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Tom tit:

Pentaclophenol (PCP) d tirng dwoc dung phd bién lam thudc diét 6, cht khir tring, chat chéng moéi mot. PCP doc
v6i con ngudi, cé thé gy ung thw va di bi han ché tir nhitng nim 1980, nhung PCP vin con ton tai rong rii trong
mdi truwong. Nghién ciru nay tién hanh khio sit quy trinh phan tich PCP trong thirc in chin nudi trén thiét bi LC-
MS/MS. PCP dugc chiét bs‘Tlng phwong phap QuEChERS sit dung dung moi chiét 1a axetonitril cho hiéu suét cao
nhit so véi dung méi chiét 1a nuée va metanol. Dich chiét dwge phén tich bang sic ky 16ng 2 1an khéi ph véi ché d
ion h6a Am. Hiéu suit thu hdi PCP trong nén thirc dn chin nudi dat 91% tai giéi han phat hién ciia PCP trong miu
12 0,33 ng/g va gi6i han dinh hrong 1a 1,1 ng/g, sai s6 phép do CV% la 6,1. Ap dung quy trinh phén tich dwgc khio
sat vao phan tich 28 mau thirc An chiin nudi thu thap ngoai thi trwong va ham lwrgng PCP déu nhé hon gi6i han phat

hién cia phwong phap.

Tir khéa: LLC-MS/MS, Pentaclophenol, QuEChERS, thirc an chan nuéi.

Chi s6 phén loai: 1.4

Gidi thiéu chung

Pentaclophenol (PCP) 13 hop chét phenol duoc clo hoa,
c6 cong thirc phan tir Ia CHCLO (hinh 1). PCP tinh Kkhiét
ton tai dudi dang tinh thé khong mau hodc mau trang [1].
PCP timg dugc st dung lam thudc diét co, chét khir tring va
tac nhan khang khuan. Trudc ddy, PCP thuong dugc thém
vao chat két dinh, son, 16p phui gidy, hop chira dung, dic biét
1a thyc pham va ciing dugc sir dung trong da gidy, san xuét
gidy [2]. Tuy nhién, tir nhimg nam 1980, do phat hi¢n mot
s6 anh huong xau dén dong vat va con ngudi, PCP di bi han
ché sir dung [3]. PCP géy tc ché tong hgp ATP va amino
axit ty do, pha v& sy trao ddi chit cua sinh vat va anh huong
dén kha ning sinh san ciia mot s dong vat khong xuong
sdng [3]. PCP doc ddi véi con nguoi khi tiép xtc qua dudong
an ubng va ho hap. Hit phai PCP gay anh huéng dén than
kinh, mau, gan va gy kich ing mat. Tiép xtic véi PCP trong
thoi gian dai gdy tic dong 1én dudng ho hip, mau, than, gan,
hé mién dich, mat, miii va da. Co quan Bao vé méi truong
My (EPA) da phan loai pentaclophenol vao nhom B2, chit
¢6 thé gay ung thu ¢ nguoi [1, 3].
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Hinh 1. Céng thiic cau tao clia pentaclophenol.

Hién nay, thirc an chan nuoi phan 16n déu dung cac loai
cam dong g6i san v6i nhiéu chat phuy gia va chat bao quan
chong nam méc thay cho cac loai thirc dn c6 ngudn goc
tr thi€n nhién nhu thoc, cam gao hay rau trudc day. Thic
an chan nudi duoc xem la ngudn gbc chinh giy 6 nhiém
thuc phém co ngué)n géc tor dong vat [4]. Thuc phém bi 0
nhiém céc chét hoa hoc anh hudng 16n dén sirc khoe ciia con
ngudi, cac chat nay sé bi tich lily lién tuc qua chudi thirc in
va di vao co thé qua duong an udng. PCP 1a mot chat gay
6 nhiém hiru co kho phan hiy trong méi truong duoc cong
b  trong Cong udce Stockholm [5]. Nhiéu nghién ciru da tim
thiy PCP ¢ nue mat, nuée ngam va trong dat [6]. Nghién
clru trong tram tich nude ngot va sitta me dugc thu thap tu
chau thé song Chau Giang, Trung Qudc, PCP véi ham luong
trung binh trong tram tich séng 1a 7,93 ng/g, trong sira me 1a
2,15 ng/g [7]. St dung PCP s& lam chiing ton tai trong moi
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Abstract:

