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TOM TAT

Phwong phap phan tich methyl thiuy ngan
(MeHg) duoc nghién cieu trén hé thong sdc ky khi
ghép néi dau do huynh quang nguyén tr (GC-
AFS). MeHg trong mau bun ling dugc ly trich vao
pha dichloromethane (DCM) trong sw hién dién
cua HNOjz, KCl va CuSOy. Dung méi DCM dugc
théi khé va MeHg duoc chuyén sang pha nide
truée khi dwoc chiét qua pha hexane diwdi dang
phuec voi diethyldithocarbamate (DDTC). MeHg
duoe alkyl héa bang hai logi téc chit Grignard,
butyl magnesium chloride (BuMgCl) va ethyl
magnesium chloride (EtMgCl). Céc diéu kién phan
vmg alkyl héa nhw lwong tac chat, nhiét dé va thoi

gian phdn tmg dwoc nghién ciru va t6i wu nham
giam thiéu sw trans-alkyl héa va t6i wu hiéu sudt
phan iing alkyl héa. Sau khi tao dan xudt MeHg
duwoc xdc dinh trén hé théng GC-AFS. Quy trinh
phén tich da dwoc tham dinh bang chdt chudn
thé'c 6 ¢6 chung nhdn ERM-CC580. Gioi han
phat hién cia thiét bi GC-AFS va cia phwong
phap phan tich sir dung hai tac chdt alkyl héa lan
heot 1a 1,4 pg; 0,18 ng/g MeHg doi voi tic chit
EtMgCI va 0,19 ng/g MeHg doi véi tic chdt
BuMgCl. Phwong phdp ndy cé thé duoc iimg dung
dé xdac dinh methyl thiyy ngdn trong dat, bin thai
va bin ling.

Tir khéa: dau do huynh quang nguyén tir, methyl thity ngan, sdc ky khi, bun ldng, tac chat Grignard

MO DAU

Trong vong vai thé ky tré lai day, su bung nd
khoa hoc k¥ thuat da dem dén nhitng thanh tuu rat
16n phuc vu cho nhén sinh. Tuy nhién sy phéat trién
nay cling di kém vadi nhitng hé luy v6 cung to Ion:
moéi trudng séng xung quanh ngay cang 6 nhiém
nghiém trong, de doa dén su phat trién cua muén
loai. Thuy ngan c6 nhiéu tng dung trong cudc
séng nhung lai ¢6 doc tinh rat cao. Trong qué trinh
phét trién, loai nguoi di dwa hang trim ngan tan
thiy ngan vén ngi yén dudi dang khoang vat nam
chim sau trong cac 16p dia quyén vao méi truong
séng [1]. Thong qua cac hoat dong tu nhién va
nhan sinh, 6 nhiém thuy ngan ngay nay da lan téa
trong pham vi toan cau. Doc tinh va nguy co giy
hai cho stic khoe cua Hg noi chung va dac biét

MeHg néi riéng da tro thanh mdi quan tim 16n cua
céc nha khoa hoc trén thé giéi. Nguy co nhiém doc
cac hop chat Hg cang 16n khi cac hop chit nay co
kha ning tich liiy rit manh trong chudi thirc an.
Céc nghién ctru cang vé sau tap trung vao xac dinh
Hg nguyén dang dic biét 1a MeHg trong cac dbi
tuong c6 ham lugng Hg rét thip, thi du cac mau
mdi trudng nhu nuéc va bun ling, vi thé yéu cau
vé d6 nhay cua phuong phap/thiét bi phan tich
ngay cang cao. Cac phuong phap phan tich nguyén
dang Hg ndng do thip phd bién hién nay la sic ky
long [2] hoic sic ky khi ghép ndi véi cac dau do
¢6 do nhay cao nhu bét giir dién tir (ECD) [3], phd
hap thu nguyén tir (AAS) [4], pho phat xa nguyén
ta (AES) [5], phé huynh quang nguyén tir (AFS)
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[2, 6], khdi phé (MS) [7], khéi phd ghép cap cam
tng cao tan (ICPMS) [8]. Mac di mdi phuong
phap déu c6 nhimg wu diém ndi troi riéng, nhung
GC-AFS van 1a ki thuat duoc st dung phd bién
trong viéc phan tich MeHg, chu yéu vi chi phi van
hanh, gi4 thanh thiét bi thip va d6 nhay cao nén
phu hop véi tinh hinh nghién ctu tai Viét Nam.

