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EVALUATION OF POLLUTICH CQNDITICHS IN THE ARTHUR KILL

The Arthur X111 1s a tidal strait, 13miles in length,
connecting Mewark Bay at Elizabethport with Raritan Bay at
Tottenville, It separates Unlon and Mdddiesex Counties of New Jorsey
fron the westem shm. of Staten Island, Decause of its use for
navigation by fairly larhs vesssls, such 3 oil tankers, a chamel
30 to 35 feet desp and from 400 to 800 feet wide has been dredged
throughout the length of the Kill,

In considering the tidal and polluticnal characteristics of the
K411, it has been found convenient to separate it into two zones, the
dividing line being the scuthern end of the Fresh Kills Neach (cha,t

286, U.S.C.&(3.5.), The northern zone is camparatively naryow,
cormeets with the polluted waters of Newark Bay and receivesn the
major portion of the pollution diacharging directly into the Arthur
K41l. The southern sone is fairly wide, receives a lower pollutional
load and terminates in the less polluted Raritan Bay,

A consideration in such separation is that the Fresh Eills area
represents the limits of the tidal excursions from Newark Bay and
Raritan Bay waters into the Arthur Ki11l. Pollution discharging into
the Fresh Kills area therefore experiences difficulty in being carried
out af the Kill through either the northem or southern route, and so
a greater portion of its ultimate oxygen demand is exerted in the Kil1,



Tahle 1
DIMENSIONS AMND TIDAL CHARACTERISTICS OF THE ARTHUR KILL .

Tidal lag at Elizsbeth 0.7 hours after Tottenvills,

: Tottenville to Fresh K111s
Characteristic Axthue K411 Fresh Kills to Elizabetiy
Langth, niles i) 6 7
Area, 8q. ft. 124,000,000 80,000,000 44,000,000
Volums, cu. ft., 2,170,000,000 1,230,000,000 940,000,000
low water
Vo.lnmb, ca, ft., 2,790,060,0& l.w,m,m 1’150’003.(“)
high mater
Tidal prisa, cu. ft. 620,000,000 410,000,000 210,000,000
Tidal range, fe. 449 5.1 4.8
Duration of flood, hrs. 6e5 - -
* Duration of .bb,_ hrsa. 509 _— -
Tidal ciroulation, days - 1.80 257
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The dinamslonil and $idal charasterlstiss of the Kill ars prezented
in TaMle 1.. I% is aignificant thai the more highly polluted morthem
zone poszesses only ons-third of tha todal watar surface in somiact with
the atmosphere for reasraticn, Futherrsore, the mortherm zome hag
groeatar average depth, henm‘t&dal adrculation 13 1sss effastive in
rauoving pollutien,

It should be noted that thaers is little frash water drainage into
ths K1) %o ald 4n 1ty gireulation, Net flow out of the Kill, therefors,
is comprised substantially of tha flows assoeiated with waste discharges,

The Interstate Sanitatlon Cormission has elassified the Arthur Xi11
asg Class B waters except for the seall sortion ¢f the Xill south of
Quterdridge which 1s Class A,

9 of xt i
The amual Harbor I;ollntion Survey of the City of New York has
rﬂéula.r]y ingluded saapling the walers of the Arthur FKill aince 1925,
Samaples for analysis are taiken from near the water swfacs =nd severnl
feat above the bottom during the summer, usually fron mid-June to mide
September., The sampling points, from scuth to north, are as follows:
1. Tottenville, near the southemn end af the HKill.
2, Fresh Kills, nsar the mid-point of the Kill.
~ 3. B&0 Drawbridgs, near the northern end of the Kill in the
vicinity of the outfall of the Elizabeth-Joint Keeting plant,
4. Shooters Island, just outaide the K{1l in Newark Bay, which
18 useful in evalusting the waters at the northern and,
Individual survey records for dissolved oxygen are avallable gince
1930, The average dilssolved oxysen saturation for the respective



Figure 1
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sampling points is showa in Flgure 1. A 3-ymar moving averige was
used in order to better illustrate trends and mindmize the effoct of
variations in tidal and weather conditiona,

