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Lindsay Goddard MS, RD, LD/N

• Lindsay Goddard is a Registered and Licensed Dietitian (RD, LD/N) with a 
Master’s degree in Nutrition, a Bachelor’s degree in Biology, advanced 
graduate-level training in Toxicology, and certification in Integrative and 
Functional Nutrition. She has been with Mosaic Diagnostics (formerly Great 
Plains Laboratory) for over seven years, where she supports and educates 
healthcare practitioners in the interpretation and clinical application of 
laboratory data while contributing to the innovation and development of 
clinical education.

• Prior to Mosaic, she practiced in various settings, such as hospitals, 
universities, and outpatient clinics, with a wide population range spanning 
from neonates to geriatrics. She worked within many specialties during that 
time, including gastroenterology, critical care, physiatry, and 
genetics/metabolic medicine. In addition to her work at Mosaic, Lindsay 
currently maintains a private practice consulting with providers and patients, 
serves as the Dietitian for a West Florida–based hospice, and teaches Yoga to 
all age groups, integrating mindfulness and coherence.
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Outline 

•Prevalence and Importance of Toxicant Exposures 

• Toxicant Testing 

•Review Organic Acids Testing

•Connecting Organic Acids with Toxic Exposures

•Case Study

•Q&A
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Terminology

Toxicant 

• Defined as a man-made or synthetic 
chemical that can cause harm to a living 
organism. 
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Toxin
• Produced by living organisms e.g mycotoxins, 

snake venom, bacterial and plant toxins



According to HBM4EU- biomonitoring infrastructure involved in 24 European Union Member States

Prevalence of Toxicant Exposures in the EU 

Phthalate and Phenol 
(BPA) exposures are a 
continuous concern, 
and a 2020 found in 11 
countries, 95% of 
participants were 
positive with some 
exceeding amounts 
beyond the safety 
threshold. 

Associated with 
reproductive toxicity, 

ADHD, 
endometriosis, and 
general endocrine 

disruption

BPS, another type of 
phenol, continues to 
exceed acceptable 
rates.

Major endocrine 
disruptor 

Organophosphate 
herbicides are 
estimated to be 
more prevalent in 
Europe, as compared 
to the US and higher 
amounts have been 
found in toddlers and 
children.

Impacts 
neurobehavioral 

deficits

Pyrethroids, a 
widely used 
agricultural and 
household 
insecticide, was 
found in 36% of 
European children to 
exceed guidance 
values. 

Concerns for impacts 
on 

neurodevelopmental 
effects 
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PMID: 39693778, PMID: 27765541 PMID: 36773580, PMID: 38042944, PMID: 37236588, 
doi: 10.2800/502521, https://doi.org/10.1016/j.scitotenv.2022.158368

Acrylamide, a 
genotoxic food 
processing 
contaminant was 
found in 100% of 
Spanish adults, and 
Southern 
Europeans had 
higher levels than 
Northern, and was 
higher in children

Classified as a 
probable human 

carcinogen

https://pubmed.ncbi.nlm.nih.gov/39693778/
https://pubmed.ncbi.nlm.nih.gov/27765541/
https://pubmed.ncbi.nlm.nih.gov/36773580/
https://pubmed.ncbi.nlm.nih.gov/38042944/
https://pubmed.ncbi.nlm.nih.gov/37236588/


Burden from VOCs in the EU 

A study evaluating 360 urine 
samples collected over a 21 year 
time span (2000-2021) in Germany 
found 95-100% samples contained 
metabolized analytes from VOC 
exposure. 
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Europe currently does not bio monitor for VOCs 



Glyphosate in the EU

French study of 6,848 
participants found quantifiable 
urinary glyphosate in 99.8% of 
samples- higher in men and 
children. 
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Near Universal Detection in European populations 



Patient Population
• Respiratory, Allergy

• Asthma, wheezing, apnea, COPD
• Eye irritation

• Immune dysregulation

• Autoimmune disease
• Allergies

• Endocrine Dysfunctions
• Infertility
• Hormone dysregulation

• GI Concerns
• IBD, nausea, vomiting

• Osteoporosis
• Blood disorders

https://www.cdc.gov/exposurereport/

https://www.integrativepractitioner.com/practice-management/news/environmental-medicine-expert-shares-top-10-toxic-compound-list

https://www.cdc.gov/niosh/topics/indoorenv/moldsymptoms.html; https://www.cdc.gov/mold/faqs.htm#;

https://www.euro.who.int/__data/assets/pdf_file/0017/43325/E92645.pdf

• Cardiovascular disease
• Metabolic syndromes

• Obesity, T2DM
• NASH, NAFLD

• Cancers
• Neurological Concerns

• Cognitive dysfunction
• Parkinsons
• Migraines, Headaches

• Behavioral/Mood
• ADD/ADHD
• Depression, anxiety

• Fatigue

https://www.integrativepractitioner.com/practice-management/news/environmental-medicine-expert-shares-top-10-toxic-compound-list
https://www.integrativepractitioner.com/practice-management/news/environmental-medicine-expert-shares-top-10-toxic-compound-list
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https://www.cdc.gov/niosh/topics/indoorenv/moldsymptoms.html
https://www.cdc.gov/mold/faqs.htm


