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ABSTRACT

Objectives: The objective of this study was to develop formaldehyde samples for quality control (QC) and to test
the applicability of proficiency analytical testing in Korea.

Methods: We made formaldehyde samples with certified standard solutions (formaldehyde in water or
acetonitrile) and 2,4-dinitrophenylhydrazine (2,4-DNPH)-coated silicagel tubes. Four levels of formaldehyde
concentration were tested for storage stability at room temperature and at 4C over three months. Analytical
proficiency testing was performed with four or 36 institutes.

Results: Formaldehyde sample tubes were easily made through the injection of standard solutions and the average
efficiencies of recovery were 95-101%. The coefficients of variation (CV) of the formaldehyde samples were
1.39-2.55%. The recovery efficiencies fell between 90% and 110% at the concentration range of 1-10 ug/sample
over three months storage at refrigerated and room temperature. The CVs were less than 5% in the proficiency
analytical testing. By adjusted proficient ranges, 64% of the results of the second proficiency analytical testing
were acceptable.

Conclusions: The formaldehyde samples made by injection on 2,4-DNPH-coated silicagel tubes were stable

and applicable for quality control.
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(KOHAA, 2017). &3 A8&547138 X384 5ol &
gt Aol A 2ARE Blof| EH, AHSA 7| HolA E4
43| o]Qlof| WA FZrFE T I(72.7%)2} o2
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< JEsto] AA 9 o] I RAtE I IE TR
v 2 AAsk= WM AJAE v QItiHa et al., 2017).

AP R AAT LS 919 AERAPETe e
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NMAM 20106), &AM FYSH7|BAE &
AHWAE 2 ARSI e Ao2 AR
(Park et al., 2017).
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Table 1. Instrument and analytical conditions for formaldehyde analysis

[tem

Instrument and analytical conditions

UPLC

Acquity H-class, Waters, USA

Quaternary solvent manager

UV/VIS detector ) .
sampling rate :

wavelength : 360 nm
20 points/sec

Column BEH C-18 (2.1x100 mm, 1.7 um)
Tem Column : 30C
P- Sample : 25T
Injection volume 2 uL
Time (min) | Flow (mL/min) Water (%) Acetonitrile (%)
0.0 40 60
2.0 40 60
Mobile phase 2.3 06 10 90
3.3 ' 10 90
3.5 40 60
4.0 40 60
Retention time 1.6~1.8 min
oz #3s}to] ojzhalo]Y(Mini-UniPrep, Cat No. T B4 ZHHo] = 4 AFAL BAXE thdes
UN203NPUAQU, PVDF filter 0.45 pgm, Whatman, SHATE AZAARPIA AlEE ARt B Az
UK)el ol ofakt 5 £.40] ARgahsich 9,1, 2,5, 10 pg/sample®] A2 431500, 7]
E4717] 4 B4x7HAL Table 13 2t} WEHE 4T 3 MRS AR 7HE SFHeE
SRsiolh. ARdE oF 208 AT Fo| BERE

2. N=2Q AEY Al

EZLHS|ECHEYED) A9k 2,4-DNPH 210
o FYst, 4719 ==(1, 2.67, 6.15, 8 pg/sample)=
7}z 50704 9] A28 AZsHAath s FA9= 10
HH Adeste] AR & B4 YA AlRE2
22} AATE BA5E g 7o) ARSI

3. A& MEEE Al

EZEUY S| =(E) EFAI9KHC.N.: M-8315-02, Lot :
215101176, AccuStandard, New Haven, USA)S A}
&3l om, 1,000 pg/mL AloF HA} Ho| 2= 2,
4, 84| 3]43t 84 8 T 10 uLE 2,4-DNPH S&1to|
Z9I519] 1, 2, 5, 10 pg/sample] A|&EZS A2t
7Zh sEEE 45719 AEE TEeH, AlRE Alxgt
O|I2 5L (FYUTt PE 7IE0Z o3t AR thd 671
A 45190, YAl = PH4TC) B A=(250)0A
HIstAAN AAG7|7HER 3704 A5t

