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Tom tit

Isocyanat 1a tén goi chung ctia cac hop chat hoa hoc ¢ chira mot hodc nhiéu nhom -
NCO c¢6 kha ning phan tng véi nudc, ruou, amin dé tao thanh dime hodc trime. D3 co
nhiéu nghién ctru cho thiy isocyanat c6 nguy co gdy anh hudng dén strc khoe con nguoi
khi tiép xtic va c6 thé gdy ra bénh nhiém doc nghé nghiép. Khi thim nhiém vao co thé cac
isocyanat bao gébm methylene diphenyl diisocyanat (MDI), toluene diisocyanat (TDI),
hexamethylene diisocyanat (HDI), isophorone diisocyanat (IPDI) s& chuyén hoa thanh céc
amin tuong Ung la 4,4'-methylenedianilin (MDA), toluene diamin (TDA), hexamethylene
diamin (HDA), isophorone diamin (IPDA). Do dd, viéc xac dinh ham lugng cac diamin
nay trong nudc tiéu cd thé dong vai tro 1a chat giam sat sinh hoc chi thi cho viéc tiép xuc
véi isocyanat. Trong nghién ciru nay, phuong phap sic ky long ghép ndi hai lan khdi pho
(LC-MS/MS) di dugc sir dung dé nghién ctru xac dinh dong thoi ba diamin MDA, HDA,
IPDA trong miu nuéc tiéu. Gidi han phat hién ctua phuong phap ddi voi HDA, MDA va
IPDA lan luot 13 0,074; 0,059 va 0,053 ng/mL. Do thu hdi ctia phuong phap dao dong
trong khoang tir 86,38% dén 105,3% véi d6 lip lai RSD < 8%. Phuong phap di duoc ap
dung dé xac dinh dong thoi ham luong cuia HDA, MDA, IPDA trong 30 mau nudc tiéu cia
cong nhan tai gara stra chira 6 t6 ¢ Bac Ninh. Két qua cho thiy di phat hién HDA, MDA
va IPDA trong cac mau nay voi cac mic ham luong khéac nhau.
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1. DAT VAN PE

Diamin va cac hop chét chira nito khac trong nudc tiéu ngudi co thé dong vai tro 1a
chit giam sat sinh hoc chi thi cho viéc tiép xtic v6i chit doc. Cac diamin trong nudc tiéu c6
thé hinh thanh khi tiép xuc voi cac diisocyanat twong Gmg cta chung, duoc sir dung trong
son va chat phu gdc polyurethan. Cac diisocyanat nay c6 thé xam nhdp vao méi trudng
thong qua chit thai cong nghiép, phun son... va phoi nhiém vio con ngudi thong qua tiép
xuc voi da, mét, nudt phai va qua hé ho hap. Céc isocyanat thurong mai chinh dugc st dung
bao gbébm methylene diphenyl diisocyanat (MDI), toluene diisocyanat (TDI),
hexamethylene diisocyanat (HDI), isophorone diisocyanat (IPDI). Cac nghién ctru cho
thy, isocyanat c6 thé gdy anh huong dén sic khoe nguoi lao dong va gay ra bénh nhiém
doc nghé nghiép [1-2] nhu: kich tng da, bénh phdi tic nghén mén tinh, gay suy giam chirc
ning ho hip, hen phé quan nghé nghiép va cac van dé vé phdi khac, ciing nhu kich thich
mét, miii, c6 hong. Ty 1¢ méc bénh hen phé quan & cong nhan tiép xuc véi isocyanat chiém
tir 5 - 15% [3]. La chat duoc st dung rong rai lai gdy nhiéu tac hai t&i ste khoe con nguoi
nén isocyanat duoc phan loai vao nhém céac hop chit c6 tac nhan gdy bénh nghé nghiép
theo ILO 2010 [4]. O nuéc ta, BO Y t& da ban hanh Quyét dinh s6 27/QD-BYT ngay
21/9/2006 quy dinh bénh hen phé quan nghé nghiép trong dé c6 tic nhéan 1a isocyant [5].
Tuy nhién, cho dén nay van chua c6 cong trinh nghién ctru ndo ¢ Viét Nam vé xéac dinh
chat chuyén hoa trong co thé ngudi khi tiép xuc véi isocyanat trong moi truong lao dong.

