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Overview

q Completed & ongoing projects
q Publications 
q Semi - targeted analysis 
q Ongoing method development

2



q Northern California Firefighters (NCFF) Study 

• Metals in blood and urine (n = 180) 

q California Regional Exposure Study – Los 
Angeles (CARE  -  LA)  

• Metals in blood and urine (n = 430) 

• Phenols in urine (n = 60) 

Completed projects: 2018
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q Camp Fire Firefighters 

• Metals in blood and urine (n = 66) 

qMaternal Cotinine and Autism (MACOTA) Study 

• Cotinine in serum (n = 1000) 

q CARE Study - Region 2 

• Metals in blood and urine (n = 359) 

• Phenols in urine (n = 151)

Completed projects: 2019-2020
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Ongoing projects

q Camp Fire Firefighters (n = 66) 
• PAH metabolites in urine 

q CARE - 3 Study (n = 90) 
• Metals in blood and urine 
• Phenols 

q Pregnancy Exposure to Cannabis and Tobacco 
(PRECATO) (n = 1800 serum samples; 600 samples/year) 
• Cotinine 
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Recent publications
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Targeted, semi  -  targeted, and  
non-targeted data acquisitions
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Possible origin
Naturally occurring
o Petroleum
Industrial sources
o Organic light-emitting diodes
o Flame retardants
o Chloralkali production 
o Indigo dyes

Inhalation; drinking 
water; dietary intake; 
skin contact; etc. ???

Carbazole and halogenated carbazoles are widely detected in the environment 

Will they eventually enter the human body?

Halogenated carbazoles in the 
environment
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Total π electrons: 14;  
In line with Hückel’s rule  
(number of  π-electrons equals 4n + 2)

m/z Annotation
203.0 [M+2] 

+201.0 M
166.0 [M-Cl] 

139.0 [M-CNHCl] 

2+100.6 M

Mass spectrum of 3 - chlorocarbazole 
by EI - MS 
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m/z Annotation
246.9 [M+2]+

+244.9 M
166.0 [M-Br]+

139.0 [M-CNHBr]+

2+122.6 M

Mass spectrum of 3 - bromocarbazole 
by EI - MS 
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(a)

(b)

Molecular structures of:
(a) carbazole and (b) dibenzofuran

 

     

 
  

  
  
  

• Only one substituent of Cl (or Br) in the molecule(s)
• X stands for halogen (Cl or Br)

Characteristic fragmentation:  
PCDF vs 3-CCZ/3-BCZ

12



Targeted and semi - targeted 
approaches and references

Approach Features Reference

ASES/MS Library search and 
spectra 
interpretation

Zhu D, She J, Hong Q et al. (1988). ASES/MS : an 
automatic s tructure e lucidation s ystem of 
organic compounds u sing mass spectrometric 
data. Analyst 113(8  ):1261  –  1265. 

IsoCAL Isotope profiles 
match

She J, McKinney M, Petreas M, and Stephens R 
(1995). Design and application of an isotope 
pattern calculator for  Microsoft Windows. 
Organohalogen Compounds 23:171 - 174 . 

AMBIPR Database and library 
search, plus 
metabolite 
predication

Lu D, Zhang S, Wang D et al. (2016). Identification 
of flurochloridone metabolites in rat urine using 
liquid chromatography/high resolution mass 
spectrometry. J Chromatogr A 1445:80 - 92 . 



Method development

q VOC metabolites in urine 

q Add selected metabolites of benzophenone - 1 (BP - 1), 
a metabolite of BP - 3, to phenols panel 

q Investigate deconjugation step in bisphenol A assay 

q Further work on semi            -            targeted analysis            
• Automation of data analysis 
• Investigation of fragmentation profiles for selected 

chemicals of interest to Biom CA
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