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SUMMARY

OCCURENCE OF 20 PHARMACEUTICAL RESIDUES IN SURFACE WATER
OF SEINE RIVER (FRANCE)

Pharmaceutically active compounds in the environment recently have known as the agent to
constitute a health risk for aquatic ecosystems. The occurrence of pharmaceutical residues in
the wastewater seems to be affected by their production and their consumption. A screening of
20 used pharmaceuticals was investigated in surface water of Seine River in France from
Mars 2011 to November 2011. 5 sampling points where has taken 8 samples for each point
has been collected from upstream at Poses to dowstream at Honfleur. These compounds were
detected with high frequencies (>90%) for some compounds such as cafeine, carbamazepine,
diclofenac, ketoprofene or never found for alprazolam, doxepine and fluoxetine. The
concentration of each compound has been varied from some ng/L to some hundred ng/L.
Moreover, the total accumulation of these compound has been decreased from upstreeam to
dowstream, especially in water front where are totally sea water.
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1. MO PAU phém da thu hat dugc mot sy quan tdm 16n

Ngay nay, mot lugng 16n duge phim va cac tir cac nha nghién ctru trong khoang 15 nam

san phAm chim soc strc khoe cho ca ngudi
va dong vat dang dugc ban rong rai trén thi
trudong dugc phém. Mat khac, cung voi su
gia ting cta dan sb, khéi lwong dugc phdm
duogc st dung nhiéu hon. Do do, nghién ctru
danh gia sy c¢6 mat cia du lugng duogc

96

tro lai day. Cac du lugng duoc phém, sau
khi s dung, dugc bai tiét dudi dang
nguyén hodc dang chuyén héa trong nudc
tiéu hodc phan. Céac du lugng dugc phdm
nay s€& di theo dong nudce thai sinh hoat di
dén cac nha may xu Iy nude thai déi véi



dugc phim st dung cho ngudi [1-4], hodc
thai truc tiép vao dit dbi voi cac loai thude
dung trong chin nudi gia stic gia cAm [5-6],
hoac truc tiép vao nudc bé mat dbi véi cac
loai thudc sir dung cho chin nuéi thiy san
[5].

Phan tich danh gia du lugng cua cac duogc
phim trong mdi trudng nude di dugc phat
trién va nghién ctru & nhidu nuéc nhu My
[7-8], Phap [9-10], Han Qudc [12, 2-3], Tay
Ban Nha [13-15]. Tuy nhién, v&i sy phat
trién cua nganh duoc, hang ngan loai dugc
phim di dugc dwa vao thi trudng hang
nim, va cung voi d6 thi cling rat nhiéu
duoc phém duogc rat ra khéi danh muc st
dung vi nhiéu 1y do.

Céc nghién ctru trude day ciing chi ra rang,
ton du cia cac du lugng duoc phdm trong
nude bé mat phu thudc vao rAt nhiéu yéu td
nhu: khoi luong st dung, cac tinh chét hoa
Iy cia duge pham nhu d6 tan, thoi gian ban
hay, kha ning chuyén hoa trong co thé
nguoi, dong vat. Ngoai ra, khi di vao moi
truong, cac dugc phim nay con c6 thé bi
phan hiy boi cac vi sinh vat, thuc vat, anh
sang mit troi va cac yéu to khac.

Muc dich ctia nghién ctru nay la danh gia
su hién dién cia 20 duoc phém thudong
xuyén duoc st dung cho con nguoi trong
nudc bé mit cla song Seine, luu vuc song
truéc khi dd ra bién. Panh gia nay dwoc
thuc hién trong vong 8 thang (tir thang 3 to1
thang 11 ndm 2011). Cac dugc phim duoc
nghién ctru gdm cé: thubc giam dau
(diclofenac, ibuprofen, naproxen,
ketoprofen, paracetamol), chéng co giat
(carbamazepin), giam stress (amitriptyline,
doxepine, imipramine, fluoxetine), chat
kich thich (cafeine, theophylline), ha m&
méau (gemfibrozil), an thin (alprazolam,

bromazepam, diazepam, nordiazepam),
nhom giin phé quan, co (clenbuterol,
salbutamol, terbutaline). Cac dugc phim
dugc chon nghién ciru dua trén khéi lugng
str dung ctia chiing [11]. Phuong phap phan
tich cac chat nay dugc nghién ctru va thuc
hién boi phong thi nghiém bing viée su
dung chiét pha rin (SPE) két hop véi sic ky
16ng khéi phd (HPLC-MS/MS).

