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Abstract

In this report, the simultaneous determination procedure of four nonsteroidal anti-inflammatory drugs (NSAIDs):
ibuprofen, bezafibrate, naproxen, diclofenac in wastewater was applied to 20 wastewater samples collected in Hanoi.
The procedure for analysis of these NSAIDs is including two steps: first extraction/trace enrichment by solid phase
extraction method and then followed by quantitative determination by portable automated capillary electrophoresis (CE)
equipment with capacitively coupled contactless conductivity detector (C*D). The obtained analysis result showed the
presence of ibuprofen in 12 samples with concentrations ranging from 6.98-38.7 pg/L and bezafibrate in only 1 sample
with concentration of 45.3 pg/L. The CE-C'D method was cross-checked by the high-performance liquid
chromatography method (HPLC) with DAD detector, the deviation of the result obtained by CE-C4D compared to
those with the standard reference method (HPLC-DAD) was less than 20 %.
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1. PAT VAN BE

Sau qua trinh st dung, ton du duoc pham st
dung cho con ngudi Va cac thude tha y dugc thai ra
ngoai méi truong, day la nhiing chat gay 6 nhiém
méi dugc quan tdm do ching cé thé gay anh hudng
tai hé sinh thai cling nhu stc khoe con nguoi [1]. Su
Xuit hién cua mot s6 lwong 16n cac dugc pham trong
mdi trudng nude va dit gan diy da duoc phét hién
tai nhiéu quéc gia [1, 2].

Tai Viét Nam, nghién ctu vé& du luong khang
sinh floquinolon, sunfonamid trong nudc thai bénh
vién, nudc thai chin nudi gia suc, nudi trong thiy
san va tinh khang khéang sinh cta vi khuan da bat dau
dugc dé cap téi tir nhitng nam 2008 [3, 4]. Su xuat
hién cua du luong mot s6 dugc pham duoc sir dung
pho bién nhu cac hoat chat thuc giam dau, khéng
viém ... trong nudc thai, nugc mat tai thanh phd HO
Chi Minh da dugc thuc hién nam 2013 [5].

Dé xé4c dinh du lugng cac dugc pham trong mau
moi truong véi gidi han phat hién ¢ pg/L, ng/L,
cung véi cac ky thuat lam giau mau, nhiéu cbng cu
phan tich dugc sir dung nhu sac ky khi, sic ky long
ghép ndi detector quang, huynh quang, khdi pho
Nhom nghién ciru chung t6i da thir nghiém phat trién
quy trinh phan tich du lwong mét sé dugc phiam cé
kha ning ton tai ¢ dang ion trong médi trudng nudc
trén co s Mot cong cu phan tich don gian hon la
thiét bi dién di mao quan sir dung detector do dan

khéng tiép xtc [6]. Pbi tuong phan tich 1a cac hoat
chat thuc giam dau thong dung loai non steroid bao
gom: ibuprofen, diclofenac, naproxen va bezafibrate.
Bai bao nay trinh bay két qua thar nghiém &p dung
quy trinh va thiét bj da phat trién dé xac dinh sy co
mit cua cac thudc giam dau noi trén trong nudc thai
& Ha Noi. Cac két qua phan tich bang phuong phép
dién di mao quan st dung detector d6 dan khong tiép
xic (CE-C*D) con duoc do dbi ching bang phuong
phép sic ky long hiéu niang cao detector mang diod
(HPLC-DAD).

2. THi NGHIEM
2.1. Hoéa chit

Cac chéat chuan ibuprofen dang mudi natri,
naproxen dang mudi natri, diclofenac dang mudi
natri, bezafibrate dang axit; cac h6a chat pha dém va
dung méi: Tris(hidroxymetyl)aminometan (Tris),
axit lactic (88-92 %), (2-Hydroxypropyl)-B-
cyclodextrin (HB-CD), axetonitril loai dung cho
HPLC va HCI déu thudc loai tinh khiét phan tich
dugc cung cap béi Merck (Darmstadt, Dic) hodc
Sigma-Aldrich (Chemie, Steinheim, Piwc). Dung
dich chuin géc 1mM cua naproxen, diclofenac,
benzafibrate, ibuprofen duoc pha tur mudi rin hoic
axit twong ng. Dung dich gdc sau d6 dugc sir dung
dé pha dung dich chuin. Dung dich dém dién di
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dugc pha tir Tris v6i nong d6 9 mM, diéu chinh dén
pH = 8,0 bang axit lactic 88-92 %, siéu am loai bo
bot khi trudc khi st dung. Tét ca cac dém va dung
dich chuan déu duoc chuan bj trong nude deion.

2.2. Thiét bi, dung cu

Qua trinh chiét pha ran st dung bd chiét pha ran
Supelco, cot chiét LiChrolut RP-18 loai 3 ml chua
500 mg chat hap phu (Merck).

