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NOTICE TO READER 

On July 1, 1980, this activity area of the Water Resources Administration 
was consolidated with the Environmental Health Administration of the 
Maryland State Department of Health and Mental l{ygiene. The new 
orQanization is the Office of Environmental Programs and is housed 
with the Maryland State Department of Health and Mental Hygiene. The 
new address is: 

Maryland Department of Health & Mental Hygiene 
Office of Environmental Programs 
O'Conner BuildinQ 
201 W. Preston Street 
Baltinx>re, Maryland 21201 

Any correspondence concerninQ this report should be forwarded to the 
above address. 
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INTRODUCTION 

Feasibility studies for confined spoil disposal areas were authorized by 
Congress as early as 1950, however, the impetus to push for such funding 
apparently did not exist. In 1961, the Maryland Co111111ssion on Submerged 
Public Land, transmitted a report to the Governor of Maryland reconmending 
the development of effective lonQ-tenn solutions to the problem of disposal 
of dredged materials which they felt would exoand in importance and con­
tinue indefinitely. 

In late 1970 contractual studies conducted for the State of Maryland 
recomnended the Hart and Miller Island site as a potential diked disposal 
area for Baltimore Harbor and navigable channel dredgings. These recom­
mendations were approved by the Comnittee on Submerged Lands and by the 
Maryland Board of Public Works in February of 1971. A Dredged Spoil 
Conmfttee was subsequently fonned to develop the sampling protocol for 
the establishment of baseline data in the Hart and Miller Island area 
against which changes in the environment could be compared during and 
after construction and during the operational phase. 

On March 15, 1972 a water quali~ survey was initiated at nine stations 
in the vicinity of Hart and Miller Islands just north of the confluence 
of the Patapsco River with the Chesapeake Bay. The first sampling was 
made as a joint effort of the EPA Annapolis Field Office and the Maryland 
Department of Water Resources and was thereafter continued through the 
so 1 e efforts of the Maryl and Department of Water Resources, carried out 
annually 1n 1973, semi-annually in 1972 and 1974, tri-annually in 1975, 
1976 and 1978, and pent-annually in 1977. 

This report oresents physical, chemical, and biological data collected 
from 1972 through 1978 in the vicinity of Hart and Mi.ller Islands. 
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DESCRIPTION OF STUDY AREA 

GENERAL 

The study area embraces an approximate area of 6.8 square miles (17.5 
square kilometers) around Hart Island and Miller Island in upper Chesapeake 
Bay near the 111>uth of Back River. The central portion of the study area is 
located at 39°15' N latitude and 76°22• W longitude (see F1~ures 1 and 2) 
within the political boundaries of Balt1ni>re County . 

This portion of Chesapeake Bay is influenced primarily by the flow of the 
Susquehanna River and secondly by drainage from adjacent westerTI shore 
tributaries which include the Patapsco, Back, Middle, Gunpowder and Bush 
Rivers. Additional effects may be exerted by the Sassafras, Bohemia and 
Elk Rivers from the EasterT1 Shore and possibly the Chesapeake and Delaware 
Canal. 

The mean tide level in this area of the bay is 0.6 feet with average maxi­
mum flood tidal currents of 0.2 knots in a northeast direction and average 
maximum ebb tidal currents of about 0.4 knots in a generally southwest 
direction (1). 

Average seasonal salini'fa' values in this portion of the bay range from 2 
to 8 parts per thousand (2). Average seasonal pH in this reach of the 
bay ranges from 7.5 to 7.9 and dissolved oxygen seasonal averages range 
from 6.9 to 11.4 mg/l (3). 

Sediments in this study area range from fine grained sand inshore to clayey 
silt offshore. Fresh estuarine bay marshes are found on the islands (4) . 

SAMPLING STATION LOCATIONS 

"Nine sampling stations were selected in 1972 as indicated in Figure 3 and 
were sa111>1ed at varying intervals through 1976. In 1977 one station was 
dropped (within the site of the proposed diked disposal area) and five 
stations were added to increase the effective survey boundaries around 
the proposed diked disposal area as shown in Figure 4. 

The sa111>ling stations were located on selected contours. An inner series 
of sampling stations around the islands were located on the six-foot contour. 
An intenned1ate series of sampling station was located at or just beyond 
the 12-foot contour. The outer series of s~11ng stations were located 
in depths of 15 to 20 feet (see Table 1). 
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STATION I . 0. 

XIG 6405 

XIF 5182 

XIF 3675 

XIG 4800 

XIF 5297 

XIF 6388 

XIF 4964 

XIF 3064 

XIF 4161 

XIF 4285 

XIF 4785 

XIF 5578 

XIF 5975 

XIF 5793 

TABLE I 

HART ~ MILLER ISLAND SURVEY 
SAMPLING STATION CODES AND LOCATIONS 

1972 - 1978 

MD. COORDINATES LOCATION 
EAST NoRTH 

991.0 524.9 800 yds. NE of QK. FL. Gl and 1700 yds. 
NW of N 418 - 15 ft. depth 

980.0 517.0 600 yds . SE from top Hart Island and 
600 yds. S from bottom tip of Miller Island 

976.·a 508.2 0.9 nautical miles East of Pleasure Island 
light 

989.0 515.6 1.5 nautical miles SE of the northern tip 
of Miller Island and 1.7 from S tip 

987 . 3 518.0 1.0 nautical miles from Northern tip of 
Miller Island and 1.2 from southern t1p 

982 . 8 524.4 0.4 nautical miles NNE of Miller Island 

971. 8 516.2 Mid- bay between Rocky Point and DrlJll Point -
Hart Island 

971.9 504.7 1000 yds. S of FL. 15 ft. land 1750 yds. 
W of N 198 - 14 ft. depth 

975. 0 510.8 600 yds . from top of Pleasure Island SE and 
750 yds. SE from bottom of Hart Island 

983. 5 511.9 2500 yds. W of N 218 and 2600 yds. NE of 
FL. 6. 4 sec. 1 - 17 ft. depth 

981. 9 514.4 1700 yds. SE from top of Hart Island and 
1600 yds. SE from bottom of Miller Island 

978.3 519.4 600 yds. NE from top of Hart Island and 
500 yds. E from bottom of Miller Island 

976.8 521. 7 1200 yds . N of Hart Island and 1000 yds . 
SW of N2 - 9 ft. depth Hawk Cove 

985. 5 520.9 1500 yds . SW of Qui ck Flushing G 1 and 
900 yds. East of top of Miller Island -
5 ft. depth 
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METHODS 

WATER 

At each station physical and chemical meas.urements were made at 
intervals from surface to bottom using either an instrument pack or a 
Hydrolab Surveyor, Model 60 in-situ water quality analyzer which was 
calibrated against known standards. Measurements were ~enerally taken 
at five-foot intervals (1.Sm) to the bottom for water temperature, pH, 
dissolved oxygen (D.O.) and specific conductance. 

Water samples were collected by a submersible pump at five-foot 
intervals at each station. One liter was collected unfixed for suspended 
solids, turbidity, pH, nitrite-nitrate, phosphate, total phosphate and 
chlorophyll !. detenninations. One liter was fixed with two milliliters 
of concentrated sulfuric acid for total Kjeldahl nitrogen, a111110n:ia, total 
organic carbon and chemical oxyqen demand determinations. One liter was 
fixed with five milliliters of concentrated sulfuric acid for grease and 
oil detenninations and one liter was fixed with five milliliters of con­
centrated nitric acid for metals detenninations (arsenic, chromium, 
cobalt, copper, manganese, mercury, molybdenl.ln, nfckel, and zinc). Three 
A.P.H .A. 300 milliliter glass stoppered ROD bottles were filled for 
dissolved oxyQen, biochemical O)(Ygen demand and sulfide determinations. 
The sample for sulfide determination was fixed with two milliliters of 
22% zinc acetate. Table 2 lists the parameters and analytical methods 
employed. 

SEDIMENT 

Sediment samples were collected with a square-foot Petersen dredge 
(0.09m2), placed in pi.astic whirl-pak bags and feed. All saf1'4>les, both 
chemical and sediment, were refrigerated until return to the. laboratories 
at which time they were aqain placed under refrigeration with the sediment 
sample being frozen. A BOD bottle containing sediments was fixed with 
2 milliliters of zinc acetate for sulfide analyses. 

BIOTA 

The Petersen square-foot dredge was also used to sample the benthic 
conmun1ty at the Hart and Miller survey stations, except on the first 

- 9 -



TABLE 2 
HART ANO MILLER ISLAND SURVEY 

PARAMETERS AND ANALYTICAL METHODS* 

Temperature, conductivity, sa11n1tf - Beckman Induction Sa11nometer, 
Yellow Springs Instrument Sal nometer or a Hydro1ab Instrument Pack • 

.!?.!:!. - Orion pH Meter {Model 401) or Hydrolab Instrument Pack. 
Turbidity - Hel11ge Turbidimeter. 
Suspended solids (non-filtrab1e residue) - Standard Methods, pp. 537. 
Dissolved o~gen - Standard Methods-Azide Modification of Winkler Method, 

Yellow Springs Instrument Dissolved Oxygen Meter or Hydrolab 
Instrument Pack. 

