Nghién ctru khoa hoc céng nghé

PHAN TiCH XAC PINH NONG PQ DIOXIN/FURAN VA DL-PCB
TRONG THUC AN CHAN NUOI BANG HE THONG SAC KY
KHI KHOI PHO BA TU CUC
NGUYEN THI THU LY ¢, TRAN BINH PHIEN O,

NGUYEN THI THU ¥, NGUYEN BUC THANG

1. PAT VAN PE

Polyclodibenzo-p-dioxin ~ (PCDD), polyclodibenzofuran (PCDF) va
polyclobiphenyl (PCB) thuc nhom hoa chat doc hai va dugc liét ké trong Cong udc
Stockholm vé cac chat 0 nhiém hitu co kho phan huy (POP) nam 2001 [1]. PCDD/Fs
dugc tao ra ngoai y muén duéi dang san pham phu trong qua trinh san xuat cac chét
trung gian co clo va quéd trinh dét chay khong hoan toan cac vt liu c6 clo [2].
Nguoc lai, PCB la san phém hoéa hoc duge st dung rong rai trong nhiéu ung dung
cong nghiép khac nhau, dic biét 1a trong thiét bi dién [3, 4]. Trong sé 210 dong loai
cua PCDD/F va 209 déng loai cua PCB, c6 17 déng loai 2,3,7,8-PCDD/Fs (c6
nguyén tir clo & cac vi tri 2,3,7,8), 4 dong loai non-ortho (khong co nguyén tir Cl &
vi tri ortho) va 8 dong loai mono-ortho (c6 1 nguyén tir Cl & vi tri ortho) ciia PCB
(PCB “tuong ty dioxin” hodc dI-PCB) 1a nhimng dong loai c6 doc tinh cao [5]. Do
dic tinh wa béo (lipophilic) va d6 6n dinh héa hoc cao, PCDD/Fs va PCBs c¢6 thé ton
tai trong moi trudng, xam nhap vao chudi thirc dn va tich tu trong moé md cia cac
sinh vt dinh dudng bac cao, bao gdbm ca con nguoi [1].

Sac ky khi phan giai cao ghép ndi khéi pho phan giai cao (HRGC/HRMS) dugc
xem 14 tiéu chuan vang trong phan tich PCDD/Fs [6]. P9 nhay va do chon loc clia
phuong phap HRGC/HRMS cho phép xéc dinh cac chat gy 0 nhlem nay & miuc siéu
vét trong cac nén mau phirc tap. Tuy nhién, bén canh thiét bi dat tién thi chi phi van
hanh va bao dudng cta hé thong HRGC/HRMS tuong ddi cao. Do do, ngay cang co
nhiéu nghién ctru tap trung vao viée phat trién cac phuong phap thay thé dé giam chi
phi phan tich PCDD/Fs. Hién nay, c6 rat nhiéu phuong phap cho phep sang loc so bd
khi phan tich cac chat & muc siéu vét sir dung cac thiét bi nhu: GC-MS/MS, GC-
QISTMS, APGC-MS/MS, FGC-TOFMS hoac GCxGC-TOFMS [7, 8, 9, 10, 11].

Trong nhiing ndm gan day, thiét bi GC-MS/MS da duogc sir dung dé phan tich
PCDD/Fs trong cac nén mau khac nhau voi do nhay va do chinh xac twong tu
HRGC/HRMS [10, 12, 13]. Nam 2014, Uy ban chau Au (EC) yéu cau bét ky loai
thuc phdm hodc thirc dn chin nu6i nao duoc dua ra thi truong déu phai duoc kiém
soat va tuan thi cac ngudng t6i da (sd 589/2014 [14] va 709/2014 [15]), trong d6
GC-MS/MS duoc cong nhén 1a phuong phap xdc nhén phu hop dé kiém tra ngudng
t6i da cia PCDD/Fs va PCBs trong kiém soat thyc pham va thirc an chin nudi. GC-
MS/MS da dugc xac nhan 1a phuong phap dap ung céac ti€u chi phan tich theo cac
quy dinh do EC datra[13, 16].