Viéc phan tich dinh tinh va dinh lugng cac dugc
pham duoc thyc hién trén hé thiét bji dién di mao
quan ty dong va detector 6 din khong tiép xuc tu
ché tao, sir dung ngudn phat cao thé EMCO va bod
ghi tin hiéu E-corder [6]. H¢ dién di st dung mao
quan silica duong kinh trong 50 pm, dai 60 cm véi
chiéu dai hiéu dung 50 cm. Trudc khi sir dung lan
dau mao quan dugc xtr 1y voi NaOH 1M trong 10
phut va nudce deion trong 10 phut.

Phén tich d6i chimg dugc thuc hién trén thiét bi
sdc ky 1ong hiéu ning cao LC20AB Shimadzu, Nhat
Bén voi detector DAD.

2.3. LAy miu

20 mau nudc thai duoc ldy tai hé thdng thoét
nude thai do thi caa Ha Noi bao gom séng Té Lich,
song Kim Nguu, song Sét, song Lir, song Nhué va 2
ho (hd Tay, ho Pai hoc Y), 2 bénh vién (bénh vién
Thé thao, bénh vién Nhi Trung wong), 2 xi nghiép
dugc pham (Trung uong 1 va Cong ty ¢ phan duoc
pham VCP). Mau sau khi lay dugc bao quan trong
chai thay tinh sim mau & nhiét do 4 °C trudc khi
phan tich. Pia diém Iy mau cu thé duoc minh hoa &
hinh 1.

Hinh 1: Vi tri 1y mau phan tich

Phagm Hung Viét va cong su

2.4. Phan tich

Trudce khi st dung, cot chiét pha ran dugce hoat
hoa bang 5 ml axetonitril, 5 ml H,O va 5 ml dung
dich dém (Tris 9 mM/Lactic, pH = 8,0). Mau nudc
dugc axit hoa bang HC1 0,1 M t&i pH 3, sau do dugc
loc qua glay loc 0,45 pm. Nap 500-900 mL mau lén
cot chiét pha ran, cot sau d6 dugc rira bang 5 ml
dung dich dém, hat kho cot bang bom chan khong
trong 2 phut. Cudi ciing 1 qua trinh rira giai bang 6
mL hdn hop dung moi axetonitril/dém (Tris 9 mM/
Lactic, pH = 8,0) c0 ti 1¢ thé tich 60/40.

Dich chiét thu dugc sau qué trinh chiét pha ran
dugc chia thanh hai phin dé phan tich dinh tinh va
dinh luong: phan 1 phan tich bang phuong phap CE-
C’D, phan 2 phan tich d6i ching bang HPLC-DAD.

Céac diéu kién phan tich dién di 1a: dung dich
dém dién di st dung Tris 36 mM/Lactic, pH = 8,0,
thém HP-BCD 1 mM, dién thé tach -15 kV, thoi gian
chuyén mau 1 gidy, thoi gian ddy miu 2 gidy, vi tri
van kim VP 16 [6]. Cac diéu kién phan tich sic ky
long 1a: ché do gradient dung méi véi pha dong A:
0,1 % HCOOH trong nudc deion, pha dong B: 0,1 %
HCOOH trong axetonitril [7], téc d6 dong 0,6 ml/
phut, cot tach C18-Shimadzu 25 cm, nhiét d6 cot 32
°C, thé tich bom mau 3 pL, dinh luong tai buéc song
260 nm.

3. KET QUA VA THAO LUAN

Sau khi lay mau va phan tich theo quy trinh da
dé cap o phan 2.4, s6 liéu thu duoc 1a nong d6 cua
céc chét trong dich chiét sau 1am giau (C). Tir céc s6
liéu trén, dua vao hé s6 1am giau tuong ung V6i ting
mau, chung t61 quy d6i dé thu duoc dugc nong do
cac chat trong mau thyc (Cy). Trong qué trinh xu ly
mau thuc té, tuy thuoc vao mue do can cua MAu sau
khi loc ma thé tich nap 1én cot chiét pha rin cua cac
mau 1a khac nhau dé tranh tic cot, thé tich mau nap
l&n cot chiét thay d6i tir 576 ml dén 800 ml twong
ng vai hé s6 1am giau thu duoc tir 96 dén 133 lan....
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Hinh 2: Dién di d6 phan tich mot s6 mau
nudc thai duoc lay tai Ha Noi
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Céc s6 liéu thu dugc khi phan tich bang phwong
phap CE- C‘D duoc trinh bay chi tiét _trong bang 1,
dién di d6 cua mot sé mau that va mau thém chuan
dugc trinh bay trong hinh 2. Trong tit ca cac mau
nuéc thai phan tich bang CE-C'D déu khéng phat
hién thay naproxen va diclofenac véi giGi han phat
hién twong wng 1a 4,44 va 3,45 pg/L (liy hé sé lam
giau trung binh 1a 100 lan). Bezafibrate duoc tim
thdy trong mot mau duy nhat Iy tai bénh vién Thé
thao voi nong d6 45,3 pg/L. lbuprofen 1a ciu tir
dugc tim thay phd bién nhét trong 12/20 miu voi
khoang ndng d tir 6,98 tGi 38,7 pg/L.