Pentachlorophenol (PCP) was popularly used as
herbicides, disinfectants and protectors from wood-
eaters and white ants. PCPis a toxic substance that might
cause cancer in humans. Although it has been restricted
since 1980, the PCP is till existing in the environment
widely. The research was implemented to investigate
the optimal conditions for analytical methods of PCP
in animal feeding stuffs on LC-MS/MS equipment.
PCP was extracted by the QuEChERS method
using acetonitrile with a high extraction efficiency in
comparison with methanol and water solvents. The final
extract was analysed by liquid chromatography coupled
to double mass spectrometry which was operated in the
negative electro-spray ionisation mode. The recovery of
PCP in animal feeding stuffs was 91% at the PCP levels
for the detection limit of 0.33 ng/g and the quantification
limit of 1.1 ng/g with a coefficient variation of 6.1%. This
study applied the optimal analytical method to analyse
28 feeding stuff samples collected in the market and
results showed that PCP concentrations of all samples
were below the detection limit.
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truong, thue pham va cudi cung 1a tich luy trong co thé con
nguoi. Do do, viée kiém soat sy c6 mat cua PCP trong thuc
an chan nuoi va thyc pham la thyc sy can thiét.

Hién tai, Viét Nam chua c6 phuong phap tiéu chuan nao
dé phan tich PCP trong thyuc pham ciing nhu thirc an chin
nudi. Nghién ciru nay tién hanh khao sat quy trinh phan tich
PCP trén thiét bi sic ky 16ng hai 1an khdi phd (LC-MS/MS)
cho nén mau thte an chin nudi va ap dung quy trinh phan
tich mot s thire an cho lon, ga, ca, cho, meo... dang duoc
ban trén thi truong.

Thuc nghiém
Héa chit, thiét bi

Tat ca cac dung mdi va hoa chat sir dung trong nghién
ctru nay déu c6 d6 tinh khiét pht hop cho viéc phén tich trén
thiét bi LC-MS/MS nhu axetonitril, metanol, nuéc deion,
mudi magé sulphat, mudi natri clorua, axit fomic, ammoni
formate. Chat chudn pentaclophenol (PCP, do tinh khiét
95%), chat ndi chuan pentaclophenol -3C6 (100 ng/pl) ciia
hang Cambridge Isotope Laboratories (CIL), My.

Mau sau khi xur Iy dugc phén tich trén thiét bi sic ky
long ghép noi hai lan khoi pho LC-MS/MS 8040 cua hang
Shimadzu, Nhat Ban.

Lay mau va chudn bi mau

Mau thirc dn chan nudi (28 mau) bao gdm cam cho lon,
ga, chim, ca va thirc an cho chd va méo duoc mua ngau
nhién ¢ cac cho trén dia ban Ha Noi. Mau mua vé duge
nghién nho béng cdi str, sau d6 tron déu. Cac dung cu trudc
khi sir dung dugc rira sach, trang bang nuéc deion, axeton
va metanol. Mau sau khi nghién nhé duoc bao quan lanh
& nhiét do -18°C chd phan tich. Mau dung dé khao sat quy
trinh duwoc chon la thirc an cho lgn. Thirc an cho lon 1a loai
hén hop cta nhidu thanh phan dinh dudng bao gom cam,
bot ngd, chat dam tir bot ca, bot dau, khoang chit... kha dai
dién cho thirc an chan nuoi.

