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Health Protection Issues

Contains Heavy Metals
Harbors Pathogens
High Percentage in Respirable Range
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Summary of ExposureSummary of Exposure
TSP (Total Suspended Particle Mass) (mg/m3) PM10 (10 um) and below

= 0.001 mg/m3 (NIDBR Lab, Great Lakes, IL)
= 0.137 mg/m3 (Camp Virginia Clinic, Kuwait - indoors)
= 2.469 mg/m3 (Highest hourly average - 0800)
= 9.114 mg/m3 (Highest TSP reading)
= 2.051 mg/m3 (Highest daily maximum - 18 June @1300)
* NOTE: >9.999 mg/m3 readings recorded during peak dust storms

Count (Total Number of Suspended PM 10 Particles /m3) 
Size Range = 0.5 um to 10 um 

= 1,314,906 (NIDBR Lab, Great Lakes, IL)
= 12,290,917 (Camp Virginia Clinic, Kuwait - indoors)
= 107,261,167 (Highest average hourly maximum @1300) (SD = 54,959,015)
= 588,633,693 (Highest daily maximum – 18 June @1300)
= 127,643,273 (Highest avg daily (0700-1900) max 13 June) (SD = 34,311,341)
* NOTE: >20,000,000 counts /ft3 readings recorded during peak dust storms or >706,293,334 particles m3

Size Range = 5.0 um to 10 um 
= 36,515 (NIDBR Lab, Great Lakes, IL)
= 507,824 (Camp Virginia Clinic, Kuwait - indoors)
= 6,884,417 (Highest average hourly maximum @1300) (SD = 4,142,586)
= 44,571,347 (Highest daily maximum - 18 June @1300)
= 5,244,651 (Highest average daily maximum - 13 June) (SD = 3,632,501)
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Elemental 
Analysis:

Metals

Acid Extractables
Tent 1

Sample >120um >90um > 63um >44um >20um <20um
Mass 0.2627 0.2596 0.2488 0.2626 0.2441 0.2504

Element % dry wt %dry wt %dry wt %dry wt %dry wt %dry wt
Sr 0.0697 0.0642 0.0995 0.1978 0.2718 0.2436
Ba 0.0068 0.0072 0.0081 0.0192 0.0308 0.0463
P 0.0160 0.0170 0.0234 0.0433 0.0549 0.0649
S 2.4413 2.4230 3.0444 4.0062 3.6646 3.0458

Mg 0.6844 0.8718 1.2672 1.5505 1.7234 1.7784
V 0.0022 0.0026 0.0032 0.0041 0.0046 0.0049
Na 0.1759 0.1963 0.1672 0.2056 0.2123 0.2225
Al 0.2969 0.3832 0.4948 0.6351 0.7164 0.7521
Ca 9.0134 10.3057 11.7495 13.9148 15.3535 16.7133
Zn 0.0053 0.0039 0.0042 0.0070 0.0112 0.0206
Cu 0.0060 0.0050 0.0036 0.0054 0.0077 0.0268
Ni 0.0089 0.0094 0.0169 0.0197 0.0305 0.0564
Y 0.0009 0.0006 0.0006 0.0007 0.0009 0.0010
K 0.0502 0.0653 0.0612 0.0942 0.1186 0.1422

Mn 0.0174 0.0222 0.0268 0.0305 0.0331 0.0352
Fe 0.3506 0.4844 0.6889 0.8419 0.9601 0.9736
Cr 0.0027 0.0032 0.0039 0.0049 0.0052 0.0052
Pb 0.0111 0.0038 0.0049 0.0056 0.0076 0.0138

EPA method is SW-846 
6010 for ICP-AES and 
6020 for ICP-MS.  EPA 
digestion method, 3050.



