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SUMMARY

RESEARCH ON DETERMINATION OF AROMATIC AMINES RELEASED
FROM AZO DYES IN LEATHER, IMITATION LEATHER
BY USING HPLC-MS/MS METHOD

An analytical procedure based on the use of high-performance liquid chromatography tandem
mass spectrometry/mass spectrometry (HPLC-MS/MS) was applied for the determination of
banned azo dyes in leather and imitation leather. For the identification of the analytes one
parent ion and two product ions were selected and the LC-MS/MS parameters optimized to
obtain high sensitivity and selectivity. This method be able to determine 18 aromatic amines
derived from azo colorants using CI18 column and using MeOH: H,O as a mobile phase.
Sample was extracted in 17 mL of 0.06 M citrate buffer solution at pH 6 at a temperature of
70 °C. Then, the extracted colorants were reduced to aromatic amines using 3 mL of 200
mg/sodium dithionite solution. After an incubation of 30 min at 70°C, the mixture was allowed
to cool to room temperature. The amines released in the process of reductive cleavage ware
transferred to a t-butyl methyl ether phase by means of liquid-liquid extraction, the t-butyl
methyl ether extract was concentrated and was then filtered with syringe filters of 0.45-um

pore size. Method detection limit was 0.5 mg/Kg.

1. MO PAU nhém azo cua mot ) loai thude nhudm c6 thé
Thube nhuom la chit mau hiru co tao thanh bi khir trong co thé séng tao thanh cac amin
boi hop chét diazoni két hop véi phenol hodic gdy dot bién va giy ung thu [1,2]. V6i nhan
mdt amin thom. Chang 13 chit mau duoc st thirc ngdy cang cao vé cac nguy co tiém 4n
dung rong rdi trong tit ca cac san phim nhu cho ngudi tiéu ding, Nghi vién chdu Au méi
thuc phdm, gidy, da va dét may. Tuy nhién, day da chip nhin viéc sira doi thir 19 ciia Hoi
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ddng sb 76/769/EEC va ban hanh Chi thi
Chau Au 2002/61/EC [3]. Chi thi nay dic biét
han ché ban va st dung thudc nhudm azo, ma
sau khi khir s& phan tach tao thanh amin bét
ky trong danh sach 22 amin thom ¢6 hai trong
cac san pham dét va da va co thé tiép xuc truc
tiép, 1au dai véi da nguoi hodc khoang miéng.
Hién nay, mot s6 phuong phap phan tich da
dugc mo ta trong cac tai liéu dé xac dinh
thudc nhudm azo. Thudc nhudm azo
thuong dugc xac dinh gian tiép bang cach
do cac amin tuong UGng cua chiang, dugc
hinh thanh sau khi khir bing natri dithionit
hoic thiéc (II) clorua. C6 mdt sb cac
phuong phap da dugc ing dung phan tich
cho cic mau da. Phuong phap duogc sur
dung rong rai la phuong phap DIN 53316
[4]. Bén canh d6, Eskilsson d3 tién hanh
phan tich mau da that voi mot quy trinh
méi dua trén qua trinh chiét co hd tro vi
song (MAE) va dinh luong sir dung ngoai
chuén thong thuong. Mac du thu dugc mot
s6 cai tién dang ké vé tinh chinh xéc so véi
cac phuong phap DIN 53316, d6 thu hdi
thu duoc van con qua thap (<60%) dbi véi
mdt sd loai thubc nhudém [5]. Phuong phap
phan tich st dung k¥ thuat HPLC-MS/MS
la mot phuong phdp phan tich hién dai,
dugc tng dung trong phan tich ddng thoi
du luong da chét hiru co, c6 do nhay va do
chon loc rit cao, vi thé s& cho két qua phan
tich ¢6 d6 chinh xac va do lap lai t6t hon so
voi cac ky thudt dang st dung la GC,
HPLC-DAD, HPCE va TLC nhu dugc mo
ta trong TCVN 7536:2005 [6] va ISO 1734-
1:2013 [7]. Hon nita, khi st dung k¥ thuat
ndy, khong cin phai sit dung thém bat clr
ky thuat tach sic ky nao khac dé co thé
nhan dang hay khéng dinh chinh x4c su c6
mit cta cdc amin thom bi cAm co trong
mau thir nghiém [8].
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2. THUC NGHIEM

Héa chit

Chat chuin 22 amin thom cua héng
Accustandard.Inc, ndéng do gbc la 1000
mg/L trong Acetonitrile (ACN). Céac dung
modi metanol (MeOH), n-hexan, ACN, axit
formic (FA) 1a hoéa chit cip d6 HPLC
(Merck). Mot s6 hoa chat khac nhu amoni
dihidrophotphat  (NaH,PO,) va natri
hidrophotphat ~ (Na,HPO,) (d0 tinh
khiét>99,9%), natri hidroxit (NaOH) (do
tinh khiét >96%), axit citric (d6 tinh khiét
>99,5%), natri dithionit (hoa chét k§ thuat —
Labosi), axit acetic (d0 tinh khiét >95,5%),
amoni acetat (d6 tinh khiét >98%) va nudc
cat deion.

