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Cancer incidence among Norwegian airline pilots 
by Tor Haldorsen, MSc, Jon B Reitan, MD,2 Ulf Tveten, MSc3 

Haldorsen T, Reitan JB, Tveten U. Cancer incidence among Norwegian airline pilots. Scandd Work Environ Health 
2000;26(2):106-111. 

Objectives In this retrospective cohort study, the cancer incidence of commercial pilots was studied to determine 
whether exposure at work has any influence on the incidence of cancer. 
Methods The cohort was established from the files of the Civil Aviation Administration and included people who 
had valid licenses as commercial pilots between 1946 and 1994. Basic data about their flight careers were recorded, 
and exposure to cosmic radiation was estimated. The cohort was linked to the Cancer Register of Norway. The 
observkd number of cases was compared with that expected based on national rates. 
Results A group of 3701 male pilots was followed over 70 560 person-years. There were 200 cases of cancer 
versus 188.8 expected, with a standardized incidence ratio (SIR) of 1.06 and a 95% confidence interval (95% CI) of 
0.92-1.22. No significant decreased risk was found for any cancer site. Excess risks were found for malignant 
melanoma (22 cases SIR 1.8,95% CI 1.1-2.7) and nonmelanoma skin cancer (14 cases, SIR 2.4,95% CI 1.3- 
4.0). For malignant melanoma, there was a significant trend for the SIR by cumulative dose. 
C O ~ C ~ U S ~ O ~ S  For most cancer sites, the incidence among pilots did not deviate from that of the general population 
and could not be related to block hours of flight time or dose. It seems more likely that the excess risks of malignant 
melanoma and skin cancer are explained by factors related to life-style rather than by conditions at work. 

Key terms brain tumor, cosmic radiation, electromagnetic fields, epidemiology, leukemia, malignant melanoma, 
skin cancer. 

Airline pilots make up a specially selected occupational 
group. To enter this occupation, pilots have to show phys- 
ical fitness and mental stability; in addition, during their 
career, they are under closer medical supervision than 
most other occupational groups. Their circadian rhythm 
is often disturbed by irregular workhours and, for some, 
travel through time zones. In the cockpit, they are ex- 
posed to low-frequency electromagnetic fields (I), an 
environmental factor that could be related to cancer (2). 
After the introduction of jet aircraft that had increasing 
cruising altitude, pilots have been exposed more to cos- 
mic radiation (3). Ionizing radiation in higher doses is 
known, or suspected, to be a cause of several types of 
cancer (4), and international recommendations regulate 
such exposure during work (5). There is discussion about 
how to check that the exposure of pilots and cabin crew 
is within acceptable limits and how to impose regulations 
( 6 7 ) .  

Previous studies of cause-specific mortality and can- 
cer incidence among pilots include proportional mortali- 
ty studies (8, 9), cohort studies (10-13), and nested 

case-referent studies of brain tumors (14, 15). An excess 
mortality from brain tumors has been found in some of 
these studies (8,9, I l ) ,  and an excess incidence of brain 
tumors was found in 1 of the cohort studies (1 1). There 
have also been reports of excess incidence for all sites 
combined, testis and urinary bladder (13), and cancer of 
the prostate and acute myeloid leukemia (12). An excess 
risk of breast cancer has been observed among female 
cabin attendants (16). 

The aim of this work was to study cancer incidence 
among Norwegian commercial pilots, with an emphasis 
on cancer sites that are related to known workplace ex- 
posures. 

Materials and methods 

The Civil Aviation Administration (CAA) authorizes 
commercial pilots in Norway. The cohort was put togeth- 
er from information in the files at the Personnel 
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Licensing Section and Aviation Medical Section of the 
CAA; it includes all pilots who had a valid license be- 
tween January 1946 and February 1994. Pilots under 40 
years of age renew their license every year, and older 
pilots renew their license every 6 months. Helicopter pi- 
lots and flight engineers were included, but pilots of for- 
eign nationality, who were not inhabitants of Norway, 
were not included. 

The following information was extracted from the 
files at the Personnel Licensing Section: name, date of 
birth, type of license, company (if available), date of li- 
cense for specific aircraft, date of renewals for license, 
and cumulative block hours at renewals. (Block hours are 
the flight hours measmed between leaving the departure 
gate and arrival at the destination gate.) From the Avia- 
tion Medical Section, we also obtained results on self- 
reported smoking habits recorded at the time of a medi- 
cal examination and supplementary information about 
aircraft and block hours. 

