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TOM TAT

Phwong phap xac dinh methyl thay ngan
(MeHg) dugc nghién ciru trén hé théng séc
ky khi ghép ndi ddu do huynh quang nguyén
tir (GC-AFS). Hé théng GC-AFS duoc thiét
ké va ché tao dwa trén céc thiét bi co ban Ia
may GC va dau do AFS chuyén dung phén
tich thay ngén hién c6 tai phong thi nghiém.
Céc théng s6 van hanh cta hé théng GC-
AFS duoc téi wu héa va hiéu ndng cla hé
théng duoc xac nhan bang gidn dé kiém
soét chét luwong vé do nhay. MeHg trong
méu bun ldng duoc ly trich vao pha
dichloromethane (DCM) trong sw hién dién

cta HNOs, KCIl va CuSQ,. Dung méi DCM
duoc théi khé va MeHg duorc chiét sang pha
nwéc sau dbé duwoc ethyl héa béng
NaB(C,Hs),4 trong dém
CH3;COONa/CH3;COOH pH 5,3 chia
K,C,0,. CH3HgC,Hs duoc chiét dinh lwong
sang pha hexane va dugc xac dinh trén hé
théng GC-AFS. Gi6i han phat hién ctia hé
GC-AFS la 1,6 pg MeHg. Gi&i han phat hién
cia phuwong phap la 0,029 ppb MeHg.
Phuong phap nay cé thé duoc tng dung dé
xac dinh methyl thdy ngén trong dat, bun
thai, bun Iang.

Tor khéa: sac ky khi, ddu do huynh quang nguyén ti, methyl thdy ngén, trdm tich va bun l&ng.

MO DAU

Nhirng hau qua tiém an cua su tich tu Hg
trong hé sinh thai nudc da va dang trg thanh vén
dé duoc luu tAm nhiéu ké tir sau nhitng bi kich
nhiém doc MeHg ¢ Minamata, Nhat Ban vao
nhirng nam 1950-1960 va tai lraq [1, 2]. Vi vy,
viéc quan tric ham luong Hg tré nén dac biét
guan trong trong viéc tim hiéu chu trinh chuyén
héa Hg trong hé sinh thai nudc, khdng chi XHg
ma con MeHg-nguyén dang c6 dgc tinh cao ddi
v6i hé than kinh va kha nang tich tu sinh hoc.
Nhitng phuong phap phd bién dé phan tich MeHg

bao gdm LC-ICPMS [3], GC-ICPMS [4], GC-
QT-AAS [5], GC-MIP-AES [6] va GC-AFS [7].
Viéc tng dung cac ki thuat lam giau mau trong
viéc phan tich MeHg két hop véi sic ky khi va
mot sb dau do ciing dwoc nghién ciu va phét
trién trong nhimg nim gan day nhu: ki thuat
“purge and trap” [8] va vi chiét pha rin (SPME)
[9]. Mac du mdi phuong phap déu cé nhiing wu
diém ndi troi riéng, nhung GC-AFS van la ki
thuat duoc sir dung phd bién trong viéc phan tich
MeHg, cha yéu vi chi phi van hanh, gia thanh
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thiét bi thip va d¢ nhay cao nén phi hop vai tinh
hinh nghién cu tai Viét Nam.

Trong bin ling va dat, thiay ngan ton tai cha
yéu dudi dang vo co va mot phan nho methyl
thity ngan. Viée xac dinh MeHg trong nhiing dbi
tuong mMau nay gap nhidu khé khin boi ham
luong MeHg rat thip (< 2% ZHg). Sau khi dugc
trich ly khoi nén mau bun ding méi truong acid
phdi hop véi mot s tac nhan tao phuc [10],
MeHg duoc co lap/lam giau bang cac ky thuat
chiét long long hay chung cét [11]. Phuong phap
chung cit kha hiéu qua trong viéc tach MeHg
khoi nén mau bun nhung c6 thé gay sai s duong
rat 16n do MeHg sinh ra trong khi chung cat. Hon
hop KBr/CuSO4/H,SO, cho phép trich ly hiéu
qua MeHg trong mau bun khd va giam thiéu
tham chi loai trir dugc su san sinh MeHg trong
giai doan xir Iy mau [12]. Vira la acid manh vira
6 tinh oxyh6a manh, HNO3; dugc du doan 1a mot
tac nhan hiéu qua dé ly trich MeHg tir cac mau
bun cé thanh phan phirc tap. Thyuc t& HNO; 2M
dugc dung dé ly trich MeHg trong bun khi dang
vi séng hd trg [13]. So véi cac hé tac chat
H,S0./CuSO./KBr, KOH/CH;0OH va
HNOJ/CuSO,; hdn hop HNO./CuSO, trich ly
MeHg hiéu qua, va twong thich véi nhiéu nén
mau khac nhau: kho, uét, giau TOC.... Chung toi
nhan thiy su phdi hop HNOs/KBr/CuSO, la
khong hiéu qua trong viéc ly trich MeHg do su
hinh thanh Br, gay pha hiay mot phan MeHg.
Trong nghién ctu nay, ching tdi khao sat kha
ning ly trich MeHg ding hdn hop
HNO,/KCI/CuSO, trén miu bun va xac dinh
MeHg trén hé thong GC-AFS. Noi dung chinh
cua nghién ctu: i. ché tao giao dién nhim ghép
ndi hé théng GC-AFS tng dung dé phan tich
MeHg va ii. nghién cau quy trinh xa ly mau, ly
trich MeHg tir mau bun liang st dung cac tac
chat: HNO;, KCI va CuSO, két hop véi ki thuat
chiét long long véi CH,Cl,.

