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Tom tat

Phuong phap séc ky long ghép n6i khdi phd plasma cao tan cam tmg (LC-ICP-MS) di dugc
nghién ctru tng dung nham xéac dinh dong thoi ham lugng cua ba dang thuy ngan (thuy ngan,
methyl thuy ngan va ethyl thuy ngén) trong mau hai san. Cac thong s6 quan trong dugc t6i uu
nhu anh huong cua dung moi hiru co, tbc do dong pha dong, ndng do 2-mercaptoethanol, nhiét
d6 va thoi gian chiét. Phuong phap da dugc danh gia vdi cac thong sO gidi han phat hién, gidi
han dinh luong, do lip lai, hiéu suat thu hdi phu hop voi tiéu chuan AOAC. Phuong phap cung
dugc xac nhan d6 chinh xac dua trén phan tich mau chuan ching nhan DORM-4 va ap dung de
phan tich dong thoi ham luong ba dang thuy ngan trong 30 mau hai san. Két qua cho thay ham
luong cic dang thuy ngan trong cic mau phan tich déu thip hon mirc cho phép theo quy dinh
cua QCVN 8-2:2011/BYT.

Tir khoa: Cac dang thuy ngdn, Hg, methyl thuy ngan, ethyl thuy ngdn, hai san,
LC-ICP-MS.
1. MO DAU

Thuy ngén 1a mot nguyén t6 kim loai & dang 16ng, chiém ti 1& rat nho trong vo trai dat, nhung
lai duoc sir dung kha rong rii trong cude sdng, tir linh vire y hoc (nhiét ké, trdm men ring, thudc,...)
cho dén nong nghiép (thude trir sau, diét co, diét ndm,...) va dic biét 1a trong cac nganh cong
nghiép nhu: luyén kim, san xut xi mang, khai thac khoang vang,... Tir d6, thiy ngan dé dang
phét tan vao moi truong thity sinh, sau d6 duoc tich lity va chuyén hoa bai vi khudn dé tao thanh
cac hop chat thiy ngan hitu co, nhu ethyl thuy ngan, methyl thay ngan véi doc tinh cao [6, 14].
Céc hop chét thiy ngan tich tu trong cac loai hai san c6 thé gay anh hudng dén strc khoe con
ngudi thong qua chudi thirc an. Khi xdm nhap vao co thé con ngudi, thiy ngan sé tich lily trong
thoi gian dai va rat kho bi loai bo [6, 11, 12, 14]. Do vay, viéc xac dinh ham lugng mdt ) dang
thity ngan nhu thiy ngén, methyl thay ngén va ethyl thity ngan trong hai san 1 can thiét, nham
canh bao va ngan ngira mdi nguy 6 nhiém thity ngan cho nguoi tiéu ding.

Pé xac dinh riéng r& va dong thoi cac dang thiy ngan, mot sé phuong phap thuong dugc
sir dung nhu: quang phd héap thu nguyén tir két hop k¥ thuat hoa hoi lanh (CV-AAS)? [5, 7, 9],
sac ky khi [4, 12], sac ky 1ong hiéu ning cao ghép ndi quang pho hap thu nguyén tir (HPLC-
AAS) hoic khdi phé plasma cao tan cam tng (LC-ICP-MS),...[2, 7, 8, 10, 11, 13]. Vi vu diém
12 46 nhay cao, d6 on dinh tdt, thoi gian phan tich phu hop, quy trinh xtr 1y mau khong phire tap,
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NGHIEN CUU KHOA HQC
trong nghién ctru nay, phuong phap sac ky long phep ndi khdi pho plasma cao tan cam Gng
(LC-ICP-MS) duogc lya chon nham xac dinh dong thoi ba dang: thuy ngan, methyl thuy ngan va
ethyl thuy ngan trong mot soO mau hai san.
HOA CHAT VA THIET BI
2.1. Héa chét