Cac nghién ctru cho thay hién nay chua c6 cong trinh nghién ciru nao vé viéc sir
dung GC-MS/MS dé xac dinh 17 dong loai doc cia PCDD/Fs va 12 dong loai doc cua
dI-PCBs trong thurc an chén nuéi tai Viét Nam. Do d9, trong nghién ctru nay, ching t6i
dat muc tiéu danh gia tinh kha thi cta viéc sir dung hé théng GC-MS/MS nhu mot
phuong phép tin cdy dé xac dinh ndng 46 PCDD/Fs va dI-PCBs trong thirc an chin nuéi.
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2. THUC NGHIEM

2.1. Hoéa chat

Tat ca géc dung méi va hoa chat déu dat tiéu chuan §§c k}'/ hodc phén tich va
duoc cung cip tir hang Merck (Puc). Céac dung dich chuén ' Clz (chuan xac dinh
LOD danh gia do ding, d¢ lap cua phwong phap), dung dich chuén danh diu dong

BCy, (chuan ddng hanh, chuan xac dinh hiéu suat thu hoi) va chuan xay dung

duo*pg chuén cia PCDD/Fs va dI-PCBs; chuan kiém tra hang ngay Cal-Win-Res va
chuén lam sach cuia PCDD/Fs dugc mua tir hang CIL (My). Danh muyc céc loai chat
chuan duoc trinh bay trong Bang 1.

Bang 1. Danh muc céc chit chudn st dung

. . . Ky mi hi¢u
STT | Dung dich chat chuan
PCDD/F | dI-PCB
1 | Chuan xay dyng dudng chuin EDF-9999 | EC-5396
2 | Chuén dong hanh EDF-8999 | EC-4937
3 | Chuén x4c dinh LOD, LOQ, d6 dting, d6 lip | EDF-7999 | EC-4935
4 | Chuén lam sach EDF-6999 -
5 | Chuan xé4c dinh hiéu suat thu hoi EDF-5999 | EC-5397
6 | Chuan kiém tra hang ngay Cal-Win-Res EDF-4141 -

2.2. Chuén bi miu
) Mau thire an chén nuoi cho bo, ca, lgn va ga dugc mua tir siéu thi. Qua trinh
chuén bi mau chu yéu tuén theo phwong phap BS EN 16215:2020 [17] v6i nhiing
stra o1 phu hop véi diéu kién phong thi nghiém.

Mau thirc an chan nudi (20 g/lan thir nghiém) dugc thém cac chét chuan dong
hanh (EDF-8999 va EC-4937), chiét soxhlet v6i toluen trong vong 5 gio, sau d6 doi
dung mdi, chi€t 1an 2 v6i hon hop Toluen:Etanol (ti 1€ 9:1) trong 16 gid. Dich chiét
mau duogc thérp chat chuan lam §ach 3 7C14-2,3>,7,8-TCDD vao cac dung dich chiét
mau. Digh c,hiét duoc lam sach bang dung dich H,SO4 dac, NaCl, KOH, NaCl. Cac
dich 7chiét ‘tiép tuc lam sach trén “cot da lop” chura silica gel, silica gel tam axit, silica
gel tam kiém. Phan doan PCDD/Fs, dl—PCB_ys duogc tach trén cot than hoat tinh chuyén
dung, <0t nhom oxit. Thém dung dich’chuén EDF-5999 va EC-5397 trudce khi phﬁp
tich bang thict bi d¢ danh gid hi€u suat thu hoi cac chat ndi chuan. Dung dich cudi
cung duogc c¢d dic dén 20 puL va phén tich trén thiét bi GC-MS/MS.