VAT LIEU VA PHUONG PHAP

Hoa chit va thube thir

Tat ca dung dich duoc chuan bi trong nuéc
khdong ion (18MQ.cm). HNO;3; (65-67%), n-
hexane, MeHgCl, Hg(NOs),, dichloromethane,
CuSO,.5H,0, KCI, CH;COOH bang va
CH;COONa hang tinh khiét phan tich (Merck);
K,C,0, (Reachim); NaBEt, (Sigma-Aldrich).
Thiét bi

Méay GC 5890 (Agilent); budng tiém on-
column, nhiét ¢6 budng tiém 200°C; cot DB-1
(30m x 0.53mm x 0.88um) (Supelco, USA),

chuong trinh nhiét:

60°C (1phtit) —2"S/e"%_5190°C (1 phiit) —2CL"t, 200 °C (1 phat)

; ddu do AFS (PS Analytical) véi luu lugng khi

“make up” la 120 mL Ar/phut va khi bao vé la

180 mL Ar/phat; bo diéu khién nhiét do tu ché

tao, day dién trs, 6ng thach anh (15 cm x id

0,25cm x od 0,5 cm), dng sir chiu nhiét, ng thay

tinh chir T, sau khi ché tao toan bo 10 nhiét phan

s& dugc gitr 6 520°C; may Vortex (IKA vortex

Genius 3); may pH (Schott Lab—850); éng ly tam

PE 50 mL (lsolab); kim tiém 5 pL (SGE-

Australia); c&c dung cu thay tinh nhu: vial 40

mL, vial 20 mL, vial 1.5 mL (septum 16t Teflon),

dng nghiém c6 nip dung tich 10 mL, pipet,

beaker...

Ché tao giao dién ghép ndi hé théng GC-AFS
Pau do AFS chi cho tin hiéu véi hoi Hg, vi

vay céc hop chat sau khi qua hé théng GC phai

dugc phan hay dé chuyén vé Hg kim loai truéc
khi dén dau do. Do vay,

—  Giao dién ghép ndi hé théng GC-AFS phai
thoa mén dugc cac yéu cau sau: i. Pua mau
tr GC dén dau do mot cach hiéu qua ma
khéng 1am mat mat va gay ra “hiéu Gmg luu”,
ii. Van hanh ¢ nhiét d6 cao va 6n dinh dé
nhiét phan cac hop chat thiy ngan hitu co va
iii. Giao dién phai khong lam anh huong dén
thé tich chét cua hé théng.

—  CA4u tao giao dién cua hé GC-AFS duoc md
ta trong Hinh 1.
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Hinh 1. M6 hinh don gidn cua giao dién
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Hinh 2. So db hé théng GC-AFS

Hé théng phan tich hoan chinh GC-AFS
dugc md ta & Hinh 2, cac thdng sé can khao sat
trugc khi phan tich gdm cac yéu t6 lién quan dén
dau do, 16 nhiét phan, sic ky khi.

