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SUMMARY

ASSESSMENT OF ULTRASONIC EXTRACTION APPLIED
IN DERTERMINATION OF PHARMACEUTICAL PRODUCTS AND
PERSONAL CARE PRODUCTS (PPCPS) IN RIVER SEDIMENTS

The study evaluated the ultrasonic extraction technique used in PPCP analysis in sediment samples by
comparing the results obtained by application of the ultrasonic extraction technique with those of ASE
extraction technique. It was found that no difference in recovery or repeatability in results of analysis
of sediment samples between applying ultrasonic extraction and ASE extraction. The analytical method
based on ultrasonic extraction has a recovery of 70 - 106% and a repeatability of < 20%. PPCPs
analysis results in Cau river sediment samples show that PPCPs in Cau river sediment varied in the
range 113.0-215.2ug/kg with the tendency of increasing concentration along the river from up-stream
to downstream. CAF, SMZ, LIN and TRM are PPCPs had detection rate of 100% in sediment collected
in Cau River. CAF is the most dominant PPCP (10,22-139,4ug/kg) and SMZ is the antibiotic with the
highest concentration of the studied antibiotics (24.8-66.7ug/kg).

Key words: PPCPs, ultrasonic extraction, sediment.

1. MO PAU thudc th y va cac san phim cham soc ¢4 nhan
Dugc pham va c4c san phim chiam soc ca nhan duoc s dung rong rdi trong doi séng hang
(PPCP) gan day duoc xép vao nhém cac chat ngay [5]. Ngay nay, PPCP duoc san xuit va st
gay 6 nhiém méi (emerging pollutants) va tro dung rong réi y hoc th y, dan dén viéc ching
thanh mdi quan tdm todn cau do sw c6 mat cua thai ra méi truong lién tuc qua nudc thai sinh
ching trong ngudn nuéc khip moi noi trén thé hoat, nudc thai nong nghiép va nuéc thai tir
giai va do ching c6 kha nang gay nén céc tac c4c co so san xuit PPCP [3, 12, 15, 20, 21].
dong tiém tang dén sinh vat thay sinh, dan dén PPCPs duogc phét hién trong céc thanh phan
nhiing thay d6i de doa tinh bén viing cua hé moi trudng bao gdom nuéce thai, nude mat, tram
sinh thai thay sinh [9, 11]. PPCP bao gom tich, va ca trong trong nudc dudi dat & khoang
thuéc chita bénh ké don va khéng ké don, ndng d6 ng/L dén pg/L [7, 10, 13].
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Céac PPCP sau khi di vao ngudn nuéc, dudi tac
déng cua cac qua trinh vat ly, hda hoc va sinh
hoc chling c6 thé bi suy giam dang ké vé nong
do6 trong pha hoa tan do bi phan huy hoac do
xu hudng phan bé pha gitra nuée va tram tich
dua vao cac dic trung hoa ly ciia ching ciling
nhu dic tinh cia ngudn nuée. Mot sb PPCPS
c6 kha nang hap phu vao tram tich. Sy hap
phu vao tram tich 1a mot qua trinh quan trong
trong su van chuyén va chuyén hoa cua cac
hop chat PPCPs trong nudc mat. Viée xac dinh
PPCPs trong tram tich gilp lam sang to su
phan bd cua ching trong ngudn nuée dé c6 thé
dua ra cac danh gia dang dén hon vé qua trinh
lan truyén 6 nhidm cia PPCPs trong ngudn
nude ciing nhu cac rai ro cia chung dén moi
treong va hé sinh thai.

