yields represent overall conversion
yields. The tetradecamer contains 11
deoxyadenosine units. Deoxyadenosine
is the nucleoside most susceptible to
glycoside bond hydrolysis during acid
cleavage of the DMT group during each
cycle. Figure 8 shows the sizing gel
results of all three molecules purified by
HPLC as previously described.

Conclusion

The synthesis of oligonucleotides up
to 14 units in length is now a routine
procedure. The DNA/RNA Synthesizer
and reagent kits for the preparation of
units up to 14 in length are commercially
available. The synthesis can be carried
out in any laboratory with the use of the
synthesizer and the reagent kits, and no

previous experience in nucleotide syn-
thesis is necessary. The reagent kit is
attached to the synthesizer; the se-
quence is typed into the memory; the
start signal is given; and the synthesis
continues uninterrupted until it is com-
plete.

This basic procedure also applies to
the synthesis of RNA sequences (20).
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Hurricanes have been called the great-
est storms on earth (/). Over the years
considerable effort has been devoted to
studying their dynamics and developing
models for forecasting their intensity and
path of travel. Much attention has been
focused on the hurricane planetary
boundary layer because it is there that
convective processes which drive the
hurricane’s circulation transport heat
and moisture from the ocean. Further-
more, it is the winds at the surface that
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The dynamics of these surface winds are
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of paramount interest to researchers and
forecasters.

Present methods for estimating hurri-
cane-force surface winds often have lim-
ited accuracy. For example, estimates
derived from aircraft reconnaissance are
frequently based on Beaufort state of the
sea relations, but the validity of using
these relations for hurricane-force winds
has not been established. The sustained
flight-level wind at 3300 meters and mini-
mum surface pressures (2) are also used
to infer maximum surface winds. To
date, the only reliable method of obtain-
ing the surface wind speed has been low-
level penetration of the hurricane by
aircraft equipped with inertial navigation
systems.

To improve the reliability of surface
wind estimates by applying microwave
remote-sensing technology, a coopera-
tive program was begun by the National
Oceanic and Atmospheric Administra-
tion (NOAA) and the National Aeronau-
tics and Space Administration (NASA).
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In August 1980 the Langley Research
Center’s active and passive microwave
sensors were flown into Hurricane Allen
on a NOAA aircraft. This article pre-
sents the surface wind speed, wind direc-
tion, and rain rate inferred from the
microwave sensors and compares these
findings with data obtained by a P-3
aircraft that flew near the top of the
hurricane planetary boundary layer. The
results demonstrate the potential for safe
and reliable hurricane measurements by
aircraft flying at medium to high alti-
tudes.

Background

The use of passive and active micro-
wave techniques for remote sensing of
ocean surface winds is well documented
(3). The brightness temperature of the
ocean is strongly correlated with wind
speed since wind creates roughness,
foam, and breaking waves (whitecaps)
(4-6). Radar backscatter from the sea
can be used to measure wind speed
(through the proportionality of the Bragg
off-nadir radar return to the wind-depen-
dent spectrum of water waves a few
centimeters long) and wind direction
(through the anisotropic scattering char-
acteristic of the sea surface) (7-9).

. The first airborne passive and active
observations of a hurricane were con-
ducted during Hurricane Ava (10). How-
ever, in this case, the L-band radar (1.3
gigahertz) observations were used only
to generate wave images. This type of
observation was later quantified in 1976
(/1), demonstrating that L-band radar

SCIENCE, VOL. 214, 16 OCTOBER 1981



cross sections obtained in Hurricane
Gloria exhibited a weak dependence on
wind speed.

The concept of combining active and
passive microwave observation tech-
niques was first implemented with a
13.9-GHz system (S-193 RADSCAT) on
Skylab. During this experiment the first
such measurements for a hurricane were
obtained (/0, 12). A tropical storm
(Christine) was also measured. The re-
sults clearly demonstrated the ability to
sense wind speed in hurricanes with a
microwave scatterometer after regions
of heavy rain were eliminated with the
radiometer. The same concept was uti-
lized in the design of Seasat microwave
instrumentation, although with consider-
ably coarser spatial resolution (20 kilo-
meters for Skylab versus 50 kilometers
for Seasat).