Nhiéu phuong phap trich ly MeHg khoi nén
mau cho phan tich nguyén dang bao gém trich ly
bang KOH trong methanol [2-4], biang HNO; [9]
hoic hon hop H,SO,/KBr/CuSO, [10, 11] hoic
HNO,/KCI/CuSO, [6]. Sau khi ly trich, MeHg
dugc tach khoi céc dang Hg vo co bang cac ky
thuat chiét long long hay chung cat. Phuong phap
chung cat kha hiéu qua trong viéc tach MeHg khoi
nén mau bun nhung c6 thé gay sai sé duong rat I6n
do MeHg sinh ra trong khi chung cat [12]. Hdn
hop HNO,/KCI/CuSO, cho phép trich ly hiéu qua
MeHg trong mau buin ling va thuc té loai trir dwoc
su san sinh MeHg trong giai doan xir ly mau [6].

Céc hop chat monoalkyl-Hg c6 tinh phan cuc,
nén tuong tac manh véi cot GC dan dén peak
thuong kéo dudi va lam anh huong dén cot [3]. Bé
khic phuc nhuoc diém trén, cac hop chat thuy
ngan duoc tao dan xuat thanh cac hop chat dialkyl-
Hg khong phan cyc va dé bay hoi hon. Phuong
phap tao dan xuat hydride it dwoc st dung vi din
xuit tao thanh (MeHgH) rat kém bén, kho kiém
soat [13]. Phuong phap tao dan xuét sir dung tac
chit sodium tetraalkylborate NaBR, nhu
NaB(C,Hs)s va NaB(CsH-)s, cho két qua 6n dinh
va quy trinh xir Iy mau don gian nén dugc str dung
phé bién nhat. Tuy nhién viéc tiép can cac hop chit
NaBR, tai Viét nam hién nay rat khé khin va
NaBR, kha dit tién nén viéc nghién ctru sir dung
chit tao dan xuét thay thé 1a tac chit Grignard von
phd bién hon va gia thap hon so véi NaBR, 1a can
thiét.

Cac hop chat co kim bang tac chat Grignard
(RMgX, vai R 1a methyl, ethyl, propyl, butyl,
pentyl va hexyl) kha phé bién khi phan tich cac
hop chat butyl thiéc [14]. Ddi véi phan tich nguyén

dang thay ngan, R c6 thé dung 1a methyl, ethyl,
propyl va butyl trong d6 butyl hoa 1a phé bién nhat
do cac san pham butyl héa c6 nhiét do soi du cao
thuan tién cho cac thao tac mau va qua trinh sic
ky. Cac diéu kién phan tng alkyl hoa vai tic nhan
Grignard phai duoc tién hanh trong cac diéu kién
dugc kiém soét nghiém ngit nhu lwong tac chat sir
dung, mirc d6 pha loang, thoi gian phan ung va
nhiét ¢6 phan wng nham giam thiéu téi da cac san
pham phu do qua trinh trans-alkyl héa [15]. Trong
cong bd nay, chang toi tién hanh nghién ciu
phuong phép x4c dinh methyl thity ngan trong mau
bun bang hé thong GC-AFS sir dung tic chat
Grignard dé alkyl hoa methyl thay ngan. Noi dung
chinh cta nghién ctru:

Nghién ctru phan tmg tao dan xuit MeHg bang
BuMgCl va EtMgCl

Nghién ctru quy trinh xir Iy mau bun ling xac
dinh MeHg phti hop véi tac chat Grignard

Ap dung quy trinh phan tich trén mau bun ling
thuc té.

VAT LIEU VA PHUONG PHAP

Hoa chét va thube thir

Tat ca dung dich dwoc chuan bi trong nuéc
khéng ion (18 MQ.cm). HNO; (65-67 %), n-
hexane, methyl thuay ngan chloride (MeHgCIl),
Hg(NO3),, dichloromethane (DCM), CuS0O,4.5H,0,
KCI, tetrahydrofuran (THF), Na,B,0;, H3BOs,
HCI va H,SO, déu Ia hang tinh khiét phan tich
duoc mua tu Merck. Butylmagnesium chloride
(BuMgCl) 2 M trong THF va ethylmagnesium
chloride (EtMgCI) 2 M trong THF dugc mua tir
Sigma Aldrich. Sodium diethyldithiocarbamate
(NaDDTC) dugc mua tur Fluka. Cac dung dich
chuan CH3;HgC,Hs va (C,Hs),Hg da duoc diéu ché
tir NaB(C,Hs), trong nghién ctru trudce day [6].