~ Dé xéc dinh gi¢i han phat hién (LOD) va gi¢i han dinh lugng (LOQ), can
chuan bi mau thém chuan. Lay mau da biét trude khong chira PCDD/Fs va dI-PCBs,
bQ sung thém mot lwong (jung dich chuan 12C,,-PCDD/F va '>C},-dI-PCB. Sau do,
tién hanh chiét miu nhu doi véi mau thyc.

2.3. Phén tich trén thiét bj

Céc méu phan tich duoc thyc hién trén thiét bi sic ky khi ghép ndi khéi phd ba
ttr cuc Trace 1310/TSQ 8000 Evo ciia hang ThermoFisher Scientific (M¥).
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2.3.1. Diéu kién hoat dong ciia GC-MS/MS

Hé thong GC dugc gan cot mao quan TR-DIOXIN (dai 60 m, duong kinh
trong 0,25 mm, d6 day mang 0,25 um cta hang ThermoFisher Scientific). Ché do
tiém khong chia dong va thé tich tiém 1a 2 pL dé phan tich PCDD/Fs va 1 pL dé
phan tich dI-PCBs. Chuong trinh nhiét 6 16 cho phan tich PCDD/Fs nhu sau: nhiét
do cot ban dau la 140 °C gitt trong 2 min, sau d6 tang dan dén 220°C véi toc do
20°C/min va duy tri trong 16 min, sau d6 ting dan dén 320°C ¢ 5°C/min va gitt
trong 6,6 min. DPéi v6i dI-PCBs, nhiét dd ban dau 1a 150°C gilt trong 2 min, sau do
tang dan dén 220°C & téc d6 20°C/min va giit trong 16 min, cudi cing ting dan dén
300°C ¢ toc d6 5°C/min, gitr trong 1,5 min. Luu luong cua khi mang Heli duoc ¢
dinh khong d6i 1 1,2 mL/min. Nhiét d6 cua interface 1a 290°C, trong khi nhiét do
ngudn ion 1a 280°C. Ning luong phét xa electron 1a 70 eV va dong phat xa duoc dat
& 250 pA. Hé thong phan tich sir dung phuong phap ion hoa dién tir (EI) véi thoi
gian lru va ning lugng ban pha phu hop cho 17 déng phan doc cia PCDD/Fs va 12
déng loai doc cuia dI-PCBs, v&i mdi déng loai dugc phén tich va nhan dién thong
qua ion phan tr (precursor mass) va ion co ban (product mass).

2.3.2. Phédn tich dinh tinh va dinh lwong

Quy trinh phan tich mau c¢6 tham khao Phuong phap 1613B va Phuong phéap
1668C cua Co quan Bao vé Moi truong Hoa Ky (EPA) [18,19]. Phan tich va xu 1y
dir liéu duogc thuc hién bang phan mém Targetquan phién ban 3.2. Cac hé s6 dap
g trung binh (RF) duoc sir dung dé tinh nong d6 ciia cac dong loai doc trén GC-
MS/MS. Hé s6 dap tmg cua ting chat duoc tinh theo cong thirc sau:

(A1 + A25)Cy

RF =
(Alis + Azis)Cs

Trong do,
Al va A2,: Dién tich ciia m/z chinh va thir hai cia PCDD/F;
Al va A2 Dién tich ciia m/z chinh va thir hai caa chét chuén;
C;; = Nong do cua chat chudn trong duong chudn;
C, = Nong do cua chit phén tich trong dudng chuan.
Hé s6 dap ung trung binh 14 trung binh cong ctia tat ca cac gia tri RF tir cAc
diém trén duong chuan.

