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SUMMARY

DETERMINATION OF TOTAL SULFUR CONTENT IN AGRICULTURAL
PRODUCTS BY USING INDUCTIVELY COUPLED PLASMA MASS
SPECTROSCOPY METHOD (ICP-MS)

The study presents the development of a process for analyzing sulfur (S) content in agricultural products
using Inductive Coupled Plasma Mass Spectrometry (ICP-MS). This method serves to assess the quality of
agricultural products. The results of the research indicate that the ICP-MS method can determine sulfur
content (S) under optimal analysis conditions, including Helium mode, mass spectrometry 34, internal
standard Lu 0.005 ppm. Sample treatment involves acidification with 65% HNOj; and 30% H,O, in
Microwave Prekem M3. The method demonstrates a linear regression coefficient (R?) greater than 0.99 and
repeatability within the range of 1.46-3.92% at the limit of quantification (LOQ) value, reaching 4.89%. The
limit of detection (LOD) was found to be 5,65 mg/kg, the LOQ was 18,8 mg/kg, and the measurement
uncertainty (U) was * (7,92 — 10,7)%.

Keywords: ICP-MS method, sulfur content (S), limit of quantification (LOQ) value, limit of detection
(LOD).

1. GIOI THIEU thiazole, thiophenes va thiazolines co
trong cac san pham tir khoai ty, cac loai
hat, bong ngd. Thiol béo di dugc tim thay
trong trai cay, rau va cac san pham tu stra.
Theo cac s6 liéu da cong bd, c¢6 hon mot
nira s& hop chat d& bay hoi trong toi,
hanh, ti ty va he chira hop chat S [1,4].

Luu huynh la mot trong nhirng nguyén t6
chinh trong bau khi quyén, tr& thanh mot
phan khong thé thiéu cta nhiéu loai thuc
pham (thit gia stc, gia cam, cac loai thiy
san, hat, dau, trai cay khd...); mot trong
cac loai khoang chat phong pha nhét
trong co thé ngudi dic biét trong sita me Trén thé gidi hién nay c6 mot s6 hop chét
[1,2]. Trong thuc pham thuong hién dién luu huynh dugc tng dung rong rai trong
dang cac hop chit lyu huynh dé& bay hoi cac nganh nghé nhu cac hop chat chira
(VSC); nhiing hop chat nay c6 mui nong SO4% hodc hop chat oxoion lwu huynh

va gép phan mang lai cam giac dé chiu va (IV) dong vai trd lam chat bao quan
mui vi khé chiu trong thyc pham [1,3]. Tir khong chi 4p dung trong nganh cong
lau, cac nha khoa hoc da nghién ctru hgp nghi¢p thuc phém lan ca nganh cong
chét S co trong nhiéu loai thuc pham dic nghiép dd udng [1]; trong qua tr1nh san
biét trong ndng san chira nhiéu hop chat Xuat rugu vang, cac hop chat SO5* 1am

S, dién hinh cac hop chat di vong nhu chét phu gia giup khtr tring thung ruou ¢
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giai doan trude khi 1én men va giai doan
1én men nhim ngin qué trinh oxy hoa
dong thoi gitp duy tri cac ddc tinh cam
quan mong mudn cta rugu trong qua trinh
san xudt [1, 5].

Bén canh do, luu huynh cting dong vai tro
quan trong trong qué trinh trao ddi chét
nhu cac acid amin chtra luu huynh (SAA)
¢ vai trd cung cdp protein cho cac van
dong vién an chay, tré em va bénh nhan
HIV. Methylsulfonylmethane (MSM),
mot thanh phan d& bay hoi trong chu trinh
lwu huynh, 1d mot ngudn luu huynh khac
dugc tim thay trong ché do an ubng cua
con nguoi c6 tac dung diéu tri di ung, hoi
ching dau, chin thuong thé thao. Ngoai
ra, mot sO hop chat cia luu huynh nhu
dimethylsulfoxide (DMSOQ), taurine va
glutathione - nhimng chat chdng oxy héa
chinh cua co thé ngudi giip giam viém va
ngin ngira ton thuong té bao do qua trinh
oxy hda gay ra [2].