17} 7k= 549 o9 47490l L, EZFLH||
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Table 2. Recovery efficiencies(%) of formaldehyde by standard solutions and storage time
Concentration Overnight 24days
(ug/sample) n AME £ SD! (CVT) n AM £ SD (CV)
- 0.89 3 97 + 1 (1.49) -
Direct
8.00 3 98 + 0 (0.43) -
ACNt 0.89 3 103 + 3 (2.57) 3 9 + 5 (5.74)
8.00 3 98 + 1 (1.14) 3 95 + 2 (2.27)
+ 0.89 3 101 + 1 (1.25) 3 98 + 2 (1.63)
Water
8.00 3 9 * 3 (3.57) 3 100 + 3 (3.03)
Direct” : Standard solution of formaldehyde in acetonitrile was injected at the vial that has silicagel(from 2,4-Dintrophenylhydrazine
(2,4-DNPH) coated silicagel sorbent tube)
ACNT : Standard solution of formaldehyde in acetonitrile was injected at the 2,4-DNPH coated silicagel sorbent tube

Water ™

AMS : arithmetic mean, SD : standard deviation, C\V' :

249 B3 3 AAEeE %‘T, iEO* G| E(CHHEHE
g) EFARS ARSSE AlEE Bt 95~96%, ZELT
S|E(E) EFEAIFE ARESE AlRE Wi 98~100%2]
22582 H)

2 A|E0| _;I.Xlk'i

47HA TSR AXSte] 74 107149 A=E
AT 23}, o234l FUY “410}01 0.99~1.03 Hi
= ZHEUAN. 5= HolAg= 1.39~2.55%0] 1t

3. M= MEerdd Al
HYLw 2 7|7t whE ARFAS olr 114}

Stoct. Aol HEstr] M Al=ElE SOl
LR Azke asle] 3MY/A HashuA A
gris

A=TAY 1 pgs ESLUPIEE FUF A=Es
27] g&heo] Btk 9% eH, AG7Iie] nE Pt
GRS ALBEFARNA 101%, 107% 98%,
102%°191e.H, FEFA A 96%, 110%, 105%,

. Standard solution of formaldehyde in water was injected at the 2,4-DNPH coated silicagel sorbent tube

coefficient of variation

2]

o,

102%RT}. 2 pgd EZELCS|IEE FUTE A

o BHEEL 27 97%A T, A7) wEkA A
2EIAEE 101%, 110%, 104%, 100%R2H, §3

HIAEE 95%, 106%, 107%, 102%Act. 5 xgo E
SYHtIEE FUTT ARY Hd gFEsEe 2]
100%™, %7171l weba] A-2EIAIEE= 100%,
106%, 104%, 100%%2H, BAHEIA| == 97%, 103%,
101%, 97%Rct. 10 pgl ZELH =S FUH A7
o] Hat EFE LS 27] 99%¥ o, AX7|7Ho| wet
A ALHBAFE 96%, 103%, 104%, 101%92
YARIAZE 93%, 91%, 94%, 88%SiLh.

95% AlZF7e] M= W2 5%(1, 2 pg/sample)
AL +£891~+10.17%% B7IEQUT, =& =5 (5,
10 pg/sample)ol A= £5.59~+6.93%F YEFGTE
AMZE B M2 Tt
%ﬁ%ﬁi&ﬂﬂ A= Table 49 Zth

FEFFNA AR EE(CIE sty A&
T 7474 0.94, 0.97, 1.03, 1.029] H]&°]Ac}.