3. KET QUA VA THAO LUAN

3.1. Panh gia kha ning tach cia thiét bi

Dé danh gia kha nang phan tach cac ddng phan cua hé thong thiét bi phan tich,
1 pL dupg dich‘ chuan pal—Wiq—Res EDE—4141 cQa hang CIL dugc bom vao hé
thong. Sac ky do cho thay h¢ thong tach day du 4 dong phén cua TCDD (xem Hinh
1). Muc d9 xen phu cua 2,3,7,8-TCDD Vg'yi dong phan gan nhat 1,2,3,7/1,2,3,8-
TCDD khéng vuot qua 30%, dap ting yéu cau cuia phép phan tich theo phuong phap
US EPA Method 1613B va 16130 [18,20].
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Chromatogram
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Hinh 1. Sic ky d6 cac dong phan ctia TCDD phén tich trén hé thong GC-MS/MS
3.2. X4c dinh khoang tuyén tinh ciia dwong chuin

Tam (08) dung dich chuin cho PCDD/Fs (EDF-9999-CS0.1-CS5) va 06 dung
dich chuan cho dI-PCBs (EC-5396-CS1-CS6) dugc phan tich dé kiém tra khoang
tuyén tinh cua dudng chuén trén thiét bi GC-MS/MS. Hé s6 twong quan R hé sb dap
{mg tuong d6i trung binh RF va do 1éch chuan tuong dbi ciia RF cho mdi dong loai
dugc trinh bay trong Bang 2. Két qua phan tich thé hién tai Bang 2 cho thay kha ning
phan tich PCDD/Fs va dI-PCBs cua thiét bi GC-MS/MS 1a rat tét, tat ca cac chi sé déu
dap ung tidu chi dé ra cia phuong phap phén tich US EPA 1613B. Céc gié tri R? cao
hon 0,999 va dd léch chuén tuong d6i RSD cua RF ddi véi cac déng loai cua
PCDD/Fs va dI-PCBs thap hon 10%.

Bang 2. Khoang tuyén tinh cta dudng chuén

. Nong do RF

Ne Pdng loai (pg/iL)' R rung binh | RSP (%)
1 | PCDD/Fs

1 |2378-TCDD 0,05-40 | 0,999863 | 1,09 5,98
2 | 12378-PeCDD 0,25-200 | 0,999958 | 0,98 9,69
3 | 123478-HxCDD 0,25-200 | 0,999975 | 1,03 6,80
4 |123678-HxCDD 0,25-200 | 0,999889 | 0,99 8,97
5 | 123789-HxCDD 0,25-200 | 0,999996 | 1,09 4,03
6 | 1234678-HpCDD 0,25-200 | 0,999998 | 0,98 7,35
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No Pbng loai Nongdo | po RE 1 RsD (%)
(pg/pL) trung binh

OCDD 0,50-400 | 0,999981 | 1,18 9,22

2378-TCDF 0,05-40 | 0,999578 | 1,04 4,10

12378-PeCDF 0,25-200 | 0,999954 | 1,05 4,06
10 | 23478-PeCDF 0,25-200 | 0,999626 | 1,08 8,78
11| 123478-HxCDF 0,25-200 | 0,999983 | 1,11 5,36
12 | 123678-HxCDF 0,25-200 | 0,999998 | 1,06 7,26
13 | 234678-HxCDF 0,25-200 | 0,999996 | 1,03 2,92
14 | 123789-HxCDF 0,25-200 | 0,999965 | 1,04 8,71
15 | 1234678-HpCDF 0,25-200 | 0,999998 | 1,19 4,38
16 | 1234789-HpCDF 0,25-200 | 0,999979 | 1,15 9,07
17 | OCDF 0,50-400 | 0,999869 | 1,38 6,20
11 | dI-PCBs
1 |3,4,4,5-TeCB (81) 0,2-2000 | 0,999993 | 1,17 2,91
2 |33,4,4-TeCB (77) 0,2-2000 | 0,999987 | 1,14 2,72
3 | 23,44,5-PeCB (123) 0,2-2000 | 0,999907 | 1,10 4,58
4 |23,4,4,5-PeCB (118) 0,2-2000 | 0,099857 | 1,12 3,55
5 |2,3,4,45-PeCB (114) 0,2-2000 | 0,999903 | 1,07 6,25
6 |233',44-PeCB (105) 0,2-2000 | 0,999036 | 1,15 3,70
7 |3,3.,4,4,5-PeCB (126) 0,2-2000 | 0,099521 | 1,04 2,30
8 |2,34,4.5,5-HxCB (167) |0,2-2000 | 0,999879 | 1,12 4,97
9 |23,3.44,5-HxCB (156) | 0,2-2000 | 0,999905 | 1,13 4,06
10 | 2,3,3',4,4,5-HxCB (157) | 0,2-2000 | 0,099998 | 1,14 3,13
11 3,3,4,4,5,5-HxCB (169) | 0,2-2000 | 0,099986 | 1,14 2,61
12 | 2,3,3',4,4'5,5-HpCB (189) | 0,2-2000 | 0,099871 | 1,05 1,49

