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Early indicators of occupational toxicity:

Blood toxins, heavy metals

By Ahmed M. El-Sherbeeny, James V. Odom, Daniel E.

IT IS SAID THAT THE EYE is a window to the soul.
Enough evidence exists from modern literature to
show that the eye can express effects of various
harmful toxins used in industry, arms development
and some everyday applications. This article de-
scribes how three distinct categories of toxins—
blood toxins, heavy metals and neurotoxins—
present some distinct ocular symptoms or biomark-
ers. This may help early detection of a person’s
exposure to a certain toxin. In some cases, eye bio-
markers also provide diagnostic evidence whereby a
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and neurotoxins

Della-Giustina and James E. Smith

certain ocular sign (or a series of signs) is manifested
in the eye, unique to the particular toxin.

An example that involves both of these features is
mercurialentis, a physically visible, unique discol-
oration of the lens that occurs due to mercurialism
(mercury poisoning); it is also one of the earliest
physical signs of mercurialism. Such evidence may
help identify the type of toxin to which a person has
been exposed, which would dictate proper treat-
ment or antidote. Although not directly addressed in
this article, recent technologies suggest the integra-
tion of signs of exposure indicated by the eye and
other part of the body into an expert system (Odom,
et al) or device that could lead to quick, accurate,
cost-efficient diagnoses and possible treatment of
common toxic reactions.

Blood Toxins

This category covers two extensively known and
documented toxins: carbon monoxide (CO) and
cyanide (CN). CO and CN are grouped because of
the resemblance of their effects on oxygen-carrying
capacity.
Carbon Monoxide

CO contributes to nearly half of the fatalities due
to industrial emissions every year (McGregor). Table
1 (pg. 28) lists exposure limits for CO and other tox-
ins discussed in this article. When inhaled, it binds
with alveolar hemoglobin and forms carboxyhemo-
globin (COHDb), resulting in anemia (Block).

Ocular Manifestations

Eye symptoms due to CO depend mainly on the
level of COHb. Levels of 10 to 20% COHb are accom-
panied by reddening of the conjunctiva and corneal
ulceration (Hipwell). At 30 to 40%, visual defects
include blurred and darkened vision. One common
eye symptom is mydriasis (Leiken and Pauloucek).
Retinopathy is a common CO disorder, existing as a
“flame-shaped” hemorrhage (Photo 1). Mild edema
of the optic disk is also recorded. Higher COHb lev-
els cause amaurosis (partial sight loss), hemianopsia



(blindness in half of the visual field) and optic neuri-
tis (Grant and Schuman).

Other Symptoms

High doses of CO usually induce unconscious-
ness and cause permanent damage to the central
nervous system (CNS). The brain is the main target
of chronic exposure to CO, mainly due to hypoxia
(low oxygen supply). Signs include syncope (loss of
consciousness), elevated intracranial pressure and
possibly severe damage to brain tissue.

Prevention & Treatment

Proper ventilation is the most safe, least expensive
preventive technique for toxicity. American Confer-
ence of Governmental Industrial Hygienists (ACGIH)
suggests that workers be monitored for a COHb level
of 8%, and air exposure not to exceed 40 ppm. Hyper-
baric (high-pressure) oxygen and dopamine (stimu-
lates cardiac output) are also used when neurological
consequences are involved (Leiken and Pauloucek).

Cyanide

CN compounds are present in a large host of occu-
pational applications including fertilizers, fumigation,
pigments and electroplating (Leiken and Pauloucek).
When administered to the body (mainly via inhala-
tion), CN ions react with cytochrome oxidase (Aj)
enzymes that restrain use of cellular oxygen, leading
to hypoxia (Hughes; MacLeod; Plunkett). Another
enzyme, thodanese, then modifies the compound into
a less-harmful thiocyanate, which is finally excreted
by the kidneys (Ballantyne). The abundance of vita-
min By, (a cyanide compound) in the eye serves as
evidence of excessive CN absorption. Other ocular
indicators triggered by CN are optic neuropathy and
optic atrophy.

