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lowing parameters were obtained: 

1. Oxidation rate constant 

2. Ultimate carbonaceous demand 

3. Lag period 

4. Onset of nitrification. 

The following conclusions were reached concerning the effects 

of the insecticides on these parameters: 

1. Dieldrin, DDT and diazinon decreased the oxidation rate. 

2. Dieldrin increased the ultimate carbonaceous demand. 

3. DDT and diazinon had a negligible effect on the ultimate 
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carbonaceous demand. 

4. Dieldrin and diazinon increased the lag period and retarded 

the onset of nitrification, 

5. DDT, in the concentrations tested, had no effect on either 

the lag period or the onset of nitrification. 
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THE '. EFFECT OF SELECTED INSECTICIDES 
UPON BIOCHEMICAL OXIDATION 

INTRODUCTION 

The reduction of waste organic materials by biochemical oxida- 

tion is of major importance to the cycle of life on earth. Biochemical 

oxidation occurs in air, soil, and water as living organisms metab- 

olize organic material for their source of food. To the sanitary 

engineer , the most important phase of biochemical oxidation occurs 

in water because water is the recipient of many waste materials. 

The sanitary engineer relies on living organisms to metabolize or- 

ganic matter in waste waters or effluents from waste treatment plants. 

To analyze biological processes, the sanitary engineer uses 

the Biochemical Oxygen Demand (BOD) Test. The BOD test is, ac- 

cording to Sawyer (19), "essentially a bioassay procedure involving 

the measurement of oxygen consumed by living organisms (mainly 

bacteria) while utilizing the organic matter present in a waste, under 

conditions as similar as possible to those that occur in nature. " The 

BOD test has been for some time a standard test in the field of sani- 

tary engineering. According to Phelps (15), "the BOD test is the 

most useful single determination in the routine examination of 

sewages and effluents of sewage treatment plants, of industrial waste 

waters, and even of the streams themselves in the study of stream 
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pollution. " To quote Sawyer (19), "the BOD test is the only test 

which is applied that gives a measure of the amount of biologically 

oxidizable matter present that can be used to determine the rates at 

which oxidation will occur, or BOD will be exerted, in receiving 

bodies of water. " Thus, the BOD test is used to measure the bio- 

chemical oxidation of many waste materials in all types of water. 

Any water -borne material which may restrict the usefulness of the 

BOD test is of interest to the field of sanitary engineering. 

The recent development and widespread use of agricultural 

chemicals, and more specifically the synthetic organic insecticides, 

have introduced to the environment a material which may affect bio- 

logical life. 

DDT was the first of the synthetic organic insecticides. The 

outstanding success of DDT in controlling insects since 1940 has led 

the way to the development of many other synthetic organic insecti- 

cides. An excellent discussion of synthetic organic insecticides was 

presented by Hardman (8). Suffice it to say, two classes of synthetic 

organic insecticides are in most common use today. These are the 

chlorinated hydrocarbons and the organic phosphates. 

Synthetic organic insecticides plus many other pesticides 

(insecticides, weedicides, herbicides, etc. ) are widely used in the 

United States. Robeck (18) reported that in 1962, the total production 

of pesticides in the United States amounted to 700 billion pounds. 
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Hall (6) stated that insecticides accounted for 32 percent of the total 

1962 production amounting to 225 billion pounds. Hall further stated 

that insecticides were applied to 90 billion acres of land (about 4. 5 

percent of the total land area of the United States). 

Because insecticides have been used in such large quantities, 

they have created some problems. Insecticides have found their way 

into streams and rivers where they have been implicated in numerous 

fish kills. Faust and Osman (4) listed several incidents of water pol- 

lution by organic pesticides. Dieldrin, dichlorodiphenyltrichloroethane 

(DDT), toxaphene, parathion, and aldrin were synthetic organic in- 

secticides listed by Faust and Osman. Woodward (23) found DDT in 

several major U.S. rivers in concentrations of 1 - 20 ppb'. 

Breidenbach (3) reported the identification of DDT in nine major U.S. 

rivers and dieldrin in one major U.S. river. The American Public 

Health Association (1) has determined the occurrence of pesti- 

cides in water to be of enough significance to include the subject in 

the latest edition of "Standard Methods for the Examination of Water 

and Wastewater ". 

Because synthetic organic insecticides have been shown to exist 

in rivers and streams, these materials are likely to be included in 

BOD tests conducted on these waters. Therefore, an understanding 

ppb = parts per billion = micrograms per liter (µg /1). 
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of the effects of these materials on the BOD test is needed. 

Purpos e 

The purpose of this study is to determine the effect of certain 

synthetic organic insecticides on the Biochemical Oxygen Demand 

Test. By the comparison of BOD data on a standard substrate in the 

presence of varying amounts of an insecticide, the study will evaluate 

an insecticide's effect upon the rate of biochemical oxidation, the 

amount of organic material oxidized, and any initial lag in the bio- 

chemical oxidation. 