Trong vai nim qua, nhiéu quy trinh phan tich
PPCPs trong mau rin nhu tram tich va bun thai
da dugc nghién cuu [1, 2, 17]. Tu goc d6 phén
tich, quy trinh xac dinh PPCPs dic biét la qua
trinh xa ly mau bin thai, tram tich 1a mot thach
thirc Vi tinh chat phuc tap cua nén mau. Chiét
Soxhlet 1a phwong phap truyén thdng 4p dung
hiéu qua trong chiét cac hop chit hiru co tur
mau nén ran. Tuy nhién, Soxhlet c6 nhiéu han
ché nhu: tén nhiéu thoi gian, cong suc, luong
dung mdi chiét 16n (300-500 mL) va khdi
lwrong mau Ién (10-30 g). Chiét siéu &m (USE)
la& mot giai phap thay thé cho chiét xuét
Soxhlet dbi véi mau nén ran va da duoc sir
dung rong radi trong cac quy trinh phan tich
PPCP [1, 17]. Su hd tro cua song siéu am lam
giam thoi gian chiét so voi Soxhlet nhung do
Iap lai cta phuwong phap nay khéng cao. Mot
phwong phap chiét khac duoc &p dung phd bién
ddng thoi cho hiéu qua tét hién nay I chiét
dung méi gia téc (ASE). Ky thuat chiét ASE
hoan toan ty dong st dung luong dung méi it &
&p suit cao (thuong 1én dén 200 bar) va nhiét
d6 cao (thuong 1én dén 200°C) véi thoi gian
chiét ngén [2]. Tuy nhién chi phi dau tu thiét bi
ASE rt ton kém, do d6 ¢ Viét Nam viéc &p
dung ky thuat ASE khéng phé bién. Nghién
cau nady dugc thuc hién véi muc tiéu danh gia
hiéu qua qua trinh chiét mot sé PPCPs trong
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mau tram tich bang k¥ thuat chiét siéu am va
k¥ thuat chiét ASE.

2. THUC NGHIEM

2.1. Hoa chat, thiét bi nghién ciru

10 chat chuan PPCP gom lincomycin (LIN),
sulfamethoxazole (SMz), trimethoprim
(TRM), levofloxacin (LEV), ciprofloxacin
(CIP), norfloxacin (NOR), diclofenac (DCF),
DEET, carbamazepine (CBZ), caffeine (CAF)
va chat dong hanh twong ung I cac chat dong
vi danh diu gom SMZ-d4, LEV-d8, CIP-d8,
NOR-d5, DCF-d4, DEET-d7, CBZ-d10, CAF-
d9 dang rin tr nha cung cap Wako Pure
Chemical Company Ltd, ngoai trir levofloxacin
dugc mua cta Fluka Chemicals. Dung dich
chuan géc duoc chuan bi & néng d6 1mg/L
trong metanol va dwoc bao quan & 4°C dé sir
dung trong qua trinh phan tich. Cot chiét pha
rin cia hang OASIS HLB (200 mg, 6 cc,
Waters, USA). Cac dung mdi st dung loai
HPLC-MS va cac hda chat khac thudc loai tinh
khiét phan tich. Nuéc deion co dién tro
18.2mQ.cm.

Thiét bi sic ky long siéu hiéu naing ACQUITY
UPLC, Waters, USA két ndi detector hai lan
khéi phd Quattro microAPI, Waters, USA; cot
tach BEH C18 (octadecylsilica-based: 1.7 m,
2.1 mmx 100 mm, Waters). Hé thiét bj chiét
gia téc nhanh ASE 200 (Thermo Fisher
Scientific Inc., Waltham, MA, USA), thiét bj
chiét siéu am.

2.2. Quy trinh xir Iy mau

1) Quy trinh chiét mdu bang ASE:

Quy trinh chiét mau duoc thuc hién theo
nghién ciru cia Hanamoto [16] nhu sau. Can
khoang 0,2 g tram tich vao vesel chiét chuyén
dung cua thiét bi ASE, thém hdn hop chit
chuan thay thé (chira 50 ug mdi loai trong s6
47 dwoc pham dugc danh dau dong vi). PPCP
trong tram tich duoc chiét hé chiét chiét dung
moéi tang téc (ASE) trén hé thong ASE 200
(Thermo Fisher Scientific Inc., Waltham, MA,
USA) trong cac diéu kién sau: nhiét do chiét
100°C, &p suat 2000 psi 10 phut tinh, chiét 3
chu ky. Dung méi chiét Ia hdn hop dung dich
metanol /nudc (1: 1, viv) vai 0,5% (VIV)
amoniac (pH = 11). Sau khi chiét, dich chiét



