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1.0 INTRODUCTION

A compliance test program was performed on the new wet
scrubber system installed on the Orlon process at the duPont

Waynesboro Plant. The testing program was designed to determine

the level of abatement of N,NcDimethylformamide (DMF) emissions.

Compliance testing was performe bn only one scrubber {(desig-
nated Scrubber No. 1) at this time. Scrubber No. 2 was tested

previously on October 6, 1989. The current tests were performed

by T. Jeter, T. Underwood and T. Handel of ETS, Inc. on Tuesday,

-October 31, 1989. The testing was coordinated with P. Dana and

R. Schifflett of duPont. All operations data was collected by
duPont personnel and has been included in this report as Appendix
E. The test program was witnessed by R. Goetz and P. Hunter of

the Roanoke office of the State Air Pollution Control Board.

The test program consisted of three replicate series of
measurements. All testing was conducted while the Orlon process
was operating normally. Plant operations data were collected for
each of the testing periods. Each series of tests consists of

the following measurements:

1) DMF gas concentration at the inlet duct of the dual
scrubber systen. |

2) DMF gas concentration at the outlet of Scrubber No. 1.

3) Total gas volumetric flowrate at the inlet duct of the

scrubber systenm.



4) Moisture content of the inlet duct of the scrubber
system.

5) Moisture content of the outlet duct of the scrubber
system.

6) DMF concentration in the scrubber system wastewater
effluent.

7) Orlon process operational data.

All inlet/outlet testing was performed simultaneously in

order to evaluate real time scrubber efficienqy.

Figure 1 illustrates the overall gas flow details for the
DMF scrubber system. The scrubber systen is designed with two
wet scrubber units, each designed to handle up to 75,000 actual
cubic feet per minute (acfm) of exhaust gases. With‘both
scrubbers in operation, the combined exhaust gases from the six
Orlon dryers, the Pidler exhaust and the waste exhaust unit can
be treated simultaneously. Scrubber No. 2 was isolated from the

systen and was not involved in the current series of tests.

Figure 2 shows the details of the scrubber construction.
Each unit is equipped with an B0O0 HP blower to force the inlet
gas through each scrubber. In the current test program, only the

blower to scrubber No. 1 was operated.

2.0 TEST PROCEDURES

The rectangular inlet duct is 96 inches wide and 80 inches



tall, with an effective diameter of 87 inches (7.3 feet). Three
inlet sampling ports were located 56 feet downstream from the
particulate screen and 14 feet upstream from the beginning of the
right angle bend of the duct. Each port was three inches in
diameter. Outlet sampling ports are located at the top of each

scrubber, as shown in Figure 2. The diameter of the scrubber

outlet stack is B feet.

2.1 DMF Gas Concentration

Determination of the DMF concentrations in the scrubber
inlet and outlet gas streams was determined in general accordance
with NIOSH Method 2004, which incorporates a solid sorbent tube
{(silica gel) for DMF absorption. Due to the high moisture
content of the gas streams, the standard method was modified by
placing a series of chilled impingers before the solid sorbent
tube. The first two impingers each contained 15 ml of deionized
water. A third impinger was empty. Due to the high solubility
of DMF in water,. it was anticipated that the DMF would be
absorbed in the impinger solutions. Figure 3 illustrates the

complete sample train employed in this test program.

Each sampling run was conducted for a period of B0 minutes
at a nominal sampling rate of 1.5 liters per ninute. Both inlet
and outlet sampling was performed using the center of the

respective ducts as the point of sample withdrawal.



The impinger solutions and the sorbent tube samples were
analyzed using GC/FID in accordance with the general conditions
outlined in NIOSH Method 2004. The impinger solution volumes
were measured and recorded. Impinger 2 and 3‘coptents were
combined and analyzed. Impinger 1 was analyzed separately. The
probe and connecting lines were rinsed with deionized water. The

probe wash volume was measured and the solution was analyzed for

DMF.

2.2 Moisture Content

Moisture content of the inlet and outlet gas streams was
determined by measuring the volume of water gain in the three

impingers in the sampling train.

2.3 Total Gas Flowrate

The total volumetric flowrate of the inlet gases was
measured using velocity traverses in accordance with EPA Methods
1 through 3 (40 CFR, Part 60, Appendix A). Four traverse points
were used in each of the three inlet ports, giving a total of 12
traverse points (see Figure 4). The traverses were conducted
before and after each of the DMF sampling runs. The traverses
were performed using a Type "S" pitot tube, a type "K" thermo-
couple, and a digital manometer. Field data sheets for the stack

velocity measurements are contained in Appendix B.

