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Phan tich PAH bang GC/MS/MS véi
khi mang Hydro

St&r dung ngudn Hydrolnert Agilent cho nén dia chat co
thanh phan phuec tap

Tom tat

Hé théng GC 8890 va GC/MS ba tir cuc (GC/TQ) 7000E Agilent vdi ngudn ion hda
dién ti (El) cai tién—ngudn Hydrolnert Agilent, dugc t6i uu cho khi mang hydro—
duogc str dung cho phan tich hydrocacbon (PAH). Phuong phdp dugc téi uu sur
dung ngudn Hydrolnert cho hinh dang pic, d& nhay va tuyén tinh (R* =0,999)
tuyét voi khi khdo sét 27 chat trong khoang dudng chuén tuong Ung cla ching
(0,7 dén 1000 pg cho 26 chat va 0,25 dén 1000 pg cho 1 chét con lai). Gidi han
phat hién phuong phdp (MDL) trong khodng tlr 0,03 dén 0,16 pg, trung binh 0,09
pg. Vi viéc bao tri dinh ki va dung cdu hinh sac ky ghép ndi 2 c6t (tinh ndng thoi
nguoc, Backflush), tat ca céc chat déu cé RSD <12%, cho thdy do 6n dinh néng
d6 tinh toan dugc trén 500 mdi tiém. Thém vao dé, kha nang xi ly duoc nén méau
phtrc tap cla budng hda hoi mau mid-frit siéu tro phé dung cla Agilent ciing
dugc chiing minh. Lua chon dugc cdu hinh thiét bi va diéu kién van hanh phu
hop, hé thong dung khi mang hydro cé thé cho két qua tuong duong hodc tét
hon so vdi khi dung khi mang heli.
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Gidi thieu

PAH la mot nhom céc hop chat hoa
hoc bao gébm hai hodc nhiéu vong
benzen lién hop gan vdi nhau thong
qua mot cdp nguyén t&r cachon nam
gitta cac vong trong phan t&r cua
ching. Hon nita, PAH dén tir nhiéu
ngudn va dugc phan bé réng rai, la
chat gay 6 nhiém trén toan thé gidi. Do
tinh chat phd bién cla loai hop chat
nay, tap ngudng vét ducc kiém soat
trong céac san phdm thuc pham (vi du
dau an, thit hun khoi va hai san) va
trong moi truong (vi du khéng khi, nudc
va dat). Cach phé bién nhat dé phat
hién PAH la s dung thiét bi GC/MS
don t& cuc hoac ba tir cuc. Heli la khi
mang dugc uu tién cho phéan tich
GC/MS; tuy nhién, tinh trang thiéu hut
tai dién va chi phi gia tédng da lam tang
nhu cau déi véi cadc ing dung st dung
hydro lam khi mang.

Ghi chu Ung dung nay tap trung vao
phan tich PAH bang GC/MS ba tir cuc
ché d6 giam séat da phan ung (MRM)
s&r dung hydro lam khi mang GC. Khi
st dung hydro cho phan tich GC/MS,
c6 mot s6 yéu t6 can can nhac. Dau
tién, hydro 1a khi dé phan Ung, c6 kha
nang gay ra phan ung hda hoc trong
cong tiém mau, cot va doéi khi nguon
ion hda MS El. D& ddi pho céc van dé
tiém &n trong ngudn ion héa MS, ngudn
Hydrolnert Agilent dugc su  dung.
Théng tin bd sung cé thé dugc tim thay
trong téng quan Ki thuat vé ngudn
Hydrolnert ctia Agilent.! Thit hai, d6i véi
cac ing dung chay GC/MS khi chuyén
sang khi mang hydro cé thé can thay
d6i phan cung cla sac ki khi va khai
phé. Hudng dan chuyén déi khi mang
heli sang hydro cla Agilent’ mo ta chi
tiét céc budc chuyén déi khi mang tir
heli sang hydro.

Cudi cling, bat ky ai lam viéc vdi khi
dé chdy hodac dé nd déu duogc
khuyén nghi nén tham gia khda hoc
vé an toan phong thi nghiém bao
gdém viéc xU ly va st dung khi ding
cach. Thoéng tin b6 sung vé cach
dlng hydro an toan c6 thé duoc tim
thay trong S6 tay an toan hydro cla
Agilent® va Huéng dan an toan
hydro cho hé théng GC 8890
Agilent.