SO, thuong duoc st dung dé bao quan
hoa qua séy kho, 1am han ché xuét hién
nhiing vét mau ndu trén vo cla rau qua
tuoi, nhu tao, khoai tdy. Chit nay con
gitip cho thuc pham nhin bit mat hon khi
c6 tac dung chéng mdc. Tuy nhién, SO,
c¢6 thé gay ra nhitng phan tng bat loi cho
sic khoe con nguoi nhu di tmg, gy tang
tan suat hen phé quan ¢ nhiing ngudi mic
bénh hen. SO, cling 1am gidm ham lugng
Vitamin B ¢6 trong thuc pham.

Céc hop chét luu huynh thi SO,, dugc xac
dinh thong qua viéc su dung acid
chlohydric dé chuyén cac hop chat SOs*
vé dang SOy, hip thu khi SO, sinh ra bang
dung dich hydrogen peroxide, x4c dinh
bang phuong phap chuin d6 thé tich [8].
Bén canh d6, mot phuong phap khac cling
kha phd bién dé xac dinh ham lugng luu
huynh do la chuyén cac hO’p chit chira luu
huynh vé dang mubi SO4 , sau do xac dinh
bang phuong phap khéi luong [12]. Céc
phuong phap nay co thoi gian thyc hién dai
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hon, tiéu tén nhiéu hoa chat, giéi han dinh
lugng cao. Do vay, phuong phap nghién
ctru x4c dinh S bang ICP-MS nay vira c6 do
chinh x4c cao, vira thoi gian phén tich ngin,
tiéu ton it hoa chét do dugc thuc hién trong
hé thong kin, tiét kiém duoc chi phi, giam
thiéu hoa chit thai ra bén ngoai giam thiéu
0 nhiém moi trudng, bao vé sirc khoe ngudi
kiém nghiém.

2. PHUONG PHAP THU'C NGHIEM
2.1 Hoa chét va thiét bi

Hoa chit st dung bao gdm acid nitric
(Scharlau 65 %), hydrogen peroxide
(Sharlau 30 %), natri sulfate (Sharlau).

Chét chuan: luu huynh (S) pha tir mubi
natri sulfate, néi chuan Lutetium (Lu),
(Sigma).

Thiét bi phan tich: thiét bi khdi phd
plasma cam ung Aligent 7850 ICP-MS
(My); Hé théng pha mau Microwave
Preekem M3 (Trung Qudc).

2.2 Phwong phép phén tich
Xir Iy méu

Mau di dwgc dong nhit, duoc dua vao
ong telfon, acid héa mau bang cach cho
thém 2-6 mL acid HNO3; 65 % va 0,5 mL
hydrogen peroxide (H202) 30 %, lic deu
day nap roi cho vao may pha mau
Microwave Prekem M3, mau duoc phan
huy trong 10 vi song véi chuong trinh
nhiét do [6, 11]: 120 °C trong 5 phat, 180
°C trong 5 phat, gitrt ¢ 180 °C trong 30
phat, 1am ngudi 60 °C phut trong 10 phut,
sau do liy ra dé nguoi, chuyén mau vao
binh dinh mirc 10 mL, dinh mc téi vach
bang nudc cat, lic déu. Khéo sét dua trén
hiéu suat thu hodi véi lugng acid dua vao
lan luot 122, 3, 4,5 va 6 mL.

Phwong phdp khéi phé Plasma (ICP-
MS)

Piéu kién van may Aligent 7850 ICP-MS:
St dung Plasma mode, Nebulizer gas:



1,07 L/phat; Makeup gas: 0 L/phut;
Auxiliary Gas: 0,90 L/phdt; Plasma gas:
15,0 L/phat; RF Matching: 1,80 V; RF
Power 1550 W; Nebulizer Pump: 0,3 rps;
Sample Depth: 8,0 mm; S/C Temp: 2 °C;
Heli mode; Khdi phd nguyén tir (atomic
mass): Luu Huynh (S) la 34 m/z va
Luterium (Lu) 1a 175 m/z. Sé lan lap: 3
lan; Diém cai dat: 1 diém; Peripump
Uptake times: 20 gidy; Peripump
Stabilization times: 20 gidy; Prome Rinse:
20 giay [13].