Thiét bi

Méay GC 5890 (Agilent); budng tiém on-
column, nhiét 6 budng tiém 200 °C; cot DB-1 (30
m x 0,53 mm x 0,88 um) (Supelco, USA), dau do
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AFS (PS Analytical) vé6i Iuu luong khi “make up”
la 120 mL Ar/phat va khi bao vé la 180 mL
Ar/phut; nhiét @6 10 nhiét phan 1a 520 °C; may
Vortex (IKA vortex Genius 3); may pH (Schott
Lab-850); 6ng ly tam PE 50 mL (Isolab); kim tiém
5 pL (SGE-Australia); cac dung cu thuy tinh nhu:
vial 40 mL, vial 20 mL, vial 1,5 mL (septum I6t
Teflon), 6ng COD, pipet, beaker. ..

Chuong trinh nhiét

Chuong trinh nhiét:
60°C
°C/phut
— P 1200C (1 phiit)

30 40°C/p
(1 phat) !
(st dung tac chat BuMgCl)

60°C (1phiit)

. 30°C/phiit .
120°C (1phit) ——— 200°C (2 phiit)
(sur dung tac chat EtMgCl)

20°C/phait
Y

Diéu ché cac chuin Bu,Hg va MeBuHg

Can cac chuin Hg® hoic MeHgCl vao éng
COD 15 mL, thém vao khoang 1 mL hexane. Lam
lanh dung dich trong nuéc da, thém 0,5 mL
BuMgCl 0,5 M Ilic nhe. Sau 5 phat, thém 8 mL
dung dich H,SO, 0,5 M va lic déu dé phan hay tac
chat Grignard du. Ly tdm tach 14y pha hexane vao
binh 40 mL c6 septum. Chiét lai pha nudc 2 1an véi
hexane va gop céc dich chiét, sau d6 thém hexane
dén 40 mL, day nap chat. Cac dung dich chuin nay
chira Bu,Hg va MeBuHg. Do tinh khiét cua céc
dung dich chuan nay duoc kiém tra bing GC-AFS.

Xac dinh ndng d¢ cac chuin Bu,Hg va MeBuHg

L4y chinh xac khoang 1 mL (qua cin) cac
chuan MeHgEt va Et2Hg vao vial 40 mL. Thém 3
mL HNO; va 1 mL HCI, lic tron trong 30 phat va
tach liy pha nudc. Rua pha hexane 3 1an, mdi lan
v6i 2 mL nudc va gop tat ca pha nuéc vao binh
dinh mirc 50 mL, dinh mtc bang nuéc cat. Dung
dich nay dung dé xac dinh Hg bang phuong phap
CV-AAS dua trén duong chuan Hg*".

Xac dinh cac hop chit cia thily ngin bang GC-
AFS

hut
—5200°C (2p)

Tiém 5 pL miu chira cac dialkyl thiy ngan,
mdi mau tiém lap 3 lan. Tin hiéu hip thu cua mdi
chat tinh theo dién tich peak. Viéc dinh lwong céc
hop chit dua trén duong chuan cua tirng chat.

Ly trich methyl thuy ngan

Can chinh xac khoang 2 g mau vao ong ly tam
polypropylene 50 mL, thém 10 mL dung dich hdn
hop HNO3; 3M, KCI 0,01 M va CuSO, 0,1 M va
danh siéu am 30 phat ¢ 55 °C. Ly tdm trong 5 phat
tai 3000 vong/phdt, tach lay pha nudc. Lap lai qua
trinh ly trich mau bang 5 mL dung dich hén hop
HNO3/KCI/CuSO,. Gop toan bd pha nude trong 2
lan ly trich vao éng thuy tinh 40 mL, thém 3 mL
DCM, vortex trong 30 gidy, va tach liy pha hitu
co. Lap lai qué trinh chiét long-long 2 1an va gop
tat ca pha hiru co (DCM) vao ong thay tinh 15 mL.
Lam khan bang Na,SO,. Thém 1 mL dém pH 9 va
thdi khé DCM, thém 300 pL Na-DDTC 0,25 M,
0,5 mL hexane rdi day nip vortex trong 2 phit, thu
lay pha hexane. Chiét thém mot lan nita voi 0,5 mL
hexane.

Tao din xuit

Thém 100 pL BuMgCl 0,5 M (hodc 75 pL
EtMgCl 0,5 M) vao dich chiét hexane chira MeHg-
DDTC, day ndp va lic nhe. Sau thoi gian phan
g, thém 8 mL H,SO, 1 M, Iic manh, ly tdm va
thu 1iy pha hexane vao vial 1,5 mL va bao quan ¢
10 °C dén khi phan tich biang GC-AFS.

