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Elements of a Bomb

Acetone 

* Acetyl Triethyl Citrate 

* Aluminum Powder

* Ammonium Nitrate 

Antimony

Barium

* Boron 

* Butyl Stearate 

Cadmium 

Chromium 

* Diazodinitrophenol 

Diethyl Phthalate

Dimethyl Phthalate

Di-n-butyl phthalate

Di-n-octyl Phthalate 

* Dichromated Aluminum  Powder

2, 4- Dinitrotoluene 

2, 6-Dinitrotoluene 

Diphenylamine 

*  Ethyl Centralite 

* HMX 

Lead 

* Magnesium Powder 

Magnesium Alloy Powder 

Mercury

Nickel Powder

Nitrocellulose 

* Nitroglycerin 

* Nitroguanidine 

* Nitrostarch 

* Pentolite 

* Pentaerythritol Tetranitrate (PETN) 

* Phosphorous 

* Potassium Nitrate 

* RDX (Cyclonite) 

* Resorcinol Selenium 

* Sodium Nitrate 

* Strontium Nitrate 

* Tetracene 

* Tetryl 

* Titanium Powder 

* TNR (Trinitroresorcinol) 

* TNT(Trinitotoluene) 

*  Tri Amino Guanidine

Nltrate 

Vinyl Acetate 

Vinyl Chloride 

Zinc

*  Zirconium Powder 
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GeoAVAILABILITYGeoAVAILABILITY

Dispersion of natural trace elements is Dispersion of natural trace elements is 
increased due to military activities.increased due to military activities.

Pb/Cd

Pb/Cd



Is pollution at the Atlantic Atlantic 
Fleet Weapons Training Fleet Weapons Training 

Facility Facility contained?



1998







Why PLANTSPLANTS?

!Transitory receptors of trace 
elements.

!Plants can concentrate 
environmental toxins, thus they can 
be good bioindicators of 
environmental degradation.

!Ecological significance: start-up of the food chain.
!Plants are relatively �immune� to human toxins.

(no diabetes, hypertension or cancer cases have been reported in plants)

Potential use in clean up efforts: Phytoremediation



! Life vegetation samples were manually 
collected. 

! Each station was randomly sampled in a 2 to 
5 m2 circular plot. Sampling sites were 
independently established for each species. 
Vegetation analysis always included leaves 
material. Other plant components were 
selected as indicated. The sampling was 
consistently performed by selecting only 
large, green, healthy looking leaves. Samples 
from each species consisted of over 30 
leaves picked alternately from upper, middle, 
and the lower sections of 5 to 10 individual 
plants. 

! Samples were acid digested (2-4 replicates) 
and analyzed in an atomic absorption 
spectrophotometer.

Methodology















�analysis revealed sea around 
Vieques is free of heavy metal 
contamination!

However, at that time, live ammunition wasn�t being used.

However, at that time, live 
ammunition wasn�t being used.



Government Documentation

" In 1994, the EPA identified 102 

violations to water quality parameters. 

" The EPA Discharge Monitoring 

Reports identified excessive

concentrations of the following 

contaminants in the coastal waters of 

Vieques: 

Boron Cadmium (240x) 
Grease Chromium (13x) 
Phenols Iron 
Selenium Lead (105x) 
Silver Manganese 
Sulfates Mercury (4.6x) 
Zinc Arsenic (6.6x) 
Cyanide (10x) Nitrogen (188x)



Chemical Element (µg/g DW)
Pb Co Ni Al As Cd Cu

AFWTF-2001 (Active) 33.32 29.60 28.66 - - 0.28 30.48
(10.77) (5.51) (1.58) (0.13) (3.63)

AFWTF-2004 (Non-active) 8.14 10.61 3.43 154.3 0.61 0.15 17.42
(3.15) (4.21) (2.13) (67.7) (0.46) (0.15) (1.83)

Gu‡nica-2001 5.58 4.19 14.64 - - 0.28 15.39
(1.90) (0.06) (4.75) (0.01) (4.16)

Gu‡nica-2003/2004 2.33 1.82 3.75 341.2 1.04 0.28 12.16
(2.24) (0.43) (1.85) (112.9) (0.25) (0.22) (2.83)



ZONA CIVIL





Cu Mn Zn Pb Ni Cd Co
Monte Carmelo/Vieques 18.30 182.99 34.77 10.98 10.37 2.44 14.64

  12.58 203.73 27.56 10.19 10.19 3.00 14.98
average 15.44 193.36 31.17 10.59 10.28 2.72 14.81
std dev (4.04) (14.67) (5.10) (0.56) (0.13) (0.40) (0.24)

   
Sector Gobeo/Vieques 28.87 77.63 87.57 54.43 7.10 0.95 7.10

  22.75 71.56 71.56 43.85 6.20 1.24 4.96
average 25.81 74.60 79.57 49.14 6.65 1.10 6.03
std dev (4.33) (4.29) (11.32) (7.48) (0.64) (0.21) (1.51)

   
CONTROL 10.45 142.98 31.62 4.95 7.97 0.82 4.40
Cerro Las  11.33 132.69 29.58 4.98 7.46 0.83 3.87

 Mesas/Mayagüez 11.08 130.69 30.4 4.55 7.67 0.85 4.55
  11.30 143.36 31.98 5.24 6.66 1.10 4.41

promedio 11.04 137.43 30.90 4.93 7.44 0.90 4.31
std dev (0.41) (6.68) (1.11) (0.28) (0.56) (0.13) (0.30)

   
MC VIEQ/CONTROL 1.4 1.4 1.0 2.1 1.4 3.0 3.4
SG VIEQ/CONTROL 2.3 0.5 2.6 10.0 0.9 1.2 1.4

Pigeon Peas            Leaf samples (June 2000)





August 2001

Monte Carmelo, Vieques (Puerto Rico)
Pigeon Peas

Cu Zn Ni Pb Cd Co
Leaf samples 15.00 39.15 2.45 14.70 2.58 16.78

  6.43 25.08 2.06 15.53 2.26 18.13
average 10.72 32.12 2.26 15.12 2.42 17.46
std dev (6.06) (9.95) (0.28) (0.59) (0.23) (0.95)

   
Fruit samples 7.02 35.31 5.33 7.80 2.21 23.29

  9.41 32.68 4.27 4.89 4.13 28.21
average 8.22 34.00 4.80 6.35 3.17 25.75
std dev (1.69) (1.86) (0.75) (2.06) (1.36) (3.48)

   
FRUIT/LEAF 0.8 1.1 2.1 0.4 1.3 1.5



2ND Draft
Preliminary Evaluation of Health Risks Related to Naval 

Activities at the Atlantic Fleet Weapons Training Facility on 
Vieques, Puerto Rico

August 2000

�Bombing activities that occur 
on the eastern portion of the 
island are likely to produce 
airborne emissions that would 
be carried in a westerly 
direction.� US Navy

�Bombing activities that occur 
on the eastern portion of the 
island are likely to produce 
airborne emissions that would 
be carried in a westerly 
direction.� US Navy



20,000 20,000 -- 30,000 explosion every year!30,000 explosion every year!
> 50 years!> 50 years!
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Vieques / 2003-05
Departamento de Salud de PR
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