Altogether, 3815 pilots were included in the cohort; 
63 female pilots were excluded from this analysis be- 
cause of the small number. 

Since 1964 all inhabitants of Norway have a unique 
identification number, and these numbers were searched 
for persons in the cohort. Nine pilots who had been ac- 
tive after 1964 could not be identified and were exclud- 
ed. 

The date of death or emigration was found by link- 
age to the population register of Norway through the 
identification number. Nineteen pilots had their first li- 
cense after emigration and were excluded. Before 1965, 
the cohort was linked to the death register by name and 
date of birth. Those with no identification number, who 
had no contact with the CAA after 1964, and whose 
names were not in the death register were assumed to 
have emigrated after the last date of contact. 

Flying activities were measured by block hours. 
These hours are registered at the CAA at the time of li- 
cense renewal; the information is extracted from the log- 
books of the pilots or confirmed by the airline compa- 
nies. Separate block hours are given for each type of li- 
cense (ie, fixed wing, flight engineer or helicopter). Cu- 
mulative block hours include the documented block hours 
before the date of the first license. Block hours for the 
time after first license were recomputed by calendar 
years, and hours were added from the 3 types of licens- 
es. 

Doses of cumulative cosmic radiation during flights 
from the first date of the license were estimated annual- 
ly using a special procedure. These details have been re- 
ported elsewhere (17, 18). In essence, each type of air- 
craft was assigned a dose rate per block hour in micro- 
sieverts for 5-year periods. For aircrafts of the Scandi- 
navian Airline System (SAS), there was a mixture 
of routes flown by the planes according to the SAS 

timetables. The Pilots Association was consulted about 
the flight profiles of these routes, and a dose rate for each 
route was calculated using a computer program (CARI- 
3N) from the US Federal Aviation Administration. The 
average dose rate for a plane was found by weighting the 
dose rate from separate flights according to the total us- 
age of the plane. For the planes not used by the SAS, the 
Pilots Association suggested representative flights and 
the estimated dose rate of these flights was used. The 
planes were divided into 39 groups, and the dose rates 
for these ranged from 0.03 to 4.00 pSv/h. 

The dose for each year was found by multiplying the 
block hours by the dose rate for the plane flown by the 
pilot. Usually, pilots are authorized to fly several types 
of planes; for the estimation procedure planes with a lat- 
er date of license were chosen. Where there were sever- 
al planes with the same date of license, we chose the 
plane with the higher dose rate. For flight engineers, 
20.9% of the licenses lacked information about the plane, 
and they were therefore assigned to the most colnmon 
plane among this group. 

There was no information on tobacco use for 25.9% 
of the pilots; for the others, there was an average of 5.8 
observations of tobacco use during their careers. 

Since 1953, the Cancer Registry of Norway has col- 
lected data on incident cases of cancer in the total popu- 
lation. The registration system is built on multiple report- 
ing from pathological laboratories and hospital depart- 
ments; there is compulsory reporting from physicians. 
The coding of cancers is based on a modified version of 
the International Classification of Diseases, 7th revision 
(ICD-7) (19). 

The cohort was linked to the Cancer Register by ei- 
ther the identification number or name and date of birth. 
The follow-up on cancer started on the date of the first 
license or on 1 January 1953, whichever was later, and 
ended at emigration, at death, or on 3 1 December 1996. 

In the cohort, 13 had died and 10 had emigrated be- 
fore 1953; this left 3701 for the follow-up on cancer in- 
cidence. 

The observed number of cases was compared with the 
expected number of cases, and standardized incidence 
ratios (SIR) were computed as the ratio between the ob- 
served and expected. The expected number of cases was 
computed by multiplying the person-years in the cohort 
by national rates for 5-year periods and 5-year age 
groups. The 95% confidence intervals (95% CI) of the 
SIR values were computed by assuming that the observed 
number of cases followed the Poisson distribution. Ob- 
served versus expected values in different studies were 
compared using an exact binomial test (20). Trends for 
the SIR were examined by categorization of the expo- 
sure variables. Trend tests were performed by assigning 
average scores to the categories (20). The software pack- 
age EPICURE was used in the analysis (21 ). 
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A cohort of 3701 male pilots was eligible for the follow- 
up of cancer incidence. During the follow-up, 353 pilots 
died and 327 emigrated. The number of person-years was 
70 560, and about 15% of the person-years were attrib- 
uted to pilots aged 55 years and older. 