Phwong phap danh gia

Khao sat lugng acid dua vao qua trinh xtr
ly mau, danh gia dua trén hiéu suat thu
hdi bang cach thém chuan véi ndng do 40
mg/kg, sau do acid hoa voi lugng tuong
tng lan luot 12 2, 3, 4, 5 va 6 mL, thuc
hién xtr ly mau theo muc 2.2.1. Panh gia
t6i wu luong acid sir dung théng qua hiéu
suét thu hoi.

Tham dinh phuong phép phén tich duoc
thuc hién theo tai liéu hudng dan Tham
dinh phuong phép trong phén tich [7], két
qua duoc so sanh véi tiéu chuan quy dinh
béi AOAC (Appendix F) [9] va, bao gom:
duong chuan, gioi han phat hién (LOD),
giéi han dinh lwong (LOQ), hiéu suit thu
hoi (H %), d6 lap lai (RSDr %).

Tién hanh xay dung khoang tuyén tinh
cua luu huynh & cac muc nong do trai dai
tir thap dén cao 0,02 - 10 mg/L, danh gia
hé s6 hdi quy twong quan. Tur khoang
tuyén tinh lya chon day chuan phu hop,
xay dung duong chuan va danh gia thong
qua hé so hoi quy twong quan va d¢ chéch
diém chuan. Tlen hanh phan tich luu
huynh trén cac nén mau ndng san va san
pham néng san (rau xa lach, mit say, nuéc
ép dua hau, thanh gao lat). Cac nén mau
nghién ctu déu duoc xur ly trong moi
treong acid voi ty 1€ (HNO3/H,0, = 4/1).
Nf)ng d6 chét phan tich duoc dinh lugng
bang phuong phap duong chuan sir dung
chat noi chuan Luterium (Lu) [7].
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Gidi han phat hién (LOD) va gigi han
dinh luong (LOQ) cua phuong phap dugc
xac dinh nhu sau: Ddi véi cac nén mau
nghién cau (ndng san va san pham ndng
san), tlen hanh phan tich 1ap lai 3 1an moi
nén mau (mit sy, thanh gao lat, rau xa
lach va nu6e ép dua hau), cac mau ¢
ngudn gbc tir mau dich vu tai cong ty
hodc mua tai siéu thi, cho két qua khong
phat hién Iuvu huynh khi phan tich theo
quy trinh. Tién hanh thém chuan & ndng
d6 40 mg/kg, sau d6 xac dinh gia tri do
léch chuan cua phép do (SD). Gia trj LOD
duoc tinh theo cdng thuec:

LOD = 3SD va LOQ = 10SD (Eq1l)

Xay dung duong chuan (hoi quy tuyén
tinh) theo phuong phap binh phuong toi
thiéu, co dang:

CPS=a+hCa (Eq2)

Trong d6: Ca la ndng d6 cua chat phan
tich; CPS 1a cuong d¢ ion [9].

Giéi han chip nhan caa duong chuan
dugc danh gia thong qua hai thong sé a:
hé sé hdi quy tuong quan R? va do chéch
A% cua ting diém chuan (tinh lai ndng do
timg diém chudn da pha dua vao duong
chuan da xay dung). Hé s hoi quy tuong
quan dugc chip nhan khi 0,99 < R® < 1,
va do chéch dugc chap nhan khi < 10 %.

Do chinh xac cua quy trinh phan tich sé
duogc danh gia dua trén do dung va do lap
lai ctia phuong phap. O nghién cau nay,
d6 dung va d6 lap lai cua phuong phap
dugc danh gia qua do thu hoi khi phan
tich 1ap lai 3 1an mau nén (mit say, thanh
gao lut, rau xa lach va nudc ép dua hau)
da duoc thém chuan 40 mg/kg. Do thu hoi
(Rev) va do léch chuan twong d6i (RSD;)
duoc tinh theo cdng thuec:

Rev% =

\J n—-1

Coce S 100 (EqB)
Cc

(Eq4)



SD
RSD; = — x 100 (Eq5)
Trong d6: Cp+c 12 nong d@é leu hupnh
nghién ciu trong mau thém chudn; Cp, 12
nong dg luu hupnh nghién ciu trong mau;
C. lanéng dg luu huynh nghién cizu thém
chuan vao mau nén; SD: D¢ léch chudn

cia mau; X: Trung binh cia mau.