Tatca cac héavchz‘lt, thudc thr st dung trong nghién ctru nay déu thudc loai tinh khiét phan
tich: cac chat chuan Hg 1000 ppm (Merck), methyl thuy ngan (MeHg) > 99,8%, (Sigma-
Aldrich), ethyl thuy ngan (EtHg) > 99,9% (TRC), mau chuén ching nhan DORM-4 (Canada),
céc hoa chat khac: HC137% (Merck), methanol (MeOH), isopropanol (IsP), 2-mercaptoethanol
(2-ME) > 99,9 (Sigma), mudi amonium acetate > 99% (Merck), khi argon c6 d¢ tinh khiét
99,999% (Messer), nudc deion. Ngoai ra, cac dung dich chuin hoa thiét bi cta hang Perkin
Elmer va dung dich lam mat (cho Chiller) cling dugc st dung.
2.2. Thiét bj

Thiét bi sac ky long phép ndi khéi phd plasma cao tén‘cém ung LC-ICP-MS (Model Nex-
ION 350X) cua hang Perkin Elmer c6 trang b1 h¢ thong buong dong hoc (hinh 1) dugce st dung
trong nghién ctru nay.

Hinh 1. Hé thiét bi LC-ICP-MS sir dung trong nghién ciru
3. KET QUA VA BAN LUAN
3.1. Lua chon, toi wu céc diéu kién phan tich trén ICP-MS

Trong nghién ctru nay, s6 khéi Hg?? duoc lua chon, it bi anh hudng bai su trung khéi va
cling la dong vi pho bién nhét cua thiy ngan trong tu nhién (29,86%), c6 thé phén tich bang che
d6 chuén (standard mode). Cac thong s6 khac c6 anh huong dén do chinh xéc, do nhay, d6 on
dinh cua phép phan tich nhu cong sudt RF, luu luong khi mang, d6 séu plasma, thé thau kinh
jon,... duoc t6i wu tw dong trén hé thong (str dung phan mém va cac dung dich chuan hoéa thiét
bi duorc hang Perkin Elmer cung cap). Két qua dugc thé hién nhu trong bang 1.

Bing 1. Céc théng s6 toi wu tw dong ciia thiét bi ICP-MS

Thong Y Gia tri dwgc chon Thong 6 Gia tri dwgc chon

Céng suit RF 1250 W S lan quét khoi 20 lan
Luwu lwong khi 0,8 mL/ phut S6 lan do lap 3 lan
Luu 1 khi t ;.

sou Liegmg KL tgo 19,0 L/phut D¢ sau plasma Chinh & t61 vu
plasma
Thé xung ciip 1000 V Ché do do Chuan (Standard)
Thé quét pho truo .
i ;Z:e photrieong Tu dong theo m/Z Céc thong so khac Tu dong (Auto)
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Cac thong s6 anh huong (bang 1) duogc tdi uu dong thoi sao cho vira dat dugce tin hi€u cao
nhat ciia chat phan tich (thuy ngan), vura giam duoc anh huong nhiéu nen Vige t6i uu duoc thuc
hién bang dung dich chuan hoa thiét bi cua hang c6 chira cac nguyén t6 ¢ s6 khdi tir nho nhu
Be (9), den s6 khdi trung binh In (115) va N khéi 16n nhu U (238), de co thé dai dién cho cac
nguyén to nghién ctru. Sau khi thuc hién t6i vu tu dong, cac thong s6 can phai kiém tra dé dat
dugc cac gia tri yéu ciu twong tng. Trong do6, d6 nhay cua thiét bi chu yéu dya trén tinh dap
g vé cuong do cua nguyén t6 Indium, ti 16 CeO/Ce va Ce™/Ce. Cuong d6 thuc té clia cac
thong s6 sau mdi lan kiém tra hang ngay co thé thay doi, nhung van phai dat duoc theo tiéu
chuin kiém tra ctia hang dé dam bao d6 on dinh, d6 nhay cua thiét bi.

3.2. Khaio sit, téi vu cac diéu kién phén tich va dinh lwong methyl thiiy ngin (MeHg)

Nhitng yéu t6 quan trong anh huong dén qua trinh tach trén HPLC (vé thoi gian luu, d6
phén giai, cuong d¢ tin hiéu chét phén tich) nhu: anh huéng cua dung moéi hiru co (loai va nbng
dog), toc d6 dong pha dong va ndng do chét tao cip (2-ME). Cac diéu kién LC khac bao gom:
cot sdc ky C18 (5 pm, 150 x 4,6 mm), pha dong chira CH;COONH, 20 mM dugc gitr ¢b dinh.