Dé phan tich phoi nhiém khi tiép xtic vdi isocyanat thi c6 thé dung mau mau, nudc
tiéu... dé danh gia. Trong d6, mau nudc tiéu thuong duoc sir dung dé danh gia nong do
tiép xtc trong mdi trudng vi dé thyc hién va cho két qua tin cay do cac isocyanat chil yéu
dao thai qua nudc tiéu [6-11]. Khi thdm nhiém vao co thé, cac isocyanat nhw MDI, HDI,
IPDI phén tmg v&i cac nhom protein nhu amin, hydroxyl, thiol va c¢é thé dugc thuy phan
thanh MDA, HDA, IPDA tuong ung; hodc co thé tao thanh céac san phém trung gian nhu
monoacetyl-MDA, monoacetyl-HDA, monoacetyl-IPDA; hodc diacetyl- MDA, diacetyl-
HAD, diacetyl- IPDA [6-12]. Pé chuyén dang ton tai monoacetyl hodc diacetyl vé cing
diamin twong ¢mg can phai thity phan mau véi HCI véi thoi gian i mau phu hop. Sau do,
c6 thé xéac dinh dong thoi cac diamin bang cac phuong phap nhu GC-MS, LC-MS/MS
[13-18]. Trong d6, phuong phap LC-MS/MS dugc sir dung phé bién do dap tmg duoc do
nhay, d¢ chinh xac, cling nhu thoi gian phan tich phu hgp. Do do, muc tiéu cua nghién ctru
nay 1a khao sat t6i uu hoa quy trinh xac dinh ba diamin (MDA, HDA, IPDA) trong nudc
tiéu bang phuong phap LC-MS/MS va budc dau ap dung déi véi mau nude tiéu cua cac

cong nhan phun son tai gara 0 to.
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2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Pdi twong nghién ciru

Trong nghién cGu ndy, ba chit diamin duwgc lya chon dé phén tich gom:
methylenedianiline (MDA), hexamethylenediamine (HDA) va isophoronediamine (IPDA).

Pbi trong mau 1a nude tiéu dugc ldy tir cac cong nhan son 1am viée & gara 6 t6 tai
Bic Ninh. Mau tring dugc Iy tir nhan vién ké toan tai cong ty san xuat thirc an chan nudi
& Vinh Phiic, ngudi khong co lich st tiép xtc véi cac chat nguy co lya chon trong nghién
ctru nay, dong thoi miu dd dugc phan tich trén thiét bi LC-MS/MS khong cho tin hiéu
tring voi thoi gian luu cta cic chat phén tich.

2.2. Héa chit, chit chuin

Céac hoéa chat, chat chudn sir dung trong nghién ctru nday déu thudc loai tinh khiét
phan tich bao gom:

- Chét chuén: hexamethylen diamin (HDA) d¢ tinh khiét 98%, 4.4'-
methylenedianiline (MDA) d9 tinh khiét 98%, isophoron diamin (IPDA) d6 tinh khiét
98%, duoc cung cip tir hing Sigma- Aldrich (M§). Dung dich chuan gbc 500 pg/mL dugc
chuan bi bang cach can chinh xac khoang 0,0125g + 0,0001 ting chéat chuan HDA, MDA,
IPDA vao cbc can c6 moé riéng biét. Thém 5 mL methanol (MeOH)/H20 (50 : 50; v/v) dé
hoa tan chuén, chuyén lan luot vao cac binh dinh mirc 25 mL, trang rua cde can va dinh
mtrc dén vach bang MeOH/H20 (50 : 50; v/v). Dung dich cac chuan gbc thu duoc c6 nong
do 500 pg/mL, bdo quan 12 thang & nhiét do 4°C.

- Cac hoa chét khac: methanol (MeOH), amoni hydroxid (NHsOH), natri hydroxid
(NaOH), acid sulfuric (H2SO4), acid formic, acetonitril (ACN), acid acetic, acid
heptafluorobutyric (HFBA), acid hydrochloric (HCl), acid trifluoroacetic (TFA), toluen,
duogc cung cap tir hang Merck (Puc). Nude deion duge ding dé pha cac dung dich.

- Cot chiét pha ran (SPE) loai trao d6i cation manh (MCX) 30 mg/3 mL cua
Phenomenex.

2.3. Thiét bi, dung cu

Thiét bi sac ky 1ong khéi phd gom hé thdng sic ky 1ong (LC) 1290 cua hing Agilent
két hop voi khéi phd hai 1an (MS/MS) G6430 va mot sb thiét bi, dung cu khéc trong phong
thi nghiém.

