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NGHIEN CUU PHUONG PHAP XAC PINH HAM LUQNG
HYDROCACBON THOM PA VONG (PAHs) TRONG
KHONG KHIi XUNG QUANH BANG THIET BI HPLC - FLD

Trinh Thi Thiy, Nguyén Thanh Trung
Truong Pai hoc Tai nguyén va Méi truong Ha Noi
Tém tit
Cdc hop chat Polycyclic Aromatic Hydrocarbons (PAHs) la cdc hop chat cé doc
tinh lién quan dén bénh ung thw va di tdt bam sinh ¢ tré so sinh. PAHs trong méi
triuong khi thurong dwoc nghién ciru nhiéu trong pha bui. Nghién ciru nay thiee hién
khao sdt cdc diéu kién do PAHs trén thiét bi HPLC - FLD va diéu kién xir [y mau bui
tong sé dé xdac dinh ham lwong PAHs. Nghién ciru di lwa chon dwge dung méi ding
trong xir Iy mau la Diclometan: Acetone (9:1, v/v) va hé dung méi pha déng sir dung
trong HPLC la Acetonitrile va H,0. Sau khi lra chon dwoc diéu kién xit Iy mdu va diéu
kién do PAHs su dung HPLC - FLD, nghién cuu da tién hanh phdn tich thur nghiém
PAHs trong bui TSP déi véi 03 mau.
Twr khéa: PAHs; HPLC - FLD; TSP; Khong khi xung quanh.
Abstract
Research on analysis method for determination of polycyclic aromatic
Hydrocarbon (PAHs) concentration in ambient air using HPLC _FLD
Polycyclic aromatic hydrocarbons (PAHs) are toxic chemicals linked to cancer
and congenital heart defects. PAHs are found in the ambient air in the gas phase and
as a sorbet to aerosols, but PAHs on airborne particles are more attractive to research.
This study investigated the conditions for preparing dust samples and operating HPLC
- FLD equipment to quantify PAHs in total suspended particulate matter (TSP). The
mixture of solvent Dichloromethane (DCM) and Acetone (Ace) (9:1, v/v) was used to
extract using the solid-liquid extraction technique, and the mobile phase for reversed-
phase HPLC was Acetonitrile and H,O. After that, three TSP samples were taken and
processed to analyze the PAHs in the samples.

Keywords: PAHs; HPLC - FLD; TSP; Ambient air.

1. M& dau

Hydrocacbonthomdavong (PAHs
- Polycyclic Aromatic Hydrocarbons)
la cac hop chit hoa hoc trong ciu tao
bao gdm cac vong thom khéng chira
cac di t6 hay mang theo nhém thé va
c6 thé ¢6 hai hay nhiéu vong thom gén
v6i nhau tao thanh cac hop chét hitu
co bén. Chinh ban thian mét sb loai
PAHs c6 thé gay hai truc tiép cho co
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thé hodc nhirng san phadm oxy hoa ctia
PAHs la chét c6 doc tinh cao véi co
thé. PAHs phoi nhiém vao co thé con
ngudi thong qua thirc in, nude udng, khi
thd hoac truc tiép tiép xuc vai cac vat
liéu c6 chira PAHs. Mot s6 con duong
phoi nhiém PAHs chinh bao gém hit thd
khong khi xung quanh va trong nha, an
uéng, ché bién thuc phém, hat thudc,
hodc khoi tir 10 suéi [1, 2]. Phoi nhiém
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nghé nghiép ciling c6 thé xay ra ¢ nguoi
lao dong hit phai khoi thai nhu nguoi
ban hang rong, canh sat giao thong,
cong nhan khai thac md, hoac lam viéc
trong linh vuc loc hda dau.

Anh huong cua cic PAHs dbi voi
sttc khoé con ngudi phu thude chu yéu
vao thoi gian va cach thirc phoi nhiém,
tudi tac, tinh trang strc khoe cua ca nhan
bj phoi nhiém, liéu lugng ciia cic PAHs,
ciing nhu doc tinh tuong dbi cia PAHs
[2]. Anh huéng cia PAHs td1 suc khoe
khi phoi nhiém trong thoi gian ngén chua
c6 bang chung xac thuc va rd rang. Do
vay, nhitng thong tin khoa hoc vé sy phan
bd cua trong pha bui s& hitu ich cho viéc
danh gia anh huong dén stc khoe con
ngudi do phoi nhiém PAHs trong moi
truong khong khi.

