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L&i néi ddu
TCVN 9237-2:2012 hoan toan twong dwong véi ISO 11338-2:2003.

TCVN 9237-2:2012 do Téng cuc M4i tredng bién soan, BS Tai
nguyén va Mai tnrémg & nghij, B4 Khoa hoc va Céng nghé cang bd.

BY tidu chudn TCVN 9237 (ISO 11338), Phat théi nguén tinh -
Xéc dinh hydrocacbon thom da vong pha khi va pha hat gdm hai
phan:

- Phén 1: L4y miy;

~ Ph&n 2: Chuén bj, 1am sach va xac dinh miu.
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-L&i gii thidu

Tiéu chuln ndy md ta quy trinh chudn bj mAu, 1am sach va phan tich hydrocacbon thom da vong (PAH)
(tie khi éng khéi va khi thai), dya trén séc ky 18ng hiéu nang cao (HPLC) (xem Phy lyc A va E) hodc
s&c ky khi khéi phd (GC-MS) (xem Phy lyc B, C va D).

PAH phat thai vao khi quydn qua viéc @6t nhidn liéu héa thach va g8. PAH duoc xem | mét tac nhan
quan trong clia c4c chAt gay ung thw mdi trwdmg. Viéc nhan dang va dinh Iigng PAH phit thai tlr cac
ngudn tfnh 12 mét tidu chi dién hinh trong d4nh gi4 chét lvgng khdng khl.

Khi éng khéi va khi thai cia cac ngudn tinh thudng chira c4c hat rén. Do 4p suét hoi clia ching khac
nhau, PAH c6 thé & pha khi va pha r&n. Trong khi quyén, PAH chira bdn vong hodc nhidu hon cé xu
hwéng hAp phy ién cac hat, trong khi PAH chira hai dén bén vong c6 xu hwéng c6 & thé khi. Tuy vay,
trong khi 8ng khéi va khi thai, PAH phan bé & thé khi hay thé rén tly thudc vao nhigt 9, khéi lwong
cla hat phét thai, c& hat, 46 &m, kidu va ndng d$ clia PAH.

Trong qué trinh chun bj, bdo quan va luvu gitr miu, c6 thé xay ra hién twong that thoat PAH va anh
hwéng phan tich dinh lvgng. Su that thoat PAH nay cb thé do s\ bay hoi clia PAH ¢é hai va ba vong,
clia PAH cé dic tinh hda-ly khdng b&n khi c6 4nh s&ng, Os, NO,, SO,, HCI va mét sé kim loai nang.
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Phat thai ngudn tinh — Xac djnh hydrocacbon thom da vong pha
khi va pha hat — Phan 2: Chuén bj, Iam sach va xac dinh miu

Stationary source emissions — Determination of gas and particle-phase polycyclic aromatic
hydrocarbons — Part 2: Sample preparation, clean-up and determination

1 Pham vi ap dung

Tiéu chu&n nay quy dinh quy trinh chun bj mAu, 1am sach va phan tich dé& xac dinh hydrocacbon thom
da vong (PAH) pha khi va pha hat trong khi éng khéi va khi thai. Phuong phap phan tich cé kha nang
phét hién ndng 46 PAH & mirc dwdi microgam trén mét khéi mau, ty thudc vao loai PAH va thé tich
khi éng khoi da 14y mAu.

Phwong phap mé ta trong tiéu chuén nay dya trén phurong phap séc ky 16ng hiéu nang cao (HPLC)
ho#c phuong phap sic ky khi khéi phd (GC-MS).

2 Tailidu vién din
Céc tai liéu vién din sau 1a rAt cAn thiét cho viéc 4p dung tiéu chuidn nay. Déi véi céc tai liéu vién dan

ghi ndm cdng bé thi 4p dung phién ban dwoc néu. Déi véi cac tai liéu vién din khdng ghi ndm céng bd
thi &p dung phién ban m&i nhat bao gdm c& cac sira ddi, bd sung (néu co).

TCVN 5966:2009 (ISO 4225:1994), Chét long khong khi — Nhimg khéi niém chung — Thuét ngir va
dinh nghra.

3 Thudt ngi¥ va dinh nghia
Trong tiéu chudn ndy, 4p dung cac thuét ngC va djnh nghfa trong TCVN 5966 (ISO 4225) va cac thuat

nglr sau:
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Hydrocacbon thom da véng (polycyclic aromatic hydrocarbon)
PAH

Hop chét ¢ chira hai hodc nhidu vong thom dwgc tao nén tir chi nguyén t&r cacbon va hydro.
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3.2

Phat thai ngudn tinhy(stationary source emissions)

Khi phét thai do mdt nha méy finh hodic qué trinh va dugc chuydn dén éng khéi @& phat tan vao khi
quyén.

33

B& chiét dung mal ting téc (accelerated solvent extractor)

ASE |

Thiét b ddy nhanh qué trinh chiét truyén théng bing cach ding dung mdi & nhiét d$ tang dan.

CHU THICH: Ap suét dugc ap dung cho ngan chiét miu & duy trl dung méi dugc 1am néng & thd Iéng trong
qua trinh chiét.

4 Nguyén tic

4.1 Léy miu

M3u dai dién dwoc lay tir khi qua éng din & didu kién ddng téc st dung thiét bj Idy m3u phu hep. Pha
hat dwoc thu gom trén mang loc phu hep va pha khi dwoc bdy bdng cach ngung tu 1én Iép chét hap
phy [vi du nhya styren-divinylbenzen polyme (XAD-2), bot polyuretan hodc cac chét hap phu khac cé
hiéu suét twong duong).

4.2 Phan tich

Sau khi l4y mAu, miu dwoc dua ra khéi thidt bj Ay miu. B phan cla thiét bj 1ay m3u c6 tiép xuc véi
méu dwoc rira bang dung mdi. Sau d6, dung dich rira duwgc két hop véi dung dich loc va chét hap phy
va dugc chiét bing dung mdi htru co phis hep, st dung bd chiét Soxhlet [hoaé céc phwrong phép khac
da duoc danh gia, vi dy bd chiét dung mai tang téc (ASE)). Phan chiét dugc cb dic bing cach ding
thiét bj 1am bay hoi chay bdng mé to, sau 46 cb thé cb @3¢ thém dung nito néu cAn. C6 thé cAn 1am
sach mau trwée khi dinh lugng.

Phan tich phan m3u da cb d3c bing séc ky 1éng hiéu ning cao (HPLC) hodc bang sic ky khi khéi phd
(GC-MS). N&ng @b cla tirng PAH duge tinh tir khdi lvgng PAH (pha hat va pha khi) xac dinh trong
phan tich va thé tich clia khi éng khéi d4 1y m3u dugc hiéu chinh vé& didu kién tiéu chudn phu hop.

5 Céc bién phap vé an toan

T4t ca PAH dugc xt ly nhw 14 chit c6 kha ning gdy ung thw. Ngudi sty dung phai hidu rd cac dic tinh
héa hoc va Iy hoc clia PAH. Tién hanh cac bién phap d& phong nglra PAH trong thé rén, phdn chiét
hoc dung dich c6 tiép xdc véi co thd. PAH cé thé cling chung cét véi dung mai va cé thd bam Ién mat
ngoai cta binh thay tinh ¢é nut thly tinh nham.
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Trong trwdmg hop rii ro lién quan dén thao tic véi PAH & thé rén, tuyét abi khong nén ty chudn bi
dung dich tiéu chudn. Str dyng céc dung dich tiéu chuin c6 sdn ngoai thj trvamg" aé gidm thidu rii ro
phoi nhidm,

Tét ca céc binh thiy tinh chira dung dich PAH cAn phai dwoc rira ding gang chiu dung mdi. Moi sy
nhi&m bin c6 thd phat hién trong 4nh séng cyre tim bang huynh quang. PAH chil yéu nguy hidm & thé
r4n, va né trd thanh chét nap dién t&r. Do vay PAH cin phai dugc can trong hdp. M3u khéng st dung va
thiét bj nhi@m bén, binh thiy tinh va quin 4o phai dwec thdi bd phi hop, theo cac quy dinh tuong ng.

6 Céch tién hanh

6.1 Phwong phap HPLC
6.1.1 Khai quat

Phan nay mé ta phuong phap chudn bj, Iam sach va phan tich 8 xac dinh ndng dé hydrocacbon thom
da vong (PAH) trong khi éng khéi va khi thai st dung séc ky 1dng hiéu ning cao (HPLC).

6.1.2 Thubc thir va vit ligu

6.1.2.1 Axetonitril, logi ding cho HPLC.

6.1.2.2 n-hexan, loai diing cho HPLC.

6.1.2.3 Metanol, loai diing cho HPLC.

6.1.2.4 Pentan, loai dung cho HPLC.

6.1.2.5 Dietyl ete, cAp a6 thubc thir, bdo quén béng etanol 2 %, loai dung cho HPLC.
6.1.2.6 Silicagel, cdp dd tinh khidt cao, loai 60, 70 mesh dén 23 mesh.

