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1. SUMMARY AND CONCLUSIONS

1.1 Summary

1.1.1 Identity, physical and chemical properties and analytical methods

DNOC (4-6 dinitro-o-cresol) , a yellow crystalline solid, is a larvicide, ovicide and
insecticide as well as a potato haulm desiccant. It belongs to the substituted dinitrophenol
family. Its melting point is 88.2-89.9°C and its vapour pressure is 1.6 x 10 Pa at 25°C.
Solubility of DNOC in water is 130 g/litre at 15°C and pH 7. It is unstable in soils where

it degrades rapidly. In water, the degradation is slower.

DNOC is analyzed in water by liquid chromatography with UV detection. In soils,
DNOC is analyzed by Thin Layer Chromatography (TLC) and by Liquid Chromatography-
Mass Spectrophotometry (LC-MS). In biological fluids, determination of DNOC is by
High Pressure Liquid Chromatography (HPLC) with UV detection.

1.1.2 Sources of human and environmental exposure

The main use today is in the plastic industry where it used as a styrene polymerisation
inhibitor.

It is also used as an insecticide, larvicide and ovicide to control overwintering forms

of insects and as a potato haulm desiccant.

It is mainly formulated as aqueous or oily emulsifiable concentrates for the
agricultural uses.

1.1.3 Environmental transport, distribution and transformation

DNOC is not persistent in surface water, where the half life is 3 to 5 weeks. Its low




VADOUr pressure and moderate water solubility indicate that DNOC has no potential to
volatilize from surface waters. In soils, DNOC is rapidly degraded by micro-organisms.
Several environmental metabolites have been identified, resulting from a reductive
biotransformation eventually followed by further oxidative degradation. DNOC is not

leaching from soils to ground waters.

In mammals, the metabolic pathway is qualitatively comparable among species,

however, the excretion is relatively slower in humans than in laboratory animals.
In humans, DNOC shows potential for some accumulation, mainly in plasma.
1.14 Environmental levels and human exposure

The main source of human exposure is from contact during manufacturing, and use
in agriculture and in the plastic industry, Due to the known acute toxicity and to the strong
yellow staining of the skin, agricultural workers are careful to use adequate protective
clothing in order to reduce dermal exposure. In the plastic industry, DNOC is made and
transported as a powder often dampened with water (12% w/w) to reduce the risk of worker

exposure to dusts.

The general population is not expected to be exposed to DNOC as the recommended

patterns of the end-use products do not allow for residues to be present in food or water,
1.1.5 Kinetics and metabolism

DNOC is readily absorbed by laboratory animals after oral, dermal and respiratory
exposure. When topically applied as an aqueous or oily formulation, only 2.5 or 5.0 %,
respectively, of the applied dose of active ingredient is detected in the blood at the time the
peak level is reached. Absorbed DNOC is rapidly bound to plasma proteins and excreted
mainly in the urine and to a lesser extend in the feces. The time required for eliminating
the product is variable from species to species, the longer retention time being found in




man. A fraction of the parent compound DNOC is found unmodified in urine.

Only a small quantity of DNOC or of its metabolites can be found in tissues other
than the blood (5 % in the rabbit). In both rats and rabbits, reduction of the nitro groups to
amines is the major metabolic pathway. A secondary oxidative pathway also exists. A

similar pathway is likely to occur in humans.

1.1.6 Effects on laboratory marmnals; in vitro test systems

1.1.6.1 Single exposure

DNOC is acutely toxic with oral LDy, ranging from 20 to 85 mg/kg b.w. in the rat
and 50-100 mg/kg b.w. in the pig, respectively. Its percutaneous LD, is in the range of 600
to greater than 2000 mg/kg b.w. in the rat, and is 1000 mg/kg b.w. in the rabbit, indicating
a limited dermal absorption. By inhalation LC50 values of 230 mg/m® for a 4-hour

exposure in the rat, and of less than 40 mg/m’ (4 hours) in the cat, have been determined.
1.1.6.2 Short-term exposure

Short-term dietary administration of DNOC for up to 90 days decreased body weights
in rats, mice and dogs, usually without significant alteration in food consumption. At high
doses the liver was affected, as shown by an increased activity of liver enzymes. Blood
urea levels also increased slightly at high dosages.