3.2.1. Khao sat anh hwong cua dung moi hitu co

Cac dung mo6i duoc lya chon dé khao sat trong nghién ctru nay gdém: methanol (MeOH) va
isopropanol (IsP) véi noéng do 1 + 5% (trong phep do ICP-MS, nong d6 dung méi hitu co dugc
khuyén cdo < 5% dé dam bao nguon ICP hoat dong hi¢u qua) Tién hanh nghién ctru anh huong
ctia dung méi hiru co dén thoi gian luu va do phan giai ciia hai chat co d6 phan cuc 16n hon
(thoi gian luu ngan hon khi st dung cot C18) 1a Hg?* va MeHg.

Trong pha dong sir dung MeOH, thoi gian luu dé dugce rat ngin hon so véi khi khong c6 mat
dung mo6i hitu co nhung tong thoi gian phan tich con kha dai. Trong khi d6, khi str dung isopropanol
van cho d6 phén giai tdt gitra cac chét phan tich véi thoi gian phan tich ngén va tin hiéu cac chat
phan tich l6n hon trong trurong hop dung MeOH [2]. Do d6, dung moi 1sopropan01 duoc lua chon.

Két qua khao sat nong do cua isopropanol dua trén cac thong sd vé tin hiéu do, thot gian
luu va d6 phén giai, nong do t6i wru ctia isopropanol trong khoang 1 + 5% cho thay, tai nong do
4% cho tin hi¢u cac chat duoc rira giai hoan toan ra khoi ¢t trong 20 phut, dong thoi cac chat
c6 d6 phan giai t6t, dap Gmg yéu cau phan tich dinh lugng. Vi vy ndong do isopropanol 4% duoc
giit ¢6 dinh cho cac nghién ctru tiép theo.

3.2.2. Khdo sdt toc dé dong pha dong

Tdc d6 pha dong phai dam bao khong qua nho giup giam thoi gian phén tich nhung khéng
nén vuot qua 1mL/phut dé gitr on dinh ap sudt cho cot va hé thong bom. Do do, téc d6 dong
duoc khao sat thay doi tir 0,7 - 1,0 mL/phit (v6i bude nhay ciia mdi khao sat 1a 0,1 mL/phut).
Két qua cho thay, khi téc do dong dugc thay doi tir 0,7 - 1,0 mL/phat, thoi gian luu dugc rat
ngan qua ting khao sat. Tuy nhién, dé dam bao tinh 6n dinh ctia cot va hé thiét bi, tbc do dong
12 0,9 mL/phut (hinh 2) dugc lva chon cho cac khao sat tiép theo.
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Hinh 2. Sdc ky d6 phén tich hén hop 3 chdt nong dé 10 ppb véi toc do dong 0,9 ml/phiit
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3.2.3. Khdo st néng do chdt tao cap 2-ME trong thanh phdn pha déng

Sau khi t6i wu duoc thanh phan dung méi hitu co va toc d6 dong, mot yéu té khac trong
thanh phan pha dong ciing rat quan trong va can dugc nghién ctru la chat tao cap 2-ME§ Céac
dang thuy ngén la nhirg hop chat c6 d6 phan cyc cao, ai luc voi cot C18 nho, do do can su
dung thém chat tao cdp trong pha dong gitip tang kha nang tuong tac cia timg chat phén tich
v0i cot pha dao, nho do cac chat duoc tach hiéu qua trén cot. Cac nong do khac nhau cua
2-ME duoc khao sat gom.’ 0,05%, 0,10%, 0,20%. Két qua cho thay, kltg nong do chét tao cap
2-ME tang Ién, tin hiéu chat phan tich cling nhu d6 phan giai cua cac chat phan tich tang nhung
khong nhi¢u. Do 2-ME la dung méi c6 kha nang bay hoi manh, mui khé chiu, c¢6 thé anh hudng
td1 stuc khoe nguoi st dung, do do, nong do cua 2-ME 0,10% duoc lua chon phu hop cho céc
khao sat ti€p theo.
3.3. Khio sat diéu kién xir Iy miu