Ngoai nhing thach thic cda khi mang
hydro, thuong coé van dé lién quan dén
nén mau khi phan tich PAH. Vi du, khi
phan tich méau thuc phdm va dat, cac
tap chat trong nén mau cé nhiét soi
cao rlra giadi sau cac chat phan tich
can thoi gian gia nhiét kéo dai dé
tranh pic ma trong céc lan chay tiép
theo, vi vay lam giam tudi tho cét. Céc
tap chat co nhiét séi cao nhat co thé
ldng dong tai dau cot, doi hdi viée cét
cOt thudng xuyén hon va hiéu chinh lai
MRM, ctra s6 thoi gian phan tich s6
liéu gay ra do viéc tréi thai gian luu. Vi
vay, ghi chu Ung dung nay st dung
céu hinh théi ngugc gitra cot dé gidi
quyét mot sd van dé lién quan dén
nén mau. Thdi nguoc la Ki thuat ma
dong khi mang déo chiéu sau khi chat
phan tich cudi da ria gidi ra khoi cot.
Sau khi di lieu MS dugc thu thap, 10
dugc gilr tai nhiét dé cudi & ché do
chay sau, va dong khi mang qua cot
thlr nhat duoc dao chiéu. Bat ki tap
chat co nhiét sbéi cao nao & cudi qua
trinh thu thap d liéu con luu gilr trong
cot déu duoc dong khi nay ddy nguoc
vé dau cot va di ra duong bay xa chia
dong.

Ghi chi Ung dung nay cho thay
phuong phdap MRM dugc téi uu cho
phan tich 27 PAH st dung khi mang
hydro, nguén Hydrolnert va cau hinh
thoi nguoc gitta

cot dé€ loai bd nén mau khéd. Mau dat
chiét I1éng dugc dung lam trudng hop
x&u nhéat dé kiém tra budng hoéa hoi
mid-frit siéu tro va phuong phap
phan tich PAH nay. Su ving chac
clia buéng hoa hai, c6t va hé théng
duoc minh chimg bdi 500 mi tiém
I&p dich chiét mau dat.

Thi nghiem

Héa chat va thudc tha

buong chuén PAH duoc pha loang tur
bo kit hiéu chuan mdy phan tich PAH
cla Agilent (ma hang G3440-85009)
vai isooctan. BO kit gébm dung dich
chuén géc 27 PAH ndéng do6 10
pg/mL va dung dich chudn géc ndm
noi chuan (ISTD) néng do 50 ug/mL.
Mudi hai diém dudng chuén: 0,1,
0,25, 0,5, 1, 2, 10, 20, 100, 200, 400,
750 va 1000 ng/mL dugc chuén bi.
Mbi diém chira ISTD néng dé 500
ng/mL.

Thiét bi

Hé thong s dung trong thi nghiém
nay (Hinh 1) dugc céu hinh dé giam
thiéu t6i da cédc van dé tiém an cuia
khi mang hydro va nén mau phc tap
trong phan tich PAH. Cac théng so
van hanh thiét bi duogc liét ké trong
Bang 1 va MRMs trong Béng 2. Bang
3 gébm danh sach cac mat hang tiéu
hao dung cho ng dung hién tai. Cac
Ki thuat quan trong can xem xét dugc
néu trong Bang 4.
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Hinh 1. C4u hinh hé théng

Bang1. Diéu kién GC va MS cho phén tich PAH

Lo, bd tiém mau tu dong va khay GC 8890 Agilent

Théng s6 théi nguoc GC 8890 Agilent

dong

Thé tich tiém 1,0 uL Ap suat céng tiém _
Cong tiém EPC chia dong/khdéng chia dong (Th&i nguac) 2psi
Ché do tiém Khéng chia dong ¢ xung Ap suat théi nguoc 80 psi
Ap suét xung tiém 40 psi cho dén 0,7 phut Thé tich tréng 72
Dong purge dén duong xa chia 50 mL/phit tai 0,75 phit Thai gian théi nguoc 1,5 phit

Ché dé dong Septum Purge

Tiéu chuan, 3 mL/phut

GC/TQ 7000E Agilent

Nhiét d6 céng tiém

320°C

Nguén ion héa

Ngudn Hydrolnert
Agilent

Ché do diéu khién

Péng dong, 1,7 mL/phut

Cao

Ban dau: 60 °C (gil 1 phut) Drawout Lens 9 mm
Lo Gia nhiét 1: 25 °C/phut dén 200 °C Nhiét d6 8ng chuyén 320°C
Gia nhiét 2: 10 °C/phut dén 335 °C (gitr 4,4 phut) Nhiét d6 nguén 325°C
Cot1 Agilent J&W DB-EUPAH, 20 m x 0,178 mm, 0,14 upm Nhiét do tu cuc 150 °C
Ché do diéu khién Pang dong, 0,9 mL/phut Ché do Dynamic MRM
K&t nGi cong tiém Chia dong/Khéng chia dong Hé s6 khuéch dai dién ap EM 10
Két néi dau ra PSD (PUU) Thai gian tré dung moi 5,5 phut
Dong postrun khi két ttic phan tich KT G Nito (duy nhét), 1,5
— =5,274 mL/phut ) mL/phut
(Thdi nguoc) Tu dong trir nén Co
Cot 2 Agilent J&W DB-EUPAH, 20 m x 0,18 mm, 0,14 pm Thiét 1ap ngudng SIM/MRM néng co