Scope 

In the study BOD tests are conducted on a standard substrate 

while in the presence of varying concentrations of an insecticide. 

The tests are designed in such a way that significant differences in 

the BOD data are due solely to the insecticide. Three synthetic 

organic insecticides, dichlorodiphenyltrichloroethane (DDT), dieldrin, 

and diazinon, are tested. 
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REVIEW OF LITERATURE 

Effects of Insecticides on Microorganisms 

Microorganisms, essential to all biological activity, have been 

shown by several studies to be sensitive to insecticides. Richardson 

(16) found that the toxicity of chlorinated hydrocarbon insecticides to 

fungi was governed by the water solubility and vapor pressure of the 

insecticide. He found lindane, because of its high water solubility, 

and aldrin, heptachlor, and chlordane, because of their high vapor 

pressure, to be highly toxic to fungi. DDT, dieldrin, methoxychlor, 

and endrin were only weakly toxic to fungi because they possessed 

low water solubility and low vapor pressure. Yasue (24), in studying 

the influence of insecticides upon certain bacteria, found a nicotine - 

sulfuric acid insecticide and a mercury -based insecticide to be lethal 

to Salmonella typhosa. Two other insecticides, Folidol E605 and 

Et2(p -NO2 C6H4) PO3S, were found by Yasue to be lethal to Pseudo - 

monas solanacearium but were found to be ineffective on Escherichia 

coli. 

Effects of Different Materials on Biochemical Oxidation 

Biochemical oxidation, as evaluated by the BOD test, is subject 

to many variables. O'Brien and Clark (14) reviewed many of the 
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studies which evaluated factors affecting the BOD test. Two of the 

studies mentioned by O'Brien and Clark are cited as examples of the 

variability of biochemical oxidation, as seen in the BOD test. 

Holderby and Lea (10) found the rate of biochemical oxidation to be 

strongly affected by the carbon to nitrogen ratio although the ultimate 

BOD was not affected. A graph indicating Holderby and Lea's results 

is presented in Figure 1. An ideal carbon to nitrogen ratio was re- 

ported as being 5. 7:1. Holderby and Lea concluded that a nitrogen 

deficiency limits the rate of bacteria growth and multiplication. 

Gotaas (5) evaluated the effect of sea water on the biochemical oxida- 

tion of sewage. He found considerable variation in the rate of bio- 

chemical oxidation under similar conditions by using varying concen- 

trations of sea water. The magnitude of the first stage of biochemical 

oxidation was not affected, according to Gotaas, but the second stage 

was retarded. 

Effects of Pesticides on Biological Activity 

The effects of certain pesticides on various biological activity 

have been investigated by some workers. Hermann (9) derived 

toxicity indexes for 33 chemical compounds by testing them for in- 

hibition of oxygen utilization in the five -day BOD test. One pesticide, 

2, 4- Dinitrophenol (2, 4 -D), was part of the group. Hermann found 

2, 4 -D to inhibit oxygen utilization by 50 percent when present in a 
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concentration of 100 mg/1 . The behavior of a pesticide known as 

amitrole in surface water and sewage treatment was studied by 

Ludzack (11). He failed to find any BOD exerted by the amitrole 

itself in concentrations up to 50 mg /l, but did find that amitrole at a 

concentration of 0. 1 mg/1 affected the biological degradation of as- 

sociated materials. A graph indicating Ludzack's results is shown 

in Figure 2. Ludzack also found that nitrification in biological oxida- 

tion was slowed but not eliminated by the action of amitrole. Rich (7) 

studied the effect of varying concentrations of 2, 4 -D on the ability of 

activated sludge to remove organic material. 2, 4 -D, in concentra- 

tions of 5 mg/1 or greater, was found to stimulate removal of organic 

material by activated sludge for aeration periods of two hours or less. 

For longer aeration periods, Rich found 2, 4 -D to inhibit organic re- 

moval by activated sludge. A graph depicting Rich's findings is pre- 

sented in Figure 3. 

mg/1 = milligrams per liter 

m 
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EXPERIMENTAL DESIGN 

The general approach to this study of the effects of insecticides 

on biochemical oxidation consisted of seven series of tests as given 

in Table 1. Each test series was conducted on one insecticide - DDT, 

dieldrin or diazinon. Each of the three insecticides were tested at 

least twice. The purpose of each test series was to obtain BOD data 

on a standard substrate plus BOD data on the same substrate when 

an insecticide was present. 

