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ABSTRACT: OBJECTIVE  To investigate the compatibility of the disposable infusion pump with the local anesthesia drugs 

and provide reference for its safety. METHODS  DEHP, insoluble particle and drug concentration at different time when three 

anesthesia drugs(bupivacaine hydrochloride injection/ropivacaine mesylate injection/tramadol hydrochloride injection) dissolves 

in NS and lactated ringer’s solution were tested by LC-MS/MS, light obscuration particle count test, HPLC. RESULTS  The 

dissolving amount of DEHP was lower than the quantitation limit of LC-MS/MS and also far beyond assessment standard 

intravenous infusion of adults. The drug content in the disposable infusion pump was greater than 96.0% at 48 h compared with 

0 h. All kinds of drugs had no obvious adsorption within 48 h. For the insoluble particle, diameter greater than 10 micron was 

35.13±14.4 within 1 mL solution; diameter greater than 25 micron was 0.61±0.49 within 1mL solution. CONCLUSION  It is 

safety for disposable infusion pump used in clinical with anesthesia drugs. 

KEY WORDS: the disposable infusion pump; local anesthesia drugs; di(2-ethylhexyl)phthalate(DEHP); insoluble particle; drug 

adsorption; LC-MS/MS 
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345672�8�9�: 2 L·d

−1
;<�=>(:

�? 70 kg)@A DEHP ?' 0.005 mg·kg

−1
·d

−1
�

BC@A?(tolerable intake�TI)D@A? EF'

120�G*H(:�? 4 kg)@A DEHP  ?'

0.03 mg·kg

−1
·d

−1
�TI D@A? EF' 20I=>

JG*HK�)LM2�8�@A DEHP  ?N

O�PQRSTIUVWXK�)LYZV[2

\ ]^_`ab8�2cdA>: DEHP e

RfghR;�ijklmnoS�pqLr?

 DEHP sV��Rtuv�wxyzo{K|

}�~��#�

[2-3]

I 

�	����L�#�)����� ��

�)�����#��]�'
������V

� �]4��L�U��L�#�)���]

� ��� �
�q¡��¢£K DEHP2c�

�¤Y¥� ��] ¦§¨�_©��¢ª«

*q� R2#¬­®R�NS¯�°Y±²_

³ST�KLr´µ�ª¶·��]j �³�

¸=]�¹º¥��>: !"#£K»¼I'

½¾kl� PVC�� L�#�)�v����

3¿¥�À�]8�2�� DEHP2c.R2#

¬­J]j¦§#®d�ÁÂÃmnI 

1  �� 

1.1  Ä�   

AG204ÅÆÇÈ(ÉÊMettler Toledo)ËSorvall 

Legend RTÌÍÎÏÐ(��ÑÒÓ)ËGWJ-5¬­

ÂÃÄ(ÇÔÇÕÖ×VØÙÚ)ËLC-MS/MSÛ�Ü

Shimadzu LC System(DGU-20A3ÝÞÐ�LC-20AD

�ß��CTO-20AC àÍá�SIL-20ACHT âid

 ��ã¾ SHIMADZUÙÚ)ËAPI4000äåæç

è�éÄ[��v�*jÛ�(AB)ÙÚ]ËAgilent 

1100 �êëé(�� AgilentÙÚ)I 

1.2  ìÃ�)�JÀ�]j 

L�#
��)�ÜÈí�Hî����V

ØÙÚ�CBI+PCA y�ïðñ?Ü100 mL�2.0ò

0.5 mL·h

−1
�PVC���óôÜ20090830I 

À�]jÜ,�õEö±[�÷øùú]VØ

ÙÚ�ûüÜ5 mL·(25 mg)

−1
]Ë�ý�þ�ö±)

��[����ÙÚ�ûüÜ75 mg·(10 mL)

−1
]Ë,

����)��[	�ü
²VØÙÚ�ûüÜ

100 mg·(2 mL)