Biochemical O~gen Demand - Standard Methods 5-day incubation at 20°c. 
Chemical O~gen Demand - Standard Methods, pp. 270. 
Total Organic CarBon - Standard Methods, pp. 257. 
Grease and 011 - Standard Methods, pp. 254 (water), pp. 412. 
Volatile Residue - Standard Methods, pp. 538. 
Phosphate, Total - Standard Methods, pp. 520. 
Nitrogen, total K.fe1dah1 - St~ndard Methods, pp. 469. 
Nitrogen, al'llll>nia - Standard Methods, pp. 222. 
Nitrite & Nitrate - Reference: A Practical Handbook of Seawater Analysis, 

J.P.H. Strickland and T.R. Parsons, Bulletin 167, Fisheries Research 
Board of Canada, Ottawa, canada, 1968. 

Chlorophyll !. - Reference above for Nitrite (Strickland & Parsons). 
Zinc - Standard Methods, pp. 211 - Atomic Absorption Spectrophotometric Method. 
Cabal t - II II II II II II II 

Mo llbden um - II II II II II II II 

Manganese - II II II II II II II 

Mercur~ - II II II II II II It 

Arsenic - II II II II II II II 

f.o(!~r - II II II II II II II 

Nickel - II II II II II II II 

Chromil.ITI - Standard Methods, pp. 426 - Atomic Absorption Spectrophotometric 
Method. 

II 

II 

II 

II 

II 

II 

II' 

* Described in "Standard Methods for the Examination of Water and Wastewater", 
Thirteenth Edition, 1971, unless otherwise noted. 
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cooperative sampling run with EPA, when a 6 square inch Ponar dredge 
(0.02m2) was employed. Nonnally. one dredge sample was collected at 
each sampling station with the exception of two samplin~ runs in 1976 
when three dredge samples were collected at each station. The biological 
sampling sequence and combined total statistics for all stations by date 
are given in Table ·3. 

Dredge sam,:>les were washed on board boat through trays with stainless 
steel screens with an approximate final mesh openinQ of 0.5 millimeters. 
The organisms and material retained by the scre~ns were then washed into 
an appropriately labeled container and preserved with 10 percent fonnalin. 
These samples were returned to the biological lab where the organisms were 
picked and sorted from bottom material and debris and represerved in another 
container with 70 percent ethanol until they were later sorted further and 
identified. Organisms were identified to the lowest taxa possible (usually 
genera) with available keys (see Taxonomic Bibliography). 

The number of taxa (kinds of organisms) and the number of individuals 
within each taxa were used to calculate a conmunity diversity index using 
the Shannon-Weaver function and employin~ the machine fonnula presented by 
Lloyd, Zar, and Karr, 1968 in the Biological Field and Laboratory Methods . . 
as follows (5): 

- c d (diversity)= N {N log10 N - In; log10 n;) 
where 

c = 3.321928 
N = total number of individuals 
ni = total number of individuals in the ith species 

Hi gher diversity values indicate generally a relatively undisturbed 
environment which supports communities having large numbers of different 
types of organisms (taxa) with no one taxa being present in large numbers. 
Lower diversity values indicate a disturbed environment where certain 
tolerant fonns increase in numbers and sensitive and intennediate fonns 
are eliminated or reduced in numbers. Diversity values range from 0 to 4 
with 3 to 4 representing unpolluted water, 2 to 3 good, 1 to 2 fair and 
O to 1 poor water quality. 

- 11 -



TABLE 3 

HART & MILLER ISLAND SURVEY 
BIOLOGICAL SAMPLING SEQUENCE AND COMBINED 
TOTAL STATISTICS F~R ALL STATIONS BY DATE 

No. Sq. Ft. Total Total # Total # Community 
Total Sampled Sq. Ft. Organisr Organi~ms Total Total # Diversity 

# Year Date AgencY # Stations per Stat ion Sampled per ft per m # Taxa Organisms Index 

1 1972 - March 15 EPA/WRA 9 0.56 5 168.4 5729 14 842 1.89 
2 1973 - February 14 WRA 9 1 9 9.6 2926 9 86 2. 30 
3 1974 - February 19 WRA 9 1 9 73.7 2507 6 663 0. 49 

~ 4 1974 - August 20 WRA 9 1 9 120.6 4103 7 1085 o. 32 
5 1975 - Apri 1 22 WRA 9 1 9 96.4 3280 11 868 1.89 
6 1975 - October 20 WRA 9 1 9 74.2 2524 7 668 0. 65 
7 1976 - June 24 WRA 9 3 27 49.3 1677 16 1330 2.27 
8 1976 - December 6 WRA 7 3 21 32.7 1113 13 686 1.56 
9* 1977 - June 27 WRA 13 1 13 291.2 9907 18 3786 1.56 

10 1977 - November 7 WRA 13 1 13 65.5 2228 14 851 1.53 
11 1978 - April 24 WRA 13 1 13 160.6 5464 14 2088 1.88 
12 1978 - August 1 WRA 12 1 12 118.8 4042 15 1426 2. 30 
13 1978 - October 9 WRA 13 1 13 93.1 3167 15 1210 2.36 

*Dropped one station (XIF 5182) and added five (XIF 6388, XIF 5297, XIG 4800, XIF 4964, XIF 3675) . 
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.?9 H i' -: 2 1357 11 F 2 2J.o 8b)J S.40 7.l 7,9 l .'r 
.. ~!j 5£ ~ 12 .;.) 5 d 5 F 2 20.b S5)0 S.40 8.1 
~q ~ !;? 1l : .! ; 1) F 2 lO.b 000 S.40 7.3 8.1) 1.6 
l~ F £3 73 lllS E 6 l.J 2700 7.6 7.3 ll.9 e.s 
I 4 F Efl 11 1lu6 6 E 6 l .O 2100 1.1 1.0 11.1 a." Z1 f t.s 1't 10.\l 6 .. 0 3.0 8000 7. 113C 6.Z 11.0 
.! ] .4 \.. ~ H 1L 2 l H 2 20.J TOJO +.DO 7.6 
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J.l ..1:.L I 5 ~ 0 .:, 5 1.! E 0 26.0 .?6.0 4c.OO Z.90 1.1 6.7 2.J 
21 .IJl 15 1~1t6 6 E 0 26. J 4200 2.so 1.0 
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HAU AHO "ILLER IS. SURVEY PART l OF "PARTS 

STAT ltH DATE 111ee DEP'lH TlOE WEATH. AIR TEN. WAHR TEltP. SPEC. COICD. SALIN. FIELD LAB o.o. a.o.o. 
10 CODE CENT. CENT. "ICROPfS l'H PH ft • ./L ltl'.i/l 

lllF., ~6 .. 21 " ' R 11 1206 l l 15. 7 9.5 UJO 1.!HC 7 . 5 7.2 l'.>.8 lo] 
Zl MAR 17 .,08 5 L 1 8.9 1550 • 75C 

7 ·" 
10.2 

21 fUR 11 l l lO 9 L l 15.7 8.7 1690 1. Z"C 
7 · " 

1.2 10.l 2.1 
18 APR 77 ll)) E \) 11.0 15.7 820 .nc 8.8 1 ... 10.8 z.1 
18 APR 17 12)) 5 E 0 16.0 15.5 820 . )ti( ll.8 10.6 
18 APR 11 1233 9 E 0 11.0 15.5 820 .38( a.r 1 ... 10.lt z.5 
27 J ll'f 11 1155 E 0 26.0 25.il 87),) •.alt 9.1 8.1 11.11 l.8 
27 o1l.N 77 1155 5 E 0 Z6.0 24.7 1!10 0 It.lilt 8.7 - 8.5 
21 JLN n 1155 10 E 0 26.0 Zit. 1 8950 lto91JC 

"· 7 
8.3 6.0 3.6 

" Al.G 11 1110 F 0 26.5 26.Z l .l.? Ji] 5 • .,,,, 7.3 9.8 u.o 
lo AUG 17 1110 5 F 0 25.0 26.0 10100 '.611( 8.1 
" Al.G 77 1110 10 f 0 Z6o5 25.8 10100 5 .80( 7 ... 6.5 l . J l 
7 NCY H 1341 5 15.1) 15.3 53JiJ z.nc 1 ... 8.3 l.OL 
7 NCY 17 13"7 5 5 u.o 15.] 5300 2.Blt 9.0 
7 ti;C Y 11 1H7 10 , u.o 15.3 5100 Z. 83C 7.5 11.0 l .OL 

lit OR 78 1226 1 ll.5 \UJ • 55C 7.5 ll .9 3 ... 
lie .,. lE 1226 5 E l 11.0 13.3 11'0 • 55t 8.2 11. 7 
Zit APR 78 1226 8 l ll.6 1250 .60C 7.5 l.6 10.2 z.o 

1 AlG 71 ll],) E 2 25.l 5140 ) • l4C 7.) 6.0 1.z 1.0 
l AUG 71 lZ!O 5 E l zs.1 5140 3.14C 1.2 1.0 
9 CCT 18 1250 f 0 14.0 15.1 11600 •• 59t 1.7 7.9 12.5 5.1 
9 CC1 18 1250 5 F 0 14.0 , .... 1U.l0 •• 5)( 11.4 12.3 
9 OCT U 1250 9 F 0 14.0 14.1 11700 6.65( 8.) 1.1 9.] 4.Z 
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SUTIC .. CAH T llCE DEPTH HOl'f8 . NICKEL MN. zuc COPPEil Ct«O ... C08ALT ID MG/l MO *ill ,., *"1&. .... NG/l Z*' MG/l CU MG/l U . KG/l C.o 
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21 " "' 

l1 lZOf. .Sl .tSOl .11 .04 .on • lOl .Zl 21 MllR H 1208 5 
21 ""\ 11 iao .. .SL .15JL • 2.> .ua .05L .taL • 2l 18 APR 77 12.B .SL o20 0L .11 .06 .OSL .lOL .ZL 
18 APR 11 1233 s 
U APR 77 1233 'i .SL .ZJOL .10 .Ob • '.lSL .UL .zL 
21 ... u1e 11 1155 .5L o50o.IL .13 .05L .OSL olOL .5L 
21 J UN 11 1155 5 
21 J UN 11 1U5 10 .SL .5J\ll .26 .OSL • !>SL .taL .5L 