6.1.2.7 Natri sunfat, khan, cdp d thubc thir, sdy khd & nhiét 49 300 °C trong it nhat 4 h.

6.1.2.8 Dung djch thu héi tiéu chuin diing cho HPLC: 2-metylchrysen hoéc 6-metylchrysen, d9 tinh
khiét it nhét 98 %.

6.1.2.9 Khi ném: heli c6 d tinh khiét cao a8 loai khi & pha di ddng va nito cé dd tinh khiét cao dé co
d4c mau.

6.1.210 Lanhdm.
6.1.2.11 Bdng thay tinh
6.1.3 Thiét b|

" Chit tham chidu chudn (SRM) 1647: Hydrocachon thom da véng, dung dich 16 PAH trong axetonitril 42 dirgc chizng nhan, Dung dich ndy 13
mot vi dy vé sdn phim c6 sdn ngoal thj trurdmg phi hep cla Vién Tidu chudin va Cong nghé qudc gia (NIST), BY thuong mai Hoa Ky,
Gaithersburg, MD, USA. Thdng tin nay dirgre dua ra chl tao thudn Igi cho ngudd st dyng tisu chuln ndy ma khéng phai 2 xac nhin cla tidu
chudn v& s3n phdm nay.
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6.1.3.1 B6 chiét Soxhlet, dung tich 100 ml d&n 200 ml va cb b§ ngung phis hep.

"6.1.3.2 Mang loc sgi thily tinh 13m sach so bd & 200 °C It nhit trong 3 h hodic mirc mAu tréng c6 thé
chép nhan dugc.

6.1.3.3 Binh d4y trdn, dung tich 100 ml v& 250 ml hodc 500 ml tuy thudc dung tich cla bd chiét
Soxhlet.

6.1.3.4 H8 théng Iam bay hoi méto cé khd niing tao ra 4p suét chan khéng I&n nhét 0,1 MPa (1,0 bar),
va cb binh nwéc cd thé dun néng téi 50 °C.

6.1.3.5 B ngwng Kliderna Danish, dung tich 500 ml, bao gdm ca éng ngung cé chia vach 10 ml, ¢6
nat thay tinh nham, va mét cét Snyder 3-bong.

6.1.3.6 B ngwng bay hoi nito: thiét bj thdi nguec nito c6 bd didu chinh vén téc dong va bé diéu
nhiét bing nwéc, éng bay hoi c6 thé tich 1 ml dén 10 ml.

6.1.3.7 Phé&u chiét, dung tich 100 ml va 250 ml.

6.1.3.8 Cot sic ky bing thly tinh

6.1.3.9 Binh nén, dung tich 10 ml.

6.1.3.10 Bo chiét I6t, chiét so bd vdi etanol.

6.1.3.11 Tu lanh sdu, ¢ kha nang Iam lanh duwéi 4 °C hosic déng bang, cd kha nang lam lanh dudi -15 °C.
6.1.3.12 Hat chéng sl biing, phan chiét ¢6 dung méi.

6.1.3.13 Lo, ¢6 kha nang duy tri nhiét 4§ 500 °C.

6.1.3.14 Ha théng sic ky 16ng hidu ning cao (HPLC), gdm bom ddng &n dinh dugc didu chinh
b&ng bd kiém so4t gradien, mét bom mAu c6 kha ning bom thé tich mu téi 20 pl, bd phan diéu chinh
nhiét a6 cét trong khodng tir 29 °C dén 40 °C + 1 °C, detector huynh quang cé bd kich thich didu chinh
b&ng chwong trinh va buwdc séng phat va detector UV didu chinh dén budc séng 229 nm, va céc thiét
bi phu trer ké ca cot, bd ghi va c4c khi.

6.1.3.15 C&t tach HPLC, 1am bing thy tinh hoc thép khdng gf [dai 20 mm d&n 250 mm va duwéng
kinh trong (ID) tir 3 mm @&n 5 mm, c& 18 < 1 um, thly tinh frit 0,5 um) ho#c cdt phi hep khéc.

Ludn cAn st dung cét bdo vé vi mAu va chét nhidm bin c6 thé Iam cho &p suét cdt cao qué murc va
lam thay d&i d6 nhay. «

6.1.3.17 Hé thdng loai khi cho HPLC, heli.
Dung méi gidi hAp (pha ddng) phai dwgc loai khi @8 tranh hiéu tng tt cla tin hiéu huynh quang.
6.1.3.18 Hé théng loc, k& ca mang loc c6 c& 18 45 um a8 loc pha ddng.

6.1.3.19 Xyranh, 10 pl, 25 pi, 50 ul, 100 i, 250 pl, 500 pl va 1000 ul d& chudn bj dung dich hiéu
chun, dung dich chuin va dung dich thém chuln.
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6.1.4 Chudn bj miu
6.1.4.1 Pidu kign bao quin miu

Do kha n3ng phan {rng clia PAH v&i &nh sdng va cic thanh phin c6 trong khdng khi, tht c& céc bd
phan iy m3u chira PAH phai dugc bdo quan trong binh chira kin, tranh &nh sang, nhiét d$ trong
khodng tir 0 °C dén 4 °C hosc dwdi —15 °C cho dén khi c6 ydu chu vé chudn bj m3u phdng thi nghiém.
Néu m3u duoce bio quan & nhidt dd tir 0 °C @é&n 4 °C thi m3u cAn phai dwoc chiét trong khodng mét
tudn sau khi 14y mAu. Néu m3u duec bio quan tai nhiét 44 —15 °C hoic thdp hon, mau cdn duoc chiét
trong khoang mét thang. Moi chit ngung tu ¢in phéi dugc axit hoa bing axit clohydric vé pH = 2, va co
thé bdo quan dugc t&i 14 ngay.

6.1.4.2 Chiét mang loc va I&p hdp thy rén

Chuyén mang loc va I6p chit h&p phu rén ra khdi binh chira va a3t vao trong éng Soxhlet chiét so bé.
Ngay trerdre khi chidt thém 500 pi dung dich chudn thu hdi, 2- hodic 6-metylcrysen (6.1.2.8) trong axeton
(ndng ad khéi lrong =~ 1 pg/mi), vao lép chét hdp phu hosic mang loc d& xac dinh 69 thu hdi cla quy
trinh chiét. Néu yéu cAu phan tich riéng ré chit hip phy va mang loc, ¢ hai d&u phéi thém chudn,

Tién hanh chiét biing dietyl ete 10 % (6.1.2.5) trong n-hexan (6.1.2.2) trong khodng 20 h, véi ti 1& dong
nguec la 4 vong trén gidr.

Thém dung dich chuén thu hdi vao tt cd mau fién quan, ké cd miu hién treéng va mau tréng.

Céch khac, ky thuat chiét khac (vi dy ASE) hodic cac dung mdi khéc hodic hdn hep dung mai cé thé
dwge dung néu nguwdi str dyng a3 dugce danh gia.

6.1.4.3 Chiét phin ngung

Chuyén chét ngL;ng tu vao ph&u tach. Xtc rlra qua binh chira dung dich hap thy hosc binh ngung
béing n-hexan (6.1.2.2) va chuyén n-hexan vao ph&u tach. L4c trong it nhit 5 min. D& ldng va sau a4
tach n-hexan ra khdi chit ngung. Tién hanh chiét bd sung chét ngung ty trong cung didu kién va gdp
véi phln n-hexan. Lam khé phan két hop n-hexan qua fatri sunfat (6.1.2.7).

Thé tich clia n-hexan a3 ding trong m&i 14n chiét cAn phai it nhat bing 20 % thé tich cia chét ngung ty.
6.1.4.4 Cb dic phin chiét '

Gop phan chiét clia chit ngung ty a4 1am khé n-hexan vé&i phn chiét clia mang loc va I&p chét hép
thy rén. Loc phan chiét tdng hep qua mang loc si thiy tinh da lam sach so bd (6.1.3.2) va chuyén
vao thiét bj 1am bay hoi. C6 diic phan chiét téi thé tich khodng 2 ml. Chuyén dinh Iwgng phén chiét
véi n-hexan vao binh nén hiéu chudn 10 ml. Thém 1 ml axetonitril (6.1.2.1) vao éng. Sau d6 a3t éng
vao b didu nhiét'nuéc & 25 °C va cb diic phin chiét trong didu kién déng nitor nhe cho @én khi hexan
(I&p trén) va phan nhd axetonitril bay hoi. Didu chinh thd tich cGa phan chiét miu a3 cd diic téi 1,0 mi
bang axetonitril.
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Tdn d&u mAu va chuyén vao lo mAu ndu déng kin bdo quan It nht & 4 °C, tranh anh sang cho dén khi
)han tich. Phan chiét a3 cd @c cAn dugc phan tich trong vong 30 ngay.

26 thé sir dung thiét bj Iam bay hoi (6.1.3.4) & &p suét chan khéng khodng 0,1 MPa va bé didu nhiét &
ahiét dd khong vuret qua 45 °C. Néu dugc ngudi st dung thdm dinh, cac hé théng 1am bay hoi khac cé
thé cling duwoc str dung dé cé ddc phin chiét. Ndu phin chiét dugc cd dén kho kiét, c6 thé 1am thét
thoat dang k& PAH, do vay miu cin phai a4 bd néu xay ra hién twong nay.

