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SUMMARY
LEVELS OF DIOXIN-RELATED COMPOUNDS IN
SMOKED PORK SAMPLES

Smoked pork samples were divided into 4 groups depending on the characteristics of sample matrices (fatty
meat and lean meat) and combustion material (straw and mixture of straw and polyethylene). By using the
GC-MS method and isotope dilution technique, content of each dioxin related compound (DRC) in smoked
pork was quantified and utilized as a crucial dataset for further data analysis by po. As a result, DRC
content on fatty meat was significantly higher than on lean meat with the same smoked condition. In
addition, the presence of polyethylene in combustion material was determined as culprit of several DRC
formations, like PCB 169, 234678-HxCDF and 1234678-HpCDF.

Keywords: dioxin related compounds, smoked pork, characteristic of sample matrices, multivariate
statistical data analysis, chemical characteristics.

trién cua vi sinh vat tor do lam tang thoi

1. MO PAU PO AT

. gian bdo quan thuc pham, vi¢c dot rom
Rom la mot trong nhirng phu phdm noéng con 13 nguyén co san sinh mot s hop chat
nghiép trong qué trinh san xuat gao va tuong ty dioxin. Day 1a cac hop chét co
dugc sir dung cho nhi€u myc dich khac doc tinh cao va c6 thé nhidém vao thuc
nhau nhu trong nam, u phan, san xuat khi pham trong qua trinh ché bién [3]. DRC
sinh hoc...[1] Ngoai ra, loai phu phim dugc chia thanh 3 nhom khac nhau dua
nong nghiép nay dugc tn dung lam vao dic diém ciu trac ciia chung, bao
nguyén liéu trong phuong phap hun khoi gém: polychlorinated dibenzo-p-dioxin
truyen thong ¢ cac vung nong thdn Viét (PCDD), polychlorinated dibenzofuran
Nam. Viéc nay khong chi gitp tiet kiém (PCDF) va polychlorinated biphenyl
chi phi va con tan dung dugc ngudn (PCB) [4] va thuong sinh ra tur cac qua
nguyén liéu ngay tai dia phuong. Bén trinh dt chdy khong hoan toan sinh khi
canh vi¢c san sinh mot s loai hop chat v&i su ¢6 mat cua chlorine [5]. Trong cac
nhu phenol, aldehyde, ketone, al;cohol, cong bd trude day cia cac nha khoa hoc
ester, cac acid hitu co va cac hop chat di trén thé gidi déu phat hién sy c6 mat cia

vong [2] c6 kha ndng ngdn can sy phat cac hop chit DRC trong tro va khdi sinh
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ra do qua trinh dbt chay rom [6-8]. Tuy
nhién, hién nay chua c6 nghién ctru nao
vé sy anh hudng cua loai nguyén liéu d6t
nay dén thanh phan DRC phat hién trong
cac mau thuc pham dugc ché bién bang
phuong phép hun khoi.

Vi vay, trong nghién ctru nay, phuong
phap sic ki khi ghép nbi dau do khdi phod
(GC-MS) két hop véi ki thuat pha lodng
d@)ng vi dugc str dung dé phéat hién va xac
dinh ham luwong mot sé DRC trong Cac
mau thit lon hun khéi vé6i dic diém khac
nhau vé nén mau va dugc hun khéi boi
cac nguyén li¢u khac nhau. Sau do, ki
thuat phan tich thanh phan chinh dugc s
dung dé x4c dinh sy anh huéng cua
nguyén liéu hun khéi trén mdi loai thit
dén ham luong cac DRC phoi nhiém
trong qua trinh ché bién thyc pham.

2. THU'C NGHIEM
2.1. Thu thap va bao quin miu

Cac mau thit lon dugc thu thap trén thi
truong va chia thanh 2 nhém duya trén loai
thit hun khéi (thit nac va thit md). Sau do,
cic mau nay dugc hun khoéi bang rom
hodc rom tron voi polyethylene hay PE
trong 7 ngay lién tuc (18 tiéng/ngay).

Céc mau sau khi rira sach dugc tién hanh
d6ng kho dé loai bo hoan toan lugng nudc
trong mau truéc khi bao quan & -18°C
trong tu dong.