4 AUG 11 ll UI .SL . 5.)0l. .16 .OSL • OSL • tOL .5l 
4 ll UG 11 I U D 5 
4 A\.IG 71 1110 10 .SL .5 )OL .11 .OSL • OSL • ti>L • 5L 7 NCY 11 l3U .SL .50\lL • 1. .1 • . OSL .lOl .2L l f\CV 71 U H s 
1 f\CY 17 134'7 10 .SL .5GOL .2iJ .29 .05 .l3L • 2L 

24 APR 11 122• eSL .200L .06 .05L • &OL • ll 
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HAR T ANO MILLER IS. SURVEY Pl RT l OF 4 P.llR TS 

STATION U H T Ui E DEPTH TIDE WEA TH. AHi lEltP. NATEP. TEllP . SPEC. COND. SALIM. FI ELD LAS o.o. s.o.o. 
10 COO E CEHT. CE:.r. IUt RCNS P l' l't1 ,.G il tl<if l 

XJF~291 e C EC 1t 1H3 1 E 0 1.5 2.0 .. -.oo 2 .32C 7. 'I iz . r, 
b DEC lti 1213 5 E J 1.5 l.8 595J 3 .21c. 1.8 l '·2 
b DEC lb l Zll 10 ·e 0 1. 5 1.5 bOOO 1.2.r.c 7.B n.z 
~ CEC 76 1213 15 E D 1.5 1.:; bOOO l.24C 7.8 13.'o 

21 ~iR 77 1C35 E 1 12.3 8.7 11.Jl • 7,8C 7. 5 1 ... 10 . 8 1.2 
21 MAR 71 lCH 5 E l 8.7 1090 .5ZC 7.5 10 .' 
21 Hlill 71 11139 10 E 1 8.7 1090 .szc 7.5 l 'l .,, 
21 HAR 1l lJU H E 1 8.7 llOQ • 78C 1.4 7.'t 10.5 1.0 
le i PR 77 1118 E 0 16.0 15.Z '-60 .2oc 1.1 1.0 q. IJ t.4 
Iii t PR 77 1118 5 E l 16.0 u.z 't60 .zoc 1.1 9.8 
18 APR 71 1118 10 E 1 u.o 15.0 410 .21c 1.1 'l.6 
18 APR 71 l ll8 15 E 0 . 16.0 15.0 lt80 .21c 1.1 1.1 'l.3 t .lt 
27 J~ 11 10~5 E 0 26.0 2.t,.4 10000 5.61C 8.2 8.1 a., 4.1 
27 J lN 11 1045 ' E 0 26.o 23.8 10100 5.68C 11.2 8.5 
27 .iUll 71 1045 10 E 0 26.0 21.e 105)0 5.92C a.o 8.1 7.8 

" ALG 11 1005 F 0 2 ... 6 26.0 10900 6.l6C 7.5 7.1 2.1 
4 AU~ 11 l ~ J5 5 f ., 25.0 25.9 10900 6.l6C 6." 

" AUG 11 1C05 10 F 0 25.0 zs.a 11000 6.22C 6.6 

" Al.Ci l1 l COS 15 F 0 2s.o z5.e 11200 11.35C 6. S 
t, ll.G 11 l JJ5 18 F ,) 24.6 zs.a 11200 C. •Ht l.S 6. 5 Z.7 
7 J. &:V 77 I.HO 2 is.o U.3 960\J 5.37c; 6.q 9.l l.OL 

~ 1 NCV 11 1210 5 2 15.0 U.3 9C.00 5. 37C Fl . 7 
I 7 NCV 11 121J lll 2 u.o 1!1.3 10~00 5.92C I O.'> 

U'I 7 II.CV 11 tao 16 2 15.0 15. 5 ll5GO 1.11c 1. 1 12.0 1.0L w z .. AF R l8 1C5l H l u.o 1)50 .65C 7.8 7.c. 11.1 2 ... 
Z<o APR 78 1 ~ 57 5 H 1 11.0 12.J 1550 .75C 7.7 11 . 1 
2'9 t PR 7tl 1C57 10 H l u.o U.3 1100 .uc 7.6 io.q 
24 l Pll 78 lCH 15 H 1 12.3 u oo .l!"fC l.6 7.5 u.a 

l ·" 1 A!. G 78 1115 E z 25.5 H OO 3 . .. 7C 1 ... 1.2 6.9 1.e 
1 A\J G 78 lt lS 5 E 5 25. 5 6 .. 00 3 ... 1' '·" 6.<) 
l ALG 78 11 15 10 E 5 zs.s 600 3 .... 7C 1.o; 6.9 
1 Al.G ra 1115 15 E z 2!1 ... 6400 ). .. 7C 7.5 1. z '· 0 

1.e 
q CCT 78 lll 8 F 0 12.1 15.J 11700 6.65C 1.11 1.1 10.2 1.0 
'i OCT 111 11211 5 F 0 12.11 15.1 12000 6.8•" l.8 lll. l 
q CCT 11 1128 10 F 0 u.a u.1 llJOO 1.6~ 7.8 1.6 c;. !! .6 

CJ 
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H~f ANU "llLEA lS. SURYf Y P ART 2 Of 'o PU TS 

S1A1 1.:11 I. AH Tl" E Df PlH ruae. S\.S• SCL. AMMON. NITRITE: HI JUTE ltT • PO'o UM. , O'o c ... oR . a JKN 
10 JCU ftG/l 11(;/L N ~/L H ,_./L H *OIL P "GIL P UG/ l " !;/L H 

.ll f" 5.l9 7 6 CfC H 12 1) l 
c. C:lC 1c. l Z ll 5 
b l:lC lb 1213 10 
c. CH Tc. l ~ U lS 

21 IHR l1 l Cl5 u .o 20 .oa .Ol 9 1.01 .o 1 .12 15. J O .l8 

ll ""' 1l 1 () )1 5 
~ t r.1a 11 1Cl9 10 
2 1 IU ll 1l lOH l\ 2! . 0 - 20 .oa .Ol f 1.01 .o 1 .o .. 19 . so .ll 
Ill Ari\ 11 ll lll 20. 11 12 . 02 •• u, .11 .09 .O'o ze . so . 12 
18 APR 11 1118 5 
l<I IPll l1 1118 10 
18 APA 11 11111 15 2J.o 20 . 01 .011 • 81 .06 .o .. )7.50 .10 
27 o1 UN 11 lO 'o5 11.a l1 .10 .CMil .01 .10 .oa 6.1)0 .'ol 
21 Jlt. 11 10H 5 - - - - - - - -
27 J ll~ 11 l O'o5 10 '"·0 11 .01 .oo) .01 .o. . OS )l . 50 ... l 

):o 'o AUIO 11 l t>OS u.o 10 .01 .00 1 .os .OJ .01 .. 2 . 00 .u 
I " au; 11 1005 s 01 .:=. 'o .lt. G 11 •~as 10 

'o AIJC 11 lC05 l5 
'o ALi: l7 1C05 11 l l . (I .\2 . 01 .oc.11 .os .Ol .ll )9. l,J .2s 
1 ttCV 11 lllJ 11 • .l l2 .01 • 1112 .... .o• . 01 t. so .15 
1 ~CV 17 l ; 10 5 
1 t~ CV 11 1210 10 
7 fl.{ '11 11 l .ll) 16 32.J .... .o 1 • uu8 .... .io . 08 1. 50 • lS 

2't AP~ 18 1CS1 u.o ll .os .UH• .es .1 s - l. IS • nc 
l'o il Pll 18 ten 5 
l 'o APR 18 hH T 10 
2'o ilPil fd lOH u 20. 0 u .o. .011 .19 .1 q - ., • ~o • JSC 

l ALG 18 1115 22. 0 l .J5 • 1>1J .... .J2 - ... 2 .. ) 
1 AUC 1£ l llS !I - - :.. 

