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SUMMARY

DETERMINATION OF NON-STEROIDAL ANTI-INFLAMMATORY RESIDUALS
IN SURFACE WATER COLLECTED FROM CAU RIVER AND HANOI USING
ULTRA-HIGH PERFORMANCE LIQUID CHROMATOGRAPHY - TANDEM MASS
SPECTROMETRY (UPLC-MS/MS)

In this work, four non-steroidal anti-inflammatory pharmaceutical products in surface water were
analyzed by UPLC-MS/MS. Non-steroidal anti-inflammatory pharmaceutical products in surface water
were pre-concentrated on a mix-mode cation exchange cartridge. The analytes were then separated on
the BEH column utilizing a gradient of methanol and water containing ammonium acetate. The analytes
were detected by multi-reaction monitoring mode in tandem mass spectrometry employing negative
electrospray ionization. As a result, the repeatability of the retention times and peak areas were below
0.13% and 3.42%, respectively. The method’s detection limit was achieved from 0.021 ug/L to 0.192
ug/L. Recoveries were from 78 to 110% and fell in the acceptable range according to AOAC. Finally,
the developed method was applied to analyze these compounds in the surface water. The analyzed results
showed that only ibuprofen and diclofenac were detected in the surface water collected from Hanoi.
Keywords: NSAIDs, UPLC-MS/MS, validation, surface water, extraction recovery

1. GIOI THIEU CHUNG cac hoat dong c6 lién quan t6i st dung thude
Thubc khang viém khong steroid 1a cac hop chit khang viém trong diéu tri 1a ngudn dong gbp
hitu co dugc st dung rat rong rai trong diéu tri. chinh, dac biét trong dai dich COVID 19 [1].

Phé bién trong cac hop chat khang vién khong C6 nhiéu phuong phap phan tich cac chit khang
steroid 1a ibuprofen, naproxen, diclofenac, viém trong nude mat nhu HPLC-UV[2], HPLC-
celecxib, indomethacin...Bén canh d9, viéc su FLDJ[3], dién di mao quan[4], GC MS sau khi
dung thubc khong kiém soat ciing 1a mot nguyén dan xuit[5], LC-MS/MS[6-8]. Tuy nhién do d6
nhén gy la cac hi¢u ung khang thude, dic biét chon loc, d9 nhay cao, thoi gian phan tich ngén
nghiém trong 1a xudt hién mot sb chung vi nén phuong phiap UPLC-MS/MS dugc dung
khuén khang khang sinh. Nguon gdc phat thai phd bién nhét khi phén tich cac chat phan cuyc,
cla cac chét khéng viém trong nudc mat va dac bi¢t 1a khi phan tich da du lugng céac chét
nudc thai do nhidu ngudn khac nhau. Tuy nhién khang sinh, khang khuan va cac chéat khing
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viém [9]. Bén canh d9, st dung c6t tdch coé kich
thudc hat nhdi nho, hiéu qua tach dugce cai thién
va giam thiéu dung méi hitu co sir dung trong
pha dong[10]. Muc tiéu chinh ctia nghién ctru
nay 1a phat trién phuong phap sic ky long siéu
hiéu ning cao (UPLC) két hop vai pho khdi hai
lan (MS/MS) dé phan tich 04 chit khang viém
trong nuéc mit bao gdm diclofenac sodium,
ketoprofen, naproxen, ibuprofen do 4 chét nay
dugc su dung phd bién va thudng xuit hién
trong cic mau nude mit va trong mau nude sinh
hoat [11, 12]. Mau phén tich dugc xir Iy bang
chiét pha rin st dung cot chiét da co ché, dua
trén luc tuong tac cta chat phan tich véi pha tinh
cua cot chiét hodc can bé“mg hoéa hoc trao d6i ion.
Céc loai cot chiét lam giau thuong dugc su dung
nhu cdt HLB (hydrophilic — lipophilic balance),
cdt SCX (strong cation exchange), cot MCX
(mix-mode cation exchange) va cot CI8
(reserved phase) ... Chat phan tich sau d6 dugc
tach bang cot tach sic ky siéu hiéu ning cao va
nhan biét bang phd khdi hai 1an véi ché do ion
héa phun dién am (-ESI). Cac dai luong dac
trung cia phuong phap phan tich nhu khoang
tuyén tinh, gidi han phat hién, gigi han dinh
luong, d6 1ap lai, hiéu suat thu hoi... duoc khao
sat, danh gia. Sau d6 phuong phap phan tich
duogc ap dung dé phan tich cic mau nudc mit
bao gém nudc song va nude hd.