2.2. Héa chit va thiét bj
2.2.1. Héa chét va chit chuin

Chat chuan PCB bao gdm: hdn hop céc
PCB (WHO/NIST/NOAA). Dung dich
hdn hop cac chat chuin PCB duoc pha
v6i ndng d6 10 pg/mL trong n-hexane:
Accustandard (USA). Hon hop cac dong
vi danh ddu: hon hop ddng vi *Ci2 danh
dau cia PCB (bao gébm PCB-28, -52, -
101, -138, -153, -180, -209) vdi ndng do
5ug/mL trong n-hexane dugc cung cip
boi CIL, IEM., (USA), hdn hop dong vi
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13C12 danh dau (bao gém PCB-77, -81, -
123, -126, -169) voi nong d6 1 pg/mL
dugc pha trong n-hexane: LGC
(Germany, P/N: EC-4938).

Hon hop 17 chat chuan PCDD/F duoc san
xudt theo phuong phap 1613B [9] va
phuong phap 23 [10] cua US EPA do CIL
(USA) cung cép, gom dung dich chuén,
dong vi danh diu °C, dung dich noi
chuan (P/N: EDF-9999 va EDF- 4052).

Chat ndi chuan dugc thém vao dung dich
va dung dich gbc cta cac dong vi danh dau
dugc chuan bi theo phuong phap US EPA
1613B [9] va phuong phap US EPA 23
[10] dugc st dung dé xac dinh d6 thu hoi
cua phuong phép (P/N CIL EDF-5999,
EDF-8999, EDF-4053 va EDF-4055).

Khi N, va khi He véi do tinh khiét
99,99%. Chat chuan higu chinh thiét bi:
Perfluorotributylamine: Thermo Scientific
(USA). Silica gel 60-200 mesh: VWR
International (USA). Than hoat tinh tim
trén silica gel: Wako (Japan). Dung moi
dugc st dung dé phan tich PCB va
PCDD/F goém dichloromethane, acetone,
toluene, nonane, n-hexane va methanol va
cac loai hoa chat khac NaySOy, silica gel
va H,SO,4 98%: Merck (Singapore).

Céc chat hip phu dé 1am sach mau va cot
hap phu da 16p silicagel ding cho phan
tich PCDD/F duoc chuan bi theo quy
trinh dugc dé cip trong nghién ctru trude
day cua ching t6i [11].

2.2.2. Thiét bi

Hé théng sic ki khi (GC Trace 1310,
Thermo Scientific, USA) bao gdm: hé
théng bom mau ty dong TriPlus RSH, dau
do khéi phdé EI-MS/MS Model TSQ 9000
dau do khdi phd phan giai cao HRMS:
Magnetic Sector/Double-Focusing
System, cdt mao quan Thermo DB-5MS
(30mx 0,25mmx0,25um, 5%
methylphenyl polysiloxane), cft mao
quan TG-Dioxin



(60mx0,25mml.D.x0,25um).
2.3. Phuwong phap
2.3.1. Chiét miu

Cac mau thit lon dugc chiét trén thiét bi
chiét nhanh E-916 (Biichi). Sau khi dong
kho va nghién nho, 5 g mau mdi loai duoc
thém 25 pL dung dich chuin dong vi danh
dau cua PCB (10 pg/uL) hodc 50 uL chuén
dong vi danh diu cia PCDD/F (2 pg/uL)
trude khi chiét. Sau d6 cac mau nay duogc
chiét trén thiét bi chiét nhanh E-916 cling
v6i hon hop dung méi bao gom toluene va
acetone (7:3, v/v/) & nhiét d6 120° C va ap
suat 100 bar. Cac mau duoc chiét véi 3
chu ki voi thoi gian gia nhiét tuong ung
4/1/1 phdt, ngdm chiét trong 5 phut rdi tién
hanh x4 rtra vé1 dung moi va khi.

2.3.2. Xir li mau

* Xac dinh ham luwong chdt béo: Ham
luong chit béo tong s ciia cac mau thit
lon hun khéi dugc xac dinh bang phuong
phap trong luong. Sau khi loai bé hoan
toan dung moi, dich chiét tiép tuc duogc
sdy kho & 80°C trong vong 5 gio dé tinh
ham luong chit béo trong cic mau phan
tich.