−1
]I 

1.3  �\ 

DEHP ��^(	� Dr. Ehrenstorfer�GMBH

ÙÚ�
�Ü98.5%)Ë�ý�þ�ö±��^(�

�]^*jú^Âr���Z?Ãr�)Ë,�õ

Eö±��^(��]^*jú^Âr��
�Ü

98.5%~101%)Ë�����^(Griinenthal GmbhD- 

52220 Stolberg ÙÚ�óôÜ5d741)I�b(	� 

MerckÙÚ�ëé
)Ë��(	� MerckÙÚ�ë

é
)Ë��(�� FlukaÙÚ��é
)I 

1.4  �;4� 

�� SPSS 16.0�����;?������

�õ8����4��R�����õ8���

�4�Ë;?���� tÂlI 

2  �� 

2.1  ]� ú 

,�õEö±)��/�ý�þ�ö±)��

/,����)���!D 0.9%567)��."

�7#ü)��d� $�% =��¥û
�

&�' 100 mL��)��)Akl�)��]�

(�)¿*�È� ú 5+,-ôìÃI 

2.2  R2#¬­ÂÃ 

�� GWJ-5¬­ÂÃÄ�����]x 2010

./�0§1 IXC(2L�34�)I5rï6'­

Æ78910 µm­Æ��) 1 mLRpq 25­�­

Æ78925 µm­Æ��) 1 mLRpq 3­Ë:

¨9��]^Âlï6:¨û; 2010 ./�R2

#¬­Â<ï6:¨¡=I>?¬­ÃrÄ�@+

�ABcêv �?�;<c��^�) 1 mL �

�Z 10 µmC�J 25 µmC� R2#¬­�I 

2.3  ]jZ?Ãr   

v�D��êëé�ÃrE8�F]j&�

F�,D(GH&�FIJ�EIëéK�Üë

éàÜSymmetry C

18

(4.6 mmò250 mm�5 µm)IL

iêÜM��N7OP�(25 µmol·L

−1
�pH 4.0)�

�bIQ�RÝ(0~6 min��b 40%S60%Ë6~ 

7.5 min��b 60%Ë7.5~8 min��b 60%S40%)�

LT' 1.0 mL·min

−1
�àÍ'UÍ�d ? 2 µLI   

2.4  DEHP2cÂÃ  

�VWXêYWX

[4]

����êëéZ[�é

(LC-MS/MS)4�IÂÃK�ÜLiêÜ�b-Z 

0.05%��-2�(95\5)ËLTÜ0.6 mL·min

−1
�

à] 6\4 �L�60%^A�éËëéàÜAgilent 

SB-C

18

(4.6 mmò100 mm�1.8 µm)ËàÍáÍ�Ü

40 �Ëd UÍ�Ü4 ��_3Ëd ?Ü2 µLI

��ÔÞ`ÅabÎÆc(ESI)��åuvdeÎ

ÆfÃ(MRM)�ÎÆghIijÞÜ6 psi�Þk

ÞÜ10 psi�ÎÆabÅ`Ü5 500 VËlmÞÍ�Ü
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300 nËÎÆcÞ: 1Ü50 psi�ÎÆcÞ: 2Ü40 psiË

DEHPoÎÆJÆÎÆ'm/z 413.3→301.4(ÎÆp

qÅ`(DP)Ü120 V�ijfÜ43 V�ijUcr

Å`Ü18 VË(ïs:toÎÆJÆÎÆ m/z 

325.4→97.2ËÎÆpqÅ`Ü110 V�ijfÜ60 V�

ijUcrÅ`Ü12 VI 

2.4.1  2� ú  ��^�u� úÜvwðx

DEHP��^ 36.2 mg�y 10 mL?z��{�b

2|,}~������� 3.62 mg·mL

−1
&� 

��^�u�I  

(ï2� úÜvwðxs:t��^

2.5 mg�y 5 mL?z��{-2|,}~����

��Ëx�2� 200 µL�y 100 mL ?z��{ 

90%�b}~�������� 1.00 µg·mL

−1
 (

ï2�I  

2.4.2   ¾ @+  xkl ¾2� 1 mL y

1.5 mL ÎÏ���{A(ï2�(1.00 µg·mL

−1
) 