Dong purge PSD

3 mL/phat

Téap tin hiéu chuan

atunes.eiex.jtune.xml

K&t nGi cBng tiém

PSD (PUU)

Két ndi dau ra

GC/TQ 7000E Agilent

Dong postrun

(Théi nguoc)

5,443 mL/pht




Bang 2. Cac MRM transition dung cho dinh luong va dinh tinh vd&i ndng luong va cham dugc t6i uu khi dung khi mang

hydro.
Chat phan tich Thoi gian luu Pinh lugng Nang luogng va cham Dinh tinh Nang luogng va cham
(phut)
Naphthalene-dg (ISTD) 5,902 136,0 —» 136,0 5 136,0 — 108,0 15
Naphthalene 5922 128,0 — 102,0 20 128,0 - 127,0 20
1-Methylnaphthalene 6,514 142,0 - 115,0 35 142,0 - 141,0 20
2-Methylnaphthalene 6,675 142,0 - 115,0 30 142,0 - 141,0 20
Biphenyl 7,049 154,0 - 152,0 30 154,0 — 153,0 20
2,6-Dimethylnaphthalene 7,081 156,0 — 115,0 35 156,0 — 141,0 20
Acenaphthylene 7,738 1520 > 151,0 20 152,0 » 150,0 35
Acenaphthene-dqo (ISTD) 7,841 162,0 —» 160,0 15 164,0 » 162,0 15
Acenaphthene 7,889 1540 - 152,0 35 1530 > 152,0 40
%‘r?g;thylnaphthalene 8,085 1700 — 1550 20 1700 — 153,0 30
Fluorene 8,539 166,0 — 165,0 25 166,0 — 163,0 25
Dibenzothiophene 10,1 184,0 - 139,0 40 184,0 - 152,0 25
Phenanthrene-dqo (ISTD) 10,265 188,0 — 188,0 5 188,0 — 184,0 25
Phenanthrene 10,313 1780 — 176,0 35 178,0 — 152,0 30
Anthracene 10,367 178,0 —» 152,0 25 178,0 — 156,0 35
1-Methylphenanthrene 11,452 192,0 —» 191,0 20 192,0 — 165,0 40
Fluoranthene 12,842 202,0 — 200,0 40 202,0 — 201,0 25
Pyrene 13,51 202,0 — 200,0 40 202,0 — 201,0 30
Benz[a]anthracene 16,327 228,0 — 226,0 35 228,0 — 224,0 55
Chrysene-dq, (ISTD) 16,46 240,0 — 236,0 35 240,0 — 240,0 5
Chrysene 16,531 228,0 — 226,0 35 228,0 — 224,0 55
Benzo[b]fluoranthene 18,953 252,0 —» 250,0 40 250,0 — 248,0 40
Benzo[k]fluoranthene 19,003 252,0 —» 250,0 40 250,0 — 248,0 40
Benzoljlfluoranthene 19,087 252,0 —» 250,0 40 250,0 — 248,0 45
Benzole]pyrene 19,793 252,0 — 250,0 40 250,0 — 248,0 45
Benzol[a]pyrene 19,903 252,0 — 250,0 40 250,0 — 248,0 40
Perylene-ds, (ISTD) 20,115 264,0 — 260,0 35 264,0 — 236,0 35
Perylene 20,177 252,0 —250,0 40 250,0 — 248,0 45
Dibenz[a,clanthracene 22,386 278,0 — 276,0 42 276,0 — 274,0 40
Dibenz[a,h]anthracene 22,488 278,0 — 276,0 40 276,0 —» 274,0 40
Indenol1,2,3-cd]pyrene 22,526 276,0 — 274,0 42 138,0 » 124,0 42
Benzo[ghi]perylene 23,562 276,0 —» 274,0 42 274,0 —» 2720 45




Bang 3. V4t tu tiéu hao Agilent va ma hang dung trong phuong phép phéan tich PAH

Vat tu M6 ta Ma hang
Xi lanh tiém Xi lanh tiém mau ty dong Blue Line 10 pL, kim ¢6 dinh (G4513-80220
Septum céng tiém Septum Advanced Green, khéng dinh, 11 mm 5183-4759
Budng hoa hoi Budng hda hoi mid-frit siéu trg phd dung 5190-5105
Dém kin ma vang Dém kin cdng tiém GC, ma vang vdi gioang, siéu tro 5190-6144
Cot DB-EUPAH, 20 m x 0,18 mm, 0,14 pm (s lugng: 2) 121-9627