Thiét bi

Hé théng sic ky léong hidu ning cao
Ultimate 3000 HPLC két néi dau do 2 lan
khéi phd Thermo TSQ Quantum Access
Max. Cot sic ky 1ong Hypersil Gold C18
(150x2,1 mm, 5 pum), Hypersil Gold aQ
(150x2,1 mm, 3 um) va Hypersil Gold PFP
(150x2,Imm, 3 um). Trong nghién clru sir
dung ddng thoi cac thiét bi phong thi
nghiém nhu thiét bi lic gia nhiét, bé siéu
am, hé thong thdi khi nito, mang loc va cac
dung cu thuy tinh khac.

3. KET QUA VA THAO LUAN

3.1. Khéo sat qua trinh tach sic ky

Khio sdt ct sic ky

Tién hanh khao sat qua trinh tach sic ky
trén cac cot séc ky khac nhau 1a cot C18,
aQ va PFP. Pha dong sir dung trong qua
trinh khao sat theo dng tiéu chuin ISO
17234-1: 2010 [7] v6i kénh A 1la dém
phosphat va kénh B 1a MeOH. Ché do chay
gradien dugc bat dau tir 10% kénh B dén
80% kénh B trong 45 phut, nhiét d 10 cot
1a 40°C.
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Phan tach sic ky cac chit amin thom trén
cot Hypersil Gold PFP
Hinh 1. Sic phé d6 khao sdt cét sdc ky

Két qua khao sat tir Hinh 1 cho thay diéu
kién tach sic ky trén cot C18 1a t&i vu nhit.
Toan b cac amin thom déu duoc tach khoi
nhau véi @0 phan giai cao, d6 rdng chan pic
nho. Vi vay, st dung cot sic ky C18 dé tach
cac chit amin thom trong cac nghién ciru
tiép theo.

Khio sat pha dong

Tién hanh khao sat 3 diéu kién pha dong dé
phat hién cac chit amin trén hé théng
HPLC-MS/MS: Pha déng 1: A-H,O (FA
0,1%), B-MeOH; Pha dong 2: A-H,O

(CH;COONH; 25mM), B-MeOH; Pha
dong 3: A-H,O; B-McOH. O ca ba diéu
kién, pha dong chay & ché @6 gradien: bét
dau tir 10% kénh B ting din dén 80% kénh
B trong vong 45 phit, cung trén mot cdt
Hypersil Gold C18. Trong Hinh 2 1a sic db
phan tach cac amin thom trén ¢t C18 véi
pha dong khac nhau.
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Phan tach chit amin thom véi pha dong 3
Hinh 2. Sic phé d6 khdo sat pha déng
Vi diéu kién pha dong A-H,0 (0,1% FA) va
B-MeOH, nhiéu amin thom ¢6 chan pic tring
nhau. Véi hai diéu kién pha dong con lai, cac
amin thom dugc phan tach rd rang va chan

pic khong bj trang lap. Tuy nhién, qua mot s6
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tai liéu tham khao va qua trinh thyc nghi¢m,
nhan théy str dung dém ammoni acetat co thé
lam giam cudng do ion hda cia mot sd chét
amin thom nhu 4-chloroaniline, 4-chloro-o-
toluidin. Do véy, pha dong gdm A-H,O va B-
MeOH duoc Iya chon dé phan tach cac chét
amin thom trén hé thong HPLC-MS/MS.

3.2. Khio sat cac thong s toi wu cho dau
dd khdi phé

Khdo sdt cdc thong sé cho ngubn ion héa
ESI
Céc thong sb cia diu do ESI thuong duogc

thiét 1ap dua trén téc 46 dong dung moi dua
vao. Ngoai ra, nhom thuc hién di tién hanh
khao sat va tbi uu hoa cac thong sb nay dé thu
duoc cuong d6 ion ti da cho cac amin thom.

