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This research is carried out to analyze the antibiotic concentration and other
criteria of aquaculture water in several places in Thai Nguyen,
simultaneously evaluate the durable impacts of antibiotic residues in water
using high-performance liquid chromatography The analyzed results showed
that in the aquaculture water in Thai Nguyen detected the presence of
amoxicillin with high concentration (>20 pg/L). Besides, some antibiotics
with low concentration such as ciprofloxacin (1.65 pg/L), enrofloxacin (0.30
pg/L), tiamulin (1.15 pg/L), oxytetracycline (0.25 pg/L), doxycycline (0.23
pg/L), and cephalexin (0.11 pg/L) were also found in the samples. All other
criteria such as NO;, NO,, PO,*, TDS, NH,"...were lower than permitted
criteria following the QCVN 01-80:2011/BNNPTNT, whereas COD index of
some water samples were higher than permitted criteria. The research is a
basic for aquaculturers to be controlled the used antibiotic quantity as well as
other criteria of aquaculture.
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Nhu cau oxy héa hoc

Tbng chét rin hoa tan

Nghién ctru nay nham phan tich ham lwgng thudc khang sinh amoxicillin va
cac chi tiéu khac ctia nudc nudi tréng thay san & mot sb dia diém tai Thai
Nguyén, dong thoi danh gia tac dong lau dai cua ton du thude khang sinh
trong nudc bang sic ki 16ng hiéu ning cao. Két qua phan tich cho thay,
trong nudc nudi trdng thuy san tai Thai Nguyén phat hién sy c6 mit cua
khang sinh véi ndng do cao 1a amoxicillin (> 20 pg/L). Ngoai ra, con phat
hién sy c6 miat cua mot sb loai khang sinh véi nong do thip nhu
ciprofloxacin (1,65 pg/L), enrofloxacin (0,30 pg/L), tiamulin (1,15 pg/L),
oxytetracycline (0,25 pg/L), doxycycline (0,23 pg/L), va cephalexin (0,11
pg/L). Céc chi sé khac nhu NOg, NO,, PO,*, TDS, NH,"... déu thip hon
tiéu chudn cho phép theo TCVN 13952:2024, trong khi chi s6 COD cua
mot s6 mau nude vuot ngudng. Nghién ciru 1a co so dé cac nha nudi trong
thuy san kiém soat duoc lucmg khang sinh sir dung ciing nhu kiém soat cac
chi s khéc ciia nudc nudi trong.
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1. Gigi thigu

Thubc khang sinh, mét trong nhimg phat minh thanh cong nhat cta con ngudi trong thé ky 20,
dugc coi 1a mot giai phap hitu hiéu trong diéu tri cac bénh nhiém tring, nhiém khuan ¢ ca nguoi
va dong vat [1]. Tuy nhién, hién nay luong khang sinh dugc su dung qua 16n, vai khoang
100.000 tin dén 200.000 tan mdi nam trén toan thé gidi [2], trong d6 chi khoang 30% duoc hip
thu vao co thé, con lai thai ra ngoai moi truong. Sy c6 mdt cua khang sinh trong moéi truong ngay
ca & ndng do thap da kich thich sy phat trién cua cac vi khuan khang thudc, do do gay kho khan
cho qua trinh phong, chita bénh va lam tang chi phi cho qua trinh diéu tri benh lam thay ddi cau
tric gen cua quan thé sinh vat [3], [4] hay lam thay d6i hanh vi cia mot sb sinh vat trong nudc
[1]. Hon nita, viéc diéu tri khang sinh qua nhiéu dn dén nguy co tich lity du luong khang sinh
trong nudc, thuc pham, tir d6 xam nhép vao co thé ngudi va vat nudi [5].

