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DEVELOPMENT OF A PROCESS TO QUANTIFY FREE FORMALDEHYD IN SHAMPOO
USING HPLC METHOD
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Abtract: A HPLC-based method was developed for identification and determination of formaldehyd in
shampoo. This method involves chemical derivatization with 2,4-DNPH. Formaldehyd dissolved in solution
from shampoo matrices with water following by chromatographic on C18 (250 x 4,6 mm, 5 um) column with a
mixture of water and acetonitril (55 : 45) as mobile phase, maintaining at flow rate of 1.0 mL per minute, UV-Vis
detector was set at 355 nm. The method was validated about the specificity, linear range, precision, accuracy,
LOD, LOQ, and validation results proved that this method was suitable for determination of formaldehyd in

shampoo.
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XAY DUNG QUY TRINH DINH LUONG FORMALDEHYD TU DO TRONG DAU GOI
PAU BANG PHUGNG PHAP HPLC
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Tom tiit: Nghién ciru nay da xdy dung dige phép dinh tinh va dinh lu'ong formandehyd trong dau géi dau
bang phuo‘ng phap HPLC. Phu“ong phap nay dya trén phan img tao dan chdt ciia formandehyd hoa tan trong
dau géi dau véi 2,4-DNPH. Dan chat tao thanh dwogc phan tich khi dung pha dong nudc va acetonitril (55 : 45)
chay qua cét C18 (250 x 4,6 mm; 5um) véi toc do 1,0 mL/phiit, buede song phat hién 355 nm. Quy trinh nay da
duoc tham dinh dé dac hiéu, o tuyén tinh, d¢ dung, do chinh xac, LOD, LOQ va két qua da chirng minh phuong
phdp phix hop dé dinh tinh va dinh lwong formandehyd trong dau géi dau.

Tir khéa: formandehyd, tao dan chat véi 2,4-DNPH, dau géi dau, HPLC.

I. PAT VAN PE

Formaldehyd 13 mot hop chit hitu co ¢6 cong thirc
CH:O ton tai & dang khi khong mau, mui héc, tan tdt
trong nudc, rat doc va thuong dugc st dung dudi dang
dung dich goi la formol. Formaldehyd dugc st dung trong
nhiéu nganh cong nghiép va san phim bao gdm vat lidu
xay dung, tuong, tu, dd ndi that, téng hop nhua, son, keo

dan va d6 chim séc ca nhan. Nhiéu nghién ctru cho rang
formaldehyd 1a tic nhan gay ung thu va thiic day sy hinh
thanh khéi u, trong my pham co thé gy di ung va phat
ban [1, 2].

Trong céc san phim cham soc ca nhan formaldehyd
¢6 thé duoc thém vao dé lam chit bao quan hodc phat
sinh tir cac hop chat giai phong ra formaldehyd nhu
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quaternium-15, DMDM hydantoin, imidazolidinyl
urea, diazolidinyl urea, polyoxymethylene urea, natri
hydroxymethylglycinate, bromopol va glyoxal [1].
Theo quy dinh cia chdu Au va ASEAN ham luong
formaldehyd khong qua 0,2% trong san pham rira troi
va khong qua 0,05% trong cac san pham khong rira troi
[3, 5]. Hién tai uy ban khoa hoc chau Au vé an toan
cho nguoi tidu ding SCCS con nhan thiy gii han
canh bao c6 formaldehyd dé ra nam 2019 (0,2%) van
chua du thap [4]. Riéng FDA khong quy dinh giéi han
cu thé, nhung yéu cau phai ghi rd trén nhan khi ham
lugng nay vuot qua 0,05%. FDA tir 2023 da va dang deé
xuit cAm formaldehyd trong san phdm lam toc. Trudc
thyc tién do, viéc xay dung quy trinh xac dinh gi6i han
formaldehyd trong my phdm 1a hét strc can thiét nham
bao v¢ suc khde cho nguoi st dung.