1 ILC 78 Ul5 10 
l Al.~ 11 1115 15 1 ... l .J) .i>l3 .59 .)2 - • 't8 .61 
9 ocr re llll ••• ... .02 .01z .01 .10 - 9. )0 ... 2 
9 en 11 1128 5 - - - - - - - -
9 cu ·11 ll21 10 11.0 l4' .~11 .i>U .u .011 - 11.110 .J8 



hMT AHO MILLER IS. SURVEY PART 3 OF 4 PART'.lo 

STAT JCll CH E TIME DEPTH MOLY8. tU(kEL H .... ZINC COPPER Ct«OM. CO~LT 
ID ltG/L PCO llG/L NI MGIL MN MGIL ZN ttG/L CU MG/l CR MG/l CO 

Jllf52"Jl 6 cu: 16 llll l 
6 ClC 76 1213 5 
6 ClC 16 uu 10 
6 tlt 76 1213 15 

Zl f'.AR l7 1035 .5L .150L .05 • 05L o lOl • ZL 
21 ltltl 11 1031 5 
21 ... ,. ll 10)9 10 
Zl MAA 11 lOU u .5L .lSOL .10 . 01 .OSL o lOl • Zl 
18 APR 11 i118 .SL .zooL .14 .01 .05L .lOL .2l 
18 "R 11 I lld 5 
Ill Oil 11 ll 18 10 
18 APll 11 11111 15 .SL .ZJOL .16 oll9 .os .IOL .2L 
l1 o1UH 11 100 .51. o500t. .06 .OSL .OSL • lOL .5L 
27 J lN 11 1045 5 
ZJ J l;N l7 lC'15 10 .5L .soOL .zz .1)51... .o5L • lOL .SL 

4 AUG 11 1005 o5L .soot. .u .051. • D5L .101. •'SL 
.. •lC: 11 1005 5 
4 AUG 11 ICC5 10 ... 

> 4 AUG T7 1005 15 
I <lo ALC 11 1005 11 .SL .soot .21 oOSL .05l • lOL • 5L 

U1 7 NCY 11 1210 .SL .50Jl • .>6 • l5 .OSL o lOL • ZL CJ1 1 NCY 77 1210 5 
1 f\(Y 11 1'10 10 
1 NCY 11 12 lll 16 .SL .SOOL .19 .10 .OSL e lOL .zL 

24 APll 18 1C57 .st .ZOOL .os .u .05L olOl oil 
1'1 IPlt fft 10!1 5 
H APR 711 l\J57 10 
24 I.PR 18 1057 15 o5L .ZOOl .10 .u .OSL olOL .lL 

l &LG U 1115 a5L .200t. .10 .os .OSL oOSL olL 

1 "·' 11 
1115 5 

l AUCi 16 lll5 10 
l Al.Ci 18 1115 15 .SL .ZOOL .u .os .:>SL .i>SL .ll 
9 OCT 11 IUll .zooL .H .051. o05L oOSL 
'cu 11 lUll 5 
9 OCT 111 11211 10 .zoOL .zz .OSL .OSL .OSL ;. 
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APPENDIX 13 

SEDIMENT CHEMISTRY DATA 



aJ 
I -

CJ 

Sedirr.~nt Sar.!pli.ng R~sults 

3/15/72 

9/29/72 

2/14/73 

8/20/74 

Kjal N 
mg/kg 

528 

420 

745 

4/22/75 2,717 

7/ 21/75 2,954 

1012011s s,1n5 

2 /23/76 

c/24/76 3, 336 

12/6/76 1,304 

3/21/77 1, 740 

& Oil 
5/lcg 

lf1B 

976 

6SO 

1.010 

4,l lf B 

690 

c.o.D. 
1!!8/kg 

7 

so.1eo 

97,800 

108,100 

138,000 

117,000 

ss,:us 

Residue 
mg/leg 

9,800 

84, 330 

57,600 

63, 978 

53, 320 

58, 659 

136,000 100, 000 

HART MW ~!LI.Lii !S!..A?l!J SURVEY 

Co 
mg/leg 

8.9 

59 

14.0 

42.5 

159. 7 

Hg 
mg/kg 

<2.96 0.04 

14.l 0.124 

<5 0.051 

3.25 o.3o 

12.8 0.066 

52. 0 <13.0 0.270 

57.9 <9,0 0.26 

4'1 .5 <6.5 0.38 

14.S 7.5 0.13 

35.0 3.0 0.24 

As 
ag/kg 

T. Cr 
111g/kg 

0.21 B.9 

6,9 37 

1 12.0 

16.2 

Cu 
iag/kg 

11.a 

51 

13.2 

36.2 

2.44 90.0 132.6 

7.80 34.0 42 , 0 

1.30 30. 7 43.4 

2.91 81.3 42.1 

0.25 11.0 

10.0 24.0 32.3 

Ni 
gag/kg 

16 

106 

25 

61 

352 

112 

3~.5 319 

292 . 1 789 

78 ,0 364 

56.5 353 

67.5 331 

24.S 94 

S~o i on I.v.: XIC 64vS 

Mn 
mg/kg 

411 

750 

3.437 

3,694 

2,563 

2,0 :18 

Cd Fe 
i:g/kg mg/kg 

1.34 

1.45 

1.63 

1.00 15,000 

45,0 190.0 1,970 .90 

~/18/77 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - S~le Lost - - - - - - - - - - - - - - - - - - - - - -

6 /27/77 ses 70,000 88,66 8 23.0 <2.S .230 10.0 18.0 23.0 35.5 170.0 .ss 20,500 

8/4/7., 1,825 88, 668 41.5 <2.5 .155 1&.5 30.0 30 . 0 55.0 250.0 2,325 .90 23,250 

'!117/77 2,075 87,500 .55 8,7 

11./24/78 1, 800 1,218 1&3,887 72,698 35.3 <5 .24 0.e 17.3 37,3 60 300 2,070 .60 27,000 

8/l /78 2.8 <1.18 0.03 6li.7 60.7 326 3,058 t.33 

10/9/78 985 3.89 <0.10 16.27 6.28 7.97 68 313 0.20 

• .. 

.' 

CJ c:1> c:::J~ CJ> . c:i 

F!) 

mg/kg 
s 

"Qg/kg 

37.5 27.957 

lf4 .0 

40.0 635 

53.0 

53.0 

62.8 <.1 

6.9 



S~·1 iment Sa.i.pling kcsul ts HART AND ":LI.tR ISL/JID SURVEY Station I. D. A"IF 5ld2 

GriHl:a: Vol.i t ile 
Kjol!'l :\ 'Oil C.O. D. Rc~id\X? Cu ~ ilj! A;; ~ C:• Ci. !I i ~:?. t!t. .:1 .. 

: ;.t o !!:Sfl,;ili !:§i/kii !:Slit~ 3 /kg ~/kB :sn:g Dli14<& iwti.-1 EJ:A li ir:.~ ~ 1)1!/;.., '':£. lier:. r-~ / .. ~ og/$.£ 

3-lS- 72 95 lilO 2,560 1,700 <o.l <0.5 .0011 <.001 2 . 2 0.8 13.6 l2.2Ll 323 

S- H - 72 273 161 5 1.200 10.3 <lj .1 .02 .29 5.lf s.o i 6 l~ i, c;&s 

2- H - 73 .. 1.2~0 3, 31f0 3,1175 9.2 1.7 .ooa .98 l. a s.2 59 61 2,750 

8- 20-?lf 360 2ft5 1t,6lS llf,828 1.8 <S .012 .20 3.0 2.5 3.S 19.3 170 

lf-22-75 676 i.1 .. 0 23,200 ll , 2-00 11 . 2 <2.5 .l 6.0 95.0 17.S 318 98 

7-21- 75 209 526 3,200 4,8lf0 5,9 2.5 .os .38 .. . 7 3.8 9.6 52.8 329 

10- 20· 75 880 1• 3 12.100 659 ... o <13 .17 .oa 3.lf 8.0 7. 0 lt2 291 o.~o 

"" I 2- 23- 76 165 3.520 <, 89 <3,7 NI . .02 0,30 2.9 1.e 3,9 20.8 222 & . 211 

6-21f· 76 927 765 33,700 19.157 22.0 <6.3 .09 0.77 26.lf 15.9 28.8 165 C.61 o.1s 
12-6· 76 ------ - --- -- - - - - - SaJr4>ll na Diacont lllued at th1a StatlOQ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

, .. 
• 



s~d..it!ent Salll?ling Results AART AND HILLER ISIAND SUf<.VEY 

I:.at:e 

1:!-6- 76 

3-2: - 77 

4-l &- 77 

6-27-77 

8-1+- 77 

11- 7-.77 

lf - 2i.-n 

B- 1- 78 

~~-~-78 

cg 
I 
w 

Xjel 'N 
mg/leg 

2, 816 

2,025 

- - - - -

1,615 

1, 666 

935 

• 

G~ase v_,ia tile 
& Oil C.O . D. Residue Co Ho 
~/leg ins/kg ~1cs !5lks mglkg 

34,937 79,886 SS,732 39.S 3.0 

1,125 107, 000 89 ,700 33.S 2.s 

- - -- - - - - - - - - - - - - - - - - - - -
2,285 68,200 97,839 30.0 2.s 
1,590 97,839 45.0 <2.5 

56,100 14.2 

1,143 l 10 , 086 79,689 46.19 <5 

66,208 38, '"11 2.93 <t.22 

5,93 <0 . 10 

·c:J CJ c:l> c::J 'CJ 

}fg A~ ... .. Cr 
5/158 ~/kg mg/kg 

0.26 4.70 28.0 

0. 31 10.0 30.S 

Sample Lost - - - -
.24 30.0 20.5 

.196 26.5 31.25 

.14 4 . 5 7.'+ 

.186 10.7 32.79 

lf0.24 

·14 .0 

Station I.D.: i.!F 3&"5 

C-.i Ni Zn Hn Cd Fe P!:> s 
s{kg w1cs !!!!Ile& .Wkg ing/lcg ~/~ !!ilks 5 /kp. 

64.0 360 2,150 1.15 21,250 71 . C l£.J,3H 

34.1 39. 5 260 1,300 . &O 61.0 

- - - ... - - - - - - - - - - - - - - - - -- - - - - - -
29.1 43 270 1,530 1.00 21,250 47.5 9711 

36.25 59.0 352 1,275 .90 24,750 62.0 

9.7 23.1 80 1,010 1.00 25.11 

48.22 107.61 3211.9 2,995 1.12 48,122 78.:? 

