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Tém tat

Dat van dé: Toluen va tricloroethylen 1a hai loai dung méi phd bién dwoc st dung
réng rai trong nganh cong nghiép héa chét véi sé lwong I6n thai ra hé sinh thai, trong
doé cé moéi trweng dat déc biét la dat vang trong dwoc liéu. Viét Nam cé san luong
duoc liéu dwoc san xut ra hdng nam chiém quy mé Ién tai cac vung tréng duoc
liéu trong diém trén khdp dét nwéc, tuy nhién van chwa co tiéu chuén dinh lwong
dung méi tdn dw trong dat do cac chat 6 nhiém trong dat cé thé anh huwéng dén chét
lwong cay trdng dwoc liéu. Do d6 xay dwng quy trinh dinh lwong dung méi toluen va
tricloroethylen tdn dw trong dat ving trong duoc liéu 1a mot van dé can thiét.

Déi twong - Phwong phap: Dung méi toluen va tricloroethylen ton dw trong dét
viing tréng dworc liéu dwoc dinh lwong bang k§ thuat héa hoi mau headspace két hop
v6i hé thdng séc ky khi véi dau do khdi phé. Quy trinh duoc thdm dinh theo hudng dan
clia ICH va tiéu chuan HJ642 - 2013 clia B6 Sinh thai va Méi trwong Trung Quéc.

Két qua: Quy trinh dinh lwong dung méi toluen va tricloroethylen tén dw trong dét
viing tréng duoc liéu bang phwong phap HS-GC/MS dwoc xay dwng. Sau khi khdo
sat, diéu kién headspace gdm thoi gian G 30 phdt, nhiét d6 G 70°C; didu kién séc ky
gdm cdt mao quan Elite - 5MS (30 m x 0.25 mm, 0.25 pm) v&i chwong trinh nhiét do
gradient; khéi phd str dung ché dd ion héa va cham dién t& (El) voi day sé khdi 50 -
200 m/z. Két qua thdm dinh cho thay quy trinh c¢6 d& chon loc cao, khoang tuyén tinh
ttr 25 - 500 pg/kg, ty & phuc hdi ndm trong khodng 70 - 130% va dé chinh xac c6 RSD
< 20%, gi¢i han dinh lwong cla toluen va tricloroethylen 1an Iwgt [a 20 va 25 uglkg.

Két luan: Dé tai da xay dung thanh céng quy trinh dinh lwgng dung méi tén
dw trong d4t vung tréng duwoc liéu bang phuong phap HS - GC/MS. Quy trinh da
dwoc thdm dinh va c6 thé diing d& phan tich dung méi tdn dw trong dat ving trdng
dwoc liéu tai Viét Nam.

Tir khoa: Dét, headspace, sac ky khi khdi phd.

Abstract

The development and validation of an HS - GC/MS method to
simultaneously analyze residual toluene and trichloroethylene
contaminations in herbal planting soils

Background: Toluene and trichloroethylene are common solvents widely used
in the chemical industry and considerably discharged into the ecosystem including
the soil environment, especially herbal planting soils. Vietham has a large annual
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production of herbal medicines in key planting areas across the country, but there is
still no standard available to quantify residual solvents in soils because the uptake
of residual solvents into plants influences herbal medicines’ quality. Therefore, it
is necessary to develop and validate a method for the quantification of residual
solvents in soils.

Methods: Residual toluene and trichloroethylene in soil was detected by
headspace gas chromatography mass spectrometry (HS - GC/MS). The method
was validated based on ICH guideline and Chinese standards HJ642 - 2013.

Results: A method for quantification and validation of residual toluene and
trichloroethylene in soils was investigated. Under Optimized headspace conditions,
equilibration temperature of 70°C, equilibration time of 30min; GC conditions of
Elite - 5SMS capillary column (30 m x 0.25 mm, 0.25 pm) with gradient temperature
programming; MS conditions using electron ionization type of mass range 50 - 200 m/z.
The method was shown with high selectivity and regression with a wide range from
25 - 500 pg/kg and average recoveries range was 80 - 120% and precision was
below 20% and limit of quantification of toluene and trichloroethylene was 20 and
25 ug/kg, respectively.

Conclusions: The method for determination and validation of residual toluene
and tricloroethylene in herbal planting soils was successfully developed. This
validated method was easily applicable for analyzing the level of residual solvents

in herbal soils in Vietham.

Keyword: GC-MS, headspace, soil.

