BO GIAO DUC VA PAO TAO
TRUONG PAl HOC NAM CAN THO

NG

BAO CAO TONG KET
PE TAI NGHIEN CUU KHOA HQC CAP CO SO

XAY DUNG VA THAM PINH QUY TRINH PINH LUQNG
DU LUQONG CYCLOPHOSPHAMID TRONG NUOC BANG
KY THUAT UPLC-MS/MS

M4 s6: C24.08

Chi nhiém @2 tai: ThS. HUYNH PHUONG THAO
Thanh vién: ThS. NGUYEN THI DIEM LINH

Cén Tho, 26 thang 06 nim 2025




BO GIAO DUC VA PAO TAO
TRUONG DAl HOC NAM CAN THO

NG

BAO CAO TONG KET
PE TAI NGHIEN CUU KHOA HQC CAP CO SO

XAY DUNG VA THAM PINH QUY TRINH PINH LUQNG
DU LUQONG CYCLOPHOSPHAMID TRONG NUOC BANG
KY THUAT UPLC-MS/MS

MA s6: C24.08

Chii nhiém @2 tai: ThS. HUYNH PHUONG THAO
Thanh vién: ThS. NGUYEN THI DIEM LINH

Cén Tho, 26 thang 06 nim 2025




DANH SACH THANH VIEN THAM GIA NGHIEN CUU PE TAI

Chuyén :
TT| Hovatén Hoc vi Ay Pon vi cong tac Chure df\m‘h,
A mon trong deé tai
Huynh Khoa Duoc, Truc .
1 o . Thac si | Duoc hoc ) > l;uorng Chu nhiém
Phuong Thao Pai hoc Nam Can Tho
Neuvdn Thi Vién Khoa hoc Strc
uyen Thi . =
o |NEWYER T Thac st | Duochoc | khée DNC, Truomg | Thanh vien
Diém Linh

Pai hoc Nam Cén Tho




MUC LUC

DANH MUGC BANG ...ttt ettt ettt ee ettt en e eeetes s s eee e en e en s eneneeas ii
DANH MUGC HINH ..ottt sses st iii
DANH MUC CAC CHU VIET TAT c.oiiiieeeeieeeeteeeeeessesssse s sesssssssssses s, iv
TOM LUGC ..ottt et ea et et et et et ee et eeeneeenenenesen s e e e Vi
ABSTRACT ..ottt ettt s st ntnes vii
PHAN 1. MO DAU ..ottt sttt 1
1.1 TINH HINH O NHIEM DUGQC PHAM TRONG MOI TRUONG NUOC......... 1
1.2 PAC PIEM HOA HOC VA TAC DPONG MOI TRUONG CUA
CYCLOPHOSPHAMID ..ottt 2
1.3 SU XUAT HIEN CUA CYCLOPHOSPHAMID TRONG MOI TRUONG
NUGC ettt ettt ettt ettt ettt e sttt ettt enen e eeean 8
1.4 CAC PHUONG PHAP PHAN TICH CYCLOPHOSPHAMID ........ccocvunee... 10
1.5 PHUONG PHAP UPLC-MS/MS TRONG PHAN TiCH MOI TRUONG........ 16
1.6 TINH CAP THIET, MUC TIEU, POI TUGNG VA PHAM VI NGHIEN CUU
(0107:N5 5] S 17N ISP 19
PHAN 2. PHUONG PHAP VA PHUGNG TIEN ....coviviieeeeeeeeeeeeeeee e 21
2.1 CHAT CHUAN, DUNG MOI, TRANG THIET Bl.....ooveveeireieceeeeeee e 21
2.2 PHUONG PHAP NGHIEN CUU.....c.coiivieiieeseeeeeeee e 22
PHAN 3. KET QUA VA THAO LUAN .......cooieeeeeeeeeeeeeeeeeeeeeee et 29
3.1 XAY DUNG QUY TRINH PHAN TIiCH DU LUONG CYCLOPHOSPHAMID
TRONG MAU NUGC SONG ......oovevreiieeeeeeisee e esess s 29
3.2 THAM PINH QUY TRINH PHAN TiCH DU LUONG CYCLOPHOSPHAMID
TRONG MAU NUGC SONG ......oovevirerieeeeeesee e esesss s sesesnes s nasseneans 37
3.3 XAC PINH DU LUQNG CYCLOPHOSPHAMID TRONG CAC MAU NUGC
1Y 0] 01 2L 610N TR 47
PHAN 4. KET LUAN VA KIEN NGHI ..ottt 50
AT KET LUAN <ottt ettt ettt ettt et e et en e st eneeeann 50
A2 KIEN NGHI ..ottt st ntanensans 50

