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Abstract

The occurrence of the 9 antibiotics (SMX, STZ, SMZ, SMR, TRI, NOR, CIP, ENR, OFL) in water and sediments
of the West and Truc Bach Lakes showed the antibiotic concentrations in water samples are ranging from below the
detection limit (BDL) to 104.3 ng/L and those in the sediment samples are from the BDL to 23.81 ng/g. From the target
analytes investigated in West Lake and Truc Bach Lake, SMX is detected at the highest concentrations of 89.7 ng/L and
104.3 ng/L in the water samples respectively and CIP is having the highest concentrations of 10.68 ng/g and 23.81 ng/g
in the sediment samples respectively. We have found no traces of STZ and SMR in water and sediments from the West
Lake and similarly, detected none of STZ and SMZ residues in samples from Truc Bach Lake. An environmental risk
assessment conducted for nine antibiotics in sediments and water of West Lake and Truc Bach reveals the two
antibiotics (CIP and OFL) are having the hazardous quotient (HQ) greater than 1, posing a high ecological risk to some

sensitive organisms.

Keywords. Antibiotic, Median effective concentration (ECsg), Predicted no effect concentration (PNEC), Hazard

quotients (HQ).
1. MO PAU

Khang sinh 1a mot trong nhitng dugc pham quan
trong nhat ddi v6i con ngudi va dong vat nudi, vi
nhd ¢6 ching ma con ngudi va vat nudi cé thé thoat
khoi cac bénh tat hiém nghéo. Hau hét cac thude
khang sinh hap thu kém sau khi udng, v&i khoang
30-90 % céc chat dua vao co thé s& duoc dao thai
qua phan hodc nude tiéu [1]. Cac két qua nghién ciru
gan day déu ching minh rang hé thdng xir Iy nudc
thai chi loai bd mot phan dugc phidm noi chung va
khang sinh no6i riéng c6 trong nudc, nhu
carbamazepine, atenolol, metoprolol, trimethoprim
chi bi loai bo < 10 % [2], vi vay day cling la mot con
duong xam nhap khang sinh vao mdi truong.

Du luong khang sinh di dugc tim thay trong tat
ca cac mdi truong nude, do la do trong nude ching
chi bi phan hily mot phan boi qué trinh sinh hoc
hodc phi sinh hoc, mot sé chét ¢6 kha ning tich tu
trong sinh vat hay chung lién tuc dugc dua vao tur
cac ngudn nudc. Nong d¢ céc khang sinh trong moi
truong co thé rat thap nén khong thé phat hién ra
hodc chua giy anh hudng ngay tdi sinh vat tai thoi

diém @6 hay téc do tich liiy trong co thé sinh vat
dién ra rat chAm nhung dén mét lic nao d6 ndng do
tich Iy trong sinh vat dd 16n thi chung sé tac dong
dén quan thé sinh vat. Nhu trong mot s6 nghién ciru
vé anh hudng cua khang sinh d6i v6i vi khuan Lam
va cong dong vi sinh vét khong quang hop cho thiy
& ngudng nong do thap hon so ti€u chuan loai chiing
da bi tac dong [3]. Vi vdy, cin c6 nhing nghién ctru
duoc thuc hién dé danh gia rii ro moi truong.

Trong nghién ctru nay tién hanh danh gia sy xuét
hién khang sinh QNs, SAs, TRI trong nudc, tram
tich cua ho T4y va hd Trac Bach, qua d6 danh gia
rii ro tiém ning cia cic khang sinh d6 v&i moi
truong nudc va tram tich.

2. THUC NGHIEM
2.1. Héa chat

Cac hoa chét sir dung dé xtr Iy miu va chay sic
ky gom metanol (CH;OH), axetonitril (ACN) dung

cho sac ky cua hiang JT. Baker, My; Nudc deion
dién tro 18,2 MQ.cm; axit focmic (AF), axeton,
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n-hexan, Na,EDTA, C¢H50;Na;.2H,0, C¢HsO0,.H,0O
1a cac hoa chét phan tich tinh khiét ciia hing Merck-
brec.

Céc chit chuan khang sinh dugc lya chon gdm:
guinolones (CIP, NOR, ENR va OFL), sulfonamides
(SMX, STZ, SMZ, SMR), diaminopyrimidines
(TRI), c6 d6 tinh khiét > 98 % ciia hang Kanto (Nhat
Ban).

