Tap chi phan tich Hoa, Ly va Sinh hoc - Tdp 30, sé 3A/2024

PHAT TRIEN PHUONG PHAP PHAN TiCH CAC HQP CHAT PFAS
TRONG NUGC BANG KY THUAT SAC KY LONG GHEP KHOI PHO
(LC-MS/MS), PAP UNG TIEU CHUAN EU 2020/2184

Pén toa soan 02-07-2024

Nguyén Nam Phwong’, Truwong Vin Than', Nguyén Thiy Ngan Ha?,
Chung Vi Nghiép®, Bui Thi Vii Bao', Nguyén Thanh Duy?, Lé Thanh The',
Pham Thi Anh', Chu Pham Ngoc Son, Ly Tuin Kiét**
1Trung tam Djch vy Phan tich Thi nghiém Ho Chi Minh
*Email: kietlt@case.vn
SUMMARY

DEVELOPING AMETHOD FOR ANALYZING PFAS COMPOUNDS IN WATER
USING LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY (LC-MS/MS),
MEETING EU STANDARDS 2020/2184.

Perfluoroalkyl and poly-fluoroalkyl (PFAS) are synthetic organic compounds that are currently under
scrutiny due to their high toxicity and potential to accumulate in the environment. To comply with EU
2020/2184 standards, the process for analyzing 21 PFAS compounds in water samples has been refined.
Specifically, 250 mL of water undergoes pretreatment and enrichment using a weak anion exchange column
(WAX) before being analyzed on the LC-MS/MS ABSciex Qtrap 4000 system. The method's detection limit
(MDL) and limit of quantification (MQL) for the 21 PFAS compounds are 1 pg mL™ and 3 pg mL?,
respectively. Our validation results demonstrate high accuracy and precision, with a recovery efficiency
ranging from 82 - 106%, and repeatability and reproducibility below 11%. Notably, upon analyzing 5 water

samples, none of the 21 PFAS compounds were detected.
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1. GIO1 THIEU

Cac hop chat perfluoroalkyl va
polyfluoroalkyl (PFAS) la cac hop chat
hiru co nhan ta0 ma nhom nguyén tir
hydro trén mach carbon duogc fluor héa
moét phan  (polyfluoroalkyl) hodc hoan
toan (perfluoroalkyl) va dwgc gan thém
nhom chac (nhu carboxylates, sulfonates,
sulfonamides, phosphates, hoac alcohol)
[1]. Do s¢ hitu nhiéu dic tinh hitu ich nhu
tro vé mat hoéa hoc, khdng thAm nudc,
tham dau, khé bi phan hay sinh hoc nén
nhém PFAS dugc ¢ng dung trong nhiéu
san pham théng dung nhu bot chira chay,
cac san pham chéng thim — chéng nuéc,
chao chdng dinh, va bao bi thuc pham
thirc an nhanh [2].

Trong nhém cac hop chat PFAS, hai hop
chat perfluorooctanesulfonic acid (PFOS)
va hop chat perfluorooctanoic acid
(PFOA) la hai hop chit duoc quan tam
hon ca vi thuong phat hién trong moi
truong voi nong do cao, co dic tinh tich
lity sinh hoc va gy anh huong dén stc
khoe con nguoi. PFOS va PFOA lan luot
duoc thém vao phu luc (B va A) cua cong
woc Stockholm vé céc chat hitu co 6
nhiém khé phan hiy (POPS) vao nim
2009 va 2019 [3]. Nam 2022, Co quan
bao vé mai truong Hoa Ky (EPA) da dé
Xuit ndng do 6 nhidm t6i da cho hop chat
PFOA va PFOS trong nuéc uéng 1a 4 ng
L [4]. Qui dinh EU 2020/2184 duoc ban
hanh va co hiéu luc tir thang 1/2024 vai
gii han t6i da cho phép (MRL) cua tong