2.THUC NGHIEM

2.1. Héa chit

Diclofenac sodium (DCF, > 98.5%), ketoprofen
(KTF, > 98.0%), naproxen (NPX, 98.0%),
ibuprofen (IBF, >98.5%), Na2EDTA, HCI dugc
mua tir Sigma-Aldrich (Singapore). Cac dung
mdi methanol, ethylacetate, acetone va
acetonitrile dugc mua tir hang fischer

Cot chiét MCX (mix-mode cation exchange,
60mg, 3 mL) mua tir hang Waters, My. May do
pH model SenslO 3, hang Hach, My. Dung dich
chuin dugc chuin bi bang cach can chinh xéac
lugng chat chuan trén va hoa tan trong
methanol. Dung dich chuan cia cac chat phan
tich dugc bao quan & —20°C trong céc lo thuy
tinh t5i mau. Methanol, ammonium acetate (loai
tinh khiét cho LC-MS) dwoc mua tir Sigma-
Aldrich (Singapore). Pha dong dugc chuén bj
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bang cach hoa tan ammonium acetate trong
methanol hodc nudc siéu sach (Simplicity®UV,
Milipore, Phap). Pha dong dugc siéu am loai khi
hoa tan true khi ding. Cac hang sd can bang
nhiét dong hoc cta 4 chét phan tich nhu pKa va
pKow duoc liét ké trong Bang 1.

2.2. Pia diém ldy miu

Mau nuée duoc thu thap & séong Cau chay qua
huyén Yén Phong, Béc Ninh noi ¢6 nhidu khu
cong nghiép, nha may san xuét, mat do dan cu
dong. Do do, lugng thudc ha Sét, giam dau va
khéng viém c6 thé dugc sir dung nhiu trong dai
dich COVIDI19 va nudc mat cta cac hd & khu
vuc Ha Noi va cac tinh 1an can. Mau dugc thu
thap, ma hoa va gilr trong chai nhya (1L) da
dugc rira sach bang nude siéu tinh khiét trong
phong thi nghiém va trang bang mau tai hién
truong. Cac mau sau khi 1iy s& duoc loc qua
mang loc GF/F (Whatman, ¢ < 0,7 um). Mau
sau loc dugc bdo quan ¢ 4°C va phan tich ngay
sau khi 14y miu hodc dwoc bao quan & —80°C
néu chua phan tich. Cac mau phan tich duoc 1ay
va bao quan theo tiéu chuin Viét Nam 6663-
6:2018. Hinh 1 minh hoa cac diém lay mau nudc
song tai huyén Yén Phong, Bic Ninh.

Hinh 1. Cdc diém ldy mdu tai Song Cau, Yén
Phong, Bdc Ninh
Mau phan tich dugc xtr Iy bang phuong phap
chiét pha rén nhu da trinh bay trong nghién ctru
trude[13] v6i mot sb thay dbi cho phu hop véi
nén miu nude miat. Qui trinh xir Iy mau phan
tich bang cot chiét pha rin c6 thé tom tat nhu
sau: 200 mL mau phan tich dugc dugc thém
Na;EDTA véi nong d dung dich cudi cing 14
0,01%, st dung HCl 1M dé diéu chinh vé pH
2,0 dung may do pH. Sau d6 mau phan tich
dugc nap vao cot chiét pha rin MCX d3 duoc
hoat héa truéc bang 3mL methanol va 3mL



nuée pH 2. Sau nap mau, cot chiét duoc rua tap
béng 5 mL hon hgp HoO/methanol (95/5, V/V).
Sau d6 cot chiét duoc thbi kho dudi dong khi Na
trong 45 phut dé loai bo hét vét nude con luu
trén cot. Chat phan tich sau d6 dugc rira giai
3 mL ethyl
acetate/acetone (50/50, v/v) va 3 mL methanol

bing 3 mL ethylacetate,

+ 5% dung dich d¢m 2M ammonium acetate.
Dich mau sau rtra giai dugc ¢ can duéi dong
khi N2 & 50°C va hoa tan lai trong ImL hon hop
nudc — methanol (90/10, v/v), loc qua mang loc
0,22 um bang cellulose tai sinh, chuyén vao vial
dung cho LC. Chét phan tich c6 trong miu duoc
dinh luong bang UPLC-MS/MS st dung dién
tich pic.