1.1.6.3 skin and eye irmitation and sensitization

Application of DNOC to t he skin of rabbits induced erythema and ederna indicating
an irritating effect. Technical grade DNOC is a skin sensitizer in the guinea pig. DNOC is

corrosive to the eyes of the rabbit.

1.1.6.4 Long-term exposure




In a long-term dietary feeding study in the rat, DNOC did not induce any treatment-
related adverse effects at doses up to 5 mg/kg b.w./day. Food consumption was found to
be slightly higher (+6%) in the group receiving the highest dose when compared to the
untreated control. At the intermediate dose the food consumption was increased 8 % over
that of controls. This effect (i.e., higher food consumption without effect on the body
weight gain) results from the particular mode of action of the product.

1.1.6.5 Reproduction, embryotoxicity and teratogenicity

DNOC did not induce any teratogenic effects in pregnant rats receiving oral doses up
to 25 mg/kg b.w./day from gestation day 6 to day 15, both days included. In rabbits, treated
orally, the high dose of 25 mg/kg b.w./day was maternally toxic, inducing mortality. At
this dose level teratogenic effect, including microphthalmia/anophthalmia and
hydrocephaly/microcephaly, was observed.

When administered in pregnant rabbits by cutaneous application during gestation,
DNOC induced maternal toxicity at the high dose of 90 mg/kg b.w./day, resulting in some
embryotoxicity but not teratogenicity. No evidence of teratogenicity or embryotoxicity was
recorded in mice treated orally or intraperitoneally during pregnancy.

1.1.6.6 Mutagenicity
In a battery of in vitro and in vivo tests investigating different end points, DNOC did
not show any unquestionable genotoxic potential, except a weak frameshift mutagenic
.activity in the Ames test, this effect being specific to nitro-aromatic compounds in bacterial

systems with nitro-reductase enzymes, and unwinding effects of DNA strands were also

observed.
1.1.6.7 Carcinogenicity

See section 1.1.6.4.
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1.1.6.8 Mechanism of toxicity - Mode of action

DNOC, like many dinitrophenols, is an uncoupler of oxidative phosphorylation in
mitochondria. The resulting effect is an increase in oxygen consumption, an increase in the
basal metabolic rate and release of energy in the form of excessive heat resulting from the
inhibition by DNOC of the phosphorylation of adenosine diphosphate (ADP) to adenosine
triphosphate (ATP), this reaction being a large energy-consuming one. In addition to the
heat dissipation phenomenon, inhibition of the reaction deprives the muscles (including

heart and respiratory muscles) of source of energy (ATP) making contraction impossible.

1.1.7 Effects on humans

DNOC is acutely toxic in humans, and it also has some cumulative effects and is
rather slowly excreted. The mechanism of action of DNQOC and other related compounds
is responsible for a particular and specific pattern of poisoning symptoms such as
restlessness, sensation of heat, flushed skin, sweating, thirst, deep and rapid respiration,
tachycardia, severe increase of body temperature, and cyanosis leading to collapse and

coma.

1.1.8 Effects on environmental organisms

DNOC has little effect on microbial activity in soil at recomumended application rates,
It dose not pose any unacceptable toxic risk to earthworms at normal agricultural use rates.
The 24-hour immobilization ECs, for daphnia (Daphnia magna) is 5.7 mg/litre, the L.C,,
(14 days) for reproductive effects is 1.6 mg/litre, and the overall NOEC (immobilization-
mortality-reproduction) is 0.6 mg/litre. For the green alga Scenedesmus subspicatus the
overall NOEC is 2 mg/litre. In fish, the L.C,, (96 hours) is 0.95 mg/litre for the blue gill
sunfish (Lepomis macrochirus) with a NOEC of 0.56 mg/litte. For Onchorbyncus mykiss
(Rainbow trout), the LCy, is 0.45 mg/litre with a NOEC of 0.32 mg/litre. These values,
which were obtained under laboratory conditions, indicate that in normal agricultural use

no unacceptable toxicity is to be expected for aquatic organisms.