KET QUA VA THAO LUAN
Pwong chuin, giéi han phat hién va giéi han
dinh lwong cia thiét bi

Puong chuan ¢ hé sé twong quan kha tot véi
gid tri R2 lan luot 1a 0,9995 va 0,9998 ddi voi
MeHgEt va MeHgBu. Khoang tuyén tinh cua
MeHgEt va MeHgBu déu 1a 1-20 pg. Do nhay cua
MeHgEt hay MeHgBu (tinh theo Hg) 1a nhu nhau.
Gidi han phét hién va gigi han dinh luong cua thiét
bi d6i voi MeHgEt va MeHgBu duoc danh gia dua
trén ti 1¢ S/N (signal to noise) lan luot 1a 1,33 va
4,44 pg dbi voi MeHgEt; 1,32 va 4,41 pg ddi voi
MeHgBu
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Do tinh khiét va ndng do cia cac chuan dialkyl
thay ngan tu diéu ché.

Két qua phan tich hai chuin MeBuHg va
Bu,Hg tu diéu ché biang GC-AFS (Hinh 1) cho
thdy khong phét hi¢n céc chit c6 chira Hg trén sic
ky d6 ngoai trir cac san pham chinh 1a MeBuHg va
Bu,Hg. Nhu vay, ham luong cia MeBuHg va

Bu,Hg c6 thé xac dinh gian tiép thong qua phuong
phap xac dinh Hg tong s6 ma khong can cong doan
tach. So véi GC-AFS, phuong phap CV-AAS cho
phép xac dinh Hg ¢ nong d6 cao va chinh xac hon
nén phi hop t6t dé dinh lwong céc chuian MeBuHg
va Bu,H.
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Hinh 1. Sic ky d 5 pL chuén MeBuHg va Bu,Hg ~ 15 ppb mdi ciu tir (tinh theo Hg)

Khao sat qua trinh alkyl h6a methyl thiy ngan
Céc nghién ctru trude day cho thdy hiéu suat
phan tmg alkyl hoa methyl thuy ngan bang tac chat
Grignard phy thudc rat nhidu vao thoi gian, nhiét
d6 va ndng do6 tac nhan alkyl hoa. Hiéu sudt phan
img alkyl hoa ting dan, dat dinh sau 5 phat rdi
giam dan. Chung t6i nhan thay hiéu suét alkyl héa
giam la do qua trinh trans-alkyl héa va sy khir san
phim (MeHgBu/MeHgEt) thanh Hg’. Ciing chinh
vi diéu ndy ma cac nghién ciru trén thé giGi trude
day déu budc phai dimg phan tmg ngay sau 5 phut
[15, 16]. Vé mit thyc nghiém, viéc khdng ché thoi
gian va diéu kién alkyl hoéa nghiém ngat gy rat
nhiéu khé khin nhét 1a khi xir Iy dong loat nhiéu
mau. Khic phuc nhugc diém nay, ching t6i nghién

ciru va téi wu héa cac diéu kién phan tng nhim
tranh qua trinh khtr va trans-alkyl hoa. Do tac chét
Grignard mua dugc tir Sigma Aldrich ¢6 ndng d6
kha cao (2 M) va lugng can dung khong nhiéu, dé
tién lay luong tac chat chinh xac va tranh mat hoat
tinh do hat 4m trong thao tac; nong do tac chit
Grignard dung trong cac thi nghiém nay la 0,5 M
pha trong THF.
Tiac chat BuMgCl
Tuong quan gitta lwong BUMQCI - thoi gian phdn
#mg Vvéi hiéu sudt tgo dan xuat

Thuc hién thi nghiém tao butyl hoa chuén
MeHgCl véi cac lugng 100, 200, 300 va 400 uL
BuMgCl 0,5 M tai 0 °C.
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Hinh 2. Hiéu suat butyl hoa MeHgCl bing BuHgCl theo thoi gian va lugng tic chat BuMgCl 0,5 M/THF khéc nhau.
Diéu kién thi nghiém: 100 uL MeHgCl 20 pg/uL trong 1 mL hexane & 0 °C

Két qua cho thiy lwong qua du tic chét
BuMgCl chinh 1a nguyén nhan gay ra su khtir va
hién tugng trans-alkyl hoa. Khi luong tic chit st
dung 1a 100-200 uL. BuMgCl 0,5 M thi khong xay
ra hién tugng khir va trans-alkyl héa. Hi¢u suét
phan ung ting dan va on dinh sau 5 phat. Tuy
nhién khi ting luong tac chat 1én 300-400 pL
BuMgCl 0,5 M thi xuét hién “hién tuong khu”,
hiéu suat phan tmg tao dan xuét giam dan theo thoi
gian (Hinh 2). Sic ky d6 ngoai peak MeBuHg con

xuét hién thém peak Hg°, thoi gian phan g cang
dai thi peak Hg® cang 16n va peak MeBuHg cang
nho (Hinh 3).

