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TOM TAT

Phirong phdp chiét pha rin két hop véi sdc ky long ghép noi khoi phé tir cue thoi gian bay
(UPLC-MS-QToF) dé xdc dinh trinitrotoluene (TNT) trong muede mdt da dwoc nghién ciru.
Phuong phdp co do chon loc va dé nhay cao. Hai logi cot chiét pha rin (SPE) la cot silica C18
(C18 Lichrolut RP-18) va divinylbenzene-N-vinylpyrrolidone (Oasis HLB) da dwoc so sanh. C18
cho két qua tot nhdt, @ thu hoi trung binh cao hon 90%. Gidi han phat hién TNT cia phwong
phap la 0,21 ng/l.
Tir khoa: Phuong phép séc ky 1ong khdi phd; Trinitrotoluen; Chiét pha rén.

1. MO PAU

Trinitrotoluen (TNT) dugc phat hién phd bién trong cac dbi twong dat nude, khong khi tai
cac nha may san xuét thuc nd hay cac nha may lién quan dén san xuit va bao quan dan duoc
trong quan doi, co kha nang phat tan gy 6 nhiém moi truong (2, 3]. Hop chét nay di duoc co
quan Bao vé mdi trudng My xép vao loai hoa chét co thé gay ung thu cho con nguoi, nhom ung
thu 2B [5]. Can nghién ctru va phan tich ddy dii d¢é danh gia chinh xdc muc d6 6 nhiém ton luu
truge khi dua ra duge phuong an xu 1y, giam thiéu cac ngudn thai gy 6 nhidm. Sic ky 1a nhoém
phuong phap manh nhat dé xac dinh ham lugng cac hop chit nitro vong thom & ham luong rat
nho [6, 7]. Tuy nhién, de dat dugc muyc dich phat hién ching trong mot s6 mau moi trudng &
ham lugng vét hay siéu vét Van can thém qua trinh xur ly dé lam giau va lam sach mau. Chiét pha
rin 1a phuong phap xur ly mAu phi hop nhat v6i nhitng vu diém 13 tiét kiém thoi gian, chi phi so
Vi cac phuong phap chiét khac. Trong nghién ctru nay s& sir dung phuong phap chiét pha ran két
hop véi sac ky long ghép nbi khdi phé tir cuc thot glan bay, ion hoa k¥ thuat APCI dé xac dinh
ham lugng vét hay siéu vét cia TNT trong mot sé mau nudc mit.

2. PHUONG PHAP NGHIEN CUU
2.1. Hoa chét, thiét bi

e Hoa chdt: Céc loai héa chat déu thudc loai hoa chat tinh khiét phan tich ding cho sic ky cia
Merck: Mqthanol (MeOH), apid formic, ammonium axetate, HCI. Chat chuan TNT ¢ dang ran
(Trung Quéc), c6 dg tinh khiet P.A.

o Thiet bi

- Can phan tich HR 200 (Nhat) ¢6 d chinh xac + 0,0002 g;

- Thiét bi sac ky long khéi pho QTOF SCIEX X500R (M§) voi nguon Turbo V ™ va ngudn
ion hoa hoa hoc (APCI). St dung bom 2 kénh, c6 di€u nhiét cho cft, h¢ bom mau ty dong. Cot
tach: Gemimi C18 110 A° (2,0 mm x 50 mm X 3 pm) hang Phenomenox (M¥);

- Cot chiét pha ran (SPE): Str dung cot RP-C18 LiChrolut 3 mL x 200 mg, 40-63 pm va HLB
Oasis 6 mLx200 mg, 30 um.

- Bo chiét pha rin Supelco va may hat chan khong New Askir 30, b thdi kho OA-Sys.
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2.2. Thyc nghiém

e Diéu kién lam viéc ciia thiét bi UPLC-MS-QTOF

St dung cac didu kién t6i vu da nghién ctru trude do [4].

- H¢ LC: Thoi gian: 8 phit, thé tich bom mau 10 ul, toc do dong: 0,3 mL/phut. Nhi€t do
budng chira mau: 15 °C, nhiét do cot tach: 40 °C. Pha dong A: Nude cat va amoniaxetat 10 mM,
pha dong B: Metanol va amoniaxetat 10 mM theo thé tich. Gradient pha dong: 0 = 1 phut dau:
90% A va 10% B; 1 + 3 phut: 90% A va 10% B; 3 + 6 phit: 10% A va 90% B; 6 + 8 phut: 90%
A va 10% B.

