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P U R P O S E  AN t) SCOPE

l I t , - p t  c impoundment h ive  St igat ion ot water qua l i t v i n  t h e  tu 1 pe’hoc ken
C r eek  han  t u t  w as  begun by t h e ’ U . S .  Ci ’olog  teal Survey (U SG S) in June 1972
at  I lie t e , i u t e s t  01 t h e  P h i l  ad t’ I p h ia  1)1st r let , I’ • S. Arms’ Corps  01 Eng ine e’i S.
V tie p’~ r pose 01 t h e  Invest  igat ton was t o  coll ect b aso— l the vat t’r — qua  i t t  v
t i i t o r m , tt  io n t o t  l’t i l pe’hocken Cr e ek  and I t s  major  t r i b u t a r i e s  p er t  In e nt  t o

he’ w at  er  qua lit v ot the proposed Blue Marsh lake

B.uct or j o b 5 i~~_ t1  ~t a t ~u c o t  len t ed s ince ’ J une 1¼) ,’2 hid ic at e d  t h a t
popu I a t  ions  01 t U t  e ~. iui, i  l bac t cr i a genera l i v  exo ced t It , ’ St at  t ’ and Federal
r cc e’tnm e’uid ed st .t ueta rd s I or pub 11¼ ’ vat or SUPP lv  and vat c t — c  ont at’ t i ec r eat I on
$,}Ia! ket , 1’) ’ ‘‘) • V u ,  bat ’ et Ia 1 popu lat Ions suggest  t v ’  of rec ent t ecal
~- o n t a m i n a t  ton p r ompt  cut t ile U . S .  Army Corps  ot Eng inee r s  t o  reques t  t he’
~‘SCS t o  ~ ,t t t i e i add i t  lotia I t n t  ormat  ion on the  po t n t  and nonpo t n t  sources
o t cul t  c i  10 i ’ae t t ’L I d .

I ’hu e ’ p r e sen t  i nves t  Iga t  Ion was designed to o b t a i n  dens it tes i ii  I
~- o l  t t 5 ’ t t i u ~~nJ t coal  St r ept  0C0~’ 0 i popti ia t ions at I it t een Se’ loo t eel n i t  e t. t in
Vu 1 ~ t’ii00 ken i t  eck and i t s  major t r i b u t a r i e s , to ident I I  v t h e ’ area s and
sou r , e ’0 01 maj or I eca 1 cont  am m a t  ion • and t o  det &‘tifl j u t ’ t he e’\ I c ut  ot

t e’mpora I var  h a t  ion in t hese  p o p u l a t i o ns  d u r i n g  .lune  t o  Sep tember , t he
vat er — c o j i  t d c  t rec rea t  Ion season.

DESCR iPT iO N OF AREA

[lit’ st  u d v  a r ea inc ludes Tu i pehock en Creek and i t  s m a t  or t t Unit ai los
ron t he  iieadwat or s near M v er  sto~~i , t o  a po in t  about .~S mi les down st ream

near t h e ’ }I l ii~~ M.i r s t u  l a k e  Pam (Figure l~ • t h e  d r a in a g e  , l t t d  i~; 175 m t ~
in p a r t  n 01 H e r k s  and I ~‘l i auioui Count los.

i t t e ~ ha n u t  is p r t ’dom m a n  t l v  a g ri c u l t u r a l  bu t  inc lu de’s t he v i ll .ug e n
ot  U, ’ I f l e  I S V  I l  c , Rob eson 1,1 , l~ 0fllt ’ I sdor I , Mt • P l e a s a n t  , Bernv i l l  e , S her i sl ,mn
S t s ’t t5 h i s h t u r g ,  N ew Sch a t 1 or stown and Mv er st own . Ad di t  ional in t o r m a t ion on

tie 1 t u l pe’hocken Cre ek  B a s i n  is puhi  t slte~I in B ie’secker and o t h e r s  ~i’)t~8’,
.t ui ~i ha r Lot  I ‘~7 ’ ’ )