dugc pha lodng bang nuéc deion dé nong do
MeOH trong dich chiét nho hon 5% (v/v). Axit
ascorbic va EDTA duoc thém vao dich chiét
sau pha lodng dé dat duoc ndng do lan luot 13 2
g/L va 1 g/L. PPCP trong cé4c dich chiét duoc
lam sach bang chiét pha ran sir dung cartridge
Oasis HLB (200 mg, 6cc, Waters, USA) voi
dung mdi rira giai 1a 6mL methanol. Dich rua
giai dugc lam kho bang khi nito, phan can
dugc hoa tan trong 1 mL hdn hop 85:15 (v/v)
cua dung dich axit formic 0,1% va metanol roi
dem di dinh luong cdc PPCPs bing hé
UPLC/MS/MS.

2) Quy trinh chiét mdu bang phirong phdp
chiét siéu am:

Quy trinh chiét mau bang siéu am duoc thyc
hién theo nghién ctru cia Narumiya et al. [16]
nhu sau. Can khoang 0,5g trim tich vao éng li
tdm, thém hdn hop chat chuan thay thé (chua
50 pg mdi loai trong s6 47 dwoc pham duoc
danh dau dong vi). Dung dich chiét 1a hdn hop
nudc deion & 3 muc pH khac nhau (pH=2
(HCI) pH=7 va pH=11 (NaOH)) va metanol
theo ti 18 9:1 (v/v). Qua trinh chiét dugc thuc
hién theo tht ty chiét hai 1an ¢ pH 7, mét 1an ¢
pH 2 va hai lan & pH 11 bang phwong phap
siéu am, mdi lan chiét siéu &m trong 10 pht va
pha long duoc tach bang ly tam. Sau khi chiét,
céc dich chiét duoc gop lai va loc qua gidy loc
sgi thuy tinh (0,45 pm, GF/B, Whatman, UK).
Sau khi chiét, dich chiét duoc pha lodng bang
nude deion dé ndng d6 MeOH trong dich chiét
nhé hon 5% (v/v). Axit ascorbic va EDTA
duoc thém vao dich chiét sau pha lodng dé dat
duoc nong do lan luot 12 2 g/L va 1 g/L. Dich
chiét sau khi pha lodng dwoc lam sach bing
chiét pha rén tuong ty nhu quy trinh chiét mau
bing ASE.

2.3. Phan tich miu

PPCP trong mau chiét dwgc dinh luong bing
hé sic ky long siéu hiéu ning (ACQUITY
UPLC, Waters, USA) ghép ndi véi detector hai
lan khdi phd (Quattro micro API, Waters,
USA). Cot LC la cot BEH C18 (dya trén
octadecylsilica) (1,7 m, 2,1 mm x 100 mm,
Nuéc). Pha dong kénh A 1a dung dich axit
fomic 0,1% trong nudc deion, pha déng kénh
B 1a metanol va luu lugng dong pha dong la
0,35mL/phdt.
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Céac duong chuan duoc chuan bi dua trén tin
hiéu la ty I& gitra dién tich pic cua PPCP dugc
khao sét va chit dong hanh tuong (mg Voi
ndng do dung dich 1am viéc cua cac PPCP. bé
thiét lap duong chuan, mot loat cac dung dich
chuan 1am viéc & mdi néng do PPCP 0,5, 1, 5,
10, 25, 50, 100 va 150 pg/L da duoc chuan bi
bang cach pha lodng dung dich chuan géc.
Phan tich hdi quy tuyén tinh dugc sir dung dé
tinh toan d6 déc, hé s6 chan va hé sé twong
quan cia mdi duong chuan. Po tuyén tinh cua
tat ca cac PPCP nghién ctru nam trong khoang
0,9911-0,9998. LOQ cua thiét bi dua trén ty 1€
tin hiéu trén nhiéu (S/N): LOQ = 10 x S/ N.
LOQ cua cac PPCP nghién cttu dao déng tir
0,3-5,2 ng/L.