20 hop chat PFAS (sum of PFAS) va tong
PFAS (total PFAS) trong nudc lan luot 13
0.10 va 0.50 pg L™ [5]. Ham luong tdng
cac hop chat PFAS va tién chit (total
PFAS) la téng ham luwong fluor hitu co
tach chiét va fluor hitu co hap phu duoc
x4c dinh bang hé théng sic ky ion dét
chay (CIC) [6]-[7]. Khi ap dung k¥ thuét
do tong PFAS, phuong phap phai dam bao
loai cac F vo co khoi két qua cudi cung.
Nguoc lai, phuong phap phéan tich riéng
ting thanh phan PFAS doi hoi phai c6
chat chuan cua ting thanh phan ciing nhu
c4c ndi chuan dong vi.

Hién nay, phuong phap phén tich cac hop
chat PFAS bang hé thong sic ky long
ghép ndi khdi pho ba tir cuc (LC-MS/MS)
1a phuong phap pho bién nhat dugc ap
dung dé phan tich cac hop chat PFAS
trong cac nén mau moi truong voi do
nhay cao. Tuy nhién, hé théng LC-
MS/MS ¢6 mot sé bo phan nhu day dan
pha dong, bom, valve UPLC dugc lam tir
nhua hoic vat liéu Teflon c6 thé chaa cac
hop chat PFAS gay anh huong dén két
qua phan tich cac hop chat nay. Mot cay
cot “delay column” thuong dugc dat gitra
pha dong va noi tiém mau véi vai tro luu
giir cac hop chat PFAS dén tir hé thong, tir
d6 gitip dinh lwong PFAS tir mau chinh
xac hon [8]. Trong nghién ctu nay, ching
t6i phét trién phuong phap phan tich 24
hop chat PFAS trong nudc Véi gidi han
phat hién dap tnmg MRL theo qui dinh sum
of PFAS cta tiéu chuan EU 2020/2184.
Trong d6, théng sb d6 dic hiéu cua
phuong phap dugc ching toi khao sat ky
nham tranh hién tuong nhidu tir hé thdng
ma khéng can st dung cot “delay column”.

2. NGUYEN VAT LIEU VA PHUONG
PHAP

2.1 Nguyén vat ligu

2.1.1 Vdt tw va hba chat

Dung mdi tinh khiét (HPLC grade) gom
methanol (MeOH), acetonitrile (MeCN)

dugc mua tr Supelco (Puc). Mudi
ammonium acetate dugC mua tr Merck
(Darmstadt, Dirc). Nudc cit ion hai lan
thu dugc tor may loc nudc Millipore
Direct Q3 (Merck, Buc). Céac loai cot
chiét pha rin duoc dung dé khao sat gom
Oasis HLB (60 mg, 3 mL, Water), WAX
(60 mg, 3 mL, Water), SDB-L (200 mg, 3
mL, Phenomenex), va Chromabond Easy
(200 mg, 3 mL, Macherey-Nagel, Duc).
Dung dich chuian hdn hop 24 hop chét
PFAS (1.0 pg mL™) dwoc mua tir hing
Restek (Bellefonte, M¥). Cac dung dich
chuan trung gian 100 ng mL™ va 10 ng
mL™ duoc pha trong MeOH bao quan ¢ ta
dong -20 °C. Buong chuan 1am viéc duoc
pha trong MeOH:nudc (1:1) & cac nong
d60.1,0.25, 0.5, 1.0, va 2.0 ng mL™,

2.1.2 Dung cyu va thiét bj

Cac thiét bj chuan bi mau gébm hé SPE
Vacuum Manifold 24 vi tri (Supelco,
buc), may ly tdm Micro 220 (Hettich,
Puc). Hé thong sic ky long khdi phd
(LC-MS/MS, ABSciex, My) gom hé sic
ky long cao &p ExionLC (bo tron dung
moi, bom binary, hé tiém mau ty dong, 10
cot) va dau do khdi pho ba ta cuc (Qtrap
4000). Cot sic ky pha dao C18 (4.6 x 50
mm, 5.0 um, GL Sciences, Nhat Ban).