<20 um Camp Buehring
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Chemical Analysis: CarbonatesChemical Analysis: Carbonates
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Microbiological Study of Dust Particles



Microbial Isolation and Characterizations
B-D Culturette

Anaerobic 
Sheeps’ Blood 

Agar

Aerobic Sheeps’ 
Blood Agar

McConkey’s 
Agar

Mycosel Agar Sabouraud
Dextrose Agar

Trypticase Soy 
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1. Cryopreservation
2. Microscopic characterization

Morphology
Gram stain

3. TLFAME
Principal Component analysis
MIDI

CLIN 40
TSB

Sentinel

4. 16 S rDNA sequence

5. B-D Crystal

6. Mueller-Hinton II antibiotic sensitivity

Thioglycolate
Broth

~128 Culturettes

x 7  Media types

~896 Enrichments



Best ID thus Far Comment

Neisseria meningiditis meningitis
Staphylococcus aureus cystic fibrosis
Bacillus circulans gastro-enteritis
Pantoea agglomerans septic arthritis
Pseudomonas agrici
Ralstonia paucula opportunist-septicemia, peritonitis, abscesses
Staphylococcus pasteuri various infections
Arthrobacter crystallopoietes
Pseudomonas balearica cystic fibrosis
Paenibacillus thiaminolyticus bacteremia
Bacillus vedderi obligate alkaliphile
Bacillus subtilis
Pantoea agglomerans epiphyte
Pseudomonas pseudoalcaligenes
Cryptococcus albidus septicemia and meningitis
Bacillus clausii Oral bacteriotherapy
Kurthia gibsonii Diarrhea
Bacillus firmus alkaliphile; bread spoilage
Staphylococcus kloosii various infections
Bacillus mojavensis biosurfactant
Bacillus licheniformis food poisoning
Pseudomonas oryzihabitans Hickman catherter biofilm

Summary of Soil Isolates 



Culturettes
Isolates of Concern - Hemolytic

Isolate 
Number Location Culturette Hemolytic 16S Match CLIN 40 Match Sentinel Match TSB Match

56 Kuwait 2 Blue Beta Submitted Legionella vjordanis 0.16 Microbacterium luteolum 0.25 Microbacterium-liquefaciens* 0.42

69 Kuwait 2 Black Beta Submitted Micrococcus luteus G 0.80 Arthrobacter luteolus 0.49 Arthrobacter-atrocyaneus 0.69

70 Kuwait 2 Blue Beta Submitted Micrococcus luteus C 0.81 Arthrobacter luteolus 0.54 Arthrobacter-atrocyaneus 0.68

72 Kuwait 2 Blue Beta Submitted Tatlockia micdadei* 0.26 Arthrobacter oxydans 0.04 NO MATCH

I-10 Udari Orange Alpha Pantoea agglomerans 0.95 Neisseria cinera 0.20 Providencia rettgeri 0.02 Ewingella americana 0.78

I-11 Udari Blue Alpha Pseudomonas agrici 0.01 No data No data Pseudomonas stutzeri 0.90

I-17 Udari Black Alpha/Beta Paenibacillus thiaminolyticus 0.03 No data No data Paenibacillus thiaminolyticus 0.53

I-18 Udari Orange Beta Submitted  Bacillus subtilis 0.52 Bacillus subtilis 0.90

I19 Udari Blue Beta/Alpha Bacillus subtillis subtillis 0.00 No data No data Bacillus subtilis 0.92

I-20 Udari Green Alpha Pantoea agglomerans 0.01 Pantoea aggomerans 0.62 Ralstonia paucula 0.27 Pantoea agglomerans 0.82

I-30 Tallil AB Orange Beta Bacillus mojavensis 0.00 Bacillus subtilis 0.42 No Match Bacillus atrophaeus 0.87

I-31 Tallil AB Blue Beta Bacillus licheniformis 0.02 No data No data Bacillus licheniformis 0.61

I-32 Tallil AB Green Beta Flavimonas oryzihabitans 0.00 No data No data No data

TLFAME
Genus and Species Identification



Bacteria Isolated from Kuwait and Iraq that have 
Shown Antibiotic Resistance.