M®&i néi théi nguoc

B& mai ndi Purged Ultimate G3186-80580

Ferrule kim loai mém CFT Ferrule Flex Gold, ma vang, dudng kinh

Ferrule théi nguoc trong 0,4 mm, dung cho 8ng silica nung chay duong kinh trong 0,1 G2855-28501
dén 0,25 mm
Ong thép B6 dung cu lap dat cho GC, thép khong gi 19199S

Nguoén GC/MS

G7006-67930

B& ngudn tron bo Hydrolnert cho GC/TQ 7000

Bang 4. Kithuat quan trong can luu y trong nghién clu nay

Piémcanluuy

Mo ta

Khi hydro

Khi hydro c6 dé tinh khiét 99,9999% va chi s6 nudc, oxy thap dugc dung lam khi mang. Viéc s dung nguén khi hydro sach
dang tin cay la thiét yéu. Néu str dung lau dai, khuyén nghi dung may sinh khi cho d6 tinh khiét >99,9999% va chi s6 nudc,
oxy déu thap. Bo loc am duoc khuyén dung cho may sinh khi hydro. Néu str dung trong thdi gian ngan, chap nhan dung binh
khi hydro loai dung cho sac ki hodc nghién ctu.

Tiém khong chia c6 xung

Dung dé€ t6i da hda viéc chuyén cac PAH (c6 khoang nhiét dé soi rong) tir cong tiém GC vao cot, déc biét la hop chat ndng

Buong héa hoi

Budng hda hoi mid-frit siéu tra phd dung Agilent cho hinh dang pic, do tro va tudi tho t6t khi dung dich chiét dat dugc mo ta
phia sau. Frit truyén nhiét dén cac PAH va chan dudng t6i ddy cong tiém. Néu PAH ngung tu tai ddy c6ng tiém, ching sé
khé bay hai va cudn ngugc trd lai cot.

Kich thudc cot

& cau hinh thdi nguoc, hai cot J&W DB-EUPAH (20 m x 0,18 mm id, 0,14 um) Agilent duoc diing dé duy tri dong khi va ap
suét cdng tiém tdi uu.

Mb dun PSD 8890 va théi
ngugc giira cot

Thiét bi diéu khién khi nén (PSD) 1a mé dun kiém sodt luu lugng khi trén GC 8890 Agilent dugc t6i uu cho cac (rng dung théi
ngugc (Backflush) va ding cho tiém cé xung lién mach. Kha nang déo chiéu dong dugc cung cép bdi két ndi vat ly purged
Ultimate (PUU) Agilent. PUU hinh chit T trong trudng hop nay dugc dat gitra hai cét 20m giéng nhau. Trong giai doan phan
tich, mat dong khi mang b8 sung bé tai mé dun PSD 8890 dugc dung d€ quét qua vung két ndi. Trong giai doan théi nguac,
tang dong khi b sung tai PSD d& 16i cudn céc tap chat c6 nhiét sbi cao ngugc ra khdi cét thir nhat va thdi cung chiéu sang
cot thir hai.

Nguon El Hydrolnert

Ngudn Hydrolnert Agilent thay thé cho ngudn extractor khi ding khi mang hydro. Né dugc tao thanh tir cac vét liéu gilip
gidm dang ké cac phan ing khéng mong mudn bén trong nguén dé duy tri tinh toan ven phé khi dung khi hydro. Nhu d3 biét,
PAH dua ra nhiéu thach thirc d6i véi ngudn MS El, tham chi khi dung khi mang heli. Khi diing khi mang hydro, hiéu nang PAH
dugce cai thién, dac biét khi két hgp véi nguon Hydrolnert. Mac dinh dung extractor lens 9mm khi ding nguén Hydrolnert va
day ciing la lya chon t6t nhat cho phan tich PAH do né cho dudng chuén tuyén tinh, tin hiéu 13p lai va hinh dang pic t6t nhat.

Khi dung khi mang hydro, chi nén dung khi ni to lam khi va cham. K&t ndi khi heli v6i cong vao buéng va cham can phai bit

Khi va cham lai. T6c dd dong khi ni to téi wu la 1,5 mL/phdt, pht hop véi khuyén nghi huéng dan sir dung. Nghién ctru trude day vé phan
tich PAH véi khi mang hydro® da cho thay tdc do dong nay 1a tdi uu.
Ché dd MRM ctia GC/TQ c6 dd chon loc tang cudng gitp don gian héa viéc xem xét di liéu mau cé nén cao so vGi GC/MS,
MS/MS bang cach giam hoac loai bo tin hiéu can nhiéu tir nén mau. Tin hiéu can nhiéu thudng yéu cau viéc lay tich phan tha cong

cua ion dinh lugng hodc dinh tinh.




