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Abstract

In this report, the simultaneous determination of four non-steroidal anti-inflammatory drugs (NSAIDs): ibuprofen,
bezafibrate, naproxen, diclofenac in waste water was comprehensively developed. The procedure for analysis of these
NSAIDs is including two steps: extraction/trace enrichment by solid phase extraction method and quantitative
determination by portable automated capillary electrophoresis (CE) equipment equipped with capacitively coupled
contactless conductivity detector (C*D). The optimal background electrolyte was Tris-(hydroxymethyl aminomethane)
36 mM/lactic acid buffer at pH 8 containing cyclodextrine HP-B-CD in order to increase the separation between
naproxen and diclofenac. With the optimized condition, the detection limits of target drugs in the extract were in ranged
of 0.2-0.4 mg/L. The relative standard deviation of migration time and peak area were found at 0.3-0.5 % and 3.3-4.5
%, respectively. Recoveries of all drugs in de-ion water, tap water and wastewater matrix were in range of 86.7-98.8 %.
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1. DPAT VAN PE

Ngay nay, véi su phat trién manh mé cua y
hoc,viéc st dung dugc phém cho con nguoi va tha y
cling ngay cang phat trién. Du luong cua cac duoc
pham cuing nhing san pham phan huy cua chung da
dugc tim thay trong moi trudng nudc ngay cang
nhiéu. Van dé nay da tro thanh mot méi lo vé moi
truong va suc khoe ctia con nguoi vi day la nhitng
chat c6 hoat tinh sinh hoc nhat dinh. Sy xuat hién
cua chlng c6 thé anh huong dén méi trudng séng,
thay d6i dic tinh cua cac loai vi sinh, sinh vat trong
nudc. Du lugng cac loai thudc giam dau nhom non-
steroid (NSAIDs) nhu ibuprofen, diclofenac,
naproxen, bezafibrat, acetaminophen, paracetamol

. trong méi truong nudc duoc xéc dinh bing mot
s6 phuong phép tiéu chuan nhu: sic ki léng hiéu
nang cao ghép nbi detector mang diod hoic Véi khéi
pho hai lan (HPLC-DAD, LCMSMS), hay sac ky khi
khéi pho, sac ky khi hai chiéu ghép ndi khéi phd
(GCMS GCxGC MS).... [1-3]. Nhung phuong phap
nay c6 thé xac dinh dugc dong thoi cac chét hitu co
o luong vét va co d6 chinh xac cao, nhung doi hoi
chi phi cao va qua trinh xtr Iy mau phuc tap. Quan
trong hon, c4c hé thiét bi trén chi phu hop vai phan
tich phong thi nghiém va kho cé thé dua ra hién
truong hay lap dit tai cac tram quan trac.

Nhitng nam gan day, phuong phap dién di mao
quan (CE) sir dung detector d6 dan khéng tiép xdc

(C*D) ¢6 kha ning phan tich déng thoi nhiéu ion, vai
C4u tao thiét bi don gian, c6 thé sir dung ngudn dién
ic quy cho phan tich hién truong dang dan trg thanh
giai phdp hiru hiéu cho muc tiéu phan tich céc ion
trong moi truong nudc. Nhom nghién ctiu tai Trung
tam Nghién cru Cong nghé Moi truong va Phét trién
bén vimg di két hop v6i nhém nghién ctu tai Pai
hoc Basel (Thuy S¥) phat trién cac hé thiét bi dién di
mao quan phuc vu nhitng muc dich khac nhau trong
phan tich, quan tric méi truong [4].

Trong nghién ctu nay, chdng toi lua chon 4 loai
thudc giam dau NSAIDs la ibuprofen, diclofenac,
naproxen va bezafibrate dé thir nghiém kha ning
hoat dong cua hé thiét bi dién di mao quan xach tay,
diéu khién ty dong. Quy trinh phan tich bao gom hai
bude, trudc hét du lugng cac thude glam dau trong
nude dugc tach chiét, 1am sach va lam giau bang ky
thuat chiét pha ran véi cot chiét C18. Sau do sir dung
dung méi thich hop rira giai cac chat da luu gitr trén
cot C18 va bom dich chiét thu dugc vao cot mao
quan dé thuc hién qué trinh tach bang dién di va
nhan biét bang detector d6 dan khong tiép xuc.

