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ABSTRACT

The use of pesticides, especially organophosphate pesticides, causes different 

adverse effects in human applicators. Most of the symptoms are due to inhibition of the 

enzyme cholinesterase. There are several methods that are used to determine these drops in 

cholinesterase levels. The Montana Department of Health and Environmental Sciences uses 

a modification of the Method of Michel that measures change in pH of human plasma 

samples to determine cholinesterase levels. During the 1994 season, two new quality 

control sections were added to ensure more accurate results and these proved to be helpful. 

However, this study suggests additional changes including the involvement of more 

applicators. The program, if run correctly, could protect the health of many Montana 

pesticide applicators.
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INTRODUCTION AND LITERATURE REVIEW

Worldwide, it is estimated that there are approximately 3 million severe poisonings 

and 220,000 deaths every year due to pesticides (4). In the United States, exposure to 

cholinesterase-inhibiting pesticides such as organophosphates and carbamates is considered 

a major health problem for 2.5 to 5 million farm workers (2).

The term pesticide includes such material as insecticides, herbicides, rodenticides, 

fungicides and defoliants, which are commonly used to destroy plant or animal life (8). 

Organophosphate insecticides are a group of pesticides that are commonly used by farm 

workers (4). The general chemical structure of organophosphate insecticides is illustrated 

(Fig. 1). They can range from highly toxic (such as Agritox) to moderately toxic ( such as 

Gardona). Fig. 2 lists the commercial products of organophosphate insecticides and their 

relative toxicity (9). It should be noted that organophosphate pesticides are among the most 

hazardous in use (8).

Occupational diseases arising from exposure to these materials occur in agricultural 

pursuits and in such nonagricultural activities as structural pest control, wood treatment, 

and the manufacture, transportation and distribution of the chemicals (8).

Organophosphates are efficiently absorbed by inhalation, ingestion, and skin penetration. 

To a degree, the occurrence of poisoning depends on the rate at which the pesticide is 

absorbed. Breakdown occurs chiefly by hydrolysis in the liver. Rates of hydrolysis vary 

widely from one compound to another. In the case of certain organophosphates the 

breakdown of which is relatively slow, significant temporary storage in body fat may occur 

(9).

• Occupational diseases include all conditions caused by agricultural chemicals for

which the worker seeks medical attention. There is a classification system of occupational 

disease conditions reported by physicians (Fig. 3). The term systematic poisoning refers to 

generalized illness caused by a toxic substance in which signs and symptoms are present in
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ORGANOPHOSPHATE INSECTICIDES
e

GENERAL CHEMICAL STRUCTURE

RO x S (or 0)
P

RO 0 .________
Leaving Group

R is usually either ethyl or methyl. Phosphonates contain an alkyl 
(R-) in place of one alkoxy group (R0-).

FIGURE 1. General chemical structure of organophosphate insecticide
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COMMERCIAL PRODUCTS

Highly toxic*: tetraethyl pyrophosphate (TEPP), dimefox (Hanane,
Pestox XIV), phorate (Thimet, Rampart, AASTAR), disulfoton+ (Disys- 
ton), fensulfothion (Dasanit), demeton+ (Systox), terbufos (Counter, 
Contraven), mevinphos (Phosdrin, Duraphos), ethyl parathion (E605, 
Parathion, Thiophos), azinphos-methyl (Guthion, Gusathion), fosthietan 
(Nem-A-Tak), chlormephos (Dotan), sulfotep (Thiotepp, Bladafum, Dith- 
ione), carbophenothion (Trithion), chlorthiophos (Celathion), fonofos 
(Dyfonate, N-2790), prothoate+ (Fac), fenamiphos (Nemacur), phosfo- 
lan+ (Cyolane, Cylan), methyl parathion (E 601, Penncap-M), schradan 
(OMPA), mephosfolan+ (Cytrolane), chlorfenvinphos (Apachlor, Bir- 
lane), coumaphos (Co-Ral, Asuntol), phosphamidon (Dimecron), metha- 
midophos (Monitor), dicrotophos (Bidrin), monocrotophos (Azodrin), 
methidathion (Supracide, Ultracide), EPN, isofenphos (Amaze, Oftanol), 
endothion, bornyl (Swat), famphur (Famfos, Bo-Ana, Bash), fenophos- 
phon (trichloronate, Agritox), dialifor (Torak), cyanofenphos (Surecide), 
dioxathion (Delnav), mipafox (Isopestox, Pestox XV)-