1. PAT VAN PE

Cac nganh cong nghi¢p da va dang thai mot
luong 16n dung moéi vao mdi truong va hé sinh
thai. Ngay cang c6 nhiéu dung moi thai ra moi
truong va viéc xir 1y van chua duoc quan tim
triét dé. Luong dung mai ton du c6 thé lam e
ché hoat dong cua vi sinh vat trong dat, han
ché qua trinh phan hiy cac chat doc hai trong
dat tir ¢6 anh huong dén qua trinh phat trién
cua [1]. Sy tac dong cua cac dung moi hiru co
nhu toluen va tricloethylen (TCE) dbi v6i moi
truong dang 13 mot trong nhitng mdi quan tim
ctia xa hoi, dic biét 1a khi cac hop chét nay lién
két v6i dat va tram tich gdy 6 nhiém, doi hoi
thoi gian va cac bién phap xir Iy tén kém dé co
thé tro vé ndng do an toan cho phép. Bo Sinh
thai va Méi truong Trung Qubc da dua ra tiéu
chuan HJ642 - 2013 dung dé xac dinh 36 loai
hop chét hitu co bay hoi c¢6 trong dit va trim
tich. Viét Nam hién van chua cé tiéu chuan
riéng dé dinh lugng dung moi ton du co trong
dat, tir d6 c¢6 bién phap xu ly dat phu hop véi
muc dich str dung.

Sac ky khi (gas chromatography) 14 ky thuat
duogc st dung trong phan tich cac hop chat hiru
co bay hoi két hop voi ki thuat hoa hoi miu

headspace mang lai nhiéu loi ich trong viéc
dinh luong cac hop chat bay hoi trong nén mau
phtc tap nhu mau dat. Bén canh d6 hé théng sdc
ky khi con két hop voi dau do khéi phd (mass
spectrometry) 1 cong cu hiéu qua dé xac dinh
khdi luong va cAu tric cua phan tt hitu co duya
trén viéc do chinh xac khéi luong phén tir cua
cac ciu tir. Hai k¥ thuat riéng biét nhu sic ky
khi va khéi phé khi duoc két hop voi nhau dé
tao thanh mdt hé théng GC/MS hoan chinh da
khic phuc dugc nhugc diém cua mdi ky thuat
riéng 1¢. Sac ky khi co thé tach nhidu hop chat
bay hoi nhung d6 dic hiéu thap, trong khi dé
khdi phé c6 thé phat hién nhiéu hop chit véi do
dac hiéu cao nhung khong tach dugc chét can
phan tich c6 trong hon hop [2].

Trong nghién ctru nay, quy trinh dinh luong
dung moi toluen va tricloroethylen ton du
dugc xdy dung va thdm dinh theo huéng dan
ctia Hoi nghi Quéc té v& hai hoa cac thu tuc
ding ky dugc pham sir dung cho con ngudi
(International Conference on Harmonization)
[3] va va tiéu chuan HJ642 - 2013 ciia B§ Sinh
thai va Méi truong Trung Qudc (The China’s
Ministry of Environmental Protection standards
HJ642 - 2013) [4], sau d6 dugc sir dung vao
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dinh lugng dung moéi tén du c6 trong dat ving

tréng duoc liéu tai Viét Nam.

2.POITUQNG - PHUONG PHAP NGHIEN

cUu
2.1. P6i twong nghién ciru
Déi tuong nghién ciru

Dung mdi toluen va TCE ton du trong dét
vung tr@)ng duoc liéu tai Viét Nam.
Dia diém va thoi gian nghién ciru

Nghién ctru dugc thuc hién tai Khoa Duoc,
Truong Pai hoc Y khoa Pham Ngoc Thach tur

thang 06/2022 - 04/2023.

Tiéu chuan chon mau

Mau 1a mau dit vang trong duoc liéu co
nguy co nhiém dung mai ton du.
2.2. Trang thiét bi, héa chit, dung méi

Trang thiét bi
Céc trang thiét bi dung trong nghién ciru
duoc trinh bay trong Bang 1.