2.2. Lay miu va bio quan

Trén 100 mau nuéc hd Tay (HT) va 50 mau
nude hd Trac Bach (HTB) dugc thu thap tir thang 01
nim 2014 dén thang 5 nim 2015 theo dudng tron
dong tam. Cac mau dugc dung trong chai thity tinh
sach, sim mau, loc so bd qua mang loc 0,7 pm, bao
quan miu & nhiét do 4 °C. Tién hanh phén tich mau
trong vong 48 gio sau khi lay mau.

Céc mau tram tich dugc thu thap tir thang 05
nam 2014 dén thang 5 nam 2015 véi tan suat 2 thang
mot 1an tai dung vi tri va thoi gian 14y miu nuéc,
dugc chira trong tui nilong va bao quan & -20 °C cho
to1 khi phan tich.

2.3. Chiét mau va phén tich

L4y 500 mL mau nudc, diéu chinh pH bang axit
focmic dén 3,5-4,0, cho qua cot chiét pha rin Oasis
HLB (d4 hoat hoa) téc d6 5 mL/phat. Cac chat phan
tich duoc tach ra khoi cot chiét bang 5 mL metanol,
thoi khd dung dich chiét bang khi nito. Hoa tan can
trong 6ng bang 1 mL dung dich metanol 20 %, loc
qua mang loc PTFE 0,2 pm trudc khi bom vao thiét
bi LC/MS/MS dé phan tich dong thoi cac khang sinh
SAs, QNs va TRI.

Can 10 gam mau tram tich wdt vao dng ly tim
polypropylen 50 mL, thém 0,2 gam Na,EDTA, 15ml
dung dich CH;OH/H,0 (1:1), 5 mL dung dich dém
pH = 4,0, ¢ yén khoang 24 gio, siéu am, ly tam,
tach 14y phan nuéc trong cho vao binh tam giac 500
mL. Phéan chét rin thu duoc cho thém 10 mL dung
dich CH30H/H,0 (1:1), 5SmL dung dich dém pH =
4,0, siéu am, ly tdm, tach 1iy phan nuéc trong cho
vao binh tam giac chira dung dich tach 1an mot. Lam
1ap thém mot lan nira, thém nudc ct dén khoang
500 mL. Sau d6 tién hanh xir 1y tiép giéng nhu mau
nudc ¢ trén.

2.4. Sic ky 16ng hai 1in khdi ph6

Sic ky léng: Su phan tach dugc thuc hién & nhiét
d6 phong trén cot Hypersil Gold C18, 3 um, 150x2,1
mm, toc d6 dong 0,25 mL/phut, thé tich bom mau 10
pL. Pha dong A 1a 0,2 % axit focmic (FA) pha trong
nudce, pha dong B 1a ACN.

Phgm Thi Thanh Yén va cong sw

Cic thong s6 khéi phé: Dién thé ion hoa (Spray
Voltage): 4000V, khi bay hoi (sheath gas): 35 psi,
khi bo tro (Aux gas pressure): 5 psi, dién thé dat vao
(skimmer offet): -12 V, nhié¢t d0 mao quan
(Capillary Temperature): 270 °C, dién thé (tube lens
offet): 100V, khi Ar: 1,5 mTorr.

Gioi han phat hién cua phuong phap (MDL) tu
0,16 dén 1,14 ng/L ddi v6i nudce va tir 0,06 dén 0,79
ng/L ddi voi trdm tich. Giéi han dinh luwong cua
phuong phap (MQL) tir 0,48 dén 3,45 ng/L dbi véi
nuée, tir 0,17 dén 2,39 pg/L dbi voi tram tich.

2.5. Panh gia rii ro tiém ning ciia cic khang sinh

Panh gia rii ro tiém ning cua cic khang sinh
QNSs, SAs, TRI trong méi truong nude va tram tich
cta hod Tay va hd Tric Bach duge dua trén hudng
dan danh gia rii ro do t6 chirc Chau Au vé danh gia
cac san pham dugc phim (EMEA) qui dinh. Dé
giam anh huong cia sy khong chic chin va din dén
mot hé théng dang tin cdy hon, nghién ctru da sir
dung thuong s6 nguy hai (Hazard quotients - HQ)
[4]. HQ trong nuéc 1a ty sb giita ndng do chét 0
nhiém c6 trong mdi trudng nudec (MEC,) v6i ndng
do du doan khong anh hudng trong nude (PNEC,)
[5]. Nong d6 du doan khong anh huéng t6i tram tich
(PNEC,) [5]:

PNEC; = PNEC,, .Kq (1)
Trong d6: K- Hé s6 hap phu cua trim tich.