3.3. Xac dinh giéi han phat hién (LOD) va giéi han dinh lwong (LOQ)

LOD duoc xac dinh bang cach bom 5 dung dich v&i ndng d6 cac chét 2C,-
PCDD/Fs 1a 0,025-0,125-0,25 pg/uL va '*Cy,-dI-PCBs 1a 0,2 pg/uL. Nong d6 nay
turong duong voi diém thap nhit trong dudng chuan.

Két qua phan tich thu dugc cho thay da xac dinh duge LOQ chinh 1a diém thap
nhét trong duong chuan vi diém nay déu thoa man cac tiéu chi can dat: Tat ca cac
chét phan tich déu co ti 6 S/N > 3; Do chéch b% < 15%; Do thu hoi trong khoang
80-102%; RSD < 10% [18, 19, 20, 21].
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Xac dinh LOD cua tung chét phén tich trong mdi nén mau théng qua do léch
chuan (SD) tai diém khao sat LOQ theo cong thuc:

LOD=3,747 x SD (n=5, a=0,01, t=3,747)

Két qua xac dinh LOD va LOQ cho cac d(‘Sng loai doc cua PCDD/Fs va dI-
PCBs dugc trinh bay trong Bang 3. Gia tri LOD cua cac dong loai muyc tiéu nam
trong khoang 0,007-0,076 pg/g (PCDD), 0,007-0,056 pg/g (PCDF) va 0,03-0,05
pg/g (dI-PCB). Tong TEQ cua ciac mau xac dinh LOD déu nhd hon 0,065 pg
WHO,0s-TEQ/g (PCDD/Fs va dI-PCBs). Tong TEQ tai diém LOQ 1a 0,285 pg
WHO10s-TEQ/g (d6i véi PCDD/Fs) va 0,026 pg WHO10s-TEQ/g (d6i voi dl-
PCBs), déu thap hon 3 1an muc tdi da trong thtrc an chin nudi 1a 0,75 pg WHO200s-
TEQ/g (d6i véi PCDD/Fs) [22]. Két qua cho thiy phuong phap nay phu hop véi tiéu
chi phan tich theo quy dinh cta Lién minh chau Au.

Bang 3. LOD cua cic chét phan tich trong cac mau thirc an chin nudi
cho ga, c4, lon va bo