Hién nay, nhiéu phuong phap da
dugc phat trién dé do luong PAHs, nhung
da phan déu gap nhiing han ché lién quan
dén dd nhay cua thiét bi va do phtc tap cia
qua trinh xt Iy mau. D6 chinh x4c cua két
qua phén tich phu thudc nhiéu vao thiét bi
va qua trinh xtr Iy mau. Hién nay, tai Viét
Nam d3 ¢6 TCVN 11314:2016 huéng dan
xéc dinh tong hydrocacbon thom da vong
(pha khi va pha hat) - thu mau bang bé loc
hép thu véi phan tich sic ky khi/khéi phd
(GC/MS). Tuy nhién, khong phai phong
thi nghiém nao cling dugc trang bi thiét
bi phan tich sic ky khi/khdi pho. Thiét bi
HPLC 1a thiét bi phd bién & nhiéu phong
thi nghiém. Nghién ctru nay thuc hién
khao sét cac diéu kién xtr ly mau va diéu
kién do PAHs trén thiét bi HPLC - FLD
trong mau bui tong s6 dé xac dinh ham
luong PAHs.

Nghién ciru

2. Phwong phap nghién ctru

2.1. Phwong phdp thuc nghiém

2.1.1. Héa chdt

Tat ca cac hoa chat st dung déu cé
d6 tinh khiét phan tich

- Dung méi: Acetonitrile, Methanol,
Dichloromethane, Acetone, nudc Ccét:
Chuyén dung cho sic ky 1ong.

- PAHs chuan: San xuét tai Ptic, ndng
do 2000 mg/L, hon hop 16 loai PAH duoc
pha bing Acetonitrile, thanh phan gbém:
Napthalene, Acenaphthene, Acenaphthylene,
Fluorene, = Phenanthrene, = Anthracene,
Fluoranthene, Pyrene, Benzo[a]anthracene,
Chrysene, Benzo[b]fluoranthene, Benzo[k]
fluoranthene, Benzo[a]pyrene, Dibenzo[ah]
anthracenne Indeno [1,2,3-cd] pyrene,
Benzo[ghi] perylene.

- Khi N,: D9 tinh khiét 99,99 %.

2.1.2. Thiét bj

- Thiét bj sic ky 16ng hiéu nang cao
(HPLC) SHIMADZU véi hé théng phan
tich hoan chinh gém: B6 bom mau khi,
bom truyén dung dich pha dong, bo diéu
khién, bo nhap mau tu dong, bd ning
nhiét, dau do huynh quang (FLD).

- Cot sac ky C18 (150 x 4,6 mm, 5 um).

- Can phan tich, c6 kha nang can
chinh xac 0,0001 g.

- Thiét bi siéu am dé rta dung cu,
siéu 4am mau: S30 Elmasonic.

- Thiét bj c6 cat chan khong: STRIKE
202 cua hang STEROGIASS.

- Bo c6 khi Nito.

- May lac.

- May ly tam.

- Thiét bi iy mau byi TSP HV-500R
cua hang Shibata - Nhat Ban.
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- Gidy loc sgi thuy tinh loc bui TSP
GB100R cho may HV500R hang Sibata.

- Céc dung cu thuy tinh thong thudng
va dung cu, vat liéu phu tr¢ khéac.

2.1.3. Khao sat diéu kién do ciia
thiét bj

Déi voi thiét bi HPLC cic diéu
kién phan tich mot chat hoac nhém chét
dugc cai dit boi cac thong sb: Detector,
cot sic ky, téc do dong, ap sudt bom, ap
sudt kich thich va budc séng phat xa, thé
tich mau bom, thanh phan pha dong, thoi
gian bom mau.

Déi véi didu kién dinh lugng PAHs,
dwa trén huéng dan van hanh thiét thi cua
nha san xuét, cac diéu kién van hanh co
ban nhu sau: Detector FLD, Cot sic ky
C18 - GISS (150 x 4,6 mm, 5 um); Ap
sut bom 30 Bar, budc song kich thich
210 nm; Budc song phat xa 450 nm, nhiét
d6 cot 35 °C, thé tich bom mau 20 pl, téc
dd pha dong 1 ml/phut.