Céc diéu kién can khao sat dé dat duoc hi¢u qua xtr Iy mau t6t nhat trong méi trudng acid
chiét mau 1a HCI ¢6 noéng d6 1 mol/L [2, 9, 13] gébm: nhiét d§ va thoi gian chiét, ty 1¢ 2-ME
trong dung moi chiét.
3.3.1. Khdo sdt nhiét do chiét

Nhiét d6 1a yéu t6 anh huong truc tiép t&i qua trinh xir Iy mAu, trong qua trinh chiét nhiét
do qua thap s€ lam giam hiu sudt chiét, chat phan tich khong duogc tach hoan toan ra khoi nén
mau, gay sai s6 cho phuong phap. Tuy nhién, thuy ngan 1a kim loai dé bay hoi va cac dang thuy
ngan hitu co ciing kém bén, c6 thé chuyén vé dang vo co & nhiét dd cao, do d6 khoang nhiét do
khao sat khong nén qua cao. Trong nghién ctru nay, nhiét d6 khao sat thay ddi trong khoang 50
+ 80°C, véi gia tri bude khao sat 1a 10°C. Két qua khao sat cho thay, ham lugng ctia chat phan
tich tang 1én khi nhiét do tang tir 50°C dén 60°C. Tuy nhién khi nhiét d¢ tang 1én 70°C, 80°C thi
ham lugng MeHg c6 xu hudéng giam dang ké. Do do, nhiét do chiét mau 60°C duoc lua chon.
3.3.2. Anh hwéng cua thoi gian chiét

Thoi gian chiét ciing 1a thong sé quan trong anh hudng dén hiéu suit chiét. Cac thoi gian
chiét duoc lya chon khao sat trong nghién ciru nay 1a 20, 30, 40, 50 va 60 phut. Két qua cho
thay, khi nhiét do tang tir 20 dén 40 phut, ham lugng MeHg ting va dat muc t6i da tai 40 phut
sau d6 khong cé su thay d6i dang ké khi tang thoi gian chiét. Do d6, thoi gian chiét 40 phut
duoc lya chon 1a diéu kién chiét ti wu cho quy trinh xtr Iy mau.

3.3.3. Anh huong ciia 2-Mercaptoethanol

Trong qua trinh chiét mau, dung mdi duoc chon c6 chira mercaptoethanol (2-ME), hop chit
cO anh hudng dang ké dén hi€u qua chiét. Do do, nong do cua 2-ME st dung trong qué trinh
chiét da dugc nghién ctru khao sat va ket qua thé hién trong hinh 3.

mg/kg Anh huong cua 2-ME
0.4
0.35 -
0.3
0.25 /
0.2 €
0.15 -
0.1
0.05 ~ 2-ME (%0)
0] T T T T 1
o] 0.05 0.1 0.2 0.4 0.45

Hinh 3. Anh hiong ciia nong dé 2-Mercaptoethanol trong qud trinh chiét mau
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Két qua trong hinh 4 cho thdy, mac du cac gia tri thu duoc cua chat phan tich (dai dién la
MeHg) tang nhanh khi ting néng d6 2-ME tir 0 dén 0,2%, tuy nhién khong c6 thay d6i dang ké cua
MeHg khi nong d6 2-ME thay d6i tr 0,2 dén 0,4%. Do do, nong do 2-ME 0,2% duogc lya chon.
Tir cac két qua khao sat, quy trinh xtr Iy mau ddi voi v6i nén mau hai san dugc thé hién
trong hinh 4.

Can 2,5 g mau

A4

Thém 1 mL axit clohydric 37%, 0,1 mL 2-Mercaptoethanol
va 10 ml nudc deion

v

Rung siéu am trong 40 phit & 60°C

A 4

Ly tdm, dinh muc 50 mL va loc qua mang 0,45 um

A4
LC-ICP-MS

Hinh 4. Quy trinh phan tich ham heong ba dang thiy ngan trong mau hdi san
bang LC-ICP-MS

Quy trinh ndy s& dugc sir dung dé tham dinh phuong phép va ap dung phén tich mau thuc té.
3.4. Panh gia phwong phap phan tich

Viéc danh gia ph}m‘ng phap dugc thuc hién trén co sd cac diéu kién t6i vu thu dugc, gém:
xay dung duong chuan phan tich ba dang thuy ngan (Hg**, MeHg, EtHg), xac dinh gidi han
phat hién (LOD), gi6i han dinh lugng (LOQ), d6 chum (thong qua do lap, do tai 1ap), do dung
(théng qua do thu hdi) va phan tich mau chuan CRM.