2.4 Wastewater Analysis

A sample of the scrubber wastewater was withdrawn during



each run. These samples were analyzed for DMF concentration by
the ETS Mobile Laboratory utilizing the same procedures used to

analyze the impinger solutions. The Analytical Method is

contained in Appendix C and the results of the analytical

determination of DMF are contained in Appendix D.

2.5 Process Data
Data collected by duPont plant personnel regarding the
operation of the Orlon process and associated scrubber system is

included in this report as Appendix E.

3.0 SAMPLING AND TEST METHODOLOGY

All sampling was conducted using sampling pumps calibrated
onsite before and after each run. Each pump was calibrated with
the sampling train in place using an inverted bubble flowmeter.
Calibration data is contained in Appendix B. Each sampling train
was the leak checked preceéding sampling interval by plugging the
tip of the sampling probe ahd observing the complete cessation of
bubbling in each of the impingers. The rotameter was also
observed to insure that no leaks were present in the sampling

train.

Sampling was coordinated using radio communication to ensure

that inlet and outlet sampling was conducted simultaneously.



3.1 DMF Analysis

DMF analysis was performed onsite in the ETS Mobile Labora-
tory located at the foot of the DMF scrubbers. Analysis was
begun immediately following each sampling period. The analysis
was performed on a Shimadzu GC-14A gas chromatograph equipped

with a flame ionization detector (FID). The analysis was

performed using the following conditions:

Injection: 0.5 ul direct on-column

Injector Tenperatufe: 250°C

Detector: FID

Detector Temperature: 220°C

Column: 10-meter, 0.53mm i.d. FSOT (Alltech SuperoxII)
Carrier: Nitrogen (3.0 mL/min)

Column Temperature: 100°C Isothermal

Samples were analyzed together with standards, spikes and

duplicates.

4.0 RESULTS

The compliance data consists of three consecutive tests
(runs 1, 2 and 3) performed on Tuesday, October 31, 1989. All
outlet data contained in this report is for Scrubber No. 1. The
test log for the compliance testing is contained in Appendix A of
this report. Duct flow measurements ranged between 59,970 and
62,290 acfm during the testing. The results of the DMF Compli-

ance Tests for the duPont DMF Scrubber No. 1 are contained



in Table 1.

Each of the three compliance tests demonstrated an effici-
ency of greater than 90 percent abatement of DMF emissions.
The scrusber was operated at full capacity during each of the
tests. The specific plant operations data were provided by
duPont personnel and are contained in Appendix E of this report.
The inlet concentrations of DMF ranged between 213 and 265 ppmav
during the compliance \testing. The outlet concentrations ranged
from 8.1 to 4.4 ppmav. The average scrubber efficiency measured

for the three tests was . 3%.

The concentration of DMF in the wastewater in the bottom of

the stack averaged 3.0% during the testing.



Table 1. Results of Efficiency Testing on Scrubber No. 1.

Run 1 Run 2 Run 3
Inlet Temperature (°F): 164.8 166.5 156.6
nlet Pressure (Static) (in.H20): -1.04 -0.983 -1.06
Duct Velocity (ft/s): 19.3 19.5 18.7
Duct Flowrate (acfm): 61870 ’62299 58970
(scfm): 49990 50200 49080
(dscfm): 48420 43630 40960
Inlet Moisture (%): 6.3 9.9 11.9
Outlet Moisture (%): 3.1 13.1 16.5
Inlet DMF Concentration (ppmav): 265 255 213
Outlet DMF Concentration (ppmav): 4.4 7.0 8.1 C?é;\;
Inlet Emission Rate (lbs/hr): 146.0 126.5 99.1 /Q~?.7
OQutlet Emission Rate (lbs/hr): 2.4 3.5 3.8 EZ(Q
Scrubber No. 1 Efficiency (%): 98.4 97.3 96. 2

Scrubber No. 1 Wastewater Analysis:
Concentration (¥{w/v)) before run: 2.71 2.84 3.26

Concentration (%(w/v)) after run: 2.76 3.13 3.44
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APPENDIX A

COMPLIANCE TEST LOG
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Compliance Test Log - 10/31/89

Run 1 - Start Time: 09:48
End Time: 10:48
Run 2 - Start Time: 12:58
End Time: 13:58
Run 3 - Start Time: 14:54

End Time: 15:54
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(1) DIMETHYLACETAMIDE and

FORMULA: (1) CH3CON(CHq)p; Cg4HghO (2) DIMETHYLFORMAMIDE

(2) O=CHN(CH3)5; C3HyNO METHOD: 2004
mW.: (1) 87.12; (2) 13.10 ISSUED: 5/15/85
OSHA: 10 ppm (skin) [(1) and (2)] PROPERTIES: Table 1

NIOSH: no standard
ACGIH: 10 ppm (skin) [(1) and (2))
{1 ppm = 3.56 mg/m® @ KTP (1) ]; [) ppm = 2.99 mg/m3 @ NTP (2)]

SYNONYMS: (1): u,N-dimethylacetamide; CAS #127-19-5.
(2): N,N-dimethy!fcrmamide; DHF; CAS #68-12-2.

