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The main objectives of this investigation were to quantify the use of dichlorvos and
trichlorfon in the treatment of salmon lice infestations, to evaluate the prescribing
of these drugs, and to estimate possible changes in the salmon lice problem by use
of drug statistics. This study has shown that the use of trichlorfon increased from
4.9 tons in 1981 to 28.3 tons in 1985. This figuredeclined to 3.2 tons in 1988. The
use of dichlorvos increased from 0.3 tons in 1986 to 3.2 tons in 1988. The change
in the prescribing from trichlorfon to dichlorvos has dramatically reduced the
pollution caused by these substances in the marine environment. Moreover, if
necessary safety rules are observed, this change reduces the exposure of the workers
on fish farms to these drugs, and also reduces the possibilities of intoxications of
the fish during the treatment procedure. The sales figures of dichlorvos and tri­
chlorfon, related to the calculated biomass of farmed salmonids in the sea, indicate
a dramatic increase in the salmon lice problem.

drug sta tisti cs ; organophospho rus compounds ; fis h far ming; mo rb id it y;
seasona l va ri a ti ons; sal mon louse; pollut ion .

Introduction
The salmon lou se, Lepeophtheirus sa/monis.
has become the major ectoparasitic problem
in the marine farming of atlantic salmon
(Sa/mo salan and rainbow trout (Onco
rhynchus mykiss Walbaum) in Norway.
Untreated infestations cause sign ificant da­
mage to the fish when the parasite is pre sent
in large numbers. This may lead to consider­
able economic losses . The organophospho­
ru s drug trichlorfon a weak
inhibitor of cholinesterase (Nordgren et al.
1978, Ecobichon 1979) , was introduced in
1974 for the treatment of salmon lice in­
festations (Anon. 1974 , Hastein & Bergsj e
1976). In 1980 was registered by
the Norwegian Medicine s Control Authority
for use in fish. Until recently, treatment with
trichlorfon has been carried out using a me-

thod developed by Brandal & Egidius
(1979).
In 1985 , hea vy mortalities occurred among
salmonids after a controlled routine trichlor­
fon treatment (Salte et al. 1987). Further­
more, 3 inc ide nts with high mortality in At­
lantic salmon were reported iR ettereng et al.
1986, Horsberg et al. 1989), probably due to
extensive formation of dichlorvos, a much
more potent organophosphorous drug than
trichlorfon (Ecobichon 1979, Samuelsen
1987). As a consequence of these events, the
recommended dosage regime for trichlorfon
was changed (Anon. 1987 , Terisen 1988).
In 1986 , dichlorvos was intro­
duced for the treatment of salmon lice in­
festations (Horsberg et al. 1986) , and Nu­

was approved for use in Norway in
1988.
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The main objectives of the present study
were to quantify the use of dichlorvos and
trichlorfon in the treatment of salmon lice
infestations, to evaluate the prescribing of
these drugs , and to estimate possible changes
in the salmon lice problem during
1981-1988 by use of drug statistics.

Materials and methods
Drugs used in fish farming in Norway have
to be prescribed by a veterinarian and dis­
pensed from a pharmacy. The pharmacies
are supplied by a state-owned drug mono­
poly , Norwegian Medicinal Depot (NMD).
Monthly sales figures of Neguvon® powder,
containing 97 % trichlorfon, in 2.5 kg pack­
ages approved for fish were recorded by
NMD during 1981-1988. The annual sales
figures of NuvaniB> emulsion, containing 500
mg dichlorvos/ml , were recorded in 1986,
whereas monthly sales figures were recorded
in 1987-1988. Annual and monthly sales
figures expressed as kilogrammes of acti ve
substance of dichlorvos and trichlorfon were
then calculated, and the results were defined
as the annual and monthly use, respectively,
of these drugs in salmonid farm ing.
To allow comparisons in the present and in
future studies of the use of drugs against sal­
mon lice infestations, m! treatment solution
was chosen as a unit of measurement. This
unit was defined as g active substance (treat­
ment dose) used in one m3 of a theoretical,
standardized treatment solution. The treat­
ment doses were chosen according to recom­
mendations in the literature. The treatment
dose for dichlorvos was set to I g/m' water
at temperatures ranging from 5-15"C (Hors
berg et al. 1987, Terisen 1988). For trichlor­
fon the treatment dose was set to 291 g/rn!
water in 1981-1986, representing all tem­
peratures (Brandal & Egidius 1979, Terisen
1980, 1982, 1984, 1986). In 1987-1988 the
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trichlorfon dose was set to 73 g/rn! water ,
representing a temperature range of 6-14'C
(Anon. 1987, Terisen 1988). Annual and
monthly amounts in m3 of treatment solu­
tion were then calculated.
The annual treatment intensity against sal­
mon lice was defined as the calculated
amount in m' treatment solution of dichlor­
vos and trichlorfon in year YIcalculated bio­
mass of farmed salmonids in year Y. The
corresponding monthly figures were defined
as the calculated amount in m! treatment
solution of dichlorvos and trichlorfon each
months in year YIcalculated biomass of far­
med salmonids in year Y. The total biomass
of the farmed salmonids in the sea 1981­
1988 was calculated according to a model
developed by Gra ve et al. (1987a) .