DNOC is moderately toxic to birds exposed through dietary conditions. LCs,-8 days
in the Japanese quail is approximately 106 mg/kg b.w.

1.2  Conclusions

DNOC 15 acutely toxic to mammals. It is a skin sensitizer in guinea pigs. However,
when used according to registered recommendations together with application of usual
individual protective measures, exposure is greatly reduced to levels which do not cause
systemic toxicity in occupationally exposed subjects. Given the present use patterns of the
plant protection product containing DNOC as the active ingredient, there are no detectable
residues in the treated crops, and thus no exposure of the general population. In the plastic

industry, occupational exposure to dust may occur.

DNOC is not persistent in soils and water. In soils it is rapidly degraded by
biological processes to CO,. Under laboratory conditions, DNOC appears to be toxic to
aquatic organisms. However, similar conditions are unlikely to occur in the field during

normal, recommended agricultural use (winter treatment of orchards and potato haulm

desiccation), therefore no unacceptable risk is likely to arise from its application.
2.  IDENTITY, PHYSICAL AND CHEMICAL PROPERTIES, ANALYTICAL
METHODS |
2.1 Chemical Identity
Chemical formula: CHMN,0,

Chemical structure:




i |

Relative molecular mass: 198.13

Common name: DNOC (ISO, WSSA, BSI, IMAF)

Chemical names: 4,6-dinitro-n-cresol (IUPAC)
2-methyl-4,6-dinitrophenol (CA)
2 4-dinitro-o-cresol
3,5-dinitro-2-hydroxytoluene
2,4-dinitro-6-methylphenol

Synonyms: DNC; ENT 154

Common trade names: Bonitol; Elgetol'; Extar A'; Nicyl'; Nitrador';

Sandoline’; Selinon'; Sinox'; Technolor; Trifocide; Trifina; Veraline.
CAS registry number: 534-52-1

CIPAC number; 19

EEC number: 208 601 1

UN nurmber: 1598

2.2 Physical and chernical properties

Some DNOC physical and chemical properties are given in Table 1.

Trade names, no longer used.




Table 1

Some physical and chemical properties of DNOC

Physical state yellow, crystalline, solid Jongerius & Jongeneelen
(1991)
Crystal structure triclinic Jongerius & Jongeneelen
(1991)
Purity of the technical 97.45 % Sainsbury et al (1995)
product
Molecular weight 198.13 Tomlin (1994)
Melting point 88.2-89.8° C Hope et al (1995)
Boiling point 312°C Jongerius & Jongeneelen
(1991)
Vapour pressure 1.6x10%Paat25°C Howarth et al (1995)
Relative density 1.58 at20° C Hope et al (1995)
Solubility in water (20°C) | 0.214 g/litre at pH 4 Hope et al (1995)
6.94 g/litre at pli 7
33.3g/litre at pH 10
130 mg/l at 15°C Tomlin (1994)
Solubility in organic toluene > 251 g/litre Hope et al (1995)
solvents methanol > 58.4 g/litre
dichloromethane > 503g/1
acetone > 514 gflitre Hope et al (1995}
hexane 4.03 g/litre
log P, 1.78 at pH4 Hope et al (1995)
8.67x102 atpkl 7
Dissociation constant 4.48at20°C Hope et al (1995)
(PK.)
Vapour density 6.84 (air =1) Jongerius & Jongeneelen
(1991)
Saturation vapour Jongerivs & Jongeneelen
concentration (20-25°C) 0.56 - 1.0 mg/m? (1991)