2.4. Phwong phap nghién ctiru
2.4.1. Phirong phdp ldy mdu va xir Iy mau

- Ly miu nudc tiéu: miu duoc 1ay ¢ thoi diém cudi ca cta cong nhan phun son 6 to.
Thé tich méu 1a 10 mL duoc dung trong lo nhya c¢6 nip vian. Mau dugc bao quan trong
thung giir nhiét c6 gel d4 lanh trudc khi chuyén vé phong thi nghiém. Néu chua phan tich
ngay, mau duoc chia thanh cac dng nho thé tich 1,5 mL, bao quan trong ti lanh sau & -
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80°C [16-19]. Khi phén tich chi 14y timg 6ng, rd déng ¢ nhiét dd phong va thuc hién qua
trinh xtr 1y, phan tich mau.

- Xtr Iy miu [14-16]: 1dy chinh x4c 250 uL miu nudce tiéu, thém 100 uL HC1 6 N va
650 pL nudc, lic déu. Mau dugc dit trong bd gia nhiét & 80°C trong 4 gid. Sau d6 mau
duogc lam ngudi dén nhi¢t do phong. Diéu chinh dén pH ~ 1,0 béng 500 uL NaOH 1 N
trude khi thyc hién qua trinh chiét pha rin (SPE). Hoat hoa cot SPE bang 1 mL MeOH va
I mL H>0O. Nap 1,5 mL mau qua cot, rtra tap béng 1 mL H>O, 1 mL MeOH; rua giai chét
phan tich bang dung dich NH4OH c6 nong d6 5% va 10% pha trong methanol. Sau dé,
mau duge co dén kho béng khi N2 ¢ 60°C. Can dugc hoa tan véi 1 mL dung dich nudc :
MeOH (95 : 5; v/v) chita 0,1% heptafluorobutyric (HFBA) rdi phan tich trén hé thong LC-
MS/MS.

2.4.2. Khao sat diéu kién phan tich va danh gid phwong phdp

- Viéc khao sat diéu kién thich hop dé phén tich dong thoi HDA, MDA, IPDA bang
phuong phap LC-MS/MS dugc thuc hién véi dung dich chuén hdn hop co néng do 50
ng/mL. Khao sét cac didu kién khdi phd (MS): tim cac didu kién t6i wu cia MS dé xac dinh
ion me va lua chon cac ion con phu hop. Khao sat diéu kién sic ky 1ong: khao sat thanh
phan pha dong, ty 1 cac dung mdi trong pha dong. Viéc khao sat dugc thuc hién theo
phuong phap don bién, thay d6i mot thanh phéan trong khi giit nguyén cac thanh phan con
lai dé thu dugc thong s phi hop dap ting cac yéu cau phén tich.

- Phuong phap dugc danh gia cac thong sd co ban gom: danh gia do ddc hidu, xay
dung duong chuén, gidi han phat hién va dinh luong, danh gia d§ chum thong qua do lap
lai va d6 dung thong qua do thu hoi. Cac két qua duoc danh gia so sanh véi cac quy dinh
cua AOAC [20].

- G161 han phat hién (MDL), gi61 han dinh lugng (MQL) cua phuong phéap

Thém hdn hop chuan HDA, MDA, IPDA ndng d6 0,5 ng/mL vao nén mau tring,
thuc hién voéi 10 mau lap.

Theo cach tiép can cia USEPA, viéc tinh gidi han phat hién va gidi han dinh lugng
cua phuong phap duoc thyuc hién nhu sau [8]:

- Gid tri gi61 han phat hién cia phuong phap MDL = S*t

Trong d6: S -1a d6 1éch chuén;

t - gid tri duoc tinh theo s6 1an thi nghiém lip lai (N =9 thi t = 2,89);

- G161 han dinh lugng cia phuong phap MQL = 3*MDL

Viéc lya chon n@)ng dd dé khao sat tinh toan MDL phai thoa man:

MDL < [ndng d thi nghiém] < 10*MDL
2.4.3. Phurong phdp xir Iy s6 liéu

S liéu duogc xtr Iy bang phan mém Microsoft Excel 2016 va Minitab 18.
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Cach tinh ndng d6 HDA, MDA, IPDA trong mau nudc tiéu (tinh theo don vi trong
tiéu chuan giam sat sinh hoc cuia HDA, MDA):

HDA, MDA, IPDA duoc dinh luong bang phuong phap dudng chuin duoc 1ap trong
khoang ndng do ctia mdi chat tir 0,5 dén 100 (ppb), hé sé twong quan R? 16n hon 0,99.
Nong d6 HDA, MDA, IPDA trong miu nudc tiéu trong mau dugc tinh theo cong thirc:

; C
Nong d6 = — (ug/g creatinin)

creatinin
Trong do:
C: ndng d6 HDA, MDA, IPDA trong dich chiét cubi cung (ng/L)