- biéu kiép MS: Str dung ché do quét IDA qhon duqq ion me va 2 iAon con, st dung ché do
quét MRM dé dinh lugng TNT. Cai dat tham s6 MS: Ché d¢ ion hoa: Am; DP: -80 V; CE: -10
V; NC: -3 pA; T: 400 °C; Gasl: 50 psi; Cur: 25 psi.

e Liy mdu, bio qudn, xir Iy méu

y Céc~m§u nuc mat 1y tai mot sé nha may quéc phong duge bao quan trong chai thiy tinh
sam mau ¢ 4 °C va phén tich trong vong 48 git ké tur khi lay. Méau dugc loc thd bang gidy loc
thuong sau d6 qua mang loc 0,45 pm bang bom hat chén khong. Lay 500 mL, chinh pH dén 3,5
bang axit HCI, chiét mau trén cot SPE-C18 hoac HLB (da duoc hoat hoa bang 5 mL MeOH va 2
mL nudc) voi toc do dong 5-10 mL/phut. Rura c6t bang 10 mL nude cat va thoi kho bang bom
hat chan khong trong 10 phut. Rura giai TNT ra khoi ¢t bang 5 mL MeOH vdi téc d6 1 mL/phut.
Lam bay hoi bét dich chiét bang khi ni to va dinh muc lai dén 1 mL bang MeOH va chuyén vao
hé UPLC-MS-QTOF phan tich.

3. KET QUA VA THAO LUAN
3.1. Xac dinh TNT trén thiét bi UPLC-MS-QTOF
Séc ky d6 tach TNT thé hién trén hinh 1, TNT dugc rira giai ra khoang 3,5 phut. Pho khéi thé

hién trén hinh 2.
XIC from CE new.wiff2 (sample 1) - TNT 100pp... -IDA TOF MS (100 - 300): 226.01 +/- 0.05 Da
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Hinh 1. Sic ky do tach TNT.
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Hinh 2. Phé khoi MS/MS ciia TNT (tai CE =-10 V).
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Qua trinh khao sat cho thdy TNT bj ion hoa ¢ dang [M-H]- véi ion 226,01 do hinh thanh 4,6-
dinitro-2.1-benzoisoxazol. 2 manh thir cap chinh quan sat thiy 1a m/z 45,9923 (NO»-) va m/z
76,0178 cua 5-metylidenecyclopenta-1,3-dien. Hai manh con nay s& duoc ding dé dinh lugng. Két
qua thu dugc pht hop véi cong bd ctia nhom tac gia [3, 5].

o Xdy dwng dwong chuin

Lép day nong d6 cta TNT trong khoang tuyén tinh tur 1 pg/L dén 150 pg/L d¢ xay dung
duong chuén bang cach chuan bi tir cac dung dich gorn chat chuan ty pha trong MeOH. Mdi gia
tri nong d¢ dugc do 3 lan dé co gia tri trung binh. Do thi duong chuén thu duge trong hinh 3 voi
hé sb trong quan R2 = 0,999 c6 do tin cay rat 16n.

— @ Calibration for TNT 1:y = 522.67166 x + 2699.3...(r = 0.99913, r* = 0.99826) (weighting: 1 /x)

@ Calibration for TNT 2:y = 1969.50171 x + 11141.73153 (r = 0,99978, ¢ = 0.99955) (weighting: 1/ x)
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Hinh 3. P6 thi dwong chudn xdc dinh TNT.
3.2. Khio sat diéu kién xir Iy miu
3.2.1. Chon cot chiétpha ran
Str dung 2 loai cot 1a RP-C18 va HLB déu c6 vat liéu nhdi ¢t 1a chat hép thy pha déo, c6 kha
nang ung dung rong rdi véi cac loai hop chat nhu axit, bazo, trung tinh,... Sir dung 500 mL nén
mau khong phat hién TNT, thém dung dich chuan TNT ¢ 2 mirc néng d6 va tién hanh chiét pha
ran. Moi thi nghiém l3dp lai 3 1an va lay gia tri trung binh, két qua thu dugc thé hién trong bang 1.