65.85 52.93 414.6 1,010 <1.22 62.4 

9.lf5 17.80 115.0 403 0.22 10.0 

I''" 
,• 

l ' 



m 
I 
~ 

£'t IL· ... :-,: 

D.:i r~ 

12- 6- 76 

3-'.?l-77 

lf-18- 77 

6- 27- 77 

S-4- 77 

11-7- 71 

4- 21f-78 

B- 1- 78 

10-9- 78 

!:;-.r.rl i1 ~ 1<e::,..Jl rn 

GN!.JSC 
J< jc l H t Oil 
aigli<& ing/k& 

300. 2 I+, J27 

1,71+0 G90 

- - - - -
t . OllS 

11u s 

1, 675 

1,520 1.101 .6 

91t2 

• 

c.o.o. 
n.~/k~ 

C:.9, 934 

1 36 , 0~0 

- - - - -
52, 000 

125,277 

81,181 

c::r· CJ 

H.\RT All!"; ?i&:..::£!\ ISL.;~;::. ~ lBV!:'! 

Volatiu 
~sidwe Co K..l Hg .'\:;; T. Cro cu Hi 

ir.g/l fi !!ljl k& 5/k& mg/xs ~/lei il'g/~mglkg 11:i.=1ka 

107 ,283 i.s.o 3.0 0.12 a . co 23.0 61.0 

100 , 000 39 . :'i 2.s 0 . 21i 10 .0 to. o 30 . 9 15.0 

- - - - - - - - - - - -- s le Loat: --- .. - - - -
97 ,924 30. 5 2.5 .31 25 .0 19.5 27. 6 lf3.0 

97,921j 30. 0 <~.s .ts 26.5 26.2 28.7 s-. .o 

Bll,600 33.2 .2s 9.6 17.B 29 . 3 63 

60 ,692 lfl . 96 <5 . 2~ 11 •• , 19.li i.2.66 91.3 

60,606 2 . .. 7 <0 . 8~ 24! .2 58. 39 SJ.6 

... oo <0.10 8.12 5.83 3.97 

~t~t!c·. r o .. , • > .. ..: :. 

Zn Hr. Cd re rb s 
ID~/kg 111elks mg/I-:& !:i/lcg n:g/i\i: ~/leg 

300 2,800 1.lS :!],350 6<; . 5 3C,:Hsu 

190 1, <170 .90 &,1.0 

- - - - - - - - - - - - - - - - - - - -
190 1,795 1.00 22.soo 143.0 1,712 

225 1,625 .Bo 22.2so 119.0 

390 1,920 1.2 &;6.5 

287 2,21t2 1.69 1+1.ass 62. 6 

n J 2,Sit9 <O.i2 If 7 .5 <.1 

136 ~8 0.1!1 O. l:! 



CCJ 
I 

en 

5~d~n': Sampling P.esults 

Grease 
l<jel N 6 Oil 

Date 5l11cs g/kg 

12-6-76 1,521 2, 493 

3-21-77 310 60 

4-18-77 

6-27-77 215 

S-14-77 755 

11-7-77 1,666 

4- 24- 78 133 2,161 

8-1-78 

!J-9-79 128 

HART AND lULU:R I SLA.'W SURVEY 

Volatile 
c.o.o. Residue Co Mo Hg As T . Cr 
!Wg mg/k~ •Ilk~ 3l5 m&[icg m~k& m~/kg 

B,697 7,671 6.5 <2.5 .009 Cl . 23 5 . 5 

13,900 13, 784 6.4 <2.S 0.10 <4.Cl 3.5 

- - - - - -- - - -- - - - - - - - - - S~le f.ost 

s.ooo 78,272 5.0 <2.5 . 09 20.0 3.5 

78,272 29.0 <2.5 .157 19.5 20.9 

31f,900 13.2 . 30 .90 

11,1111 10,652 5.97 <5 <0.02 2.5 2. 99 

31,200 <0 . 85 <0.85 6.28 

1.02 <0.10 1·.23 

t:::l· CJ . c:::J 

Statior. I. n. : ;ar 52S7 

Cu Hi 7.il Mn Cd Fe Pb s 
tig/kg mR/kg ms£ ks ~/lei:; lll&lk& 111g/k~ gg/i<g mg/lc!i 

11.3 405 250 . 15 '27,500 9.5 4,27 2 

5.3 10.s 385 333 .35 9 . 5 

-------- - - - - - - - - - - - - - - - - -
4.0 10.0 33 . 0 217 .25 3,050 9.5 68 

25 .S 49.0 214. 0 1,375 .75 20. 750 46,0 

2.0 7.8 26 142 <0. 5 5.2 

4,78 14 .6 38.8 36 8 < .s 3,960 9.96 

9.68 11.5 53.8 390 <0.85 <0.02 < . 1 

0 . 82 2.9 3.0 109 <0 . 1 0.95 

r · 

• 



Se diment S~ling Ra.S\JltS HART A.'f t> KILLl:R ISLAffil SURVEY St ation I . D. : XIf 6388 

Cr-ease Vola t ile 
Kje l K L Oil c.o.o. Resi due Co Mo Hg Ac T. Cr Cu Ni Zn Hn Cd Fe Pb s 

Date 5/kg 111s11c8 111slks tng/kg y/lrg !&lk& ~/leg !!Yl/kg 51;11cs 5£kis y/kg !!,&/ ks, gg/kg :stks_ ~g/kg ~lkfi q•/k;: 

12- 6- 70 1, 521 7,069 110,2:19 90, 490 42 . 5 2.s 0 . 10 4. 40 214 . 5 75 . 0 365 1. 700 1.55 19,500 75.0 l lt7,735 

3-21-77 761 785 102,00:> 89,235 36 . 5 3.0 0.24 <l+,0 17.S 29.0 41.5 235 1,625 LOS 4 1+ . 5 

4- 19-77 - - - - - - - - - - - - - ------- Supl e Lost - - - - - - - - - - ------ - ------
6- 21- 71 1,020 97 , 000 118, 197 32.0 2.5 .21 10.0 20.0 28 . 3 53.0 200 9~0 0 .90 15,200 '47.5 1,0% 

8- 4-77 78G 88,197 110.0 <2.5 .226 211.s 27.S 28.7 616.0 286 1, 725 1. 2"0 22,250 cn.o 

11- 7- 77 1,675 75, 400 37 . 8 .2i 10. s 20.4 38.0 89.0 380 1,6160 1.50 65.9 

co ll- 21f - 78 1,680 1,298 94,757 67,853 43. 0 <5 .19 lli.2 16.8 42.3 86.2 297 1,552 1.58 •13,608 64.3 I 
0\ 

e~t-78 15,694 73,170 ---- - · .. - - -- Too iuny shells to per f ort1 aet"al a1u1lya1s - - - - - - - - - - - - - - - <.1 

10- 9-79 8Jrt6 If .14 <0.10 . 5.9 7.06 5.7 75 214 0.24 e.oq 

r 

• 



tJJ 
I ...... 

5odi~~~~ 5att?lif16 ~sult~ 

G~ase 
l<je l H t Oil C. O. D. 

!Ja~e mg/k~ !il 'lcg mg/le~ 

12-5- 76 - - - - - - - - - - - - - -
3-21- 77 2,632 1,430 113,000 

4- 18-77 - - - - - - - - - - - -
6- '27-77 2,650 61, 900 

8-4-77 1,920 

11- 7- 77 1, 785 

4-24-78 2,750 1,611 .6 103, 645 

8-1-78 137,240 

10- 9-79 1,116 

:tART !Jfl'l HIJ.LtR ISl.Afia SURVEY S!.adon I. D. : X! f i.~'i !t 

Vol atile 
Res i due Co Uo Hg As T. Cr cu Ni Zn Hn Cd Fe Pb z 
m~g !£le& ~/kg mgLks ~/ks mg/k~ 'Clg/)cg: lllG/1<g i;'.g/lcg mg/k~ c;g/kg !:lg/kl :ig!kg ~'ks; 

- - - - - - - - - - - -- - - - - Statior. Iced :n - - - - - ------ - - - - -- --
101. 538 28. 5 2.s . 35 7. 0 50. 0 55.: lf'l. O 305 7S5 1. 75 68. 5 

- - - - - - - - - - - - --- Sample Los t - - - -- ------ - - - - - - ------ - - - - - - - - - - - -
96,755 15.5 <2,S . 29 25.0 46.5 36. 6 3!l .S 200 353 1.05 is.sac s:. .o 350 

96 , 755 24.0 <2 . 5 .26 22.0 62.5 47.5 55.0 287 575 1, 50 21,000 80.0 

eo.100 17. B .sso 9.0 %.2 55.1 59 300 450 1.2 83.9 9.0 

83, 375 25.6 <S .35 7.7 39.2 60.3 70.lt 1+07 1,002 1.119 36,210 72 .C 

219,780 <0 , l 

3, 7 <0.10 25.4 17. 4 11.3 87 911 0,37 lit.O 

;'· .. 

. , 

CJ' c:J . c::J 



gg 
I 

co 

SediJDeot Sampllna Results 

Date 
Xjel K 
11111/kg 

3/15/72 3.950 

9/29 /72 

2/14/73 

8/20/74 

313 

250 

815 

4/22/75 2,145 

'/ /21/75 4.121 

10/20/75 3. 203 

2/ 23/76 

6/24/76 676 

3/21/77 2,261 

4/ l f.J/77 

6/27/77 

8/4/ '17 

ll/7/77 1,5·;5 

4/24/78 1,400 

8/1/78 

10/9/78 952 

• 

Grease 
'Oil 
iy/ki 

C. O.D. 
11/kg 

935 310,545 

69 .. 