Table 3. Results of homogeneity test by formaldehyde concentrations

Sample Ref (ug) n AM™(ug) SD¥(ug) CV(%) Recovery ratio
A 8.00 10 8.05 0.1 1.39 1.01
B 6.15 10 6.33 0.14 2.20 1.03
C 2.67 10 2.68 0.06 2.06 1.00
D 1.00 10 0.99 0.03 2.55 0.99
Ref’ : reference concentration, AM" : arithmetic mean, SDT : standard deviation, CV® : coefficient of variation
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Figure 1. Recovery efficiencies by formaldehyde concentration and storage conditions
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Table 4. The first proficiency analytical testing results
Reference concentration N AM SDY cvt Range
(ug/sample) (ug/sample) (ug/sample) (%) (ug/sample)
10.0 12 9.36 0.33 3.52 8.77 ~ 9.75
5.0 12 4.85 0.14 2.86 460 ~ 5.01
2.0 12 2.06 0.10 4.87 1.90 ~ 2.22
1.0 12 1.02 0.04 3.44 0.97 ~ 1.09
AM" : arithmetic mean, SDT : standard deviation, CVT : coefficient of variation
SEsEE HolAg= 2.86~4.87%E EHIIEIIC £=Z0]9ith. Ho|AS7F 10% 1Rkl A|ZoA= AHste
™, o] gt %iaitk o] 66.7%2} 80.6%= UEF oM, HolAlG=7} 30% °F
AgRto] A7 3670AE e E 23F EAsH Ql AlgofA= Aol 90% olFoE UEryiT.

Tg7iE AA] }93\11} HA Grubb'’s testE ©]-&d}c]
ol #Z AASII=H, 8.00 pg/sample Al&o(A 7
N o3k 4, =2 oJAE 3), 6.15 pg/sample
AlZoA 270(FL oAk 2), 2.67 pg/sample A=)
Al 1270(R O]*o}%;f 6, =2 olg 62 1.00 wg
/sample Al&oA 37(FS olAg: 3)7F A

AR AlPER AAHESY et Zol, 7‘1]%%
4 FollA ol B AAT & 71E FEEH
AFHAC =G £3XTHADE APFoIeE o 2=
Table 59 29ttt A= al2 U O]Eakoﬂ H|5}od
0.89~0.999] H|&0|%loH, HolA¢= 5.82~32.97%

Table 5. The second proficiency analytical testing results

AFAPAEAAT AN A AES HoliA] 24
g 2k o]-8sto] 7|ER(AtEE S oL, HolAS
£ 4.5%% FEoto] BEHEAE 5 & JAEHACIE
FE3FFHADE AFodS WY Aik= Table 63
2okth wd Qo &5k £ 21~2470
At ol 7IECo=E 3670 HorE F 75% ot A%
(47 & 370 o DT BATE AET 7182 2270 7]
H61.1%) °l, FAFo R WA= = 7]%‘_]'3 14714
(38.9%)HtHData not shown).

7)ol 24 ko] et ol gt 9 A dofA
AHgst AP 9= Figure 29F At

Reference concentration AM SDf cvf Acceptable Range Proficient value No.
(ug/sample) (ug/sample)  (ug/sample) (%) (ug/sample) (Ratio(%))
8.00 36 7.52 0.74 9.78 53 ~ 9.74 29(80.6)
6.15 36 5.46 1.80 32.97 0.06 ~ 10.86 34(94.4)
2.67 36 2.64 0.15 5.82 2.19 ~ 3.09 24(66.7)
1.00 36 0.94 0.30 31.91 0.04 ~1.84 33(91.7)

AM" : arithmetic mean, SDT : standard deviation, CVT

Table 6. Adjusted second proficiency analytical testing results

. coefficient of variation

Reference concentration AM' SDY cvt Proficient Range Proficient value No.
(ug/sample) (ug/sample)  (ug/sample) (%) (ug/sample) (Ratio(%))
8.00 36 8.05 0.36 45 6.97 ~ 9.13 24(66.7)
6.15 36 6.33 0.28 4.5 549 ~ 717 24(66.7)
2.67 36 2.68 0.12 4.5 232 ~ 3.04 23(63.9)
1.00 36 0.99 0.04 4.5 0.87 ~ 1.11 21(58.3)
AM" : arithmetic mean from OSHRI analysis, SD' : standard deviation at 4.5% CV,
CVT : coefficient of variation(4.5% adapted)
Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(1): 58-66 www.kiha.kr
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3 o EYEZS 7|20 2 Sh= A|9ko] QlojAf, & F
O] A9k o]gsto] AlRE THEIL BAS A3t @3}
BE2 BF 100£5% oA oH, Ak ol W
Aol gl Aoz wtEQic