10 µL�400 µL��������� 30 s�4 n�

13 000 r·min

−1
ÎÏ 1 min��������d z�

2 µLd ��I 

2.4.3  Ãr4� ¯� 

2.4.3.1  4��º#  ���2�.��2�{

DEHP/(ï�)���y 30 min]2� ëé�

�E�_³��2� (c#j�Rl� DEHP

�(ï Ãr���S���� ëé�sVD

� ��#I 

2.4.3.2  2� DEHP ï6��úuJ��4¡ 

¯r  vw�x 3.62 mg·mL

−1
&� DEHP��

^�u��?�{�b2\}~=Z DEHP 0.724�

2.896�3.62�10.86�28.96�724 µg·mL

−1
 2��

�!vw?x 100 µL�{A��567)���

��"�7#ü2� 900 µL��  30 s� ú=

DEHP&��!' 0.072�0.29�0.36�1.09�2.90�

7.24 µg·mL

−1
 ��^ï6��2� ^I�ï6

��2� ^úu4�� yÌ(1.09 µg·mL

−1
).

�(7.24 µg·mL

−1
).D(36.20 µg·mL

−1
)3¿R¡&�

  DEHPï6��,úu=Ì(0.11 µg·mL

−1
).�

(0.72 µg·mL

−1
).D(3.62 µg·mL

−1
)3¿R¡&� �

¢ ^I�!C DEHP  ÆÎÆ�é£¤¥D(

ïÆÎÆ�é£¤¥ EF(Y)� ^&�(X)d

��#����¦¨4¡IDEHP &�K 0.072~ 

7.24 µg·mL

−1
(���{§(1/x)¨O�©�d��

#���(ï6����4¡ÜY=(0.002 2ª

0.000 37)X+(0.24ª 0.035)(n=3)��#êYÛ�

r=0.998 2I 

2.4.3.3  «��¬­kl  vw�x 3.62 mg·mL

−1

&� DEHP��^�u��?�,{�b2\}

~�
(¨®&��!' 0.11�0.72�3.62 µg·mL

−1
�

�d ��£¤¥D���567)��úu 

�¢ ¾�Ãr EF;<«��¬­I 

2.4.3.4  vw�kl   9ï6�� ú�úu 

DEHPZ¨Ìr?Ø(lower limit of quantification�

LLOQ)(0.072 µg·mL

−1
).Ì (0.11 µg·mL

−1
).�

(0.72 µg·mL

−1
)�D(3.62 µg·mL

−1
)4 ¿R¡&� 

��^ ¾E 5+�Ãr DEHPI  

2.4.3.5  R¡2¯ ú �¢ ^6¯�V°   

9ï6�� ^ ú���!C567)���

"�7#ü)��úuZDEHP Ì(0.11 µg·mL

−1
).

�(0.72 µg·mL

−1
)�D(3.62 µg·mL

−1
) 3¿R¡&�

 ��^2� ¾E 2+d�ê�ï6±²(RSD)

 ÃrI 

2.4.3.6  ³r#kl  xl´ÎÏ��µ�9ï6

�� ú4�úuZ DEHP Ì(0.11 µg·mL

−1
).�

(0.72 µg·mL

−1
)�D(3.62 µg·mL

−1
) 3¿R¡&� 

�¢ ¾E 3+��UÍ¶�y 24 h]·x��

Ãr RSD�CS¯ ^�y ³r#I 

3  �� 

3.1  R2#¬­  

3¿]j�!� 2¿2¯�KE¸°F(0�24�

48 h)10 µm.25 µmR2#¬­¹³ºo 1I 

êEw 0 h) 1 mL­Æ78910 µm­Æ�

35.13ª14.4 J78925 µm ­Æ� 0.61ª0.49�

24�48 h2��R2#¬­»����]x 2010

./�0ï6��­Æ78910 µm­Æ�<25�7

8925 µm­Æ�<3�oSy��)��2�³rI 

3.2  ]jZ?   