3, 340 101 . 000 

670 7,690 

1.1t68 77,600 

1,uo u a.ooo 

1,910 · 100 ,000 

1,535 106 .000 

681 000 

1,455 

Volc.1t .ile 
JW:; l d\le 

cig/kg 

7,600 

76.160 

99,020 

lf9. 300 

Tl . 7 34 

92, 936 

90 , 083 

90,082 

81.200 

82.810 

88.235 

HART MID HI LU:R. I SLAM D SURVEY Statioo l.D.: xrr 3064 

Co Ko H~ As T. Cr Cu Mi Zn Hn Cd re Po S • 
_..;!llg::a:.lk;;;&111t.-...;:.11&a:l:.;;k:ag.__.::.11&:a.:..:lk~g;a..._...:!6::a:.l;;;kas_=!Ja;lk;.;,:si&.__...;;,11:11g:!../k:;;,jgL--m;;;ig~/..:::k;Ke_..;:;!S;a:..:lk:;.i;&1..-_..;;"'g~/k;;..ig"--..;r:;;;ji:g"-/""'k ... &_ ... 111..,g/~k"'g.__...;.111g..><.:.../k""g..___1t__.f.._'~ 

77 , 7 <O. S 0. 030 <.C01 57.6 4 135,5 665 

74 

25 

77 .5 

219 ,2 

55 

83.2 

55,8 

Slt .5 

43.5 

40 , S 

72 . S 

:;7 .:i 

lfS.9 

<3, 9 0,03 0. 18 3.9 7. B 

31 0.125 10.6 65 69 

<5 0.109 9 24 26 

5 0. 31f 42.5 61 . 2 

9 o , JS 5 .6 109.6 165. 2 

<13 c.21 6,6 28.7 

<9.:& 0.27 1.20 53.3 

<6,3 0.60 1,SJ 118.0 

:? . 5 0.76 l lt , 00 Jlt.O 

3,0 o.ss 6.0 iw.o 

2.5 .22 20.0 18.0 

2.5 .227 26.0 

.210 11.7 

40.0 

36,0 

<5 .27'> 10,7 32.7 

lf8 

58 .9 

55.13 

44 . 0 

30.7 

51.:?5 

3.34 <0 , 93 1t7.G8 7& . 07 

5 . 87 <0.10 15.00 10.90 

16 11 

102 396 

42 235 

91.2 656 

96 526 

580 

657 

85 . 5 5110 

51.0 360 

50 . 0 335 

92 .5 535 

66 i.oo 

11:..e 380 

65,169 lt28 

11.80 11f8 

1100 

775 

1.201 

o. 71 

2.&65 2.21 

1.88 

1.i.o 22.2so 93. o ~i a ,9~o 

1 0fi10 1.25 1 .. . 0 

2 .375 1.00 2~ .soo s~ .o 

1.20 29,750 a~.o 

1,370 0.9 72.U 

2, 215 t . •B 39,ij~Q 75.1 

1 . 11 74 .OJ 

0.25 12.00 

, 
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Sedi~nt Sampling Results HART NfD HILLER ISLAAD SURVEY Statian I.D. : XIF 4161 

Grease Volatile 
Kjel N & Oil C.O. D. Residua Co Mo Hg As T. Cr Cu Mi Zn Hn Cd Fe Pb S 

_Da_te_. __ lillfk-=--g=---lllg/k-=-""'l<------·"""-'/k~gL..-__ 111;.:,ig;<;./k.;.;;g,.,___......;;.mg/""""'k;.,g.___..;;mg/kg;z..;....._......;;.111.;.,g._/k;.;og~....;;lll;;,ig/1c~g"--....;;mg/=...;.;,kg.,___mg~/kg~-.;.;.;3'k~;;a;;1g......;;.-"'mg""'/k~g--:ig/JcJ-=-_,.,-.... ag/k"""-.... g __ 5=/k__..g __ ag/kg=--=--~-=--k-=g 

3/15/72 4,650 

9/29/72 2. 989 

2/14/73 3 

B/20/74 205 

4/22/75 2,590 

7/21/75 1,564 

10/20/75 3,215 

2/23/76 

6/24/76 770 

12/6/76 3,053 

3/21/77 

lf/18/77 

6/27/77 

8/4/77 

314 

11 /7/77 1,500 

4/24/78 111 

8/1/78 

10/9/78 246 

1,460 165,670 73,800 

826 68 100,000 

1,000 3,300 2,300 

1,295 6,150 15,696 

2,590 104,700 64,300 

716 54,000 39, 893 

1,011 123, 300 39,280 

700 

1,190 11.1, 705 

16,376 

75 11,600 13,100 

240 29, 738 

150 

58,300 

33,227 9,143 

20,833 

C::l 

42.9 <0.5 

71 <6.B 

5.1 3.2 

2.5 <5 

65 0.4 

69 <13 

27.6 <6.0 

11.S <6.3 

11.0 <2.5 

5.85 <2 ,5 

4.5 <2.5 

B.3 <2.5 

8. 1 

3. 70 <5 

<0.82 <D.82 

0.42 <0.10 

0.019 <.001 48.6 3,5 100 454 2. Bit? 

0.24 0,65 53 65 102 400 2, 770 

0.009 0. 49 2.3 2.7 15 25 757 

0.020 1 4.5 3.2 7.5 29 175 

0.32 31 . 25 51.2 76 262 3,067 

1.36 

0.23 6 . 3 33.3 48 122 608 1.65 

0.23 1.00 26.8 23.B 29.6 238 0.95 

2.08 1.13 20.0 11.2 15.0 99 598 o.&-3 

0.16 0.12 llf,5 18.S 106 290 0.50 5,500 30.0 20,377 

0.10 <4.0 6.5 7.0 12.S 47,S lf18 . 110 12.0 

Smiple Lost - - - - - -- - - - - - - - - - - - - - - - - - - -- - - - - - -
0.065 25.0 

o.oao 12.0 

.19 1.5 

,03 .90 

5.5 5.4 

9.35 11.2 

10.6 10.3 

6.18 

8 .40 28. 83 

0.86 1.04 

8.0 

14.6 

13 

16.2 

10.5 

0 , 9 

38,5 

92.S 

88 

42 

61.78 

2.81 

133 .50 2 1 7$0 10,0 124 

565 .90 71 100 21.S 

300 <0.5 18 .6 

<.5 

436 <0.82 11.37 <.1 

25 <0.10 0.13 

_ .. 
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Sed•nt Saripling Results 

Kjel N 
5/kg 

3/15 /72 5, 900 

9/29/72 2,906 

2/14/73 

8/20/74 

330 

875 

4/22/75 2.11 .. 

7121/75 3.185 

10/20/75 3,477 

2/23/16 

6/24/76 2. 833 

12/6/76 1,911 

3/21/77 2.128 

4/ 1R/77 

f, /27/77 

8/4/77 

1117/77 1,615 

4/'t4/78 1,108 

8/1/78 

10/9/78 960 

• 

Crease 
€. Oil 
11glkg 

C.O.D. 
111tl kg 

Volati le 
l!anickae 
5 /kg 

~20 15G, 480 65,500 

1 ,170 

2,680 63. uo '15 ,49~ 

12,300 109 ,124 

2,~70 127,400 74,500 

ll65 !)2,000 

2. 395 109,000 77, 272 

5,587 119 ,ll29 103,196 

690 

96,690 

87,900 

1,081 116,310 73,555 

HART AND PtILLER ISLAND SURVEY 

Co 
mg/lcs 

Ho 
mg/kg 

56 . 4 <o . 5 

BS 

'10 

27 

50 

158.8 

50 

55 

53 

~. o 

<6,8 

6 . 7 

<5 

5.5 

8.9 

<13 

C3, 2 

C6.,. 3 

2.5 

2.5 

30.0 <2.5 

32.S <2 .5 

:Jj .2 

47.1 <S 

2 . 26 <0.94 

6 .44 <0.10 

Ha 
111/kg 

0.040 <, (i()l 52.7 2 .0 

0.22 0.32 49.7 66.7 

0.151 1.95 

0. 082 8 19 20 

0. 34 27,50 43, 7 

0.29 3.20 82. 7 106.lt 

0.17 s.~ 31. S lf1 

0 . 26 0,6 :!1,8 

0.50 3. 7lf • 88.8 lflf,0 

0.55 7.50 

.22 7.0 

S1.119le Lost 

.20 20.0 

.1S 2~.S 

.36 12.:? 

,35 5.4 

26.5 

20.0 2i ,G 

23.0 

23.75 30.0 

19.6 29.;> 

27.4 47 . 8 

25.56 sa..89 

9.81 8 ,59 

Hi 
g/kg 

117. 1 

114 

Blj 

33 

60.0 

Station I. D.: XIF lt2BS 

Zn 
11!:8 /~g 

369 3,0 80 

195 175 

261 3,062 

Cd 
q /kg 

Pb 
aig/kg 

s 
111i/lq~ 

258.5 1,329 8, 41l9 

76 

56.9 

65 . 0 

se .o 

32.5 

39.5 

52.5 

5o . o 

85.0 

49 , 8 

11.0 

390 2,930 0.9 .. 