EEAYBI= AFUAIQ! 2,4-DNPH S23H4H2 A=
A EE REHEE Aol Qo FAIRANE U 5=
9] zEAYs|=rt AEEh & AFoAE A=
A AEEE DukEQl 9] oF 208 o]Ae] FEE
A AEE ARt FARY JFE Eo|1A shTt.
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A& #8489 A 7€ AT oA= Axd Al
oA F&9] FEoto] BATE A3 HolAT 5%
ool HFE=A A EEA] Hetoirtal waskal =
o], & Aol AR AlgE 25 3% nvte s Hrt
Eo] #AgS st Ao=E wHE

Az AR AFRHYdS 7Rt Frlslolth &
2 551 = 2 pg/sample)® ZAH AR50 B &
AFEL 27] 97~99%A4 371E B3 & 102~104%
T2 Hon, AR JFEIe|A= Zol7t
AU 5 pgd ZELHFIEE FAT A5 = 4
YAEAOA R A GHEES HYoH, 7
A FE UERT HE=(10 pg/sample)?)
AlF 2R A #7717t e g2ka2] Helrt
A9l o, FARBoA= AA7|Zro] AFe] w
g} oA WRopA A 90Y Foll= B 88%9 HERES
Btk 95% AIZ7Ee] Hels B2 XA A=+
7ol Y2 AoE friElon, oz ¥ koA &
Aol7t F7Fcke Aol vke dAaaelr 2dth
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(Cheon et al., 1994).

12 EASAER7IA, AR FE(C1EsE)
H| BEAZEe] Ak gtglo] 2 sLoAs 1EH &
a1, Fe oA 180 & 32 BE9ou, 20184
AR A f7] € 5415004 0.95~1.059
S 2l AT} v|ws] B F53 Ao woE gt
T3 4719 sEEE HolARE 5% HIvteE HUt
Elo], $HulE 5ol TE IHAFY EAl= S AR
= AT

7129 AJSESH AT FTAT FARH
1885, 22 EAsAEGIA = Zoj7|HolA A&
b BAZE ARESHY] Vgt AFHAE ARESHA
of I8y, ol g AATE ol WHo AT 30%
o/l AlE7} 2% Ql%lem, ol2 Qlsto] A7t
}$- HolAA =do. £35], 6.15 pg/sample?] 7%
2 971 0.06~10.86 pg/sample 2 AZH 471 5
Tadd BF XA =tk 19929 A3 #ds
A5 Ard oAM= A+ 2 7|EEEA TS A
83oto] 7|2gkS Aot o (Park et al., 1992), o]&
Zroj71e] E4gko] eHgE e HQl Foll= AlEd
BARE ARESHY] 71E3E Skl ol FESt,
AFARPAR AAT Lo A ARe] FEGE ERlst] 9
sto] A% gk ARgSho] 71EdkE Askeld A
HRAE AFFst7] flste] 389 BEHAE 7ok W
AlS ARgSh=T, A dollA A 32 BlolAlSTt
2.55% olstqirt. 7129 Ao E HFGH R
F2 A7 7= AL WA st ®olA
71 3% vEel F9- 3%% 2okl loug A
o] B4 Ho|A+E H&oh= A2 FAdsirta wd
SHATE. Zoll AAlRE Fx3e (20154 sHRE71~2017
| 7))ol A ZF 5471304 A&t 3hE o851
T HoAFE ATET. 35 AR Holde=
Ha(z EZHAO] 4.03(£0.55)%HL, F7Iekt=E
A20] HolAlg= FH(+EFHAPO| 4.53 (£1.22)%
Aot F3A € 249 EAY Sa5H YRRk
o sfgcl= 72 A8k 2ol AT AR wry]
o] Ho|Ag= 4.5%% ST AFAPHEA AT
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