Bang 1: Két qua phan tich nong d¢ ibuprofen va
benzafibrate trong cAc mau nudc thai bang
phuong phap CE-C'D

R Ibuprofen Benzafibrate
Tén C. C.
mau | Ci (ng/L) (mg/L) Ci (Ho/L)
Song thoat nwéc
SN1 <0,21 <206 |<036| <3,62
SN2 <0,21 <206 |<036| <362
SN3 | 2,374+0,16 | 23,7+1,6 | <0,36 | <3,62
TL1 |3,23#0,11 | 25,8+0,9 | <0,36 | <3,62
TL2 |4,15%+0,09 | 35,6+0,8 | <0,36 | <3,62
TL3 |1,57+0,24 | 15,0+2,3 | <0,36 | <3,62
TL4 |2,05+0,18 | 19,2+1,7 | <0,36 | <3,62
TL5 <0,21 <206 |<036| <362
SL1 |3,87+0,10 | 38,7+1,0 | <0,36 | <3,62
SS1 | 3,55+0,10 | 33,0+0,9 | <0,36 | <3,62
KN1 | 2,07+0,02 | 20,64+0,2 | <0,36 | <3,62
NCT2 | 4,02+0,09 | 30,2+0,7 | <0,36 | <3,62
Ho
YHN | 1,03+0,34 | 10,7+3,5 | <0,36 | <3,62
HT2 | 0,93+0,27 | 6,98+2,00 | <0,36 | <3,62
Bénh vién
TT1 | 1,05+0,35 | 7,88+2,62 | 6,33 |50,1+0,7
NH <0,21 <206 |<0,36| <362
Xi nghiép dwoc phim
TW2 <0,21 <206 |<0,36| <3,62
TW1 <0,21 <206 |<0,36| <3,62
VCP1 | <0,21 <206 |<0,36| <3,62
VCP2 | <0,21 <206 |<0,36| <3,62

C.: ndng do trong dich chiét; C: ndng d6 trong miu nudc
thai.

Két qua phan tich cho thdy sy c6 mit cua
ibuprofen trong nuéc cua cac song thoat nudc thai
d6 thi Ha Noi la séng To Lich (cdc mau TL1, TL2,

So bé danh gid dw lweong mét so..

TL3, TL4), sdng Sét (SS1), sébng Lur (SL1), sbng
Kim Nguu (KN1), kénh nudc thai khu vuc My Dinh
(NCT2) véi nong do tir 15,0 ti 38,7 pg/L. Cac mau
nay c6 nong d¢ ibuprofen khé cao so véi nghién ciu
[5] tai thanh phd Ho Chi Minh 0,34-5,01 pg/L c6 thé
vi Ii do dic diém 6 nhidm khac nhau cua cac kénh
thoat nudc thai & hai thanh phd. Cac mau nudc thai &
Ha Noi dugc ldy gan cong xa nudc thai truc tiép tir
cac khu dan cu, bénh vién vao song thoat nudc, thoi
diém ldy mau thoi tiét khd rao, khong co su pha
lodng ciia nudc mua hay cac ngudn nudc khac. Con
tai Thanh phé H6 Chi Minh, nuéc thai do thi da
duoc xu ly tap trung ¢ mot s khu vuc hodc c6 hé
thong COng bao, tach khoi nudc mua chay vao cac
duong 6ng riéng dé phuc hdi trude khi d6 ra cac
kénh thoat nudc cua thanh phd.

Trong cac mau nudc hd (hd canh Pai hoc Y Ha
Noi, hd Tay) ciing tim thdy du lugng cua ibuprofen
nhung véi nong do thap hon (tir 6,98-10,73 pg/L) do
c6 su pha lodng va phan tan chat phan tich. Mau
nuéc thai tir céng xa khu vuc bénh vién Thé thao
phét hién dugc ibuprofen véi néng d6 7,88 pg/L va
bezafibrate voi nong do cao hon (45,3 pg/L), trong
khi nudc thai tai bénh vién Nhi Trung wong khong
phét hién thiy cac hoat chat nay c6 thé do dic thu ké
don thudc & ting bénh vién. Trong c&c mau nude
thai trudc va sau xur Iy ctia hai nha may dwoc pham
khao sat, ca 4 chat nghién ctru déu khong c6 mat co
thé do san pham dang san xuit khdng chtra cac hoat
chat trén va quy trinh san xuat, xur If duqc quan Ii tot.