Hurricane Allen, 5 August 1980

Allen was the most intense hurricane
ever penetrated by aircraft in the North
Atlantic region. On 5 and 8 August 1980
the Langley Research Center’s airborne
‘microwave scatterometer and stepped-
frequency microwave radiometer were

6 AM EDT.
135 mph

Aug. 6, 1980
Max. winds,

flown on a NOAA C-130 aircraft as part
of a three-aircraft experiment conducted
by the National Hurricane Research
Laboratory.

The track of the hurricane and the
location of the 5 August flights are
shown in Fig. 1. A NOAA P-3 aircraft
flew at an altitude of 450 to 1500 m
directly beneath the C-130, which was at
3300 m, to measure the winds near the
top of the hurricane planetary boundary
layer. The severe turbulence encoun-
tered by the airplane at low altitudes
(accelerations of +3.2¢ and —2.5¢ were
experienced) illustrate the hazardous na-
ture of obtaining reliable measurements
of near-surface winds. The remote-sens-
ing portion of the experiment is illustrat-
ed schematically in Fig. 2.

A composite map of estimated rainfall
rate for the first pass of the P-3 aircraft
through the eye of Allen is presented in
Fig. 3. This map is the result of analysis
of the data from the weather radar sys-
tem on the lower fuselage. (The labeled
features in Fig. 3 are keyed to elements
in Figs. 4 to 8.) The backscattered power
was integrated in range and time (azi-
muth) so that the measurement uncer-
tainty was reduced to about = 1 decibel.
This integration scheme resulted in a

Aug. 5, 1980 6AM EDT.
Max. winds, 170 mph

¢ VENEZUELA Air Foice

T i PROIBITED

nstallation

spatial resolution of about 1 km. Howev-
er, uncertainties concerning radar cali-
bration, lack of beam filling, and attenua-
tion led to errors of about = 2 dB in
reflectivity or an error factor of about 2
in rain rate. To minimize these uncer-
tainties, radar returns close to the air-
craft were used in making the composite,
so that no heavy precipitation intervened
between the aircraft and the target.

An unusual feature of Allen noted dur-
ing the experiment was the double eye
structure. The outer eyewall (Fig. 3, A)
was located 42 km from the center. The
maximum winds, which were in the
north quadrant, were 80 m per second at
flight level, the highest ever measured by
hurricane reconnaissance aircraft. The
maximum precipitation in the eyewall
was located about 5 km radially outward
from the maximum wind in the outer
eyewall. Using the relationship for ma-
ture hurricanes between radar reflectiv-
ity Z and rain rate R,

Z =300 R"¥ )

we obtain maximum rain rates in the
eyewall of about 75 millimeters per hour
(13). Two major convective regions in
the outer eyewall were indicated by the
regions of maximum reflectivity in the

D 27E
5 bt ol
FLEET WE/S

NGE BRAVC

28C | Aug, 4, 1980 6 AM EDT.
Max. winds, 125 mph

Fig. 1. Storm track of Hurricane Allen, 4 to 6 August 1980, superimposed on an aeronautical navigation chart of the area.
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north and south-southeast sectors.
These major cores appeared to be sta-
tionary, with secondary cores, such as
the ones located west and east-northeast
of the center, rotating into them. Using
information from the C-130 aircraft and
the vertically scanning tail radar, we
conclude that these convection cores tilt-
ed outward and upstream with height at
an angle of about 45°. The radius of
maximum wind was also greater at high-
er altitudes.

oo (YR

Scatterometer

footprint footprint Sea
e e e T S e =
“" I L_ 200 m i"‘—1000 m———*‘ surface
| 5000 m |

Radiometer

Precipitation in the inner eyewall (Fig.
3, B) occurred only in the west and north
quadrants at about 10 km from the cen-
ter. The winds averaged 40 to 50 m/sec
between the inner and outer eyewalls
and then decreased sharply to zero im-
mediately within the inner eyewall.
From observations made before and af-
ter these penetrations we conclude that
the inner eyewall was decaying, with the
outer eyewall becoming dominant as its
radius slowly decreased with time.