~t E t l t Ol)S i~ F STUDY

B lwee kl v samp I t ’S I or  t lie dot  erni lnat  ion 01 en t e r  ic ti~ u’ t o t  L i i  d~~u is  i t  io n
we ’re c ol l e c t ed 10 t tunes ~1ur lug t lie pe r iod  Ju i t e  I to Sept ember 21 , q

Samp i i u i ,~ was  ~onuI t t 5 - t eel du r ing low t o  moderat e  I lows * W .i I cu t osnpera h u t ’ ,

p 11 , slie c I t 10 e o t iduc  t anc e , anti  t o  I at  lye t u r b i d  it v W O R e ’ uiie ’d Stt te ’d 5i t t h u e ’
0 s’l l  (‘0 t j o l t .
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S tr e a m  samp les were co l le ct e d  at  the following IS b o a t  ions on
Tu l pe’hoc ken Creek and its major t r ih u t  a t  h e ’s ( s e e’ 1 igur e  1’)

S i t  e N o • 1 . lu I peitoc ken t ’r t’~ k up s t  r ea :tu I torn Mv or st own

• r~ t pehoc ken Creek down s t u e ’.tm t torn Mv or st own

• I n  I p 01100 ken Cr e’e’ k at  St out ’ hsbu rg

M i i i  C1ee ’k at  S lier j e t a t i

• Vu I pehoc ken t ’ r eeL at R ou t , ’ -. 1 Q , Wo une ’ I n~I~i 1 1

t ’ . I u i pehock en t’tt ’t’k a t  N r i c k s  M i l  I , U SG S g .u g e ’ O I e 7 i J ~~7’)

M i l l  Cr ook  near  Kr  i cks  M i l l

S . Vu I peltoc ken Cr ‘ e ’k at  B CL ’ ulV [ l i e ’, 1555 g a ge ’ Ol. . 7 0800

So it  hk i l l  Creek  .it Rout e IS 1, Born~’ i l l  e ’

10. b i t t  t o  No rt  hu k i l l  t ’r ’ek up s t  reant o t Bcru ~’ 1 1 1 e ’

ii. I b k  lug t ’roek .ut >11 • P t  e ’: iS . l i lt

12 .  Sp r I n g  t ’t c e k  . u t  l’ e ’~~c~~ck hr t d s ~e

1~~. ltosp t t a l  St .‘e’k at  Wei ’n eu nV t i l e ’

1 . . Spt ’ tug  St e e L  uioar  Re boson t~u

I ‘. l’u l pt ’l lockon C t e e k  a t  Robots  hi’ I d ge ’

Al  1 s.em~’ U’s we’re o~~b iec ted and ana l v  .~ed I 01 e’ttt t’t ii’ h.i c 1 ot’ i . t  by t ho
me’mhrane’ t i 1 t r at  ton m e t  hod , an  cIOSO t tbed in t h e  l.. t h t ’d i t  Ion ot  ‘‘St 5tnd.i r~t
Me t liods I or  t lie i~~~ tt” iu~~t ion  ot  W , t t  or an d W .us t  ewat ~~~~~ (Aun e t’ 10,111 P u b l i c
hI,,i It hi A s  00¼ 1.1 t ton  and o t he’r s , It) 7 ts~ •

~~ h i t  S O i l t O t ’ .tItip I c ’ we’ m o  c o l l e c  I i’d at  six  w,i st e— t I  ,‘.u Im en  t 
~ 

1. 1111 s

i ’v pet semite ’ I ot  t tie I’ti I I  j t d e’ I p h Ia P1s t  r i~’ t , I’ • S. :~rnly ( o r p  oh  Eng t n e ’et s .
I I t , ’ : te ’ samp les we t ’ a I so . u u u . u l  v ; Oil Isv me th ods  l ‘sc r ibt ’d t~ ‘‘St anita id
Met h~ ets. • • ,‘‘ ox~’c pt t h at  t lie ’ samp les wore held ov e t -n i gh t  p t - i o u -  t o  t u e ’ u bat  ion .