Kiém soat chat lwgng hé th(‘ing

Kiém tra hé théng hang ngay bang mau
chuin MeHgEt 1,5 pg/puL (miu QC). Mau QC
duoc pha mdi ngay; tiém trudc mau, xen k& gitra
c4c mau va ngay trudc khi két thac do. Tin hiéu
dién tich cua peak MeHgEt duoc ghi nhan. Tir sb
lieu tiém mau QC 20 ngay lién tiép, xay dung
biéu do kiém soat chat lwong (control chart).
Didu ché chuin MeHgEt va Et,Hg

Can chinh xéac 0,4191 g dung dich Hg** 1000
ppm, va 0,3508 g dung dich MeHgCl 1049,15
ppm cho vao éng nghiém cé nap dung tich 10
mL. Thém 2 mL dém acetate, 2 mL hexane va 40
uL NaBEt, 20%. Day nip va vortex trong vong
20 phit, sau d6 gitr lanh tai -10°C trong 30 phut.
Ly tam tach lay pha hexane vao binh 40 mL c6
septum. Chiét lai pha nudc 2 lan véi hexane va

gop céc dich chiét, sau d6 thém hexane dén 40
mL, day nap chat. Po tinh khiét cua cac dung
dich chuan nay dugc kiém tra bang GC-AFS.
Xac dinh nong d9 cac chuin MeHgEt va
Et,Hg

L4y chinh xac 1 mL cac chuan MeHgEt va
Et,Hg da duoc diéu ché vao vial 40 mL. Thém 3
mL HNO; va 1 mL HCI, lic tron trong 30 phut
va tach liy pha nudc. Raa pha hexane 3 lan, mdi
lan véi 2 mL nudc va gop tat ca pha nudc vao
binh dinh mac 50 mL, dinh mirc bang nuée cat.
Dung dich nay ding dé xac dinh Hg bang
phuong phap CV-AAS.
Xac dinh cic hop chit cia thiy ngin bing
GC-AFS

Tiém 5 pL mau chira MeHgEt va Et,Hg, moi
mau tiém lap 3 lan. Tin hiéu hap thu cia mdi chat
tinh theo dién tich peak. Viéc dinh luwgng cac hop
chit duya trén duong chuan cua tirng chat.
Xir Iy méu
Ly trich methyl thuy ngdn

Can chinh xac khoang 2 g mau vao éng ly
tam PP 50 mL, thém 10 mL dung dich hdn hop
HNO; 3M, KCI 0,01M va CuSO,4 0.1M va danh
siéu am 30 phat ¢ 55°C. Ly tam trong 5 pht tai
3000 vong/pht, tach lay pha nudc. Lap lai qué
trinh ly trich mau béng 5 mL dung dich hdn hop
HNO3/KCI/CuSO,4, Gop toan b pha nudc trong 2
lan ly trich vao éng thuy tinh 40 mL, thém 3 mL
DCM, vortex trong 30 gidy, va tach lay pha hiru
co. Lap lai qua trinh chiét long-long 2 1an va gop
tat ca pha hiru co vao 6ng thay tinh 15 mL. Thém
2 mL dém va thoi khd DCM.
Ethyl hda

Sau khi dudi hoan toan pha DCM, thém 0,25
mL K,C,04 1M [14], 1 mL hexane va 40 pL
NaBEt, 25%. Day nap va vortex trong 20 phdt, ly
tam 1000 vong/phdt trong 5 phat. Chuyén pha
hexane vao lo dung mau 1,5 mL va bao quan o -
10°C dén khi phan tich bing GC-AFS.
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KET QUA VA THAO LUAN
T6i wu thong s6 dau do

Viéc t6i uu 1a dé dat do nhay va do dic trung
t6t nhat (do phan giai) trén sic ky dd. Benzene
dugc dung dé thay thé cac hop chat thiy ngan vi
benzene ciing cho tin hiéu trén dau do AFS.

Téi wu khi “make up”

Khi “make up” giup dua toan bd hoi Hg tu
hé GC dén dau do mot cach hiéu qua ma khong
lam giam dang ké do phan giai cua hé sic ky va
d6 nhay cua dau do. Két qua (Hinh 3) cho thiy
luu lugng khi make-up trong khoang 120-140

mL/phiit dam bao h¢ théng van hanh vai do phéan
giai va do nhay tét nhat.
Téi wu khi bio vé

Khi bao vé trong cell do ctia dau do gitp co
lap dong khi make-up tir GC chira hoi chat phan
tich va ngin chung khuéch tan déu khap trong
cell do, anh huong truc tiép dén d6 nhay cua dau
do. Khao sat nay gilp chon lua Iuu lugng khi bao
vé dung hoa do nhay cia dau do va do 6n dinh
cia phép do. Két qua (Hinh 4) cho thiy luu
lugng khi bao vé 180-200 mL/phit la khoang
lam viéc tbt nhét cua dau do xét theo tiéu chi do
nhay va d6 6n dinh.
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Hinh 3. Phu thudc dién tich va bé rong peak benzene vao

luu luong khi “make up”

T6i wu nhiét do 1o nhiét phan

Lo nhiét phan khong chi don thudn van
chuyén chit phan tich ma con phan hay cac hop
chat cua thuy ngan duoc phén tach tir GC thanh
hoi Hg tu do phu hop véi dau do.