Hién nay, Viét Nam chua c6 phuong phap chinh thirc
dé kiém tra ham luong formaldehyd trong my pham. Dé
gop ph;‘in nang cao hi¢u qua cong tac kiém tra, giam
sat chat luong my phﬁm trén thi truong ching toi tién
hanh nghién cltru “Xay dung quy trinh dinh luong
formaldehyd tu do trong diu goi dau bang phuong phap
HPLC”.

II. QUY TRINH PHAN TiCH
2.1. Thiét bi, dung cu, hoa chét, chit chuin
2.1.1. Thiét bi, dung cu

Cic thiét bi va dung cu phan tich dd dugc hiéu chuan,
dap ung yéu cau cua ISO/IEC 17025 va GLP, bao gom:

- Can phan tich AB204-S d6 chinh xac 0,1 mg (Mettler,
Thuy, SY);

- B Micropipet Eppendorf (Puc);

- Hé thdng may sic ky 1ong hiéu ning cao Shimadzu
LC-2030C 3D;

- Cot Welch Xtimate C18/Phenomenex Gemini C18
(4.6 x 250 mm, 5 pm);

- Céc dyng cy thuy tinh ¢6 do chinh xac p}}fl hop: binh
dinh mure, pipet, b loc thuy tinh, binh nén, coc ¢6 mo,...
2.1.2. Hod chit, dung méi va thuéc thir

Dung mdi tinh khiét HPLC: acetonitril (Merck), iodine
(Scharlau), tetrahydrofuran (Merck), sodium hydroxide
(Scharlau), potassium hydroxide (Merck), sodium
hydrogen phosphate anhydrous (Merck), acid clohydric
(VWR BHD), acid sulfuric (Carlo Erba), acid phosphoric
(Scharlau), natri sulfat (Scharlau), natri thiosulfate
(VKNTTW), nudc RO (VKNTTW).

2.1.3. Chiit chuén
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- Chét chudn formaldehyd; 16 20K 146033; Ham lugng
36% , nguon goc: VWR BHD Chemicals, Phap.

2.1.4. Thuéc thir

- Thudc thir 2,4-dinitrophenylhydrazin, nguén géc:
Daejung Chemicals & Metals CO., LTD.

- Dung dich dém pH 6,8 0,1 M: dinatri hydrophosphate
1,7395 g, kali dihydrogen phosphate 0,693 g trong 100 mL
nudc.

2.2. Poi twong va phwong phap nghién ciru
2.2.1 Déi twong nghién civu:

+ M?lu/placebo: méu dau goi khong chira formaldehyd
va cac chat c6 kbé nang giai phong ra formaldehyde do
cong ty Dugc pham Hoa Linh cung cap.

+ Mau tha: mau dau goi c6 ky hiéu BB-003 (co
thanh phan DMDM hydantoin c6 nguy co giai phong ra
fqrmaldehyd tu do) do cong ty Dugc pham Hoa Linh cung
cap.

+ Mau ty tao: mau placebo, thém chuén (dé lam phan
do dung).

+ Mau chuan: pha tur chit chuin formaldehyd (36%).

+ Mau trang: dung méi pha mau (nudc).

2.2.2. Phuwong phdp nghién ciru
2.2.2.1. Nguyén ly cua phuong phap:

Formaldehygl khong g(') nhém hép thu UV manh nén
duoc tao dan Ché;t voi thuéc thur 2,4-dinitrophenylhydrazin,
san pham tao qu chat dugc phat hién boi detector diod
array cua hé thong HPLC.
2.2.2.2. Diéu kién sdc ky

- Cot: C18 (25 cm x 4,6 mm; 5 um)

- Detector UV: 355 nm.

- Thé tich tiém: 20 uL

- Téc d6 dong: 1,0 mL/phut

- Pha dong: nudc — acetonitril (55 : 45).