2.2 Phwong phap
2.2.1 Chiét va lam sach

Vi ham luong céc hop chit PFAS trong
nén mau nudce rat nhé (mac pg mL™ hoac
thdp hon) nén can quy trinh 1am giau mau
qua cot chiét pha ran SPE. Theo hau hét cac
quy trinh tham khao [9]-{12], quy trinh xur
ly miu va cac yéu té khao sét trong dé tai
nay dugc thuc hién theo Hinh 1.

Cac hop chat PFAS c6 cong thicc hda hoc
chudi alkyl duoc fluor héa khong phan
cuc (4 dau) lien két véi goc chuc phan
Ccuc (4i nudc) nhu carboxylic acid (-
COOH), sulfonic acid (-SO3zH), khi chudi
alkyl cang dai — tinh khéng phén cuc cua



cac hop chat PFAS cang tang. Vi vay, dua
vao ban chat hoa hoc cua 24 hop chat
PFAS khao sat va tai liéu tham khao [9-
12], chung toi lua chon khao sat (KS1)
lan luot cot chiét SPE thuong mai co nén
vat liégu mang ban chat khdng phan cuc
nhu copolymer polystyrene-
divinylbenzene (c6t SPE Strata-SDBL),
nén vat liéu mixed-mode cé gdc &i nudc
N-vinylpyrrolidone va gbc & dau
divinylbenzene (cot SPE Oasis HLB), nén
vt liéu tong hop trao ddi theo co ché pha
dao va anion yéu (cot SPE Oasis WAX va
cot SPE Chromabond Easy). Sau do,
ching tdi thay d6i ti 1& phan tram
ammonia (NH3) cua dung dich ria giai
(MeOH chira NH3) (KS2) dé dam bao
chét phan tich dugc rira giai hoan toan ra
khoi nén vat liéu da khao sat ¢ yéu tb
KS1. Thuc hién céac thi nghiém khao sat
trén 250 mL nudc khur ion dugc thém
chuan mix-24 PFAS tai nong d6 5 pg mL’

! mdi yéu t6 khao sat thuc hién thi
nghiém lap 3 lan (n = 3).

2.2.2 Diéu kién sdac ky

24 chat PFAS duogc tach trén cot pha dao
C18 véi hdn hop pha dong ammonium
acetate 10 mM (pha dong A) va MeCN
(pha dong B) véi téc d6 dong 0.4
mL/min, thé tich tiém 5 pL. Ché do
gradient v6i 10% pha dong B luc ban dau,
tang 1én 95% (tir 0 — 5 phat, gitr 2 phat),
sau d6 giam vé 10% B va giir trong vong
5 phat, gitt 6n dinh trong 2 phat. Téng
thoi gian phén tich cia chuong trinh 1a 12
phat. Hé théng LC-MS/MS duoc van
hanh & ché d¢ ion héa ESI (-) két hop vai
ky thuat ghi phd MRM [11]. Cac thdng sb
ctia ngudn ion hda gom: nhiét do nguon o
500 °C; dién thé ion -4500 °C; ap suat khi
ion hoa gas 1, gas 2, va curtain gas lan
lwot 12 50, 60, va 30 psi; va thdng sb phan
manh cua 24 hop chat PFAS duoc trinh
bay ¢ Bang 1.