Sources of Exposure
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Toxicant testing with TOXDetect
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The TOXDetect Profile is a urinary assessment of exposure to 

environmental toxicants. The profile measures 26 metabolites to screen 
for exposure to 34 various toxicants. 

• Measure metabolites to assess parent compounds (environmental 

toxicants)

• Can be used alongside an OAT to evaluate metabolic impacts from the 

toxicants, in addition to additional toxicants. 



Toxicants Measured

● Phthalates (5)- plastics 

● Bisphenols (BPA and BPS)

● Volatile Organic Compounds (VOCs) (9)

• E.g. xylene, styrene/ethylbenzene, benzene, 

toluene, acrylonitrile, 1 –bromopropane, 1,3-

butadiene, ethylene oxide, vinyl chloride. 

● Parabens (4)- preservatives 

● Pesticides (including Organophosphates, 

Pyrethroids, Glyphosate, 2,4-D, and Atrazine)

● Flame Retardants

● Acrylamide- cooking biproduct

● Perchlorate – bleach

● Oxybenzone - sunscreen

https://mosaicdx.com/resource/toxdetect-profile-important-clinical-considerations/
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Organic Acids



What are Organic Acids?

• Acidic byproducts of cellular metabolism 
that are produced by living organisms—
including humans, bacteria, and fungi—
and are typically excreted in urine. 

• Downstream products of various 
metabolic pathways, that give insight into  
microbial activity, energy production, 
neurotransmitter metabolism, toxic 
exposure, methylation and detoxification, 
and nutrient needs.

18ORGANIC ACIDS

Adapted from: Mitochondrial quality control in the brain: The physiological and pathological roles. - Abstract - Europe PMC

https://europepmc.org/article/pmc/9791200
https://europepmc.org/article/pmc/9791200
https://europepmc.org/article/pmc/9791200
https://europepmc.org/article/pmc/9791200
https://europepmc.org/article/pmc/9791200


6 Key Clinical Categories

THE ORGANIC ACIDS TEST (OAT)

01.
Microbial Overgrowth

Markers of yeast, mold, bacteria, Clostridium 
species, and their metabolic byproducts.

02. 
Mitochondrial Health

Intermediates of glucose, fatty acid, and amino 
acid metabolism involved in energy 
production.

03. 
Neurotransmitter Metabolites

Dopamine, serotonin, and 
norepinephrine/epinephrine pathway 
metabolites, providing insights into 
neurotransmitter imbalances.

04. 
Toxic Exposure

Provides insights into metabolites influenced 
by mold toxicant, heavy metal exposures, and 
associated oxidative stress and glutathione 
depletion.

05. 
Methylation/Detoxification

Metabolites reflecting methyl group cycling, 
glutathione status, and nutrients involved in 
both methylation and detoxification.

06. 
Nutrient Needs

Direct and indirect biomarkers reflecting the 
functional demand for B-vitamins, 
antioxidants, and other key micronutrients.
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OAT + Toxic Exposures 

Impacts from Toxicants

• There can be numerous effects from toxic exposure that 
can be revealed 
• Microbiome, mitochondria, neurotransmitters, methylation and 

detoxification. 

Add Additional Insight into specific toxins and toxicants

• Certain organic acids can be produced from the 
metabolism of specific toxicants. 

• Hippuric acid (marker 10) = Toluene 

• Specific ones can directly influence it. 
• Quinolinic acid (Marker 39)and phthalates



Microbial Overgrowth
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Microbial Overgrowth 
Section

• Yeast Markers (Candida)
• Numerous toxicants impact the 

microbiome, allowing for dysbiosis and 
opportunistic organisms to thrive, in 
particular Candida. PMID: 36274693

22MICROBIAL OVERGROWTH

Image used from: Candida Albicans Stock Photos        

https://pubmed.ncbi.nlm.nih.gov/36274693/
https://www.istockphoto.com/photos/candida-albicans