Véi luong tac chat BuMgCl 0,5 M sir dung
trong thi nghiém (<400 uL), két qua cho thiy van
chua xay ra hién tugng trans-butyl héa. Tuy nhién
khi so dung lugng tac chat lén dén 0,5 mL
BuMgCl 2 M thi hién tugng trans-butyl hoa da xay
ra va da duoc cong bé [15].

o

N

Ul
)

Cudng d6 phat huynh quang (mV)

MeBuHg

100 150

Thoi gian (s)

200

250 300 350 400

Hinh 3. Séc ky d6 san phdm phan img MeHgCl va BuMgCl ¢ céc thoi gian butyl héa khac nhau. Diéu kién thi nghiém:
100 pL MeHgCl 20 pg/uL trong 1 mL hexane 400 pL BuMgCl 0,5 M/THF & 0 °C). Céc sac ky do duoc doi truc dé dé
quan sat hon
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Anh hwong ciia nhiét g tién hanh phan img

Hiéu suat (%)
00 -

95.72 95.55 96.3 9583 96.3296.09 g5 7011

95.22
95 94.04
90

84.65 84.44
85 m 20C
80
75 -
70 - . . . . .

2 5 7 1 20 30

0
Thoi gian phan irng (phat)

Hinh 4. Hiéu suit butyl héa MeHgCl bang BuHgCl theo thdi gian. Diéu kién thi nghiém: 100 uL MeHgCl 20 pg/ uL
trong 1 mL hexane, 100 uL BuMgCl 0,5 M/THF, tai 2 va 32 °C.

Két qua nghién ciru cho thay khong c6 su khac
nhau khi tién hanh phan tmg alkyl hoa giira 2 °C
(nu6e da) va 32 °C (nhiét d6 phong), hiéu sut
phan tng dat dinh rdi 6n dinh sau 5 phut (Hinh 4).
Mac du nhiét @6 va thoi gian phan ung butyl héa
timg dugc xem la cac yéu tb rat quan trong quyét
dinh t6i hiéu suat phan wng butyl héa va qua trinh
trans-butyl héa va viéc kiém soat hai yéu to nay
tuong ddi phirc tap trong thuc nghiém, tuy nhién
c6 thé thdy néu str dung lugng tac chat khong qué
du, yéu tb nhiét do va trans-butyl héa c6 thé téi vu
dugc ma hiéu suat butyl héa van dam bao. Phan
(g tao dan xut c6 thé tién hanh thuén loi ngay &
diéu kién nhiét d6 phong.

Tac chit EtMgCl

Tuong quan giita lwong BuMgCI - thoi gian phan
#Ng V4i hiéu sudt tao dan xuat

So véi tac chat BuMgCI thi EtMgCI chi khac
nhau vé d6 dai nhanh alkyl tirc 13 khac nhau vé yéu
t lap thé gitra hai nhom alkyl, nén cé thé dan dén
su khac nhau d6i chiit vé mirc d6 va kha niang phan
ng. Két qua khao sat cho thy lugng EtMgCI va
thoi gian phan ang anh huong 16n dén higu suat tao
dan xuat (Hinh 5).
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Hiéu suat (%)
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Hinh 5. Phu thudc hiéu suat ethyl héa MeHgCl theo thoi gian phan tmg va luong EtMgCl 0,5 M/THF. Diéu kién thi
nghiém: 0 °C, 100 uL MeHgClI 20 pg/uL trong 1 mL hexane.