Table 1. BOD testing program on standard substrate and varying 
concentrations of dieldrin, DDT and diazinon 

Test Series Period of Test Insecticide Tested 

A Feb. 8 -18, 1966 Dieldrin 

B Feb. 22 - Mar. 4, 1966 Dieldrin 

C March 4 -14, 1966 DDT 

D March 22 - April 1, 1966 Diazinon 

E April 9 - 19, 1966 Dieldrin 

F April 19 - 29, 1966 DDT 

G April 30 - May 10, 1966 Diazinon 

The experimental design to obtain these results is shown in Figure 

4. From this figure the following terms may be defined: 

Series - a complete test on an insecticide. Five separate BOD 

tests on a standard substrate are conducted within a 

series. An insecticide is associated in four of the BOD 
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tests while no insecticide is present in what is termed the 

"control" BOD test. The amount of insecticide associated 

with each "noncontrol" BOD test corresponds to the water 

soluble concentration (X) of each insecticide plus three 

separate dilutions of that concentration. These concen- 

trations are comparable with that which may be encountered 

in a stream. 

Set - a BOD test in a series. A set contains a group of BOD 

samples from which BOD data is obtained throughout the 

period of the test. 

BOD sample - a unit in a set. A BOD value is derived from each 

BOD sample by means of its components, (1) the substrate 

sample and (2) the seed correction. The substrate sample 

gives a measure of the BOD due to all organic material in 

a BOD sample while the seed correction gives a measure 

of the BOD due only to the organic material associated with 

the seeding material, Fourteen BOD samples, each cor- 

responding to one of the incubation periods listed in Figure 

4, are included in a set. 

The experimental design was carried out exactly in Test Series 

E -G and thus, five groups of BOD data were obtained from each 

series. However, in Test Series A -D, the diluted insecticide BOD 

samples (corresponding to Sets 3 -5 in Figure 4) were incomplete and 
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only two groups of BOD data were obtained. 

Each group of data was condensed in the form of a BOD curve 

(a graph of BOD versus time). An example of a BOD curve is pre- 

sented in Figure 5. The remainder of the BOD curves are given in 

Appendix I. 
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MATERIALS AND METHODS 

Materials Preparation 

Four basic materials were used in a test series - organic 

material, seeding organisms, dilution water, and an insecticide. 

The technical name of each material is given and a discussion of the 

preparation of each is presented as follows. 

1. Substrate - The substrate is the organic material in the 

biological system. Because the substrate was not being tested, the 

same substrate was used in each test. The substrate was a glucose - 

glutamic acid (G -GA) solution, containing 150 mg /l of each material. 

2. Seed - The seed contains the living organisms necessary to 

metabolize the organic material. To assure that a seeding material 

of approximately the same concentration of organisms was used in 

each test, an acclimated seed was developed. The initial seeding 

material (two liters of raw sewage) was obtained from the Corvallis 

Sewage Treatment Plant. The seed was aerated continuously. Each 

day, one -half of the seed was wasted and replaced with an equal 

volume of the G -GA substrate. The seed was assumed to reach 

equilibrium after seven days. Thereafter, following the same wast- 

ing and feeding procedure, the seed was assumed to grow to the 

same concentration. The seed was found, after the completion of 
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Series D, to also require a buffer to maintain it at a pH correspond- 

ing to that of natural stream conditions. Because of the difference 

in pH of the seed, the results of the testing program were divided 

into two parts. 

3. Dilution water - The dilution water contains distilled water 

plus certain other nutrient materials needed in biological processes. 

Dilution water was prepared in accordance with Standard Methods (1). 

The solution was then aerated to saturate the water with oxygen. 

The purpose of the dilution water is to reduce the amount of organic 

material in the sample such that it will be measured by the test. 

4. Insecticides - Three synthetic organic insecticides - DDT, 

dieldrin, and diazinon - were tested for their effect upon biochemical 

oxidation. The only effective method of obtaining a true test of the 

effect of the insecticide was to have it as a solution. Wetting agents 

are used for making insecticide solutions for field application. The 

use of wetting agents for these experiments would have introduced 

unwanted variables. Therefore, because these insecticides are only 

slightly soluble in water, they were incorporated into the BOD tests 

through the dilution water. Also, because dilution water comprises 

approximately 99 percent of the BOD sample, an insecticide concen- 

tration equal to the water solubility of the insecticide could be tested. 

A discussion of the preparation of each insecticide is presented. 



18 

(a) DDT - DDT is the most well -known and commonly- 

used of all the insecticides. It is a chlorinated hydrocarbon 

insecticide of very low solubility. Babers (2) reported the 

solubility of DDT in water as 37 ppb. 

DDT was obtained from Miller Products Company of 

Portland as a granular, technical -grade material. The solid 

reagent was ground to increase its surface area and mixed 

into distilled water. The DDT -distilled water mixture was 

heated to boiling to promote a solution and cooled to room 

temperature. The solution was filtered through a glass wool 

plug to remove the insoluble DDT and the filtrate was used to 

make DDT dilution water. 