3. KET QUA VA THAO LUAN

3.1. Sw xuét hién khang sinh trong nwéc va trim
tich cia HT va HTB

Két qua phan tich du lwong khang sinh trong
nudc cia hd Tay va hd Trac Bach dugc thé hién &
bang 1 cho thiy nong do cac khang sinh nghién ctru
trong nudc tir thang 1 nam 2014 dén thang 5 nim
2015 nam trong khoang tir nhé hon giGi han phat
hién dén 89,7 ng/L d6i véi hd Tay va tir nho hon
giéi han phat hién dén 211,7 ng/L dbi véi hd Tric
Bach. Trong cac khang sinh nghién ctru thi cé hai
khang sinh 1a STZ va SMR trong hd Tay, STZ va
SMZ trong hd Triic Bach khong phat hién thay du
luong, con SMX, TRI va OFL cua hd Triic Bach
100% mau phat hién thiy. Két qua ciing cho thiy
mirc 9 6 nhiém khang sinh ciia hd Trac Bach 16n
hon so véi hd Tay va khu vue ¢6 mirc dg 6 nhiém
khang sinh 16n 14 & gan hai c6ng xa cua muong Ngii
X& vao hd Truc Bach. O hai vi tri nay c6 nhiing lic
nong d¢ khang sinh OFL 1én dén 211,7 ng/L.

So sanh két qua nghién ciu v6i du luong khang
sinh trong nudc séng hd ¢ dong bang Song Ciru
Long dugc thyce hién boi Chau Nguyen Dang Giang
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va cong su (2015) cho thiy gia tri cao hon tir vai lan
dén vai chuc lan [6]. Hay so v&i nudc séng Onyar di
qua thanh phd Girona trude khi chay vao séng Ter
ctia Tdy Ban Nha va hd chira nu6e Foix nim ¢ thanh
phé Barcelona — Tdy Ban Nha 1a mot trong nhiing
hd chira nudc 6 nhiém nhét & Catalonia duoc nghién
clru boi Meritxell Gros va cong sy (2012) cho thiy
nong do cua cac khang sinh nghién ctru ciua hd Tay
va hd Tric Bach cao hon nhiéu. Trong nghién ctru
cia Meritxell Gros va cong su cho thiy nong do
khang sinh SMX va OFL 14 16n nhét trong cac song
hd d6 méi 1én dén 79 ng/L va 33 ng/L twong tmg
con cac khang sinh khac QNs va TRI déu nhé hon 9
ng/L [7]. Nhung néu so sanh ndng do trung gian cta
cac khang sinh nghién ctru trong nudc (MEC,) cua
hod Tay va hd Trac Bach thé hién ¢ bang 4 véi két
qua téng hop cua Sujung Park va cong su (2008) vé
chat lugng nuGe mat cua mot s6 ho trén thé gidi [8]
cho thiy cac khang sinh SMX, STZ, SMZ va TRI
trong nuoc h0 Tay va hd Trac Bach 1a thap hon. Vay
c6 thé noi rang ho Tay va hd Truc Bach cua Ha Noi
& mot sd vi tri trén hd mirc do d6 6 nhiém khang
sinh la kha cao va dang bao dong. Nguyén nhan 6
nhidm nay c6 thé 1a do nhitng khu vuc d6 13 noi tiép
nhan cac nguén nudc thai sinh hoat & cac khu vuc
xung quanh khéng qua xu 1y d6 truc tiép vao ho.
Nhung dé c¢6 nhimg danh gia chinh x4c vé nguyén
nhan 6 nhiém thi can phai c6 nhimg nghién ciru sau
hon.