Ocular Manifestations

The large literature collection on eye symptoms
resulting from exposure to CN compounds may
supply enough reason to conclude that physical ocu-
lar examination and evaluation may be superior to
the alternative of testing whole-blood cyanide levels
(Lizarralde, et al). The retina and optic nerve are
the primary targets of acute cyanide exposure.
Mydriasis commonly occurs at a sublethal cyanide
concentration. A child lethally poisoned with
cyanide was found to have retinal edema. Also, a
man poisoned with hydrocyanic acid (HCN) during
fumigation was found to have a corneal edema
hours later, followed by a Kayser-Fleischer pigment-
ed ring (a pigmented ring at the outer edge of the
cornea of the eye as shown in Photo 2) (Grant and
Schuman). Eye symptoms due to chronic CN expo-
sure are as yet inconclusive.

Other Symptoms

Severity and duration of exposure are usually the
main determinant of symptoms caused by CN.
Following acute exposure, patients either fully recov-
er or die. The CNS is severely affected by exposure to
cyanide. Chronic symptoms include metallic taste,
harshness of voice, dizziness, nausea, weakness and
dermatitis (skin inflammation). Cyanosis is a discol-

Photo 1 (top): Example
of retinopathy. Micro-
aneurysms (1) and
flame-shaped hemor-
rhages (2) similar to that

caused by CO poisoning.

Photo 2 (middle):
Kayser-Fleischer ring
appearing on the
descemet membrane of
the peripheral
cornea (similar
to that resulting
. from acute
| exposure to
hydrocyanic

oration of the skin due to
insufficient oxygen reach-
ing the blood cells (Grant
and Schuman).

Prevention & Treatment

Exposed eyes should be thor-
oughly washed to limit effects
of local toxicity (Ballantyne).
Atropine is frequently used to

heal eye congestion (Grant and
Schuman). Hydroxocobalamin
(@ By vitamin) is an efficient
antidote for systemic eye symp-
toms due to cyanide. Cataracts
and other lens opacities can be
easily treated with aspirin and
ibuprofen.

Heavy Metals

By definition, the only real
heavy metals are mercury, thal-
lium, lead and bismuth, with
atomic weights 200 to 210,
present as irreversible, com-
plex compounds. All heavy
metal ions are extremely toxic
and reactive (Foulkes). Although not heavy metals,
arsenic and uranium have shared characteristic and
toxic resemblances (Crosby).

Arsenic

Arsenic (AS) exists in an organic or inorganic (more
toxic) state. One of the most toxic forms is arsine gas,
where nearly one quarter of exposure cases has result-
ed in death [Leiken and Pauloucek; Proctor, et al;
NIOSH(a)]. Arsenic is used in microchips, preserva-
tives, soaps and paints (Timbrell; Winder). Arsenic is
introduced into the body mainly via inhalation. After
blood absorption, it is reduced into the less-toxic
arsenite, then finally excreted in the urine.

Ocular Manifestations

Ocular manifestations of arsenic poisoning
(organic or inorganic) are mainly chronic and prima-
rily occur on the external eye within 1 to 6 weeks fol-
lowing exposure. They include conjunctivitis,
corneal necrosis (Photo 3), lacrimation, and weaken-
ing of intraocular and extraocular muscles (Block;
Leiken and Pauloucek; Plunkett). Eyelid disorders
include ptosis (drooping of upper eyelid), edema
and eyelid melanosis (abnormal depositing) (Harbi-
son and Garvey). Visual disorders include dimin-
ished eyesight and constriction of the visual field
(Grant and Schuman; Proctor, et al). Optic nerve
spots, conjunctivitis, watery eyes and visual disor-
ders have all been reported by NIOSH in several
documented case studies [NIOSH(a)].

Other Symptoms

Symptoms due to arsenic are typically chronic,
occur within 3 weeks of exposure and mainly target
the CNS (Winder). This includes neuropathy,
encephalitis (brain inflammation) and liver damage

acid).

Photo 3 (bot-
tom): Stromal
corneal necrosis
and perforation
due to local
alkaline expo-
sure similar

to that due

to arsenic

poisoning.

Abstract: This litera-
ture review exam-
ines the eye toxicity
of three categories
of toxins: blood tox-
ins, metals and neu-
rotoxins. It discusses
their characteriza-
tion, mechanism of
action, treatment
and ocular manifes-
tations. Eye symp-
toms are classified
according to either
degree of toxicity or
affected region of
the eye. The objec-
tive is to offer infor-
mation on the eye’s
explicit expression
of early and unique
signs of toxicity. It
also provides SH&E
professionals with a
guide that may facil-
itate the proactive
detection, assess-
ment and efficient
treatment of exp-
soure to these
occupational toxins.
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(Leiken and Pauloucek; Ostler, et al; Proctor, et al). A
common biomarker is jaundice (Harbison and
Garvey; Lu). Symptoms due to high doses of arsenic
include bloody diarrhea and cramps (Lu).