Bing 1. B thu hoi (R) ciia cot chiét pha rdn. Ca 2_ loai ot giéu cho ket qua tot khi chict

— — TNT véi @6 thu hoi dao dong tir 94 dén 128 %.

CotC18 COtHLB | b3y nay 1a phu hop do vat lidu nhdi cot ciia

Cunem chin (/) | 50| 100 | 50 | 100 | 55 13 cht hép thu pha ddo nén c6 kha ning
Ciim (ng/1) 46,8 | 101,9 | 57,5 | 1281 tach tot voi mot chét it phan cuyc nhu TNT.
R (%) 94 | 102 | 115 | 128 | Tyy nhién, cot SPE-CI8 cho két qua tét hon

kh1 st dung c6t HLB do TNT la chét it p}lﬁn cuc nén s¢ thich hop nhat khi str dupg ot co chat
nhéi cOt it phan cuc nhu C18 trong khi cau tao vat liéu nhoi cdt cia HLB ¢6 ca dau ky nudc va
dau ua nudc.
3.2.2. Khao sat toc dg riva gidi va thé tich dung méi riva gidi

Str dung 500 mL nén mau khong phat hign TNT, thém dung dich chuén TNT ¢ mic 50
pg/L va tién hanh chiét pha ran bang cot SPE-C18. Rua giai TNT ra khoi cot bang 5 mL
MeOH ¢ céc toc do rura giai khac nhau. Khao sat anh hudng cua thé tich dung méi rira giai
(MeOH) khéc nhau v6i toc d§ 1 mL/phat. M6i thi nghiém 1ap lai 3 1an va lay gia tri trung binh,
ket qué thu dugc nhu sau:
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Bing 2. Anh hudng cia toc 9 rira gidi va thé tich dung méi rira gidi.

Tbc d6 rira giai (mL/phut) Vam MeOH (mL)

0,5 1 2 2 5 8
Cim (ug/) | 46,8 | 47.1 43,7 | 406 | 468 | 469
R (%) 93,6 | 942 | 874 | 812 93,6 | 938

C6 thé thay téc d6 rira giai anh huong kha 16n den hiéu suét chiét. Téc do rira giai qua 1on s&
phai sir dung mét luong l6n dung moéi, dé kéo di mat chét phan tich lam hi¢u suat chiét giam.
Con néu tbc do rira giai thip s& kéo dai thoi gian phan tich mau. Tur cac két qua chi ra & bang
chung t6i nhén thiy tai tbc d6 0,5 mL/phat va 1,0 mL/phat cho hiéu suét thu hdi khong khac
nhau nhiéu, dé tiét kiém thoi gian chung t6i chon tdc do rira giai 1 mL/phut.

Luong dung méi rira giai phai du 16n dé chat phan tich c6 thé dugc rira giai ra khoi cot hoan
toan. Néu chi sir dung 2 mL MeOH thi hi¢u suit thu hoi dat thép do TNT chua duoc rira giai ra
hét. Khi ting thé tich rira giai 1én SmL, hiéu suét thu hdi ting 1én va khong thay dbi nhiéu khi st
dung 8 mL MeOH. Nhu vay c6 thé thdy v6i 5 mL dung méi TNT di bi rira giai ra hét.

Thé tich nap mau tiy thudc vao mirc d6 can lam gidu miu va lam sach miu. Dbi v6i nhiing
mAau nude mit hay nude ngdm can xac dinh lwong vét cac chat phan tich c¢6 thé liy lugng miu tir
200-500 mL. Lam giau mau dén nong do chat phan tich nam trong khoang duong chuan da xay
dung trong thiét bi.

Tir cc két qua thu duoc c6 thé dua ra quy trinh xtr Iy mAu chung tdi vu thé hién trong hinh 4:

Hoat hoa cot SPE-C18 (1: 5 ml MeOH; 2: 5 ml H,O)

v

Nap mau (5-10 ml/phit)
(da diu chinh pH =3,5 bang axit HCI)

v

Rira ¢t (5 ml nudc cat)

Sy kho chan|khong 10 phit
A\ 4

Rira gidi (5 ml MeOH, té¢ do 1 ml/phit)
v
C6 mau bang khi N, va dinh muc lai bing MeOH dén 1 ml
Vial
v

UPLC-MS-QTOF

Hinh 4. Quy trinh xir Iy mdu t6i wu xdc dinh TNT.