Xir Iy méu

Ap dung phuong phap QUEChERS cho xiur ly mau thtre
an chan nu6i. Can mau 2.5 g (+0,10 g) cho vao ong chiét
polypropylene (PP) chia vach co nap 50 ml. Thém 20 pl
dung dich chat noi chuan PC,-PCP nong d6 1 ng/pl va thém
7,5 ml nudc deion roi dé yen trong 1 gio. Sau do, thém 10
ml dung méi chiét lic trong 1 phat. Tiép dén, thém mudi 4
g mageé sulphate va 1 g natri clorua vao dng PP va lic déu
bang thiét bi lic rung vortex trong 1 phut. Cudi ciing dung
dich dugc ly tim trong 5 phit voi tée do 1500 vong/phiit.
L6p dung dich hitu co ¢ phia trén duge hut ra 1 ml va cho
vao dng PP chia vach 15 ml. Mau dugc c6 can gan hét bang
khi nito va dinh muc tré lai 1 ml bang dung méi chiét. Mau
dugc lic vortex trong 30 gidy va loc qua mang loc nylon
kich thudc 16 0,2 pm va chuyén sang lo bom mau cho sic
ky long.
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Phan tich LC/MS-MS

Mau thirc an chan nuéi sau khi xir Iy dugc xac dinh bang
thiét bi sic ky long ghép nbi hai 1an khdi phdé LC-MS/MS
8040, Shimadzu, Nhat Ban. 2 pl dich chiét dugc bom vao
thiét bi véi cot Poroshell 120-EC18 (Agilent, M¥) (2,1 mm
LD. x 150 mml x 2,7 um), tién cot Zorbax Eclipse Plus -
C18 (2,1 x 12,5 mm x 5 pm) v6i kénh A 1a hdn hop gom 1
ml dung dich mudi ammonium (1M), dinh mtc dén 1000 ml
bang nude deion va 20 pl axit formic. Kénh B 1a hdn hop
gém 1 ml dung dich mudi ammonium (1M), 50 ml nudc
deion, dinh mirc dén 1000 ml bang metanol va 20 pl axit
formic. Tdc do dong 300 pl/phit, chuong trinh dung moi
bét dau v6i 45% pha dong B (0+1 phut) ting dan dén 92%
pha dong B (4+9 phut) trude khi giam vé 45% pha dong B
(9,516 phut), nhiét do cot tach duge duy tri ¢ 40°C. PCP
dugc ion hoa nho k¥ thuat ion héa phun dién tich (ESI) véi
ché do am tai thé 3,5 kV. Toc do khi phun swong 3 1N, /phat;
toc do khi lam kl}é 15 lNz{phﬁt; nhiét d6 thanh dan ion (DL)
250°C va ap suat khi buong va cham ion (CID) 230 kPa
Argon. Thong s6 MS/MS cho PCP va PCP-BC, duoc ligt ké
trong bang 1.

Bang 1. Céc thong s6 MS/MS cho phan tich pentaclophenol.

MRM . Thé  Thé  Thé
Tén chit Kyhiéu  dinh lugng m[m(}f)'h Ql CE Q3

(m/z) " ™M o
Pentaclophenol PCP 262,8 264,8 30 7 15
Pentaclophenol-C13 ~ PCP-°C, 272,85 2748 007 15

MRM (multiple reaction monitoring): ch& do quan trac phd khéi 2 lan.

Puong chuin dugc 1ap 7 diém theo phuong phap noi
chuén, nong d6 PCP tir 0+40 ng/ml, ndng d6 chét ndi chuan
BC,-PCP: 20 ng/ml, h¢ sO tuong quan cua duong chuan thu
duoc 1a rat tt R2>0,999 (hinh 2).
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Hinh 2. Sdc do chuidn PCP (1 ng/ml) va dudng chuan.
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Két qua nghién ciu
Khao sdt dung méi chiét miu