Microbial Overgrowth 
Section

• Bacterial Markers
• Hippuric acid (10) = Toluene 

• 4-Hydroxybenzoic and 4-Hydroxyhippuric 
acids (12,13) = Parabens

23MICROBIAL OVERGROWTH

PMID: 20930423

PMID: 34696600

Source: Techno Science

https://pubmed.ncbi.nlm.nih.gov/20930423/
https://pubmed.ncbi.nlm.nih.gov/34696600/
https://www.techno-science.net/glossaire-definition/Intoxication-au-toluene.html


Microbial Overgrowth 
Section

24MICROBIAL OVERGROWTH

• Clostridium Bacterial Markers

• Impacted by Glyphosate
• Glyphosate inhibits 5-enolpyruvylshikimate-

3-phosphate synthase (EPSPS), selectively 
suppressing beneficial gut bacteria while 
Clostridia remain relatively resistant. 

      PMID: 38099711 , PMID: 38244513, PMID: 31442459

• Clostridia metabolites (15-18) impact 
Neurotransmitters by blocking  dopamine 
beta hydroxylase (DBH).  PMID: 35323033, PMID:37363147 



Mitochondrial Health
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Mitochondrial 
Impacts 

Succinic acid

• Succinate Dehydrogenase enzyme is 
incredibly sensitive to toxicants. 
• There are certain fungicides designed to 

directly inhibit it. 

• Elevations can allude to environmental 
toxicant exposure. PMIDs: 24250680, 36835457
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B12

Acetyl CoA

https://doi.org/10.1016/j.jscs.2010.06.006, 
https://doi.org/10.1016/j.envint.2023.108219.

Acetyl CoA

https://doi.org/10.1016/j.jscs.2010.06.006


Neurotransmitter Metabolites
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Neurotransmitter 
Impacts 

• Numerous toxicants can have direct and 
indirect impacts NT levels

• Pesticides
• Oxidative stress & Dopaminergic 

neurodegeneration.
PMID: 16797138

•  Phthalates 
• Inhibits alpha-amino-beta-carboxymuconate-

epsilon-semialdehyde decarboxylase (ACMSD) 
and quinolate phosphoribosyltransferase (QPRT) 
enzyme, causing Quinolinic Acid to elevate. 

• Quinolinic acid can contribute to 
neuroinflammation and is implicated in many 
neurological disorders.  

        PMID: 15229365, PMID: 30826665

 

28NEUROTRANSMITTER METABOLITES

Source: High phthalate exposure increased urinary 
concentrations of quinolinic acid, implicated in the 
pathogenesis of neurological disorders: Is this a 
potential missing link?

https://pubmed.ncbi.nlm.nih.gov/16797138/
https://pubmed.ncbi.nlm.nih.gov/16797138/
https://pubmed.ncbi.nlm.nih.gov/30826665/


29METHYLATION AND DETOXIFICATION

Methylation/ 
Detoxification Impacts 
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Methylation/ 
Detoxification Impacts 

• Pyroglutamic Acid- functional marker for 
glutathione (GSH) status. 

• GSH is important for the biotransformation of 
many toxins and toxicants. 

• Increased oxidative stress         increased demand

• 2 Hydroxybutyric Acid-  pathway Cysteine 
support for GSH vs Methylation impacts 



Nutritional Needs
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Nutritional Impacts 
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• B Vitamins, Antioxidants, Minerals
Toxic exposures can influence the 
need for nutrients involved in various 
metabolic processes 

• Specific nutrient to the OAT: 

▪ B Vitamins

▪ Vitamin C

▪ GSH

▪ CoQ10

• Other nutrients from patterns: 

▪ Mg

▪ Zinc

▪ Iron

▪ Glycine

PMID: 1778274, PMID: 22357258, PMID: 33011353

https://pubmed.ncbi.nlm.nih.gov/1778274/
https://pubmed.ncbi.nlm.nih.gov/22357258/
https://pubmed.ncbi.nlm.nih.gov/33011353/


Other Markers 

Other metabolized byproducts of exposure. 

• Mandelic acid (68) = Styrene

PMID: 18203133

• Malonic acid (74)= Acrolein : forms with the 

oxidation of PUFAs-linolenic acid (canola, soybean, 
corn, sunflower, flax, peanuts)

PMID: 30635735

33TOXIC EXPOSURE

https://pubmed.ncbi.nlm.nih.gov/18203133/
https://pubmed.ncbi.nlm.nih.gov/30635735/


34Summary



Screenshot 2025-04-21 at 5.01.21 PM.png
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https://mosaicdx.com/resource/how-the-organic-acids-test-provides-insights-into-toxic-exposures/


Pediatric 
Eczema

Case Study:



Case overview:

Chief Concerns:

- Hx of Eczema that has been controlled, but 
now has returned and is more severe. 