2.2. Thiét bi

Méy sic ky long siéu hiéu nang cao (ACQUITY
UPLC, H-class, Waters, My) bao gom hé thng
bom bén kénh dung méi, bd ldy mau va bo khir
khi hoa tan trong dung moéi tu dong, b 6n nhiét
cho cot tach két hop voi phd khéi hai 1an (Model
XevoTQD, Waters, USA). Phin mém diéu
khién thiét bi UPLC — MS/MS: MassLynx
version 4.2 (Waters, USA) dung dé diéu khién,
thu nhén va xtr ly s6 liéu. Do 6n dinh va do nhay
clia MS/MS dugc kiém tra dinh ki bang dung
dich hiéu chuin mi sé 700006006-4 (Waters,
USA). Céc chét phan tich dugc tach trén cot
tach pha dao Waters BEH-C18 (1,7 um, 2,1 mm
x 50 mm) kem theo c6t bao v&€ C18 (3,5 um, 2,1
mm x 10 mm) st dung chuong trinh pha dong.
Pha dong bao gom hai kénh 1a methanol (pha B)
va nudc (pha A), ca hai kénh chira ammonium
acetate 2mM. Chuong trinh pha dong duogc cai

dat nhu sau: pha dong dugc bat diu véi 95% pha
A, ti 1¢ pha B duoc ting dan tir 5% dén 70% o
15 phat. Thanh phan pha dong dugc giit nguyén
& didu kién nay trong 2 phut trude khi duge ddi
vé thanh phan nhu ban dau dé tai can bang lai
trong 3 phut. Tong thoi gian tach sic ky 1a 20
phut. Tc d6 pha dong 1a 0,3 mL/phut, thé tich
mau bom 14 10 puL. Nhiét d6 cot tach 1a 35°C,
nhiét d6 budng chira mau 1a 10°C. Céac chat phan
tich dwoc phat hién va dinh luong trén phd khéi
hai lan & ché d6 ion hoa 4m va ghi phd & ché do
MRM (multiple reaction monitoring). Céc
thong s6 clia ngudn ion hoa di dugce khao sat va
t8i wu hoa nhu sau: thé ion hoa -2,6 kV, nhiét do
hoa hoi dung méi 400°C, téc d6 khi loai dung
mdi 800L/h. Cac thong s6 lién quan t&i phd khoi
hai lan nhu cac diéu kién hoat dong cua nguf”)n
ion hoa, cac ion do, nang lugng phan manh (va
cham)... duogc khao sat va t6i wu hoa. Cac thong
s6 nay dugc liét ké trong Bang 1. Hai budc
chuyén tir ion me thanh ion con ¢ cudng do cao
nhét duoc lua chon trong ché 46 MRM, budc
chuyén c6 cudong dd cao nhat chon dé dinh
lwong (in ddm trong Bang 1), budc chuyén con
lai ding dé khiang dinh. Giéi han phét hién
(MDL) va giéi han dinh lugng (MQL) cua
phuong phap dugc thuc hién theo phuong phap
thém chudn vao nén mau thuc sau d6 xu Iy va
phan tich bing UPLC-MS/MS. MDL va MQL
duoc xac dinh tai néng do chét phan tich cho ti
s6 S/N tuong tmg 1a 3 va 10. Trong d6 S la
chidu cao pic, N 1a nhiéu dudng nén duoc dinh
nghia theo dugc dién Chau Au [14]

Bdng 1. Cdc hang s6 can bang va diéu kién t6i wu dé nhdn biét chdt phan tich bang ESI-MS/MS

