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TOM TAT

Hop chat 2,4,6 — Trinitrotoluen (TNT) trong nén mau dat dwoc chiét siéu am trong dung méi
acetonitril, sau d6, dwoc phéan tach va xdc dinh trén hé thong sdc ky khi véi dau do khoi pho
(GC-MS) va sdc ky long ghép noi dau do khoi pho (LC-MS). Két qua cho thdy phirong phdp
phan tich TNT bang phwong phdp GC-MS ¢6 khodng tuyén tinh tir 5,0 dén 500 ng/mL, d¢ diing
dat 80,5%, dg léch chudn twong doi (RSD) nhé hon 7,1%, giGi han phat hién (LOD) la 16 ng/g.
Trong khi d6, cdc két qud khodng tuyén tinh, dé ding, RSD va LOD ciia phiong phdp LC-MS
lan luot la 5,0 dén 500 ng/mL, 90%, nhé hon 6,2%, va 3,1 ng/g. Cdc gid tri LOD ciia cd hai
phirong phdp déu dii d¢ nhay cho phép tam sodt ham lwong vét TNT trong mau dat khu viee xung
quanh dia dao Cii Chi, huyén Cii Chi, thanh phé Ho Chi Minh.

Tw khéa: TNT; GC-MS; LC-MS; Cu Chi.
1. GIOI THIEU

2,4,6 — Trinitrotoluen (TNT) 1a hop chat thudc nhom nitro vong thom, 14 thanh phan nd trong
bom, dan dugc, thude sung. TNT co ddc tinh cao, kha nang gdy ung thu va gay nguy hai cho moi
truong do kha ning khuéch tan va di chuyen trong cac ngudn nudc, dat [1, 2]. Hon nira, khi TNT
phat thai trong méi trudng, cac qua trinh hép phu, giam cap sinh hoc [3], giam cip quang hoa
dién ra phuc tap [4]. Céc san pham phan huy tir TNT déu gay nhimg anh hudng xau t6i moi
truong dat, nudc va suc khoe con nguoi. Trong cudc khang chién chéng my clru nudc, tinh tir
nam 1954 — 1975, s6 luong bom dan My trat xubng Cu Chi khoang 500.000 tin, trung binh mdi
nguoi dan ¢ day hung chiu 1,5 tan bom [5]. Ngoai ra, trén cac khu quén sy, khu truong bén cac
hoat dong luyén tap, san xuit thudc phong, thude nd co kha nang anh huong dén moi truong dat
va nude. Do do, viéc tim soat TNT va cac san pham giam cap sinh hoc va quang hoa cia TNT
trong dat ludn mang tinh cap thiét.