2. THUC NGHIEM

2.1. Khu vuc lay miu phan tich

Trong khuén khé cua du 4n, 5 diém lay
mau nudc bé mit cua cira séng Seine di
dugc chon dé nghién ciru. Cira séng Seine
kéo dai 160km tur thuong luu (dap Poses)
t6i ha luu (Honfleur). Piém ldy mau dau
tién bat diu tai dap Poses 202km tinh tir
Paris (pK202), Elbeuf (pK220), Labouille
(pK260) Caudebec (pK310) va Honfleur
(pK355, ving nudc min). Tai mdi diém, 8
mau di dugc l4y voi tan suit 1 lan/thang.
2,5L miu dugc 14y trong cac chai thay tinh
mau nau, duoc nung & 450°C, 6h dé dam
bao loai bo hét cac cht gdy anh hudng téi
két qua phan tich. Mau duoc giit trong cac
binh 6n nhiét (khoang 4°C) trudc khi mang
vé phong thi nghiém. Tai phong thi nghiém,
mau dugce loc hat chan khong v&i mang loc
kich ¢& 16 <0,7um (GF/F, Whatman). Dich
loc thu duoc duoc chiét va phan tich trong
vong 48h hoac dugc luu gitr ¢ tu lanh am
sdu (-20°C) dé cho phén tich.

2.2 Héa chit va thiét bi

A. Héa chit

TAt ca cac chét chudn duoc sit dung 1a loai
tinh khiét phan tich, dwgc cung cp béi cac
nhd san xuét: Sigma-Aldrich (Germany),
LGC Standard, Cluzeau info labo (France).
Céac hoa chit dudi dang tinh thé duoc can,
pha véi dung méi methanol c6 ndng do
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chinh xac trong khoang 1 mg/g. Cac dung
mdi va hoa chit khac: methanol (Merk),
acetonitrile, axit formic, axit clohydric
(Baker), axit acetic bang, aceton va cac
dung moi khac (VWR).

B. Thiét bj

Thiét bj duoc su dung phan tich la hé théng
sic ky model RRLC — 1200 (Rapid
Revolution Liquid Chromatography) két

hop voi may khdi phd 2 1in model 6410A
cua hing Agilent (My). Cac chét tich sau
khi duoc tach bang sic ky s& duoc dua dén
dau do khdi phd. Tai day, chung duoc ion
hoa (ESI+ hoac ESI-) trudce khi duoc do boi
hé théng khdi phd. Céac théng sb cua
phuong phap phén tich trén hé théng sic ky
long khdi phd duge mé ta trong bang 1.

Bdng 1: Cdc théng s6 phan tich trén LC-MS/MS

Thong soO phan tich
Ton héa miu ESI + ESI -
A A (H,0; 0,1%HCOOH)/B (ACN; A (H,0)/B (ACN)
Pha dong 0,1%HCOOH)
Tbc d6 bom dung moi 0,6 0,6
(mL/min)
Thoi gian (min) %B Thoi gian (min) %B
0 0
10 0 30 0
. 11 65 31 65
Gradient 12 100 32 100
13 100 33 100
18 0 38 0
0 0
Thé tich bom mau (uL) 5 5
Ay o2 Zorbax-SB C18 (1,8um) Zorbax-SB C18 (1,8um)
Cot tich 50x2,1 mm 50x2,1 mm
Nang lugng ion hoa 3 3
kV)
Ché d6 do MRM dynamic MRM dynamic
Thoi gian phan tich 18 38
(min)

C. Xir ly va phan tich miu

Vi ham lugng cia cic chit can phén tich
trong nudc 1a rdt nho, vi vay lam gidu miu
truée khi phan tich 1a mot budc can thiét.
Trong nghién cru nay, chung t6i sir dung
phuong phap chiét pha ran duoc phat trién
boi phong thi nghiém. Cac cot chiét duoc
str dung 1a co6t OASIS® MCX (Mixed-mode
Cation eXchange copolymer, 60mg, 3mL).
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Qud trinh chiét: 200mL mau dugc chinh vé
pH béng 2, sau d6 thém cac chit ndi chuin.
Cot  chiét 3mL
CH;COOC,Hs va duoc rtra béng nudc cat

dugc hoat hoda vébi

c6 pH=2. Mau duoc chiét qua cot v6i luu
lugng khoang 15mL/min. Sau khi mau chay
qua hét, cac cot chiét s& duge 1am kho béng
bom hut chan khong ¢ nhiét 3o phong trong
60 phut.