(b) Dieldrin - Dieldrin is also a commonly -used chlorinated 

hydrocarbon insecticide. Robeck (18) reported the solubility of 

dieldrin in water as 180 ppb. 

A solid, technical -grade dieldrin was supplied by Shell 

Chemical Company of New York. The solid dieldrin was ground 

to a small size and added directly to distilled water. The mix- 

ture was aerated overnight to dissolve the dieldrin. Insoluble 

dieldrin was removed by filtering the solution through glass 

wool. The filtrate was used to make dieldrin dilution water. 

(c) Diazinon - Diazinon, an organic phosphate insecticide, 

is less popular than others in its class, such as parathion or 
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malathion. Diazinon, however, possesses a greater stability 

in water than parathion or malathion. Because stability in 

water is important to the BOD test, diazinon was used as the 

representative of the organic phosphate insecticides. Organic 

phosphates are generally more soluble in water than chlori- 

nated hydrocarbons. Hans ens (7) reported the solubility of 

diazinon in water as 40 ppm . 

Liquid, technical -grade diazinon was procured from Giegy 

Chemical Company of Yonkers, New York. Diazinon was added 

directly to distilled water. The mixture was aerated overnight 

to promote a solution. After the mixing period, the excess 

diazinon was allowed to settle and the supernatant liquor was 

siphoned into another container to be made into diazinon dilution 

water. 

Test Procedure 

Following the preparation of the basic materials, a BOD test 

series, using the "Dilution Technique" as outlined in Standard 

Methods (1), was set up and data were taken according to the follow- 

ing procedure. 

1. Sixty liters of standard dilution water and 30 liters of 

ppm = parts per million = milligrams per liter (mg /l) ia 
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insecticide dilution water were prepared in separate con- 

tainers. 

2. Two four -liter samples of the insecticide dilution water 

were drawn and sent to Mr. Ulo Kiigemagi in the Depart- 

ment of Agricultural Chemistry of Oregon State University 

for insecticide analysis. (A description of each analysis 

is presented in Appendix II.) 

3. The seeding material was added to all dilution water in the 

amount of one milliliter per liter of dilution water. 

4. The seeded - dilution waters were aerated for approximately 

30 minutes to saturate the waters with oxygen. 

5. Three dilutions of the seeded - dilution waters were prepared 

to give three extra concentrations of one percent, three per- 

cent, and ten percent seeded -insecticide dilution water. The 

result was five seeded - dilution waters of 15 liters each, cor- 

responding to the five sets in the experimental design. 

6. For each set, BOD samples were prepared in 300 ml. BOD 

incubation bottles. A seed correction BOD bottle for each 

BOD sample was poured directly from the seeded - dilution 

water of the set. Five liters of seeded -dilution water 

were required for all the seed corrections in a set. 

7. To the remaining ten liters of the set, the G -GA was added 

in the amount of ten milliliters per liter of seeded - dilution 
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water and the resultant solution, having a substrate dilu- 

tion factor of O. 01, was throughly mixed. Two substrate 

BOD bottles were poured for each BOD sample. 

8. As each set was prepared, the BOD bottles were placed in 

an air incubator at 20' C. 

9. During the course of the testing period, the BOD bottles 

for each BOD sample were removed from the incubator for 

determination of dissolved oxygen by the "Azide Modifica- 

tion" of the Winkler Method (1). (Note: It was discovered 

during the course of the experiments that diazinon reacts 

with the Winkler chemicals if the samples are not titrated 

immediately. ) 

10. From the dissolved oxygen results, the BOD for each sam- 

ple was computed by the following formula, 

BOD(mg/l) - (DO)seed - (DO)substrate 
D. F. 

(1) 

where, 

BOD = Biochemical oxygen demand exerted by G -GA 

substrate at a time t, mg/1 

(DO)seed = Dissolved oxygen content of seed correction, 

mg/1 

(DO)substrate = Dissolved oxygen content of G -GA sub- 

strate sample, mg/1 

D. F. = Dilution factor of G -GA substrate. 



22 

ANALYSIS OF DATA 

Parameters Sought 

The parameters sought from the basic data may be explained 

by the consideration of a typical BOD curve, as shown in Figure 6. 

A typical BOD curve has two stages, (1) a carbonaceous stage and 

(2) a nitrification stage. The carbonaceous demand of biochemical 

oxidation normally occurs at the beginning of biological action before 

the nitrifying organisms have increased sufficiently to influence the 

reaction. The carbonaceous portion of the BOD curve has been found 

to conform to the first -order equation, 

y = L(1 - 10-kt) (2) 

where, 

y = BOD exerted at any time t, mg /l 

L= Ultimate carbonaceous BOD, mg /l 

k = Rate constant for the biochemical reaction 

t = Elapsed time, days. 

