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Analysis of Crustaceans for DDT and its  Degradation 
Products by Gas Chromatography 

Issues in Environmental Biology, Instrumental Analysis 

BIOL 454L, CHEM 462 
Introduction 
DDT (dichlorodiphenyltrichloroethane) is a synthetic chlorinated hydrocarbon produced in 1872 
and widely distributed around the world after 1939 to control agricultural pests and insect-borne 
diseases such as malaria, yellow fever, encephalitis and typhus (Chenien, 1986).  In addition, DDE 
(dichlorodiphenyldichloroethylene) and DDD (dichlorodiphenyldichloroethane) are two derivatives 
formed in small amounts as contaminant byproducts from the manufacture of DDT.  Generally, the 
unsaturated breakdown product DDE is formed in the presence of oxygen.  DDD is the saturated 
compound formed when oxygen is absent (Dunlap, 1981). 
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Figure 1:  Structure of DDT’s (DDT, DDE and DDD). 

The Environmental Protection Agency (EPA) banned the use of DDT in 1972 because it was 
considered a potent pollutant, harmful to the ecosystem.  Some of its infamous characteristics 
include non-specificity of target organisms and persistence in the environment (Rinella, 1993; 
Chenien, 1986).  The non-specificity of this compound causes broad toxicity, adversely affecting a 
wide range of species other than insects.  Persistence is characterized by various properties which 
influence the structural stability of DDT.  DDT is a lipophile, virtually insoluble in water and other 
polar substances.  However, it is soluble in nonpolar organic solvents, and is readily absorbed into 
lipid-rich substances such as adipose tissue (Brown et al., 1983; 1986).  Furthermore, 
organochlorines tend to remain in the soil, water and sediment.  The estimated half-life for most of 
these compounds range between 5 to 15 years (Chenien, 1986).  The long-life of these compounds 
manifests its dangerous affects on biota chronically exposed to pollution. 
Benthic organisms, such as prawns are most likely to have high exposure to contaminants in 
polluted sediment habitats.  Furthermore, the prawn physiology increases its risk for contaminant 
bioaccumulation. For example, two important sites of bioaccumulation (Brown et al., 1986) are the 
tail (muscle tissue) and the hepatopancreas, an invertebrate organ analogous to the liver and 
pancreas in vertebrates (Muriana et al., 1993; MCB Applied Environmental Sciences, 1988).  
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Previous investigations by Muriana et al. elucidate the phospholipid fatty acid compositions in the 
hepatopancreas and tail of the marine prawn, Penaeus japonicus.  The most important lipid 
constituents determined in the hepatopancreas are triglycerides and phospholipids, while the 
principal lipids in the muscle are phospholipids and free cholesterol (Muriana et al., 1993).   These 
organisms are near the bottom of the food web which increases their potential to biomagnify 
pesticide concentrations in higher organisms, eventually in humans.  Brown et al.  have determined 
contaminated concentrations in some marine organisms commonly ingested by humans, two of 
which are the scorpionfish (Scorpaena guttata) and the ridgeback prawn (Sicyonia ingentis). 
The purpose of this study is to analyze and compare DDT concentrations in ridgeback prawn tails 
and hepatopancreas collected from two locations along the Southern California Bight.  The 
contaminated site is near the Los Angeles County Joint Water Pollution Control Plant (JWPCP) 
municipal wastewater outfall (Brown et al., 1986; Bay, 1994).  The relatively uncontaminated  site is 
distant from the contaminated site, near White’s Point.  This laboratory examines observations 
from the two sites and discusses the relationship between DDT habitat contamination and 
absorption of DDTs in prawn hepatopancreas and tail.  The ultimate focus of this exercise is to 
develop an understanding of the relationship between tissue lipid content and bioaccumulation 
patterns of DDT.  The pollutant levels present in tissues from the contaminated site are expected to 
exceed that of the uncontaminated site.  Further, prawn abundance at the contaminated site is 
expected to be much less than at the uncontaminated site.  

Sample Collection and Storage (BIOL 454L and other courses) 
Ridgeback prawn, Sicyonia ingentis, (invertebrates) are collected from two locations along the 
Southern California Bight.  A standard trawl along a 30 fathom isobath provide five samples each 
from a contaminated site (33o 41.38' N, 118o 19.60' W) near the JWPCP sewage outfall and a site 
classified as relatively uncontaminated (33o 37.68' N, 118o 15.20' W). 
Prawns are counted, deshelled and dissected upon capture.  The tails are stored in plastic zip-lock 
bags after separation from the heads (discarded).  The hepatopancreas, a dark pulpous organ at the 
base of the head region, is removed and stored in plastic zip-lock bags.  All tissue samples are 
stored in the freezer at -20 oC for subsequent organic analysis. 