Phuong phéap LC-MS va GC-MS 1a hai k¥ thuat pho bién dap ung Vé d6 nhay va do tin cdy cao
duogc ap dung cho xic dinh ham lugng TNT & ham lugng vét trong nén mau dat [6-8]. Phuong
phap LC-MS c6 d¢ nhay cao cho xac dinh TNT, nhung viéc ing dung thu vién phd chuin con
nhiéu han ché va phu thudc vao do phan giai ciing nhu loai thiét bj dugc sir dung. Trong khi do,
phuong phap GC-MS ¢6 dir liéu thu vién phd chuédn rat 16n c6 thé thyc hién viéc tam soat TNT va
cac san pham phan huy dé dang hon [9]. TNT hép phu manh va tao nhleu loai lién két véi cac
thanh phan trong nén mau dat [10, 11]. Dé chlet tach TNT khoi nén miu dat, viéc lwa chon dung
mdi chiét va nang luong chiét dong vai tro quyet dinh. Trudc day, phuong phap chiét Soxhlet dugc
str dung pho bién cho chiét tach cac hop chat khoi nén miu trong thoi gian khoang 48 gid bang
dung méi MeOH [12]. Phuong phap nay do tén nhiéu thoi gian va can mot lugng 16n dung moi
trong qu4 trinh chiét. TNT c6 thé duoc chiét siéu 4m bang dung méi acetonitrile trong thoi gian 18
gio trong diéu kién lanh 6 °C theo phuong phap EPA 8330 A [13]. Phuong phap nay cho hi¢u suat
thu hoi TNT gan 100 %, nhung viéc chiét siéu am lién tyc 18 tiéng voi cuong do séng 4m 16n anh
hudng réat 16n toi con ngudi va mdi truong 1am viée cua phong thi nghiém.
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Dua trén céac luan diém trén, phuong phap chiét siéu 4m duoc chung toi sir dung dé tach chiét
TNT tir nén mau dét. Tuy nhién, mau dat dugc ngdm v6i dung moi qua dém réi moi dung chiét
siéu am. Cach 1am nay dam bao dugc hiéu sudt thu hdi TNT tir nén mau va giam thiéu déang ké
thoi gian chiét siéu 4m. Trong khudn khd bai bao nay, chiing t6i tap trung vao ba ndi dung chinh
cho xac dinh ham lugng TNT trong nén mau dat dugc lay xung quanh khu vuc dia dao Ci Chi:
(1) Thi uu hoa diéu kién chiét tach TNT tir nén mau dat bang cach ngam va két hop chiét siéu
am, (2) t6i wu héa cac thong s6 LC-MS cho phén tach va xac dinh TNT, va (3) dénh gia kha nang
dinh lugng TNT bang phuong phap GC-MS. N6i dung thtr 3 dugce két hop v6i kha ning tam soat
cac san pham giam cap sinh hoc va giam cép quang hoa cia TNT trong moi truong s€ 1a tién dé
cho su m& rong nghién ciru va trinh bay trong nghién ctru tiép theo ctia nhom.

2. PHUONG PHAP

2.1. Héa chit va thiét bi

Thiét bi chinh sir dung trong nghién ciru 1a hé thdng sic ky khi 7890A v6i dau do khéi phd
(GC-MS) cuia hang Agilent (USA), cot phan tich DB-5Ht (30 m x 0,25 mm i.d. x 0,10 um), khi
mang He voi d6 tinh khiét 99,999%. Hé théng LC-MS goém c6 LC 1200 bao gdm bom don bon
kénh, bo tiém mau tu dong, 16 cot dugc ghép ndi v6i dau do MS 6130 single quadruple cua hang
Agilent (USA) v&i ngudn ion héa phun dién tir (ESI), cot Zorbax C18 (150 mm x 4,6 mm, 5
pm). Thiét b ly tim Hermle Labortechnik (Pirc).

Chuén 2,4,6- trinitrotoluene (TNT), ndi chuan triphenyl phosphate (TPP) ding cho GC-MS,
ndi chuan 2,4-dinitrophenol (2,4-DNP) ding cho LC-MS, voi do tinh khiét trén 99% (Merck,
Puc). Dung dich TNT 1000 pg/mL dwoc chuin bi trong acetonitrile (ACN) vao bao quan tai
nhiét d¢ 4 °C. Dung dich noi chuén hdn hop TPP va 2,4-DNP 1000 pg/mL dugc chuén bi trong
ACN va bao quan tai nhiét do 4 °C. Cac dung méi ACN, methanol (MeOH), dichloromethane
(DCM) va acetone loai tinh khiét HPLC (Scharlau, Tdy Ban Nha). Acid formic, CaCl, loai tinh
khiét dung trong phan tich (Merck, Ptc). Nude khir ion duoc sir dung cho tit ca cac thi nghiém
trong nghién ctru nay.

2.2. Quy trinh xir Iy méu

Quy trinh dugc Ung dung trén nén miu dit tai cac khu vuc xung quanh dia dao Cu Chi,

Huyén Ct Chi, Thanh phé Ho Chi Minh (hinh 1).

y Vi tri lay
V. mau dat

L4 TitongIBan Cul
Hlnh 1. Khu vuc va vi tri lay mau xung quanh dia dao Cu Chi.

