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SI units To obtain units 

square kilometer ) Oe3861 square mile ) 

cubic meter per second 91.. 45 cubic per second 
per square kilometer per mile 
( s) ) (( )/mi2) 

cubic meter (m3) 35e3l cubic foot (ft3) 

gram ) Oe03527 ounce, avoirdupois ) 

Celsius ( o C) (°F-32) .. 8 degree Fahrenheit (oF) 

Abbreviations used in the text of this report include: 

, micrograms per liter 
, milligrams per liter 
, micrograms per gram 
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OF HUDSON 

PEAK 

OF 

By 

John T. Turk and David E. Troutman 

Water samples from the Hudson 
originated in a subbasin underlain 
indicate a high correlation 
concentration of iron, 

's) The 
manganese, lead, and 
concentration within 

between 
th and 

caused 

NEW 

of 

The dis of s and metals 
the upper Hudson 1) has caused concern over 

possibility of environmental damage and threat to human health. 
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44° 

NEW YORK 

EXPLANATION 

"' Sampling site 

Carbonate Rock 

Shale 

Crysta IIi ne Rock 

Subbasin boundary 

Base from U.S. Geological Survey 
State base map 
Shaded relief,1:500,000,1956 

Figure 1.--Major geographic and geologic features of 
Hudson River basin, New York. 
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Although iron, manganese 
constituents considered in thi as sedi-
ment during periods of differences among the areas 

runoff, and differences in type and extent of sour-
ces, could cause inconsistent among these constituents within 
the basin. Through evaluation of the factors that control these relation-

' the quantitative models To evaluate trends 
it is necessary to determine whether 
trations of these substances are caused in water 

ty or are simply related to differences in the sources of the water. 

, Hudson River basin is divided into For the purposes 
the Mohawk River basin, 
confluence with the 
upstream from Glens 

Hudson River basin (that part from the 
River to Glens Falls and the Hudson River 

8 951 

Hudson River basin, 
ent of shale and contains 
rocks In contras , 
from Falls is 
York State Museum and Science 

in above Falls 
near Glens 

mantled with 
and Middle Hudson basins 

The Mohawk River basin, which drains 

carbonate 
the area has 

Most 

carbonate 



and 

All chemical were done by the U.S. Geological 
in Doraville, Ga. 

the Mohawk River at Cohoes 
the River at 

const 
), and a 

a function 
individual 

y = mx b 

where y concentration of the constituent (dependent variable), 

Also 

each 
the 

in per liter; 

m slope of the tegression line, in micrograms 
per gram; 

concentration of sediment (the independent 
variable) in grams per liter. 

b of the line with the 
in micrograms per liter. 

tabulated number of data ; that is, values 
and variables used to derive the reg res 

flood-site n· 
' 

) the correlation coefficient 
li r- will be equaled or exceeded in n 

selected data unrelateJ variables. 

of 

Central 

the 

1 brand name is for identification purposes and does not 
endorsement the U.S. Geological Survey. 
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Table ].--Concentrations of selected consti 
floods of 1977 

ical , Doraville Ga.] 

sediment Lead 

MOHAWK RIVER AT COHOES e,:tr-5 7 5oo) MARCH 197 

03-11-77 864 136 4 600 180 13 
03-13-77 1,120 149 4 800 160 10 0 
03-14-77 060 220 35 000 45 3 
03-15-77 2,060 501 15 000 440 28 .. 2 
03-18-77 626 53 1,900 70 6 .. o 

HUDSON RIVER AT WATERFORD 013357 MARCH 1977 

03-11-77 1. r:::n 107 3,500 180 9 3 0.0 '"tJV 

03-13-77 691 162 4 800 210 20 15 0 
03-14-77 1,850 948 25,000 1,000 62 65 9 
03-14-77 1,910 791 26,000 860 46 .. 8 
03-15-77 2,000 401 11,000 430 28 29 1.4 
03-15-77 1,560 189 6,300 250 15 .. 4 
03-16-77 1,180 *116 3,200 12 .4 
03-17-77 1,100 70 2,000 100 14 6 .o 