—• ‘ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • ~~~~~~~~~~~~~~



PRESENTATION OF DATA AND DISCUSSION

Major Point Sources

Known point sources of treated domestic sanitary waste include
sew a g e—t r e a t m e n t  p lant s at My er stown , Wome isdorf , Wernersvi lle St ate
Hospit al , W erne r sviiie—R obeso n ia , Heidelberg Count ry Club, and Be rnv ii l e .
18cc figure’ 1).

The approximate waste loads at the sewage—treatm en t p lants are as
f o l l o w s :

STREAM
LOAD DISTA N CE

MA I’ I .ETrER P LANT (M~ ai/d )  FRO M LAK E (ml)

A Myerstown .35 16.7

B Womelsd er f  .13 9.1

C Wern ersv ii le  S t a t e  Hospi ta l  .08 3. 8

D Werncrsville—Robesonja .35 2~~~4

E He idelberg County  Club .015 2 . 2

F Ber nv ille .054 1.7

Bacteriolog ical data collected at each of the above point  sources
•ire presented in table 1. In a d d i t i o n  to samp ling the waste  e f f l u e n t s ,
t’ach receiv ing stream was samp led ei ght t imes between May 31, 1977 and
September 2b , 1977 , approxim ately 20 foot upstream and downstrea m f rom
each e f f l u e n t  d i scharge .

Fecal coliform and tecal streptococcus densities of the treatment—
p lan t  e t il uen t s  ind ica te  t ha t , w i t h  f ew  exceptions , s u f f i c i e n t  res idual
c h lor i n e  is be ing  used to reduce bacterial populat ions to acceptable
levels. Principal among these was the genera l l y high incidence of
excessive densities in the t- ifluent at the Wernersviile—Robesonia p lant.
Data from the Bernville plant and the Heidelberg Country Club revealed
I 0 5 5 — I  r equent  hi gh densities

S
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NONPOINT SOURCES

I)ensit  los 01 enter Ic bacter ia in r ’inoi I a re  m l  i t it ’need by tact or:;

~; t i ’ - ii as r a i n f a l l  , stream hydrology , sod ime’nt concent  r a t i o n , a i ie i  human
. 4 1 1  im.i I popula t ions • The major i ty  of human populat  ion cent  er s l i . iv t ’

si ’wage—t r ea tm en t  fac Ii it ics to con t ro l  buct  or Ia .  An ima l popuhit  Ions
part iou I ar l v  livestock , contribute a si gn if [cant  number of ont e ’t ’ I c ’
l’ ,te t or j a to  t he cnv ironmont. . E st hunt es ot the  cont r Ibut  i O I l  01 int l  I t’a t Or
ls .Lc I e ’ L [a b SOfl ie  common 1 Ivestoc k in t h e  ru I peh ;’. c ken Cre ’el~ has Ii i  on t ho
has is of t h e  I ~ 7 I; Livestock Repor t  a r e  g iven in I abl  e • Even i t  t I l e ’
number of hac t or [a r t -ac h lug the st r e ’am d u r i n g  a r a i nst o r m  I on v 1 t O  (5

por e’ ei~t 01 t lie est m a t  ed cout r Ibut iou  is Suggest  ed h~’ Bean e ’ and 01 her s
Ii ~ 7 7) , t lie ’ number of line t or in reac 11 [ng tile st re’alu 1:; St i i  i i  uge aliel
r ep 1 ( 5 ( 1 ;  t s a maj or source  of foca l  cont am 1~nat  lou .