Can chinh xac 2 g mau vao binh chiét ¢ nip vian teflon. Thém 20 mL dung méi ACN, van
chit nap va ngdm chiét qua dém. Sau do, siéu 4m 1 gid tai nhiét d6 20 °C, thém CaCl, 0,2 % w/v
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dé loai nhanh céc hat ran lo limg, ly tAm mau tai tdc d6 5000 vong/phut Vé’chuy‘én phan dung
dich trong vao binh ¢d quay chén khong loai 100 mL. Lap lai qua trinh chiét 3 lan va c6 quay
chén khong to1 khi dung dich trong binh chiét con khoang 1 mL. Théi khé mau bang dong khong
khi, hoa tan mau trong 1 mL dung dich ndi chuén hon hop TPP va 2,4-DNP 100 ng/mL roi loc
mau qua mang loc 0,45 um trudce khi tiém vao hé thong GC-MS va LC-MS.
2.3. Ché d6 thi nghiém trén thiét bj sic ky
Théng sé6 GC cho phan tach TNT dugc cai dit theo chuong trinh nhu sau: Nhiét do budng
tiém 280 °C, véi ti 1€ chia dong la 1.5, the tich tiém mau la 1 pL, toc d6 dong khi mang He la 1
mL/min, chuong trinh nhiét nhu trong (bang 1). Pau do khoi ph6 voi nguén ion hoa EI dugc cai
dat nang luong 70 eV, nhjét do 230 f’C va r‘lhiét‘d(} b phén tich khoi tr cyc 14 150 °C. Tin hiéu
TNT duogc cai dit theo ché do SIM bang phan mém Masshunter cua hang Agilent.
Bdng 1. Chuong trinh nhiét do cot.
Téc @6 gia nhiét (°C/phit) Nhiét d6 (°C) Thoi gian (phut)
100 3
20 250 5

Théng s6 LC cho phan tach TNT dugc cai dét theo chuong trinh nhu sau: Pha dong A 1a H,O
va pha dong B la MeOH véi chuong trinh déng dong co ti 1¢ pha A:pha B la 50:50 (%, v/v) trong
thot gian 12 phat. Nhiét d6 1o cot la 40 °C, thé tich tiém mau 14 10 pL va toc do dong pha dong la
0,5 mL/min. Thong s6 MS cho nhan dién TNT dugc cai dat theo chuong trinh sau: Ngudn ion
hoéa phun dién tr ESI voi ché do ion héa 4m, dién thé +4.000 V, téc do dong khi 1am kho 8
L/phut, ap sudt phun suong 30 bar tai nhiét do buéng jon hoa 275 °C. Tét ca cac tin hiéu duoc
ghi theo ché d6 SIM cho TNT la ion 226,1 m/z va cho 2,4-dinitrophenol (IS) 1a 140 m/z bang
phan mém Chemstation cua hing Agilent.

3. KET QUA VA THAO LUAN
3.1. Phan tich TNT trén h¢ théng GC-MS

TNT c6 nhiét do soi cao, hon nira dé bi phan hity nhiét tai nhiét do cao tao ra cac san phém
phan hiy [14]. Van dé nay dugc xét dén va kiém soét trong qué trinh phan tich thudc nghién ctru
nay. Dung dich chuan TNT dugc tiém vao hé thong GC-MS va ghi tin hiéu theo ché do scan.
Toan b cac tin hiéu xudt hién trén sic ky dd duoc danh gia d& dam bao su phan hiy nhiét cua
TNT ¢ mic thip nhat. Trén sic ky do cho thdy TNT duoc rira giai tai thoi gian 7,9 phit (hinh 2)
va khong xuét hién cac mii sic ky khac trén sic ky do. Piéu nay ching té chuong trinh nhiét
cho phén tach TNT trén hé thong sic ky duoc khdng ché tét cho sy rira giai TNT va khong lam
phan huy nhié¢t. Manh ion 210 m/z dugc chon lam ion dinh lugng va cac manh ion 164, 180 va
193 dugc chon lam ion dinh danh va ghi tin hiéu theo ché @6 SIM cho TNT trong cac khao sat
tiép theo.