HUDSON RIVER AT WATERFORD (013357 - APRIL 1977 

04-24-77 685 *44 1,800 80 8 7 0.1 
04-25-77 1,090 . *62 1,400 70 8 3 .5 
04-26-77 1,120 *50 1 100 60 12 6 1.2 
04-27-77 1,010 *31 790 so 11 6 .5 
04-28-77 943 *20 580 40 16 5 .4 

HUDSON RIVER AT GLENS FALLS - APRIL 1977 

04-25-77 821 *19 520 50 6 6 0.0 
04-26-77 793 *14 390 50 15 4 0 
04-27-77 680 * 8 230 30 5 0 
04-28-77 623 * 7 250 30 15 2 .o 

March in shale subbasin flood in 

concentration the others are 
collection .. 

5 



Table 2.--Ratio of selected constituents to suspended sediment 
floods of 19771 

[All values are in micrograms per gram sediment] 

MOHAWK RIVER AT COHOES (01357500) - MARCH 1977 

03-11-77 34,000 1,300 96 0.0 
03-13-77 32,000 1,100 67 .0 
03-14-77 29,000 800 37 • 2 
03-15-77 30,000 880 56 .4 
03-18-77 36,000 1,300 110 e 0 

Mean 32,000 1,100 73 0.1 
Standard dev. 2,900 200 30 • 2 

HUDSON RIVER AT WATERFORD (01335770) - MARCH 1977 

03-11-77 33,000 1, 7,00 84 1,200 0.0 
03-13-77 30,000 1,300 120 930 .o 
03-14-77 26,000 1,100 65 690 1 
03-14-77 33,000 1,100 58 1 
03-15-77 27,000 1,100 70 720 3.5 
03-15-77 '\"'"\ AAA 1,300 /() ') 

.J.J,UUU I 7 £., 

03-16-77 28,000 lOO 3 
03-17-77 29,000 1,400 200 860 .0 

Mean 30,000 1,300 97 880 1 
Standard dev. 2,900 200 46 200 1 

HUDSON RIVER AT WATERFORD (01335770) - APRIL 1977 

04-24-77 41,000 1,800 200 1,600 2 
04-25-77 23,000 1,100 100 480 8 
04-26-77 22,000 1,200 240 100 24 
04-27-77 25,000 1,600 350 190 20 
04-28-77 29,000 2,000 800 2,500 20 

Mean 28,000 1,500 340 970 15 
Standard dev. 7,700 400 270 1,000 9 

HUDSON RIVER AT GLENS FALLS (01327600) - APRIL 1977 

04-25-77 27,000 2,600 300 3,200 0.0 
04-26-77 28,000 3,600 1,100 2,900 .o 
04-27-77 29,000 3,800 600 5,000 .o 
04-28-77 36,000 4,300 2,100 2,900 .o 

Mean 30 000 3,600 700 3,500 0 
Standard dev. 4,100 700 900 1,000 0 

1 March flood originated in shale subbasin; April flood in 
rock terrane. 
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y 

Iron 

Table 3.--Linear 
constituents 

m 
(micrograms per 

MOHAWK RIVER 

28,200 
Manganese 760 
Lead 33 
PCB 0.28 

AT COHOES 

selected 

b n p 
per 

(01357500) - MARCH 1977 

627 5 1.00 (0.001 
51 5 1.00 < .001 

7 5 .. 98 < .01 
-0.01 5 .. 95 < .02 

HUDSON RIVER AT WATERFORD (01335770) - MARCH 1977 

Iron 28 '500 293 8 0 .. 99 (0.001 
Manganese 1,010 48 7 1.00 .001 
Lead 55 7 8 .. 98 .001 
Phosphorus 640 39 5 1 .. 00 .001 
PCB 1.0 0 .. 14 8 .. 67 < .1 