Duong chuan xac dinh ba dang thuy ngén bang phuong phap LC-ICP-MS dugc xay dung
trong khoang nong do 1 + 20  ng/mL. Két qua phuong trinh duong chuan, gi01 han phat hién cua
phuong phap (MDL) trén nén mau céa (khdi lugng can mau 2,5 gam va thé tich dinh mirc 50
mL) dugc thé hién trong bang 2.

Bing 2. Puong chudn phan tich cac dang thity ngdn va giéi han phat hién ciia phwong phdp

. Phwong trinh dwong chudn H¢ s6 MDL
Chat phan tich
Y=a+bx twong quan (ug’kg)
MeHg y=-1,970 + 3007x 1,000 10
EtHg y=195,7 +2625x 0,999 24
Hg* y = 0,068 +2847x 1,000 10

D6 lap lai dugc danh gia trén nén mau ca véi n = 6 & mirc ham luong 1,0 mg/kg. Két qua
d6 léch chuan tuong dbi (RSD) cho céc gia tri véi ca ba dang thiy ngan déu nam trong khoang
4,03 + 5,52%. Do tai 1ap dugc thuc hién ¢ hai ngay phan tich va ngudi thuc hién khac nhau voi
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n =4 cho két qua RSD, trong khoang 5,54 + 8,63%. D¢ thu hdi & murc thém chuan 0,2 mg/kg
(n = 6) trén nén mau trang cho ket qua tuong ung véi MeHg, EtHg va Hg 1a 96,35%, 93,10%
va 95,17%. Cac két qua nay déu nam trong gidi han cho phép ctia AOAC & cac mirc ham luong
khao sat tuong tmg [3]. Két qua khao sat cho thdy phuong phap c6 chum va d6 chinh xac tot,
phu hop dé xac dinh ham luong ba dang thuy ngan trong mau hai san.

Dé klem chu’ng phuong phap, mau chuin DORM-4 cua cac kim loai (Pb, Cd, As, MeHg...)
trong nén mau ca da dugc phan tich. Mau dugc Hoi dong nghién ctru Qubc Gia Canada
(NRC-CNRC) san xuét va dugc ching nhan boi cac phong thi nghiém uy tin trén thé gioi. Két
qua phan tich dugc thé hién trong bang 3.

Bing 3. Két qua phan tich mau chuan (CRM) DORM-4

DORM-4 Ham lwong phdn tich (mg/kg)

MeHg Hg tong so MeHg Hg*

0,355+0,028 | 0,412+0,036 | 0,342+ 0,037 | 0,057 + 0,008

Két qua phan tich mau chuan DORM-4 cho thay ham lugng MeHg dat yéu cau, chung to
phuong phap c6 d tin cdy tbt, hoan toan phi hop dé phan tich cac dang thiy ngan trén nén mau
hai san.

3.5. Phan tich miu thyec té

Cac mau lya chon dé phan tich duogc léy ngéu nhién trén dia ban Ha No6i g@)m hon 30 mau
v6i 12 loai thity hai san. Cac mau nghién ctru ¢6 ca lodi dn thit c6 nguy co tich liiy ham luong
thiy ngén cao (ca mut da, cé ngu,...) va loai an thyc vat va vi sinh vat phu du nhd c6 muc do
tich lily thiy ngan thap hon (cé trdm, ca chép,...). Him luong trung binh cta ba dang thuy ngan
trong cac mau khdo sat va mot s6 sdc dd minh hoa dugc thé hién trong bang 4 va hinh 5.