The number of active pilots and their exposure in 
terms of annual block hours and dose for 4 distinct years 
during the follow-up are reported in table 1. There has 
been a steady increase in the number of active pilots by 
time, but a small decrease in their average block hours. 
In 1958, before the jet age, no pilot had an estimated dose 

Table 4 .  Yearly block hours and dose for active pilots. 

Year Number of Mean Number of Mean Number of 
pilots block pilots above dose pilots 

hours 500 block (mSv) above 
hours 1 mSv 

Table 2.0bserved number of cases (0), standardized incidence 
ratios (SIR) and 95% confidence intervals (95% CI) for 3701 
male pilots. 

Cancer sitea 0 SIR 95% CI 

All sites (140-204) 200 1.06 
Upper respiratory tract (141,143-8,161) 8 1.1 
Esophagus (150) 3 1.5 
Stomach (151) 9 0.9 
Colon (153) 16 1.1 
Rectum (1 54) 9 0.9 
Liver (155.0) - 0.0 
Pancreas (1 57) 4 0.7 
Lung (162) 25 1.0 
Breast (1 70) - 0.0 
Prostate (1 77) 25 1.0 
Testis (178) 11 1.5 
Kidney (1 80) 4 0.5 
Bladder (181) 11 0.8 
Malignant melanoma (190) 22 1.8 
Nonmelanoma skin (191)b 14 2.4 
Brain, nervous system (193) 9 1.1 
Thyroid (1 94) 2 1.3 
Bone (196) - 0.0 
Soft tissue (197) - 0.0 
Hodgkin's disease (201) 3 1.4 
Non-Hodgkin's lymphoma (200,202) 7 1.0 
Leukemia (204) 2 0.5 

Leukemia excluding chronic 
lymphoid leukemia (204) 1 0.3 

Multiple myeloma (203) 2 0.7 
Unspecified (199) 7 1.1 
Other sites (Rest 140-204) 7 0.9 

a Codes of the International Classification of Diseases (7th revision) in 
parentheses. 

Basal-cell carcinoma not included. 

above 1 mSv. With time, there has been an increase in 
the average dose. As expected, there has been an increas- 
ing number of pilots with estimated annual doses of 
>I mSv over time. 

Smoking habits among active pilots were recorded 
and cornpared with those expected, computed from the 
general population using age-specific proportions (22) 
and the age distribution of pilots. The proportion of cur- 
rent smokers among the pilots versus the expected were 
72 versus 74 for 1955, 63 versus 65 for 1965, 52 versus 
54 for 1975,41 versus 45 for 1985, and 32 versus 38 for 
1993. For each year, the number of smokers among the 
pilots was based on the last reported status. 

During the follow-up, 200 cases of cancer were ob- 
served, and the results for specific cancer sites are given 
in table 2. For only 2 of the sites was the SIR value sig- 
nificantly different from 1 .O. Elevated risks were seen for 
both malignant melanoma (SIR 1.8) and nonmelanoma 
skin cancer (SIR 2.4) (excluding basal-cell carcinomas). 

Of the 9 brain tumors observed, 2 were astrocytomas 
and 3 were glioblastomas; the expected number for these 
subtypes was l .1 and 2.6, respectively. One of the 2 cas- 
es of thyroid cancers was of the papillaiy type. Both cases 
of leukemia were chronic: 1 lymphoid and 1 myeloid. 

For cancer sites with more than 10 cases and select- 
ed groups, the trends for the SIR by block hours and dose 
are given in tables 3 and 4. For cancer of the colon, lung, 
testis, prostate, and bladder, there was no apparent trend 
for the SIR with respect to the exposure variables. For 
malignant melanoma, there was an increasing trend for 
the SIR by dose, but it was less apparent for block hours. 
For all cancers combined, there were traces of trends with 
the exposure variables, but they disappeared when ma- 
lignant melanoma and nonmelanoma skin cancer were 
excluded from the cases. Brain tumors and leukemia 
combined did not exhibit any trend for the SIR by block 
hours. The 3 cases of thyroid cancer and leukemia, ex- 
cluding chronic lymphoid leukemia, were found in the 
lower categories by dose. 