D3 c6 mot sé nghién ctru danh gia du lwong khang sinh tai mot sé séng d6 thi nhu song Kim
Nguu, song T6 Lich, song Sét, song Lur hay h¢ thdng hé Ngoc Khanh, hd Triic Bach, ho Tay, hd
Yén S6, ho Vian Quan tai Ha Noi [1]; mot sb kénh rach tai Long An [6] va song Sai Gon [7].
Ham luong khang sinh c6 sy khac biét I6n tai cac song hd, phu thude vao dia diém, cac ngudn
phat thai. Két qua khao sat du lugng khang sinh tai 05 vi tri tai kénh & Ap 2 (tinh Long An), tim
thiy su c6 mat ciia 05 loai khang sinh véi du luong khang sinh nhu Enrofloxacin = 3,3 pg/L,
Ciproflocaxin = 15,8 pg/L, Norflocaxin = 1,5 pg/L va Levofloxacin = 1,1 pg/L [6]. Trong khi, tai
mot s6 song, hd & Ha Noi di phat hién sy co mit cua 07 loai khang sinh (sulfamethoxazole, TRI,
ciprofloxacine, Ofloxacine, STZ, SMZ, SMR) véi ham luong tong nhé hon gidi han phat hién
dén 1619,35 ng/L. Ham lugng khang sinh tong (bao gém ofloxacine, azithromycin,
ciprofloxacine, lincomycin, sulfaceamide, sulfamethoxazole) trong nuéc hd Van Quan dao dong
tir 526 - 2240 ng/L. Trén song Sai Gon, ham luong khang sinh tong (Ciprofloxacin, Enrofloxacin,
Norfloxacin va Ofloxacin) 1a 697,3 ng/L vao mua mua va 869,3 ng/L vao mua kho [7].

Thai Nguyén c6 hé thong ao, hé day dic trong d6 phai ké dén hd Nai Cc, hd nude ngot nhan
tao, Vi tong dién tich 25 km [8]. Trong nhitng nam gan déy, viéc nudi trong thuy san ting
manh, dat 6.059 ha (theo sé liéu théng ké cua Cuc Thong ké tinh Thai Nguyén nam 2021 [9]).
Trong d6, dién tich nudi ca duoc phat trién manh tai mot s dia diém trén hé Nuai Cc va mot s6
huyén khac trong tinh. Do d6, lvong khang sinh str dung dé phong va chita bénh cho cé ting 1én
dan dén tang du luong khang sinh trong nude. Vi vy, nghién ciru, danh gia ton du khang sinh
trong nude nudi trong thay san tai mot sé dia diém tai Thai Nguyén 1a rat can thiét.

Trong nghién ctru nay, nhom nghién ciru danh gia ton du khang sinh amoxicillin va mét s6
khang sinh c6 ndng do nhé khac tai mot sé dia diém nudi ca gan hd Nui Coe (huyén Pai Tir), ao
nuodi ca tai Vo Nhai va ao nu6i ca tai Truong Pai hoc Nong Lam, Pai hoc Thai Nguyén. Twr do,
nhom nghién ctru dé& xuit giai phap xur Iy du luong khang sinh dé han ché sy phat trién caa hé vi
khuan khang thubc va giam thiéu anh huong dén sinh vat ciing nhu sicc khoe con ngudi.

2. Thwc nghiém
2.1. Ldy va xir Iy mdu

Mau nuée nghién ctiru duoc ldy theo huéng dan trong tiéu chudn TCVN 6663-6:2018. Cac chi
tiéu can phan tich bao gdm: pH, mau sic, mui vi, @6 duc, COD, TDS, NO;, NO,, NH,", PO,%,
khang sinh. Mau dugc liy vao thang 05 va thang 10 nam 2023, 14y tai: (1) long nudi ca ho Nui Coc;
(2) cac ao nudi ca tai huyén Vo Nhai; va (3) cac ao nudi ca tai truong Pai hoc Nong Lam, Pai hoc
Thai Nguyén. Cac mau nudc duoc dung trong lo nhua PE va boc trong ti nylon t6i mau, sau do
chuyén ngay vé phong thi nghiém dé phan tich cac chi tiéu. Cac mau khac dugc bao quan & 4 °C.