Chuan bi mau

Mot méau dat mat thuong mai (Weaver
Mulch, Coatesville, PA, M§) dugc chon
dé tién hanh kiém tra do6 6n dinh va
vitng chac cua tin hiéu. Viéc chiét mau
dugc mo ta van tat. bat mat dugce say
kho qua dém & 120 °C. 5g mau dat kho
duoc chiét voi 30mL  hdén  hop
dichloromethane/acetone (1:1 v/v),

tién hanh khudy qua dém. Dich chiét
duoc loc va ¢ dac dich loc 7,5 1an thé
tich bang c6 quay. Thém 100ppb 27
PAH va 500ppb 5 ISTD vao dich chiét
CUGi.

Panh gia do én dinh hé théng

Pod 6n dinh ndong dé tinh toan duoc
kiém tra trén 500 mdi tiém 13p dich
chiét dat duoc thém chuén PAH néng
dé 100ppb. Vai kiém tra nay MS chi
dugc hiéu chinh khi bat dau kiém tra
nay va khéng can hiéu chinh lai trong
sudt thi nghiém kiém tra do 6n dinh
nay.

Sau moi 100 mdi tiém, thay thé buodng
héa hoi, septa va cap nhat hé s6
khuéch dai EM. Sau mdi 300 mi tiém,
thay dém kin ma vang céng tiém chia
dong/khéong chia dong. Khoéng thay
hodc cat cot trong sudt toan bd 500
mai tiém. Kiém tra nay duoc thiét ké dé
ching minh d6 ving chac cuia hé
théng trong suét cac mii tiém lién tuc
nén mau kho.

Két qua va thao luan

Phuong phap GC/MS

Hinh 2 la séc ki d6 téng ion MRM (TIC)
cla chuédn ndéng do 100 pg/uL vai
ISTD néng d6 500 pg/uL. St dung céc
théng s6 nay cho hinh dang pic céc
PAH xuat sdc—dac biét la cac chat ria
gidi cudi—va tuong dong vdi nghién
ctu hydro trudc day.® Nhin chung,
nguén Hydrolnert cho hinh dang pic
PAH t6t nhat khi dung khi mang hydro.
D6 phan gidi sac ki thu dugc tUr cai dat
hién tai cling t6t hon so vdi két qua thu
duoc tir khi mang heli.> Nho su két hop
cla khi mang hydro va cét dudng kinh
bé hon, thoi gian chay cua phuong
phap hién tai chi con 24 phut so véi 26
phut khi dung phuong phap heli. Thai
gian chay clia phuong phéap hién tai cé
thé giam hon ntra ma van duy tri duoc
dé phén gidi tuong tu. Tuy nhién van
lua chon phuong phép hién tai dé thu
duoc do phan gidi cla
dibenz[a,clanthracene,  indeno[1,2,3-
cdlpyrene, va dibenz[ah] anthracene
tét nhat, do tdng nhiét nhanh hon &
nra sau phuong phap nay cé thé lam
gidm do phan gidi clia cum chat kho
phan tach nay.
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Bang 5 cho thay két qua dudng chuén cua
12 diém chuén tr 0,1 dén 1000 pg. T4t ca
céc chat déu tuyén tinh tuyét vdi trong
toan dadi nong dé. S& dung nguon
Hydrolnert cling cho két qua ti 1é tin hiéu
trén nhiéu rat tét, cho phép khoang duong
chuédn cé thé ha xuéng muc dudi
picogam. Trong s6 27 chat phan tich, cé
26 chéat dung duoc duong chudn tur 0,1
dén 1000 pg. Mot chat dung duong chuén
tir 0,25 dén 1000 pg. Quan séat khoang
tuyén tinh va ti & tin hiéu trén nhiéu cho
th&y d6 nhay cao & diém thap nhat duong
chuén tuong dong vdi nghién cliu PAH
dugc thuyc hién vai khi hydro trude do.8

Mot trong nhitng van dé gap phai khi dung
khi mang heli va extractor lens nguén El
3mm tiéu chuén cho phan tich PAH d6 la
tin hiéu cta ISTD tédng khi tdng néng do
chéat phan tich. Hiéu tng nay co thé gay ra
tin hiéu cua perylene-dy, tdng dén 60%
trong khoang duong chuan va gay ra sai
s6 dang ké khi dinh lugng. Van dé nay
trudc day da duoc gidi quyét bang céch
dung nguon ion hoda tu lam sach JetClean
Agilent va extractor lens 9 mm.** Vi
JetClean, dung khi mang heli, nhung hydro
lién tuc dugc thém vao ngudn & téc do
thuong trong khoadng tir 0,16 dén 0,33
mL/phut. Phuong phap nay lam giam hiéu
irng ndi chuén leo thang va két qua la do
tuyén tinh duong chuan va dinh luong t6t.