This figure shoas-thab the arthur K111 at Tottenvills is not as
yot a sericus smitary problem, Howewvsr, the tread in dissolved
oxygsn has been dosmward there since the early 1940%3, and caution is
indigated in regaxd to further increasing the pollutional load Af it
is dsaiyed %o maintain an averz=ge ogygen saturation above 50 per cent.
(Tottenville 4s in Class A watars,)

At Fresh Xills pollution conditions wexe not serious throush the
1930's, However, in 1941 a sharp downward trend in the dissolved
oxygea began which culminatad in the waters of the Fresh ille area
becaulng a nuisance, This trend eaineldad with the increased
indnstrial activity during and after ths war years,

The Arthur Kill at the 50 Drldge has been soricusly pollutad
for decades by thz discharge of large cuantities of sewage in that
immediate area, As 2 resuli of sharply inereased industrlal wastes
leads superimpossd en a gradually increasing zewage load, the waters
of this area have so deteriorated as to now possess the unenviable
distinction of being the most degraded of lNew York Harbor 4in resard to
dissolved oxygen, as indicated in the Harbor Pollution Survey,

Sand tary conditions Just outside the northem entiance to the
Arthur Ki1] may be Judzed by the data for Shootars Island, These data
show a dowmward trend of dissolved oexygen starting =t about the sane
paeriod as the other stations, Howewer, the rate of decrease is
significantly less at Shooters Island, the average dissolved agyren



not yet having been loversd %o 30 per cext of sabturation, This
apparently resulig frcz the high rate of Interchonge between the
waters of Upper lew York Bay and lNewark Bay through the relatively

short i1l Van Xull,

Pollutional Iead on Arthup X311
The extrome conditions in the Arthur Xill, which becams apparent

daring the war, are evidently the result of a larg® and growing
pollutional load. The magnitude of this load may bo evaluated in a
mumwr of ways. Since the major problem i3 that of abating a
miisanes, the pertlinent characteristie of the load 1s its hMochemieal
oxyzen damand,

The records of the Interstate Sanitation Camission were comsulted
for infamation as to the direst leads 1mpesed on the Arthwr Kill, These
loads consist of raw domestie zewage, effluenta from municipal sewage
plants, and large cuantities of industrial wastes discharzed in or near
the Arthur Kill. Of the total B.0.D., dischargsd, not all can be
eonsidered as directly applied lcad because same is carried cut of the
Ki1l ismediately and does not reappear. Thus for Perth Amboy, situated
&t the southsrn end of the Kill, only one-half of the discharged load
is conaidered to apply divectly, the other half being carried away into
Raritan Bay on the abb tide,

The pollutional load on the Arthur Kill is showm in Table 2,

This indicates that the industrial waste load ecmprises about one-half
of the entd.ro bilochanical axysan demand on the Arthwr Kill, The
Interstate Sanitation Camnission Industrial Wastes Inventory also shows
quartities of aclds, oils, greases and taxic substances contributing to
the degradation of these waters, the main sources arising from Union



Table 2
POLLUTIONAL LOAD ON ARTHUR KILL

Porulation Flow ) Total 5-Day ' Total 5-3:';;/'
3&12‘03 (mmzr!iS) 3'.G.D. .CI.O.D' Disc:’l«"lr,’jed ».3.3. Awhed
Los/Day Lbs/Day
Port Richnond 35 5 3,000 1,000
Industrial, East - 7 123,000 9,000
Shore (6 plants)
Blizabeth Jeint 350 38 38,000 26,000
Yeeting
Elizabeth (mtreated) 50 5 10,000 5,000
Linden-Roselle 53 13 8,000 8,000
Rahway Valley &0 % 4,000 4,5,000
Industrial, .csh - 218 - 44,5000 42,5000
Shore (B plants)
Ststen Island, 1o 2 2,000 2,000
gsevered (est,.) . ; ‘
Carteret 13 3 2,000 2,000
weodbridge 22 3 3,000 3,000
Perth .imboy Al 7 9,000 4,000
Total 102,000
Industrial 53,000
Munisipal 55,000
East Side 12,000
liest Side 96,000