SAKPLILG MEASUREMENT
1
SAMPLER: SOLID SGRBENT TUBE ‘ PTECHNIQUS . GAS CHROMATCGRAFPRY, FID
(silica gel, 150 mg/715 mg) !

YAHALYTE: dimethylacetemide or dimsthy!foramics
FLOA RATE: 0.0Y %o ! L/min ' )
ICESORPTION: 1 mL methanol; 1 hr in Citrasaonic

VOL-MIN: 15 L 8 30 mg/m3 ! bath
-MAX: B0 L H
VINGECTION VOLUME: 5 pl
SHIPHZNT: routine H
' TEMPERATURE -INJECTION: 220 °C
SAMPLE STABILITY: stable > S days @ 25 °C {1] ! -CETECTOR: 320 °C
! COLUN: 140 °C

FIELD BLANKS: 107 (22) of samples !
1CARRIER GASES: Ha, S0 mL/min
]
ACCURACY 'COLUMN: 1.5 m x 6 nm 0D glass; 10% UCCH
' ' SO-HB-5100, 2% KOH on 100/120 mesh
RANGE STUOIED: (1): 18 to 105 mg/m? [1]; o Chramosorb WHP
(2): 11 to 61 mg/m® (1] !
{45-L samples) ICALIBRATION: analyte in methano!l
1
8IAS: not known [1] IRANGE: 0.5 to 4 mg per satple [1,2]
1
OVERALL PRECISION (s.): (1): 0.067 [1]; 'ESTIMATED LOO: 0.05 mg per sample [2)
(2): 0.056 {1] H
IPRECISION (s.): (1): 0.032 (1);
! (2): 0.037 [1]

APPLICABILITY: The working range is 10 to B0 mg/m® of either analyte for a SO-L air sample.
The lower limit is determined by the desorption efficiency which must be determined over the
range used. Silica gel has a high affinity for water; high relative humidity will adversely
affect the efficiency of analyte adsorption.

INTERFERENCES: None identified. Separation conditions (column, temperature, etc.) may be
changed to circumvent prodblems. Alternate columns include: 60/80 mesh Chramosord P coated
with 20% UCON LB 550X and 2% KOM; 100/120 mesh Chramosorh WHP with 100 Carbowax 20M and 2% KOHW;

100/120 mesh Chramosord WP with 10% SP-2250; and 5% FFAP,
OTHER METHODS: This combines and replaces Methods $254 and $255 {2].

5/15/85 2004-1



‘ (1) DIMETHYLACETAMIDE and (2) DIMETHYLFORMAMIDE METHOD: 2004
m REAGENTS: EQUIPHENT :
1. Mmethanol, reagent grade.* }. Sampler: glass tube, 7 on long, 6 nm 0D, 4 am 1D,
2. Analyte: dimethylacetamide, flame-sealed, with plastic caps, containing two
! reagent grade, or dimethy)formamide, sections of 20740 mesh silica gel (front = 150 mg;
reagent grade.¥ back = 75 mg) separated by a 2-mm urethane foam
3. Acetone, reagent grade.* plug. A silylated glass wool plug precedes the
g 4. Desorption efficiency (DE) stock front section and a 3-mm urethane foam plug follows
solution, 0.05 mg/mL. Prepare the back section. The pressure drop across the tube
solutions of dimethylacetamide or must be less than 3.4 kPa (2.5 on Hg) at an airflow
a dimethylformamide fresh daily in of 1 L/min. Tubes are commercially availadle.
; acetone. 2. Perscnal sampling pump, 0.01 to 1 L/min, with
- S. Hydrogen, prepurified. flexible connecting tubing.
] 6. Air, filtered, compressed. 3. Gas chromatograph, FID, integrator, end colum
o 7. Nitrogen, purified. (page 2004-1).
4. vials, 2-mL, PTFE-lined crimp cap, or a:utoma‘ic
*See SPECIAL PRECAUTIONS. sarpler vials.
g S. Microliter syringes, 10-ul and other converient

sizes for making standards.
6. Pipets, 1.0 mi, delivery.
. Volumetric flasks, 10-mL.
8. Ultrasonic bath.

