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LOI CAM POAN

T6i xin cam doan ludn an: "Nghién cru tdi vu quy trinh phan tich va budc dau
danh gia mac d6 phat thai, rai ro dbi véi st khoe cua Dioxin/Furan tai mot sé lang
nghé & Bic Ninh" 1a ¢ong trinh nghién ctu cua chinh minh duéi sy huéng dan khoa
hoc cua tap thé hudng dan. Luan &n st dung thdng tin trich dan tir nhiéu nguén tham
khao khéac nhau va céc thong tin trich ddn duoc ghi rd ngudn goc. Cac két qua nghién
ctru cua toi duoc cdng bd chung véi céc tac gia khac di dugc sy nhat tri cua ddng tac
gia khi dwa vao luan an. Cac sd liéu, két qua duoc trinh bay trong luan &n 1a hoan toan
trung thuc va chua timg dugc cong bd trong bat ky mot cong trinh nao khac ngoai
c4c cong trinh céng bé cua tac gia. Luan 4n dugc hoan thanh trong thoi gian toi lam
nghién ctu sinh tai Hoc vién Khoa hoc va Cong nghé¢, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam.

Ha No6i, ngay thang nam 2025

Nghién ciu sinh

Nguyén Thi Xuyén
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LOI CAM ON

Loi dau tién, em xin giri 161 cam on sau sic toi PGS.TS. Tir Binh Minh va TS.
Vii Buc Nam da giao dé tai, truyén thu cho em nhiéu kién thac va tan tinh huéng dan
em trong sudt qua trinh 1am luan &n tién si.

T6i xin cam on lanh dao Trung tdm Nghién ctru va Phét trién cong nghé cao -
- Vién Han 1am Khoa hoc va Cong nghé Viét Nam cling tap thé can bo, nghién ciu
vién tai Phong thi nghiém trong diém Nghién ciu vé Dioxin da giup d& tan tinh va
tao moi diéu kién tét nhat dé toi hoan thanh luan &n nay.

T6i xin chan thanh cam on Ban lanh dao cung phong dao tao Hoc vién Khoa
hoc va Cong nghé da tao diéu kién thuan loi va giup d& toi hoan thanh moi tha tuc
can thiét trong qué trinh thyc hién luan an.

Xin gui loi tran trong cam on PGS.TS. Chu Binh Binh cung cac nha khoa hoc
da giup do, dua ra nhitng danh gia, dong gop khach quan giap t6i hoan thién luan an.

Luan an dugc thuc hién dudi sy hd tro kinh phi tir hop phan 5 “Ndng cao chat
liwong phdn tich dioxin cia phong thi nghiém dat tam quoc té", mi sb:
TPDIOX.05/22-24. NCS. Nguyén Thi Xuyén dugc tai tro bdi Chuong trinh hoc bong
dao tao thac si, tién si trong nudc ciia Quy Poi mai sang tao Vingroup (VINIF), ma
s6 VINIF.2021.TS.124 va VINIF.2024.TS.028.

Cudbi cling, t6i xin chan thanh cam on tat ca cac dong nghiép, ban bé va nguoi
than da luén quan tam, dong vién, ung ho va dua ra nhitng loi khuyén, nhirng chia sé

gop phan khong nhé vao viéc hoan thanh luan an nay.

Nghién cwu sinh

Nguyén Thi Xuyén
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MO PAU

Dioxin/Furan (PCDD/Fs) 1a nhém chat doc nhat trong 21 nhém chat 6 nhidm
hitu co kho phan hay bi cAm hoic han ché st dung theo Céng udc Stockholm do
nhitng anh huong tiéu cuc cua ching dén méi truong, thuc pham va con ngudi. O
Viét Nam, ngoai ngudn géc tir chién tranh, PCDD/Fs con phat sinh tir cac hoat dong
san xuat ndng nghiép va cdng nghiép. Do tinh bén viing, tich liy sinh hoc va doc tinh
sinh san, PCDD/Fs tén luu trong méi trudng, phoi nhiém vao hé sinh thai va con
ngudi, gay ra nhiing anh huong nghiém trong dén nhiéu thé hé, trong do6 co di tat bam
sinh....

Trong nhitng nim gan day, viéc phat trién cac hoat dong san xuat tai cac lang
nghé truyén thong tai Viét Nam duoc vu tién tuy nhién ciing c6 thé din dén nguy co
phét thai cac chit hitu co doc hai, trong d6 ¢4 PCDD/Fs. Mét s6 lang nghé truyén
thong sir dung nguyén vat ligu tai ché phuc tap, dong thoi ap dung cong nghé cii va
chua co hé théng xa ly khi thai, nuéc thai phi hop din tdi kha ning phat sinh
PCDD/Fs. O nhiém méi trudng lang nghé da duoc néu ra trong nhiéu béo cao nghién
ctru trude ddy, tuy nhién van dé 6 nhidém cac hop chat hiru co kho phan hity dién hinh
la PCDD/Fs do phét thai tir hoat dong san xuat cua lang nghé truyén thong chwa duoc
dé cap dén va hau nhu chua c6 nghién ctru bai ban nao duoc thuc hién. Do vay, luan
an: "Nghién citu téi wu quy trinh phan tich va budc dau danh gid mire dé phét thdi,
rii ro doi véi sirc khoe cua Dioxin/Furan tai mét sé lang nghé ¢ Bac Ninh" tap trung
vao phan tich PCDD/Fs tai méi trudng lang nghé vira ¢d tinh mai, vira co tinh kha thi
trong cong bd quéc té vira cd y nghia thyc té cao, gop phan dua ra hién trang phoi
nhiém dén suc khoe va bude dau dua ra nhitng méi lién quan giita van dé 6 nhiém
dioxin va strc khoe cua cong dong dan cu khu vuc bi 6 nhiém.

Hién nay, chi phi phan tich 17 déng loai doc cia PCDD/Fs trong cac mau moi
truong tai Viét Nam kha cao so véi cac chi tiéu chat hitu co kho phan hay khac.
Nguyén nhan 1a do quy trinh phan tich phic tap, ton nhiéu thoi gian va chi phi cao
cho céc loai dung mdi tinh khiét, chat chuan, hoa chat khac va thiét bi phan tich. Hé
lam sach mau ty dong va ban tu dong dugc tng dung trong mot s nghién ciru trudc
day co uu diém tiét kiém thoi gian, stc lao dong, tuy nhién mot van dé dat ra 1a chi
phi cho cac loai cot thuong mai va cho thiét bi 1am sach cao chua ké dén ¢ Viét Nam
c4c loai cot nay thuong khong c6 sin va can nhiéu thoi gian nhap khau.... Vi vay,
muc tiéu cua luan an tap trung vao:

Nghién ctu téi uu quy trinh phan tich, tap trung vao qué trinh chiét mau va
xay dung hé cot 1am sach tu ché ddi véi cac nén mau méi trudng va xac nhan gia tri
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sir dung cua phuong phap phan tich cac hop chiat PCDD/Fs trong cac nén mau khi
thai, khéng khi xung quanh, tram tich biang phuong phéap sic ky khi ghép ndi khoi
phd phan giai cao (HRGC-HRMS),

Xéc nhan gia tri sir dung va 4p dung quy trinh di t6i wu dé phan tich xac dinh
PCDDI/Fs trong cac mau khi thai, khong khi xung quanh va tram tich thu thap tai mot
s6 lang nghé tai tinh Bic Ninh, Viét Nam.

Budc dau danh gia mirc do phét thai va wéc luong mic do anh huong do
PCDD/Fs véi siec khoe cua cu dan sinh séng tai cac khu vuc lién quan.

Luén an dugc thyuc hién tai Phong thi nghiém trong diém nghién ctiu vé Dioxin,
Trung tam Nghién ciru va Phat trién cong nghé cao. Phong thi nghiém duoc trang bi
cac thiét bi phan tich va xir Iy mau hién dai, dam bao phan tich luong vét cac chat
hitu co (HRGC-HRMS, GC-MS/MS) dic biét 1a nhém chat PCDD/Fs. Pay la diéu
kién thuan loi dé cac két qua cua luan an tién si co do tin cay cao, gop phan b sung
co s dit liéu vé phan tich moi truong.
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CHUONG 1. TONG QUAN
1.1. Gi6i thi¢u chung vé cac hop chiat PCDD/Fs
1.1.1. Céu tricc, phén logi, tén goi

Polychlorodibenzo-p-dioxin (PCDDs) va polychlorodibenzofuran (PCDFs) la
nhitng chat gay 6 nhiém hiru co phd bién trong méi truong duoc liét ké trong Cong
wéc Stockholm vé cac chat 6 nhiém hiru co khé phan hay (POPs) nam 2001.
PCDD/Fs dugc hinh thanh mét cach khdng chu dinh, 1a nhitng san pham phu phét
sinh tir hoat dong cdng nghiép va cac qua trinh dot chay [1]. Thuat ngir “dioxin” st
dung dé chi 75 dong loai PCDDs va 135 dong loai PCDFs [2], day la hai nhom ete
phang, ba vong, chiing co ti da tam nguyén tir Cl gan & céc vi tri carbon tir 1-4 va 6-
9 (Hinh 1.1).

PCDDs PCDFs
Hinh 1.1 Céng thsc chung ciza PCDDs va PCDFs

Céac dong phan PCDD/Fs dé cap dén cac hop chat c6 cung sé nguyén ti Cl,
khong xét dén vi tri thé. Bang 1.1 liét ké sb luong cac dong phan PCDD/Fs trong 8
I6p ddng phan theo sé lwong nguyén tir Cl ¢6 trong cong thac phan tir [3].

Bang 1.1 S6 lweng dong phan PCDD/Fs theo mire @9 Cl hda

, L =0 S6 lrong
Nhom Ki higu nguyéntee | . 2
Cl dong phéan
Polychloro dibenzo-p-dioxin (PCDD)

Monochlorodibenzo-p-dioxin MCDD 1 2
Dichlorodibenzo-p-dioxin DCDD 2 10
Trichlorodibenzo-p-dioxin TrCDD 3 14
Tetrachlorodibenzo-p-dioxin TCDD 4 22
Pentachlorodibenzo-p-dioxin PeCDD 5 14
Hexachlorodibenzo-p-dioxin HxCDD 6 10
Heptachlorodibenzo-p-dioxin HpCDD 7 2
Octachlorodibenzo-p-dioxin OCDD 8 1
Téng 75




] P Sf) . | S6lweng
Nhom Ki hi¢u nguyente | i c 2
: Cl dong phan
Polychloro dibenzofuran (PCDF)
Monochlorodibenzofuran MCDF 1 4
Dichlorodibenzofuran DCDF 2 16
Trichlorodibenzofuran TrCDF 3 28
Tetrachlorodibenzofuran TCDF 4 38
Pentachlorodibenzofuran PeCDF 5 28
Hexachlorodibenzofuran HxCDF 6 16
Heptachlorodibenzofuran HpCDF 7 4
Octachlorodibenzofuran OCDF 8 1
Tong 135

Trong sb 210 hop chat Dioxin, 17 chat ddng loai c6 thé c6 it nhit cac nguyén
tar Cl nam & cac vi tri 2,3,7,8 cua phan tir gbc. Cac dong loai nay 1a cac chat doc ddi
véi mot sé loai dong vat thi nghiém, c6 kha nang chéng lai cac tac dong hoa hoc, sinh

hoc hay vat 1y, do d6 nhiéu hop chat bén va tich tu trong méi truong va sinh vat nhu
dong vat va tham chi trong co thé nguoi. Cong thirc phan tir, cong thirc cau tao, tén
goi va ky hiéu caa 17 dong loai PCDD/Fs doc duoc dua ra trong bang 1.2.

Bang 1.2 Thong tin caa 17 déng loai doc PCDD/Fs

TT | Kihieu CTPT cTCT Tén goi
c 0 c 2,3,7,8-
1 2,3,1,8- C12H4ClO Tetrachlorodibenzo
TCDD 2 ..
cl 0 cl dioxin
Cl
1,2,3,7,8-
- Cl (o] Cl 1 &y Iy 1y
2 1,2.3,7,8- | C1aHClO Pentachlorodibenzo-
PeCDD 2 .
p-dioxin
Cl 0 Cl
Cl
Cl 0 Cl
1,2,3,4,7,8-
3 | 123478 | CH:ClO Hexachlorodibenzo-
HxCDD 2 dioxi
o o o p-dioxin
Cl




TT Ki hi¢u CTPT CTCT Tén goi
Cl
c © cl 1,2,3,6,7,8-
4 | 123678 | Ci2H:ClO Hexachlorodibenzo-
HxCDD 2 L
cl 0 cl p-dioxin
Cl
Cl Cl
1,2,3,7,8,9-
- Cl (0] Cl 141y 1Y,
5 | 123789 | Ci2HClO Hexachlorodibenzo-
HxCDD 2 L
p-dioxin
Cl (o] Cl
Cl Cl
c © cl 1,2,3,4,6,7,8-
6 123,46,7.8 C12HCI702 Heptachlorodibenzo-
-HpCDD s
cl o cl p-dioxin
Cl
Cl Cl
Cl 0] Cl .
7 0CDD C1sClsOs Octachlorod_lbenzo-
p-dioxin
Cl (o] Cl
Cl Cl
9]
8 TCDE C12H4Cl4O etrachlorodibenzo
furan
Cl Cl
(9]
Cl Cl 1121317a8-
9 1.2.3,7,8- C12HsClsO O O Pentachlorodibenzo
PeCDF f
o - uran
Cl
Cl
o
2,3,4,7 8-
213141718- Cl Cl Pl H
10 PeCDE C12H3Cls0 O O Pentachlorodibenzo
furan
Cl Cl
Cl
? 1,2,3,4,7,8
1,2,3,4,7,8- cl cl 1o DS
11 HXCDF C12H2ClO O O Hexachlorodibenzo
furan




TT

K higu

CTPT

Tén goi

12

1,2,3,6,7,8-
HxCDF

C12H2ClsO

1,2,3,6,7,8-
Hexachlorodibenzo
furan

13

2,3,4,6,7,8-
HxCDF

C12H2CleO

2,3,4,6,7,8-
Hexachlorodibenzo
furan

14

1,2,3,7,8,9-
HxXCDF

C12H2ClsO

1,2,3,7,8,9-
Hexachlorodibenzo
furan

15

1,2,3,4,6,7,8
-HpCDF

C12HCI;O

1,2,3,4,6,7,8-
Heptachlorodibenzo
furan

16

1,234,789
-HpCDF

C12HCI;O

1,2,3,4,7,8,9-
Heptachlorodibenzo
furan

17

OCDF

C12ClIsO

Octachlorodibenzo
furan

1.1.2. Tinh chit ly héa ciia PCDD/Fs

Tat ca dioxin déu ¢ trang thai ran hozc tinh thé khéng mau & nhiét 6 phong

va c6 diém nong chay va diém s6i cao do d6 ching rat bén viing trong méi truong
[4]. Trong d6, 17 dong loai doc co diém ndng chay trong khoang tir 196 dén 305°C
va diém sbi ¢ &p suat khi quyén trong khoang tir 438 dén 537°C [5]. Vé do 6n dinh,
d6 6n dinh hoa hoc cua dioxin cao do ciu trac khéng d6i xirng, nhung dioxin c6 thé
bi phan huy & nhiét do cao 700 ~ 800°C va duoc tai tong hop sau khi 1am mat [6].
Phat thai dioxin c6 thé duoc kiém soéat hiéu qua khi nhiét do dat khoang 1200 ~
1400°C [6] va nghién ctu cua Katou va cong su [7] cho thay ty 1& phan huy cua
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PCDD/Fs Ién t&i 99% & nhiét do 1400 ~ 1500°C ddi voi 1o @6t chat thai rin bang
plasma véi dién cuc than chi.

Mot s thong sé vat Iy cua cac déng loai PCDD/Fs dugc dua ra trong bang
1.3. Nhin chung, tit ca PCDD/Fs déu c6 ap suét hoi thip (dao dong tir 2,57 x 107
dén 6,61 x 108 mm Hg ¢ 25°C), d6 hoa tan trong nuéc thap (dao dong tir 1,03 x 107
dén 2,43 x 102 mg/L & 25°C) va c6 hé s6 octanol-nuéc (Kow = 1079 dén 10848) cho
thiy chiing c6 kha niang phan b trong chat ran lo lrng cao hon trong nudc [8]. Hé s6
octanol-khéng khi (Koa) cua cac dong loai PCDD/Fs dao dong tur 1000 d6i véi
TCDD/F dén gan 10® d6i voi OCDD/F va day 1a thong sb chinh quyét dinh su phan
chia khi/hat caa ching trong khéng khi xung quanh [8].

Bang 1.3 Tinh chat vat ly caa cac PCDD/Fs

£ Ap suat hoi Log Koa Do tan
DL (mm Hg, 25°C) | 209 Kow | 9500y | (mg/L, 25 °C)

2.3,7.8-TCDD 257x105 | 7,06 10,0 0,0158
1.2.3.7,8-PeCDD 417x10° | 7.55 10,6 | 4,00 x 103
1,2,3.4,7.8-HXCDD 891x107 | 7,94 | 111 | 1,15x10°
1,2,3.6,7,8-HXCDD 851x 107 | 7,94 | 122 | 1,10x10°
1.2.3.7,8.9-HXCDD 851 x 107 | 7.9 123 | 110x 103
12.3.4,678-HpCDD | 2.04x107 | 827 1.4 | 315x10%
OCDD 6.61x 10° | 848 130 | 1,03x 10°
2.3,7.8-TCDF 891x 105 | 6,3 10,0 0,0243
1,2,3,7,8-PeCDF 170X 105 | 6,47 11,4 0,0679
2.3.4.7.8- PeCDF 115x 105 | 6,56 115 0,00481
1,2,3,4,7.8-HXCDF 3.24x10° | 6,92 1.9 | 1,64x107
1,2,3.6,7,.8-HXCDF 3.00x 10° | 6,93 120 | 156 x 107
2.3.4.6,7.8-HXCDF 245x10° | 7,01 121 | 1.24x103
1,2,3,7,8.9-HXCDF 209x10° | 7,07 122 | 1,06x 107
12.34,6.78-HpCDF | 9.33x107 | 7.37 122 | 492x 107
12.34,7.89-HpCDE | 575x107 | 7.60 123 | 2,93 x 107
OCDF 288x107 | 8,03 128 | 1.22x10°

1.1.3. Péc tinh cia PCDD/Fs
1.1.3.1. Tac dong cua PCDD/Fss ti strc khoe con nguoi

Con ngudi tiép xuc vai dioxin ¢ mic d6 khac nhau ciing nhu mirc d6 nhay
cam dbi voi viéc phoi nhiém dioxin 12 khac nhau. Thai nhi dang phat trién va tré so
sinh 12 nhém nhay cam nhat, dic biét 1a tré tiép xic véi mac dioxin cao théng qua
sita me. Mot s6 nguoi tiép xic véi muc dioxin cao hon luong hap thu dioxin chap
nhan hang ngay (TDI) do théi quen adn udng (nhirg ngudi tiéu thu nhiéu hai san)
hodc nghé nghiép (cong nhan trong nganh thudc trir sdu hoic 16 dbt chat thai nguy
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hai) [9]. Tiép xc trong thoi gian ngan voi ndng do dioxin cao co nguy co gay ton
thuong chirc niang gan va gay ra bénh mun trang ca do Cl, mét tinh trang viém da
man tinh dic trung boi cac ndt sirng ¢6 nang va mun trang ca sam mau. Ching chu
yéu xuat hién trén mat, nhung trong trudng hop ngdé doc nghiém trong, chung ciing
Xuit hién trén vai, lung, nguc va bung [10]. Viéc tiép xdc trong thai gian dai co lién
quan dén cac réi loan trong hé than kinh, mién dich, sinh san va noi tiét. Sy ton tai
ciia TCDD trong co thé c6 thé gdy xo vita dong mach, ting huyét ap, tiéu dudng va
t6n thuong hé than kinh [11]. Co quan Nghién ctru Ung thu Quéc té (IARC) va WHO
d3 phan loai TCDD la "chat giy ung thu ¢ nguoi da biét", dua trén nhiéu dix liéu dich
té hoc & nguoi va dong vat [12].

1.1.3.2. Cdc con dwong tiép xiic

Con ngudi tiép xtc véi dioxin o thé tir méi trudang, nghé nghiép hozc vo tinh
tiép xuc, trong d6 cac con dudng tiép xuc co thé thong qua hit phai, an uéng va hap
thu qua da.

Khi dioxin xam nhap vao co thé con ngudi, mot phan dugc chuyén hoa va dao
thai va phan con lai dugc luu trit trong md co thé (tich lity sinh hoc). Bé dao thai khoi
co thé, trudce tién dioxin phai chuyén thanh cac dan xuat phan cuc. Thoi gian ban hay
sinh hoc ¢6 su khac nhau gitta cac déng loai, thoi gian ban huay 2,3,7,8-TCDD la tir 5
dén 10 nam [13], c6 thé latir 7 dén 11 nam [14]. Sy ddo thai phy thudc vao lidu lugng,
d6 tudi va luong md trong co thé. Nghién ctru caa Aylward va cong su [15] di chi ra
su khéc biét vé kha ning dao thai TCDD cua ting d6i twong, qua trinh dio thai dién
ra nhanh hon & nam gidi va nguoi tré tudi so véi ¢ phu nit va nguoi 16n tudi. Bén
canh d6, cac nghién ctrtu méi ddy da chitng minh rang qué trinh dao thai TCDD phuy
thudc vao liéu luong, ty 1é dao thai cao hon nhiéu ¢ lidu lwong cao so véi mic thap
hon [15,16]. WHO d3 dit ra cé4c tiéu chudn cho luong dioxin hip thu hang ngay c6
thé dung nap duoc (TDI) & mic 1-4 pg TEQ/kg/ngay [17]. O nhiing muc phoi nhiém
d6 khong thay tac dong doc hai ndo do dioxin gay ra.

1.1.3.3. Xdc dinh tong do doc tiwong dwrong - TEQ

MJdi dong loai PCDDs, PCDFs ¢6 cac mirc do doc tinh khac nhau nhung do
ching c6 ciu trac va co ché giy doc tuong tu nén yéu té tong do doc twong duong -
TEQ d3 dugc dua ra dé xac dinh doc tinh toan phan caa 17 dong loai doc PCDD/Fs
nham danh gia tac dong cia hdn hop céc chat nay ddi véi sic khoé con nguoi.
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Hé sb doc twong dwong - TEF duoc To chic Y té Thé gisi - WHO xay dung
va thiét 1ap nham biéu thi mic d6 twong duong vé doc tinh cua cac dong loai
PCDDI/Fs c6 4 nguyén tir Cl tré 18n, thé tai cc vi tri 2,3,7,8 ciing c6 co ché gay doc
tuong tu nhu 2,3,7,8-TCDD. Hé s6 doc cua mbi chat (TEF) duogc biéu thi bang mot
s6 duy nhat, trong d6 lay do doc cua 2,3,7,8-TCDD lam chuan véi TEF cua 2,3,7,8-
TCDD la 1 [18]. Téng dd doc twong duong cua hdn hop cac dong loai PCDD/Fs dugc
xac dinh théng qua céc gia tri TEF cua 17 dong loai bang cach nhan hé sé TEF cua
ting chat véi ndng do (Ci) twong (g cua chét do:

TEQ = X(TEFi x Cj) (1.1)
1.1.4. Sw ton tai va chuyén héa PCDD/Fs trong méi truong

Dioxin la cac chat 6 nhiém da méi trudng va khi duoc thai ra, chiing s& dugc
phan bé, van chuyén dén tat ca nhiing thanh phan trong méi truong [19]. Do d6 tan
trong chat béo cao va it tan trong nuéc (Kow cao), PCDD/Fs lién két chu yéu voi cac
hat va c4c chat hitu co trong dat va tram tich, va trong quan thé sinh vat, ching tap
trung trong cac md ma. Trong khdng khi, cac hop chat dioxin c6 tinh chat ban bay
hoi c6 thé ton tai trong ca pha khi va pha bui. Hai thong sé quan trong l1a ap suat hoi
cua chat dong loai va nhiét 6 khéng khi xung quanh chi phdi su phan chia PCDD/Fs
gitta pha khi va hat. Dac biét Ia trong nhitng thang 4m hon (vao mua hé ¢ Bac ban
cau), cac chat dong loai PCDD/Fs it nhdm thé C1 hon c¢6 xu huéng chi yéu duoc tim
thay & pha hoi. Dioxin trong pha hoi c6 thé trai qua qua trinh bién d6i quang hoa voi
qué trinh khir Cl tao thanh cac chat déng loai doc hai hon, néu cac chat dong loai Cl
hoa octa- va hepta- phan huy thanh tetra- va penta-, va cubi cling thanh cac hop chat
khong doc chi c6 ba nguyén tir Cl tré xuéng. PCDD/Fs bam trén bé mat cac hat c6
kha nang khang phan huy, co ché chinh ma PCDD/Fs xam nhap vao nudc qua qua
trinh lang dong tir khi quyén va tir dong nuée chay hoic x6i mon tir ving dat nhidm
dioxin, chung ciing c6 thé xam nhap tryc tiép tir nuée thai cong nghiép. Do do, co
ché van chuyén phu thudc chii yéu vao dia diém cu thé cua ting khu vuc. Do dioxin
c6 do tan trong moi trudng nude rat thap, nén phan 16n hop chat nay bi hip phu vao
tram tich, chi con lai mot lugng rat nho trong nude [20].

Trong chudi thirc an (khong khi — ¢ — bd — sita/thit — con ngudi),
PCDD/Fs c6 thé dugc ling dong trén bé mit thuc vat théng qua ling dong uét va
ling dong kho cuia cac chat lién két voi céc hat trong khi quyén hoic thdng qua qua
trinh khuéch tan cac hda chat dang khi trong khong khi dén bé mat thyc vat. Mdi qué
trinh nay dugc kiém soat boi mot loat cac dic tinh khac nhau cua cay trdng, ndng do
d6 PCDD/Fs va céc théng sé khac trong khi quyén. Su ling dong ¢ dang khi kho
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dong vai trod chu dao dbi vai su tich tu cua cac dong loai PCDD/Fs c6 mic do chlor
hoa thap, trong khi ling dong lién két véi hat khé dong mot vai trd quan trong trong
viéc hap thu PCDD/Fs véi sdu nguyén ti Cl tro [8n. Mot nghién ciru ciing chi ra rang
su ling dong PCDD/Fs cao hon tir ling dong w6t [21]. Ham luong PCDD/Fs trong
cac loai ¢ phan anh su tiép xuc trong thoi gian ngén trude do, vi loai thuc vat chi
tiép xtc trong mot thoi gian twong dbi ngin do véi su phat trién cua cay méi thay thé
cho cdy cii hoic do cy tréng da duoc thu hoach. Pong vat dn cé bi phoi nhiém dioxin
khi an phai cac loai cay trong bi 6 nhiém trén dong co va PCDD/Fs duogc tim thay
tich tu cha yéu trong cac méd ma va sira [22].

Déi vai dat ndng nghiép, ngudn bo sung PCDD/Fs vao trong dat ¢d thé dén tir
bun thai. M6t lugng nho dioxin ling dong trén dat c6 thé duoc quay tro lai bau khi
quyén do sy tai tao cua vat liéu di ling dong trude d6, hoic su tai tao cua cac chat
d6ng loai it nhém thé Cl hon. Do dic tinh hda hoc va kha nang hoa tan rat thap trong
nuéc nén PCDD/Fs tich lity trong hau hét céc loai dat, mot luong rat nho bi nuéc raa
tréi va mirc do phan huy cua cac dong loai PCDD/Fs thé 2.3,7,8 1a khong dang ké.

1.1.5. Cdc hoat dong chinh phéat sinh PCDD/Fs
1.1.5.1. Cdc qud trinh dot chdy trong san xudt cong nghiép va xir 1) méi truong

Qua trinh ddt chay c6 thé duoc coi 1a mot trong nhitng ngudn phat sinh
PCDD/Fs chinh do con ngudi giy ra. Pay 1a phuong phap giam thiéu chat thai théng
qua qua trinh nhiét hién dang duoc sir dung & nhiéu qubc gia.

Kulkarni va cong su [23] di phan loai cac loai quy trinh dét khac nhau dua
trén ngudn gbc cua vat liéu duoc st dung va cho thay rang diéu kién van hanh kém
la nguyén nhan chinh gay ra phat thai PCDD/Fs tir cac nganh cong nghiép dot. Tuy
nhién, McKay [24] lién hé sy hién dién caa PCDD/Fs véi qua trinh d6t khdng hoan
toan chat thai hiru co, qua trinh phan hay nhiét cua cac hop chét chira Cl va cudi cung
1a sy hinh thanh céc tién chat PCDD/Fs trong khu vuc sau khi dét. Abad va cong su
[25] d3 nghién ciru cac bién phap giam thiéu dioxin va can bang khdi luong tai mot
nha may quan ly chat thai d6 thi va bao céo rang viéc sir dung hé thong kiém soét 6
nhiém khong khi mai so véi chi sir dung may lang tinh dién c6 thé giam thiéu mic
phat thai khi thai PCDD/Fs khoang 3,26 ng I-TEQ/Nm® xubng duéi 0,1 ngl-
TEQ/Nm?.

Bang 1.4 dui day liét ké cac qua trinh d6t chat trong san xuat cong nghiép va
Xt Iy moi trudng cd nguy co phat sinh PCDD/Fs.



11

Bang 1.4 Cac qua trinh ddt chay phat sinh PCDD/Fs

Céc qua trinh dét
chay

Céc 16 dot
Lo d6t chat thai rin do | Do diéu kién van hanh kém, thiéu hé thong kiém soét 6
thi nhiém khong khi
Lo dot rac thai y té S6 luong 16n cac 16 @6t c6 cong nghé lac hau, d6t chat thai
c¢6 ham luong Cl cao, 12 ngudn phét thai dioxin quan trong
Lo dbt rac thai nguy | Do diéu kién van hanh kém, thiéu hé thong kiém soét 6
hai nhiém khong khi
Lo d6t bun thai Do diéu kién van hanh kém, thiéu hé théng kiém soét 6
nhiém khong khi, cac 16 dbt thi cong

Pic diém phat sinh PCDD/Fs

CAac nguodn dot

Lo nung xi ming Dot chat thai nguy hai 1am nhién liéu phu cho 10 nung xi
ming c6 thé phat sinh PCDD/Fs trong khi thai va trong bui

bt gd PCDD/Fs phét hién duoc trong khi thai, tro tir cac hoat
dong a6t chay gd (khdng phai trong hoat dong céng
nghiép)

Xe chay bang dau | Nhién liéu dung cho dong co dét trong co chira chi
diesel

Lo hoa tang Cac quy trinh 16 hoa tang ¢ thé 1a nguon cung cap vat liéu
hiru co va Cl san c6, do d6 cé thé l1a nguon phat thai dioxin

Dot than Dot cac loai than nau, than bun... Lugng phat thai dioxin
kha it

1.1.5.2. Cdc nguon céng nghiép

Nha may giay va bt giay: PCDD/Fs trong cac nha may giay chu yéu dugc
hinh thanh trong budc tay trang bot gidy. Gidy tay trang c6 chira mot s6 hop chat
phenolic ty nhién trai qua qua trinh chlor hoa trong quy trinh san xuét gidy dé tao
thanh PCDD/Fs [26].

Nganh luyén kim: Nganh luyén kim Ia nguon chinh gay ra su hinh thanh
PCDD/Fs trong khi quyén thdng qua qua trinh san xuat kim loai, cu thé la: cac quy
trinh luyén kim nhu san xuat thép nhiét do cao, hoat dong nau chay va 10 thu hdi kim
loai phé liéu dugc phét hién 12 ngudn dioxin dién hinh [27], cac quy trinh trong nganh
cdng nghiép kim loai co ban, chang han nhu thiéu két quang sit, cling dugc xac dinh
la nguon tiém nang [28,29].

C6ng nghiép hoa chat: PCDDs va PCDFs c6 thé duoc hinh thanh nhu cac
san pham phu tir qua trinh san xuat cac hop chit chira Cl nhu chlorophenol, PCBs,

thudc diét co phenoxy, chlorobenzene, hop chat chloro aliphatic, chat xuc tac Cl va
halogen diphenyl ether, Cl tay tring bot gidy [24,30].
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1.1.5.3. Cdc nguon khdc

Quaé trinh sinh hec: Tac dong cua vi sinh vat I&n cac hop chat phenolic ¢6 Cl
dan dén sy hinh thanh dioxin trong mot s6 diéu kién méi truong nhat dinh [23].

Qua trinh quang héa: Sy hinh thanh cac ¢éng loai nhw OCDD:; 1,2,3,4,5,6,7,8-
HpCDD xay ra do phan &ng goc quang phan caa pentachlorophenol [31,32].

Nguén ngiu nhién: Céc su ¢ phat thai dioxin tai Seveso, Y va Yusho Nhat
Ban c6 thé duoc coi 1a sy phat thai dioxin ngau nhién vao khi quyén. Ngoai ra, cac
hién tugng ty nhién nhu chay rirng, phun trao ndi la ciing ¢6 thé phat sinh mot luong
nho PCDD/Fs [33,34].

Cac nguon hdn hgp: Céc ngudn hdn hop bao gom su hinh thanh dioxin trong
cac 10 10 dot tang s6i, cat kim loai phé liéu bang Oz nhiét tai cac cong trudng pha da,
phat dién, PVC tai cic dam chdy nha, 10 hoi sir dung dung dich kiém Kraft, chat thai
phong thi nghiém, thiét bi tai ché thung phuy va thiing chira da qua st dung, dét 16p
xe, 10 tai hoat hoa carbon va cac co sd thu hoi day dién phé liéu, ... [35,36].

1.1.6. Cdc co ché hinh thanh PCDD/Fs

Hai co ché chinh hinh thanh PCDD/Fs: co ché tir tién chét va co ché de novo.
Co ché hinh thanh tir tién chat

Céc con dudng tién chat lién quan dén sy hinh thanh cac dong loai PCDD/Fs
tir CAC Cu truc tuong tu, dic biét 1a chlorophenol. Sy hinh thanh tién chat c6 thé xay
ra trong hai diéu kién khac nhau: ¢ nhiét do tir 600 dén 800°C trong pha khi va &
nhiét d6 tir 200 dén 500°C trén bé mit tro [7]. Cac qua trinh d6t chay khong dam bao
diéu kién can thiét vé nhiét do, O, va thoi gian d6t chay cd thé sinh ra cac tién chat
nhu san pham trung gian, c4c tién chat nay s& phan ang véi Cl va hinh thanh nén
PCDD/Fs.

OH

= > = ><
\ \

Chlorophenol Chlorobenzene

Hinh 1.2 C4c tién chdt hinh thanh PCDD/Fs
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Chlorobenzene va chlorophenol (hinh 1.2) 14 céc tién chat truc tiép trong qua
trinh hinh thanh PCDD/Fs. Trong dé, chlorophenol 14 tién chat c6 ciu tric lién quan
nhat dén sy hinh thanh PCDDs, n6 duoc giai phong tir nguyén liéu hoic thong qua
cac phan tng xuc tac khong ddng nhat. Sy c6 mit cua cac oxide kim loai anh huéng
I6n dén su hinh thanh PCDD/Fs tir chlorophenol [37]. Ngudi ta di chirng minh rang
cac oxide cua cac kim loai kiém thé nhu MgO va CaO gay ra su &c ché trong hinh
thanh PCDD/F, trong khi d6 cac oxide kim loai chuyén tiép c6 tac dung thuc day qué
trinh nay [38]. Pac biét, cac oxide dong hoa tri (II) duwoc chung minh 14 ting ddng ké
hiéu suat thu dugc PCDD/Fs so véi cac oxide kim loai khac.

Co ché de novo

Su phat thai PCDD/Fs tir su phan huy cua ma tran carbon trong mét loat cac
phan ng oxy hoé va chlor hoa duoc goi 1a con duong de novo [39]. Qua trinh tong
hop de novo xay ra & viing nhiét 1y tuong tir 200-400°C. Trong céc 1o d6t cdng nghiép,
con dudng tong hop de novo xay ra & phan lam mat khi thai, nhiét d6 ¢ day duoc lam
ngudi tir 800°C dén khoang 200°C [40].

OH

Phan tng
Deacon
HCl ————— (l
Xiic tac e \ OH q D\

x Ng“'ﬂg tu Cl

W \/ Xuc‘tac
-(\v
\Y\A'/\ ,@0 ,Qo‘ba

Tién chit Aliphatic

PCDDs

Carbon du

Hinh 1.3 Co ché tong hep de novo

Co ché téng hop de novo bao gém cac budc sau [41]:

1. Sir hinh thanh CI trong pha khi. HCI dugc hinh thanh tir qua trinh tach hydro twr
céc chat hiru co chlorinated-hydrocarbon, ngoai ra NaCl ciing 1a mot ngudn hinh
thanh luong HCI dang ké. HCI tham gia vao cac phan tng dé hinh thanh Cl..

2HCI + O, — Cl2 +H20

2. Gan Cl dgng khi 1&8n bé mgt carbon. Cac con dudng chuyén hoa co thé gan Cl dang
khi 18n bé mat carbon bao gom:
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+ Thay thé hydro trong nén carbon
+ Hap phu CI 1&n bé mit carbon
+ Cl hoa céc vong thom c6 sin trong nén tro
3. Su hinh thanh lién két giira Cl vé co va nén carbon.
R-H + CuCl2 — R-HCI* + CuCl
R-HCI + CuCl, — R-CI* + CuCl + HCI
R-H + 2CuCl; — R-Cl + 2CuCl + HCI

Phan @ng nay tao thanh cac tién chét Ia cac hop chat hiru co chu yéu chaa vong
benzene Cl hoa nhu chlorobenzene va chlorophenol.

4. Hinh thanh PCDDs va PCDFs
CA&c yéu té dnh hwéng dén sw hinh thanh PCDD/Fs

- Oxy hoa 1a diéu kién can thiét cho phan tng khi hoa carbon dang hat va phan
rng de novo, chudi carbon bi pha huy thong qua cac phan ng oxy hoa cua cac phan
tir carbon chtra Cl trén bé mit dé tao thanh tién chat dioxin.

- Nhiét 6 cho sy hinh thanh PCDD/Fs trong qué trinh nhiét nam trong khoang
tir 200°C- 600°C, nhiét d6 ti uu 1a 300°C.

- Ham luong tro bay va ham luong oxy la cac yéu té anh huong dén qua trinh
hinh thanh cua PCDD/Fs. Cac nghién ctu da chi ra mdi quan hé rd rang gitra ham
luong tro bay trong pha khi va nong do dioxin [40].

- X(c tac kim loai anh huong dén hiéu suat hinh thanh dioxin, dac biét 1a Cu.
Céc nghién cuu thuc nghiém da chi ra sw ¢ mat caa CuO va CuClz khéng chi lién
quan dén phan ¢ng chlor hoa ma con lam ting hiéu suat trong phan mg ngung tu
chlorophenol tao thanh PCDD/Fs [41].

1.2. Cac phwong phap phan tich dioxin trong nén miu méi truong

Véi su sdn ¢ ngay cang ting cua cac phong thi nghiém duoc trang bj thiét bi
sac ky khi phan giai cao ghép ndi khéi phé phan giai cao (HRGC-HRMS), nhiéu
nghién ctu danh gia vé sy c6 mit va ham luong cua PCDD/Fs trong c&c mau mdi
truong da duoc tién hanh dya trén cac phuong phép tiéu chuan cua Co quan bao vé
moi trudng My (US EPA) nhu phuong phap 23 (mau khi thai), phuong phap 1613
(dat, tram tich, bun, nudc), phuong phap 8290, phuong phap TO-9A (mau khong khi
xung quanh) va tiéu chuan Viét Nam TCVN 10883:2016 (d4t va tram tich). Nhin
chung, quy trinh phan tich PCDD/Fs bao gdm céc budc: chiét mau, 1am sach mau va
phan tich trén thiét bj.
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1.2.1. Phwong phdp xir ly méu
1.2.1.1. Phwrong phdp chiét mau

Mot loat cac phuong phap va hé thong chiét da duoc sir dung dé chiét cac hop
chat PCDD/Fs, dI-PCBs, PCBs nhu chiét siéu am; chiét Soxhlet; chiét chat long diéu
ap (pressurized fluid extraction — PLE) con duoc goi 1a chiét gia téc dung méi
(accelerated solvent extraction - ASE)); chiét bang vi song (microwave assisted
extraction - MAE) con duoc goi 1a chiét dung méi hd trg vi song (microwave-assisted
solvent extraction - MASE); chiét pha ran (supercritical fluid extraction - SPE); chiét
long/long; va chiét chat l1ong siéu tai han (supercritical fluid extraction - SFE) déu da
duoc str dung dé tach dioxin va dI-PCBs tir nén mau. Bang 1.5 duéi ddy néu ra uu
diém va han ché cua cac phuong phap chiét thudng dugc sir dung trong cac nghién ciu.

Bang 1.5 Uu diém, han ché ciia mét sé phwong phap chiét miu

Phuong | 2 miu Ul diém Han ché TLTK

phap ’

Soxhlet | M3u rén, |- Phuong phap tiéu chuan |- Thoi gian chiét | [42],
mau  khi | - Luong mau I6n (1-1009) dai (24-48 gio) [43]
thai, mau |- Khdng yéu cau loc mau Lugng dung moi
khong khi | - Khéng phu thuoc nén| chiét Ion (300-
Xung mau 600 mL)
quanh Vvan hanh khong can |- Mat nhieu thoi

gidm sat gian cd can dung
Gi4 thanh thap moi sau khi chiét
Chiét | Maurin Thoi gian chiét nhanh |- Lugng dung mdi | [42]
siéu am (30-60 phut) chiet 16n (300-
Luong mau Ion (10-30g) | 600 mL)
Giathanh reé Can nhieéu cong
Khong phu thuoc nén| laodong
mau Can loc mau
Tiép xuc nhiéu
V61 hot dung moi

Chiét | bat, tram |- Thoi gian chiét nhanh |- Gioi han luong | [42]

chat tich, sinh|  (30-60 pht) mau (<10g)

long vat bién CO2 khdng gdy doc, |- Phuthudcvao nen

siéu  toi khong chay, than thién mau

han Vv6i moi truong Gia thanh cao

(SFE) Hi¢u qua cao khi thay

d6i nhiét do, ap suat
thich hop

Str dung it dung moi (5-
10 mL)

Khéng yéu cau loc miu
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Phuong |\ 2 mau Ul diém Han ché TLTK
phap

- Khéng c6 dung méi thai

- Van hanh ty dong
Chiét |MAurin |- Thoi gian chiét nhanh |- Dich chiét cén | [42]
dung (20-30 phat) phai loc
moéi  hd - Canitdung méi (30 mL) | - Dung dung moi
trg i - Kiém soat hoan toan cac | phan cuc
s6ng thong sb chiét (nhiét do, | - Chiet dong thoi
(MASE) ap suét, cong suat) nhiéu chat (can

- C6 thé khuay phai lam sach)

- Nhiét do cao hon Chi phi vira phai

- Khéng can chat lam kho

- Chiét d6ng thoi 12 mau

trong 1h
Chiét | MAaurin |- Chiétnhanh (~15 phut) Chi phi cao (thiét | [42]
gia téc - Can it dung mdi (15-40 |  bi chiét va cac
dung mL) thiet bi, dung cu
moi - Khéng can loc phu tro di kem)
(ASE) - Chiét tw dong (chiét lién | - Phu thudc nen
tuc dén 24 mau) mau

- D& sir dung
Chiét | MAunuéc | - Phuong phap tiéu chudn |- Ton cdng sic [44]
long- - Van hanh don gian Can nhiéu dung
long - Thiét bi don gian moi

Hiéu qua thap

Chiét | Miunudc | - Strdung itdung moi (40- | - Gia thanh cao | [44]
pha ran 50 mL) (cot)
(SPE) - Tiét kiém thoi gian chiét | - Cot dé bi oxi hoa

- CO6 thé chiét ty dong khi bi kho

Phuong phép chiét Soxhlet duoc tng dung dé chiét hau hét cac nén mau ran
va mau khi bao gom dat, tram tich, bun, khi thai, khong khi xung quanh.... Pay la
mot phwong phap don gian va it ton kém nhung ton nhiéu thoi gian va cong lao dong
hon cac phuong phép hién dai.

Phuong phép chiét gia tbc dung méi (ASE) sir dung dung mdi léng thdng
thuong ¢ ap suat cao (1500-2000 psi) va nhiét do (50-200°C) dé chiét cac mau ran
(dat, tram tich, chat thai ran) mot cach nhanh chéng, sir dung it dung méi hon nhiéu
s0 vai cac ky thuat thong thuong. Quy trinh chiét ASE: mau dugc dat trong mot binh
thép khdng gi chira day dung madi chiét va duoc gia nhiét dén nhiét do can thiét. Mau
dugc chiét tinh trong thoi gian 5-10 phit, sau d6 dung méi chiét dugc chuyén dén lo
chira mau. Sau giai doan nay, N2 nén duoc sir dung dé day phan dung méi con lai vao
lo chtra mau trén. Toan bo quy trinh duoc hoan thanh trong 12-25 phit cho mdi mau
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va str dung khoang 15 mL dung méi cho 10 gam mau. ASE tan dung su gia ting do
hoa tan cua chat phan tich xay ra ¢ nhiét dé cao hon diém sbi cua cac dung mdi
thuong duoc st dung. O nhiét d6 cao hon dugc sir dung bai ASE, c4c qua trinh dong
hoc dé giai hap céac chat phan tich khoi chat nén duoc ting toc so véi cac diéu kién
khi str dung dung moi ¢ nhiét @6 phong. Lugng dung moi sir dung giam do kha nang
hoa tan cua chit phan tich cao hon trong dung méi dugc dun néng [45].

1.2.1.2. Phirong phdp lam sach mau sau khi chiét

Séic ky cot véi su két hop cua silica gel, nhom oxide, florisil, va chat hip phu
carbon c6 thé duoc sir dung dé loai bo chat nén, cac hop chat gay nhiéu va thu duoc
cac chat phan tich mong muén [42,44,46]. Do kha ning tach nhiéu nhdm chét phan
tich (PCDD/Fs, PCBs, PBDEs, PCN, ...), cac quy trinh chuan bi mau di duoc phat
trién két hop chiét tach phan doan dé loai bo cac chat gay nhiéu. Vi du, than hoat tinh
c6 thé tach céac chat dong phang khoi cac hop chat khong dong phang. Dioxin, PCBs
d6ng phang va PCN c6 thé dugc thu thap trong mot cling mot phan doan va cac hop
chat khong phang (ortho-PCBs, PBDESs, PCDEs, OCPs) trong phan doan khéc [47].

Nhom oxide va florisil duoc sir dung dé loai bo hoac tach loai mot s6 hop chat
it phan cuc hon (vi du: ortho-PCB) ciing nhu cac chat béo du khong duoc loai bo
bang cach lam sach cot silica gel thong thuong. Su két hop cua silica gel, carbon, Al,
hoac florisil c6 thé duoc st dung dé loai bo cac chat can trg tiém an. Muc dich 1a sir
dung luong tdi thiéu dé giam thiéu cac yéu té gay nhiéu va dat duoc do thu hdi chat
phan tich cao nhat c6 thé. Béi véi cac mau kho, can bo sung thém lugng vat liéu dong
goi sin va cong doan 1am sach can thiét dé tao ra dich chiét du sach bom phan tich
trén thiét bi sac ky khi. P6i véi cac mau c6 ham luong chat béo cao, vi du, md sinh
hoc hozc chat ran sinh hoc, sic ky tham thau gel [47] c6 thé duoc sir dung nhu mot
budéc 1am sach so bd hoic ¢6 thé bd sung thém budc 1am sach trén cot silia gel bién
tinh acid dong goi san dé loai bo cac chat béo du. Tuy chon nay duoc uu tién néu
dich chiét mau ciing khong dugc sir dung dé phan tich cac hop chat nhu chat chéng
chéay chtra brom (PBDES). Quy trinh 1am sach c6t lam sach ¢6 dién nhu phuong phap
Smith/Stallings (silica gel, Al/florisil hoic carbon) sir dung quy trinh tha cong cé thé
mat thoi gian tir 3-5 ngay cho mét quy trinh chiét va lam sach dong thoi 10-20 mau.