Discussion 

Norwegian airline pilots experienced an incidence of can- 
cer close to that of the average population with 2 excep- 
tions: they had an excess risk for malignant melanoma 
and for nonmelanoma skin cancer (excluding basal cell 
carcinomas). Elevated SIR values for these types of can- 
cer have also been found in previous studies of pilots. In 
a study of 913 pilots from Canadian Airlines Internation- 
al, the SIR values were 1.96 and 1.59 (1 1). In a later and 
larger study from Air Canada, the SIR for malignant 
melanoma was 1.52, whereas nonmelanoma skin cancer 
was not reported (12). In a study of pilots in the US Air 
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Force (USAF), the SIR values were 1.50 and 1.45, in a 
comparison with the general population (13). Excess 
deaths of melanoma have been found in proportional 
mortality studies (8, 9). 

Solar radiation is a major risk factor for both these 
types of cancer. According to measurements, pilots are 
exposed to negligible doses of ultraviolet radiation in the 
cockpit (23). For both these cancer sites, we compared 
the body distribution of the cases among the pilots with 

Table 3. Observed number of cases (0), standardized incidence 
ratios (SIR) and 95% confidence intervals (95% CI) for selected 
sites by cumulative block hours. 

Cancer sitea 0 SIR 95% CI P-value 
trend test 

All sites 
0-t2000 block hours 54 1 .O 0.8-1.4 
2000-t5000 block hours 16 0.6 0.4-1.0 
5000-110 000 block hours 30 1.0 0.7-1.4 
210 000 block hours 100 1.2 1 .O-1.5 0.08 

Colon 
0-t2000 block hours 8 2.0 0.9-3.9 
2000-<5000 block hours - 0.0 0.0-2.1 
5000-<I0 000 block hours 2 0.9 0.1-3.1 
210 000 block hours 6 0.8 0.3-1.8 0.25 

Lung 
0-<ZOO0 block hours 5 0.8 0.2-1.8 
2000-<5000 block hours 
5000-<I0 000 block hours 
210 000 block hours 

Prostate 
0-<ZOO0 block hours 
2000-t5000 block hours 
5000-t10 000 block hours 
210 000 block hours 

Testis 
0-t2000 block hours 
2000-t5000 block hours 
5000-<I0 000 block hours 
210 000 block hours 

Bladder 
0-t2000 block hours 3 0.9 0.2-2.6 
2000-4000 block hours - 0.0 0.0-2.5 
5000-t10000blockhours 3 1.6 0.3-4.7 
210 000 block hours 5 0.8 0.3-1.9 

Malignant melanoma 
0-t2000 block hours 4 1.2 0.3-3.1 
2000-4000 block hours 3 1.5 0.3-4.3 
5000-t10 000 block hours 2 0.7 0.1-2.6 
210 000 block hours 13 3.1 1.6-5.2 

Nonmelanoma skin 
0-t2000 block hours 3 1.9 0.4-5.5 
2000-t5000 block hours - 0.0 0.0-5.2 
5000-t10 000 block hours 2 2.3 0.3-8.3 
210 000 block hours 9 3.3 1.5-6.3 

All sites (melanoma and nonmelanoma skin excluded) 
0-t2000 block hours 47 1.0 0.4-5.5 
2000-t5000 block hours 13 0.6 0.0-5.2 
5000-t10 000 block hours 26 1.0 0.3-8.3 
210 000 block hours 78 1.0 1.5-6.3 

Brain tumors and leukemia 
0-t2000 block hours 2 0.6 0.4-5.0 
2000-<5000 block hours 3 1.5 0.0-5.2 
5000-(10 000 block hours 1 0.4 0.3-8.3 
210 000 block hours 5 1.2 1.5-6.3 

that of the total population. For the pilots, these cancers 
were not found more often on the head, neck or hands 
(ie, the parts of the body that might be exposed in the 
cockpit). In a census-based study of cancer incidence in 
occupational groups in the Nordic countries, a high inci- 
dence of these cancers was found in several occupation- 
al groups in association with upper social class (24). 

