
The FDA requires a device chemical characterization / leachables and extractables study 
with an associated toxicological risk assessment to be performed on any device with 
the potential for cumulative systemic contact of greater than 29 days. Long term 
implants would naturally be included, as would many short-term yet repeated-use 
devices.  
 
Many devices require stringent chemical characterization to help assess toxicological 
risk. Chemical characterization studies, following ISO 10993-18 methods, look at the 
types and amounts of chemicals that may migrate from a device during use. From this 
specific chemical profile, an overall risk assessment of the safety of the device can be 
created. 
 
The Analytical Team at PBL works with clients to determine the most appropriate 
extraction conditions and analysis procedures for device characterization. Parameters 
such as time, temperature, solvent choice, and nature of device will be considered. 
Chemical structure can be studied using Mass Spectrometry. Leached or extracted 
residual solvents can be analyzed by GC/MS. Trace heavy metal analysis is conducted 
using ICP-MS. Other tests to determine colorants and target non-volatile organics utilize 
UV/vis and LC/MS, respectively. 
 
PBL offers toxicological risk assessment reports in conjunction with chemical 
characterization studies through Gad Consulting. Gad Consulting has operated for more 
than 22 years, providing drug and medical device toxicology consulting services.  
 
Pacific BioLabs also performs in vivo biocompatibility testing. 
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Extraction Rational and Conditions: The gas path of a complex medical device was 
analyzed. The individual parts were extracted with two different solvents (polar and non-
polar). Based on the intended use of the device, the solvents of choice were water and 
octanol with exaggerated extraction conditions of 72 ± 2 hrs. at 50 ± 2 °C, in compliance 
with ISO 10993-12 and ISO 10993-18.  
 
Sample Preparation: Based on the thickness of the material and the ease of which to 
calculate a surface area, extraction ratios of 3 cm2/mL, 6 cm2/mL and 0.2 g/mL were 
utilized.  The device-solvent combination (test vial) as well as solvent alone (blank vial) was 
incubated for 72 hours at 50 °C in Type 1 borosilicate glass containers using water and 
octanol. 
 
GC/MS: Measured volatile and semi-volatile compounds from extracts in octanol using gas 
chromatography with mass spectrometry. Using the NIST library database, potential 
chemical identities were assigned to analyte peaks above the 1 ppm Naphthalene internal 
standard based on the height of ion response.  
 
ICP/MS: Elemental characterization  of extracts in water using Inductively Coupled Plasma-
Mass Spectrometry to detect the presence of heavy metals and inorganics. The heavy 
metals panel according to USP <232> in compliance with ISO 10993-18 was measured. 
 
LC/MS: A reverse phase HPLC method was developed to chromatograph solvent extracts 
for analysis by mass spectrometry for devices extracted in water and octanol. A 20-100% 
acetonitrile gradient with water containing 0.1% formic acid on a C18 column was 
employed. Electrospray ionization (ESI)  with mass spectrometry was used in scan mode 
monitoring m/z 80-1200. UV absorbance was monitored at 220 and 254 nm, and spectral 
data was collected from 190-400 nm. Molecular ions of peaks after reversed phase 
chromatography were reported.  
 
UV/vis:  A spectral scan from 200-800 nm was compared between blank extraction solution 
and test extraction solution with scaled down device component.  The scan takes 
measurements every 0.5 nm. A positive control reference colorant dye solution was 
prepared at 1 and 10 ppm. 

Method 

Results cont. 

Instrumentation 

•Volatiles and Semi-volatile Organics by GC/MS (Agilent 7890B GC and 5977A MS 
detector) 
•Headspace GC (Agilent 7694E Headspace Autosampler and 6850 Series II GC))  
•Target non-volatile organics by LC/MS (Agilent 1100 and 1200 Series HPLC and Agilent 
6210 TOF-MS) 
•Colorants by UV/Vis and HPLC (HP8453 UV/vis Spectrophotometer and Agilent 1100 
and 1200 Series HPLC) 
•Heavy Metals and Elemental Analysis by ICP-MS (Agilent Technologies 7700 Series ICP-
MS) 
 

Toxicology Risk Assessment 

• GAD Consulting Services (GCS) has been in service over 20 years as a drug and medical device 
toxicology and regulatory consulting firm. GCS has performed numerous risk assessments and 
prepared comprehensive reports for pharmaceutical, industrial, agricultural and environmental 
agents, food packaging materials, Proposition 65 filings and medical devices.  