Hinh 3 thé& hién dd én dinh tin hiéu ISTD
trong khodng tuyén tinh khi dung phuong
phap hién tai. Nhu minh chdng trong Hinh
3, viéc dung khi mang hydro, nguon
Hydrolnert va extractor lens 9 mm loai bd
duoc van dé tin hiéu ndi chuén tédng. %RSD
tin hiéu dién tich tho tat cé cac chat trong
toan khoang duong chuan déu khong quéa
6,4%. Diéu nay quan trong dé dat dugc do
tuyén tinh dudng chuén tuyét voi nhu &
Bang 5.

—8— Perylene-d,, (6.36%)
Chrysene-d,, (5.79%)

Phenanthrene-d, , (5.86%)
—&— Acenaphthene-d, (6.23%)

—@— Napthalene-d, (6.24%)
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Hinh 3. Tin hiéu ISTD trong khodng dudng chuan

Bang 5. K&t qua dudng chuan noi chudn 12 diém tir 0,1 dén 1000 pg. T4t ca dudng chudn déu tuyén
tinh, bo qua géc toa do, va hé s6 weigh 1/x. MDL dugc tinh theo céng thire MDL =t (n — 1, 0,99) x SD,
khit (n -1, 0,99) la phan phdi t Student vdi gidi han tin cay 99%, n — 1 la bac ty do, (2,998 ddi véin = 8)
va SD |a d6 léch chuan cua cdc mau tiém lap dung méi thém chudn & néng do 0,25 pg.

(oiranen | o sSuemag [ L)
Naphthalene 0,1 to 1000 0,9999 0,07
1-Methylnaphthalene 0,1 to 1000 0,9995 0,09
2-Methylnaphthalene 0,1 to 1000 0,9995 0,06
Biphenyl 0,1 to 1000 0,9994 0,16
2,6-Dimethylnaphthalene 0,1 to 1000 0,9994 0,10
Acenaphthylene 0,25 to 1000 0,9996 0,15
Acenaphthene 0,1 to 1000 0,9996 0,13
2,3,5-Trimethylnaphthalene 0,1 to 1000 0,9994 0,10
Fluorene 0,1 to 1000 0,9996 0,05
Dibenzothiophene 0,1 to 1000 0,9995 0,10
Phenanthrene 0,1 to 1000 0,9997 0,09
Anthracene 0,1 to 1000 0,9996 0,15
1-Methylphenanthrene 0,1 to 1000 0,9996 0,08
Fluoranthene 0,1to 1000 0,9995 0,03
Pyrene 0,1to 1000 0,9998 0,08
Benz[a]anthracene 0,1to 1000 0,9995 0,13
Chrysene 0,1 to 1000 0,9996 0,11
Benzo[b]fluoranthene 0,1to 1000 0,9995 0,06
Benzo[k]fluoranthene 0,1 to 1000 0,9999 0,09
Benzolj]fluoranthene 0,1 to 1000 0,9999 0,12
Benzo[e]pyrene 0,1 to 1000 0,9997 0,07
Benzo[a]pyrene 0,1 to 1000 0,9998 0,11
Perylene 0,1 to 1000 0,9996 0,11
Dibenz[a,clanthracene 0,1 to 1000 0,9997 0,05
Dibenz[a,h]anthracene 0,1 to 1000 0,9994 0,09
Indeno[1,2,3-cd]pyrene 0,7to 1000 0,9996 0,08
Benzo[ghi]perylene 0,1 to 1000 0,9997 0,06




P6 6n dinh véi nén méu phirc tap

Lua chon cé chu y dich chiét dat cho
ki€ém tra tinh ving chéc hé théng do co
nén mau cao gay nhiéu thir thach cho
hé théng. Hinh 4 cho thay tuong quan
gitra sac ki d6 scan TIC va MRM TIC cua
méau dich chiét thém chudn. Nhu d&
thay, dich chiét dat cé muc nén cao. Khi
dung ché dé MRM trén GC/TQ 7000E,
dudng nén giam dang ké, cho phép dinh
luong PAH & miuc ndng dé thap st dung
phuong phap hién tai.

Ngoai ra, déi véi méu dat coé ham luong
hitu co muc nay, nén can nhac thém phan
lam sach méau cho phén tich thudng quy.
Phan chudn bi mau dung & day chi cho
muc dich thir nghiém dé cd tinh thir thach
hé théng. Bén canh do, dung méi chiét
(dichloromethane/acetone ti 1& 1:1 v/v)
cling khéng khuyén khich dung cho phan
tich thudng quy khi dung khi mang hydro.
Cac dung moi halogen hoa nhu
dichloromethane cé thé phan ung vdi
hydro trong c6ng tiém ndng va tao thanh
luong bé HCI, theo thdi gian cé thé gay
phan hdy budng héa hoi va dau cot.