Prevention & Treatment

Blood levels (due to short half-life) are not con-
sidered “reliable indicators of arsenic exposure”
(Harbison and Garvey). Currently, a urine threshold
ranging from 0.05 to 1.0 mg of arsenic is used
(Leiken and Pauloucek). Exposure is treated with
dimercaprol (antilewisite used since WWII)
(Plunkett), as well as penicillamine and succimer
(used in treating metal poisoning).

Mercury

Mercury (Hg) derivatives exist in metallic, organ-
ic or inorganic form (Proctor, et al). Mercury vapor
(both organic and inorganic) is one of the most toxic
forms. Mercury compounds are used as seed fungi-
cides, sterilizing agents and in the treatment of
corneal ulcers (Grant and Schuman; Zelikoff and
Thomas). The use of methyl mercury as an alloy has
led to several epidemics around the world, includ-
ing the Minamata disease, which caused 70 fatalities.

Table 1

Inhaled or ingested mercuric ions are transferred to
the blood and deposited to body tissues, restraining
cellular enzymes (Ostler, et al; Timbrell).

Ocular Manifestations

Eye signs of mercurialism occur chiefly on the visu-
al cortex and are mostly chronic (Lu). Signs include
photophobia (intolerance to light), mercurialentis
(unique coating of the lens), circular corneal opacities
(Photo 4), eyelid tremors (Lizarralde, et al), partial loss
of vision (Block; Plunkett) and severe constriction of
peripheral visual fields (Ostler, et al; Spehar; Zelikoff
and Thomas). Several cases of constricted visual fields
were reported with Italian hatters and Polish environ-
mental workers (red mercury vapor). Metallic mercu-
ry (inorganic) remains as a host particle in the
circulation and may reach the eye systemically; this
may cause band keratopathy (corneal disease) and
eyelid inflammation (mercury fulminate) (Spehar).

Other Symptoms

The main targets of mercury are the CNS, respi-
ratory system and kidneys, which retain mercury
the most. The inhalation of mercury compounds
contributes to bronchitis, muscle aches and vomiting

Standard Exposure Limits

Compound PEL2 RELP TLV<
Carbon monoxide
Lower limit 55 mg/m3 or 50 ppm 40 mg/m3 or 35 ppm 29 mg/m3 or 25 ppm
Maximum 229 mg/m3 or 200 ppm 200 ppm
Hydrogen cyanide 11 5 5
Sodium/potassium cyanide 5 3 5
Cyanogen chloride 0.6 0.75
Arsenic
Inorganic 0.01 0.002 0.01
Organic 0.5
Arsine 0.002 0.2 mg/m3 or 0.05 ppm
Alkyl mercury (organic) 0.01, ceiling limit: 0.04 0.01, IDLH4: 2 0.01, STELe: 0.03
Mercury vapor (inorganic) 0.05

Lead

Lead arsenate
Uranium
Parathion
Malathion
Carbaryl

0.05 mg/m3 (inorganic
lead and organic soaps)

0.1 mg/m3 (metallic
lead, lead oxides, and
lead salts and soaps)

0.05 mg/m3 (elemental
and inorganic lead)

0.15 mg/m?3
0.05 mg/m3 0.2 mg/m3
0.1 mg/m3
10 mg/m3

5 mg/m3

Note: Standard threshold limits by ACGIH, NIOSH and OSHA for carbon monoxide, cyanide compounds, arsenic com-
pounds, mercury compounds, lead compounds, uranium, organophosphates and carbaryl.

APEL: permissible exposure limit set by OSHA. YREL: recommended exposure limit set by NIOSH. CTLV: threshold limit
value set by ACGIH. AIDLH: immediately dangerous to life or health (NIOSH). ¢STEL: short-term exposure limit (ACGIH).
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(Plunkett; Proctor, et al; Zelikoff and Thomas).
Acrodynia (pain in the extremities) occurs with chil-
dren as a unique symptom of mercury poisoning.