Can mau thic dn chin nudi lon cho vao 10 dng chiét
polypropylene (PP) 50 ml c6 chia vach va nép, moi 6ng
khoang 2,5 g mau. Thém 20 ul 3C 6-PCIt dung dich lam viéc
1 ng/pl va thém 7,5 ml nudce deion r6i dé€ yén trong 1 gio. Vi
pentaclophenol 1a chat phan cuc va phuong phap phan tich
lwa chon 1a sic ky long khdi pho nén chiing t6i lwa chon cac
dung méi phan cuc nhu axetonitril, metanol va nudc dé
khao sat. Thém mdi loai dung méi chiét vao 3 éng chiét PP
v6i thé tich mdi dng 10 ml, va lic trong 1 phat. Thyc hién
cac bude chiét tiép theo nhu trong quy trinh xir Iy miu ¢
trén. Ham lugng PCP trong mau thirc An chin nudi cho lon
v6i dung mdi chiét dugc thé hién trong hinh 3. Véi dung
moi chiét 13 axetonitril két qua thu duoc cho hi¢u sult va
d6 lap tbt nhét trong ca 3 dung moi chiét. Piéu nay co thé
giai thich 1a do nudc va metanol 1a cic dung méi rat phan
cuc, trong khi d6 axetonitril 1a dung méi phan cuc trung
binh, ¢ thé hoa tron véi nude va nhiéu dung moi hiru co.
Axetonitril ¢6 thé phan tach nhiéu hop chat ion va chat phan
cuc vira, do do no6 c6 kha ning chiét tach PCP tét hon nuée
va metanol.

Trén co s& khao sat 3 loai dung méi chiét, ching t6i lya
chon dung moi axetonitril lam dung méi chiét hop chat PCP.
Dung dich chuén PCP dugc thém vao nén mau thirc dn chin
nudi cho lon. Tién hanh xir 1y 5 1an mau lap dé xac dinh
hiéu suét thu hoi, d6 ldp cua phuong phap tai mot s ndng
d0 khac nhau.

Gidi han phdt hi¢n ciia thiét bi
Bom lap lai 7 lan dung dich chuén néng d6 0,5 ng/ml
véi céac didu kién phan tich LC-MS/MS. Giéi han phat hién

1o Calbwtion Curve/Spectnm View
Ccabane | tucm
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Hinh 3. Ham lugng PCP trong mau thic an chan nuéi véi dung

mdi chiét 1a methanol (MeOH), nuéc (W) va axetonenitrile
(ACN).

(LOD) va gidi han dinh lugng (LOQ) cua thiét bi dugc tinh
3 va 10 1an do 1éch chuén két qua cua cac 1an bom. Béng
2 trinh bay két qua gioi han phat hién cua thiét bi LOD la
0,035 ng/ml va gioi han dinh lugng LOQ cua thiét bi 1a
0,115 ng/ml.

Bang 2. Xac dinh gi6i han phat hién cia thiét bi.

Tén miu Di¢n tich (A,,)  Diéntich (A) A, /A,
PCP.Std 03-0,5 ppb007.1cd 6,048 30,814 0,196
PCP-Std 03-0,5 ppb006.lcd 6,325 30,758 0,206
PCP-Std 03-0,5 ppb005.lcd 6,189 31,298 0,198
PCP-Std 03-0,5 ppb004.lcd 6,223 31,914 0,195
PCP.Std 03-0,5 ppb003.lcd 6,210 30,329 0,205
PCP.Std 03-0,5 ppb002.lcd 6,270 30,333 0,207
PCP.Std 03-0,5 ppb001.Icd 6,341 30,912 0,205
Trung binh 0,202
Do léch chuan (SD) 0,005
D9 léch chudn - SD (ng/ml) 0,012
LOD (3SD) (ng/ml) 0,035
LOQ (10SD) (ng/ml) 0,115

Hiéu sudt thu héi, @6 lip lai, MDL

Dua trén néng do LOQ cua thiét bi, két qua khao sat
dung méi chiét, hidu suét thu hoi, o lip lai va giéi han
phan tich ctia thiét bi dugc thuc hién trén nén 5 miu thuc an
cho lon dugc thém chuan 50 pl ndng do 100 ppb va 20 pul
IS ndng d6 1 ppm. Mau tring 1a mau thic n chi thém chat
n6i chuan IS. Gidi han phat hién ciia phuong phap (MDL) 1a
0,33 ng/g mau véi sai s6 CV 6,1%. Hiéu suit thu hoi duge
thé hién trong bang 3.
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Bang 3. Hiéu suat thu héi, do lap lai va MDL.

