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Very Low Altitude Remote Sensing 
of the Water Quality of Rivers 

Analyses of data from surveys of the Ganga and Yamuna rivers 
indicate a high correlation of photographic optical density with 
turbidity and with biochemical oxygen demand. 

W ASTEWATER DISCHARGE from such activities of 
man as domestic, industrial, agricultural, 

commercial, mining, etc., pollutes our water re- 
sources. The water quality of polluted water is ex- 
pressed through the many conservative and non- 
conservative parameters, broadly grouped into 
physical (such as turbidity, color, and tempera- 
ture), chemical (including inorganic and organic 
substances such as heavy metals, pesticides, de- 
tergents, and petroleum), and biological (Coliform 
MPN, Total Plate Count, species diversity indi- 
ces, etc.). 

tween the suspended solids in a river and their 
photo images. Klooster and Scherz (1974) showed 
that turbidity correlated best to image brightness 
and used a microdensitometer to measure image 
brightness on films in order to determine tur- 
bidity. 

In most cases, the BOD exerting material also 
imparts color to the water in addition to the tur- 
bidity. Color has also been interpreted directly 
from photographs. Though color photographs 
would indicate hue along with color intensity, 
black-and-white photographs have also been used 
successfully. Scherz and Stevens (1970), Gramms 

ABSTRACT: Black-and-white photographs of the water surface were taken at 
sampling points along with a water quality survey in order to monitor the 
pollution parameters of the rivers. The data were analyzed and interpreted, and 
it was found that the photographic optical density could be correlated with 
turbidity and also with the biochemical oxygen demand. Models correlating 
photographic optical density with biochemical oxygen demand and with tur- 
bidity have been developed. 

In general, the most significant parameters are 
biochemical oxygen demand (BOD) and turbidity, 
which are commonly used to denote the pollution 
strength of many wastes. 

Turbidity has been the parameter most easily 
and directly determined by means of the photo- 
graphic technique of remote sensing. Scherz and 
Stevens (1970) and Gramms and Bailey (1971) 
noted that image densities read with a microden- 
sitometer could be correlated to particle sizes 
along with their concentrations. Scherz and Ste- 
vens (1970) and Kiefer and Scherz (1971) demon- 
strated the feasibility of potential correlation be- 
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and Bailey (1971), and Word (1973) have placed 
emphasis on the use of volume spectral reflec- 
tance for water quality. Word (1973) was able to 
detect dye concentration as small as 0.05 ppm. 

Water quality surveys (Bhargava, 1977) of the 
two most important rivers of Uttar Pradesh in 
India, that is, the Ganga and Yamuna of the In- 
dogangetic plain, were undertaken. The monitor- 
ing of several relevant parameters of water quality 
was carried out at a number of stations along the 
streams. Some of the parameters could be directly 
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measured in the field. For others, samples were 
collected and analyzed utilizing Standard Meth- 
ods (1971) in the temporary laboratories set up at 
different stations for the purpose. Black-and-white 
photographs of the river water were taken from a 
very low altitude (about 3 metres above the water 
surface) at each sampling station during the sur- 
vey. The processed photographs were analyzed in 
the Institute using a DU-2 Beckman Spec- 
trophotometer to determine if the results of such 
an analysis could correlate with any of the param- 
eters of water quality. 

Only black-and-white films were used in this 
study, because of the requirements for special 
laboratories and the enonnous time and cost for 
making arrangements for color or color-infrared 
(IR) photographs. The study was therefore con- 
fined to the visible and near IR range. The camera, 
a Rolleiflex (Rollei, Honeywell-Franke and Hei- 
decke, Germany-DBP, 2-8F, 2658518, DBGM), 
fitted with a lens of 80-mm focal length, and an 
exposure meter for setting the aperture of the lens 
and the shutter time for films exposure, were used 
in this study. Films were developed in the In- 
stitute laboratory, and diapositives were prepared 
from the negatives. A blank (transparent diaposi- 
tive) was prepared for calibration purposes. 

At selected points along the river where samples 
were collected for analysis, photographs of the 
river water were taken from a boat by holding the 
camera at a height of about three meters above the 
water surface. This represents the first attempt to 
use such low altitude photographs for the remote 
sensing of water quality. 

The equation A = a b c (Harley and Stephen, 
1954), derived from Bear's Law, can be applied to 
diapositive films or negatives. That is, let A = 
Photographic Optical Density (POD), measured 
with a DU-2 Beckman Spectrophotometer; a = a 
constant depending on the exposed emulsion of 
the film as also the material in water causing the 
scattering or absorption of light and the frequency; 
b = the thickness of the emulsion layer and the 
film base; and c = the concentration of the pollut- 
ant which would affect the intensity of the imaging 
tone of the film. Thus, in the case where a and b 
remain nearly constant, A would be directly pro- 
portional to c,  as in case of solutions (where Bear's 
Law is generally used). 