C-130
microwave measurements
at 3300 m

P-3
at 500 to 1500 m

Fig. 2. Relative vertical positions of the two aircraft during most of the penetrations in the storm

eye. A third aircraft flew at 5000 m.

+ 16.5°N

™ 16.0°N

Afrcraft tra

South eyewall {D) .

I

North eyewall

Fig. 3. Composite
map of estimated
rainfall rate in Hur-
ricane Allen, 1130
to 1205 Greenwich
Mean Time. Storm
feature labels are
keyed to those on
Figs. 4 to 8.
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The P-3 aircraft, in its first two pene-
trations, made wind measurements at an
altitude of 1500 m. Comparison with
wind profiles obtained later at 450 m
suggests that there was little vertical
wind shear in this region. Therefore, the
assumption is made that the winds at
1500 m are representative of those at the
top of the hurricane boundary layer,
whose altitude is typically 500 to 600 m
(14).

A recent study (/5) showed that, for
hurricanes moving over tropical waters,
the winds at 20 m can be derived from
data obtained near the top of the hurri-
cane boundary layer with an accuracy of
+ 10 percent. To develop the boundary
layer models, buoy measurements were
made at nearly the same time as the
aircraft measurements. The study also
showed that the wind speed at 20 m is
approximately 80 percent of that at the
flight level. Under conditions of neutral
stability, the 80 percent figure had nearly
the same accuracy as the boundary layer
models. Therefore, for this preliminary
study, the winds at 20 m were derived
from the aircraft measurements by multi-
plying them by 0.8. These reduced winds
were then compared with the remotely
sensed winds.

Stepped-Frequency Microwave

Radiometer

Passive microwave remote-sensing
measurements of surface wind speed and
rain rate were made with the stepped-
frequency microwave radiometer
(SFMR), developed by the Langley Re-
search Center. The SFMR has balanced
Dicke switches and noise feedback (16)
and can operate at any frequency be-
tween 4.5 and 7.2 GHz with bandwidths
of 10, 40, 250, or 1000 megahertz and
integration times from 0.2 to 20 seconds.
It is controlied by a microprocessor and
can operate in preprogrammed modes or
can be manually programmed during
flight. Because rain is weakly attenuating
at these microwave frequencies, the sur-
face emission of the underlying wind-
driven ocean is detectable at altitudes
above the rain layer. Furthermore, the
attenuation by rain varies as an inverse
power of electromagnetic wavelength;
thus the frequency-stepping capability of
the instrument suggests a procedure for
recovering both rain rate and surface
wind speed. During the Hurricane Allen
flights, the SFMR was operated in four-
frequency, two-frequency, and fixed-fre-
quency modes.

A preliminary algorithm was devel-
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oped to compute the surface wind speed
and rain rate from the SFMR-measured
radiometric brightness temperature at
two frequencies. The radiometric bright-
ness temperature, as measured by the
SFMR, is the sum of (i) the electromag-
netic radiation from the surface, attenu-
ated by the intervening atmosphere, and
(ii) the radiation emitted by the interven-
ing atmosphere. Since the sea surface
thermodynamic temperature was ap-
proximately 28°C, the expected radio-
metric brightness temperature for a calm
sea and clear atmosphere ranges from
113.7 to 116.0 K for 4.5 to 6.6 GHz. The
increase in radiometric brightness tem-
perature due to wind speed is approxi-
mately 0.7 K m™! sec™! (/7) and is almost
independent of frequency over the range
4.5 to 7.2 GHz.