HUDSON RIVER AT WATERFORD (01335770) - APRIL 1977 

Iron 20,900 270 5 o .. 70 )0 .. 1 
Manganese 740 29 5 .. 76 > .1 
Lead -160 17 5 - .. 77 > .1 
Phosphorus -350 69 5 - .38 > .1 
PCB 6 .. 6 0.26 5 .27 > .1 

HUDSON RIVER AT GLENS FALLS (01327600) - APRIL 1977 

Iron 23,900 60 4 0.99 (0.01 
Manganese 1,910 17 4 .. 93 < .1 
Lead -250 13 4 - .. 25 < .. 1 
Phosphorus 2,600 9 4 .. 88 < .1 

1 March flood originated in shale subbasin, April flood in cry 
terrane. 

ine-rock 

y Dependent variable 
m slope of regression line (~g/g) 
b intercept of regression line 

with y-axis (~g/L) 

7 

n = number of data pairs for each 
flood at each site 

P = correlation coefficient 
P Probability that r will be 

or exceeded in n pairs of 
selected data pairs for unrelated 
variables 



(Fe) 
(PCB' 
flows 

In iment concentration 
( and 

constituents. 
additional amounts of these constit­

river sediment become 
If a chemical constituent such 

, is uniform concentrations 
if the amount contributed from and other 

sources is small with the amount contributed sediment 
the should occur: 

1 The concentration 
the concentration of 

iron should show a correlation with 
sediment in all 

2 The spatial variation in mean ratio of iron concentration to 
concentration in waters the basin should 

than two standard deviations from 
variation at some reference site; 

3 of constituent concentration to 
concentration should approximate the average 

concentration of that constituent throughout the th. 

All five dependent variables were significantly correlated with 
suspended-sediment concentration for at least one site during one flood (item 1 
above). Iron correlated with suspended sediment on three of the four 

occasions (table 3); manganese and lead correlated with 
sediment on two of the four occasions, and phosphorus and PCB's correlated 
with suspended sediment on one of three occasions. 

In the evaluation of and temporal trends (item 2 above), the data 
on the March 1977 flood at Waterford were used as a base for com-

of ratios of other chemicals to sediment because this set contained 
t number of samples and because all five chemical constituents were 

evaluated in each sample 

Iron.--The mean of iron sediment in this data set was 
one standard deviation of the mean ratio for the other three 

occasions .. 

--For manganese two of the three sites at Cohoes and 
) were within one standard deviation of the base data. The Glens 

8 



Fal line source) mean 
base-data set 

--This element, which 
in the two Waterford 

average of the individual ratios in 
over more than an order of 

almos twice 

Glens Falls site showed no correlation with the 

' 
ratio for the 

PCB.--The ratios of PCB's to sediment at Cohoes was within one 
deviation of the base-data set 

deviation for this ratio. 
because of the standard 

of 

imated concentrations 
observed data and the data from ) 

agree within a factor of 2 even though data are based on world 
averages rather than on- bedrock of the Hudson basin. 

No comparison is made in table 4 for the 
concentration of PCB's. It is assumed that PCB 
resuspension of river-bottom materials rather 

are known to have been di to the 
the 1950's. Because PCB concentrations in bottom 
subbasins of the Hudson Rive ba in have been 
orders of (New York 
1976), a variable PCB concentration in 
the Hudson River should be 
to the former point sources. 

To summarize the between chemical cons 
sediment the of the basin was the like of iron 
both floods at all sites except Glens ) as indicated 

its high correlation with concentration ) the 

9 



sites and 
at Waterford. However, 

the 
flood at Waterford 

was it the 
source of PCB' s .. 

source of pho , and in no instance was a 

Table 4 --Comparison of slopes with estimated 
concentrations in shales and tesl 

[All values are in micrograms per gram] 

