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1.0 Introduction 

AirNova, Inc. conducted an emission compliance t e s t  program a t  the  

Nazareth l lospi ta l  located i n  P h i l a d e l p h i a ,  Pennsylvania on J u l y  21 and 2 4 ,  

1989 for  the  purpose of demonstrating compliance with appl icable  Pennsylvania 

Department of Environmental Uesources (DEE] and Philadelphia A i r  Management 

Services (AMs) regulat ions.  Emission sampling w a s  conducted'in evaluation of 

a s o l i d  waste i n c i n e r a t o r h a s t e  hea t  b o i l e r  system and associated cont ro l  

device recent ly  i n s t a l l e d  a t  t h i s  site. The s p e c i f i c  parameters determined as 

p a r t  of t h i s  test  program included t h e  following: 

-t e Control Device Out le t  

Hydrogen Chloride 
Sul fur  Dioxide 

Oxygen 
Particulate 
Metals - Requlation 6 
Hydrogen Chloride 
Sulfur Dioxide 
Carbon Monoxide 
Visual Emissions 

This report conta ins  t h e  complete resul ts  of t h e  t e s t  program. 
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2.0 S i t e  Description 

The emission source under eva lua t ion  c o n s i s t s  of a s o l i d  waste 

inc inera tor  with a s soc ia t ed  waste heat recovery boiler. The inc inera tor  is a 

Cleaver k o o k s  Model 1280-A/72 w i t h  a m a x i m u m  charging rat662 825 lbs/hr;  

Both t h e  main combustion chamber and i n t e g r a l  a f t e rbu rne r  are f i r e d  by na tu ra l  

gas .  The waste heat recovery b o i l e r  is a Cleaver Brooks Model SPB-250. T h i s  

u n i t  is a d d i t i o n a l l y  f i r e d  by na tu ra l  gas  o r  No. 6 f u e l  o i l .  Natural gas was 

f i r e d  during the  compliance test  program. 

- -~ 
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Flue gas  e x i t i n g  t h e  waste heat boiler is t r e a t e d  by a wet scrubber. 

The scrubber is an Anderson 2000 Model WAV-97 ven tu r i  t h r o a t  type operating a t  

approximately Ill-inches of pressure drop. T h e  ven tu r i  is followed by a packed 

tower '  absorber and m i s t  e l iminator .  The scrubber  l i q u i d  is a caus t i c  

solut ion.  

1 .. 

Emission sampling at the  scrubber i n l e t  was performed i n  a horizontal  

length of exhaust duct ing with an i n s i d e  diameter of 19.5 inches. Two t e s t  

po r t s  s i t u a t e d  300 a p a r t  and located 2 diameters  upstream and 8 diameters 

downstream from t h e  nea res t  flow d is turbance  were u t i l i zed  f o r  a l l  sampling. 

Out le t  emission sampling was- conducted i n  a hor i zon ta l  s ec t ion  of 16-inch 

I.D. , d u c t i n g :  Two t e s t  po r t s  s i t u a t e d  at  90° and located 2 duct diameters 

! 
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upstream and 8 duct  diameters  downstream were u t i l i z e d  f o r  a l l  sampling. 

sample t r ave r se  po in t s  f o r  each t e s t  l oca t ion  were as follows: 

The 

I n l e t  Test Location m m  t t ' o  

Diameter Distance Traverse Diameter Distance Traverse 
Point ( X I  ( i n )  Point  ( X I  ( in1  