Nong dd Khéi Nongdd  Hiéu
trong dich lwong trong miu suét
chiét (ng/ml) miu(g) (ng/g) H (%)
PCP- MDL-0l.led 0,409 2,50 1,64 81,8
PCP- MDL-02.Icd 0,446 2,51 1,78 89,2
PCP- MDL-03.lcd 0,459 2,51 1,83 91,8
PCP- MDL-04.lcd 0,464 2,50 1,86 92,8
PCP- MDL-05.1lcd 0,485 2,51 1,93 97,0
Trung binh 1,81 90,5
Do léch chuédn (SD) 0,11
MDL (3SD) (ng/g) 0,33
CV(%) 6,1

Tur gidi han phat hién cua phuong phép la 0,33 ng/g
rnau chung toi kiém tra lai do lap lal hiéu suét thu hoi ctia
nén mau voi nong d6 PCP trong mau ¢& 40 ng/g mau. Mau
thirc an cho lon dugc thém 100 ul dung dich chuan PCP
nong do 1 ppm va 20 ul IS ndng d6 1 ppm. Thyc hién toan
bd quy trinh xir Iy mau v6i 5 mau lap va mot nén miu thire
an khong dugc thém chuan. Hiéu suit thu hoi thu duge dao
dong tir 89 dén 96% véi sai s6 CV 2,7%.

Phan tich mdu thuc té

Mau thirc 4n chin nudi dugc mua ngoai thi trudng bao
gdm thirc an cho chim (8 miu), ca (4 mau), lon (7 mau),
ga (5 mau), ch6 (2 mau) va méo (2 mau). Trong s6 do, 22
loai thire dn chin nudi duoc san xuét tai Viét Nam va 6 loai
thirc an chin nuodi dugc san xuat tai Thai Lan. Ap dung quy
trinh phéan tich chiét miu bing phuong phiap QuEChERS
voi dung moi axetonitril va dinh tinh, dinh lugng trén thiét
bi LC-MS/MS. Tit ca cac mau déu khong phat hién thiy
pentaclophenol. Piéu nay chimg t6 pentaclophenol khong
duogc st dung dé chéng mdi mot cho céac san phém nhu cam,
gao, ngii coc... hodc khong c6 sy phoi nhidm tir cac bao bi
dong goi.

Keét luan

Qua khdo sat quy trinh phan tich pentaclophenol trong
thirc an chin nudi sir dung quy trinh xir Iy mau bang phuong
phédp QUEChERS v6i dung moi axetonitril va dinh lugng
trén thiét bi sac ky 1ong 2 1an khdi phé, cho hiéu suét thu hdi
90,5%, do 1éch CV 6,1% va gidi han phat hién 0,33 ng/g mau
kho. Quy trinh tuong dbi don gian, thuén tié€n cho viéc kiém
tra chinh x4c ndng do pentaclophenol ¢ trong méu thirc dn
chan nuoi ndi chung va gidi han phat hién cia phuong phap
thip hon nhiéu tiéu chuin cho phép cua Uy ban chau Au
(EC No. 396/2005) di v6i du lugng thude bao vé thue vat
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trong thirc an cua con nguoi va vat nudi 1a 0,01 mg/kg [8].
PCP khong duoc phat hién thay trong 28 mau thirc an cho
gia stic va vat nudi tai Ha Noi, tuy nhién can ¢o nhiing khao
sat trén dién rong hon dé ¢ nhitng danh gia day du sy co
mdt PCP trong thirc an chan nudi hay khong.

LO1 CAM ON

Nhom nghién ciru xin cdm on Truong Dai hoc va Nghién
ctru Rikilt Wageningen (Ha Lan) di cung cip chét chuan va
méu kiém tra cho nghién ciru.
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