- Extremely picky eating 

- Was potty trained at 5, now with bed wetting 

- Difficulty sleeping, even when itching is under 
control 

- Headaches, mainly behind the eyes

- Increasing fatigue and muscle weakness

37

CASE STUDY: Pediatric Eczema 

• PMH:
• Vaginal delivery, eczema

• Medications/Supplements:
• MV, digestive enzymes 

• Diet:
• Prefers GF spaghetti w/ tomato sauce, some fruit, and GF corn 

chips, DF/GF pizza. 

• Social Hx: 
• Attends a private school in the downtown area

• Recently moved to an apartment close to school 

• Lives with both parents, one younger sibling, no pets. 

• Other Tests
• Environmental IgE : allergies to Aspergillus, various Tree Pollen, 

and cats

• Food IgG: sensitivities to casein and gluten

• Stool Test: Elevated IgA, lower pancreatic elastase 

10 year old Male
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39CASE STUDY: Pediatric Eczema 



Results

40CASE STUDY: Pediatric Eczema 

Microbial

Imbalance

Mechanism Possible

Symptom (s)

Category

Yeast Environmental? 
Diet? 

Likely influencing 
eczema, picky eating, 
and headaches

General Bacteria Influenced by 
Fungus and 
Clostridia? 
Parabens? 

Clostridia Pesticide 
exposure?

Influence on eczema, 
bed wetting, 
sleep, fatigue, pick 
eating? 



Results

41CASE STUDY: Pediatric Eczema 

Oxalates Mechanism Possible Symptom(s) Category

Oxalic acid From fungus – 
diet is not high 
in plant-based 
foods. 

Influencing headaches? 
Urinary incontinence? 

Multiple 
mitochondrial 
impacts 

Mechanism Possible

Symptom(s)

Category

Citric acid cycle , 
amino acid 
utilization for 
energy

Toxic exposure

Additional impacts; 
fungus, nutrient 
insufficiencies (B2), 
oxalates, elevated 
dopamine (next slide). 

Fatigue and 
muscle 
weakness?



Results

42CASE STUDY: Pediatric Eczema 

Neurotransmitter 

Metabolites 

Mechanism Possible Symptom(s) Category

HVA, HVA/VMA 
ratio 

Clostridia 
influencing 
Dopamine

sleep (dopamine) and 
bed wetting 
(norepinephrine 
influences urethral 
sphincter and tone) 

HVA/DOPAC 
ratio 

Upregulation of 
COMT 

May be why it’s not 
influencing his 
behavior 



Results

43CASE STUDY: Pediatric Eczema 

Nutrient
Needs Mechanism Category

Low B6

Influences
NTs, 
Methylation,
Detoxification

Low B5
Influences
Mitochondria, 
NTs

Low B2 

Influences
Mitochondria
(Succinic acid), 
NTs, 
Methylation,
Detoxification



Results

44CASE STUDY: Pediatric Eczema 

Methylation/ 

Detoxification 

Mechanism Category

2-Hydroxybutyric acid Supports cysteine synthesis 
for GSH vs Methylation 
dysfunction



Interventions

CASE STUDY: Pediatric Eczema 

Botanical 
regmin 6-8 weeks, then retest.

• Combination oregano oil, caprylic acid and 
garlic

• High dose Spore-based Probiotics (Bacillus)

•  Ca/Mg citrate with any meals high in 
Oxalates, Epsom salt baths in the evening, 
cream on forehead. 

Mitochondrial 
Health

• MV w/ high dose B vitamins (B1,B2, B3, B6, 
B5, B12)

Neurotransmitter 
Support

• Address clostridia 

Detoxification/Methylation
Support

• Vitamin C

• Curcumin to support Glucaronidation

• NAC

• Humic + Fulvic Acids

• Soluble Fiber 

Additional Nutrient
Needs

• Zinc for picky eating

• Omega 3s

Additional Testing

Retest OAT in 8-12 weeks post-therapy, 
depending on symptoms.

Toxicant in 3 months after interventions. 
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Thank you for your time!
46



Questions? 
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Contact Us

If you have any questions, please reach out to the 
appropriate team and/ or visit our website to learn more. 

Sales

US: DomesticSales@mosaicdx.com

International: 
InternationalTeam@mosaicdx.com

Customer Service

Email: 
CustomerService@mosaicdx.com

Phone: 800-288-0383

Clinical Education Consults

Schedule via MosaicDX Portal

Portal: mosaicdx.com/portal/login/practitioner

Educational Resources

Visit mosaicdx.com

for educational programs and content
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