Prevention & Treatment

Atkinson’s brownish reflection is a technique cur-
rently used to detect mercurialentis from the lens
capsule (Spehar). Mercuric oxide is employed in the
topical eye treatment of mercury exposure, mercuric
sulfide for treating corneal opacities and phenylmer-
curic salts for glaucoma. Hemodialysis has been
effective in removing mercury from the blood.

Lead

Lead (Pb) exists in different forms (19 inorganic
and 2 organic) and isotopes (4 natural and 17 artificial)
[Harbison(b)]. Lead enters the body mainly through
inhalation of dusts or fumes (ACGIH). The largest
numbers of victims affected by lead are children ages
1 to 5 (Olson, et al). Uses of lead include soldering,
printing media and insecticides (lead arsenate)
(Proctor, et al). Sources of exposure include mining,
paints, glass and wines. Following inhalation, lead
particulates are deposited in the lungs and absorbed
into circulation, disrupting heme production.

Ocular Manifestations

Lead accumulates systemically in the eye (even at
subclinical concentrations), causing various ocular
manifestations that can act as early signs of toxicity.
Eye disorders occur within the visual cortex, as well as
in the optic nerve, retina, and extraocular and intraoc-
ular muscles (Grant and Schuman). Ocular disorders
caused by lead have been reported for the last 350
years (Proctor, et al), yet have often been inappropri-
ately described in terms of nature, site or mechanism.
Eye signs include strabismus (squint), palsies (uncon-
trollable tremors) of extraocular eye nerves, papillede-
ma (Photo 5), optic atrophy and degeneration of retinal
blood vessels. Saccadic eye movements and abnormal
smooth eye pursuit are commonly used to measure
effects of chronic lead among lead workers (NIOSH).

Other Symptoms

Other manifestations of lead poisoning occur soon
after exposure and mainly affect the CNS and kid-
neys. Symptoms include vomiting, convulsions, learn-
ing problems, anemia and hyperactivity (Harbison).
Colica Pictonum is a chronic disease of the CNS
caused by lead-containing wines, with symptoms
including learning difficulties (Olson, et al).

Prevention & Treatment

Regular testing for lead is done by measuring
blood, urine or bone levels (Plunkett; Proctor, et al).
Currently, the best indication of lead exposure is to
monitor blood levels for enzymes ALA and proto-
porphyrin. However, this method has not proven
highly reliable. Chelating agents typically used
include calcium EDTA, succimer, penicillamine and
dimercaprol.

Uranium
Uranium is a highly toxic carcinogen (Plunkett;
Proctor, et al), naturally present as a stable nonreacting

mixture of three iso-
topes: uranium-234,
uranium-235  and
uranium-238
(AIHA; Crosby; Zak-
rzewski). Exposure
to uranium involves
gamma rays, dust
particles and radon
gas (Winder). Occu-
pational exposure to
uranium can occur
in industries such
as mining, nuclear
power and arms
development (e.g.,
depleted uranium)
(AIHA; Corbella and
Domingo; Crosby;
Goyer, et al; Nuss-
baum and Kohn-
lein). According to
NIOSH and OSHA,
exposure to uranium
occurs primarily via
inhalation and in-
gestion. For the solu-
ble compounds, the
uranyl ion is ab-
sorbed by the blood where it is changed into a stable
bicarbonate form that accumulates in the liver, caus-
ing liver or kidney failure. Within 24 hours, about 60%
is excreted via the kidneys and about 25% resides in
bone structure (Crosby; Foulkes).

Photo 4 (top, left): Mercury
deposits on the Bowman layer
(cornea) induced topically.

Photo 5 (top, right): Chronic
papilledema with signs of
mild vascular congestion.

Ocular Manifestations

Little literature is available regarding uranium’s
eye toxicity and “significant gaps still remain in the
knowledge of the chemical toxicity of uranium in
animals” (Corbella and Domingo). Systemic eye
intoxication of uranium is primarily assessed
through animal testing, where cataracts have been
indicated in several case studies (NIOSH/OSHA;
Proctor, et al). The eye shows signs of irritation at
low, chronic exposure to uranium. Optic atrophy
(Photo 6) occurred in an experiment to test the sys-
temic effects of uranium nitrate on rabbit eyes (Grant
and Schuman).

