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Azadirachtin (AZA; cas #:11141-17-6) is a natural bioactive
agent derived from the seeds of the neem tree Azadirachta
indica A. Juss (Saxena 1990). Neem seeds contain up to 40% by
weight of oil, which can be expressed by cold pressing.
Solvent extraction of neem seed cake (the residue remaining
after oil expulsion) produces neem extract (NEX), which
contains a mixture of more than 30 limonoid compounds in
varying quantities but generally < 0.05%, except for AZA
(Jones et al. 1988). Depending on the genome of the neem tree
from which the seeds are collected, the AZA content of seed
oil can range from < 0.05% to > 4% (Isman et al. 1990; NRC
1992). Proprietary partition and recrystalization processes
can enrich the AZA content to 30% or greater. Neem-based
products are commercial preparations of formulated NEX for
sale as insecticides.

Unlike synthetic insecticides, which are mostly contact
neurotoxins, AZA affects the endocrine system (feeding,
development, reproduction and the general metabolism) of
insects (Mordue and Blackwell 1993). In 1993, neem-based
products were registered in U.S.A. for insect pest control of
food and non-food crops, despite data gaps on fish toxicity.
Although not registered in Canada as of yet, experimental
field trials are presently being conducted in British Columbia
to evaluate the efficacy of neem-based products for the
control of insect pests in agriculture and forestry. As well,
there is an interest to develop appropriate neem-based
formulations for mosquito control. The objective of this
study was to evaluate the acute toxicity to juvenile Pacific
Northwest salmon of AZA, NEX, and neem-based products.

MATERIALS AND METHODS

The common name, abbreviation, and concentration of test
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Table 1. List of test materials

1 - ONC = other neem constituents (including salanin, eacetyl

salanin, salannol acetate, nimbin, deacetyl nimbin, nimbandiol, 6-
acetylnimbandiol); 2 - Quarles 1994;

3 - based on active ingredients

stated in product label;
4 - per com Phero Tech Inc., Delta, British

Columbia, Canada

materials are summarized in Table 1. All test materials were
obtained commercially, with the exception of AZA, PHE and its
emulsifier, (PHE-C), which were supplied by the Department of
Plant Science, University of British Columbia, Vancouver,
British Columbia (B.C.).

A series of 96-h static acute toxicity tests was conducted
from January to May 1994 in accordance with the protocols of
Environment Canada (1990) and the procedure outlined in Wan et
al. (1988).  Juvenile Pacific Northwest salmon (Table 4) were
obtained in fresh water from B.C. hatcheries and used as test
fish. The average lengths of fish, weights, loading densities
and test volumes were recorded. Ten fish were placed in each
vessel and dosed once. Duplicate tests were conducted for
each test concentration. Cumulative fish mortality was
recorded daily and the LC50 values were calculated each day to
observe the toxic effects of each material as the test
progressed, using the "Lethal" computer program developed by
Stephan (1983).

A volume of 20 L dechlorinated Vancouver City tap water was
used in each test vessel. In the test series of AZA and NEX,
25 mL acetone was used as the carrier, and an equal amount of
acetone was added to the corresponding control test vessels.
The dilution water was analyzed three times to check its
quality, and once for chlorinated pesticide residues. A 250-
mL water sample was cornposited from ten 25-mL aliquots taken
at random from the 1 mg/L AZA test concentration of the coho
test vessel to ascertain the AZA content. Sampling started
after the addition of AZA and the 30-min preaeration process
and continued daily. Water samples were stored at 4°C until
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the completion of the 96-h test, and then extracted and
analyzed for AZA residues.

The screening of water samples for extractable metals,
nutrients, and chlorinated pesticides was conducted at
Environment Canada Laboratory, West Vancouver, B.C., using
procedures outlined in Environment Canada (1989). Residues of
AZA in water were determined in the same laboratory, using a
modified method of Sundaram and Curry (1993) developed in-
house. The sample was first extracted with methylene
chloride, filtered, and then concentrated. Acetonitrile was
added to the concentrated extract, which was then analyzed for
AZA residues, using High Performance Liquid Chromatography
(HPLC). The detection limit was 0.02 mg/L. The 24, 48, 72
and 96-h LC50 values for the test materials were not adjusted
to the measured AZA concentration.

RESULTS AND DISCUSSION

The quality of Vancouver City dilution water was relatively
consistent throughout the study period from January to May,
1994 (Table 2). No detectable residues (detection limit, 1
µg/L) were found in the water for the following chlorinated
pesticides: DDT analogues, benzene hexachloride, cyclodiene
and phenoxy compounds, PCB, PCP, and picloram.

The measured concentration of AZA in the coho test vessel
before and after fish introduction was less than the nominal
concentration (Table 3). This finding suggests that: (1)
there was a 35% AZA loss probably via volatilization (Wan et
al. 1988), (2) AZA did not adsorb onto glass surfaces of the
test vessel, as no residues were found in the acetone rinse,
and (3) AZA remained relatively stable during the 96-h period
in slightly acidic water (pH = 6.7) at 12°C ± 2°C. It was
assumed that AZA of the other test materials would behave
similarly in water.