Results
The amounts of trichlorfon and dichlorvos
used to control salmon lice infestations in
Atlantic salmon and rainbow trout during
1981-1988 are shown in Table I.
Expressed as the calculated amount in m3

treatment solution used each year. dichlor­
vos was the most frequently prescribed drug
during 1986-1988, increasing from 77 % in
1986 when the drug was introduced, to 99 %
in 1988 (Fig. I). The calculated amount
treatment solution increased 190-fold from
1981-1988.
The annual treatment intensity defined as
the calculated amount in rn' treatment solu­
tion of dichlorvos and trichlorfon in year
YIcalculated biomass of farmed salmonids
in year Y, increased 30-fold from 1981 to
1988 (Fig. 2).
The monthly variations in the treatment in­
tensity of salmon lice infestations during
1981-1988 are shown in Table 2. In the
period 1981-1985 and in 1988, treatment
against salmon lice was most frequent in
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Table I . Use of dichlorvos (NuvaniB> 500 mg/ml emulsion) and trichlorfon (NeguvoniB> 97 % powder,
2.5 kg) in kg active substance in salmonid farming in Norway during 1981-1988.

Year

Drug 198\ \982 1983 1984 \985 \986 \987 1988

Trichlorfon
Dichlorvos

4920 6300 9810 14820 28260 24860
250

7390
1310

3190
3200

Total 4920 6300 9810 14820 28260 25110 8700 6390

September or October, whereas in 1986­
1987 a peak was recorded in August. NMD
did not, however, record the monthly sales

figures of dichlorvos in 1986, and dichlorvos

is therefore not included in Table 2 that

year.
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Fig. 2. The annual treatment intensity against
salmon lice defined as the calculated amount in
m3 treatment solution of dichlorvos and trichlor­
fon in year Y/calculated biomass of farmed salmo­
nids in year Y in Norwegian salmonid farming
during 1981-1988.
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Fig. I . The calculated amount in 1000 m3 treat­
ment solution of dichlorvos (I g/m? water) and of
trichlorfon (291 g/rn! water in 1981-1986; 73
g/m'' water in 1987-1988) used in the treatment of
salmon lice infestations in salmonid farming in
Norway during 1981-1988.
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Table 2. 'Monthly variations in the treatment for salmon lice in salmonid farming in Norway during
1981-1988, defined as: calculated monthly amount in m3 treatment solution of dichlorvos (D) and tri­
chlorfon (T) in year YIcalculated biomassof farmedsalmonids in 1000tons in year Y.

Dru g Year Jan . Febr . Mar . Apr. May Jun. Ju l. Aug. Sept. Oct. Nov. Dec.

T 1981 6 1 4 29 10 105 83 74 104 284 142 40
T 1982 12 9 6 3 12 62 83 175 207 136 166 67
T 1983 31 8 25 31 104 143 66 160 156 323 11 7 37
T 1984 10 20 2 22 20 120 109 224 361 269 180 45
T 1985 56 28 6 29 32 115 273 341 516 381 186 39
T 1986 51 27 3 22 47 104 208 385 205 208 75 31
T 1987 0 8 8 2 0 81 300 169 322 152 112 86
D 1987 293 0 488 1403 73 391 1599 3270 2050 2916 2306 1208
T 1988 26 3 0 10 19 37 64 40 76 42 34 0
D 1988 1038 631 295 271 1293 663 5021 4422 5675 4135 1732 391