Ccreatinin: nONg do creatinin trong mau nudec tiéu (g/L)

3. KET QUA VA BAN LUAN
3.1. Khio sit cic diéu kién LC-MS/MS nham xic dinh dong thoéi HDA, MDA, IPDA
trong miu nuéc tiéu
3.1.1. Khao sat diéu kién LC-MS/MS

Trén co so tham khao tai liéu [16], viéc khao sat ion me, ion con dugc thuc hién véi
ché dd khao sat tur dong dé€ ban pha ion phan tir me thanh céc ion con. Hai ion con duogc lya
chon cho moi chat, ion con c6 cuong do cao hon dugc s dung dé dinh luong va ion co

cuong d6 thap hon ding dé xac nhan, cac két qua dugc trinh bay trong Bang 1.

Bing 1. Cdc diéu kién MS/MS phdan tich HDA, MDA va IPDA

i £s . Nang luwgng
Chat Khoi Nang lugng bién vhd Ion me
, an phd
STT phan  lugng  bin phé CE P M) Ion con (m/z)
i S Fragmentor
tich  phan tir (E) (m/z)
V)
9 81 100,1*
1 HDA 116,1 117,1
17 81 55,0
25 128 106,0*
2 MDA 198,2 199,2
25 128 182,1
10 102 154,4*
3 IPDA 170,1 171,1
22 102 95,4

Qua két qua & Bang 1 cho thiy, diéu kién khéi phd hoan toan phu hop véi cong thic
phan tir cia HDA, MDA, IPDA, s6 khéi cuia cac ion me twong tmg véi timg chét phan tich,
ching déu c6 dang 1a [M+H]", mdi chit thu duoc 2 ion con. Két qua nay ciing phtt hop véi

mot sb nghién ctru trude day [13, 16].
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3.1.2. Khao sat lya chon pha dong
a) Khao sat thanh phan pha dong

Trong phuong phap sic ky long khéi phd, pha dong khong chi anh hudng t6i qua
trinh tach cac chat ma con anh huéng t6i qua trinh ion hoa va tin hiéu cua chat phén tich.
V6i ki thuét ion hoa phun dién tir bdn pha & ché d6 ion duong, qua trinh ion héa ting khi
c6 thém cac chit tao cip ion nhu: acid heptafluorobutyric (HFBA), acid trifluoroacetic
(TFA), pentafluoropropionic anhydride (PFPA), acid formic. Do do, dung dich pha dong
duoc thém 1an luot cac chat ndy dé khao sat hiéu qua phan tach voi dung dich chuin hdn
hop HDA, MDA, IPDA 25 ng/mL.

Thanh phan pha dong dung trong khao sat: kénh B lan luot 1a ACN, va MeOH; kénh
A lan luot 13 acid heptafluorobutyric (HFBA) 0,1 %, acid trifluoroacetic (TFA) 0,1 %, acid

formic 0,1 % trong nudc. Két qua khao sat dugc thé hién trong Hinh 1.
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Hinh 1. Két qua khdo sdt thanh phan pha dong

Két qua thu dugc ¢ Hinh 1 cho théy, tin hi€u di¢n tich pic cua cac chét phan tich tang
khi str dung pha dong c6 thém cac chat tao cap ion theo thir ty HFPA > TFA > acid formic.
Khi sir dung pha dong 1a MeOH thém HFBA 0,1% cho thoi gian luu ngan, dién tich pic
cao nhét, c6 thé lam ting do nhay ctia phuong phap. Do d6, pha dong MeOH thém HFBA
0,1% trong nudc dugce lya chon cho céac khéao sat tiép theo.
b) Khao sét ty 18 thanh phan pha dong

Sau khi khao sat lya chon dugc thanh phan pha dong phu hop, d phan cyc thong
qua diéu chinh ty 18 thanh phan pha dong MeOH - HFBA 0,1% trong nudc tuong tmg 1a:
Thi nghiém (TN) 1 (20 - 80%); TN 2 (40 - 60%); TN 3 (50 - 50%); TN 4 (55 - 45%); TN 5
(60 - 40%), TN 6 (80 - 20%) cting dugc khao sat voi 2 kénh nhu sau:

Tap chi Kiém nghiém va An toan thuc pham - tap 6, s6 1, 2023



Nghién cliu xac dinh mét s diamin trong nudc tiéu...