Khi sir dung 100 uL EtMgCl 0,5 M hién tuong
trans-ethyl hoa bat dau xay ra. Hiéu suat ethyl héa
t6i wu & khoang 5 phit va bat dau giam dan do sy
trans-ethyl hda xay ra va c6 thé quan sét thiy peak
diethyl thuy ngan (san pham cua phan tng trans-
ethyl hoa xuat hién (Hinh 6). Bat 6n cua qua trinh
ethyl héa nghiém trong hon khi ting lugng tac chat

vuot qua 100 pL EtMgCl1 0,5 M. Theo chiéu huéng
nguoc khi luong tac chat nho thi sy trans-ethyl
dién ra cham hon nhung hiéu suat ethyl héa ciing
giam. Thuyc té cho thay duéi 50 pL EtMgCl 0,5 M
thi phan @ng ethyl hda xay ra kém 6n dinh c6 thé
do lwong nho tac chat nay bj tiéu tbn do phan tng
Vi hoi 4m ctia mau va méi trudng.

25 +
==4=—200 uL
20 20.31
e==fi==100 uL
2
= 15 1 14.94
o
c
©
s 10 -
X
5 .
0 1
0 5 10 20 25 30 35
thoi gian (phut)

Hinh 6. % trans-ethyl hda theo thi gian khi str dung 100 va 200 uL EtMgCl 0,5 M/THF & 0 °C, 100 pL MeHgCl 20
pg/ pL trong 1 mL hexane.
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0.35 ~
0.3 A

0.25 -

——100 uL EtMgCI 0.5 M

MeEtH — Blank

g ——— 75 uL EtMgCl 0.5 M

150

Cuwong do phat huynh quang (mvV)

Thoi gian (s)

200

Hinh 7. Sic ky dd minh hoa hién tuong trans-cthyl hoa do EtMgCl. Diéu kién thi nghiém: 100 uL MeHgClI 20 pg/ pL
trong 1 mL hexane, ethyl hoa & 32 °C trong 10 phtt.

Luong tac chat 75 pL EtMgCl 0,5M ¢ 18 la
vira phai vi cho phan tng ethyl héa rat 6n dinh & 2
°C va ca ¢ nhiét do phong. Hiéu suat phan wung 6n
dinh va khéng cd hién tugng trans-ethyl hoa dién
ra trong khoang thoi gian dai 5-30 phit (Hinh 6 ).
Anh hwéng cia nhiét do tién hanh phén Gng

So véi BuMgCl, tac chat EtMgCl ¢6 hoat tinh
manh hon do nhém butyl c6 kich thude to hon so
v6i nhom ethyl tire mirc d6 can tré do yéu tb 1ap

thé cao hon nén hién tuong trans-alkyl hoa ddi véi
EtHgCl dién ra dé hon va manh hon, nguoc lai qua
trinh khir MeHgClI thanh Hg® xay ra & muc do thip
hon so véi BUMgCI. Ca hai qua trinh nay déu c6
thé khic phuc dugc bang cach sir dung nong do tac
chat Grignard phu hop. Khi chon lugng tac chat va
nong do tac chat phu hop, phan tng ethyl hoa
MeHg bing EtMgCI c6 thé thyc hién dugc ca &
nhiét d6 thip Ian nhiét d6 thuong (Hinh 8).

Hiéu suat (%)
100 -

95 -
90 -
84.88 85.63
85 -
80 -

75 A

70 -

96.1 95.34 95.9195.43 95.3295.32

.10 .20
thoi gian (phat)

96.2496.02

m 320

30

Hinh 8. Hiéu suét ethyl hoa MeHgCl theo thoi gian va nhiét d6 sir dung EtHgCl. Diéu kién thi nghiém: 100 pL
MeHgCl 20 pg/ pL trong 1 mL hexane, 75 uL EtMgCI 0,5 M/THF; & 2 va 32 °C.
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Bang 1. Hiéu suét thu hoi (%) MeHg phan ng alkyl hda MeHg trén 2 tac chat Grignard- EtMgCl va
BuMgCl trén céc nén mau. Diéu kién alkyl hoa: 75 pL EtMgCI 0,5 M/THF; 100 uL BuMgCl 0,5 M/THF;
32°C.

Hiéu suét thu hdi cia toan quy trinh (%)