Ne Pong loai LOD. pefe LOQ,
Gi | Ci | Lon | Bo | pge
I PCDD/Fs
1 | 2378-TCDD 0,006 | 0,006 | 0,007 | 0,005 | 0,025
2 | 12378-PeCDD 0,031 | 0,019 | 0,027 | 0,025 | 0,125
3 | 123478-HxCDD 0,030 | 0,023 | 0,014 | 0,013 | 0,125
4 | 123678-HxCDD 0,025 | 0,031 | 0,018 | 0,029 | 0,125
5 | 123789-HxCDD 0,018 | 0,011 | 0,028 | 0,029 | 0,125
6 | 1234678-HpCDD 0,027 | 0,029 | 0,013 | 0,020 | 0,125
7 | OCDD 0,065 | 0,052 | 0,076 | 0,068 | 0,250
8 | 2378-TCDF 0,003 | 0,005 | 0,007 | 0,003 | 0,025
9 | 12378-PeCDF 0,014 | 0,013 | 0,020 | 0,010 | 0,125
10 | 23478-PeCDF 0,029 | 0,016 | 0,011 | 0,016 | 0,125
11 | 123478-HxCDF 0,030 | 0,006 | 0,005 | 0,014 |0,125
12 | 123678-HxCDF 0,014 | 0,006 | 0,015 | 0,026 | 0,125
13 | 234678-HxCDF 0,010 | 0,025 | 0,017 | 0,019 | 0,125
14 | 123789-HxCDF 0,031 | 0,030 | 0,017 | 0,006 |0,125
15 | 1234678-HpCDF 0,016 | 0,017 | 0,013 | 0,011 | 0,125
16 | 1234789-HpCDF 0,022 | 0,020 | 0,018 | 0,010 | 0,125
17 | OCDF 0,040 | 0,056 | 0,026 | 0,034 | 0,250
Téng TEQ, pg TEQ/g 0,063 | 0,045 | 0,050 | 0,049 | 0,285
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A . LOD, pg/g LOQ,
Ne Dong loai
Gi | Cci | Lgn | Bo | poe
i dI-PCB
1 |3,4,4'5-TeCB (81) 0,031 | 0,025 | 0,049 | 0,037 | 0,2
2 |3,3,4,4-TeCB (77) 0,036 | 0,033 | 0,028 | 0,026 | 0,2
3 |2,3,4,4'5-PeCB (123) 0,031 | 0,026 | 0,045 | 0,016 | 0,2
4 |23'4,4'5-PeCB (118) 0,050 | 0,041 | 0,041 | 0,037 | 0,2
5 [2,3,44,5-PeCB (114) 0,047 | 0,037 | 0,036 | 0,029 | 0,2
6 |23,3',4,4-PeCB (105) 0,044 | 0,043 | 0,021 | 0,031 | 0,2
7 |3,3',4,4'5-PeCB (126) 0,014 | 0,044 | 0,048 | 0,049 | 0,2
8 [234,4,5,5-HxCB (167) | 0,033 | 0,035 | 0,034 | 0,030 | 02
9 [23,34,4,5-HxCB (156) | 0,031 | 0,045 | 0,049 | 0,021 | 0,2
10 | 2,3,3'4,4',5-HxCB (157) | 0,047 | 0,040 | 0,022 | 0,036 | 0,2
11 |3,3,4,4'5,5-HxCB (169) | 0,047 | 0,043 | 0,050 | 0,042 | 0,2
12 | 2,3,3'4,4',5,5'-HpCB (189) | 0,036 | 0,045 | 0,023 | 0,048 | 0,2
Téng TEQ, pg TEQ/g 0,0028 | 0,0057 | 0,0063 | 0,0062 | 0,026

3.4. Phan tich miu thuc

Nong d¢ cua cac dong loai PCDD/Fs va dl-PCBs trong 4 mau thac an chin
nudi dugc trinh bay trong Bang 4 va dugc minh hoa trong Hinh 2 va Hinh 3. Cac
dong loai doc ¢6 nong do nhoé hon LOD thi gia tri s€ dugc tinh bang 0.

Két qua phan tich PCDD/Fs trong 4 loai méu thirc dn cho thiy, hau hét 10
déng loai doc cua furan déu duoc phat hién, con hau hét déng loai doc cua PCDD
khong phét hién ngoai trir trong mau thirc an cho ca. Trong ca 4 mau thirc in chin
nudi, 1,2,3,7,8-PeCDF, 1,2,3,4,7,8-HxCDF va 2,3,4,6,7,8-HxCDF la cac dong loai
chiém wu thé, tiép theo 1a OCDD. Riéng mau thirc dn chin nudi cho ca c6 phat hién
duoc tit ca cac dong loai doc cia PCDD, tuy nhién ndng d6 khong cao. Trong mau
thirc an cho ga, ham lugng OCDD cao hon cac dong loai khéc.