The basic analysis was performed on the carbonaceous portion of the 

BOD curve. The BOD curves given in Appendix I provided the terms, 

y and t. The parameters, k and L, were computed indirectly from 

equation (2). The rate constant (k) was considered as the most im- 

portant parameter to indicate an effect on biochemical oxidation 
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because it will have the most effect in the determination of the 

standard five -day BOD. 

Two other parameters were obtained directly from the BOD 

curves. They were the lag period, which represents an initial ac- 

climitization period by the microorganisms before they begin bio- 

chemical oxidation, and the beginning of nitrification, which starts 

only after the nitrifying organisms become predominant enough to 

influence the reaction. 

Method 

Equation (2) could not be used directly for the com- 

putation of k and L because two unknowns cannot be extracted 

from only one equation. Therefore, the "Slope Method" by Thomas 

(21) was used to compute these parameters. The "Slope Method" is 

a least squares procedure which was derived from equation (2). 

The use of the "Slope Method" involves two equations having n re- 

siduals, 

na + b)1 y E y' = O (3) 

and aEy + bEy2 - Eyy' = 0. (4) 

An explanation of each of the terms is given in a subsequent sample 

calculation. The basic data for the "Slope Method" are y and t, 

- 
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obtainable from the BOD curves in Appendix I. 

Similar methods by Moore (12), and Navone (13), and various 

graphical methods were also attempted, but the "Slope Method" 

proved to be the most adequate over a wide range of k rates. 

Sample Calculation 

A table for the calculation of k and L from a BOD curve by 

the "Slope Method" is presented in Table 2. To illustrate the pro- 

cedure of the "Slope Method ", consider the BOD curve in Figure 5. 

The BOD curve was adjusted to compensate for the lag period and 

the BOD and time were taken from the adjusted curve and placed in 

columns (1) and (2) of Table 2. The BOD (y) values were divided by 

100 to simplify the numerical calculations. The term y't for any time 

t was computed by the equation, 

y1t (t + 1) - (t - 1) 
_yt+1 -yt- 1 

(5) 

The resulting (y')'s were tabulated in column (3). The term (yy') 
t 

for each row t was computed by multiplying the corresponding yt 

and y't. The (yy')'s were listed in column (4). The term (y )t 
2 for 

each row t was found by forming the square of (yt). The (y2)'s 

were tabulated in column (5). 



26 

Table 2. Table for the calculation of k and L by the "Slope Method" 
(Data from Figure 5) 

(1) 
t, days 

(2) 
y x 10-2 

(3) 
y' 

(4) 
yy' 

(5 
y 

1 1. 33 . 755 1. 000 1. 77 
2 1. 51 . 135 . 204 2. 28 
3 1. 60 . 075 . 120 2. 56 
4 1. 66 . 055 . 091 2. 75 
5 1. 71 . 040 . 068 2. 93 
6 1. 74 . 025 . 043 3. 03 
7 1. 76 . 020 . 035 3. 10 
8 I. 78 . 020 . 036 3. 17 
9 1. 80 . 010 018 3. 24 

10 1. 80 

Sums 14. 89 1. 14 1. 62 24. 83 

The sum of the n residuals (n = 9) in Table 2 resulted in terms 

which were substituted into the "Slope Method" equations (3) and (4). 

The substitution resulted in the following equations 

and 

9a + 14. 89b - 1. 14 = 0 (6) 

14. 89a + 24. 83b - 1. 62 = 0 . (7) 

These two equations were solved simultaneously for the constants a 

and b. The results were a = 2. 38 and b = - 1. 36. 

The constants a and b are related to k and L by the following 

equations: 

k 
2. 3026 

-b 
(8) 



and 

L- x 100. 
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(9) 

From these equations k and L were found to be 0. 59 and 175 mg /l, 

respectively. 

Presentation of Results 

For each BOD curve, k and L were computed by the "Slope 

Method ". The length of the lag period and the time of onset of 

nitrification were also noted. The results of Series A -D are pre- 

sented in Table 3. The results of Series E, F, and G are given in 

Tables 4, 5, and 6, : respectively. 



Table 3. Summary of BOD Results for Series A -D 

Average 
for 

control 

Series A Series B Series C Series D 

Control 
G -GA 

G -GA- 
65ppb 

dieldrin 
Control 
G -GA 

G -GA- 
19.8 ppb 

dieldrin 
Control 
G -GA 

G -GA- 
13. 5ppb 

DDT 
Control 
G -GA 

G -GA- 
55ppm 
diazinon 

k 0.53 0.59 0.54 0.57 0.47 0.54 0.43 0.42 0. 36 

L, mg /l 173 175 144 171 147 177. 5 164. 5 168 156 

Lag, days 0.6 0.5 0. 2 0. 3 0.7 0.6 0.6 1.0 2. 5 

Onset of 
nitrification, 
day none none none none none none none none none 

pH (seed) acid acid acid acid acid acid acid acid acid 

. 



