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Analysis of Carbonyl Compounds in Water-based Adhesive by Direct
Derivatization and High-performance Liquid Chromatography
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Abstract: A direct derivatization and high-performance liquid chromatographic method was developed
for the trace analysis of 8 carbonyl compounds e. g. formaldehyde acetaldehyde acetone acrole—
in propaldehyde crotonaldehyde and 2-butanone and butaldehyde in water-based adhesive. The
method adopted 2 4-dinitrophenylhydrazine(DNPH) to directly react with the adhesive sample solu—
tion and the influence factors were investigated and optimized. The best derivatization condition was
using the adhesive to react directly with DNPH at 40 °C for 20 min. The optimized chromatograpic
conditions were as follows: DIONEX Acclaim Explosives E, reversed-phase column as separation col—
umn water and acetonitrile as mobile phase by double gradient elution. The flow rate was set at 1. 2
mL/min and the column temperature was set at 35 °C. Under the optimal conditions the linear
ranges of 8 carbonyl compounds were all in 0. 001 1 —55.32 mg/L.  with correlation coefficients high—
er than 0. 999. The limits of detection for 8 carbonyl compounds were 0.066 3 —1.691 1 mg/kg
and the limits of quantitation were 0. 221 —5. 637 mg/kg. The relative standard deviations were be—
tween 4.3% and 9.3%  and the recoveries were 62% —100% . The established method was sensi—
tive simple and accurate and was practical for the determination of 8 carbonyl compounds in water—
based adhesive.
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> 365 nm; (A) - (B) :0~20 min 50% ; 20~25 min  60% ;
25 ~30 min  80% ; 30~35 min 90% ; : 1.2 mL/min; :35%C.
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Fig. 3 Concentration of 8 compounds with various times by direct derivatization(A 40 C)
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Table 1 Retention times linear equations linear ranges instrument LODs and LOQs of 8 compounds
Retention time . . Linear range LOD LOQ
Compound . Linear equation r? o o O
t/min p/(mg-L"") p/(mg+L7") p/(mg-L7")
Formaldehyde 9.85 Y=7.284X +0. 180 0.999 8 0.001 1~14.29 0. 000 6 0.001 8
Acetaldehyde 12. 88 Y =5.930X +0. 205 0.999 6 0.021 0~20.99 0.005 0 0.0150
Acetone 18. 63 Y =4.559X +0.307 0.999 4 0.022 1 ~55.32 0.007 0 0.0210
Acrolein 19. 62 Y =5.605X +0. 289 0.999 6 0.021 4 ~53.42 0. 006 9 0.020 7
Propaldehyde 21. 80 Y =4.437X +0.310 0.999 4 0.055 0 ~27. 66 0.010 6 0.031 8
Crotonaldehyde 27.75 Y =4.320X +0.346 0.999 4 0.134 1~33.38 0.026 7 0.080 1
2 -Butanone 28.52 Y =3.493X +0.373 0.999 3 0.137 2~34.34 0.027 5 0.082 5
Butaldehyde 29.73 Y =3.573X +0.458 0.999 4 0.069 5 ~34.34 0.025 4 0.076 2
Y: signal intensity(mAU) X: analyte concentration(mg * L")
2.5
1 2 9 2
3 10
2, 2 (0.066 3 ~1.691 1 mg/kg) ~ (0.221 ~5.637 mg/kg)