The atmosphere between the radiome-
ter and the ocean surface attenuates the
electromagnetic surface radiation and
also emits electromagnetic radiation. In
the microwave frequency region 4.5 to
7.2 GHz the attenuation is a result of the
absorption by oxygen molecules, water
vapor, nonprecipitating liquid water, and
rain.

Within the microwave band of inter-
est, the relative variations in brightness
temperature as a function of frequency
for the first three sources represent a
maximum error of 3 K. This is negligible
compared to the rain component; there-
fore, all dispersive effects are attributed
to rain. Assuming that the rain opacity g
varies with frequency to the power &, a
first-order two-frequency solution to the
radiation transfer equation results in the
following equation for the attenuation
attributable to rain at the lower frequen-

cy fi:

exp (—r) =
< T> -~ TB, |21\ -1
<T> - 1B, @

where TB, is the measured radiometric
brightness temperature at f,, 7B, is the
measured radiometric brightness tem-
perature at f;, < T > is the average
temperature of the intervening atmo-
sphere, and 7 is the opacity at fi. In the
case of Rayleigh absorption, k& would
assume a value of 2. Rain attenuation
experiments (/8) have shown, however,
that k& can exceed 2. The derivation of
Eq. 2 assumes that the surface tempera-
ture Ts is equal to < T >, A second-
order expansion indicates maximum re-
sidual errors of the order of 1 K.

The other unknown to be solved with
the simultaneous equations is the surface
emissivity. Here the isothermal condi-
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tion of ocean and atmosphere need not
be imposed, and the resultant expression
for surface emissivity is

. = aexp(=2mr) — b 3)

c exp (—Tp) + a exp (—27r)

where
<T>-T.
a= [_T____ji e TO2

<T>
<T> - TB,
p="rZ 22
<T>
Ts-<T>
¢ <T>

In the definition for a, T.. = 2.7 K, the
Big Bang cosmic residual, and 70O; is
oxygen opacity.

If ey is the emissivity of smooth water,
then any excess brightness temperature
AT, results from wind-driven roughness
and foaming. Assuming a linear increase
of brightness temperatures with wind
speed, extrapolation of the radiative
transfer equation in clear air conditions
gives

AT, =KW =(e—e)(c+a)

where K = 0.7 K m™' sec™ as previously
cited, and W is wind speed.

The rain rate R was calculated from
the relation

R = 320 r, 5

where 7y, is the rain opacity at frequen-
¢y f>. The value 320 corresponds to the
constant of proportionality at 6.6 GHz,
as given by Gloersen and Barath (/9).
The choice of 320 also gives results that

are in reasonable agreement with design
graphs used for estimating rain degrada-
tion of communication links. Efforts will,
however, be made to improve the vari-
ous parameters in the algorithms.

The first pass through Hurricane Allen
was from north to south along 70.35°W.
During this pass the SFMR was operated
in a four-frequency mode, collecting 1-
second samples of data sequentially at
4.5,5.0,5.6, and 6.6 GHz. The radiomet-
ric brightness temperature for these fre-
quencies is shown in Fig. 4. Heavy rain
rates in the northern eyewall result in a
large separation between the curves for
4.5 and 6.6 GHz around 16.3°N. The
presence of the inner eyewall is indicated
between 16.1° and 16.0°N, and the center
of the eye is at 15.93°N. Some rain is
indicated in the southern eyewall at
15.6°N.

The inferred wind speeds for the first
pass, as determined with the SFMR, are
shown in Fig. 5 with the wind speeds
measured by the P-3 aircraft after extrap-
olation to the 20-m level. Retrievals were
performed for values of the rain wave-
length scaling factor & from 2 to 4, and
k = 3 resulted in the best absolute fit to
the P-3 wind data. The SFMR measured
the surface winds over a dynamic range
from nearly 0 m/sec in the eye to approx-
imately 70 m/sec in the eyewall. These
measurements show good relative agree-
ment with the in situ measurements over
this large dynamic range. However,
there is a discrepancy in the measure-
ments of wind gradients in the northern
eyewall.
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Fig. 4. Radiometer brightness temperature at four frequencies between 4.5 and 6.6 GHz. Higher
brightness temperatures are associated with higher frequencies.
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Fig. 5. Surface wind speed derived from magnitude of radiometer brightness temperature
(continuous line) and from the P-3 flight-level inertial navigation system (circles).