Bdng 4. Cdc thong so toi wu thiét ldp cho nguon ion héa ESI

STT Théng sb Positive (+)
1 Spray Voltage 4000 V
2 Sheath gas pressure 40 psi
3 Aux gas pressure 10 psi
4 Capillary Temperature 270° C
5 SkimmerOffset -10
6 Tube Lens Offset 90V
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Hinh 3. Téi uu héa detector MS-MS cho chdt 2-naphthylamine
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Ché d6 ion hoa cua cac amin thom dugc
thyc hién & ché do ion dwong (positive).
Céc dung dich chuin c6 ndng d6 200 ppb
pha trong nudc cat de ion va MeOH véi ti
1¢ H,O: MeOH = 50:50. Dung dich chudn
dugc dua vao budng ion hod nhé mot vong
mau (loop) 5 pL va dong dung mdi pha
dong 250 puL (H,0: MeOH = 50:50). Dau

do khdi phd TSQ Quantum dé tim manh me
dugc chay ¢ ché do quét scan Fullscan -
QIMS, tim manh con chay & ché do
Product.
naphthylamine dugc biéu dién trong Hinh
3. Manh me, manh con va thoi gian Iuu cia

Fullscan - Sic dd cua 2-

cac amin con lai thé hién trong Bang 2.

Bdng 5. Tong hop manh phé ciia cdc hop chdt amin va nang lwong bén phd toi wu

T Amin thom Parent | Product| CE RT Product | CE

mass mass 1 | (eV) mass 2 | (eV)
1 |2,4-Diaminanisol 173,3 141,1 | 10 | 1,78 | 113, 15
2 |2,4-Diaminotoluen 123,1 1082 | 14 | 3,69 | 792 19
3 |2-Anisidine 124,2 109,1 | 14 |11,62| 80,3 29
4 |O-Toluidine 108,1 93 15 | 12,35 91 17
5 |Benzidine 185 167,9 | 17 |1243| 151 32
6 |4,4-Oxydianiline 201,1 108 23 | 13,78 80 19
7 |4-Cloroaniline 128,1 111 23 | 16,41 93 17
8 |4-Cresidine 138,1 123 14 | 18,68 | 106 21
9 |4 4-Diaminodiphenylmethane 199,1 182 19 |1936| 106 23
10 |3,3"-Dimethoxybenzidine 2457 | 231,1 | 17 [20,99| 2139 | 18
11 |3,3"-Dimetylbenzidine 213,1 196 18 | 21,4 181 23
12 |2-Napthylamine 144,1 127 22 2191 117 16
13 |4,4"-Thiodianiline 217 200 18 | 21,91 | 124 19
14 |4-Cloro-o-toluidine 142,1 125 21 2343 ] 107 16
15 |2,4,5-Trimetylaniline 136,2 121,1 | 14 |2558| 912 22
16 Zgz;?rizz;yﬁi;‘;mhane 227,1 195 21 | 27,41 120 26
17 |4-Aminobiphenyl 170,1 151,9 | 29 |2947| 1282 | 23
18 |3,3"-Diclobenzidine 253,9 218 20 |31,87| 183 26
19 |4-Aminoazobenzen 198,2 93 20 | 32,65 77 19
20 ?Cforgiﬁzz)blsz 2699 | 231 18 3391| 140 | 27
21 |O-Aminoazotoluen 226 106,3 | 29 | 40,0 | 91,1 20
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Trong qua trinh nghién clru, nhom tac gia
chi c6 thé phat hién dugc manh me¢ ma
khong thé phat hién dwoc manh con cua
chit 2-amino-4-nitrotoluene. Diu nay ciing
phu hop véi tai liu nhém thuc hién tham
khao [9].

3. Khio sat diéu kién tdi wu cho xir Iy miu
Qua trinh xtr Iy miu duoc ké thira theo tiéu
chuin CEN ISO/TS 17234 véi céc bude
thuc hién 1an luot 13: loai md; chiét thude
nhuém azo; khir thudc nhuém azo thanh
cac amin thom; lam sach dung dich chiét va
dem phan tich trén hé théng HPLC-MSMS.
Db6i voi miu gia da, quéa trinh xir 1y mau
theo ISO 24362-1:2014, theo hudng dan
cua tiéu chudn ndy, miu gia da s& duoc

chiét boi chlorobenzene & nhiét 6 soi trudc

khi thuc hién qua trinh khir bang natri
dithionit. Tuy nhién, dé t6i vu hoa cho qua
trinh xir 1y miu, nhom thyc hién da tién
hanh khao sat mot s6 yéu t6 anh huéng dén
d6 thu hdi cua phuwong phap nhu pH, dung
moi chiét, s 1an chiét.

pH

D6 pH s& anh hudng dén kha ning ion hoa
cta cic amin thom, thay dbi kha ning tan
cuia cac amin thom trong nuée va do d6 anh
huéng dén hiéu suit cia qua trinh chiét
long-long. Két qua khao sat sy phu thude
cta hiéu sudt thu héi (i 18 dién tich pic cua
mau va mau chudn & ndng do du kién) vao
d6 pH ctua dung dich chiét duoc thé hién
trong Hinh 4.

