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SUMMARY

TREATMENT ANTIBIOTICS FROM HOSPITAL WASTEWATER
BY ADVACED OXIDATION PROCESS BASED DUAL
OXIDANTS ACTIVATED BY ZVI AND UV LIGHT

The feasibility of the application of the advanced oxidation process (AOPs) coupling H2O, and
persulfate activated by zero valent iron (ZVI) and UV in the treatment of hospital wastewater
contaminated by Ciprofloxacin (CIP), Amoxicillin (AMO) antibiotic was evaluated. The Response
Surface Methodology (RSM) based on Box Behnken Design (BBD) was used to evaluate and optimize
the effect of persulfate, hydrogen peroxide, ZVI concentration, UV intensive and time of reaction as
independent variables on CIP and AMO removal as the response function. The significance of the
independent variables and their interactions was tested by means of analysis of variance (ANOVA) with
a 95% confidence level. Results show that the concentration of ZVI and time of reaction were the main
parameters affecting CIP removal, while persulfate concentration, UV intensive and time of reaction
had a significant effect on AMO reduction. The optimum operating conditions to achieve maximum CIP
and AMO removal were determined. The model prediction for maximum CIP, AMO removal was
compared to the experimental result at optimal operating conditions. A good agreement between the
model prediction and experimental results confirms the soundness of the developed model.

Keywords: advanced oxidation process, hydroxyl radical, surfate radical, zero valent iron, hospital
wastewater, ciprofloxacin, amoxicillin.

1. GIO1 THIEU chit khang sinh, Amoxicillin (AMO) va
Thudc khang sinh, chat khir tring, thudc kim té Ciprofloxacin (CIP) c6 thé dugc tim thay ¢
bao, chat can quang, kim loai va cac du lugng ndng do tuong ddi cao trong moéi trudong dic
thubc khac xut hién trong nudc thai bénh vién biét 1a trong NTBV. CIP dugc phat hién trong
(NTBV) véi ndng do khac nhau. Trong s cac tat ca cac mAu thu thap tir nudc thai thai ra tur
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tat ca cac bénh vién duoc nghién ciu (15 mau
NTBV ¢ Thanh phé H6 Chi Minh va 8 & Ha
Noi) v6i nong do CIP cao nhat 1a 87,3ug/L &
nudc thai dau vao va 53,3ug/L trong nudc thai
sau xur ly bénh vién ving néng thén [1]. Trong
khi d6 AMO 1a loai khang sinh thuoc ho B-
lactam dwoc st dung rong réi nhat trén thé gigi
va Viét Nam. AMO di dugc phat hién & mot
s6 ving nudc mat caa Chau Au va Chau Uc.
Nong d6 cao nhat cua amoxicillin dugc xac
dinh trong tong quan nay la 6,94 pg/L, duoc
phét hién trong nuéc thai dau vao cua tram xi
1y nude thai tai Australia [2].

Qua trinh oxi héa nang cao (AOPs) gan day
dugc tng dung nhiéu trong xir Iy khang sinh
trong nuéc. Tuy nhién, cac AOPs truyén thong
(phan tng Fenton) c6 mét s6 nhuoc diém nhu:
chi hoat dong moéi truong axit (pH 2-4,5), tao
ra nhiéu bun can. Vi vay, hé AOPs dua trén
persulfate (PS) két hop véi H20, dwoc hoat
hoa bang ZVI duoc nghién ctru, phat trién. ZVI
dugc ching minh 1a kha nang xuc tac hiéu qua
tao ra goc tu do c6 kha ning oxy héa manh
HO*, SO4 *- trong khoang pH rong tur 2-11[3].
Theo nghién cau vé qua trinh AOPs, viéc toi
uu héa c6 thé dat duoc bang cach thay ddi lan
luot cac yéu td trong khi gitr mot yéu té khéc
khong thay ddi. Tuy nhién, phuong phap nay
gdy ldng phi thoi gian va nang lugng, va
thuong khé dat dugc hiéu suit téi vu vi bo qua
su tuong tac giita cc yéu té anh huong [4]. Vi
vay, ¢ nghién cau ndy nhoém tac gia tap trung
ctu &p dung phuong phap bé mat dap tng theo
mo hinh Box- Behnken nhu mét cong cu tbi wu
hda la giam s6 lan chay thir nghiém va cung cip
thong tin ddy du dé thu dwoc két qua co thé chap
nhan dugc vé mat thong ké. Nhom tac gia tim ra
céc yéu té thich hop nhu khdi luong (m ZVI),
ndng do mol cac chét oxy héa ([Hz02], [S:06*
1), cuong do tia UV, va thoi gian phan tng khi
pH ¢d dinh 5 cua hé oxi hoa persulfate két hop
véi hydro peroxide hoat héa bing ZVI va anh
sang UV dé phan hily cac mau nudc thai bénh
vién chira 2 chét khang sinh AMO va CIP.