Céc chi tiéu dugc phan tich tai phong thi nghiém Héa — Ly, trudng Pai hoc Y Dugc, Pai hoc
Thai Nguyén. Théng tin miu dwoc cung cip trong file thong tin bd sung
(https://drive.google.com/file/d/17mdOWJ49PvADNIDrJHu70F_v4qbp5tg6/view?usp=sharing).
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2.2. Phan tich cac chi tiéu

pH dugc do trén may Hanna HI122-02 theo TCVN 6492:2011 [10]. Mau sdc, mii vi cia mau
nude ciing dugc xac dinh theo tidu chuan nay. Cac chi tiéu COD (SMEWW 5220DB,C:2012),
NO; (TCVN 6494-1:2011), NO, (TCVN 6178:1996), NH,* (SMEWW 4500NH3-F:2017), PO,*
(TCVN 6202:2008) dugc do trén may Hach DR600. Do duc (SMEWW 3120.B:2012) va TDS
(TCVN 6625:2000) dugc do trén may Hach TL2300. Cac khang sinh dugc phan tich theo cac
tiéu chuan tuong tmg trén may UHPLC-PDA 2998 clia Hang Water tai phong thi nghiém hoa 1y
duoc, truong Pai hoc Y Duogc, Pai hoc Thai Nguyén, véi hé dung moi pha dong la acetonitrile
(65%) va nudc khir ion (35%), téc d6 dong 1a 0,9 mL/phut [11]. Cac mau duoc xir 1y trén thiét bi
pha mau Velp DKL20.

3. Két qua va ban luin
3.1. Chdt lwgng nwéc diu vao tai cic khu vwe nuéi cd

Két qua do cac chi tiéu pH, mau séc, mui vi, do duc, COD, TDS, NOs, NO;, NH,"-, PO,* cua
cac mau nudc khao sat dugce dua ra trong Bang 1, Bang 2 va Bang 3.

Bang 1. Cdc chi tiéu mau nudc tai cac long nuéi cd ho Nii Coc

A . gen . Tén mau TCVN
TT  Tenchititu  Donvi NC-1-5 NC-2-5 NC35  13952:2024
Ngay 10/05/2023

1 pH - 7,0 6,8 6,6 6,5+9,0
2 Mau sic - Trong sudt Trong subt Trong sudt -

3 Mui vi - Khong mui Khong mui Khong mui -

4 Do duc mg/L 0,542 0,443 0,315 -

5 COoD mg/L 55 53 50 <30
6 TDS mg/L 21,45 19,24 18,12 <500
7 NO;3 mg/L 1,1 1,0 0,87 10

8 NO, mg/L 0,032 0,030 0,028 <05
9 NH," mg/L 0,5 0,42 0,40 <1,0
10 PO,* mg/L <0,012 < 0,012 <0,012 <02

Ngay 22/10/2023
NC-1-10 NC-2-10 NC-3-10

1 pH - 75 7,3 7,1 6,5-9,0
2 Mau sic - Trong subt Trong sudt Trong subt -

3 Mui vi - Khong mui Khong mui Khong mui -

4 b6 duc mg/L 0,822 0,745 0,665 -

5 COoD mg/L 65 64 61 <20

6 TDS mg/L 25,56 22,28 21,86 <500

7 NO;s mg/L 2,12 2,04 1,98 220

8 NO, mg/L 0,046 0,040 0,036 <05

9 NH," mg/L 0,75 0,62 0,59 <10
10 PO, mg/L <0,018 <0,018 <0,018 <0,2

Bang 1 1a cac chi tiéu mau nudc ldy tai cac 10ng nuoi ca hd Nui Coe vao thang 05 va thang 10
nam 2023. Co thé thay, tat ca cac chi tiéu ctia miu nuéc ldy vao mua hé va mua thu déu nhé hon
gidi han cho phép, trir chi tiéu COD. Gia tri COD cua cac mau déu 16n hon gidi han cho phép tir
1,67 (NC-3-5) dén 2,17 (NC-1-10) Ién Diéu nay c6 thé giai thich nhu sau: (1) Do luong thirc an
cho ca du thura nhiéu nén 1am tang noéng do cac chat hitu co hoa tan trong nuéc [8]; (2) Do cac
ngudn nude nhu nude sinh hoat, nudc thai tir hé théng thoat nuéc & cac khu vuce din cu gin do6 va
tir khu du lich hd Nai Cée xa thai vao hd [12]; (3) Do cac loai thude phong, diéu tri bénh hozc kich
thich ting trudng cho c4. Bén canh do, chi s6 COD ting cao hon vao mua khé do lugng nudc trong
ho giam di so véi mia hé. Theo nghién ciru [13], [14], nudc co ndng d6 COD 16n hon 30 mg/L cd
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dau hiéu bi 6 nhim hitu co. Tét ca cac gia tri COD ciia cac mau khao sat déu 16n hon 30 mg/L, do
do6, nuéc khu vie nudi ca hd Nui Coc thudce loai nude 6 nhiém hitu co [12]. Ngoai ra, két qua ciing
cho thdy, cac chi s6 cua 3 mau thu tai 3 vi tri khac nhau vao ciing mot mua ciing c6 su khac biét,
ching to ¢6 su anh huong ciia dong chay, thire an va thudc, v.v. sir dung trong qué trinh nudi ca.