County, New Jersey,

The other sinsle large sourcs af pollution is the discharge of
settled sewage from the Flizadeth—Jjolnt Yeetdng plamt, Inasmuch as
the outfall is sitnated about ans-and-gno-~marter miles insids the
northern entrance to the Arthur Ki1l, mo-tuirds of the load was
estimated to apply directly to the i1,

Fith the addition of the other smaller scurces of pollution,

& total applied load of same 108,000 lba per day of S=-day 20°C B.0.D.
is exarting itas influenge in the Axthur K11, a2 compared to a total
of 141,000 1bs per day dischargzed,

| Another way of computing the B.0.D. load on ths Arthur Kill is
fyen the 3,0.D. analyses mrls Yr tha Harbor Survey. Such figures sre
avallahls continurusly Lrom 1939. From these fisures a profils of
the average 5-day 0°C 3.0,D. in the X111 may bs drasm. This profils,
in conjunction with t;he sorrespmding mesn volures of water, may be
usad o caleulates the total bischemieal oxygen demand pressent in the
K11, rezardless of origin, Of this total B.0.D. present, sore is
brouzht 4nto the Kill from the Raritan and Newark Bay ends by tidal-
eirgulation, The wastes directly diacharged into the Kill superimpose
their demand on this base level of pollution. If this base lovel is
detetninad by obluining the average B.0.D. of the watsrs entaring the
K§11, then the direct load can be evaluated,

A foraula has been derived to chow the relationship between
total load present and the dally additinn, Assuming perfect mixing
and & uwtiform rate of addition and displacement, the following

forrala may be useds



Dally Load m {P +%}@mma4mm>

where p = the proportion of the total carbonaceous B,0.D.
present that 4s satisfied per day
and D = the thearetical dstention pericd in days, so
that g’.nprasonh the dally displacemant,

Essontially, the formls states that, under squilibrium conditions,
the total accumulated load present will be bischemically exldized and
displaced at individual patas whose sum emals the rats of dally
applisation of load,

The B.0,D. af the waters of the Arthur 11 ave shown in
Figure 2 for two perinds, m, 1939=-1741, depicting pre-war
conditions, and 1945-1954, showing pest—war conditions,

Yor the post-war period tha averazs B.0.D. of waters entering
the Xill was found to bs about 1,75 pom. B.0.D. values above this
leval thﬁxafon indicate direcst shore line load additions, whils
1.75 ppa was brought in from external scurces, The corresponding
pro-war datum was about 1.25 ppm,

For purposes of calculatlon, t.hé rortaemn and southern zones of
the Kill were considersd separately, inasmuch as di!fergnt detention
periods and densitiss of loading are known to exist, The total S~day
2°C B.0.D. pressnt was sokputed, reach by reach, by finding the
averags concentration and the respsctive volums for each reach, The
datum could then be subtrastad from the total preaent to furnish the

values of B.0.,D, accumlated fram direct ahon line additions.
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The totals obtained for each zons during the pre-wmar and postewar
periods are shom belows

Table 3

POUNDS OF 5-DAY 20°C 3.0.D, PEESENT IN ARTHUR KILL
m

Due S0 direcd
Zene shore I | TS SR e
Ere=iar
Northsem 81,000 82,000 163,000
Southerm 40,000 112,000 152,000
Total 121,200 194,000 315,000
gast—iag
Yortharn 125,000 114,000 239,000
Scutham 63,000 157,000 220,000
Total - 188,000 271,000 459,000

e = 8 et s s )

For the summer temperatures sncoumntered in the Kil1l, 0.24 of the
total carbonacsous 2.0.D. is satisfied daily. The northerm zcne
detention of 2.34 days (including the effect of scme fresh water runoff)
aceounts for a displicenent of 0,43 per day, giving a total ratin of
0.47 per day. For the scuthern zone, with a detention of 1.8 days, the
eorresponding ratio i1s 0.0, These ratios times the quantity of B.O.D.
present is ecual to the daily load application, Thus, the northern
sone stores one-and-one-half times the daily load addition, while the
southern zone holds one-and-one~quarter days load.