3¿]jEâ2� 2¿2¯�y 0�1.0�2.0�

5.0�12.0�24.0�36.0�48.0 h�KE8�Fê�

� 0 h ]jZ?T¼�,�õEö±(0.9% NaCl 

2�."�#ü)��).�ý�þ�ö±(0.9% 

NaCl 2�."�#ü)��).,����(0.9% 

NaCl2�."�#ü)��)48 h(E½ÂÃ8�

F]jZ?ê� 0 h 8»>96.0%�]j
¦§w

¾�¹³ºo 2I 

3.3  DEHP2c 

3.3.1  �é¿À  �uvÂÃ¿À(multi reaction 

monitoring�MRM)IDEHP�(ïs:t LÁ.

�Á"¿À�é�º� 1I 
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� 1  3����� 2�����	
���
������ 

Tab 1  Insoluble particles at various time for 3 drugs dissovled in 2 solvents  

�3á�  / ·mL

−1
 

0 h 24 h 48 h 

� � 

10 µm 25 µm 10 µm 25 µm 10 µm 25 µm 

!"ýÎ#$(0.9%%
þÍ&4) 32.96±9.83 1.20±0.50 16.82±11.48 1.70±2.00 24.88±12.7 0.98±1.14 

!"ýÎ#$('"()Í&4) 25.38±12.23 0.50±0.29 23.88±10.37 1.28±1.31 13.20±9.57 0.58±0.69 

a*"+,#$(0.9%%
þÍ&4) 33.42±18.03 0.28±0.13 4.36±1.94 0.14±0.22 5.56±2.40 0.30±0.35 

a*"+,#$('"()Í&4) 37.88±9.17 0.34±0.21 8.80±5.11 1.04±1.00 4.82±0.73 0.04±0.05 

!"-./(0.9%%
þÍ&4) 42.10±21.10 0.72±0.53 15.08±13.03 0.52±0.67 25.26±25.48 0.80±1.10 

!"-./('"()Í&4) 39.02±13.55 0.64±0.57 16.54±6.94 0.28±0.18 3.76±1.50 0.04±0.05 

� 2  3����� 2�����	
����� 

Tab 2  Contents of 3 drugs dissolved in 2 solvents at various time  

��0@ 

!"ýÎ#$ a*"+,#$ !"-./ 

��/h 

%
þÍ&4 '"þ()4 %
þÍ&4 '"þ()4 %
þÍ&4 '"þ()4 

 0 100±0 100±0 100±0 100±0 100±0 100±0 

 1 100.41±0.81 99.95±4.30 99.58±0.82 100.19±1.65 100.39±1.57 100.53±2.87 

 2 99.83±1.24 100.44±4.01 99.68±0.94 99.04±1.58 100.12±2.33 99.55±2.52 

 5 100.09±1.01 98.38±6.07 100.28±1.48 100.00±2.61 99.89±2.59 99.36±2.08 

12 100.33±1.71 96.86±5.86 100.27±1.64 98.17±1.65 100.64±2.46 98.67±2.30 

24 102.59±1.77 98.61±3.68 101.43±0.65 102.84±2.04 100.04±1.23 98.72±2.20 

36 102.63±1.51 98.84±3.30 103.11±2.03 104.59±7.31 100.69±1.31 98.33±2.97 

48 101.42±1.15 97.61±3.52 101.23±0.61 101.60±3.86 99.77±1.03 97.19±3.09 

 

� 1  DEHP���������� !" 

A−l1234M56�B−^1234M56 

Fig 1  Full scan Mass spectrogram for DEHP and internal standard progesterone  

A−full scan MS spectrogram�B−full scan MS

2

 spectrogram 
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3.3.2  4��º#  2�� DEHP J(ïs:t

 MRMëé�T¼���2� (c#j�Rl

� DEHP �(ï Ãr����� ëé�sV

D� ��#�¹³º� 2I 

 

� 2  DEHP#������ MRM$!" 