Qud trinh riva gidgi: miu dugc rua giai voi
3mL CH;COOC,Hs, tiép theo d6 3mL hdn
hop CH;COOC,Hs/(CH;),CO(1/1 V/V), va
cubi cing 1a 3mL C,HsOH/CH,CL (1/1
V/V) + 5%NH,OH.

Cé mdu: dich chiét sau d6 duoc dem c6 dac

duéi bép dién & 45°C va dong khi nito.
Mau dugc co toi khd, sau d6 dugc chuyén
sang dng bom miu bang 300pL ACN va
lvu mau & -20°C trudc khi dem phan tich
bang LC-MS/MS.

3. KET QUA VA THAO LUAN

3.1 Kiém soat chét lwgng ciia phép phan
tich

Cac miu gia s& duoc tién hanh song song
v6i cac qua trinh chiét mau thue té. Theo
d6, 200mL mau gia s& duoc chiét va co
miau nhu qua trinh 1am cho mau thuc.
Trong nghién ctru nay, 15 mau gia da duoc
tién hanh chiét va phan tich. P thu hoi
mau cua phuong phap dugc biéu din trong
hinh 1.
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Hinh 1: dg thu hoi cia phwong phdp
(n=15)

Két qua hinh 1 cho thiy, hau hét d6 thu hoi
cia cac chit phan tich déu nim trong
khoang 80% dén 100%. Do d6, phuong
phap phan tich hoan toan phu hgp cho phan
tich danh gia cac dugc phim nay trong
nudc bé mat

3.2 Tin suét phat hién va ndng do cia
cac chét phan tich

Trong bang 2 1a tin sudt xuét hién, ndng do
nhé nhat, n6ng dd 16n nhét, gia tri trung
binh (median) cua cc chit do duoc trong
téng sd 40 miu nudc soéng trong luu vuc
song Seine. Két qua trong bang 2 cho thay:
khong phat hién thiy alprazolam, doxepine,
fluoxetine trong bt ky miu ndo. Su véng
mat cla cac chét nay la do viéc han ché st
dung ching trong cac don thudc, va do qua
trinh x1r 1y tai cdc nha may xir Iy nude thai
mang lai [11, 17]. Carbamazepine va
cafeine 14 2 chit dugc tim thiy trong tit ca
cac mau, ndng do6 cia ching ciing cao nhit
(median 1an luot 13 40,5ng/L va 128,5ng/L).
Ham lugng cao ciia carbamazepine la do
chit nay 1a 1 chat kho bi phan huy trong
mdi truong [10], dbi chibu véi cac nghién
ctru khac trén thé gidi, ching t6i ciing nhan
thdy ham lwong tim thidy cua
carbamazepine trong nghién ciru nay co
cung dai nong do véi cac nghién ciru khac
nhau nhu & Thuy Dién [1], Han Quéc [2-3],
Tay Ban Nha [13-15], Phap [10,16]. Déi
v6i cafeine, ngoai ngudn thai tir cic nha
may xu 1y nudc thai sinh hoat, viéc str dung
va thai truc tiép vao nudc bé mit ciing 1a
nguyén nhin din dén ham luong cua
cafeine trong nuéc bé mit ting cao.
Diclofenac va ketoprofene ciing do duogc
v6i ham lwong cao nhét trong nhom thude
giam dau, n(“)ng dd cao nhét thu nhan duge
cua ching lan lwot 1a 323,8ng/L va
108ng/L. Ham luong trong nude bé mit cua
chiing ¢6 thé 1a do kha nang xt 1y kém céc
chit nay trong nha may nudc thai: 20-40%
voi diclofenac [1, 17-18] 11-44% voi
ketoprofene [23,24]. Tuy nhién, cac nghién