2. THIi NGHIEM
2.1. Hoa chét

Toan bo hoa chat, dung méi dwoc sir dung déu
thudc loai tinh khiét phan tich, duoc cung cap bai
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Merck (Darmstadt, Bac), Sigma-Aldrich (Chemie,
Steinheim, Dwtc) hoac Fluka (Buchs, Switzerland).
Dung dich 1 mM cuaa naproxen, diclofenac,
benzafibrate, ibuprofen dugc pha tir mudi ran twong
rng. Dung dich gdc sau d6 dugc st dung dé pha mau
chuan. Dung dich dém dién di duoc pha trong ngay,
siéu am loai bo bot khi trude khi str dung. T4t ca cac
dém va mau déu duoc chuan bi trong nudc deion,

2.2. Thiét bi

Nghién ctru nay duoc thuc hién trén hé thiét bi
dién di mao quan tu dong xach tay loai hai kénh va
detector do d6 dan khong tiép xdc ty ché tao nhu da
mo ta chi tiét trong bai béo trudc day [5]. Vi hé
thiét bi nay, bom s& hit mau vao vong mau. Ap luc
khi nén s& day dung dich dém qua vong mau, nho d6
mau s& dugc day toi dau vao cua giao dién ndi dat.
Pay 1a giao dién c6 mot dau vao la dong mau long,
hai dau ra: mot 1a dong long di vao mao quan, hai 1a
dong long tiép xuc véi dau dién cuc ndi dat, qua van
chia dong, roi thai ra ngoai. Tiép theo, trong giai
doan bom mau: mot phan mau do ap luc khi nén s&
di vao mao quan va phan con lai s& di qua van chia
dong dé thai ra. Nhu vay, luong miu di vao mao
quan duoc quyét dinh bai cac yéu td 1a do mé van
chia dong va thoi gian ddy miu qua giao dién nbi
dat. Luong mau di vao mao quan s& anh huong tgi
d6 16n tin hiéu, d6 phan giai gitra cac pic nén vai cau
tao cua hé thiét bj nay, cac thong sb hoat dong can
khao sat khi xay dung quy trinh phan tich Ia thoi
gian ddy mau, d6 mg van chia.

Mao quan silica dai 60 cm vé6i chidu dai hiéu
dung 50 cm, duong kinh mao quan 50 um dugc s
dung trong tit ca cac thi nghiém. Trudc khi sir dung
hang ngay, mao quan dugc diéu kién hoéa véi NaOH
1 M trong 10 phut va nudc deion trong 10 phut.

2.2. Thuc nghiém

Qua trinh t6i wu dwoc thuc hién theo phuong
phép téi wu ting yéu t6, bao gom: didu kién chiét
pha ran va diéu kién phan tich dién di mao quan. Vi
qué trinh chiét pha ran, cac yéu t6: thanh phan, thé
tich dung dich rira giai, thé tich mau qua cot duoc
lan lwot khao sat st dung thdng sé danh gia 1a hiéu
suit thu hdi. Vi qua trinh phan tich dién di mao
quan, cac diéu kién tach chat nhu: thanh phan, pH
ctiia dém, dién thé tach, va diéu kién van hanh riéng
cta h¢ thiét bi nhu thoi gian chuyén mau, thoi gian
day mau, d6 mo van chia duoc lan luot khao sat. Cac
két qua dién tich, d6 phan giai pic, thoi gian luu dé
danh gia va lya chon diéu kién téi uu....

Pham Hung Viét va cong su

Sau khi tbi wu, quy trinh phan tich dugc danh gia
thdng qua giéi han phét hién, hé sd twong quan
duong chuan, do chinh xac.

Pé minh hoa kha niang st dung cua quy trinh
phan tich cho miu thuc té. 03 miu nudce thai do thi,
nudgc thai bénh vién va xi nghiép dugc pham da duoc
thu thap. Dung dich thu duoc sau khi chiét pha rin
duoc chia thanh hai phan: phan 1 phan tich bing
thiét bi CE, phan 2 phan tich bang thiét bi sic ky
long hiéu nang cao LC20AB Shimadzu, Nhat Ban
véi detector DAD dé dbi ching.

3. KET QUA VA THAO LUAN
3.1. Nghién ciru diéu kién chiét pha ran

Cot chiét duoc sir dung la cot LiChrolut RP-18
loai 3 ml chira 500 mg chat hip phu (Merck). Bén
thudc giam dau néi trén déu c6 nhom cachoxyl trong
phan tir nén trong moi truong nude c¢6 pH trung tinh
chung déu tich dién am. Dé cac chat nay co thé hap
thu hoan toan vao cot chiét C18 chung phai ¢ trang
thai khong tich dién, do vy can phai axit héa mau
trude khi nap vao cot.