Other Symptoms

Other manifestations caused by uranium are most-
ly chronic and include jaundice (Block; Plunkett) and
chronic lung diseases (e.g., cancer) (Proctor, et al;
Winder; Zakrzewski). Other symptoms include der-
matitis, skin lesions and weight loss (Crosby; Leiken
and Pauloucek). Uranium also affects the reproduc-
tive system (Corbella and Domingo).

Prevention & Treatment

Examination of exposed workers once every
6 months for the health of their liver and kidneys is
one way to monitor uranium toxicity levels. The eyes
should be washed with water in case of direct contact
with uranium (Plunkett). As an antidote, sodium
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Photo 6 (bottom, right): Dominant optic atrophy
(possible visual loss).
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Photo 7 (right): Acute
angle-closure glaucoma;
severely high intraocu-
lar pressure resulted in
eye inflammation, in
addition to corneal
edema and a partially
dilated pupil (note

also the disturbed

light reflex). k !

bicarbonate is
applied. Edatha-
mil calcium dis-
odium (EDTA) is
also recommend-
ed for supportive
treatment (Leiken
and Pauloucek;
Plunkett).

eye drops and atropine (Photo 8) to relieve miosis
into mydriasis and eventually into normal dilation.

Sarin

Nerve gases (including sarin, tabun and soman)
are used in chemical warfare to paralyze victims
(Ballantyne and Marrs). Sarin poisonings in Japan
affected 600 people in 1994, and 5,500 in 1995 (Grant
and Schuman; Yokoyama, et al). The poison acts
through direct skin contact in its liquid form, inges-

Neurotoxins tion or inhalation of the gas (Yokoyama, et al).

Pesticides and
nerve gases are
two types of neurotoxic anti-
cholinesterases (antiChEs), sub-
stances that restrain the action

Ocular Manifestations

Sarin is reported to cause cyclotonia, conjunctival
reddening and restricted visual accuracy in faint light.
Sarin also causes temporary miosis (Proctor, et al). On
one occasion, it produced extreme miosis as an imme-

Photo 8 (above): Using atropine

miosis. (Left): Miosis due to corneal for-
eign body in a dog. (Right): Mydriasis
after treatment with atropine.

of cholinesterase enzyme, cru-
cial for liver performance.
AntiChEs can be used as
miotics and in treating ocular symptoms such as pto-
sis, diplopia (double vision) and glaucoma.

Pesticides

Major sources of pesticide exposure include con-
taminated water and industrial wastes (Ballantyne
and Marrs). Organophosphates (OPs) and carbamtes
(CBs) are widely used as pesticides. Exposure to OPs
can occur by way of inhalation, the skin, ingestion
(e.g., malathion) or by direct exposure of the eye (e.g.,
parathion). The liver handles most of the excretion
(Proctor, et al). Carbaryl is a common CB, used main-
ly as an insecticide (Block; Grant and Schuman).

Ocular Manifestations

Ocular manifestations of OPs and CBs were
extensively studied by Erickson-Lamy and Grant in
1992 (Erickson-Lamy and Grant). Cholinesterase
restraining and subsequent eye symptoms occur
with direct and systemic exposure. A series of con-
troversial poisoning cases occurred in Japan, known
as the “Saku disease,” where OPs directly targeted
vision (Grant and Schuman). Eye disorders related
to exposure to OPs include miosis, nystagmus (jerky
eye movement) and acute angle-closure glaucoma
(Photo 7). Miosis, lacrimation and diminished vision
are encountered with carbaryl poisoning (Block).

Other Symptoms

Restraining of cholinesterase enzymes due to OPs
leads to acetylcholine accumulation, causing various
nervous system, skeletal and muscular disorders
(Proctor, et al). A unique disturbance of OPs is called
“delayed distal axonopathy,” which affects the arms
and legs but has no ocular manifestations.

Prevention & Treatment

A currently applied method of preventing OP
intoxication is monitoring the level of cholinesterase
in the blood. Urinary levels are also commonly used
to monitor carbaryl levels (Proctor, et al).
Pralidoxime is a popular antidote, induced systemi-
cally to treat intoxication of OPs and nerve gases
(Proctor, et al). Directly applied antitoxins used to
cure OP and CB symptoms include anticholinergic
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diate reaction to acute exposure. The byproduct of
sarin production, difluoro, has also been noted to
cause eye irritation and corneal opacity following
direct eye exposure (Grant and Schuman).