- Pt ché do tu dong tao d?m chét trude cot nhu sau:
10 uL dung dich thir hodc chudn, thém 0,45 uL dung dich
2,4-DNPH 0,1% trong HCI 2 N, thém 4,0 uL dung dich
dém pH 6,8 0,1 M, 16 uL dung dich NaOH 0,5 M.
2.2.2.3. Phuong phdp xir Iy mau

- Dung dich chuan géc 1: Hat 5,5 mL formaldehyd
(36%) cho vao binh dinh mic 500 mL, thém 300 mL
nude, lic siéu 4m dé hoa tan va pha lodng t6i vach bang
nude. Loc qua mang loc 0,45 pm (dung dich chudn cé
ndng d6 formaldehyd khoang 4000 pg/mL).
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- Dung dich gdc 2: Hiit 2,5 mL dung dich gdc 1 cho
vao binh dinh mirc 100 mL, pha lodng t&i vach bang nudc.
Loc qua mang loc 0,45 um (dung dich chuan c6 nong do
formaldehyd khoang 100 pg/mL).

- Dung dich chuén 1am viéc: Hat 1,0 mL dung dich
gdc 2 cho vao binh dinh mirc 25 mL, pha loang téi vach
bang nude. Loc qua mang loc 0,45 pm (dung dich chuan
¢6 ndng d6 formaldehyd khoang 4 pg/mL).

Chudn bi dung dich thir: Can chinh xac khoang 0,25
g ché pham cho vao binh dinh mtrc 25 mL, thém 15 mL
nude, lic siéu 4m 15 phut dé hoa tan, pha lodng t6i vach
bang nude. Loc qua mang loc 0,45 pm.
2.2.2.4. Tién hanh va danh gia két qud phdn tich

- Tiém dung dich chuén véao hé théng sic ky, ghi nhan
sdc ky dd. Yéu cau twong thich hé théng: d6 1éch chuan
twong d6i cua dién tich pic va thoi gian luu ciia 6 lan tiém
lap lai dung dich chudn khéng 16n hon 2,0%, hé sb dbi
xung khong 16n hon 2,0.

- Tién hanh séc ky dung dich thir, ghi lai sic ky do.

- Pinh tinh: dwa vao 2 tiéu chi: thoi gian luu va phé UV

+ Thoi gian luu cua pic thu dugce tr mau thir phai
tuong ung vadi thoi gian luu cia pic formaldehyd thu dugc
tir mau chuén.

+ Hé s6 so sanh phd UV-VIS cua dung dich mau thir va
mau chuan: Match > 0,98.

- Dinh lugng: dua vao dién tich pic thu dugc tir dung
dich thtr va dung dich chuén, do pha loang va lugng can
ctia mau thtr va chuén.

2.2.3. Thdm dinh phwong phdp

Phuong phap duogc tham dinh theo cac chi tiéu theo tai
liéu huéng dan ctia Asean, ICH, USP: tinh thich hop cua
hé thong, do dic hiéu, do tuyén tinh, d6 dung, do chinh xé4c,
khoang xac dinh, gi6i han phat hién va gidi han dinh lugng.

2.2.4. Ung dung phén tich mdu

Ap dung quy trinh d xdy dung dé xac dinh ham luong
formaldehyd trén cac miu my pham trén thi truong.
1. KET QUA VA BAN LUAN
3.1. Lua chon diéu kién sic ky

Sau khi khao sat trén cac cot C8 [7, 8] va C18 [9] khac
nhau voi cung kich thudc, ty 1€ pha dong, nhiét do thi cot
C8 cho thoi gian luu khodng 5 — 9 phut va cot C18 thoi
gian luu khoang 12 — 16 phut. Cot C18 cho kha nang tach
t6t hon trén nén mau thir nghién ciru.

Dung méi pha mau 1a nudc cho dap mg pic twong
duong v6i hon hgp dung moi THF : nude (9 : 1) sir dung
trong 1 s6 bai bao [8]. Vi vdy ching t6i chon dung méi pha
mau 1a nude vira an toan vira giam chi phi.

Din chét tao thanh c6 nhiéu cuc dai hép thu (221, 251,
355 nm) nhung tai 355nm cho do hép thu 16n nhét, nén
chiing t6i Iya chon dat budc song phat hién & 355nm dé
tang d nhay va giam thiéu anh huéng nén.
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Hinh 1,2. Phé UV-Vis ciia dan chét tao thanh
Sau khi khao sat cac ty 1é pha dong nudc — acetonitril khac nhau, két qua thuc nghiém cho thay véi ty 1é nudc :

acetonitrile (55 : 45) cho pic can dbi va tach tét.