2. THUC NGHIEM

2.1. Héa chit va thiét bi

Ciprofloxacin hydrochloride hydrate

153

(C17H21CIFN3O4),  Amoxicillin  trihydrate
(C16H25N30sS), Natri persulfate (NazS;0g) tur
Acros (Fisher, Ha Lan); NaS:0s va H;O:
(30%, buac Giang, Viét Nam), ZVI (Acros
Organic, Ha Lan). Bén UV Philip c6 cac cong
suat 6w, 11w va 17 w (Philip, Ha Lan). May
lic (IKA, USA)

2.2. Tinh chat NTBV

NTBV duoc lay tai céng cua bénh vién Ring
Ham Mat -Trung Uong — 40 Trang Thi — Ha
Noi. Pha thém 2 loai khang sinh 50 pg/L CIP
va 2,5 pg/L AMO, tinh chit nuéc thai dau vao
duoc thé hién ¢ bang 1

2.3. Thiét ké thi nghiém

Xac dinh khéi lugng thich hop cua 5 yéu td
anh huong dén hiéu qua xu ly CIP va AMO
trong NTBV: mzv, [H202], [NazS:0s], thoi
gian, cudng do dén UV bang céch st dung
phuong phap “Pap ung bé mat” theo mé hinh
Box-Behnken, mdi yéu t6 tién hanh tai 3 muc
(-1, 0, +1) nhu Trong bang 2. Quy hoach thuc
nghiém bao gom bang ma tran thuc nghiém
gom 43 thi nghiém, trong d6: 3 thi nghiém lap
lai tai tdm vai ham muc tiéu 1a hiéu qua xu ly
CIP (%CIP) va hiéu qua xit Iy AMO (%AMO)
(bang 3). Mai thi nghiém duoc lap lai 3 1an rdi
lay gi4 trj trung binh.

Céc thi nghiém cho nghién cau tdi wu duoc
tién hanh véi thé tich nuéc thai 1000 mL lan
lwot cho ZVI, Na,S;0s, H20, 30% vai ndng do
xac dinh di dugc quy hoach nho phan mém
Design of Expert ver 11.0 (DX11) (Stat-Ease,
In, USA) vao thiét bi phan ung (hinh 1). pH
ctia nu6ce thai dwoc didu chinh bang dung dich
HCL 0,1M, NaOH 0,1M xudng gia tri pH=5.
Dung dich dugc tron déu bang may lic IKA,
USA véi toec do 100 vong/phit. Chi s AMO
va CIP nuéc thai dugc phan tich gdm: ndng do
dau vao (CIPy, AMOo) va nong do sau phan
ung (CIP, AMO).

X ly s6 lieu: Xu i sb liéu thuc nghiém bing
phan mém théng ké DX11 dé phan tich cac hé
s6 hoi qui, bé mat dap ung va téi uu hoa véi
thuét toan ham véi dang:

Y = by + Ty b X, + g b X7 + I Zhcg B X X; @)
Véi: Y: ham muc tiéu; bo: hé sé tu do, by...bys:
hé s tuyén tinh



Tim céc gia tri thich hop cua cac yéu to
(mzVI, [H202], [Na2S20s], thoi gian, cuong do
dén UV) dé hiéu suat xir ly CIP va AMO trong
NTBV la cao nhit dya vao phan mém DX11
va kiém tra lai bang thuc nghiém.

2.4. Phuong phap phan tich

CIP va AMO duoc phan tich bing HPLC (Capell
Pak, Anh) cot C18 veéi kich thudc 250 mm x 4.6
mm. Pha dong sir dung acetonitrile/acetic acid 0.5
% Vi ti Ié (30:70, VAV), toe do dong 0.5 mL/min.

