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Migration characteristics and mathematical model of the fluorescent
whitening agent in recycled paper
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(Technology Center of Ningbo Entry-Exit Inspection and Quarantine Bureau, Ningbo 315012, China)

ABSTRACT: Objective To study the migration of the fluorescent whitening agents from 13 kinds of
recycled paper into different simulants, and establish the mathematical model of migration. Methods Month
lake water and hexane were selected as the simulants of environment simulant, and hexane as oil simulant. The
migration of fluorescent whitening agents in the environment simulant at 23 C, 40 ‘C was studied, as well as in
oil simulant at 23 ‘C. The migration of fluorescent whitening agent in recycle paper was detected by HPLC.
Results Fluorescent whitening agents in 13 kinds of recycled paper were detected. The amount of migration
was increased with time and temperature increasing. The migration speed in environment simulant was slow,
less than 2.4% by 96 h, and in oil simulant was rapid, reaching 100% migration by 30 min. The migration
model y=a-exp(bX) was established with the migration data. Conclusion The established model can
effectively assess the safety of recycled paper.
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Table2 Total amount of fluorescent whitening agent in 13 samples

1 2 3 4 5 6 7
8903379 8536359 8652070 8800643 8763778 8592268 8539951
8 9 10 11 12 13

8714886 8712122 8694258 8400155 8084141 4944493
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Migration rate of fluorescent whitening agent to the environment in samples under different temperatures
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Fig.2 Migration of fluorescent whitening agent into Month lake water at 23 C
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Fig. 3 Migration of fluorescent whitening agent into Month lake water at 40°C
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Fig. 5 The fitting curve diagram of the migration of fluorescent whitening agent into Month lake water at 23 C
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Fig. 6 The fitting curve diagram of the migration of fluorescent whitening agent into hexane at 23 ‘C
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Table3 Themigration rate a, diffusion coefficient b, formula correction value c, d, and correlation coefficient r? of the
fluorescent whitening agent in 2 kinds of simulants

a b c d r?
1 0.01621 0.001168 -0.01214 -0.07901 0.9987
2 0.0143 0.0006528 -0.01649 -0.1357 0.9431
3 0.01609 0.0002829 -0.01543 -0.1154 0.9992
4 0.007794 0.003571 -0.01194 -0.5655 0.9865
5 0.009917 0.001967 -0.0137 -0.4628 0.9875
6 0.01007 0.001669 -0.01037 -0.233 0.9925
7 0.01085 0.0004982 -0.01193 -0.2834 0.9921
8 0.0105 0.001186 -0.01027 -0.2171 0.9971
9 0.0106 0.001753 -0.01206 -0.2655 0.9967
10 0.009934 0.001965 -0.01491 -0.5328 0.9893
11 0.009563 0.002464 -0.01033 -0.42 0.9905
12 0.01001 0.001678 -0.01207 -0.3674 0.9857
13 0.01976 0.002162 -0.02756 -0.4607 0.996
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7 4.389¢+04 -0.05451 -4.389e+04 -0.05452 0.9872
8 1.216e+05 -0.05572 -1.216e+05 -0.05572 0.9698
9 -1.776e+04 -0.05566 1.776e+04 -0.05565 0.986
10 1.107¢+05 -0.05729 -1.107¢+05 -0.0573 0.9924
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