99



ctru khac ciing chi ra rdng, 2 chit nay
khong bén virng trong moi truong, do
chung bi phan hity manh dudi tac dung ctia
anh sang mat troi [19-20]. Paracetamol va
ibuprofene duoc st dung nhiéu nhét trong
nhém ndy: paracetamol - 3303 tén,
ibuprofene — 220 tan tai Phap nim 2006

[11] nhung ham lugng do dugc trong nudc
bé mit cua chung thip (ndng do 16n nhét do
dugc: 60ng/L cho paracetamol va 67ng/L
cho ibuprofene). Pidu nay duoc giai thich
1a do 2 chat nay duogc xir Iy gan nhu triét dé
trong nha may xu Iy nudc thai: 99% - 100%
(17,21, 23-25].

Bdng 2: Tan sudt phat hién (F)va nong dg ciia cdc chat phan tich do dwoc

(min, max, median)

Hoat chit F (%) Median (ng/L) Min (ng/L) Max (ng/L)
alprazolam - - - -
amitriptyline 53 1,1 0,6 6,8
bromazepam 35 1,5 1,0 8,6
cafeine 100 128,5 12,9 427,1
carbamazepin 100 40,5 8,1 1394
clenbuterol 10 0,7 0,6 0,9
diazepam 35 1,9 1,1 6,0
diclofenac 88 19,5 1,4 108,0
doxepine 0 - - -
fluoxetine 0 - - -
gemfibrozil 93 7,0 2,1 22,1
ibuprofene 53 23,9 14,5 66,9
imipramin 5 2,2 0,6 3.8
ketoprofene 95 23,5 2,1 323,8
naproxene 78 23,6 1,2 82,4
nordiazepam 87 2,0 1,1 4.9
paracetamol 20 39,7 15,5 60,0
salbutamol 68 1,2 0,5 2,6
terbutaline 45 1,0 0,6 3,5
theophyline 95 27,4 3,5 150,9

DPbi v6i cac nhom chit khac, ham luong
phat hién duogc trong nudc bé mat kha la
thip. Nguyén do mot phan do khéi luong
st dung ctia chung khong cao [11], mot
phan do chung dugc xir 1y kha tét tai nha
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may xu 1y nudc thai [17, 21-23] ngoai ra
thoi gian ban hiy ngin trong mdi trudng
cling la mot trong nhitng nguyén nhéan
khién ham luong do dwoc thip trong moi
truong.



3.3 Sy thay d6i ham lwgng tir thwong lru
toi ha luu

1500+

1000

Eosg

Total aceunulation (ng/L)

T T T T
4 2 D Q) X
) o o el
+ X ¥ ) )
¥ & § § ¢
Sampling point
upstream dowstream

k 2

Hinh 2: Téng tich lily ham lwong cia cdc
chdt nghién ciru tir thieong luu t6i ha heu
(n=38)

Trong hinh 2 1a tdng tich liiy cua 20 cht
nghién ctru, tong ham luong ctia chiung nim
trong khoang tir 300ng/L t6i 1pg/L. C6 thé
thiy, tong du luong ctia cic chit giam dan tir
thuong luu téi ha Iuvu. Nguyén nhan cua su
suy giam nay 1a do két qua cta su pha lodng
véi cac dong chay tu nhién, su két tua cua
cac chit cing véi cac chit rin lo limg, va su
phan huy cua cac chat do cac sinh vét trong
nudce cling nhu sy phan hily quang hoa dudi

tac dung cta anh sang mat troi.

So sanh 2 diém pK202 va 220 ta thiy: diém
pK220 c6 téng du lugng cac chit cao hon
diém pK202. Didu nay dugc 1y giai 1a do
khoang cach gitta 2 diém lay mau nay ngin
(18km), khong co6 tac dong cuia cac dong
chay phu, cac chit chwa bi phan huy va pha
lodng nhidu. Mat khac, diém ldy maiu
pK220 nim gin ngay diém phat thai cua
diu ra nha may xt 1y nu6e thai véi kha
ning xur 1y 18n téi 120.000 dan. Téng du
lwong cua cac chdt nghién ctru giam mot
cach 16 rét tai diém pK355 (I6n nhit
209ng/L). Piém pK355 1a ving nudc min,
tai day, ham lugng mudi cao din dén viée
cac chat huyén phu bi ling dong. Viéc nay
kéo theo cdc chét hiru co, cac du luong
dugc phim ciing bi ling dong. Vi viy ham
luong cua chung giam 1 cach dang ké.
Nghién ciru cua Tamtam va cong su (9]
trén dbi tuong cac chat khang sinh ciing chi
ra rang, ham luong cua cac chat khang sinh
(17 chét) & séng Seine ciing bi giam theo
huéng tir thugng luu téi ha luu va nhat 1a
diém nuée min pK355.