Bang 1. Trang thiét bi str dung trong nghién ctru

Trang thiét bi, dung cu Model Nha sin xuat
May sic ky khi Clarus ® 690 Perkin Elmer
Dau do khéi phd Clarus ® SQ 8T Perkin Elmer
B hoa hoi headspace Turbo Matrix 40 Perkin Elmer

Cot mao quan Elite-SMS

Cot sic ky (30 m x 0.25 mm, 0,25 ) Perkin Elmer
Binh khi heli - Messer
May do pH Orion star A211 Thermo Fisher
Céan phan tich Sartorius QUYNTIX224 Sartorius

Tui nhyua kin chira mau dat

Céac dung cu thiy tinh va dung cu hd tro khac

Hoa chat, dung méi

Céc hoa chit va dung méi sir dung trong nghién ctru duoc trinh bay trong Bang 2.
Bang 2. Hoa chét, dung méi sir dung trong nghién ctru

Héa chit, dung mdi

Tiéu chuan

Nha san xuat/ Nwdc san xuat

Chuan toluen, TCE va noi HPLC

chuén IS (internal standard) (High - performance liquid Sigma - Aldrich
clorobenzen chromatography)

Nudc khir ion ISO 3696-1987 My
Methanol HPLC Merck
Acid phosphoric HPLC Merck
Natri clorid Phan tich Merck

2.3. Chuan bi mau
Céch 14y mau dét dai dién

Theo ISO 10381-2 (2002), str dung phuong phap ldy mau dao thu cong bang xéng trong khoang
dién tich dit 1 m? v6i mat cit 1dy mau tai 10 mm va chiéu sau iy mau 13 10 cm. Thuc hién 1iy 200,0
g mau dét nguyén cho vao tui nhya sach, ¢ miéng kin va bado quan ¢ nhiét do dudi 5°C.

Céch bao quan mau dai dién

Mau dai dién can phai dugc bao quan trong tai kin va sach ¢ nhiét do dudi 5°C dé han ché
khuéch tan chat can phan tich ra khoi pha nudc va sy thity phan ciia mau. Dé dat hiéu qua, cho vao
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thung lanh ngay tai thoi diém lay mau va van chuyén mau t6i phong thi nghiém, sau d6 bao quan
trong tu mat ¢ nhiét do dudi 5°C.

Dung dich gbc

Céc dung dich gdc ciia toluen, TCE va clorobenzen dugc hoa tan trong methanol dé dugc nong
d6 1000 ppm va cac dung dich nay dugc bao quan trong ti mat ¢ nhiét 4o dudi 5°C.

Dung dich chuan

Tir dung dich gdc, tién hanh pha loang véi methanol dé dugc hdn hgp dung dich chuén nong do
1 ppm dung cho khao sat va tham dinh.

Dung dich 6n dinh nén

Dung dich 6n dinh nén chtra 500,0 ml nuéc khir ion dugc diéu chinh dén pH < 2 bang acid
phosphoric hoa tan véi natri clorid dén murc bdo hoa va dung dich nay dugc trong lo ddy kin & khu
vuc thoang, khong c6 hoa chit hitu co, nhiét do dudi 5°C.

Mau tréng

Mau dét khong c6 chét can phan tich, trong nghién nay sir dung mau tring 1a mau dit vang trong
dugc lidu duge siy kho 2 1an & nhiét do 200°C va nghién min.

Mau gia dinh

Mau gia dinh chtra 2,0 g mau trang va 5,0 ml dung dich 6n dinh nén véi hdn hop dung dich
chuan ¢ ndng d6 dinh lugng va ndi chuan tai ndng do 250 pg/kg.

Mau chuén

Thém mét lugng hdn hop dung dich chun va ndi chuén thich hop vao lo mau headspace chira
20¢g mau dat tr:fmg va 5,0 ml dung dich on dinh nén.

2.3. Khao sat diéu kién sic ky

Thoi gian U headspace va chuong trinh nhiét d6 ¢t dugc khao sat. Chuong trinh nhiét do cot
khao sat dugc trinh bay trong Bang 3.

Bang 3. Chuong trinh nhiét do cdt khao sat

Chuong trinh Nhiét d e . e , Miic tang
nhigt ¢C) Thoi gian giir (phut) (°C/phiit)
35 3,0 5
120 0,0 10
Chuong trinh 1
170 0,0 10
220 0,0 Két thuc
35 3,0 4
80 0,0 10
Chuong trinh 2
120 3,0 10
220 0,0 Két thuc
35 2,0 10
60 0,0 15
Chuong trinh 3
120 0,0 20
220 0,0 Két thuc

2.4. Thim dinh quy trinh

Sau khi tim dugc diéu kién sic ky thich hop, s& tién hanh tham dinh theo huéng dan ctia ICH va
tiéu chuan HJ642 - 2013, bao gdm khao sat tinh phti hgp hé thdng, do dic hiéu, khoang tuyén tinh,
d6 chinh xac, d¢ dung, gidi han phat hién, gidi han dinh lugng.
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Sau d6 quy trinh dugc sir dung dé ap dung vao dinh luong dung méi ton du trong dat ving trong
duoc liéu tai Viét Nam.