A−êë34�B−êë34A DEHP(0.072 4 µg·mL

−1
)7ª-(1.00 µg·mL

−1
)�C−Í&89: 5 h Ä�349�  

Fig 2  MRM chromatogram for DEHP and internal standard progesterone  

A−blank solution; B−blank solution that added DEHP(0.072 4 µg·mL

−1
) and internal standard(1.00 µg·mL

−1
); C−the solution which put in injection pump 5 h  

3.3.3  «��¬­  DEHPÌ.�.D 3¿&�C

J(ï «��¬­È»F�!' 142.69%�

141.82%�140.07%� 104.96%I 

3.3.4  vw�kl  LLOQ.Ì.�.D 4¿&�

 ã(vw� RSD�!' 4.44%�5.01%�4.49%

� 6.92%I 

3.3.5  R¡2¯ ú �¢ ^6¯�  ¹³T

¼C567)���"�7#ü)�� 2 ¿2¯

 ú DEHP Ì.�.D 3¿&� RSD�!

' 5.38%.3.51%.2.50%IoSK 2 ¿R¡ 2

¯�Ã�vw�Â<6%�±½KÃ��ÃCCL¿

2¯(��567)��)Ä úï6����¢

 ¾��V°I 

3.3.6  DEHP 2c?  �!K 0�1�2�5�12�

24�36�48 h E½8�Fx �LC-MS/MS Ãr

¹³��VklÅ DEHP?Ì� LC-MS/MSÃr

4�r?¶Ø(0.072 µg·mL

−1
)I 

4  �� 

DEHP ¨'L¿ÆÇ\
��v�� PVC «

^��È����«^v� PVC����¥ÉÊ�

°YD�Æ���]j£KVR³r#�ËÌ2

# DEHPRC'%Í¹�� PVC�Æ��ÎÏ

Ç��2c�(2c\?J2c]�>: ¶·

�Ð.ÄR�mn �Ñ�È2c?xÒ�Í�.

�)�: Ì2#(ñjJD PVC ��Ç�Ó

Ô ÕÖ8�®I 

{VmnoS�DEHP ×#�#Ø¬

[5]

�ï

6klijÙq�¿Ú8(_Ûr�ÛÀ0)�)
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ÓC½6�j Ü�ÝÞ?;ß' 14~50 g·kg

−1
�

È�à)� Ü�ÝÞ?' 200 mg·kg

−1
IÙ¥á

â¶�0� DEHPªK 24 h(Û�ã��äåæ

c:ç�È DEHP  èé�ê«j�����ë

����(MEHP)�ªK>:Åì�íîï¥�*

jï¥8�Ãíð 6½ñIDEHP ò#�#èé

o{K�*óÛ�.ô�Û� ¶·CJ|}�

#IWXT¼�DEHP�õ#*óÛ� ¶·èé

o{'~��#�ÃÝ~�ö÷.ø~ù.~t

úÌ.*óûüýþ.�ûv��#.*óX��

®

[6-9]

I�ç���Ú8� DEHP ��®Á��x

Ò�@A?(�¡¿	.
­��î)�½:�
#I 

�)��]j ¦§¨���RÃg� �

��LILM¦§�'Ã�#¦§�RÃ�#¦

§�K�:�A�î�����o¤@����

��¹� �ÎÕ*�¦§¨�w������

��o¤¦§ ]j�ÆR�Æ��¹� ��

��¾�]jÕ*RÃ�#¦§ 0�¦§T�

�ò�½8|¦§wÎÕ*IJennifer

[10]

�� PVC 

����� PVC����5���.5���D

�� ��2�d�¦§�l�,C*+,-¨

'��I¹³Õ{�5���K PVC���� 

 þð 50%�È 2¿2�K� PVC��!"RÕ

*¦§I#$%®

[11]

mnT¼ PVC������

&'®]j£KST¦§¨���(ç�VR¾

	(WX

[12-13]

I���]j¦§�L4¤�j+

¨���L4¤ª«*6¹uv�)*ÂÃ
�

c ]�&�úÌ�ÏÈ7Ó¶·�
�]j 

V�#�È¶·¦§¨� èéj+6¹±²�

]j |Î��Ì2#I 

Ï¾�ÂÃÄ+��
� L�#�)�K 3

¿¥�À�]jD 2¿2¯ $v�8�( DEHP

2c?»Kr?¶Ø(0.072 µg·mL

−1
)C(�]jK

�)�� ¦§�N¾�48 h ]j&�êEw�

H&�»>96.0%�R�¶·]j
��³IU�

	���
� PVC������¿	w,�R
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