Trudce khi st dung, cot chiét pha ran duge hoat
hoa bang 5 ml axetonitril, 5 ml H,O va 5 ml dung
dich dém dién di (Tris 9 mM/lactic pH = 8). Mau
nude hodc miu chuin duoc axit hoa béng HCI 0,1M
t6i pH < 3,0 dé tranh cac chat phan tich ndm dudi
dang ion, sau d6 mau nudc duge loc qua gidy loc
0,45 pm. Tiép theo mau dugc nap vao cot. Sau khi
nap mau, cot duoc ria béng 5 ml dung dich dém
dién di, hut kho bang bom chan khong. Cudi cung 1a
Qua trinh rra giai bang hdn hop dung moi
axetonitril/dém.

Bdng 1: Hiéu suét thu hdi cac chit can phan tich qua
qua trinh chiét pha ran vai cac thé tich dung moi rira
giai khac nhau

i Hiéu suét thu hdi (%)
Ibuprofen |Benzavibrate|Naproxen |Diclofenac
2 60,8 89,8 83,4 58,9
4 87,9 88,2 91,6 86,5
6 92,2 93,4 90,4 91,2
8 93,4 94,0 90,0 92,4
10 93,5 94,8 96,8 90,5

Két qua sau khi khao sat da lya chon duge diéu
kién chiét pha ran toi vu 1a: thé tich mau c6 thé thay
doi tr 200 ml to¢i 900 ml, dung moi rua giai la 6 ml
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dung dich axetonitril/dém (Tris 9 mM/Lactic pH =
8,0) vai ti 1€ thé tich 60/40. Tai di€u kién nay, hiéu
suat thu hoi cac chat déu dat gia tri trén 90 %.

100
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40
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20
10

M Bezafibrate
Naproxen
# Diclofenac

W |buprofen

Hlgu suatthu hdi (%)

40:60

50:50
Ty Ié axetonitril/dém Tris -Lac (% thé tich)

60:40 70:30  80:20

Hinh 1: Hiéu sut thu hdi ctia cac chat can phan tich
qua qua trinh chiét pha ran khi thay d6i thanh phan
dung moi rura giai

3.2. Nghién ciru lya chon dung dich dém dién di

3.2.1. Khdo st anh hwong nong dé dung dich dém
dién di

Trong nghién ctiru nay, hé dém duoc sir dung la
Tris/Lactic. Nong do Tris dugc thay d6i ¢ cac muc
do: 9 mM; 18 mM; 27 mM; 36 mM; 45 mM va diéu
chinh pH bang axit lactic dén pH = 8,0. Nong do
Tris téi wu dugc lya chon 1a 36mM dé dat duoc két
qua tt nhat vé dién tich pic va do phan giai pic nhu
hinh 2.

Tris 45 mM
. m 2) 3 @
Tris 36 mM
Imv .
Tris 27 mM

Tris 18 mM (1): ibuprofen
(2): benzafibrate

. v (3): naproxen

Tris 9 mM (4): diclofenac

—_— Ty

T T T T T T T
350 400 450 500 550 600 650

Thai gian luu (s)

Hinh 2: Dién di d6 phan tich cac thudc giam dau
trong dung dich chuan tai cac nong d¢ dém
khac nhau

3.2.2. Khao sat anh huong cia pH dung dich dém

Duva trén gia tri pK, cua cac axit (ibuprofen: 4,91;
benzafibrate: 3,83; diclofenac: 4; naproxen: 4,19),
trong nghién ciru nay cac gia tri pH tir 7,0 dén 9,0
duoc lya chon dé khao sat. Két qua khao sat cho thay
pH = 8,0 1 su lya chon t6i wu cho d6 phan giai gitra
cac tin hiéu.

Phat trién quy trinh xdc dinh lrong...
3.2.3. Khdo sét anh hweng cia nong dé HP-5-CD

Cyclodextrin HP-B-CD duoc thém vao dung dich
dém nén dé dong vai tro thudc thir tao phuc, lam
tang kha nang phan tach gitta naproxen va
diclofenac. Cau tir nay thém vao dung dich dém nén
VGi cac ndng do tir 0,5 mM dén 1,5 mM. Két qua thu
dugc cho thiy su phan tach cac tin hiéu va hinh dang
pic cua cac chat can phan tich thu dugc tot nhat &
nong d6 HP-B-CD 1 mM. nén gia tri 1 mM duoc lya
chon 1am ndng d6 tbi wu.