« Lam giau va lam sach mdu: Dich chiét
duge xur Ii voi HySO4 (98%) dé loai bo
chit béo. Sau do, luong acid con lai trong
phan chit 16ng hiru co duoc loai bo bing
cach chiét phan 16p v6i nudc nhiéu lan.
Phan chat long hitu co duge lam sach trén
cot silica gel da 16p ghép ndi véi cot than
hoat tinh da chuan bi truéc. Cac DRC
dugc rira giai ra khoi cot lam sach bang
dung méi thich hop. Sau do6, dich chiét
dugc c6 can bang khi Ny. 50uL dung dich
néi chuadn dong vi BC cua PCB
(500ng/mL) hodac 50uL dung dich ndi
chuan dong vi 13C PCDD/F (2pg/uL)
duoc thém vao mau phan tich roéi hoan
nguyén lan luot v&i 0,5 mL n-hexane
hoac 10 pL nonane trude khi phén tich
trén GC-MS.
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2.3.3.Phan tich trén h¢ théng GC-MS

Qué trinh phan tich ham lugng PCB va
PCDD/F dugc tién hanh trén hé théng
Model 1310 Trace GC (Thermo
Scientific, USA) duoc ghép ndi voi dau
do khdi phd, cot sic ki phu hop voi ddi
tuong phan tich. Chuong trinh dugc diéu
khién bang phan mém X-Calibur. Chuong
trinh phéan tich trén GC-MS cai dat dua
trén cac nghién ctu di dwoc cong bd
trudc day cua chung toi [11, 12].

2.3.4.Xir li 56 liéu

Dt liéu sé dugc xir li trén phén mém
Microsoft Excel 2016  (Microsoft
Corporation, USA). Qué trinh chuan hda
va ki thuat thanh phan chinh — PCA) duoc
tién hanh bang ngdn ngit R (R Foundation
for Statistical Computing, Ao)

3. KET QUA VA THAO LUAN
3.1. Ham lwgng DRC

Tin hiéu cua 17 PCDD/F va 11 PCB duoc
thu thap va str dung 1am co s dé xac dinh
ham luong trong cac mau thit lon hun
khoi. Trong s6 17 hop chat PCDD/F khao
sat, chi co 234678-HXCDF va 1234678-
HpCDF duogc phat hién va ham lugng cta
15 PCDD/F con lai d¢éu nho hon MDL nén
bang sb liéu nay chi thé hién ham lugng
ctia 11 PCB va 2 hop chat PCDF trén.

Khoang gia tri tong ham luong DRC va
TEQ ctia cac nhdm mau duoc biéu dién ¢
Hinh 1 cho thdy téng ham lugng DRC
duoc phat hién trong cic mau thit md
(hhém RM va EM) cao hon dang ké so
v6i hai nhom miu con lai: tong ham
lugng DRC trong ciac mau thudc nhém
RN va EN dao dong trong khoang 0,1 den
0,2ug/kg mau tho, gia tri nay clia cac mau
thit m& nhu RM va EM déu trén 0,3ug/kg
mau tho.

Hé sb doc tuong duong hay TEF thé hién
tuong quan ddc tinh cia PCDD, PCDF va
PCB so voi dang PCDD doc hai nhat 1a



2378-TCDD. Trong nghién ctru nay, gia cao hon han so v&i cac mau EN, d6i voi
tri TEF dugc st dung cia cac PCDD, khoang gia tri TEQ, sy khac biét nay
PCDF va dI-PCB (PCB twong ty dioxin) duoc thu hep lai dang ké (0,0004 dén
da dugc WHO dénh gié lai vao thang 10 0,0008 ug/kg ddi voi nhom RM va 0,0002
niam 2022 [13]. Do ddc tinh ciia hdn hop dén 0,0006 pg/kg ddi voi nhom EN). Li

cac DRC c6 thé duoc biéu thi bang do doc do cho hién tugng nay chinh 1a d6 doc cta
tuong dwong hay TEQ, biéu do hop vé cac DRC sinh ra khi c6 mat PE trong qua
TEQ c6 su tuong dong rat 16n véi biéu d6 trinh hun khoéi & mau EN c6 xu huéng cao
hop b1~eu dién tong ham lugng DRC ciia hon cac DRC con lai. Diéu nay dugc thé
cac mau thudc cac nhom khac nhau. Su hién ¢ luong 16n ctia mot s6 DRC ¢o do

khac biét gifra 2 bieu do nay ndm ¢ vj tri tinh cao nhu PCB-126, -114, -169,
cua hai nhém mau RM va EN. Trong khi 234678-HXCDF  va 1234678-HpCDF

tong ham luong DRC cua cac mau RM duoc phat hién trong cac mau EM.
Téng ham Iwrgng DRC (pg/kg) Gia tri TEQ (pg/kg)
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= 0.00160
0.5 0.00140