CIP duoc nhan dién tai budc song 280 nm va AMO
tai bugc song 229 nm.

Ngudn
(\/ dién

-~ @én UV

" Ongthach
& anh

Hinh 1. Thiét b quang héa

Bang 1. Tinh chdt nuéc thai bénh vién trieoc xi 1y

TT Chi tiéu Pon vi Nong do QCVN 28-2010 cot A Ghi cha
1 pH 7,2 5.5-8.5
2 TSS mg/L 160 50 Xt ly
3 BODs mg/L 173 30 Xu ly
4 COoD mg/L 375 50 Xt ly
5 NOz mg/L 2,5 30
6 NH.* mg/L 17,3 5 Xu ly
7 POs* mg/L 15 6 Xt ly
8 CIP ug/L 50 - Xu ly
9 AMOX pa/L 2,5 - Xt ly
10 TOC mg/L 102 - Xu ly
11 Taong coliform MPN/100 mL 35000 3000 X ly

Bdng 1. Bang ma trgn thuc nghiém

Nhanté | Ky Bién ma hoa (X)

hi¢u -1 0 1

ZV1 yg/L A 400 700 1000

[H20:], UM |B 3 6 9

nS;0s%, UM |C 2 4 6

Cuong d6 D 6 11 17

dén UV, W

Thaoi gian, E 10 20 30

phat

%CIP, % Y1

% AMO, % |Y:2

3. KET QUA VA THAO LUAN

3.1 Toi wu cac yéu té anh hwong dén xir ly
CIP va AMO trong NTBV hé AOPSs
UV/H202/S:08%/ZV1

Céc thi nghiém 5- yéu t6 duoc thuc hién theo
mod hinh Box — Behnken va quy hoach thuc
nghiém bing phan mém DX11 cho két qua
thuc nghiém duogc trinh bay trén bang 3. Két
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qua phan tich ANOVA (bang 4 va 5) cho thiy,
md hinh ¢ y nghia théng ké véi do tin cay cho
hiéu qua xir ly CIP va AMO lan luot 12 99,9 % va
99,96% (p < 0,0001), hé sé hdi quy R2 = 0,9989
va 0.9915>0,8 [5] cho thdy ty I¢ cao cac bién phu
thudc duoc giai thich bang céc dir liéu. Khoang
1% cuia tong s6 bién khong dugc giai thich bang
mé hinh hdi quy. Tir d6, %CIP va %AMO thu tir
mo hinh tuong thich véi thuc nghiém.

Bang 4 va 5 thé hién mirc 6 anh huong cua
tirng yéu té dén higu xuat xir ly CIP va AMO.
Dbi vé6i kha nang xir ly CIP, tit ca cac yéu tb
trir [H20;], [S20¢%*], cuong @6 UV va tri hai
cap yéu té (trir [H205]-cuong d6 UV, [H202] —
thoi gian), con lai déu c6 anh huong dén qua
trinh xir ly CIP trong NTBV bing hé oxy héa
kép UV/H20,/S:082/ZV1 (bing 4) khi p<0,05.
Twong tu, d6i v6i hiéu qua xi ly AMO, tit ca
céc yéu tb trir mzVI, [H20,] va trir 4 cap yéu
t6 ([H20z]-cuong do UV, [H,0;] — thoi gian,
[S:062] cuong do UV, [S:06%] thoi gian




phan tng), con lai déu c6 anh huong dén qué
trinh xtr ly AMO trong NTBV

Két qua nay phu hop véi mot sb nghién ciiu truéc
ciing chi ra anh huong cua cac yéu té nhu khdi
lugng ZVI, thoi gian nay dén qua trinh xir ly CIP,
AMO [6]. Tir bang 3 va 4 c6 thé viét dugc
phuong trinh hoi quy, mé ta sy phu thudc cua Y
(%CIP) vao cac nhan nzyi (A), [H20:] (B),
[Na:S:05] (C), thoi gian (D), cudng do dén UV
(E) va timng cap nhan té tin cay.