Ca mudi hai dong loai doc cua dI-PCBs déu duoc phat hién trong 4 mau.
Riéng hai dong loai PCB-105 va PCB-118 chiém hon 70% tong nong do dl-PCBs
trong ca 4 mau. PCB-118 la dong loai nhiéu nhat trong ca 4 nén mau, c6 nong do
cao hon khoang 2 1an so v&i ndng 6 PCB-105. Pdng loai doc PCB-169 c6 nong do
thap nhit trong s6 12 dong loai doc. Trong mau thirc an cho ga, nong do ctia PCB-77
14 20,74 pg/g, cao nhit trong tat ca cac dong loai.

Tong do doc TEQ (PCDD/Fs+dI-PCBs) trong cic mau thirc an cho ga, ¢4, lon
va bo lan luot 14 0,269, 0,583, 0,403 va 0,197 pg TEQ/g. Cac gia tri nay déu nho hon
ngudng cho phép cua EC 1a 1,25 pg TEQ/g.

Két qua cho thdy GC-MS/MS c6 d6 nhay va d6 chon loc dbi véi PCDD/Fs va
dI-PCBs ¢ muc siéu vét rat tot trong phan tich mau thirc an chan nudi.
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Bang 4. Nong do cac chét phan tich trong 4 mau thirc an chan nuoi

Ao A Néng d, pg/g’
STT | Chat phan tich Ga Ci | Lon | Bo
1 PCDD/Fs
1 |2,3,7,8-TCDF 0,007 | 1,345 2,012 0
2 | 1,2,3,7,8-PeCDF 0,725 1 0,025 | 0,027 | 0,579
3 1234,7,8-PeCDF 0,174 | 0,018 | 0,021 | 0,084
4 11,2,3,4,7,8-HxCDF 0,773 | 0,064 | 0,101 | 0,776
5 11,2,3,6,7,8-HxCDF 0,225 | 0,051 | 0,102 | 0,189
6 |1,2,3,7,8,9-HxCDF 0,018 | 0,063 | 0,101 0
7 12,3,4,6,7,8-HxCDF 0,403 | 0,046 | 0,132 | 0,326
8 |1,2,3,4,6,7,8-HpCDF 0,088 | 0,026 | 0,042 | 0,017
9 11,2,3,4,7,8,9-HpCDF 0]0,121|0,119]0,016
10 | OCDF 0 0] 0,061 0
11 |2,3,7,8-TCDD 010,279 | 0,099 0
12 11,2,3,7,8-PeCDD 010,139 | 0,048 0
13 ]1,2,3,4,7,8-HxCDD 0 0 0 0
14 |1,2,3,6,7,8-HxCDD 0 0 0 0
15 |1,2,3,7,8,9-HxCDD 0 0 0 0
16 |1,2,3,4,7,8,9-HpCDD 0 010,155 | 0,088
17 | OCDD 4,691 0]1,512 | 0,131
Tong d6 doc PCDD/F, pg TEQ/g | 0,219 | 0,583 | 0,403 | 0,173
1 dI-PCBs
1 |3,44,5-TeCB (81) 0,522 | 0,380 010,082
2 |3,3,4,4-TeCB (77) 20,744 | 1,319 | 1,093 | 0,453
3 12344.5-PeCB (123) 0,183 | 0,137 | 0,084 | 0,095
4 12,34,4,5-PeCB (118) 7,467 | 6,531 | 3,862 | 2,965
5 12,3,44.5-PeCB (114) 0,522 10,376 | 0,104 | 0,082
6 |23,344-PeCB (105) 4,255 12,682 | 1,685 | 1,314
7 13,3'44.5-PeCB (126) 0,461 | 0,980 | 0,180 | 0,235
8 12,3.44'5,5-HxCB (167) 0,246 1 0,393 | 0,128 | 0,111
9 12,3,344,5-HxCB (156) 0,507 | 1,168 | 0,361 | 0,224
10 |2,3,3'4,4.,5'-HxCB (157) 0,138 | 0,123 | 0,090 0
11 ]3,3'44'.5,5'-HxCB (169) 0,057 | 0,046 0 0
12 |2,3,3'44'5,5'-HpCB (189) 0,150 | 0,855 | 1,240 | 0,350
Tong d9 doc dI-PCB, pg TEQ/g 0,050 | 0,100 | 0,018 | 0,024
Tong do doc (PCDD/F+dI-PCB), 0,269 | 0,683 | 0,421 | 0,197
pg TEQ/g