Dé tang cuong hiéu qua phan tich dong thoi giam thiéu stc lao dong, mot sb
thiét bi ty dong hoa hoic ban tu dong da dugc phat trién.

Hé thong 1am sach tw dong: Fluid Management Systems Inc. (FMS —
Watertown MA, USA) di phét trién hé théng chuan bi mau dioxin tu dong dau tién
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la hé théng PowerPrep (hinh 1.4). Fayez va cong su [48] bao céo rang chi phi chuan
bi mau phan tich PCDD/Fs bang cach st dung hé théng FMS ciing gidng nhu cac
phuong phap thu cong thong thudng; tuy nhién cé thé chuan bi gap déi sé lugng mau
trong cing mot khoang thoi gian. Hé thong PowerPrep sir dung nhiéu loai cot dong
g6i san dung mot lan khac nhau, cho phép kha niang chuan bi mau cho tirng nhom
hop chat riéng ré& (vi du, dioxin, PBDESs) hoic nhiéu nhém hop chit hoic két hop céc
nhom chét phan tich véi nhau bang mot phuong phap duy nhat [49]. Gan day, mot s6
hé thong tu dong da (ng dung nhiéu hon trong phan tich PCDD/F's tir nhiéu nha cung
cap bao gdm LCTech (Dorfen Dirc) va Miura Co (Ehime, Japan).

Hinh 1.4 H¢ théng FMS PowerPrep

Hé thong 1am sach ban t dong:

Mot phuong phap phén tich dong thoi nhidu nhém hop chit (dioxin, PCBs,
PBDEs, va PCNs) tuong tu nhur phuong phap ding cho hé thong FMS di duoc phat
trién [50]. Cape Technologies (South Portland ME, USA) da phat trién mot phuong
phap ban tu dong sir dung cac cot thay tinh dung mét 1an va dugc diéu ap bang khi
N2 nhu trén hinh 1.5. Uu diém chin caa hé thong Cape 1a khéng can ngudn dién va
do dich chiét mau chi tiép xtc véi dung cu phong thi nghiém ding mét 1an, khong
can rira hay lam sach dung cu phong thi nghiém nén phuong phap nay trg thanh
phuong phap chuan bi miu tiét kiém chi phi. Vi viéc phan tich mau trong phong thi
nghiém chi sir dung céc dung cu diing mot 1an va khéng tai sir dung cac dung cu do
c6 thé giam thiéu viéc nhiém chéo tir cac mau ¢ ndng do cao.
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Hinh 1.5 H¢ théng chudn bi mdu dung mét lan ciia Cape Technologies

Viéc str dung cac loai cot sir dung mot lan twong ty nhu quy trinh Cape ciing
dugc ap dung tai mot s6 phong thi nghiém nhu hé cot caa hdng Supelco hay LC Tech
(hinh 1.6), tuy nhién khi s6 lugng mau phan tich I6n thi viéc khi mua thude thir va
chat hap phu véi s6 luong 16n sau d6 dong géi cot co thé mang lai hiéu qua kinh té
cao hon. Mot s nghién ciru b4o cao viéc sir dung ASE hoic PLE cho qué trinh chiét
va lam sach ddng thoi. Cac mau thudng dugc tron véi chat phan tan nén nhu dat tao
cat hoic hydromatrix va dugc dat phia trén mot loat cac chat nhdi cot nhu silica hoidc
carbon trong dng chiét cho phép qua trinh chiét va lam sach mau duoc thyc hién dong
thoi [51,52].

Cot stilica gel
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Hinh 1.6 Cét 1am sach mdu ding mét lan ciia hang Supelco, LC Tech
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1.2.2. Phwong phdp phan tich sdc ky khi
1.2.2.1. Tdch sdc ky

PCDD/Fs chtra nhiéu déng phan hoic ddng loai c6 ciu tric twong tu do d6
phd khdi cua doéng phan caa ching (vi du TCDD) vé co ban la gidng hét nhau. Ngoai
ra, dong loai c6 mirc do chlor héa cao hon c6 thé phan manh trong phé khéi dé hinh
thanh cac ion gay nhiéu & ty & khdi luong-dién tich cua cac mac halogen hoa thap
hon twong ng cua ching. Phan 16n cac dong loai PCDD/Fs khong duoc coi 1a doc
hai, vi vay yéu cau dit ra 12 phai c6 mot cot sic ky hoic két hop cac cot co thé tach
riéng 17 ddng loai doc hai ra khoi 193 dong loai con lai [53]. Viéc dong rira giai cua
cac dong loai khong doc hai hodc nhitng yéu té bén ngoai khac co thé dan dén két
qua sai léch, vi du PCBs c6 thé anh huéng dén dioxin [54].

Qua trinh tach sic ky cac déng loai PCDD/Fs phu thudc vao cac yéu té chinh
sau: cot tach (chiéu dai cot tach, duong kinh trong, do day 16p phim pha tinh, thanh
phan va do phan cuc pha tinh), loai khi mang va toc do khi mang va chuong trinh
nhiét do 10 cot. Bang 1.6 dudi day tong hop cac diéu kién cu thé phan tich PCDD/Fs
trong mot s6 nghién cieu trude day.

Bang 1.6 Piéu kién tach PCDD/Fs bang sic ky khi

UL e Khi | ThONgso | ome trinh nhigt d9 10 cgt | TLTK
phén tich mang cot tach :
Sic ky khi | He DB-5MS | Nhiét do bat d¢au 120°C, giit trong | [55],

phan  giai | (1L,OmL | (60 m x |3 phit; ting lén 220°C (téc do | [56]
cao ghép nai | /phat) 0,25 mm x | 20°C/phut), git trong 16 phut;

khdi  phd 0,25 um) | ting dén 320°C (toc d6 5°C/phdt),

phan  giai gitr trong 15 phat.

cao (HRGC- Téng thoi gian phan tich: 59 phat
HRMS)

HRGC- He Rtx-2330 | 90°C trong 1,5 phut, sau do6 tang | [57]
HRMS (60 m x| Ién 180°C véi toc do 25°C/phdit.

0,25 mm x | Tiép tuc ting dén 260°C véi tbc
0,1 pum) d6 3°C/phut va gitr ¢ nhiét d6 nay
trong 25 phdt.

Téng thoi gian phan tich: 56,8

phut
HRGC- He (1| Rtx-200 bat dau ¢ 150°C trong 1 phat, sau | [58]
HRMS mL (30 m x|do tang 1én 200°C véi téc do

/phat) | 0,25 mm x | 10°C/phit. Tiép tuc tang dén
0,25 um) | 310°C véi téc do 5°C/phut va gii
& nhiét d6 nay trong 5 phdt.

Tong thoi gian phan tich: 33 phut.




21

Thiét bi Khi | Théng sé
phan tich mang cot tach
Sic ky khi|He (1|DB-5MS | Nhiétdo 10 batdau ¢ 120°Cvagiir | [59]

Chwong trinh nhié¢t do I0 ct | TLTK

ghep ndi | mL (60 m x|trong 2 phut, sau d6 ting lén
khéi  phd | /phat) | 0,32 mm x | 220°C & 20°C/pht va giir trong
phan  giai 0,25 um) | 16 pht, tiép theo ting lén 235°C
cao (GC- & 5°C/phut va gitr trong 7 phat, va
HRMS) cudi cung tang Ién 330°C téc do

5°C/phut va gitr trong 8 phut.
Tong thoi gian phan tich: 60 phat
GC-HRMS |He (1,5 Rtx- Nhiét d6 10 bat dau ¢ 130°C, giir | [60]
mL Dioxin2 trong 1,5 phuat, sau dé ting lén
/phat) [ (60 m x| 260°C véi téc dd 30°C/pht; tiép
0,25 mm x | tuc ting dén 305°C véi toc do
0,2 um) 5°C/phut va gitr ¢ nhiét do nay
trong 20 phut. Cubi cung, ting 1én
310°C véi toc dd 20°C/phat va
duy tri trong 15 phdt.

Tong thoi gian phan tich: 50,08
phut

Ghi cht: Thong tin cét tach bao gom: logi cét (chieu dai cgr x dwong kinh trong x dé day

l6p phim pha tinh)

Khi mang str dung cho cac phép phan tich trén thiét bi sic ky khi phai tro va
khong bi hap phu boi pha tinh cua cot. Qua trinh tach cac dong loai PCDD/Fs thuong
st dung khi mang He véi d6 tinh khiét > 99,99% & ché do dang dong, véi van toc
tuyén tinh 12 30 cm/giay, toc do dong thuong dao dong tir 1,0 dén 1,5 mL/phat. Cot
DB-5MS c6 thanh phan pha tinh 5% diphenyl 95% dimethylpolysiloxane duoc wu
tién sir dung trong quy trinh phén tich dé tach cac dong loai thé 2,3,7,8-PCDD/Fs.
Ngoai ra, cot Rtx ciing c6 thé duoc sir dung trong phan tich dioxin. Cac cot phan tich
thuong ¢ chiéu dai 60 m véi 16p phim pha tinh day 0,25 pm. Phan tich dioxin bang
GC-HRMS sir dung c6t c6 pha tinh chira 5% phenyl-dimethyl thong thuong, kich
thudc cot 60 m x 0,25 mm x 0,25 mm, thoi gian phan tich thuong khoang 50 pht.
Truéc khi phan tich mau, thiét bi phai duoc diéu chinh dén d6 phan giai 10.000 va
sau d6 dugc hiéu chuan. Po phan giai (AM/M) 10.000 1a diéu kién can bang tét nhat
gitta do chon loc (loai bo hau hét cac hop chat gay nhiéu khong duoc loai bo bang
cach chuan bi mau) va do nhay trén thiét bj dién tur.

Khi sur dung ¢t microbore c6 duong kinh trong nho hon va 16p phim pha tinh
moéng hon (duong kinh trong <0,20 mm va do day mang <0,18 pm) co thé 1am giam
dang ké thoi gian phan tich. Néu ty 18 pha (ty 16 do day 16p phim voi duong kinh
trong cot) khong doi, thoi gian luu twong dbi khong thay ddi. Khi duong kinh trong,



22

d6 day giam va ty 18 cua ching duoc gitt khong dbi thi thoi gian luu s& giam, dinh
pic s& hep hon va cao hon. Cot microbore c6 sb dia 1y thuyét nhiéu hon va chiéu cao
thip hon so vai cot cd dién dan dén sé dia 1y thuyét ting dang ké trén mdi mét, cho
phép str dung cot ngén hon. Cot microbore yéu cau ap lec dau cot cao hon, luu luong
cao hon va téc do ting nhiét do cao hon c6 thé giam thoi gian phén tich 1én dén dan
dén giam thoi gian bom phan tich 18n téi 50% va tang chiéu cao pic 1én dén 5 lan
[61,62].

1.2.2.2. Dinh tinh va dinh lwong bang khéi phé

Sau khi duoc tach bang sic ky khi, cac hop chat PCDD/Fs dugc xac dinh bang
detector khoi pho. Thiét bi pho khéi phan giai cao (HRMS) duoc sir dung lan dau tién
vao dau nhung ndm 1970s va 1a thiét bi c6 d6 nhay va chon loc nhat ddi vai phan tich
dioxin. Cac phuong phap tiéu chuan US EPA 1613, 8290A ciing nhu cac nghién cau
vé dioxin da cong bd hau hét s dung thiét bi HRMS dé dinh tinh va dinh luong
PCDD/Fs bang phuong phap pha lodng dong vi. Cac wu diém ciia HRMS va phuong
phap pha lodng dong vi va ndi chuan 1a: d6 nhay cao, do chon loc cao (ché do quan
sat chon loc ion - SIM), do chinh xé&c cao (do sir dung chat dong hanh Ia hop chat
danh dau dong vi 3C1, ctia cac chat phan tich, cac hop chat nay khong c6 trong mau
phan tich va c6 tinh chat hoan toan twong tu v&i cac chat phan tich nén c6 twong tac
giong véi chat phan tich trong toan b qué trinh phén tich), hon nita van cé thé dam
bao dinh tinh va dinh luong PCDD/Fs chinh xac ngay ca khi cac d¢ong loai khdng
dugc phan tach khoi nhau hoan toan théng qua qua trinh tach sac ky. Mdi dong loai
PCDD/Fs s& duoc dinh tinh va dinh lugng bang cach quan sat chon loc mét sé manh
m/z dic trung va tinh toan nong d6 dua trén ti 1& dién tich pic cua chat phan tich so
Vv6i hop chat danh dau ddng vi twong tng. Thong thudng, mot manh m/z s& duoc lra
chon dé 1am manh dinh lwong, moét hodc hai manh m/z khac duoc ding 1am manh d6i
ching.

Cac thiét bi HRMS duoc van hanh & d6 phan giai 10.000 va yéu cau mot chat
hiéu chuan khéi luong nhu perfluorokerosene (PFK) dé dam bao do chinh xéac khéi.
PFK duoc sir dung dé diéu chinh thiét bi khbi phd va hiéu chuan thang do khéi lugng,
duogc truyén vao thiét bi khdi pho trong qua trinh phan tich nhu mét khéi lvong khoa
(lock mass) dé dam bao khéng c6 su troi khdi lwong. Luong vét khéi lugng khoa
duogc theo dai dé tranh 1am sai léch két qua do su e ché caa nén.

Mot sb thiét bi khbi phd phan giai cao nhu hé thdng hoi tu kép (DFS) c6 thé
duoc van hanh theo ché do phat hién nhiéu ion (MID) trong d6 cudng d6 caa mot sd
ion dic trung cua chat phan tich duoc theo ddi lién tuc dé ting d6 nhay, d6 chinh xéc
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va d6 chon loc cua phwong phap. Mot cira s6 theo ddi duoc chon khi thiét bi duoc
ghép ndi véi thiét bi dau vao sic ky (sic ky khi hoic 16ng). Dé thu thap dir liéu, nam
cham tir duoc khoa trong mot khdi va cac 1an quét dién dugc thuc hién bang cach
thay d6i dién 4p tang tbc. Mdi lan quét déu phai thuc hién song song viéc hiéu chuan
khéi lwong va thu thap dit liéu thuc nghiém. Ky thuat nay duoc goi 1a ki thuat cb
dinh khéi (lock-mass) va cai thién do chinh xac cua khéi luong, ting d6 tin cay cua
dit liéu khdi phd thu duge. D6 phan giai cua thiét bi cé thé duogc tinh toan lai sau mai
lan quét va co thé cai thién do phan giai bang cach thuc hién hai hiéu chuan khéi
trong mot ki thuat duoc goi 1a ki thuat cé dinh khéi két hop hiéu chinh khéi (lock-
plus-cali). Hiéu chuan khéi quét-quét (scan-to-scan) nay dugc xu ly & ché do nén gidp
cai thién do tin cay cua dit liéu phan tich. B4i vai hiéu chuan khdi noi bo nay, chat
chuan hiéu chuan lién tuc bi ro ri tir hé théng dau vao tham chiéu vao ngudn ion. Hai
khdi ion dugc chon tir chat tham chiéu: mot khéi nho hon khdi muc tiéu cua phan tich
va mot khdi khac cao hon khéi muc tiéu caa phan tich. Khéi thap nhit dugc goi l1a
"khdi ¢ dinh - lock mass" va khéi lugng cao nhéat duoc goi la "khdi hiéu chuan -
calibration mass". Dau tir khoa duoc khoa lai vao dau mdi qua trinh MID va thuc hién
hiéu chuan khéi dya trén khdi c¢b dinh. T4t ca cac qua trinh phan tich déu nhay dén
khdi hiéu chuan va khéi muc tiéu bang cac budc nhay dién nhanh cua dién &p gia toc
va diéu nay cung cap hiéu chuan chinh xéc chi trong vai mili giay [63]. Hinh 1.7 cho
thay trinh tu cac budc dién hinh trong quy trinh MID trong thiét bi DFS [64].

Kiwibnss : A: khoa tir va quét khéi cd dinh.
P ¥y ° ¥ © ¥ Hicu chudn khéi va xéc dinh o
ACD cm phan giai
B: budc nhay dién dén khéi hiéu
chuan
C: quét khéi hiéu chuan va hiéu
chuan khéi
l D: buéc nhay dién dén khdi muc
L , me | tiéu
Khoi co -, LA T E: buéc nhay dién dén khéi hiéu
. i muc e Nk den kil
e chuan dé hiéu chuan khoi.

Hinh 1.7 Hiéu chudn khéi ngi b va phéat hign khéi muc tiéu trong qua trinh
MID trong thiét bi DFS

Ngoai khdi phd phan giai cao, khdi phd song song ba tir cuc (QqQ MS/MS)
d3 duoc st dung va chap thuan tai Chau Au danh riéng cho muc dich thir nghiém thuc
pham [65-67], va duoc nghién ctiru dé wng dung phan tich PCDD/Fs trong nén mau
moi trudng tai mot s6 qudc gia [68-70]. Thiét bi quang phd khéi bay ion [71-73] va
orbitrap [74] ciing di duoc sir dung dé phan tich phé khdi song song cua dioxin. Bay
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ion cha yéu dugc sir dung cho muc dich sang loc vi 14 thiét bi phan tich khéi loai by,
sur e ché ion tir cac hop chét dong chiét xuat cé thé dan dén mat d6 nhay hoic sai
léch. Thiét bi orbitrap c6 thé dap tng cac yéu cau vé phuong phap cua cac phuong
phap dioxin theo quy dinh va ciing c6 thé trg thanh thiét bi thay thé cho cac thiét bi
tir trudng trong twong lai. Phd khéi song song str dung gidm sat phan ¢ng nhiéu lan
(MRM) trong d6 ion phén tir dugc chon bai bo phan tich khdi dau tién va sau d6 duoc
dua qua khi va cham (thuong 1a N2 hoic argon) trong ti cuc tha hai dé cho phép tat
ca cac ion di qua. Cac ion manh déc trung sau do dugc chon bai tir cuc thi ba (phan
tich khéi). Dioxin mat COCI (63 Da) trong qué trinh chuyén d6i MRM va la nhém
hop chat duy nhit mat manh trung tinh cu thé nay tao ra sic ky khdi sach vai rat it
nhidu [4].

Ky thudt ion hoa

ITon héa dién tir (EI) 12 phuong phap ion hoa c¢6 dién ddi véi dioxin thuong co
san trong tat ca cac loai thiét bi GC-MS. Qua trinh ion hoa dién tir thudong duoc thuc
hién bang cach st dung cac dién tir 70 eV tao ra cac ion ¢ dai nang lwong bén trong
rong dan dén nhiéu loai ion phan manh khac nhau. Khi sir dung ché d¢ quan sat chon
loc ion (SIM), s6 luong ion c6 thé tao ra phai cang it cang tot. Bé giam thiéu mic 46
phan manh, nén sir dung nang lugng dién tir khoang 35 eV. Nang lugng dién tir giam
[am giam muc d6 phan manh va tang cuong tin hiéu ion phan tar giap tang cuong do
nhay twong (ng. Phd khdi cua céc hop chit halogen héa thé hién nhiéu pic ddng vi
cho cac ion phén tir cling nhu cac ion manh twong tng cuta ching. BJ nhay bi giam
do céc cum ion dong vi nay, do tin hiéu bi phan chia trén cac ion dong vi. Pay ciing
la mot lgi thé vi ty 1é dong vi 6n dinh hon nhiéu so véi ty 16 phan manh va thong tin
nay cé thé duoc st dung dé xac dinh va tao cau tric cua cac chat phan tich can quan
tam. Pay 1a yéu tb quan trong trong viéc xac dinh cac hop chat gay can tro tiém an.
Néu céc hop chat gay can tro thudng xuyén xuat hién thi ¢ thé chon cac pic dong vi
khac c6 thé khdng gay can tro dé dinh luong.

lon hoa hoa hoc (CI) 12 mot ki thuat ion hda mém tao ra khdi pho véi it su
ph&n manh trong d6 anion phan tr thuong 1a pic bazo [75]. lon hda hda hoc ion &m
thu giit dién tir (ECNI) 1a mot dang NCI sir dung khi phan éng nhu methane hap thu
nang luong tir cac dién tr dé chung cé thé dé dang gan vao cac chat phan tich hon.
Do nhay cta hau hét cac hop chat polyhalogen h6a nhw PCDD/PCDF ting 1én khi
tang muc do chlor hoa trong ECNI va ddi voi hau hét cac dong loai, do nhay trong
NCI ¢6 thé 16n hon nhiéu so voi EI. Tuy nhién, di véi 2,3,7,8-TCDD, ddi véi mot
s6 thudc trir sdu chlor hiru co (OCDD), anion CI- 1a dinh bazo tao ra anion phan te
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2,3,7,8-TCDD véi cudng d6 trong NCI thap hon nhiéu so véi cudng d6 cua ion phan
tir trong EI. Do su hién dién cua nhiéu hop chit chlor héa khéc trong hau hét céc dich
chiét mau, anion CI 12 phé bién va do d6 viéc theo ddi CI- khong dugc chon loc nhiéu.
lon hoa hoa hoc st dung Oz lam khi phan tng ciling da dugc nghién cuu [75], khi nay
duoc str dung dé phan biét cac dong loai khac nhau, nhung kho sir dung hon nhiéu so
vé6i EI va khong du nhay dé st dung cho muc dich phan tich siéu vét véi cac ngudn
chan khoéng ion hoa hda hoc thong thuong.

lon hoa &p sudt khi quyén 1a mot ki thuat méi da xuét hién dugc vai ndm. Ché
d6 nay ion hoa cac phan tir dich bang cach trao doi dién tich tir N2 ¢ trong ngudn da
bi ion hoa tir su phong dién corona [76,77]. Uu diém cuaa ion hoa & &p suat khi quyén
1a n6 co thé duoc két hop vai cac ngudn sic ky long khi quyén khéac cho phép céc
thiét bi duoc str dung nhu thiét bi GC va LC két hop linh hoat hon. Chi c6 mot vai
bao céo vé sic ky khi ap suat khi quyén (APGC) ddi vai dioxin sir dung phép do khoi
phd tir cuc song song [77].

Dinh lwong

Dinh lugng dioxin va cac hop chat tuong tu dioxin 1a mot thach thac vi sé
luong 16n céc chat dong loai va can nhiéu giai doan 1am sach. Bé thu duoc dit lidu
chat luong tét can str dung phuong phap pha lodng ddng vi vai cac chat chuan noi
PCDD/Fs dugc thé 13Cy, dé dinh luong cac dong loai thé 2,3,7,8. Bang cach thém
mét luong chat chuan danh dau da biét trudc vao mdi mau trudc qua trinh chiét, tir
d6 ¢6 thé thuc hién hiéu chinh d6 thu hdi caa cac chat phan tich PCDD/Fs vi chat
phan tich va chat danh dau dong vi twong tng thé hién céc tinh chat twong ty khi
chiét, 1am giau va phan tich sac ky [78]. Ngoai viéc st dung nhu céc chat noi chuan
dé dinh luong, ching con duoc sir dung 1am chat danh dau thoi gian luu dé dam bao
phat hién ding chat dong loai doc hai ty nhién. Pha lodng ddng vi 1a phwong phap
dinh luong chinh xac nhat [79].

Viéc thém céc chat danh dau dong vi khi bat dau quy trinh phan tich cho phép
hiéu chinh két qua khi mat mat cac chat trong qua trinh chuan bi mau gdm nhiéu
bude, cac bude lam gidu mau, chuyén thé tich hoic bién thién cua thiét bi. Cac chat
ndi chuan danh dau ciing c6 thé dugc thém vao nhiéu giai doan khac nhau. Cac chat
chuan 1am sach duoc thém vao sau khi chiét dé danh gia hidu qua chiét va lam sach.

Gidi hgn phét hién va dinh lwong ¢ néong dé thap

Dioxin duogc coi 1a héa chat hitu co doc hai nhat do d6 cac phuong phap phan
tich phai c6 kha ning bao cao két qua & mac dudi picogram (1012g) va & muc
femtogram (10"%g) dé phan tich thuc pham. O nhitng mic thap nay, nhidu nén co thé



26

gay anh huong dang ké va dan dén sai s duong dén két qua phan tich mau trang
phong thi nghiém [80].

Trong quy trinh phan tich, gisi han phét hién cua thiét bi va gisi han phat hién
ctia phuong phép can dugc xem xét. Cac gidi han phat hién cua thiét bi cé thé duoc
sir dung dé xac dinh ¢& mau va thé tich dich chiét miu can thiét dé dat duoc cac gidi
han phét hién can thiét. Do thu hdi trung binh va d6 nhiéu nén ciing can dugc xem
Xét. Gigi han phat hién cua phuong phap (MDL) 1a phép xac dinh thdng ké céc gidi
han phat hién bang céach sir dung mot bo mau (n>7) thém chuan ¢ mic 5-10 lan gigi
han phét hién cua thiét bi duoc thyc hién trong toan bo phwong phap [79]. MDL duoc
xac dinh bang cach nhan do léch chuan (s) ctia nong do trung binh cia mau véi gia
tri chuan T.

Do yéu cau phan tich mau & mac nong d6 thap, nhiéu phong thi nghiém tinh
toan gigi han phat hién thuc té cho tung théng sé PCDD/Fs trong mdi nén mau [81].
Trong phuong phéap nay, ty 1& tin hiéu trén nhiéu (S/N) la 5/1 hoic 3/1 duoc sir dung
dé wac tinh dién tich cua mot pic s& xuat hién tai thoi gian luu cua chat phan tich.
Phuong phap nay c6 vu diém 1a xac dinh gigi han phat hién thuc té ddi véi chat can
phan tich trong mdi mau dugc phan tich tuy nhién khéng duoc ap dung & nhiéu phong
thi nghiém do ton thoi gian.

Gidi han dinh lugng (MQL) thuong gap khoang ba lan gia tri gioi han phat
hién cua phuong phéap va 1a mic ma tin hiéu chat phan tich c6 thé dap ung do lap lai,
t&i 1ap vai do chinh xac khoang 20% va do dang +20% [78,80]. Bat ki hop chat nao
duogc tim thay trong mau trang phong thi nghiém déu cé thé nang cao gigi han phat
hién hoac dan dén gié tri cao bi sai léch. Hiéu chinh nhiéu nén c6 thé duoc thuc hién
néu muac ndng do trong mau trang twong dbi on dinh (RSD <30%). Pay thuong la
truong hop phan tich mau ¢ mac do thip nhu mau sinh hoc hoic con nguoi [81].
Nhiém ban nén trong mau trang va giam kha nang thu hoi chat phan tich (do thu hoi
ctia cac chat chuan dong hanh thap) ciing c6 thé tang giéi han phat hién.

1.3. Tinh hinh nghién ciru PCDD/Fs tai khu vuwe lang nghé va cac khu tai ché
trén thé giéi va Viét Nam

1.3.1. Tinh hinh nghién citu PCDD/Fs tai cdc khu viee tdi ché trén thé gigi

Trong nhiéu thap ky vira qua, nhiéu nghién ciru da duoc thuc hién trén thé gioi
nham danh gia ham luong, su phan bd ciing nhu anh huéng cia PCDD/Fs trong moi
truong. Tuy nhién, co s& dit liéu vé cac hop chat nay tir cac lang nghé truyén théng
trén thé gisi hay khu vuc tai ché khéng chinh thirc van con tuong ddi han ché. Céc
nghién ctru trude d6 chua yéu dugc thuc hién tai Trung Qudc, tap trung ¢ khu vuc tai
ché rac thai dién tir quy md nhé. Ham lugng PCDD/Fs cao tai cac lang nghé hoic dia
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diém tai ché rac thai khdng chinh thic da dugc ghi nhan bai nhiéu nghién cau trong
bang 1.7 dudi day.

Bang 1.7 Ham lwong TEQ-PCDD/Fs trong cac mAu maéi truwdng tir mot so
nghién ciu trén thé gisi

) Nim (sb Khoang ham
DPia dieém Ghi chu lwgng lwgng (trung TLTK
mau) binh)
Pat (pgTEQ/Q)
Trung Quéc | KU Xt Iy rac thai dien |, 314,21-16037 [82]
g tir bi bo hoang ’
Accra, Ghana | Vung kiém soat 2010 (n=4) 0,002-2,1(0,15) [83]
Accra, Ghana Khu xu ly rac thai dién tr | 2010 (n=5) 11-92 (47) [83]
Accra, Ghana | Dét 15 thién 2010 (n=5) | 160-7300 (3800) | [83]
A : | Xung quanh 10 nung xi
Phia tay bac | ang dong xir Iy chit| 2022 0,073-0,418 [84]
Trung Quoc (n=17)
thai do thi
Hai Nam, A e e L 2013
Trung Quéc Khu tai che rac thai dién tur (n=24) 7,7-191,3 (43) [85]
Quang Déng, | Lang tai ché rac thai 2007 ]
Trung Quéc | dién tir (n=15) 0,39-1100 [86]
An b6 Co s xtr ly chat thai _ 750 — 170000
| dien tir chinh thic 2008 (0=5) | 36000) pylg
AnBo | Khéng rac thai dién tir | 2008 (n=5) | 220-1400 (640) pg/g | [87]
Chennai, An | Do thi khong rac thai a )
Do dién tir 2008 (n=5) | 45-1400 (610) pg/g
Bun, tram tich (pg TEQ/Q)
£ Khu xir ly rac thai dién
Trung Quoc tir bi bo hoang 2022 0,01-0,11 [82]
£ Khu xir ly rac thai dién
Trung Quoc tir bi bo hoang 2022 6,93-97,4 [82]
Hai Nam, | Khu tai ché rac thai dién _
Trung Quée | ti 2013 (n=1) 128 [85]
\ . Tram tich séng bao
?fuaﬁgQEPg’g’ quanh lang nghé téi ché (ﬁ9§§) 2,02-7670 (622) | [59]
g Ruo rac thai dién tur B
Bui (pgTEQ/Q)
Trung Quoc | Khutai ché rac thai diéntir | 2013 (n=6) | 4,20-1369 (380) [85]
Quang Dong, | Lang tai che rac thai _ ]
Trung Qude | dian ti 2011 (n=7) 21,8-119 [88]
Khoéng khi (pgTEQ/m?®)
Thai Chau, | Khu tai ché rac thai dién tir 2012 0,361-0,606 [89]
TQ Khu dan cu 2012 0,191-0,292
Gilang TO Vung nong thon gan| g, 0,136-0,597 [90]
nha may hoa chat
Nuwéc thﬁi’ (pgTEQ/L)
Trung Quéc | Nu6cthainhdmaygidy | 2017 |  0,150-1,90 | [91]
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Nong d6 PCDD/Fs trong dét (khdi lwong mau khd) trong pham vi hang chuc
ng/g (twong duwong 203-1100 pgTEQ/Q) tai cac khu vuc loc acid ¢ Guiyu [86] va khu
vuc tai ché & Bangalore, An B¢ [87] va vai nanogam trén gam (trung binh 11,7-70,6
pgTEQ/g) xung quanh khu vuc ddt 16 thién & Guiyu va xung quanh céac co sé tai ché
chat thai dién tir ¢ thi trAn Fengjiang, Trung Quéc [91,92]. Cac hoat dong tai ché chat
thai dién tar khdng chinh thire thuong duoc thuc hién ¢ cac khu vuc gan khu dan cu
va khu vuce dit néng nghiép, vi vay cac mau dét & nhiéu khu vuc cua Trung Quéc co
muc TEQ vuot qua hudng dan cho dat ndng nghiép/khu dan cu & Phan Lan (500 pg
| -TEQ/g) va hau hét vuot qua cac hudng dan ¢ Puc, Thuy Dién va Canada (twong
ung la 40 va 10 pg I-TEQ/g va 4 pg TEQ/Q).

Gia tri TEQ cua cac dong loai PCDD/Fs trong tram tich séng bao quanh khu
tai ché rac thai dién tir Guiyu cao t6i 7670 pg TEQ/g tai khu vuc gan dia diém tai ché
[94]. Nong d6 PCDD/Fs rat cao dugc tim thay trong bui san nha tir cac co so tai ché
chét thai ¢ Lo Kiéu (2560—148 000 pg/g, trung binh 1070 pg TEQ/g [95] va 50 000 +
8100 pg/g, 724 + 250 pgTEQ/g) [96] cao hon ndng d6 TEQ trong bui tir c&c nha may
thiéu két tir 5 1an tré 18n [96]. Khdng khi xung quanh & Guiyu ciing c6 ndng do6 dioxin
cao nhat thé gioi (64,9—2365 pg/m?3, 0,909-48,9 pgTEQ/m?3), cao gap 37-133 lan so
vai ¢ khu vyc thanh thi caa Quang Chéu [97].

Tong néng do PCDD/Fs cua bui nha xudng tai ché chat thai dién tir & mién
Nam Trung Qudc nam trong khoang 1866 - 234 292 pg/g, véi ndng do trung binh 1a
56 869 pg/g [85] twong dwong véi bui thu duoc tir cac co sé xur Iy chét thai dién ti
quy md lén & Taizhou (2560148 000 pg/g) [95] mét trong nhitng trung tam tai ché
rac thai dién tr quan trong nhat cua Trung Qudc.

Nie va cong su [98] da nghién ciru so bo vé phat thai POPs khong chu dinh tir
thu hdi day nhiét tai cac khu tai ché kim loai phé liéu cong nghiép ¢ tinh Chiét Giang,
Trung Quéc. Két qua cho thay gia tri TEQ trung binh ctia PCDD/Fs do dugc trong
cac mau khi thai tai mot nha may dét rac thai dong co dién tar (P1) va khu vuc dét
day dién thai trang men (P2) lan luot 12 47,1 va 11,3 ngTEQ/Nm?. Gia tri TEQ trung
binh tir khi thai trong nghién ctru nay cao hon gia tri dugc bao céo boi Bremmer va
cong su tir hoat dong ddt cac dong co dién dé thu hoi kim loai (1,3 ng I-TEQ/Nm®)
va dbt cac day cap bang dau (3,8 ngl-TEQ/Nmq) [99]. Céc nghién ciru di ching minh
rang qua trinh dét chay nhya dic biét 1a PVC khi c6 mat ciia Cu c6 thé 1a xdc tac tao
ra PCDD/Fs [99,100]. Gia tri TEQ-PCDD/Fs trong mau dét tir cac dia diém dét rac
thu hdi kim loai & Pai Loan nam trong khoang 0,03 - 13,5ng TEQ/g [102], khu vuc
xung quanh cac dia diém ddt 6 td va day phé lidu bat hop phap quy mé nho ¢ Ha Lan
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tim thay tong néng d6 TEQ la 0,06-98 ngl TEQ/g [103]. Mot nghién ciru khac phan
tich hdn hop dét/tro tir ba co sé thu hdi kim loai 1au doi gan mét thi trin sa mac ¢
California va tim thady ham lwong TEQ trung binh tir 0,2-2,9 ng I-TEQ/g, Véi gia tri
cao hon dang ké (19 g I-TEQ/g) duoc tim thiy trong tro bay tai cac diém thu hoi kim
loai, c6 nguon géc tir viéc dbt chay day dién, may bién ap, tu dién va dong co 6 to
[104]. Nghién ctru ciia Hu va cong sy nam 2021 [105] di chi ra rang ndng do6 trong
cac mau dat xung quanh mot 16 luyén ddng thir cap ¢ Trung Québc nam trong khoang
17,2-370 pg/g. PCDD/Fs dugc phét hién véi ham luong cao tai cac vi tri mau gan 10
luyén ddng thir cap (<300 m), va nong d6 cua ching giam theo cap s6 nhan khi
khoang cach tir 10 luyén dong tang 1én.

Cac mau nudc thai, bun, bot gidy, san pham cudi cung (gidy), dat duoc thu
thap tir cac nha may gidy va bot gidy ¢ An Do [106] dugc phan tich dé xac dinh
2,3,7,8-TCDD, cac ddng loai va tién chat dioxin khac. Cac nha may giay va bot gidy
st dung Cl cho qua trinh tay tring cho thay su hién dién cua 2,3,7,8-TCDD trong cac
mau nudéc thai. Trong cdc mau nudc thai va bot gidy tir cac nha may st dung chloro
dioxide 1am chat tay tring, dong loai 2,3,7,8-TCDD nam trong khoang dudi gigi han
phét hién 0,05 ng/L va 0,12 ng/g. Nam 2017, Xiao va cong su [91] da béo céo nong
d6 PCDD/Fs cua bot gidy tay trang va nuéc thai tay tring cua mot nha may gidy ¢
Trung Qudc lan luot nam trong khoang 0,13-0,8 pg TEQ/g va 0,15-1,9 pg TEQ/L.

1.3.2. Tinh hinh nghién ciru PCDD/Fs trong méi trwong ¢ Viét Nam

Tai Viét Nam, ngoai ton du tir chién tranh (mat s6 khu vuc san bay Da Néng,
Phu Cét, Bién Hoa), dioxin con sinh ra tir cac hoat dong san xuat céng nghiép. Do d6
trong nhitng nam gan day, mot sé nghién ctu da duoc thuc hién nham danh gia ham
luong PCDD/Fs phat sinh trong méi truong tir cac hoat dong cong nghiép. Dién hinh
la nghién ciru danh gia ham lugng va phét thai PCDD/Fs tir cac mau khi thai thu thap
tai 20 1o d6t cong nghiép tai Viét Nam [107] ciing nhu ham lugng va phan bé cua
dioxin trong cac mau tro tir 15 co s cong nghiép nhiét dién tai 9 thanh phé va cac
tinh doc Viét Nam [108]. Cac mau khi thai va tro bay tir hai nha may thép va ba nha
may 10 nung xi mang trong nghién ctu cua tac gia Nguyén Vin Thudng va cong sy
d3 xac dinh ham luong ciing nhu wéc tinh hé s6 phat thai PCDD/Fs tir c4c nén mau
nay [109].

Mot s6 nghién ctu déanh gia ham luong PCDD/Fs trong mau khong khi duoc
thuc hién tai mot sé khu vuc, thanh phd tai Viét Nam nhu tai Son La [109,110], tai
thanh phé H6 Chi Minh [110,111], cac khu vyc thudc thanh phdé Ha Noi [56]. Ngoai
ra, PCDD/Fs ciing dugc tim thay trong cac nén mau méi truong khac nhu dat, tram
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tich tai tinh Bic Giang [113], tai Can Gid, mién Nam Viét Nam [114], ving bién
mién Trung Viét Nam [115].

Céc hoat dong cong nghiép quy nho nho, tu phat, dac biét Ia hoat dong tai cac
lang nghé truyén théng, gay khé khin cho viéc kiém soat va quan ly 6 nhiém mai
treong, dac biét 12 cac hop chét hitu co khé phan hay. Hién nay, tai Viét Nam c6 rat
it nghién ctzu vé phan tich dioxin trong cAc mau méi truong tai cac lang nghé truyén
théng. Tur thang 1/2012 dén thang 1/2014, nhém tac gia Go va cong su [116] xem xét
su ¢6 mat cua PCDD/Fs va dI-PCBs trong cac mau dat bé mit va mau tram tich sdng
c6 ngudn gdc tir cac hoat dong Xt 1y rac thai dién tir tai BUi Dau, thudc huyén My
Hao, tinh Hung Yén, mién Bac Viét Nam. Gia tri TEQ (Tong do doc twong duong)
cia PCDD/Fs, dI-PCbs, dibenzo-pdioxin polybrominated va dibenzofurans
(PBDD/Fs) trong dt duoc thu thap vao thang 1 nam 2012 dao dong tir 0,29 dén 310
pg/g (trung binh 2,9 pg/g, n = 32), va gia tri TEQ trong tram tich dao dong tir 0,96
dén 58 pg/g (trung binh 4,4 pg/g, n = 8). Ham lwong cua cac hop chat dI-PCBs
(CALUX-TEQs [tuong duong 2,3,7,8-TCDD]) trong dat duoc thu thap vao thang 1
nam 2012, nim 2013 va 2014 dao dong tir <30 dén 4300 pg/g (trung binh <30 pg/g,
n = 96) va trong tram tich dao dong tir <30 dén 4000 pg/g (trung binh 33 pg/g, n =
24). Nghién ctru cua Trung tdm Nhiét déi Viét-Nga vé ham luong PCDD/Fs va dl-
PCBs tai khu vuc Ha Noi (n=6) giai doan 2013-2014, trong d6 c6 02 miu Iy tai lang
nghé xa Cat Qué, Hoai Puc; 02 mau tai khu vuc ¢ hoat dong chinh 1 san xuat ndng
nghiép va 02 mau tai trung tm thanh phd Ha Noi cho thdy ham lwong tong TEQ nam
trong khoang tur 0,92 — 6,70 pgTEQ/qg, gia tri trung binh 4,28 pgTEQ/g [117].

pg/m? m— 7016 = 2017 2018 2019
200 —— QCVN 05:2013 BTNMT (TB24h) QCVN 05:2013 BTNMT (TB ndm)

700

B D | |
-
| I i I
BPa Hoi bong Ky Huwong Phong WVan Mon Quang Bo
Mac Khé

Téng bui lo ldmg (TSP)

=

Hinh 1.8 Dién bién thong sé tong bui lo limg (TSP) tai mét sé lang nghé ¢ Bic
Ninh giai dogn 2016-2019

Nguon: Béo céo chat lirong khéng khi qudc gia giai doan 2016-2020
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Tai tinh Béc Ninh, khu vuc chiém trén 10% sé lang nghé truyén théng cua ca
nuéc, cac sb lieu vé kim loai ning hay céc chi sé chét luong khong khi nhu TSP,
NO2, SOz, CO... tai cac khu vuc lang nghé da duoc thdng ké va néu ra trong cac
nghién ctru, bao cdo trude ddy [117,118] dién hinh 1 ham luong TSP trung binh nim
va trung binh 24 gio giai doan 2016-2019 & mot s6 lang nghé vuot ngudng QCVN
05:2013 BTNMT (hinh 1.8). Tuy nhién, sé liéu quan trac giam sat mdi trudng ddi voi
mét s6 hop chat khé phan hay (POPs) dién hinh nhu PCDD/Fs — hop chit phat sinh
trong cac hoat dong cong nghiép: céng nghiép san xuat gidy, tai ché kim loai, luyén
kim ... hau nhu chua duoc dé cap dén.

1.4. Tong quan phwong phap danh gia mirc do phat thai va rii ro doi voi sirc

khoe do PCDD/Fs
1.4.1. Phwong phap danh gia mirc dj phat thdi PCDD/Fs

Paénh gia phat thai 1a mot bo phan caa kiém ké phat thai, thuc chat 1a danh gia
phan ti 18 va téc do di chuyén cia PCDD/Fs tir nguon phat thai vao méi trudng tiép
nhan qua dai luong dic trung 1a hé s6 phét thai va téc do phat thai. Theo hudng dan
ciia UNEP [120], quy trinh danh gid muc do phét thai bao gom: Xac dinh nguon phét
thai, thu thap sé liéu hoat dong, xac dinh hé sb phat thai, tinh toan tong luong phat
thai, xac dinh méi truong tiép nhan, danh gia két qua va dé xuat bién phap giam thiéu.
Viéc x4c dinh cac hé sb phat thai (EF) c6 ¥ nghia quan trong trong viéc lap danh muc
phéat thai va udc tinh lugng phat thai PCDD/F tir toan bo nganh cong nghiép ¢ quy
mo qudc gia dua trén dit liéu giam sét san co tir cac nghién ctru V& cac nha may dién
hinh. Diéu nay ciing c6 dong gop quan trong trong viéc xac dinh cac nguon wu tién
va hd trg cac co quan quan ly phét trién cac ki thuat kiém soat tét nhat ciing nhu
chién lugc giam thiéu tong luong phat thai. Cong thire sau day duoc sir dung dé tinh
toan cac hé sb phat thai va tinh toan tong lwong phat thai cac hop chét hiru co kho
phéan hay [120]:

Hé s6 phat thai = Ham lwong TEQ cua PCDD/Fs x Luu lwong / Cong suét hoat
dong 1o dot

Tong lwong phét thai hang nim = Hé sb phat thai x mutc d6 hoat dong ciia nim
tham chiéu

Nidm 2024, B§ Tai nguyén va Moi truong da ban hanh cong van
1074/BTNMT-KSONMT [121] huéng dan ki thuat kiém ké phat thai bui va khi thai
tir nguon thai diém, ngudn dién va ngudn di dong trong d6 ciing da dua ra chi tiét
cach xac dinh hé sb phat thai va uéc tinh luegng phat thai.
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Mot sé nghién ctru tai Viét Nam da danh gia muc do phat thai PCDD/Fs tir
mau khi thai va tro bay phat sinh tir cac quéa trinh cong nghiép khac nhau [107,108]
hay tir nha thép va 10 nung xi mang [109]. Cong thirc danh gia mac d6 phat thai va
téng lwong phat thai hing nim theo huéng dan cua UNEP ciing duoc &p dung trong
nhiéu nghién ctiru déi véi PCDD/Fs tir mau khi thai cac 16 @6t rac sinh hoat, 16 d6t rac
thai nguy hai va cac nha may luyén kim loai mau th cap dién hinh tai Trung Quéc
[122-125].

1.4.2. Phwong phdp danh gid riii ro sirc khoe do PCDD/Fs trong méi truong

Theo Hudng dan danh gia rui ro stc khoe con ngudi tir cac mdi nguy hiém vé
moi truong do Uy ban thudng truc vé siac khoe méi truong — Uc ban hanh [126], quy
trinh danh gia rui ro sirc khoe do PCDD/Fs bao gom céc budc chinh sau:

- Nhan dién nguy co: xac dinh cac anh huong tiém an cia PCDD/Fs d6i véi sirc
khoe con nguoi.

- Xac dinh lidu lugng - dap tng: Péanh gia lidu lwong - dap (ng sir dung thdng
tin dinh lwong va dinh tinh vé doc tinh dé udc tinh mie d6 nghiém trong hoic ty 18
Xay ra cac tic dong xau dén sic khoe ¢ céc liéu lugng hoac mirc do phoi nhidm khac
nhau. Mdi quan h¢ gitra mac do phoi nhiém PCDD/Fs va tac dong ddi véi sic khoe
dugc danh gia dua trén gia tri hé sé doc trong duong (TEF), tir d6 tinh ton téng do
doc tuong duong (TEQ) cua cac hop chat PCDD/Fs.

- Dénh gia phoi nhiém: Budc nay xac dinh lwgng PCDD/Fs ma con nguoi ¢6
thé tiép xUc tir cac nguon khac nhau. Theo WHO, PCDD/Fs xam nhap vao co thé con
ngudi qua ba con dudng: tieu hda, hit phai va tiép xdc véi da [127].