- Kénh A: dung dich HFBA 0,1% trong nudc.
- Kénh B: dung m6i MeOH thém HFBA 0,1%.
Két qua khao sat dugc thé hién trong Hinh 2.
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Hinh 2. Két qua sdc dé khdo sat ty 16 dung méi anh hieong dén sie phan tich cdc chat
phan tich. A: TN 1, B: TN 2, C: TN 3, D: TN 4, E: TN 5, F: TN 6.
Két qua khao sat & Hinh 2 cho théy, khi phan tich véi ché d¢ dang dong (isocractic)
o ty 1€ MeOH: HFBA (50 : 50; v/v) (Hinh C) thu dugc tin hi€u cac chat phan tich 16m, do
phan giai tot voi thoi gian luu ngan. Do do, ty 1¢ dung moi nay dugc lua chon cho céc thi

nghiém tiép theo.
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3.2. Khio sat quy trinh xir Iy miu
a) Khdo sat thoi gian i mau

Do céc chat HDA, MDA, IPDA tdn tai trong nudc tiéu ¢ nhiéu dang khac nhau nén
can c6 thoi gian 0 miu dé chuyén vé mot dang cua ting chat phéan tich. Thoi gian u mau
duoc khéo sat trong khoang 2 - 16 gio voi 5 gia tri: 2, 4, 6, 8, 16 gio & muc néng do thém
chuén 13 35 ng/mL, chiét SPE st dung c6t MCX. Két qua thu dugc thé hién ¢ Hinh 3.

100 -
90 1 e
80 A1
70 4
60 -

50 A e=@== HDA

it thu héi (%)

éu sud

40 A

== MDA

30 4 IPDA
20 o

Hi

10 -

Thei gian G mau (giv)

Hinh 3. Két qua khao sdt thoi gian 1t mau

Két qua khao sat & Hinh 3 cho thay, thoi gian G mau tir 8 - 16 gio ¢6 hiéu suat thu hdi
déu dat trén 80% cho ca ba chat HDA, MDA, IPDA. O thoi gian 0 miu ngin, cac amin
chua dugc chuyén hoa hoan toan 1am giam tin hiéu cia cac chat phan tich. Khi ting thoi
gian U miu cho hiéu suit ting 1én. Tuy nhién, hiéu suat thu hdi & 16 gid ting khéng dang
ké so véi 8 gio. Do do, thoi gian G mau 8 gid dugce chon cho cac nghién ctru tiép theo.
b) Khao sat dung méi rua giai

Déi twong nghién ctru 1a mau nudc tiéu c6 thanh phan phirc tap. Do d6, can phai co
qua trinh 1am sach miu trudc khi bom vao thiét bj phan tich. Trong nghién ctru ndy, cot
SPE loai MCX dugc st dung dé 1am sach mau va lam giau chat phan tich. Quy trinh qua
cot dugc thuc hién nhu trong muc 2.4.1. Trong do, néng dd dung dich rura giai NH4OH pha
trong MeOH duoc khao sat véi cac gia tri: NH4OH 5%, NH4OH 10%, NH4OH 15%,
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NH4OH 5% + NH4OH 10%, NH4OH 5 % + NH4OH 15%. Két qua ndng d6 (Ctt) va d6 thu
hoi (R) cua cac chit do dugc khi thém chuidn HDA, MDA, IPDA 45 ng/mL trén nén miu
trang thé hién trong Bang 2 va Hinh 4.

Bing 2. Khdo sat dung méi riva gidi doi véi cac HDA, MDA, IPDA

Néng dp NH,OH HAD MDA IPDA
Cu R% Cu R% Ctt R%
(ng/mL) (ng/mlL) (ng/mL)
Khdo sat A:

NH.OH 5 % + NH,OH 15 % 40,71 90,47 36,89 81,98 46,12 102,49

Khdo sat B:
37,05 82,33 7,12 15,82 46,82 104,04
NH OH 15 %
Khao sat C:
42,65 94,78 46,51 103,36 45,61 101,36
NH,OH 5 % + NH,OH 10 %
Khao sat D:
41,26 91,69 35,63 79,18 44,61 99,13
NH, OH 10 %
Khao sat E:
6,12 13,60 46,61 103,58 37,82 84,04
NH,OH 5 %
- [\ Cheomatogrn Reds x
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Hinh 4. Két qua sdc do khao sdt nong dé dung dich rira gidi. A: NH/OH 5% + NH/.OH
15%; B: NH,OH 15%; C: NH/OH 5%+ NH,OH 10%,; D: NH;OH 10%; E: NH;OH 5%
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Két qua khao sat & Hinh 4 va Bang 2 cho thay, IPDA duoc rira giai tot & tt ca cac
ndng d6 NH4OH. Trong khi d6, & nong d6 NH4OH thip 5%, MDA dugc rira giai gan nhu
hoan toan ra khoi cot nhung HDA lai hau nhu khong duoc rua giai. Nguoc lai, ¢ néng do
NH4OH 10%, HDA duoc rira giai gan nhu hoan toan nhung MDA khong duogc rira giai
hoan toan ra khoi cot. Do vdy, dé ting kha nang chiét ca 3 chat HDA, MDA, IPDA, dung
dich NH4OH ¢ hai nong d¢ khac nhau 1a 5% va 10% dugc chon két hop dé rira giai hoan
toan cac chit phén tich ra khoi cot. Trong d6, dung dich NH4OH 5% (1 mL) rira giai trudc,
sau d6 dén dung dich NH4OH 10% (1 mL) pha trong MeOH.