No signs of stress, e.g., coughing, physical disorientation
nor state of morbidity, of coho test fish were observed at the
highest test concentration of 4 mg/L AZA (49% purity). This
indicated that the 96-h LC50 for the fish of AZA was > 4 mg/L
(Table 4). Further LC50 tests using pure AZA are not being
planned due to the high cost of obtaining the material. To
date, synthetic AZA is not available. The results also show
that the LC50 values for salmon changed during the test period
for various test materials. The LC50 change at the end of the
96-h exposure varied from 8% to > 41 % for different test
materials (Table 4), indicating the differences in degree of
cumulative toxicity of the different test materials.
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Table 2. Quality1 of Vancouver City dilution water

1 
-  parameter measured in mg/L (mean ± S.E.; n = 3);

detection limits, < 0.001 - 0.01 mg/L

Table 3. Stability of azadirachtin in water of test
vessel

1 
-  N/A = not available, water sample contaminated; * - 200 mL

acetone rinse of empty test vessel; 3 - N/D = not detected,

detection limit = 0.02 mg/L

The order of decreasing acute toxicity to juvenile salmon of
test materials is as follows: AZT > NEX > AZT-A > MAR > PHE >
PHE-C > MAR-B (Table 5). AZT was significantly more toxic to
young salmon than MAR (8 times), PHE (18 times) and PHE-C (25
times). Likewise, NEX was acutely more toxic than MAR (5
times), PHE (10 times) and PHE-C (14 times). It was however,
not significantly more toxic to fish than AZT despite having
7.7 times more AZA. MAR was twice and three times more toxic
to salmon than PHE and PHE-C, respectively. Although PHE
contained higher AZA content, i.e., 1.5 and 15 times more than
AZT and MAR, respectively, it was the least toxic product to
young salmon of the three neem-based materials. The cause of
this difference in fish toxicity of these products was most
likely due to the carrier solvent used in the respective
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Table 4. Acute toxicities to juvenile salmon of azadirachtin,
neem extract, and neem-based products

1 -  chinook (Onchorhynchus tshawytscha), coho (O. kisutch),
Rainbow trout (O. mykiss); age = 2.5 + 0.3 mo., length = 4.7 ± 0.3
cm, 50 fish; weight 0.5 ± 0.1 g, 50 fish; loading density = 0.1 -
0.3 g/L; 

2 
- nearest whole number

formulations. AZT-A appeared to increase the AZT toxicity to
salmon, whereas PHE-C did not significantly (Table 5)
influence PHE. In fact, PHE-C was about 1.4 times less toxic
to the fish than PHE. The trend of decreasing toxicity to
salmon of the three emulsifiers used in these products was as
follows: AZT-A > PHE-C > MAR-B. The influence of MAR-B on
MAR's effect on salmon toxicity, however, appeared
greater than AZT-A and PHE-C.

to be much

The effect of varying quantities of ONC (Table 1) found in
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Table 5. Order of decreasng toxicity to salmon of
test materials

n.s. = not significant

Table 6. Comparison of acute toxicity to salmon of
azadirachtin, neem extract and neem-based
products with some common insecticides

1 
- % active ingredient;

2 
- Johnston and Finley (1980),

Pimentel (1971); N/A - not available

each test material on salmon toxicity is unclear. For
example, NEX (23% AZA, 77% ONC) was highly toxic to salmon
(96-h LC50 = 7 mg/L), whereas AZA (49% purity, 51% ONC)) did
not appear to be nearly as toxic (96-h LC50 > 4 mg/L). Test
records showed that there was a 30% fish mortality observed
for NEX at a test concentration of 3 mg/L, while young salmon
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subjected to a 4 mg/L AZA test concentration displayed no
signs of stress nor state of moribund.

When compared to some of the common synthetic insecticides
such as carbamates (carbofuran), organochlorine (endosulfan),
and organo-phosphates (azinphosmethyl, diazinon, malathion),
AZA and neem-based products appeared to be far less toxic to
young salmon (Table 6). They also have a greater margin of
safety to juvenile salmon than some of the natural neurotoxic
botanical insecticides such as pyrethrum and rotenone.

Under field conditions, the concentration of neem-based
insecticides in a stream unintentionally oversprayed during an
aerial or ground-based operation would unlikely exceed 0.05
mg/L in 15 cm water, even at the highest rate recommended
(0.06 kg active ingredient/ ha), except perhaps during an
accidental spill. The potential of neem-based products
causing fish kills is therefore small when they are used under
product labelled conditions. However, the possibility of
these materials having sublethal effects on young salmon is
presently not known.

In summary, the 96-h LC50 value of AZA (49 % purity) for
juvenile salmon is greater than 4 mg/L. NEX is the most toxic
neem material to young salmon. The toxicity of neem-based
products (AZT, MAR, and PHE) to the fish, however, depends on
the solvents and emulsifiers used in formulating the
materials, with 96-h LC50 values ranging from 4 mg/L to 72
mg/L. The role of ONC in fish toxicity is unclear. Neem-
based products have a greater margin of safety to young salmon
when compared to some common synthetic and botanical
insecticides.
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