Téc:chét fao N Sng 6 Miu chuén Mau nén TOC thép Mau nén TOC cao

dan xuat (4,11 mg/g) (46,52 mg/g)
0,5 ppb 91,51+ 0,86 84828 850+19

1 ppb 90,6 +1,4 84,4+12 84,76 + 0,27

BuMgCl 2 ppb 90,2+16 83,822 84,7213
5 ppb 90,3+16 850+13 852+21

Hiéu suit tao din xuét 95,55 + 0,57 95,69 + 0,68 95,54 0,10

0,5 ppb 90,4 +28 849+15 85,30 + 0,85

1 ppb 90,3+16 858+13 84,94 + 0,56

EtMgClI 2 ppb 89,7+19 84,33+ 0,25 85,85 + 0,25

5 ppb 90,4 +1,8 85,14 + 0,88 85,11 0,90

Hiéu suit tao din xuat 95,42 £ 0,72 95,722 95,37 0,90

Khao sat chiét MeHg tir pha nwéc vao hexane
sir dung Na-DDTC

Na-DDTC dugc st dung dé tao phuc nham
chiét MeHg tir pha nu6c vao pha hexane du6i dang
MeHg-DDTC. Hiéu suit qué trinh chiét phu thudc
vao pH va luong Na-DDTC sir dung. Két qua
nghién ctru hiéu suit chiét MeHg-DDTC trong
khoang pH 8,0-10,0 cho thay pH 9 va thé tich Na-
DDTC 0,25 M trong khoang 300-700 pL 1a ti wu
cho qua trinh chiét.

Phuwong phap phan tich methyl thiay ngan trong
mau bun ling

Sau khi t6i wu cac diéu kién xtr Iy mau va phan
tich MeHg trong mau ban ling duya trén hai loai tac
chat alkyl héa EtMgCl va BuMgCl, quy trinh phan
tich MeHg ap dung trong mau bun ling duoc dé
nghi (Hinh 9). Nhin chung so véi quy trinh xu ly
mau phan tich MeHg dung NaBEt, [6], quy trinh
dé nghi chi thém phan chiét MeHg ra khoi dung
mdi nuéc va chuyén sang dung mdi hexane (ky
nudc) thuan lgi cho téc nhan alkyl héa Grignard.
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2gm
lang —

= ~
au bin
CH;Hg*

2x5 mL KCI/CuSO4/H2804
—

<— 10 mL KCI/CuSO4/H2804
<— Siéu am 30 phat/s5°C
<— Ly tam 5 phut

| Bi rin |

CH}HgCl /
KCI/CuSO4/H:504

<— 3x3 mL DCM, vortex 2 phut
«— NaSOs khan, rira 2 mL DCM

¥

| KClCuSO/H:S0; |

_‘ CH;HgC1/DCM

<«— 2 mL dém borate, pH 9
<«— 45°C,dudi DCM

| CH;HgCl/ dém |

<— 0.3mL DDTC 0.25M

A

v
_‘CHJHg-DDTCIhexane

100 uL C4HoMgCl 0.5M
hodc 75 uL C2HsMgCl 0.5M

<— 8 mL H:804 IM

CH;HgC

CH;3;HgC;Hs/hexane

4H9 hDi:lc

!

Hinh 9. Quy trinh d& nghj xtr Iy mau bun ling xac dinh MeHg, alkyl hoa bing tac chit Grignard

Gidi han phéat hién va gi¢i han xac dinh

Gi6i han phéat hién dugc udc lugng qua viéc
phan tich 11 mau bun ling c6 ham luong MeHg rat
thip. Gioi han phét hién va gisi han dinh luong
ctia phuong phap phan tich MeHg 1an luot 13 0,18
va 0,24 ng/g dbi vai tac chit ethyl hda EtMgCI va
0,19 va 0,26 ng/g dbi voi tac chat butyl hoa
EtMgCI. C6 thé thiy hai tac nhan alkyl héa nay la
tuong duong nhau.
Do chum

b6 chum cua phuong phap dugc udc lugng
qua viéc danh gia cac gia tri RSD% két qua cac
mau bun ling chira MeHg ¢ céc nong do khéc
nhau. Két qua wdc lwong do chum cua két qua

phan tich - RSD% (Bang2) cho thiy d6 chum cua
phuong phap t6t hon rat nhiéu so voi huéng dan
cia AOAC ¢ ham lugng vi lugng 1-10 ng/g la 21
-30%.
Do ding

P dung dugc danh gia qua phan tich mau
chun bun ling qudc té cé ching nhan. So séanh két
qua ching nhan véi két qua phan tich MeHg bang
2 tac nhén alkyl héa EtMgCl va BuMgCl (Bang 2)
bing chuian théng ké Student cho thiy phwong
phap dé nghi dya trén 2 tac nhan alkyl hoa cho két
qua phan tich pht hop véi két qua chirng nhan.