Other Symptoms

Common symptoms of exposure to nerve gases
include dizziness and loss of balance. Sweating and
salivation are often noted, as is a unique change in
the color of the nails (Block).

Prevention & Treatment

Blood levels are used to determine exposure lev-
els of nerve gases, with similar exposure indices as
with OPs. Cyclopentolate (anticholinergic) eye
drops are used topically to treat miosis and cycloto-
nia due to sarin gas.

Conclusion

The toxins reviewed in this article cause some
form of ocular manifestation, which can be classified
according to the affected region of the eye, or by the
method of administration or exposure. Ocular
regions include exterior regions (e.g., sclera, eyelids,
cornea), interior regions (e.g., retina, optic nerve) or
nonphysical phenomena that are quantified by vari-
ous visual or experimental measures (e.g., visual
field, EEG). Extraocular manifestations and meas-
ures are especially advantageous for the early detec-
tion of toxicity, while internal eye effects and
measures could be beneficial in quantifying and ana-
lyzing damage to the CNS and other parts of the
body affected by the toxin.

Toxic exposure is either systemic (e.g., by inges-
tion or via the skin) or local (i.e., direct eye expo-
sure). This classification serves to show how eye
biomarkers can express themselves uniquely and
profoundly even when exposure occurs systemical-
ly. These results are illustrated in Table 2.

The more immediate ocular manifestations of
CO, such as reddening of the conjunctiva and
corneal ulceration, occur at relatively low levels of
exposure. Extraocular symptoms are also more
prominent than intraocular signs for cyanide (e.g.,
corneal edema and distinctive vitamin By, deposits),
many of which only appear several hours following
exposure. For heavy metals, it is observed that
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Table 2

Ocular Manifestations of Reviewed Toxins

Ocular manifestations of reviewed toxins are classified by affected region of the eye (exterior or interior
eye regions) or by functional measures (e.g. vision effects, EEG measures); furthermore, ocular manifes-
tations are classified as either due to S, systemic (indirect) or L, local (direct) exposure.

Toxin (including compounds)

co
S L

CN

Affected eye region S L

External eye
Pupil
Iris
Eyelids
Tear glands
Extraocular muscles
Cornea

SRS N

Conjunctiva

SSSSXS<SKKXN

Sclera
Ciliary body
Lens

AN

Internal eye
Vitreous humor
Retina

SN

Optic nerve

Optic disk

Eye blood vessels

Intraocular muscles
Functional measures

Vision

Visual fields

ERG, EEG, EOG, VER

v
v
v

arsenic and mercury deliver a large host of external
and internal eye signs. In addition, mercurialentis is
a unique sign and a means of early detection of
exposure to mercury.

Lead has dominance for internal eye symptoms,
although chronic lead exposures distinctly cause
abnormal saccadic eye movements; it accumulates
systemically even at low concentrations. The major-
ity of eye symptoms due to uranium occur on the
exterior eye, including conjunctivitis and cataracts.
Neurotoxins, including pesticides, carbamates and
nerve gases, mainly cause miosis (and mydriasis in
some cases) as well as target vision. This article
should thus highlight the significant role of early
and unique eye symptoms in the possible identifica-
tion of exposure to select blood toxins, heavy metals
and neurotoxins. ®
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Glossary of Selected Terms

carbamte (CB): a salt or ester of carbamic acid; especially one that is a syn-
thetic organic insecticide.

chronic: a disease marked by long duration or frequent recurrence (the oppo-
site of acute).

conjunctivitis: inflammation of the conjunctiva.

depleted uranium: left over when the highly radioactive isotopes of uranium
are removed for use as nuclear fuel or nuclear weapons.

edema: an abnormal infiltration and excess accumulation of fluid in connec-
tive tissue (leading to swelling).

lacrimation: the secretion of tears especially when abnormal or excessive.

miosis: excessive contraction of the pupil.

mydriasis: a long-continued or excessive dilatation of the pupil.

optic atrophy: paleness of the optic nerve; caused by toxic damage (e.g., lead
poisoning) or triggered by Leber’s disease.

optic neuritis: inflammation of the optic nerve.

optic neuropathy: severely blinding disease resulting from loss of the arterial
blood supply to the optic nerve.

organophosphates (OP): phosphorus-containing organic compounds that
irreversibly inhibit cholinesterase enzyme.

retinopathy: any of various noninflammatory disorders of the retina, includ-
ing some that cause blindness.
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