Discussion
Exp ressed as the calc ulated m' treatment
solution/calculated biomass of farmed sal ­
mon ids , it is likely that the salmon lice
prob lem increased 3D-fold during 1981­
1988 . A part of the ca lculated 3D-fold
inc rease in the treatment intensit y against
salmon lice may be explained by a change in
the treat ment procedure used.
The recommended treatment method descri­
bed by Branda! & Egidius (1979) involves
transporting fish into a treatment unit con­
sisting of a net-pen of 50-100 m3 capacity
surrounded by a tarpaulin bag containing
the treatment solution of trichlorfon. After
the treatmen t period the fish are transported
back to the original net-pen . By floating the
treatment unit from net-pen to net-pen, the
treatment solution can be used 8- 10 times a
day. This procedure can also be used to
de louse with dichlorvos. However, this is a
time- and labour-consuming process that
needs 4-5 people a day to treat 8-10 pens,
the equivalent of25-40 tons of fish (Branda!
& Egidius 1979).
During the last years there has been a ten­
dency to change the treatment procedure
(Horsberg, T. E. personal communication,
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1989). Instead of using treatment un its con ­
sisting of a net-pen surrounded with a tar ­
pau lin bag (Branda! & Egidiu s 1979), the
net-pen is surrounded by a plastic-skirt and
a concentrate of dic hlorvos or tric hlorfon is
added directly into the net-pen containing
seawater. This method entails the treatment
solution being used once, not 8-10 times as
described by Branda! & Egidius (1979). This
change in the treatment procedure may
explain as much as about 27-fold of the
increase in the calculated m3 treatment so­
lution/biomass of farmed fish during
1981-1988.
T heoretically, there is still a 3-fold increase
in the treatment of salmon lice infestations
that cannot be explained on the basis of a
change in the treatment procedure. Part of
the reason for th is may be a tendency on the
fish farms to treat more active ly against sal­
mon lice infestations . Still the ca lcu lated
figures indicate that the salmon lice problem
has increased dramatically. One explanation
may be that the increasing number of fish
farms has enhanced the frequency of transfer
of salmon lice between farms . It is, however,
important to realize that these figures are
indirect measurements of the salmon lice
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problem. Thus our results should be used as
a basis for further investigations, not as the
final conclusion on the development of the
salmon lice problem in Norway.
The estimates of the monthly variations in
treatment of salmon lice infestations (Table
2) showed that the problem existed through­
out the year. The most intense treatment
periods were, however, in August , Septem­
ber and /or October, as reported in Scottish
salmonid farming (WOllen et at. 1982).
In this investigation, the treatment dose, i. e.
the amount of drug as g active substance in
one m' of a theoretical, standardized treat­
ment solution, was used to define "rn! treat­
ment solution" as a unit of measurement.
The treatment dose is not the real prescribed
dose, and should be seen as a technical aid
in the interpretation of drug statistics (Lunde
et at. 1979). Because dichlorvos and trichlor­
fon are only used for one disease in sal­
monid farming, the prescribed dose may
therefore be close to the recommended dose.
The treatment dose for dichlorvos was cho­
sen for temperatures ranging from 5-I5"C,
and for trichlorfon for temperatures ranging
from 4-15"C. According to WOllen et al.
(1982), the greatest numbers of L. salmonis
occur on Scottish farmed salmons between
May and October, with temperatures rang­
ing from 9-14T. As can be seen from Table
2 most of the delousing process takes place
in late summer and autumn. The treatment
doses chosen therefore cover most of the
actual treatment situations.
When dissolved in seawater, trichlorfon is
relatively rapidly transformed into the much
more potent organophosphorus compound
dichlorvos. Dichlorvos is responsible for the
main part of the insecticidal effect of tri­
chlorfon, and trichlorfon acts mainly as a
slow-release formulation for dichlorvos
(Ecobichon 1979, Nordgren et at. 1978,
Hofer 1981, Samuelsen 1987). The degrada-