Moderately toxic*: bromophos-ethyl (Nexagan), leptophos (Phosvel), 
dichlorvos (DDVP, Vapona), ethoprop (Mocap), demeton-S-methyl+ 
(Duratox, Metasystox (i)), triazophos (Hostathion), oxydemeton-methyl+ 
(Metasystox-R), quinalphos (Bayrusil), ethion (Ethanox), chlorpyrifos 
(Dursban, Lorsban, Brodan), edifenphos, oxydeprofos+ (Metasystox-S), 
sulprofos (Bolstar, Helothion), isoxathion (E-48, Karphos), propetam- 
phos (Safrotin), phosalone (Zolone), thiometon (Ekatin), heptenophos 
(flostaquick), crotoxyphos (Ciodrin, Cypona), phosmet (Imidan, Prolate), 
triClilorfon (Dylox, Dipterex, Proxol, Neguvon), cythioate (Proban, 
Cyflee), phencapton (G 28029), pirimiphos-ethyl (Primicid), DEF (De- 
Green, E-Z-Off D), methyl trithion, dimethoate (Cygon, DeFend), fenth- 
ion (mercaptophos, Entex, Baytex, Tiguvon), dichlofenthion (VC-13 Ne- 
macide), bensulide (Betasan, Prefar), EPBP (S-Seven), diazinon (Spec- 
tracide), profenofos (Curacron), formothion (Anthio), pyrazophos 
(Afugan, Curamil), naled (Dibrom), phenthoate (dimephenthoate, 
Phenthoate), IBP (Kitazin), cyanophos (Cyanox), crufomate (Ruelene), 
fenitrothion (Accothion, Agrothion, Sumithion), pyridaphenthion 
(Ofunack), acephate (Orthene), malathion (Cythion), ronnel (fenchlor- 
phos, Korlan), etrimfos (Ekamet), phoxim (Baythion), merphos (Folex, 
Easy off-D), pirimiphos-methyl (Actellic), iodofenphos (Nuvanol-N), 
chlorphoxim (Baythion-C), propyl thiopyrophosphate (Aspon), bromo- 
phos (Nexion), tetrachlorvinphos (Gardona, Appex, Stirofos), temephos 
(Abate, Abathion).

• Compounds are listed approximately in order of descending toxicity. “Highly toxic” 
organophosphates have listed oral LD™ values (rat) less than 50 mg/kg; “moderately 
toxic agents have LD$o values in excess of 50 mg/kg.
These organophosphates are systemic; they are taken up by the plant and translocated 
into foliage and sometimes into the fruit.

FIGURE 2. Commercial products of organophosphate insecticides and their relative 
toxicity
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more than one system of the body. Reported cases are classified to respiratory condition if 

signs and symptoms are limited to the respiratory tract. Skin condition refers to morbid 

reaction of the skin. For example, a chemical bum is classified as a skin condition because 

it is the corrosive destruction of tissue caused by contact with a chemical. However,

• abrasions and thermal burns are excluded from this category. Eye condition refers to any

condition of the eye caused by a chemical substance. Generalized allergic manifestations or 

signs and symptoms limited to any other single system of the body, such as gastrointestinal 

tract, are assigned to the category other and unspecified (8).

The symptoms of acute organophosphate poisoning develop during exposure or 

within 12 hr of contact. They may be mild, such as headaches, anxiety, dizziness, 

weakness, miosis, or impairment of visual acuity. There are moderate symptoms which 

include nausea, lacrimation, slow pulse, salivation, abdominal cramps, vomiting, 

sweating, and muscular tremors. There are also more severe symptoms such as non- 

reactive pupils, respiratory difficulty, diarrhea, pulmonary edema, loss of sphincter 

control, convulsions, cyanosis, coma, and even death (9).