Bdng 1: Du lugng khang sinh trong nudc hd Tay va

hd Trac Bach
Tén Ho Tay Hb Truc Bach
hs ho| Min | Max | TS | Min| Max | TS
EhENS | (g/L) | (/L) | (%) | (gL | (gL | ()
SMX | Nd | 897 703 | 23 |104,3]| 100

STZ Nd Nd 0 Nd Nd 0

SMZ Nd | 348 | 81 | Nd Nd 0

SMR Nd Nd 0 Nd | 16,3 | 18,2
TRI Nd | 26,4 | 47,4 | 898 | 69,0 | 100
CIP Nd | 553 |595| Nd | 98,6 | 857
ENR Nd | 16,9 | 383 | Nd | 73,0 | 754
NOR Nd | 79,0 |27,0| Nd | 489 | 57,1
OFL Nd | 43,1 |649| 86 |211,7| 100

Min- gid tri nho nhat; Max- gid tri lom nhat

TS — Tan suat xuat hién

. Két qua phan tich du luong khang sinh trong
tram tich cua ho Tay va ho Trac Bach dugc thé hién
0 bang 2 cho thay, kha nang tich tu cac khang sinh

Danh gia rui ro moi truong cua...

trong trim tich 1a rat cao, dic biét 1a ddi véi cac
khang sinh ho QN; va TRL Két qua nay phu hop voi
mot sO cac nghién ctru trude do cho rang khang sinh
QN; va TRI bi hap thy manh trong tram tich [4], cOn
khang sinh SA; 14 nhiing chit phan cuc manh, c6 hé
s6 hip phu Ky nhé nén chung dugce coi 1a nhimng chét
linh dong va bi giir lai rat it trong dat [9]. Két qua
cling cho thiy khang sinh dugc tich tu nhiéu nhat 1a
CIP 1én dén 23,81 ng/g bun kho va thip nhéat la
khéang sinh STZ. Céc khang sinh STZ va SMR trong
tram tich hd Tay, STZ va SMZ trong tram tich ho
Trac Bach ciing khong phat hién thay. Dua vao két
qua cta bang 1 va 2 cho thay tin xuat phat hién
khang sinh trong trdm tich thap hon so véi tan xuat
phat hién khang sinh trong nuéc, didu ndy cang
khang dinh thém, khang sinh khi & trong méi truong
nude da bi phan hily chuyén hoa mot phan.

Bdng 2: Du lugng khang sinh trong trim tich

HT&HTB
A Ho Tay H6 Trac Bach
Ter)
Nho| Min | Max | TS | Min| Max | TS
S’fnhtf” (ng/g)| (nglg) | (%) |(nglg)| (ng/g) | (%)
SMX | nd | 081 |33 | nd | 7,33 | 74,3

STZ nd nd 0,0 nd nd 0,0

SMZ nd 0,96 28,2 | nd nd 0,0
SMR nd nd 00 | nd | 1,45 | 349
TRI nd 245 | 362 | nd | 526 |597
CIp nd 10,68 | 430 | nd | 23,81 | 67,9
ENR nd 399 | 254 | nd nd 26,0
OFL nd 6,48 | 28,0 | nd | 10,31 | 48,8
NOR nd 5,10 279 | nd 292 | 38,7

3.2. Xac dinh gia tri PNEC,,, PNEC;

Hién nay di c6 nhiéu nghién ciru vé tac dong cip
tinh cua cac khang sinh ddi vdi mot sb sinh vat thiy
sinh dai dién trong chudi thirc an nhu tao, vi khuén,
dong vat khong xwong séng hodc ca [10] dya trén
chi s6 ECs. Trong bang 3 dua ra mot s6 két qua
nghién ctru v€ anh hudng cua doc cip tinh (EC50)
dbi VOi Vi khuén, tao, (dong vat khong xuong song va
cé, sO liéu cho thdy nong do gay doc cap tinh ddi véi
c4c sinh vat thuy sinh trong nu6e phan 16n déu tir
mg/L trd 1én trir cac khang sinh ho QNs déi véi vi
khuan. Trong cac khang sinh nghién ctru thi vi
khuan 14 loai nhay cam nhat v6i khang sinh ho QN
va ca 1a loai it bj tac dong nhat. Néu 4p theo tiéu
chuén ctia Lién minh Chau Au 1996 EU-Directive
93/67/EEC vé viéc phan loai cac chat theo tiéu
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chuén ECs, thi khang sinh ho QN; la rat doc d6i voi
vi khuan, SMX rit doc v6i tao, cac khang sinh
nghién ctru 1a khong doc véi ca [11]. Két qua trong
bang 3 cho thiy doc cép tinh cua cac loai 1a khac

Phgm Thi Thanh Yén va cong sw

nhau va ching khong on dinh theo thoi gian, vi vay
thuong s6 nguy hai (HQ) 1a mot bién phap hitu ich
ma co thé duge st dung dé md ta rui ro sinh thai
tiém nang ctia mot tic nhan gay ra.