- Panh gia rai ro: Giai doan cudi cing két hop théng tin tir cac budc trén dé
wdc tinh rai ro d6i véi stc khoe. Muc tiéu chuan nhu leong hap thu hing ngay c6 thé
chap nhan duoc (TDI) do WHO dé xuat thuong duoc st dung dé so sanh véi mirc
phoi nhiém thyc té. Theo WHO, khoang 90% phoi nhiém dioxin la qua thyc pham,
it hon 1% la qua tiép xUc va khoang 10% qua dudng hd hap dong thoi WHO da thiét
lap cac gia tri TDI trong khoang 1 dén 4 pgTEQ/kg/ngay [127]. Do d6, WHO khuyén
nghi TDI tir duong ho hap 12 0,1-0,4 pg TEQ/kg/ngay. Muc d6 phoi nhiém PCDD/F
ctia con nguoi duge wdc tinh bang cach xem xét ba con duong khac nhau: an phai,
tiép xdc qua da va hit phai khéng khi. Cac cong thtc tinh toan va thdng s duoc st
dung dé danh gia muc do phoi nhiém, rui ro khong gy ung thu va gay ung thu tir ba
con dudng tiép xdc trén dugc md ta trong mot sé nghién ctu trude day [128-131].
Viéc x4c dinh dic diém cua cac rui ro khong gay ung thu lién quan dén viéc tinh toan
thuong s6 nguy co (HQ), dugc dinh nghia 1a ty & gitra mirc do phoi nhiém du doan
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va liéu tham chiéu (RfD). Nguoc lai, nguy co giy ung thu duge uéce tinh bing cach
nhan mirc d6 phoi nhidm dy doan véi hé sb do déc (SF) twong tng. Dé uéc tinh su
hip thu qua da, RfD qua da duogc tinh bing cach nhan RfD qua dudng udng tuong
ing voi hé s hap thu qua duong tiéu hda, trong khi SF qua da dugc tinh bang céach
chia hé s6 qua duong ubng tuong tng cho cing hé sé hap thu qua duong tiéu hoa
[132]. Déi véi duong hé hap, rui ro duoc tinh toan dua trén phwong phap do lidu qua
duong hit, dua trén nong d6 phoi nhiém (EC) [133].

Gan day, mot s6 nghién ciu tai Viét Nam da thyc hién danh gia rai ro siec khoe
cia PCDD/Fs tir mot s6 mau méi truong. Trong nghién ciu cua tac gia Pham Thi
Ngoc Mai va cong su, lugng hap thu hang ngay, chi sé nguy co d6i véi nguy co khong
gay ung thu va nguy co ung thu cia PCDD/Fs trong mau tro tir cac quy trinh nhiét da
dugc udc tinh cho nhitng ngudi lao dong tai cac co s& dugc diéu tra. Phuong phap
tiép can tich hop xem xét nhiéu con dudng tiép xtc nhu nudt phai, hit phai va tiép
xdc qua da véi tro da duoc ap dung, voi cac yéu td tiép xic mic dinh chi yéu dugc
ap dung theo huéng dan cua US EPA [134] tuong ty phuong phap da dé cap trong
cac nghién ctu tai Trung Quéc [129,135,136]. Cac nghién ciru gan day da danh gia
rai ro hit phai PCDD/Fs tir khong khi xung quanh tai mot s6 khu vuc tai Ha Noi va
dia diém khic phuc 6 nhiém tai Ba Ning [55,56] thong qua liéu trung binh hang ngay
(ADD, pgTEQ/kg/ngay) qua duong hit phai, twong tu mot sé nghién ciu khac tai
Trung Quédc [137,138], Brazil [139]. Gia tri liéu trung binh hiang ngay phu thudc vao
ham lugng TEQ cua PCDD/Fs trong khdng khi xung quanh tinh toan dugc, ngoai ra
c4c gia tri ty 1& hit vao, thoi gian tiép xdc, tan suat tiép xtc, thoi gian tiép xuc, trong
luong co thé trung binh va thoi gian trung binh duoc tham khao tir US EPA [127].

% Két qua nghién ciru téng quan cho thay:

PCDD/Fs la cac chat doc hai duoc giai phong ra méi trudng thdng qua qué
trinh dét chay khdng hoan toan. Ching ton tai va phat tan rong réi trong nhiéu moi
truong khac nhau, tiém an nguy co gy 6 nhiém moi trudng ciing nhu anh huéng dén
sic khoe con ngudi. Quy trinh phan tich cac hop chat PCDD/Fs thuong rat phic tap
va ton nhiéu thoi gian, chi phi phan tich twong ddi cao. Vi vay viéc phét trién va toi
wu héa quy trinh xir Iy mAu trén co s& cua cac quy trinh phan tich chuan, tap trung
Va0 Viéc cai tién cac budc 1am sach mau 1a viéc 1am can thiét dé tiét kiém chi phi
phan tich dong thoi dam bao hiéu qua phan tich mau. Phuong phap sac ky khi ghép
ndi khéi phd phan giai cao (HRGC-HRMS) duoc xem la phuong phép tiéu chuan
trong phan tich cac hop chat PCDD/Fs véi d chon loc va do nhay cao, ¢6 kha ning
phan tich luong siéu vét dioxin trong cac nén mau moi truong.
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Ngoai ngudn tich lity tir chién tranh, dioxin con duoc sinh ra tir cac hoat dong
san xuat cong nghiép, dic biét can quan tam dén khu vuc c6 cac co so san xuat quy
mé nhé va nganh tiéu thu céng nghiép nhu ¢ cac lang nghé. Hién nay, trén thé gigi
cling nhu ¢ Viét Nam c6 kha it nghién ctiru vé ham luong dioxin trong méi trudng tir
cac lang nghé hay khu vuc san xuat nho 1é. G Viét Nam, céc lang nghé cha yéu tap
trung & cac tinh mién Bic trong d6 Bic Ninh Ia tinh ¢6 sé lugng lang nghé truyén
théng khé Ion, viéc kiém soét & nhiém cac hop chat hiru co kho phan huy néi chung
va dioxin tai khu vuc nay ndi riéng chua dugc thuc hién nghiém ngat, co so dir liéu
con han ché ciing chua dugc cap nhat thudng xuyeén.



35

CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Pdi twong nghién ciru

Luén &n nay nghién ctu xay dung va téi wu quy trinh phan tich 17 déng loai
PCDD/Fs doc bao gém: 2,3,7,8-TCDD; 1,2,3,7,8-PeCDD; 1,2,3,4,7,8-HXCDD;
1,2,3,6,7,8-HxCDD; 1,2,3,7,8,9-HxCDD; 1,2,3,4,6,7,8-HpCDD; OCDD; 2,3,7,8-
TCDF; 1,2,3,7,8-PeCDF; 2,3,4,7,8-PeCDF; 1,2,3,4,7,8-HxCDF; 1,2,3,6,7,8-HXCDF;
2,3,4,6,7,8-HxCDF; 1,2,3,7,8,9-HXCDF; 1,2,3,4,6,7,8-HpCDF; 1,2,3,4,7,8,9-
HpCDF va OCDF trong c4c nén mau méi trudng (mau khi thai, mau khdng khi xung
quanh va mau tram tich). Cac ddng loai nay duoc lya chon trong luan an do mirc do
phd bién trong cac nén miu moi trudng, va day ciing 1a cac ddng loai doc duoc dua
ra trong cac phuong phép tiéu chuan.

2.2. Hoa chit, dung cu va thiét bi
2.2.1. Héa chat

Cac hoa chat can dung trong qué trinh nghién ciru phai c6 do tinh khiét dung
cho phan tich hodc chuyén ding cho sic ky khi phan giai cao, bao gom

- Chat khi: Khi mang Helium (He), d6 tinh khiét 99,999%. Khi mang nitrogen (N2)
d6 tinh khiét 99,99% diing cho thiét bi chiét ASE va dung c6 dudi dung méi (1am
giau mau)

- Dung moi: Acetone, dichloromethane (DCM), toluen, hexane, nonane (Merk, Dirc)

- XAD-2: kich thudc hat trung binh 621 pm (Sigma-Aldrich, My)

- Cot lam sach silica gel da 16p (Supelco, My)

- Cot carbon hoat tinh (Supelco, MY)

- NazSO04: Merck, Buc (hoat hoa & 450°C trong 4h trudc khi stir dung)

- KOH: Merck, Puc (bao quan trong ta hat am)

- H2S04 98%: Merck, Duc.

- AgNO3z: VWR, Bi (bao quan trong ta hat am)

- Silica gel: Kich thudc hat 60-200 um, VWR, Bi (bao quan trong ta hat am)

- Than hoat tinh bién tinh silica gel: Wako, Nhat Ban (bao quan trong ta hat am)

- Céc chat khac: Mang parafilm; phoi nhém.

Cac chat/vat liéu dugc duogc st dung dé nhdi cot 1am sach duoc chuan bi hoic

duoc diéu ché nhu sau:
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Bang 2.1 Cach chuin bi cac vat liéu nhdi cét 1am sach

STT

Chit can chuan

Céch chuan bj

bi
Na2SO4 dugc rira bang hexane, nung ¢ 450°C trong 4 gio,
1 | Na:SOq4 dé trong binh hat am dén nhiét 46 phong, bao quan trong
lo thuy tinh sach. 7
2 | silica gel Nung ¢ 180°C trong 1h, lam ngudi trong binh hit am va

bao quan trong lo thuy tinh sach.

Silica gel bién

Chuan bi 100g hdn hop:
- Can 90 g silica gel da dugc hoat hoa vao binh thay
tinh sach

; 0 (
3 |Unh10%AGNOs | can tigp 10 g AgNOs,
(10% AgNO3+ n z < z N )
- - bay nap binh, lac bang tay trong khoang 5-10
silica gel) phut
Lic trén may lac ngang 10 gid.
Chuan bi 100 g hén hop
’ - Can 56 g silica gel da dugc hoat hdéa vao binh
Silica gel bién thuy tinh sach
4 tinh 44%H>S04 - Chuyeén tur tur 44 g acid sulfuric vao binh chta
(44%H,SO4+ silica gel. o
silica gel) - bay nap binh, lac bang tay trong khoang 5-10
phut
Lic trén may lic ngang 10 gio.
Chuan bi 100 g hdn hop
, - Cén 78 g silica gel da dugc hoat hoa vao binh
Silica gel bién thuy tjnh sach
5 tinh 22%H>SO4 - Chuyeén tur tr 22 g acid sulfuric vao binh chaa
(22%H2S0O4+ Silica gel. o
silica gel) - Day nap binh, lac bang tay trong khoang 5-10
phut
Lic trén may lic ngang 10 gio.
ChUan bi 100 g hdn hop
- . - Cén 98 g silica gel da dugc hoat hoa vao binh
Silica gel bien hav tinh sach
tinh 296KOH fuy i sech . .
6 - Chuyén 2 g KOH vao binh chua silica gel.
(2%KOH+ av nip binh. 14c b3 kho3 0
silica gel) - bay nap binh, lac bang tay trong khoang 5-1

phat. ,
- Lac trén may lac ngang 10 gio.

2.2.2. Céc dung dich chudn

Cic dung dich chuin gbc

< B chat chuan theo phuong phap 1613 — US EPA do hing Cerilliant
Corporation, Cambridge Isotope Laboratories, Inc., My san xuat (goi tat 1a hang CIL):
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Cac dung dich chuan dé xay dung duong chuan (Calibration Solutions), ki hiéu:
CS1 +CS5; ndng d6: 0,5 — 2000 pg/uL;

Dung dich kiém tra dwong chuan (Calibration Verification Solution), ki hiéu:
CS3Test; nong do: 10 — 100 pg/pL;

Dung dich chuan chuan bi cho cadc miu thém chuan (Recision and Recovery
Standard) 1a dung dich gém 17 chat chuan PCDD/Fs, ky hiéu: PAR; nong d6: 400-
4000 pg/uL, trong d6 ndng d6 cac chat 2378-TCDD va 2378-TCDF 1a 400 pg/pL,
ndng do cac chit OCDD va OCDF 14 4000 pg/pL va nong d6 cac chat con lai la
2000 pg/uL.

Dung dich chuan ddng vi danh du (Labeled Compound Standard, ki hi¢u: LS) hay
con goi la chuan déng hanh; ndng do: 100-200 pg/pL.

Dung dich chuan xac dinh d6 thu hdi (Internal Standard Spiking), ki hiéu: IS, hay
con goi la noi chuan, ndng do 200 pg/uL.

< B0 chat chuan theo phwong phip 23A— US EPA do hdng Cerilliant

Corporation, Cambridge Isotope Laboratories, Inc., M¥ san xuét (goi tat 1a hiang CIL):

Cac dung dich chuan dé xay dung duong chuan (Calibration Solutions), ki hiéu:
M23_CS1 + M23_CS5: ndng do: 0,5 — 1000 pg/pL:

Dung dich kiém tra dwong chuan (Calibration Verification Solution), ki hiéu:
M23_CS3; nong do: 550 pg/uL;

Dung dich chuan chuan bi cho viéc ldy mau dé xac dinh do thu hdi cua qua trinh
ldy mau (Surrogate Standard Solution), ki hiéu M23_Sur, c6 ndng do céc chat 1000
pg/uL.

Dung dich chuan dong vi danh dau (Internal Standard Solution), thudng goi la
dung dich chat dong hanh, ki hiéu: M23_Int; nong d6: 1000-2000 pg/pL.

Dung dich chuin x4c dinh d6 thu hdi (Recovery Standard Solution), ki hiéu:
M23_Re, thuong goi 1a chat ndi chuan, nong do 500pg/pL.

Tir dung dich chuan gdc, tién hanh pha loang thanh cac dung dich chuan lam

viéc tuong ung voi loai chat chuan. Cac dung dich chuan lam viéc dugc bao quan

lanh. Nong d6 cac dong loai trong dung dich chuan dugc trinh bay trong bang PL1.1
va bang PL1.2 phu luc 1.

Cic dung dich dung dé xiy dung dwong chuin va chuin lam vige

Céc dung dich dé xay dung dudng chuan va chuan 1am viéc dugc chuan bi tir
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dung dich chuan gbc bang cach pha lodng theo cac ti 1é nhat dinh. Cac dung dich nay

duoc chuén bi trong binh dinh mtrc, thé tich cua cac dung dich thanh ph'?m duoc léy
chinh xac bang xy lanh sau d6 dinh mtrc dén vach bang dung méi nonane. Cc dung

dich chuén sau khi dinh mirc duoc chuyén vao lo thuy tinh tdi mau va bao quan lanh

& nhiét d6 0-4°C. Cach chuan bi cc dung dich dé xay dung dudng chuin va chuén

lam viéc theo hudng dan ¢ bang 2.2 va bang 2.3.

Bang 2.2 Chuin bi dwong chuén va chuan lam viéc (US EPA 1613)

Dung dich xay dwng duwong chuén
Ki hicu Thé tich (uL) Muc dich sir
i CS1 | CS2 | CS3 | CS4 | CS5 | nonane dung
M1613 CS1| 10 - - - - 990
M1613 CS2 | - 10 - - - 990 -
M1613 CS3 | - - 10 - - 90 | Lﬁ?’g ilfl%n
M1613 CS4 | - - - 10 - 990
M1613 CS5 | - - - - 10 990
Dung dich chuin lam viéc
Ly en Muc dich sw
Ki hiéu PAR LS IS nonane :
j dung
PAR10 25 - - 975 .
LS50 - 500 - 500 Vi;h;ii;gan
1S50 - - 250 750 '
Ki hiéu PAR10 LS50 1S50 nonane
PAR1 100 - - 900 Thém chuan
LS2 - 40 - 960 Panh gia do
1S10 - - 200 800 thu hoi

Tir dung dich chuian PAR1 ndng d6 1-10 pg/pL, chudn bi dung dich chuan
PARO0,05 ndéng do 0,05-0,5 pg/pL: thém 50 pL dung dich chuidn PAR2 vao lo miu
GC t6i mau, thém tiép 950 pL nonane vao, ddy nip va lic trén may vortex trong

khoang 2 phut, thu dugc dung dich PARO0,05 str dung cho céc thi nghiém thém chuén.

Bang 2.3 Chuan bi dwong chuin va chuan lam viéc (US EPA 23)

Dung dich dé xdy dwng dwong chuén
. Thé tich (uL) Muc dich sir
Ki hi¢u

CS1|CS2 | CS3| CS4 | CS5 | nonane dung
M23 CS1 10 - - - - 990
M23 CS2 - 10 - - - 990 X .
M23_CS2 S T | - [ - | ee0 | X@ydungdudng

chuan

M23_CS2 - - - 10 - 990
M23_CS2 - - - - 10 990
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Dung dich chuan lam viéc

Kihigu | M23.Sur | M23_Int | M23 Re | Nonane M‘-‘figl‘;‘zgh sw
M23_Sur100 100 - - 900 L
M23_Int100 i 100 i gop | Chuanlam vige

= trung gian
M23_Re50 - - 200 800
. M23_Sur | M23_Int | M23 Re

Ki hi¢u 100 100 50 Nonane
M23_Sur2 20 - - 980 Panh gi4 hiéu
M23_Int2 - 20 - 980 | sudt qué trinh lay
M23_Rel0 - - 200 800 | mau va phan tich

2.2.3. Dung cu va thiét bj

2.2.3.1. Dung cu

Cac dung cu dugc sir dung trong luan an bao gdom:

Xy lanh: thé tich 10 pL, 50 pL, 100 pL, 250 pL, 500 pL (Hamilton, My)

Binh dinh mirc: 1 mL, 2 mL, 5 mL (Nhat Ban)

Ong nghiém thity tinh: 15 mL; vach chia 0,1 mL (Pirc)

Mang loc thach anh (QFF): kich thudc 203x254mm (Sibata, Nhat Ban)

- Mang loc thuy tinh (GFF): duong kinh 82,6 mm, mang loc kich thudc 2,2 pm
(Environmental Supply Company, My)

- Bot polyurethane (PUF): Pudng kinh 90mm, chiéu cao 50mm (Sibata, Nhat Ban)

- Ong cenllulose dung mau chiét caa hé chiét Soxhlet: duong kinh trong 33mm,
duong kinh ngoai 36mm, chiéu dai 80mm (Gerhardt, Dtc)

- Cot thay tinh ¢6 van khoa:
+ Chiéu dai cot 50 cm, dudng kinh trong 1,2cm, ¢6 nham 29/32, Viét Nam
+ Chiéu dai cot 25cm, duong kinh trong 1,2cm, ¢6 nhdm 29/32, Viét Nam

- Lo mau GC: lo thay tinh t5i mau, thé tich 1,5 mL c6 chia vach, 5ng thay tinh chén
vao lo mau GC 200 pL c6 chan polyme (Agilent Technologies, USA)

- Binh cau: ¢ nham 29/32. thé tich 100 mL, 250 mL, 500 mL (Dtc)
- Ong dong: thé tich 25 mL, 100 mL
- Cbc thuy tinh: thé tich 100 mL, 250 mL

- Sang ray phan tich ¢ hat ¢& 16 2mm, duong kinh 300mm (Trung Qudc)
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- Binh dung mau mau hd phach, miéng rong, thé tich 500 mL (Viét Nam)
- Cac dung cu khéac: Phéu thay tinh, pipet pasteur, ...

Dung cu thay tinh trudc va sau khi st dung duoc rung siéu &m véi nudc xa
phong trong bé siéu am 10 phut, trang sach bang nudc may, trang nudc cat, dé kho
tu nhién hoic sy & 80°C, trudc khi sir dung trang 3 1an bang acetone va hexane.
2.2.3.2. Thiét bi

Cac thiét bi duoc sur dung trong luan an bao gom:

- Hé thdng sic ky khi ghép néi khéi phd phan giai cao HRGC-HRMS: DFS (Thermo
Scientific, M¥) bao gom:
+ B phan sic ky: GC TRACE 1310
+ Bo phan bom mau ty dong: TriPlus RSH Autosampler
+ Phan khéi phd: DFS Mass Spectrometer
+ Cot tach: TG-Dioxin, Thermo Scientific, My vai cac théng sé: chiéu dai cot 60
m; dudng kinh trong 0,25 mm; chiéu day I6p phim pha tinh 0,25 pm. Nhiét do toi
da: 340°C

- Hé thong sac ky khi ghép khéi phd ba tir cuc GC-MS/MS TSQ 9000 (Thermo
Fisher Scientific, USA) bao gom: sic ky khi Ultra Trace GC 1310 va detector khoi
pho ba tir cyc TSQ 9000

- May lic vortex: VX — 200, tbc d6 rung toi da 3400 vong/phut (Labnet
International, USA)

- Bo6 chiét Soxhlet: bao gom bép dién 6 vi tri, 6 ng chiét thuy tinh thé tich 300 mL,
6 sinh han va bo lam lanh (Gerhardt, Buc)

- Hé chiét gia téc dung moi ASE 350: Hé chiét 24 vi tri (Thermo Scientific, M¥)
- Thiét bi c6 quay chan khéng R300 (Buchi, Thuy Si)

- May lic ngang: GFL 3016 (Dric)

- Bé rung siéu &m: Elmasonic S100 (GmbH&Co.KG, Diic)

- Tu say: OFA-170-8 (Esco, Singapore)

- Lo nung: B180, khoang nhiét o 30-3000°C (Nabertherm, Drc)

- May nghién mau (IKA, Malaysia)

- Tu hat am: Khoang d6 4am 30% -55% (Eureka, Dai Loan)

- Can phan tich: Pioneer®, do doc 0,001g (Ohaus, USA).
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2.3. Phuwong phap liy miu, bao quan miu va théng tin miu
2.3.1. Mdu tring

Cac mau trang dbi vai tirng nén mau duoc sir dung trong qué trinh thuc hién
cac thi nghiém khao sat trong luan an dugc chuan bi nhu sau:

- MAu trang nén mau khi thai dugc chuan bi bing vat liéu XAD-2 va GFF sach

- MAu trang nén mau khong khi xung quanh duoc chuan bi bang PUF va QFF sach

- MAu trang nén mau tram tich duoc chuan bi bing vat liéu NaxSO4 da duoc
hoat hoa trudc khi s dung.

2.3.2. Méu thuc
2.3.2.1. Lwea chon vi tri ldy mdu va thdng tin mdu

Trong pham vi luan an nay, cac miu mai truong dugc thu thap tai 5 lang nghé
tai tinh Bac Ninh trong d6 bao gdm 15 mau khong khi xung quanh, 15 mau tram tich
(c4c mau lay tai 3 dia diém khac nhau ciia mét lang nghé) trong thoi gian thang 7 dén
thang 8 nam 2022. Céc dia diém lay miu khi thai, khdng khi xung quanh va tram tich
trong luan an duogc thé hién trong hinh 2.1 dudi day.

105°50'0"E 106°00"E 106*10'0"E 106°20'0"E
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W E
KT03 Yen Phong
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S I
. KXQo1
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Q  KT: miu ki thii (miu Ky lp 3 lin)
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© TT: trhm tich (Vhy 3 diém) 1:220,000
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Hinh 2.1 Cac vj tri ldy mdu khi thdi, khéng khi xung quanh va tram tich tgi Bidc Ninh
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PCDD/Fs duoc biét dén 1a san pham phu cta qua trinh d6t chay khéng hoan
toan trong cac hoat dong cong nghiép nhu tai ché kim loai, cong nghiép gidy va bot
gidy, va d6t chat thai [140]. Trong khi d6, da s6 cac lang nghé tai Bic Ninh déu ton
tai tir 1au doi, ¢6 quy md san xuét nho 1¢, day chuyén cdng nghé mang tinh thu cong,
cdng nghé xur ly chat thai lac hau hodc chua dau tu hé thdng xu 1y. Do do, cac dia
diém lay mAu tap trung tai cac khu vuc lang nghé cé hoat dong san xuét c6 nguy co
phét sinh PCDD/Fs la lang nghé tai ché gidy (TT01-KXQO01), lang nghé tai ché thép
(TT02-KXQO02), lang nghé tai ché nhdm (TT03-KXQ03), hai lang nghé dac ddng
(TT04-KXQ04 va TT05-KXQO5).

Cac mau dugc dan nhan va ky hiéu rd rang dé phan biét loai mau va vj tri 1y
mau khéc nhau. Thong tin vé cac dia diém lay mau khong khi xung quanh, mau tram

Bang 2.4 Thong tin cac miu khong khi xung quanh va tram tich thu thap tai

Bic Ninh

Dia diém lay

Ki hiéu mau

Ki hiéu mau

Luong Tai

STT x Loai hinh san xuat khong khi X
mau tram tich
xung quanh
San xuat va tai ché giay
\ s .. | St dung gidy vun va
Lang nghe fal} o van lieu tai ché san|  KXQOL TTO1

1 |san xuat giay, PSRN x ik _ —

TP B4c Ninh Xuat gidy vang ma, giay (n=3) (n=3)
bao bi, giay kraft va cac
loai giay tai che khac

Lang nghé tai | San xuat, gia cong Vva téi KXQO2 TT02

2 | ché thép, thi xa | ché thép phe liéu (n=3) (n=3)
Tu Son - -
Lang nghé tai | Tai ché phé lieu nhom va

3 che nhom, | san xuat cic san pham KXQO03 TTO3
huyén Yén | nhém (n=3) (n=3)
Phong
Lang nghé duc | San xuat va tai ché dong,

4 | dong 1, huyén | duc cac san pham dong K(;(_%(;4 2:;%4)'
Gia Binh B B
Lang nghé dbc | San xuat va tai ché dong,

5 | dong 2, huyén | dic cac san pham dong K(;(—%SS 2;[%?

Céac qua trinh dbt chay trong cac 10 dét dugc cho 1a ngudn phat thai dioxin
chinh vao méi truong. Mic d6 phat thai dioxin bi anh huéng bai yéu té chinh 1a diéu
kién van hanh va hé théng xir Iy. Do dic diém cua cac 10 dt tai cac co s san xut
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tai 1ang nghé 1a cac 16 dbt thu cong quy md nho, khong du diéu kién dé tién hanh lay
mau, vi vay 12 mau khi thai da duoc thu thap tai 4 16 d6t rac (trong d6 c6 2 10 dbt rac
sinh hoat va 2 16 dét rac thai cdng nghiép) tai tinh Bic Ninh nhung khong nam trong
pham vi cé&c lang nghé thu thap mau khéng khi xung quanh, tram tich. Thong tin cu
thé vé cac dia diém Iy mau khi thai va cac thdng sé cua 16 dot duoc liét ké cu thé
trong bang 2.5 dudi day.

Bang 2.5 Thong tin cac mau khi thai thu thap tai Bic Ninh

Pia didm ) Ki Cong | Thei gian Luu
STT 14y mau Loai lo dot hi¢u suat | vanhanh | lwong
y miu | (tAn/n) | (h/mam) | (Nm3h)
Huyén Qué | Lo d6t chat thai | KTO1
SRV cong nghiépsé 1 | (n=3) 0.3 7200 27340
Thi x& | Lo dot chat thai KT02
2 | Thuan cong nghiép so 2 (n=3) 1 7200 7780
Thanh B
Huyén Yén | Lo d6t chéat thai | KTO03
3 Phong ran sinh hoatsé 1 | (n=3) 0,83 7200 11080
Thanh phé | Lo dbt chat thai | KT04
4 | TirSon ran sinh hoats6 2 | (n=3) 0.67 7200 21460

2.3.2.2. Ky thudt ldy mdu

Mau khdng khi xung quanh: thu thap tai cac vi tri dau, giira va cudi lang nghé
bang thiét bi 1y mau khdng khi thé tich 1on (HV-RW, Sibata, Nhat Ban) trong thoi
gian lién tuc 12 gio, dam bao thu duoc téi thiéu 350 m3. M&i mau khdng khi xung
quanh bao gém bng polyurethane (chtra céc chat phan tich trong pha khi) va mang
loc thach anh (chira chat phan tich trong pha hat). Sau khi 1y, mau duoc van chuyén
va bao quan & nhiét d6 <4°C cho dén khi nhan duoc tai phong thi nghiém, sau d6 miu
duoc bao quan ¢ nhiét do 0-4°C cho dén khi phan tich. Viéc chiét phai duoc thuc
hién trong vong bay ngay ké tir ngay lay mau va trong vong 40 ngay ké tir khi chiét
mau can thyc hién phan tich mau. Cac diéu kién lay mau, bao quan va phan tich mau
dam bao theo huéng dan cia phuwong phap tiéu chuan US EPA TO-9A [141].

Mau tram tich duoc thu thap tai cac ao, kénh/muong dan nudc tai dau, cudi,
giita lang twong (ing voi cac vi tri thu thap mau khong khi xung quanh. Quy trinh lay
mau theo hudng din cuia TCVN 6663 -13:2015 - Chat lwong nudc - Lay mau - Phan
13: Huéng dan lay mau bun. Theo d6, gau (gau Ekman, 3-196-B12, Wildco, M¥)
dugc dua xudéng khu vyc 1dy miu sau d6 tha thanh truot khién dong miéng gau dong
thoi lay va gitt mau tram tich trong gau, kéo gau 1&n va chuyén mau vao x6 chira mau
d3 chuan bj sin. Sau d6, mau dugc chuyén vao chai dung mau, miéng rong, thay tinh
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mau hé phéch va bao quan & nhiét do 0-4°C tir khi ldy mau cho dén khi nhan vé phong
thi nghiém. Mau uét sau d6 duge duoc say khé trong ti siy & nhiét d6 thip (khoang
40-50°C) va loai bo tap chat nhu d4, cac manh thay tinh, ré thuc vat ... ra khoi mau
sau d6 ray qua ray c6 ¢& 16 2 mm. Cudi ciing, mau duoc nghién min, déng nhat bang
may nghién mau va duoc bao quan & nhiét d6 tir 0-4°C cho dén khi phan tich.

MU khi thai dugc thu thap tai vi tri dng khoi ctia hé théng xir Iy khi thai phat
sinh truc tiép tir cac 10 dbt chat thai khi c6 hoat dong d6t rac thai trong ba ngay lién
tiép (n=3). Vi tri ldy mau phai dam bao cac yéu cau vé khu vuc thao tac (san thao
tac), kich thudc va vi tri cong ldy mau ndm trén doan 20% vé phia nguoc dong khi
thai hozc 80% vé phia xudi dong khi thai. Mai mau khi thai bao gom gidy loc (GFF),
vat liéu hap phu XAD-2 va dung méi trang rira (acetone va dichloromethane) theo
huéng dan caa phuong phép tiéu chuan US EPA 23.

2.4. Phuwong phap nghién ctru
2.4.1. Nghién ciru phwong phdp phan tich PCDD/Fs trén thiét bi HRGC-HRMS
2.4.1.1. Diéu kién phdn tich PCDD/Fs trén thiét bi HRGC-HRMS

Diéu kién phén tich 17 dong loai PCDD/Fs trén thiét bi HRGC-HRMS duoc
t6i wru tai phong thi nghiém va &p dung trong mot sé nghién ciu [142][143] dua ra
trong bang 2.6 dudi day.

Bang 2.6 Piéu kién phan tich PCDD/Fs trén thiét bi HRGC-HRMS

TT | Piéu kién | Thong s6
Sic ky khi
1 | Cottach TG-Dioxin, kich thuéc 60mx0,25mmx0,25um
2 | Ché 6 bom Khéng chia dong
3 | Thé tich bom 2 uL
4 | Thoi gian bom 1 phut
5 | Nhiét do cong bom mau | 280°C
6 | Khi mang He, d6 tinh khiét 99,999%
7 | Luu lugng dong khi mang | 1,3 mL/phut

140°C (git 2 phit), ting dén 228°C (40°C/phuit), sau do
tang dén 290°C (1,6°C/phut) va tang 5°C/phut cho deén
315°C (gitt 9 ph(t). Thoi gian phan tich 56,95 phit

Chuong trinh nhi¢t do cua

8 10 cot

Khéi pho

9 | Nhiét do nguén ion 250°C
10 | Nhiét @6 interface 290°C
11 | Thoi gian cat dung moi 19 pht
12 | Thé ion hoa 43 eV

13 | Cuodng do dong nguon 0,3-0,9mA




45

| 14 | Ché 46 quan sat

| Quan sét chon loc ion - SIM

Théng tin cac manh ion dinh lwgng cac dong loai PCDD/Fs cung cac chat
chuan d6ng hanh, chat noi chuan trén HRGC-HRMS duoc liét ké trong bang 2.7.

Bang 2.7 Manh ion dinh lwong ciia PCDD/Fs va cac chat chuin 3Cq, trén

HRGC-HRMS
£ Ion dinh lwgng
STT Chat m/z1 Loai m/z2 Loai
1 |2,3,7,8-TCDD 319,8965 M 321,8936 M+2
2 |2,378-TCDF 303,9016 M 305,8987 M+2
3 11,2,3,7,8-PeCDD 355,8546 M+2 | 355,8546 M+2
4 11,23,7,8-PeCDF 339,8597 M+2 | 341,8568 M+4
5 |2,3,4,7,8-PeCDF 339,8597 M+2 | 341,8568 M+4
6 |1,2,3,4,7,8-HXCDD 389,8157 M+2 | 391,8127 M+4
7 11,2,3,6,7,8-HXCDD 389,8157 M+2 | 391,8127 M+4
8 |1,2,3,7,89-HxCDD 389,8157 M+2 | 391,8127 M+4
9 11,2,3,4,7,8-HXCDF 373,8207 M+2 | 375,8178 M+4
10 |1,2,3,6,7,8-HXCDF 373,8207 M+2 | 375,8178 M+4
11 |1,2,3,7,8,9-HXCDF 373,8207 M+2 | 375,8178 M+4
12 | 2,3,4,6,7,8-HXCDF 373,8207 M+2 | 375,8178 M+4
13 |1,2,3,4,6,7,8-HpCDD 423,7767 M+2 | 425,7737 M+4
14 11,2,3,4,6,7,8-HpCDF 407,7818 M+2 | 409,7788 M+4
15 |1,2,3,4,7,8,9-HpCDF 407,7818 M+2 | 409,7788 M+4
16 | OCDD 457,7377 M+2 | 459,7348 M+4
17 | OCDF 4417428 M+2 | 443,7398 M+4
18 | ¥C12-2,3,7,8-TCDD 331,9368 M 333,9339 M+2
19 | ¥¥Cy-2,3,7,8-TCDF 315,9419 M 317,9389 M+2
20 | BC12-1,2,3,7,8-PeCDD 367,8949 M+2 | 367,8949 M+2
21 | 3C1»-1,2,3,7,8-PeCDF 351,9000 M+2 | 353,8970 M+4
22 | BC12-2,3,4,7,8-PeCDF 351,9000 M+2 | 353,8970 M+4
23 | 18C12-1,2,3,4,7,8-HXCDD 401,8559 M+2 | 403,8530 M+4
24 | 3C1»-1,2,3,6,7,8-HXCDD 401,8559 M+2 | 403,8530 M+4
25 | 13C1»-1,2,3,4,7,8-HXCDF 385,8610 M+2 | 387,8580 M+4
26 | 13C1»-1,2,3,6,7,8-HXCDF 385,8610 M+2 | 387,8580 M+4
27 | 13C1»-1,2,3,7,8,9-HXCDF 385,8610 M+2 | 387,8580 M+4
28 | 13C1»-2,3,4,6,7,8-HXCDF 385,8610 M+2 | 387,8580 M+4
29 | 13C1»-1,2,3,4,6,7,8-HpCDD 435,8169 M+2 | 437,8140 M+4
30 | 13C1-1,2,3,4,6,7,8-HpCDF 419,8220 M+2 | 421,8191 M+4
31 | BC1-1,2,3,4,7,8,9-HpCDF 419,8220 M+2 | 421,8191 M+4
32 | BC1,-OCDD 469,7780 M+2 | 471,7750 M+4
33 |®¥Cls-2,3,7,8-TCDD 327,8847 M - -
34 | BC1-1,2,3,4-TCDD 331,9368 M 333,9339 M+2
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| 35 |13C1,-1,2,37,89-HXCDD | 401,8559 | M+2 | 403,8530 | M+4 |
2.4.1.2. Xdy dung dwong chudn, xdc dinh gidi han phat hién va gidi han dinh leong

Trong luan an nay, dudng chuin cia PCDD/Fs duoc xay dung theo phuong
phap noi chuan bao gém 2 duong chuan dua trén hai phuong phap tiéu chuan US
EPA 23 (d6i v6i nén mau khi thai) va US EPA 1613 (d6i v6i nén mau khdng khi xung
quanh va mau tram tich).

- Dbi véi miu khi thai: duong chuan bao gom 5 diém, ndng do cac chat phan tich
nam trong khoang tir 0,05-200 pg/pL, nong d6 cac chat chuan dong hanh va noi
chuan 1a 10 pg/uL (riéng ndng d6 cua 3C1,-OCDD 14 20 pg/uL)

- Pdi véi cac nén mau khdng khi xung quanh, tram tich: duong chuan bao gém 5
diém, ndng do cac chat phan tich nam trong khoang tir 0,05-100 pg/uL, néng do
cac chat chuan lay mau nam trong khoang 0,05 - 50 pg/uL, ndng d6 cac chat chuan
d6ng hanh va noi chuan 1a 10 pg/uL (riéng ndng do cia 3C1,-OCDD 14 20 pg/uL).

Gidi han phat hién cua thiét bi (LOD) va gi¢i han dinh lwong cua thiét bi

(LOQ) duoc xac dinh tir 6 léch chuan tir 5 1an bom phan tich diém thap nhat cia

duong chuan (SD) va hé sé goc cua dudng chuan (a) [144] theo cong thirc sau:

3,3xSD

LOD = (2.1)
10xSD

LOQ = — (2.2)

2.4.1.3. Nghién citu s0 sénh phan tich PCDD/Fs bang thiét bi HRGC-HRMS véi GC-MSIMS

Piéu kién phan tich PCDD/Fs bang thiét b sac ky khi khbi pho phan giai cao
(HRGC-HRMS) dugc dua ra trong muc 2.4.1.1. Pong thai, cac théng sé phan tich
trén thiét bi GC-MS/MS d6i véi cac chat PCDD/Fs ciing dd dugc nghién ciu va dua
ra trong bang 2.8 dudi day.

Bang 2.8 Piéu kién phan tich PCDD/Fs trén thiét bi GC-MS/MS

TT | Piéu kién | Thong sb
Sic ky khi
1 | Cot tach TG-Dioxin, kich thugc 60mx0,25mmx0,25um
2 | Ché d6 bom Khéng chia dong
3 | Thé tich bom 2 uL
4 | Thoi gian bom 2 phat
5 | Nhiét d6 cong bom mau 290°C
6 | Khi mang He, d6 tinh khiét 99,999%
7 | Luu lugng khi mang 1,2 mL/phit
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Chuong trinh nhi¢t 46 cua

140°C (giir 2 phut), ting dén 228°C (40°C/phut), ting

8 | 15 cot dén 290°C (1,6°C/pht), it 2 phut va ting 5°C/phut
' cho dén 315°C (giir 15 pht). Tong thoi gian 64,95 phtt

Khéi phé

9 | Nhiét d6 ngudn ion 250°C

10 | Nhiét do interface 290°C

11 | Thoi gian cat dung moi 19 phat

12 | Cudng do dong ngudn 0,3-0,9mA

13 | Ché d6 quan sat Quan sat phan tng chon loc - SRM

) Ton dinh lwong Ton dﬁi chirng CE
Chat lon t[én lon | lon t[én lon (eV)
chat con chat con

2,3,7,8-TCDD 319,9 2569 | 3219 |2579| 18
2,3,7,8-TCDF 303,9 240,9 | 3059 |2429| 26
1,2,3,7,8-PeCDD 353,8 290,8 | 3558 | 2928 | 18
1,2,3,7,8-PeCDF 337,9 2749 | 3399 |2769| 24
2,3,4,7,8-PeCDF 337,9 2749 | 3399 |2769| 24
1,2,3,4,7,8-HXCDD 387,8 3248 | 389,8 |3268| 18
1,2,3,6,7,8-HXCDD 387,8 3248 | 389,8 |3268| 18
1,2,3,7,8,9-HXCDD 387,8 3248 | 3898 |3268 | 18
1,2,3,4,7,8-HXCDF 371,8 3089 | 3738 |3109| 28
1,2,3,6,7,8-HXCDF 371,8 3089 | 3738 |3109| 28
1,2,3,7,8,9-HXCDF 371,8 3089 | 3738 |3109| 28
2,3,4,6,7,8-HXCDF 371,8 3089 | 3738 |3109| 28
1,2,3,4,6,7,8-HpCDD 423,8 360,8 | 4258 |3628 | 20
1,2,3,4,6,7,8-HpCDF 407,8 3448 | 409,8 | 346,8 | 28

1 1,2,3,4,7,8,9-HpCDF 407,8 3448 | 409,8 | 346,8 | 28
OCDD 4577 3948 | 459,7 |3968 | 16
OCDF 441,8 3788 | 4438 |380,8| 26
13C1,-2,3,7,8-TCDD 3319 267,9 | 3339 2699 | 18
13C1,-2,3,7,8-TCDF 315,9 2519 | 3179 |2539| 26
13C1,-1,2,3,7,8-PeCDD 365,9 301,9| 367,9 |3039| 18
13C1,-1,2,3,7,8-PeCDF 3499 2859 | 3519 |2879| 24
13C1,-2,3,4,7,8-PeCDF 3499 2859 | 3519 |2879| 24
13C1,-1,2,3,4,7,8-HXCDD 399,9 3358 | 401,8 |3378| 18
13C1,-1,2,3,6,7,8-HXCDD 399,9 3358 | 4018 |3378| 18
13C1,-1,2,3,4,7,8-HXCDF 383,9 3199 | 3859 [3219| 28
13C1,-1,2,3,6,7,8-HXCDF 383,9 3199 | 3859 [3219| 28
13C1,-1,2,3,7,8,9-HXCDF 383,9 3199 | 3859 [3219| 28
13C1,-2,3,4,6,7,8-HXCDF 383,9 3199 | 3859 [3219| 28
13C1,-1,2,3,4,6,7,8-HpCDD 435,8 3719 | 4378 [3739| 20
13C1,-1,2,3,4,6,7,8-HpCDF 419,8 3559 | 4218 |3579 | 28
13C12-1,2,3,4,7,8,9-HpCDF 419,8 3559 | 4218 |3579 | 28
13C1,-OCDD 469,8 4058 | 4718 | 4078 | 16
13C12-1,2,3,4-TCDD 3319 267,9 | 3339 2699 | 18
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| [13C1-1,23,7,89-HXCDD | 3999 [3358| 401,8 |3378| 18 |

Cac thong sd do tuyén tinh, tinh chon loc, do nhay, LOD va LOQ da duoc
nghién ciru dé so sénh gitra HRGC-HRMS véi GC-QqQ (MS/MS) va chon ra thiét bi
phan tich phl hop véi cac yéu cau cua phuong phép tiéu chuan va dat hiéu qua cao
dbi véi cac hop chat PCDD/Fs.

Puong chuan duoc tao ra bang phan tich hdi quy tuyén tinh binh phurong nhé
nhét tr cac dung dich chuan dé xay dung duong chuan (MCS1-MCS5) bao gom cac
dong loai PCDD/Fs danh dau dong vi *C1,, cac chat phan tich va chat noi chuan.

Hé sb dap ung twong doi (RRF) 1a phan tng caa khbi phé dbi vai mot luong
chat phan tich da biét so vai mot luong chuan duoc danh dau dong vi da biét va duoc

xéc dinh theo huéng dan cia phuong phép tiéu chuan US EPA 1613 nhu sau:

RRF e ANS X C|S

= (2.3)
AIS X CNS

Trong d6: Aisva Cis lan luot 12 dién tich pic va nong d6 caa chat noi chuan;
Ans Va Cns lan luot 14 dién tich pic va ndng do6 caa chat phan tich

Hé s6 dap g tuwong dbi trung binh (RRFw) cia mdi chat phan tich duoc tinh
bang céch Iy trung binh cdc RRF cuia chat d6 tai cac diém chuan cua duong chuan.
Nhu vay, khi dudng chuan c6 5 diém chuan twong ttng MCS1-MCS5, mdi chat phan
tich s& c6 5 gia tri RRF, sau d6 tinh toan gia tri RRFw ctia chat ndy va st dung gia tri
RRFw nay dé xac dinh ham lugng chat phan tich trong mau. B6 léch chuan twong dbi
(RSD) cho hé sb phan tng twong di trung binh caa tir mdi chat phan tich néu dap
ing <20% thi c6 thé str dung gia tri RRFw cho hop chat do.

2.4.2. Nghién ciru quy trinh xit Iy mdu

Tham khao cac phuong phap xir Iy mau tiéu chuan phan tich PCDD/Fs trong
c4c nén mau khi va tram tich [120,124,125], quy trinh xi 1i mau bao gom 3 budc
chinh 1a chuan bi mau, chiét mau va Iam sach dich chiét. Trong pham vi luan &n nay,
quy trinh phan tich PCDD/Fs trong cac nén mau dai dién cho nén mau khi (khi thai,
khong khi xung quanh), mau ran (mau tram tich) da duoc nghién ctiru va téi vu dya
trén nguyén tic cua cac phuong phap tiéu chuan dong thoi ¢d su thay doi, cai tién
phU hop véi diéu kién phan tich trong phong thi nghiém. Su khac biét chinh gitra quy
trinh phan tich cia 3 nén mau nay 1a ¢ budéc chuan bi mau va chiét mau, trong khi do
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cac budc cua qua trinh 1am sach s& duoc tdi wu ddi véi nén mau méi trudng néi chung.
Céc budc khao sat toi vu quy trinh xir Iy mau dugc dua ra trong hinh 2.2.

Kl;ao sat chiét Ché tao hé
A X mau: A 13
Ner} mau o cot lan] Lam sach o
(kf{l Il’lal:_ - ’Th(‘n gian Sf—“fh (cot trén hé cot Phaén tich
khong khi »[ chiet Soxhlet [ —»| silicagel —>| ; ché » PCDD/Fs
Xung (mau khi) da lop L N trén thiét
uarnh. y i A am giau ;
q 1y P - Chiét ASE gljep hol 1]'151_1 bl
tram tich) x s ¢Ot than
(mau tram ho'at tinh)
tich) ;

Hinh 2.2 Cdc buwéc t6i wu quy trinh xi ly madu

- Chiét mau: Céc nén mau khi thai (XAD-2 va GFF) va khdng khi xung quanh
(PUF + QFF) thuong la nhitng nén miu phac tap, co lugng mau khé 16n vi vy can
phuong phép chiét thich hop voi dung cu chiét thé tich 16n ciing nhu thoi gian chiét
du 1au va luvgng dung méi chiét phu hop dé chiét tach hoan toan chat phan tich ra khoi
nén mau. Phuong phéap chiét phii hop d6i vai hai nén mau nay 1a phuong phap chiét
Soxhlet véi dng chiét dung tich I6n (300 mL) con phuong phap ASE khong duoc six
dung dé chiét cac nén mau nay do 6ng chiét mau nho (33 mL). B6i véi nén mau tram
tich, phuong phap ASE duoc nghién ciru dé danh gia kha nang chiét tach PCDD/Fs
S0 V&i phuong phép chiét Soxhlet.

- Lam sach mau: Céc hé thdng 1am sach mau tu dong va céc loai cot thuong mai
da duoc nghién ciru va str dung trude day co nhuoc diém so véi diéu kién cac phong
thi nghiém & Viét Nam Ia chi phi cao, tinh chu dong trong phan tich bi han ché do
can nhiéu thoi gian dat hang cac loai cot nay. Do do, trong luan &n nay, hé cot lam
sach ty ché dugc xay dung, téi uu dua trén co sd hé cot thuong mai va ap dung trong
quy trinh phéan tich PCDD/Fs ddi véi cac nén mau méi truong trong pham vi phong
thi nghiém nham dam bao hiéu qua phan tich cling nhu giam thiéu dang ké chi phi
phan tich.

- Lam giau mau: Sau budc 1am sach, dung dich miu thuong c6 thé tich 16n nén
can lam giau mau dé nang cao hiéu qua phan tich. Nguyén tic caa phuong phap nay
la cd quay chan khdng mau thé tich 16n vé thé tich nho 1-2 mL sau d6 dung khi N
dé lam bay hoi hét dung méi trong mau. Cudi ciing, mau duoc thém dung dich chat
ndi chuan trudc khi bom phan tich trén thiét bi.