(1): Ibuprofen e.CD 05
(2): Benzafibrate \V—VTH p-CD 0.5 m)
(3): Naproxen i
(4): Diclofenac ~\f m HP-B-CD 0.75 mM
HP--CD 1 mM
2mV
W HP-B-CD 1,25 mM
HP-B-CD1,5 mM

M @ )] ®

T T T T T
500 550 600 650 700
Thoi gian hru(s)

Hinh 3: Dién di @b khao sat anh huong cia nong do
HP-B-CD trong dém

3.3. Nghién ctru Ira chon cdc diéu kién din léng
va dién theé tach

Nghién ctru khao sat cac vi tri chia caa van kim
lan lugt twong Gng 1a 12 dén 20 (twong Gmg d6 Mo
van ting dan) véi buéc nhay 1a 2. Khi d6 mé van
chia cang 16n thi &p suat nguoc tao ra trong qué trinh
bom mau cang nho, do d6 thé tich miu vao mao
quan s& cang nho dan dén anh huong dén dién tich
pic, tuy nhién khi ¢ mé van chia nho thi d6 phéan
giai cac pic lai giam anh huong dén kha ning phan
tach. Két qua khao sét cho thiy tai vi tri van kim 16
1a théa man yéu cau phan tich. Thoi gian diy mau
duogc khao sat tir 1-4 gidy, thoi gian diy mau ting
lam tang luong MAau vao mao quan, tuy nhién do ton
tai mot ap suat nguoc cb dinh nén véi thoi gian 2
gidy luong mau vao mao quan dat muc tdi da.

Trong nghién ctru ndy, phan tich dugc thuc hién
& pH cao (8,0), nén dong dién di tham thau (EOF) di
tir cuc + t6i - s& rat manh. Khi ddi twong phan tich la
c4c anion hiru co c6 kich thuéc cong kénh, do linh
dong kém néu chon diéu kién phan cuc duong thong
thuong v6i dong EOF manh va nguoc chiéu nhu
trén, tin hiéu cta cac anion nay sé bi chap vao nhau.
Do vay trong truong hop nay diéu kién phan cyc am
duoc lya chon véi muc dich sir dung dong EOF dua
cac anion theo cung huéng di chuyén vé phia
detector gan phia cuc -. Cac mirc dién thé duoc khao
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sat lan luot l1a: -10 kV; -12 kV; -13,5 kV; -15 kV;
-16,5 kV; -18 kV va -20 kV. Céac két qua chi ra &
hinh 4. C6 thé thay khi ting dan do 16n cia dién thé
tach, thoi gian luu giam dong thoi dién tich cua céc
pic ciing thu hep lai. Tai gié tri thé -15 kV, dién tich
pic, 6 phan giai giira cac pic dat gi tri cao, ddng
thoi thoi gian phéan tich cling khong qua dai. Do do,
gia tri thé -15 kV dugc lya chon 1a diéu kién t6i wu.

]:Em\.-' Y oV ) Y 108V

t -
Mv__m_lis kW
"—WW—

12 kV

15 kv

(1): Ibuprofen
(2): Benzafibrate
(3): Naproxen
(4): Diclofenac

16.5 kV
18 kV

| .
W 20 kV

[ [ I [ ]
500 600 700 800 900
Théi gian hru (s)

Hinh 4: Dién di d6 khao sét anh huéng cua
dién theé tach

3.4. Danh gia quy trinh phan tich

Céc thong s dic trung ctia phuong phap phan
tich nhu d6 lap lai, d6 dung, giéi han phat hién
(LOD), gi¢i han dinh lugng (LOQ), hé sé twong
quan cia dudng chuan duoc khao sét trong khoang
nong d6 tir 1,5-20 mg/L véi mdi chéat trong dich
chiét. Két qua thu dwoc thé hién trong bang 1.