4.4 0.9 1 4.4 0.7 
2 14.6 2.8 2 14.6 2.2 
1 

3 29.6 5.8 3 29.6 4.7 
., 

-2- 

... ..., . . - .  . .... . ......... , ..-_ .. . .  - . . .-z=L.-.:T::--7-I- . . ,_ , . . , . .. . . .. .. . . , . .. ".. 
~~~~~~~~ ~ 



Table 3-6 
Keta l s  Erirrioa Sucarrl 

APD No. 1 
Yest h t c :  ,~ O?/21 
Test Period: 2 1 3 0  

b A )C 0.000+~7 

/ Velure b'olune Concentration Stack Gas Kaisrion Erirrion 

[(alrcc I 

0.00002 
0 . 0 0 2 0  (0.0001 (0.00001 
0.0009 (0.0001 (0.00001 
0.2131 0 .0022 0.00011 
0.0118 0.0001 0 .00001 
1.1391 Q.0120 0.00151 
0 . 0 1 8 0  0 .0003 0.00003 
2 .1981 . 0~70 0 . 0 1 9 1  0.00248 
HD HD UD 

(OSCPI (DSCPI fag/DSCUl PlOS PdtC ILte Fate 3 y- p . . . . .  !- .....T 

~ . 0 0 0 0 0  Xb 
3 ~ 0 0 0 0  Y U Q  
0 . " U O ~ O ~  3 
c) , O O O ~ O b ~  
3 .  oouaobq * , ek705S5t- 
o. f 3 0 0 W ~  
0. a o o q w ~  

ekiidlb'hr' 
IDSCFIII 

14.81 ' 1 . 2 6 9  0 .0198 2 ,189 0 .0002 

b n  Ho. 2 
Test  bate: 0 1 / 1 1 ! 8 9  
Test  Period: 1200-1315 

HD 
0.0013 

Antinoni 
Arsenic 
D c r r l l i u i  
Crdaian 
Chroniar 
Lead 
Kanginerc 
bercurr 
Nickel 
SelePiun 
! b a l l i u i  

50.61 1.434 0.0109 
0 .0025 
0 . 0 0 0 8  
0.0100 

0 . 3 2 1 1  
0.03?3 
0.7669 

HD 
NO 

0 . 0 0 3 5  

ND 

Standard Conditions: BPI, 29.92 in. O f .  
. 

0,000 00 10 HD UD 
tO.OOO1 to.0001 

-11- 

2,750 0 . 0 0 0 1  
t0.@001 
!0.0001 
0.0001 

0.00:4 
0.0003 

In 

0.0019 
IID ~. 

ND 
!0.0001 

0.08003 
CO.OOP01 
(0.00001 
0.00009 

UD 
O.POO43 
0.00004 
0.00100 

UD 
IYD 

0.00001 0. DOOQO IS 
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4.0 Test Methodologies 

The emission test program w a s  conducted for the following parameters 

utilizing the methodologies as specified below. 

? 

I 

i 

Emission Parameter 

Carbon Dioxide, Oxygen 

Particulate 

IIydrogen Chloride 

Metals - Be&ation 6 

Sulfur Dioxide 

Carbon Monoxide 

Visual Emissions 

E& No. Test 
Location m 
Inlet 3* 

Outlet 2 
Outlet 2 

Outltt 2 

Inlet/Outlet 2 

Outlet 2 

Outlet 2 

Samulins? and Analytical, 
bethodologp 

EPA Method 3 

EPA Method 5 
EPA method 5 with DEIl 
Modifications 

EPA Modified Method 5 - 
Mercuric Nitrate Titration 

EPA Modified Method 5 - 
Mixed Metals Sampling Train 

EPA Method 6 

EPA Method 10 

EPA Method I) 

* Performed during all emission determinations. 
A Pull description of each of the above referenced test methodologies is 

provided below. 

Particulates. IIydropen Chloride. and Moisture Content 

Outlet determinations of hydrogen chloride, EP.4 Method 5 particulate, 

and moisture content were sampled isokinetically using a single Modified EP.4 

Method 5 sampling system. The combined sampling system allowed'for discrete 

determination of these parameters without presenting interferences to the 

prescribed analytical methodologies.- 

Thehanple train consisted.of a heated glass-lined probe with a 

-12- 
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. k  DEPARTMENT OF PUBLIC HEALTH 
500 s. Broad street 