2.4.2.1. Nghién ciru t6i wu qud trinh chiét mau

a. Khao sét thoi gian chiét mau Soxhlet déi voi mau khi
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Phuong phap chiét Soxhlet 1a phuong phap chiét ¢b dién, 4p dung cho hau hét
c4c nén mau mai trudng (khi thai, khdng khi xung quanh, dat, bun, trim tich, chat
thai ran), duoc wu tién st dung trong cac phuong phéap tiéu chuan [124,120] va c6
kha nang chiét ti wu nhat do mau duoc tiép xdc lién tuc véi lwong 16n dung mdi &
nhiét do cao trong mot thoi gian khé dai. Do do, thi nghiém khao sat qua trinh chiét
mau khi s& duoc thuc hién bang phwong phap chiét Soxhlet.

Trong qua trinh chiét Soxhlet, diéu quan trong 1 phai ti wu hoa cac thong sb
khac nhau, bao gom dung mdi chiét dugc st dung, thoi gian tinh dé dat dugc hiéu
suat chiét cao. Toluen 1a dung mdi phé bién dugc st dung trong cac qué trinh chiét
dioxin ra khoi nén miu moéi trudng bang phuong phap chiét Soxhlet, tuy nhién day
duogc coi 1a dung moi doc hai va gay ra rai ro dang ké cho stc khoe khi tiép xuc 1au
dai. DCM va hexane 1a cic dung moéi it giy doc hon toluen, an toan hon trong diéu
kién phong thi nghiém duoc kiém soat. Hon nira hon hop hexane : DCM c¢6 diém soi
thap hon so véi toluen gilp giam thoi gian chiét mau, muac tiéu thu nang luong va tiét
kiém chi phi hon. Vi vay, dung méi duoc lua chon di véi phwong phap chiét Soxhlet
1a hdn hop dung mdi hexane: DCM (4:1, v/v). Sau khi chon duoc dung mdi chiét, yéu
t thoi gian chiét mau dugce tién hanh khao sat dé ¢am bao hiéu qua chiét mau ti uvu
nhat.

Quy trinh chiét Soxhlet ddi v6i nén mau mdi trudng nham ti wu thoi gian
chiét miu duoc thir nghiém nhu sau: Chuan bi 5 mau tring bao gom XAD-2 va GFF
(ki hiéu mau E1, E2, E3, E4, E5), sau d6 cac mau dugc thém 50 pL dung dich chuan
danh dau ddng vi LS2 ndng d6 2-4 pg/uL va lan lugt chuyén vao cac ng cenllulose
cua bo chiét Soxhlet. Sau d6, mau duoc chiét vai 300 mL hdn hop hexane: DCM
(4:1) véi thoi gian chiét 1an luot 14 10 gio, 12 gio, 16 giod, 18 gid va 20 gio twong tng
Vv6i cac mau E1, E2, E3, E4, E5. Cac dung dich chiét duoc cd quay chan khong vé
thé tich nho khoang 1 mL, chuyén vao éng nghiém va thoi kho dudi dong khi Nz,
thém 10 pL dung dich noi chuan 1S10 nong d6 10 pg/pL, sau d6 phan tich trén thiét bi.

b. Khao sat phuong phép chiét dbi voi mau tram tich

Ngoai phuong phép chiét Soxhlet truyén théng, phuong phap chiét ASE dugc
ing dung trong quy trinh chiét PCDD/Fs trong nén mau tram tich [126-128]. Dua
trén diéu Kién ciing nhu thiét bi san c6 tai phong thi nghiém, quy trinh chiét mau tram
tich bang phuong phap ASE da duoc khao sét va cai tién nham tiét kiém dung moi
hoa chat ciing nhu thoi gian phan tich mau.
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Tién hanh khao sat dbi voi nén mau tram tich, trong d6 5g mau tram tich duoc
thém cht chuan déng hanh LS2 véi ndng d6 100 pg/mau va chiét bang ca hai phuong
phap bang chiét Soxhlet va phwong phap ASE, mdi phuong phap chiét 3 mau lap lai.
Céc diéu kién va quy trinh chiét mau tro bay va tram tich bang phuong phap ASE
dugc tham khao theo quy trinh cua nha san xuat [149] va dua ra trong bang 2.9. Mau
sau khi chiét duoc 1am sach trén cot silica gel da 16p va cot than hoat tinh, thém noi
chuan dé dinh muc vé thé tich 10 uL trude khi bom trén thiét bi.

Bang 2.9 Piéu kién chiét miu tram tich bing phwong phap Soxhlet va ASE

Piéu kién chiét Chiét Soxhlet Chiét ASE
Dung mébi 300 mL h6r.1 hop Hex:DCM Toluen, 30 mL
(4:1, viv)
Thoi gian chiét Tong thoi gian 1a 22 phdt véi 2
16-24 gio chu ky chiét (1 chu ky bao gom
gia nhiét 5 phat, gitr 5 phat)
Nhiét do <111°C 150°C
Ap suat Khong khi 1500 psi

2.4.2.2. Nghién curu 161 wu hé cot lam sach mau méi truong

Hé cot lam sach ban ty déng cia hang Supelco (M$) bao gom 01 cot silica gel
da 16p va 01 cot than hoat tinh da duoc téi wu va sir dung tai phong thi nghiém cho
cac dbi twong mau moi truong va nén mau sita [142]. Cau tao cac cot dugc minh hoa
trén hinh 2.3. Cot silica gel da 16p vai nhiéu 16p vat liéu khac nhau gidp loai bo céc
tap chit va cac chat gay anh huong dén qué trinh phan tich PCDD/Fs, trong do:
Na2SO; gilp loai bo hoan toan nudc con lai trong mau chiét (néu co), silica gel dé
loai cac hop chat phan cuc nhu acid cacboxylic, phenol, chlorophenol, polychloro
phenoxy phenol; silica gel bién tinh acid H2SO4 dé loai cac hop chét cé tinh bazo,
thiry phan chat béo; silica gel bién tinh KOH d¢é loai cac hop chat c6 tinh acid; silica
gel bién tinh AgNO3 dé loai bo cac hop chat c6 luu huynh. Cot than hoat tinh bao
gom 2 phan 16p than hoat tinh 100mg, Carboxen 1016 (dién tich bé mat 75m?/g) va
carboxen 1000 (Dién tich bé mat 1200m?/g), duoc sir dung dé phan lap va tach
polychlorinated biphenyl (PCBs), PCDD/Fs dya trén ai lyc khac nhau cua cac hop
chat nay ddi véi hai Iép carbon.

Hé cot 1am sach ban ty dong cua hing Supelco c6 wu diém 4 tiét kiém thoi
gian, hé cot ding mot 1an han ché nhiém chéo giira ca&c mau tuy nhién han ché cua
viéc str dung hé cot nay 1a chi phi kha cao va mat thoi gian dé dit hang vé phong thi
nghiém do van chuyén tir nuéc ngoai cling cac thu tuc nhap khau phuc tap. Dya trén
c4u tao va nguyén Iy cua hé cot 1am sach ban ty dong bao gdm cot silica gel da 16p
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va cot than hoat tinh tir hdng Supelco, hé cot 1am sach tu ché duoc nghién cau Voi
mot sb cai tién dua trén tiéu chi dam bao thoi gian va hiéu qua phan tich dong thoi
tang tinh chu dong trong phan tich mau so véi cot thuong mai.

Hinh 2.3 duéi day trinh bay cau tao cua hai hé cot 1am sach thuong mai (hang
Supleco) va hé cot tu ché bao gém cot silica gel da 16p va cot than hoat tinh.

[ BN
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=
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[ oogsilicagel |—|u i
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Bong thuy tinh
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Screon— "

) @) Cot than hoat tinh (b) )
Hinh 2.3 Cau tgo cac cét lam sach: (a) hé ct thwong mai, (b) hé cot tw che

Hé cét 1am sach tu ché bao gom 1 cot dai 50 cm, dudng Kinh trong 1,2 cm, ¢6
van khoa (cot silica gel da 16p) va 1 cot dai 15 cm, duong kinh trong 1,2 cm, ¢0 van
khoa (cot than hoat tinh). Hai cot dugc ghép néi vai nhau qua co nham (cét silica gel
da 16p phia trén, cot than hoat tinh phia dudi). Thanh phan cét silica gel da 16p tuong
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tu véi cot thuwong mai, bao gébm cac phan 16p: bdng thay tinh; 0,9g silica gel;
2%KOH+silica gel; silica gel; vat liéu 44% H>SOastsilica gel; vat ligu 22%
H2SO4+silica gel; silica gel; vat liéu 10%AgNOs+silica gel va bo sung thém 16p trén
cuing 1a Na2SO4 nham loai b nuéc (néu cd) trong mau sau khi chiét, tuy nhién khoi
lwong cua mot sb 16p vat lidu s& dugc khao sat va toi wu voi luong dung moi ria giai
phu hop dé dam bao kha ning 1am sach cac mau méi trudng ndi chung. Cot than hoat
tinh thu coéng cling c6 cai tién so vai cot thuong mai bang cach thay thé hai 16p vat
liéu carbon bang mat vat liéu than hoat tinh bién tinh silica gel chuyén duing cho phan
tich dioxin cua hing Wako, Nhat Ban. Khéi luong vat liéu nhdi cot va thé tich dung
moi rira giai trén cot than hoat tinh duoc khao sat dé dam bao kha nang lam sach mau
moi truong.

Cac thi nghiém khao sat xay dung hé cot 1am sach tu ché 1am sach mau moi
truong duoc dua ra trong so d6 hinh 2.4.

A
A 4

Cot than hoat tinh

Cot silica gel da lop

v v
Khao sét thé tich dung moi rira gidi Khao sit khoi lugng vét ligu than
hoat tinh
: I
1 1
1 1
v v
o i £s T o < N ; 2, - §isii
Khao sat k_h.(n lrgng '”f-“t I"?'“ 2%’/"HZSO4 Khao sat thé tich dung moéi rira giai
+ silica gel (mau khi thai)

|
1
1
4
Khao sat khoi luong vit liéu 44%H>S04
+ silica gel (mau khi thai)

i
1
1
A4
Khao sat khéi lwong vat liéu
10%AgNO; + silica gel (mau tram tich)

Hinh 2.4 So dé cac thi nghiém khdo sat xay deng hé cét 1am sach tw ché
a. Nghién ctu tdi uu hoa cot than hoat tinh

- Khao séat khéi lugng vat liéu cot: Qué trinh khao sat luong chét nhoi cho cot
than hoat tinh dugc thyc hién trén nén mau chuan phuong phap US EPA 1613 bang
cach thém lan luot 50 pL dung dich chuan LS2 ndéng do 2-4 pg/pL vao 4 cot nhoi
tuong ung 0,69; 0,8g; 1,0 g; 1,2 g than hoat tinh véi dung mdi rua giai la toluen. Cac
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két qua phan tich trén thiét bi s& danh gi4 thong qua do thu hdi cua cac chat chuan
d6ng hanh va lva chon khéi lwong chat nhoi pha hop.

- Khéo sat thé tich dung méi raa giai cot than hoat tinh: Sau khi lya chon dugc
khéi lwgng cot than hoat tinh, lwong dung méi rira giai toluen s& duoc khao sat. Qua
trinh rira giai duoc chia thanh 9 phan doan riéng biét dé tim ra luong dung méi phu
hop va mang lai hiéu qua cao nhat.

b. Nghién ctu t6i wu hoa cot silica gel da 16p

Cac thi nghiém khao sat diéu kién 1am sach dugc thyc hién trén cot silica gel
da 16p, bao gom 7 Iop silica gel (silica gel, silica gel bién tinh acid, silica gel bién tinh
KOH, silica gel bién tinh AgNOs), cac chat gay can tra sac ky sé duoc loai bo khoi
mau khi mau di chuyén qua cac 16p silica gel da qua xir Iy nay. L6p xir Iy AgNOs loai
bo cac hop chat chira Iuu huynh; trong khi hai 16p dugc xir ly bang acid sulfuric sé
oxy hoa lipid mau va loai bé cac chat vo co. Lép dugc xu ly bang KOH sé loai bo
moi thanh phan mau c6 tinh acid. PCDD/Fs va PCBs di qua cot silica gel ma khong
bi git lai.

- Khao sat dung mdi rira giai: Cac budc chuan bi cot nhdi nhu sau: chuan bi 2
cot thiry tinh va nhoi cot theo thir ty: bong thay tinh; 0,9g Silica gel; 3g vat liéu
2%KOHH+silica gel; 0,9g Silica gel; 4,5 g vat liéu 44% H>SOs+silica gel; 6 g vat ligu
22% H>SOstsilica gel; 0,99 silica gel; 3g vat liéu 10%AgNOz+silica gel. Hai cot
silica gel twong tng v4i 2 nén mau chuan dai dién cho 2 phuong phap tiéu chuan US
EPA 1613 (thém 50 pL dung dich chuan LS2 nong do 2-4 pg/uL) va US EPA 23
(thém 50 pL dung dich chuan M23_Int2 nong d6 2-4 pg/uL). Sau khi hoat hda cot
bang 100 mL dung méi hexane, cAc mau dugc chuyén lén cot va rira giai bang hdn
hop dung mdi hexane: DCM (95:5), chia thanh 6 phan doan riéng biét. Tién hanh
phan tich cac phan doan dé chon ra thé tich dung mdi rira giai pht hop cho cét silica
gel da 16p.

- Khao sét khéi lwong vat liéu H2SOs+silica gel: Cac thi nghiém khao sat tap
trung vao cot silica gel da 16p do day 1a budc quan trong gidp loai bo cac tap chét sic
ky anh huéng dén qua trinh phan tich dioxin. Nén mau khi thai 1a nén mau khé phuc
tap va thuong c6 ham luong PCDD/Fs cao, do d¢6 nén mau nay duoc lva chon thu
nghiém va danh gia hiéu qua caa cac phan 16p acid H2SO4 bién tinh silica gel (gom 2
phan 16p 22% H2S04va 44% H2S0.)

+ Quy trinh thyuc hién khao sat khéi lwogng 16p vt liéu acid HSO4+silica gel
nhu sau: Chuan bi 13 mau khi thai ngau nhién, méi mau duoc thu thap vé phong thi
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nghiém bao gom vat liéu hip phu XAD, gidy loc va dung mdi thu hdi. Cac miu dugc
chiét trong cung diéu kién bang phuong phap chiét Soxhlet, cd quay vé thé tich nho
khoang 1-2 mL sau d6 trén déu cac mau thanh mau té hop va chia thanh 13 phan
bang nhau véi ki hiéu cac mau lan luot 1a: KT1, KT2, KT3, KT4, KT5, KT6, KT7,
KT8, KT9, KT10, KT11, KT12, KT13. Céc chit chuan dong hanh duoc thém vao lan
lwot cac mau véi ndng do 100 pg (twong duong 50 pL dung dich chuan M23_Int2
nong d6 2-4 pg/uL) trude qué trinh 1am sach. Hai loai vat liéu dugc khao sat 1a 22%
H2SOs+silica gel va 44%H,SO4+silica gel tham khao tir hé cot thwong mai va phuong
phap tiéu chuan US EPA 1613 ciing dé& cap dén viéc sit dung phan 16p
44%H,SO04+silica gel nhu phan 16p bo tro dé 1am sach cac nén mau phic tap.

+ Khao sat khéi luong phan 16p 22%H,SO4+silica gel: Chuan bi 7 cot thuy
tinh, nhdi cot theo thir ty tir dudi 1én: bdng thay tinh; Na2SO4 (2 g); 0,9 g silica gel;
2%KOH+silica gel (3g); 0,9 g silica gel; 44%H,SOs+silica gel (4,5 g);
22%H,SO04+silica gel (X g); 0,9 g silica gel; 10% AgNOs+silica gel (3 g); Na:SO4 (2
g). Khéi lwong X(g) thay doi: 4 9; 4,5 9; 5 9: 5,5 ¢; 6 g; 6,5 g; 7g twong Gtng Vai 7
mau khi thai tir KT1 dén KT7.

+ Khao séat khdi luong phan 16p 44%H,SO4+Silica gel: Chuan bi 6 cot thay
tinh, nhoi cot theo thir tu tir dudi 1én: bong thuy tinh; Na2SOs (2 g); 0,9 g silica gel;
2%KOH-+silica gel (3 g); 0,9 g silica; 44%H,SOs+silica gel (Y g); 22%H2SO4+silica
gel (6 g): 0,9 g silica gel; 10% AgNOs+silica gel (3 g); Na2SOs (2 g). Khéi luong
Y(g) thay d6i: 4 g; 4,5 9; 5 9; 5,5 g; 6 g twong (ng Vi 6 mau khi thai tir KT8 dén KT13.

- Khao sat khéi lugng 10%AgNOs+silica gel: Nén mau tram tich thuong chira
cac hop chat Iuu huynh, va phan 16p 10%AgNOs+silica gel duoc nghién ciru trong
cot silica gel da 16p, nham tranh gay can tro khdi pho ké, dic biét trong ngudn ion
hoa.

+ Chuan bi mau: Can mau tram tich kho, da dong nhat thanh 6 phan, mdi phan
5g va duoc ki hiéu lan luot: TT1; TT2; TT3; TT4; TTS; TT6 sau d6 thém vao cac
mau luong chat chuan dong hanh bang nhau: 50 pL dung dich chuan LS2 nong d6 2-
4 pg/uL va chiét mau bang thiét bi ASE. Dich chiét mau duoc ¢6 quay vé thé tich nho
(1-2 mL).

+ Chuan bi 6 cot silica gel va nhdi cot theo thir tu tir dudi 18n: bong thay tinh,
Na;SOs (29), 0,9 g silica gel; 2%KOH+silica gel (3 g); 0,9 g silica gel;
44%H,SO4+silica gel (Y g); 22%H2SO4+silica gel (6 g); 0,9 g silica gel; 10%
AgNOgz+silica gel (Z g); Na2SOx (20) véi khdi luong Z (g) thay doi: 2,5; 3; 3,5; 4; 4,5; 5 g.
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c. Nghién ctru danh gia kha niang lam sach cua hé cot 1am sach tu ché

Sau khi xay dung va téi wu cac diéu kién cua hé cot 1am sach tu ché, cac mau
khi thai (dai dién cho nén mau khi) va tram tich s& duoc phén tich dé danh gia hiéu
qua lam sach cua hé cot méi ny so véi hé cot thuong mai. Cac diéu kién 1am sach

mau trén hai hé cot dugc dua ra trong bang 2.11.

Bang 2.10 Piéu kién 1am sach miu trén hé ct 1am sach thwong mai va hé cét

lam sach tw ché

Théng sb Hé cot thwong mai Hé cot 1am sach tw ché
Chuin bi C6 san, hoat héa bang 100 | Cot nhoi khé, hoat hoa bing
" | mL hexane 100 mL hexane
8 phén lop theo thur tu tir | 9 phan 16p:
dudi Ién trén: bong thuy | + B6 sung thém phan 16p
Cot silica tinh; 0,99 silica gel; 3g | Na,SO, phia trén
gel da ThqAnh 2.0/?KOH + silica gel; 099 | + Thay déi khéi luong cac
l6p phan S!I!Ca gel; 4.59 44%H>S04 + phan 16p 44%H2S0, + silica
silica gel; 69 22%H:S04 + | gel, 2206H,S0, + silica gel,
silica gel; 0,99 silica gel; 39 | AgNO; + silica gel
AgNO:s + silica gel
Rua giai | 100 ML hon hop Hex:DCM | Thé tich hdn hgp Hex:DCM
dial | 95:5) (95:5) khao sat & muc 2.4.4.2
Chuan bi | C6 san Cot nhdi kho
2 16p than hoat tinh c6 dién | - Str dung vat liéu than hoat
X tich bé mat khac nhau (mdi | tinh bién tinh silica gel
Thanh | Jhan 1op 100mg) (5%)
Cotthan | phan phan fop g o e
. - Khoi luong vat liéu khao
hoat tinh o
sat o muc 2.4.4.1
- Cén dao chiéu cot nhim | - Khong can dao chieu cot
Rura giai | rua giai PCDD/Fs - Thé tich dung m6i toluen
- 40 mL toluen khao sat 6 muc 2.4.4.1

Thi nghiém véi mau khi thai: Tién hanh thi nghiém véi hai mau khi thai ki

hiéu lan luot 12 KT1-SS va KT2-SS. Cac mau sau khi Soxhlet trong thoi gian chiét
sau khi toi vu & myc 2.4.2.1 a, cd quay chan khéng va chia méi mau thanh 2 phan
bang nhau. Sau d6 tién hanh thém lan luot vao 4 mau chuan 50 pL danh dau dong vi
M23_Int2 va lam sach bang hai phuong phap dung hé cot Supelco va hé cot 1am sach
tu ché dudi cac diéu kién trinh bay trong bang 2.11.

Thi nghiém véi mau tram tich: Tién hanh thi nghiém khao sét vai hai mau tram
tich ki hiéu lan luot 12 TT1-SS va TT2-SS. Cac mau sau khi chiét bang phuong phap
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chiét da duogc khao sat & muc 2.4.2.1 b, c6 quay chan khong va chia thanh mai mau
thanh 2 phan bing nhau. Sau d6 tién hanh thém lan luot vao cac mau 50 pL chuén
danh dau dong vi LS2 va 1am sach bing hai phuong phap theo diéu kién bang 2.11:
1. Lam sach trén hé cot thwong mai, 2. Lam sach trén hé cot tu ché.

Cac théng sb so sanh bao gém d6 thu hdi cac chat chuan dong hanh va ham
lwong céc chat phan tich trong mau thu dwoc tir hai phuong phéap lam sach.

2.4.3. Nghién ciru xdc nhdn gid tri s dung ciia phwong phdp phan tich PCDD/Fs

Sau khi t6i wu quy trinh xir Iy mau, cac thdng so gidi han phat hién cua phuong
phap (MDL), gigi han dinh luwgong cua phuong phap (MQL), d6 dung, do chum (do
l3p lai, do tai 1ap) dugc danh gia nham xé&c nhan gia tri sir dung ciia phuong phap
phan tich PCDD/Fs trong cac nén mau: khi thai, khéng khi xung quanh, tram tich
theo tiéu chi cuia AOAC [130,131].

Gia tri MDL, MQL.:
Thi nghiém phan tich Iap lai 7 1an mau trang thém chuan ¢ muac nong do thap
(diém thap nhét caa duong chuan) dugc thyc hién nham xac dinh gigi han phét hién
va gidi han dinh lugng cua phuong phap phan tich (MDL, MQL). Khi d6, gia tri MDL
duoc tinh bang 3 lan d6 léch chuan (SD) cuaa thi nghiém Iap lai va gia tri MQL dugc
tinh bang 10 lan gié tri SD:
MDL = 3x SD (2.1)
MQL = 10x SD (2.2)
D§ dung cia phwong phap:
P dung cta phuong phap phan tich PCDD/Fs trong ca4c nén mau mai truong
dugc danh gia thong qua gia tri ¢ thu hoi cua céc chat chuan dong hanh thém vao
trudc qua trinh xir Iy mau.

C
R%:C—p‘xloo (2.3)

tc
Trong d6: Ce: Nong d6 chat chuan dong hanh thém vao mau (pg/pL)
Cpt: Nong d6 chat chuan dong hanh thyc té phan tich dugc (pg/uL)
Pham vi ¢d thé chap nhan duogc d6i véi do thu hoi caa chat chuan déng hanh
theo quy dinh cua phuong phép tiéu chuan US EPA 1613 dugc dua ra trong bang

PL3.1 phy luc 3 [78]. Phuong phap tiéu chuan EN 1948-2 [152] yéu cau do thu hoi
cua ting chat chuan 13C1,-PCDD/Fs trong cac dung dich mau khi thai phai nam trong
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khoang: 50 - 130% di véi cac dong loai nhom tetra- dén hexa-; 40 - 130% d6i voi
cac ddng loai nhém hepta- va octa-.

Do chum (d¢ lap lai va téi 1ap) cia phwong phap:

Do lap lai va do tai lap cua phuong phuong phap phan tich PCDD/Fs duoc Xac
dinh théng qua gia tri do léch chuan twong déi (RSD) cua thi nghiém lap lai 7 lan
muc nong d6 PCDD/Fs trung binh trong cting mét ngay véi cung diéu kién phan tich
(d6 lap lai) va trong 7 ngay phan tich khac nhau (d6 tai lap).

(2.4)

RSDY%= 37[) X100 (2.5)

Trong d6: SD: d6 léch chuan; n: sé mau phan tich lap lai hodc sé lan thar nghiém
(n=7); xi: gia tri do duoc caa 1an thi nghiém tha i; X : gia tri trung binh cia cac 1an
thir nghiém; RSD%: Do léch chuan tuong d6i (%)

Y&u cau chung vé gia tri RSD cua phép thir nghiém l3p lai va tai lap tai cac
muc nong do khac nhau ciia chat phan tich dugc quy dinh bai AOAC [153] va duoc
dua ra trong bang PL3.2 phu luc 3. Theo quy dinh, khi ndng d6 chat phan tich cang
nho thi gia tri RSD tdi da cho phép cang 16n, cac két qua phan tich dao dong 16n.

2.4.3.1. Nghién citu xdc nhdn gia tri su dung cua phwong phap phan tich PCDD/Fs

trong mau khi thai
a. Xac dinh MDL, MQL cua PCDD/Fs trong mau khi thai

Cac gia tri MDL, MQL cua PCDD/Fs trong nén mau khi thai dugc xac dinh
thong qua gia tri do léch chuan cua thi nghiém phan tich 1ap lai 7 1an mau thém chuan
gom 17 dong loai (chuan PAR) & mutc nong do thap 0,05 — 0,5 pg/uL (twong duong
0,5pg-5pg).

Tién hanh thi nghiém: thém 10 pL hdn hop chuan PARO,05 nong d6 0,05 — 0,5
pg/uL (trong duong 0,5pg-5pg) vao lan luot 7 mau trang bao gom XAD-2 va GFF
sach. Cac mau trang thém chuan nay duoc chuyén vao hé chiét Soxhlet va thuc hién
cac cong doan chiét, 1am sach, phan tich tren HRGC-HRMS theo céac diéu kién phan
tich da duoc t6i vu. Ham lugng cac dong loai trong cac mau dugc tinh toan théng qua
thé tich dinh mirc cudi 10 pL va thé tich mau wéc tinh 12 2 Nmd, tir d6 tinh toan duoc
d6 léch chuan. Gia tri MDL va MQL cua timg dong loai PCDD/Fs trong mau khi thai
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duoc xac dinh theo cong thac (2.1) va (2.2).

b.  Danh gia d6 thu hdi cua phuong phap phan tich PCDD/Fs trong mau khi thai
Véi thi nghiém thém chuan da duoc trinh bay & muc a, cac chat chuan 13Cyy
cling dwgc thém vao mau nhim danh gia do thu hoi cia phuong phap phan tich. Ham
luong céc chat chuan 13Cy, thém vao mau 1a 100 pg (riéng chuan 3C-OCDD c6 ham
lugng 200 pg).
Gid tri d6 thu hdi ciia cac chat chuan 3¢y, dugc tinh theo cong thire 2.3 va dam
bao nam trong khoang yéu cau cta phuong phép tiéu chuan.
C. Xac dinh d6 chum cuia phuong phap phan tich PCDD/Fs trong mau khi thai

- Xde dinh d 1ap lai: thém chuan & mirc ham luwong trung binh tir 10pg (nhom tetra-)
dén 100pg (nhém octa-) bang cach thém 10 pL chuan PAR1 ndng d6 1-10 pg/pL vao
7 mau trang (XAD-2 + GFF) truéc qué trinh chiét. Cac mau nay duoc tién hanh qué
trinh xt Iy mau va phan tich trén thiét bi HRGC-HRMS theo quy trinh da t6i vu nham
xé4c dinh d6 thu hdi cua céc chét phan tich.
- Xdc dinh do tai 1ap: 7 mau traing (XAD-2 + GFF) duoc thém chuan 10 pL chuan
PAR1 nong do 1-10 pg/pL va tién hanh phan tich doc lap trong céc thoi gian khac
nhau theo quy trinh da t6i wu dé xac dinh d6 thu hdi trung binh cua céc chat phan tich.
2.4.3.2. Nghién ciru xdac nhdn gid tri sw dung cua phwong phap phan tich PCDD/Fs
trong mau khong khi xung quanh

a. Xéc dinh MDL, MQL caa PCDD/Fs trong mau khdng khi xung quanh

Tién hanh thi nghiém: thém 10 pL hdn hop chuan PARO,05 nong d6 0,05 —
0,5 pg/uL (twong dwong 0,5pg-5pg) vao lan lugt 7 mau trang bao gdm PUF va QFF
sach. Cac mau trang thém chuan nay duoc chuyén vao hé chiét Soxhlet va thuc hién
céc cong doan chiét, 1am sach, phan tich trén HRGC-HRMS theo quy trinh phan tich

da duoc toi vu.

Ham luong cac dong loai PCDD/Fs trong cac mau trang thém chuan duoc xac
dinh théng qua thé tich dinh mirc cudi 10 pL va thé tich mau uéc tinh 12 350 m® va
tr d6 tinh toan duwoc do léch chuan. Gia tri MDL va MQL cua ting dong loai
PCDD/Fs trong mau khéng khi xung quanh dugc xac dinh theo cong thic (2.1) va
2.2).

b.  Xac dinh do thu hdi ciia phuong phap phan tich PCDD/Fs trong mau khdng
khi xung quanh
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Do ding ciia phwong phap phan tich duoc danh gia thong qua d6 thu hdi cua
phuong phap phan tich. Déi véi phuong phap phan tich PCDD/Fs trong cac nén mau
moéi treong ndi chung va nén mau khéng khi xung quanh néi riéng, d6 thu hdi cua
phuong phap dugc danh gia dua trén d6 thu hdi cua chat chuan 3Ci2 thém vao mau
trudc qué trinh xir Iy mau.

Tién hanh thi nghiém: Trong thi nghiém & muc a, cac chat chuan 3Cy, duoc
thém vao song song véi hdn hop cac chat chuan phan tich & mac 200 pg di voi chat
chuan 3C-OCDD va mirc 100 pg ddi véi cac chat chuan 3Ci2 cac nhém con lai.

C. X4c dinh do chum cta phuong phap phan tich PCDD/Fs trong mau khong khi
Xung quanh

Do chum caa phuong phap phan tich duoc xac dinh théng qua do 1éch chuan
tuong ddi cua cac thi nghiém Iap lai va tai 1ap (RSD%).

Dai véi do 1ap lai, cac mau tring (PUF + QFF) dugc thém chuan PCDD/Fs &
muc ndng d6 trung binh (10 pL chuan PAR1 ndng d6 1-10 pg/uL) va phan tich lap lai
7 mau trong cling mot thi nghiém.

Do tai 1ap cua phuong phap duoc danh gia thong qua 7 thi nghiém lip lai mau
trang thém chuan 10 pL chuan PAR1 ndng d6 1-10 pg/pL tién hanh phan tich theo quy
trinh d3 t6i wu vao cac ngay khac nhau.
2.4.3.3. Nghién citu xdc nhdn gia tri su dung cua phwong phap phan tich PCDD/Fs

trong mau tram tich
a. Xac dinh MDL, MQL ctua PCDD/Fs trong mau tram tich
Tién hanh thi nghiém: Chuan bi 7 mau trang thém chuan bang cach can chinh
xac 2,09 Na2SO4 mdi mau, thém 10 pL hdn hop PARO,05 nong d6 0.05-0.5 pg/uL va
tién hanh phan tich cac miu nay theo cac budc chiét tach, 1am sach va phan tich trén

thiét bi d3 toi vu.

Gia tri MDL va MQL cua ting dong loai PCDD/Fs trong mau tram tich duoc
tinh toan dya trén do léch chuan (SD) theo cong thuc (2.1) va (2.2).

b.  Xac dinh d6 thu hoi ciia phuong phap phan tich PCDD/Fs trong mau tram tich

Tién hanh thi nghiém: Céc mau trang thém chuan trong muc a duoc thém dong
thoi hdn hop chuan dong hanh (ham lugng 100-200 pg) nham dénh gia do6 thu hoi cua
phuong phap phan tich thong qua d6 thu hdi ciia cac chat chuan 3C,.

C. Do chum cta phuong phéap phan tich PCDD/Fs trong mau tram tich
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Do chum cua phuong phap phan tich PCDD/Fs trong mau tram tich bao gém
d6 lap lai va do tai 1ap duoc danh gia qua do léch chuan twong déi (RSD%).

Doi voi do 1ap lai, mau trang (2,0 g Na2SO4) duoc thém chuan 17 dong loai
PCDD/Fs ¢ mirc nong d6 trung binh (10 pL chuan PAR1 néng dé 1-10 pg/pL) va
tién hanh phan tich lap lai 7 1an trong cing maot thi nghiém.

Déi vé6i do tai lap, bay mau tring thém chuan 10 pL chuan PAR1 ndng d6 1-
10 pg/uL dugc xt ly va phan tich theo phuong phap di tdi wu twong wng véi 7 thi
nghiém kh&c nhau.

d. Phan tich mau chuan tham chiéu (CRM) va mau thir nghiém thanh thao

Mau chuan tham chiéu (CRM): can chinh xac 2,0 g mau chuan tham chiéu
EDF 5184 (phan tich Iap 2 1an) sau d6 tién hanh quy trinh chiét, lam sach va phan
tich trén thiét bi HRGC-HRMS theo quy trinh phan tich da duoc téi wu.

Mau thtr nghiém thanh thao: Nhim danh gia hiéu qua phan tich céc thong sé
PCDD/Fs trong mau tram tich ciia quy trinh da t6i wu, cdc mau thir nghiém thanh thao
thudc chuong trinh thir nghiém thanh thao quéc té 1C2021SE do hang InterCinD (Y)
cling dugc phan tich. Mau phan tich bao gdm mét b ba mau tram tich (chtra 10g
tram tich, ky hiéu Mau A, Mau B, Mau C). Mdi mau duogc can chinh xéac 2,0 g va tién
hanh phan tich 1ap lai 2 lan theo quy trinh da xé4c dinh.

2.4.4. Nghién ciru xdc dinh PCDD/Fs trong méu khi thdi, khong khi xung

quanh, tram tich
2.4.4.1. Nghién ciru xdc dinh ham lwong PCDD/Fs trong mau khi va tram tich

Quy trinh phan tich sau khi duoc t6i vu va xac nhan gia tri st dung dwoc &p
dung dé xac dinh 17 déng loai PCDD/Fs trong cac nén mau khong khi, tram tich thu
thap tai 5 lang nghé truyén thdng va mau khi thai thu thap tai cac 1o d6t chit thai tai
Bic Ninh. Cac mau trang thi nghiém ciing dwoc phan tich trong tirng mé mau dé dam
bao loai b anh huéng caa nén va nhiém ban trong qué trinh phan tich.

- Ham luong cac ddng loai PCDD/Fs trong khi thai (Ckt) duoc tinh theo cong thic:

C /uL)xV, (uL
th(pg/NmS): ex(pg u ) rex(l’L )

Vie (Nm?®) (26)

Trong d6, Cex: Nong 6 PCDD/Fs trong dich miu bom phan tich (pg/uL)

Vex: thé tich dung dich dinh mtc trude khi bom phan tich (uL)
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Ve thé tich mau khi thai o diéu kién chuan (Nm?3)

- Ham luong cac dong loai PCDD/Fs trong khdng khi xung quanh (Ckxg) dugc tinh
theo cong thuc:

(Pg/uL)xV,, (uL)
V() (2.7)

C
Ckxq (pg/mS): =

Trong d6, Cex: Ndng d6 PCDD/Fs trong dich mau bom phan tich (pg/uL)
Vex: thé tich dung dich dinh mtic trude khi bom phan tich (pL)
Vi thé tich mau khéng khi xung quanh (m?)
- Ham luong cac dong loai PCDD/Fs trong tram tich (Cu) duoc tinh theo cong thuc:

C., (pg/uL)xV,, (uL)
m (9)

Trong d6, Cex: NOng 46 PCDD/Fs trong dich mau bom phan tich (pg/pL)

C. (pg/g)= (2.8)

Vex: thé tich dung dich dinh murc trude khi bom phan tich (uL)
m: khéi lwong mau tram tich (g)

Ham luong tong do doc twong duong (TEQ) cua PCDD/Fs duoc tinh toan dua
trén ndng do cua cac ddng loai PCDD/Fs (Ci) va hé s6 doc twong duong (TEF)) trong
g ctia dong loai d6 do T6 chirc Y té Thé gigi (WHO) ban hanh nam 2005 [18].

TEQ=) CxTEF, (2.9)

Cac gia tri TEF cua cac dong loai PCDD/Fs dugc dua ra trong bang PL3.3 phu
luc 3, ndng do cac dong loai khong dinh luong duoc dugc gan gia tri bang 0 khi tinh
toan TEQ.

2.4.4.2. Nghién ciru bude dau danh gid mirc dé phat thai PCDD/F's tir mau khi thdi

Hé s6 phat thai (EF) va luong phat thai hang nim (EA) cua PCDD/Fs trong
cac mau khi thai dng khai tir cac dia diém nghién ciru duoc xac dinh thong qua cac
thong s6 quan trong 1a ham luong PCDD/Fs ciing nhu cac thong sé luu luong khi
thai, mac céng suat, thoi gian van hanh trung binh. Hé sb phét thai duoc tinh toan
theo hudng dan cua UNEP [120] dya trén ndng do TEQ trong mau khi thai tai ngudn
phét thai va cac théng sé luu lugng, cong suat van hanh 10 dét theo cong thic:

xF

4 th
EF (MgTEQ/tan) = ox10" (2.10)
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Luong phat thai hing nam ciing duoc xac dinh theo huéng dan cia UNEP
[120] va theo tai liéu hudng dan ky thuat kiém ké phat thai cua Bo Tai nguyén va Mai
troong [121]:

EFxCxT

EA (gTEQ/nam) = 10°

(2.11)

Trong do:

EF 13 hé sé phét thai (LgTEQ/tan); EA 1a lugng phat thai hang nam (gTEQ/niam)

Ckt 12 ham lugng TEQ cua PCDD/Fs trong mau khi thai (pgTEQ/Nm?)

F 1a luu luong khi thai (Nm3/h)

C la cong suat 1o dot (tan/h)

T la thoi gian van hanh trung binh cia 1o dt (h/nam)

2.4.4.3. Nghién ciru bude dau danh gid rii ro sirc khée do PCDDIFS tir mdu khong
khi xung quanh

Quy trinh danh gia rui ro suc khoe do PCDD/Fs tir mau khong khi xung quanh
trong pham vi luan an nay duoc thuc hién theo huéng dan cia US EPA [154]. Hai
kich ban khac nhau da duoc xem xét: 1) phoi nhiém qua duong hd hap hang ngay va
2) phoi nhiém trong sudt cudc doi.

Lwong PCDD/Fs phoi nhiém qua duong hd hap hang ngay duoc xac dinh
thng qua wdc tinh liéu hit hang ngay (DID) cho ngudi 16n va tré em (<6 tudi) [155]:

CxIRXET

DID (pgTEQ/kg/ngay) = BW

(2.12)

trong d6: C 1a tong nong d6 TEQ ciia PCDD/Fs trong khong khi xung quanh
(pg TEQ/mA): IR 14 toc dd hit vao mdi gio; ET 1a thoi gian tiép xuc (24 gio); BW a
trong lugng co thé trung binh (kg)

Cho dén nay, WHO chua ban hanh huéng dan vé chat luong khong khi dbi
véi PCDD/Fs. Do dé, liéu hit thu duoc dugc so sanh véi lugng khuyén céo luong hap
thu hang ngay chip nhan duoc thong qua duong hit phai (TDI) 1a 0,1-0,4 pg
TEQ/kg/ngay d6i véi PCDD/F, nhu duoc mo ta boi Trung tam Mai trudong va Sirc
khoe Chau Au cia WHO [17].
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Phuong phap danh gia nguy co gdy ung thu khi tiép xdc subt cude doi (70
nam) mo ta bai Cupr va cong su [128] da dugc ap dung trong pham vi cua luan an
nay. Theo d6, phoi nhiém man tinh (CE) dugc tinh bang cong thuc sau:

CE (mg/kg/ngay) = Cair*IF (8) (2.13)
trong d6 Cair 12 tong nong d6 cua mdi hop chat dugc phan tich (mg/md)
IF 12 hé s6 hit vao (m®.kg.ngay)* duoc xac dinh bang cong thic sau:

IE (M Ka.naav)-L = IR_ xEFXEDXET 514
(m*.kg.ngay) BWXAT (2.14)

trong do:

- IRimn (inhalation rate) 1a téc do hit vao mdi gio (m3/ngay)
- EF la tan suat phoi nhiém (ngay) mdi nim
- ED (thoi lugng phoi nhiém) 1a thoi gian phoi nhiém tinh bang nam;
- ET lasé gio cho mdi lan tiép xdc;
- BW la trong luong co thé cua d6i twong
- AT (thoi gian trung binh) 12 khoang thoi gian trung binh tiép xtc véi chat gay
ung thu trong subt cudc doi 35500.
Nguy co ung thu duoc tinh toan théng qua cac gié tri CE va cac hé s6 do doc (SF)
bang phuong trinh sau (phuong trinh nguy co ung thu liéu thap tuyén tinh):
Nguy co ung thu = CE*SF (2.15)
Hé s6 do dbc 1a wac tinh gigi han trén hop 1y vé x4c suat phan tng trén moi
don vi hoa chat hap thu trong suét cudc doi [156], trong khi yéu té tiém an ung thu
d6i voi phoi nhiém qua dudng hé hap duoc biéu thi bang don vi rui ro qua dudng ho
hap (IUR). Céc gia tri IUR d6i voi timg dong loai PCDD/Fs str dung dé danh gia rui
ro nay tham khao tir OEHHA [157] va dugc trinh bay trong Bang 2.12.
Bang 2.11 Cac gia tri IUR caa PCDD/Fs

£ Giatri lUR X Giatri lUR
Hop chat (mElug) Hop chat (melug)
2,3,7,8-TCDD 38 2,3,7,8-TCDF 3,8
1,2,3,7,8-PeCDD 38 1,2,3,7,8-PeCDF 1,1
1,2,3,4,7,8-HXxCDD 3,8 2,3,4,7,8- PeCDF 11
1,2,3,6,7,8-HXxCDD 3,8 1,2,3,4,7,8-HXCDF 3,8
1,2,3,7,8,9-HxCDD 3,8 1,2,3,6,7,8-HXCDF 3,8
1,2,3,4,6,7,8-HpCDD 0,38 2,3,4,6,7,8-HxCDF 3,8
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, Gia tri IUR , Gia tri IUR
Hop chat : Hop chat :
i (m?ug) i (m?ug)
OCDD 0,011 1,2,3,7,8,9-HXCDF 3,8
1,2,3,4,6,7,8-HpCDF 0,38
1,2,3,4,7,8,9-HpCDF 0,38
OCDF 0,011
CAc gia tri SF cudi cung dugc tinh theo cong thic [138]:
-1
1 IUR(“%) ><70(kg)><1000(“gj
SF[_Md_| - \m il (2.16)
kg/ngay '

3
e
ngay

Cac phat hién dugc so sanh véi muc chuan gy ung thu. Lo ngai Vé nguy co
ung thu phat sinh khi nguy co uéc tinh dat tir 10 dén 104, Muc rii ro gay ung thu
cao hon 10 dugc coi 1a khong thé chap nhan duoc.

2.4.5. Phwong phdp xir ly 5o liéu

Nong do cac chat phan tich di duoc tinh toan va hiéu chinh theo do thu hoi
cua cac chat chuan déng hanh 13Cq, twong wng thong qua phan mém xu ly s6 liéu
phan mém TargetQuan 3.0.

Céc sb liéu phan tich dwoc tinh todn va xir ly trén phan mém phan mém

Microsoft Excel 2019, phan tich théng ké duoc thyc hién trén phan mém thong ké
Minitab 21.4.2.0 va SPSS 20.
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Két qua nghién ctru phuong phap phén tich PCDD/Fs trén thiét bi HRGC-HRMS
3.1.1. Sic do va thoi gian lwu ciia cdc dong loai PCDD/Fs

Cac déng loai PCDD/Fs dugc tach trén ¢t chuyén dung TG-Dioxin voi chiéu
dai cot, duong kinh cot va chiéu dai 16p phim pha tinh dap tmg du diéu kién tach cac
hop chit nay. Tét ca cac sic ky dd déu duoc kiém tra dya trén cac tiéu chuan phan
tich duoc khuyén nghi béi phuwong phap US EPA 1613. Cac pic cua cic dong loai
PCDD/Fs dugc xac dinh la phat hién duoc néu dam bao cac tiéu chi: thoi gian luu
ctia chat phan tich chi c6 sy sai léch + 6 gidy so véi dong phan danh dau dong vi 1*Ciz
tuong tmg, ty 1& tin hiéu trén nhidu (S/N) 16n hon hoic bang 3 va ty 1¢ da dang ion
ctia hai ion dugc giam sat (ion dinh luong va ion ddi chiing) tuong Gng trong pham
vi £15% gia tri Iy thuyét ctia no, cac gia tri ty 1& ion 1y thuyét nay duoc dua ra trong
bang PL3.4 phu luc 3.

Séc d6 trich xuat ion cta cac chat chuan phan tich va cac chat chuan danh dau
dong vi (bao gdm chuin doéng hanh tuwong tmg v4i chat phan tich va ndi chuan) khi
phan tich diém thap nhét ctia dudng chuan MCS1 (ndng d6 0,05-0,5 pg/pL) dugc dua
ra trong hinh 3.1. Mdi pic trén sac d6 dugc ki hiéu tir 1 dén 34 twong (mg véi cac chat
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Tir sdc d6 hinh 3.1 c6 thé thiy tit ca c4c pic chat chuin phén tich ciing nhu
cac pic cht chuén danh diu déng vi déu duoc phat hién tai diém chuin MCS1. Mot
s6 chat nhom hexa-, hepta- chua tach khoi nhau dat dén d6 phan giai dudng nén
(R<1,5) tuy nhién véi ché d6 quan sat chon loc ion, van c6 thé dinh lwong mét cach
chinh xac cac chét ngay ca khi cac pic sic khi khong tach ra khoi nhau hoan toan.