Cac hé théng lam bay hoi khac dé& cd dic phan chiét c6 thé dwoc ding néu dwgc ngudi st dung thadm dinh.
CHU THICH 1: C6 thé khong can cd d3c phan chiét m3u dén thé tich 1 ml, tby thudc vao gidi han phat hién, do
nhay clia detector va thé tich khi éng khéi dugc 1Ay miu.

CHU THICH 2: Buéc Iam bay hoi cudi ciing c6 st dyng nito 14 quan trong nhét trong chudn bj mau. Lvgng PAH
d& bay hoi bj thAt thoat do buéc co d3c phan chiét m3u cubi ciing c6 thd din dén that thoat tir 10 % abi véi PAH
¢6 2 vdng dén 4 vong néu n-hexan 1a dung mdi chiét. Néu toluen dwoc ding lam dung méi chiét, long thét thoat
c6 thé dugc di kién tr 10 % dén 40 % dbi véi PAH c6 2 vong dén 4 vong.

6.1.4.5 Lam sach méu
6.1.4.5.1 Khal quat

Quy trinh 1am sach c6 thé khéng cin thiét ddi véi ndn miu twong déi sach. Cac nén mau phirc hop
yéu céu giai doan lam tinh khiét, @& loai trir céc can tr& do cac hop chét phan circ va khéng phan cye.

Néu st dung diclorometan @& chiét mau, cAn phai thay dung méi n-hexan trudc quy trinh lam sach.
6.1.4.5.2 Chuén bj cot

Chiét silicagel, loai 60, trong bd chiét Soxhlet véi diclorometan trong 6 h (tc d6 nhé nhét, 3 vong/h) va
sau d6 hoat héa béng dun trong binh chira béng thiy tinh ¢6 boc gidy bac trong 16 h & 450 °C.

Go6i mét phdn nhd soi thiy tinh vao d4y cla cdt séc ky thly tinh dung tich 15 mi dén 25 ml (vi dy dai
160 mm x 11,5 mm ID). Trdn 10 g silicagel hoat tinh v&i pentan thanh dang sét va rét vao cét. M& khoa
cot tir tir do bun sét duoc lang @& d3m bao bun sét dwoc nhdi chat. Cubi cung, thém 1 g natri sunfat
vao phia trén cua silicagel.

6.1.4.5.3 Sic ky cot

Trudce khi st dung, riva gidi so bd cdt bAng 40 ml pentan va d8 bd dung dich rira gidi. Trong khi pentan
van cdn phu [én dinh cdt, chuyén dinh Itegng 1 mi phin chiét m3u trong n-hexan vao cét, va rira thém
bang 2 mi n-hexan @& hoan tt qua trinh chuyén. Rira gidi qua cdt. Ngay trwdc khi 1dp natri sunfat tiép
xuc voi khong khi, thém 25 ml pentan va dung dich rira gidi lién tyc. Dung dich rira gidi pentan c6 thé
as bo.

Cuéi clng, rira gidi cot bdng 25 ml diclorometan trong pentan (t7 & thé tich 4:6) & téc @ 2 ml/min va
thu lAy dung dich trong binh @4y trdn dung tich 100 ml (6.1.3.3). ¢é dic thém phan chiét t&i thé tich tir
2 ml dén 5 ml. Chuyén dinh Igng phan chiét vao binh nén 10 ml (6.1.3.9). Dua birh nay vao bé didu
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nhiét & 25 °C va cd dic phin chiét t&i gin kho kidt trong didu kién c6 ddng khi nito thdi nhe. Sau @6
thay d8i dung mdi phan chiét m&u bing axetonitril va didu chinh thé tich t&i 1,0 mi.
Cot lam sach c6 s3n ngoai thj trnréng va cd thé st dung néu a3 dugc thim dinh.

CHU THICH 1:  Phan pentan c6 chira hydrocacbon aliphatic. Néu cin, c6 th& phan tich phan nay cho cac
hydrocacbon aliphatic riéng.

CHU THICH 2: Dung dich nira gidi bd sung bing 25 ml metanol s& rira gidi cac hop chét phan cyc (vi du PAH
oxy héa, nitrat héa va sunfonat héa).

6.1.5 Phan tich miu
6.1.5.1 Thiétbj

Phan tich HPLC duwoc tién hanh trén hd théng gém bom dong khdng ddi didu chinh béng bd kiém soéat
gradien, bom mau, bd 1am néng cdt, detector huynh quang cé b kich thich didu khién bang chirong
trinh va buéc séng phét ra, detector UV c6 thé didu chinh bude séng dén 229 nm.

Thong sé dién hinh cua thiét bj Ia:
- Cét: bang thiy tinh ho#c thép khdng gi, dai 200 mm, ID 4,6 mm;
- Pha tinh: silica din xuét c6 chu8i alkyl C18, c& hat 5 ym;
~ Pha déng: dur;g mdi A axetonitril/nuwrdc (50 % thé tich)
dung mdi B axetonitril/nuréc (100 % phin thé tich)
gradient tuyén tinh, theo th&i gian, thay @i tir 100 % dung mdi A sang 100 % dung mdi B;
- Téc dd dong 0,8 mi/min;
- Thé tich bom mau: 20 pl;
~ Nhigt 85 cft: (29 £ 1) °C.

Detector huynh quang cé bwéc séng didu khidn bang chuong trinh, co thé st dung @& chon loc hon
trong nén m3u phrc tap. BS kich thich va bd phat budc séng két hop cd thé duge 1am téi wu cho tirng
thanh phan. Vi dy duge néu trong Phuy lyc A. Xac dinh acenaptylen bang UV (& 229 nm) vl thanh phin
ndy khéng duec phat hién trong huynh quang.

Chidu dai cdt téi thidu 20 cm 1a 80 cho vide phan tach pic. D& dat dugc két qua phi hop, khdng nén ding
thé tich bom mAu 100 pl hodic 1én hon, chidu dai cdt nhd hon 15 em hodc nhd hon va gradient 25 min
hodic nhd hon. Théi gian chénh léch d3c treng 13 khodng tir 40 min dén 60 min.
CHU THICH 1: Lya chon pha @dng, thé tich bom va téc 9 dong phy thudc vao qui dinh clia nha san xuét cit.
CHU THICH 2: Detector diot 1am tang dd chon loc biing céch sir dung toan b phd UV cia mdt thanh phan dé
x4c dinh céc thanh phan hdng.
6.1.5.2 Higu chudn thiét bj
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Chuén bj dung dich hiéu chuin cho tirng PAH tai it nh&t ndm mirc ndng dd bing cach thém thé tich
-phti hop dung dich géc vao binh dinh mrc. Ndng @& thdp nhét phai dat mic gin véi gidi han dinh
legng.

Dung dich chuén dwoc bom va phan tich tryc tiép, chidu cao pic clia chit phan tich dwoc vé trong
trng v&i ndng a4 cla tirng hop chét,

Xéc dinh khodng tuyén tinh cho tirg hop chét bing céch st dung hdi quy tuyén tinh, véi chidu cao pic
theo ham ndng @9, va xé4c dinh dwéng thing tuyén tinh phii hep nhat. X4c dinh gia tri dw cla céc gi4 tri
do dugc dya vao dwéng thdng phu hop. Néu mdi gid tri dw nhd hon 5 % gid tri phi hop, thiét bj 1
tuyén tinh trén toan khodng ndng d 4 st dung. Néu bAt ky mét gi tri dw ndo 1ém hon 5 %, khodng
ndng 48 cAn phai dwoc gidm bing cach loai trir cac gid tri do dwoc cb ndng d8 cao nhat va [am lai 1an
nCra, qua tuyén tinh hdi quy, tinh to4n va kidm tra dwéng chudn.

Néu dd tuyén tinh cia hé théng duoc thiét Iap trén khodng ndng @ quan tam, cé thé st dung hiéu
chuén mét diém cho dinh lwgng hang ngay. Trong treéng hep c6 mét phin clia thiét bj dwec thay thé,
can tién hanh kiém tra lai d5 tuyén tinh.

CHU THICH: Vei ki thu2t sic ky, thudng s dyng dién tich pic; tuy nhién khd n3ng phan gidi cla c6t HPLC va
tinh phurc tap cia sic phd két qua do mAu tao ra, chidu cao pic dugc ding 4 tinh toan.

6.1.5.3 Phan tich

Néu phan chiét miu duec bdo quan trong d4, dé chiing Am dén nhiét dd phang trudc khi phan tich.
Khi hé théng HPLC duqc thiét 1ap, bom 20 pl m8i phn chiét mau. Xac dinh théi gian Ieu clia ting pic
va nhén dang chung so vé&i sic phd ctia dung dich hiéu chuln tidu chuin.

Thei gian It clia chét phan tich trong miu va dung dich hiéu chudn tidu chun teng (ng khdng
duwgc chénh Iéch qua 0,2 min. Trong tnrdmg hep chénh léch théi gian ndy 16n hon so véi dung dich
tiéu chudn hiéu chuéin, cin thyrc hién nhan dang thém bing st dung detector diét hoic bing GC-MS.