Some recently reported cases of organophosphate poisoning, mostly from suicidal 

ingestion of large quantities, have been characterized by prolonged (1-3 wk) paralysis of 

muscles of the head, neck, limbs, and thorax, commencing 1 to 4 days following apparent 

resolution of acute cholinergic manifestations. Continuous mechanical support of 

pulmonary ventilation was necessary to sustain life in these cases (9). Fig. 4 provides a 

complete illustration of manifestations of organophosphate insecticide poisoning.

Symptoms and signs from single or repeated exposures may have an immediate or 

delayed onset depending upon the particular pesticide, the route of absorption and the

® amount absorbed. While organophosphate pesticides can cause severe illness, the patient

usually is either dead or wellon the way to recovery within 48 hr (8).
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CATEGORY LOCATION OF SYMPTOMS

systemic poisoning more than one body system

respiratory condition respiratory tract

skin condition skin

eye condition eye

other and unspecified any other single body system

FIGURE 3. Categories of occupational diseases and location of symptoms
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Mental Confusion

Headache

Giddiness
Convulsions

Chest
Constriction

Pulmonary
Edema

Muscular
Fibrillation

Fatigue

Miosis (Best Clue) 

Lacrimation 

Blurred Vision

Salivation

Hypertension

Tachycardia

Elevated 
Blood Pressure

Diarrhea

Format reproduced courtesy AMERICAN CYANAMID CO

PESTICIDE POISONING MAY MIMIC:
• BRAIN HEMORRHAGE • HEATSTROKE
• HEAT EXHAUSTION • GASTROENTERITIS
• HYPOGLYCEMIA • ASTHMA
• PNEUMONIA OR OTHER SEVERE RESPIRATORY INFECTION

FIGURE 4. Manifestations of organophosphate insecticide poisoning
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Organophosphates poison insects and mammals primarily by phosphorylation of 

the acetycholinesterase enzyme (AChE) at nerve endings (9). This enzyme is needed to 

break down (control) a chemical that transmits nerve impulses and stimulates muscle and 

gland cells. It is also important in the transmission of nerve impulses to other nerve cells in 

autonomic ganglia and in the brain (6,9). Some critical proportion of the tissue enzyme 

mass must be inactivated by phosphorylation before symptoms and signs of poisoning 

become manifest. At sufficient dosage, loss of enzyme function allows accumulation of 

acetylcholine (ACh, the impulse-transmitting substance) at cholinergic neuroeffector 

junctions (muscarinic effects), at skeletal nerve-muscle junctions and autonomic ganglia 

(nicotinic effects), and in the brain. At cholinergic nerve junctions with smooth muscle and 

gland cells, high ACh concentration causes muscle contraction and secretion, respectively. 

At skeletal muscle junctions excess ACh may be excitatory (cause muscle twitching) but 

may also weaken or paralyze the cell by depolarizing the end-plate. In the brain, high ACh 

concentrations cause sensory and behavioral disturbances in coordination and depressed 

motor function (9).

If organophosphate insecticides inhibit cholinesterase, muscle and gland cells are 

affected and poisoning may result (6). Recovery depends ultimately on generation of new 

enzyme in all critical tissues. Depression of respiration and pulmonary edema are the usual 

causes of death from organophosphate poisoning (9). Long-term exposure has been 

implicated in several types of cancer, teratogenic effects, sterility, spontaneous abortion, 

and cognitive deficits (2).

The levels of cholinesterase in the red blood cells and in the plasma are used to 

confirm human poisoning. The actual enzyme systems involved are acetyl cholinesterase 

which is the true cholinesterase of erythrocytes and pseudo cholinesterase which is the 

cholinesterase of the plasma portion of blood. The term "cholinesterase" is frequently 

used, without reference to the specific blood fraction since both cholinesterase types of
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enzymes will be depressed by organophosphate insecticides but in varying degrees. These 

cholinesterase levels correlate well with nervous system cholinesterase inhibition (3, 10). 