Béang 3.1 Theoi gian lwu sic ky cia cac chat chudn PCDD/F va chéit chuén 3Cy,

£ Thoi gian Ty lé tin Tylé?2
=1 Gt hru (phitt) | hiéu/nhidu | manh ion
1 | BC112.34-TCDD (IS) 24,03 948 0.83
2 [2.3,7.8-TCDF 24.35 12 0.6
3 |BCy,-23,7,8-TCDF 24.34 301 0.84
4 [2.3,7.8-TCDD 25.16 7 0.66
5 | BCy,-2.3.7,8-TCDD 25.12 174 0.81
6 |1.2,3.7,8-PeCDF 30,04 16 1.45
7 | B3Cy,-1,2,3,7.8-PeCDF 30,02 244 1,65
8 |2.34.7.8-PeCDF 32,04 87 1.47
9 | BCy,-2,3.4,7,8-PeCDF 32.00 948 1.60
10 | 1.2,3.7,8-PeCDD 32.41 48 1.70
11 | ©C1,-1,2.3,7,8-PeCDD 32.36 121 1.63
12 | 1,2.3.4.7,8-HXCDF 37.76 13 127
13 | ©C12-1.2,3.4,7,8-HXCDF 37.71 226 0.49
14 | 1.2.3.6,7,8-HxCDF 37.98 47 1.32
15 | ©8C1,-1,2,3,6,7,8-HXCDF 37.96 273 0.57
16 | 2.3.4.6,7,8-HxCDF 39,58 35 1.22
17 | ©C1,-2,3.4.,6,7,8-HXCDF 39.53 234 053
18 | 1,2.3.4.7,8-HXCDD 39,78 29 1.36
19 | ©C1,-1.2,3.4.7,8-HxCDD 39.76 153 1.25
20 |1.2,3.6.7.8-HxCDD 20,00 27 132
21 | C1,-1.2,3.6.7,8-HxCDD 39.96 149 123
22 11.2,3.7.8.9-HxCDD 20,71 40 131
23 | BC1,-1.2,3.7,8.9-HxCDD (IS) | 40.69 151 130
24 |1.2,3.7,8.9-HXxCDF 41,44 15 1.35
25 | 13C,,-1,2.3.7.8,9-HXCDF 41,40 151 131
26 | 1,2.3.4.6,7,8-HpCDF 24,95 36 0.94
27 | 3C1,-1.2,3.4.,6,7,8-HpCDF 44.94 211 0.47
28 | 1.2.3,4.6.7.8-HpCDD 47,33 31 101
29 | ©3C1,-1.2,3.4.,6,7,8-HpCDD 47,30 194 1.05
30 |1.2,3.4.7.8,9-HpCDF 18,25 25 117
31 | 3Cy,-1,2.3,4.7,8,.9-HpCDF 18,22 151 0.47
32 | OCDD 53.47 12 0.89
33| 3C1,-OCDD 53,45 211 0.90
34 | OCDF 53.69 19 0.91
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Két qua thu dugc tir bang 3.1 cho thdy thoi gian luu cia cac dong loai
PCDD/Fs tang khi ting mitc d6 chlor hda trong phan tir. Cac chit chuan dong hanh
dugc dwa vao qua trinh phan tich do c6 cu tao, tinh chat 1i hoa gidng véi chat phan
tich; c¢6 cing tuwong tac v6i hé phén tich bao gom tach chiét, xt li, tach sic ky giéng
chat phan tich, ludn di cung chit phan tich nén ching c6 clng thoi gian luu véi cac
chat PCDD/Fs twong tng. Sy sai khac vé thoi gian luu cta 15 cip chat phén tich —
chuan dong hanh tuong g tai diém MCS1 nam trong khoang tir 0,6 — 3 s (<6 s) dap
g yéu cau ctia phuong phap tiéu chuan. Ty 1€ tin hiéu/nhiéu cia tat ca cac chat déu
16n hon 3 dam bao kha ning phat hién cac dong loai PCDD/Fs. Ty 1é da dang ion ddi
v6i cac pic tin hiéu d3 dugc danh gia dé phu hop véi su da dang vé mit 1y thuyét va
su thay do6i trong cac hé s6 dap (mg d6i v6i cac dung dich chuan tham chiéu trong
mot 1an chay duoc gigi han & mic 15%. Moi khdi cb dinh (lock mass) dugc quan sat
thay khong thay doi qua 20% trong sudt cira so thoi gian luu twong ing cua né, do
d6 khong tim thay 15i nao trong hiéu chinh d troi khéi luong cia dién truong bang

cach sir dung khoi khoa va khéi hiéu chuan trong qua trinh phan tich.

3.1.2. Két qud cdc dwong chudn, gidi han phdt hign va giéi han dinh lwong
PCDD/Fs trén thiét bi HRGC-HRMS

Puong chuan cua 17 chat PCDD/Fs duoc xay dung trong khoang nong do tir
0,05 dén 20 pg/uL (d6i v6i nhom tetra); tir 0,25 dén 100 pg/uL (ddi v6i cac nhom
penta, hexa va hepta) va tir 0,5 dén 200 pg/pL (d6i véi nhom octa). Cac dudng chuan
déu c6 d6 tuyén tinh cao (R2>0,999) cho thdy c6 mdi quan hé tuyén tinh gitra tin hiéu

do va nong do chat trong khoang nong do khao sat.

Gi6i han phat hién cua thiét bi (LOD) va gi6i han dinh luong cua thiét bi
(LOQ) ddi véi ting chi tieu PCDD/Fs dugc xac dinh thong qua phan tich lap lai 7
dung dich chuan MCS1 véi thé tich bom phan tich 1a 2 pL. Gi4 tri LOD, LOQ cua
thiét bi twong Gng véi cac chat phan tich duoc dua ra trong Bang 3.2.

Céc gia tri LOD ciia cac cau tir trén thiét bi HRGC-HRMS dao dong tir 0,035
dén 0,577 pg/uL, twong tmg véi gia tri LOQ cua thiét bi khoang tir 0,107 dén 1,75
pg/uL, trong d6 giéi han phét hién cua 2,3,7,8-TCDF 14 nho nhét va cia OCDD la

16n nhit.
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Bang 3.2 Pwong chuan, LOD, LOQ cia PCDD/Fs trén thiét bi HRGC-HRMS

Khoan . LOD | LO
TT Tén chét nong d(% gmgcl?sg :11 R? 0
(po/uL) (Po/uL)
1 |2378TCDD 0,050-20,0 | y=0,104x-0,002 | 0,99998 | 0,050 | 0,151
2 |123,78-PeCDD 0,250-100 | y=0,108x-0,055 | 099971 | 0,053 | 0,161
3 11,234,78-HxCDD 0,250-100 | y=0,108x-0,002 | 0,99999 | 0,074 | 0,225
4 |1,236,7,8-HxCDD 0,250-100 | y=0,102x-0,023 | 099995 | 0,051 | 0,154
5 11,23,7,89-HxCDD 0,250-100 | y=0,105x-0,018 | 0,99995 | 0,176 | 0,533
6 |1,234,6,78-HpCDD | 0,250-100 | y=0,109x-0,031 | 0,99990 | 0,126 | 0,381
7 | OCDD 0,500-200 | y=0,053x+0,005 | 0,99998 | 0577 | 1,75
8 |23,78-TCDF 0,050-20 | y=0,127x-0,011 | 099975 | 0,035 | 0,107
9 |123,78-PeCDF 0,250-100 | y=0,111x-0,056 | 099975 | 0,050 | 0,150
10 | 2,34,7,8- PeCDF 0,250-100 | y=0,112x-0,014 | 0,99998 | 0,149 | 0451
11 | 1,2,34,7,8-HXCDF 0,250-100 | y=0,116x-0,026 | 099993 | 0,054 | 0,163
12 |1,2,3,6,7,8-HXCDF 0,250-100 | y=0,122x+0,055 | 0,99961 | 0,047 | 0,142
13 | 1,2,3,7,8,9-HXCDF 0,250-100 | y=0,108x+0,019 | 099985 | 0,030 | 0,091
14 | 2,34,6,7,8-HXCDF 0,250-100 | y=0,111x-0,004 | 0,99999 | 0,038 | 0,115
15 |1,2,34,6,78-HpCDF | 0,250-100 | y=0,113x+0,009 | 0,99999 | 0,048 | 0,144
16 |1234,789-HpCDF | 0,250-100 | y=0,114x-0,030 | 0,99996 | 0,097 | 0,293
17 | OCDF 0,500-200 | y=0,047x-0,022 | 0,99984 | 0,270 | 0,817

3.1.3. Két qud so sdnh cdc thong sé phén tich PCDD/Fs trén thiét bi HRGC-HRMS
va GC-MS/MS

Piém thap nhat cia duong chuan MCS1, twong duong nong dd cac chat nam
trong khoang tir 0,05 — 0,5 pg/uL dugc phan tich trén ca hai thiét bi HRGC-HRMS
va GC-MS/MS. Trong d6, 2 chat chuan 2,3,7,8-TCDD va 2,3,7,8-TCDF c¢6 nong d6
thap nhat 0,05 pg/pL nén sic do phan tich cia chung dugc dua ra trong hinh 3.2 va
3.3 dé so sanh do nhay cua hai thiét bi phan tich.
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(@) HRGC-HRMS (b) GC-MS/MS
Hinh 3.3 Séc dé chdt chudn 2,3,7,8-TCDF tai diém chuan MCS1 phan tich trén 2 thiét b

Cac chat chuan nhom tetra-PCDD/Fs ¢6 nong d6 0,05 pg/pL khdng phat hién
duoc trén thiét bi GC-MS/MS do ti 1¢ tin hién trén nhiéu (S/N) twong tng cua 2,3,7,8-
TCDD va 2,3,7,8-TCDF lan luot 14 2 va 1, trong khi d6 gia tri S/N cta hai chat chuan
nay khi phan tich trén HRGC-HRMS lan luot 14 4 va 5 (>3). Bong thoi, cac gié tri
LOD va LOQ dbi véi 17 ddng loai phan tich baing HRGC-HRMS thap hon 3-19 lan
s0 Vi thiét bi GC-MS/MS. Tir nhitng két qua trén cho thay do nhay cia GC-HR/MS
t6t hon kha nhiéu so voi do nhay cia GC-MS/MS.

Bdng 3.3 Pwong chudn, LOD, LOQ ciza PCDD/Fs trén thiét bi GC-MS/MS

Khoang X LOD | LOQ

TT Tén chat nong do gﬂ:ﬁngcltlng Il: R?

(pg/uL) & CAR (Py/HL)

1 |23/78-TCDD 0,200-200 | y=0,135x -0,002 | 1,0000 | 0,201 | 0,610
2 |123,78-PeCDD 1,00-100 | y=0,124x-0,040 | 1,0000 | 0,998 | 3,02
3 |1234,78-HxCDD 1,00-100 | y=0,124x-0,076 | 1,0000 | 0,225 | 0,682
4 |1.236,78-HxCDD 1,00-100 | y=0,117x+0,034 | 1,0000 | 0,365 | 111
5 |123,789-HxCDD 1,00-100 | y=0,107x-0,019 | 1,0000 | 1,04 3,16
6 |12346,78HpCDD | 100-100 | y=0,089x-0,028 | 1,0000 | 0,311 | 0,943
7 | OCDD 2,00-200 | y=0,060x-0,003 | 1,0000 | 1,45 4,40
8 | 23,78 TCDF 0,200-200 | y=0,208-0,021 | 1,0000 | 0,249 | 0451
9 |123,7,8-PeCDF 1,00-100 | y=0,168x-0,061 | 1,0000 | 0,273 | 0,826
10 | 2,3,4,7,8- PeCDF 1,00-100 | y=0,168x-0,052 | 1,0000 | 0472 | 143
11 | 1,2,3/4,7,8-HXCDF 1,00-100 | y=0,149x-0,074 | 1,0000 | 0557 | 1,69
12 | 1,2,3,6,7,8-HXCDF 1,00-100 | y=0,174x+0,040 | 1,0000 | 0,880 | 2,67
13 | 1,2,3,7,8,9-HXCDF 1,00-100 | y=0,165x-0,011 | 1,0000 | 0,225 | 0,683
14 | 2,3,4,6,7,8-HXCDF 1,00-100 | y=0,129x-0,049 | 1,0000 | 0,498 | 151
15 | 1,2,34,6,7,8-HpCDF | 1,00-100 | y=0,134x+0,020 | 1,0000 | 0,235 | 0,712
16 | 1,2,34,789-HpCDF | 1,00-100 | y=0,112x-0,029 | 10000 | 0,267 | 0,810
17 | OCDF 2,00-200 | y=0,062x-0,088 | 1,0000 | 142 | 431
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Do mac néng dd diém chuan MCS1 khong thé phat hién duoc trén GC-
MS/MS nén duong chuan duoc xay dung trén thiét bi nay chi bao gém 4 diém chuan
(MCS2-MCS5). Gia tri RRF trung binh cua 17 ddng loai nim trong khoang 0,81—
1,88 ddi voi GC-QqQMS/MS (4 diém chuan) va 0,84-1,26 dbi véi GC-HR/MS (5
diém chuan). Gié tri RRFy ctia cac dong loai PCDD/Fs c6 RSD <20% dbi véi ca hai
phuong phép va phu hop véi céc tiéu chi dugc dua ra trong phuong phap USEPA 1613.

Bang 3.4 So sanh c&c thong sé phan tich PCDD/Fs trén thiét bi HRGC-HRMS

va GC-MS/MS

Thong so HRGC-HRMS GC-MS/MS
Khoang tuyén tinh 5 diém (MCS1-MCS5) | 4 diém (MCS2-MCS5)
Do nhay MCS1 (0,05-0,5 pg/puL) | MCS2 (0.2-2 pg/uL)
LOD (pg/uL) 0,030 — 0,577 0,149 — 1,45
Do lap lai — RSD % (bom
1ap lai 5 lan diém thap 0,4-3,0% (MCS1) 1,0-4,6% (MCS2)
nhat cua duong chuan)
RRFw, RSD RRFw RSD (%) RRF RSD (%)
2,3,7,8-TCDD 1,03 2,21 1,31 5,9
1,2,3,7,8-PeCDD 0,99 6,7 1,13 13
1,2,3,4,7,8-HXCDD 1,06 54 0,93 10
1,2,3,6,7,8-HXCDD 1,01 7,1 1,27 11
1,2,3,7,8,9-HXCDD 1,04 1,5 1,03 5,1
1,2,3,4,6,7,8-HpCDD 1,06 4.5 0,81 13
OCDD 1,06 1,4 1,19 1,4
2,3,7,8-TCDF 1,17 5,0 1,26 11
1,2,3,7,8-PeCDF 1,04 6,1 1,51 16
2,3,4,7,8- PeCDF 1,09 2,3 1,13 13
1,2,3,4,7,8-HXCDF 1,09 7,4 1,31 17
1,2,3,6,7,8-HXCDF 1,26 3,8 1,88 11
1,2,3,7,8,9-HXCDF 1,08 3,3 1,64 0,73
2,3,4,6,7,8-HXCDF 1,06 5,3 1,12 19
1,2,3,4,6,7,8-HpCDF 1,13 3,5 1,38 3,6
1,2,3,4,7,8,9-HpCDF 1,07 4,7 1,03 13
OCDF 0,84 13 1,13 8,2
Thai gian phan tich 56,95 phut 64,95 phat

RSD thé hién kha ning phan tich Iap tai diém thap nhat cua dwong chuan, c6
gia tri thap hon 5% ddi véi GC-QqQ (MS/MS) va thip hon 3% dbi véi HRGC-
HRMS. Bang 3.4 dua ra cac két qua so sanh gitta hai thiét bj phan tich, két qua cho
thdy HRGC-HRMS twong ddi vuot troi vé d6 nhay va do lap lai, dac biét 1a kha ning
phan tich t6t & mirc ham luong thap, phi hop cho phan tich luong vét, siéu vét cua
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ham lwgng PCDD/Fs trong cdc mau moéi trudng. Cac két qua thu duoc bing GC-
MS/MS ciing dap trng cac tiéu chi ctia phuong phap US EPA trong phan tich
PCDD/Fs nhung can mé rong nghién ciru vé pham vi nong do ciing nhu nén mau dé
cd thé ap dung phuong phap nay cho cc mau thuc té. Do dé, thiét bi HRGC-HRMS
vé6i cac diéu kién va thong sé phan tich & muc 3.1.1 va 3.1.2 hoan toan dap ung yéu
cau phan tich va Ia lva chon t6i wu dé &p dung phan tich PCDD/Fs trong cac nén mau
moi trudng ngay ca & mac sidu vét (fg).

3.2. Két qua nghién ciru quy trinh xir Iy miu khi va trim tich dé phan tich PCDD/Fs

C4c thi nghiém nghién ciru quy trinh xir Iy mau duoc tién hanh bang cach thém
chuan dong hanh trude qua trinh xtr Iy mau. Chat chuan dong hanh (chuan déanh dau
dong vi) 13Ci2 c6 tinh chat héa hoc twong tu v4i chat phan tich, vi vay chat chuan nay
dugc thém vao mau nham kiém soat hiéu qua xt Iy mau ciing nhu loai bo cac yéu tb
gy anh huong dén két qua phan tich mau. Piéu nay gitp loai bd cac sai s6 do qua
trinh chuan bi mau, bom mau, giup cai thién d chinh xac va do tin cay cua két qua
phan tich. Do d6, hiéu qua ctia qua trinh xir Iy mau duoc danh gia thong qua do thu
hoi ctia cac chat chuan dong hanh.

3.2.1. Két qua toi wu qud trinh chiét méau
3.2.1.1. Két qua khao sdt thoi gian chiét Soxhlet doi véi mau khi

Thoi gian chiét miu khi bang phuong phéap chiét Soxhlet dugc khio sat & 5
mirc, twong Gng 10 gio, 12 gio, 16 gio, 18 gid va 20 gio. Po thu hoi cia cac chat
chuan ddng vi danh dau 3Ci2 sau qua trinh chiét Soxhlet v6i cac thoi gian chiét khac
nhau dugc trinh bay trong bang 3.5 va hinh 3.4.
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Bang 3.5 P thu hdi (%) ciia cac chat chuan 3Cy, tai c4c thoi gian chiét Soxhlet

khac nhau
Thoi gian chiét (gio)
STT Tén chit 10 12 16 18 20

(E1) | (E2) | (E3) | (E4) | (ES5)
1 |18C12-2,3,7,8-TCDF 67,3 | 70,4 | 89,1 | 90,0 | 90,3
2 | 8C-2,3,7,8-TCDD 72,2 | 80,6 | 91,1 | 92,0 | 921
3 | 8Cy-1,2,3,7,8-PeCDF 69,9 | 754 | 92,1 | 92,0 | 92,8
4 | 8Cyp-2,3,4,7,8-PeCDF 72,1 | 81,0 | 89,9 | 88,0 | 89,0
5 | 8C-1,2,3,7,8-PeCDD 68,3 | 78,8 | 852 | 86,1 | 87,0
6 |3Ci-1,2,3,4,7,8-HXCDF 58,0 | 69,3 | 83,3 | 82,0 | 850
7 | 18C1-1,2,3,6,7,8-HXCDF 71,2 | 87,9 | 89,1 | 90,0 | 90,3
8 | 13C12-2,3,4,6,7,8-HXCDF 58,3 | 72,6 | 91,7 | 91,5 | 89,0
9 | 13Cy2-1,2,3,7,8,9-HXCDF 66,4 | 81,2 | 87,9 | 883 | 89,4
10 | C12-1,2,3,4,7,8-HXCDD 68,5 | 80,4 | 885 | 91,0 | 90,9
11 | 8C12-1,2,3,6,7,8-HXCDD 76,2 | 88,3 | 101 | 98,3 | 97,6
12 | 8C1-1,2,3,4,6,7,8-HpCDF 59,9 | 78,2 | 89,6 | 90,2 | 89,9
13 | 8C1,-1,2,3,4,7,8,9-HpCDF 65,7 | 82,3 | 90,1 | 91,0 | 92,3
14 | 8Cy-1,2,3,4,6,7,8-HpCDD 71,1 | 87,3 | 89,5 | 90,1 | 88,9
15 | 13C1,-OCDD 68,4 | 78,3 | 82,2 | 83,1 | 84,6

Két qua trong bang 3.5 cho thay anh huong cua thoi gian chiét ddi voi cac
nhém ddng loai PCDD/Fs 1a khac nhau. D6 thu hdi cua mét s6 chat chuan $3C12 nhom
tetra-, penta- ting nhe tir 10 gid 1én 12 gid (ting trung binh 7.3%) va ting cao nhat
tai 16 gio (tang trung binh 12.2%). P thu hoi caa cac chat chuan 3Cq2 nhém hexa-,
hepta-, octa tang nhanh tir 10 gior dén 12 gid (tang trung binh 14.2%) va dat tdi uu tai
16 gio (trung binh dat 80,6%). Khi thoi gian chiét tang tir 16 gio -18 gid, do thu hoi
c4c chat chuan déng hanh (chuan danh diu dong vi) déu ting nhe (0,6-2,5%), mot sb
chat giam hiéu suat 13Cy,-1,2,3,7,8-PeCDF, 13C12-2,3,4,7,8-PeCDF, 13C12-1,2,3,4,7,8-
HxCDF, 13C12-2,3,4,6,7,8-HXCDF, 3C12-1,2,3,6,7,8-HXCDD. Péong thoi, do thu hoi
cta cac chat chuan chi c6 nhiing thay doi nho (ting trung binh 0,4%) khi thay doi
thoi gian chiét 1én 20 gio.

Nhin chung khi tang thoi gian chiét, d thu hoi cta cac chat cé xu hudng ting
va dat t6i vu khi thoi gian chiét dat 16 gio voi do thu hoi trung binh caa 15 chat chuan
13Cy, dat 89,4%, d6 léch chuan 4,4% (hinh 3.4). Vi vay dé tiét kiém thoi gian phan
tich mau ciing nhu dam bao hiéu qua chiét mau, thoi gian chiét Soxhlet thich hop cho
cac nén mau khi duoc lua chon 1a 16 gio.
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3.2.1.2. Két qua khdo sdt phirong phdp chiét mau tram tich

Pé giam thiéu luong dung mdi hitu co sir dung trong qua trinh chiét, phuong
phap ASE 1a mot ky thuat moi duoc str dung dé thay thé phuong phap chiét Soxhlet
truyén théng. Hiéu qua chiét PCDD/Fs tir nén mau tram tich bang hai phuong phép
chiét duoc danh gia qua do thu hoi ciia cac chat chuan ddng hanh thém vao mau trude
khi chiét. Két qua so sanh d¢ thu hdi céc chit chuan thu duoc tir hai phuong phap
chiét dugc trinh bay trong hinh 3.5.
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Hinh 3.5 Bé thu hai chdt chudn 3Ci2 trong mdu tram tich véi hai phwong phdp
chiét Soxhlet va ASE (n=3)

Do thu hdi cua cac chat chuan dong hanh trong mau tram tich thu duoc tir
phuong phéap chiét Soxhlet nim trong khoang 60,9 - 96,3% va dat tir 47,9 - 82,6%
d6i v6i phuong phap chiét ASE. Két qua cho thdy hiéu qua chiét cia phuong phap
ASE dbi véi mau tram tich khéng co su chénh 1éch nhiéu so véi phuong phap Soxhlet
d6i voi cac nhom thé tetra- va penta-. Do thu hdi cac chat chuan 13Ciz-hexaCDF,
heptaCDF va OCDD bang phuong phéap chiét ASE thap hon 10-15% so véi phuong
phap chiét Soxhlet do cac chat nay c6 phan tir khéi I6n hon, can thoi gian 1au hon dé
tach ra khoi nén mau. Két qua so sanh do thu hdi theo ting cap chat chuan dong hanh
thu duoc giita hai phuong phap chiét Soxhlet va chiét ASE bang kiém dinh Wilcoxon
(phu luc 4) cho thay phuong phap chiét Soxhlet ¢d hiéu qua chiét cao hon phuong
phap chiét ASE (gié tri p=0,001<0,05). Tuy nhién cac gié tri d6 thu hdi cua chat chuan
ddng vi PCDD/Fs thu dugc tir phuong phép chiét ASE déu nam trong khoang tham
khao ctia phuong phap tiéu chuan US EPA 1613 va EN 1948-2. Ngoai ra, phuong
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phap chiét ASE cd uu diém hon so véi chiét Soxhlet la gitp giam dang ké luong dung
moi sir dung (giam 10 1an tir 300 mL con 30 mL ) va giam thai gian chiét mau (giam
40 lan tir 16 gio con 22 pht). Vi vay, phuong phéap chiét ASE c6 thé ap dung ddi voi
nén mau tram tich dam bao hiéu qua phan tich mau ddng thoi tiét kiém thoi gian, chi
phi phan tich.

Tir két qua cac thi nghiém tbi wu quy trinh chiét mau, phuong phéap chiét ap
dung cho mau khi (khéng khi xung quanh, khi thai) 1a phuong phap chiét Soxhlet
bang 300 mL hdn hop dung mdi hexane:DCM (4:1) trong 16 gio. Phuong phap chiét
t6i wu v6i nén mau tram tich 1a phuong phap ASE st dung 30 mL dung mdi toluene
trong thoi gian chiét 22 pht.

3.2.2. Két qud t6i wu hé cét lam sach méu
3.2.2.1. Két qua 16i wu héa cét than hoat tinh
a. Két qua khao sat khéi lwong vat liéu cot than hoat tinh

Nham tbi wu hoa khéi lwgng vat liéu nhoi ddi vai cot than hoat tinh, thi nghiém
khao say duoc tién hanh vai 4 mie khéi lugng khac nhau A1, A2, A3, A4, tuong Gng
0,6; 0:8; 1,0; 1,2 g than hoat tinh. Chuan bi 4 cot véi thar ty nhdi cot: Bong thay tinh,
39 Na>SOg, than hoat tinh, 3g Na.SO4. Hiéu qua lam sach cua c6t than hoat tinh dwoc
danh gia théng qua do thu hdi cua cac chat chuan Ciz qua bén cot twong tng véi 4
khdi lwong khac nhau ciia chat nhdi trong hinh 3.6.

mm Al (0.6g) W A3 (1,0g)

120
B A2 (0.8g) [ A4 (1,2g)

Pj) thu hdi (%)
[o)]
o

Hinh 3.6 So sanh dg thu hai cac chdt chudn 3C1, M1613 khdo sat khai lwreng cot
than hogt tinh
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Do thu hdi cac chat chuan 3Ci2 nhdm penta- va hexa- c6 xu huéng ting khi
tang khdi luong than hoat tinh tir 0,6 dén 0,89 va giam dan khi ting khéi luong 1&n
1,09 va 1,2g. Cac chat chuan 3Ci2 nhom tetra- khong cd su chénh léch 16n gitra 4
mau, trong khi c6 hiéu suat cac chat nhom hepta-, octa- 6n dinh & mau A1, A2 va
giam dan & mau A3, A4. Trong d6, d6 thu hoi cua cac chit chuan 13Ci thu dugc &
cot A2 (twong dwong 0,8g than hoat tinh) nam trong khoang tir 62,5% (**C1,-OCDD)
dén 103% (13C12-23478-PeCDF). Tuy nhién khi ting dén 1,2 g than hoat tinh thi hiéu
Suat cac chat chuan 13Cy, lai giam dan. Do d6 dé dam bao hiéu suat ciing nhu giam
lugng hda chat st dung, khéi lwong than hoat tinh nhoi cot duge chon 13 0,8g.

b.  Két qua khao sat thé tich dung mdi rira giai cot than hoat tinh

Sau khi x4c dinh lugng chat nhoi cua cot than hoat tinh, lrgng dung mdi rira
giai duoc tiép tuc khao sat voi dung mdi sir dung 1a toluen. Tién hanh thi nghiém
khao sét trén hai nhém chat chuan dong hanh theo hai phwong phap tiéu chuan 1a US
EPA 1613 (M1613) va US EPA 23 (M23). Thi nghiém rua giai duoc chia thanh 9
phan doan riéng biét, vai tong thé tich dung mdi ria giai 1a 250 mL. Mbi phan doan
sau khi rira giai duoc cd quay vé thé tich nho, thoi dudi dong khi N2 va thém chét noi
chuan trude khi bom phan tich trén thiét bi. Do thu hdi cua cac chat chuan 3Ci2 cua
tirng phan doan trong tirng phuong phap duge xac dinh va trinh bay trong hinh 3.7 va
hinh 3.8.

1204 == F1(50ml) m=m F4(25ml) mmm F7(25mL)
[ I F2(25ml) mmm |'5(25ml) mmm I8 (25 mL)
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Hinh 3.7 So sanh dg thu héi cac chdt chudn 3Ci2 M23 trén cdc phén doan rira
gidi cgt than hoat tinh
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Két qua thu duogc tir hai phuong phap déu twong ty nhau. Ngay tai phan doan
F2 (75mL) cac nhém chat tir tetra- dén penta- gan nhu da duoc rira giai hoan toan (tir
90%-100% dbi voi M23 va tir 75%-90% dbi véi M1613). Thé tich ria giai toi uu doi
Vi cac chat chuan Ci2 nhém hexa- 13 100 mL (phan doan F3) va d6i véi nhom
hepta- 14 125 mL (phan doan F4). Di véi chat chuan nhém octa- (33C12-OCDD) ting
déu tir F1-F5 (téng 150mL) véi téng hiéu suat khoang 40-45%, hiéu suat nay hoan
toan dép tng gidi han caa US EPA 1613 v& higu suit caa 13C1-OCDD (17%-157%).
Khi ting thé tich rira giai tir F6-F9 (mdi phan doan 25 mL toluen), hiéu suat caa 3C,-
OCDD ting khong dang ké. Do d6, dya trén tiéu chi tiét kiém hoa chat dung méi va
cling dam bao d6 thu hoi cac chat chuan nam trong gidi han cho phép cua phuong
phap tiéu chuan, thé tich dung méi toluen dung dé rira giai cot than hoat tinh duoc
Ira chon la 150 mL.

100 mm El(S0ml) wmm E4(25ml) mmm E7(25ml)
) F2(25ml) == ES(25ml) = ES(25ml)
Em F3(25ml) mmm E6(25ml) = E9(25ml)
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Hinh 3.8 So sanh dg thu hai cac chdt chudn 3Ci, M1613 trén cdc phén doan riva
gidi cgt than hoat tinh

Két qua qué trinh khao sat téi uu hoa diéu kién 1am sach trén cot than hoat tinh
cho thay thanh phan cot than hoat tinh bao gém céc phan Iép bdng thay tinh, 3g
NazSO0y4, 0,8g than hoat tinh, 3g Na2SO4 va 150 mL dung méi toluene dugc dung dé
rira giai cac hop chat PCDD/Fs ra khoi cot than hoat tinh trong quy trinh 1am sach

mau moi truong.
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3.2.2.2. Két qud téi wu héa cét silica gel da I6p

a. Két qua khao sat thé tich dung moi rira giai cot silica gel da 16p

Dung méi dé rira giai dioxin c6 ¢ phan cuc thap, thuong 1a hexane nhung phd
bién nhat hdn hop cua hexane va luong nho dichloromethane; do d6 hdn hop
dichloromethane: hexane (5:95, v/v) duogc lya chon la dung méi rira giai trong cac thi
nghiém khao sat ciing nhu trong quy trinh phéan tich mau. Két qua khao sat cac phan
doan dugc trinh bay trong hinh 3.9.

Céc chat chuan 3C12 M23 (4p dung cho mau khi thai) thém vao mau qua phan
doan déu tién 50 mL d4 duoc rira giai gan nhu hoan toan (81%-111%). Tai phan doan
thir 2 (50 mL tiép theo), hiéu suat cua cac chat chi dao dong khoang 1-2%. Cac phan
doan F3, F4, F5, F6 hau nhu khong thay xuat hién tin hiéu cua cac chat chuan 3Ci..
Vi vay thé tich hdn hop dung mdi Hex: DCM (95:5, v/v) téi wu sir dung dé rira giai
cot silica gel da 16p 12 50 mL dam bao do thu hdi cua cac chat chuan va tiét kiem toi
da luong dung moi.
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Hinh 3.9 Pg thu héi cac chdt chudn *C1, M23 qua 6 phdin doan rira gidi cét
silica gel da lop
Tuong ty nhu phuong phap M23, cac chit chuan 3Cy, cua phuong phap
M1613 ciing dugc thém vao trong qué trinh khao sat phan doan dung moi rira giai cot
silica gel da 16p. Két qua do thu hdi 15 chat chuan nay duoc dua ra trong hinh 3.10.
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Hinh 3.10 P4 thu héi cac chdt chudn 3Ci, M1613 cdc phéin doan rira gidgi cét
silica gel da lop

Ngay tai phan doan E1 (50 mL) cac chat chuan di duoc rira giai gan nhu hoan
toan, véi hiéu suit nam trong khoang 70,3 - 110%. Phan doan E2 (50 mL tiép theo)
chi thu duoc 1,1 - 2,2% cac chit chuan 13Cio. Céc phan doan con lai hiu nhu khong
con phéat hién cac chat chuan nay. Vi vay, thé tich dung méi Hex: DCM (95:5, v/v)
dé rira giai cot silica gel da 16p ddi voi cac mau mdi treong 1a 50 mL.
b.  Kétqua khao séat khdi lugng vat lieu 22%H,SOa4+silica gel

Hinh 3.11 biéu dién sic d6 trich xuat ion cua cac chat chuan 3Cy, trong 7 mau
khi thai twong @ng voi 7 mac khdi lwong caa vat liéu nhdi 22%H,SO4+silica gel trén
cot silica gel da 16p. Cac mau KT1 dén KT4 c6 duong nén kha cao, mot sé pic chua
tach hoan toan khoi nhau nhu cap chat 3Ci»-2,3,4,7,8-PeCDF; 3C1,-1,2,3,7,8-
PeCDD va cip chit 1*Ci,-1,2,3,4,7,8-HxCDD; ¥C1,-1,2,3,6,7,8-HxCDD. Miu KT5
dén KT7 c6 su thay doi rd rét, duong nén giam va kha nang tach cac chat tét hon. Khi
xét dén sic do ion cua ting chat dbi véi mot sé déng loai kho tach nhu 13Ci2-1,2,3,7,8-
PeCDF, 13C1,-1,2,3,7,8-PeCDD; 13Ci1,-1,2,3,6,7,8-HXCDF; 13Ci1,-1,2,3,6,7,8-
HxCDD; 13C1,-OCDD ddi véi cac mau KT1, KT2, KT3; KT4 khé nhan thiy su phan
tach rd rang. Khi tang khoi luong vat liéu nhdi tuong tng cac mau KT5, KT6, KT7,

cac chét nay di dugc phan tach hoan toan.
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Ghi chd: 1- 8Cy2-1,2,3,4-TCDD, 2- 3Cy,-2,3,7,8-TCDF, 3- 13C1,-2,3,7,8-TCDD, 4- ¥Cy2-1,2,3,7,8-PeCDF, 5-
13C1,-1,2,3,7,8-PeCDD, 6- 13C1,-1,2,3,6,7,8-HXCDF, 7- 1Cy-1,2,3,4,7,8-HXCDD, 8- 13Cy,-1,2,3,7,8,9-
HXCDD, 9- 1*C1,-1,2,3,4,6,7,8-HpCDF, 10- 3C1-1,2,3,4,6,7,8-HpCDD, 11- 13C;,-OCDD.

KT1: 4,0g; KT2: 4,5g; KT3: 5,0g; KT4: 5,59; KT5: 6,0g; KT6: 6.5g, KT7: 7,09

Hinh 3.11 Sdc dé trich xudt ion (EIC) ciia cac chat chudn Ci2 trong cac mdu
khi thai khdo sét khéi lwong 22% H,SOa+silica gel

il
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100

80

60

40

Dj thu hdi (%)

20

=1
L

Hinh 3.12. Pé thu héi trung binh cia cac chdt chudn 3Ci2 thém vao cac méu khi
thdi khdo séat khoi lireng 22%H,SO4+silica gel

Do thu hoi cac chat chuan danh dau dong vi 1*Cy, c6 xu hudng ting dan khi

tang khoi luong vat liéu 22% H2SO4+silica gel tir 4g (KT1) dén 79 (KT7), dic biét 1a
cac chat 13C1,-12378-PeCDD, hiéu suét tiang tir 23,4% dén 84,9%, hiéu sut chat
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13C1,-123678-HxCDF ting tir 29,5% dén 82,1%. Theo két qua hinh 3.12, mau KT7
thu dugc do thu hdi trung binh cua cac chit cao nhat (78,9%) ciing nhu d6 léch chuan
thip nhat (17,5%). Do d6 khi tang khdi lugng 22% H,SO4+silica gel 1én 7g, nén mau
kha thip va kha ning tach tdt, do thu hdi cac chat 13C1, nam trong khoang cho phép
ctia phuong phép tiéu chuian EN 1948-2, ¢&am bao yéu cau phan tich PCDD/Fs trong

nén mau moi truong.
C. Két qua khao sat khdi luong vat liéu 44%H,SO4+silica gel

Sau khi qua 16p vat liéu 22%H,SO4+silica gel, dung dich mau tiép tuc duoc di
qua I6p vat lidu 44%H,SO4+silica gel dé loai bo hoan toan chat béo cé trong mau va
loai bo c4c chat vo co ¢ tinh bazo. Vat liéu ¢ thanh phan acid véi néng do manh
hon duoc sir dung dé loai bo hoan toan céc tap chat hiru co ma phan 16p
22%H,SO4+silica gel chua xt ly hét, bao géom cac hop chat chaa Cl ¢c6 thé gay tro
ngai dén quy trinh phan tich ciing nhu dam bao rang cac chat c6 do phan cuc cao va
c6 kha nang anh huong dén két qua phan tich bi phan hay hoic giir lai trén cot. Két
qua danh gia cac mau khi thai KT8-KT13 twong ung véi khdi luong khac nhau cua
vat liéu 44%H,SOs+silica gel duoc trinh bay trén hinh 3.13 va 3.14.
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Ghi chu: 1- 18Cy,-1,2,3,4-TCDD, 2- $3C4,-2,3,7,8-TCDF, 3- 13C4,-2,3,7,8-TCDD, 4- $3C4,-1,2,3,7,8-PeCDF, 5-
13C1,-1,2,3,7,8-PeCDD, 6- '¥C1,-1,2,3,6,7,8-HXCDF, 7- 13Cy,-1,2,3,4,7,8-HXCDD, 8- *C1»-1,2,3,7,8,9-
HXCDD, 9- *3C12-1,2,3,4,6,7,8-HpCDF, 10- 13C1,-1,2,3,4,6,7,8-HpCDD, 11- *C1,-OCDD.

KT8: 4,0g; KT9: 4,5g; KT10: 5,0g; KT11: 5,5g; KT12: 6,0g; KT13: 6.59

Hinh 3.13 Sdc dé EIC cia cac chat chat chudn 3C12 mau khi thai khdo sat khdi
lwong 44%H,SO4+silica gel
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Sac d6 EIC cua cac chat chuan 13Cy, trong 6 mau tram tich khong nhan thay
su khac biét rd rang. Khi xét dén do thu hdi cua cac chat chuan 3Ciy thay riang khi
tang khdi lwong vat lidu nhoi tir 4 dén 5 g (KT8-KT10), hiéu suat cac chat chuan
nhom tetra- va penta- thay d6i khéng dang ke, tuy nhién cac chat chuan nhoém hexa-,
hepta- va octa c6 xu hudng tang. Khi tiép tuc ting khéi lwong chat nhoi dén 6,59 do
thu hdi cac chat khong thay dbi déang ké. Tai mau KT10 twong tng 5g vat lidu
44%H,S04+silica gel, chat 13C1,-OCDD dat hiéu suat cao nhat (46,7%), dong thoi do
thu hdi trung binh thu duoc ciia cac chat chuan Ci2 1a cao nhat (83,5%), vi vay gia
tri nay duoc lra chon dé thém vao cot silica gel da 16p cho nhiing khao sét tiép theo.
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Hinh 3.14 D¢ thu hai trung binh cia cac chat chudn Ci, thém vao cac mdu khi
thdi khdo sat khoi lwgng 44%H,SO04+silica gel
d.  Kétqua khao sat khdi luong vat liéu 10%AgNOs+silica gel
Nén mau tram tich bi anh huong kha nhiéu dén két qua phan tich do c6 céc
hop chat chira luu huynh, vi vay can loai bo cac hop chat nay ra khoi nén mau trudc
khi tién hanh phan tich nham tranh gay can tro khdi phé ké, dic biét trong ngudn ion
hoa. Khi so sanh sic db trich xuat ion cac chét chuan 3Cy, cua 6 mau tram tich (hinh
3.15), két qua cho thay khong c6 sy khac biét giira cac sic d6 nay, nén mau dugc lam
sach kha tbt, kha nang tach cac pic twong ddi tot. Vi vay, hiéu qua cta vat liéu 1am
sach 10%AgNOs+silica gel dbi véi nén mau tram tich dugc danh gia thong qua do
thu hoi cia cac chét chuan dong hanh.
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Ghi chd: 1- *C1p-1,2,3,4-TCDD, 2- 13C1,-2,3,7,8-TCDF, 3- 13C;,-2,3,7,8-TCDD, 4- 15C1,-1,2,3,7,8-PeCDF, 5-
18C1,-2,3,4,7,8-PeCDF, 6- 13Cy,-1,2,3,7,8-PeCDD, 7- 13C1,-1,2,3,4,7,8-HXCDF, 8- 13C1,-1,2,3,6,7,8-HxCDF,
9- 13C;,-2,3,4,6,7,8-HXCDF 13C1,-1,2,3,6,7,8-HXCDF, 10- 3C;,-1,2,3,4,7,8-HxCDD, 11- 3C;,-1,2,3,6,7,8-
HXCDD, 12- 3C;,-1,2,3,7,8,9-HXCDD, 13- 3C1,-1,2,3,7,8,9-HXCDF, 14- 3C;,-1,2,3,4,6,7,8-HpCDF, 15-
18C1,-1,2,3,4,7,8,9-HpCDF, 16- 3C1,-1,2,3,4,6,7,8-HpCDD, 17- 13C;,-OCDD
TT1: 2,59; TT2: 3,0g; TT3: 3,50; TT4: 4,0g; TT5: 4.5g; TT6: 5,0
Hinh 3.15 Sdc dé EIC ciia cac chat chudn Cq, trong cac mdu tram tich khdo sét
khéi lirong vit ligu 10%AgNOs+silica gel

Két qua do thu hoi trung binh cua cac chat chuan d¢éng hanh thém vao trong
qua trinh xa Iy mau dugc dua ra trong hinh 3.16. Trong d6, d6 thu hdi trung binh caa
c4c chat chuan 8Cy, 6 mau TT1 (twong tng 2,59 10%AgNOs+silica gel) thu duoc 1a
cao nhat 54,7% vai gia tri do 1éch chuan thap nhat (15,9%). Khi xét dén do thu hoi
cua tirng nhém chét chuan 3Cy,, theo nhu két qua thu duoc, hiéu suat cac chat chuan
nhom tetra- dén nhdm penta- trong 6 mau dat tir 48,1% dén 69,5%. Hiéu suat nhom
13Cyp-tetra- cao nhat tai mau TT4 (62,1%) ; 13Ci,-penta- dat hiéu suat cao nhat véi
mau TT5 (69,5%). Hiéu suat 3C12 cdc nhom hexa-, hepta-, octa- dat gia tri cao nhat
tai mau TT1. BSi véi mau TT1, cac chat c6 kha nang tach tot dong thoi do thu hoi
céc chat chuan 3C1, déu tot va dam bao céc gié tri thu hoi nay déu nam trong khoang
tham cua tiéu chuan US EPA 1613, vi vay cot nhoi silica gel chta 2,5 g vat liéu
10%AgNOs+silica gel dugc lya chon cho qua trinh lam sach mau méi trudng trong

phan tich chi tiéu dioxin.
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Hinh 3.16 So sanh dé thu héi trung binh cac chdt chudn Ci2 thém vao mdu
tram tich khdo sat khoi lweng 10%AgNOs+silica gel

Két qua khao sat khdi luong ba phan 16p vat liéu trén cot va thé tich rua giai
cot silica gel da 16p cho thay: khéi lugng cac 16p khao sat bao gom 7g vat liéu
44%H,SO4tsilica gel, 5g vat liéu 22%H,SOstsilica gel, 2,5g vat liéu
10%AgNOs+silica gel véi thé tich dung mdi rira giai duoc lya chon 1a 50 mL hdn
hop dung moi hexane:DCM (95:5).

3.2.2.3. Két qua danh gia hiéu qua lam sach cua hé cot

Nong do cac dong loai PCDD/Fs va gié tri TEQ thu duogc trong hai mau khi
thai tir hai quy trinh 1am sach duoc trinh bay trong bang 3.6 va céc gia tri do thu hoi
cuia cac chat chuan 3Cy, duogc thé hién trong hinh 3.17.
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Hinh 3.17 Bg thu héi cac chat chudn C-PCDD/Fs trong mdu khi thai qua hai hé 1am sach
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Déi voi mau khi thai KT1-SS, d6 thu hdi caa cac chat chuan danh dau dong vi
nam trong khoang 69 - 100% khi sir dung cot 1am sach Supelco va 69-96% khi sir
dung hé cot 1am sach tu ché, dap tng tiéu chi cua Co quan Bao vé Mbi truong My
(US EPA) 1613 va EN 1948-2. Tuong tu ddi véi mau khi thai KT2-SS, d6 thu hoi
cua cac chat chuan khi sir dung hai hé 1am sach khéac nhau lan luot 12 78-98% (cot
Supelco) va 77-98% (cot 1am sach tu ché). Két qua phan tich ham luong cac dong
loai ciing cho thay khéng cé su chénh Iéch 16n giira hai phuong phap 1am sach, cach
biét vé ham lwong gitta cac dong loai twong tng trong mau KT1-SS Ia tir 0.087-10.1
pg/Nm?, trong mau KT2-SS 1a 0.043-24.8 pg/Nm?®.

Bang 3.6 Ham lwgng PCDD/Fs (pg/Nm?) trong cac mau khi thai qua hai hé lam
sach khac nhau

KT1-SS KT2-SS
Tén chat Cot Sl Cot Cot lam
Supélco sach ty Supélco sach tw

ché ché
2,3,7,8-TCDD 17,6 17,0 4,11 4,07
1,2,3,7,8-PeCDD 75,8 75,6 37,2 315
1,2,3,4,7,8-HXCDD 20,6 20,5 20,1 21,0
1,2,3,6,7,8-HXxCDD 49,2 51,2 28,8 29,9
1,2,3,7,8,9-HxCDD 28,4 25,1 19,0 21,3
1,2,3,4,6,7,8-HpCDD 116 118 118 125
OCDD 252 259 123 148
2,3,7,8-TCDF 137 127 40,3 38,2
1,2,3,7,8-PeCDF 95,7 106 59,8 48,8
2,3,4,7,8- PeCDF 204 196 78,7 91,5
1,2,3,4,7,8-HXCDF 80,9 75,4 68,9 66,2
1,2,3,6,7,8-HXCDF 78,1 74,8 72,4 63,3
1,2,3,7,8,9-HXCDF 25,9 20,5 16,7 17,5
2,3,4,7,8,9-HXCDF 73,3 67,9 68,8 72,7
1,2,3,4,6,7,8-HpCDF 151 146 223 175
1,2,3,4,7,8,9-HpCDF 14,5 7,79 21,7 23,9
OCDF 43,5 39,5 64,8 78,9
TEQwHo2005 210 203 104 101

Két qua so sanh hai mau bang kiém dinh Wilcoxon (phu luc 4) cho thay d thu
hdi ciing nhu ham luong cac dong loai, gia tri TEQ thu duoc tir hai hé cot 1am sach
khong co6 su khac biét co y nghia thong ké (gié tri p>0,05). Hay ndi cach khac, hiéu
qua lam sach cua hé cot thuong mai Supelco va hé cot 1am sach tu ché 1a twong duong
nhau d6i véi cac mau khi thai. Phuong phap lam sach st dung hé cot 1am sach tu ché
d3 t61 uu hoan toan dap (ng yéu cau phan tich PCDD/Fs trong cac nén mau khi (bao
gom khi thai va khong khi xung quanh).
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Do thu hdi cac chat chuan ddng vi trong c&c mau tram tich thu duoc tir phuong
phap lam sach qua hé cot Supelco nam trong khoang 52 - 110% va nam trong khoang
tir 51 - 97% khi sir dung hé cot 1am sach tu ché (Hinh 3.18). Nhin chung d6 thu hdi
khi xét dén tirng ddng loai thu duoc tir hé cot 1am sach tu ché c6 xu huéng thap hon
S0 vé6i hé cot thuong mai. Sy chénh léch vé do thu hdi rd rét nhat & mau TT1-SS la
ciia 3C12-1,2,3,7,8-PeCDD (15%), 13C12-1,2,3,4,7,8-HXCDF (11%) va mau TT2-SS
la cac chat 13C12-1,2,3,7,8-PeCDF (20%) va 13C12-1,2,3,6,7,8-HXCDF (14%). Két qua
kiém tra Wicoxon (phu luc 4) d6i véi cac cip gia tri thu hoi tir hai hé cot ciing cho
thay su khac biét co y nghia thong ké vé do thu hoi tir hai hé cot 1am sach (p<0,05).
Tuy phuong phap 1am sach dung hé cot 1am sach ty ché c6 d6 thu hoi thap hon so voi
hé cot thwong mai nhung céac gi tri thu hdi van dam bao yéu cau phan tich dugc dua
ra trong US EPA 1613 va EN 1948-2. Mat khac, ham luong cua cac dong loai va gia
tri TEQ twong @ng hai hé 1am sach lai cho két qua twong ddng va khong co su khéc
biét co ¥ nghia thong ké nao giira gia tri tirng cap chat (kiém tra Wilcoxon). Phuong
phap 1am sach sir dung hé cot 1am sach ty ché da tdi wu hoan toan dap ng yéu cau
phan tich PCDD/Fs trong cac nén mau tram tich.