.
"‘i'ﬂ:" -‘
-t

SPECIAL PRECAUTIONS: Acetone end methanol are flammable and a dengerous fire ang expicsion
risk. They are modzrately toxic by ingestion and inhalation.

EF =

Dimethylacetamide and dimethylformamide are strong irritants to skin and tissue and moderate
fire risks.

P

SAMPLING:

1. Calibrate each personal sampling pump with a representative sampler in line.

2. Break the ends of the sampler immediately before sampling. Attach sampler to personal
sampling pump with flexible tubing,

3. Sample at an accurately known flow rate between 0.01 and | L/min for a total samle size of
15 to 80 L.

4. Cap the samplers. Pack securely for shipment,

SAMPLE PREPARATION:

5. Place the front and back sorbent sections of the sampler tube in separate vials. Discard
the glass wool and foam plugs.

6. Add 1.0 mlL methanol to each vial. Attach crimp cap to each vial.

7. Agitate for 60 min in an ultrasonic bath,

CALIBRATION AND QUALITY CONTROL:
8. Calibrate daily with at least five working standards over the ranges 0.05 to 4 mg
dimethylacetamide or dimethylformamide per sample.
a. Add known amounts of analyte (neat or diluted with methanol) to methanol in 10-mL
volumetric flasks and dilute to the mark.
b. Analyze together with samples and blanks (steps 11 and 12).
¢. Prepare calibration graph (peak area vs. mg analyte).

L
—

l 5/15/85 2004-2
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KETHOU: 2004 (1) DIMETHYLACETAMINE and (2) DIMETHYFURPAATDE

9. Determine desorption efficiency (DE) at least once for each lot of silica gel usec for
sampling in the calibration range (step B). Prepare three tubes at each of five leveis
plus three media blanks.

a. Remove and discard back sorbent section of 2 media blank sampler.

b. Inject a known amount (1 to 20 ul) of pure analyte or D€ stock sclution directly onte
front sorbent secticn with a microliter syringe.

C. Cap the tube. Allow to stand overnight,

d. Desordb {steps 5 through 7) and analyze together with working standards (steps 11 and 12).

e. Prepare a graph of U2 vs. mg analyte recovered.

10. Analyze three quality contrcl blind spikes and three analyst spikes to ensure that thz
calibration graph and DE graph are in control.

HEASUREMENT: .
11. Set gas chromatograph according to manufacturer's recormendaticns and to conditionz given

on page 2004-1. Inject sarple aliguot manually using solvent flush technique cr with
autosarpler. -
HOTE: If pezk area is above the iinear range cf the working stendards, cilute with
methanol, reanalyze, and apply the eppropriate diluticn factor in calculasziens.
12. R2asure peak erea.

CALCULATIONS:
13. Determine the mass, mg (corrected for DE) of analyte found in the saple frent (wWe) erd

back (W) sorbznt sections, and in the average mzaiz blank frons {Bg) and back (2w)

sorbent secticns.
NOTE: If wy > We/ 10, report breakthrough and possible sampie lcss.

14. Calculate concentraticn, C, of analyte in the air voluxe satpled, V (L):

C= (We + Wy -~ Sf - By) + 102 mg/m?.

EVALUATION OF METHOD:

Method 5254 for dimethylacetamide was evaluated over the range of 18 to 105 mg/m® at an
atmospheric temperature and pressure of 24 °C and 760 mm Mg using 2 45-L sample [1].
Breakthrough occurred when sampling a test atmosphere containing 105.6 mg/m2 of
dimethylacetamide at 0.876 L/min for 240 min. The front section of the silica g2) tube was
found to hold 22.2 mg dimethylacetamide under these conditions. The collection efficiency test
conducted at a concentration of 105.6 mg/m? was determined to be 1.00. Dzsorpticn efficiency
at 0.943, 1.885, and 3.77 mg per silica gel tube was 88.8, 93.8, and 94.9%, respectively. A
storage study for five days at 1.866 mg per silica gel tube gave a recovery of 93.6%. Overall
sapling and measurement precision, s., was 0.067.