Mainh
P P tr £ oam . , an Minhcon CV CE
TT Chat phan tich pK. pKow i Cheé do ion hoa me
(phut) (m/z) V) (eV)
(m/z)
186,0 30 6
1 PX 4,2 2 -ESI 2
N ,20 3,20 9,3 S 30,0 170,0 30 30
2 KTF 4,50 3,12 9,6 - ESI 253.,0 209,0 25 5
12,4 2490 25 20
3 DCF 4,15 4,51 -ESI 293.8 213.0 ’s 10
4 IBF 491 3,97 12,9 -ESI 205,0 161,5 24 6
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3. KET QUA VA THAO LUAN

3.1. T6i wu cac diéu kién tach va nhan biét
chit phén tich bing UPLC-MS/MS

Trong nghién ctru nay, cot tdch pha ddo BEH-
C1s duge st dung dé tach cac chét khang viém.
Céc loai dung mdi véi cac ti 1¢ khac nhau da
duoc dua vao khao sat. Hon nira, viéc dua thém
dung dich d¢m ammonium acetate 2mM s€ giup
tang cuong kha nang ion hoa ché d¢ ESI- va lam
cho cac chan pic tro' nén gon hon, khong bi kéo
dai. Khi khong str dung ammonium acetate thi
hé s6 bat ddi xtmg ciia pic sic ky ciia naproxen,
ketoprofen, diclofenac va ibuprofen tuong ung
la 3,29, 5,00, 5,00 va 5,20. Nguoc lai khi su
dung thém ammonium acetate 2mM thi hé sb
bat ddi xtng cua pic sic ky cua naproxen,
ketoprofen, diclofenac va ibuprofen tuwong ung
la 1,56, 1,33, 1,57 va 1,37. Néu st dung ham
lrong ammonium cao hon, hién tugng kéo dudi
pic séc ky co giam hon nhung tin hiéu phén tich
(dién tich pic) giam. Thém vao do tan suat lam
sach ngudn ion hoa ciing ting 1én. Do d6 ndng
d6 ammonium acetate dugc chon 6 2 mM trong
ca hai kénh dung moéi cho cac thi nghiém tiép
theo. Do su dung ammonium acetate trong ca
hai kénh nén pH cua pha dong la 6.8. Véi pH
clia pha dong nay, qua trinh ion hoa am cua chat
phan tich tét, dam bao d6 nhay cao. Hinh 2 biéu
dién sic ky dd cua 4 chét khang viém, c6 thé
thiy rd 4 chét phan tich dugc tach roi hoan toan
ra khoi nhau, khong bi chong chap va do rong
chan pic sic ky ctia chat phan tich hep.
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UPLC-MS/MS
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3.2. Céc dai lwgng dic trung cia phwong
phap phén tich

Do chon lgc

Trong phwong phap phan tich c¢6 sir dung phd
khéi luong, d chon loc cua phuong phap phan
tich dugc dinh nghia théng qua sé diém nhan
dang (identification points, IPs) nhu theo qui
chuén vé xac nhén gia trj sir dung phuong phpa
phén tich ctia cong dong chung chau Au. Trong
nghién ctru ndy, hai chit NPX, DCF c6 s6 diém
IPs 12 4 con hai chat con lai ¢6 s6 dém IPs 12 2,5.
Bén canh d6 nham chung minh d§ chon loc.
Miu tring dwoc chuén bi bang cach sir dung
nudc nudce siéu sach thay cho mau phan tich va
thye hién toan bo qui trinh phan tich ma khong
cho tin hiéu cuia chat phan tich, mau thém chuén
phai c6 tin hiéu chét phan tich tai thoi gian luu
tuong ng voi thoi gian luu trén mau chuén. Sy
c6 mait cta chét phan tich trong mau thuc dugc
xac nhan thong qua ba yéu td: xuét hién pic
trung thoi gian luu cua chat chuén, sy xuit hién
déng thoi cua ion me, ion con va ti 1€ twong dbi
cta hai ion trén véi do khong dam bao do dap
{mg yéu cau cho trugc. Bén canh d6, trong mau
trang khong xuat hién pic sic ky tai cing thoi
gian luu ctia chat chuan, trong mau thém chuén,
xudt hién cac pic rd nét ctia cac chét chuin. Do
d6, co thé két luan 1a d6 chon loc cua phuong
phap UPLC-MSMS dung cho phan tich du
luong chat khang viém trong nghién ciru nay dat
yéu cau theo tiéu chuén va dugc 4p dung vao
phan tich cc dugc chat khang viém trong nudc
mat. Bén canh do, thoi gian do cua cac budce
chuyén khdi ciing 1a mét yéu td quan trong co
anh hudng t6i d6 khong dam bao do (thong qua
s6 diém do / pic sic ky) va d6 nhay ctia phuong
phap phan tich. Do cic dugc chat khang viém
dugc phat hién bang MS/MS ¢ ché 46 MRM
nén thoi gian do ctia mot bude chuyén ion duogc
cai dat 1a 100 ms. Do d6 s6 diém do / pic sac ky
trung binh dat dugc 1a 50 diém do.