(4.3%~9.3%) .
2 8 (n=9)
Table 2 LODs and LOQs of 8 compound by direct derivatization and solvent extraction methods(n =9)
Direct derivatization Solvent extraction
Compound Standard LOD LOQ RSD Standard LOD LOQ RSD
deviation w/(mg'kg_l)w/(mg'kg_]) s, /% deviation w/(mg'kg_])w/(mg'kg‘l) 5./ %
Formaldehyde 0.022 1 0. 066 3 0.221 4.3 0.0317 0.095 1 0.3170 4.7
Acetaldehyde 0.102 5 0.307 5 1. 025 4.7 0.363 9 1.091 8 3.639 4 6.2
Acetone 0.126 4 0.379 2 1.264 6.1 0.162 3 0.487 0 1.623 2 8.3
Acrolein 0.147 3 0.4419 1.473 6.7 0.1953 0.5859 1.9529 9.4
Propaldehyde 0.201 9 0.605 7 2.019 7.8 0.298 0 0.894 0 2.980 0 9.8
Crotonaldehyde 0.524 1 1.572 3 5.241 8.1 0.712 7 2.1380 7.126 7 11.2
2-Butanone 0.563 7 1.691 1 5.637 9.3 0.741 8 2.2255 7.418 4 13.5
Butaldehyde 0.514 8 1.544 4 5. 148 9.2 0.673 4 2.020 1 6.733 6 14.9
2.6
2 8
2 HPLC 3 «  3). 3
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8 60% (62%~100% ) ;
L. 3 (40% ~ 96% )
6 80%
3 8 (n=3)
Table 3 Recoveries of 8 compound by direct derivatization and solvent extraction methods(n =3)
Content Added Direct derivatization Solvent extraction
Compound " ke ) i ke ) Found Recovery Found Recovery
wiime T ke wiAme T ke w/(mg * kg™") R/% w/(mg * kg™") R/%
Formaldehyde 0.4 2.1 156 0.4 2.0 16 0.8 3.9 31.2 100 90 98 0.7 3.8 30.9 75 85 96
Acetaldehyde 4.0 10.2 18.2 4.0 10.2 18 7.1 19.2 35.3 80 89 96 7.0 19.1 34.1 75 87 18
Acetone 1.8 5.3 22.3 1.8 5.0 22 2.9 9.8 42.3 66 92 91 2.7 9.1 39.2 50 76 77
Acrolein 2.0 5.0 20.5 2.2 52 2 3.5 9.2 37.9 72 83 87 3.1 86 36.2 50 69 79
Propaldehyde 3.5 12 21.4 3.5 12 20 5.9 21.5 38.4 71 80 85 5.3 20 36.2 51 67 74
Crotonaldehyde 8.2 16.2 23 8.3 16 22 13.4 28.6 42.1 64 78 87 11.8 26.1 39.8 43 62 76
2-butanone 8.4 18.2 26.3 85 183 26 13.6 32.5 50.2 62 79 92 12.2 29.2 45.3 45 60 73
Butaldehyde 7.5 18.2 23.7 7.5 18 24 12.6 34.6 44.1 69 92 85 10.5 28.8 40.8 40 59 71
10.0+
2.7 Methanal
Acetaldehyde
6.0+ Acetone
5 3 cetone
=
~
-
2.0+
4 5 4 H_iy\dg-ﬁuluncﬂ/%
/ =2.0- T T T T T T T
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/ 1/ min
5 (2) (b)
’ Fig. 5 Compared chromatograms of adhesive sample by direct
derivatization(a) and solvent extraction methods(h)
. 2- detection wavelength: 365 nm
o ¢ 35
/
4 8 (n=3)

w/(mg * kg™")

Table 4  Actual concentration of 8 compound by direct derivatization and solvent extraction methods(n =3)

Direct derivatization Solvent extraction

Compound

1# 24 3# 44 S# 14 2# 3# 4# S#
Formaldehyde 4.25 15.36 - 20. 31 5.45 - 13.27 - 19.72 2.94
Acetaldehyde 12. 65 24. 49 8. 10 23.59 4.34 8.51 21.23 5.06 19.13 -
Acetone 8.48 4. 66 - 6.02 1.42 - - - 3.64 0. 68
Acrolein - - - - 1.27 - - - - -
Propaldehyde - 2.35 - - - - - - - -
Crotonaldehyde - - 1.36 - - - - - - -
2 Butanone 1.87 - - - - - - - - -
Butaldehyde - - - 1.20 - - - - - -
* no detected
3
/ N N N N N N
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