The procedure for analyzing the film would in- 
volve the determination of the optical wavelength 
for maximum photographic optical density, as in 
solutions. A DU-2 Beckman Spectrophotometer, 
being readily available in the Institute Laboratory, 
was used in this study for this purpose, although 
Klooster and Scherz (1974) used a microden- 
sitometer to determine image brightness. A photo- 
graphic film (diapositive) was placed in the cell 
box of the DU-2 Beckman Spectrophotometer and 
the photographic optical density (POD) at a point in 

the film was determined for different wave- 
lengths, from which the optimum wavelength 
was determined. At each time, the zero reading 
of the spectrophotometer was adjusted by using 
the blank diapositive. The photographic optical 
densities of other photographs taken at the various 
sampling stations were similarly determined at 
the optimum wavelength, which was found to be 
around 700 nm. 

The observations of photographic optical den- 
sity along with some other relevant parameters of 
water quality, made along Ganga and Yamuna riv- 
ers, are tabulated in Tables 1, 2, and 3, and the 
plots ofthe data are presented in Figures 1,2, and 3. 

From the plots in Figures 1 and 2, it is seen that 
photographic optical density shows some correla- 
tion to turbidity of the water. Similarly, from Fig- 
ures 1 and 3, it is observed that photographic opti- 
cal density can be correlated to BOD because, in 
the tested rivers, the BOD causing material gener- 
ally manifests turbidity as well as greyish color, 
both of which affect the photographic optical den- 
sitv of the film. Non-color-causing soluble organic - - 
substances are, however, presumed to be negligi- 
ble in such rivers. BOD, the most significant pa- 
rameter of the pollution potential of any water, has 
been correlated for the first time with photo- 
graphic imagery. It is also observed from the fig- 
ures that the correlations and plots are consistent 
for both the winter and the summer data. There 
might, however, have been some errors in indi- 
vidual photographs, in spite of the best efforts. 

Photographic 
Point Turbidity BOD,-,,, Optical Density 
No. JTU mg/l at 700 nm 
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TABLE 2. PHOTOGRAPHIC STUDY ALONG THE GANGA A N D  YAMUNA RIVERS (SUMMER) 

Turbidity B ~ D s - ~ v c  Photographic Optical 
River Station JTU mg/l Density at 700 nm 

GANGA u Rishikesh 50 4.35 1.10 
50 6.65 0.95 

u Haridwar 44 7.95 1.00 
46 7.20 1.20 

U 33 4.20 0.42 Narora 29 7.20 0.67 
U 2 1 4.60* 0.32 Kannauj 36 7.00 0.60 
U Kanpur 44 10.00 1.00 

44 27.00 1.20 
U Allahabad 26 6.00* 0.40 

23 6.80 0.30 
u Varanasi 11 4.00* 0.28 

10 10.00* 0.64 
u Dak Patthar 64 5.40 0.80 

13 2.60 0.30 
YAMUNA 

u Delhi 

u Mathura 

Agra U 
D 

Hamirpur 
Allahabad U 

U = Upstream. 
D = Downstream. 
* Minimum turbidity values. 

Probably, if an aerial photograph were taken to Points of minimum turbidity values (marked 
cover long stretches of a river, these errors would with asterisks), where the POD would presumably 
become minimized, and measurements of photo- be affected mostly by the BOD alone, are chosen 
graphic optical density at different points along from Table 2 for a possible correlation between 
the river would assist in locating waste discharges the BOD and POD in the Ganga River. A regression 
and in assessing the pollution status of the river. analysis of these data yields a model, 

The observed POD values are an integrated ef- 
fect of turbidity and BOD. The effect of other mate- manifesting a Karn Pearson's correlation coeffi- 
rials and causes is, however, assumed to be negli- cient of 0.99 (with a probable error of 0.003), and a 
gible. standard error of BOD estimation of almost zero 

TABLE 3. PHOTOGRAPHIC STUDY ALONG THE GANGA A N D  YAMUNA RIVERS (WINTER) 

Turbidity B~DS-ZVC Photographic Optical 
River Station JTU mg/l Density at 700 nm 

GANGA Rishikeshh U 8* 1.0 0.25 
U 33* 3.0 0.60 Allahabad 23* 4.0 0.30 
U 18* 2.0 0.25 

Varanasi D 20 8.0 0.60 
U 27 3.0 0.26 

Mathura 26 4.0 0.21 
U 16 1.9 0.20 

Allahabad 13 3.0 0.40 

YAMUNA 

- 

U = Upstream. 
D = Downstream. 
* Minimum BOD values. 
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FIG. 3. Photographic optical density versus BOD in 
the Ganga and Yamuna rivers. 

FIG. 1. Photographic optical density versus turbidity 
and BOD at Kanpur along the Ganga River (Summer). 

value. The standard deviations of BOD and POD, 
respectively, show 2.5 mgll and 0.01. 