Bo chiéu cao pic cla tirng pic, diing dwéng nén da hiéu chinh. V& nguyén tic, m&i mau phan tich
khong pha loang. Néu thanh phdn ndm ngoai khodng tuyén tinh clia detector, pha lo&ing mu va phan
tich Iai.

Trong qua trinh phén tich PAH clia HPLC, st dyng ca detector UV va huynh quang. Acenaptylen dugc
phén tich béng detector UV. Cac PAH khac dugc phén tich bing detector huynh quang.

C6 thé sy ra sy nhiém bln néu mAu chira ndng d6 PAH thAp va mau dwoc phan tich ngay sau khi
m&u c6 chira ndng dd PAH cao. Bom dung mdi vao thei didm gitra cc mAu d& kiém dinh xem liéu cé
sy nhiém bn gitra cdc mAu hay khéng.

6.1.6 Tinh toan
B4t dAu tir chidu cao pic do dwoc, dung sé liéu hiéu chudn tir dung dich tidu chudn a4 phan tich va
Ieong PAH c6 trong phin chiét miu, tinh nhw sau:
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m=lpV-dy
F

(M

Trong dé
m 12 khéi lugng hep chat PAH trong phin chiét mu, tinh bing nanogam;
F la chidu cao ctia PAH twong (ng trong phan chiét mau;

p 12 ndng @8 khdi lwgng clia PAH twong (rng trong dung dich tiéu chudn, tinh bing nanogam
trén mililit;

F, lachidu cao pic clia PAH twong (rng trong dung dich tiéu chudn;
V 14 thé tich cudi cliing ctia phan chiét miu, tinh béng mililit;
dr 14 hé sé pha losing clia phan chiét miu.

Murc PAH duoc thd hign theo khéi Iwgng PAH trén mét khéi tiéu chudn khi thai khd va ham lweng oxy
tham chiéu (ho&c cacbon dioxit).

L4y thé tich tham chiéu v& didu kién tidu chuln (273,15 K, 1013,25 kPa khi khd), tinh ndng dé PAH
trong mAu khi da 14y, tinh bang microgam trén mét khéi (khi kh).

Néng dd khéi lgng cuia tirng PAH trong khi thai dugc tinh nhu sau;

i
i} 2
p; 7 ()

Trong dé
p la ndng dd khéi Ivgng clia chat phan tich i trong khi thai, tinh bing microgam trén mét khéi;
m,; 14 khél legng clia chét i trong phin chiét mau, tinh bdng microgam;

Vi 1 thé tich clia mau khi thai trong diu kign tiéu chudn khé va didu kign tham chiéu, tinh
bing mét khéi.

Tinh higu suét thu hdi E (%) tir dung dich chudn thu hdi ding Cdng thirc sau:

vV
E_ =—22"" 100 3)

= Cx,ndd “Fxadd
Trong @6 |
C., landng dd cla dung dich tiéu chudn thu hdi x trong phin chiét bom;
¥, lathé tich clia phan chiét bom y;
Craus 14 ndng @6 dung dich tiéu chudn thu hdi x thém vao miu;
Veaa 1& thé tich dung dich tiéu chudn thu hdi thém vao miu.
13
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5.1.7 Dam bao chit lrgng

Dung dich tiéu chun higu chudn phai dugc chudn bj it nhat 13 sau thang mét 12n. B8 chinh xac cin
phai xac dinh bing cach so sénh dung dich tiéu chuln hiéu chuln véi vat lidu chudn c6 sdn ngoai thi
treéng”. Dung dich tidu chudn hidu chudn cAn phai dwgc phén tich ngay treée khi va cir sau mudi
mAu dwoc bom vao HPLC,

Hiéu suét thu hdi clia 2-metylchrysen ho#c 6-metylchrysen thém vao miu triérc khi chiét va phan tich
phai duoc gidm sat chit ché d& dam bao hiéu qua cla quy trinh tién hanh va phan tich. B thu hbi
n&m trong khodng tir 50 % dén 150 %. Phai loai bd két qua thu dugc tir m3u cé @ thu hdi nhd hon
50 % hodc Ién hon 150 %.

Khang higu chinh ndng a8 chat phan tich PAH @& tinh hiéu suét thu héi.

Khoang 10 % phan chiét m3u cAn dugc phén tich 13p HPLC d& d3m bdo dd dung phan tich cé thé
chép nhan duogc.

Dé daam bdo @b dung clia phan tich duwgc chip nhan, phdi thiee hién phan tich dinh ky véi vat liéu
chuén 43 biét?.

L4y mdu trdng hién tﬁ‘rdng v&i tieng loat do va mau tréng phong thi nghiém clng phai dugc tién hanh
véi tirng mé miu. D& gidm tAn suit miu bj loai bd, nén sir dung It nhat mot bd thubc thtr va nén miu
trong sudt qua trinh phan tich miu, st dung quy trinh & mb ta & trén, tredc méi mé dwoc xem la chép
nhan dwgc @& phan tich.

Chép nhan méc miu tring < 10 ng/miu abi véi hop chét riéng. Mire miu tring < 10 ng/miu c6 thé
khdng dat duwoc dbi voi naphtalen ho2c phenanthren. Tuy nhién, vi cac chét nay thudng xuét hién voi
néng d tuong déi cao, mirc miu tréng < 50 ng/miu thwdng dugc chp nhan. D& chp nhan két qua,
Iwong PAH trong mau tréng hién trudng phdi nhd hon 10 % lwgng hop chét do dugc trong miu.,

St dung it nhat mét bd thube ther va nén miu twong ty cho qué trinh phan tich mau, st dung quy trinh
d3a md ta & trén.

Song song v&i mdi mé'phan tich, Iy mAu tréing 14y tir phan chiét khdng c6 miu nhwng c6 chudn thu hdi.

CHU THICH:  SC dyng chun thu hdi ngoai (2-methyichrysen ho%c 6-methyichrysen) d& kidm tra tinh nng cla
phwong phap va chudn bj mAu. Tuy nhién, C6 thé khong s dung d9 thu hdi clia chudn nay 1am hé sé hiéu chinh
b&i vi chiing ¢6 nén phire tap hon PAH c6 trong m3u va khéng phi duwrge toan phd ap suét hoi cia 16 PAH.

6.1.8 D6 nhay, d$ ding, dd chinh xac cia phwong phap

D6 nhay clia phrong phap ndy phy thudc vao thé tich mau da 14y. M3u co thé tich 6 m® sé cho gidi
han phét hién clia phwong phap nhd hon 1 pg/m®. Ndng d9 clia phan chiét miu nhd hon 1 ml tinh theo

2 NIST SRM 1649 (byl a8 thi, c6 gi4 tri @3 Gwec chirng nhin v PAH 13 mdt vi du vé sén phim cb s3n ngoal th] trrémg pha hop clia Vién Tidu
chudn va Céng nghé qudc gia (NIST), Bb throng mal Hoa Ky, Gaithersburg, MD, USA. Thang tin ndy duce dwra ra chi tao thudn lgi cho
nguén st dyng tiéu chuln nay ma khdng phai 13 x4c nhén cda tiéu chulin v sdn phim nay.
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thé tich trwdc khi phan tich s& 1am ting dd nhay, nhung tao ra riii ro that thoat chét phan tich, dic biét
1& PAH c6 2 vong dén 3 véng.

D0 dung clia phurong phép (chuln bj miu va phan tich) dugc xac dinh ding NIST SRM 1694 (byi 46
thj, v&i gia trj 3 dwec chirng nhan cho ndam PAH) va thay adi tir 76 % (benzo[a]pyren) va 100 %
(indeno[123-cd]pyren). © I3p lai thay ddi tir 3 % (fluoranthen) va 9 % (indeno[123-cd]pyren).

Dic tinh tinh n3ng ctia phwong phap HPLC dugce néu trong Phy lyc E.

6.2 Phwong phip GC-MS
6.2.1 Khal quat

Phan ndy mé ta phwong phap chuin bj mAu, chiét, 1am sach va céc thiét bj phan tich str dung @& xac dinh
ndng 89 clia hydrocacbon thom da véng (PAH) trong khi &ng khéi va khi thai sir dung séc ky khi khéi phd.

6.2.2 Thuébc thir va vit ligu

6.2.2.1 Axeton, chung cAt- thly tinh, chat lugng séc ky.

6.2.2.2 Dichlorometan, chirng cét- thiy tinh, chét lwgng séc ky.

6.2.2.3 n-hexan, chung cAt- thily tinh, chét ligng séc ky.