Bang 3.7 So sanh két qua phan tich PCDD/Fs (pg/g) trong cac miu tram tich
gua hai hé lam sach khac nhau

TT1-SS TT2-SS
Tén chat Cot Cotlam Cot Cot lam
Supélco sach tw Supélco sach tw

che che
2,3,7,8-TCDD 0,085 0,050 0,035 0,042
1,2,3,7,8-PeCDD 0,221 0,198 0,325 0,333
1,2,3,4,7,8-HXCDD 0,215 0,203 0,216 0,227
1,2,3,6,7,8-HXCDD 0,744 0,632 0,898 0,895
1,2,3,7,8,9-HXCDD 0,976 1,01 1,10 1,09
1,2,3,4,6,7,8-HpCDD 13,7 14,2 17,1 16,8
OCDD 310 315 400 402
2,3,7,8-TCDF 0,155 0,173 0,176 0,276
1,2,3,7,8-PeCDF 1,53 1,49 2,54 2,56
2,3,4,7,8- PeCDF 0,749 0,725 0,743 0,722
1,2,3,4,7,8-HXCDF 0,761 0,653 0,779 0,741
1,2,3,6,7,8-HXCDF 0,705 0,719 0,787 0,817
1,2,3,7,8,9-HXCDF 0,094 0,082 0,075 0,064
2,3,4,7,8,9-HXCDF 0,417 0,464 0,725 0,732
1,2,3,4,6,7,8-HpCDF 3,08 3,24 4,60 4,32
1,2,3,4,7,8,9-HpCDF 0,39 0,367 0,541 0,576
OCDF 3,22 2,93 2,52 2,33
TEQwHo2005 1,25 1,18 1,48 1,49
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Hinh 3.18 Pg thu hai cac chat chuan *3C1.-PCDD/Fs trong mdu tram tich qua
hai h¢ lam sach khac nhau

3.2.3. Quy trinh phan tich PCDD/Fs trong mdu khi va trdm tich

Sau khi khao sat va tdi wu cac diéu kién xt ly mau, quy trinh phan tich 17 dong
loai PCDD/Fs doc trong cac nén mau mdi truong dugc xay dung nhu hinh 3.19.

Mau khéng khi xung quanh (PUF + QFF) va mau khi thai (XAD-2 + GFF)
dugc dua vao ong chiét cua hé chiét Soxhlet sau d6 thém 50 pL hdn hop chuan dong
hanh nong d6 2-4 pg/uL va thuc hién chiét mau véi 300 mL hén hop dung moi
Hexane:DCM (4:1, v/v) trong thoi gian 16 gio. Bbi véi nén mau tram tich, 5g mau
khé dugc chuyén vao 6ng chiét ciia hé chiét ASE, thém 50 uL hdn hop chuan dong
hanh néng d6 2-4 pg/uL vao mau va tién hanh chiét mau theo cac diéu kién dua ra
trong muc 2.4.2.2 véi dung mai toluen.

Quy trinh 1am sach mau da duoc téi wu va ap dung cho tat ca cac nén mau moi
truong dé dam bao loai bo hau hét cac yéu té gay anh huong nén mau. Dich chiét
mau sau khi chiét duoc cd quay chan khdng vé thé tich nho 1-2 mL. Chuén bi hé cot
lam sach bao gom cét silica gel da 16p va cot than hoat tinh. Cot silica gel duoc chuan
bi theo thi tu tr dudi 1én: bdng thuy tinh, Na:SO. (2g), 0,9 g silica gel;
2%KOH+silica gel (3g); 0,9 g silica gel; 44%H,SOstsilica gel (59);
22%H,SO4+silica gel (79); 0,9 g silica; 10% AgNOs+silica gel (2,59); NaSOas (29).
Cot than hoat tinh duoc chuan bi theo thir tu: bong thuy tinh; 5g Na2SO.; 0,8g than
hoat tinh; 5g Na>SOa. Trudc tién, cot silica gel dugc hoat hda véi 100 mL dung moi
hexane sau d6 ghép ndi véi cot than hoat tinh (cot silica gel phia trén). Mau duoc
chuyén 1&n hé cot ghép néi va rira giai bang 50 mL hdn hgp dung mdi hexane:DCM
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(95:5, v/v), phan dung méi nay chira cac tap chét s& chuyén vao binh thai do chat
phan tich da duoc gitr lai trén cot than hoat tinh. Cot silica gel da 16p sé dugc thao ra
va quy trinh 1am sach tiép tuc duoc tién hanh vai cot than hoat tinh. Dung méi hexane
s& dugc thém vao cot véi thé tich 12 150 mL nham loai bd cac hop chat PCBs dong
phing ra khoi nén mau va chi con lai cac hop chat PCDD/Fs con gitt lai trén cot.
Budc cudi cung 1a thém vao cot 150 mL dung méi toluen dé rira giai PCDD/Fs can
phan tich, thu phan dung méi nay va cé quay chan khdng vé thé tich nhé khoang 1 mL.

50pL chuan

- S0pLchuan (XAD-2+GFF) Mau trdm tich « Copbcen
- dong hanh 2u khi h So mau kho dong hanh
. 2-dng/ml. Mt khi sung quan (5gmau kho) ~ 2-4ng/mL |

(PUF+QFF)

h 4 Y

Chiét Soxhet 16h v6i 300 mL hdn hop
Hex:DCM (4:1. v/v)

' !

Cb quay chéan khong dich chiét vé 1-2 mL

|

Chuyén mau lén hé cot ghép ndi (cot silica gel da 16p phia trén cdt than hoat tinh)

|

Rura giai bang 50 mL hdn hop Hex:DCM (95:5, v/v)

|

Thao cdt silica gel, lam sach trén cdt than hoat tinh

}

v Y

Chiét ASE véi dung méi toluen

Thai bo phan

v

dung moi

F1: 150 mL hexan F2: 150 mL toluen
Thai bo Co can dudi dong khi N>
Thém 10pL ngip---=============-= > l

chuan 2 ng/mL

Phan tich trén thiét b
HRGC-HRMS

Hinh 3.19 So dé quy trinh phan tich PCDD/Fs trong mdu khi va tram tich
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Sau khi 1am sach, dung dich cubi cung dugc chuyén sang 6ng nghiém, thoi
kho dudi dong khi N2, thém 10 uL dung dich noi chuan IS néng d6 10 pg/pL va
chuyén sang lo mau GC truéc khi tién hanh phan tich trén thiét bi HRGC-HRMS.
Cac diéu kién phan tich mau trén thiét bi da duoc liét ké trong bang 2.6.

3.3. Két qua x4c nhén gia tri sir dung ciia phan tich PCDD/Fs trong c4c nén méu
moi troeong

3.3.1. Két qud xdc nhdn gid tri sir dung ciia phwong phdp phan tich PCDD/Fs
trong mdu khi thdi

3.3.1.1. MDL, MOL ciia PCDD/Fs trong mau khi thdi

MDL va MQL cua 17 déng loai PCDD/Fs trong mau khi thai dugc xac dinh
bang céch tién hanh thi nghiém Iap lai 7 1an mau trang thém chuan & néng do thap
0,05 - 0,5 pg/pL (twong duong 0,5pg-5pg) vao mau trudc qué trinh chiét va tién hanh
xtr ly mau theo quy trinh da t6i uu. Céc két qua duoc trinh bay trong bang 3.8.

Bang 3.8 Gia tri MDL va MQL ciia cac PCDD/Fs trong méu khi thai

STT Chat SD (pg/Nm?®) | MDL (pg/Nmd) | MQL (pg/Nmd)
1 2,3,7,8-TCDD 0,01 0,04 0,12
2 1,2,3,7,8-PeCDD 0,03 0,10 0,34
3 1,2,3,4,7,8-HxCDD 0,05 0,16 0,53
4 1,2,3,6,7,8-HxCDD 0,05 0,14 0,45
5 1,2,3,7,8,9-HxCDD 0,07 0,20 0,68
6 1,2,3,4,6,7,8-HpCDD 0,05 0,16 0,52
7 OCDD 0,10 0,31 1,1
8 2,3,7,8-TCDF 0,01 0,03 0,08
9 1,2,3,7,8-PeCDF 0,06 0,19 0,64
10 |2,3,4,7,8- PeCDF 0,07 0,22 0,73
11 |1,2,3,4,7,8-HXCDF 0,04 0,11 0,37
12 |1,2,3,6,7,8-HXCDF 0,05 0,16 0,53
13 |1,2,3,7,8,9-HXCDF 0,06 0,17 0,55
14 | 2,3,4,7,8,9-HXCDF 0,05 0,15 0,50
15 [1,2,3,4,6,7,8-HpCDF 0,05 0,16 0,54
16 |1,2,3,4,7,8,9-HpCDF 0,06 0,18 0,61
17 | OCDF 0,11 0,34 1,1
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Gia tri MDL va MQL cua céc dong loai PCDD/Fs nam trong khoang 0,04 -
0,34 pg/Nmé va 0,08 - 1,1 pg/Nm?. Phuong phap US EPA 0023A [158] vé phuong
phép ldy mau khi thai phan tich PCDD/Fs da dua ra gii han phat hién phan tich tham
khao d6i voi cac ddng loai TCDD/Fs 1a 50 pg, voi cac ddng loai PeCDDI/Fs,
HxCDD/Fs, HpCDD/Fs la 250 pg va véi dong loai OCDD/Fs la 500 pg. Béi chiéu
v6i phuong phép tiéu chuan, cac gigi han MDL, MQL trong luan &n nay hoan toan
dap tng duoc yéu cau phan tich lugng vét cac dong loai PCDD/Fs trong nén mau khi
thai.
3.3.1.2. DBé thu hoi ciia phwong phdp phén tich PCDD/Fs trong mau khi thai

Trong thi nghiém thém chuan vao mau trang ndng d6 0,5-5 pg, c4c chat chuan
d6ng hanh ciing duoc thém vao mau nham danh gia 6 thu hoi ciia phuong phap phan
tich. Ham luong c4c chat chuan 3Cq, thém vao cac nén mau l1a 100 pg (riéng chuan
13C-OCDD ¢6 ham lugng 200 pg). Két qua khao sat do thu hoi ciia cac chat chuan
13Cy, dugc trinh bay trong bang 3.9. Do thu hdi trung binh cua cac chat chuan 13Cy,
thém vao mau khi thai nam trong khoang 73,4 - 86,5%. Cac gia tri do thu hoi déu
nam trong giéi han cho phép ciia phuong phap tiéu chuan cia Co quan Bao vé moi
truong My (US EPA) [78] va tiéu chuan chau Au EN 1948-2 [152].

Bang 3.9 P§ thu héi ciia cac chat chuan 3C12-PCDD/Fs trong mau khi thai

Hop chit Thém f:huén 100-200pg (n=7)
: Khoang d¢ thu hoi (%) | Hiéu suat trung binh (%)

13C1,-2378-TCDF 64-82 73,4
13C1,-2378-TCDD 69-83 74,3
13C1,-12378-PeCDF 64-88 76,8
13C1,-12378-PeCDD 65-87 76,8
13C1,-123678-HXCDF 68-90 80,1
13C1,-123678-HXCDD 67-82 74,3
13C12-1234678-HpCDF 74-85 79,5
13C12-1234678-HpCDD 73-82 78,0
13C1,-OCDD 77-93 86,5

Trong mot nghién ctu khac, Abad va cong su [159] da ap dung quy trinh lam
sach str dung cot tu ché dua trén viéc str dung tuan tu cac cot silica, florisil va cot
nhdm oxide da 16p dé phan tich PCDD/Fs trong mau khi thai, 6 thu hoi cia chat
chuan 3Cy2 dao dong tir 57% dén 75%. Rossetti va cong su [160] ciing st dung quy
trinh 1am sach tuong tu dé phan tich PCDD/Fs va dI-PCBs trong c4c mau mdi truong;
d6 thu hdi trung binh ciia cac chat chuan 3C12-PCDD/Fs thém vao qué trinh phan tich
mau nam trong khoang tir 63% (1C-1,2,3,4,7,8,9-HpCDF) dén 92% (*3C -1,2,3,7,8-
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PeCDD). Vi viy, quy trinh phan tich PCDD/Fs trong mau khi thai dwoc téi vu trong
nghién ciru nay c6 hiéu qua trong duong so véi cac nghién ciu trude day dong thoi
gitip don gian hda, tiét kiém chi phi va tiét kiém thoi gian cho quy trinh 1am sach.

3.3.1.3. DG chum ciia phirong phdp phan tich PCDD/Fs trong mau khi thai

Thi nghiém v&i mau thém chuan & mtc ham lwong trung binh tir 10pg (nhém
tetra-) dén 100pg (nhém octa-) vao mau tring trudc qua trinh chiét, duoc thuc hién
nham danh gia d6 chum (d6 lap lai va d6 tai 1ap) cua phuong phéap phan tich cac
ddng loai PCDD/Fs trong mau khi thai. Do lap lai va do tai 1ap cua phuong phap
duoc danh gia thong qua do léch chuan twong ddi cua cac két qua phan tich va dugc
dua ra trong bang 3.10. Do léch chuan tuong d6i cua 17 dong loai PCDD/Fs trong
cac thi nghiém lap lai va tai 1ap nam trong khoang twong ¢ng tir 2,4 - 4,9% va tir
3,7 - 6,2%. Quy dinh cuia AOAC [161] vé gia tri RSD dbi véi cac thi nghiém l3p lai
va tai 1ap & muc nong d6 10 pg/uL (twong tng véi OCDD va OCDF) 1a <21% va
muc nong do 1-5 pg/uL (cac chat con lai) 1a <30%. Do d6, d6 chum cua phuong
phap phan tich PCDD/Fs trong mau khi thai dap tng céc tiéu chi dat ra vé do lap lai
va tai 1ap cua AOAC.

Bang 3.10 P chum ciia phwong phap phan tich PCDD/Fs trong miu khi thai

Thém chuin 10-100pg (n = 7)

Hop chat Do lap lai P tai lap

RSD (%) RSD (%)
2,3,7,8-TCDD 3,6 4,7
1,2,3,7,8-PeCDD 3,8 4,3
1,2,3,4,7,8-HxCDD 4,9 6,2
1,2,3,6,7,8-HxCDD 2,7 5,3
1,2,3,7,8,9-HxCDD 2,6 7,0
1,2,3,4,6,7,8-HpCDD 3,7 4,9
OCDD 4,3 6,0
2,3,7,8-TCDF 2,5 6,2
1,2,3,7,8-PeCDF 3,6 49
2,3,4,7,8- PeCDF 3,5 4,0
1,2,3,4,7,8-HxCDF 4,0 45
1,2,3,6,7,8-HXCDF 2,6 3,7
2,3,4,6,7,8-HXCDF 2,9 55
1,2,3,7,8,9-HXCDF 3,4 4,7
1,2,3,4,6,7,8-HpCDF 2,8 43
1,2,3,4,7,8,9-HpCDF 2,8 3,8
OCDF 2,4 4,7
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Két qua xac nhan gié tri st dung cua phuong phap phéan tich PCDD/Fs trong
mau khi thai khang dinh giGi han phat hién cia phwong phap & mac thap, nam trong
khoang tir 0,04 - 0,34 pg/Nm?® va d6 thu hdi nam trong khoang 73,4 - 86,5%. Phuong
phap cho thay d6 chum cao (cac két qua phan tich RSD d6 lap lai va d6 tai lap déu
<10%). Do d6, phuong phap nay hoan toan dap ung yéu cau dua ra cia cic phuong
phap tiéu chuan va phu hop cho phan tich PCDD/Fs trong nén mau khi thai voi do
chinh xac dugc dam bao.

3.3.2. Két qua xéac nhdn gid tri st dung ciia phwong phdp phén tich PCDD/Fs trong
mdu khong khi xung quanh

3.3.2.1. MDL, MQL ciia PCDD/F’s trong mau khdng khi xung quanh

Thi nghiém Iap lai 7 lan d6i voi mau trang khong khi xung quanh thém chuan
PCDD/Fs & muac nong do thap 0,5pg-5pg va thuc hién qué trinh phan tich theo quy
trinh da dua ra trong hinh 3.19. Két qua do léch chuan dugc dung dé tinh toan céc gia
tri MDL va MQL tuong trng trong bang 3.11.

Bang 3.11 Gia tri MDL va MQL ciia cac PCDD/Fs trong méau khong khi xung

quanh
STT Chat SD (fg/m® | MDL (fg/m?®) | MQL (fg/m?)
1 (23,78-TCDD 0,1 0,2 0,5
2 11,2,3,7,8-PeCDD 0,3 0,9 3,0
3 11,2,3,4,7,8-HXCDD 0,2 0,7 2,3
4 11,2,3,6,7,8-HXCDD 0,2 0,7 2,4
5 11,2,3,7,8,9-HXCDD 0,3 0,8 2,5
6 |1,2,3,4,6,7,8-HpCDD 0,3 0,8 2,6
7 | OCDD 0,5 14 4,8
8 |2,3,7,8-TCDF 0,0 0,1 0,5
9 11,2,3,7,8-PeCDF 0,3 0,8 2,6
10 |2,3,4,7,8- PeCDF 0,2 0,7 2,4
11 |1,2,3,4,7,8-HXCDF 0,2 0,7 2,2
12 |1,2,3,6,7,8-HXCDF 0,3 0,8 2,5
13 |1,2,3,7,8,9-HXCDF 0,2 0,7 2,3
14 | 2,3,4,7,8,9-HXCDF 0,3 0,8 2,5
15 11,2,3,4,6,7,8-HpCDF 0,4 1,1 3,5
16 |1,2,3,4,7,8,9-HpCDF 0,2 0,7 2,3
17 | OCDF 0,6 1,7 58
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Gia tri MDL déng loai PCDD/Fs trong mau khong khi nam trong khoang 0,2
- 1,7 fg/m® tuong tng véi gia tri MQL tir 0,5 fg/m3 dén 5,8 fg/m. Phuong phép phan
tich PCDD/Fs trong nén mau khdng khi xung quanh véi MDL, MQL & mic thap (fg)
hoan toan dap tng duoc yéu cau vé do nhay dé phan tich lwong vét PCDD/Fs trong
mau khéng khi xung quanh.

3.3.2.2. Dg thu hoi ciia phuong phdp phdn tich PCDD/Fs trong mdu khong khi xung quanh
Bang 3.12 dwa ra cac gia tri do thu hdi cua cac chat chuan danh dau dong vi

13C-PCDD/Fs thém vao cac mau tring khéng khi xung quanh dé danh gia d6 ding
cua phuong phéap phan tich.

Bang 3.12 P§ thu hoi cia cac chat chuan °Cq,-PCDD/Fs trong mau khong khi

Xung quanh
p Thém chuan 100-200pg (n=7)
Hep chat P thu hdi (%) Trung binh (%)

13C1,-2,3,7,8-TCDF 66,0-84,0 76,2
13C1,-2,3,7,8-TCDD 71,7-89,0 81,8
13C4,-1,2,3,7,8-PeCDF 67,3-91,6 81,4
13C4,-2,3,4,7,8-PeCDF 59,8-86,7 74,1
13C,-1,2,3,7,8-PeCDD 63,0-86,5 71,7
13C1,-1,2,3,4,7,8-HXCDF 65,0-98,7 82,2
13C1,-1,2,3,6,7,8-HXCDF 74,8-98,3 83,6
13C1,-2,3,4,6,7,8-HXCDF 72,5-97,5 81,3
13C1,-1,2,3,7,8,9-HXCDF 56,0-94,3 80,5
13C1,-1,2,3,4,7,8-HXCDD 68,4-95,5 79,3
13C4,-1,2,3,6,7,8-HXCDD 62,9-78,0 65,6
13C1,-1,2,3,4,6,7,8-HpCDF 59,0-78,4 68,4
13C1,-1,2,3,4,7,8,9-HpCDF 72,0-94,9 83,4
13C1,-1,2,3,4,6,7,8-HpCDD 50,9-80,0 62,7
13C1,-OCDD 56,0-87,0 70,2

Mot sb nghién ciru duoc trién khai dé phan tich ham lwong dioxin trong nén
mau khong khi xung quanh. Nghién ctu cia Malgorzata Wegiel va cong su [162] str
dung cot 1am sach bao gom silica gel bién tinh acid, kiém va cot nhém oxide, két qua
d6 thu hdi cua cac chat chuan danh dau dong vi C12-PCDD/Fs nam trong khoang
75 - 120% (riéng *C120CDD tir 60 - 75%). Hu va cong su [163] ap dung quy trinh
lam sach mau khong khi xung quanh dé phan tich PCDD/Fs, PCNs va dI-PCBs gom
cot silica gel don 16p (silica gel bién tinh véi 44% acid sulfuric), cot silica gel da 16p
va cot nhém oxide. Thanh phan cot silica gel da 16p trong nghién cttu nay c6 mot sd



94

chat twong ty nhu trong luan an, bao gom: Na,SO4 khan, 1 g silica gel, 8 g silica gel
bién tinh bang acid sulfuric (44%, wiw), 1 g silica gel, 5 g silica gel bién tinh bing
sodium hydroxide (1M) (33%, w/w), 1 g silica gel hoat hda, 2 g silica gel bién tinh
bing AgNO3 (10%, w/w) va 1g silica gel). Do thu hdi cua cac chit chuan 13Cyy
PCDD/Fs nam trong khoang 56 — 116%.

Do thu hdi trung binh cua cac chat chuan 3C1, thém vao mau khong khi xuang
quanh (Bang 3.12) trong luan an nam trong khoang 62,7 - 83,6%. C4c gia tri do thu
hdi déu nam trong giéi han cho phép caa phuong phép tiéu chuan cia phuong phap
tiéu chuan US EPA 1613 va tuong duong véi mot sd nghién cau khac, vi vay céc gia
tri nay hoan toan dap tng yéu cau phan tich PCDD/Fs trong nén mau khdng khi xung
quanh.

3.3.2.3. B chum ciia phwong phdp phan tich PCDD/Fs trong mau khdng khi xung quanh
Két qua danh gia do chum thong qua RSD cuia d6 tai lap va do lap lai cia phuong
phap phan tich PCDD/Fs trong mau khong khi xung quanh dugc dua ra trong bang 3.13.

Bang 3.13 P9 chum ciia phwong phap phén tich PCDD/Fs trong mau khong
khi xung quanh

Hop chit Thém chuan 10-100pg (n = 7)
- Do [ap lai- RSD (%) | P tai lap - RSD (%)
2,3,7,8-TCDD 6,3 10,0
1,2,3,7,8-PeCDD 6,0 1,7
1,2,3,4,7,8-HxCDD 6,2 50
1,2,3,6,7,8-HxCDD 4.4 59
1,2,3,7,8,9-HxCDD 4,2 6,4
1,2,3,4,6,7,8-HpCDD 5,3 6,8
OCDD 2,5 4,1
2,3,7,8-TCDF 50 11,2
1,2,3,7,8-PeCDF 5,8 50
2,3,4,7,8- PeCDF 45 7,1
1,2,3,4,7,8-HXCDF 8,3 8,8
1,2,3,6,7,8-HXCDF 1,7 6,1
2,3,4,6,7,8-HXCDF 3,4 10,2
1,2,3,7,8,9-HXCDF 9,7 57
1,2,3,4,6,7,8-HpCDF 2,5 4.5
1,2,3,4,7,8,9-HpCDF 55 8,1
OCDF 3,9 6,8

Két qua cho thay khi thém chuan & mac ndéng do 1-10 ppb, cac gia tri RSD cua
cac dong loai PCDD/Fs & thi nghiém xac nhan do 13p lai nam trong khoang 2,5 - 8,3%
va do léch chuan ¢ thi nghiém tai 1ap dao dong tir 4,1 - 11,2%. Nhu vay, d6 chum cua
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phuong phéap xac dinh PCDD/Fs trong mau khdng khi xung quanh hoan toan dap tng
c4c y&u cau cho phép cua AOAC [161].

Két qua xac nhan gi4 tri st dung cua phuong phap phéan tich PCDD/Fs trong
mau khong khi xung quanh véi céc théng sé MDL & muc 0,2-1,7 fg/m?® déi vai 17
dong loai, d6 thu hoi cao tir 62,7%-83,6% va do chum tdt (cac gia tri RSD lap lai va
tai 1ap <15%) cho thay phwong phap dap tng yéu cau va co thé &p dung cho phan tich
mau thuc té véi d6 tin cay cao.
3.3.3. Két qud xdc nhén gid tri siv dung ciia phwong phdp phén tich PCDD/Fs

trong méu tram tich
3.3.3.1. MDL, MQL ciia PCDD/F’s trong mau tram tich

MDL, MQL cho timg déng loai PCDD/Fs dugc tinh toan dua vao do léch
chuan tir ham lwong cac chét thu duoc sau 7 1an phan tich lap lai. Gia tri MDL va
MQL cuia cac dong loai PCDD/Fs d6i véi nén mau tram tich dugc dua ra trong bang
3.14 duéi day.

Bang 3.14 Gia tri MDL va MQL ciia cac PCDD/Fs trong mau tram tich

STT Chat SD (pg/g) | MDL (pg/g) | MQL (pg/g)
1 (23,78-TCDD 0,003 0,01 0,03
2 [1,2,3,7,8-PeCDD 0,006 0,02 0,06
3 11,2,3,4,7,8-HXCDD 0,016 0,05 0,16
4 11,2,3,6,7,8-HXCDD 0,019 0,06 0,19
5 11,2,3,7,8,9-HXCDD 0,013 0,04 0,13
6 |1,2,34,6,7,8-HpCDD 0,016 0,05 0,16
7 | OCDD 0,022 0,06 0,22
8 |2,3,7,8-TCDF 0,004 0,01 0,04
9 11,2,3,7,8-PeCDF 0,011 0,03 0,11
10 | 2,3,4,7,8- PeCDF 0,007 0,02 0,07
11 |1,2,3,4,7,8-HXCDF 0,007 0,02 0,07
12 |1,2,3,6,7,8-HXCDF 0,012 0,04 0,12
13 |1,2,3,7,8,9-HXCDF 0,007 0,02 0,07
14 | 2,3,4,7,8,9-HXCDF 0,009 0,03 0,09
15 |1,2,3,4,6,7,8-HpCDF 0,011 0,03 0,11
16 |1,2,3,4,7,8,9-HpCDF 0,006 0,02 0,06
17 | OCDF 0,027 0,08 0,27
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Két qua bang 3.14 cho thay gia tri MDL cua cac hop chat PCDD/Fs nghién
ctru trong mau tram tich nam trong khoang 0,01 - 0,08 pg/g, twong Gng Véi gid tri
MQL tir 0,03 pg/g dén 0,27 pglg trong d6 dong loai 2,3,7,8-TCDD c¢6 gi4 tri MDL
thip nhat vd OCDF c6 gi6i han phat hién cao nhat. Cac két qua MDL, MQL nay dap
rng d6 nhay dé phan tich cac déng loai PCDD/Fs trong nén mau tram tich & mérc ham

lwong vét (pg/g).

3.3.3.2. Bé thu hoi ciia phwong phdp phdn tich PCDD/Fs trong mdu tram tich

Do thu hoi ciia cac chat chuan 13Cy trong thi nghiém phén tich lap lai 7 1an
c4c mau tring thém chuan & mic ham luwong 100 pg (riéng *C-OCDD la 200 pg)

duogc st dung dé danh gia do dung ciia phuong phap phan tich PCDD/Fs. Két qua

khao sat do thu hoi cua céc chat chuan déng hanh doi véi nén mau tram tich duoc

dua ra trong bang 3.15.

Bang 3.15 P§ thu hoi ciia cac chat chuan C1-PCDD/Fs trong mau tram tich

Thém chuan 100-200pg (n=7)

Hop chat - v -
Khoang do thu hoi (%) | Thu hoi trung binh (%)
13C4,-2378-TCDF 57,6-87,2 75,5
13C41»,-2378-TCDD 71,9-88,3 79,5
13C1»-12378-PeCDF 67,3-91,6 80,0
13C1»-23478-PeCDF 59,8-87,1 74,2
13C1»-12378-PeCDD 65,4-87,6 78,4
13C1»-123478-HXCDF 73,6-98,7 82,7
13C42-123678-HXCDF 75,8-98,3 83,9
13C1»-234678-HXCDF 72,8-97,5 81,1
13C1»-123789-HXCDF 78,2-102,6 91,1
13C1,-123478-HxCDD 68,4-95,5 79,3
13C1,-123678-HxCDD 55,2-78,6 65,6
13C4,-1234678-HpCDF 61,1-84,6 71,2
13C4,-1234789-HpCDF 62,9-94,9 85,6
13C4,-1234678-HpCDD 50,9-77,6 62,5
13C1,-OCDD 56,4-81,5 70,7

Do thu hdi trung binh ciia céc chat chuan ddng hanh 3C1,-PCDD/Fs thu duoc
trong mau tram tich nam trong khoang 62,5 - 91,1%, dap Gng yéu cau cua phuong
phap tiéu chuan US EPA 1613. Nghién ciru cua Liu va coéng su [164] khi danh gia
quy trinh phan tich cac hop chat PCDD/Fs, PBDES, PCBs trong cac nén mau tram
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tich c6 sir dung cot 1am sach tu ché gom cot silica gel va cot florisil cho thy d6 thu
hoi cua cac chat chuan 3C1 nhém PCDD/Fs nam trong khoang 72—-120%. Suzuki va
cong su phan tich PCDD/Fs va dI-PCBs trong mau tram tich séng cho thay d6 thu hoi
trung binh caa cac chat chuan 13Cq, dat tir 76% dén 100% [116]. Céc két qua nghién
ctru cho thiy phuong phap phan tich PCDD/Fs trong mau trim tich dwoc tdi wu trong
luan &n c6 d6 dung cao, c6 kha ning tng dung dé xac dinh ham luong 17 ddng loai
PCDD/Fs trong c4c mau tram tich.

3.3.3.3. B§ chum ciia phwong phdp phén tich PCDD/Fs trong mau tram tich

Do chum cua phuong phap phéan tich PCDD/Fs trong mau tram tich duoc danh
gia thong qua céc gia tri RSD cua thi nghiém danh gia d6 lap lai va d6 tai lap. Cac gia tri
RSD (%) nay dugc xac dinh va dua ra trong bang 3.16.

Bang 3.16 P chum ciia phwong phap phan tich PCDD/Fs trong mau tram tich

Thém chuan 10-100pg (n = 7)

Hop chat P l3p lai Do tai lap

RSD (%) RSD (%)
2,3,7,8-TCDD 2,7 3,8
1,2,3,7,8-PeCDD 2,1 4,5
1,2,3,4,7,8-HxCDD 2,9 5,7
1,2,3,6,7,8-HxCDD 3,5 4,3
1,2,3,7,8,9-HXCDD 2,0 7,5
1,2,3,4,6,7,8-HpCDD 2,8 6,6
OCDD 2,7 52
2,3,7,8-TCDF 3,7 10,1
1,2,3,7,8-PeCDF 2,1 58
2,3,4,7,8- PeCDF 2,3 58
1,2,3,4,7,8-HXCDF 2,4 4,6
1,2,3,6,7,8-HXCDF 2,1 4,8
2,3,4,6,7,8-HXCDF 2,1 51
1,2,3,7,8,9-HXCDF 1,7 50
1,2,3,4,6,7,8-HpCDF 1,8 49
1,2,3,4,7,8,9-HpCDF 2,1 5,2
OCDF 2,2 59

D6i v6i nén mau tram tich, gia tri RSD cua cac dong loai voi do 1ap lai va do
tai 1ap nam trong khoang 2,1 - 3,7% va 3,8 - 10,1%. C4c gi4 tri nay dap ¢ng yéu
cau cta AOAC, Vi viy quy trinh phan tich PCDD/Fs duogc tbi vu tai phong thi
nghiém c6 thé ap dung trong phan tich mau tram tich.
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3.3.3.4. Két qud phan tich mau vt liéu chuan (CRM) va mau thir nghiém thanh thao
quoc té
Quy trinh phan tich di duoc phat trién va téi wu trong luan an duoc xac nhan
lai bang viéc phan tich mau vat liéu chuan (CRM) mau tram tich EDF 5184 (CIL,
M¥). Cac thi nghiém duogc thyuc hién lap lai 2 1an. Cac két qua phan tich ham luong
mau vat liéu chuan tram tich duoc dua ra trong bang 3.17.

Bang 3.17 Ham lwong 17 dong loai PCDD/Fs trong mau tram tich EDF-5184

— Thong sé Két qua chitng nhan | Két qua phan tich
(P9/9) (P9/9)
1 2,3,7,8-TCDD 1,96%1,10 2,09£0,04
2 1,2,3,7,8-PeCDD 5,79+2,12 6,06%0,49
3 1,2,3,4,7,8-HxCDD 5,61+2,72 6,36+0,48
4 1,2,3,6,7,8-HXCDD 10,9+3,50 11,915
5 1,2,3,7,8,9-HXxCDD 6,88+1,94 7,87%0,02
6 1,2,3,4,6,7,8-HpCDD 231+77,6 244+3,1
7 OCDD 2050+580 2116+45,6
8 2,3,7,8-TCDF 219+47,8 196+1,0
9 1,2,3,7,8-PeCDF 122+24 124+5,2
10 |2,3,4,7,8- PeCDF 164+50,4 147455
11 |1,2,3,4,7,8-HXCDF 277+47,8 280+5,0
12 |1,2,3,6,7,8-HXCDF 159+23,6 139+33,1
13 |1,2,3,7,8,9-HXCDF 7,44+7,38 7,54%+1,4
14 | 2,3,4,7,8,9-HXCDF 48,4+18,7 45,4419
15 [1,2,3,4,6,7,8-HpCDF 346+45,6 347+6,8
16 |1,2,3,4,7,8,9-HpCDF 80,2+30,4 80,9+6,7
17 | OCDF 301+50,6 339+0,3

Két qua ham luong trung binh caa 17 dong loai PCDD/Fs trong mau déu nam
trong khoang gi4 tri tham khao cua nha cung cp. Két qua phan tich mau tram tich
CRM di chiang minh kha niang xir ly mau va 1am sach tét cia quy trinh duoc xay
dung va téi wu hoan toan dap (ng yéu cau phan tich PCDD/Fs trong nén mau mdi
treong dic biét 1a nén mau tram tich.

Két qua do thu hdi cua cac chat chuan dong hanh trong thi nghiém phan tich
mau vat liéu chuan nén mau tram tich dugc trinh bay trong hinh 3.20. B¢ thu hdi cua
c4c chat chuan danh dau dong vi Ci2 trong mau tram tich nam trong khoang 35%
(13C12-OCDD) dén 103% (*3C12-123789-HXCDF), cac gia tri nay nam trong gigi han
tham kh4o caa phuong phap tiéu chuan US EPA 1613.
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Hinh 3.20 P thu hai cac chdt chudn *3Ci2 trong mau tram tich EDF-5184

Ngoai viéc phan tich cac mau vat liéu chuan di duoc chung nhan, phong thi
nghiém da tham gia chuong trinh thir nghiém thanh thao qudc té ddi véi nén mau
tram tich voi ma sé Lab 228. Chwong trinh thir nghiém thanh thao qudc té nham danh
gia nang lyc phén tich chinh xac cua cac phong thi nghiém trong viéc phén tich 17
chi tieu PCDD/Fs d6i vé6i cac nén miu ding ky. Do dung caa phép phan tich dugc
thé hién qua gia tri z-score, cac gia tri trong pham vi -2< z-score<2 dugc coi 1a c6 do
chinh xac hop ly; cac gia tri nam trong pham vi -3<zscore<-2 va 2<z-score<3 duoc
coi 1a c6 do chinh xac thap va céc gia trj cua z-score<-3 hoic z-score>3 duoc coi la
¢O do chinh xac kém.

z-score = (x-X)/o

trong do: x: gia tri do duoc cua phong thi nghiém; X: gia tri trung binh hoac trung vi
duoc cong bd; o: do khong dam bao do.

Bang 3.19 liét ké va so sanh cac két qua phan tich tai phong thi nghiém va két
qua dugc cong bd. Ham luong cua 17 dong loai PCDD/Fs phan tich duoc déu cao
hon giéi han dinh luong cua phuong phap (MQL). Céc gia tri z-score ciia 17 dong
loai PCDD/Fs trong cac mau thir nghiém thanh thao tram tich nam trong khoang -1
dén 1 va nam trong pham vi d6 chinh xac cao. Gia tri z-score cua gia tri XTEQ-
WHO2005s PCDD/Fs dbi v&i ba mau tram tich Mau A, Mau B va Mau C lan luot 13
0,17, -0,69 va -0,20.
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Bang 3.18 Két qua phan tich PCDD/Fs trong miu thir nghiém thanh thao

Gia tri cong

Thong s8 Gl: tri do ('ilr(_)'c (pgig) bé (pg/e) : Z S(iore :
Mau | Mau Mau X o Mau | Mau | Mau
A B C A B C

2,3,7,8-TCDD 0,958 | 1,04 1,07 (0,917 0,189 | 0,22 0,66 0,79
1,2,3,7,8-PeCDD 3,01 2,84 250 | 2,59 | 0,890 | 0,48 0,28 | -0,10
1,2,3,4,7,8-HxCDD 3,96 3,65 406 | 364 | 1,12 | 0,28 0,00 0,37
1,2,3,6,7,8-HXxCDD 3,84 3,22 323 | 442 | 151 | -0,38 | -0,79 | -0,79
1,2,3,7,8,9-HXxCDD 3,01 2,80 2,37 | 340 | 1,41 | -0,28 | -0,42 | -0,73
1,2,3,4,6,7,8-HpCDD 56,1 48,3 67,1 | 558 | 175 | 0,02 | -043 | 0,65
OCDD 271 240 348 255 | 98,0 | 0,16 | -0,16 | 0,95
2,3,7,8-TCDF 33,9 28,4 284 | 28,3 | 850 | 0,66 0,00 0,01
1,2,3,7,8-PeCDF 31,8 29,2 314 | 34,2 | 116 | -0,20 | -0,43 | -0,24
2,3,4,7,8- PeCDF 20,75 | 17,5 17,1 | 258 | 13,7 | -0,36 | -0,60 | -0,63
1,2,3,4,7,8-HXCDF 118 112 128 125 | 43,2 | -0,15 | -0,30 | 0,07
1,2,3,6,7,8-HXCDF 64,4 56,8 604 | 57,2 | 520 | 0,36 | -0,02 | 0,16
1,2,3,7,8,9-HXCDF 33,7 32,9 34,1 | 19,6 | 150 | 0,94 0,89 0,97
2,3,4,6,7,8-HXCDF 28,8 25,6 26,0 | 32,8 | 13,7 | -0,30 | -0,52 | -0,49
1,2,3,4,6,7,8-HpCDF 434 415 440 431 167 0,02 | -0,10 | 0,06
1,2,3,4,7,8,9-HpCDF 83,6 81,8 84,6 | 825 | 30,8 | 0,04 | -0,02 | 0,07
OCDF 1147 | 1142 | 1044 | 1014 | 450 0,30 0,29 0,07
TEQ  (WHO-TEF | 453 | 424 | 446 | 455 | 457 | 017 | -0,69 | -0,20

2005)

Dong thoi, gia tri do thu hoi trung binh cua cac chat chuan dong hanh duoc

trinh bay trén hinh 3.21.
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Hinh 3.21 P4 thu héi trung binh cia cac chdt chudn Ci2 trong mdu tha

nghiém thanh thgo tram tich
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Do thu hdi trung binh cua cac chat chuan $3Cy, trong 3 mau tram tich thuodc
chuong trinh thir nghiém thanh thao nam trong khoang tir 53%+3% (*3C12-OCDD)
dén 92%+1% (13C12-12378-PeCDF). Céc gia tri nay dap ng yéu cau phan tich da
dua ra trong phuong phép tiéu chuan US EPA 1613.

Két qua danh gia d6 chinh xéac cua cac phong thi nghiém tham gia théng qua
gia tri z-score PCDD/Fs va gi4 tri TEQ trong nén mau tram tich da duoc nha cung
cap (hang InterCinD) tong hop va théng ké qua hinh 3.22 va 3.23 trong bao céo tong
hop [165].

NA
ND

B PCCD/F z>3
PCCD/F <3

Hinh 3.22 Két qua phan tich PCDD/Fs ciia cac phong thi nghigm dai véi nén
mdu théz nghigm thanh thgo tram tich

Nguon: Két qua QA/QC InterCinDIC10POPs (ed.2022)[165]
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Ma so phong thi nghiém

Hinh 3.23 Két quaé TEQ-PCDD/Fs cac phong thi nghiém tham gia phan tich médu
ther nghiém thanh thgo tram tich

Nguon: Két qua QA/QC InterCinDIC10POPs (ed.2022)[165]
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Trong sé 53 phong thtr nghiém tham gia chuong trinh, két qua phan tich duoc
tai phong thi nghiém (Lab 228) nam trong nhém cac phong thi nghiém c6 dé chinh
x4c phan tich cao véi véi d6 chinh xac vé gid tri z-score cua cac dong loai PCDD/Fs
nam & mac 24/53 phong thi nghiém va cua gia tri TEQ-PCDD/Fs & mirc 7/53 da
chang minh quy trinh phan tich PCDD/Fs trong nén mau tram tich duoc ap dung tai
phong thi nghiém c6 do chinh xac cao.

Cac thdng sé nham xé&c nhan gia tri st dung cua phuong phap phén tich
PCDD/Fs trong nén mau tram tich cho thay: giGi han phét hién caa phuong phap doi
véi 17 @dng loai déu & muc thap, nim trong khoang tir 0,01-0,08 pg/g, d6 thu hoi cac
chét chuan 13C1, dao dong tir 62,5-91,1% va d6 chum tét (RSD <15%). Céac két qua
danh gia PCDD/Fs trong cac mau vat liéu chuan nam trong khoang cong bé caa hang
san xuat va mau thtr nghiém thanh thao qudc té cho két qua z-score nam trong khoang
-1 dén 1. Nhitng két qua thu dugc chirng minh quy trinh phan tich PCDD/Fs trong
nén mau tram tich trong luan an nay c6 do chinh xac cao va cé thé &p dung trong phan
tich mau thyc.

3.4. Két qua phan tich ham lwong PCDD/Fs trong miu khi thai, khong khi xung

quanh, trim tich
3.4.1. Ham lwong PCDD/Fs trong mau khi thdi
% Ham lwong PCDD/Fs trong mau khi thai

Mau khi thai trong tng voi mdi 1o d6t duoc 1y trong 3 ngay lién tiép (3 mau/lo
d6t) trong cuing mot diéu kién van hanh. Tir két qua ndng do phan tich trén thiét b,
thé tich dung dich mau dinh mac va thé tich mau khi thai, ham luong cac dong loai
PCDD/Fs dugc tinh toan dua trén cng thirc (2.6) muc 2.4.4.1. Ham luong cua tung
chi tieu PCDD/Fs (+SD) va ham luong tong TEQ trong 12 mau khi thai thu thap duoc
va phan tich theo quy trinh trong hinh 3.14 dugc dua ra trong bang 3.19.

Két qua phan tich cho thay 17 dong loai PCDD/Fs déu phét hién va dinh luong
duoc & cac mau khi thai & muac 16n hon gisi han dinh lugng ctia phwong phap. Ham
lugng TEQ trong cac mau khi thai tai 4 10 d6t dao dong tir (176+19,0) pgTEQ/Nm?3
dén (2488+174) pg TEQ/Nm?3. P léch chuan twong ddi gitra gia tri TEQ trong 3 lan
ldy mau cta cung 1 10 d6t & mie dudi 20%, trong d6 gia tri RSD cia 16 dbt chat thai
cong nghiép sé 1 (KT01) 14 16n nhét (17,2%). Mau KTO03 (khi thai 10 ddt rac thai sinh
hoat s6 1) ¢4 ham lwong TEQ cao nhat va cao gap 9 1an so voi ham lugng cua mau
khi thai tai 1o d6t ciing loai KTO04. Nguyén nhan c6 sy khac biét vé micc 6 PCDD/Fs
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phat thai 1a do su khac biét vé cong suat cua cac 10 dbt cling nhu cong nghé xir Iy khi

thai duoc irng dung trong tirng 10 da gay ra mac phat thai cua ching ra moéi truong.