Table 4. Summary of BOD Results for Series E 

Avg. of 
control 

for 
Series E -G 

Control 
G -GA 

G -GA- 
135ppb 

dieldrin 

G -GA- 
1. 35ppb 
dieldrin 

G -GA- 
4ppb 

dieldrin 

G -GA- 
13. 5ppb 
dieldrin 

k 1. 09 1. 16 0. 28 1. 23 0. 75 0. 95 

L, mg /l 150 144 161 140 154 154 

Lag, days 0.5 0.7 1.0 0.9 0.9 0.7 

Onset of 
nitrification, 
day 4 3 none 6 5 4 

pH(seed) 6.4 6.4 6.4 6.4 6.4 6.4 



Table 5. Summary of BOD Results for Series F 

Avg. of 
control 

for 
Series E -G 

Control 
G -GA 

G -GA- 
3ppb 
DDT 

G -GA- 
0. 03ppb 

DDT 

G -GA- 
0. 09ppb 

DDT 

G -GA- 
0. 3ppb 

DDT 

k 1. 09 1. 11 0. 92 0. 775 0. 99 1. 13 

L, mg /l 150 148 163 149 149 148 

Lag, days 0.5 0.5 0.3 0.5 0.5 0.5 

Onset of 
nitrification, 
day 4 4 4 3 4 5 

pH(seed) 6.4 6.5 6.5 6.5 6.5 6.5 

w 0 



Table 6. Summary of BOD Results for Series G 

Avg. of 
control 

for 
Series E -G 

Control 
G -GA 

G -GA- 
67ppm 

diazinon 

G -GA- 
0. 7ppm 
diazinon 

G -GA- 
2ppm 

diazinon 

G -GA- 
6. 7ppm 

diazinon 

k 1. 09 1. 00 0. 64 1. 14 1. 03 0. 855 

L, mg /1 150 158 149 137 153 149 

Lag, days 0.5 0.2 0.8 0. 3 0. 3 0.5 

Onset of 
nitrification, 
day 4 5 6 5 6 7 

pH(seed) 6.4 6.4 6.4 6.4 6.4 6.4 
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DISCUSSION 

The results of the BOD data analysis substantiate a difference 

in environmental conditions between Series A -D and Series E -G. 

The oxidation rate constants (k) for the four control G -GA BOD curves 

in Series A -D had a mean of 0. 53 and a standard deviation of 0. 075. 

The k rates of the three control BOD curves in Series E -G had a 

mean of 1. 09 and a standard deviation of 0. 08. The results of each 

group are therefore, comparable only within the group and are dis- 

cussed as two separate units. 

Series A -D 

The results of Series A -D, presented in Table 3, were derived 

from BOD tests in which the initial pH of the seeding material was in 

the acid range. An environmental condition of this type would present 

to the biological system a biota of microorganisms that would not 

occur under normal stream conditions. Therefore, the results of 

these series were not as meaningful as those for Series E -G whose 

environmental conditions represented more normal stream conditions. 

In each series of BOD tests on glucose -glutamic acid, a single 

insecticide concentration was tested against a control. The dieldrin 

(65 and 198 ppb) and diazinon (55 ppm) concentrations were on the 

order of the water solubility of those insecticides . However, the 
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DDT concentration (13. 5 ppb) was only 37 percent of the potential water 

solubility of that insecticide. 

Because of the lack of insecticide replications in these test 

series, only the existence of an effect by the insecticide on bio- 

chemical oxidation was noted. 

Effect on Oxidation Rate 

Each insecticide in Series A -D significantly reduced the oxida- 

tion rate constant (k) below the control of that series. The two con- 

centrations of dieldrin in Series A and B indicated a decreasing oxi- 

dation rate for increasing dieldrin concentrations. 

Effect on Ultimate Carbonaceous Demand 

The ultimate carbonaceous demand (L) of the G -GA substrate 

was also reduced by each of the three insecticides in Series A -D. A 

comparison of the L values with the k rates failed to show any rela- 

tionship between the insecticide's effect on the L value and its cor- 

responding effect on the k rate. 

Effect on Lag Period 

A lag period was noted in all the BOD tests on the G -GA sub- 

strate. Dieldrin, at a concentration of 65 ppb, reduced the lag 

period below that of the control and at a concentration of 198 ppb 
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increased the lag period above that of the control. DDT, at a con- 

centration of 13. 5 ppb, showed no effect on the lag period. Diazinon, 

at a concentration of 55 ppm, substantially increased the lag period 

over that of the control. 