Hé dung mdi rira giai dung dé phan
tich PAHs bang HPLC - FLD hau hét 1a
Acetonitrile/H,O voi cac ty 1€ khac nhau
va Acetonitrile. Tién hanh khao sat doi
v6i hé dung méi rira giai va chuong trinh
rira giai nhu sau:

Bdng 1. Khdo sdt cdac chwong trinh rira gidai

Chuong trinh 3 [5]

Chwong trinh 1 [3]

Chuong trinh 2 [4]

Kénh A: Acetonitrile

Kénh A: Acetonitrile

Kénh A: Acetonitrile

Kénh B: H,O Kénh B: H,O Kénh B: H,O
Gradient: Gradient: Gradient:
0 -20 phut | 70 %A, 30 %B 0 -5 phut 40 %A, 0 - 15 phut 100 %A
20 - 40 phut 100 %A 60 %B 15 - 20 phut| 65 %A, 35 %B
40 - 60 phut 100 %A 5 - 20 phut 100 %A 20 - 25 phut| 85 %A, 15 %B
> 60 phut | 70 %A, 30 %B 20 - 40 phut 100 %A 25-30 phut| 95 %A, 5 %B
> 40 phut | 40 %A, 60 %B > 3() phut 100 %A

Céc thi nghiém khao sat diéu kién do
ctia thiét bi dugc thuc hién déi véi dung
dich chuin PAHs hdn hop c6 ndng do
100 pg/L.

2.1.4. Xay dwong dwong chudn

+ Puong chuan cua 16 PAHs c6 dai
lam viéc trong khoang tir ndng do 1000
pg/L, 500 pg/L, 200 pg/L, 100 ng/L, 50
png/L, 25 ng/L, 10 ug/L, 5 pg/L, 0,5 pg/L.

+ Céac dung dich chuin duoc bom
lén thiét bi phan tich HPLC- FLD bang
k§ thuat bom mAu ty dong. Puong chuin
1a duong biéu dién sy phy thudc cua dién
tich pic vao nong d6 chit phan tich theo
phuong trinh y = a.x + b (R?* > 0.995)
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2.1.5. Khao sat diéu kién xir Iy mdu

Céc thi nghiém khao sat diéu kién xir
ly miu duoc thuc hién trén nén mau gidy
loc trang (loai gidy loc GBI0OR dung
cho may HV500R cua hang Sibata) thém
chuan dung dich PAHs. Cit nhé gidy loc
tréng, thém chuan 1,5 ml dung dich chuin
c6 ndng d6 50ug/L, sau d6 thuc hién qua
trinh xtr Iy mau. Céc diéu kién xt Iy mau
dugc lya chon dua trén co s& phan tich,
téng hop két qua nghién ctru cia cac cong
trinh lién quan. Nghién ctu thuc hién
khao sat 3 diéu kién xir ly mau sau, mdi
thi nghiém thyc hién lap 3 lan:

Thi nghiém 1 [6]: Chiét siéu 4m mau
phin loc vd1 3 ml acetonitrile trong 30
phut, qua trinh chiét lap lai 3 1an, sau d6
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dich chiét duoc loc qua mang loc PTFE
0,45 pm, ¢ nito dich chiét dén khi thé
tich con 1,5 ml, chuyén mau vao vial dé
phan tich trén thiét bi HPLC - FLD.

Thi nghiém 2 [7]: Thém 2,0 ml hén
hop acetonitrile/methanol (60/40 %, v/v)
vao gidy loc trang da thém chuin PAHs &
trén, dat trong bé siéu am 60 phut, 1iy ra
lic 60 phut bang may lic, dung kim tiém
microlit hut dung dich ra. Qua trinh nay
lap lai 3 lan, sau d6 dich chiét dugc loc
qua mang loc PTFE 0,45 um, c6 nito dich
chiét dén khi thé tich dung dich con 1,5
ml, chuyén mau vao vial dé phan tich trén
thiét bi HPLC - FLD.