Conversion factor Img/m* = 0.12 ppm. Jongerius & Jongeneelen
(at 760 numHg and 20° C) | 1ppm = 8.24 mg/m’ (1991)
Flammability no auto-ignition below Tremain & Bartlett (1995)

400° C




2.3 Analytical methods

2.3.1 Air

The NIOSH (1984) described a validated method for determination of DNOC in air
(NIOSH method 5166). Collection is made on cellulose ester membrane extracted with
ethylene glycol. The extracts are analyzed by high pressure liquid chromatography
(HPLC/UV). The limit of detection is 0.003 mg and the precision of the method is 0.075
mg (Jongerius & Jongeneelen, 1991).

The WHO (1982} reports that spectrophotometry, thin-layer chromatography and gas
chromatography have been used and tested for their effectiveness in the determination of

DNOC m air samples, but indicates that these methods have now been abandoned for the
validated NIOSH method mentioned above.

232 Water

DNOC in water is determined with a liquid chromatograph equipped with a reversed
phase colutan and a U.V. detector. The limit of detection is 0.6 mg/ml; the limit of
quantitation 1.4 mg/ml. The recovery is 96.8 % from a 21.4 mg/litre sample (Diepenhorst,
1995a).

233 Biological fluids

Determination of DNOC in blood constitutes the basis for biological monitoring of
exposure, for diagnosis confirmation and evaluation of the clinical course in cases of
poisoning. Determination of urinary DNOC is not considered to reflect accurately the
absorption of DNOC (WHO, 1982).

A method has been developed to determine DNOC in human blood (Diepenhorst,
1995b). The determination is made on plasma and is based on high pressure liquid




chromatography (HPLC) with U.V. detection at 266 pm in the fiee acid form of DNOC.
The limit of quantitation (LOQ) is 0.1 pg DNOC/g of blood with a recovery of 91% at this
concentration. The limit of detection (LOD) is 0.05 pg DNOC/g of blood. This method
has the advantage of being specific for DNOC as opposed to the
spectrophotometric/eolotimetric methods previously used. These methods were based on
the measurement of the intensity of the yellow colour of the plasma samples. False
positives were possibly induced by abnormally high bilirubin or carotene concentrations

in the blood (Jongerius & Jongeleenen, 1991).

3. SOURCES OF HUMAN AND ENVIRONMENTAL EXPOSURE

3.1 Natural Qccurrence

DNOC does not occur paturally.

3.2 Anthropogenic Sources

3.2.1 Uses

DNOC was first introduced as an insecticide in 1892 and as a herbicide in 1932
(Gasiewicz, 1991), DNOC is registered in a number of countries for use as an acaricide,
larvicide, and ovicide to control the dormant forms of a large number of insects in orchards.
It is applied during the winter on pome and stone fruits and grapes (“winterwash™).
Registered DNOC uses specify rates ranging from 840 and 8,400 g of active ingredient/ha.
One spray application is made in the dormant period of deciduous crops.

DNOC is also used as a desiceant in potatoes. It is sprayed once or twice on seed
potatoes between July and September to desiccate the haulms in order fo prevent virus and
disease contamination of the tubers and incidentally to facilitate mechanical harvesting.
The registered rates of application range from 2.5 to 5.6 kg of DNOC/ha.

10




DNOC is formulated as emulsifiable concentrate (EC) for use as a potato haulm
desiccant and as a suspension concentrate (SC) as a winter treatment on fruit trees. Other

types of formulation include pastes (PA) and oil miscible liquids (OL).

Today DNOC use has declined as a pesticide and its main use is as a styrene

polymerisation inkibitor in the plastics industry.

322 Worldwide sales

"The worldwide production of DNOC was approximately 2000 tons in the 1950s, all
of which was used in agriculture. Currently, of the 600 tons or so made annuaily, 400 to
300 tons are used in the styrene industry and 100 to 200 tons as an agrochemical.