Khoang tuyén tinh, giéi han phat hién, giéi
han dinh lwgng

Khoang tuyén tinh cta cac chit duoc thuc hién
béng cach chuén bj 7 dung dich chuin c6 ndng
do6 cua ca 4 chat nam trong khoang tir 5-500
pg/L. Cac dung dich nay dugc bom vao hé



UPLC-MS/MS. Dién tich pic duoc léy tich phan
ké va biéu dién 1a mot ham tuyén tinh phy thudc
vao nong do chét phan tich. D6 lap lai cua thoi
gian luu va dién tich pic ctia cac chat phan tich

duoc danh gia thong qua do léch chudn twong
d6i. Két qua vé khoang tuyén tinh, hé s6 twong
quan (R?), d6 léch chuan tuong dbi vé thoi gian
luu, dién tich pic duoc liét ké trong Bang 2.

Bdng 2. Cdc dai heong ddc trung ciia phirong phdp phan tich cdc diege chit khdng viém

bang UPLC-MS/MS
hat RSD RSD dién  Khoa
cha - RSb - RSDdign - Khoans MDL  MQL
TT phan tr(phut)  thoi gian tich pic tuyén tinh R?
] o o (ng/L)  (ng/L)
tich lwvu (%) (%) (ng/L)
1 NPX 9,3 0,13 2,20 5-500 0,9980 0,192 0,641
2 KTF 9,6 0,05 3,42 5-500 0,9989 0,048 0,163
3 DCF 12,4 0,07 1,54 5-500 0,9988 0,021 0,069
4 IBF 12,9 0,07 1,07 5-500 0,9980 0,059 0,197

Tir két qua trong Bang 2, d6 léch chuin twong
d6i ctia thoi gian luu va dién tich pic tuong tmg
nh6 hon 0,13% va 3,42%. Diéu nay c6 thé két
luén 1a phuong phap phéan tich UPLC-MS/MS
¢6 d6 6n dinh vé thoi gian luu va tin hiéu phan
tich. Bén canh d6, hé s tuong quan R? nim
trong khoang tir 0,9980 téi 0,9989, diéu do6 c6
nghia 1a ¢ su tuong quan tuyén tinh chit ch@
giita dién tich pic va ndng do chat phan tich
trong khoang nong do khao sat. Mot thong s6
quan trong khac, gidi han phat hién va gidi han
dinh lugng cua phuong phap, ciing dugc khao
sat va danh gia. Gié tri giéi han cta phuong
phap (MDL )va gidi han dinh luong cua phuong
phép (MQL) dugc xac dinh thong qua viéc thém
chuén vao nén miu nudc song, sau d6 mau dugc
thém chuan chat phan tich trudc khi xir Iy mau.
Gia tri MDL va MQL dugc tinh theo ndng do
chét phan tich tai d6 ti s6 tin hiéu chiéu cao pic
chat phéan tich trén tin higu nhiu duong nén
(S/N: Signal-to-Noise) bang 3. MQL duogc xac
dinh tai ndng d6 ma ti sé S/N bang 10. Tir thuc
nghiém, MDL cua cac chét phan tich x4c dinh
dugc nam trong khoang tir 0,021 pg/L dén 0,192
png/L. Tir d6 c6 thé két luan do nhay ciia phuong
phap UPLC-MS/MS c6 thé dép tmg cho phan
tich du lwong cac chét khang viém trong nudc
mit va c¢6 thé so sanh duoc véi cac nghién ctru
cong b gan day[7, 15].