250 mL miu
l 1. Hoat fléa: 3 mL 0.5% NH3/MeOH, 3 mL MeOH, 3 mL H,0
- 2. Tai mau qua cot

Chiét SPE 3. Rit khd cot

Cot WAX (KS1) : ‘
5. Théi kho bang N,

4. Rua giai: 3 mL 0.5% NH3/MeOH (KS2)

Hoan nguyén: 1 mL MeOH/H,C *Ky hiéu (KS1), (KS2) la cac yeu té khdo sat
(1/1) (KS1) Khao sét 4 loai cot chiét SPE:
HLB, S-DBL, Easy Chromabond va WAX

LC-MS/MS (KS2) Khao sat dung mdi rira giai:
0.5% NH-/MeOH. 1% NH-/MeOH, 5% NH:/MeOH
Hinh 1: So d6 xur Iy miu va céc yéu té khao sat
Bang 1: Thong s phan manh MRM cua 24 hop chat PFAS [13]
i i m/z
Hop chat sécAs | PKa RT ion me DP (V) | CE (V) | CXP (V)

logKaw min ion con
0.394 2129

PFBA 375-22-4 052 3.25 168.9 -30 -12 -9
0.569 262.9

PFPeA 2706-90-3 0.09 3.74 218.9 -45 -12 -13
0.840 3129

PFHXA 307-24-4 326 4.06 2689 -50 -12 -15
- 363.0

PFHpA 375-85-9 382 434 3188 -60 -14 -17
1.01 412.9

br-PFOA 335-67-1 (L) 430 464 369.0 -55 -12 -19
2.56 462.9

PENA 375-95-1 484 4.89 4191 -65 -14 21




m/z

X X RT
Hop chat S6 C.AS pKa : ion me DP (V) | CE (V) | CXP (V)

) 10gKow min ion con
261 512.9

PFDA 335-76-2 530 5.14 4689 -50 -14 -13
313 563.0

PFUnDA 2058-94-8 576 5.40 5189 -65 -16 -15

PFDoA 305-55-1 6.41 5.5 613.0 65 -16 15
- 568.9

PFTIDA 72629-94-8 5.80 gfgg 270 -20 15
713.0

PFTeDA 376-06-7 6.01 669.0 -85 -18 -19

PFBS 375-73-5 422 27999£ -75 -60 -13

PFPeS 2706-91-4 453 3749859 4110 .62 5
399.0

br-PFHxS 355-46-4 (L) 4.74 799 -110 -84 -13
4489

PFHpS 375-92-8 5.08 i -130 -80 5

br-PFOS 1763-23-1(L) | 2% 531 e -120 88 13

PFNS 68259-12-1 5.57 5&?5 155 92 13

PFDS 335-77-3 5.23 589093) -110 114 13
3270

4-2 FTS 757124-72-4 3.90 Sre -80 48 13
4270

6-2 FTS 27619-97-2 4.46 4070 -105 -64 -13

8-2 FTS 39108-34-4 FA 4.97 gg;g 4105 -40 23

FOSA 754-91-6 - 6.36 479883) 4105 -80 13

N-MeFOSAA 2355-31-9 - 5.10 ﬂg'g -90 -30 23

N-EtFOSAA 2091-50-6 - 5.23 ggg'g -95 -26 13

2.2.3 Khdo sat nhiém PFAS tir hé thong

Vi trong hé théng LC-MS/MS ¢ mét s6 bo
phan duoc lam tir nhya hoac teflon (cac day
dan pha dong, valve UPLC) c6 kha ning
thdi nhiém trong qua trinh phan tich, lam
ting ham lwong PFAS trong mau. Vi vay,
mau blank thiét b (vial rdng) duoc tiém lap
7 lan kiém tra nhiéu tir hé thong.

2.2.4 Tham dinh phwong phdp

Sau khi x&c nhan duoc cac thdng sb toi
vu héa cho quy trinh xir Iy mau, tién hanh
thuc hién quy trinh xac nhan gia tri s
dung cia phuong phap - tham dinh
phuong phép theo hudng dan cia AOAC
2019, phu lyc F [15]. Cac thdng sé duoc
thuc hién dé xac nhan phuong phap la: do
tuyén tinh caa duong chuan, gidi han phat
hién (MDL) va gigi han dinh lugong cua

phuong phap (MQL), d6 chinh x&c cua
phuong phap. Sau d6, tién hanh phan tich
trén 5 mau nudc sach dugc khach hang
gui téi Trung tdm Dich vu Phan tich Thi
nghiém (CASE), trong dé c6 modt mau
phén tich lap va thém chuan tai nong do 5
pg mL™.