4. ENVIRONMENTAL TRANSPORT, DISTRIBUTION AND
TRANSFORMATION

4.1 Transport and distribution between media

4.1.1 Air
DNOC has a vapour pressure of 1.6 x 102 Pa at 25°C and a solubility in water of

6.94g/1 at pH 7 and 20°C. As a result, it has a Henry’s constant of 2.46 x 10 7 atm.m®/mol.
On this basis, DNOC has noe potential to volatilize from surface waters.

Cresols, including DNOC, have been detected in atmospheric air in the ng/m® range

as well as in different condensed phases in the atmosphere (rain, fog and snow) up to about
100 pg/l (Tremp et al., 1993).

412 Water

11




The half life of DNOC in surface water ranges from 3 to 5 weeks. DNOC is only
moderately adsorbed on sediments (Vonk and van der Hoven, 1981). DNOC has been
detected in groundwater in California at a maximum concentration of 35 pg/l-! on fewer
than five occasions (Hallberg, 1989). DNOC was also occasionally detected in
groundwater, ponds and streams in cultivated areas in Denmark over a two-year survey
period: for example 1 finding out of 38 samples of groundwater at 0,05 pg/l, 2 out of 9
samples in pond water at a concentration range of 0.12 to 0.18 pg/l (Mogensen & Spliid,
1995). It was also detected in the Klang River in Malaysia at concentrations ranging from
3.2 10 78.8 pg/l (Tan & Chong, 1993).

4.1.3 Soil

Radio-labelled DNOC was shown to be unstable in standard soils under laboratory
conditions. It is adsorbed to varying degrees, depending upon the composition of the type
of soil considered. A negative correlation was found between the concentration of DNOC
in the soil and the rate of adsorption: the higher the concentration, the lower the adsorption.
At a concentration of 15 mg DNOC/kg of dry soil, the mean percent adsorption ranges from
13.6 to 15.4 % depending upon the soil type (Van Beijnen, 1995).

Using microbiologically active German standard soils, the degradation rate was
evaluated. At the most frequently recommended agricultural use rate of 5 kg DNOC/ba (or
4.9 mg DNOC/kg of dry soil), DNOC is rapidly degraded. The atomatic ring is converted
to carbon dioxide at a high degree, representing approximately 40% of the initially applied
radioactivity after 88 days. The main non-volatile metabolite is 2-methyl-4-nitrophenol,
formed by the loss of one nitro group. The maximum amount (14%) of the metabolite was
found after 10 to 20 days, followed by a decline. The amount of bound residues increased
in the course of time to reach a maximum of 37 %, consisting of humin, humic and fulvic
acids in approximately equal proportions. A mechanism for the transformation of DNOC
in soils has been proposed: a reductive microbial process transforms the nitro groups to
amino groups via nitroso and hydroxylamino steps. The aromatic residue is broken down

by hydroxy substitution followed by ring cleavage (van Beijnen, 1995).

12




The adsorption of “C-DNOC was determined according to OECD Guideline 106 in
three types of soils comunon in temperate zones. The results showed that the adsorption
rate is below 25%, meaning that DNOC is not significantly adsorbed. Nevertheless, the
advanced phase of the test was carried out. In this part of the procedure, the results
indicated that the adsorption may reach a rate of nearly 100%. The discrepancy may be
explained by the fact that DNOC is not stable in soil and is degraded during the time
required to perform the test (Jonas, 1995).

The degradation of DNOC in three types of standard soils was investigated over a
period of 88 days, at 20°C in the dark at a rate of 4.9 mg, “C-labelled DNOC was applied
per kg (dry weight) of soil, equivalent to a field application rate of 5 k¢ DNOC/ha. The
DT, was determined to be 1.7, 5.9 or 12 days depending upon the soil type. The main final
degradation product of the aromatic ring was carbon dioxide representing 39% of the
applied radioactive dose, whereas the main pon-volatile metabolite was 2-methyl-4-
nitrophenol representing 40% of the applied radiocarbon between day 10 and day 20, and
declining thereafter. The amount of bound residues in soil after extraction with organic

solvents increased over the course of the study to reach 37% (Bieber, 1995).