3.3. Hiéu sut thu hoi

Do khéong c¢6 miu chudn CRMs thuwong mai,
hiéu suét thu hdi cua toan bd qua trinh xtr Iy mau
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duoc thuc hién theo phuong phéap thém chuin.
Méu ding dé thém chuan dugc chuan bi bing
cach tron hai phan bang nhau vé thé tich cta hai
nén miu nudc séng va nude hd véi gia thiét 1a
khong cé su khac nhau dang ké ciia mau ding
thém chuén so véi mau thuc. Mau duoc thém
chuén v&i ndng d6 cac duoc chét khang viém &
dung dich cudi 12 100 pg/L va xir Iy nhu qui
trinh di néu & trén va phan tich bang UPLC-
MS/MS. Hiéu suat thu hdi ctia bon chat phan
tich NPX, KTF, DCF va IBF tuéng ung 1a (90
+ 5)%, (103 £ 7)%, (97 £ 8)% va (86 + 8)% va
déu nam trong khoang tir 70 — 110% la khoang
cho hiéu suét thu hoi chép nhan duogc theo
AOAC. Bén canh do thi hiéu tng nén ¢6 anh
hudng t6i phép do MS/MS, truong hop cia IBF
xuét hién hiéu @mg wc ché ion hoa con truong
hop ctia KTF xuét hién higu g ting cuong ion
hoa. Tuy nhién ca hai hiéu tng nay ndm trong
khoang chap nhan dugc 1a tir 80 %(hiéu tng trc
ché) dén 120% (hi¢u tng ting cuong) theo
huéng din vé xac nhan gia tri sir dung cua
phuong phap phan tich dua trén phép do
MS[16].

3.4. Phan tich mdt s6 mau thuc

Ap dung phuong phap UPLC-MS/MS da phat
trién & trén vao phan tich 10 mau thyc trong d6
05 méu thu nhan & Séng Ciu, doan chiy qua dia
phan tinh Bic ninh va 05 miu nuéc mit thu
thap tai mot s6 hd quanh Ha Noi. Két qua phan
tich chi ra raing KTF va NPX khong phat hién



duge trong cac mau phan tich, IBF va DCF chi
phat hién trong mau nudc mat thu thap tai Ha
No6i, khong phat hién dugc trong miu nudc
song. Nong do cia cac chit IBF va DCF tuong
tmg tir 0,07 ug/L dén 6,41 pg/L va 0,05 pg/L
dén 2,1 pg/L. Hinh 3 1a sic d6 cua mau nudc
mat tai Ha Noi. So sanh v6i két qua phén tich da
cong bd trude do, tan xuét tim thdy IBF ciing
cao nhat trong mau nudc mat trong cac duoc
chét khang viém phan tich theo phwong phap
UPLC-MS/MS di dé cap[2].
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Hinh 3. Sdc @6 mau nuéce mat tai Ha Noi

4. KET LUAN

Phuong phap UPLC-MSMS da dugc khao sat,
phat trién thanh cong dé phan tich cac chat
khéang vién khong steroid trong nudc mat. Cac
thong sé quan trong ciia phuong phap phan tich
nhu khoang tuyén tinh, gidi han phat hién, gidi
han dinh lwong, d6 l3p lai va hiéu xuét thu hdi
da duoc khao sat, danh gia va biéu dién. Gigi
han phat hién va giéi han dinh lugng cua
phuong phép dat dugc ¢d tir 0,02 pg/L dén 0,65
pg/L. Tir cac thong sb nay co thé két luan
phuong phap UPLC-MS/MS di phat trién phu
hop cho xac dinh du lugng chit khang viém

khong steroid trong nudc mat. Ap dung vao
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phan tich mét s6 mau thuc, két qua phan tich thu
dugc chi ra rang chi phat hién chat khang viém
trong nudc mat thu thap tai Ha ndi véi tan sudt
phat hién thap. Phat hién dugc chat khang viém
trong nudc séng voi ham luong rat thap, chi
phat hién duoc hai chat 1a IBF va DCF, hai chét
con lai déu nho hon gidi han dinh lugng cua
phuong phap.
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