Thi nghiém 3 [8]: Cho gidy loc tring
da thém chuan PAHs & trén vao ong ly
tam 50 ml, thém 30 ml dung dich hon
hop Diclometan:Acetone (9:1, v/v), lic
trong may lic véi tbc do 2000 vong/phut
trong 30 phut, dich chiét duoc ly tam ldy
phan phia trén, qua trinh chiét lap lai 3
1an. The tich dich chiét sau d6 duge di co
quay chan khong dé giam thé tich dung
moi vé khoang 10 ml, loc dich chiét qua
mang loc PTFE 0,45 pm, tiép tuc thuc
hién ¢6 dich chiét d&én can, thém 1,5 ml
acetonitrile hoa tan mau, chuyén mau vao
vial dé thyc hién dé phan tich trén thiét bi
HPLC - FLD.
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Nghién ciru
2.1.6. Ldy mdu bui TSP

Sau khi lva chon duoc diéu kién xur
ly mau va diéu kién do trén thiét bi HPLC
- FLD, thyc hién thtr nghi€ém phan tich
PAHs trong 03 mau bui TSP duoc léy tai
Cau Dién, phuong Cau Dién, quian Nam
Tir Liém, thanh phé Ha Noi trong thang
8 nam 2023. Mau bui TSP duoc lay theo
hudng dan cia TCVN 5067:1995, phuong
phap lay mau hip phu chu dong lién tuc
1€n phin lgc sgi thuy tinh (duong kich 55
mm) vé6i tbe d6 hit khi 30 lit/phit trong
thoi gian 8 gid' bang thiét bi HV - 500R
cua hang Shibata - Nhat Ban.

2.2. Phwong phdp xir Iy sé liéu

Céc sd liéu thuc nghiém dugc xu ly
trén phan mém Excel 2016.

3. Két qua va thao luin

3.1. Két qud khdo sdt diéu kién do
cuia thiét bi

Chuong trinh 1: Sic ky d6 xuat hién
nhiéu pic nhiéu, kha nang tich khong rd rang.

Chuong trinh 3: Pic khéng can xtng,
két qua giita cac 1an tiém mau, sic ky db
khong on dinh, c6 thé chua ria giai dugc
hét & 1an tiém trudc.

Chuong trinh 2: Pic can d6i, chan pic
gon, kha nang tach ro rang.

a e |1 S N L8 =

T
12100

2000
Mnutes

T
36.00

Hinh 1: Sic ky do cia cdc PAHs véi chwong trinh chay sé 2
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Nhu vay, h¢ dung moi rira giai va
chuong trinh rira gidi ¢ chuong trinh thir
2 13 tot nhét. Qua cac thi nghiém khao sat,
diéu kién do PAHs trén thiét bji HPLC -
FLD duoc lua chon nhu sau:

Cac diéu kién van hanh co ban: Cot
sic ky C18 (150 x 4,6 mm, 5 pum); Ap
sut bom 30 Bar, budc séng kich thich
210 nm; Budc song phat xa 450 nm, nhiét
d6 cot 35 °C, thé tich bom mau 20 ul, toc
do pha dong 1 ml/phut.

Chuong trinh rta gidi: Kénh A:
Acetonitrile; Kénh B: H,O, Gradient:
0 - 5 phut, 40 %A, 60 %B; 5 - 20 phut,
100 %A; 20 - 30 phat, 100 %A ; > 40 phut,
40 %A, 60 %B.

3.2. Két qua xdy dung dwong chudin

Sau khi khao st diéu kién do cua
thiét bi, tién hanh xay dung duong chuan
va x4c dinh khoang tuyén tinh ctia PAHs,
két qua dugc thé hién ¢ Bang 2.

Bing 2. Két qud xdy dung dwong chudn va khodng tuyén tinh ciia cdic PAHs

trén thiét bi HPLC - FLD

£ Phuwong trinh dwong | Hé so twong quan | Khodng tuyen
STT Chat chujn héi quy R’ tinh (ug/L)
1 [Naphthalene y =5644,7x + 26797 0,9972 0,5+500
2 | Acenaphthylene y =34274x - 39891 0,9980 0,5+ 1000
3 | Acenaphthene y =3868,3x + 32726 0,9971 0,5+ 1000
4 | Fluorene y =6969,9x + 36284 0,9985 0,5 +200
5 | Phenanthrene y =5879,7x + 33008 0,9956 0,5+200
6 | Anthracene y =156191x - 509268 0,9971 0,5+ 1000
7 | Fluoranthene y = 15104x + 74824 0,9976 0,5+200
8 | Pyrene y=16191x - 33224 0,9977 0,5+ 1000
9 |Benzo(a)Anthracene y =4013x + 68030 0,9951 0,5+ 500
10 | Chrysene y =4997,3x + 16619 0,9974 0,5+ 1000
11 |Benzo(b)Fluoranthene y =23358x + 52698 0,9989 0,5+ 200
12 | Benzo(k)Fluoranthene y = 24760x - 42609 0,9972 0,5+ 1000
13 |Benzo(a)Pyrene y =4634x + 9235 0,9989 0,5 +200
14 | Benzo(g,h,i)Perylene y=5267,6x + 11654 0,9973 0,5+500
15 |Dibenzo(a,h)Anthracene y =4973x +10458 0,9965 0,5+500
16 |Indeno(1,2,3-Cd)Pyrene y =6324,2x + 13024 0,9954 0,5 +200