The presence of 2-methyl-4-nitrophenol as a decomposition product of DNOC in soil
was confinned by Verheij and van der Graaf (1995) by combined liquid chromatography -
mass spectrometry (LC-MS) and tandem mass spectrometry (MS-MS).

4.1.4 Leaching

Based on the Gustafson (1989) ground water ubiquity score, DNOC is considered as
having a limited potential to leach from soil to ground water.

: 4.1.5 Crop uptake

DNOC 1s not a systemic compound in plants. In addition, it is used in circumstances

that do not allow penetration into the plant tissues. One of its main uses is as a

13




“winterwash” on fruit trees to destroy the dormant forms of eggs and larvae of various
msects. It is sprayed on to the trees during the winter at a time when there are no leaves to
absorb the product. It is also used as a desiccant of the haulms of seed potatoes. The
haulms are quickly killed and dried, thus preventing any absorption and translocation of the
product to the potato tubers. No residues are found at harvest in fruits from trees treated
during the winter and in potatoes treated for haulm killing.

5. ENVIRONMENTAL LEVELS AND HUMAN EXPOSURE

5.1 Environmental levels

5.1.1 Alr, water and soil

The potential environmental levels in air, water and soil are briefly reviewed in

section 4.

DNOC has been identified in extracts of rain (Leuenberger et al, 1988; Alber et al.,
1989), snow (Alber et al., 1989), and fog (Richartz et al., 1990)., One pathway through
which DNOC can enter the atmosphere is from overspray during use on agricultural
products and subsequent volartilization from treated surfaces. DNOC has been detected
in rain throughout the year, and its concentrations in rain did not show a trend with seasonal
applications to crops (Leuenberger et al., 1988). These observations, and its relatively low
volatility, indicate that DNOC most likely enters the atmosphere through another
mechanism. Experimental smog chamber studies have shown that DNOC can be formed
as a secondary pollutant from the photochemical reaction of aromatic hydrocarbons with
other reactive species, such as nitrogen oxides and OH radicals (Nojima et al., 1976). The
low air-water particition coefficient of DNOC allows it to be scavenged effectively by

precipitation, and enriched in humid aerosols, fog, clouds and rain droplets,

5.12 Food and feed

14
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Levels of DNOC in food and feed are discussed in section 5.2.

5.1.3 Terrestrial and aquatic organisms

DNOC levels in terrestrial and aquatic organisms are discussed in sections 4 and 6.

5.2 General population exposure

The general population is unlikely to be exposed to DNOC under normal conditions
of agricultural use. The normal use patterns of DNOC do not result in residues being
present in food. DNOC has been reviewed by the FAO/WHO Joint Meeting on Pesticide
Residues (JMPR) in 1963 and 1965. No ADI (Acceptable Daily Intake) was established
at that time. No MRL. (Maximum Residue Limit} has been established because the specific
use patterns of DNOC (“winterwash” and potato haulm desiccation) do not result in

residues being found in treated crops.

5.3 Occupational exposure during manufacturing, formulation and use

Levels of exposure of agricuitural workers during normal field use (seed potato hauim
desiceation) were measured (Heuts, 1993). During the spraying season, eleven male
agricultural workers (independent farmers and professional sprayers) were monitored while
applying a DNOC formulation containing 200 g/litre of active ingredient. The total
exposure time during the season ranged from 2 to 22 hours per worker. In only two cases
DNOC was detected in the blood of independent farmers at levels of 0.6 and 0.8 mg/litre
of blood. DNOC was not detected in the blood of professional sprayers (sensitivity of the
colorimetric analytical method used: 0.5 mg/litre).

In the plastic industry, workers may be exposed to dusts when the damping water is
removed prior to use. DNOC inhibits immediate polymerisation of styrene during
distillation/purification stages of manufacture. During the process, DNOC remains in the

distillation columns, thereby ensuring the finished styrene monomer contains no residues.
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