Két qua phan tich cac chi tiéu mau nudce thu thap tai cac ao nudi c tim tai V4 Nhai duogce trinh
bay trong Bang 2. Giéng véi mau nuéc thu thap tai cac 16ng nudi ca hd Nui Céc, miu nude thu
tai cac ao nudi ca & VO Nhai vao mua hé va mua thu ciing co chi s6 COD vuot qué tiéu chuan
TCVN 13952:2024 cho phép (> 48 mg/L) va cao hon & hd Nui Coc. Nguyén nhéan 1a do cac ao
nudi ca han ché luong nude ra vao lién tuc, lugng thirc an du thira 1a nguyén nhan chinh lam cho
chi s6 COD trong nudc nudi ca cao hon tiéu chuan cho phép chtng té ao nudi ciing c6 dau hiéu 6
nhiém hiru co [14].

Bang 2. Cac chi tiéu mau nuwdc ao nudi cd tai Vo Nhai

. S on . Tén miu ]
TT  Tén chi tiéu Pon vi VN-1-5 VN-2-5 VN35 TCVN 13952:2024
Ngay 10/05/2023

1 pH - 6,8 7,1 7,3 6,5-9,0

2 Mau sic - Trong sudt Trong subt Trong sudt -

3 Muivi - Khéng mui Khong mui Khong mui -

4  Poduc mg/L 0,512 0,563 0,628 -

5 COD mg/L 48 52 55 <30

6 TDS mg/L 16,24 17,88 19,21 <500

7  NOj mg/L 0,5 0,62 0,71 10

8 NO, mg/L 0,015 0,018 0,022 <0,5

9 NH, mg/L 0,3 0,35 0,38 <1,0
10 PO~ mg/L 0,05 0,061 0,069 <0,2

Ngay 22/10/2023
VN-1-10 VN-2-10 VN-3-10

1 pH - 75 7.3 7.1 6,5+9,0

2 Mau sic - Trong sudt Trong subt Trong sudt -

3  Muivi - Khoéng mui Khéng mui Khéng mui -

4 Do duc mg/L 0,582 0,665 0,786 -

5 COD mg/L 55 57 65 <20

6 TDS mg/L 17,28 18,38 20,01 <500

7 NOy mg/L 0,62 0,68 0,74 220

8 NO, mg/L 0,025 0,031 0,035 <05

9 NH, mg/L 0,32 0,37 0,42 <10
10 PO/ mg/L 0,062 0,068 0,069 <0,2

Khéc véi cac mau nudc thu thap tai cac 16ng nudi ca ho Nui Coc va ao nudi ca tai Vo Nhai,
két qua khao sat cac mau nude ao nudi ca tai Truong Dai hoc Nong Lam dugc trinh bay trong
Bang 3 cho thay, cac chi s6 khao sat déu nam trong gidi han cho phép, tuy nhién, tong chat ran
hoa tan cua tat ca mau nudc déu cao hon cac mau thu tai hd Nuai Coc va V& Nhai. Diéu nay co thé
ly giai 1a do dac diém cac ao nudi ctia trudng gan cac khu vuc trong cay nén la cay rung xudng ao
nhiéu, chua kip phan huy hozc phan hay tao thanh 16p mun vao thoi gian ldy mau. Bén canh doé,
ludng nude ra vao cua ao ciing bi han ché, lwong thirc n du thira nhiéu tao thanh ba mun hitu co
lam ham lugng chit lo limg trong nudc tang [15].