Két qua cho thay khi nhiét do 10 nhiét phan
tang dén 250°C, tin hiéu cua Et,Hg bét diu xuét
hién. Biéu nay chang to hop Et,Hg dé phan hiy
hon MeHgEt [15]. Khi nhiét d§ 16n hon 550°C,
sic ky dd xuat hién mot peak rit cao va bé rong
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Hinh 4. Phy thudc dién tich va bé rong peak benzene
vao luu lugng khi bao vé

lam dang duong nén gay khé khin trong viéc lay
tin hiéu dién tich peak cua MeHgEt va Et,Hg
(Hinh 5). Peak nay c6 thé Ia do sy tan xa cua cac
hat C—san pham phan huy cua hexane. Sy phan
hay hexane tao mugi than ngoai gay bat lgi cho
tin hiéu do duong nén cao va lugng carbon
ngung tu gay nghet cot mao quan dan mau tir GC
sang dau do. Do d6, thuc té nén sir dung nhiét do
500-520°C dé tranh sy phan huy dung mdi
hexane gay mudi carbon.
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Hinh 5. Peak tan xa C & nhiét d¢ 10 nhiét phan 700°C

Kiém soat chAt lwong hé thdéng phan tich
(QA/QC)

Do hé GC-AFS duoc thiét ké lai, viéc danh
gia hiéu nang cua hé thdng phai dugc thuc hién.
Céc tiéu chi danh gia gdm c6: thoi gian luu, do
nhay va d6 6n dinh ngan han va dai han. D thi
kiém soat chat lwong (Hinh 6) cho thiy hé GA-
AFS van hanh 6n dinh trong 20 ngay khao sét.
Khao sat khoang tuyén tinh, giéi han phat
hién va dung dwong chuén

Puong chuin c6 hé sé tuong quan kha tdt
véi gié tri R? Ian luot 12 0,999 va 0,9994. Khoang
tuyén tinh cia MeHgEt va Et,Hg la 1-14pg. Do
nhay cia MeHgEt hay Et,Hg (tinh theo Hg) la
nhu nhau. Gidi han phat hién va giéi han dinh
lwong cua thiét bj déi voi MeHgEt va EtHg
duogc danh gia dua trén ti 1€ S/N (signal to noise)
lan luot 1a 1,6 va 5,3 pg d6i voi MeHgEt; 1,3 va
4,4 d6i vai EtyHg.

Khio sit qua trinh tao din xuat
Anh hwong cua pH va luong tdac chat

Phan ung ethyl héa bing NaBEt, trong pha
nudc phu thuge rat nhiéu vao pH cua dung dich
va luong tac chit duoc sir dung. Khao séat nay
cho thay pH 5,3 va 10-20 uL NaBEt, 25% la cac
diéu kién ethyl héa ti uu.

Anh hwong cua ion Cu*t va bién phap logi trir

Trong hé chiét HNO4/KCI/CuSO,, Cu?* canh
tranh véi MeHg lién két cac nhom sulfide va
thiol trong nén mau diy MeHg khoi nén mau,

Hinh 6. Control chart ciia hé théng GC-AFS

lam ting hiéu nang chiét. Tuy nhién, du nhiéu
Cu* s& anh huong dén qua trinh ethyl hoa
MeHg. Thuc nghiém cho thiy [Cu?*]> 0,1M thi
hiéu suat ethyl hoa < 78%. Dé khic phuc van dé
nay, ion oxalate (K,C,04) dugc dung dé che
Cu®". Két qua cho thy hiéu suét ethyl héa duoc
cai thién khi ndng d6 oxalate trong dung dich >
0,IM. Do dé, 250 uL dung dich K,C,0, 1M
dugc thém vao dung dich sau khi thdi khd DCM
dé loai trir anh huong cua Cu®.

Khao sat hé chiét HNO,;, KCI, CuSO, va
DCM

Anh hwong ciia noAng do KCl

Trong hé chiét HNO4/KCI/CuSO,, KCI cung
cip CI' cho MeHg* dé hinh thanh hop chat
MeHgCl kém phén cuc, tir ¢6 1am tang kha ning
chiét MeHg sang pha hitu co [16]. lon CI" vira 1a
dbi ion gitp ting kha ning ly trich MeHg, vira
anh huong dén phan ung tao dan xuat. Do do,
viéc kiém soat ndng do CI” cua dung dich sau giai
doan thdi khd DCM la can thiét. Thuc nghiém
cho thay rang [CI]> 0,05M giam hiéu suit ethyl
hoa.