3. KET QUA VA THAO LUAN

3.1Pinh danh 24 hep chat PFAS khi
phan tich trén LC-MS/MS

Trong cac hop chat PFAS, khi chiéu dai
day perfluoroalkyl ting dan thi do phan
cuc giam dan, nén cac hop chat cd day
alkyl cang dai thi cang giir 1au trén cot sic
ky pha dao. Bdi véi cac nhém chic co
cung d6 dai day alkyl, cac hop chat co
gdc sulfonic acid (-SOsH) c6 céu tric
khéng gian cong kénh hon nhém
carboxylic acid (-COOH), vay nén sé




duoc gitr lai 1au hon trén cot (Hinh 2, va
thoi gian luu tai Bang 1).

3.2 Két qua khio sat nhiém PFAS tir h¢
thong

Séc ky do tiém lap (n = 7) mau blank thiét
bi cho thay céc hop chat PFAS khong bj
thdi nhiém ra khoi hé théng thiét bi, dam
bao d6 dung d6i vai két qua phan tich céc
hop chat PFAS trén hé sic ky long
ExionLC nay ma khéng can dén su c6
mit cua “cot delay” trong hé thong phan
tich.
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Hinh 2: Sic ky do cta 24 hop chat PFAS (hinh
trén) tai nong d6 2.0 ng mL™ va sic ky d6 mau
trang (blank) thiét bi (hinh dudi)

3.3 Két qua khao sat diéu kién xir ly
mau

3.3.1 Két qud khdo sat cét chiét pha ran
(SPE)

Céc hop chat PFAS ton tai trong moi
truong & nong do vét nén viéc khao sat
kha nang lwu gift va lam giau mau trén cot
chiét SPE kha quan trong. Trong nghién
ctu nay, bon loai cot SPE (géom HLB,
SDB-L, Easy, va WAX) duoc lya chon
nham nghién cau kha ning hap phu céac
hop chat PFAS. Két qua duoc trinh bay
trong Bang 2. Trong méi trudng, hau hét
cac hop chat PFAS c6 gbc acid co pKa
khé thdp nén thuong ton tai & dang anion.

Theo cac tai liéu tham khao [9-12], [14],
cot chiét SDB-L c6 nén vat liéu khdng
phan cuc nén chi luu giira tot cac hop chat
c6 mach carbon tir 6C tré 1én theo co ché
pha dao, voi cot chiét HLB c6 vat lieu
chaa géc ai nuéc — i dau voi kha ning
lwu gitr rong tir cac hop chit khéng phan
cuc dén cac hop chat phan cuc, tuy nhién
két qua cho thay cot HLB khong luu giir
tt voi cac hop chat PFAS cd gbc
carboxylic acid véi mach carbon 4C
(PFBA) va 5C (PFPeA). Bén canh do, hai
cot SPE WAX va Easy Chromabond cé
ban chat vat liéu copolymer voi 1,3-
divinylbenzene (it phan cuc) va N-vinyl-
pyrrolidone blen tinh chara goc trao doi
anion yéu gom amine bac nhat va amine
bac hai c6 kha nang tuong tac vai cac hop
chat PFAS theo ca hai co ché pha dao va
trao d6i anion nén cho kha ning luu giir
tét 21 hop chat PFAS khao sét tir mach
alkyl 4C dén mach 10C véi hiéu suit thu
hoi (trén 80%) va %RSD (nho hon 20%)
dap (g tiéu chuan AOAC. Tuy nhién cot
chiét Easy Chromabond c6 thoi gian xir ly
mau kha lau (3 gi®) gap 1.5 lan so vai cot
chiét WAX (2 gio), vay nén dé toi wu hoa
thoi gian xir Iy mau ma van dam bao két
qua phéan tich, cot SPE WAX duoc chon
lva cho qui trinh phan tich nay. Theo
bang két qua thu duoc, ba hop chat
FOSA, PFTrDA (13C) va PFTeDA (14C)
déu khong dat hiéu suat thu hoi (dudi
40%) khi tach chiét trén ca bon nén vat
liéu HLB, SDB-L, Easy Chromabond va
WAX, nguyén nhan c6 thé rang dung mai
reda giai  khi thyc hién khao sat
(0.5%NH3/MeOH) chwa du manh dé cit
dut lién két gitra vat liéu va chat phan
tich, dan dén chét phéan tich chua rutra giai
hoan toan khoi nén vat liéu.