TAI LIEU THAM KHAO



DANH MUC BANG

Bang 1.1 So sanh cac k§ thuat phan tich ..., 14
Bang 2.1 Hoa chit va dung mdi ding trong NGRIBN ClU .........c.veveeveeeereeeeeeeeeeeeeae 21
Bang 2.2 Trang thiét bi ding trong NZhien CUU.........ccevveveeveerereiereeeeseeere e, 21
Bang 3.1 Két qua khao sat diéu kién khdi phd caa cyclophosphamid.......................... 29
Bang 3.2 Chuong trinh pha dong caa quy trinh phan tich cyclophosphamid............... 35
Bang 3.3 Két qua khao sat tinh twrong thich hé thong (N=6) .......cc.oeveveeveeereeeeeeene 37
Bang 3.4 Ty 18 ion ctia Chat PhAN tICH .......c.cveececeeece e 39
Bang 3.5 Do léch cua cac diém nong do trén duong chuan so vai Iy thuyét................ 43

Bang 3.6 Két qua khao sat d6 ding va do chinh xéac trong ngay va nhiéu ngay (n=6).44

Bang 3.7 Két qua phan tich du luong cyclophosphamid trong cac mau nuéc sdng .....48



DANH MUC HINH

Hinh 1.1 Cong thirc cau tao cia cyclophoSPhamid............c.oceveerveiereeeeeeeeeeeeeeeeesees 3
Hinh 3.1 Thé cone ctia manh ban dau (a) va phé phan manh & thé va dap 22 V (b) ....33
Hinh 3.2 Sic ky do cua cyclophosphamid ¢ diéu Kién sac KY toi wt.......ovvvevereerenenee. 36
Hinh 3.3 Sic ky db tinh twong thich hé théng cua cyclophosphamid........................... 38
Hinh 3.4 Sic ky d6 tinh dac hiéu ctia cyclophosphamid...........ccceeeveeieeeieeseseeesienns 40
Hinh 3.5 Phd MS! scan (a) va phd MS? scan (b) cua mau tring thém chuan................ 41
Hinh 3.6 Buong hdi quy tuyén tinh caa cyclophosphamid.............cccceeeveeieeceenesnenn. 43
Hinh 3.7 Sac ky do cua cyclophosphamid tai gia tri LOD va LOQ.........cc.cccevvvevnene. 46

Hinh 3.8 Sic ky do cyclophosphamid trong mot s6 mau nudc thuc té..........o..eeeee.e... 49



DANH MUC CAC CHU VIET TAT

Chir viét tat Tir nguyén Y nghia

AAS Atomic absorption Phuong phap pho hap thu
spectrophotometric nguyeén tur

ACN Acetonitrile

AOAC Association of official Hiép hoi cac nha hoa phén tich
analytical chemists chinh thirc

CE Capillary electrophoresis bién di mao quan

CE -MS Capillary electrophoresis — Pién di mao quan _Khéi phé
mass spectrometry

CY Cyclophosphamide Cyclophosphamid

DAD Diode array detector Dau do day diode quang

DNA Deoxyribonucleic acid Acid deoxyribonucleic

EC European Commission Uy ban chau Au

ESI Electrospray ionization Ion hoéa phun dién tu

GC Gas chromatography Sac ky khi

GC - MS Gas chromatography — mass Séc ky khi —Khéi ph
spectrometry

HRMS High resolution mass Phé khéi phan giai cao
spectrometry

HPLC High performance liquid Séc ky 1ong hicu nang cao
chromatography

ICP -MS Inductively coupled plasma Phé Khi plasma cam tng
—Mass Spectrometry

ICP —OES Ind_uctivel)_/ cpupled plasma Quang phé phét xa Plasma két
optical emission S