Bing 4. Két qua phan tich ham lwong ba dang thity ngdn trong mot sé6 mau hdi san

Lodi/so lwong (n) MeHg (mg/kg) EtHg (mg/kg) | Hg*" (mg/kg)
Ca mut da (n=3) 0,61+0,07 - 0,052 £ 0,08
Muec nang (n=3) 0,10+0,011 - <0,03
Ca ngir (n=2) 0,23 + 0,025 - -
Ca trirng (n=3) <0,03 - -
Cd héi (n=3) <0,03 - -
Cd thu (n=4) <0,03 - -
Ca basa (n=3) <0,03 - -
Cd héong (n=2) <0,03 - <0,03
Ca nuc (n=3) <0,03 - -
Ca trim ¢é (n=2) - - -
Ca chép (n=1) - - -
Tom cang xanh (n=1) - - -

Ghi chii (-) : Mdu ¢ ham lwong chdt phan tich nhé hon gidi han phdt hién ciia phwong phdp
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Hinh 5. Sic dé phdn tich dang thiiy ngdn trong mau hdi san

Tur két qua trong bang 4 cho thay, tat ca cic mau déu khong phat hién ham luong EtHg,
trong khi ham luong MeHg chiém téi khoang 90% so v6i ham luong thuy ngan tong s trong
cic mau hai san c6 phat hién. Cac loai an thit c6 ham luong methyl thuy ngan cao hon cac
loai chii yéu an thuc vat va sinh vat phu du nho 1a phu hop voi quy luat tich lay thuy ngan
trong tu nhién. Tuy nhién tat ca cac mau déu c6 ham lugng MeHg nam trong giéi han cho
phép ciia BO Y té (QCVN 8-2: 2011/BYT): < 1 mg/kg d6i vai cé thit, < 0,5 mg/kg voi tat ca
cac loai ca (khong bao gom ca cho thit) [1]. Nhu vay, bude dAu co thé nhan thay muc do 6
nhiém thiy ngan trong hai san ¢ nudc ta van trong muc an toan, tuy nhién, can c6 nhiing
nghién ctru sdu hon nham c6 két qua toan dién hon dé ngin ngira nguy co 6 nhiém thiy ngan
doi v6i nguoi tiéu dung.

4. KET LUAN

Trong nghién ctru ndy, cac thong sé anh huong dén viéc phan tach bang LC-ICP-MS va
quy trinh xtr li mau da duoc tdi vu nham xéac dinh dong thoi ba dang thuy ngan (Hg?*, MeHg,
EtHg) trong mot s6 mau hai san. Phuong phép da duoc tham dinh cho gidi han phat hién trong
khoang 10 + 24, v6i d6 lap lai Phuong phap dugc ap dung dé phan tich 12 loai voi hon 30 mau
thuy hai san va da phat hién ham lugng Hg, MeHg trong mot sé mau nhung van nam trong
ngudng an toan theo QCVN 8-2 : 2011/BYT.
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Summary
DETERMINATION OF MERCURY SPECIES IN SEAFOOD BY LIQUID

CHROM TOGRAPHY - INDUCTIVELY COUPLED PLASMA MASS SPECTROMETRY (LC-ICP-MS)
Pham Cong Hieu'?, Dinh Viet Chien”’, Nguyen Van Ri', Nguyen Thi Anh Huong'
Le Thi Hong Hao'?, Nguyen Thi Minh Loi*
'Faculty of Chemistry, VNU University of Science, Vietnam National University-Hanoi
’National Institute for Food Control, Vietnam
’Quang Binh University

Liquid chromatography hyphenated with inductively coupled plasma mass spectrometry
(LC-ICP-MS) was investigated to simultaneously determine three mercury species (mercury,
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methyl mercury and ethyl mercury) in seafood samples. Important parameters such as organic
solvents, flow rate of the mobile phase, 2-mercaptoethanol concentration, extraction time and
temperature were optimized. The method was validated in term of the limit of detection, limit
of quantitation, repeatability, and recovery meeting the AOAC performance requirements.
The method has also been validated based on the analysis of certified standard samples
DORM-4, then applied to determine three mercury species in 30 seafood samples. Results
showed that the content of mercury species was below the maximum limit according to the
QCVN 8-2:2011/BYT.

Keywords: Mercury species, Hg, methyl mercury, ethyl mercury, sea food, LC-ICP-MS.
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