Effect on Nitrification 

With the exception of the G- GA- dieldrin result of Series A, 

nitrification was absent during the ten days of each series. The 

primary reason for the absence of nitrification was the acidity of 

the seeding material. Acidification has been used for some time as 

a means of suppressing nitrification. Therefore, no conclusions as 

to the effect of the insecticides upon nitrification can be made from 

Series A -D. 

Series E -G 

The results of Series E, F, and G, presented in Tables 4, 5, 

and 6, were derived under normal environmental conditions with the 

pH of the seeding material being 6. 4. 

Four concentrations of an insecticide were tested against a 

control in each series of BOD tests on the G -GA substrate. The con- 

centrations of the saturated solutions of dieldrin and diazinon were 

135 ppb and 67 ppm respectively, which are comparable with the 

water solubility of each insecticide. The saturated solution of DDT 
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contained only 3 ppb DDT. This low concentration indicated the dif- 

ficulty of making a DDT solution in water. The following effects on 

the biochemical oxidation of glucose -glutamic acid are noted from 

Series E -G. 

Effect on Oxidation Rate 

The effects of dieldrin, DDT, and diazinon on the oxidation 

rate (k) of G -GA are shown in Figures 7 -9. Dieldrin, as shown in 

Figure 7, decreased the k rate, the effect increasing with increasing 

amounts of dieldrin. As shown in Figure 8, DDT reduced the k rate, 

but the reduction was in a variable manner. Diazinon, as shown in 

Figure 9, reduced the k rate above a concentration of about 3 ppm and 

increased the k rate below this concentration. 

Effect on Ultimate Carbonaceous Demand 

The effects of the insecticides of Series E -G on the ultimate 

carbonaceous demand (L) of G -GA are presented in Figure 10. 

Dieldrin showed an increase in the L value. The effect of dieldrin 

on the L value appeared to increase with increasing dieldrin concen- 

trations. DDT had no effect on the L value at the low concentrations 

but produced an increase in the L value at the 3 ppb concentration. 

Diazinon indicated only a slight reduction in the L value. 
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Effect on Lag Period 

A graph of lag period versus the percent of saturated insecticide 

solution for Series E -G is shown in Figure 11. Dieldrin exhibited a 

slight increase in the lag period. DDT had a negligible effect on the 

lag period. Diazinon lengthened the lag period in accord with the 

amount of diazinon present in the test. 

Effect on Nitrification 

A graph of onset of nitrification versus the percent of saturated 

insecticide solution is presented in Figure 12. The effects were 

erratic, However, when examined on the basis that the control 

averaged four days before onset of nitrification, dieldrin and diazinon 

appeared to suppress nitrification for various periods of time while 

DDT had a negligible effect. 

The oxidation rate constant was considered the most reliable 

indicating parameter in the study. The oxidation rate was con- 

sistently reduced by the insecticides in all seven test series. A 

reason for the reduction could be that the insecticides exhibit a toxic 

effect on the microorganisms, and thus retard their ability to metab- 

olize the G -GA substrate. To evaluate such a theory would require 

an extensive biological study, which is beyond the scope of this study. 

Similar theories could also be postulated for the effects of 
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insecticides on the ultimate carbonaceous demand, the lag period, 

or the nitrification phase. A reduction in the L value could result 

from a reaction between the insecticide and the G -GA substrate 

which rendered the complex biologically non -degradeable. A 

lengthening of the lag period could result from a change in the en- 

vironment by the insecticide, such that the microorganisms required 

a longer time period to become acclimatized. A retardation of the 

nitrification phase could result from a toxic effect of the insecticide 

on the nitrifying microorganisms. Again, these are only theories 

and would require research which is beyond the scope of this study. 
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SUMMARY AND CONCLUSIONS 

A study determining the effect of certain synthetic organic in- 

secticides on biochemical oxidation has been presented. Data from 

the Biochemical Oxygen Demand Test were assembled and analyzed. 

In general, dieldrin, diazinon, and, to a lesser extent, DDT were 

found to effect biochemical oxidation. The direction of the effect 

was noted for each BOD parameter, but the specific magnitude of 

each effect could not be ascertained because too few test series were 

performed to determine such magnitudes. From the results of this 

study, it is concluded that: 

1. Each insecticide, dieldrin, DDT and diazinon, when 

present at concentrations approaching those of a saturated solution, 

decreases the oxidation rate. 

2. Dieldrin and diazinon cause a decreasing oxidation rate 

with increasing insecticide concentrations.. 

3. Dieldrin increases the ultimate carbonaceous demand with 

increasing concentrations. 

4. DDT and diazinon indicate only slight effects on the L value. 

5. Dieldrin and diazinon lengthen the lag period of biochemical 

oxidation. 