hop cam ung

spectroscopy

LC Liquid chromatography Sic ky long

LIF Laser induced fluorescence ~ Huynh quang cam tng laser

LLE Liquid-liquid extraction Chiét long — long

LOD Limit of detection Gi6i han phét hién

LOQ Limit of quantitation Gidi han dinh lugng

LQC Low quality control Mau kiém soat nong do thap

ME Matrix effect Anh huéng nén mau

MeOH Methanol Methanol

MS Mass spectrometry Khdi pho




Chir viét tat

T nguyén

Y nghia

MRM

Multiple reaction monitoring

Giam sat da phan ung

ppb Parts per billion Phan ty

ppt Parts per trillion Phan nghin ty

QC Quality control Mau kiém soat chat luong

QTOF Quadrupole time-of-flight Hé thong tir cuc thoi gian bay

RNA Ribonucleic acid Acid binonucleic

RSD Relative standard deviation ~ D¢ léch chuan tuong doi

SD Standard deviation Do léch chuan

S/N Signal / noise Tin hiéu / nhiéu

SPE Solid phase extraction Chiét pha ran

SPME Solid phase microextraction Vi chiét pha ran

TB Trung binh

UPLC Ultra performance liquid Sic ky long siéu hiéu nang
chromatography

UPLC — MS/MS Ultra performance liquid

chromatography - Tandem
mass spectrometry

Séc ky long siéu hiéu ning ghép
dau do khéi phé ba tir cuc




TOM LUQC

O nhim dugc pham trong méi trudng nudce 1a mot van dé dang lo ngai hién nay.
Trong d6, 6 nhiém thudc héa tri ung thu dang rat duoc chd y do thube cé doc tinh cao,
bén va khd phan huy trong mai truong. Mot trong céc thudc hoa tri dugc phat hién
thuong xuyén trong moi trrong nudc la cyclophosphamid da dugc chirng minh ¢6 nguy
co tiém an gay hai cho sinh vat va con ngudi. Tuy nhién viéc phan tich du luong
cyclophosphamid trong méi trudng gap nhiéu kho khin do ham lugng chét rat thap va
nén mau mai truong rat phic tap. Tai Viét Nam van chua c6 nghién ciru ndo vé van dé
nay. Trudc thuc trang d6, nghién ctru dugc thuc hién nham phaét trién mot quy trinh phan
tich hiéu qua, c6 d6 nhay va do chinh xac cao, phuc vu cho viéc giam sat du luong
cyclophosphamid trong moéi treong nudc ¢ Viét Nam.

Phuong phap phan tich du lugng cyclophosphamid trong nudce song da dugc xay
dung va tham dinh bang ki thuat UPLC-MS/MS, tuan tha cac yéu cau nghiém ngit theo
hudng dan cia AOAC va EC - 808/2021. Quy trinh dat duoc cac tiéu chi tham dinh vé
d6 dac hiéu, tuyén tinh, d6 ding, do chinh xac va d6 nhay, pht hop cho phan tich thudc
& dang vét. Gigi han dinh luong dat duoc 1a 1 ng/L, voi d6 dung dao dong tir 89,7 %
dén 109,1 % va do chinh xac trong khoang 5,4 % dén 17,1 %, dap (ing yéu cau theo cac
huéng dan quéc té. Quy trinh phan tich di dwoc ap dung dé khao sat 30 mau nudéc sdng
thu thap tai cac khu vuc 1an can bénh vién ¢ khoa ung buéu trén dia ban thanh phb Can
Tho, Viét Nam. Két qua cho thiy cyclophosphamid duoc phét hién trong 10/30 mau,
VGi nong do cao hon so véi mot sé nghién ciru trude d6 trén thé gisi. Piéu nay cho thay
kha niang ton du ctia cyclophosphamid trong méi trudng nudc ¢ Vit Nam va dit ra moi
lo ngai vé hiéu qua cua hé thong xir Iy nude thai hién nay trong viéc loai bo hop chat
nay. Su hién dién cua cyclophophamid trong mdi truong nuéc tu nhién cho thay can co
cac nghién ciru sdu hon nhim danh gia nguy co doc tinh, cling nhu phat trién cac giai

phap xir Iy phil hop nham bao vé sirc khoe cong ddng va hé sinh thai.
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ABSTRACT

Pharmaceutical pollution in aquatic environments is an emerging global concern.
Among these pollutants, contamination by cytotoxic anticancer drugs has attracted
considerable attention due to their high toxicity, persistence, and resistance to
degradation. Cyclophosphamide, one of the most commonly detected chemotherapeutic
agents in aquatic environments, has been shown to pose potential risks to both
ecosystems and human health. However, analyzing cyclophosphamide residues in
environmental samples presents significant challenges due to its trace concentrations
and the complex nature of environmental matrices. In Vietnam, no studies have yet
addressed this issue.

In response, this study aimed to develop a highly sensitive and accurate analytical
method for monitoring cyclophosphamide residues in aquatic environments in Vietnam.
A method for determining cyclophosphamide residues in river water was developed and
validated using UPLC-MS/MS, following stringent guidelines from the AOAC and EC
Regulation No. 808/2021. The method met all validation criteria for specificity,
linearity, accuracy, precision, and sensitivity, making it suitable for trace-level analysis.
The limit of quantification (LOQ) achieved was 1 ng/L, with recoveries ranging from
89.7% to 109.1% and precision between 5.4% and 17.1%, fully complying with
international guidelines.

The validated method was applied to analyze 30 river water samples collected
near hospitals with oncology departments in Can Tho City, Vietnam.
Cyclophosphamide was detected in 10 out of 30 samples, with concentrations exceeding
those reported in several previous international studies. This finding highlights the
persistence of cyclophosphamide in Vietnam’s aquatic environments and raises
concerns regarding the effectiveness of current wastewater treatment systems in
removing this compound. The presence of cyclophosphamide in natural water sources
underscores the need for further research to assess toxicological risks and develop

effective remediation strategies to protect public health and aquatic ecosystems.
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