Percentage (%)

Anh hudng cta pH dén do thu hoi
(pH=8,93)

Percentage (%)

Anh huéng cua pH dén do thu hdi (pH=4,13)

Hinh 4. Khdo sdt dnh huéng ciia pH dén dg thu hoi cia cdc amin thom

Khi dung dich chiét c6 méi trudong bazo pH =
8,93 thi phin 16n cac amin thom déu chuyén
sang trang thai trung hoa, khong bi ion hda va
do d6 hi¢u suat thu hdi cua cic amin thom
déu ting 1én. Khi dung dich chiét c6 méi
trudng axit pH = 4,13 d6 thu hdi ciia mot sd
amin bj gidm dang ké (benzidien; 4.4'-
oxydianiline; 4,4-diaminodiphenylmethane;
3,3-dimetylbenzidine; 3,3-dimethyl-4,4-
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diaminodiphenylmethane). Céc chét nay di bi
ion hoéa nén d6 tan trong nudc ting 1én, lam
giam d6 thu hdi khi chiét 16ng long.

Dumg moi chiet va so lan chiet

Ngoai viée sir dung dung méi chiét 13 MTBE,
nhém thyc hién di tién hanh khao sat chiét
v6i dung moéi n-hexan. Hinh 5.1 phan anh d6
thu hoi cia MTBE va n-hexan. Tién hanh

khao sat hiéu suit thu hdi thong qua sb 1an



chiét dé tim dwoc sb 1an chiét thich hop. Khao
sat dugc tién hanh voi 4 lan 10mL MTBE.
Két qua duoc thé hién trong Hinh 5.2

Sa sinhdi thu hoi khi sir dung dung mai chict khic nhau
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5.2. Khao sat anh huéng cua s 1an chiét
dén do thu hoi.

Hinh 5. Khdo sat danh huong ciia dung méi chiét

va so lan chiet den do thu hoi cua cac amin thom

Qua Hinh 5.1, két luan st dung dung méi
chiét MTBE s& cho dd thu hdi tét hon so
véi dung moi n-hexan. Khi st dung dung
moi chiét MTBE, do thu hoi dac biét tot
cho céc chit amin thom c6 do phan cuc cao
4.4-
oxydianilin;  4,4-diaminodiphenylmetan;
4,4'-thiodianilin. Hinh 5.2 cho théy, ngoai
trir 2,4-diaminotoluen cidc amin con lai

nhu: bezidine; 2,4-diaminotoluen;

duogc chiét gin nhu hoan toan sau lan chiét
thir 1. 2,4-diaminotoluen c6 d6 thu hdi thip,

do @6 dé dat yéu cau do thu hdi >50%, can
tién hanh chiét 2 1an v6i 10 mL MTBE.

3.4. Xac nhan gia tri sit dung ctia phwong
phap

Dé chon loc

Do chon lgc duoc danh gia dua trén su
khac biét trong sic dd gita mau tring va
mau thém chuin. Néu miu tring khong
phat hién duogc pic tai thoi gian luu cta chét
d6 va mau thém chudn xuét hién pic véi do
cao 10 rét (S/N>3) thi phuong phap phan
tich 1a chon loc cho chét can phan tich.
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Hinh 6. Do chon loc cua phuwong phap phan tich doi voi chat 4,4'-thiodianiline
(1-Mdu da trang; 2-Mau da trdng thém chudn 0,25 mg/kg)
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T thuc nghiém cho thiy phuong phap
phan tich cac amin thom giai phdng ra tir
thubc nhuém azo bang HPLC — MSMS c¢6
d0 chon loc cao.