3.3. Xac nhan gia tri sir dung cia phwong phap

Xac dinh d¢ thu hdi va hé ‘sé bién thién cta phuong phap bang cach lay 500 mL mAu tring
sau do thém chuan ¢ 2 mire nong do la 10 pg/L va 50 pg/L TNT, tién hanh chiét trén cot SPE-
C18 tuwong ty nhu lam voi mau that, 1am Iip lai 6 lan va rn(:gi mau phan tich 6 1an. Két qua thu
duogc cho thay d¢ thu hoi dat dugc trén 90 % trong khoang nong d6 10 + 50 pg/L. D9 1ap lai cho
gia tri RSD trong khoang 2,1 + 3,1 %. Nhu vay, phuong phap c6 d¢ thu héi va do lap lai dat yéu
cau theo tiéu chuin cua hoi ddng Chau Au (AOAC) [1] & mirc ndng do thir nghiém.
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Xac dinh gi61 han phat hién va gi6i han dinh lugng cua phuong phap: Lay 500 mL mAu tring
sau d6 thém chuan ¢ nong do 1 pg/L; tién hanh chiét trén cot SPE-C18 tuong ty nhu lam voi
mau that, lam 1dp lai 10 lan. Két qua tinh gidi han phat hién xac dinh TNT 1a 0,21 ng/L va gidi
han dinh lugng xac dinh TNT 14 0,70 ng/L.

3.4. Phan tich miu thuc

Str dung cac két qua khao sat ¢ trén, img dung phuong phap dé phan tich mot miu nude mit
trong khu vuc nha may san xut qudc phong. Sac ky d6 mau thé hién trong hinh 5, 6.

Z115 2001 - TNT 1 (Unknown) 195.9889 - 196....ta\TNT\Data) Sample.wiff2), (sample Index: 1)
Area: 5.611ed, Height: 2.034e4, RT: 3.56 min
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Hinh 5. Sic ky do TNT trong mau nudc sudi.

Sample 2001 - TNT 2 (Unknown) 45.9...ta\Sample.wiff2), (sample Index: 1)
Area: 2.202e5, Height: 7.493e4, RT: 3.56 min
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Hinh 6. Sdc ky do TNT trong mau nuée ao.
Két qua thu dugc ham lugng TNT c6 trong mau nude sudi 1a 0,02 pg/L va miu nudc ao 1a

0,22 pg/L dat tiéu chuan cho phép theo TCVN/QS 658:2012. Nhu vay, mau nudc mit tai nha
may san xuat quoc phong di bi 6 nhiém bsi TNT nhung & nong do rat thap.
4. KET LUAN
Bai bao da xay dung thanh cong quy trinh xir ly n}e:lu xéac dinh ham lugng vét TNT trong nudc
mat trén thiét bi UPLC-MS:QTOF. Hai loai g(f)t chiét pha ran da dugc khao sat 1a C18 va HLB.
Cot SPE-C18 cho d6 thu hoi 16n hon 90% t6t hon so véi khi st dung c¢6t HLB. Gidi han phat
hién cua phuong phap 1a 0,21 ng/L va gi6i han dinh luong 1a 0,70 ng/L. Ba ap dung thanh cong

dé > phan tich mot s6 rnau nude mit thu thap tai nha may qudc phong. Ham lugng TNT cua cac
mAau nudc mit & mire rat nho tir 0,02 dén 0,22 pg/L.
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ABSTRACT

Research on determination of the trinitrotoluene in surface warter by solid-phase

extraction with liquid chromatography quadrupole time-of-fly mass (UPLC-MS-QTOF)

A highly specific and sensitive method for the detection of trinitrotoluene (TNT) using
solid-phase extraction (SPE) with optimised Liquid Chromatography Quadrupole Time-
of-Flight Mass Spectrometry (UPLC-QToF-MS) procedure has been developed. Two
different SPE sorbents, C18 bonded silica (C18 Lichrolut RP-18) and divinylbenzene-N-
vinylpyrrolidone (Oasis HLB) were compared. SPE-CI8 provided the best results,
yielding average recoveries higher than 90%. Detection limits of TNT provided by the
proposed SPE-LC-QTOF-MS procedure were 0.21 ng/L.

Keywords: Liquid mass chromatography method; Solid-phase extraction; Trinitrotoluene.
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