Sau khi khao sat cac diéu kién vé cot sic ky, ty 16 pha dong, dung moi pha mau, chung t6i Iya chon didu kién sic ky

nhu myc 2.2.2.2. va xir Iy mau nhu myc 2.2.2.3.
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3.2. Thim dinh phwong phap phén tich

3.2.1. Tinh thich hop hé thing

Tién hanh tiém 1ap lai 6 lan dung dich chuan duoc
chuan bi nhu trong muc 2.2.2.3 vao hé thong sic ky, ghi
lai céc sdc ky do, két qua tinh thich hop ciia hé thong sic

ky duoc thé hién & Bang 1.

Bing 1. Tinh thich hop hé thong

STT Cdc théng so pic Gia tri trung binh
1 Thoi gian luu 14,172 phut
2 | RSD % cua thoi gian luu 0,018%
3 Dién tich pic 1136158 mAu
4 | RSD % cua dién tich pic 0,519%
5 Hé s6 kéo duoi 0,99
6 S6 dia ly thuyét 25434

Két qua Bang 1 cho thay: do lap lai vé thoi gian luu,
dién tich pic, hé s6 dbi ximg pic cua formaldehyd dat yéu
cau. Nhu vay phuong phap dua ra dat yéu cau vé tinh thich
hop hé thong.

3.2.2. D¢ dic hi¢u — chon loc ciia phwong phap

- Mau trang: dung méi pha mau (hdn hop nudc :
acetonitril (55 : 45), loc qua mang loc.

- Mau placebo: can 0,25 g mau placebo vao binh dinh
mirc 25 mL, tiép tuc xir 1y theo quy trinh phan tich.

- Méu chun: str dung dung dich chuan lam viéc trong
muc 2.2.2.3.

- MAu ty tao: sir dung dung dich mau placebo, thém
chat chuén formaldehyd, tiép tuc xr I theo quy trinh phan
tich.

- MAu thtr dau goi: xir Iy theo quy trinh phan tich.

Mau tring va miu placebo déu c6 pic formaldehyd
khong loai bo duoc do sy hoa tan ctia formaldehyd trong
nude va thude thir, tuy nhién dién tich pic ciia mau tring
va miu placebo sai léch khong dang ké (< 0,2%) va anh
hudng cia nén so v6i mau chudn & ndng do lam viée <
2%. N6ng do lam viéc béng 80% néng d6 cao nhat duoc
phép khong can dua vao nhin canh bao ¢6 formaldehyd.
Vi vy phuong phap nay c6 do dic hiéu. Mau thir cho pic
c6 cung thoi gian luu véi pic formaldehyd trong dung dich
chuén,

Tir két qua thu dugc cho thay phuong phéap phan tich
¢6 kha nang phan biét rd rang pic cua formaldehyd voi
céc thanh phan nén (placebo) va miu tring. Anh hudong
ctia thude thir déu ndm trong gidi han cho phép, chimg to
phuong phap c6 tinh déc hi¢u cao, phu hop st dung cho
muc dich dinh lugng trong diéu kién phan tich thyc té.
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3.2.3. Xay dung dwong chudn va khodng tuyén tinh
* Thue nghiém:
Str dung dung dich chuan gdc 2 trong muyc 3.2.1. Tinh

thich hop hé thong, tién hanh pha diy dung dich chuan véi
nong do tur 1 ppm dén 16 ppm.

* Két qua:

Bing 2. Két qua khao sdt dwong chudn

STT | Thé tich dung dich gbc 2 mL | Binh pha loding | Néng d (ng/mL) Dién tich pic mAU)

1 0 100 0 11350

2 1 100 1,087 303835
3 1 50 2,174 578166
4 1 25 4,348 1138211
5 2 25 8,696 2488801
6 3 25 13,044 3247336
7 4 25 17,392 4596541

Phuong trinh hoi quy y = 258569x + 8304,6
Hé s6 twong quan ~ 0,999

Két qua: Hé s6 tuong quan ~ 0,999 nam trong gidi han
cho phép. Nhu vy, cé su twong quan tuyén tinh chat ché
gitta ndng d6 formaldehyd véi dién tich ciia cac pic trong
khoang ndng do khao sat tir 0 — 1,087 pg/mL dén 17,392
ug/mL.