Mau tring dwoc bom vao hé UPLC/MS/MS
sau mdi lan chay 5 mau phan tich dé kiém tra
va loai bo nhidm ban chéo va nhidu. LOQ cua
phuong phap dugc dinh nghia la gia tri 16n hon
gitta hai gia tri: ba lan ndng d6 mau tring va
10xS/N. Néu nong do cua PPCP cua mau phan
tich nho hon 3 1an néng dé cua mau tring, nd
s& duoc bao cao < LOQ. Néu chit phan tich c6
ty 1é S/IN<10, ndéng d6 s& dugc béo co 1a <
LOQ. Néu d6 thu hdi cua chit ddng hanh
tuong tng nho hon 30%, n6ng do s€ duoc bao
cao la N.A. (khéng phat hién).

2.4. Panh gia d thu hoi va do lap lai

D6 thu hoi cia cac qua trinh xir Iy miu khac
nhau dugc khao sat truc tiép trén mau thém
chuan. D6 lap lai cua quy trinh phéan tich miu
duoc danh gia dya trén gia tri RSD cia 3 lan
phan tich ldp cua cdc mau lip.

3. KET QUA VA THAO LUAN

3.1. Panh gia dd tin cay cua ky thuat chiét
siéu am

3.1.1. Pdnh gid d thu héi va dj \ap lai cia
csia hai chiét khac nhau

Do thu hdi va do 1ap lai ciia phuong phap phan
tich phu thugc vao nhiéu yéu té6 nhu nong do
chat phan tich trong mau, nén mau, ki thuat xir
Iy mau, ... Trong nghién ctu nay ching toi
tién hanh khao sat trén hai déi twong mau la
tram tich séng Cau va tram tich séng Td Lich
voi khoang ndng do ciing nhu dic tinh nén
mau khéac nhau. Két qua do thu hoi cua céc
PPCP nghién citu duoc thé hién trong bang 1.



Bang 1. Pé thu hoi (%) ciia PPCP trong c4c mau tram tich dwoc xit Iy bang ky thugt chiét ASE
va chiét siéu am

Mau CAF | TRM | LIN | LEV | SMZ | CBZ | DEET | DCF CIP NOR
Chiét ASE
Song Cau 97% 80% | 92% | 83% 90% | 120% 102% 96% 97% 92%
Soéng T6 Lich 88% 87% | 89% | 73% 78% | 118% 97% 88% 85% 79%
Chiét siéu Am
Song Cau 89% 76% | 87% | 83% 91% | 102% 97% 92% | 106% 82%
Séng T6 Lich 70% 80% | 80% | 73% | 76% | 102% 89% | 80% 86% 31%
150 cling nhu hai miu trdm tich khéc nhau. Giita
-3 120 cac PPCPs khac nhau d6 thu hdi ciing khong
4 khéc nhau déng ké.
C 90 , \ . 7 ,
z Xét vé d6 lap lai, két qua tir bang 2 cho thay
= tuong ty nhu d6 thu hoi hai k§ thuat chiét trén
25 hai nén mau déu cho d6 lap lai twong duong
nhau. Tuy nhién khi néng do cua cac PPCP

[I56ng Cau ASE @SOng Cau USE @S6ng Té Lich ASE E56ng Té Lich USE
Hinh 1. Két qua phan tich PPCPs trong mau
tram tich sir dung ky thudt chiét siéu am (USE)
va kyj thugt chiét ASE

Do thu hdi cua 10 PPCP nghién ctru déu nam
trong khoang 70-120%, va khong c6 su khac
biét dang ké gitra hai ky thuat chiét khac nhau

thap thi do 1ap lai co xu huéng kém di vi du
DCF, CIP ¢ nhitng mau ¢6 nong d6 <10pg/kg
cho d6 lap lai >10%.