tion in seawater of trichlorfon is dependent
on temperature, pH and aeration rate. At a
temperature of 13.5T, pH of 8.0 and a high
aeration rate, the half-life of trichlorfon is
reported to be 29 h (Samuelsen 1987).
When using the treatment method described
by Brandal & Egidiu s (1979), highly toxic
concentrations of dichlorvos may be reached
during the 8 to 10 h period the trichlorfon
solution is recommended used. Dichlorvos
is, however, transformed to nontoxic meta­
bolites in sea water , the half-life is reported
to be 93 h at a temperature of I3SC, a pH
of 8.0 and a high aeration rate (Samuelsen
1987). This makes dichlorvos safer to use
than trichlorfon , thus the change in the pre­
scribing from trichlorfon to dichlorvos is
preferable from a clinical point of view.
The molecular weights of trichlorfon (257.5)
and dichlorvos (221), result in I kg of tri­
chlorfon producing on average 0.85 kg di­
chlorvos. In clinical practice, I g of dichlor­
vos (5-I5"C) corresponds to 73 g of trichlor­
fon (6-14°C), (Horsberg et at. 1987, Ter isen
1988). The change in the drug of choice
from trichlorfon to dichlorvos has dramatic­
ally reduced the pollution caused by these
substances in the marine environment.
Trichlorfon is only slightly soluble in water
and has to be dissolved in a small amount of
water by stirring vigorously for about 15
min before being added to the treatment unit
or net-pen (Brandal & Egidius 1979). This
process may expose the fish farmers to tri­
chlorfon dust, and the drug may be absorbed
through the skin or by inhalation. Of 141
prescriptions of Neguvonf', the mean
amount of prescribed drug was 36.5 kg
(range 2.5-250 kg (Grave et at. 1987b),
which is a relatively large amount to handle.
As a liquid, Nuvanl8l is easier to handle, and
the concentrate may be added directly to the
treatment unit or net-pen. If the drug is
handled correctly, the change of drug of
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choice from trichlorfon to dichlorvos can
therefore reduce the exposure of the workers
on fish farms to organophosphorous drugs.
However, due to its higher toxicity, the pos­
sibility of a fatal outcome in case of oral
intake or other serious accidents with the
concentrate would be higher. Thus, observa­
tion of safety rules in handling of NuvaniBl

concentrate is imperative.
The sales figures of trichlorfon used in sal­
monid farming in Norway during 1981-1988
is reported on the basis of2.5 kg packages of
this preparation. Trichlorfon is sold for use
in other animals as well. These packages
(NeguvoniBl, powder of 0.1 and I kg) may
also be prescribed or dispensed to Atlantic
salmon and rainbow trout. However, the to­
tal annual sales figures of these package sizes
varied between 1800 and 3600 kg in the
period 1981-1988. Even if part of this
amount had been used in salmons, it does
not change the prescribing patterns for tri ­
chlorfon and dichlorvos in the treatment of
salmon lice infestations. Sales figures of
dichlorvos and trichlorfon are wholesale
figures recorded by Norwegian Medicinal
Depot, and do therefore not represent the
real sales figures from the Norwegian phar­
macies. The pharmacies, however, keep
stocks of drugs only on a short-term basis
(Halvorsen et at. 1979) . The wholesalers'
figures during 1981-1988 may therefore give
a good estimate of the real use of dichlorvos
and trichlorfon in Norwegian salmonid
farming in this period.
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Sammendrag
Forbruk av dichlorvos og trichlorfon i norsk
flskeoppdreusnaring i perioden 198/-/988.
Maler med denne undersekelsen var a kartlegge
forbruket og a evaluere forskrivningen av dichlor­
vos og trichlorfon til behandling mot lakselus­
angrep i perioden 1981-1988. Videre var det an
skelig a estimere mulige endringer i lakseluspro­
blemet i den sam me perioden ved hjelp av disse
forbrukstallene. Denne undersekelsen viser at for­
bruket av trichlorfon ekte fra 4 ,9 tonn i 1981 til
28.3 tonn i 1985 for sa a reduceres til 3,2 tonn i
1988 . Forbruket av dichlorvos ekte fra 0,3 tonn i
1986 til 3,2 tonn i 1988. Denne forandringen i
forskrivningsmensteret har medfert en dramatisk
reduksjon i forurensningen av det marine miljeet
med denne legemiddelgruppen. Sa sant sikkerhets­
regler blir etterlevet vii denne endringen i lege­
middelvalg redusere yrkesmessig eksponering av
disse stoffene. Den vii dessuten redusere faren for
forgiftninger hos fisken . Salgstallene for dichlorvos
og trichlorfon indikerer en dramatisk okning i
lakselusproblemet i Norge .
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