The measurement of cholinesterase in blood was one of the first biomarkers available as a 

screening test for a toxic exposure (4). Choice of an assay method for toxicological use 

should depend primarily on the demand for cholinesterase testing which will be met by the 

toxicological laboratory (1).

Cholinesterase activity can be measured by blood tests. A significant decrease in 

cholinesterase levels in the red cells and plasma of the blood is evidence of overexposure to 

organophosphate pesticides even in the absence of any other symptoms or signs of illness 

(8). The gradual decline in enzyme activity is generally not accompanied by symptoms or 

other evidence of ill health until a certain critical level is reached. Subsequently, the illness 

begins suddenly and develops with dramatic rapidity (9). The amount of acetic acid formed 

is the measure of the level of enzyme activity. Cholinestersase in the red cells and plasma 

is able to bind to acetylcholine substrate. When this occurs acetic acid is formed. 

Organophosphate pesticides inhibit this enzyme activity and less acetic acid is formed. This 

can be readily measured by determining the change in pH in a carefully buffered system. 

This function is used to monitor poisoning in individuals who have been exposed to 

phosphate insecticides (10).

It is believed that AChE values of 0.5 or less for either red blood cell or plasma 

represent abnormal depressions for most individuals. In such a case, the worker should be 

removed from exposure. When his/her cholinesterase levels return to normal, he/she may 

work with organophosphate pesticides once more (3, 8). However, at the Montana 

Department of Health and Environmental Sciences, a slightly different method is used. A 

baseline reading is obtained from each sprayer. This reading is used as a control value. If 

any following readings fall 30% below the baseline, the applicator is removed from 

exposure (6).
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The overall purpose of cholinesterase testing is to detect small or gradual depressions 

of the cholinesterase enzyme before poisoning symptoms appear, thus poisoning cases can 

be prevented. Supervisors or pesticide applicators can take action to limit exposure and 

prevent poisoning symptoms. The possibility of long term or chronic effects is also

® minimized. A second major objective is to improve the occupational safety practices of

pesticide applicators. Participation in testing, in itself, appears to increase awareness of 

hazards and improve pesticide safety practices (6).

The purpose of the present study is to examine the procedure used to determine 

cholinesterase activity at the Montana Department of Health and Environmental Sciences 

(DHES). The electometric method is the method used at DHES. The original method was 

developed by Michel, thus it is sometimes called the method of Michel (5). This procedure 

is based on the determination of the rate of production of acid from acetylcholine or its 

analogs by instrumental measurement of the change in pH of a buffer (10).

The rate of pH change is a satisfactory measure of enzyme activity if an 

approximately linear relationship between these two quantities can be established. It is well 

known that cholinesterase activity decreases markedly with decrease in pH over the range 

from pH 8 to pH 6, which is approximately the range covered in this method. A buffer has 

been chosen, therefore, whose decrease in buffer capacity over this range closely 

approximates the decrease in enzymatic activity. A further consideration is the possible 

effect of the added enzyme source (plasma) on the total buffer capacity of the system. This 

has been minimized by sufficient dilution of the plasma so that any buffering effect is low 

compared with the total buffer present (5).

The method of Michel is best suited for the analysis of large numbers of routine 

samples. This is due to problems with storing the required solutions and the fact that there 

is a 90-min waiting period during the procedure. Under optimal conditions the precision 

obtained between duplicates with this method is +0.02-0.03 change in pH units (10).
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In addition, two new quality control sections were added to the protocol at the 

Department of Health and Environmental Sciences. These sections were added to improve 

the accuracy of the method of Michel. Even though they were successful during the 1994 

season, slight changes in these sections will further increase the accuracy. It is necessary 

to improve the quality control because it will allow data to be compared from different 

seasons and also from different labs. These data may then be used to develop needed 

changes in the field of pesticide application. The changes will hopefully ensure health 

safety for the applicators and possibly the general public.