Murc d6 6n dinh ndng do tinh toan cua trén
500 mdi tiém dugc thé hién & Hinh 5. C6
thé thay & Bang 6, c6 23 trén 27 chét cé tin
hiéu 6n dinh, RSD cta mdi nhém 100 mdi
tiém déu dudi 5%. Tuy nhién, néng dé tinh
toan cla dibenz[a,clanthracene,
dibenz[a,h]anthracene, indeno[1,2,3-cd]
pyrene va benzolghilperylene bat dau giam
tlr khoang miii tiém thir 70 (trong chudi

100 mdi) va RSD ctiia mbi nhom 100
mdi tiém cao hon 5% mot chat. Khi s
dung bdo tri dinh ki va tinh nang thai
nguac, sau hon 500 mdi tiém, RSD t&t
ca céc chat déu <12%. biéu nay cho
thdy do on dinh dinh lugng tuyét voi
du lién tuc thir thach hé théng véi nén
mau dét phuc tap.

—— Spiked soil sample in scan
—— Spiked soil sample in
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Hinh 4. So séanh séc ki d6 scan TIC va MRM TIC m&u dat thém chuén. Duong
MRM dugc phdng to kich thudce dé hién thi ré hon.
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Hinh 5. D6 6n dinh ndng do tinh toan clda hon 500 mdi tiém mau dat duge thém 100 pg chudn PAH va 500 pg ISTD.



Bang 6. RSD% ndng dd tinh toan cda méi 100 mi tiém va téng 500 mai tiém mau dat dugc thém 100 pg chuén PAH va

500 pg ISTD.
RSD (%) miii tiém
Chat phan tich
1dén 100 101 dén 200 201 dén 300 301 dén 400 401 dén 500 Tat ca (1 dén 500)

Naphthalene 217 2,86 3,54 132 3,18 2,92
1-Methylnaphthalene 1,83 3,53 4,15 2,36 4,00 577
2-Methylnaphthalene 1,91 3,18 3,62 2,39 3,85 5,23
Biphenyl 1,94 2,74 4,86 2,30 2,56 3,55
2,6-Dimethylnaphthalene 1,97 4,08 4,56 2,28 1,87 4,50
Acenaphthylene 2,43 2,97 3,55 4,07 4,85 5,82
Acenaphthene 1,65 2,37 3,28 1,70 1,74 3,25
2,3,5-Trimethylnaphthalene 1,09 3,03 417 1,09 1,36 4,59
Fluorene 1,25 2,61 3,76 2,98 2,17 3,07
Dibenzothiophene 1,78 2,39 2,19 1,95 1,12 2,58
Phenanthrene 2,04 2,55 3,56 1,68 4,01 3,74
Anthracene 3,68 3,54 3,58 4,29 4,05 5,58
1-Methylphenanthrene 1,80 2,15 3,11 2,03 1,16 3,29
Fluoranthene 2,02 419 3,96 2,09 0,97 5,08
Pyrene 2,71 2,63 4,84 4,71 2,25 793
Benz[a]anthracene 2,82 2,92 2,93 3,81 1,91 3,71
Chrysene 1,96 2,41 2,59 1,14 1,00 2,86
Benzo[b]fluoranthene 2,97 3,74 4,22 3,48 4,40 6,07
Benzo[k]fluoranthene 2,29 4,24 4,67 2,90 3,78 4,68
Benzolj|fluoranthene 3,29 416 4,89 4,89 3,75 7,44
Benzole]pyrene 2,52 4,32 3,33 3,67 2,79 575
Benzola]pyrene 4,53 4,62 4,60 4,44 4,46 4,92
Perylene 1,55 1,81 2,49 3,03 1,94 2,65
Dibenz[a,clanthracene 4,61 5,89 4,86 6,91 5,08 6,36
Dibenz[a,h]anthracene 5,03 7,49 9,34 7,86 8,80 8,27
Indeno[1,2,3-cd]pyrene 5,26 7,23 9,31 8,99 6,86 8,38
Benzol[ghi]perylene 6,40 7,74 9,01 11,13 8,08 9,89

Sau mbi 100 mi tiém, thay budng hoa
hoi va septa, két qua nong doé cla
dibenz[a,c],anthracene,
dibenz[a,h]anthracene,  indeno[1,2,3-
cd]pyrene va benzo[ghi] perylene trg vé
noéng dé ban dau. Budng hda hoi mid-
frit siéu tro bay lai t6t nén méau phuc
tap, tuong tu v&i cac nghién clu trude
d6.%'% viec quan sat thady néng dé bon
chat rira gidi mudn ti khoang mdi

tiém th 70 cho thay budng héa hoi bat
dau b&o hoa bdi nén mau. Khi bubdng
hda hoi bdo hoa, viéc di chuyén clia cac
chat r&ra gidi mudn trd nén han ché.
Bang 7 cho thdy RSD clia 70 mdii tiém
dau trong moéi nhém 100 mdi tiém, va
RSD cua téng toan bd cac nhém mdi
tiém (chi bao gém 70 mai dau cho moi
nhém). RSD cua dibenz[a,clanthracene,

dibenz[a,h]anthracene, indeno[1,2,3-
cd] pyrene va benzo[ghilperylene cla
moi nhdm tiém va tdng cac mi tiém
duoc cai thién néu chi tinh t&i 70 mdi
tiém dau mdi nhdom. Bén canh do, sau
300 mdi tiém, thay dém khit ma vang
gip RSD cula 17 trong t6ng s 27
PAH gidam (Bang 6).