6.2.2.4 Pentan, chung cAt- thiy tinh, chét lugng séc ky.

6.2.2.5 Dietyl ete, cAp dd thubc thir, bdo quan trong etanol 2 %.

6.2.2.6 Silicagel, cAp @ tinh khiét cao, loai 60 mesh, 70 mesh dén 230 mesh.

6.2.2.7 Natrl sunfat, khan, cdp dd thubc thir, shy khé & nhiét 8 300 °C trong 4 h.

6.2.2.8 Chudn thu hdi, dotér héa hodc PAH danh d4u cacbon 13, cb @ tinh khiét 98 % hodic cao hon.

B hoan chinh clia chudn thu hdi cho m3i PAH cAn phan tich c6 thé duoc sir dung ho3c cé thé st
dung mdt sé chudn thu hdi d& chon, vi dy mét chudin thu hdi cho 2 véng, 3 vdng, 4 vong, va § vong
PAH. Dung dich clia chuin thu hdi phi hop cé ndng a6 khéi lrgng d3c trung 12 50 ng/ul.

6.2.2.9 Chuén bom

2,2'-dibromobiphenyl, 2,2',3,3',4,4',5,5',6,6'-decafluorobiphenyl, hoic PAH -d& dotéri héa hodc danh
dAu cacbon 13, néu khdng st dung Iam chun thu hdi, c6 thé sir dyng lam chudn bom. Fluoren-d10,
pyren-d10, va benzo[K]fluoren-d12 1 nhirng lyra chon tét. D tinh khiét clia nhirng chét nay phéi dat 98 %
hogc cao hon. Dung dich chuén bom phi hop cé ndng @9 khéi Irgng didn hinh 12 50 ng/pl.

6.2.2.10 Khi nén, khi mang c6 thém heli va nito c6 a9 tinh khiét cao, a& c6 dic mAu.
6.2.2.11 Lanhdém.
6.2.2.12 Bong thay tinh.
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2.3 Thiét bj

5.2.3.1 Chudn bj miu

Thiét bj d& chun bj mAu cin phai cé nhw néu trong 6.1.3.1.
6.2.3.2 Phén tich miu

6.2.3.2.1 Sic ky khi - Khdi phd, gdm mot séc ky khi két hop v&i khéi phd va bd x& ly di¥ liéu, phu
hop véi bom phan doan, va tAt ca cac thiét bj phu tre cAn thiét ké ca thiét bj didu khidn nhiét 46 bing
chwong trinh, ¢dt cung cp bd ghi, khi va bom tiém.

Vong dém duwoc lam béng vat liéu cb chira trén 40 % graphit (vi du 60 % polymide/40 % graphit) dwgc
diing & 16i vao ctia cdt GC dé phang ngira kha ning hap thy clia PAH.

6.2.3.2.2 Cot GC mao quan silica (30 m dén 50 m x 0,25 mm ID) dugc boc bing phenyl
methylsiloxan 5 % cé dd day 0,25 pm, hodc cac ¢bt phu hgp khac.

6.2.3.2.3 Bom tiém, dung tich 1 pl, 5 pl, 10 pl, 50 pl, 100 pl va 250 pl @& bom mau vao GC va bom
dung dich hiéu chun va chuén ndi.

6.2.4 Chuén bj miu
6.2.4.1 Didu kién bao quan miu

Do kha nang phan (¢ng ciia PAH v&i 4nh séng va cac thanh phan cé trong khéng khi, tAt ca cac bd
phan l&y m3u chira PAH phai dwoc bao quan trong binh chira kin tranh dnh sang va nhiét dé trong
khodng tir 0 °C dén 4 °C ho#c dwéi —15 °C cho dén khi cb yéu cAu vé chuldn bj mau phéng thi nghiém.
Néu mau duoc bdo quan & nhiét 8 tir 0 °C dén 4 °C thi mAu cAn phai duec chiét trong khodng mét
tudn sau khi 1y mau. Néu miu duwgc bao quan tai nhiét dd —15 °C hodc thap hon, miu cAn dwoc chiét
trong khodang mat thang. Moi chét ngung tu cin phai dwoc axit hoa bing axit clohydric vé pH = 2, va cé
thé bao quan dwoc téi 14 ngay.

6.2.4.2 Thém chuin thu hbi

Trudc khi chiét, hdn hop chuln thu hdi dugc thém vao miu. B4 sir dung phrong phap pha lodng chét
adng vi, ngudi phan tich phai lya chon médt hodc nhidu chudn thu hdi cé diac tinh gidng véi cac hep
chét cAn phan tich trong s4c ky. D&i véi PAH, thudng st dung chét trong ty PAH duoc dotéri hoa
hosc PAH danh dAu cacbon 13. Nguwdi phan tich phai chirng minh phép do chuin thu hdi khéng bj
phwong phap hay can tré nén miu anh hudng dén.

Dung dich géc ciia chudn thu hdi phi hop c6 ndng dd Ia 50 pg/mi. Thém thé tich da biét cia dung dich
nay vao phin miu dwoc dy kién c6 chira lwgng PAH I6n nhét, phdn 16n thudng 14 chat hap thy. Dung
méi c&n dugc dé bay hoi trwdre khi chiét.
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Lwong chudn thu hdi thém vao miu cin phdi so sanh véi legng PAH dy kién c6 trong miu (vi dy néu
ndng a8 dy kién 200 ng/m® va thd tich miu 5 m®, 20 pl dung dich géc cé.ndng a8 khéi lgong 50 ng/yl
can dugc thém vio miu).

6.2.4.3 Chiét mang loc va I&p hip phy rén

Chuyén mang loc va I&p chét hdp phu rén ra khdi binh chira va d3t vao trong éng Soxhlet chiét so bd.
Ngay trweére khi chiét thém 500 pl dung dich chudn thu hdi, 2 metylcrrysen ho3c 6 metylcrrysen (6.1.2.8)
trong axeton (ndng dd khéi Ivgng = 1 pg/ml), vao 16p chét hip thy hodic mang loc d& xéc dinh dd thu
hdi ctia quy trinh chiét. Néu yéu cAu phan tich riéng ré chét hdp thy va mang loc, ca hai d&u phai thém
chuén.

Tién hanh chiét bang dietyl ete 10 % (6.2.2.5) trong n-hexan (6.2.2.3) trong khodng 20 h, v&i ti 1é dong
ngugec la 4 vong trén gidr.

Thém dung dich chuZn thu hdi vao tAt c& m3u lién quan, k& ca mAu hién trdng va miu tring.

Cach khac, ky thuat chiét khac (vi dy ASE) hosic cac dung méi khac hodc hdn hop dung méi cé thé
dugc s dung néu ngudi sl dung xac nhan.

6.2.4.4 Chiét chit ngwng

Chuyén chét ngung vao phéu tach. Xa qua binh chira dung dich h&p thy hodc binh ngwng béng n-hexan
(6.2.2.3) va chuyén n-hexan vao ph&u tach. LAc trong it nhét 5 min. D& 1dng va sau d6 tach n-hexan ra
khéi chét ngwng. Tién hanh chiét bd sung chit ngung ty trong clng didu kién va gdp véi phdn n-hexan.
Lam khd phan két hop n-hexan qua natri sunfat (6.2.2.7).

Thé tich cla n-hexan @4 sir dyng trong mdi 1&n chiét cAn phai it nhit biing 20 % thé tich cla chét
ngung ty.

6.2.4.5 Cb dic phin chiét

Gop phan chiét ctia chit ngwng ty a3 1am khd n-hexan véi phin chiét clia mang loc va 1ép chit hip thy
rén. Loc phan chiét tdng hep qua mang loc soi thily tinh @4 1am sach so bd (6.1.3.2) va chuyén vao
thiét bj 1am bay hoi. C d3c phan chiét t&i thd tich khodng 2 ml. Chuyén dinh lgng phan chiét véi
n-hexan vao binh nén hiéu chuin 10 ml. Thém 1 ml axetonitril (6.1.2.1) vao éng. Sau d6 dit éng vao
bé didu nhiét nudc & 25 °C va cb dic phin chiét trong didu kién dong nito nhe cho dén khi hexan (1&p
trén) va phin nho axetonitril bay hoi. Didu chinh thé tich cia phin chiét miu da cb dic téi 1,0 ml bing
axetonitril.

Tron d&u miu va chuyén vao lo mau nau déng kin bdo quén It nhét & 4 °C, tranh anh sang cho dén khi
phan tich. Phdn chiét da cd d3c cAn dugc phan tich trong vong 30 ngay.

Quy trinh 1am sach c6 thd khéng cin thiét déi véi céc nén méu twong ddi-sach. Néu khdng st dyng
quy trinh 1am sach, thém dung dich chuin bom tai didm nay va didu chinh thé tich cudi cling clia phin
chiét dén 1,0 ml véi n-hexan. Néu c&n phai lam sach, xem 6.2.4.6.
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C6 thé st dyng thiét bj 1am bay hoi (6.1.3.4) tai 4p sut chan khdng khodng 0,1 MPa va bé didu nhiét &
nhiét dd khdng quéa 45 °C. Néu a4 dugc ngudi s dung danh gi4, cic hé théng 1am bay hoi khac cé
thd cling duge st dyng a8 cd asc phin chiét. Néu phin chiét dugc cd dén khod kidt, c6 thé 1am thét
thoat d4ng ké PAH, do vay m3u cin phdi a8 bd néu xdy ra hién twgng nay.

C6 thé sir dyng céc hg thdng lam bay hoi khéac a8 cd aic phan chiét néu duge ngudi str dung danh gid.