360 1 . 1tttl 2.05 

314 2,510 1.37 

310 2,151 1.os 21 , 50~ 71.0 11S,7GC 

• es .. '1 . 0 

200 1,360 1.00 23 , 5CO :.o.c 

262 t,600 

250 1,900 0 . 90 !iv. 1 

350 2 0 840 1.60 45,90J 7J.O 

281 1.203 1.13 76 . 5? <.1 

73 48.. 0 . 19 9.16 

,. .. 
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Sediment Sampling Results 

r..ate 
Kjel N 
mg/kg 

3/ 15/72 3, 400 

9/29/72 2,485 

2/14/73 

8/20/74 

270 

840 

4/'Z.2175 2,431 

7/21/75 3, 756 

10/20/75 4,010 

2/23/76 

6/24/76 4, 621 

12/6/76 4,030 

3/21/77 2 .195 

14/18/77 

6/27/77 

8/4/77 

11/7/77 1.162 

4/24/78 1.920 

8/1/78 

10/9/78 925 

.. 

Grwase 
i Oil 
mg/ i<g 

1 1 01s 

764 

3,280 

1. 755 

2 , 1160 

1,206 

1,145 

730 

940 

665 

1,226 

C. O. D. 
~/kg 

125,785 

Volatile 
Reaid~ 

mg/kg 

Slf,700 

89,700 

18,455 113,256 

~.ooo 

131,100 

132,300 53,690 

98. 700 

112,000 77,253 

107, 719 97,829 

92,700 81,921 

9S 1 21f3 

95,~43 

75,100 

111,633 78,212 

HART AND KILLER I SLAHD SURVEY 

Ho 
mg/leg 

57.6 <0.5 

71 <S.9 

48 5 .9 

31 <5 

42.S s 

162.8 10. 2 

SB <13 

59 <8.7 

67 .4 <6.3 

44 .0 2.5 

3lf .s 3.0 

24.0 2.S 

31.S <2.5 

23. 1 

39.4 <5 

2.53 <1.15 

3.22 <0.10 

Hg 
mg/leg 

0.29 

0.18 

As 
:g/Xg 

<.001 

0.43 

0 .112 4. 9 

0.083 5 

0 . 37 

0.20 3.1 

0.29 5.3 

0.29 o.e 

0.49 1.67 

0 . 40 

.24 9.50 

S.-ple Loet 

.19 2s.o 

.192 2~. o 

.10 10.5 

.23 10. 7 

T. Cr 
. . g/"l<g 

53. 4 3.S 

42 . 9 57.6 

31 41 

18 26 

8.25 44.S 

95.2 109 

30.5 47 

36.4 48.S 

101.5 ss.a 
29.0 

17.5 32.8 

111 . 0 22.4 

32.5 31.2 

20.7 25.0 

28.9 46 . 2 

37.24 82.9 

5.93 5.63 

133.6 

89 

59 

52 

60 

Station I.D.: XIF 4785 

450.76 5,152 

390 

303 1,780 

21f5 1,200 

312.5 2,000 

Cd 
:r:g/kg 

re 
r:ig/kg 

276.2 1,201 

96 

57.6 

101 . 3 

66. 5 

39.0 

35 ,S 

Stt.O 

39.0 

79.8 

58.4 

6.3 

538 

372 

lf78 

375 

260 

165 

281 

290 

379 

370 

65 

• 

2,331 

920 

1,100 

1,310 

1.9'16 

107 

1.51 

1,39 

2,13 

1.20 20,700 

1.os 

1.00 16,500 

• 90 23, 750 

1.9 

1.so 38,224 

1.15 

0.20 

78. 0 135,228 

ss.o 

111.5 700 

57.5 

"°· 8 

1i..s 

61.8 <,1 

6.5 
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!.ieditnent Saapling Result$ 

Date 

3/15/72 

9 /29 /72 

2/11+/73 

8/20/7 .. 

Kjc l If 
ma/k1 

130 

193 

67 

105 

4/22/75 2, 426 

7/21/75 2,222 

10/20/75 60 .. 

2/23/76 

6/2&1 /76 533 

Grecse 
r. 011 
mg/kg 

895 

81 

2,,.00 

95 

c.o.D. 
mg/kg 

1,975 

2 

19,p o 

770 

2, 110 103,100 

1,027 69,900 

231 22,600 

1,510 32,500 

31,300 

Volatile 
R.!sidue 
mg/kg 

2,000 

11,270 

Co 
9/Jc:g 

<0.1 

15 . IJ 

9.S 

<1 

51.~ 

72.9 

7 

31.1 

c::.J 

HAR'!' AflD !iILLE R I SLAND SURVEY 

Ho 
y/lr:g 

<O . S 

<3.8 

'+. 7 

<S 

s.o 

{,, 0 

<13 

<IJ.O 

.:6.3 

Hg 
mg/kg 

As 
mg/kg 

T. CI' 
a g /k11 

.006 <.001 1 . 8 

.02 ... 6 <2.0 

. 066 1. 5 6.7 

.009 <0. 1 1 . 0 

. ll8 30.S 

.25 1.68 20,5 

.1'+ .6 3.9 

.11 0.90 

.10 o. 75 12.e 

12/ 6/76 - - - - - - - - - - - - - - - - - - - - - StatiCll Iced In 

3/21/77 529 55 7,120 2.1 .oe <i+.o 2.0 

Cu 
mg/leg 

o.8 

s.o 

9.1 

1.0 

.. s.2 

55.0 

7 

12.5 

13.3 

2. 8 

Station I . D. : XIr 5578 

Ni 
111g/kg 

Zn 
i;ig/kg 

Hn 
ag/kg 

10 . 0 13.41t 31 

67 

19 . 7 55 ltOS 

1.2 6.2 115 

79 . S 381 2. 3163 

17-i+ .7 7118.S 3,593 

14 87 579 

17.0 102 

20.0 131& 614 

5.0 180 303 

Cd 
.,~, 

0.39 

0.61+ 

0.75 

.25 

Fe 
mg/kg 

Pb 
q /kg 

6.0 

4/18/ 77 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • S..eple Lost - - - - - - - - - - - - - - - - - - - - - - - - - -

6 /') 7/77 190 s.o <2.S .90 10.0 

8/i+/77 55 6,153 2.6 <2.S . OltO <10.0 

11/7/'/7 1,533 73,700 15.5 .21 5.9 

11/21+/78 .. 81 25,1111 14.3 <5.0 .108 3.6 

8/01/78 3,921f 153,8'+6 <0. 86 <0. 86 

10/9/78 598 .- 1.00 <0.10 

• 

s.s 
2.25 

17. 8 

10.9 

2.lt 

3.69 

5.3 

22.7 

16.0 

2.lt 

2.01 

10.S 111.0 

4.2 16.0 

37 . 8 190 

36.2 110 

4.6 17.7 

2.6 30. 3 

303 

260 

600 

<.25 1,275 

.GO 

s.s 

38 ... 

680 ,60 9,700 30.3 

163 <0 . 86 3 . 97 

0.09 2.18 

I' . 

l i. .o 

<,1 



m 
I .... 

w 

SedillM!nt Sampling Results 

Dat e 
Kjel N 
Qg/kg 

3/15/72 4. 450 

9/29/72 1,220 

2/14/73 250 

8/20/74 575 

4/22/75 2 1 622 

7/21/75 2,619 

10/20/75 3.472 

2/')3/76 

6/ 24 /76 969 

1'.?/6/76 3,54 3 

3/21/77 1.642 

4/U/77 

6/27/77 

8/ t+/77 

11/7/77 1,024 

!!,/24/78 1.120 

8/1/78 

10/ 9/78 895 

• 

Grease 
& Oi l 
mg/kg 

4,185 

253 

2, 460 

1,610 

2, 187 

1,109 

1,050 

1,313 

7,790 

SSS 

855 

s.ess 

809 

c.o.o. 
g/kg 

115,320 

24 

98, ~40 

9, 225 

107,000 

111 , 800 

102.000 

39,000 

Volatile 
Residue 
ll!J/ kg 

96,000 

36,500 

68, 480 

95 , 912 

70 , 600 

68,526 

5,648 

24 , 309 

106,550 110,902 

96,000 

96,000 91,495 

75,400 

107,lt14 

Co 
mg/kg 

51.9 

39 

63 

24 

37 . 5 

HART AND MILLER I SLAM!} SURVEY 

Mo 
1111/ks 

<0.5 

<3.6 

4.4 

<S 

3.5 

Hg 
!'&/kg 

As 
mg/kg 

. 043 <.001 

.09 .42 

.36 4.2 

.157 3.0 

.55 

T. Cr 
mg/ kg 

54.8 

56 

23 

14 . 5 

Cu 
mg/kg 

2.0 126.3 

24.2 112 

65 120 

26 49 

41.2 60 

Station I . D.: XIF 5975 

Zn 
g/kg 

Mn 
mg/kg 

1+94 1,679 

455 2 ,360 

2~ 925 

281 788 

Cd 
~rt<& 

Fe 
~/kg 

Pb 
i:g/ kg 

161.4 9.7 .15 2, 30 87, 6 126.9 344 .0 1,241 7,310 

65.0 <13 ,44 6.9 

14.4 <B. 7 .62 1.90 

S0.9 <6.3 0.24 o. 71 

45 . 0 3.0 0.81 s.so 

34.0 2.S 

27.0 <2.5 

35 . 0 <2.5 

32.2 

39.0 <5 

1.61 <1.0 

4 . 26 <0.10 

.25 9.0 

Saple Loet 

.34 10.0 

.302 26.0 

.33 13.3 

,39 10 . 1 

33. 0 

47.7 

72 . 3 

30.0 

27.D 

27. S 

35,0 

30.6 

23.6 

8.6 

12.1 

46 93 

48.9 88.B 

91.0 

32.0 47.S 

29.0 50.S 

31.25 66.S 

38, 9 72 

4S.9 113 

18.6 

7.4 72.9 

444 1,739 

1126 1. 736 

415 1,800 

235 1,520 

205 830 

290 1,225 

270 1,150 

279 1,181t 

79 154 

• 

1.64 

2. 08 

2. 00 

1 . 65 21,000 91.0 152,887 . 