Bang 2. B¢ lap lai (RSD, %) cua PPCP trong cac mau tram tich diroc xat Iy bang ki thugt chiét ASE
va chiét siéu am

Miu CAF |TRM |LIN [LEV |SMZ |CBZ |DEET|DCF CIP INOR
Chiét ASE

Séng Cau 12,8%| 9,7%(17,2%|18,1%15,2%|16,1%| 10,3%|11,2%{16,8%|17,5%
Séng Cau (thém chuén) 3,7%| 6,8%13,5%|11,5%| 9,3%10,3%| 4,8%| 6,5%/| 8,9%]10,5%
Séng T6 Lich 16,4%| 5,3%(17,2%| 1,2%|14,1%|14,7%| 8,9%| 9,3%|13,7%| 9,9%
Soéng T6 Lich (thém chuén) 10,7%| 9,0%| 4,5%|16,1%|10,7%| 6,6%| 3,2%| 4,6%| 8,7%| 8,9%
Chiét siéu Am

Séng Cau 9,6%11,2%15,3%|16,1%| 9,4%|13,1%| 10,3%|19,7%15,8%|16,1%
Séng Cau (thém chuén) 5,9%13,7%13,2%|11,5%| 8,9%/|15,3%| 8,4%14,4%12,3%|17,2%
Séng T6 Lich 3,7%| 6,3%12,9%|14,8%| 2,4%)| 8,9%]| 11,2%| 2,9%|13,7%| 9,6%
Séng T6 Lich (thém chuén) 13,1%| 7,8%(11,8%|16,1%| 7,0%|19,4%| 6,7%|14,2%|10,3%| 9,9%
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Mau tram tich sbng Cau c6 ham luong cac
PPCPs tuong ddi thip trong khoang 0,5-
30pug/kg trong khi d6 tram tich séng Té Lich
phat hién dugc cac PPCPs ¢ khoang cao hon 5-
120 pg/kg. Ngoai ra thi tram tich séng Cau co
xu hudng kich thudc hat I6n hon va it thanh
phan hitu co hon so véi tram tich séng To
Lich. Nhu vay c6 thé thy, ca hai ky thuat chiét
déu cho hiéu qua chiét PPCP trong ddi twong
mau tram tich twong duong nhau.

3.1.2. Pdnh gia két qud phan tich theo hai ky
thudt chiét khac nhau

Két qua phan tich PPCP ddng thoi trong hai
mau tram tich sir dung lan luot ki thuat chiét
ASE va ky thuat chiét siéu am (USE) dugc thé
hién trong hinh 1. Tir két qua c6 thé thay, hién
hai ky thuat chiét mau khéac nhau cho két qua
dinh luong nong do PPCPs trong c4c mau tram
tich khac biét khong dang ké.

Tir két qua danh gia vé do thu hdi, do lap lai va
so sanh két qua dinh lwong PPCPs trong cac
mau tram tich sir dung hai k¥ thuat chiét khac
nhau c6 thé thay, ky thuat chiét siéu &m cho két
qua tuong duong véi ky thuat chiét ASE.
Trong diéu kién han ché vé dau tu thiét bi ASE
nhu & Viét Nam, viéc st dung ky thuat chiét
siéu am dé xir Iy mau, dinh lwong PPCPs trong
tram tich 1a phu hop va dam bao do tin cay
tuong duong nhu ky thuat ASE.

3.2. Phéin bd PPCPs trong tram tich song Cau
C4c mau tram tich duoc thu thap tai 5 diém
doc theo séng Cau tir Thai Nguyén dén Hai
Duong vao thang 5 nam 2016. Két qua phan
tich PPCPs trong cdc mau tram tich thu thap
dugc cho thay, PPCPs trong trim tich song
Céau bién dong trong khoang rong. Téng 10
PPCPs nghién cuau dao dong trong khoang
113,0-215,2pug/kg. Phan bb cac PPCPs ¢ xu
huéng ting dan tir thwong nguon vé ha luu.
Luu vuc séng Cau chiém khoang 47% dién
tich cua 6 tinh voi dan sé khoang 6,9 triéu
ngudi, trong do 5,9 triéu nguoi séng & nong
thén va 1 triéu nguoi ¢ thanh thi [6]. Ving
trung du va mién ndi (tinh Bic Kan) dan cu
thua thét, kinh té phat trién thap. Vang trung
du va mién ni chi chiém 15% tong dan s6 trén
lwu vyc séng Cau trong khi chiém 63% dién
tich Iuu vuc [6]. Nudc thai co chira PPCP duoc
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phat sinh chi1 yéu tir cc hoat dong caa con ngudi
VA san xuat néng nghiép tai cac tinh Théai Nguyén,
Bac Ninh va Bic Giang. Micc PPCPs cao nht
duoc quan sét thay & cudi tinh Théi Nguyén (Cau
Vat) va tinh Bic Ninh (Nhu Nguyét) voi nong do
lan huot Ia tir 190,9 va 215,2 pg/kg.