CHU THICH 1:  C8 d@3c phAn chiét m3u aén thé tich 1 ml c6 thd khdng cAn thiét, tiy thudc vao gidi han phat
hién, 80 nhay clia detector va thé tich khi éng khéi dugc lay miu.

CHU THICH 2: Buéc 1am bay hoi cudi ciing cé sir dung nite 12 quan trong nhét trong chuén bj m&u. Lwgng PAH
d& bay hoi bj thét thoat do buéc ¢ dic phdn chiét mau cubi ciing c6 thd din aén thét thoat tir 10 % dbi véi PAH
c6 2 vdng dén 4 vong néu n-hexan 14 dung mdi chiét. N&u toluen dugc ding lam dung méi chiét, lvgng that thoat
c6 thé dwgc dy kién tir 10 % dén 40 % dbi véi PAH c6 2 vong dén 4 vong.

6.2.4.6 Lam sach miu
6.2.4.6.1 Khél quat

Quy trinh 1am sach c6 thd khdng cin déi véi ndn miu trong déi sach. Céc ndn miu phirc hop yéu ciu
giai doan 1am tinh khiét, & loai trir cic can tré do cac hop chét phan cye hodic cac hydrocacbon khac,
vi dy dau. !

Néu st dung diclorometan @& chiét mAu, cAn phai thay dung mai n-hexan trurérc quy trinh lam sach.
6.2.4.6.2 Chuin bj cét

Tién hanh chuln bj cot theo 6.1.4.5.2.

6.2.4.6.3 Sic ky cét

Trwde khi st dyng, rira gidi so bd c6t bing 40 ml pentan va @8 bd dung dich rira gidi. Trong khi pentan
van cdn ph 1&n dAu cdt, chuyén dinh legng 1 ml phdn chiét mu trong n-hexan vao cét, va rlia thém
béng 2 ml n-hexan d& hoan tt quéa trinh chuydn. Rira gidi qua cbt. Ngay tréc khi 16p natri sunfat tiép
xac véi khdng khi, thém 25 ml pentan va dung dich rira gidi lién tyc. Dung dijch rira gidi pentan c6 thé
@b bd.

Cudi cung, riva gidi cét bing 25 ml diclorometan trong pentan (tf 1& thé tich 4:6) & téc dd 2 ml/min va
thu Iy dung dich trong binh @4y tron dung tich 100 ml. C8 d3c thém phin chiét t&i thé tich tir 2ml hodc
thap hon dong nito thdi nhe nhur @4 md ta & trén. Thém xyranh chudn; thé tich cudi cung cia phén
chiét cé thé dugc didu chinh téi 1,0 mi bing n-hexan.

Cot 1am sach ¢6 s3n ngoai thj trwdng va cb thé sir dyng, néu duge xac nhén.

CHU THICH 1:  Phan pentan c6 chira hydrocacbon aliphatic. Néu cin, c6 thé phan tich phdn ndy cho cac
hydrocacbon aliphatic riéng.

CHU THICH 2: Dung dich rira gidi bd sung bing 25 ml metanol s& rira gidi cac hgp chét phan cyc (vi dy PAH
oxy héa, nitrat héa va sunfonat héa).
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6.2.5 Phan tich miu
6.2.5.1 Thiét bj

Phan tich duwoec tién hanh dién hinh st dung mdt may do phd khéi Ilgng ion héa electron 70 eV (MS),
van hanh & ché b ion chon loc (SIM). Tuy nhién, c6 thd si dung loai may khéi phd khéc (vi du by
ion), loai ion héa (vi dy ion héa héa chit ion 4m) va kidu quét toan gidi ion (vi du quét toan bd) néu
ngudi sir dung cb thd chizng minh tinh ning twong dwong. Khuyén nghi st dung cét mao quén GC
30m x 0,25 mm ID dwere phil phenyl methylsiloxan 5 % (day 0,25 pm) hodic cac cft twong dwong.

Théng sé didn hinh cla sic ky khi la:

- Nhiét 48 cot ban d4u va théi gian: 60 °C trong 2 min;

— Chuong frinh nhiét 6 cdt: 60 °C dén 290 °C, téc a8 8 °C/min;
- Thei gian gir cudi ciing (tai 290 °C): 12 min;

- Bom miu: Kiéu Grob, phan doan;

- Nhiét 46 dweng dan: 275 °C dén 300 °C;

~ Nhiét d& ngudn: theo qui dinh clia nha san xuét;

~ Thé tich bom m&u: 1 pl dén 3 pi;

- Khi mang: helil40 cmis.

Déi v&i A6 phan gidi cao hon (vi dy tach benzo[b)- va benzo[]fluoranthen), c6 thé st dung téc dé
chwong trinh nhiét @& cét 5 °C/min, tuy nhién thdi gian phan tich sé tang lén.

D&i v&i nhan dang chit PAH, ion so c4p (ion myc tiéu) va it nh&t mét ion thir cép (ion chét ivong)
dugc chon dé giam s4t. Khuyén nghj thei gian lwu tai mdi dinh [a 50 ms. Phu luc C trinh bay cac ion
chinh cho PAH va mét sé PAH dwoc dotéri hda da chon.

6.2.5.2 Hidu chuln thiét bj

Chudn bj dung dich chun hiéu chun ngoai cho tirng PAH tai It nhat n&m murc ndng dé cho tirng PAH
cAn phan tich bing cach thém thé tich ph hgp dung dich géc vao binh dinh mirc. Mét trong céc dung
dich chu&n hiéu chudn phai cé ndng b dat mirc gin véi gidi han dinh lwgng va cac ndng a8 khéc phai
teong rng véi khodng ndng d6 dy kién trong miu hodc phdi dugc dinh rd khodng Iam viéc cla hé
théng GC-MS.

Néu o tuyén tinh clia hé théng dugc thiét 14p trén khodng ndng d quan tam, cb thé sir dung higu
chudn mét didm cho djnh Iegng hang ngay. Trong tredng hep mét phan ca thiét bj duoc thay thé, can
tién hanh kiém tra lai 49 tuyén tinh.
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Cudng d6 ion téi thidd chdp nhan duwgc phy thudc vao thiét bj. Mirc hiéu chudn thdp nhét phai ai cao
hon mirc ndn ciia thiét bj 8 a6 Kch chuin twong ddi nhd hon 20 % cua cac phan tich 13p. C6 thé chdp
nhan 1 18 mirc véi tin hidu 13 3:1 88 nhan dang cic hop chét, t118 10:1 48 dinh lwong hop chit.

M3i dung dich chuin hiéu chuin cin phai chira chudn thu hdi phi hop tai miec ndng dd qui dinh. Cé
thé sir dung chuin @& xac dinh th&i gian Iwu twong ddi clia PAH, hé sb d4p rng tuong ddi cla PAH
lién quan dén chun ndi twong (rng, va 1 18 ion quyét dinh lién quan dén ion myc tiéu.
Thoi gian leu twong di (R,y) ai véi tirng chét phéan tich dwgc tinh sl dung Céng thire sau:
R,;= L (4)
£
Trong @6
Ry, 12 thai gian liru twong ddi clia cht phan tich i trong g véi chudn thu hdi twong tng i
t,; |2 thdi gian leu cha chit phan tich i trong chuln hiéu chuln;
ty 1athdigian lwu cla chudn thu hdij trong chudn higu chudn.
Ti 1& lwgng ion quyét dinh trong &ng véi Igng lon myc tiéu duge tinh sir dung Cong thire sau:
0= %“—'1"1' | (5)
arget
Trong @6
Q 14 ti 1& cUa lwgng ion quyét dinh tuong (g véi legng ion myc tidu;
Aquaine; 1& di&n tich pic cla ion tham khdo (ho#c thir cdp);
Aurge 12 dién tich pic clia ion chinh (hodc so cip).

CHU THICH: TT1& ion quyét dinh c6 thd thu dugc tir may khéi phd tham chidu, nhung c6 thd thay @di tay thudce
vao loai may khdi phd str dung, vi dy bly ion bén cye.

Hé sb @4p (rng twong dbi (Rxs,,) dbi v&i tieng chét phan tich ¢6 thé dugec tinh sir dung Céng thire sau:

_ Ay My
RFi.S
Ay My

Trong dé

(6)

Reey; 14 hé sé @4p tng twong @6 clia chit phan tich i twong (ng véi chudn thu hdi j;
4,; adién tich clia ion myc tiéu so cAp clia chét phén tich i trong chudn higu chudn;
A
As; 14 dién tich cla ion myc tigu so cp clia chuin thu hdi twong (g j trong chudn hidu chudn ;

m,; 13 khéi lwgng clia chét phan tich i thém vao chulin hidu chudn, tinh bing nanogam;
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ms,; |akhdi lrgng clia chudn thu hdi trong tng j trong chudn higu chudn, tinh béng nanogam;

Néu Reg;; khéng ddi trong khodng do (< 20 % RSD), Rer.y ¢ thé dugc coi la phuwrong sai va trung binh
Reg ;o thé o‘u't:rc4 st dung da tinh.