Philadelphia. Pa. 19146 

CITY OF PHILADELPHIA 
MAURICE C. CLIFFORD. M.D. 
Health Commlssloner 

I W 
PLANT Nazareth Hosoital 
ADDRESS 2601 Holme Avenue - 19152 
5ThCK InfectiouB Waste Incinerator 
D W G  7121-24/89 1.ste. 9/89 RPt. 1012189 Rev 

1. vm Actual neter Volume ct3 

2 .  Vmcorr Corrected neter Vol..VmxR= 
neter Conditions. h = - 

3 .  &aVn Averaqe Orifice Pressure Drop in HZ0 

4 .  Pbar Barometric Pressure in Hq 

5 .  pa Absolute Meter Pressure 
Fm = Pbar tldHavgl13.6) = in Ha 

6. Imr Absolute A Y q .  neter Temperature deb. F 
TmR = Tml t 460 deq. R 

7 .  Vmstd Dry Standard Volume netered scCd 
Vmstd : ~VmcorrxPmxl7.64~/TmR 

,. Vwci Std. Vo1. HZO Vapor - Impinaers scf 
Vwci = Vlc(n1s)r 0.04707 Pt31ml enter mls 

3. vwcqel Std. Vol. HZO Vapor - silica Gel - scf 
Vwcgel = Vlc(gms)x 0.04715 Pt31grm enter 4ms 

!n. Vwc Iota1 H20 Vapor = Vwci t Vxcqel scf 

11. BWO X Water i 100 x VwcltVmstd+Vwc) z 

i2. XCOZ Carbon Dioxide (dry) x 

13. X 0 2  Oxygen (dry) x 

14. xco Carbon nonoxide (dry) x 

1;. ?a2 Nitrogen = lOO-XC02-XO2-XCO z 

: 5 .  ad Dry ~=.14*CO2+.32*02*.28*(N2tCO) Slam01 

: T .  ne Yet nolscular Weight Stack Gas (IIIJlaol 

P I S =  ~dx(l-8vollOO) + 18(Bwo1100) 

: j .  cp Pitot Tube Coefficient no units 

; 3 .  7sR Avg.  Stack Temp de#. P 
Deq. R = Des. P t 460 Absolute deq. R 

-:). psq Static Guaqe Pressure of Stack in H2O 

Pa*. 1 
PARTICULATE CALCULATIONS 
XPA Bn 5 

RUN 1 RUN 2 Av4 
' 37.71 39.337 

37.710 39.337 
1 1 

1.634 1.442 

29.9 29.9 

30.02 30.01 

86 88.4 
546 548.4 

36.574 37.961 

3.95 5.55 
84 118 

1.367 1.160 

29 24.6 

5.321 6.714 

0 0 0.00 

80.9 80.3 80.60 

29.41 29.41 29.41 

27.96 27.70 27.83 

0.85 0.85 

121 138 131 
584 598 591 

0.15 0.22 0.19 

RUN 1 RW 2 A V 8  

56.751 49.444 

56.751 49.444 
1 1 

2.183 1.583 

29.9 29.91 

30.06 30.03 

92.1 89.2 
552.1 549.2 

54.507 

10.45 
222 

1.179 
25 

11;628 

47.685 

9.18 
195 

1.114 
30 

10.593 

17.58 > 18.18 17.880 

0 0.000 0 

80.3 19.9 80.100 

29.14 29.62 29.528 

27.43 ' 27.51 27.i67 

0.35 0.35 

1i1 113 142.000 

603 602.000 601 

0.17 0,:s 0.210 



PLANT Nazareth Hospital 
*DDRESS 2601 Holee Avenue - 19152 
STACK Infectious waste Incinerator Paqp 2 
DATE 1121-24189 Tests, 9/89 RDt. 1012189 Rev PARTICULATE CALCULATIONS 

RU?l 1 RUN 2 AVfl RUN 1 RUN 2 
21. PS Abs. Stack Press.=Pbar +(psg113.6) in Hq 29.91 29.92 29.91 29.93 

22. Avfl Square B o o t  Delta-p (89. rt.in H201 0.5915 0.6325 0.62 0.7835 0.6648 

23. Vs Velocity of Stack Gas 
= 85.49xCpx(Sq.Rt.(TsB/P~s)]r[Avg.Sq.Rt.fdp~l fps 36.28 39.05 31.66 48.13 41.34 

24. DE Stack Diameter 
A S  Stack Area 

inches 16.00 16.00 16.00 16.00 
sq. feet 1.3963 1.3963 1.3963 1.3963 

25. PS Actual Flow Rate = AsxVsr6O acfm 3039.4 3271.1 3155 4082.5 3463.6 

26. Psstd Standard Flow Rate, Dry 
Psstd= l l . 6 4 x f P s P s l T s R ~ x f l - B v o / 1 0 0 ~  scfmd @ @ 2425 @@ 

27. Particulate Catch Front Half #rams 0.0351 0.0329 0.03 0.0443 0.0452 