3.3.2 Két qua khao sat dung mdi riza gidi
Theo ly thuyét, khi mach alkyl cang dai,
tinh khéng phan cuc cua cac hop chat
PFAS cang tang, kha nang luu gitt cua cac
hop chat PFAS trén vat liéu SPE theo co



ché pha dao ting. Bé dam bao 24 hop
chat PFAS duoc rira giai hoan toan ra
khoi cot chiét pha ran, @ manh dung moi
rira giai duoc khao st bang cach ting ti 16
ammonia trong dung dich MeOH lan luot
0.5%, 1%, va 5%. Két qua & Bang 2 cho
thdy 21 hop chat PFAS cho két qua tuong
dong véi hiéu suat thu hoi trén 80% ddi
V6i cac ti 16 %NH; tang dan trong dung
moi MeOH rtra giai, chang to 0.5%
NH3/MeOH du manh dé 16i cudn cac hop
chat PFAS ra khoi nén vat liéu cot chiét
SPE. Tuy nhién, ba hop chat FOSA,
PFTrDA va PFTeDA van cho hiéu suét
thu hoi kha thap c6 thé do bi that thoat
trong qua trinh tai mau qua cot do ba hop
chat nay c6 mach carbon dai (tinh khong
phan cuc cao) va hop chat FOSA c6 géc
sulfonamide.

3.4 Két qua tham dinh phwong phap

Do két qua vé hiéu suat thu hoi cua ba
hop chit FOSA, PFTrDA va PFTeDA
trong cé&c quy trinh khao sat chua dat yéu
cau theo tiéu chuan AOAC, nén ching toi
thuc hién khao sat tham dinh quy trinh
phan tich 21 hop chat PFAS trong nén
mau nuéc thay vi phan tich 24 hop chat
PFAS theo tiéu chuan EU 2020/2184. Két
qua phuong trinh dudng chuan biéu dién
su phu thudc ti 1€ dién tich peak theo
nong do cua chat phan tich, phuong trinh
duong chuan cua 21 hop chat déu c6 hé
s6 twong quan (R? 16n hon 0.995, cho
thdy c6 thé dinh luong chinh xac céc chat
trong khoang ham lugng khao sat. Gia tri
gigi han phat hien (MDL) va gigi han
dinh luong (MQL) cua phuong phap dugc
thuc hién bang cach them chuan vao nén
mau blank lan luot tai nong do 1.0 va 3.0
pg mL™ (mdi ndng do thuc hién 9 1an vao
2 ngay khéc nhau). Tiéu chi chip nhan dbi
véi MDL la dién tich tin hiéu/dién tich
nén phai |6n hon 3, MQL phai dap tng
cac thong sb vé giéi han dinh lugng (hiéu
suat thu hoi tir 70 — 120% va RSD nho
hon 20%) [15]. Két qua duoc trinh bay &

Bing 2 cho thay higu suét thu hoi tir 82 —
106%, do 13p lai va do ti lap déu nho hon
11%.

3.5 Két qua phan tich trén nén miu
thuc

Thuc hién quy trinh phan tich trén 5 nén
mau nudc sinh hoat thuc té trong do co
mot mau duoc 1am 13p va thém chuan tai
ndng d6 5 pg mL™?, két qua phan tich déu
khong phat hién 21 hop chat PFAS. Bén
canh d6, dé dam bao chat luong két qua
phan tich, mau thém chuan (3 pg mL?,
n=2) di kém dat hiéu suat thu hoi trong
khoang 86.5 — 117.4% va %RSD trong
khoang 5.89 — 15.8%.