T d6, xac dinh do léch chuan tuong doi
(RSD: %) cua phép phan tich trén tung
nén mau, gi4 tri nay thé hién do lap lai
ciia phuong phap. Do thu hdi chip nhan
trong khoang tir 80 - 110 % va d6 lap lai
RSDr< 7,3 % [9].

D¢ khong dam bado do
St dung phuong phép xac dinh tung
thanh phan [14] dé xac dinh d6 khéng

dam bao do v6i hé sé phu = 2 xéac dinh
theo theo cong thuec.

Uk = k*UC =2 x Uc (EQ6)
Trong d6: Uc dugc tinh theo cong thirc
m 2 H 2
u.(y) = . J (32)" + (%2) + (5007
(Eq7)
u.(y): Do khong dam bao do tong hop

Uy, d0 khéng dam bao do cua phép cén
u (H): Po khong dam bao do do thu hoi
m: khéi lugng mau

H: hiéu suét thu hoi

Sg: do tai lap

Cong thire tinh todn

Ham luong Luu huynh (S) trong mau
dugc tinh theo cong thic nhu sau [6]

(Cdo - Cp)x Vdm

mau

C= x f [Eq8]

20

Trong do C la nong do lwu huynh trong
mau (mg/kg); Ca, 12 Nong dé heu huynh
tinh tor duwong chuan (mg/L); Co la nong
do luu huynh tir mau trang (mg/L); fla he
so pha lodng; mmg, 1a khai lirong mau (g).

4. KET QUA THU'C NGHIEM

4.1 Puwong chuan ciia lwu huynh (S)
nghién ciru
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Hinh 2 Puong chuan cia ham lwong S (0,5 - 10,0
mg/L)
Hinh 1 cho thdy, khoang nong do thap
(0,05-0,25) (mg/L) chua tuyén tinh nén
khong duoc sir dung dé tham dinh. Boi
v6i hinh 2, duong chuan tir cac diém
chuan véi néng d6 0,5 - 10,0 mg/L, c6
phuong trinh duong chuan: CPS =
8750,9Ca + 23656 vai hé sd twong quan
R”>0,99; d6 chéch diém chuén A < 10%.

4.2 Giéi han phat hién (LOD) va gi6i
han dinh lwgng (LOQ)

Thuc hién thém chuan S ¢ ndéng do 40
mg/kg trén mau rau xa lach khong chira
lvu huynh. X Iy mau theo quy trinh va
thuc hién lip 12 lan dé xac dinh gia tri
LOD va LOQ duya trén d6 léch chuan
(SD) theo cac phuong trinh Eql va Eqg4.



Két qua thu dugc: LOD = 5,16 mg/kg va
LOQ = 17,2 mg/kg.

43D) lip lai (RSD; %) va hi¢u suit
thu hoi (H %)

Do dung (danh gia qua hiéu suat thu hoi
mau thém chuan) va d6 1ap lai (danh gia
qua RSDy) cua phuong phap phan tich tir
1,46 — 3,92 (%) dugc trinh bay Hinh 3.

RSDr (%)
w

Rauxalach ®Thanh gao lit ™ Mit siy M Gi tri yéu cau

Hinh 3 D6 lap lai cua rau xa lach, thanh gao lut va

mit say
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Hinh 4: Hiéu suit thu hdi cua tirng nén mau

Két qua cho thdy phuong phap dat duoc do
dung va do 1ap lai rat tot dbi voi S trén da
dang cac nén mau thanh gao lat, rau xa
lach, mit Séy va nudc ép dua hau, thém
chuan & muc néng d6 40 mg/kg. Hiéu
suat thu hdi dat 92 - 101% va do lap lai
RSDr (1,46 -3.92%) < 7,3%, dap tng yéu
cau quy dinh [9]. Pong thoi, khéng cé su
khéc biét thong ké (p > 0,05) vé cac gia tri
do dung va do lap lai gitra cac chat hay
gitta cAc nén mau khac nhau. Pidu d6
chung t6 kha nang tng dung rong réi cua
Cua phuong phap phan tich nay cho da
dang cac nén mau nghién cuu.
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4.4 Do khong dam bao do

Bang 1. Do khong dam bao do ciia tirng nén mau

A% P khong dim | Pon
Nén mau . A .
bio do mé rong vi
Thanh gao lat 10,7 %
Mit say 9,79 %
Rau xa lach 9,53 %
Nudc ép dua hau 7,92 %

D¢ khong dam bao do trong khoang 7,92-
10,7 (%) danh gia d6 on dinh cua phuong
phép la tin cay.