The rain rates inferred from the SFMR
for the first pass are shown in Fig. 6 with
the rain rates deduced from the weather
radar composite obtained by the P-3.
The SFMR algorithm indicated signifi-
cant rain rates in both the northern and
southern portions of the eyewalls; how-
ever, the estimate of the rain rate in the
southern eyewall is much lower than that
determined by the weather radars. This
is considered acceptable because the ra-
dar-derived rain rate is not known to
within a factor of 2. At 16.02°N, in
the inner eyewall, both the SFMR and
weather radar indicated light rain (2 mm/
hour).

Airborne Microwave Scatterometer

Active microwave remote-sensing
measurements of surface wind speed and
direction were obtained during the Allen
flights with the airborne microwave scat-
terometer (AMSCAT), developed by the
Langley Research Center. The physical
basis for this technique is Bragg scatter-
ing of microwaves from centimeter-
length capillary ocean waves, The
strength of the radar backscatter (nor-
malized radar cross section, ¢°) is a
function of the capillary wave amplitude,
which in turn is proportional to the wind
stress at the sea surface. Futhermore,
the radar backscatter is anisotropic;
therefore, wind direction can be derived
if scatterometer measurements are avail-
able from two or more different azi-
muths.

The AMSCAT is a 14.6-GHz ‘‘pencil
beam’ radar scatterometer that mea-
sures the absolute radar cross section of
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the ocean. The antenna is a dual-linear
polarized parabola (3.5° beam width)
mounted on a two-axis, servo-controlled
pedestal to provide independent eleva-
tion and azimuth antenna pointing. For
Allen, this assembly was mounted on the
underside of the fuselage beneath the
vertical stabilizer (tail section) of the C-
130 aircraft. During the experiment ¢°
was measured at different azimuths with
a series of conical antenna scans at 20°,
40°, and 55° angles of incidence. The
radar system was under the control of a
programmable microprocessor.

The air-sea friction velocity u,, and
the neutral stability wind speed and di-
rection at 19.5 m, U,s, were inferred by
using an algorithm developed for the
Seasat-A satellite scatterometer (SASS)
(20). The basis of this geophysical algo-
rithm is an empirical ‘‘model function”’
that relates the ocean-normalized radar
cross section to friction velocity as a
function of incidence angle, azimuth an-
gle, and electric field polarization. The
present model function (SASS-I) was
developed by using data obtained with
an airborne scatterometer and the SASS
(21). The o° data base was correlated
with surface wind velocity measured by
ships, buoys, or aircraft, with a surface-
layer profile model (22) interposed to
suppress variability that might be intro-
duced by different measurement heights
or atmospheric stratification. The Car-
done model (22) specifies the wind pro-
file

U = (uJk) {log (z/z0) — &(z/L)]  (6)

where U is the wind speed, u, =
(t/®)'* is the magnitude of the friction
velocity (7 is the surface wind stress and

p is the density of the air), & = 0.4, z is
the height, zo is the roughness parame-
ter, and L is the stability length from a
measurement of wind speed at a given
height and the air-sea temperature differ-
ence. The dependence of the wind pro-
file on atmospheric stability is incorpo-
rated through the function ¢, which pro-
duces a departure from the logarithmic
profile.

The neutral stability wind speed was
produced at 19.5 m with a logarithmic
profile for zero air-sea temperature dif-
ference [d(z/L) = 0]. Thus the neutral
stability wind speed is the wind speed
that would result from a given friction
velocity if the atmosphere were neutrally
stratified with an adiabatic lapse rate.
Hence the neutral stability wind speed
and friction velocity are uniquely relat-
ed.