Bacteria Isolated from Kuwait and Iraq that have 
Shown Antibiotic Resistance.



~300 bp of D2 region of LSU rDNA

Fungal Isolates

Microseq	Library	database
Midi	D2(300	bp)LSU	rRNA	s%	diff LSU	D2	Genbank	Database %	ID Associated	Disease

Allewia eureka 0.31 Ulocladium sp. 99
Allewia eureka 4.64 Cryptococcus uzbekistanensis 100
Allewia eureka 0.31 Ulocladium sp. 99 Unknown
Altemaria altemata 0 Alternaria sp 100 Plant pathogen
Rhodotorula minuata 5.73 Rhodotorula minuata 99 Eye infections
Cryptococcus albidus 2.44 Cryptococcus sp. 100 Cryptococcus neoformans - meningoencephalitis
Ulocladium chartarum 0.31 Stemphylium sp 99 Fungal biocontrol agent
Filobasidium uniguttulatum 4.64 Cryptococcus uzbekistanensis 100 Teleomorph of Crytococcus, non pathogenic yeast
Ulocladium consortiale 0 Stemphylium sp 100 Cutaneous mycoses
Ulocladium chartarum 0.31 Stemphylium sp 99
Mortierella polycephala 7.1 Mortierella polycephala 92 Pulmonary mycosis in cattle
Embellisia chlamydospora 0 Ulocladium sp. 99 Unknown
Filobasidium uniguttulatum 4.64 Cryptococcus uzbekistanensis 100
Penicillium camembertii 0 Penicillium sp. 100
Cryptococcus albidus 0 Cryptococcus albidus 100
Allewia eureka 0.31 Ulocladium sp. 99
Embellisia chlamydospora 0 Ulocladium sp. 99
Filobasidium uniguttulatum 4.64 Cryptococcus uzbekistanensis 100
Embellisia chlamydospora 0 Ulocladium sp. 99
Filobasidium uniguttulatum 4.64 Cryptococcus uzbekistanensis 100
Penicillium camembertii 0 Penicillium sp. 100
Allewia eureka 0.31 Ulocladium sp. 99 Plant pathogen
Phoma glomerata 0 Phoma herbarum 99



N0. Site Hemolysis MIDI @ DE Similarit MIDI @ MS Similarit MIDI @ MS Similarity Best ID thus Far
on Blood agar Environmental Index CLIN 40 Index Sentenial Index % Difference

Database ID Database ID Database ID

2 Babylon No Pseudomonas stutzeri 0.597 Pseudomonas stutzeri 0.503 Neisseria meningitis 0.357 Neisseria meningitis 
Neisseria meningitis 0.29
Neisseria cinerea 0.29

5 Babylon No Staphylococcus epidermidis 0.827 Staphylococcus aureus 0.676 Staphylococcus aureus 0.609 Staphylococcus aureus
Staphylococcus epidermidis 0.78 Staphylococcus warneri 0.596 Staphyloccoccus epiderimidis 0.576
Staphylococcus capitis 0.753 Staphylococcus aureus 0.569 Staphyloccoccus hominis 0.497

8 Babylon No Bacillus circulans 0.61 No match/Too dilute N/A No match Bacillus circulans

9 Udairi Alpha hemoly Not sent to MIDI N/A Not Extracted N/A None

10 Udairi Alpha hemoly Ewingella americana 0.778 Neisseria cinera 0.204 Providencia rettgeri 0.023 Pantoea agglomerans 0.95% Species Pantoea agglomerans 
Salmonella typhimurium 0.592 Aeromonas veronii 0.175 Arcobacter skirrowii 0.018
Pantoea agglomerans 0.568 Neisseria cinera 0.169 Erwinia amylovora 0.017

11 Udairi Alpha hemoly Pseudomonas stutzeri 0.896 Not Extracted N/A Pseudomonas agrici 1.34% Genus Pseudomonas agrici
Pseudomonas balearica 0.659
Pseudomonas resinovorans 0.584