3.KET QUA
3.1. Khio sat diéu kién sic ky
Khao sat diéu kién sic ky
Tién hanh khao sét thoi gian ¢ headspace tai thoi gian 30, 40 va 50 phut. Két qua khao sat duoc
trinh bay trong Bang 4.
Bang 4. Két qua khao sat thoi gian u headspace

Thoi Dién tich pic Dién tich pic Ty 1€ dién tich pic | Ty I¢€ dién tich pic
gianu | TCE trung binh | toluen trung binh | TCE/IS (RSD%) | toluen/IS (RSD%)

30 phut 671 778 9,67 8,27
40 phut 546 645 8,90 22,44
50 phut 611 579 19,98 15,09

Thoi gian t tai 30 phut dat dién tich pic 16n nhét va do 1éch chuan twong dbi nho nhat, do dé
chon thoi gian 1 30 phut.
Tién hanh khao st chuong trinh nhiét d6 cot. Két qua thoi gian luru cua nhiét d cot dugc trinh
bay tai Bang 5.
Bang 5. Két qua khao sat chuong trinh nhiét

Chuong trinh nhiét TCE Toluen IS
Chuong trinh 1 Khong phat hién pic 2,90 4,76
Chuong trinh 2 3,15 4,66 7,06
Chuong trinh 3 2,99 4,05 5,40

Chuong trinh nhiét 3 cho thoi gian luu ngén va phit hop, do d6 chon chwong trinh nhiét d6 cot 3.

Diéu kién sic ky toi uvu

Cac két qua khao sat cho théy diéu kién tdi wu dé dinh Iuong toluen va TCE nhu sau: cdt mao
quan Elite - SMS (30 m x 0,25 mm, 0,25 pm), thoi gian U headspace 30 phut, nhiét d¢ u 70°C,
chuong trinh nhiét do cot nhiét 46 dau ¢ 35°C trong 2 phut, ting 1én 60°C véi toe do 10 °C/phut,
sau d6 tang 1én 120°C voi toc d6 15°C/phut, cudi cung ting 220°C véi tée do thay ddi 20°C/phut,
khdi pho véi ché d6 ion hoa dién tir, thoi gian luu dung méi 2 phut véi day s6 khéi 50 - 200 m/z.

3.2. Thim dinh quy trinh

Tinh phu hop hé thong

Tién hanh sac ky mau gia dinh hdn hop chuan toluen va TCE tai nong d6 MQC (100 pg/kg), sau
6 1an tiém thu duoc cac két qua sau: B9 l1éch chuén tuong dbi RSD% (Relative Standard Deviation)
cua tR cua toluen va TCE lan luot 0 va 0,44%, RSD% ty 1€ dién tich pic toluen/IS 1a 10,54%, ty 1€
dién tich pic TCE/IS 14 19,34%. Cac s6 liéu thu duoc cho thay: RSD% ciia ty 1¢ dién tich pic cac
chit phan tich v&i noi chuan nhé hon 20,0%. Nhur vay diéu kién sic ky phii hop cho viéc dinh tinh,
dinh luong toluen va TCE.

Do dac hiéu

Tién hanh sic ky mu gia dinh, mau chuin va mau tring, thu dugc sic ky d6 va cac dit liéu phd
nhu Hinh 1 va Hinh 2.
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Hinh 2. Phd khdi méu gia dinh va chuin cua: (D) TCE, (E) Toluen, (F) IS

Sac ky do cling nhur dit liéu vé cac thong sb sic ky cho thay, thoi gian lwu ctia pic chinh trén mau
gia dinh va mau chuin twong dwong nhau. Trong sic ky dd ctia mau trang khong phat hién pic co
thoi gian luu tring voi pic cia mau chuan. Phd khdi cia méu gia dinh giéng voi phd khéi ciia mau
chuan cho ting chat phan tich. Do d6, quy trinh ¢6 tinh dic hiéu.