Back Half grams 0.0000 0.0000 0.0016 0.0003 
Total grams 0 .0351  0.0329 0.0459 0.0455 

28.  Dn ' Nozzle Diameter 
A n  Nozzle Area 

inches 0.2450 0.2500 0.2500 0.2500 
sq. inches 0.041143 0.049081 0.049081 0.049081 

29. 0 R u n  Time minutes 60 60 12 12 

20. Cs Conc. i mxl5.431Vmstd Front grainsldscf 0.0151 0.0134 0.01 
, Back qrainaldscf 0.0000 0.0000 

f x  12/XC02.combustion) Total grainsldscf 0.0151 0.0134 
07x12 Front L 13.91(20.9-x121 grainsldscf 0.029 0.029 

aizxcoa TotalxlZ/XCo2 grainsldacf 0.033 0.031 
(PA Regulation - 1 Decimal Place) 

31. mr(c) Mass Rate i O.l323mxPsstd/Vmstd 
1Reflulatory Rate) Front 4IHr 0.31 0.28 0.30 

Back b/Hr 0.000 0.000 
Total O / H r  0.31 0.28 

0.0125 
0.0005 
0.0130 
0.026 
0.029 

0.32 
0.011 
0.33 

0.0146 
0.0001 
0.0141 
0.021 
0.026 

0.31 
0.002 
0.31 

32. pmrfa) tiass Rate (Area Ratio) Front or Tot. 
pmrfa) = 19.048 x mxAsl(0xAn) 8lHr. 0.34 0.30 0.33 0.34 

33. I f; Isokinetic = Iwr1allmr1c)) x 100 X 108.43 105.65 104.95 109.31 
Permitted 90-100% 

Avq 

0.124 

45.038 

3113.1 

2117.7 

0.045 

0.014 

0.314 
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~ r - .  Ralph U M C ~ .  Ye. lnstitutional Affairs /%--Q/ /I?& 
:, , \et - HC1. so2 outlet - 02. Pnrticulate. Hetals. HCl. S02 .  CO. VE 
C.B. Uodel 1280-Al72 825 E/Hr - Caalt6 oil. Cas durinq teats. 
mdereon 2000 nodel WAV -97 venturi - 18" dp then p.cked cower and demlster. 
Caustic aolutlon in the scrubber. 
I 3  a t  Inlet a u p l l n ~  duct lmt stack outlet) 
ID at 0utl.t duct (not the stack) - 16" - ala0 2 md 8 dins. 12 mints Der site Were uad. 

'WC i $bL( /  Mi>ci.i 

- 19.5 inches. 2 din UD and 8 do- 

Category - New Regulation XI. Non BAT 
Particulate 0.03 grldscf W 7% 02 and 0.1 arldscf W 12% C02 PA 
Allorrbl. ACtU.1 

0.026-0.029 arldacf at 7zO2 

0.7 PPWV and >99.9% 
18-00 PPWV 

Sulfur DIoxidelOOPPWV or 70% control. 0.04 P P W  M d  ,99.6% . 

HYdr0a.n Chloride - 50 P R N  or 90% mntrol. 
Cuban noonoxide - 100 PRN,4 day and 400 PPWV 8 hour. _. 

C a b  Eff - 
co 
Date 
Ih 
nscm 
pm-dry 

Lblm 
c/sec 

Inlet 

Date 
T h e  
DSCM 
PPWV-dry 

LbIRr 
c/sec 

Outlet 

Date 
Tine 
nscm 
PPW-dry 

LblRr 
Glsec 
Efficiency 

co 
Date 
T i w  
DSCM 
PPUV 

LbIHr 
C l S e C  

HZO - Inlet 

99.9% 4 day rumina average * 100*C02/(COZtCO) 99.93-99.97 

BUN 1 BUN 2 AVg Cmbustion Efficiency Baaed On EPA 1k2lCO tests 
07/21/88 07/21/89 PUN 1 BUN I Avg 
'1105-1213'1307-1410 0.0018 0.003 co - x 

2400 2401 2433.500 5.4 5.2 c02 - x  
18 30 24.000 99.97 99.94 C. E. 

0.19 0.32 0.255 
0.02 0.04 0.030 

Sulfur Dioxide 
. . BUN lA BUN 1B AVg BUN 26 BUN 2B AVg 

07/24/89 01124189 oiizwag 011241a9 
'1255-1315'1347-1407 '1436-1456'1514-1534 

2950 2950 2950.000 2945 2945 2945.000 
14.8 27.2 21.000 82.4 90.3 ID 

0.22 0.4 0.310 1.2 1.3 1.250 
0.03 0.05 0.040 0.15 0.16 0.155 

Sulfur Dioxide EPA - Bn 6. 15ml 80% isopropanol. glass plug outlet am, 1LPU 
BUN U RUN 18 Ava RUN 2A RUN 28 AV8 

07/24/89 01/24/89 07/24/89 07/24/89 