12 Udairi No Not growing when others sN/A Vibrio alginolyticus 0.366 Ralstonia paucula 0.127 Ralstonia paucula
Aeromonas hydrophilia 0.366 Erwinia mallotivora 0.103
Neisseria mucosa 0.335 Ralstonia basilensis 0.1

14 Udairi No Not growing when others sN/A Staphyloccoccus epiderimidis 0.419 Staphylococcus pasteuri 0.207 Staphylococcus pasteuri
Staphylococcus caprae 0.185
Staphylococcus warneri 0.135

15 Udairi No Virgibacillus pantothenticus 0.677 Bacillus coagulans 0.432 Arthrobacter atrocyaneus 0.414 Arthrobacter crystallopoietes 0.00% Species Arthrobacter crystallopoietes
Micrococcus luteus 0.499 Dermobacter hominis 0.327 Agromyces ramosus 0.283
Bacillus atropheus 0.477 Kocuria-varians(Micrococcus) 0.316

16 Udairi No Staphylococcus warneri 0.881 Pseudomonas stutzeri 0.44 Pseudomonas balearica 0.097 Pseudomonas balearica
Staphylococcus epidermidis 0.754 N/A N/A
Staphylococcus epidermidis 0.61 N/A N/A

17 Udairi Beta/Alpha Paenibacillus thiaminolyticus0.534 Not Extracted N/A Paenibacillus thiaminolyticus 2.97% Genus Paenibacillus  thiaminolyticus
Bacillus atrophaeus 0.464

18 Udairi Beta hemolyti Bacillus subtilis 0.901 Bacillus subtilis 0.52 Bacillus vedderi 0.656 Bacillus vedderi
Bacillus atrophaeus 0.697 N/A N/A Bacillus mojavensis 0.642

MIDI 500 bp rDNA sequnce analysis

Microbiology Summary



Kuwait dust, Camp Buehring, size fraction 10 to 20um

This photo shows a particle that appears
to contain numerous bacteria in its core 
rather than on its surface. Bacteria size ~1um.
1000X with digital zoom.

Particle edge

Individual and grouped 
bacteria

Bacteria

Virus-like particle

bacteria

grouped bacteria

Sterilization Problems!



Kuwait Dust, Sample #2 raw

1000x magnification. These images show
large particles coated with bacteria and 
virus like particles. Each fluorescing particle
Is a bacterium (~1um in size), group of
bacteria or a virus-like particle



Zone of hemolysis

Sprinkle particles (> 20 µm) onto agar
Sheeps’ Blood Agar

Trypticase Soy Agar

Low Nutrient PTYG Agar

Many zones of hemolysis but very 
poor colony development.

Weird and wonderful colonies but 
most were mixtures of cell types.

Poor colony separation and 
fungi over grew plates after 48 
hours.



VIRUSES



COMPARISONS
Laboratory Comparisons of Iraqi and Ft. Irwin Dust

Light Microscopy Fluorescent Microscopy PLFAME Analysis
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The Problem….The Problem….
Environmental dust from the Middle East is ubiquitous 

and human exposure is extremely high.

These  particulates ARE inhabited by bacteria, fungi, and 
viruses…. And they contain a variety of bioaccessible 
metals posing a significant hazard.

There ARE potential health risks………
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New York Times, Monday June 20,2011 
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The dirt behind the dust
Published Date: July 10, 2009 
By Shaheen Al-Haddad, 
Staff writer, Kuwait Times







Potential Pathophysiologies

Chemical
Respiratory distress
Immune suppression
Systemic neuropathies
Other ‘toxic’ symptoms

Biological
Respiratory distress and acute inflammation
Immune suppression with systemic bacteremia
Acute and chronic systemic effects including neuropathies, 
cardiovascular events, autoimmune pathologies, etc.
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