Bdng 3: Gia tri ECs (mg/L) cuia cac khang sinh & vi khudn, tio, dong vat khong xuong song va ca

Khang Téo Vi khudn Dong vat khong xuong ca

sinh song

SMX | 0,146 (P. subcapitata) [8] 23,3 (V. fischeri) [8] 177,6 (D. magna) [8] >1000 (B.rerio) [13]
STZ - >1000 (V. fischeri) [8] 78,9 (D.magna) [8] [>100 (L. macrochirus) [8]
SMZ 1,277 (V. fischeri) [8] 344,7 (V. fischeri) [13] 147,5 (D. magna) [13] >100 [13]

SMR - - - 123,1 [13]

TRI |80,3 (S. capricornutum) [8]| 176,7(V. fischeri) [8] 92 (D. magna) [8] >100 (B.rerio) [13]
NOR 80 (P. subcapitata) [13] 0,29(A. flosaquae) [13] 1449 (D. magna) [8] -

CIP 2,97 (P. subcapitata) [8] |0,005 (M. aeruginosa) [13]| 71 (M. macrocopa) [12] >100 (B.rerio)[ 13]
OFL 4,74 (P. subcapitata) [8] |0,021(M. aeruginosa) [13]| 76,58 (D. magna) [8] >1000 [12]

ENR 3,1 (P. subcapitata) [8] 0,049 (M.[ilg]rugmosa) >10 (D. magna) [8] |> 10 (L. macrochirus) [8]

Dé danh gi rui ro tiém ning cua khang sinh theo
huéng dan ctia EMEC can phai c6 nhitng dit liéu vé
anh huong cta doc man tinh ddi véi cac sinh vat
trong moi truong, day chinh la mét tré ngai 16n
trong danh rui ro. Bdi vi dé c6 duoc cac sb lieu vé
doc man tinh cin phai tién hanh thi nghiém trong
mdt thoi gian dai mai co thé xac dinh duoc su ¢
mit hay xuat hién cta ching trong cac sinh vat thiy
sinh khong, anh hudng dén murc d6 nao téi sinh vat
va nong d6 cua chung thuong rat thip. Hon nita
trong moi truong hién nay khong chi ton tai mot loai
hoa chit ma co6 hang trim cac loai héa chat khac
nhau véi nong d6 twong ddi 16n. Chinh vi vay cac s6

lidu cong bd vé anh huong man tinh it hon nhiéu so
v6i anh hudng cép tinh cia cac khang sinh.

Theo tac gia N. Martins va cong su (2012) cho
rang viéc tinh gia tri PNEC,, dya trén chi so cua
NOEC s€ lam giam sy khong chic chin cua viée
ngoai suy tir phong thi nghiém dén thyc té [13], vi
vay gia tri PNEC,, nén dugc tinh thong qua gia tri
ECso. Trong nghién ctru nay cling st dung gia tri
PNEC,, duoc tinh thong qua gi tri ECso, két qua thé
hién ¢ bang 4. Tir cac két qua PNEC,, tinh duoc gia
trjf PNEC; cuia cac khang sinh trong hd Ty va hd
Truc Bach ¢ bang 4.

Bdng 4: Bang tong hop gia tri AF, PNEC, MEC trong nudc va trim tich cua HT va HTB

. Ho6 Tay Ho6 Trac Bach
K;‘;‘Eg AF FED'QE/S“ Ky MEC, | PNEC, | MEC, | K; | MEC, | PNEC, | MEC,
(L/Kg) | (Mo/L) | (Mg/Kg) | (Mg/Kg) |(L/Kg)| (pg/lL) | (Mg/Kg) | (Hg/Kg)
SMX | 1000 | 0,03[9] | 6,62 | 0,01248 0,20 0,10354 | 72,68 | 0,01961 2,18 1,70810
STZ | 1000 | 0,10[9] - nd 0,00 nd - nd 0,00 nd
SMZ | 1000 | 1,277[9] | 29,30 | 0,00219 | 37,42 | 0,09959 - nd 0,00 nd
SMR - - - nd - nd 27,75 | 0,00312 - 0,11042
TRI | 1000 16,00 [11]| 42,55 | 0,00594 | 680,76 | 0,21070 | 4546 | 0,02432 | 727,33 | 1,01592
CIP | 1000 [0,005[11]] 75,92 | 0,01158 0,38 1,17445 | 32,35 | 0,03457 0,16 0,92039
ENR | 1000 [ 0,049[9] | 52,36 | 0,00171 2,57 0,05918 | 0,18 | 0,02239 0,01 nd
OFL | 1000 [0,021[16]] 30,29 | 0,01186 0,64 0,40538 | 1,66 | 0,06317 0,03 0,08410
NOR | 1000 | 0,29[16] | 35,52 | 0,01094 | 10,30 | 0,40064 | 5,89 | 0,01993 1,71 0,04883