3.3. Tham dinh phwong phap
3.3.1. Do dac hiéu cua phwong phap

Sau khi Iira chon duoc cac diéu kién phan tich va xir Iy mau nham xac dinh dong thoi
ba diamin, phuong phap dugc tham dinh. Trudc hét, d6 dic hiéu cua phuong phap duoc
danh gia bang cach tién hanh phan tich mau tring, miu chuin va mau tring thém chuan
(Hinh 5). Trén sic d6 mau trang khong c6 tin hi¢u ciia chat phan tich, mau chuan va mau
tréng thém chuén c6 xuét hién tin hiéu cia HDA, MDA, IPDA & thoi gian trung khép véi
thoi gian luu cta chuan tuong tmg (chénh 1éch thoi gian luu khong qué 2%).

. Chromatogram Results
rot QE[W¢[Eaoc o mIAKLMBRE 5 s v 4
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54 [
J
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Hinh 5. Sic d6 mdu trang, mdau chudn va mau thém chudn HDA, MDA, IPDA.
A: mau chudn, B: mau thém chuan, C: mau trd'ng
Déng thoi, do dac hi€u ciling dugc danh gid qua s6 diém IP d6i v&i cac chat phan
tich. Theo cach tinh diém IP ctia EU 2021/804 [21] ddi véi mdi ion melal diém, mdi ion
con 1a 1,5 diém, thiét bj LC-MS/MS 1a 1 diém. Két qua thu dugc trén mau chuén va trén
mAu trang thém chuan cho thiy HDA, MDAva IPDA déu c6 sb diém IP = 5 > 4; thoa man
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yéu cau phan tich khdi phd LC-MS/MS ciia AOAC [2]. Nhu vay, phuong phap co do dic
hiéu t6t dé phan tich ddng thoi HDA, MDA, IPDA.
3.3.2. Xy dung dwong chudn

Céac dung dich dung dé dung duong chuan duoc pha lodng tir cac dung dich chuan
gbc. Mdi diém duoc phén tich 1ip lai 3 14n, dién tich pic trung binh thu duoc s& 1a s6 liu
dé dung duong chuan su phu thudc cua di¢n tich pic vao néng do. Tu do, duong chuén 7
diém xac dinh HDA, MDA, IPDA duoc xdy dung trong khoang noéng do tir 0,50 - 100,0
ng/mL. Két qua duoc thé hién trong Bang 3.

Bing 3. Puong chuan xdc dinh HDA, MDA, IPDA bang phwong phédp LC-MS/MS

Chit phan . H¢ sé twong Khodng dwong
Phuwong trinh hoi quy y = a + bx ,
tich quan R? chuan (ng/mlL)
HDA y=60,8 +367,9x 0,9998 0,50 - 100,0
MDA y =-69,0 +914,7x 0,9999 0,50 - 100,0
IPDA y =105,7 + 704,9x 0,9999 0,50 - 100,0

Khoang lam viéc va dg chéch cta cac diém chuan cia tung chat phan tich dugc trinh

bay & Bang 4.
Bdng 4. Khoang lam viéc va do chéch
c HDA MDA IPDA
(ng/mL) Ctinhlai D¢ chéch Ctinhlai D¢ chéch Ctinhlai D¢ chéch
(ng/mL) (%) (ng/mL) %) (g/ml) (%)
0,50 0,51 2,00 0,54 8,00 0,46 - 8,00
1,00 1,02 2,00 1,07 7,00 0,98 - 2,00
5,00 4,84 -3,20 4,64 -7,20 4,78 -4,40
10,00 9,89 - 1,10 9,90 - 1,00 10,01 0,10
20,00 20,08 0,40 19,62 - 1,90 20,38 1,90
40,00 40,82 2,05 40,66 1,65 40,82 2,05
60,00 61,54 2,57 59,98 -0,03 60,98 1,63
100,0 100,1 0,03 99,37 -0,63 100,1 0,07