Phuong phap GC-MS duoc lién két véi cac thu vién phd chuin (NIST MS search 2014) véi
sb luwong dir licu rt 1én. Dua trén co s& nay, GC-MS vura ¢6 du d6 chinh xac, d0 nhay cho phan
tich TNT & ham luong vét, vira tim soat dugc cac san phim bién ddi ciia TNT trong qua trinh
phén tich cling nhu san pham phan huy sinh hoc, hoa hoc xay ra trong tu nhién. Nham tim soat
ddng thoi cac san pham giam cép cua TNT, cic manh ion dugc cai dat dong thoi va ghi tin hiéu
theo ché d6 SIM nhu sau: 1,3,5-Trinitrobenzen (213, 167, 120, 75 m/z); 2,4- Diamino-6-
Nitrotoluen(167, 150, 121, 94 m/z); 2-Amino—4,6-Dinitrotoluen (197, 180, 104, 78 m/z); 2,6-
Diamino- 4- Nitrotoluen (167, 121, 94, 77 m/z) va 4-Amoni-2,6-Dinitrotoluen (197, 180, 104,
78 m/z). Trong qué trinh phén tich, su xuat hién cia cac cip ion m/z trong tmg va ti 1 cudng do
clia cac manh ion dugc so sanh véi phd chudn cia thu vién dugce 13 co s cho tim soat su co mit
clia cac san pham trén trong mau.
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Hinh 2. Sdc ky do6 phan tach TNT bang GC-MS (a) va biéu do khoi phé (b).
3.2. Phan tich TNT trén hé thong LC-MS
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Hinh 3. Sdc ky do phdn tach TNT bang LC-MS (a) va biéu do khoi phé (b).
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Acid formic dugc st dung phd bién cho phuong phap LC-MS 1a thanh phin dém ciing nhu
chat hd trg tao ion cho chat phén tich tai nguon ion héa ESI. Tuy nhién, acid formic lai déng vai
tro xac tac lam phan huy nhanh chong TNT [15]. Hién tuong nay duoc quan sat khi chung t6i
tién hanh chuan bi dung dich chuan TNT trong pha dong MeOH va H,O chtta 0,1 % acid formic.
Tin hiéu sic ky caa TNT Xuét hién khong 6on dinh va mat hoan toan sau chi mot lan tiém lap.
Hon nita, mot s6 tin hiéu sdc ky xuat hién tai vi tri khac trén sic ky dd thé hién sy chuyen hoa
TNT trong diéu kién trén. Thanh phan va pH cua pha dong duoc kiém tra va thay d6i nham 6n
dinh sy rua giai TNT trén hé thong sdc ky. Chung toi nhéan thiy rang, trong thanh phan pha dong
chi bao gom MeOH va H0, cau tric lién hop cua cac dién tr i trén vong benzene va cac dién tu
trén nhom —NO, dugc on dinh cAu trac nén tin hiéu sac ky cia TNT xuat hién 6n dinh va c6 do
nhay va d¢ lap lai t6t. Trén sic ky dd6 LC-MS cho thay (hinh 3), TNT duoc rira giai tai thoi gian
6,8 phut tai ché do dang dong MeOH:H,O tai ti 1& 50:50 (%, v/v), va ghi tin hi¢u theo ché do
SIM ion 226,1 m/z dugc lya chon lam ion dinh luong cho TNT.

3.3. Diéu kién tach chiét TNT tir nén miu dit

Céu tric TNT chira nhém —NO, c6 do phéan cyc cao gin trén vong thom véi cac lién két o
lién hop. Do d6, trong nén miu dat, TNT co thé hinh thanh nhiéu lyc twong tac véi cac thanh
phan trong dat nhu twong tac Van Der Walls, lién két hydrogen, tuong tac tinh dién va tuong tac
khong phan cuc. Do d6, dé cit dit cac lién két néu trén nham tach chiét TNT khoi nén miu dit,
dung moéi thich hop va niang lugng chiét ¢ manh dugc khao sat trong nghién ciru nay.

Cac dung moi c6 d¢ phan cuc tir kém téi cao dugce khao sat gém c¢6 DCM, acetone, ACN va
MeOH va thuc hién chiét siéu am trong thoi gian 60 phut. Thi nghi€ém dugc thuc hién trén nén
mau dat thém chuan va danh gia hiéu suat chiét dua trén hiéu sut thu héi TNT ¢ mirc nong do
50 ng/g, mdi thi nghiém dugc tién hanh 13p 3 1an. Két qua cho thiy, cac dung mdi phan cuc nhu
ACN, MeOH cho hiéu suat chiét cao hon cac dung méi kém phan cuc (hinh 4a). Trong d6, ACN
duoc lya chon do c6 do tuong thich cao vdi thanh phﬁn pha dong cua LC-MS va thé tich hoa hoi
ctia ACN thap hon MeOH trong GC-MS.
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Hinh 4. Khdo st dung méi chiét (a) va thoi gian chiét siéu am (b) TNT
tir mau dat thém chudn nong dé 50 ng/g thuc hién trén GC-MS.