10



MATERIALS AND METHODS

Sample Collection

Blood was taken by venipuncture by the ordinary procedure, using sterile 

equipment. Heparin was the anticoagulant of choice, and the minimum amount to prevent 

clotting was used to dilute the blood sample as little as possible. Merely wetting the 

syringe with heparin was sufficient. Sodium citrate may be used if heparin is unavailable. 

The blood was carefully transferred from the syringe to a clean, dry 15-ml graduated 

centrifuge tube by gentle pressure on the plunger. The needle was removed and the 

aperture of the syringe was placed in contact with the side of the tube before the blood was 

forced out. These precautions were helpful in preventing hemolysis. Five ml of blood 

were drawn and processed to insure adequate amounts of material for cholinesterase 

analysis in duplicate to be done.

The sample so obtained was analyzed without further processing provided it could 

be delivered to the laboratory the same day. If the sample could not be forwarded to reach 

the laboratory within 8 hr of collection, it was processed by separating the blood cells and 

plasma. Mailed samples were frozen. The following procedure was used:

The collected blood was centrifuged for 15 min at 2500 rpm and the plasma thus 

separated. The plasma was placed in a clean, dry glass or polyethylene test tube of suitable 

size, closed with a tight-fitting rubber or polyethylene stopper, and plainly labeled. The 

white cells and any remaining plasma at the interface in the centrifuge tube were discarded. 

The remaining red cells were transferred to a test tube, stoppered, and labeled in a manner 

similar to that suggested for plasma.

The samples were kept frozen during shipment. However, never use dry ice. It

was convenient to individually wrap test tubes in cotton batting and ship them in contact

with a "refreezant" (a mass of silica gel packaged in plastic or metal and sold under a

variety of trade names at drug and sporting-goods stores). It is recommended that 
11



shipments be made by the fastest available means of transportation in order to insure 

adequate conditions for the samples during the entire period of shipment. When the 

shipment of samples arrived it was kept in the freezer until analysis.

Preparation of Reagents

• A. Buffer Solution

Fresh buffer solution was made each time cholinesterase analysis was performed.

Using a 100-ml volumetric flask, the following regents were dissolved in about 90

ml of distilled water:

0.1237 g - sodium barbital 
0.0136 g - KH2PO4 
1.7535 g-NaCl

One and two-tenths ml of 0.1 N HC1 was added and the flask was filled to the mark 

with distilled water. This buffer may be made the day before analysis and stored in the 

refrigerator.

B. Acetylcholine Substrate

This reagent was prepared the day of analysis.

Acetylcholine bromide was weighed in the proper amount shown below and

dissolved in distilled water.

Number of Samples 
and Duplicates

Acetylcholine
Bromide

Final Volume of
Solution

1-12 0.1865 g 5 ml
13-24 0.3730 g 10 ml
26-48 0.9325 g 25 ml
49-55 1.8650 g 50 ml

This reagent was added in excess, thus, it was not necessary to use a volumetric

flask.
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Analysis of Blood Plasma

The buffer solution was placed in a water bath at 25°C for about 60 min. This time 

period allows the temperature of the buffer solution to equilibrate to 25° C.

The samples were removed from the freezer and allowed to thaw at room 

temperature. While waiting, an 18 X 150 mm test tube was labelled for each sample, 

duplicate, and spike (explained later). Also, an ice bath was prepared in a small stainless 

steel pan or glass beaker.

It was important that the samples were completely thawed and mixed or the analysis 

would result in a depressed enzyme activity. Following the thawing period, 0.2 ml of 

sample plasma was pipetted to its corresponding labeled test tube. Duplicates were 

prepared on every tenth sample. Next, 9.8 ml of distilled deionized water were added to 

each of the test tubes. Last, the tubes were mixed on a vortex mixer and placed in the ice 

bath for about 10 min.

While the samples were in the ice bath, 20-ml vials were labeled to correspond to 

the test tubes. Also, the pH meter was calibrated. A 3-point calibration method was used. 