We observed an increasing trend for the SIR value 
with dose for malignant melanoma (table 4). Ionizing 

Table 4. Observed number of cases (0), standardized incidence 
ratios (SIR) and 95% confidence intervals (95% CI) for selected 
sites by cumulative dose (mSv). 

Cancer site 0 SIR 95% CI P-value 
trend test 

All sites 
0 -4  mSv 
1-110 mSv 
10-<20 mSv 
220 mSv 

Colon 
0- t l  mSv 
1-<I0 mSv 
10-t20 mSv 
220 mSv 

Lung 
0- t l  mSv 
1 -<I 0 mSv 
10-<20 mSv 
220 mSv 

Prostate 
0-<I mSv 
1-t10 mSv 
10-t20 mSv 
220 mSv 

Testis 
0-<1 ~ S V  8 1.6 0.7-3.1 
1-<lo ~ S V  2 1.2 0.1-4.2 
10-<20 ~ S V  1 2.1 0.1-11.7 
220 ~ S V  0.0 0.0-28.0 0.86 

Bladder 
0-<I ~ S V  5 0.8 0.3-2.0 
1-110 ~ S V  2 0.7 0.1-2.7 
10-<20 ~ S V  3 1.1 0.2-3.1 
220 ~ S V  1 0.6 0.0-3.6 0.99 

Malignant melanoma 
0-<I ~ S V  8 1.3 0.5-2.5 
1-<I0 ~ S V  3 1 .O 0.2-3.0 
10-420 ~ S V  7 3.4 1.4-6.9 
220 ~ S V  4 4.1 1.1-10.5 0.01 

Nonmelanoma skin 
0-<I ~ S V  5 1.8 0.6-4.2 
1-t10mSv 4 3.3 0.9-8.5 
10-<20 ~ S V  2 1.6 0.2-5.9 
220 ~ S V  3 4.3 0.9-1 2.7 0.44 

All sites (melanoma and nonmelanoma skin excluded) 
0-<I ~ S V  73 0.9 0.7-1.1 
1-<I0 ~ S V  35 1 .O 0.7-1.3 
10-t20 ~ S V  38 1 . I  0.8-1.5 
220 ~ S V  18 1 .O 0.6-1.6 0.37 

Thyroid and leukemia excluding chronic lymphoid leukemia 
0 - 4  ~ S V  2 0.8 0.1-2.7 
1-t10mSv 1 0.9 0.0-4.9 
10-<20 ~ S V  - 0.0 0.0-5.1 
220 ~ S V  0.0 0.0-1 1.1 0.41 
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radiation is a known risk factor for nonmelanoma skin 
cancer, but it has been related to malignant melanoma to 
a less degree. The dose was deemed to be an indicator of 
ionizing radiation, but we must be aware that, as the high- 
er dose rates occussed in planes used on medium-distance 
European and long-range intercontinental flights, it may 
also reflect opportunities for sunbathing in leisure time. 
So far, it seems more likely that the excess risk of 
melanoma and nonmelanoma skin cancer may be ex- 
plained by social class and leisure-time activities rather 
than by conditions at the workplace. 

The exposure to cosmic radiation is the best docu- 
mented exposure to workplace carcinogens for pilots. 
Thyroid cancer and leukemia excluding chronic lym- 
phoid leukemia are cancer sites that are more often re- 
lated to ionizing radiation. We observed 2 cases, as 
against 1.5 expected, of thyroid cancer and 1 case, as 
against 3.3 expected, of leukemia excluding chronic lym- 
phoid leukemia. These cases were not found in the up- 
per dose categories (table 4). In the study of USAF pi- 
lots, there was no excess risk of leukemia: 13 cases ver- 
sus 14.6 expected (13); in the study of Air Canada pi- 
lots, however, there were 7 cases of leukemia excluding 
chronic lymphoid leukemia versus 3.72 expected (12). 
Small numbers prevent decisive comments, because the 
results from all 3 studies cannot be said to be incompati- 
ble. 

The knowledge about some exposure to ionizing ra- 
diation does raise some concern with regard to cancer 
incidence at almost all sites for pilots. The incidence of 
all sites was not significantly different from that expect- 
ed. For all sites combined, there may be a slight trend 
with dose. As a result of the excess risk and the special 
pattern for melanoma and other skin cancer among pi- 
lots, we also investigated the trend by dose when exclud- 
ing these 2 sites. For the remaining sites, there is little 
evidence of a trend by dose, but this result should be in- 
terpreted with care because of the limited size of the 
study. The mean dose weighted for person-years in the 
upper category was 24.7 mSv. To have an 80% power in 
detecting a significant trend for dose, the relative risk for 
this category should be almost 2. In a large study of nu- 
clear industry workers, a nonsignificant negative trend 
by dose was found for all cancers except leukemia (25). 