4. KET LUAN

Bai viét da budc dau phat trién dugc quy
trinh lam giau 250 mL nudc chira 21 hop
chat PFAS trén cot chiét SPE WAX véi
thao tac don gian, d& thuc hién, vai két
qua hiéu suat thu hoi trén 80%. Giéi han
phat hién (MDL) va gidi han dinh lugng
(MQL) cuia phuong phap lan luot 12 1 pg
mL™" va 3 pg mL™, dap tig qui dinh sum
of PFAS & ngudng 0.1 ng mL™ (twong
dwong 5 pg mL™ cho ting chét) cua tiéu
chuan EU 2020/2184. Bén canh d6, chiing
toi thuc hién khao sat ki vé théng sé do
dic hiéu cua phuong phap bang céch phan
tich vial rong, két qua cho thay khong can
su dung cot “delay column” phuong phap
van dam bao khong co6 PFAS thoi nhiém
tir hé thong sac ky. Ngoai ra, két qua tham
dinh tai nong d6 MQL (3 pg mL™) cho d6
chinh xac cao (hiéu suat thu hoi tir 82 —
106%, do 13p lai va do tai 1ap déu nho hon
11%). Tuy nhién, & budc dau xay dung
quy trinh phan tich cac hop chit PFAS, ba
hop chat PFTrDA, PFTeDA va FOSA
chua dép tmg dugc hiéu suit chiét phu
hop vai yéu cau AOAC.
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Bang 2. Bang tdng hop Hiéu suét thu hdi (%) va do léch chuan twrong dbi (RSD, %) ciia 24 hop chit PFAS tai ndng do 5 pg mL™ (n=3) khi khao sét cac loai cot

chiét pha ran (gom HLB, SDB-L, Easy, va WAX) va ty 1&¢ NH5 trong dung méi rira giai MeOH (lan luot 12 0.5, 1, va 5%); Két qua tham dinh phwong phép