'1255-1315'1347-1407 '1436-1456'1514-1534 

2382 2382 2382.000 2750 2750 2750.000 
0.04 0.04 0.040 0.04 0.04 ID 

0.001 0.001 0.001 0.001 0.001 LD 
0.00012 0.00012 1.20s-04 0.00012 0.00012 LD 

99.6 99.76 99.680 99.92 99.925 99.923 Uinimum 

Hydrogen Chloride Inlet Hydroqen Chloride Outlet 
BUN 1 BUN 2 A V g  BUN 1 BUN 2 A V I I  

01/21/89 07/21/89 07121189 oini/ag 
'1104-1206'1305-1410 ,1104-1200'1305-1410 

3059 3049 3-054.000 2100 2461 2433.500 
1719 993 1356.000 0 . 7  0 . 1  0.700 

29.7 17.1 23.400 0.01 0.01 0.010 
3.7 2.2 2.950 0.0013 0.0013 1.3OE-03 

EffIcienc99.959278 99.929506 99.944 

H20 - Outlet 



Zercuric Xicrate Titration 0.1N NaOH 
One hour each - approx. 30 cuTitrate with HqfN03)3: H202 
Pretreatment for sulfite interference and R e i n  101-H column for end-mint masking by cat, 
Nan- is0 pre-scrubber. 

0 P 
PLANT -Nazareth Hospital 
.ADORZSS -2601 Hohe Avenue - 19152 
STACK -Infectious Waste Incinerator 
LIATE -7121-24189 Tests. 9/89 Rpt. 1012189 Rev 

Xetala 
01124189 

Tima 
DSC?-V01 
JSCI(-V01 
DSCPIl 
UCIDSCM 
;b 
4s 

3e 
:d 
.:r all 
?b 
1" 

IS 
:i 
:e 
:h 

RUN 1 RUN 2 RUN 1 RUN 2 
'1015-1130'1200-1315 

44.82 50.64 
1.269 1.434 
2389 2150 

25' %9 0.0000086 0.0000091 (5) Antimony Sb 0.000009 0.000008 
2 2.5 0.0000008 0.0000010 16) Arsenic AS 0.000001 0,000000 

0.9 0.8 0.0000003 0.0000003 (11) Beryllium Be 0.000000 0,000000 
243.4 10 0.0001063 0.0000305 (11) Cadmium Cd 0.000106 0.000068' 
15.8 ND 0.0000069 ND (26) Chromium Cr 0.000006 0.000006 

1339.3 321.1 0.0005852 0.0001i32 (A11 Valences)** 
28 32.3 0.0000122 0.0000141 (53) Lead Pb 0.000585 0.000364 

2198.1 166.9 0.0009608 0.0003351 1 5 4 )  Manqanese nn 0.000014 0.000013 
ND ND ND ND 155) Mercury Hg 0.000960 0.000641 
NO ND ND ND 165) Nickel Ni 0 0 

2.3 3.5 0.0000010 0.0000015 188) Thallium 11 0.000001 0.000001 

N?Crldscf &,& Hax Avg 

Uartz nozzle.  alasa fiber filter.Empty, 2x 5 %  nitricIlOX H202. Ix 1.5XKmNoi. silica gel. 
inalysis by SW-846. 7000 Series. Acid digest - Method 3050. 

OrygenlCarbon Dioxide. 
8n5 - at the scrubber inlet DER 

BUN 1 RUN 2 A W  BUN 1 RUN 2 AVg 

!ax 02-% 14.2 15 
!in 02-% 12.5 13.9 
;'s 0 2 4  13.1 14.5 14.100 
!ax co2-* 6.9 5.9 
!in COZ-X i . 4  4.4 
<'<S co2-x 5 . 4  5.2 5.300 
:ax co - P P W  50 60 
:in CO - PPMV 9 14 
."s co - p p m  19.6 32.6 26.100 

utlets - Integrated Bag . 
I - %  15.2 . 14.6 13.8 
02 - x 5 5 . 5  6.4 
3 - PPHV 32.5 20.8 
.~.;100*C021(COZtCO) 99.935042 99.962196 
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Nazareth Hospital 
2601 Holu Avenue - 19152 
Infectious waste Incinerator 
7121-24189 TmBt8. 3/89 apt. ionia9 aev 

charge 

S S C O ~ ~ ~ ~ Y  I I hge -iag+z324 
P ~ I Y T Y  T I Range '1095-1450 

AB I I Rmge '1733-2113 
St8ck Draft Range - '0-0.13 

BiplSS I I RMge '145-373 
Scrubber Ck" 7.0-9.5 
Scrubber dP In. 1120 '19-27 
Scrubber VU '6-9.8 
Scrubber 820 Inlet P '21-31" 
Scrubbr Bed dP "820 ,2-4 
Makeup n20 '48-53.9 
ventmi cm '40 
1av.r cm ' 5 0  




