
pic phenol RSD, va dién tich tin hiéu RSD, déu <3%.

Phuong phép c6 gidi han phat hién va gi6i han dinh
luong cho phenol trong nude 1a 2,58 ng/l va 8,67 pg/l pha
hop cho viée danh gid ngudng nong do phenol 10 pg/l theo
QCVN 08-MT:2015/BTNMT. Hiéu suét thu hdi cua phuong
phap khi phan tich mdu chuan phenol 40 ug/l la 64+9,5%.
Khi thém phenol vao cac nén mau thue (nude mit - nudc thai
do thi) hiéu suat thu héi ciing dat trong khoang 63-73%.

Bang 3. Panh gia phuong phap phan tich phenol trong nudc.

Théng sb Pitu kién Donvi  Gii trj
Khoang dudmg chudn 8 diém mg/l 1-20

: : 1 Y = (0,0081=0,0021)x
Phuong trinh duémg chuan +(0,00140,0002)
R? duémg chudn 0,999
i (f;=6, £,=5) 2,039
RSD, (n=8) (%) 2.3
RSD, (n,=8) (%) 3.0
LOD thiét bj mg/l 0,33
LOQ thiét bj mg/l 1,11
LOD phuong phap* ug/l 2,58
LOQ phuong phap* ng/l 8,67
Hiéu sudt thu hoi khi phan tich ) ;
phenol trong nén nuée deion (=D (%) 649,

T' . =t Nén miu NSIT (%) 73

Hl:gu suﬂal thu [:01 khi phan_nch Nén mau NS2T (%) 65
mau thém chuan phenol trén oyl .
nén mau thyc N.cn mz_}u NTIT (%) B

) Nén mau ,NTZT, (%) 63

RSD: dd lech chudn twong dsi chia thasi gian di chuyén khi bom mau
chuj:n. RSD,: do léch chuan tuong déi cta dién tich pic khi bom mau
chuan. *: gia tri tinh tif LOD, LOQ ciia thiét bi theo hé s6 lam giau trong
qua trinh xd Iy mau 13 200 1an (100 ml mau chiét vao 0,5 ml dich chiét)
va hiéu suat thu hoi 64%.

Ap dung phén tich méu thire

Céc mau nude lay tir song Nhu¢ va muong nuéc thai dugc
xurly bang chiet long - 1ong hai giai doan, sau dé dinh tinh va
dinh lugng phenol bang hai phuong phap CE-UV/Vis, ¢6 so
sanh vai HPLC-DAD. Két qua phén tich ciac miu thuc thé hién
trong bang 4 va hir}h 8, cic mau nay déu phat hién thay phenol
0 nong do tir 8,7 dén 15,8 pg/l. So sénh két qua phén tich bing
CE-UV/Vis véi HPLC-DAD cho do léch tir 6,4 dén 13,1%.
Nong do phenpl trong cac mau nuée thai tir haj con muong
NTI va NT2 lan luot 12 9,7 va 8,7 pg/l, déu nho hon gidi han
ham lugng phenol cho phép theo Quy chuan Viét Nam quy
dinh cho nude mat hang B1 phuc vy giao thong, thuy loi va
tuoi ticu véi doi trong thuong 14 nudge muong, séng ho (10
/) [4]. Nong do phenol trong hai mau nudc séng Nhug NS |
vé. NS2 lan lugt 1a 15,8 va 13,1 ng/l, vuot ngudng quy dinh
ta_z.taQC;\/N 08-MT:2015/BTNMT néu trén, Néng do phenol tai
d];em !a;/ mau ¢ gan hon so vi phia thuong ngudn (NS ) co
nong do cao hon so voi mau & xa thuong nguén (NS2). Su
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cao bt thuong cua ndng d6 phenol trén con sdng nay co thé
gia thuyét do phat thai cia mét khu cong nghlep tap trung
tai sat thugng nguon va trong nhlmg nam gan day con song
nay ciing 14 mét trong nhitng con sdng canh bio 6 nhiém &
mirc bdo dong tai vung ven ndi thanh Ha Ngi.

Bang 4. Két qua phén tich phenol trong méu thyc.

Ningdj  Nbngdp  Ningdd  Ningdd)  DPjlech
Mi miuchift mluthge mivchiét mivthge CE-UV

Méa min (CEUV  (CEUV  (HPLC-  (HPLC-  Viy
Vis) Vis) DAD) DAD) HPLC
mg/l (ngN) mg/l (ng/) (%)

Nuécsong| NSI 2024019 158+15 1,79 4o -n2

Nubcsong2 NS2  167:021 13,1216 155 21

Nuédcthail  NTI  1,24%0,26 9,71,9 1,40 9.2 6.4

Nuécthdi2 NT2 1,11+0,24 8,7+2,0 118 11,0 13,1

(1) Phenol
SmAU
)
NT2

(1)
_..MAWW NTL

Q)
NS2

(1)
M—;MW NS1

a

—— A 8 mp/l

T T T T
800 1000 1200 1400

Thai gian di chuyén (gidy)

Hinh 8. Gian d dién di phan tich phenol trong mau thuyc.

Két ludn

Quy trinh phén tich phenol trong nudc sir dung k¥ thuat
chiét 16ng - 10ng hai giai doan va dinh tinh, dinh luong bing
dién di mao quén két hop detector UV-Vis tu ché tao da
dugc phét trién. Phuong phap phan tich ¢6 gi6i han dinh
luong 8,7 mg/l dap {mg dugc yéu cau phén tich vé ngudng
quy dinh nong g6 phenol nuéc mat loai B theo QCVN 08-
MT:2015/BTNMT. o lap lai vé thoi gian di chuyen va dién
tlch pic tin hiéu 6t (RSD<3%). So sanh két qua phan tich
mau thye sir dung phuong phap da phat trién véi két qua
thu duge tir phuong phap HPLC-DAD cho d¢ léch tir 6,4
dén 13,1%. Nghién ctru m ra trién vong vé sir dung thiét bj
CE-UV/Vis dé phan tich va danh gia nhanh, chinh x4c ham
lvgng phenol tai hién truong voi chi phi thip.
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