Y1 (%CIPay qoin) = 60,72 — 2,35 A -0,9872 B +
1,34C+143D + 3054 E+ 7,79 AB — 23,84
AC + 10,91 AD - 2,25 AE - 2,23 BC -0,1675
BD -1,42 BE - 3,03 CD -2,28 CE + 7,34 DE
+3,9 A? + 3,11 B? +5,27 C? +10,3 D? — 10,32
E? +16,6 A?B — 3,72 A’C + 12,78 A’D — 9,61
A’E + 7,98 AB? + 12,64 AD? — 8,13 B*C —
1,26 B?D — 12,27 B?E + 6,74 BC? + 25,65 BD?
+ 22,28 C°D - 6,48 C%E + 1,69 CD? + 5,66
A?B? + 9,58 A2C2 — 9,72 A?D? — 1,54 B%C? +
1,21 B?D?

Y2 (%AMOuy doin) = 55,99 + 4,21 A + 1,16 B +
7,86 C +5,46 D + 28,27 E + 7,09 AB - 22,25
AC + 12,12 AD + 11,47 AE-10,03BC + 4,14

BD -1,39 BE + 0,9425 CD -3,41 CE + 10,16
DE +12,75 A? + 2,04 B2 + 10,12 C? + 12,06 D?
— 11,53 E2+17,53 A?B — 4,16 A’C + 4,4 A’D —
0,6241 A’E + 0,79 AB? + 0,36 AC? + 8,5 AD?
- 15,36 B?C - 9,61 B?D — 6,75 B%E + 5,95 BC?
+ 22,2 BD? + 16,77 C?D - 5,89 C%E - 8,8 CD?
— 4,13 B2C? + 6,95 B2D?

3.2 Xac dinh Ti wu cac yéu t6 anh huong dén
xt ly CIP va AMO trong NTBV hé AOPSs
UV/HzOz/SzOgZ'/ZV|

Dua trén nhitng sb liéu thuc nghiém thu duoc,
V6i su hd tro ciia phan mém DX11, ¢6 thé tim
ra diéu kién tbi wu (% CIP, % AMO: cao nhit,
nZVI1, thoi gian, [H202] va [S20s?7] : it nhat) dé
tién hanh quéa trinh oxy héa nang cao, loai
khéang sinh CIP va AMO trong NTBV tai quy
md phong thi nghiém: mzZVI= 741,136 ug/L,
[H20;] = 5,658 UM, [S.0¢*]= 2 UM, cudng dod
UV = 17W, thoi gian phan ung = 19 phit. Cé
hiéu suat xir Iy CIPgudoan = 100% va AMOududoan
=98,43%

Tién hanh lai 3 thi nghiém véi cac yéu té da
tim dugc o trén két qua thu duoc :

%ClPhi i = 100% , %AMOnq1i = 98,52 £ 1,2 %

Bang 2. Két qua hiéu qua xiz Iy CIP va AMOX bang hé oxy hda nang cao UV/ZVI/H;0,/S;0s