b9 tin cdy cua phuong phap CE- C'D duoc danh
gia qua két qua do ddi ching bang phuong phap
HPLC-DAD. Hinh 3 la vi du vé dién di dd va sac ky
dd phan tich ddi voi mau nudc thai chua xir ly ly tur
bénh vién Thé thao. Két qua phan tich biang HPLC
cho thdy su c6 mat cua naproxen trong 2 mau la
TL1 voi nong d6 1,1 pg/L, KN1 véi néng do 1,4
ug/L va su ¢ mat cua diclofenac trong 1 mau TT1
v6i ndng d6 1,1 pg/L, cac nong do ndy nim dudi
giéi han phat hién cua thiét bi CE-C'D (naproxen:
4,44 pg/L, diclofenac: 3,45 pg /L). Nong do
ibuprofen va bezafibrate trong cac mau nuéc thai Xac
dinh dugc bang hai phuong phép ciing nhu sai sd
duoc trinh bay trong bang 2.

Sai s két qua phan tich ibuprofen thu dugc tir
hai phuong phap nho hon 20 % (bang 2), day la gia
tri chap nhan duoc vé6i ¢& nong dd pg/L. Theo cach
biéu dién khéc, tuong quan nong do ibuprofen thu
dugc tir hai phuong phap c6 quan hé tuyén tinh
y=ax+b véi R? = 0,978 (hinh 4). St dung chuin
Fisher voi d6 tin cay 95 %, hé s6 a va b khong khac
c¢6 nghia so voi gia tri 1 va 0. Piéu d6 chitng minh
khéng c6 bang ching vé sy khac nhau cé nghia giira
hai tap sb liéu hay phuong phap phén tich ibuprofen
bang CE-C4D cho céc két qua ¢ do tin cay cao.
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Hinh 4: Méi twong quan két qua phan tich
ibuprofen thu duogc tir hai phuong phap

4. KET LUAN

Viéc &p dung quy trinh phan tich da dugc xay
dung cho 20 mau nudéc thai & Ha Noi di phat hién sy
c6 mit caa mot sb thude giam dau. Két qua da dugc
d6i chung véi phuong phap HPLC-DAD cho thay do
tin cay cao cua thiét bi CE-C*D. Tuy nhién, dé tiép
tuc ning cao do nhay cua thiét bi CE, dic biét trong
viéc phan tich cac hop chét hitu co trong méi truong
nude va nudc thai, ching toi dy kién tiép tuc nghién
ctu, phat trién thém cac loai detector khac trong
tuong lai gan nham dap ung tot hon nhu cau quan
trac moi truong nudc.

Loi cam on. Cdc tdc gid chdn thanh cam on sw ho

tro tai chinh tw Quy Phat trién Khoa hoc va Cong
nghé Quoc gia (NAFOSTED) dé thuc hién nghién
citu nay trong khuén kho de tai 104.04-2013.70.

Pham Hung Viét va cong su

Bang 2: Két qua phan tich d6i chung giira
phuong phap CE-C*D véi phuong phap HPLC-DAD

Ibuprofen Bezafibrate
Miu | CE |HPLC |saisé| CE |HPLC| S
(hg/L)| (ug/L) | (%) | (ng/L) | (ug/L) | (g
Song thoat nude
SN1 |<2,06/<0,10| - |< 362{<040| -
SN2 |<2,06/<0,10| - |<3,62|<040| -
SN3 | 23,7 | 276 |-11,2|<3,62|<0,40| -
TL1 | 258 | 276 | 6,4 |<3,62|<0,40| -
TL2 | 358 | 345 | 38 |<3,62|<040| -
TL3 | 150 170 |-11,8|<3,62|<0,40| -
TL4 | 192 | 215 |-10,9|<3,62|<0,40| -
TL5 |<2,06/<0,10| - |[<3,62|<040| -
SL1 |38,7] 36,0 | 75 |<3,62|<0,40| -
SS1 | 330 366 | 99 [<3,62|<0,40| -
KN1 | 206 | 22,3 | -76 |<362|<040]| -
NCT2 | 30,2 | 31,9 | -5,2 |<3,62|<0,40| -
Ho
YHN | 10,7 | 12,8 |-16,3|<3,62|<0,40| -
HT2 | 6,98 | 7,73 | 9,7 |<3,62|<0,40| -
Bénh vién
TT1 | 7,88 | 9,33 |-153| 50,1 | 453 | 95
NH [<2,06/<0,10| - |<3,62|<040]| -
Xi nghiép dwoc pham
TW1 |<2,06/<0,10| - [<362|<040]| -
TW2 [<2,06/<0,10| - |<362|<040]| -
VCP1 |<2,06/<0,10| - |[<3,62|<0,40| -
VCP2 <2,06/<0,10| - |[<3,62|<040| -
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