Khoang tuyén tinh

Chuan bi 5 mau dung dich chuin trén nén mau thuc c6 ndng do tir 25 - 500 pg/kg. Tién hanh
sic ky & diéu kién khao sat thu duge dién tich pic va ti 18 dién tich pic chuan/ndi chuan tuong tng
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v6i timg ndng d6. Xur 1y dit lidu bang Excel 2016 cho thiy sy twong quan tuyén tinh giita ndng do
va ti 1€ dién tich pic chuén/noi chuin véi hé sd tuong quan cua ca 2 chét phéan tich R?>0,999. Két
qua duoc thé hién trong Bang 6. Do d6, quy trinh co tinh tuyén tinh.

Do ding va do chinh xac

Do phuc hdi trung binh cia cé toluen va TCE tir 94,13 - 110,10%, d6 phuc hdi cia phuong phap
nam trong khoang cho phép tir 70 - 130% dong thoi c6 RSD < 20,0% va quy trinh c¢6 d ding nam
trong khoang cho phép dudi 20%. Tir két qua Bang 7 va Bang 8 thiy rang quy trinh dat d¢ dung va

d0 chinh xac trén nén mau thuec.

Bang 6. Két qua thim dinh tinh tuyén tinh

Chi tiéu thim dinh TCE Toluen
Phuong trinh hoi quy }1;2: :0008333 Y= 01'30:2?9; 90 é0332
Khoang tuyén tinh 25 -500 pg/kg
Bang 7. Két qua tham dinh d6 chinh xéc
Chit phan tich Ti 1§ dién tich pic chuin/IS Ty 1¢ phuc hdi (%)
TCE 0,3158 +0,0217 106,6539 + 8,0196
Toluen 0,2923 +0,0322 95,9885 + 11,9135
Bang 8. Két qua thim dinh do ding
Chét phén tich Nﬁ't‘fé:f’ :;‘;‘ﬁ“ T lécflfgnt/ilcsh PIC | 79 1¢ phuc hdi (%)
25 (LOQ) 0,0605 + 0,0039 100,8556 + 6,5569
TCE 100 (MQC) 0,2553 + 0,0258 106,3852 + 10,7468
250 (HQC) 0,6481 £ 0,1074 108,0150 + 17,9053
20 (LOQ) 0,0840 + 0,0060 94,1260 + 11,1426
Toluen 100 0,3146 + 0,0226 104,2363 + 8,3587
250 0,7763 +0,1219 110,0943 + 18,0558

Gioi1 han phat hién va gidi han dinh luong

Tién hanh pha lodng mau gia dinh, xac dinh ti 1 tin hiéu trén nén (S/N) dé xac dinh gidi han
phat hién va giéi han dinh lugng ctia phuong phap. Két qua gi6i han phét hién va gii han dinh

lwong dugc thé hién & Bang 9.

Bang 9. Gidi han phat hi¢n va giéi han dinh luong

Chit phin tich Gioi han phat hién (ng/kg) Giéi han dinh lwgng (ng/kg)
TCE 8,33 25
Toluen 6,67 20
4. BAN LUAN trd quan trong, tir d6 cac bién phép cai tao thich

Toluen va TCE 14 hai loai dung méi hitu co phd
bién duoc sir dung trong nganh cong nghiép héa
chét véi s Iuong 16n thai ra moi truong hiang nam.
Tai Viét Nam, vi¢c dinh luwong hai loai dung méi
ndy trong dit ving trong duoc liéu dong mot vai
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hé thong sac ky khi voi dau do khdi phd 1a cong
cu hitu ich gitip phan tich cac hop chat hitu co 6
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trong moi truong véi nén mau phire tap, gitp tiét
kiém thoi gian ciing nhu han ché lvong dung méi
hitu co dung trong viéc tach chiét mau, dong thoi
dau do khdi phd ¢6 tinh chon loc cao gitip quy trinh
phan tich tré nén chinh xac va dac hiéu hon. Quy
trinh dat cac chi tiéu thdm dinh, c6 thé sit dung quy
trinh dé dinh lugng céc loai dung moi ton du trong
dét vung tréng duoc liéu tai Viét Nam.

5. KET LUAN

Tir cac két qua thuc nghiém thiy rang da xay
dung thanh cong quy trinh dinh lugng hai loai
dung mai ton du trong dét ving trong duoc lidu.
Quy trinh dat yéu ciu vé do dic hiéu, do chinh
xéac va do ding. Tir két qua khao sat tinh tuyén
tinh cho thdy c6 su twong quan tuyén tinh giita
néng do va ti 1¢ dién tich pic chuén/ndi chuin
trong khoang nong d6 khao sat.
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