Standards of pH 4, pH 7, and pH 10 were used. Next the buffer solution was removed 

from the water bath and poured into a clean, phosphorus-free, 250-ml beaker. The pH of 

the buffer was determined. A teflon-coated magnet was placed in the beaker and also in 

each sample tested. The buffer and samples were placed on a magnetic stirrer and the pH 

meter was used. The pH of the buffer should be 8.00. If the pH was high, 0.1 N HC1 

was added drop-by-drop until the desired pH was reached. On the other hand, if the pH 

was low, 0.1 N NaOH was added drop-by-drop until a pH of 8.00 was reached. The 

buffer was now ready for use.

Two ml of the dilute plasma (in ice bath) was transferred to the appropriate 20-ml 

vial. Two ml of buffer was mixed into each of these vials. A blank consisting of 2 ml of
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distilled deionized water with 2 ml of buffer was prepared. Vials were then incubated in a 

25° C water bath for ten minutes or more.

Spacing each sample 2-5 minutes apart, the following steps were performed:

1. Read the initial pH of the sample to the nearest 0.01 unit. Record.

2. Add 0.4 ml of acetylcholine substrate and mix on the vortex mixer. 
Record the time to the nearest min.

3. Return the sample to the 25° C water bath for 90 min. At the end
of this period measure and record the new pH and time for each sample.

During the 90 min in the water bath, the cholinesterase in the dilute plasma was able 

to bind to the acetylcholine substrate and acetic acid was formed. If the samples were 

exposed to organophosphate pesticides, the enzyme was inhibited and the amount of acetic 

acid formed was minimal. Thus, the more enzyme inhibition (due to organophosphate 

pesticides) the smaller the pH changed from step 1 to step 3.

Quality Control

There are several different aspects of quality control for this procedure. It is 

important to take these into consideration. If a certain level of quality control is reached, 

more reliable data can be obtained and these results may be compared both on a 

intralaboratory level and an interlaboratory level. There are four methods of quality control 

that are included in the method used at the DHES.

First, reliable baseline data must be obtained. That is, each applicator must send in 

a blood sample, prior to pesticide exposure. This baseline value is very useful to compare 

to post-exposure values.

Second, sample handling and shipment must be taken into account. Standardized 

sample collection, preparation and shipment must be followed in order to ensure that the 

blood is collected and sent to the lab in the proper manner.

Next, duplicates or triplicates need to be run during the analysis to provide evidence

that the readings obtained are precise. For duplicates, the range (difference between the

two values) should not be more than 15% of the average of the two values. For triplicates, 
14



the relative standard deviation should be less than 10%. If any sample exceeds these limits, 

it should be rerun.

Last, the reagent blank is utilized for quality control. The blank is first made up of 

distilled water and buffer. An initial pH is measured from this solution and cholinesterase 

substrate is added. Next, the solution sits in the water bath for 90 min and a final pH is 

taken. The difference in the initial pH and final pH of the reagent blank is figured into the 

overall equation (see Results section). This value accounts for any change in pH due to 

variations in conditions during the analysis. This difference should be included in the 

calculation of each sample to provide more accurate results.

These four steps were performed to analyze cholinesterase levels during the 1994

season.
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RESULTS

The results of cholinesterase analysis are expressed in change in pH per change in

time. The equation used is as follows:

change in pH / change in time = (pHi - pH2 /12 - ti ) - b

where:

pHj = initial pH before acetylcholine substrate is added 

pH2 = pH following addition of acetylcholine substrate

ti = time before acetylcholine substrate added; expressed in hr

t2 = time following addition of acetylcholine substrate; expressed in hr

b = the difference (pHi - pH2) of the reagent blank

Any change in pH per hr above 0.5 is normal for humans. Values below 0.5 

indicate probable exposure to organic phosphates.

The program at the DHES requires that samples be taken every 2 wk. If the 

difference drops 30% or more between each sample, the lab notifies the applicator and 

suggests that he/she stop using the pesticide for about 2 wk. This is sufficient time for the 

enzyme to return to its normal level (or close to it).

During the summer of 1994, there were 23 applicators from six different counties in 

Montana participated in the program. A few of the applicators weren't consistent with 

sending in their samples, thus, their readings were not significant. Others were very 

consistent in the program and their enzyme activity was tracked throughout the 1994 season 

(Fig. 5). Most of the applicators had cholinesterase levels below their baseline values.