" <
<l gslolgs|2laols| 2|8 |2la|l<|<|8|<|2|al|l8]2 % 2 | S| 8|3
Thénesé | @ g m E u & 2 T g u £ pa % g a L pd = Q O a) 8 = >
ong so o g s T ~ o T & a o~ i [ o a [ ~ i > 5 L e o T =
a o o <'_| o o -é 5 @l o o LL 5 o CD| & s u|J o N &
= z
@ o 79 | 869 | 84 | 931|984 | 96.7 |101.9| 96.2 |1055| 90.3 | 97.2 | 45.9 | 90.7 | 89.1 |105.2| 85.7 | 86.1 | 96.2 | 98.7 | 87.9 | 79.3 | 453 | 37
|
T 94|29 | 48 | 24| 6 | 49| 4 | 35|34 | 11|28 |174| 57| 3 |19 |25 |107| 78| 25| 2 7 | 78| 13
= . 37 | 401 | 535 | 86.7 | 88.4 | 98.3 | 99.3 | 98.9 |102.1| 885 | 100.3| 34.8 | 98.2 | 87.2 | 106 | 905 | 77.9 | 94.9 | 83.7 | 748 | 70.4 | 39.6 | 32.9
a 308|116 | 61 | 11 | 12 | 25 | 43 | 24 | 36 | 24 | 43 |118| 63 | 26 | 25 | 28 | 77 | 16 | 47 | 36 | 11.6 | 158 | 125
= - 92.3| 843 | 986 | 943 | 100 | 101 | 97 | 983|973 | 957 | 97 |1033| 35.7 | 88.7 | 833 | 954 | 90.4 | 88 | 923 | 87.8 | 90.1 | 71.3 | 31.8 | 25.7
S 7]
b=t w 13| 4 | 42| 4 | 35|38 |07 | 2 | 17|57 |29|31|1201|41|33| 17| 3 |53| 3 |58 13|87 14 |139
Eg\i % 94.2| 915 | 89.1 | 973 | 91.3 | 92.9 | 96.3 | 94.2 | 95.8 | 101.7| 98.7 |101.1| 45.2 | 86.8 | 91.6 | 96.7 | 957 | 88.4 | 88.4 | 99.7 | 92.8 | 78.4 | 50.1 | 45.1
«gé 2 64| 68 | 1.8 | 36 | 12| 2 | 12| 5 | 19|17 | 33|27 |147| 2 |08 | 31|08 | 35| 22|36 | 15| 48| 7 | 58
& | o05%NHy | 919] 90.9 | 926 [ 869 [ 961 | 93.8 | 928 | 97.5 | 98.2 [103.9| 96 [103.4 | 56.1 | 82.1 | 857 | 87.5 | 84.6 | 845 | 97 | 96.3 | 84.7 | 77.2 | 37.9 | 348
= MeOH 1) 19 | 15 | 25 | 57 | 33| 16 | 27 | 08 | 15 | 32 | 36 | 114 | 23 | 55 | 27 | 49 | 28 | 43| 3 | 27 | 61 | 64 | 95
1% NHy | 867| 95.9 | 947 | 93.4 | 842 | 945 | 921 | 94.9 | 101.4(102.1| 95.9 | 94.9 | 56.9 | 90.3 | 853 | 97.9 | 84.1 | 87.3 | 9L1 | 82.6 | 89.6 | 765 | 407 | 367
MeOH 44| 6 | 41| 28| 41| 2 | 13| 3 |42 | 46| 11| 22|89 | 3 | 43| 33| 4 |57 | 25| 4 |139] 97| 72107
50 NHy | 861 94.7 | 98.4 | 90.3 [ 90.3 | 98.8 | 96.6 | 99.7 | 96.8 |102.9|102.1| 98.8 | 51.4 | 89.9 | 847 | 969 | 93.1 | 84.6 | 90.2 | 98.8 | 92.7 | 82.1 | 545 | 449
MeOH 31| 47 | 14 | 153 | 14 | 55 | 21 | 56 | 24 | 18 | 16 | 2 |121| 51 | 36 | 49 |123| 38 | 21 | 25 | 1.7 | 63 | 22 | 52
g |R 0.999 | 0.999|0.999 | 0.999| 0.999 | 0.999 | 1.000|0.999 | 0.999 | 0.999 | 0.999 | 0.999 0.999 | 0.999 | 0.999 | 1.000 | 0.999 | 0.999 | 0.999 | 0.999 | 0.999 | N.A. | N.A.
o | MDL j 1
§ (pg mL™)
2 [MQL
[ 1 3
= |(bgmLY) A
R A
= |(-r|1f18)* 94.5(102.3| 99.8 | 955 | 99.5 | 95 |102.3| 93.8 | 99.7 | 94.5 | 102.3| 99.8 93.8 | 96 | 106 | 942 | 823 | 94 | 93.8 | 93.8 | 83.3
S [%RSD;
s ooy 4.96| 3.07 | 202 | 327 | 342 | 401 | 3.74| 33 | 361 | 496 | 3.07 | 2.02 8.56 | 4.94 | 3.07 | 5.02 | 4.15 | 7.02 | 4.15 | 3.24 | 9.79
o
- 0
B (/r‘;flsgﬁ 347|295 | 2.85 | 2.44 | 279 | 435 | 2.13 | 3.24 | 2.54 | 3.47 | 2.95 | 2.85 6.33 | 3.35 | 3.29 | 539 | 10.45| 3.2 | 5.16 | 4.96 | 4.32

Ghi chd: N.A.: Khdng thdm dinh véi cac hop chdt ndy do phét hién cao hon ngwéng nong dé 3 pg mL™