Dé thu hoi

Két qua danh gia do thu hdi (Hinh 7) cho
thiy, d6 thu hoi ctia 18 amin thom 1a tdt véi
phan 16n cac chét c6 d6 thu hdi trung binh
>70%; ngoai trir 2,4-diaminotoluen c6 do
thu hoi trung binh 53%.
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Hinh 7. Dg thu hoi ciia phwong phdp

Do 2,4-diaminoanisol ¢6 d6 phan cuc 1on
va do bén thip din dén d6 thu hdi thap
trong qua trinh chiét léng long va xu 1y
mau. 2-amino-4-nitrotoluene khong phan
tich duoc do khong bin pha duoc thanh cac
manh ion con trong ché d6 MS/MS [9]. 4-
aminoazobenzene va o-aminoazotuluen co
d6 thu hdi thip do twong tac véi chat khir
natri dithionit trong qua trinh xir Iy miu
[10].

Do lap lai

Do 1ap lai cia phuong phap dugc danh gia
dua trén do 1éch chuin tuong ddi — RSD
(%). Nhom nghién ctu thuc hién thi
nghiém véi s6 1an lip lai n = 6 mau thém
chuén vao miu da thude. Két qua thu duogc
RSD nam trong khoang tir 4 dén 20%.

Gigi han phdt hién
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Danh gia chung trén két qua thuc nghiém,
tinh toan gidi han phat hién cia phuong
dua ra mét gidi han phat hién chung MDL
= 0,5 mg/Kg cho cac chit amin thom trong
san pham da.

D tuyén tinh

Pudng chudn cua cic chit amin thom duoc
xdy dung v6i khoang ndng do tir 1 mg/kg;
2,5 mg/kg; 5,0 mg/kg; 7,5 mg/kg; 10 mg/kg
bang cach thém chudn vao mau da tring va
thuc hién toan bd quéa trinh xir Iy mau va
phan tich nhu mau that. Tir két qua nghién
ctru, hé sé twong quan cua timg amin thom
1a R*>0,99 trong khoang tuyén tinh tir 1
mg/Kg — 10 mg/Kg va Diff (%) <20% trén
toan bo cac dudng chuin. Do tuyén tinh cua
o-Anisidine duoc thé hién qua Hinh 8.
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Hinh 8: Puong chudn ciia o-anisidine trong khodng ham liong 1,0 — 10 mg/kg

3.5. So sanh phwong phap phan tich méi
voi TCVN 7536: 2005
Sit_dung gid thiét théng ké so sinh

phuwong sai ciia hai tap sb liéu lap lai:

Dung chuén Fisher dé so sanh phuong sai
cua hai tap sb liéu thu duoc tir hai phuong
phap. Vi dé tin cay 1a 95%, tir cac két qua
thuc nghiém thu dugc cac gia tri Fnn < Foang
=19,00. Tir két qua so sanh cho thiy Fip,
khong dang tin cdy nén phuong sai cla
phuong phap nghién ctru va phuong sai cua
phuong phép tiéu chuin khac nhau khong
cd v nghia. Noi cach khac, phuong phap
nghién ctru va phuong phéap tiéu chuin cé
d6 chum nhu nhau [11,12].

So_sinh tirng ciip theo chuin Student:

Véi d6 tin cay théng ké 95 % thu dugc cac
gid tr] timn < toang = 4,303. Diéu nay ching
t6 phuong phap nghién ctru c6 d6 diang
twong duong voi tiéu
chudn[11,12].

4. KET LUAN

Phuong phap méi xdy dung dé phan tich

phuong phap

cac amin bi cAm, giai phong ra tir thudc
nhudm azo c6 trong cc san phim da va gia
da, trén hé théng HPLC-MS/MS c6 dd

el eooooooé
ﬁoooooo;
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04—
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nhay, dd chon loc va 6 chinh xac cao. Xay
dung quy trinh phan tich 18 amin thom bi
cAm, sinh ra tir cac thudc nhudm azo trén
cac san pham da va gia da, sir dung cot C18
véi pha ddng MeOH: H,O, dung dich dém
citrat c6 pH= 6, dung méi chiét duoc sir
dung 1a MTBE; DPanh gia xac nhan gia tri
cua phwong phap phan tich véi do thu hdi
ctia cac amin thom tr 53%-110%. MDL =
0,5 mg/Kg. RSD nim trong khoang 4% -
20%. D¢ tuyén tinh cta cac amin thom la
1,0-10 mg/Kg, hé sb tuong quan 1a R? >
0,99; So sanh phuong phap phan tich méi
xdy dung voi phuwong phép tiéu chuin
TCVN 7536: 2005, (qua phan bd Fisher (F)
va phan bd chuin Student (t)) cho thiy
phuong phap nghién ctru ¢6 d6 chum va do
ding tuong duong vdi phuong phap tiéu
chuan.
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