Higu suat thu hoi
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Khao sat hiéu suat thu hdi duoc tién hanh trén
ba ddi twong mau khac nhau: trén chuian MeHgClI
pha trong nuéc, trén nén mau that c6 TOC thap va
TOC cao. Két qua hiéu suat thu hdi methyl thay
ngan dat duoc trén cac nén mau moi trudng & cac
ndng d6 khéac nhau trong khoang 83,8-85,2% dbi
voi BuMgCl va 84,3-853% déi véi EtMgCl cho
thiy phuong phap phéan tich co do tin cay va do
nhay cao, ddng thoi thoa man nhitng yéu cau trong
phép phan tich vi lugng cac tiéu chi danh gia hién

hanh (60-115 % & cac ndong do ppm-ppb)[17].
Ap dung trén miu that

Quy trinh dwgc ap dung thir nghiém trén 4 mau
bun lang vai nong do methyl thuy ngan khac nhau.
C4c mau nay dugc liy doc theo luu vuc sbng
Mekong. Ham lwgng MeHg trong mau bin thu
thap doc song Mekong phu hop véi cac cong bd
cua Noh, S. va cong su (0,032-1,22 ng/g MeHg)
[18].

Bang 2. Ham luong MeHg (ng/g) trong cac mau buin ling chuan va bun ling séng Mekong xac dinh trén 2
tac chat Grignard- EtMgCl va BuMgCl. Diéu kién alkyl hoa: 75 uL EtMgCI 0,5 M/THF; 100 pL BuMgCl
0,5 M/THF; 32 °C.

T4c chét BuMgCl EtMgClI

Miu [MeHg] [SD/RSD% [MeHg] [SD/RSD%
ng/g)  [(n=6) ng/g)  (n=6)

1 0,550 [0,017/3,1 (0,560 |0,020/3,6

2 0,582 [0,019/3,3 0,568 |0,021/3,8

3 0,872 |0,018/2,1 (0,888 |0,023/2,7

4 0,525 [0,016/3,1 (0,502 |0,023/4,7

5 0,568 [0,037/6,4 (0,547 |0,026/4,8

ERM- |Xécdinh  [7513 ]0,43/0,57 75,10 |0,48/0,65

CC580 | Chung nhan |75 1824 |75 1,8/2,4

KET LUAN

Nghién ctru da tim ra cac diéu kién alkyl hoa
t6i wu hop chat methyl thiy ngan sir dung hai tac
chat Grignard phd bién 1a EtMgCl va BuMgClI
trong diéu kién khi hau néng am tai Viét Nam.
Quy trinh phan tich téng thé dung cho MeHg trong
mau bun ling di duoc khao sat va tdi wu, thim
dinh qua chat chuan chiing nhan quéc té va da
duoc &p dung thanh cong trén mot sé mau ban ling
thu thap doc séng Mekong. Nghién ctru nay gilp

cho viéc phan tich MeHg trong mau bun ling trong
tai Viét nam chu dong hon do tic nhéan alkyl hoa
Grignard d& mua/diéu ché va ré tién hon so vdi
sodium tetra alkyl borate.

Loi cam on: Nghién ciru nay duoc tai tro boi
Pai Hoc Quéc Gia TP. Ho Chi Minh (PHQOG-
HCM) trong khuén khé dé tai md so C2013-18-09.
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Study on analytical method for methimecury
In sediment by gas chromatography-atomic
fluorescence spectrometry using Grignard

reagcuts for alkylation

e Tran Duc Loi
e Nguyen Van Dong
University of Science, VNU-HCM

ABSTRACT

The analytical method for methylmercury in
sediment samples was performed using an
hyphenated system of gas chromatograph coupled
atomic  fluorescence  detector  (GC-AFS).
Methylmercury in sediment samples was leached
and extracted into dichloromethane with the
assistance of HNO; KCI and CuSO,.
Dichloromethane was evaporated resulting in the
relocation of MeHg to the aqueous phase. MeHg
was then extracted in the form of
diethyldithiocarmate complex into hexane followed
by the alkylation processes with Grignard
reagents, butyl magnesium chloride and ethyl
magnesium chloride. The alkylation reactions were

optimized with respect to the mounts of Grignard
reagents, the reaction temperature and time for the
best alkylation yields and least extent of trans-
alkylation and degradation of the alkylated
products. The alkylated MeHg compounds were
analyzed by GC-AFS. The analytical method for
methylmercury was validated using certified
reference material ERM-CC580. The instrumental
limit of detection was 1.4 pg as Hg. The method
limits of detection for EtMgCI and BuMgCI were
0.18 were 0.18 ng/g and 0.19 ng/g, respectively.
This method can be used to analyze MeHg in
sediment samples.

Keywords: atomic fluorescence detector, methylmercury, gas chromatography, sediment, Grignard

reagent
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