Bang 3.19. Ham lwong PCDD/Fs trong c&c mau khi thai tai Bac Ninh

Pon vi: pg/Nm3

Loai 10 dét

Lo dodt chat thai cong

Lo dot chat thai rin sinh

nghiép hoat
Théng sb KTO01 KTO02 KT03 KTO04
(n=3) (n=3) (n=3) (n=3)
2,3,7,8-TCDD 14,5+3,3 13,6+2,3 38,2+3,4 11,6£5,0
1,2,3,7,8-PeCDD 100+24 59,316,2 191+16 66,3+16,5
1,2,3,4,7,8-HXxCDD 67,7+14,7 | 28,0+0,9 869+62 40,5+4,9
1,2,3,6,7,8-HXxCDD 113+39 54,7+2,0 1386+245 59,8+9,0
1,2,3,7,8,9-HXCDD 90,0+22,5 | 39,714 855+116 52,6+9,5
1,2,3,4,6,7,8-HpCDD | 845+109 368+20 6568+958 514+92
OCDD 933+176 435428 4522+537 502+98
2,3,7,8-TCDF 119+23 72,9145 2744277 95,4+33,4
1,2,3,7,8-PeCDF 169+37,6 | 84,6134 334485 138+39
2,3,4,7,8-PeCDF 267+73 122+19 232+38 206+38
1,2,3,4,7,8-HXCDF 328+114 102+7 2118+201 248131
1,2,3,6,7,8-HXCDF 340£77 118+9 20601217 236+32
1,2,3,7,8,9-HXCDF 116+26 33,3+2,3 78904552 73,5+15,2
2,3,4,6,7,8-HXCDF 386+117 10648 26414337 204+46
1,2,3,4,6,7,8-HpCDF | 1324+391 370+43 694171 905+168
1,2,3,4,7,8,9-HpCDF 167+48 41,8+4,9 4357+929 114+21
OCDF 686+188 156+10 20781+2341 452+103
Rpcorips 1,83+0,46 | 1,21+0,09 3,06+0,25 2,15+0,10
TEQ (WHO-2005) 380+65 176+19 2488174 261+44

Pé xac dinh xem dioxin duoc tao ra bang qua trinh tong hop de novo (Ror/pp
> 1) hay co ché tién chat (Rprpp nho hon dang ké so véi 1), ty 1é vé ham luong cia
cac dong loai PCDF so vai cac dong loai PCDD (Rorpp) di dugc nghién ciru dé danh
gia [166,167]. Hinh 3.24 trinh bay ty I PCDF/PCDD (Rorop) trong méu khi thai thu
thap tir 4 16 dét chat thai, c6 thé thdy Rorpp ¢6 xu hudng giam dan tir tetra- dén octa-
trong cac mau KT01, KT02, KT04. Trong 3 mau khi thai ndy, Rorop tir tetra- dén
hepta- 16n hon 1 trong khi Rorpp cia OCDD/F gan bang hoic nho hon 1. Tuy nhién,
d6i véi khi thai KTO03, Rprpp trudc tién giam TCDD/Fs dén PeCDD/Fs, tir
HxCDD/Fs xuéng HpCDD/Fs trong khi d6 tang tir PCDD/Fs Ién HXCDDJ/Fs, tir
HpCDD/Fs 1én OCDD/Fs va Rorpp déu cao hon 1 trir nhém HpCDD/Fs. Ty 1& Rorpp
chung cua cac mau khi thai tir cac 10 dét déu 16n hon 1 (tir 1,2 dén 3,0), chi ra ring
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Xu huéng dic trung PCDD/Fs trong cac mau khi thai 1a PCDFs c6 nhiéu hon
Véi ty 1& ddng loai octa- va hepta- cao. Cac dong loai 1,2,3,4,6,7,8-HpCDD va OCDD
chiém wu thé & nhém PCDDs vai ty 18 1an luot tir 12 11,3% dén 16,7% va 7,8% dén
19,7%. Trong nhém PCDFs, cac dong loai 1,2,3,4,6,7,8-HpCDF va OCDF la cac
d6ng loai dic trung & tat ca cac mau khi thai. Mot s6 nghién ciru khac ciing da chi ra
c4u hinh tuong ty vé sy dong gop chu yéu cua cac dong loai nay trong mau khi thai
cac 10 ddt rac thai sinh hoat & Trung Quéc [151,152,153]. Nghién ciru cua tac gia
Pham Thi Ngoc Mai va cong su [107] ciing chi ra rang 1,2,3,4,6,7,8-HpCDF chiém
ty 1 cao trong khi thai tir cac 1o d6t chat thai ran d6 thi va 10 dbt rac y té. Nguyén
nhan din dén ty 18 cao cua cac dong loai 1,2,3,4,6,7,8-HpCDF, OCDF, 1,2,3,4,6,7,8-
HpCDD, va OCDD c6 thé l1a do: (1) Do tinh 6n dinh héa hoc: HpCDF, HpCDD,
OCDF va OCDD Ia nhitng dong loai c6 ham lwgng chlor hda cao nén ching rat 6n
dinh, vi vay cac hop chat nay it bi phan huy trong diéu kién d6t chay so véi cac loai
d6ng loai it Cl hon; (2) Ngoai ra, cac hop chat nay c6 thé hinh thanh théng qua qué
trinh tong hop de novo, trong d6 cac phan tir nhé hon két hop lai trén bé mit tro bay
va céc chat dang hat khac trong giai doan 1am mét cuaa khi thai [170].

Hinh 3.26 dua ra mtc d6 dong gop cua cua 17 dong loai PCDD/Fs vao gié tri
t6ng TEQ trong cac mau khi thai.

Ko+ | N =
kTo3 [
K02 | N |
i@ ___ B

0% 20% 40% 60% 80% 100%
Ty 1€ dong gop

¥237,8TCDD 1,23,7.8-PeCDD 1,23.478HxCDD ®12367.8HxCDD  #123.789HxCDD
1,23,46.7,8-HpCDD ®OCDD 82,37.8 TCDF #1,2,3.7.8-PeCDF 234,78 PeCDF
m123478HxCDF ®12367,8HxCDF  ®=123,789HxCDF  ®234.6,7,8HxCDF 1,2,3,4,6,7.8- HpCDF

Hinh 3.26 Ty 1¢ phén triam vé ham lwong TEQ ciia cdc dong loai PCDD/Fs trong
cac mau khi thdi

Cac mau KT01, KT02, KT04 c6 cau hinh TEQ tuwong dong, ty Ié phan trim

trung binh (+ SD) cia PCDD/Fs d6i véi TEQ giam theo thi tu sau: 1,2,3,7,8-PeCDD
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(29 + 4,5%) > 2,3,4,7,8-PeCDF (22 + 1,6%) > 1,2,3,4,7,8-HXxCDF (8,0 + 1,9%) =
1,2,3,6,7,8-HXCDF (8,2 + 1,3%)~2,3,4,6,7,8-HXCDF (8,0 + 2,1%) > 2,3,7,8-TCDF
(3,7+0,5%) ~2.,3,7,8-TCDD (5,3 + 2,1% ). Céc chit dong gbp chinh vao gia tri TEQ
c6 gia tri hé s6 doc tuwong duong (TEF) cao tir 0,1 dén 1. Cac dong loai con lai dong
g6p khong dang ké vao tong TEQ cua 3 mau KT01, KT02, KT04. Mic du mot s6 hop
chit c6 ham luong chlor héa cao nhu 1,2,3,4,6,7,8-HpCDD/F va OCDD duoc do ¢
nong d6 khdi lwong cao trong hau hét cac mau, ty 16 TEQ cua ching kha nho do TEF
thap 13 0,01 va 0,0003 twong tmg. P6i voi mau KT03, cau hinh TEQ dugc déng gop
chinh bai ddng loai 1,2,3,7,8,9-HXCDF (32%), tiép theo la 2,3,7,8-TCDF va
2,3,4,6,7,8-HXCDF vai ty ¢ 11%.

% Sosanh véi mét so nghién cizu khac tai Viet Nam va trén thé gidi

Mtc d6 ham lugng TEQ trong cadc mau khi thai 1o dbt chat thai ran sinh hoat
trong luan an nay nhin chung kha cao so véi cac 1o d6t khéc & Viét Nam, Trung Qudc,
Pai Loan [106, 151, 153, 155-158] (Hinh 3.27).
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Trung Qudc (n=3) [Song 2019] [
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Trung Quoc (n=57) [Zhu 2018] |
Trung Qudc (n=39) [Qiu 2020] [
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Lo d6t chat thai rén sinh hoat
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Ham lrong TEQ - PCDD/Fs (pgTEQ/Nm?)

Hinh 3.27 So sdnh ham lwong TEQ-PCDD/Fs trong cac mdu khi thdi cia lugn
an véi mét sé nghién crru khac
Cac mau khi thai 10 16t rac céng nghiép mic du co6 ham lugng TEQ dudi
ngudng quy dinh cua B Tai Nguyén méi truong QCVN 30:2012/BTNMT, nhung
Van & muac cao so vai mot sé 10 dbt tai Trung Québc trong mot sb nghién ciru nhitng
nam gan ddy. Ham lugng PCDD/Fs trong mau khi thai tir cac 16 dét rac thai phu thudc
vao cac théng sé chinh sau: nhiét do va diéu kién chay, thanh phan chét thai va cong
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suit 1o dét, hé thdng xur 1y khi thai. Cac 16 d6t trong luan an nay déu c6 cong suit nho
va vira, riéng 1o dbt chét thai cong nghiép sb 2 c¢d cong suét Ion (1 tan/h). Néu nhiét
d6 budng thtr cap dat dén 1200°C thi kha ning hinh thanh dioxin gin nhu khong con,
tuy nhién day 13 ngudng nhiét d6 1i twéng ma khong phai 10 dét nao dang hoat dong
& Viét Nam c6 thé dat duoc. Mot yéu té quan trong nita la cong nghé xur Ii khi thai
cta cac 10 ddt; dé han ché sy phat thai dioxin vao méi truong thi khi thai trudc tién
can duoc dap, tach bui va 1am nguéi bing nudc, sau d6 s& duoc xu Ii bang dung dich
kiém hoic dugc hap phu bang than hoat tinh. Tai mot sé 10 dbt ¢d cong nghé kém
hién dai thi khi thai chi dugc xir 1i bang cach 1am nguoi, néu hé théng loc bui khéng
t6t thi phat thai dioxin vao méi trudng qua khi thai cua cac 16 dét nay 12 rat cao. Pay
c6 thé 12 nguyén nhan chinh dan dén ham luong TEQ khé cao trong mau khi thai 10
d6t rac trong luan an nay.

3.4.2. Ham lwong PCDD/Fs trong mdu khong khi xung quanh

X Ham lrong PCDD/Fs trong mau khong khi xung quanh

Két qua phan tich ham luong caa cac dong loai PCDD/Fs trong cac mau khong
khi xung quanh tai 5 lang nghé truyén théng duoc trinh bay trong bang 3.20. Két qua
chi tiét ham luong PCDD/Fs trong 15 mau khong khi xung quanh thu thap tai cac
lang nghé duoc dua ra ¢ bang PL6.2 va bang PL6.3 phu luc 6.

Bang 3.20 Ham lwong PCDD/Fs trong khdng khi xung quanh tai cac lang nghé

Don vi: fg/m?

Taiché | Taiché | Taiché | Pacdong Duc

Théng s8 giay thep nhém 1 dong 2
KXQO01 KXQ02 KXQO03 KXQO04 KXQO05

(n=3) (n=3) (n=3) (n=3) (n=3)
2,3,7,8-TCDD 16,8+4,0 | 5,98+3,31 ND 42,8+1,8 | 13,3+1,8
1,2,3,7,8-PeCDD 11,0£4,0 | 79,946,2 |9,06+2,83 | 64,3+2,7 | 66,2+4,4
1,2,3,4,7,8-HXxCDD 51,3+4,0 | 41,147 |6,19+2,72 | 23,8+1,4 | 29,4+24
1,2,3,6,7,8-HXxCDD 11945 100+7 11,0+2,9 | 47,8+2,0 | 61,4442
1,2,3,7,8,9-HXCDD 10444 79,446,2 |6,99+2,75| 36,1+1,6 | 44,9432
1,2,3,4,6,7,8-HpCDD | 72,7+4,1 932440 79,1+5,3 298+13 418+27
OCDD 976428 | 13476540 | 15048 723+35 616+39
2,3,7,8-TCDF 90,1+4,3 | 50,845,0 |9,37+2,84 | 720+35 387125
1,2,3,7,8-PeCDF 14145 11648 24,0+£3,4 969+47 486+31
2,3,4,7,8-PeCDF 25248 202+11 36,3+3,8 1969 175+11
1,2,3,4,7,8-HXCDF 19246 233£13 60,9+4,7 655+31 450£29
1,2,3,6,7,8-HXCDF 20416 226111 59,1+4,6 291+14 237£15
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Taiché | Taiché | Taiché | Picdong Piic

Thong s gidy thép nhom 1 dong 2
KXQO1 | KXQ02 | KXQO03 | KXQ04 | KXQO5

(n=3) (n=3) (n=3) (n=3) (n=3)
1,2,3,7,8,9-HXCDF 262+8 257+13 52,6£4,4 208+9 16110

2,3,4,6,7,8-HXCDF 79,3+4,2 | 68,8458 | 16,5+3,1 185+8 85,2+5,6

1,2,3,4,6,7,8-HpCDF | 55,6+4,0 | 1060+45 262+12 1912493 493+32

1,2,3,4,7,8,9-HpCDF | 97,3+4,4 120+8 37,5+3,8 496+24 51,8+3,6

OCDF 32,5%3,9 142+9 244+11 | 4306+210 | 165+11
Tong PCDDs 1350+43 | 14715+607 | 263+24 1227+55 | 1249+80
Tong PCDFs 140651 | 2476+128 | 802+54 | 9938+479 | 2692+172
Tong PCDD/Fs 275694 | 17191+735 | 1064+78 | 11165533 | 3941+252
TEQ-WHO2005 220+13 281+21 46,8+7,1 440+19 302+20

Ham luong TEQ-PCDDI/Fs trong 15 mau khong khi xung quanh niam trong
khoang tir 40,2 - 453 fgTEQ/m?3 (trung binh 258 fgTEQ/m?3) va giam dan & cac lang
nghé theo thi ty tai: Lang nghé duc dong 1 > Lang nghé duc dong 2 > Lang nghé tai
ché thép > Lang nghé tai ché gidy > Lang nghé tai ché nhém. Do léch chuan twong
d6i vé ham luong TEQ-PCDD/Fs giira cac dia diém Iy mau trong cting mét lang
nghé déu & mirc dudi 20%, trong d6 gia tri RSD tai lang nghé tai ché nhém la cao
nhét (15,1%). Cac dia diém lay mau khong khi xung quanh c¢6 ham luong TEQ cao
nhét trong ba diém tai mot lang nghé thuong 1a cac diém gan duong Ién noi cé nhiéu
phuong tién giao théng luu thong hodc gan cum co sé san xuat tai ché. Hién nay, Viét
Nam chua c6 quy chuan québc gia vé dioxin trong khong khi xung quanh. Khi so sanh
voi ngudng quy dinh cia Nhat Ban 1a 0,6 pgTEQ/m? twong duong 600 fgTEQ/m?®
[174], cé4c gia tri ham luong TEQ thu duoc tai 5 lang nghé déu nam dudi ngudng nay.

% Cdu hinh dong logi PCDD/Fs trong mdu khong khi xung quanh

Cau hinh cac dong loai PCDD/Fs dong gop vao gia tri tong ham lugng va tong
do doc twong duong TEQ trong 15 mau khéng khi xung quanh dugc trinh bay trong
hinh 3.28 va hinh 3.29.

OCDD la dong loai dong gop ty 1¢ 16n nhat vao téng ham luong PCDD/Fs
trong hau hét cac mau khdng khi xung quanh thu thap tai cac lang nghé, dao dong tir
13,8% dén 78,6%, riéng doi véi lang nghé duc dong 1, OCDF 1a dong loai dong gop
nhiéu nhat vao tong ham luong PCDD/Fs. Bong loai 1,2,3,4,6,7,8-HpCDF chiém ty
18 16n thtr hai vao tong ham luong PCDD/Fs tai hai lang nghé dtc dong tuong ung
Vi céc gid tri trung binh la 12,5% va 17,1%. OCDD va 1,2,3,4,6,7,8-HpCDF duoc
coi ddng loai chi thi c6 ngudn gdc tir 1o ddt rac va phuong tién giao théng [175]. Su
chiém wu thé cua ddng loai OCDD trong tong ham luong PCDD/Fs phi hop véi mot
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s6 nghién ciru trude day vé mau khdng khi xung quanh tai ving nong thon, d6 thi va
khu cong nghiép & thanh phé H6 Chi Minh [112], khu d6 thi va ving duyén hai & Da

Nang [176].
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Mic du 1a dong loai chiém ty I& phan trim 16n vao gié tri tong ham luong
nhung OCDD 14 ¢6 hé sé doc rat nho (0,003) nén khi xét dén gia tri tong TEQ thi
OCDD chiém ty trong nho. Nhin chung, cau hinh cac déng loai PCDD/Fs trong tat
ca cac mau khong khi xung quanh tai 5 lang déu c6 nhitng diém twong dong vai su
dong gop chinh vao gia tri TEQ dén tur 2,3,4,7,8-PeCDF (tir 13% dén 36%) do ham
lwong va hé sé doc cua ddng loai nay twong ddi cao. Di vai lang nghé tai ché gidy
va tai ché nhém, 2,3,4,7,8-PeCDF lai 1a chat dong gop cha yéu vao TEQ, dat trung
binh 34% va 23%, theo sau 1a dong loai 1,2,3,7,8-PeCDD. Ddi véi cac lang nghé tai
ché thép va dong, su dong gop cua 1,2,3,7,8-PeCDD va 2,3,4,7,8-PeCDF vao tong
TEQ la ngang nhau. Céac ngudn chinh phat sinh PeCDF 1a luyén kim, tinh ché, ché
bién va san xuat hoa chat [12], diéu nay phu hop véi cac két qua thu duoc trong mau
khéng khi xung quanh tai céc lang nghé. Mot sé nghién ctu da chang minh rang
2,3,4,7,8-PeCDF phil hop 1am ddng loai chi dinh vi ¢ méi twong quan chit ché véi
gidtri TEQ [162,163].

*.

% Sosanh véi cac nghién citu khac tai Viét Nam va trén thé gidi:

Ham lugng TEQ-PCDD/Fs trong mau khong khi xung quanh trong luan an
duoc so sanh véi mot sé nghién ctru twong tu dwoc thuc hién tai Viet Nam va mot
s6 qudc gia khac trén thé gisi va duoc trinh bay trong hinh 3.30.
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Két qua thu duoc trong luan an nay cao hon so v6i ham lwong TEQ trong cac
mau khéng khi xung quanh & viing néng thdn cua thanh phé H6 Chi Minh trong giai
doan 2016-2017 d6i voi khu vuc c6 rieng bao quanh (23-38 fgTEQ/m3) [112], twong
duong véi két qua thu duoc tai ving ndng thén ¢ Son La trong nghién ciru caa Chi
va cong su [110] va thap hon dang ké so véi ham luong tai khu vuc néng thén co
hoat dong dot rac 16 thién tai thanh phé H6 Chi Minh [112] (tir 466-1110 fgTEQ/m?).
Nam 2023, tac gia Trinh Khic Sau [56] da bao cao két qua ham luong TEQ va cong
sir cho thiy ham luong TEQ trong cac mau khdng khi xung quanh tai khu vuce dan cu
noéng thon Ba Vi giai doan 2017 dén 2021 nam trong khoang tir 102 fpTEQ/m? dén
361 fpTEQ/m? (trung binh 201 fpTEQ/m3), két qua nay tuong duong vai mot sé khu
vuc trong luan an. Ham lugng TEQ trong mau khong khi xung quanh tai khu vuc
ndng thdn caa mot sé quéc gia trong khu vuc va trén thé gidi nhu Malaysia, Pai Loan,
My, Argentina, Uc [161,164-167] déu kha thap, nam trong khoang dudi 20
fgTEQ/m3 thap hon dang ké so véi khu vuc lang nghé trong luan an. Nguyén nhan
chinh dan dén su khac biét nay 1a do cac hoat dong san xuat, tai ché dién ra tai khu
vuc lang nghé & Bac Ninh.

Sy ton tai cia PCDD/Fs trong khdng khi xung quanh ¢ ngudn gdc tir su phéat
thai & mot s6 nganh cong nghiép va hoat dong dan sinh. Cac ngudn phat thai nay da
dugc Chuong trinh méi truong Lién hiép qudc xac dinh va dua ra gia tri udc luong
hé s6 phat thai [183]. Trong cac nguon phat thai dién hinh phai ké dén cac nganh cong
nghiép luyén kim (bao gom ca luyén kim den va luyén kim mau), hoat dong dét chat
thai, san xuit xi mang, hoat dong dét chét thai sinh hoat ty phat, .... Nhu vay, su phat
trién caa cac nganh cong nghiép va hoat dong nay co thé dan dén su gia ting ham
lugng dioxin trong khdng khi. Gan day, Hu va cong sy [163] da bao cao rang ham
lugng PCDD/Fs trong khéng khi xung quanh khu cdng nghiép cao nguyén Tay Tang—
Thanh Hai, Trung Quéc la 113-242 fg TEQ/m3, gi4 tri trung binh 12 166 fg TEQ/m®.
Mot nhém nha khoa hoc tai Dai Loan di nghién ctru dién bién nong do dioxin trong
khong khi tai Pai Loan, ddo Dongsha va Pa Ning trong mot chuong trinh nghién ciru
do chinh phii Pai Loan tai trg. Két qua nghién ciu ndy cho thay nong do dioxin trong
khdng khi tai 3 vi tri trén 13 rat khac nhau, tai Pai Loan 1a 1,01-27,4 I-TEQ fg/m3
(n=22), tai Dongsha 14 1,52-10,8 I-TEQ fg/m® (n=17), va Ba Nang, Viét Nam 14 23,4-
146 I-TEQ fg/m? [176].
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3.4.3. Ham lwong PCDD/Fs trong mdu tram tich

%  Ham lwong PCDD/Fs trong mdu tram tich

La céc hop chat hitu co ky nuéc (HOC), PCDD/Fs dé& dang lién két vési pha
hat trong hé théng nuéc va c6 xu hudng tich tu trong trim tich. Do d6 hoa tan thap

trong nudc va hé sé phan chia octanol-nuéc cao, PCDD/Fs ¢6 &i luc manh véi cac

chat dang hat va cudi cuing tich tu trong tram tich day [184]. Téng ham luong cua
PCDD/Fs nam trong khoang 8,34 - 698 pg/g trong 15 mau tram tich (bang 3.21).

Bang 3.21 Ham lweng PCDD/Fs trong cac mau tram tich tai cac lang nghé

Don vi: palg
Thong sb Tai ché giay Tg:gge Tﬁ?:grﬁe Puic dong 1 | Piic dong 2
TTOL(n=3) | TT02(n=3) | TT03(n=3) | TT04 (n=3) | TT05(n=3)
2,3,78-TCDD 153+0,15 | 0,078+0,003 | 0,264+0,019 | 0,374+0,011 | 0,083+0,016
1,2,3,7,8-PeCDD 27426 | 0,26840,034 | 0,713+0,017 | 1,6640,03 | 0,284+0,075
1,2,34,7,8-HxCDD 8,32+0,80 | 0,992+0,116 | 0437+0,090 | 1,11+0,12 | 0,263+0,021
1,2,3,6,7,8-HxCDD 945+091 118+0,11 | 0,199+0,009 | 2,16+0,12 | 0,061+0,009
1,2,3,7,89-HxCDD 105+£1,0 2,03+0,06 | 0,498+0,050 | 0,484+0,032 | 0,303+0,088
1,2,34,6,7,8-HpCDD 455+4.4 6,61+0,47 3,23+0,20 133+05 | 0,6284+0,035
OCDD 14614 137+4 21,0+4,1 26,2+2,3 1,87+0,28
2,3,71,8-TCDF 248124 14845 26,444 453120 3,50+0,50
1.2,3,7,8-PeCDF 12,6+1,2 4901061 | 0445+0,136 | 2,32+0,19 | 0,355+0,031
2,34,78- PeCDF 44,8443 21,112 1374003 | 3934021 | 0,209+0,024
1,2,34,7,8-HxCDF 52,745,2 18,0+04 1,00+0,25 506+0,12 | 0,513+0,116
12,3,6,7,8-HXCDF 30,0£29 8,76:0,69 | 0,387+0,049 | 8,08+0,32 | 0,296+0,036
1,2,3,7,8,9-HxCDF 37,0£3,6 133+04 | 0,875+0,072 | 659+0,24 | 0,580+0,105
2,34,6,7,8-HXCDF 284427 6,93+0,16 | 0,207+0,051 | 1,68+0,06 | 0,337+0,127
1,2,34,6,7,8-HpCDF 484447 149+1,6 1,13+0,21 8,14+0,16 | 0,588+0,091
1,2,34,7,89-HpCDF 154415 31,7421 2,58+0,15 34,8432 | 0,630+0,187
OCDF 114+£1,1 3,68+0,18 | 0,773+0,097 | 298+0,13 | 0,160+0,020
PCDD/Fs 698166 306+15 40,846,1 13746 8,34+1,39
TEQ-WHOxs 66,864 12,1405 181+0,17 7,2510,14 | 0,821+0,159

Ham luong TEQ-PCDD/Fs trung binh tai 5 lang nghé nam trong khoang 0,821
- 66,8 pgTEQ/g. Trong 5 lang nghé, mau tram tich thu thap tai lang nghé tai ché giay
(TTO1) c6 ham luong PCDD/Fs ciing nhu ham lugng TEQ cao nhat. Qué trinh tay
trang bang Cl ap dung cho bot gidy gop phan dang ké vao viéc tao ra PCDD/Fs trong
nganh cong nghiép gidy va bot gidy [170,171]. Vé co ban, cac hop chat PCDD/Fs la
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két qua caa qua trinh chlor héa tryc tiép PCDDs va PCDFs trong bot gidy chua tiy
tring, ciing nhu qua trinh chlor héa cac tién chat khong thé chiét xuat dugc [172—
174]. Khi xét dén cac dia diém lay mau tram tich trong cling mot lang nghé, su chénh
léch vé ham lwgng TEQ-PCDD/Fs la khong dang ké, do léch chuan twong dbi vé gia
tri TEQ gitta 3 diém Iy mau trong ciing mét lang nghé & mic dudi 10% véi ca 5 khu
vuc. Trong d6, dia diém c6 ham lwong TEQ cao nhit trong 3 diém tai cac lang nghé
thudng 1a cac diém lay mau gan cac co sé tai ché hodc khu vuc chia nudce thai tir cac
hoat d6ng san xuat, tai ché caa lang nghé do.

% Cdu hinh cdc dong logi PCDD/Fs trong mau tram tich

D6i véi cac mau tram tich trong luan an, ham luong cac dong loai PCDFs
chiém wu thé hon PCDDs & 4/5 lang nghé, trir lang nghé tai ché nhdm (hinh 3.30).
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02 |
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B 123478-HXCDF ®123678-HXxCDF ®123789-HxCDF 234789-HxCDF 1234678-HpCDF
1234789-HpCDF = OCDF

Hinh 3.31 Ty I¢ phén tram vé ham lwong TEQ ciia cdc dong loai PCDD/Fs trong

mau tram tich

PCDFs duoc cho 1a hinh thanh twong ddi nhiéu hon PCDDs sau khi trai qua
qua trinh xt Iy nhiét trong nganh cong nghiép luyén thép va dong [190]. Xu huéng
nay phl hop véi cdu hinh dong loai trong cac mau thu thap tai lang nghé tai ché sit,
thép (TT02) va hai lang nghé tai ché dong (TT04, TT05). Nganh cong nghiép thép va
sat dugc biét dén 1a nguon phét sinh PCDD/Fs chinh do st dung 106 ho quang dién, 10
cao, 10 oxy co ban va 10 luyén cdc c6 lién quan [191]. Sy hién dién caa Cu la mot
chat xtc tac quan trong c6 thé lam ting hiéu qua hinh thanh PCDD/Fs [183], do d6
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cac qud trinh nhiét trong san xuit dong gay phét thai PCDD/Fs hién nay 1a van dé
dang quan tdm. Mt khéc, viéc str dung dién cuc than chi trong san xuat Cl nguyén
t (quy trinh chloralkali) 1a nhan té chinh gép phan vao sy hinh thanh PCDD/Fs [192].
Mot s6 nghién ciru da tim thay ham luong 2,3,7,8-TCDF cuc cao trong cac mau bin
than chi [193] va ham luwgng PCDFs chiém wu thé tir qua trinh san xuét Cl bang quy
trinh chloralkali [194]. Vi vay, viéc cac nha may cdng nghiép st dung san pham ClI
nguyén t6 vao muc dich tay tring c6 thé phat sinh cac hop chét nay, dan dén nong do
PCDFs cao hon PCDDs trong mau tram tich TTO1 thu tai lang tai ché gidy. Khi xét
dén dong gop cua 17 dong loai, OCDD la dong loai c6 ty 1& phan tram 16n nhat trong
tong ham luong PCDD/Fs trong cac mau tram tich thu thap tai cac lang nghé tai Bac
Ninh, véi gia tri trung binh nam trong khoang 19 - 52%. Céau hinh ham lwgng tong
PCDD/Fs trong cac mau tram tich cho thiy dong loai OCDD chiém ty Ié cao nhat,
tuong tu phat hién duoc bdo céo trong cac nghién ctu khac [180,181,128,182]. Cac
hop chat dioxin c6 ham luong Cl cao, dién hinh 1a OCDD, c6 d6 hoa tan trong nudc
thip hon va c6 4i luc manh hon véi cac hat tram tich min nén OCDD c6 thé tich tu
lau dai trong cac mau tram tich [198]. Pong phan doc hai nhat 1a 2378-TCDD chi
dong gop mot ty & nho vao tong ham lugng PCDD/Fs trong c4c mau tram tich, trung
binh khoang 0,4%.

PCDFs la thanh phan déng gbp chinh vao gia tri TEQ trong mau tram tich tai
lang nghé tai ché thép (93%) va lang nghé dac ddng 1 (65%). Trong sb cac PCDFs,
2,3,4,7,8- PeCDF la thanh phan chinh déng gop vao TEQ trong tram tich, chiém 21-
44%, tiép theo 1a cac dong loai 2,3,4,6,7,8-HXCDF; 1,2,3,6,7,8-HXCDF va
1,2,3,7,8,9-HXCDF (Hinh 3.25). Bén ddng loai nay chiém 52-75% tong TEQ, diéu
nay cho thiy cac hoat dong va qua trinh d6t hay xu ly nhiét 1a ngudn phét sinh chinh
do PCDD/Fs duoc biét dén 1a san pham phu cua cac qua trinh d6t chay ching han
nhu d6t chay 16 thién & nhiét d6 thap. Trong khi d6, PCDDs lai dong gop phan 16n
vao gié tri TEQ cua mau tram tich tai lang nghé tai ché nhom. Péi voi cac mau tram
tich Iy tai lang nghé tai ché gidy va lang nghé duc doéng 2, mic d6 dong gop cua
PCDDs va PCDFs vao tong TEQ la twong duong nhau, trong d6 hai dong loai chiém
ty 1€ cao nhat 1a 1,2,3,7,8-PeCDD (35-41%) va 2,3,4,7,8-PeCDF (19-24%).

)/

<> So sanh véi cac nghién cizu khac tgi Viét Nam va trén thé gisi

Két qua thu duoc trong luan &n nay dwoc so sanh véi mot sé nghién ctu vé
PCDD/Fs trong mau tram tich tai Viét Nam trudc day (Hinh 3.31). Trong mot nghién
ctru trong tram tich thu thap tir Thira Thién-Hué (cac ddm phé ven bién mién Trung
Viét Nam) [199], tong néng d6 PCDD/Fs dao dong tir 192 dén 2910 pg/g cao gap 3
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dén 4 lan két qua bao cao trong luan &n nay. Kishida va cong su [114] da bao céo
téng luong PCDDs trong tram tich thu thap tir Can Gid, Thira Thién-Hué, Ha Noi
nam trong khoang 350 - 980 pg/g, va cao hon so véi cac két qua thu duoc trong luan
an. Nam 2016, Suzuki va cong su [116] béo céo ring tong nong d6 PCDD/Fs trong
c&c mau tram tich sdng gan khu xu ly chat thai dién tir & lang Bui DAu, tinh Hung
Yén dao dong tir 2,99 dén 51,2 pg/g (trung binh 7,3 pg/g) thip hon dang ké so véi két
qua tai cac lang nghé nghién ciru trong luan an.

Vilng bién mién trung (n=19)

Bui Dau, Humg Yeén (n=3)

Ha Noi (1=2) §

Hué n=3) g

Cén Gid (n=10) 3

LN dic dong 2. Bac Ninh TT5 (n=3) 3
LN dic dong 1, Bic Ninh TT4 (n=3) 3
LN tai ché nhom, Bic Ninh TT3 (n=3) 2
LN tai ché thép, Bc Ninh TT2 (n=3) }

LN tai ché gidy, Bac Ninh TT1 (n=3) %

1 10 100 1000
Ham hrong (pg/g)

&PCDFs 8PCDDs

Hinh 3.32 So sdnh ham lwong PCDD/Fs trong mdu tram tich véi cac nghién
ciru Khéc tei Vigt Nam

Tong TEQ trong tram tich thu thap tir lang nghé tai ché gidy (66,8 pg TEQ/Q)
c6 xu hudng cao hon tir 5 d&én 9 1an so véi gié tri thu dwoc tir tram tich thu thap tur
lang nghé tai ché thép va lang nghé duc dong 1. Nghién ctru ciia Abdullah va cong su
[200] béo cao nong do PCDDI/Fs trong bun thai nha may gidy ¢ Malaysia la 4,32
pg/g: gié tri ndy thap hon 15,5 1an so voi mic PCDD/Fs trong mau TTO1. Mot nghién
ctru khéc [186] nhan thdy ham lwong dioxin cao trong bin cua cac nha may xu ly
nudéc thai (12,66 ng I-TEQ/Kg) & Trung Quéc thap hon khoang 5 14n so véi ham luong
TEQ trong mau TTO1 (lang nghé tai ché gidy). Ham luong PCDD/Fs thap trong cac
mau tram tich, ban thai tir cAc nghién ctru trude d6 cho thay hiéu qua cua hé thong
xtr Iy cac ngudn thai tir san xuét va tai ché gidy. Nhiéu co so san xuét gidy o lang
nghé tai ché giay nay chua tuan thi quy dinh vé méi truong, trong d6 94,9% nha may
khong cd hé thdng xir 1y nudce thai can thiét theo quy dinh [201]. Nguyén nhan chinh
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dan dén nong d6 PCDD/Fs cao trong c&c mau tram tich & cac lang nghé tai ché gidy
13 do chua kiém soat chit ché cac ngudn nguy hai nay tir khu vuc ndy. Do d, can cai
thién chat lugng hé théng xir Iy chat thai, giam thiéu luong bun thai tir cac co s san
Xuit gidy dong thoi ti wu hoa quy trinh san xuat gidy tha céng, giam luong Cl hoic
thay thé bang ClO: trong cdng doan tay tring bot gidy c6 thé han ché phat sinh
PCDDI/Fs tir cac hoat dong san xuat, tai ché gidy [105,187].

3.4.4. Twong quan ham lwong PCDD/Fs trong mdu tram tich va khdng khi xung

quanh tai cdc ling nghé

Tuong quan Spearman (Minitab 21) duoc st dung dé danh gia twong quan vé
c4u hinh dong loai cac cap mau khdng khi xung quanh va tram tich tuong ¢ng tai 5
khu vuc lang nghé. Két qua danh gia twong quan duoc dua ra trong hinh 3.33.
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Hinh 3.33 Twong quan Spearman vé ham Iwong PCDD/Fs trong mdu khong khi
xung quanh va tram tich tgi cac lang nghé

Khi xét dén timg dia diém lay mau, cdu hinh 17 ddng loai PCDD/Fs va tong
nong d6 PCDD/Fs cho thay cing mot xu huéng (hé sé twong quan r > 0,5; mic tin
cay thng ké p<0.05) trong cac mau khong khi xung quanh va tram tich tai hai lang
nghé tai ché dong (KXQO04-TT04, KXQ05-TTO05), lang nghé tai ché nhdm (KXQ03-
TT02) va lang nghé tai ché sat thép (KXQ02-TT02).

Ty 1é¢ SPCDFs/ZPCDDs trong cic mau khdng khi xung quanh déu I16m hon 1
(1,04-8,09) cho thay mirc d6 dong gop 16n hon ciia PCDFs so véi PCDDs trong cac
mau nay, trir mau lay tai 1ang nghé tai ché sat thép (0,17). Piéu nay cho thay cau hinh
cac dong loai dugc 1am giau boi PCDFs va do d6 c6 thé dugc phan loai 1a c4c cau
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hinh "ngudn" [188,189], nghia 14 ngudn cua c4c ciu hinh ddng loai nay khéng & xa.
Hau hét céc ty 16 ZPCDFs/ZPCDDs trong cidc mau tram tich ciing 16n hon 1 (0,55-
2.0) tuy nhién & mc thap hon kha nhiéu so véi ti 1é trong cac mau khéng khi xung
quanh. Sy khac biét vé ti 16 dong loai gitta hai nén mau nay c6 thé cho thiy rang
PCDFs kém 6n dinh hon va c¢6 nhiéu kha niang phan huy hoic phan &ng vai céc géc
tr do hon PCDDs trong qué trinh van chuyén va ling dong trong khi quyén tur
"ngudn" dén méi truong ling dong. Mit khéac, su c6 mit caa PCDD/Fs trong tram
tich ngoai ngudn géc do PCDD/Fs tich tu trong céc hat lo lirng trong khéng khi, cac
hat nay lang dong vao ngudn nuéc ma con do nguon xa thai truc tiép vao nudc hoic
nguoén nudc mua, nude tudi tidu raa trdi dioxin tir ving dat bi 6 nhidm.

Cac hoat dong tai ché duoc nghién ciru trong pham vi luan an 1a tai ché gidy,
tai ché sat thép, tai ché nhdm va tai ché dong trong dé viéc sir dung dung dich axit
dam dic dé chiét xuat va thu hoi kim loai, va ddt cap dé thu hdi day dong phd bién
dbi véi cac hoat dong tai ché kim loai. Cac quy trinh khac nhau c6 thé c6 nhitng anh
huong khac nhau dén muc 6 PCDD/Fs c6 trong méi trudng. Hinh 3.34 so sanh ham
lwong TEQ trong cac mau khong khi xung quanh va tram tich tai 5 lang nghé.
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Hinh 3.34 Ham lwgng TEQ-PCDD/Fs trong cac mcf‘u khong khi xung quanh va
tram tich tai 5 lang nghée
Tir cac mau khong khi xung quanh c6 thé thay ring nong do TEQ-PCDD/Fs
giam theo thi tu cac lang nghé nhu sau: tai ché/duc ddng> tai ché thép > tai ché gidy
> tai ché nhém. Tuy nhién, trong sé c&c mAau tram tich cung khu vuc nghién cau véi
mau khéng khi xung quanh, khu virc lang nghé tai ché gidy c6 mirc ham lugng TEQ-
PCDD/Fs cao dang ké hon so vé6i ca khu vuc khac. Do d6 tan kém cua cac hop chit
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PCDD/Fs trong nudc, khi PCDD/Fs tir ngudn thai vao ngudn nuéce, ching sé dé dang
xam nhap vao op tram tich nén tram tich dugc coi 13 méi trudng tich liy manh cua
cac hop chit nay. Do d6 c6 thé ly giai viéc ham lwong PCDD/Fs cao nhét tir c4&c mau
tram tich tai lang nghé tai ché gidy la do nguén nudc thai tir cac hoat dong tai ché khu
vuc ndy. Ddi véi mau khong khi xung quanh, ham luong PCDD/Fs tai c4c lang nghé
tai ché kim loai cao hon duoc cho la do hoat dong tai ché kim loai dbt chay cac nhién
liu & nhiét do cao dé nung chay vat liéu, hoic sy hién dién caa cac kim loai c6 vai
tro xuc tac, thac day sy hinh thanh dioxin va phét sinh PCDD/Fs vao méi trudng
khong khi. Trong khi d6, hoat dong tai ché giay chu yéu 1a qua trinh co hoc va hda
hoc nhe, khdng yéu cau nhiét do cao, nén mic do phét sinh PCDD/Fs truc tiép ra
khong khi thap hon cac hoat dong tai ché kim loai.

3.5. Két qua bwée diu danh gia mire dd phat thai va rii ro doi véi sirc khée con

ngwoi do PCDD/Fs
3.5.1. Két qud bwéc diu ddnh gid mirc dé phdt thdi ciia PCDD/Fs tiv mdu khi thdi
< Hé sé phat thdi (EF) va lirong phat thai hang nam (EA)

Cac ngudn c6 dinh chinh cua PCDD/Fs chu yéu bao gom 10 d6t chat thai sinh
hoat, 16 dot chat thai y té va 1o dot chat thai nguy hai trong danh muyc dét chat thai;
nha may thiéu két, 10 hd quang dién va nha may luyén kim loai thir cap thudc danh
muc co s& luyén kim; va cac nha may nhiét dién va noi hoi dét than thuéc danh muc
phat dién. Muac d6 phat thai PCDD/Fs tir nguon dét chat thai trong luan &n nay chi
dugc danh gia thdng qua viéc 4p dung tap sb liéu phan tich vao mot sé cong thirc tinh
toan c6 sin, tir d6 dwa ra nhitng nhan xét ban dau vé hé s phat thai va luong phat
thai PCDD/Fs tir cac mau khi thai.

Cac gia tri EF va EA udc tinh cua cac hop chat PCDDI/Fs tir khi thai cua 4 10
d6t rac trong luan an nay duoc tinh toan duya trén cong thac (2.10) va (2.11) va duoc
dua ra trong bang 3.22.

Bang 3.22 U'éc tinh EF va EA ciia PCDD/Fs trong cac mau khi thai

Loai 10 dét Ki hiéu mau EF (uTEQ/tAn) | EA (¢TEQ/nim)
Lo ddt rac thai | Lo sé 1, KT01 (n=3) 34,3+53 0,074 + 0,011
cong nghiép Lo s 2, KT02 (n=3) 1,37 £ 0,15 0,010 + 0,001
Lo dbt rac thai | LO s6 1, KT03 (n=3) 33,2+24 0,199 + 0,014
sinh hoat Lo s 2, KT04 (n=3) 8,35+ 1,75 0,040 + 0,008

Hé s phat thai (EF) trung binh dao dong tir 1,37 dén 34,3 pg TEQ/tan va c6
su chénh léch dang ké gitra cac 10 dbt cung loai. Gia tri EF cao nhat dugc uéc tinh
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cho mot 16 dét rac thai cong nghiép KTO1 (trung binh 34,3 pg TEQ/tan), tiép theo 1a
16 @6t rac thai sinh hoat KTO03 (trung binh 33,2 ug TEQ/tan). C4c gia tri nay déu
tuong duong vai gia tri EF cua 10 dbt chat thai rin loai 3 (30 pg TEQ/tan) di duoc
cdng bb bai UNEP cho PCDD/Fs nam 2013 [120]. Trong khi 16 d¢6t KTO01 c6 hé sb
phét thai 16n nhat thi lwong phat thai hang nam cua 16 dbt KTO03 lai 16n nhat (trung
binh 0,199 gTEQ/nam).

< S0 s&nh véi mét s nghién ciru khac

Bang 3.23 so sénh hé s6 EF va gia tri EA udc tinh caa PCDD/Fs trong khi thai
tir cac nghién ciru khac nhau.

Bang 3.23 So sanh phat thai PCDD/Fs & mdt s6 nwéc trén thé gisi

Quoc gia | EF (ugTEQ/AN =5
Loabt | (bueng | P9TEXUY | @rEQMIm) | TLTK
mau) Gia tri trung binh (khoang)
Lo ddt chat thai ran | Trung Quéc
5 th Gy mo lon (n23) 0,312 0,107 [205]
Lo d6t rac thai Trung Quéc
quy md nho, viing 9 189,31 + 9,43 ; [206]
A A (n=3)
nong thén
VietNam | 33,3 (6,87-74,1) | 0,199 (0,182-
(n:3) 0,210)
Viét Nam 0,991 (0,663- 0,0064 (0,0043- [107]
Lo ddt chat thai (n=3) 1,43) 0,0092)
cong nghiép Viét Nam ) 2,69 (0,332-
(1=2) 374 (46,1-702) 5.00)
Viét Nam i 0,042 (0,009- Luan
(1=6) 17,8 (1,20-40,2) 0.087) o
Viét Nam 0,111 (0,096- 0,0003 (0,0002- [107]
Lo dbt rac thai (n=2) 0,127) 0,0004)
sinh hoat Viét Nam 0,119 (0,033- Luan
(1=6) 20,8 (6,76-35,1) 0.210) p
;zr?ﬁtoﬁcqhh;lma Han Quéc | 1302 (17,0~ _
ho : (n=43) 12252) [207]
Lo dbt rac sinh Han Quéc
hoat quy md Ién (n=33) 0.1(0-0.7) ]
Lo dot rac sinh Dal_Loan Téng 570 Téng 3,745
hoat (n=21)
" = [208]
Lo dot rac cong bai Loan i Téna 161
nghiép (n=61) g%
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Nhin chung, c4c gia tri hé s6 phét thai thu duoc tir hai 10 dét rac thai cong
nghiép KT01, KT02 trong luan an nay phu hop vai cac gia tri theo nghién ciru tuong
ty tai 2/3 10 d6t Viét Nam cua tac gia Pham Thi Ngoc Mai va cong su [107], tuy
nhién gi4 trj tinh toan lwong phat thai hang nam lai c6 sy chénh léch gitra 2 nghién
ctru, chu yéu 1a do sy khac nhau vé cong suat va thoi gian van hanh cua cac 1o dot.

Hai 10 d6t rac thai sinh hoat trong luan &n nay 1a hai 10 d6t quy mé nhé, cac
gia tri hé sd phat thai tir 2 10 dbt ndy déu thap hon cac 16 d6t quy md nhé tai cac nudc
Trung Qudc, Han Quédc nhung lai cao hon céac 10 dét quy md 16n tai cac nudc nay va
cao hon 16 dbt rac thai sinh hoat tai Viét Nam. Nguyén nhan dan dén su chénh léch
vé hé sb phét thai giira cac 1o d6t quy mé 16n va 1o dét quy mé nho 1a do céac 1o @6t
nho cd thé c6 budng dét hoat dong kém, thiét bi kiém soat 6 nhidm (APCD) khdng
du, luong chét thai dau vao khong déu, cong maé trong qué trinh nap chat thai va qué
trinh dot chét thai khong lién tuc [207].

Cac gia tri lugng phat thai hang nam (EA) ¢6 thé biéu thi mic do phat thai va
murc do hoat dong cua cac 10 dbt duoc diéu tra. Trong pham vi luan an nay, EA dao
dong tir 0,010 dén 0,199 g TEQ/nam véi lwong cao nhat dugc udce tinh cho 10 ddt rac
thai sinh hoat s6 1 (KT03), tiép theo 1a 10 dbt rac thai cong nghiép s6 1 (KT01). Téng
luong phat thai dng khoi trung binh hang nam cua 4 16 dt duoc khao sat 1a 0,323
gTEQ/nim. Trong "B&o c40 tong quan 10 nam thuc hién Cong udc Stockholm vé cac
chat 6 nhim hitu co khé phan huy tai Viét Nam giai doan 2005-2015" cua Bo Tai
nguyén va Moi truong da thong ké tong phat thai dioxin phat sinh khéng chu dinh
trong linh vuc xir Iy chét thai bang phuong phap 10 d6t chat thai chiém phan Ién
(465,5 g TEQ/nam) trong tong luong phét thai dioxin ¢ Viét Nam (568 gTEQ/nam)
giai doan 2013-2014. Trong d6, riéng lwong phét thai dioxin tir cac ong khoi 10 dét
ra moi trudng khong khi dat 287,8 g TEQ/nam, chiém 50% tong luong phat thai trong
thoi gian 2013-2014 tai Viét Nam.

3.5.2. Két qud bwéc diu danh gid riii ro sirc khée do PCDD/Fs tir mdu khong khi
Xung quanh

%  Tinhtoan liéu hit phdi hang ngay

Trong pham vi nghién ciru cua luan &n nay, rai ro cia PCDD/Fs d6i véi stc
khoe con nguoi duoc xét dén thong qua con duong hit phai PCDD/Fs tir c4c mau
khong khi xung quanh. Luong hit phai hang ngay d6i véi tré em va nguoi Ién phu
thudc vao téc do hit phai ciing nhu trong luong co thé. Céc thdng sé sir dung dé tinh
toan rui ro sic khoe tham khao tir US EPA [156,132] va duoc liét ké trong bang 3.24
dudi day.
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Bang 3.24 Céac thong sé tinh toan rii ro siec khée do PCDD/Fs trong miu
khéng khi xung quanh

0 Thong s6 phoi nhiém Don vi EIENY
hiéu tinh Nguwoi lon | Tréem
IR | Téc do hit vao mdi gio m3/h 0,83 0,4
ET | Thoi gian tiép xuc h 24 24
BW | Trong luong co thé trung binh kg 70 15
Newoi lon

IRinn | TSc d6 hit vao mdi gid m3/ngay 20

EF | Tan suat phoi nhiém (ngay) mdi nim ngay 350

ED | Thoi gian phoi nhiém nam 70

ET | S6 gid cho mdi lan tiép xdc gio 8

AT | Thoi gian tiép xtc trung binh (suét doi) gio 35500

Dua trén cac thong sé sir dung dé tinh toan liéu hit phai hang ngay duoc dua
ra trong bang 3.24 cd thé thay véi ciing mot thoi gian tiép xuc trong ngdy, nguy co
phoi nhiém PCDD/Fs qua con duong hit phai ddi véi tré em cao hon khoang 2,5 1an
S0 voi nguoi lon.