Element Slope value Shale Granite 

Iron 28,200 
28,500 

47,000 27,000 

23,900 

400 
010 

20 20 

0 700 

1 Data from 967) .. 

on 

The lack of close correlation between 
can be variations in 

results from differences in terranee 

and Cohoes 
which 

rocks. Thus, the as 
constituents should be the subbasins underlain 

than from those underlain This effect is reflected 
1.. later section, this is shown to 

for the inconsistencies and s 



If the 
fo 

Flood and te 

March-Cohoes 
March-Waterford 

Note that the 
uents studied 
sediment per 

measure 

concentration 
obtained, in arbitrary 

Source 
Sediment:di 

ratio 

& crystalline rock 
& rock 

talline rock 

0.20 
23 
04 

• 01 

in which the main source 
have the concentrat 

but do correlate th 

tream. In contrast 
runoff from the crystalline 

on 

Sediment from terranes contribute different 
chemical loads to streams. 

, the 

o. 
-11 

10 

of 
chemical 

ti 

load the streams are dissolved and th 
and those introduced by man. If the 
cal from the th 

data 
the 

which 

chemi­

subbasin 
suggest that 

for each cubic meter per second of 

from 

which would contribute chemical ituent in ions 
indicated (1967) data for average shale The concentrations of 
the chemical constituent in table 5 were calculated as follows: The dif­
ference between the observed suspended-sediment concentration and that pre-
dicted from the discharge was by the assumed concentration of the 
chemical constituent in shale; and (b) this concentration was then added to the 
observed concentration of that constituent. 

11 



Date 

04/27/77 
04/ 77 
04/ 77 
04/27/ 7 
04/28/ 7 

Table 5.--Chemical characteristics of a hypothetical data set 
resulting from discharges similar to those of 
April 1977 but originating from a shale subbasin 

Discharge sediment Iron Manganese Lead Phosphorus 
(m3 Is) (mg/L) (llg/L) (llg/L) (llg/L) (llg/L) 

685 137 7,500 160 10 79 
1,090 218 9,700 200 11 123 
1,120 224 10,000 210 15 140 
1,010 202 9,400 200 14 140 

189 8,900 180 19 140 

821 7,700 170 9 120 
793 59 7,500 170 18 120 
680 136 6,400 140 8 100 
623 125 5 900 130 

in 

differences in sediment 
to confirm the the 

are sufficient 
iron, manganese and 

in the March in the flood 
ratio lead to 

2). The differences in ratios of lead 
concentration between the two floods would 

of lead in the flood than in the March 
to result from increased industrial 

di dissolved lead. Either 

12 



at either 
would be 
in this 

not 
cause., 

Iron 

Lead 

Iron 
se 

Lead . 
Phosphorus 

y 
m slope of 

(!lg/g) 
b 

in the 
, 1978) ind 

the 
to attribute the anomalous lead data to any 

for hypothetical data sets shown in table 5 

m n 
(micrograms per (micrograms per 

liter 

28,200 3,600 5 L.OO 
557 82 5 .,97 

33 7 5 .. 33 
640 0 .. 7 5 84 

46,600 69 4 1 .. 00 
990 .. 5 4 .. 99 
-40 19 4 - .. 14 
740 -0 .. 05 4 .. 99 

variable n = number of data sets for 
regression line flood at each site 

p correlation coefficient 
of regression line p that r will 

with y-axis ( ~g/L) or exceeded 
selected 
variables 
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<0 .. 001 
< .. 01 
> 1 
< .. 1 

<0 .. 001 
< .. 01 
> .. 1 
< .. 01 

each 

be 
of 



subbasins contain les 
between these elements and 

concentration 

Lead and PCB concentrations cannot be consis from suspen-
ded-sediment concentrations of water from shale subbasins because these 
substances are also contributed from sources other than the basin 
PCB concentrations may be related to the distribution of PCB's 
in the bottom materials of the river as a result of former 
The various basin sources of lead are not known@ 

different floods at the 
differed 

obvious natural causes or man-
' these short-term variations may be than 

programs., 

wi 
trations river-basin recon-

among these 
indices indicat processes 

basin., 

14 
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