If ¢ is the angle between the wind
direction and the radar look angle, then
the azimuthal scattering characteristic is
anisotropic due to its dependence on
wind direction and is approximated by
the Fourier series

o® = A cos ¢ + A, cos 24 @)

where A, > A,. Thus the anisotropy is
basically second harmonic, with the
strongest return at the upwind and down-
wind directions and minimum return at
the crosswind direction. Further, the
data show an upwind-downwind asym-
metry, with the upwind peak slightly
higher than the downwind peak.

The neutral stability wind speed de-
pendence is included through the coeffi-
cients A; and A,, such that ¢°x «,”. Here
v is the empirical wind speed power law
coefficient, which ranges from approxi-
mately 1.0 at 20° incidence angle t0 2.0 at
55°.

The wind vector algorithm finds the
neutral stability wind speed W and wind
direction x which minimize the sum of
squares (SOS):

SOS = X[e® — F(W,)1*/Ac™? ®

where the sum is either a pair of ¢°
measurements or a group of measure-
ments obtained at different azimuths,
F(W.,x) is the ¢° model function (a func-
tion of W and %), and ¢° and Ac® are the
measurement value and its estimated
standard deviation, respectively.

During the same north-south pass de-
scribed in the section on SFMR experi-
mental measurements, AMSCAT was
operated in the conical scan mode,
sweeping out a 40° cone below the mov-
ing C-130. The antenna footprint traced a
cycloidal curve on the sea surface. For
the programmed rate of the antenna
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Fig. 6 (right). Rain rate derived from separa-
tion in radiometer brightness temperature at
various frequencies (continuous line) and
from P-3 weather radar (circles).

scan, approximately 50 seconds were
required to gather radar data over a
sufficient range of azimuth angles (ap-
proximately 140°) to construct a wind
vector with the algorithm described
above. Figure 2 shows that the AMS-
CAT footprint was within about 2.5 km
of the aircraft track. After the forward
motion of the airplane is accounted for,
these measurements describe an arc that
extends several kilometers along the sea
surface for a single wind vector calcula-
tion.

A radar signal will scatter and be ab-

sorbed as it propagates through air con-

taining water droplets associated with
the rain bands of a hurricane. During the
first pass through Allen these effects
were experienced in the two regions of
the eyewall with a high rain rate (Fig. 6).
There is no satisfactory means for ad-
justing the ¢° algorithm to account for
large atmospheric attenuation when the
rain rate exceeds 10 to 20 mm/hour.
Thus, reasonable wind vectors could not
be constructed from the AMSCAT o¢°
data for these two regions of heavy rain-
fall.

Wind vectors calculated for the first
pass through Allen are presented in Fig.
7 (wind speed) and Fig. 8 (wind direc-
tion) together with the corresponding
inertial navigation system—derived sur-
face values from the P-3 at lower alti-
tudes. The AMSCAT wind speeds and
directions are displayed here as short
lines rather than as points to represent
time- and space-averaging or smearing
that was forced by the method of data
collection. AMSCAT results are shown
only for regions that were relatively free
of precipitation.

For these rain-free wind vector calcu-
lations the comparison to P-3-derived
surface values appears to be good except
for the region of wind speed minimum in
the eye center (15.93°N). Since the
SFMR detected the near zero wind
speed (Fig. 5), the C-130 apparently
passed through the eye center. Although
the AMSCAT, SFMR, and P-3 instru-
ments sampled slightly different radial
regions of the vortex wind field, all the
data—including data obtained in the
small, tight eye—show reasonable agree-
ment.

The remaining AMSCAT-derived
wind speeds appear to agree in magni-
tude and trend with the surface speeds
constructed from the P-3 measurements.
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Fig. 7. Surface wind speed derived from scatterometer measurements (bars) and from the P-3
flight-level inertial navigation system (circles). Data are shown only for regions relatively free of
precipitation.
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Agreement is found over the entire range
of wind speeds (14 to 34 m/sec) derived
for the rain-free portions of this pass.
There is no evidence of any saturation of
the radar cross section with increasing
wind speed.