Tissue Preparation 
The tissues are prepared for analysis using modified standard EPA protocols (Gossett et al., 1983; 
Brown et al., 1986) for primary pollutant analysis.  Prawn hepatopancreas samples are composites 
of all individuals collected per trawl.  The muscle tissue samples are combined parts of four 
individuals.  Trawl samples are selected by the amount of tissue available for analysis.  Wet weights 
of all tissue samples analyzed are approximately 5 g.  Small trawl samples are pooled by site to 
increase the wet weights of tissue to ensure sufficient sample mass for GC detection of organic 
compounds. 
Approximately 1-5 grams of tissue are weighed (weight recorded) and macerated with 60 mL 95% 
Pesticide Residue Analysis (PRA) quality acetone, followed by addition of 60 mL 2% sodium 
hydroxide (NaOH).  Samples are blended for 2-3 minutes or until homogenized.  A 50 mL aliquot 
of PRA quality hexane is added to the homogenate and mixed.  The multiphase mixture is 
transferred evenly to polypropylene centrifuge tubes (2.5 cm diameter) and centrifuged (1000 X g) 
for 5 minutes to separate the nonpolar lipid fraction (top layer) from the polar aqueous fraction 
(lower layer) .  The upper hexane fractions containing the total DDT (DDT + DDE + DDD) are 
transferred to 250 mL Erlenmeyer flasks using polypropylene disposable pipettes.  The lower layer 
is returned to the blender and the hexane extraction process is repeated twice more to give a total 
volume of 150 mL hexane extract (Brown et al., 1986; Tikkanen modified protocol, 1995).  After 
centrifugation, any extracts forming an emulsion layer between the upper hexane supernatant and 
the lower aqueous layer containing the pellet are left with the lower layer to be extracted with 
hexane.  The hexane fractions are combined and brought to a final known volume (150 mL). 

Analysis of total DDT by gas chromatography (CHEM 462) 
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Gas chromatography introduction 
Reference:  Chapters 24 and 25, Principles of Instrumental Analysis, 4th edition  Skoog and Leary 

Chromatography is a method used in the separation of mixtures.  The theory behind 
chromatography is reviewed in chapter 17 of the above reference and will only be summarized here.  
The efficiency with which a chromatographic column separates a mixture into its individual 
components is expressed as the effective number of plates of the column.  This terminology is 
related to the number of plates in a distillation column.  The number of effective plates is 
determined from the elution of a single component and is defined as 

 Neff = 16(t'R/Wb)2 

where t'R is the time required for the band center to elute, and Wb is the width of the eluted band 
where the width is determined by extending lines tangent to the inflection points on the side of the 
peak to the baseline and measuring the distance in time between the intersections of the tangent 
lines and the baseline.  This formula assume that the peak is Gaussian in shape.  Another related 
expression for the number of effective plates is 

 Neff = 5.54(t'R/W1/2)2 

where W1/2 is the peak width at the half maximum.  This form is less sensitive to baseline drifts 
and peak asymmetries which often occur. 
Another parameter of importance is the height equivalent to an effective plate or H.  H is the spacing 
between the effective plates.  It can be measured empirically from the length of the column and the 
number of effective plates: 
 H = L/Neff 

where L is the length of the column.  Theoretically, H is represented by the van Deemter equation: 

 H = A + B/� + Cstationary� + Cmobile� 

where � is the linear velocity of the mobile phase (carrier gas), A is a constant related to eddy 
diffusion or the tendency of the gas to move perpendicular to the direction of flow, B is a constant 
related to longitudinal diffusion or the tendency of the gas to move parallel to the direction of flow, 
and the constants Cstationary and Cmobile are related to the resistance to mass transfer at the 
solute/stationary phase interface.  The flow rate through the column is most efficient when H is at 
its minimum. 

The final parameter of interest is the resolution of the column.  Resolution is the ability of the 
column to resolve two compounds into separate, distinct peaks.  Resolution is defined as 
 R = 2d/(wA+wB) 

where d is the distance between the peaks, and wi is the width of peaks A and B, respectively.  Ideal 
resolution for two compounds occurs when R = 1—a value less than one indicates the compounds 
are not completely resolved, and a value greater than one indicates that the carrier gas flow rate is 
too slow and time is being wasted. 

Experimental Procedure 
1.  Prepare standard solutions using pesticide residue analyzed (PRA) hexanes as the solvent from 
the stock 10 mg L-1 solution provided by the instructor in 50 mL volumetric flasks for each of the 
compounds to be analyzed (DDT, DDE, DDD).  Standard solutions should have concentrations of 
50 �g L-1, 100 �g L-1, 200 �g L-1, 400 �g L-1, 700 �g L-1, and 1000  �g L-1. 
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2.  Set the oven temperature to 200 oC.  Set the carrier gas flow rate at 8 mL min-1.  Inject 1 �L of 
the 1000 �g L-1 standard solution and record the peak retention times and peak areas for DDE, 
DDD, and DDT.  Repeat for each of the standard solutions and construct calibration curves for 
each component from the recorded peak areas. 

4.  Inject 1 �L of each sample and, from the correlation of peak retention times in the sample to the 
known retention time of DDE, DDD, and DDT, determine the concentrations of DDT, DDE, and 
DDD in each sample from the corresponding calibration curves.  Calculate the concentrations (in 
parts per million, ppm) of each component in the prawn samples using 

 concentration ppm
mass g

mass g
DDX

tissue

( )
( )

( )
= !106 

(DDX = DDT, DDE, or DDD).  The total unmetabolized pesticide content is given by the sum of 
the masses of DDT, DDE, and DDD 
 massDDT,total = massDDT + massDDE + massDDD 
Report the slope, intercept, and standard deviations for each calibration curve and the error bounds 
of all calculated masses of DDT, DDE, DDD, and total DDT. 
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