6. Dieldrin and diazinon retard the onset of the nitrification 

phase of biochemical oxidation. 
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7. DDT, at the concentrations tested, produces no effect on 

either the lag period or on the nitrification phase. 
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RECOMMENDATIONS FOR FURTHER RESEARCH 

1. Conduct similar tests using many replications of an insec- 

ticide to identify a specific degree of effect to biochemical oxidation. 

2. Conduct similar tests using different substrate materials. 

3. Study biological conditions to determine a cause for an 

effect to a biochemical oxidation parameter, such as the oxidation 

rate. 

4. Investigate methods of obtaining a DDT -in -water solution 

that approaches a concentration corresponding to the water solubility 

of DDT. 

5. Analyze other chlorinated hydrocarbon and organic phosphate 

insecticides to derive general effects attributable to a group of in- 

secticides. 
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APPENDIX I 

EXPERIMENTAL DATA 
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Appendix Figure 3. BOD curve of G -GA - 198 ppb dieldrin (Series B) 
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Appendix Figure 5. BOD curve of G -GA - 13. 5 ppb DDT (Series C) 
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Appendix Figure 6. BOD curve of G -GA control (Series D) 
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Appendix Figure 7. BOD curve of G -GA - 55 ppm diazinon (Series D) 
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Appendix Figure 8. BOD curve of G -GA control (Series E) 
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Appendix Figure 9. BOD curve of G -GA - 135 ppb dieldrin (Series E) 
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Appendix Figure 10. BOD curve of G -GA - 1. 35 ppb dieldrin (Series E) 
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Appendix Figure 11. BOD curve of G -GA - 4 ppb dieldrin (Series E) 
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Appendix Figure 13. BOD curve of G -GA control (Series F) 
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Appendix Figure 14. BOD curve of G -GA - 3 ppb DDT (Series F) 
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Appendix Figure 15. BOD curve of G -GA - 0. 03 ppb DDT (Series F) 
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Appendix Figure 16. BOD curve of G -GA - 0. 09 ppb DDT (Series F) 
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Appendix Figure 17. BOD curve of G -GA - 0. 3 ppb DDT (Series F) 
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Appendix Figure 18. BOD curve of G -GA control (Series G) 
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Appendix Figure 19. BOD curve of G -GA - 67 ppm diazinon (Series G) 
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Appendix Figure 20. BOD curve of G -GA - 0. 7 ppm diazinon (Series G) 
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APPENDIX II 

PROCEDURES FOR INSECTICIDE ANALYSES 
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PROCEDURES FOR INSECTICIDE ANALYSES 

Dieldrin 

1. A three -liter dieldrin sample was extracted with 250 ml of 

redistilled hexane for three minutes by hand agitation. This was re- 

peated three times. 

2. Anhydrous sodium sulfate was added to the hexane to remove 

any remaining water. 

3. The hexane was concentrated to about 50 ml in a steam bath. 

4. Three grams of MgO- celite mixture were added. The flask 

was shaken for 1. 5 minutes, after which the MgO- celite mixture was 

removed by filtration. 

5. The flask and filter paper were washed with 50 ml of re- 

distilled benzene and the benzene was allowed to evaporate to near 

dryness. 

6. A known volume of the benzene -dieldrin solution was then 

introduced into a gas chromatograph. 

The chromatograph used was a Microtek -2200 with a tritium 

electron- capture detector. The column was a six foot by one - eighth 

inch copper tube containing two types of silicon absorbant on Chromo- 

sorb W support media. The column was operated at 195' C. Nitrogen 

was used as the carrier gas. The sensitivity of the unit is approxi- 

mately 10 -10 grams of dieldrin. In this case, 0. 1 ppb was the 
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minimum dieldrin concentration that could be measured with accept- 

able accuracy. 

DDT 

The same method as outlined previously for dieldrin was used 

to measure DDT with the exception that step 4 (the addition of the 

MgO- celite) was omitted. The sensitivity of the chromatograph is 

approximately 10 -9 grams of DDT. This corresponds to a minimum 

detectable DDT concentration of 0. 3 ppb. 

Diazinon 

A method used by the Giegy Research Laboratories was fol- 

lowed for the determination of diazinon. 

1. The sample was transferred to a flask and a two percent 

potassium hydroxide solution was added. 

2. The mixture was refluxed for one hour. 

3. The pH was adjusted to 5. 0 by the addition of acetic acid. 

4. The percent of light absorption by the solution was then 

determined with a spectrophotometer. 

The instrument used was a Carey Spectrophotometer. The 

wavelength of light was set at 262 millimicrons. The sensitivity of 

the instrument is such that 3 ppm was the minimum diazinon concen- 

tration that could be measured with acceptable accuracy. 