04 @ 0.00120
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]

0.00040
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0 0.00000
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Hinh 1: Biéu do hép vé ham heong DRC va gid tri TEQ ciia cdc nhém mau phén tich
phan 16n thong tin cta dir li€u tép trung &

Tusoliwo PHULUC mot vai chidu [14]. Sau d6, két qua dugc
Bang S1 c6 thé thay rang, hau hét cac biéu dién dudi 3 dang: biéu do biéu do sut
PCB duoc phat hién trong hau hét cac giam phuong sai, biéu dd phéan tan, biéu
mau phan tich, ngoai trr hop chat PCB d6 tai. Mot dang biéu d6 khac ciing
169 chi duoc phat hién trong cdc mau thit thuong dugc st dung chinh 1a biéu do
lon hun khoi bang rom c6 lan PE. Trong kép. Biéu dd kép 1a sy két hop cta biéu
khi do, khong hop chat nao thuoc nhom dd phan tan va biéu do tai trén cing mot
PCDD va PCDF dugc phat hién trong cac hé toa do. Vi vay, biéu dd kép cung cip
mau dugce hun khoi bang rom, dong thoi thong tin vé su phan bd cia cac mau trén

chi hai hop chat 234678-HxCDF va mit phing tao boi cac PC duoc chon va
1234678-HpCDF phat hié;n trong cac mau chi ra thanh phan hoa hoc dic trung cua
EN va EM. C6 thé thay rang, su khac biét ting nhom.

trong thanh phan nguyén liu d6t va dic
dlem ciia mau c6 thé dan dén su khac blet
vé sy cO mat cua cac DRC trong mau
phan tich.

Biéu d0 sut giam phuong sai cho thay ti 16
phuong sai ma modi PC duoc giai thich
giam dan theo thtr ty tir PC dau tién dén
) . PC cudi cung. Hinh 2 cho thiy khoang
3.2.1. Phan tich s0 liéu bang ki thuat 50% phuong sai dugc giai thich ¢ PCI,
phan tich thanh phan chinh theo sau 1a PC2 va PC3 véi ti 1& phuong
sai duoc biéu dién giam nhanh chéng
xudng 22% va 9%. Vi tong phan trim
phuong sai duoc giai thich trén 3 PC dau

Phuong phap phan tich thanh Phﬁn chinh
(PCA) dugc str dung nham biéu dién dir
liéu theo mdt hé co s& mai, sao cho cho
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dat gan 80%, ba PC dugc dung nay dé
phan tich dir li¢u.

Trén biéu d6 kép PC1-PC2 & Hinh 3, cac
mau RN, RM, EN va EM nam & nhiing
viing riéng biét voi nhau trén biéu dd véi
nhitng dic trung vé thanh phan hoa hoc
khac nhau. Cac mau thuéc nhom EM va
RM nam tach biét hoan toan véi nhau va
thudc hai goc phan tu khac nhau. O biéu
d6 kép PC1 va PC2, nhom EN va RN da
cO su phan bi¢t nhét dinh. Mic du vay du
su khac biét khong dang ké khi cac nhom
ndy nam canh nhau va cung thudc goc
phan tu IV trén biéu d6 kép PC1 va PC2.
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Hinh 2: Biéu do sut giam phirong sai

a. Biéu do kép PC1 - PC2

Dim2 (22.7%)

Dim1 (47.3%)

Dim3 (9.1%)

Hon nita, cac mau EM niam ¢ goc phan tu
I, cung phia vdi vector PCB-126, -114, -
169, 234678-HXCDF va 1234678n-
HpCDF. Két hop voi dit liéu v& ham
luong cac hop chat nay trong cacmau EM
cao hon han so v6i cic nhém mau con lai.
Do d6, 5 hop chét nay dugc coi 1a chi thi
duong cho nhom mau EM. Trong khi cac
mau thuéc nhém RM nidm cing huéng
v6i vector PCB-156 va & goc phan tu 1I.
Hon nira, ham luong PCB-156 trong cac
mau RM dao dong trong khoing 0,025
dén 0,048 pg/kg mau tho, trong khi da sd
cac mau con lai déu co6 ham lugng DRC
nay déu nho hon 0,024 pg/kg mau thd. Vi
vay, PCB-156 duogc dai dién cho nhom
RM. Cac mau EN va RN cing nim &
chiéu am cua PCl, ngugc hudng voi cac
vector DRC da goi y v€ moi lién hé gitra
ham luong chat béo va ham lugng DRC
duoc phat hién trong cac mau phan tich:
ham lugng DRC trong cdc mau thit m& ¢
xu hudng cao hon so voi cac mau thit nac.
Dy doan nay dugc chimg minh bang &
Hinh 1 va Phy luc Bang S1.