 
• Pacific BioLabs works closely with GAD consulting with any compounds of possible toxicological 

risk for an assessment.  
 

Results 

GC/MS: Tentative IDs from Extraction in Octanol 
1 ppm Naphthalene Height of Ion Response in sample – 16210 
 
 
 
 
 
 
 
 
 
 
 
 
Note: RT represents Retention Time 
*900 or greater is an excellent match; 800-900 is a good match; 700-800 is a fair match; less than 600 is a poor 
match. (NIST MS Search Program version 2.2) 
 

ICP/MS: Blank and Test Extracts in Water 
 
 

RT (min) 
Height of Ion 

Response 
Potential Analyte ID NIST Match Factor 

14.020 128927 Benzene, (1-ethylnonyl)- 700 

14.344 2560425 2,5-Cyclohexadiene-1,4-dione, 2,5-bis(1,1-dimethylpropyl)- 886 

14.484 192023 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione 666 

15.073 93883 Dihydroxanthin 588 

15.995 305646 Phenol, 2,6-bis(1,1-dimethylpropyl)-4-methyl- 749 

18.238 188495 10, 18-Bisnorabieta-8,11,13-triene 781 

27.736 6490994 Phenol, 2,2’-methylenebis[6-(1,1-dimethylethyl)-4-methyl- 923 

Element m/z 
Internal Standard 

(m/z) 

Correlation 

Coefficient (R) 
Blank Extract Test Extract 

  

Element 

Concentration 

(PPB) 

Li 7 Sc (45) 0.9635 <10 <10 

V 51 Sc (45) 0.9625 <10 <10 

Cr 52 Sc (45) 0.9630 <10 <10 

Co 59 Sc (45) 0.9622 <10 <10 

Ni 60 Ge (72) 0.9643 <10 112 

Cu 63 Ge (72) 0.9641 <10 223 

As 75 Ge (72) 0.9640 <10 <10 

Mo 95 In (115) 0.9647 <10 <10 

Ru 101 In (115) 0.9640 <10 <10 

Rh 103 In (115) 0.9638 <10 <10 

Pd 104 In (115) 0.9708 <10 <10 

Cd 112 In (115) 0.9623 <10 13 

Sn 118 In (115) 0.9654 <10 <10 

Sb 121 In (115) 0.9631 <10 <10 

Ba 138 In (115) 0.9625 <10 <10 

Os 192 Bi (209) 0.9642 <10 <10 

Ir 193 Bi (209) 0.9663 <10 <10 

Pt 195 Bi (209) 0.9636 <10 <10 

Hg 202 Bi (209) 0.9651 <10 <10 

Tl 205 Bi (209) 0.9634 <10 <10 

Pb 208 Bi (209) 0.9641 <10 2845 

LC/MS:  
LC/MS negative mode peaks and major m/z ions for water extract 

RT Area Height m/z Base Peak Other m/z UV absorbance Comment 

8.045 29591008 3970017 327.22564 ND ND   

11.514 4626499 580060 165.05589 ND 254 nm 1 ppm internal standard 

IS peak 

IS peak 

LC/MS positive mode, total ion chromatograph (top) and UV trace (middle 220 nm, bottom 254 
nm) for test device water extract. 

LC/MS positive mode peaks and major m/z ions for water extract 

RT Area Height 
m/z Base 

Peak 
Other m/z UV absorbance Comment 

8.059 266684271 33846386 283.23994 ND 220 nm   

12.716 15181667 2272452 565.45718 ND ND   

15.435 9395300 1017875 214.0816 ND 220, 254 nm   

19.881 8446472 816921 170.09859 ND 254 nm 1 ppm internal standard 

LC/MS negative mode, total ion chromatograph (top) and UV trace (middle 220 nm, bottom 254 nm) for test 
device water extract. 

IS peak 

IS peak 

UV/vis:  
All the peak maxima absorbance’s for water device extracts are in the UV region, which 
indicates that no colorants are leaching out as indicated in UV/vis spectra below. 