R ’ s ii I t i i I he lun e  t o  Sept ember I eca 1 co I i to tin and I o ea  I st rep 1 0 , , ’, ’0 I

sanip [lug are summari. ed in table I • A comp le t e  t . ihti i l l  l ’Ii c ’ I  da t  a
i
j
i) 00 t Ot1 dtt t’ lug t lie per iod is 1 isted in  t a b  h e  4. F , I t s l  e 1 :;liows t h a t
he ,-, e ’ouiot L Ic  moati  s of samp les c o l le c t  e~d at  a 11 1’ ) i t  e: ; c x c - , ‘odel  t h u  -

~-u r ron t I .5 • I’ Cii’ i r~nuuen Ia 1 1’ rot oct ion Ag (~I i~~ \ and h ’ ’t ;ii v I vau i  I a Il e’pa Ft  1110111
ol F r i ’. I ronmc ’n 1411 Resources  ha Ii i  lug—wa t or ci’ I t or 1011 elI  .1 g e,’.m.’t 1 10 1110.141
ol •~ 00 I ee-a 1 col [form per 100 niL. hl ow e’v or , i-et ont  ion I nrc ’ c i t  I lie ‘.~ , i  t e’r
ill I t i c ’ I a ke Is be’ I ieVL’d SII I I Ic lent to roduc o t hose l’..ic I O r I a eI ( ’ll s i t  i t ’ ;  I
ace op t ab I e 1 e’V ~ is o x ’  (‘p 1 ~ I l owing  in t en se  ra h i t  :11 1 alI t!  F l u Id I I t i u t  I ii~~
n o r m a l l y low I low per b u s .

Samp l lug stat Ions at w h i c h  ii [gli dens It los of t coal  co li t  01’Ifl 01

I •‘cd 1 streptocoe’c I bac t& ’ r ia wore observed in a l l  sanip l OS 11)01 ~ide’el stat 1011
-~ , Mill Creek  at Sheridan; stat ion ‘

~ , ‘in I pchocken C r e e k  at Womol sdor t
st a t  ion 7 , MIll Creek near  Kr Icks Miii ; and s ta t  Ion ~4 , Spr Iu ’c , Creek
near Wo rn ersv i l le.

The’ populations of indicator bacteria observed in a stre a m is
dependent on many environmental factors. Variations In t h e  t ran s p o r t

S 
med ia——strcamlilow and sed iment——exp lain a portion of the variab ility
shown by th e standard devia t ions in table 3.
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Table 3. —— Summary of fecal coliform (FC) and fecal streptococci (FS)
concen trations in the Tulpehocken Creek Basin

Geometric Standard
Station mean deviation Range

1 FC 1000 3300 200 — 8600
FS 1200 800 340 — 3200

2 FC 6600 68000 2300 — 220 ,000
FS 4200 20000 1300 — 67 ,000

3 FC 6100 4300 2500 — 15, 000
FS 9800 46000 2700 — 150,000

4 FC 12000 28000 3900 — 89 ,000
FS 8700 22000 1800 — 48 ,000

5 FC 13000 50000 3200 — 160 , 000
FS 13000 64000 2100 — >200 ,000

6 FC 6500 36000 1000 — 120 ,000
FS 9800 61000 980 — >200 ,000

7 FC 28000 21000 8000 — 79 , 000
FS 39000 82000 8600 — 230,000

8 FC 6800 77000 1900 — 250 ,000
FS 7700 30000 1900 — >100 ,000

9 FC 4400 60000 1900 — 23 ,000
FS 6300 13000 1500 — 44 ,000

10 FC 2400 5400 800 — 19 ,000
FS 5800 28000 2700 — >87 ,000

11 FC 4700 11000 970 — 37 ,000
FS 4200 2800 3200 — 12 ,000

12 FC 3800 9700 1300 — 33,000
FS 7700 17000 1700 — >50 ,000

13 FC 2100 8000 400 — 26 ,000
FS 3800 5100 1400 — 17 ,000

14 FC 11000 21000 1800 — 73 ,000
FS 31000 33000 5600 — 96 ,000

15 FC 3600 16000 700 — 48 ,000
FS 9000 88000 1000 — 280 ,000
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In f l ue nc e  of P r et ’ ip it a t  ion, Disc hargc! and Rt’t t i l t  101_ I
Tim e on 1~a ct er ia Populations

Prec ipi ta t ion and t ime of sampl ing are superimpos ed on t he  l I \ - drogra ~’h
t o r  Tul pchocken (‘r t - t ’k near t u t u B lue  M ars h dam s i te  ( S t i  0l~~7O~ (c0 , S i t e
I 51 in I igu L ’ e’ .~~. There were at least tour storms c - c t one inch  or utort’
during t he  study per iod . Sa mp i j ug coinc ided w i t h  one such St c- ’tllI Oil 1( 41 ”
13 .  I t  is noteworth y tha t on t h i s  da te  the  samp les f rom all s t a t  i o n s
con ta ined  bacteria  populations far  in excess of the  mt -au .