Anh huwéng ciia nong dp HNO;

HNO; 1a mot hop phan trong hé chiét cé tinh
oxy héa. Chinh nho tinh chit nay ma kha ning ly
trich MeHg caa HNO; hiéu qua hon so voi HCI
hay H,SO, théng qua phan tng oxy héa céc phuc
chat cua MeHg véi cac nhém sulfur ty do, hoic
thiol, hoac cac peptit, protein c6 trong nén mau
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chaa cdc nhdm sulhydryl [17]. Tuy nhién, HNO3
& nong do cao c6 kha ning chuyén héa MeHg"
thanh Hg** gay sai sb trong qua trinh phan tich.
Vi thé, trong khao sat nay, ndng d6 HNO; trong
hé chiét duoc thay dbi tir 0,5-3M dé danh gia anh
huong cia HNO3. Két qua cho thay hiéu suét thu
hdi cao va on dinh trong khoang nong d6 khao
st v6i higu suat thu hoi 94,0-95,1% véi cac nong
d6 MeHg tir 1-5 ppb.
Ung dung phén tich methyl thily ngin trong
miu bin ling
Khio sdt hiéu sudt thu hoi

Khao sat hiéu suat thu hdi duoc tién hanh
trén ba ddi twong mau khac nhau: trén chuan
MeHgCl pha trong nuéc, trén nén mau TOC thap
va TOC cao. Két qua hiéu suit thu hdi methyl
thity ngan dat dugc trén cac nén mau moi truong
trong khoang 84,6-86,1% & cac nong do khac
nhau cho thdy phuong phap phan tich c¢6 d6 tin
cdy va do nhay cao, dong thoi thoa mén nhiing
yéu cau trong phép phan tich vi luong [18].
Ap dung trén méu thit

Quy trinh dwoc ap dung trén 4 mau bun ling
v6i nong d6 methyl thay ngan khac nhau. Cac
mau nay dugc ldy doc theo lwu vuc séng
Mekong. Két qua cua 4 mau lan luot nhu sau:
0,128 + 0,004; 0,052 + 0,004; 0,460 + 0,004 va
0,197 £ 0,004. Trong qua trinh phan tich MeHg
trong cac mau bun ling, mot vai peak la xuat

hién trong sic ky d6 (Hinh 7). Mau nay dai dién
cho mau bun MeHg ndng d6 thap va Hg®* ndng
do rét cao.

< <
ES £ —

Cwomg d§ huynh quang (mV)
[=]
=

0.2

Hg® EtMeHg
0
(1] 100 200 300 400 500

Thdi gian (s)
MeHg: 0.027 ppb ~ Hg?" : =20 ppb

Hinh 7. Sic ky db tiéu biéu ciia mau bun ling
KET LUAN

Dé tai da ghép ndi thanh cong hé théng GC-
AFS va da tbi wu hoa duoc céc théng sb can thiét
cho qué trinh phén tich. Pong thoi, mot quy trinh
xir Iy mau xac dinh MeHg trong mau ban ling da
duoc xay dung thanh cong va dugc 4p dung vao
phan tich cac maiu that, két qua duoc kiém ching
thong qua sb liéu cua hiéu suit thu hdi trén céac
loai nén mau c6 ham lwong TOC khéc nhau.
Nhitng thanh qua da dat duoc 1a co s cho nhitng
nghién ctu tiép theo vé thuy ngan va céc hop
chat cua chiing & nhitng ham lwong rat thip vi du
quan tric ham lwong MeHg trong mdi trudng,
dac biét trong TP.HCM néi riéng va Viét Nam
n6i chung.
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Methods development for the
determination of methyl mercury in
sediment samples using gas
chromatography with atomic
fluorescence detection

e Trieu Quoc An
e Tran Phuong Huy
e Nguyen Van Dong
University of Science, VNU-HCM

ABSTRACT

An analytical method for methylmercury
(MeHg) using gas chromatography with
atomic fluorescence detection is studied.
The instrumental system is made based on a
old gas chromatograph interfaced with an
atomic fluorescence detector which is
specific to Hg, currently available in our lab.
Operating parameters for the GC-AFS
system are optimised and analytical
performances of the system are verified by
quality control chart for stability. MeHg in
sediment is leached and extracted to
dichloromethane (DCM) in the presence of

Key words: gas chromatography,
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