Két qua cho cho théy trong khoang n@)ng do tr 0,50 - 100,0 ng/mL, néng d6 va dién
tich pic co mbi quan hé tuyén tinh d6i voi ca 3 chit HDA, MDA, IPDA, véi hé sb tuong
quan hdi quy (R? > 0,99), d6 chinh xac cua tit ca cac diém dap ung yéu cau, gia tri do
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chéch timg diém chudn co gia tri nam trong khoang + 15%. Vi vay, khoang ndong do tir
0,50 - 100,0 ng/mL duoc lya chon 1a khoang dinh luong.
3.3.3. Gioi han phat hién (MDL) va gioi han dinh lwong (MQL) cua phwong phap

Trén co s& duong chuan di xay dung, gidi han phat hién (MDL) va giéi han dinh
lwrong (MQL) cua phuong phap dd duge xac dinh bang cach phan tich lip lai 6 1an ¢ mirc
ndéng do thém chuin 0,5 ng/mL trén nén méu trang. Két qua khao sat thu duoc nhu trong

Bang 5.
Bdng 5. Gioi han phat hién va gioi han dinh lwong cua phwong phap
Tén chat MDL (ng/mL) MQL (ng/mL)
HDA 0,074 0,24
MDA 0,059 0,19
IPDA 0,053 0,18

Tur két qua ¢ Bang 5 cho théy, cac gid tri MDL, MQL thu dugc 1a kha nhd, do do
phuong phap c6 d6 nhay cao, phi hop dé phan tich luong vét, ¢& ppb ciia HDA, MDA,
IPDA trong mau nudc tiéu.

3.3.4. D¢ lap lai va dé thu hoi ciia phirong phdp

Do lap lai va do thu hoi ctia phuong phép duoc danh gia ¢ cac mirc nong d6 HDA,
MDA, IPDA 0,50; 8,00; 30,00; 70,00 ng/mL thém vao mau tréng v6i 06 thi nghiém 1ap lai.
Két qua thu dugc trong Bang 6.

Bing 6. D¢ 1ap lai, dj thu héi ciia phirong phdp

Chit 050ng/mL,n=6 8,00ng/mL,n=6 30,00ng/mL,n=6 70,00ng/mL, n=26

phin RSD RSD RSD
’ R 0, R 0, R 0, R 0 R D 0,
tich (%) (%) (%) (%) (%) %) (%) SD (%)

HDA 102,00 5,68 99,64 5,54 97,70 5,26 97,39 2,03
MDA 105,33 4,27 97,22 4,10 96,43 3,24 100,81 2,62
IPDA 90,67 7,07 86,38 4,40 96,54 3,23 94,28 2,16

Tir két qua thu duoc & Bang 6 cho thdy, ca 3 mic ndng do déu co do léch chuin
tuong dbi (RSD) nho hon 8% va do thu hoi cua cac chat phan tich dao dong trong khoang
86,38 - 105,3%, cho thiy phuong phap c¢6 chum va d6 ding dap tng yéu cau theo AOAC
[16] (RSD < 15% tai mirc ndong d6 10 ppb va do thu hdi trong khoang 80 - 115%).

3. Phén tich miu thyec té

Trén co so cac két qua tham dinh dap tng yéu cau cia AOAC, phuong phap di duogc

ap dung dé xac dinh dong thdi ham lugng cia HDA, MDA, IPDA trong 30 mau nudc tiéu
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ctia cong nhan tai gara 6 t6 & Bic Ninh. Két qua ham luvong HDA, MDA, IPDA trong mau
nuée tiéu duoc thé hién & Bang 7 va Hinh 6.

Bing 7. Két qua dinh lwvong HDA, MDA, IPDA cdc mau nuée tiéu

ST Mfi HDA MDA IPDA Zg/;l’ ](‘Z;)Z, I(zzz
T mau (ng/mL)  (ng/mL)  (ng/mL) creatinin) creatinin) creatinin)
1 M1 6,80 0,37 - 3,30 0,18 -