Trong m&i ngay 1am viéc Ry, VA Resy cin phai dugc kidm dinh bing cach do mét hosic nhigu chudn
hiéu chudn. Néu R, thay a8i so vé&i R, dy kién hon 3 %, thi gia trj R, cla t&t ca chét phan tich phai
duoc xac dinh. Néu Rgg, thay dbi so vdi Ree,y dy kién hon + 20 %, hiéu chudn phai dwec Iap lai st
dung chuén hiéu chudn méi.

6.2.5.3 Phan tich
6.2.5.3.1 Phan tich GC-MS

Néu phan chiét mau dwgc bao quan trong a4, dé ching 4m dén nhiét 6 phdng (néu thich hep). Khi hé
théng GC va MS dugc thiét 1ap, xac dinh tinh nang clia hé théng bling cach phan tich chudn hiéu
chudn. Tiép theo, bom 1 pi dén 3 pl tirng phan chiét m3u va ghi lai d4p ¢ng cla MS. Cr mudi phan
chiét mAu, it nh&t mét chudin higu chuin va mét mau trdng dung méi dwgc phan tich dé kidm dinh xem
c6 nhidm bin xay ra gitva cac mAu hay khéng.

6.2.5.3.2 Nhéan dang
Nhan dang chinh x4c chét phan tich dira trén:

~ Thoi gian luu trong dbi: thei gian lvu trong dbi cla chét phan tich phai trong khodng + 3 % cua
thei gian Iwu trong dbi clia chét phan tich dy kién;

- Tilé ion tham khdo: [ 18 Q ca ion tham khdo v&i ion chinh [xem Céng thirc (5)] phai ndm trong
khodng + 30 % cua ti 1& dy kién.
6.2.6 Tinh todn

Chét phan tich dwoc dinh leng sir dung dién tich clia pic ion chinh so cp clia chét phan tich va dién
tich ctia pic ion chinh so cAp cla chudn ndi. Tinh ndng a5 ciia chét phén tich trong phén chiét s& dyung
Cong thirc sau:

m.

LY i-'.. 7
Ais.j ( )

L

m;=

-]

Trong @6
m,; 14 khéi lwgng cla chit phan tich i trong phan chiét mAu;
my; 13 khéi Ieeng clia chudin ndi j twong (ng duwge thém vao muy;
Res;y 12 hé sb ddp (rng clia chit phan tich i tvong ing véi chudn ngoai j twong Gng;
Ay 14 dién tich pic clia ion chinh cla chét phan tich i trong phén chiét miy;
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As; ladién tich pic cliaion chinh clia chudn ndi j trong phan chiét mau.

Néu hé sb dap ng clia ion muc tiéu clia chit phan tich vt qua khodng tuyén tinh cla dudng chudn
ctia hé théng GC-MS, pha lo&ing phAn chiét va phan tich lai. Tién hanh pha lo&ing bdng cach thém dung
mai. Khéng thém chuén xyranh.

Dinh lurgng hiéu suét thu hdi ctia chuin ndi so véi chuén bom st dung Céng thirc sau:

Trong d6
Recy; 1a @ thu hdi ctia chun ni j, tinh bing phan tram,;
mis; 14 khéi lrong chudin ndi j thém vao miu;
m,, 1akhéi lwgng chudn bom thém vao phin chiét miu;
Rr;s lahé sé aap rng cla chudn ndi j twong (rng véi chudn bom;
As, ladién tich pic ctia ion chinh so cAp clia chudn ndi j trong phan chiét mAu.
4y, ladién tich pic cita ion chinh so c4p clia chudn bom trong phn chiéf mau,

1
Thém hiéu suét thu hdi ctia ndi chuln vao miu trwdc khi chiét va phan tich phai dwoc giam sat chat
ché @& @am bao hiéu qua ctia quy trinh tién hanh va phén tich. ©8 thu hdi ndm trong khodng ti 50 %
dén 150 %. Phai loai bd két qua thu dugc tir miu cé dd thu hdi nhd hon 50 % hodc Ién hon 150 %.

Mire PAH duoc thé hién theo khéi Iegng PAH trén mét khéi tidu chuln khi thai khé va ham lrgng oxy
tham chiéu (ho#c cacbon dioxit). Ndng d khéi Iwgng cla tieng PAH trong khi thai dwoc tinh nhu sau:

3

pi=at ©)

or

=

Trong &6
o 1andng dd khéi lwgng clia chét phan tich i trong khi théi, tinh bing microgam trén mét khéi;
ms, 14 khéi lvgng cla chét i trong phin chiét mAu, tinh bing microgam;

V,. 1athé tich ctia mau khi thai trong didu kién tiéu chudn khé va didu kién tham chiéu, tinh bing
mét khéi.

6.2.7 Dam bao chit lvgng
Chuén hiéu chudn phai dwgc phan tich ngay clr sau mudi mau dwoc bom vao GC-MS.

Khoang 10 % phan chiét mAu cin duwgc phan tich GC-MS 13p d8 d3am bdo dd dding phan tich c6 thé
chép nhan duoc.
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M3u tréng hién tredng va mAu tréng phong thi nghiém phai dugc thye hién véi mi loat do.

N&n phan tich it nhat mdt bd vat lidu 14y m3u s dung quy trinh @& d3m bdo ¢6 thd dat dugc mirc mau
tréng ch&p nhan dwgc. Chip nhan mirc mAu tring < 10 ng/mAu di véi mdt hop chét. Mire miu tréng
< 10 ng/mAu c6 thd khéng dat dugc dbi véi naphtalen hogic phenanthren. Tuy nhién, vi cc chét nay
thudng xuét hién véi ndng d8 twong déi cao, nén thudng chip nhan mire mau tréng < 50 ng/miu. Hé
két qua dugc chip nhan, lvgng PAH trong mAu tring hién tredmg phai nhd hon 10 % lwgng hop chét
do dwoc trong méu.

Phai chudn bj dung dich tiéu chuin hiéu chuln it nhit 1a sau thang mét 1an. Can phai xac dinh @ chinh
x4c bing cach so sénh dung dich tiéu chuln hiéu chuln v&i vét lid¢u chuln c6 s&n ngoai thj treemng™.

Pé d3m bdo dd ding clia phan tich dwgc chip nhan, Phai thirc hién phan tich dinh ky véi vét liéu
chudn a4 biét?.

6.2.8 DJ nhay, 4 ding, d$ chinh x&c cia phwong phap

D nhay ctia phong phap nay phy thudc vao thé tich m3u da I4y. M3u cé thé tich 6 m® s& cho gidi
han phét hién clia phrong phép trong khodng 0,1 pg/m® dén 1 pg/m®. Néng @9 cla phan chiét mau
nhd hon 1 ml tinh theo thé tich trwéc khi phan tich s& 1am ting @9 nhay, nhung tao ra rdi ro thét thoat
chét phan tich, dic biét 14 PAH c6 2 véng dén 3 vong.

7 Giéihanvacan tré

7. GI&i han

C4 thé danh giad PAH bing phuong phap HPLC néu trong Phy lyc A, va danh gia PAH béng phwong
phap GC-MS néu trong Phy lyc B. C6 thé xac dinh PAH khac béng ca hai phwong phép, nhwng ngudi
st dyng phai ching minh hiéu suét phan tich chAp nhan dwoc. C6 thé xdy ra hién twong thét thoat
naphthalen, acenaphthalen va acenaphthen trong qua trinh 1am bay hoi va ¢4 d3c phan chiét mau bdi
vi cac hop chét nay c6 ap suét hoi twong dbi cao.

72 Cantro

Can tr& ¢c6 thé do nhi&m bin dung méi, thudc thir hodc dung cy thiy tinh va cac thiét bj trong qua trinh
phan tich m&u din dén I1am réi rac va/hoic ndng cao dudmng nén trong detector. Can tré nén miu c6
thé do bj nhidm ban ciing chiét m&u. Néu phat hién can tr& dang k& (vi dy bing hé sb ion quyét dinh
khdng ch&p nhén dugc), c6 thd tién hanh 1am sach thém bing séc ky cdt..

Chirng minh thudng xuyén hé théng phan tich khdng c6 chét nhi&m ban bén trong do dung mdi, dung
cy thiy tinh, hodic thubc thir khac cé thd din dén can tr& phuong phap. Phai phan tich mau tréng
thubc thir phdng thi nghiém di véi m3i mé thubc thir duge sir dyng dé xac dinh xem c6 chat nhiém
ban hay khéng.
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Déi v&i phan tich HPLC, pha ddng phai duec loai khi, bdi vi oxy hda tan cdn trd tin hidu dép tng clia
detetor huynh quang. *

Phai 1am sach dung cy thiy tinh (vi dy bing céch rira axit, sau d6 sdy & 300 °C trong 12 h trong 10
nung, va rlra bing dung méi ngay trwérc khi sir dyng).

Murc 46 can trd c6 thé g3p khi si» dung k§ thuat séc ky khi chura duge danh gia ddy a0. M3c di diéu
kién GC-MS @4 néu cho @3 phan gidi clia phdn 1&n PAH, nhung mét PAH d8ng phan cé thd cing rlva
gidi va cho d§ phan gidi khéng tét (vi du bezo[bjfluoranthen va benzo[kjfluoranthen, chrysen va
triphenylen).