PNEC,, — NQAng do dy doan khong anh huong t6i nudc
PNEC; — Nong do du dodan khong anh hudéng toi tram tich

MEC,, — Nong d¢ trung gian ciia hop chdt nghién ciru trong nwdée

AF - H¢ s6 déanh gid tiéu chudn thich hop

nd - Nho hon gioi han phat hién

“-“_ Khéng c6 két qua

MEC, — Nong d¢ trung gian ciia hop chdt nghién ciru trong tram tich

3.3. Panh gia rii ro tiém ning cia khang sinh
dwa trén chi so HQ

Theo hudng dan cia EMEC thuong s6 nguy hai
la ty so gitta PEC véi PNEC [11], nhung theo M.D.

Hernando va cong su (2006), Merete Grung va cong
su (2008) cho rang viéc tinh toan gia tri PEC réat kho
khan va khong dang tin cdy do gia tri PEC dugc tinh
qua lugng nudce ti€u thy, hé ) pha loang, lidu tdi da
hang ngay sir dung, hé s6 xam nhép, vi vdy nén sir
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dung gia tri MEC thay thé [2]. Nhan dinh nay rat
phu hop véi Viét Nam, nén trong nghién ctru nay su
dung gia tri MEC dé xac dinh thuong s6 nguy hai.
Két qua HQ trong nudc, trim tich ctia ho Tay va
Trac Bach dugc thé hién ¢ hinh 1 cho thdy gia tri
HQ,, va HQ, cua CIP va OFL trong ho Tric Bach,
HQ., va HQs cuia CIP trong hd Tay c6 gia tri 16n
hon 1 va cao nhét 1a gia tri HQ,, cua hd Trac Bach
6,914. Theo quy dinh cia EMEC thi khang sinh CIP
va OFL c6 nguy co anh hudéng 16n t6i quan thé sinh
vat trong nudc va tram tich ctia hd Tay va Tric
Bach. Céc khang sinh con lai déu co6 gia tri nho hon
1 nghia 1a anh huong ciia chung ddi voi méi truong
sinh théi thip.

S HQW(HT) W HasHT) Hw(HTB) HOs{HTB)
3
7
5
X
5
g
a
3 |
X
2 L 4
Q=1 Moy oo i ok e
1
i B Q! sk ooy sy
cb——®m p - m B
SMX STZ SMZ SMR TRI CIP ENR OFL NOR
Khéng sinh

Hinh 1: DBanh gia rui ro sinh thai ciia khang sinh
trong nudc va tram tich cuia HT va HTB

4. KET LUAN

Cac két qua nghién ctru vé& du lugng khang sinh
SAs, QNs, TRI trong nudc va trim tich cua hd Tay
va hd Trac Bach cho thiy ca hai hd déu nhidm
khéng sinh va c6 nhitng vi tri 1y mau trong hd ndng
d6 khang sinh 1én téi 211,7 ng/L va 23,81 ng/g dbi
vG1 nude va bun theo thir tu.

Két qua danh gia rii ro tiém ning cua cac khang
sinh QNs, SAx va TRI trong nudc va tram tich cua
hd Tay va Tric Bach cho thay c6 hai khang sinh CIP
va OFL 14 c6 nguy co giy hai t6i mdi truong can
phai tién hanh nghién ctru tiép.

Trong nghién ctru sir dung cac s6 liéu vé ngo doc
ca‘ip tinh ECsy cua mot 6 cac nghién ctru trude do
duoc tién hanh trong diéu kién phong dé tinh gia tri
PNEC, diéu nay s& c6 nhitng han ché trong viéc
danh gia hau qua sinh thai thyc sy cta nhimng thudc
khang sinh. Do d6, dé danh gia chinh xéc tinh rui ro
sinh thai tiém nang khang sinh can c6 cac nghién
ctru sdu hon bao gdbm giam sat va nghién ctru vé doc
tinh chi tiét dugc yéu ciu.

Danh gia rui ro moi truong cua...
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