45 Khao sat cac yéu t6 anh hwong
45.1 Thé tich acid khi xz Iy mdu

Anh huéng dén tudi tho cua thiét bi, hiéu
suit phan hay méu, &p suat trong 6ng
phan huy, kha nang phun swong, hoéa hoi
va ion hoa caa mau khi c6 sy chénh léch
vé thé tich acid sir dung trong qua trinh xr
ly mau. Két qua thyc nghiém cho thay khi
s dung thé tich acid & cac muc khac
nhau: 2 - 6 mL acid HNO3; 65 % thi tin
hiéu chat phan tich va tin hiéu noi chuan
6n dinh khdng anh huong nhiéu RSD < 5
% nhu Hinh 5.

120

100 / e —

80

60
m o—100—0—0—g
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CPS

0

1 2 3 4 5 6 7
@@= Tin hi¢u Luu huynh

V HNO3 (mL) y
emm@m=s Tin hi¢u ndi chuan

Hinh 5. Anh huong cua thé tich

Luong acid su dung trong qua trinh xtr ly
mau khong anh huong dén do ding cua
két qua thir nghiém. Tuy nhién, luong
acid phai du phan huy duoc mau nhung
khong dugc qué nhiéu s& gy ra cac anh
nhu da néu ¢ trén. Vi vay, luong acid 2-3
mL 14 tdi wu cho nghién ctru nay.



45.2 Khdo sat sw cdn nhiéu cia khai
pho

Bang 2. Can nhiéu ion quang phé khi lya chon

mass 34 m/z
Nguyén t6 luu huynh (S)
Mass 32 33 34 36
DPdng vi (%) | 94,99 0,75 4,25 0,01
Ar 0,334
00 99,515 | 0,076 0,409
Ni** 0,926
Zn* 49,17 27,73 18,45
Ge™ 27,45
HClI 75,751
PH 99,989 | 0,012
SH 99,979 | 0,761
CIH 75,751
NO 0,204 0,001
FO 0,038
NeO 90,26

Xét cac can nhidu vé dién tich 2+, can
nhiéu do su chdong Iap quang pho tir cac
phan ti da nguyen t6, thay rang ty 1& %
cac can nhidu nay thap khi lya chon khdi
phd caa Ivu huynh 1a 34 m/z va véi hé
ICP-MS 7850 dang sur dung trong nghién
ctru ndy ¢6 budng phan tng va cham loai
nén bang khi Helium thi anh huong cua
c4c can nhiéu néi trén khong dang ké thé
hién chi tiét trong Bang 3.
4.6 Ung dung phwong phap nghién
clru da tham dinh
St dung phuong phap tham dinh dé thuc
hién phan tich mau ¢t chudng, chanh day
va hat thanh long, mau do khach hang gti
dén phong thi nghiém. Két qua duogc thé
hién & Bang 3.

Bang 3. Ham lugng luu huynh trén cac nén mau

S— ‘t*ri‘:g";‘if:r? RSDr | LOD | LOQ
thir (ma/ka) (%) | (mg/kg) | (mg/kg)
Ot 137 1,88 5,65 18,8
chubng
Chanh 186 1,08 3,23 10,8
day
Hat thanh 616 0,59 1,76 5,90
long
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5. KET LUAN

ba xay dung duoc phuong phap ICP-MS
phd hop dé xac dinh ham luong luu
huynh (S) toan phan duogc trong ndng san
va san pham ndng san vira nhanh vira c6
d6 chinh xac cao, gidi han dinh lugng dap
ung duoc ca hai muc dich tdn tai cua luu
huynh. Két qua nghién ctu thu duoc gigi
han phéat hién (LOD) la 1,76 mg/kg va
gisi han dinh luong LOQ la 18,80 mg/kg;
cac thong s6 duoc danh gia nhu do lap lai,
hiéu suat thu hdi dap ung yéu cau theo
80-110 %.
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