• This drop below the baseline was not noted unless the drop was significant (30% or more).

It is expected that the values will drop throughout the season. The applicators were 

exposed to pesticides and their enzyme level was affected to a small degree no matter what 

precautions were taken.
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In addition, four applicators dropped 30% or more over a 2-wk sample period.

Fig. 6 illustrates an applicator who had this type of drop and was asked to stay off the job 

for 2 wk.

During the 1994 season, one of the goals at the DHES was to increase the quality 

control of the method. Quality control is any procedure that can be added to a protocol with 

the purpose of improving the accuracy or precision of the data obtained. This data can then 

be compared throughout many seasons. As a result, useful information may be obtained 

that is relevant to improving the safety conditions for pesticide applicators. During the 

season two new quality control sections were added to the protocol.

One modification that 1 made in quality control dealt with sample shipment and 

handling. We wanted to determine how long the plasma actually remained in good testing 

form while kept in the freezer. I accomplished this by pooling all the plasma samples from 

the first run of the season. Next, several 5-ml aliquots of this pooled plasma were prepared 

and stored in the freezer. Each time a cholinesterase analysis was carried out, one of these 

prepared aliquots was analyzed. The pooled plasma sample was tracked through the 

season to check for stability. The values of the pooled plasma are as follows:

Analvsis Number Change in dH / Change in time

1 (5/31/94) 0.80

2 (6/14/94) 0.85

3 (6/28/94) 0.89

4 (7/12/94) 0.82

5 (8/09/94) 0.82

6 (8/23/94) 0.61

7 (9/07/94) 0.81

Note: The change in pH is per 1.5 hr.

Analysis number 6 was suspect because this analysis resulted in low values 

for all the samples (not just the pooled sample). Without this value, the range was 0.80-
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0.89. The average value for the pooled blood was 0.83.

These results reveal that the blood does keep its stability in the freezer over a period 

of about 3 mo. Some of this 1994 pooled blood is still stored in the freezer and it will be 

tested in the 1995 season. This will determine if the blood remains stable over a longer

4 period of time.

The second addition to quality control was a cholinesterase "spike". A spike is a 

sample to which a known amount of enzyme is added and thus, a theoretical value of the 

pH change can be determined. This sample is tested and the theoretical value is hopefully 

obtained.

The enzyme butyryl cholinesterase was purchased and the amount to add was 

calculated. It was decided that a spike would be prepared that changed the pH by one unit. 

To calculate the concentration needed this equation was used: pmol/ml/min = 3.26(change 

in pH/hr)+ 0.15 (7). This is the way the equation was used and how the amount was 

determined:

1. 3.26(change in pH/hr) + 0.15 = gmol/ml/min 
-1 unit was substituted in for change in pH/hr

2. 3.26(1 unit) + 0.15 = 3.41 jimol/ml/min
—each time the samples are run, 0.2 ml of plasma are used

3. 3.41 pmol/ml/min X 0.2-ml = 0.682 pmol/min
-the activity of butyryl cholinesterase is 15 pmol/min/mg

4. 15 p.mol/min/mg X Z mg = 0.682 (imol/min Thus, Z = 0.0455 mg/sample 
—each sample is in 9.8 mis of distilled deionized water

5. 0.0455 mg / 9.8 ml = 0.0046 mg/ml
4 -a 50-ml amount was prepared

6. 0.0046 mg/ml X 50 ml = 0.23 mg

The 0.23 mg of butyryl cholinesterase was weighed out and placed in a 50-ml 

volumetric flask. Distilled water was added to the mark and the enzyme was allowed to
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dissolve. This spike was then used on one sample of pooled plasma. It was used in place 

of the distilled deionized water (9.8 ml in the first part of the procedure) for this pooled 

sample. The pooled blood had its own enzyme activity, but this was corrected for in the 

results by subtracting the pooled blood activity from the spiked blood value. The pH 

should have changed by one unit in these samples in order for the spike to be correct. If 

correct, the spike adds accuracy to the procedure by revealing that the enzyme is indeed the 

factor that changes the pH of the sample. Thus, the accuracy of the spike value displays 

the accuracy of the other sample values for each run.