Apart from ionizing radiation, pilots are exposed to 
electromagnetic fields, but the effect of this exposure on 
cancer incidence is not clear. Most studies of this expo- 
sure seek to unravel the connection with leukemia and 
brain tumors. Among pilots, excess deaths from tumors 
of the brain or central nervous system (CNS) were found 
in previous proportional mortality studies (8,9). Elevat- 
ed risks for this site have also been found in some cohort 
studies (11, 12), but others indicate a decreased risk (13). 
Our study with 9 cases, against the 8.0 expected, repre- 
sents an intermediate result between 7 versus 4.57 in the 

Air Canada study (12) and 13 versus 18.3 in the USAF 
study (13). The results for leukemia are equally diverse. 
We do not know how exposure to electromagnetic fields 
varie,s according to aircraft, and block hours have been 
used as an indicator. The combined results for brain tu- 
mors and leukemia do not indicate any trend by block 
hours (table 3), although with only 11 cases we have lim- 
ited power to detect small elevations in risk, such as that 
indicated for brain tumors in a case-referent study in the 
US Air Force (15). 

Former studies of pilots have indicated deviations 
from the cancer incidence of the general population with- 
out referring them to specific exposures. Proportional 
mortality studies (8,9) have suggested an increased risk 
for colon cancer among pilots. Our study, like a later co- 
hort study (12), does not corroborate this finding. Nor 
did we observe any increased risk for rectal cancer in the 
Norwegian cohort. 

In the Air Canada study, a decreased risk for all can- 
cers was found (12). It was mainly caused by a decreased 
risk for smoking-related cancers such as lung and blad- 
der cancer. In our material, the pilots did not experience 
a decreased risk for these cancers or for cancers of the 
upper respiratory and gastric tract, which are also smok- 
ing-related. We collected information on smoking habits 
for the pilots. In Norway, it is only in later years that the 
proportion of current smokers has been noticeably less 
among pilots than among the general population. 

An increased risk for cancer of the prostate was found 
in the Air Canada study, and it was suggested that rou- 
tine use of a digital rectal examination was part of the 
explanation (12). The same procedure is used for pilots 
over 50 years of age in Norway, but it does not seem to 
have increased the incidence of prostate cancer among 
pilots over that of the general population. 

In our study, we used 2 indicators of exposure, cu- 
mulative block hours and cumulative estimated dose. 
Block hours closely measure the time that pilots have 
been at work in the cockpit. It is a quantity that is im- 
portant to pilots, their companies, and the licensing au- 
thorities, and we consider the registration to be of high 
quality. The doses were indirectly estimated by annual 
information of block hours and the average use of dif- 
ferent airplanes. The actual doses to pilots in the same 
type of plane will depend on the routes flown, and we 
have not estimated this individual variation. On the oth- 
er hand, the range of cruising altitude for the planes al- 
lowed us to assign a 100-fold increase in the dose rate to 
the higher planes relative to the lower ones. The individ- 
ual variation may be small when compared with the var- 
iation between planes. 

The cohort included some people who have had a 
short career as a commercial pilot. We checked whether 
this occurrence influenced the results by separate com- 
putations of observed and expected results for the 

11 0 Scand J Work Environ Health 2000, vol26, no 2 



Haldorsen et a1 

person-time both before and after 3 years of active fly- 
ing, but we could not find any "short-time worker" ef- 
fect. 

There is a steep increase in cancer incidence by age, 
and, even if we included active pilots back to 1946, most 
of the person-years involved during the follow-up had 
been gained at a relatively young age. Specific incidence 
patterns may emerge when more pilots are observed af- 
ter the age of 55 years. 

Cancer incidence among Norwegian pilots exhibited 
few deviations from that of the general population. We 
did not reveal cancer risks that could be definitely attrib- 
uted to the workplace environment. A longer follow-up 
of this study cohort and studies of other cohorts of pilots 
will give more precise information on the cancer risks of 
pilots. 
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