2 M2 12,89 0,35 0,33 4,55 0,12 0,12
3 M3 6,27 0,30 - 2,94 0,14 -
4 M4 8,34 0,31 - 3,92 0,14 -
5 M5 14,64 0,31 - 6,48 0,14 -
6 M6 26,48 0,46 1,68 8,96 0,16 0,57
7 M7 21,4 0,37 1,36 9,12 0,16 0,58
8 M8 11,61 - - 4,08 - -
9 M9 26,43 0,33 1,19 11,04 0,14 0,50
10 M10 23,21 0,41 1,18 11,16 0,2 0,57
11 M1l 22,96 0,35 1,04 10,04 0,15 0,45
12 M12 17,48 - - 5,86 - -
13 M13 24,2 0,33 1,39 11,44 0,15 0,66
14 M14 17,16 - - 6,31 - -
15 M15 17,24 - - 7,81 - -
16 M16 18,45 - - 8,43 - -
17 M17 27,6 0,31 0,91 11,17 0,13 0,37
18 M18 17,8 - - 6,38 - -
19 M19 28,57 0,37 0,94 13,6 0,18 0,45

20 M20 24,65 - - 8,44 - -
21 M21 24,19 - - 10,88 - -
22 M22 - - - - - -
23 M23 10,32 0,30 - 4,35 0,13 -
24 M24 17,24 0,37 1,18 8,38 0,18 0,58
25 M25 10,39 0,30 - 4,45 0,13 -
26 M26 14,12 - - 5,03 - -
27 M27 13,06 0,32 1,01 4,35 0,11 0,34
28 M28 14,19 - - 4,70 - -
29 M29 32,02 0,42 1,70 11,04 0,15 0,59
30 M30 9,86 0,31 - 3,69 0,12 -

Ghi chu: “-* nho hon MDL
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Hinh 6. Két qua ham lwong HDA, MDA, IPDA trong cdc mau nudc tiéu

Két qua phan tich mau thuc té cho théy da phat hién 29/30 mau c6 ham luong HDA,

chiém ty 18 cao 96,67%; 19/30 mau c6 ham lugng MDA, chiém ty 18 63,33%; 12/30 mau

¢6 ham luong IPDA, chiém ty 18 40,00%. Ham luong cia ba diamin trong cic miu nudc

tiéu thu thap dugc dao dong twong ung trong khoang tir nhd hon MQL dén 13,6 pg/g

creatinin ddi véi HDA, dén 0,20 pg/g creatinin ddi véi MDA, dén 0,66 pg/g creatinin ddi

v6i IPDA. Tuy nhién, tAt ca cdc mau déu co ham lugng HDA, MDA, IPDA nam trong tiéu

chuan cho phép theo quy dinh cua Puc va cia My (NIOSH) (HDA < 15 pg/g creatinin;
MDA < 10 pg/g creatinin).

4. KET LUAN

Nhu vay, nghién ctru da thanh cong trong viéc xay dung phuong phip LC-MS/MS
nham xac dinh dong thoi 4,4'-methylenedianilin (MDA), hexamethylen diamin (HDA),
isophoron diamin (IPDA) trong mau nudc tiéu. Phuong phap dd dugc tham dinh vé do
tuyén tinh trong khoang duong chuan, d6 chum va do ding dap tmg yéu ciu cia AOAC.
Phuong phap di dugc ap dung dé xac nong @6 HDA, MDA, IPDA trong 30 miu nudc tiéu
ctia cong nhan son 6 to tai 1 gara 6 t6 ¢ Bac Ninh. Két qua budc dau cho thay da co su
phoi nhidm cua cac cong nhan nay d6i voi cac chat phan tich, tuy nhién, mirc ham luong
van nam trong giéi han cho phép theo qui dinh cta Pic va My.
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Abstract

Isocyanate is a common name for chemical compounds containing one or more -
NCO groups. There have been many studies showing that isocyanates pose a risk to human
health when exposed and can cause occupational poisoning. When absorbed into the body,
the isocyanates will be converted into the corresponding amines. Therefore, the
determination of these diamines in urine will contribute to the assessment of exposure to
isocyanates. This article presents a study on simultaneous determination of 4,4'-
methylenedianiline (MDA), hexamethylene diamine (HDA), isophoron diamine (IPDA) in
urine by liquid chromatography-tandem mass spectrometry (LC-MS/MS). The method
detection limit (MDL) were 0.074, 0.059, and 0.053 ng/mL for HDA, MDA, IPDA,
respectively. The method quantitation limit (MQL) were 0.243, 0.194 and 0.177 ng/mL for
HDA, MDA, IPDA, respectively. The method's recovery ranged from 86.38 to 105.3%
with the repeatability RSD; < 6%. The method was successfully applied to simultaneously
determine the content of HDA, MDA and IPDA in 30 urine samples of workers at auto
repair garages in Bac Ninh province. The results showed that HDA, MDA and IPDA were
detected in these samples with different concentrations.

Keywords: LC-MS/MS, diamine, MDA, HDA, IPDA, urine.
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