" Céc gia tri in “dam va nghiéng” 1a cac gi4 tri 16n hon LOD va nho hon LOQ.
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Déng loai doc cua dI-PCB

Hinh 3. Nong d6 cac dong loai doc ctia dI-PCBs trong 4 mau thirc dn chan nuéi
4. KET LUAN

Trong nghién ctru ndy, chung t6i di xac dinh duoc ring phuong phap GC-
MS/MS c6 d6 nhay, dd chon loc cao va do lap lai tdt dé phan tich PCDD/Fs va dI-
PCBs ¢ mirc siéu vét trong mau thirc an chin nudi. Gii han phat hién cua cac chit
PCDD/Fs va dI-PCBs twong mg nam trong khoang 0,005-0,076 pg/g va 0,025-
0,050 pg/g. Két qua phan tich mau thuc cho thiy tong do doc cua PCDD/Fs+dl-PCB
trong cac mau thirc dn chin nudi nam trong khoang tir 0,197 pg TEQ/g dén 0,583 pg
TEQ/g, déu ndm dudi ngudng cho phép cua EC 1a 1,25 pg TEQ/g.

Tap chi Khoa hoc va Céng nghé nhiét déi, S6 37, 03 - 2025 59



Nghién ctru khoa hoc céng nghé

Loi cam on: Bai bao nay dwoc thuc hién khuon khé dé tai “Xay dung phirong
phap xdc dinh nong do dioxin/furan va dl-PCBs trong thitc an chan nudi trén thiét bi

sdc ky khi khéi phé 3 tiv cwc (GC/MS/MS)” véi md sé MT.N2.03/2024 dwoc thuc
hién tai Phdn vién Hoa - Moi truong, Trung tdm Nhiét doi Viét - Nga.
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SUMMARY

DETERMINATION OF DIOXIN/FURAN AND DL-PCB IN ANIMAL FEED
USING GAS CHROMATOGRAPHY TRIPLE QUADRUPOLE MASS
SPECTROMETRY (GC-MS/MS)

This study presents a method for ultra-trace analysis of polychlorinated
dibenzo-p-dioxin/dibenzofuran (PCDD/Fs) and dioxin-like polychlorinated
biphenyls (dI-PCBs) in animal feed using gas chromatography triple quadrupole
mass spectrometry (GC-MS/MS). The GC-MS/MS system has a good capability to
separate the isomers of PCDD/F and d1-CB, with the overlap level of TCDD isomers
not exceeding 30%, meeting the analytical requirements of US EPA Method 1613B
and 16130. The linear range of the calibration curve is 0.05-40 pg/uL for TCCD/F,
0.25-200 pg/uL for PeCDD/F-HpCDD/F, 0.5-400 pg/uL for OCDD/F, and 0.2-2000
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pg/uL for dI-PCB. The method demonstrated detection limits of 0.005-0.076 pg/g
for PCDD/Fs and 0.025-0.050 pg/g for dI-PCBs. Samples analysis revealed that the
total toxic equivalency (TEQ) of PCDD/Fs and dI-PCBs in animal feed samples
ranged from 0.197 to 0.418 pg TEQ/g, which is below the maximum allowable
limits set by the European Commission for animal feed. These findings validate the
applicability of GC-MS/MS as a reliable confirmatory tool for qualitifying PCDD/Fs
and dI-PCBs in complex feed matrices.

Keywords: PCDD/F, dI-PCB, Animal feed, GC-MS/MS, Ultra-trace analysis,
thirc an chan nudi.
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