Két qua nghién ctru cho thay, véi
diéu kién do d3 khao sat & trén, cac
duong chuin xay dung déu dat yéu cau
vé hé s6 twong quan hdi quy R? >0,995.
Mdi chit c6 khoing tuyén tinh xéc
dinh. Céc chat Fluorene, Phenanthrene,
Fluoranthene, Benzo(b) Fluoranthene,
Benzo(a)Pyrene, Indeno(1,2,3-Cd)
Pyrene c¢6 khoang tuyén tinh 1a 0,5
- 200 pg/L, cic chat Naphthalene,
Benzo(a) Anthracene, Benzo(g,h,i)
Perylene, Dibenzo(a,h)Anthracene cd
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khoang tuyén tinh 13 0,5 - 500 pg/L, cac
chat Acenaphthylene, Acenaphthene,
Anthracene, Pyrene, Chrysene,
Benzo(k) Fluoranthene c6 khoang tuyén
tinh 12 0,5 + 1000 pg/L.

3.3. Két quad khdo sdt diéu kién xir
Iy méu

Duya trén két qua xdy dung duong
chuin, thuc hién khao sat diéu kién xir ly
mau. Két qua khao sat 3 diéu kién xu ly
mau duoc thé hién trong Bang 3.
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Bing 3. Két qua khdo sdt cdc diéu ki¢n xiv 1y mdu

STT Chit Hiéu suat thu hoi doi | Hiéu suat thu hoi doi | Hiéu suat thu hoi doi

v6i thi nghiém 1 (%) | vdi thi nghiém 2 (%) | véi thi nghiém 3 (%)
1 |Naphthalene 52 - 60 62 -71 83-96
2 | Acenaphthylene 58 - 67 61-75 76 - 85
3 | Acenaphthene 55-170 68 - 77 80 -93
4 |Fluorene 62 - 69 60 - 72 77-90
5 | Phenanthrene 53-69 59-72 79 - 94
6 | Anthracene 62 - 66 65 - 70 88 - 102
7 | Fluoranthene 59 - 65 63 - 69 81-96
8 |Pyrene 60 - 75 62-71 73 - 84
9 |Benzo(a)Anthracene 68-77 71 -86 84 -101
10 |Chrysene 50 - 62 65-73 78 -97
11 |Benzo(b)Fluoranthene 49 - 62 62-70 85-92
12 | Benzo(k)Fluoranthene 55-63 68 -77 80 - 98
13 | Benzo(a)Pyrene 58 - 65 65 - 80 75 - 86
14 |Benzo(g,h,i)Perylene 52-61 72-79 72 -85
15 |Dibenzo(a,h)Anthracene 61 - 67 73 -83 88 - 102
16 |Indeno(1,2,3-Cd)Pyrene 52-63 62 - 69 81 -96

Két qua nghién ciru cho thay, 3.4. Két qud phan tich PAHs trong

khi chiét bang hén hop dung mdi bui tong sé
Diclometan:Acetone (9:1, v/v) vdi diéu
kién xtr 1y mau sé 3 d6 thu hoi 16n nhat
nam trong khoang 72 - 102 % va thoa
man theo yéu cdu theo quy dinh cia P . N ) i
AOAC (Hiép hoi cac nha hod phan tich duec 1ay vao 2 ngay trong tudn thir 3 va
chinh théng). Vi cac didu kign xir 1y thirS (mau 1, mau 2), 1 mau duge lay vao
mAau con lai, 6 thu hdi cua cic PAHs ngay cudi tudn Chu nhét (mau 3). K&t qua
thap, khong dat yéu cau theo quy dinh phan tich ham lugng PAHs duoc thé hién