1.00 52.0 

1.00 16,000 52.0 

1.15 19,750 66.0 

1 . 00 71.9 

1. 69 27,563 80.6 

1 . 00 

o. 32 

36. 7 

7,6 

1.0~0 

<.1 
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!;ediment Sampling Resu l t s 

Date 

3/15/72 

Kjel N 
• §/lr. g 

150 

9/29/72 1,3't0 

2/14/73 

8/20/74 

4/22175 

7/21/75 

11 

135 

86 

10/20/75 1.328 

2/23/76 

6/2 .. /76 

12/6/76 

3/21 /77 

4/18/77 

C./27/77 

8/4/17 

869 

320 

665 

• 

Gz-e~e 

& Oil 
5 /kg 

SltJ 

1,790 

215 

500 

152 

305 

155 

9,087 

160 

155 

10 

c.o.o. 
iy/kg 

26 

966 

26, 300 

Volat i le 
Residue 
mg/kg 

36.500 

3, ooo 

31,640 

2 1 80() 

2,767 

3,906 

27,553 

11,537 

lf , 537 

Co 
mg/kg 

2.86 

32 

7.1 

7.5 

lf . 2 

5. 9 

12 

3. 01 

23.S 

5.0 

a.a 

... o 

2. 8 

HART AND MILLER ISLAllD SURvtY 

Ho 
l!!g/kg 

<O.S 

<3.6 

1.6 

<5 

Hg 
!l&f kg 

As 
!6/kg 

.019 <.001 

.09 .31f 

.ocn .19 

.029 2 . 00 

3.0 <.01 

2.s .016 . 32 

<13 .07 .6 

<3. 8 0 . 02 o. ao 

<6.1 0. 21f 0 . 71 

<2.5 0.01 0 ,03 

3.0 

<2.5 

<2 . 5 

. 13 <If ,0 

Sapla Loat 

.90 ' 10. 0 

.011 <10,0 

T. Cr 
•&/kg 

2 . 8 

27.0 

1.6 

7.0 

.75 

1. 9 

3.9 

0 . 98 

34.1 

1.s 

5.0 

3.5 

Cu 
11111/kg 

1. 2 

28 . 8 

3.2 

7.9 

3,0 

2.8 

119 

3,3 

18.9 

a.o 

3.70 

1.50 

Ni 
111g/kg 

22 . 8 

26 

lit. 5 

15.0 

13.lf 

25 

17,lf 

lfO.O 

21f.O 

119. 5 

9,0 

5.2 

!n 
mg/kg 

20. 61 

178 

36 

61 

Station I . D.: xir 5793 

Mn 
!6/kg 

792 

966 

162 

675 

Cd 
ag/kg 

re 
111g/kg 

29.25 1,475 

28 996 

96 467 0 . 49 

o.oo 

193 663 1. 00 

JOO 2, 700 0.45 580 

70 810 .lfO 

26.0 

15.0 655 <, '25 1 , 215 

Pb 
iag/~g 

16,0 

7,5 

s.o 
11/7/77 - - - - - - - - - - - - - - - - - - - - - - - - - - - Saapla Kiaeln1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

lf/21tl78 

B/J./78 

10/9/78 

346 

263 

• 

2,58'1 5,lf47 5.38 <5.0 .so 

75,000 <0.87 <0.87 

1.0lt <0.10 

.70 2. 99 24. 9 39.9 1.103 <. 50 1,5l'+ 

S.52 9.07 111.2 59 . 2 293 18. 68 11.03 

1.32 0.92 2.98 32.9 166 0 . 11 0,13 

, . 

• 

s 
llg/ it.g 

13 



fl 

0 
a 
0 
n 
0 
i 
0 
n 
0 
0 
0 
D 
0 
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D 
D 
D 
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D . 
n 
0 
0 
0 
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BIOLOGICAL DATA 
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NMT - M'JLLtll 15LAICn 51111VEY 
llOlnGl CAL ftNDINCS 

Station XIG 6405 

S#FLiltCi ~lt 0 Ill 11 II nu JV r YI Ill VI II IY rm I 
OlllllMISM lS.12 14•7J lt-74 20-74 H-75 zo-75 H-76 1-76 27-77 1-11 24-71 1-78 9-78 

IPERTtAN 
&Mtdllnt1fted sp. 1 z 

2 

J 

1 1 a 5 
2 1 

4 5 4 ' 2 ZJ 2 52 38 69 

n 1 
1 

p 
z 1 1 z 1 z 2 1 J ' 14 

11 
1 

1 
u 

• J 
•32 -- 5 5 2 

39 10 423 10 51 JS '' 
5 1 

1 0 
5 

1 a 
z 0 

50 512 21 38 l Iii 2 

1 0 
Total I af Tua ' 4 l • 1 2 • 11 J 7 J • 5 5 
Total I of Orq1nh115 463 1l 50 515 54 25 115 5 458 13 126 93 186 
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LETTER RECO,.,ENllING PARAMETERS 
TO BE SAM'LED (1971) 
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DON A. l!:MCIHON 

ATTACHM:.s :.• #1 
page l of 4 

STATE OF MARYL.AND· 

DEPARTMENT OF WATER RESOURCES 
STATE OFFICE BUIL.OING 

ANNAPOLIS. MARYLAND Z 1•01 

October 29, 1971 

Water Quality Investigation 
Hart and Miller·Island 

Disposal Area 

PAUi.. W. M~l( EE 

DUUl.CTOlll 

I. Freguer.c;y -

Every 3 months cainciding lr."i tb photographic surveil.!ance. 

II. §taticna -

Humb_ers l thru 9 as shown on accompanying map .. 

III. Sampling and Analysis of Water -

l) Verticle profiles at each station for dissolved 
oxygen, temperature, pH and conductivity/sali~ity. 
TheEe will be made in the field. 

2) For each of the 9 stations, samples for the fol­
lowing analyses will be made for surface and 
bottom water. 

a. Total Chromium 

b. Copper 

c. Nickel 

d. Cobalt 

r. Molybdenum 

g. Zinc 

h. Manganese 
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AT'l' :,t;HHENT #1 
Pa~f' 2 of 4 
Water ~uality Investigation 
Hart and Miller Island 
Di~po~al Area 
Page 2 
October 29, 19?1 

i • Mercury 
• 

j. Arsenic 

k. Suspended solids, turbidity 

l. pH 

m. D.O. 

n. BOD5 
o. Nitrogen Cycle 

1) NH3 
2) TKH 

3) N02 

l+) N03 

P• Orthophosphate 

q. Total phophoroas 

r. Chlorophyll .! 

s. Grease and oil 

t. T.o.c. 
u. c.o.D. 
v. Sulfides 

IV. SamElins and ~nal;tsis of Sediments of Eacl:. of the 

a. Volatile Solids 

b. c.o.D. 
c. Total Kjeldahl Nitrogen 

d. Oil-grease 

e. Chromium 

f. Copper 

g. Nickel 

- D-2 -
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AT'i.'ACHMENT #1 
Pat;e 3 of 4 
#at~r ~uality Investi6ation 
Hart and Miller Island 
Disposal Area 
Page 3. 
October 29, 1971 

h. Cobalt 

i. Cadmium 

j. Kolybdenum 

k. Zinc 

1. Manganese 

m. Mercury 

n. Arsenic 

o. Sulfides 

V. Sampling and Analysio of Biota -

The rangia clam, Rangea cuneata, iG the selected 
test organism for monitoring. 

1) The heavy metals listed above. 

2) Chlorinated hydrocarbon pestic~des including 
breakdown products which may produce toxic effects. 

3) Organo-phosJhate pesticides. 

VI. Ecological Study -

Concurrently an ecological survey of the marine 
ecosystem will be 'made to enumerate populations 
befor~, during and after construction of the diked 
spoil disposal facility. 

The Maryland Fish and Wildlife Administration should be directed 
by the Department of Hatural Resources to carry-out the biological 
survey and to supply samples of the Rangia Clam tand other organises 
if needed) !or heavy metals and pesticides analynes. 

This proposal is a modification of the proposal submitted August 13, 
1971, which WBfi reviewed and recommended for approval by the Committee 
for Dradee Spoil ~isposal from ~altimore Harbor. 
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AT'l'"cm:~NT #1 
Page 4 o! 4 
~ater ~uality Investigation 
Hart and Miller Island 
Di::;posal A.res 
f'age 4 
October 29, 1971 

The earlier proposal included a biological survey and some 
chemical analyses by Environmental Protection Agency. 

This revised proposal includes analyses ro~tinely made by 
Environmental Protection Agency for dredged spoil. Although all 
parameters routinely measured by Environmental I•rotection Agency and 
criteria for excessive concentrations may not be recognized or 
accepted by Maryland these parameters have been included in the pro­
posed program in order that the State C&ll provide its own data for 
decision making. 
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