Liéu hit hang ngay dugc tinh cho ngudi 16n va tré em tir cac lang nghé trong
pham vi nghién ctru duoc tinh todn va dua ra trong bang 3.25.

Bang 3.25 Liéu hit hang ngay ZPCDD/Fs & cac lang nghé
Don vi: pgTEQ/kg/ngay

Doi twong
tiép i KXQ01 KXQ02 KXQO03 KXQO05 KXQ04

Nguwdi lon | 0,021+0,001 | 0,027+0,002 | 0,004+0,001 | 0,042+0,002 | 0,029+0,002

Tré em 0,047+0,003 | 0,060+0,004 | 0,010+0,002 | 0,094+0,004 | 0,064+0,004

Liéu hit phai hang ngay ddi véi nguoi 16n tai 5 lang nghé dao dong trong
khoang tir 0,004 dén 0,042 pgTEQ/kg/ngay. Pdi véi tré em, mirc phoi nhiém qua
duong hd hap hang ngay dao dong tir 0,010 dén 0,094 pg TEQ/Kg/ngay. Tat ca cac
gia tri déu thap hon lwgng hap thu hang ngay c6 thé chap nhan dugc (TDI) qua duong
hit phai 1a 0,1-0,4 pgTEQ/kg/ngay. Nghién ctru danh gia rui ro trong luan an nay chi
xem xét phoi nhiém qua duong hé hap. Tuy nhién trong thyc té, an uéng duoc coi la
con dudng chinh dan dén phoi nhiém dioxin. Trong mot nghién ciru vé ché d6 an
udng tong thé ¢ Ving Valencia [209] x4c dinh rang lwong PCDD/Fs va dI-PCBs hap
thu trung binh hang ngay d6i véi nguoi 16n 1a 2,86 pg TEQ/kg/ngay. Mirc d6 phoi
nhiém qua duong hd hap dugc wéc tinh trong luan an nay ddi véi nguoi 16n chiém
khoang 1,5% lwong thirc dn hang ngay. Nhitng két qua nay 1a hop Iy bai theo WHO
[17] phoi nhi@m tryc tiép qua duong hd hap chiém mat ty 18 nho (<10%) trong tong
s6 phoi nhiém ctia con nguoi vai dioxin.
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<« Udc tinh nguy co gdy ung thu

Nguy co ung thu do hit phai dugc udc tinh khi phoi nhiém lau dai (trung binh
70 nam). Bang 3.26 dua ra mtc nguy co ung thu trung binh cua téng 17 dong loai
PCDD/Fs cho mdi lang nghé.

Bang 3.26 U tinh nguy co gy wng thw cia PCDD/Fs tir khong khi xung
quanh tai c&c lang nghé

Tai ché Tai ché Tai ché . A .
Théng so gidy thép nhém EUBCITY & | G A2
KXQ01 | KXQ02 | KXQ03 | KXQ04 | KXQ05
352x100+ | 1,25%10° % 8.08x10°+ | 2,79x10° ¢
2,3,18-TCDD | “ga5,107 | 6,94x107 0 3.80x107 | 3.86x107
12378 2.31x10°% | 1,68x10°% | 1,90x10°% | 1.35x105% | 1.39x105%
PeCDD 8,34x107 | 130x10° | 593x107 | 556x107 | 9,30x107
123478 108x107% | 8,63x10°% | 1,30x10°% | 4,09x10°+ | 6,17x10°
HXCDD 8.35x10° | 978x10° | 5093x107 | 2.84x10° | 509x10°
123678 2.49x107 % | 2.10x107% | 2,30x10°+ | 1,00x107% | 1,29x107
HXCDD 0,89x10° | 146x10° | 6,07x10° | 417x10° | 870x10%
123780 217x107+ | 1.66x107% | 147x10°% | 7.56x10% | 9.41x10%+
HXCDD 0.40x10° | 120x10® | 578x10° | 3.36x10° | 6,73x10%
1234678 | 1,53x10°% | 1,96x10°% | 1,66x10°% | 6,07x10°% | 877x10°%
HpCDD 8,65x101 | 841x10%0 | 1,12x10%0 | 2.81x100 | 560x100
S 178x100 % | 2.46x100% | 2.74x102+ | 1.32x100 % | 112x10 0+
515x10%% | 9,84x1072 | 143x10%3 | 6,31x107 | 7.18x10°%3
189x107% | 1.07x107+ | 1.97x10%% | 151x10%+ | 8,12x107
2,3,18-TCDF | "9 53x10°% | 1,06x10° | 505x109 | 7.24x10% | 519x10°
12378 2.56x10°+ | 2.12x10°% | 437x10°% | 1.77x107% | 8.86x10%%
PeCDF 9,20x10%0 | 139x10° | 6,12x10% | 851x10° | 5,67x10°
23478 4.60x10°% | 3.69x10°% | 6,62x107 % | 3.57x10°% | 3.19x10°%
PeCDF 139x107 | 2,01x107 | 6.92x10® | 1,61x107 | 2,04x107
123478 4.04x107+ | 489107+ | 1,28x107% | 1.37x10°% | 9.45x107=
HxCDF 1,30x10® 2,57x108 9,81x107° 6,56x10® 6,04x10°
123678 427x107 % | 4.73x107% | 1.24x107% | 6.10x107% | 4.98x107%
HxCDF 1,35x10® 2,51x108 9,67x107° 2,83x10°® 3,18x10°®
123789 5.50x107+ | 539x107% | 1.10x107% | 436x107% | 3.37x107%
HxCDF 1,66x10® 2,77x108 9,19x107° 1,98x10® 2,16x10®
2.3.4.6.7 8- 166x107% | 1.44x107% | 3.46x10°% | 3.88x107+ | 1,79x107
HXCDF 878x10° | 121x10° | 649x10° | 174x10% | 1,17x10%
1234678 | 117x10°% | 2.22x10°% | 549x10°% | 4.01x10°% | 1,03x10°=
HpCDF 8,39x101 | 948x107° | 249x10° | 1,95x10° | 6,62x10°0
1234789 | 2.04x10°% | 2.52x10°% | 7.86x100+ | 1,04x10°+ | 1.09x10°%
HpCDF 9,23x10 | 1,63x10%° | 8,06x10% | 4,93x1070 | 7.54x10
. 5.02x10 + | 2.58x102% | 4 44x102+ | 7,85x10 0 + | 3,01x1022 %
716x10M | 157x10%3 | 2,04x10%3 | 3,83x102 | 1.93x10°3
1.28x10°% | 2.40x10°% | 3.04x10%% | 3,08x105+ | 2,30x10°
LPCDD/Fs 189x10° | 233x10° | 7.22x107 | 132x10% | 1,73x10°
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Gia tri rui ro ung thu tai 5 lang nghé déu cao hon murc chuan 1x10°¢, mirc cao
nhat duoc phat hién tai 2 lang nghé dic dong 1 va lang nghé tai ché thép, trong tng
3,08x107 va 2,40x107° nghia 1a c6 kha ning xay ra ung thu véi ty I& 2-3 ngudi trén
100.000 ngudi. Tat ca cac gid tri rai ro ung thu do PCDD/Fs trong cac mau khéng
khi xung quanh trong pham vi luan 4n nay déu duoc US EPA coi la chap nhan duoc
tir 10 ¢én 10 (mirc rui ro gy ung thu cao hon 10 dugc coi 1a khdng thé chip nhan
duoc).

Mtic d6 nguy co ung thu dwoc tim thay trong luan &n nay cao hon muc do
duogc tim thay boi Degrendele va cong su [210] (nguy co ung thu thap hon 3x107) ¢
vung ndng thén va thanh thi Brno (Cong hoa Séc), va cao hon mic d6 nghién cuu
duoc tai ving ndng thén va thanh thi Ving Valencia (Tay Ban Nha) (8.71x107 dén
3,11x10%) [211], vung thanh thi Madrid, Tay Ban Nha (5,4x107-2,2x10%) theo
nghién curu cua Barbas va cong su [212]. Céc gid tri rai ro thu dugc tir luan an tuong
tu nhu nghién ctu tai 11 nha may tai tinh T6 Chau, Trung Quédc, nim trong khoang
1.78x10° - 2.67x10°®° [213]. Mit khéc, mirc do rai ro ung thu thap hon so véi mac &
viing ndng thén xung quanh cac nha may hoa chét ¢ tinh Giang Té, Trung Qudc
(6,2x10°° dén 0,00021) [90], khu c6ng nghiép Bangpoo, tinh Samut-Prakan, Thai Lan
(1.0-2.5x10%) [214].
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KET LUAN VA KIEN NGHI

KET LUAN

Luan 4n da dat duoc muc tiéu nghién ciru dé ra, gop phan bo sung co so Iy
thuyét cing nhu co so dit liéu vé van dé phan tich PCDD/Fs trong mdi truong lang
nghé tai mién Bac Viét Nam, cac két qua chinh cua luan an bao gom:

1. Phaét trién, t6i wu hé cot 1am sach mau tu ché trong phong thi nghiém bao
gom cot silica gel da 16p ghép néi véi cot than hoat tinh ap dung dbi vai cac nén mau
moi trudng. Cot silica gel da 16p bao gom: bong thay tinh, Na2SO4 (2g); 0,9 g silica
gel; 2%KOH+silica gel (3g); 0,9 g silica gel; 44%H>SOs+silica gel (59g);
22%H2SOq+silica gel (7g); 0,9 g silica gel; 10% AgNOs+silica gel (2,5g); Na2SOq4
(2g), duoc hoat hoa bang 100 mL hexane va rira giai bang 50 mL hdn hop
hexane:DCM (95:5, v/v). Cot than hoat tinh (bdng thuy tinh; 5g Na2SQOas; 0,8g than
hoat tinh; 5g Na2SO4) duoc ghép néi phia dudi cot silica gel da 16p va rira giai bang
150 mL toluen.

2. Xé&c nhan gié tri si dung cua phuong phap phan tich 17 dong loai PCDD/Fs
trong cac nén mau khi thai, khéng khi xung quanh, tram tich théng qua cac théng s6
phén tich: gigi han phat hién, gi¢i han dinh luwgng ctia phuong phap phan tich, do thu
hoi, d6 13p lai, tai 1ap. Gigi han phat hién caa phwong phap phan tich d6i vai PCDD/Fs
trong nén mau khi thai, khéng khi xung quanh, tram tich lan luot nam trong khoang
tir 0,04-0,34 pg/Nm3, 0,2-1,7fg/m3, 0,01-0,08 pg/g. D6 thu hoi cua cac chat chuan
13Cy, @6i v6i cac nén mau trén lan luot nam trong khoang tir 73,4%-86,5%, 62,7%-
83,6%, 62,5%-91,1% Vi d6 Iéch chuan caa cac thi nghiém lp lai va tai lap déu dudi
15%, dap (rng yéu cau phan tich cia phuong phap tiéu chuan. Ngoai ra, phuong phap
phan tich duoc xac nhan lai théng qua cac mau vat liéu chuan (CRM) va mau thi
nghiém thanh thao déi véi nén mau tram tich. Cac gia tri ham luong cua 17 dong loai
trong mau CRM déu nam trong khoang tham khao cua nha san xuat, dong thoi céc
gid tri z-score tir mau thir nghiém thanh thao nam trong khoang -1 dén 1, chitng minh
d¢ chinh xac cta phuong phéap phan tich.

3. Ap dung quy trinh phan tich da duoc t6i wu vao phan tich 17 dong loai doc
PCDD/Fs trong cac nén mau khi thai, khdng khi xung quanh, tram tich thu thap tai
Bic Ninh. Két qua ham lugng TEQ trong khi thai tai 04 16 d6t chat thai cong nghiép
va 1o d6t chat thai ran sinh hoat nam trong khoang tir 176 — 2488 pg TEQ/Nm®. Ham
lwgng PCDD/Fs trong cac mau khdng khi xung quanh tai 5 lang nghé nam trong
khoang tir 1064 — 17191 fg/m?, twong duong 46,8 — 440 fgTEQ/m3 trong do, lang
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nghé duc dong 1 c6 ham luong TEQ-PCDD/Fs cao nhat. Két qua ham luong TEQ-
PCDD/Fs trong mau trim tich nam trong khoang tir 0,821 - 66,8 pgTEQ/g trong d6
c4c gia tri cao nhat phat hién & lang nghé tai ché gidy do qua trinh ty trang bot gidy
c6 kha ning phat sinh PCDD/Fs ciing nhu viéc chua quan ly chit ch& ngudn thai tai
lang nghé nay.

4. Bu6c dau uée lwong mirc do phat thai tir cdc mau khi thai va danh gia rui ro
PCDD/Fs ddi véi stc khoe con ngudi tir cac mau khdng khi xung quanh

- Hé sd phéat thai wdc tinh tir 04 10 dot réc thai trong luan an nay nam trong
khoang tir 1,37 dén 34,3 ug TEQ/tan véi lugng phat thai hang nam wéc tinh cho 04
10 d6t nay dao dong tir 0,010 dén 0,199 gTEQ/nim.

- Liéu luong hap thu PCDD/FS hang ngay qua hit tho tai 5 lang nghé trong luan
an nam trong khoang 0,004-0,042 pg TEQ/kg/ngay (ngudi 16n) va nam trong khoang
0,010-0,094 pgTEQ/kg/ngay (tré em). Murc d6 rui ro gay ung thu cia PCDD/Fs tir
mau khong khi xung quanh tai 5 lang nghé wéc tinh nam trong khoang 3,04x10° -
3,08x10°5, trong d6 5/5 lang nghé ¢6 muc rai ro nam trong khoang chap nhan duoc
tuy nhién lai cao hon ngudng an toan (1,0x10°), vi vay cin theo ddi ciing nhu kiém
soat chat luong khéng khi tai cac khu vuc nay nham giam thiéu nguy co ddi véi sirc

khoe con nguoi.

KIEN NGHI

Nghién ctru di xay dung hé cot 1am sach tu ché nham phan tich PCDD/Fs
trong cac mau méi trudng véi quy mo phong thi nghiém. Viéc ma rong hudng nghién
ctru dbi vai cac hop chat POPs khac ngoai PCDD/Fs nhu PCBs dong phang hay cac
hop chat twong ty dioxin nhu dI-PCBs I can thiét nham cai tién quy trinh phan tich
ddng thoi cac hop chat nay.

S6 lugng mau nghién ctu trong luan an con han ché, do dé, dé c6 nhirng danh
gia mang tinh tong quat va toan dién hon, can ma rong pham vi nghién citu thém cac
lang nghé khéc trén dai ban tinh cling nhu cac nén mau khac nhu mau dat, mau thyc
pham tai cac khu vuc nay.

Viéc quan tric thuong xuyén, lap dat cac hé thong xir ly khi thai, nuéc thai
dat tiéu chuan tai céc lang nghé ciing nhu viéc ban hanh quy dinh vé ham luong
phat thai cho phép cia PCDD/Fs la viéc lam can thiét ¢é han ché nguy co anh
huéng cua nhém chat nay dén méi truong ciing nhu stic khoe con ngudi.
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NHUNG PONG GOP MO| CUA LUAN AN

1. L& nghién ctru dau tién xay dung va hoan thién hé 1am sach cot 1am sach
tu ché nham phan tich cac hgp chat PCDD/Fs trong nén mau mdi trueong, dam bao
hiéu qua cao ciing nhu tang tinh chi dong trong phan tich, tiét kiém thoi gian, chi
phi phén tich so véi phuong phap lam sach trude day.

2. X&c nhan gia tri sir dung cua phwong phap phan tich 17 dong loai doc
PCDD/Fs trong c4c nén mau méi trudng co sir dung hé 1am sach di tbi vu, qua do
budc dau danh gia duoc ham lugng cua cac hgp chat PCDD/Fs trong mot s6 nén
mau mai truong (khi thai, khdng khi xung quanh, tram tich) thu thap tai mot sb
lang nghé tai Bic Ninh, Viét Nam.

3. Nghién ctiru buéc dau danh gia mtc do phat thai PCDD/Fs trong mau khi
thai, dong thoi budc dau danh gia rai ro sic khoe ddi vai nguoi dan sinh séng tai
cac lang nghé tir PCDD/Fs trong mau khong khi xung quanh. Céc két qua va danh
gi4 so bo vé hién trang ciling nhu anh huong cua PCDD/Fs di vai méi truong va
con nguoi tai mot s6 lang nghé ¢ Bac Ninh 1a co so dé thuc hién cac nghién cau
sau rong hon vé pham vi, d6i tugng mau... qua d6 cé nhitng bién phap bao vé moi
truong va strc khoe con nguoi tai cac khu vuc nay.
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PL-1
PHU LUC
Phu luc 1. Néng d¢ PCDD/Fs trong cac dung dich dwong chuin géc

Bang PL1.1 Nong d9 cac dong loai PCDD/Fs trong dwong chuin phwong phap

US EPA 23
Néng dd chat chuan géc (pg/uL)
T Tén chat M23_ | M23_ | M23_ | M23_ | M23_
CSl | CS2 | CS3 | CS4 | CS5

Chuan thuong
1 |2378-TCDD 0,050 | 0,100 | 0,500 | 500 | 10,0
2 |1,23,7,8-PeCDD 0,250 | 0,500 | 250 | 250 | 50,0
3 |1234,7,8-HxCDD 0250 | 0,500 | 250 | 250 | 50,0
4 |12,3,6,7,8-HXxCDD 0250 | 0,500 | 250 | 250 | 50,0
5 |1,23,7,89-HxCDD 0,250 | 0,500 | 250 | 250 | 50,0
6 |1.234,6,7,8-HpCDD 0,250 | 0,500 | 2,50 | 250 | 50,0
7 | OCDD 0500 | 1,00 | 500 | 50,0 | 100
8 |23,78-TCDF 0,050 | 0,100 | 0,500 | 500 | 10,0
9 |1,2,378-PeCDF 0250 | 0,500 | 2,50 | 250 | 50,0
10 |2,3,4,7,8-PeCDF 0250 | 0,500 | 2,50 | 250 | 50,0
11 |1,2,34,7,8-HXCDF 0250 | 0,500 | 2,50 | 250 | 50,0
12 |1,2,3,6,7,8-HXCDF 0250 | 0,500 | 2,50 | 250 | 50,0
13 |1,2,3,7,8,9-HXCDF 0250 | 0,500 | 2,50 | 250 | 50,0
14 |2,3,4,6,7,8-HXCDF 0250 | 0,500 | 2,50 | 250 | 50,0
15 |1,2,3,4,6,7,8-HpCDF 025 | 0500 | 250 | 250 | 50,0
16 |1,2,3,4,7,8,9-HpCDF 0,250 | 0,500 | 2,50 | 250 | 50,0
17 | OCDF 0500 | 1,00 | 500 | 50,0 | 100

Chuan dong hanh

18 | 13C12-2,3,7,8-TCDD 100 | 100 | 10,0 | 100 | 100
19 |13C1,-2,3,7,8-TCDF 100 | 100 | 10,0 | 100 | 10,0
20 | 3C12-1,2,3,7,8-PeCDD 100 | 100 | 100 | 10,0 | 10,0
21 | 3C12-1,2,3,7,8-PeCDF 100 | 100 | 100 | 10,0 | 10,0
22 |3C1»-1,2,36,78-HxCDD | 100 | 100 | 10,0 | 100 | 10,0
26 | 3C12-1,2,3,6,7,8-HXCDF 100 | 100 | 100 | 10,0 | 10,0
29 |3C1»-1,2,34,6,7,8-HpCDD | 100 | 100 | 10,0 | 100 | 10,0
30 |'3C12-1,2,34,6,7,8-HpCDF | 100 | 100 | 10,0 | 100 | 10,0
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32 | 13C1,-OCDD 20,0 20,0 20,0 20,0 20,0
Chuan ldy mau

33 | %Cl4-2,3,7,8-TCDD 0,050 0,100 | 0,500 5,00 10,0

34 | 13Cy,-2,3,4,7,8-PeCDF 0,250 | 0,500 2,50 25,0 50,0

35 | ¥C12-1,2,3,4,7,8-HXCDD 0,250 | 0,500 2,50 25,0 50,0

36 |¥C1-1,2,3,4,7,8-HXCDF 0,250 | 0,500 2,50 25,0 50,0

37 | BC12-1,2,3,4,7,8,9-HpCDF | 0,250 | 0,500 2,50 25,0 50,0

Noi chuan

38 | BC12-1,2,3,4-TCDD 10,0 10,0 10,0 10,0 10,0

39 | BC12-1,2,3,7,8,9-HXCDD 10,0 10,0 10,0 10,0 10,0

Chuén 1am sach

40 | 13C12-1,2,3,7,8,9-HXCDF 0,250 | 0,500 2,50 25,0 50,0

Bang PL1.2 Nong @9 cac dong loai PCDD/Fs trong dwong chuin phwong phap

US EPA 1613
Nong d¢ chat chuan géc (pg/pL)

T Tén chat M1613 |M1613 |M1613 |M1613 |M1613_

CS1 | CS2 | CS3 | CS4 | CS5

Chuan thuong

1 |2,3,7,8-TCDD 0,050 | 0,200 | 1,00 | 4,00 | 20,0
2 |1,2,3,7,8-PeCDD 0,250 | 1,00 | 500 | 20,0 100
3 |1,2,3,4,7,8-HXCDD 0,250 | 1,00 | 500 | 20,0 100
4 |1,2,3,6,7,8-HXCDD 0,250 | 1,00 | 500 | 20,0 100
5 11,2,3,7,8,9-HXCDD 0,250 | 1,00 | 500 | 20,0 100
6 |1,2,34,6,7,8-HpCDD 0,250 | 1,00 | 500 | 20,0 100
7 | OCDD 0,500 | 2,00 | 10,0 | 40,0 200
8 |2,3,7,8-TCDF 0,050 | 0,200 | 1,00 | 4,00 | 20,0
9 |1,2,3,7,8-PeCDF 0,250 | 1,00 | 500 | 20,0 100
10 | 2,3,4,7,8-PeCDF 0,250 | 1,00 | 500 | 20,0 100
11 | 1,2,3,4,7,8-HXCDF 0,250 | 1,00 | 500 | 20,0 100
12 | 1,2,3,6,7,8-HXCDF 0,250 | 1,00 | 500 | 20,0 100
13 | 1,2,3,7,8,9-HXCDF 0,250 | 1,00 | 500 | 20,0 100
14 | 2,3,4,6,7,8-HXCDF 0,250 | 1,00 | 500 | 20,0 100
15 | 1,2,3,4,6,7,8-HpCDF 0,250 | 1,00 | 500 | 20,0 100
16 |1,2,3,4,7,8,9-HpCDF 0,250 | 1,00 | 500 | 20,0 100
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17 | OCDF 0,500 2,00 10,0 40,0 200
Chuan d6ng hanh
18 | 13C12-2,3,7,8-TCDD 10,0 10,0 10,0 10,0 10,0
19 | 13C12-2,3,7,8-TCDF 10,0 10,0 10,0 10,0 10,0
20 | BC12-1,2,3,7,8-PeCDD 10,0 10,0 10,0 10,0 10,0
21 | BC12-1,2,3,7,8-PeCDF 10,0 10,0 10,0 10,0 10,0
22 | 13C12-2,3,4,7,8-PeCDF 10,0 10,0 10,0 10,0 10,0
23 | 13C12-1,2,3,4,7,8-HXCDD 10,0 10,0 10,0 10,0 10,0
24 | BC12-1,2,3,6,7,8-HXCDD 10,0 10,0 10,0 10,0 10,0
25 | BC12-1,2,3,4,7,8-HXCDF 10,0 10,0 10,0 10,0 10,0
26 | 13C1-1,2,3,6,7,8-HXCDF 10,0 10,0 10,0 10,0 10,0
27 | 13C12-1,2,3,7,8,9-HXCDF 10,0 10,0 10,0 10,0 10,0
28 | 13C12-2,3,4,6,7,8-HXCDF 10,0 10,0 10,0 10,0 10,0
29 | 13C12-1,2,3,4,6,7,8-HpCDD | 10,0 10,0 10,0 10,0 10,0
30 |3C12-1,2,3,4,6,7,8-HpCDF | 10,0 10,0 10,0 10,0 10,0
31 | C12-1,2,3,4,7,8,9-HpCDF | 10,0 10,0 10,0 10,0 10,0
32 | 13C1,-OCDD 20,0 20,0 20,0 20,0 20,0
Chuan lam sach
33 | %Cls-2,3,7,8-TCDD 0,050 | 0,200 1,00 4,00 20,0
Noi chuan
34 | 13Cy,-1,2,3,4-TCDD 10,0 10,0 10,0 10,0 10,0
35 |13Cy,-1,2,3,7,8,9-HXCDD 10,0 10,0 10,0 10,0 10,0
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Phu luc 2. Thong tin mau khéng khi xung quanh, tram tich thu thap trong luan an

gyt | Phadiémlay [ Tram 1 pon0 ki Pic didm khu vuc Thai gian lay
mau tich : : mau
TT01-1 | KXQO1-1 Day ?ong lang, noi pAhugng tien,glao;thgng qua lai un tac,
. X ez noi tap trung nhicu ho san xuat tai che giay.
Lang nghé tai : :
1 Sa{l Xugt giay, TP TT01-2 | KXQO1-2 Gl}ia lang noi cac xuong Sacn Xl,Jat \{ol quy_ mo Ion, san xuat | 16-17/2022
Bac Ninh. nhieu mat hang va tao 10, cat xén dong goi.
TT01-3 | KXQO01-3 | Cuébi lang, gan cho di vao dén muwong nudc
L - TT02-1 | KXQO02-1 | H6 thu gom nudc canh duong I6n caa lang va gan cong lang
ang nghe tai - - P Z - T
9 ché thép, thi xa TT02-2 | KXQ02-2 '(I;g}l i)la(li{au mi,long 2110(: (Lanq traim thu‘ mllljfel phé ,|I¢;th- . 18-19/7/2022
T Son. TT02-3 | KXQ02-3 qan 3 on% trun,g giong nhu 1 catr ao tu chura nuoc thal acl
cua 10 luyén thép
\ | TT031 | KXQO3-1 TrAuoc Clra co s& san xuat nhdm, gitra lang canh duong lién
Lang nghé tai thon. ’ ’
3 chﬂe nhém, huyén TT03-2 | KXQ03-2 Cop_g \nha dan khong co6 hoat dong san xuat tai che, vi tri | 24-25/7/2022
Yén Phong. cuoi lang
TT03-3 | KXQO03-3 | Tai hé¢ théng céng thai dang sau lang
Lang nghé dac | TT04-1 | KXQO4-1 | Pdi dién co s¢ diic dong my nghé
4 |ddéng 1, huyén| TT04-2 | KXQO04-2 | Ao giita lang 27-28/7/2022
Gia Binh. TT04-3 | KXQO04-3 | Ao rau muéng bao quanh lang
Lang nghé dac | TT05-1 | KXQO5-1 | Canh chua giira lang
5 |dong 2, huyén| TT05-2 | KXQ05-2 | Ao rau mudng gan Pinh 2-3/8/2022
Luong Tai TT05-3 | KXQO05-3 | Muong din nudc & cudi lang
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Phu luc 3
Bang PL3.1 Khoang gi¢i han d§ thu hdi cho phép caa cac chit chuan 13Cy, theo
US EPA 1613
STT Tén chat P thu hoi (%)
1 13C1, -2,3,7,8-TCDD 25-164
2 13Cy,-1,2,3,7,8-PeCDD 25-181
3 13C1, -1,2,3,4,7,8-HXCDD 32-141
4 13Cy2-1,2,3,6,7,8-HXCDD 28-130
5 13C12-1,2,3,4,6,7,8-HpCDD 23-140
6 13C1, -OCDD 17-157
7 13Cy12 -2,3,7,8-TCDF 24-169
8 13Cy, -1,2,3,7,8-PeCDF 24-185
9 13Cy, -2,3,4,7,8-PeCDF 21-178
10 18C12-1,2,3,4,7,8-HXCDF 26-152
11 13C1, -1,2,3,6,7,8-HXCDF 26-123
12 18Cy, -1,2,3,7,8,9-HXCDF 29-147
13 13Cy; -2,3,4,6,7,8-HXCDF 28-136
14 13C12-1,2,3,4,6,7,8-HpCDF 28-143
15 13C12-1,2,3,4,7,8,9-HpCDF 26-138

Bang PL3.2 Gia tri RSD lap lai va tai 1ap téi da cho phép theo AOAC

TT | Him lwong % | Ty léchat | Pon vi RS,D (%) RS,[.) E%)
lap lai tai lap
1 100 1 100% 1,3 2
2 10 10t 10% 1,8 3
3 1 102 1% 2,7 4
4 0,1 103 0,1% 3,7 6
5 0,01 10 100 ppm 5,3 8
6 0,001 10° 10 ppm 7,3 11
7 0,0001 10° 1 ppm 11 16
8 0,00001 107 100 ppb 15 22
9 0,000001 10® 10 ppb 21 32
10 0,0000001 10°° 1 ppb 30 45
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Bang PL3.3 Hé s6 ddc twong dwong (TEF) ciia 17 ddng loai PCDD/Fs theo

WHO2005
R ,\ H¢ so doc twong duwon
lal Thong so (TEF-WHngoos) :
1 2,3,7,8-TCDD 1
2 1,2,3,7,8-PeCDD 1
3 1,2,3,4,7,8-HxCDD 0,1
4 1,2,3,6,7,8-HxCDD 0,1
5 1,2,3,7,8,9-HxCDD 0,1
6 1,2,3,4,6,7,8-HpCDD 0,01
7 OCDD 0,0003
8 2,3,7,8-TCDF 0,1
9 1,2,3,7,8-PeCDF 0,03
10 2,3,4,7,8-PeCDF 0,3
11 1,2,3,4,7,8-HXCDF 0,1
12 1,2,3,6,7,8-HXCDF 0,1
13 1,2,3,7,8,9-HXCDF 0,1
14 2,3,4,6,7,8-HXCDF 0,1
15 1,2,3,4,6,7,8-HpCDF 0,01
16 1,2,3,4,7,8,9-HpCDF 0,01
16 OCDF 0,0003

Bang PL3.4 Ty 1é da dang ion ly thuyét va khoang chap nhan dwoc

SnguyentirCl | ST | thaydt | nhandwer
4 M/(M+2) 0,77 0,65 — 0,89
5 (M+2)/(M+4) 1,55 1,32-1,78
6 (M+2)/(M+4) 1,24 1,05 1,43

6 (*3C1, -HXCDF) M/(M+2) 0,51 0,43 0,59
7 (M+2)/(M+4) 1,05 0,88 — 1,20

7 (Cy1, -HpCDF) M/(M+2) 0,44 0,37 - 0,51
8 (M+2)/(M+4) 0,89 0,76 — 1,02
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Phu luc 4. Két qua phan tich Wilcoxon

1. Phan tich Wilcoxon so sanh miu chiét bang Soxhlet va chiét ASE
Ranks
N Mean Rank | Sum of Ranks
Negative Ranks 132 9.00 117.00
Positive Ranks 2b 1.50 3.00
ASE - Soxhlet Ties o
Total 15

a. ASE < Soxhlet
b. ASE > Soxhlet
c. ASE = Soxhlet

Test Statistics?

ASE - Soxhlet
z -3.237°
Asymp. Sig. (2-tailed) 0.001

a. Wilcoxon Signed Ranks Test

b. Based on positive ranks.

2. Phan tich Wilcoxon so sanh mau lam sach trén hé cét Supelco (S) va hé
cot 1am sach tw ché (TC)

2.1.  MaAu tram tich

Ranks
N Mean Rank Sum of Ranks

Negative Ranks 112 8.64 95.00

Positive Ranks 7b 10.86 76.00
TT1.TC-TT1.S

Ties oc

Total 18

Negative Ranks 8d 10.63 85.00

Positive Ranks 10¢ 8.60 86.00
TT2.TC-TT2.S

Ties of

Total 18

Negative Ranks 159 8.00 120.00

Positive Ranks oh .00 .00
C13.TT1.TC-C13.TT1.S ] i

Ties o'

Total 15

Negative Ranks 10! 8.70 87.00

Positive Ranks 4k 4.50 18.00
C13.TT2.TC - C13.TT2.S

Ties 1!

Total 15




a. TTLTC<TTL.S
b. TTLTC>TT1.S
c. TTL.TC=TT1.S
d. TT2TC<TT2.S
e. TT2.TC>TT2.S
f. TT2TC=TT2.S
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g. C13.TT1L.TC < C13.TT1.S
h. C13.TT1.TC > C13.TT1.S
i. C13.TT1.TC = C13.TT1.S
j. C13.TT2.TC < C13.TT2.S
k. C13.TT2.TC > C13.TT2.S
[. C13.TT2.TC = C13.TT2.S

Test Statistics?

TTLTC-TT1.S | TT2TC-TT2.S | C13.TT1.TC - C13.TT2.TC -
C13.TT1.S C13.TT2.S
V4 -.414b -.022¢ -3.417° -2.168P
Asymp. Sig. (2-tailed) 0.679 0.983 0.001 0.030
a. Wilcoxon Signed Ranks Test
b. Based on positive ranks.
c. Based on negative ranks.
2.2.  Mau khi thai
Ranks
N Mean Rank Sum of Ranks
Negative Ranks 142 9.25 129.50
Positive Ranks 4 10.38 41.50
KT1.TC - KT1.S
Ties 0c
Total 18
Negative Ranks gd 9.63 77.00
Positive Ranks 10¢ 9.40 94.00
KT2.TC - KT2.S
Ties of
Total 18
Negative Ranks 59 6.80 34.00
Positive Ranks 4h 2.75 11.00
C13KT1.TC - C13KT1.S )
Ties 0'
Total 9
Negative Ranks 7i 5.14 36.00
Positive Ranks 2k 4.50 9.00
C13Kt2.TC - C13KT2.S
Ties o'
Total 9
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a. KT1.TC <KT1.S

b. KT1.TC > KT1.S

c. KT1.TC =KT1.S

d. KT2.TC < KT2.S

e. KT2.TC > KT2.S

f. KT2.TC = KT2.S

g. C13KT1.TC < C13KT1.S
h. C13KT1.TC > C13KT1.S
i. C13KT1.TC = C13KT1.S
j. C13Kt2.TC < C13KT2.S
k. C13Kt2.TC > C13KT2.S
I. C13Kt2.TC = C13KT2.S

Test Statistics?

KT1.TC - KT1.S | KT2.TC - KT2.S | C13KT1l.TC - C13Kt2.TC -
C13KT1.S C13KT2.S
z -1.917° -.370¢ -1.362° -1.599°
Asymp. Sig. (2-tailed) 0.055 0.711 0.173 0.110

a. Wilcoxon Signed Ranks Test
b. Based on positive ranks.

c. Based on negative ranks.
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Phu luc 5. Mot sb siac d6 phan tich mt sé6 miu thuc

M4iu khong khi xung quanh
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Phu luc 6. Ham lwgng PCDD/Fs trong cac mau

Bang PL6.1 Ham lwgng PCDD/Fs (pg/Nm?) trong cac mau khi thai

Thong s6 KTO01- | KT01- | KTO1- | KT02- | KT02- | KT02- | KT03- | KT03- | KT03- | KT04- | KT04- | KT04-
1 2 3 1 2 3 1 2 3 1 2 3

2,3,7,8-TCDD 16,8 | 10,7 | 159 | 11,2 | 13,7 | 158 | 393 | 344 | 408 | 106 | 7,16 | 171
1,2,3,7,8-PeCDD 103 75,1 123 521 | 632 | 625 | 209 | 182 | 181 | 652 | 50,3 83
1,2,3,4,7,8-HxCDD 69,9 | 521 | 813 | 27,7 | 272 | 290 | 914 | 799 | 895 | 441 | 349 | 424
1,2,3,6,7,8-HxCDD 109 75,7 154 | 544 | 52,9 | 56,8 | 1338 | 1169 | 1652 | 69 51 60
1,2,3,7,8,9-HxCDD 985 | 645 107 39,4 | 385 | 412 | 849 | 742 | 974 62 43 52
1,2,3,4,6,7,8-HpCDD | 966 754 815 356 391 356 | 6475 | 5660 | 7570 | 610 | 506 | 427
OCDD 952 748 | 1099 | 414 467 422 | 4546 | 3974 | 5047 | 600 | 502 | 404
2,3,7,8-TCDF 143 96,9 118 570 | 76,3 | 854 | 2797 | 2445 | 2991 | 90 65 131
1,2,3,7,8-PeCDF 212 152 143 69,2 | 927 | 920 | 305 | 266 | 430 | 134 | 102 | 179
2,3,4,7,8- PeCDF 349 244 208 100 134 133 226 | 198 | 272 | 220 | 164 | 236
1,2,3,4,7,8-HxCDF 444 326 215 94,5 106 107 | 2170 | 1897 | 2289 | 280 | 218 | 244
1,2,3,6,7,8-HxCDF 427 308 284 108 124 122 | 2092 | 1828 | 2258 | 270 | 206 | 232
1,2,3,7,8,9-HXCDF 143 90,8 113 30,6 | 348 | 345 | 8503 | 7433 | 7734 | 90,3 | 60,9 | 692
2,3,4,7,8,9-HXCDF 407 260 491 96,8 111 109 | 2991 | 2615 | 2318 | 257 | 174 | 181
1,2,3,4,6,7,8-HpCDF | 1710 | 1334 | 928 322 404 385 773 | 675 | 634 | 1078 | 894 | 742
1,2,3,4,7,8,9-HpCDF | 218 160 122 36,3 | 456 | 43,4 | 5185 | 4533 | 3352 | 137 | 107 98
OCDF 872 689 496 149 167 152 | 20986 | 18344 | 23013 | 550 | 462 | 345
Téng PCDD 2316 | 1780 | 2395 | 956 | 1053 | 984 | 14370 | 12561 | 16359 | 1461 | 1193 | 1086
Téng PCDF 4925 | 3660 | 3119 | 1064 | 1295 | 1262 | 46028 | 40234 | 45292 | 3107 | 2454 | 2457
TEQ-WHO2005 445 314 381 154 185 187 | 2622 | 2292 | 2551 | 281 210 291

PCDD/Fs




Bang PL6.2 Ham lwgng PCDD/Fs (fg/m®) trong cac mau khéng khi xung quanh
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Thang & KXQO1- | KXQO1- | KXQO01- | KXQ02- | KXQ02- | KXQ02- | KXQ03- | KXQ03- | KXQ03-
ong so

1 2 3 1 2 3 1 2 3
2.3,7,8-TCDD 18,0 12,4 20,0 6,8 23 8,8 ND ND ND
1,2,3,7,8-PeCDD 12,1 6,6 14.4 82,4 72,9 84,4 8,73 6,42 12,0
1,2,3,4,7,8-HXxCDD 53,6 46,7 53,5 42,8 35,9 44,8 5,85 3,65 9,07
1,2,3,6,7,8-HXCDD 1230 | 113,6 | 119,0 | 103,0 92,1 105,0 10,6 8,24 14,0
1,2,3,7,8,9-HXCDD 107 98,6 104 81,8 72,3 83,9 6,65 4,42 9,89
1,2,3,4,6,7,8-HpCDD 757 68,0 74.4 955 886 957 78,7 74,0 84,6
OCDD 1008 967 954 13785 | 12852 | 13790 150 143 158
2,3,7,8-TCDF 93,7 85,3 91,3 52,6 45,1 54,6 9,03 6,72 12,4
1,2,3,7,8-PeCDF 146 135 140 120 108 122 23,6 20,8 275
2.3,4,7,8- PeCDF 261 247 249 208 190 210 36,0 32,7 40,3
1,2,3,4,7,8-HxCDF 199 187 191 239 219 241 60,5 56,4 65,7
1,2,3,6,7,8-HXCDF 211 198 202 231 212 233 58,7 54,7 63,9
1,2,3,7,8,9-HXCDF 271 257 259 263 242 265 52,2 48,4 57,2
2.3,4,7,8,9-HXCDF 82,5 745 80,8 71,1 62,3 73,1 16,1 13,6 19,7
1,2,3,4,6,7,8-HpCDF 58,0 50,9 57,7 1085 1008 1087 261 250 274
1,2,3,4,7,8,9-HpCDF 101 92,5 98,4 124 111 126 37,1 33,8 41,5
OCDF 34,2 28,0 35,3 146 132 148 243 233 255
Téng PCDD 1398 1313 1340 | 15056 | 14014 | 15074 | 260 239 288
Téng PCDF 1457 1355 1405 2540 2329 2560 798 750 857
Téng PCDD/Fs 2856 2669 2744 | 17596 | 16343 | 17634 | 1058 989 1145
TEQ-WHO200s PCDD/Fs | 230 206 226 289 257 296 46,1 40,2 54,3
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Bang PL6.3 Ham lwong PCDD/Fs (fg/m?3) trong cac mau khodng khi xung quanh (tiép)

Thong sb KXQ04-1 | KXQ04-2 | KXQ04-3 | KXQ05-1 |KXQ05-2 |KXQ05-3
2,3,7,8-TCDD 42,9 41,0 44,6 15,1 11,4 13,4
1,2,3,7,8-PeCDD 65,4 61,3 66,3 67,4 61,3 70,0
1,2,3,4,7,8-HXxCDD 23,1 23,0 25,4 31,0 26,6 30,6
1,2,3,6,7,8-HXCDD 48,2 45,7 49,6 62,6 56,3 64,8
1,2,3,7,8,9-HXCDD 35,9 34,6 37,7 46,3 41,2 47,1
1,2,3,4,6,7,8-HpCDD 300 274 294 415 393 446
OCDD 753 685 732 610 580 658
2,3,7,8-TCDF 750 682 729 384 364 413
1,2,3,7,8-PeCDF 1010 918 081 482 457 519
2.3,4,7,8- PeCDF 202 186 199 175 164 187
1,2,3,4,7,8-HXCDF 681 620 663 447 423 481
1,2,3,6,7,8-HXCDF 302 276 295 236 223 253
1,2,3,7,8,9-HXCDF 215 197 211 161 150 171
2,3,4,7,8,9-HXCDF 191 175 188 86.1 79.2 90.2
1,2,3,4,6,7,8-HpCDF 1992 1810 1933 489 464 527
1,2,3,4,7,8,9-HpCDF 515 470 502 53.2 47.8 54.6
OCDF 4490 4077 4352 165 155 176
Téng PCDD 1268 1165 1249 1247 1170 1330
Téng PCDF 10348 9412 10053 2679 2528 2871
Téng PCDDI/Fs 11616 10577 11302 3926 3697 4200
TEQ-WHO200s PCDD/Fs 453 418 449 305 281 320
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Bang PL6.4 Ham lwong PCDD/Fs (pg/g) trong cac miu tram tich

Théng sb TTO01-1 | TTO1-2 | TTO1-3 | TT02-1 | TT02-2 | TT02-3 | TTO3-1 | TT03-2 | TTO3-3
2,3,7,8-TCDD 1,45 1,70 1,43 0,076 | 0,081 | 0078 | 00244 | 0266 | 0,282
1,2,3,7,8-PeCDD 26,1 30,5 25,7 0,232 | 0300 | 0271 | 0,700 | 0,707 | 0,732
1,2,3,4,7,8-HXCDD 7,92 9,24 7,80 0,885 | 1,115 | 0,977 | 0,402 | 0,371 | 0,539
1,2,3,6,7,8-HXCDD 9,00 10,5 8,86 1,06 1,20 1,27 0,190 | 0,200 | 0,208
1,2,3,7,8,9-HXCDD 9,99 11,7 9,84 1,99 2,11 2,01 0,472 | 0,466 | 0,555
1,2,3,4,6,7,8-HpCDD | 434 50,6 427 6,16 7,09 6,58 3,09 3,13 3,45
OCDD 139 162 137 132 140 138 20,2 17,4 255
2,3,7,8-TCDF 12,0 14,0 11,8 4,27 5,48 4,95 0,369 | 0,365 | 0,602
1,2,3,7,8-PeCDF 42,7 49,8 42,0 19,9 223 21,3 1,36 1,35 1,41
2,3,4,7,8- PeCDF 50,2 58,5 49,4 17,9 18,5 17,6 0,923 | 0,804 1,28
1,2,3,4,7,8-HXCDF 28,5 33,3 28,1 8,01 9,38 8,90 0,375 | 0,345 | 0,441
1,2,3,6,7,8-HXCDF 35,3 41,1 34,7 12,8 13,5 13,4 0,828 | 0,840 | 0,958
1,2,3,7,8,9-HXCDF 27,0 315 26,6 6,76 7,08 6,95 0,193 | 0,165 | 0,264
2.3,4,7,8,9-HXCDF 46,1 53,8 454 13,1 15,7 16,0 1,18 0,907 1,31
1,2,3,4,6,7,8-HpCDF 146 171 144 29,6 33,7 31,8 2,50 2,48 2,75
1,2,3,4,7,8,9-HpCDF 10,9 12,7 10,7 3,48 3,82 3,75 0,742 | 0,694 | 0,881
OCDF 32,3 315 26,6 31,7 36,6 35,3 5,68 5,01 6,34
Téng PCDD 237 276 233 142 152 149 25,3 226 31,2
Téng PCDF 431 497 419 147 166 160 14,1 13,0 16,2
PCDD/Fs 668 773 652 290 318 309 39,5 35,5 475
TEQ-WHOz005 63,5 74,1 62,6 11,6 12,6 12,2 1,73 1,69 2,01

PCDD/Fs
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Bang PL6.5 Ham lwong PCDD/Fs (pg/g) trong cac mau tram tich (tiép)

Thong sb TT04-1 TTO04-2 TT04-3 TTO5-1 TTO5-2 TTO5-3
2,3,7,8-TCDD 0,386 0,367 0,367 0,085 0,066 0,098
1,2,3,7,8-PeCDD 1,62 1,67 1,69 0,209 0,286 0,358
1,2,3,4,7,8-HXCDD 1,21 0,977 1,14 0,246 0,257 0,286
1,2,3,6,7,8-HXCDD 2,29 2,05 2,13 0,058 0,054 0,070
1,2,3,7,8,9-HXCDD 0,471 0,460 0,520 0,265 0,241 0,404
1,2,3,4,6,7,8-HpCDD 13,8 12,9 13,1 0,588 0,641 0,655
OCDD 24,1 26,0 28,6 1,68 1,74 2,20
2,3,7,8-TCDF 2,50 2,35 2,12 0,325 0,353 0,387
1,2,3,7,8-PeCDF 4,16 3,84 3,78 0,198 0,192 0,236
2,3,4,7,8- PeCDF 5,06 4,94 5,17 0,435 0,457 0,646
1,2,3,4,7,8-HXCDF 8,43 8,01 7,79 0,272 0,279 0,338
1,2,3,6,7,8-HXCDF 6,85 6,36 6,58 0,460 0,634 0,648
1,2,3,7,8,9-HXCDF 1,74 1,62 1,69 0,375 0,195 0,439
2,3,4,7,8,9-HxCDF 8,32 8,02 8,07 0,490 0,606 0,669
1,2,3,4,6,7,8-HpCDF 38,5 32,8 33,2 0,550 0,496 0,844
1,2,3,4,7,8,9-HpCDF 3,11 2,86 2,97 0,162 0,138 0,179
OCDF 17,9 18,5 17,4 1,27 0,797 1,46
Tong PCDD 43,9 44,5 47,6 3,13 3,29 4,07
Tong PCDF 96,5 89,3 88,8 4,53 4,15 5,85
PCDD/Fs 140 134 136 7,67 7,43 9,92
TEQ-WHO200s PCDD/Fs 7,40 7,12 7,23 0,693 0,770 1,00
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Phu luc 7: Hé ¢t lam sach miu tw ché

Ghép ndi 2 cot 1am sach Rira giai cot than hoat tinh