Nghién ctru nay da thuc hién thu 3
mau bui tong sé tai Cau Dién, phuong
Cau Dién, quan Nam Tur Liém (2 miu

cua AOAC [9]. o Bang 4.
Bing 4. Két qud phén tich PAHs trong mét s6 méu bui tong so
STT Chét Miu 1 (ng/m®) Mau 2 (ng/m°) Miu 3 (ng/m°)
1 | Naphthalene 3,142 3,29 3,772
2 | Acenaphthylene 0,625 0,608 0,493
3 | Acenaphthene 0,792 0,621 0,678
4 |Fluorene 0,710 0,783 0,651
5 | Phenanthrene 2,62 2,37 2,40
6 | Anthracene 1,318 1,39 1,75
7 | Fluoranthene 1,51 1,85 1,68
8 | Pyrene 1,61 2,13 1,76
9 | Benzo(a)Anthracene 0,598 0,734 0,558
10 | Chrysene 0,642 0,743 0,514
11 | Benzo(b)Fluoranthene 0,634 1,36 2,97
12 | Benzo(k)Fluoranthene 0,667 0,712 0,615
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STT Chit Mau 1 (ng/m°) Mau 2 (ng/m°) Mau 3 (ng/m°)
13 | Benzo(a)Pyrene 341 2,56 1,59
14 | Benzo(g,h,i)Perylene 3,81 4,24 3,88
15 | Dibenzo(a,h)Anthracene 0,669 0,754 0,632
16 |Indeno(1,2,3-Cd)Pyrene 5,89 5,65 3,85

Két qua nghién ctru cho thdy cac
PAHs thuong dugc phéan loai thanh cac
nhém theo s6 vong thom hodc theo mot
cach tuong dbi hon 1a PAHs phan tir kh6i
thip (LMW - PAHs véi 2 - 3 vong thom)
va PAHs phan tir khéi cao (HMW - PAHs
vo1 4 vong thom trd 1€n). Déc trung tich
lity cia cac PAHs theo s6 vong thom cia
cac mau kha 13 tuong ddng nhau. Trong
d6, cac PAHs c6 khéi lwong phan tir 16n
(HMW - PAHs) nhu BbF, BaP, Ind, BghiP
dugc phat hién v6i nong do cao trong
khong khi nhin chung chiém ty 1¢ cao hon
so voi cac PAHs c¢6 khéi luong phén tu
nho (LMW - PAHs).

4. Két luan

Nghién ctru nay da thuc hién khao sat
cac diéu kién do PAHs trén thiét bi HPLC
- FLD va diéu kién xt ly mau bui tong sb
dé xac dinh ham luong PAHs. Diéu kién
do PAHs trén thiét bi HPLC - FLD bao
gém cac diéu kién van hanh co ban: Cot
sic ky C18 (150 x 4,6 mm, 5 pm); Ap
suit bom 30 Bar, budc song kich thich
210 nm; Budc song phat xa 450 nm, nhiét
do cot 35 °C, thé tich bom mau 20 ul,
tdc d6 pha dong 1 ml/phut. Chuong trinh
ria gidi: Kénh A: Acetonitrile; Kénh B:
H,0, Gradient: 0 - 5 phut, 40 %A, 60 %B;
5 - 20 phut, 100 %A; 20 - 30 phut,
100 %A; > 40 phuat, 40 %A, 60 %B.
Piéu kién xir ly mau: Sir dung hdn hop
Diclometan: Acetone (9:1, v/v), lac chiét
bang may lic 30 phut, dich chiét dugc lam
bay hoi dén 10 ml, sau d6 loc qua mang
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loc PTFE 0,45 pm, tiép tuc ¢6 dich chiét
dén can, thém 1,5 ml acetonitrile hoa tan
mau, chuyén miu vao vial dé thuc hién
dé phan tich trén thiét bi HPLC - FLD.
Nghién ctu da thiu nghiém phan tich
PAHs trong 3 mau bui tong TSP.

Loi cam on: Nghién cou dugc hoan
thanh dudi sy hd trg cua dé tai cap Co
sO “Nghién cuu, khao sat quy trinh phdan
tich ham lwong PAHs trong bui tong sé sir
dung thiét bi sdc ky long hiéu nang cao
(HPLC)”. Ma s6: 13.01.23.K.02.
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