F igure  1 shows the  r e la t  Lot_ I b etween d i s cha rge  and I 00.11 ~‘c-1 1 i t  c ’fl lt

d~’us i t  y -~~~ S ito 15. ‘rite slope of the 1 inc ind ica tes  t h a t  ~‘~‘ ‘ii .i ,C~~I l l
i ncr c -.a stc in d ischarge  r e s u l t s  in a l a rge  increase in t lie I ~‘ca 1 ~‘~c I  i t  ~‘Ft7I

popu ic-u ion. Bet t or def in it ion of the  r t ’lat ion would be c - t5 -h  i t ’Vt ’ul l ’v
samp 1 ing  t r equ en t  I y throug h t he  r iso anc-i fall of t he St rt - .im du r l u g  .i
storm.

F’igure -, depicts the “dlc-’ot curv e of selected o u t  or Ic l ’act t -r  t z i  i n

storm wat t ’r s tor ed at ~~OC’i (~:eldrt’ich and Kt- nner , 1 9 t 9 )  . 1’he app i I c . I t  iou
of t h e  c u r ve  to  t he  ft’Cjl col iform data collected at site 15 shows t hat
t h e  max m u m  dt -ns it  y of -.5 , 100 colon ics per 100 ml w i l l  requ t r t ’ a t t ’t t’Iit iOn
t line o t I ~ c- l ay s t o  be reduced to  l ess  t ban -

‘ ~~ c-’o 10 1_ Il Os per  10( 1 ml -  • On
the  t ’as is at  the  r e l a t i o n  l ’ctwt’t’n 1 i schar g t’ and t ho o r et  i c - , I  1 r et  ou t  Ic ’ui
t into I or Blue Marsh l a k t ’ ( t ig. SI (Ba rke r , 1 9 7 7 )  , it app e ’. Ir s  t h a t  t i i t ~ 1.’
days r et e n t i o n  necessary  to  r educe t h e  popule t  ion t c- ’ c c - t ’ I C L  .il’I t’ tlt ’uiS i t  05

w i l l  he met t’x c --e pt w~ en t h e  d i s c h a r g e  t rc”i the  l ake  I c-’l lo w i n g  - 1.1 t i t f a l  I
e’xcec ’ds about -~SO f t ~~/ 5 .

Fecal ~o 1 i f o r m/ F t -cal S t r e p t o c o c c i  Ra t  ic-

A meaning f ul  use oi f C-ca l  s t r ep tococc i  ineasurem t’nt  s it~ a S S t’SS j u g
wat t’i qua l i t  v has been t h r o u g h t h e  c- o t reLi t Ion w i t  ii t lit ’ ec-~ c I c-’o I i t  t’rnc
dat .i  . As repor ted  b y ;eldr eic  it anti  Kennet ’ . I 9b ’O , I Ou~ l I ~‘c- ’ l i t  ort~i l’~t c  I t’1 i J
ar e  cit I t ’. L S L  -, t lines m ar c -- numerou s t han I t ’c - a  I st r op t  c - Ic -’ c- ’ u c - ’ I t i t  I bt I
of man.  Conversely , fecal strc ptoc -- oc--c i are at leas t  l .-~ t i t ’ u c - ’s mo rt ’
numerous t han f ecal co 1 it arm in farm an [ m a  is , c - lc - ) c~ S , c- ’ 4  I , , i C 1 u i  I c- ’c - l t’uit  5.