3.2.4. Dy chinh xdc:

* P chinh x4c bao gom:

+ D03 lap lai

+ D9 chinh xac trung gian dugc tién hanh tuong tu do
1ap lai nhung khac ngay.

- Tién hanh chuan bi ddy dung dich chudn twong tu
muc 3.2.3. Xay dung duong chuan va khoang tuyén tinh
twong tuy muc 3.2.5. B dung.

- Tién hanh phan tich cac mau tu tao, ghi lai SKD. Tinh
phén trim thu hdi ciia formaldehyd trong cac mau ti tao,
str dung phuong trinh hdi quy cua formaldehyd.
3.2.4.1. D¢ lap lai:

* Thuce nghiém:

Tién hanh chuén bi 6 mau thir theo quy trinh phan tich.

Két qua: Gia tri RSD = 0,93%, n = 6, thoi gian luu 6n
dinh (RSD = 0,17%) nam trong gi6i han cho phép. Két
qua cho thay phuong phap cho d¢ 1ap lai tot.
3.2.4.2. D6 chinh xdc trung gian:

Két qua do chinh x4c trung gian gitra 2 ngay khac nhau
¢ Bang 3.

Bdng 3. Do chinh xac trung gian

STT Kiém nghigm vién 1 Kiém nghiém vién 2
TB (ug/g) 427,55 423,09
RSD (%) 0,93 1,56

Két qua dinh lwong trung binh ciia 2 kiém nghiém vién : 426,64 mcg/g, RSD: 1,33%

* Nhan xét: - RSD két qua dinh luong ciia mdi kiém
nghi¢m vién < 2,0%.
- RSD 12 két qua cuia ca 2 kiém nghiém vién < 3,0%.
* Két lugn: Phuong phap c6 do chinh xéc trung gian
dat yéu cau dua ra.

* Két qua:

Két qua giita hai ngay cho thdy phuong phap phan
tich c6 d9 lap lai tbt. Gia tri RSD cuia thoi gian luu trong
hai ngay 1a 1,33%, trong d6 RSD ciia nong d9 timg ngay
do dugc 14 0,93% va 1,56%. Gia tri RSD déu nho hon
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2%, ndm trong gii han cho phép theo yéu cau tham dinh
phuong phép phan tich. Do d6, phuong phap dat d¢ chinh
xac trung gian, dam bao dg tin cay khi thuc hién phan tich
trong cac didu kién thay doi giita cac ngay thir nghiém
khac nhau.
3.2.5. D dung

Do ding cua phuong phap dugc khao sat bang cach
thém chuan vao mau placebo va xir Iy theo quy trinh phan
tich. 5 nhom ndng d6 khao sat 1an lugt bang & LOQ, 2ppm,
4ppm, 8ppm, 12ppm.

Bing 4. Két qua dé ding ciia phirong phdp

STT | Néngap | PO th(‘f%h)éi TB l:(,il;
1 LOQ 91,78 6,02

2 2 ppm 100,05 2,36
3 4 ppm 100,47 0,58
4 8 ppm 98,27 2,63
12 ppm 98,89 0,44

Két qua: Két qua thyc nghiém cho thay do dung cua
phuong phép tir 91,7% — 100,1% dat yéu cau trong khoang
90% — 110% theo AOAC [6].

3.2.6. Khodng xdc dinh phwong phdp

La khoang néng d6 ma & do c6 sy twong quan tuyén
tinh gitta nong do va dién tich pic va dat yéu cau veé do
chinh xac va do dung ctuia phuong phap: da khao sat tu
LOD — 300% ctia nong d¢ dinh lugng (0,017 pg/mL —
11,232 pg/mL).