3.2. Ham lwong khdng sinh trong cdc méu nwoc Khdo sdt

Tir két qua khao sat, danh gia cac chi tidu nuéc nudi ca & cac Bang 1, 2, 3, cic miu nudc
HNC-1-5, VN-1-5 va NL-1-5 duoc lya chon dé phan tich ham lwong khéng sinh. Két qua do sic
ky d6 HPLC cua cac mau nude nay duoc dua ra trong Hinh 1. RS rang, trong khoang thoi gian
khao sat, mdu HNC-1-5 (Hinh 1a) c6 05 loai khang sinh xuét hién. So sanh vdi sic ky dd6 HPLC

http://jst.tnu.edu.vn 99 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology

230(10): 96 - 103

ciia cac chit chuan (Hinh 2) chi ra su xuit hién cua cac khang sinh tiamulin, amoxicillin,
oxytetracycline, doxycycline va cephalexin twong wng véi thoi gian luu la 1,904 phut; 2,061
phut; 2,693 phut; 2,951 phut va 3,026 phit. Trong khi d6, mau VN-1-5 (Hinh 1b) va NL-1-5
(Hinh 1c¢) cho théy cac peak tai thoi gian luu 2,009 phut; 2,868 phut; 3,376 va 3,818 phut tuong
g vai s c6 mat cua amoxicillin, doxycycline, ciprofloxacin va enrofloxacin. Sic ky dd cua
hdn hop chira dong thoi 07 chat chudn khang sinh (Hinh 2) chi ra rang, cac khang sinh khac nhau
¢6 su phan tach dinh rd rang do d6 c6 thé sir dung sic ky @6 HPLC dé dinh lugng cac khang sinh.

Bang 3. Cdc chi tiéu mau nwdc ao nudi ca tai truwong Pai hoc Nong Lam

TT Ténchitiéu Donvi Tén miu TCVN
NL-1-5 NL -2-5 NL -3-5 13952:2024
Ngay 10/05/2023
1 pH - 7.1 6,8 6,6 6,5+9,0
2 Mau sic - Trong subt Trong sudt Trong subt -
3  Muivi - Khong mui Khong mui Khong mui -
4 Do duc mg/L 7,33 5,21 6,04 -
5 COD mg/L 18 26 15 <30
6 TDS mg/L 69,3 83,2 135,0 <500
7 NOj mg/L 0,5 1,1 0,5 10
8 NO, mg/L 0,014 0,012 0,011 <05
9 NH, mg/L - - - <10
10 PO mg/L <0,012 <0,012 <0,012 <0.2
Ngay 22/10/2023
NL -1-10 NL -2-10 NL -3-10
1 pH - 75 73 71 6,5+9,0
2 Mau sic - Trong sudt Trong sudt Trong sudt -
3 Muivi - Khéng mui Khéng mui Khéng mui -
4 Do duc mg/L 7,85 5,86 6,54 -
5 COD mg/L 21 29 18 <20
6 TDS mg/L 721 85,2 137,3 <500
7 NO; mg/L 0,55 1,25 0,67 220
8 NO, mg/L 0,018 0,016 0,013 <05
9 NH, mg/L - - - <1,0
10 PO, mg/L <0,015 <0,015 <0,015 <0,2
Bang 4. Dinh lwong nong do khdng sinh trong cdc mau nweéc HNC-1-5, VN-1-5 va NL-1-5
TT Tén khang sinh Puong chuin Dién tich Nong d9 khang sinh
peak (mg/L)
HNC-1-5
1 Tiamulin y=3,2216*10"x + 0,5821*10" 42988 1,1537 +0,0532
2 Amoxicillin y=0,2568*10"x + 0,8221*10" 69872 24,0072 £ 0,1565
3 Oxytetracycline y=3,012*10"x -5,4*10° 1984 0,2452 £0,0253
4 Doxycycline y=4*10"x -0,2345*10* 6922 0,2317 £ 0,0246
5  Cephalexin y=1,5886*10"x - 0,9223*10° 892 0,1142 +0,0155
VN-1-5
1 Amoxicillin y=0,2568*10"x + 0,8221*10" 64989 22,1059 + 0,1682
2 Doxycycline y=4*10"x -0,2345*10" 4568 0,1728 £ 0,0134
3 Ciprfloxacin y=-4,292*10"*+2,654*10"x 926 1,6521+ 0,0211
4 Enrofloxacin y:-6,8932*104x+ 22,5546*10° 1835 0,3006 +0,0154
NL-1-5
1 Amoxicillin y=0,2568*10"x + 0,8221*10" 60998 20,5518 +0,2011
2 Doxycycline y=4*10"x -0,2345*10" 5221 0,1892 +0,0133
3 Ciprfloxacin y=-4,292*10"+2,654*10"x 926 1,6511 +0,0151
4 Enrofloxacin y=-6,8932*10"x+ 22,5546*10° 835 0,3151 £0,0211