3.4 Su bién thién theo thoi ky

Bdng 3: So sanh két qua ciia nghién ciru ndy véi két qua nam 2006
tai 3 diém pK202, pK310 va pK355

pK202 pK310 pK355
Compounds
2011 2006 2011 2006 2011 2006
cafeine 202 (99-427) {138 (nd-762) | 139 (42-395)| 76 (3-160) | 39 (17-117) | 15 (nd-62)
carbamazepine | 57 (26-104) | 34 (3-95) | 48 (25-72) | 28 (7-63) 17 (8-31) | 16 (nd-41)
diclofenac 41 (12-102) | 55(7-116) | 23 (1-96) | 55(5-173) | 13 (nd-13) | 39 (nd-128)
gemfibrozil 11 (6-17) 31 (5-86) 6 (3-13) 29 (3-84) 3 (nd-4) 18 (nd-46)
ibuprofene 33 (nd-67) | 151 (6-611) | 19 (nd-24) | 68 (nd-220) | 17 (nd-17) 8 (nd-73)
ketoprofene 43 (3-115) | 20 (nd-54) | 54 (14-294) | 12 (nd-27) | 23 (nd-36) | 24 (nd-73)
naproxene 42 (19-79) |110 (12-275)| 13 (nd-24) | 63 (nd-183) | 4 (nd-7) 5 (nd-42)
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Bang 3 1a két qua so sanh ham lugng cua 7
chit cua nghién ciru ndy véi nghién ciru
trude d6 (2006) [14] trén tai cac diém lay
mau trén song Seine. Két qua so sanh cho
théy, ham lugng cla cafeine,
carbamazepine, diclofenac va ketoprofene
do dugc nim 2011 c6 cung dai ndng dod so
voi ndam 2006 va ham lugng cua
gemfibrozil, ibuprofene va naproxene thap
hon so véi nghién ctru trude d6. Pay co thé
14 do sy thay ddi vé khéi luong st dung céac
chit nay trong cac don thubc diéu tri cua
cac bac si trong 2 thoi ky nay.

4. KET LUAN

Trong cong trinh nay, ching t6i da nghién
ctru va danh gia du lwong cua 20 hoat chat
duogc sir dung trong duoc phim trong nudc
bé mit cua luu vuc song Seine trudc khi dd
ra bién. Ké qua nghién ctru di cho thdy,
mac du du lugng cua ching ¢ thuong luu
kha cao nhung ham lugng cta ching da
gidm mot cach ro rét tai ctra bién, noi do
anh huong clia nudc man, cac hoat chét nay
bi két tia theo cac chat huyén phu.

17/20 chat da duoc phat hién trong nudc bé
mit cia séng Seine. 3 cht khong duoc do
duogc trong bt ky miu nao 1a: alprazolam,
doxepine va fluoxetine. Ham lugng cta céc
chit phat hién dugc 1a kha thip (dudi
500ng/L). Cac nhém hoat chit thuong
xuyén dwoc phat hién: nhém chat kich
thich, nhom chit giam dau va nhom chéng
co giat.

So sanh két qua nghién ctru trude dé cho
thiy ham lugng cua cac chit ¢ thé ting
hodc gidm tuy theo chu ky nghién ctru. Sy
tang hodc giam 1a do viéc thay ddi hoat chit
str dung trong cac don thudc.
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Phuong phap duge phat trién béi phong thi
nghiém c6 thé dugc mé rong dé phén tich
v6i nhiéu d6i twong mau khac nhau, dic
biét 1a dau ra ciia nha may xtr Iy nudc thai
hoac nudc ngﬁm va nudc sinh hoat, noi ¢co
nén mau khéng qua phic tap va gidng véi
nén mau nude trong nghién ctru nay.
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