3.2.7. Gioi han phat hién, giéi han dinh luwong
3.2.7.1. Xac dinh LOD, LOQ

Dura vao phuong trinh tuyén tinh ta c6 gia tri woc lugng
ctia LOD khoang 0,05 ppm, tir diém wdc lugng tién hanh
Jam méu tu tao. Két qua thuc nghiém cho thay LOD thép
hon gia tri wéc luong khoang 3 14n (0,017 ppm) va gié tri
LOQ khoang 0,05 ppm va da dugc xac nhén qua d¢ thu
héi, gia tri LOQ nhu muc 3.2.5.

Bdng 5. LOD, LOQ cua formaldehyd trong dung dich

chuan
Chit phan tich |LOD (ung/mL)| LOQ (ug/mL)
Formaldehyd 0,017 0,05
Bing 6. LOD, LOQ cia formaldehyd trong mau thie
Chit phan tich | LOD (pg/g) | LOQ (ng/g)
Formaldehyd 1,7 5,0

Két qua: Két qua thuc nghiém cho thay ¢ nong do
LOQ d6 thu hoi dat 91,8% dat yéu cau trong AOAC (80%
—110%).

mAl

POANM 1 3550m 4om

el L

1fr Fermandehnyd / 14 205

00 4] 50 15 100 5 150 LLE Tl
mi

mAU

PDAMuti 1 3350m 4nm

17 Qnrn—..—.ndnhyd 7 ia.zoal

0 25 50 15 T A 1 N /A - T 1]
i

Dung dich chudn

Dung dich mau tw tqo

Hinh 9,10. SKD LOD cua formaldehyd trong cdc dung dich

3.3. Két qua xac dinh ham luwong formaldehyd trén cac miu my phiam trén thi truong

Ap dung phuong phap da xay dung dugc chiing t6i tién hanh xac dinh ham luong ciia formaldehyd tu do trong 16
mau du gbi dau. Két qua cho thdy ham luong formaldehyde dao dong tir 0 — 428,1 pg/g, trong d6 ¢6 5 mau thip hon
gi6i han phat hién (LOD = 0,17 pg/g), 8 mau c6 ham lugng 16n hon gidi han dinh lvong (LOQ = 5,0 pg/g), trong s6 8
mau nay c6 5 mau c6 ham lugng tir 0,001% dén 0,01%, 3 mau con lai c6 ham luong tir 0,01% dén 0,05%, nhu vy ham
luong formaldehyde trong cac mau déu nam trong giGi han cho phép cia ASEAN [4].
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IV. KET LUAN
ba xay dung dugc phuong phéap dinh tinh, dinh luong

Bing 7. Két qud phdn tich formaldehyd trong mét s6
mau my pham

Méiu | Ham lwong (ng/g) | Ham lwong % | Két luan |  formaldehyd trén nén mau dau goi dau bang phuong phap

MI1 482,1 0,048 Dat tao dan chat trudc cot voi detector UV.

M2 286,3 0,029 Dat Phuong phap phan tich d dwoc tham dinh vé do ddc

M3 2817 0,028 Dat hi¢u, do thich hop hé théng, duong chuyén va khoang

M4 0,44 0,000 <LOD L N Cin s . A

tuyén tinh, do chinh xac, d¢ dung, gidi han phat hién

M3 0,34 0,000 <LOD LOD, LOQ. Két qua tham dinh cho thay phuong phap

M6 74,15 0,007 Dat 7 ) o o P

M7 74,41 0,007 Dat xay dung dugc hoan ‘toan phu hop dé xac dinh ham lugng

M8 136.2 0,014 Dat formaldehyd trong dau géi dau.

M9 67,9 0,007 Pat D ap dung quy trinh xdy dung dugc dé kiém tra 16
M10 156,5 0,016 Dat méu dau goi dau két qua cho thdy cac mau dugce kiém tra
MI1 0 0,000 <LOD déu nam trong gi6i han cho phép ciia ASEAN.

MI12 56,9 0,006 Dat
M13 0 0,000 <LOD
M14 12,7 0,001 Dat
M15 0,12 0,000 <LOD
M16 0 0,000 Dat
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