b. Biéu db kép PC1 — PC3

Dim1 (47.3%)

Hinh 3: Biéu do kép ciia cdc mdu phan tich

Khac véi biéu do kép PC1-PC2, trong
biéu d6 kép PC1-PC3 & Hinh 3, sy phan
biét gilta hai nhom mau RN va EN rd
rang hon. Cac mau thudc hai nhém nay
nam & chiéu 4m ctia PC1 va thudc hai goc
phan tu khic nhau. Nhém EN nim &
hudng nguoc lai voi vector PCB-157 va
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PCB-167, trong khi PCB-81, -169 ngugc
huéng véi khu vuc phan b cia nhom
RN. Dit liéu vé ham luong cac chat nay
trong PHU LUC

Bing S1 cho thay ham luong PCB-157, -
167 trong mau EN va ham luong PCB-81,
-169 trong cac mau RN thap hon dang ké



so vOi cac nhdm mau con lai. Do do, cac
hop chat nay dugc xac dinh chi thi am
cho cac nhém mau EN va RN.

3.2. Thao luian

Két qua thyc nghiém két hop véi cac cong
b6 trudc day vé DRC co thé khang dinh
duoc réng mot lugng DRC sinh ra trong
qué trinh d6t chay céc loai nguyén lidu
nhu gd, mun cua hay rom ra [5, 15]. Tuy
vdy, trong nghién ctru cta chiing t6i, hau
hét cac hop chét dioxin va dioxin khong
duoc phat hién trong cic mau thit lon
dugc hun khéi bang rom trong diéu kién
thir nghiém. Ngoai ra, su khac biét trong
dic diém coa miu phan tich va trong
thanh phan hoa hoc ciia nguyén liéu dbt
gdy ra su khac biét dang ké trong ham
lugng DRC trong cac mau phan tich. Cac
mAu thit m& c6 tong ham lugng DRC 16n
hon hin so voi cac mau thit nac. Nguyén
nhan cua hién tuong nay chinh 1a cau trc
héa hoc cua cac DRC. Theo Cong udc
Stockholm, DRC ¢6 d phan cuc kém nén
dé dang tich lily & m6 m& cia dong vat
[16]. Do d6, ham luong chit béo cang
cao, ham lugng DRC duogc phat hién cang
16n. Hon nira, sy ¢6 mat cua polyethylene
trong nguyén liéu dbt dugc cho 1a nguyén
nhan sinh ra moét sé hop chat nhu PCB
169, 234678-HXCDF va 1234678-
HpCDF. Két qua nghién ctru cua chung
t6i dd chi ra rang cac hop chat nay chi
xuét hién cta cac mau EN va EM duogc
hun khoi bang rom va PE. Két qua nay
pht hop véi céc cong bd trude day vé su
anh huong cua loai polymer nay dén su
hinh thanh va ham lugng ciua cac DRC
[17, 18].

4. KET LUAN

Ham lugng cua 11 PCB va 17 PCDD/F
duoc xac dinh trong cac mau thit lon duoc
hun khéi bang cac nguyén liéu d6t khac
nhau (rom va hén hop cua rom va
polyethylene). Két qua nghién ctru da chi
ra rang, ham lugng DRC dugc phat hién
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trong cac mau thit md cao hon dang ké so
vOi cac mau thit nac dugc hun khoi trong
cing mot diéu kién. Ngoai ra, sy c6 mit
ctia PE trong nguyén liéu d6t duge coi 1a
nguyén nhan sinh ra mot sé DRC cé doc
tinh cao hon so v6i cac hop chat con lai.
Két hop véi cac ki thuat thong ké da bién,
thanh phan hoa hoc dic trung cia ting
nhém mau da duoc xac dinh, trong d6 céac
mau thit nac (RN va EN) chi c¢6 thé xac
dinh duoc chi thi am trong khi hau hét
DRC 1a chi thi riéng cho cac mau RM va
EM.

Loi cam on: Nghién ciru nay dugc thuc
hién trong khuon khé cua d& tai
TbDIOX.03/22-24 cua Vién Han lam
Khoa hoc va Cong ngh¢ Viét Nam.
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