The value of the cholinesterase spike was determined throughout the season. There 

was a discrepancy in the calculated spike value and the experimental spike value on each of 

the runs. These discrepancies are as follows:

Analysis Number

1

2

3

4

5

6

Discrepancy

27%

25%

29%

46%

07%

18%

During analysis number 4, the spike reagent was stored for a longer period than 

other runs. I think this explains why there was such a high discrepancy for that particular 

analysis. All sample results from analysis number 5 were low, thus the results from this 

run were not taken into account.

The other discrepancies can be explained by a mistake that was made in calculating 

the spike. A change in pH of one unit was desired. When placing this value in the 

equation, it was read: 1 change in pH / 1 hr. This was wrong because we wanted 1 

change in pH/1.5 hr. Time is a very significant factor in this procedure. The differences
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in experimental and theoretical values can be explained by this time factor that was 

overlooked while calculating the spike amount. During the 1995 season this time factor 

will be included.

Although the 1994 spike values seem to be invalid, they can still be used to 

• calculate a confidence interval. This can be achieved by running the spike values back

through the equation and calculating the expected change in pH. The differences between 

the expected change in pH and the actual change in pH can then be expressed as percent 

recovery of active enzyme or percent change in pH expected. A 95% confidence interval 

determined from the 1994 season included spike values between 98.5 and 127.3. Values 

obtained within this inerval revealed that the results of an analysis were accurate. This 

confidence interval can be used in future seasons.
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DISCUSSION

There is a widespread interest in human red cell and plasma cholinesterases, and 

many methods for determination of these enzymes are available (10). When a single

• laboratory is involved in cholinesterase determinations results can be compared over a 

period of time if adequate means of intralaboratory quality control are used. Often, 

however, it is necessary to compare results on an interlaboratory basis and unless all 

laboratories involved are under the same regimen of control the measurements between 

them and over time become questionable, if not suspect.

It is recognized that comparing results from the DHES with other laboratories 

results is futile. Also, the protocol for the 1994 season changed due to the addition of the 

two new quality control sections. Thus, it is also useless to compare the 1994 results with 

results obtained in the earlier seasons at DHES.

The goal of the 1994 season was to increase the quality control of the process by 

adding in the cholinesterase spike section and also the pooled blood section of the protocol. 

Based on the results of the current study the changes in the protocol for the 1994 season 

will be used in the following seasons. However, a correction will be made in the spike 

preparation: Following that correction, the procedure should be more accurate. If all goes 

well, the following seasons should run smoothly and results can be compared from season 

to season. This would make it possible to examine long term effects of pesticides. This 

would prove to be very helpful because currently, there are minimal data on long term 

effects due to lack of quality control. This lack of control has produced sporatic results 

from lab to lab and even within one laboratory. It will be very exciting and useful to get

* these quality controlled data. We currently know that pesticides do indeed affect us. 

Applicators are removed from their jobs when high levels of pesticide poisoning have been 

detected. However, we do not know how many repeated over-exposures the human body
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can tolerate. It will be very beneficial to know the extent of this harm, especially on a long 

term basis.

Another aspect of quality control that would be useful to consider is the other 

chemicals (besides organophosphate pesticides) that cause depressions in cholinesterase. 

One of the main chemicals is alcohol (6). It is hard to control for chemicals like this, but 

getting to know the applicators that you are testing (i.e. with questionnaires) could possibly 

help.

I feel that the cholinesterase analysis at the DHES is a success and will even be 

better in the following seasons. Hopefully, more applicators will become aware of the 

program and decide to participate. This would provide a more reliable sample size and 

prove to be very beneficial. First, this would give the DHES a greater amount of data to 

derive results from. Secondly, the occupational safety practices of pesticide applicators 

would be improved. Finally, and most importantly, more poisoning cases would be 

prevented, thus, protecting the health of a greater number of applicators.
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