Conclusion

The accuracy of the near-surface wind
speeds derived from the P-3 measure-
ments is = 10 percent, with errors due
in part to the inertial navigation system
measurement itself and to approxima-
tions inherent in the hurricane boundary
layer model. There may also be small
errors in the measurement and process-
ing of the remotely sensed data. Consid-
ering these errors and possible misregis-
tration of the two aircraft tracks, certain
discrepancies are to be expected. How-
ever, when the remotely sensed wind
speed, wind direction, and rain rate
trends are compared with the values
from in situ sources, there is close agree-
ment.

In the future, more sophisticated
beam-aiming techniques will be used to
form a more optimum sampling scheme.
Judicious choice of altitude and inci-
dence angle and adjustment of the anten-
na azimuth sweep to compensate for the
aircraft’s speed will allow measurement
of o° over the desired range of azimuths

for a reasonably small area of the sea
surface. This would be of considerable
value in a hurricane, where numerous
meteorological phenomena are distribut-
ed over relatively short distances. An-
other improvement would be accurate
detection of, and eventual correction for,
atmospheric attenuation within the radar
beam path.

The data presented here are based on
the first of a total of approximately 20
multi-aircraft passes through Hurricane
Allen’s eye on 5 and 8 August. On many
of these passes the AMSCAT antenna
was programmed to obtain azimuth
sweeps at various incidence angles other
than 40°, and also to obtain elevation
sweeps at fixed azimuths. The SFMR
was operated in a multifrequency mode
on all but one pass. In situ measurements
are available for nearly all passes.

The data from most of these passes
will be analyzed with a view toward
optimizing the sensor operating modes
and the algorithms for future hurricane
experiments. Also, an attempt will be
made to process on-board (in real time)
at least the SFMR data to surface wind
speed and rain rate.

The results of this experiment demon-
strate the feasibility of microwave re-
mote sensing techniques to obtain from
high altitudes information which is pres-
ently obtained at low altitudes and at
considerable risk.

Tandem Mass Spectrometry

“Needle in a haystack’™ analytical
problems have become important in a
variety of areas. Specific compounds
which must be recognized in the pres-
ence of many others include drugs or
disease-indicative compounds in biologi-
cal fluids, pollutants in environmental
samples, chemicals used in the classifi-
cation of plant and animal species (che-
motaxonomy), natural insect attractants
(pheromones), flavor- and odor-produc-
ing compounds, petroleum and synthet-
ic fuels, process control compounds,
chemical warfare agents, and contraband

Fred W. McLafferty

agricultural products, drugs, and explo-
sives.

Specificity, accuracy, sensitivity, and
speed are the key performance charac-
teristics that must justify the cost of the
analytical technique chosen. Specificity
must be sufficient to distinguish the com-
pound sought (the targeted molecule)
from all others present. For quantitation,
the specific instrument reponse must be
directly related to the amount of targeted
compound present, independent of other
components. Sensitivity is a limiting fac-
tor for many applications; enzymes,
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drugs, toxins, pheromones, odors, and
flavors can be active in picogram con-
centrations. Speed and applicability are
important, for a laboratory’s willingness
to invest in equipment and trained per-
sonnel for a technique will depend on the
number and variety of analytical prob-
lems it will solve.

Radioimmunoassay (RIA) is a prime
example of a technique that combines
unusual selectivity and sensitivity (/);
these properties have led to its wide-
spread use in clinical and research labo-
ratories around the world. For example,
10713 gram of gastrin per milliliter is
readily measurable, and steroid mole-
cules differing only in the presence of a
hydroxyl group can be distinguished by
RIA. Its technical simplicity makes pos-
sible a low unit analytical cost and high
accuracy with nonprofessional person-
nel, although several hours are required
for an analysis and extensive develop-
ment of methods may be necessary for a
new targeted molecule.

The author is a professor of chemistry at Cornell
University, Ithaca, New York 14853.
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