TT |Yéutol |Yéuto2 |Yéutd3 |Yéutdod | Yéuto5 | Papihingl Pap irng 2
AZVI | BiH0, | C:S:0s | DiCWONG | ETROT o 0pp % AMOX
do Uv gian
Mo/l UM UM W min % %
1 700 3 4 6 20 50,33 61,56
2 400 6 4 6 20 52,2 54,86
3 400 6 2 11 20 56,5 48,42
4 1000 6 4 11 10 31,16 20,88
5 1000 6 6 11 20 48,14 62,58
6 700 3 4 11 30 73,37 67,66
7 700 6 4 11 20 59,8 52,56
8 1000 3 4 11 20 52,73 48,86
9 1000 6 4 11 30 67,18 97,26
10 700 6 4 6 30 82,46 68,76
11 700 6 4 17 10 24,25 23,15
12 700 9 4 11 10 36,65 28,37
13 700 6 6 6 20 58,64 53,65
14 700 3 4 17 20 51 44,98
15 700 6 6 11 30 76,34 78
16 700 9 4 11 30 69 66,82
17 700 6 6 17 20 100 100
18 700 3 4 11 10 35,32 23,66
19 700 9 4 6 20 100 100
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20 400 6 4 11 10 34,34 37,46
21 700 6 4 11 20 61,32 56,16
22 400 6 4 11 30 79,35 67,96
23 400 6 4 17 20 58,8 50,33
24 400 3 4 11 20 60,03 55,07
25 700 6 4 11 20 60,91 56,86
26 700 6 2 17 20 100 100
27 700 6 2 6 20 46,53 57,42
28 700 3 2 11 20 63,9 53,33
29 700 9 6 11 20 62,87 51,86
30 1000 6 4 6 20 49,77 56,03
31 700 9 2 11 20 80,33 87,23
32 700 9 4 17 20 100 100
33 700 6 2 11 10 26,3 19,69
34 400 6 6 11 20 100 100
35 1000 9 4 11 20 100 100
36 700 6 4 17 30 100 100
37 700 3 6 11 20 55,37 58,08
38 1000 6 4 17 20 100 100
39 1000 6 2 11 20 100 100
40 700 6 4 6 10 36,07 32,54
41 700 6 2 11 30 77,65 69,42
42 700 6 6 11 10 34,12 41,92
43 400 9 4 11 20 76,13 77,91
Bang 3. Phdn tich phwong sai ANOVA cho hiéu xudt xir Iy CIP
Yéu té Téongbinh | Bactwdo | Trungbinh | GiatriF | Giatrip Chu
phuwong binh phwong Prob>F thich
M Hinh 22905,14 40 572,63 925,93 0,0011
A-ZVI 33,96 1 33,96 54,92 0,0177
B-H,0; 3,80 1 3,80 6,15 0,1313 k.t.c
C-S206* 6,99 1 6,99 11,30 0,0783 k.t.c
D-cudng do UV 8,18 1 8,18 13,23 0,0680 k.t.c
E-Thoi gian 3729,54 1 3729,54 6030,63 0,0002
AB 242,89 1 242,89 392,75 0,0025
AC 2273,38 1 2273,38 3676,03 0,0003
AD 475,89 1 475,89 769,52 0,0013
AE 20,21 1 20,21 32,67 0,0293
BC 19,94 1 19,94 32,24 0,0296
BD 0,1122 1 0,1122 0,1815 0,7116 k.t.c
BE 812 1 8,12 13,13 0,0684 k.t.c
CD 36,66 1 36,66 59,28 0,0165
CE 20,84 1 20,84 33,70 0,0284
DE 215,50 1 215,50 348,47 0,0029
A2 28,51 1 28,51 46,10 0,0210
B2 18,13 1 18,13 29,32 0,0325
Cc2 102,32 1 102,32 165,45 0,0060
D2 383,56 1 383,56 620,20 0,0016
E? 391,99 1 391,99 633,84 0,0016
AB 551,29 1 551,29 891,42 0,0011
A2C 27,64 1 27,64 44,69 0,0217
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A2D 326,53 1 326,53 527,99 0,0019
AE 183,95 1 183,95 297,45 0,0033
AB? 127,36 1 127,36 205,94 0,0048
AC? 6,11 1 6,11 9,88 0,0881 k.t.c
AD? 313,13 1 313,13 506,33 0,0020
B2C 132,03 1 132,03 213,49 0,0047
B2D 3,19 1 3,19 5,15 0,1512 k.t.c
B2E 299,76 1 299,76 484,70 0,0021
BC? 90,92 1 90,92 147,02 0,0067
BD? 1289,34 1 1289,34 2084,84 0,0005
CD 992,57 1 992,57 1604,98 0,0006
CE 83,51 1 83,51 135,04 0,0073
CD? 5,59 1 5,59 9,04 0,0951 k.t.c
A2B2 21,30 1 21,30 34,44 0,0278
A2C? 91,40 1 91,40 147,80 0,0067
A2D? 92,57 1 92,57 149,69 0,0066
B2Cz 2,36 1 2,36 3,82 0,1899 k.t.c
B2D? 1,43 1 1,43 2,31 0,2680 k.t.c
Sai s6 thuan 1,24 2 0,6184
Tong tuong quan 22906,38 42
R2 0,9999 R2 du doan 0,9899