In o t h e r  w o r d s , a FC/ FS ra t io  o t  -~ ot’ ~~r e , u t  er End ( c a t  es t me
of human wast  c whit It’ a r a t io  o t  0, -

‘ or I css is inc-I b a t  i\’e 01 an tCIhI I
was tes  • Ra t  ios ~‘t ’tWet ’n 0. and -u p rob ab l v  r epr e s e n t  .t in t x t  ( Ir e  c ’t

wast e’s • A rat io b e t w een  -‘ and -, s ugge s t s  .i pr ep on der anc  t ’ c-’ I l u i m c - t I _ I
w a s t e , and a rat io b etween 0 . 7 al_Id I .0 suggest s a p iep on dez’ .ince c ’I - 

7

l iv es tock and poul t ry  wast e .  A I- ’c ’/F ’S r a t to between I aiic-I .~ i s  d i t  I i c u l t
to int erpret  au~I may r~ q u u f r e  samp i tug c- l o - m c’t to t h e  Sc -’u l rc -’ c ’ - Tl i t ’ c-”.’rr~’l ,it ~ c- ’ t i 5

at F C/ F’S are most mea ui i n gfu  1 when app 1 it ’d t o St  r t’anl sam ~m i’ i t s  c-’oII t’0 t ed
during t he i n i t i a l  .~-~.—h ot& r con tac t  wit it t he r e c e i v i n g  w.u t  or .
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Table 5.——Frequ ency of fecal coliform/fecal streptococci ratios
at 15 stream sites in the Tulpehocken Creek Basin

Sugges ts Sugges ts
Site Non—human source Unknown Human source
No. 0.7 0.7—1 1—2 2—4 4

1 5 0 2 2 1

2 2 2 4 1 1

3 4 4 0 2 0

4 0 6 3 1 0

5 3 3 2 1 1

6 6 0 2 1 1

7 4 2 1 3 0

8 4 3 3 0 0

9 4 1 4 0 1

-
~ 10 9 1 0 0 0

11 5 0 1 2 2

12 4 4 1 1 0

13 6 2 1 1 0

14 7 0 2 0 1

15 7 2 1 0 0

TOTAL 70 30 27 15 8

93
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The correla tions of fecal colifomm to fecal streptococci at all 15
sampling sites (Table 5) support the belief that the majority of focal
waste entering the Tulpehocken Creek basin is from non—human sources.
The fact that most sites have FCIFS ratios tha t vary from less titan 0.7
to 4 or gr eater indicates a mixed popu lation that , at t imes , contain s a
high proportion of human waste.

Summary and Conclusion

An investigation of the bacteriolog ical content of Tulpehocken
Creek basin reveals that (1) the  current  EPA and Commonwealth of Pennsy lvania
water—quality standards for bathing waters are being exceeded at some
sites , (2) the non—point sources of enteric bacteria are the dominant
factor in the excessive counts observed , and (3) the majority of enteric
bac teria are of non—human origin.

It was further noted that Mill Creek near Sheridan , Tulpehocken
Creek near Womelsdorf , Mill Creek near Kricks Mill , and Spring Creek
nea r Robesonia frequentl y had high bac terial densities. Dairy cattle ,
horses , and other livestock are believed to be the dominant sources of
these bacteria because pastures are commonly adjacent to streams throughout
the basin .

Control of drainage from livestock areas, fencing of creek banks,
and diligent monitoring of sewage treatment plants for assessing and
correcting deficiencies are necessary in reducing the enteric bacterial
populations in the Tulpehocken Creek basin to acceptable levels.

Based upon present enter ic bacteria populations , estimated rate  of
die— off , and theoretical retention time in Blue Marsh Lake , a reduc t ion
in bac teria densities to meet water—qualit y standards may be expected
during the June—to—September recreation season except during periods of
intense rainfall and subsequent runoff.

Additional studies following closure of the dam would permit
measurement of actual rates of bacterial survival during various hydrolo gic
condi t ions which did not occur during this stud y. Varia t ions of bacterial
popula t ions during storm s should be documented . Such Informa tion cou ld
be used to correlate the populations observed with controlling variables
indicated by data of this study.
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