Cé thé Ioa trir hodc gidm can trd do mét sé hop chit khang phai PAH, d4c biét 1 dAu va céc chét hu
co phan cye biing cach str dung séc ky cot dé 1am sach miu trwéc khi phan tich HPLC ho3ic GC-MS.

Phoi nhiém v&i nhiét, ozon, nito dioxit (NO.) va tia cye tim (UV) cé th& din dén phan hiy PAH trong
qué trinh 14y mAu, baa quan va phan tich. Vin d& nay cin dugc xem xét nhw 1& mdt phan clia quy trinh
thao tac tiéu chudn do ngudi st dung thirc hién. Khi ¢6 thd, anh sang huynh quang néng hodc 4nh
sang huynh quang @3 loc tia UV c6 thé duoc ding trong phéng thi nghiém dé tranh sy phan hiy do
anh sang trong qua trinh phan tich.
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Phu lyc A
(Tham khao)
Bwéc song hip thy UV cye dal va khuyén nghj két hgp brée séng kich thich ding cho HPLC
Hop chét ' Amax cho hip thy UV nm Aex! Aem khuyén nghj exl hom 81 PU
nm nm nm
Naptalen 220 254/350 280/334
Acenapthylen 229 Khong ap dung Khéng ap dung
Acenapthen 229 254/350 280/324
Floren 261 254/350 268/308
phenantren 251 254/350 292/366
Anthraten 252 254/420 253/402
Floranten 236 254/420 360/308
Pyren 240 254/420 336/376
Benz(a)antraxen 287 254/420 288/390
Crysen 267 254/420 268/383
Benz(b)floranten 256 305/430 300/436
Benz(k)floranten 307 305/430 308/414
Benzo(a)pyren 296 305/430 296/408
Benzo(ghi)perylen 300 305/430 300/410
Dibenz(a,h) antraxen 297 305/430 297/398
Indeno(1,2,3-cd) pyren 250 305/500 302/506
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Phuylyc B
(Tham khao)
Céng thirc va djc tinh Iy hoc ciia PAH Iya chon ding cho GC-MS

Hop chit 0333.,“!5‘ 'f“;?;mg Nhigt d:,'p bay hol Nhleto apsoi | AP :ﬂi‘c“"*
@ ¢ KPa tai 25 °C

Naptalin CioHs 128,18 80,2 218 1,1x10%
Acenapthylen Cy2Hs 152,20 92 @én 93 265 dén 280 3.9x10°
Acenapthen CizHio 154,20 90 dén 96 278 dén 279 2,1x10°
Floren CisHio 166,23 116 dén 118 293 dén 295 8,7 x10°
Antraxen CieHio 178,24 216 dén 219 340 36x10°
Phenaren CiaHio 178,24 96 dén 101 339 dén 340 23x10°
Floranten CieHio 202,26 107 dén 111 375 dén 393 6,5 x 107
Pyren CisHio 202,26 150 dén 156 360 dén 404 3.1 x10"
Cyclopenta(cd)pyren CisHio 226,28 174 6én 176 - ca. 107

Benz(a)antraxen Ciabsz 228,30 157 aén 167 435 1,5x10®
Crysen CisHiz 228,30 252 aén 256 441 aén 448 57 x 107"
Retene CisHis 234,34 101 390 ca. x 10°
Benz (b)fioranten CaoHrz 252,32 167 @én 168 481 6,7 x 10°
Benz(k)floranten CaoHyz 252,32 198 dén 217 480 dén 481 2,1x10°
Perylen CxoHiz 252,32 273 dén 278 500 dén 503 7.0x10™
Benzo(a)pyren CzoHi2 252,32 177 @én 179 493 dén 496 7.3x10"
Benzo(b)pyren CaoH12 252,32 178 ¢én 179 493 7.4 x 10"
Benzo(ghi)perylen CaHy2 276,34 275 dén 278 525 1,3x10™
Indeno(1,2,3-cd)pyren CazHy2 276,34 162 @én 163 - ca. 10"

Dibenz(ah)antraxen CazHia 278,35 266 @én 270 524 1,3x10™"
Coronen CasHy2 300,36 438 aén 440 525 20x10"
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Pic tinh ion cia PAH lya chon, d§ thu hdi va chuén thu hdi dung cho GC-MS

Hop chit lon so cdp lon thi cép lon thir cdp
Acenapten 154 153 152
Acenapten-dsg 164 163 162
Acenaptylen 152 151 153
Antraxen 178 89 179
Benzo(a)antraxen 228 114 229
Benzo(a)pyren 252 253 126
Benzo(e)pryren 252 253 126
Benzo(b)floranten 252 253 126
Benzo(ghi)perylen 276 138 277
Benzo(k)floranten 252 253 125
Crysen 228 114 229
Crysen-d;; 240 126 241
Coronen 300 150 301
Cyclopneta(cd)pyren 226 113 228
Dibenz(ah}antraxen 278 139 279
Floranten 202 101 203
Floren 166 165 167
Indeno(1 .2.3-cd)py;en 276 138 227
Naptalin 128 129 127
Naptalin-dg 136 137 134
Perylen 252 253 126
Perylen-d,, 264 265 138
Phenanren 178 179 176
Phenanren-d;o 188 189 186
Pyren 202 101 203
Reten 219 234 205
Dibrombiphenyl 312 310 314
Decaflobiphenyl 334 336 265
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Phyulyc D
(Tham khao)
Kha ning 4p dung ctia chudn ndl diing cho GC-MS ctia PAH Iwa chon

Chét phan tich Hé théng vong Chuén ndi Chuln bom

Naptalin 2 naptalin-d, decafloruabiphenyl
Acenaptatylen acenapten-d,p
Acenapten
Floren
Phenanren 3 phenanren-dyq
Antraxen
Reten
Floranten 3+
Benzo(a)antraxen 4 crysen-d,;
Crysen
Pyren
Cyclopenta(cd)pyren 4+ perylen-d,;
Benzo(k)floranten
Benzo{b)loranten |
Perylen
Benzo(a)pyren 5 benzo(a)pyren-d,,
Benzo{e)pyren
Dibenz(ah}antraxen
Indeno(123-cd)pyren 5+
Benzo{ghi)perylen

Coronen 6

28



TCVN 9237-2:2012

Phy lyc E
(Tham khao)
Théng tin vé dic tinh tinh ning cua phwong phap HPLC

Giéi han phat hién (16 EPA-PAH): 0,1 pg/m® d@én 1 ug/m?® cho thé tich mau 6 m* (didu
kién tiéu chudn) va hé sé pha loang 100

D% 1éch chuén twong déi (14p lai) 25%dén 17 %

D9 léch chudn trong aéi (tai 1ap) 6,9 % dén 37 %

86 lwgng Iap lai: 30

Sé phéng tham gia 6

Két qua théng ké & trén thu dugc tir phan tich phan chiét mAu khi éng khoi thiec té

D¢ 1éch chudn tuong aéi (13p lai) 5,1 % dén 22 %
D6 I&ch chudn twong déi (t4i 14p) 15 % 3én 62 %
Sé lwgng 13p lai: 30

Sé phdng tham gia 6

Két qua théng ké & trén thu dwec tir viéc chiét va
phan tich m3u khi éng khéi thyrc té

M&u duoc ding cho chuwrong trinh so sénh lién phong thi nghiém ma cac két qua dwec néu & trén thu
duoc tr ngudn van hanh trong cac didu kién sau:

Nhiét d9 khi éng khoi 66 °C

Ap suét: 60 Pa

Nénig do bui 100 mg/m® (didu kién tiéu chudn)
Néng do oxy 171 %

Van téc khi éng khoi 14 m/s

Thé tich miu: 6 m® (didu kién tiéu chudn)
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Thw myc tai lidu tham khao

ISO 12884, Ambient air — Determination of total (gas and particle-phase) polycyclic aromatic
hydroéacbons L Collection on sorbent-backed fiters with gas chromatographic/mass

spectrometric

TCVN 9237-1 (ISO 11338-1), Phét thai ngudn tinh — X4c dinh hydrocacbon thom da véng pha khi
va pha hat — Phan 1: L4y miu

NVN 2816, Air quality — Stationary source emissions — Determination of concentration of
polycyclic aromatic hydrocacbons

VDI 3872-1, Emission measurement — Measurement of polyclic arometic hydrocacbons (PAH) —
Mesurement of PAH in the exhaust gas form gasoline and diesel engines of passengers cars -
Gas chromatographic determination

VDI 3872-2, Emission measurement — Measurement of polyclic aromatic hydrocacbons (PAHs) —
Measurement ofiPAHs in the diluted exhaust gas from gasoline and diesel engines of passengers
cars — Gas chromatographic determination — Dilution tunnel method

VDI 3873-1, Emission measurement — Measurement of polyclic aromatic hydrocacbons (PAHs) —
Measurement of PAH in stationary industrial plants — Dilution method (RWTUV method) — Gas
chromatographic determination