Voiy la dién tich pic va x la nong do khang sinh trong mau nuoc.
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Tién hanh dinh lugng cac khang sinh nay trén may HPLC cho két qua trong Bang 4. C6 thé thay,
nong do khang sinh amoxicillin trong ca 3 mau nuéc HNC-1-5, VN-1-5 va NL-1-5 déu cao (lan luot
1a 2,0072 mg/L; 22,1059 mg/L va 20,5518 mg/L) chiing t6 amoxicillin dugc sir dung nhiéu trong
phong va tri bénh cho thay san tai tinh Thai Nguyén [16]. Tai thoi diém lay mau, ¢ thé amoxicillin
vira duoc str dung nén ham luong tai cac khu nudi van cao. Trong khi d6, khang sinh tiamulin duoc
phét hién véi ndng d6 1,1537 mg/L, thap hon amoxicillin nhung cao hon d4ng ké so véi cac khang
sinh oxytetracycline (0,2452 mg/L), doxycycline (0,2317 mg/L) va cephalexin (0,1142 mg/L). Bén
canh amoxicillin, chi c6 khang sinh doxycycline dwgc phat hign trong ca hai mau nuéc VN-1-5 va
NL-1-5 véi nong do thap 0,1728 mg/L va 0,1892 mg/L, trong khi khong tim thdy cac khang sinh con
lai ching to ndng do rat thap dudi mirc phat hién hodc cac loai khang sinh nay khong dwoc sir dung
trong nudc nudi ca tai VO Nhai va tai ao nudi ca ¢ truong Pai hoc Nong Lam. Ngoai ra, hai loal
khang sinh ciprofloxacin va enrofloxacin dugc phat hién véi ndng do nho (0,1,6521 mg/L va 0,3006
mg/L trong mau VN-1-5; 1,6511 mg/L va 0,3151 mg/L trong mau NL-1-5) & hai dia diém nay.
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Thoi gian lwu (phat)

Hinh 2. Sic ky d6 HPLC ciia tirng chat chudn khdng sinh va 07 chdt chudn khéng sinh
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4. Két luan

Nhu vay, nghién ctru dd phan tich, dinh lwong dwgc mot sé chi tiéu caa cac mau nude thu thap
tai 3 dia diém (1ong nudi ca hd Nai Coc, cac ao nudi ca tai huyén Vo Nhai va Truong Pai hoc
Noéng Lam) tai tinh Thai Nguyén. Cac mau nudc tai 10ng nudi ca hd Nui Coc va cac ao nudi ca
huyén V& Nhai c6 chi s6 COD cao hon tiéu chuan cho phép trong khi mau nuéc tai Truong Pai
hoc Nong Lam cé tong chét ran hoa tan cao hon so cac mau con lai nhung van nam trong gioi
han cho phép. Nghién ctru ciing da phat hién va dinh luong dugc amoxicillin va mot s6 loai
khang sinh phd bién trong nudc nudi trong thuy san tai tinh Thai Nguyén nhu ciprofloxacin,
enrofloxacin... Két qua nay 1a co s dé kiém soat lugng khang sinh trong nudi trong thuy san dé
han ché tinh trang khang khang sinh xay ra.

Ldi cam on
Nghién ctru nay dugc tai trg boi Bo Gido duc va Pao tao trong dé tai ma sb B2023-TNA-22.
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