The direct shore line additlons to provide the camputed
quantities of B.0.D. pressnt above the datum lavels are shown below:

Tahle 4
CQYPUTZED DAILY APPLIED LOAD (SHORB LIIIE), B8.DAY 20°¢ B.0.D.

Zone Pre-iar Post~iar Per Cent
Difference
(of Post-iiar)
Northem 553000 85,000 35
Southern 32,000 51,000 37
Total 87,000 135,000 36

Also includad is the percentage difference between pre~ and
post-mar loads based on the post;-wé.r valus. As such, it is the
proportion of present direct locad to be removed to retum to
pre=wayr direct load,
The toble finds an average applied shore line lcad of 135,000
1bs of 5-day 20°C B.0.D. par day for the period 1945-1954. The
daily applied load, fram Table 2, was found to be 108,000 1lbs per day.
The total appliod loads, as derived in these different marmers, are
thus in reasonable agreement. However, the computed daily B.0.D. load
(from Table 4) in the southern sone is higher than can be accounted for
by shore line scurces, as given in Table 2. This clearly indicates
that a significant portion of the direct load on the northern sone
. f£4inds iﬁa way southward by tidal interchange, thus appearing as a
direct load on the southern zons.
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Returning to Table 3, it is apparent that a major portion of the
B.0,D. burden on the Arthur Xill results from extermal sources,
especlally so in the scuthern zona, For the pre-war period this
accountad for 62 per cent of the tobal B.0.D. pnreaenﬁ, while the
sorresponding fizure for the post-war period was 59 per cent,
Furthermore, there was a larze increase in total load beitwesn the
two periods. To restore the load from extermal sources to ths pre-war
magmitude, the postewar load must be reduced by 28 per cent,

In eomection with the effects on the Arthur Xill of the loads
previcusly discussa2d, it is interesting to examina the cbheerved
dissolved axygen prafiles for these periods, Thess are shorm in
FMgure 3,

The Interstate Sanitation Camission requires that for Class B
waters the disaclved axyom should not be depressed below 30 per cent
saturation during aﬁy week, For pre-war conditions this eriterion was
substartiaslly med, except for the area in the vicinity of the 50 Bridge.
On the other hand, as a result of the previously demonstrated increases
in internal and external losad, the axygen was s=o depresoed thut, for the
post-war period, over one-half of the leagth of the Arthur Klll averaged
less than 30 per cent di#sclved»oxygen saturstion for the entire
suwnnayr, In ordsr to restore the Arthur Kill to reasonable coapliance
with the standards of the Interstate Sardtatlon Conmission, 1t appears
necessary to at lsast reduce the load to that prevalling prior to the
war. The previous camputations have iniicated that this would be



L,

aceomplished by reducing the presant direct shore line loaxd by

36 per cent and the load froe extemnsl sources by 28 per ent, If
there is any future increass of luad, a greater proportion of thad
total future load would have to he removed L0 resior pre-war
conditions,

it might be pointad out thad tha affact of ap;;u%atic: o a
given load on the dissolved oxygen in the Ki11 will vary asconilng
%0 location. Such relationships have besn plotted an Fli-ure 4 for
Fresh Kills, D%O Dridge and Shootsrs Island, It can bs sean thad
a given B.0O.D, concoanbratioa at Shooters Island deprasses the
dissolved cxygem lesa than tha same 3,0.D0, at 3.0 Brilza, Tuls is
to be expected inamamch as the waters at Shooteras Island freely
interchange with those In X1l Van Xull and liovark Say. The large
volumes of water imterchanging #ith Zhooters Island waters recucss

the response to load,

Fresh Kills, whea lightly lcadad, had accepiadls dlssolvad cogrsn
conditiong bacause of socue coulast with the relatlvely clesan waters to
the scuth. As load on Fresh Kills lacraased, a sharp reducstion in
dissolved oxyren oosurred, This ssasitivity {o loal applisation
reaffirms that pollution in this area 1s nobt readily removsd by tidal
eurrents, Caution should be axercised nhen eansldering sale loading
conditions in the vicinity of Fresh Xlls,
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Figure 4

Relation of Per Cent Saturation D.O. to 5-Day 3.0.D.,

Based on Grouped .ivercges of 1979-1954 Data
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