Method 5255 for dimethylformamide was evaluated over the range of 11 to 61 mg/m3® at an
atmospheric temperature and pressure of 23 °C and 761 mm Hg using a 45-L sample [1].
Breakthrough occurred when a test atmosphere containing 119.5 mg/m3 of dimethylformamide was
satpled at 0.859 L/min for 146 min. The front section of the silica gel tube was found to hclc
15 mg of dimethylformamide under these conditions. The collection efficiency test concucted at.
a concentration of 61.1 mg/m? was determined to be 1.00. Desorption efficiency at 0.759,
1.518, and 3.04 mg per silica gel tube was 88.7, 90.4, and 92.2%, respectively. A storage
study for five days at 1.5 mg dimethylformamide per silica gel tube gave a recovery of 91.7%.
Overall sampling and measurement precision, s., was 0.056.

5/15/85 2004-3
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{1) DIMETHYLACETAAIDE and (2) DIKETHYLFOPMAMIDE FETHOD: 2004

REFERENCES :

[1] Documentation of the NIOSH validation Tests, $254 (Dimethylacetamide) and $255
(Dimethylformamide), U.S. Department of Health, Education, and Welfare, Publ. (NIiQSH)
17-185 (1977), available as GPD Stock #£017-033-00231-2 from Superintendent of Documents,
wWashington, DC 20402.

{2] NIOSH Manual of Analytical Methods, 2nd ed., vol. 3, $254 and $255, U.S. Departrent of
Health, Education, and Welfare, Pybl. (NIOSH) 77-157-C (1977).

METHOD REVISED BY: C. Neumeister, NIOSH/DPSE; S254 and 5255 originally validated under HWIOSH
Contract CDC-99-74-45.

Table 1. Properties.

Liquid Erplosive

density, oP kP \P @25 °c renge in

Analvte o/mt € 25 °C %] (°0) _Pa mn_Ha B air., T vy

Cimethylacetamide 0.9266 166 -29 170 1.3 1700 1.6 to 11.8

Dimethylformamide 0.9440 153 L0 490 3.7 4320 2.2 tc 5.2
$/15/85 2004 -4
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SUPEROXII,lE@MN, 8. 530N 4

“CaL 1g9c

)
o

Teah

ANALYSIS PARAMETEX . FiLZ ©
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T.0BL 2 STOR.TA B
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SCRUBBER NUMBEK 1
TESTED 10/31/89

TeST HUMBER 1

MEASUREMENT

TIME

DP ACROSS SCREEN, IN. H20
PRESSURE BELUW BED, [H. H20
FAN MOTOk CUKRENT, AMP.
VENTURL FLOW, HSCEHMx
WATER FEED, LB/HR
WATER TAKE-OFF, LB/HR
RECIRCULATING FLOW, GPM

BOTTOMS TEWMF., DEG. C

STAKT

Uy 48

39

5550

* VENTURI FLOW HAS NOT BEEN CALIBRATED aAHD I3

SHOULD BE USED.

Hib-TEST END
lur4s

3,18

Sl 3

120

40U 39

5300 Labho

su00 Lb/HR
28640

| S
'S

RHEADIHNG LOU., ETS, 1HC.

Risab il



SCRUBBER NUMBER 1
TESTED 10/31/69

TEST NUMBER 2

MEASUREMENT START H1D-TEST ElLl
TIME 12:58 SRR
DP ACCROSS SCREEN, IN. H20 V.13

PRESSURE BELOW BED, IN. h20 sl Ji 31
FaN HCTOUR CURRENT, AHP. 119

VENTUKI FLOW, MSCFH* 39 4U 14U
WATER FEED, LB/HR 5200 E30U S&uv
WATER TAKE-OFF, Lb/HR A3uul 3suu Lb/HR
RECIRCULATING FLOW, GPH ABOUT Z&eu

BOTTOHS TEMP., DEG. C 52

* VENTURI FLOW HAS NOT BEEN CaLIBKATED AND 15 KEADING LOW. ETS,1N. kiaDIdus
SHOULD BE USED.



5y,

SCRUBBER NUMBER 1
TESTED 10/31/89

TEST NUMBER 3

MEASUREMENT STaRT "HID-TEST

TIHE 14:54

DP ACROSS SCREEN, 1N. H20 ' 0.20

FRESSURE BELOW BED, I{H. H20 3u 30

Fail MOTOR CURKENT, aMP. | 114

VEHTURI FLOW, HSCFtix | 39 37

WATER FEED, LB/HR 5300 5200

WATER TAKE-OFF, LB/Hk ABOUT 5400 Lb/HR
CIRCULATING FLOW, GPM AaBOUT 2560

BOTTOMS TEMP., DEG. C 51

* VENTURI FLOW HaS MNOT BEEN CALIBRATED AND IS READUING LOW. ETS
SHOULD BE USED.

;4

5200

WC . READiINGS