Bdng 4. Phdn tich phwong sai ANOVA cho hiéu xudt xir ly AMO
Yéu té Téng binh Bac tw | Trung binh Giatri F Giatrip Chu

phuong do binh phwong Prob>F thich

M Hinh 26283,05 40 657,08 123,43 0,0081
A-ZVI 69,22 1 69,22 13,00 0,0690 k.t.c
B-H,0; 5,26 1 5,26 0,9876 0,4250 kt.c
C-S,08* 241,10 1 241,10 45,29 0,0214
D-cuong d6 UV 119,36 1 119,36 22,42 0,0418
E-Thai gian 3196,21 1 3196,21 600,41 0,0017
AB 200,22 1 200,22 37,61 0,0256
AC 1980,25 1 1980,25 371,99 0,0027
AD 588,06 1 588,06 110,47 0,0089
AE 526,24 1 526,24 98,86 0,0100
BC 402,40 1 402,40 75,59 0,0130
BD 68,72 1 68,72 12,91 0,0695 k.t.c
BE 7,70 1 7,70 1,45 0,3521 k.t.c
CD 3,55 1 3,55 0,6675 0,4998 k.t.c
CE 46,58 1 46,58 8,75 0,0978 k.t.c
DE 412,70 1 412,70 77,53 0,0127
A2 305,55 1 305,55 57,40 0,0170
B2 7,79 1 7,79 1,46 0,3500 k.t.c
Cc2 376,85 1 376,85 70,79 0,0138
D2 525,77 1 525,77 98,77 0,0100
E? 489,26 1 489,26 91,91 0,0107
A2B 614,43 1 614,43 115,42 0,0086
AC 34,65 1 34,65 6,51 0,1254 k.t.c
A2D 38,68 1 38,68 7,27 0,1145 k.t.c
AE 0,7758 1 0,7758 0,1457 0,7394 k.t.c
AB? 1,25 1 1,25 0,2345 0,6761 k.t.c
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AC? 0,2592 1 0,2592 0,0487 0,8458 kt.c
AD? 141,47 1 141,47 26,58 0,0356
B2C 471,71 1 471,71 88,61 0,0111
B2D 184,61 1 184,61 34,68 0,0276
B2E 90,26 1 90,26 16,95 0,0542 kt.c
BC? 70,86 1 70,86 13,31 0,0676 kt.c
BD? 965,83 1 965,83 181,43 0,0055
C?D 562,47 1 562,47 105,66 0,0093
C?E 69,14 1 69,14 12,99 0,0691 kt.c
CD? 151,82 1 151,82 28,52 0,0333
A2B? 0,0032 1 0,0032 0,0006 0,9826 kt.c
A2C? 2,98 1 2,98 0,5596 0,5324 kt.c
A2D? 223,19 1 223,19 41,93 0,0230
B2C? 17,01 1 17,01 3,20 0,2157 kt.c
B2D2 47,35 1 47,35 8,90 0,0964 kt.c
Sai s6 thuan 10,65 2 5,32
Tong twong quan 26293,70 42
R2 0,9996 R2 du doan 0,9615

k.t.c - khodng tin cdy
4. KET LUAN wastewater to drinking water,” Sci. Total

Qua trinh oxy hoa nang cao kép hoat hoa bang
Z V1 duéi tia UV dugc phét hién [a mot phuong
phép hiéu qua dé xir 1y nude thai bénh vién bi
nhiém khang sinh CIP va AMO. Phuong phap
bé mat phan héi (RSM) dua trén thiét ké Box
Behnken (BBD) dugc sir dung dé danh gia va
t6i wu hoa anh huong khdi lwong ZVI, ndng do
mol [H202], [82082_], cuong do tia UV va thoi
gian phan &ng. Thi nghiém cho thay ring viéc
loai bo CIP va AMO tiang 1én véi tang cuong
do tia UV. Su két hop RSM dua trén BBD
dugc ching minh la mot cong cu manh mé
trong viéc toi wu hoa phan (ing quang oxy héa
nang cao. Cac diéu kién téi wu cho phan ung
UV/H202/S,08%/ZVI la mzyi= 741,136 pg/L,
[H20;] = 5,658 UM, [S208*]= 2 uM, cudng dd
UV = 17W, thoi gian phan ¢ng = 19 phut, hiéu
sudt xu ly CIP vd AMO lan luot dat 100% va
98,52%. Két qua thi nghiém hoan toan phu hop
v6i sb liéu du doan bang phwong phap BBD.
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