Trong s6 cac PPCPs nghién ciru, CAF dugc
tim thdy véi nong do cao nhat chiém hon 50%
thanh phan coa PPCPs phat hién duoc.
Caffeine khong chi duoc sir dung nhu mot chat
kich thich trong mét s6 loai thudc ma con duoc
st dung trong nhiéu loai thuc pham va dé ubng
khac nhau. Viét Nam 1a nuéce ¢6 lwong tiéu thu
cafeine twong dbi cao do d6, du lwong cua
ching tim thay phd bién trong méi truong.
Nong d6 CAF cao ciing dugc tim thay trong
nudc va tram tich cua cac thuy vuc khac trén
toan thé gisi. Trong 10 PPCPs nghién cuu,
CAF, SMZ, LIN, TRM Ia cac PPCPs ¢ tan
suat phét hién 100% trong cac mau tram tich
thu thap dugc, ngoai CAF thi 3 PPCPs con lai
déu thudéc nhém céc chét khang sinh. SMZ ¢é
ndng do cao gap 2 dén 30 lan so véi cac khang
sinh con lai. SMZ la khang sinh thuéc nhém
sulfonamides thuong duoc sir dung trong diéu
tri bénh cho nguoi va dong vat. Khi thai ra moi
truong, kha nang thuy phén va phan huay quang
cia SMZ trong nuéc thap, do d6 hop chat nay
ton tai 1au trong cac thuy vuc [4]. Cac nghién
ctru du lwong khéng sinh ¢ ngudn géc tir hoat
dong ndng nghiép & Viét Nam da bao cdo rang
SMZ la mot trong nhitng khang sinh ho
sulfonamide duoc phét hién thuong xuyén nhit
trong nudc thai chan nuéi [8, 14, 19] va la chét
chiém wu thé trong nudc thai chin nudi Véi
ndng do cao nhat 1én dén 2.715 ng/L [19].
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4. KET LUAN

Nghién ciru da chi ra rang sir dung ky thuat
chiét siéu am dé chiét cac hop chat PPCPs
trong mau tram tich cho d6 tin cdy twong
dwong voi ky thuat ASE. Khong cé su khac
biét vé do thu hdi cling nhu do 1ap lai trong két
qua phan tich cac mau trdm tich véi nén mau
khéc nhau va khoang ndng do PPCP khac nhau
khi xir ly mau bang chiét siéu am va chiét
ASE. Phuong phap phan tich dya trén ky thuat
chiét siéu am y c6 hiéu suat thu hoi tir 70 —
106% va do lap lai < 20%. Viéc ap dung chiét
siéu &m trong phén tich PPCPs trong mau tram
tich vai chi phi thap, d& st dung 1a pha hop
hon véi diéu kién Viét Nam. Két qua phan tich
PPCPs trong cac mau tram tich séng Cau cho
thdy PPCPs trong tram tich

song Cau bién dong trong khoang 113,0-
215,2ug/kg va c4c mau trim tich ¢ ha luu Thai
Nguyén, Bic Ninh noi tap trung dong dan cu
va cac hoat dong ndng nghiép c6 nong do
PPCPs cao hon. CAF, SMZ, LIN va TRM Ila
c4c PPCPs c6 mit trong tit ca cac mau tram
tich trén séng Cau. CAF la PPCP c6 nong do
vuot troi nhat (10,22-139,4pg/kg) va SMZ 1a
khéng sinh c6 ndng do Ion nhat trong céc
khéang sinh nghién cuu.
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