Bang 1: Gigi han phat hién, giéi han dinh luong cua
cac chat trong dich chiet, phuong trinh va h¢ so
tuong quan (R%) cta cac dudng chuan

Chat Duing chuan R | LOD | LOQ
(mg/T)| (mgL)

) Y=(0,000228 = 0.000012)x — |, e | o

Ibuprofen (0.000108 = 0.000116) 0,9991 | 0,206 | 0,619
- ¥={(0,000148 = 0,000007 7 )x — , 0.362 1.085

Benzafibrate (0.000066= 0,000074) 0.599

Naprox Y=(0,000134=0,00000801)x — | 09987 | 0,444 | 1,333

raproxen (0,000095 = 0,000076)

o ¥=(0.000103 =0,0000058)x — | aas .
Diclofenac (0.000062 = 0.000055 0.9554 | 0,345 1036

Gié tri hé s6 twong quan cua duong chuan cao
chang té hé thiét bi cho tin hiéu cac chat phan tich
quan hé tuyén tinh tét v&i ndng do. Gidi han phat
hién cua céc chat phan tich sau khi nhan véi hé sé
lam giau (khoang 100 lan) c6 thé dat muc 2,06 pg/L
trong mau (v6i chit co gisi han phat hién thip nhat
1a ibuprofen). D6 léch chudn tuong ddi dwoc sir dung

Pham Hung Viét va cong su

dé danh gia do lap lai, d6 chum cta phuong phép.
Do léch chuan tuong d6i vai dién tich pic 1a 1,1 %
t6i 4,5 %, d6 léch chuan tuong ddi véi thoi gian luu
14 0,3 % t6i 0,5 %. Cac gia tri 6 léch chuan thap do
qua trinh bom miu dugc thuc hién tu dong khién
lwong miu bom vao mao quan duoc kiém soét tét.

Po dung cua phuong phap duoc kiém tra bang
viéc phan tich miu gia & néng do thém 40 ug/L
trong nén nuéc deion, nude may va nude thai. Cac
mau duoc chiét pha ran, sau d6 lay dung dich chiét
dé phan tich bang thiét bi CE. Két qua do thu hoi
dugc chi ra trong bang 2, cac gia trj hiéu suat thu hoi
déu 16n hon 86 % trén ca 3 loai nén mau.

Bang 2: Hiéu suat thu hoi cac thudc giam dau trén
C&C nén mau nuGe

. Hiéu suat thu hoi (%)
Mau - -
Ibuprofen (Benzavibrate|Naproxen |Diclofenac
Nén
nudc 97,9 98,6 96,1 98,8
deion
Nén
nudc 95,8 98,0 91,9 93,8
may
Nén
nudc 92,6 93,3 86,7 91,0
thai
1mvV To Lich
- "““‘"‘"\\/-v----\_ [t e sttt g s et el i e
U Ibuprofen )
35,6 pg/L Kim Ngwu
"—-—-""\V/v-"——-“l Ih_,.;’--._..-t—x‘“u «_.W
Ibuprofen 2
20,6 “g/L BV.Théthao
———— ,.».m:..,——-""’A ““"\. .l""‘u—"“—\_.\_.._.._.—\_“__— i
" lbuprofen U Benzafibrate
79pg/lL 50,1 pg/L
l \ \ \
500 550 600 650

Thoigian (s)

Hinh 5: Dién di do phén tich cac mau nudc thai lay
tur séng T6 Lich, Kim Nguu, bénh vién Thé thao

Quy trinh phan tich da xay dung duogc thir
nghiém dé phan tich 03 miu nudc thai do thi, bénh
vién va da phat hién thiy sy c6 mat cua ibuprofen,
benzafibrate trong mot s6 mau véi nong do ¢ pg/L.
Céc két qua nay da dugc khiang dinh qua phan tich
dbi chiing bang phwong phap HPLC-DAD (khdng
trinh bay trong bai nay).
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4. KET LUAN

P phat trién dugc quy trinh phan tich du luong
mot sd thuée giam dau ibuprofen, diclofenac,
naproxen va benzafibrate trong nudc thai bang
phuong phap dién di mao quan st dung hé dém
Tris/Lactic & pH = 8,0 két hop véi k§ thuét chiét pha
ran. Két qua danh gia phuong phap dién di mao quan
va so sanh ddi chimg v6i phuong phap HPLC cho
thdy quy trinh da phat trién c6 kha ning Gmg dung dé
phan tich du lugng cac thude giam dau noi trén trong
nudc thai, phuc vu quan tric chat lwgng moi trudng.

Loi cam on. Cdc tdc gid chdn thanh cam on sw ho
tro tai chinh dé thuc hién nghién curu nay tu dé tai
13/HP-DBT.13.14/CNMT thuéc Chuong trinh Khoa
hoc cong nghé, img dung va chuyén giao cong nghé
phat trién nganh Céng nghiép Moi truong do B
Cong thuong quan Iy.
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