Theo quy trinh chiét tich TNT tir nén mau dit ciia phuong phap tiéu chuan U.S.EPA 8330 B,
mau duge chiét siéu am 18 gio tai nhiét do lanh 6 °C va dat hiéu suét thu hoi gﬁn 100%. biéu
kién hoat dong lién tuc cta song siéu am trong thoi gian dai gdy anh huong tiéng 6n toi moi
truong phong thi nghiém. Trong nghién ciru ndy, chung t6i sit dung phuong phap ngam chiét
mau qua dém trong dung méi hiru co va khao sat thoi gian chiét siéu am va danh gia hiéu suat
thu hoi nham giam thiéu t6i da thoi gian dung may siéu 4m. Mau dat duoc thém chuan TNT, va
thém dung méi ACN duoc ngdm qua dém trude khi chiét siéu am. Sau dé, miu duogc chiét siéu
am trong cac diéu kién khac nhau trong cac khoang thoi gian 30, 60, 120 va 180 phut, mdi thi
nghiém duoc tién hanh lap 3 lan. Két qua khao sat (hinh 4b) cho thay rang, qua trinh ngdm mau
qua dém trude khi chiét siéu 4m lam ting dang ké hiéu suét thu hdi TNT tir gan 60 % 1én hon 80%.
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Hon nita, sau 60 phut chiét siéu 4m cho hi¢u suat thu hoi TNT thay doi khong déng ké nén thoi
gian 60 phat dugc str dung cho céac khao sat tiép theo ctia nghién ciru.
3.4. Xac nhan gia tri sit dung phwong phap

D) chinh xac (%oRSD): Thyc hién 7 mau lip chira TNT & muc ndng d6 50 ng/g va tién hanh
chiét siéu am tai dieu kién t6i wu va ghi tin hiéu GC-MS va LC-MS. B¢ chinh xac cta phuong
phap dugc danh gia thong qua gia tri %RSD (bang 2).

bo dung: Danh gia d6 ding dwa trén phan trim hi¢u suat thu hoi (%HSTH) cua cac mau
thém chuan TNT trén nén mau dat voi nong do 50 ng/g va tién hanh chiét siéu 4m tai diéu kién
t6i wru, ghi tin hiéu GC-MS va LC-MS. Céc gia tri % HSTH duoc thé hién trén (bang 2).

_Giéi han phat hién (LOD) va gi6i han dinh lwgng (LOQ): Tién hanh ghi 7 sic ky do cia
mau chuén chira nébng do TNT 50 ng/g, cac gia tri LOD va LOQ dugc tinh theo cong thirc: LOD
= to.oo =6 * SD va LOQ =10*SD. Trong do, SD 1a d6 Iéch chuan cua ti S(:) gitra tin hi€u chat phan
tich so vai tin hiéu cta ndi chuan [16]. Cac gia tri LOD va LOQ dugc thé hién trén (bang 2)

Bdng 2. Xdac nhan gia tri su dung cua phuong phdp.

Thong sd GC-MS HPLC-MS
Thoi gian luu (phut) 7,94 6.85
Khoang tuyen tinh (ng/mL) 5,0-500,0 5,0-500,0
Phuong trinh dudng chuan | Y = 8,0x10™*X - 1,26x107 | Y = 7,818x10°X - 5,276x10™
R 0,9975 0.9996
% RSD 7.1 6,2
HSTH (%) 80,5 90,0
SD 51 0,99
LOD (ng/g) 16 3,1
LOQ (ng/g) 51 9,9

Ca hai phuong phap déu cho thiy kha nang phan tich ham lugng vét TNT trong mau dat khu
vuc xung quanh dia dao Cu Chi, huyén Cu Chi, thanh pho H6 Chi Minh.