Bang 7. RSD% néng do tinh todn ctia 70 mdi tiém dau trong moi nhom 100 mi tiém va téng cac mdi tiém (chi bao gom

70 mi tiém dau cho moi nhém) mau dat dugc thém 100 pg chudn PAH va 500 pg ISTD.

RSD (%) mii tiém
Chat phan tich
1dén 70 101 dén 170 201 dén 270 301 dén 370 401 dén 470 Té&t ca (1 dén 500)

Naphthalene 2,19 2,56 3,00 1,18 2,91 2,70
1-Methylnaphthalene 1,87 2,80 4,19 2,17 2,38 522
2-Methylnaphthalene 1,82 2,90 3,38 2,14 3,89 531
Biphenyl 1,73 2,35 3,99 2,34 1,78 3,53
2,6-Dimethylnaphthalene | 1,89 3,09 3,98 2,15 1,55 4,43
Acenaphthylene 2,48 2,63 2,22 4,72 4,92 573
Acenaphthene 1,50 2,05 2,30 1,83 1,29 2,97
'?'}Bir’g-ethylnaphthalene 1,11 2,03 3,21 117 1,16 411
Fluorene 1,23 1,95 2,75 2,52 1,76 2,55
Dibenzothiophene 1,77 2,37 2,26 1,45 1,11 2,70
Phenanthrene 2,13 2,42 3,40 1,40 2,58 3,08
Anthracene 3,88 324 3,26 4,55 3,77 542
1-Methylphenanthrene 1,82 2,00 2,57 1,47 1,12 3,13
Fluoranthene 1,94 3,25 3,74 1,73 0,93 4,59
Pyrene 2,49 2,56 343 3,59 2,25 7,48
Benz[a]anthracene 2,89 2,80 2,70 4,25 1,91 3,88
Chrysene 1,95 2,43 2,28 1,10 0,87 2,93
Benzo[b]fluoranthene 2,99 3,53 3,41 3,00 4,76 5,53
Benzolk]fluoranthene 2,36 4,31 413 2,34 1,69 3,85
Benzolj]fluoranthene 3,27 4,44 3,64 4,85 2,07 6,52
Benzole]pyrene 2,55 4,45 2,94 3,01 2,37 545
Benzo[a]pyrene 3,96 4,09 2,72 4,19 4,16 425
Perylene 1,45 1,65 2,14 2,85 1,99 2,63
Dibenz[a,c]anthracene 4,10 5,00 3,43 4,52 4,48 5,64
Dibenz[a,h]anthracene 3,10 579 6,06 3,98 598 561
Indeno[1,2,3-cd]pyrene 3,24 4,26 5,51 534 4,49 582
Benzo[ghi]perylene 4,38 5,82 5,37 7,23 6,06 7,83




Két luan

Phuong phap GC/MS ba tu cuc dung
cho phan tich PAH st dung khi mang
Hydro, ngudén Hydrolnert Agilent va
cdu hinh th&i nguoc mo tad & day da
cho thdy mét s6 cdi thién so vdéi céc
phuong phap dung Hydro® va heli®
trudce day:

- Hinh dang pic sac ki tuyét vai, rat it
hodac khong co pic kéo dudi

- MDL va d6 tuyén tinh tuong tu
hodc t6t hon so vdi két qua thu
duoc khi dung heli

- Phan gidi sac ki t6t hon vdi thoi
gian chay ngén hon

— Tin hiéu ndi chuadn 6n dinh trén
khoang duong chuan rong (diém
cudi gap 10" so véi diém dau)

- DO tuyén tinh tuyét voi cla 26
trong téng 27 chéat tir 0,1 dén 1000
Pg

- MDL trung binh ctia 27 chéat phan
tich 1a 0,09 pg

- Dinh lugng tin cay va chinh xac
trén 500 mdi tiém dich chiét dat
phtrc tap véi bdo tri dinh ki

- Hiéu nang xuéat sac cla budng hoa
hoi mid-frit siéu tro phd dung
Agilent khi phan tich nén dat phuc
tap

Doi v&i cac phong thir nghiém dang

trébng mong viéc thay déi phan tich

PAH sang khi mang co chi phi thap,

ngudn cung dé dang, chd déng hon

nhu Hydro, nguén Hydrolnert vdi

extractor lens 9mm c¢é thé gilp

chuyén déi phuong phap vai hiéu
ndng tuong duong, tham chi tét hon.
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