Similarly, the points of minimum BOD values 
(marked with asterisks), where the POD would pre- 
sumably be affected mostly by turbidity alone, are 
chosen from Table 3 for a possible correlation 
between the turbidity and POD in the Ganga River. 
A regression analysis of these data yield a model, 

(Turbidity) = -4.78 + 72.46 (POD), 

which shows a Karn Pearson's correlation coeffi- 
cient of 0.86 (with a probable error of 0.084) and a 
standard error of turbidity estimation of around 25 
units. The standard deviation of turbidity and POD 
are about 10 units and 0.29, respectively. 
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FIG. 2. Photographic optical density versus turbidity 
in  the Ganga and Yamuna rivers. 

A water quality survey of the Ganga and Yamuna 
rivers of the Indogangetic plain in India was 
undertaken. The monitoring of several pollution 
parameters was done at a number of stations along 
the rivers. Photographs of the water surface were 
taken from the very low altitude of about 3 meters 
at the sampling points, and were analyzed at the 
Institute laboratory using a DU-2 Beckman Spec- 
trophotometer to determine the photographic op- 
tical density (POD) of the film at the sampling 
points. The data were analyzed and interpreted. It 
was determined that the POD could be correlated 
to turbidity and also to BOD. Models correlating 
POD with turbidity and also with BOD have been 
developed. An aerial photograph covering a long 
stretch of a river would probably avoid most errors 
and compare the water quality of the river at dif- 
ferent points satisfactorily. 

The author is grateful to the Indian Institute of 
Technology at Kanpur for providing facilities for 
this study. 

Bhargava, D. S., 1977. Water Quality in Three Typical 
Rivers in U.P.-Ganga, Yamuna and Kali, thesis 
presented to the Indian Institute of Technology at 
Kanpur, India, in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy. 

Gramms, J. C., and W. C. Bailey, 1971. A Literature Re- 
view of Remote Sensing for Water Quality, Univer- 
sity of Wisconsin Remote Sensing Program, Institute 
for Environmental Studies, Report No. 7. 

Harley, J. W., and E. W. Stephen, 1954. Instrumental 
Analysis, John Wiley and Sons Inc., New York. 

Kiefer, R. W., and J. P. Scherz, 1971. Aerial Photography 
for Water Resources Studies, University of Wiscon- 
sin Remote Sensing Program, Institute for Environ- 
mental Studies, Report No. 6. 



VERY LOW ALTITUDE REMOTE SENSING 

Klooster, S. A., and J. P. Scherz, 1974. Water Quality by American Water Works Association, and Water Pol- 
Photographic Analysis, Photogrammetric En- lution Control Federation, New York, N.Y., 13th ed., 
gineering, Vol. 40, No. 8, pp. 927-935. 1971. 

Scherz, J. P., and A. R. Stevens, 1970. An Introduction to Word, P. R. B., 1973. Measurement of Dye Concentra- 
Remote Sensing for Environmental Monitoring, tion by Photographs, Journal of the Environmental 
University of Wisconsin Remote Sensing Program, Engineering Division, ASCE, Vol. 99, No. EE1, 
Institute for Environmental Studies, Report No. 1. pp. 165 

Standard Methods for the Examination of Water and (Received 19 June 1981; revised and accepted 5 Feb- 
Wastewater, American Public Health Association, ruary 1983) 

CALL FOR PAPERS 

International Cartographic Association Conference 

Perth, Australia 
4-1 3 August 1984 

The U.S. National Committee of the International Cartographic Association solicits abstracts of pa- 
pers to be  presented at the next ICA meeting, to be  held in Perth, Australia in early August 1984. The 
U.S. Program Committee will review all abstracts of from the U.S. and will forward those they ac- 
cept to the Australian Papers Committee. Notice of acceptance by the Australian Committee should be  
made by late January 1984. Each author whose paper has been accepted will be  expected to prepare by 
30 March 1984 u p  to 15 pages of camera ready copy for photo reduction and printing in a published 
proceedings. Requirements for preparation of the written papers are the same as those for the ACSMIASP 
Proceedings, with the added provision that there also must be  an abstract in French. 

To be considered, all papers must fall into one of the following themes: The role of cartography in 
management and planning, coastal zone mapping, computer-assisted cartography, topographic map re- 
vision practices including management, the history of cartography, cartographic education, tactual map- 
ping, and the relationship between cartography and geography. Authors should indicate the theme un- 
der which the abstract is submitted. 

Abstracts are limited to 600 words maximum and should be  typed single-spaced with the author's 
name, affiliation, and address following the title. 

Abstracts must be received by 30  Sep tember  1983. Mail an original and three (3)  copies, in English, to 

Prof. James R. Carter, Chairperson 
U.S. Program Committee (ICA) 
Geography Department 
University of Tennessee 
Knoxville, T N  37996-1420 
Tele. (615) 974-2418 