3.5. Két qua phan tich TNT trén miu dét tai Cia Chi
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Hinh 5. Sdc ky d6 GC-MS (8) mdu dat va (b) mau dat thém chudn TNT.
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Quy trinh phan tich duoc ing dung trén nén mau d4t dugc ldy tai cac khu vyc xung quanh dia
dao ctia Chi va truong Ban Quan sy Ca Chi, Huyén Cu Chi, Thanh phé Ho Chi Minh. Két qua phan
tich cho thay khong phat hién TNT trong cdc mau dat. Dat c6 dung luong hap thu TNT cao tuy
nhién chu ky ban hity ciia TNT trong dat lai twong dbi ngén, chi khoang 1-6 thang tuy thudc vao
mua, vi d6. Trong cac diéu kién thich horp, chu ky ban huy coa TNT dién ra nhanh hon va nhanh
chong chuyén hoa thanh cac san phim giam cip: phan huy quang hoa cua TNT tao thanh 1,3,5-
trinitrobenzen; phan hity sinh hoc ciia TNT tao thanh cac san pham nhur 2-amino-4,6-dinitrotoluene,
2,6-diamino-4-nitrotoluene, 4-amino-2,6-dinitrotoluene and 2,4-diamino-6-nitrotoluene.

Tat ca cac miii tin hiéu xuat hién trén sic ky dd déu duoc kiém tra ddi chiéu vé6i thu vién phd
chuan dé tim soat sy c6 mat clia cac san pham phan hily cia TNT va két qua ghi nhan déu khong
phat hién (hinh 5).

Céc két qua phan tich khong cho théy nguy co 6 nhiém TNT cho mdi truong dat tai khu vuc
xung quanh dia dao Cu Chi. Tuy nhién, can phén tich dong thoi cac san pham phén huy cua TNT
trong nén mau dat, nudc mit va nude ngam dé c6 dugc danh gia tong quat nhat vé mirc do gay 6
nhiém va anh hudng ciia TNT t&i moi truong tai khu vuc nay.

4. KET LUAN

Trong nghién ctru nay, phuong phap ngam chiét két hop voi chiét siéu &m TNT tir nén mau
dat cho thay hiéu suat va do 6n dinh cao. Phuong phap LC-MS va GC-MS déu co6 kha ning tim
soat TNT & ham luong vét trong nén mau dat va co do tin cdy cao. Cac mau dat dugc thu thap
quanh khu vuc dia dao Ca Chi khong phat hién TNT, day la mot tin hi¢u tich cuc t6i suc khoe
con nguoi va moi trudng tai khu vuc nay. Voi ket qua nay, huéng nghién ctru co thé duoc mo
rong cac tam soat TNT va cac san pham giam cdp cua TNT trong mau nudc ngam hoic nguon
nudc, trAm tich ao hd tai cac khu vuc xung quanh dia dao Cu Chi, nhdm c6 cac danh gia tong thé
ngén chin sy 6 nhiém ctia TNT t&i méi trudng va stc khoe nguoi dan.
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ABSTRACT

COMPARATIVE ANALYSIS METHODS 2,4,6 - TRINITROTOLUENE IN SOIL BY GAS
AND LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY

2,4,6-Trinitrotoluene (TNT) in soil was recovered with ultrasonic extraction and
measured with liquid chromatography-mass spectrometry (LC-MS) and gas
chromatography-mass spectrometry (GC-MS). The results obtained with the GC-MS
method had a linear concentration range of TNT from 5.0 to 500 ng/mL with a limit of
detection was 16 ng/g, the relative standard deviations (RSD) under 7.1%, and the
recovery was 80.5%. While, The Linear concentration, recovery, RSD, and LOD with the
LC-MS method were 5.0- 500 ng/mL, 90%, under 6.2%, and 3.1 ng/g. The results obtained
with this procedure agree well sensitivity to detect at trace TNT levels in the soil around
Cu Chi tunnel, Cu Chi District, Ho Chi Minh City.

Keywords: TNT; GC-MS; LC-MS; Cu Chi.
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