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1.0 INTRODUCTION

A compliance test program was ~erfor.ed on the new wet

scrubber system installed on the orl~ process at the duPont

Waynesboro Plant. The testing program was designed to determine

the level of abatement of N.N-Dimethylformamide (DMF) emissions.

Compliance testing was performed on only one scrubber (desig-

nated Scrubber No.2) at this time. Scrubber No. I will .be

tested on a subsequent date. Testing was performed by L. Graves,

T. Underwood and T. Handel of ETS, Inc. on Friday, October 6,

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 of the Roanoke office of the

State Air Pollution Control Board.

The test program consisted of three rePlicat, series of

measurements. All testing was conducted while the\Jrlon process

was operating normally. Plant operations data were collected for

each of the testing periods. This information is included as

Appendix E. Each series of tests consists of the following

measurements:

1) DMF gas concentration at the inlet duct of the dual

scrubber system.

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

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

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

system.

5) Moisture content of the outlet duct of the scrubber

6)

~7)

system.

DMF concentration in the scrubber system wastewater

effluent.

OrIon process operational data.

DMF

All inlet/outlet testing was performed simultaneously in

order to evaluate rea) time scrubber efficiency.

Figure I illustrates the overall gas flow details for the

system. The scrubber system is designed with two

units, each designed to handle up to 75,000 actual

cubic eet per minute (acfm) of exhaust gases. With both

in operation, the combined exhaust gases from the six

rs. the Pidler exhaust and the waste exhaust unit can

be treated simultaneously. Due to a lack of demand for OrIon

product. only one scrubber was conditioned for testing at this

time. Scrubber No. I was isolated from the system 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 800 HP blower to force the inlet

gas through each scrubber. In the current test program, only the

blower to scrubber No. 2 was operated.
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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 8 feet.

Bach sampling run was conducte for a period of 60 minutes

at a nominal sampling rate of 1.5 per minute. Both inlet

and outlet sampling was performed using the center of the

respective ducts as the point of sample withdrawal.
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The impinger solutions and the sorbent tube samples were

analyzed using GC/FID in accordance with the general conditions

outlined in NI08H Method 2004. The impinger solution volumes

were measured and recorded. Impinger 2 and 3 contents were

combined and analyzed. Impinger I 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

volumetric flowrate of the inlet gases was

velocity traverses in accordance with BPA Methods

(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 "8" 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 dUPon~Plant personnel

operation of the OrIon process~and associated

included in this report as Appendix E.

3.0 SAMPLING AND TEST METHODOLOGY

regarding the

scrubber system is

All sampling was conducted using sampling pumps calibrated

onsite before and after each run. Each pump was calibrated with

the sampling train in place ting an inverted bubble flowmeter.

Calibration data is containe in Appendix B. Each sampling train

was the leak checked precedi sampling interval by plugging the

tip of the sampling probe and observing

bubbling in each of the impingers. The

the c~ete cessation

rotameter was also

of

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.
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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 Temperature: 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

Test r~was aborted during the test due to a power

failure. The compliance data consists of three consecutive

tests (runs 2, and 4) performed on Friday October 6, 1989. All

outlet data contained in this report is for Scrubber No.2. The

test log for the compliance testing is contained in Appendix A of

this report. Duct flow measurements ranged between 61,000 and
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68,000 acfm during the testing. The results of the DMF Compli-

ance Tests for the duPont DMF Scrubber No. 2 are contained

in Table 1.

ency

Bach of the th~ compliance tests demonstrated an effie i­

of greater than 9~ercent abatement of DMF emissions.

The scrubber 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 B of this report.

The inlet concentrations of DMF ranged between 286 and 397 ppmdv

during the compliance testing. The outlet concentrations ranged

from 17.1 to 8.9 ppmdv. efficiency

measured for the three tests was

The concentration of DMF in the wastewater in the bottom of

the stack remained relatively constant at 2.5~ throughout the

testing.
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Table 1. Results of Efficiency Testing on Scrubber No.2.

Run 2 Run 3 Run 4

Inlet Temperature (0 F) : 156.8 153.4 153.3

Inlet Pressure (Static) (in. H20) : -0.999 -0.972 -0.980

Duct Velocity (ft/s): 21.5 20.2 19.0

Duct Flowrate (acfm) : 68760 64790 60950

(scfm): 56080 53130 49820

(dscfm): 51090 44460 43160

Inlet Moisture (%):

Outlet Moisture (%):

Inlet DMF Concentration (ppmdV):

Outlet DMF Concentration (ppmdV):

Inlet Emission Rate (lbs/hr):

Outlet Emission Rate (lbs/hr):

Scrubber No.2 Bfficiency (%):

Scrubber No. 2 Wastewater Analysis:

Concentration ('{w/v» before run:

Concentration {%(w/v» after run:
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8.9

10.4

397

8.9

230.9

3.0

98.8

2.19

2.59

16.3

10.4

286

17.1

144.7

8.6

94.0

2.59

2.55

13.4

8.9

312

12.6

153.2

6.2

96.0

2.55

2.55
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APPENDIX A

Co.pliaDce Test Log

Run 1 Aborted due to power failure during test.

RUD 2

Run 3

Run 4

Start Time:

Bnd Time:

Start Time:

Bnd Time:

Start Time:

Bnd Time:

11:26

12:26

13:37

14:47

17:14

18:14

13



APPBNDIX B

STACK VBLOCITY DATA FIBLD SHEETS

AND CALIBRATION DATA FOR

SAMPLING PUMPS
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FOIOOLA: (1) ~(l)N(043)2; C4H#J
(2) O=OW(CHJ) 2; C3H7NO

".W.: (1) 87.12; (2) 13.10

( 1) DIMETHVLACETAMIDE and
(2) DIMETHVLFORMAMIDE

tETHOD: 2004
ISSUED: 5115/85

OSHA: 10 ppm (skin) [(1) and (2)] PROPERTIES: Table 1
NI0SH: no standard
ACGIH: 10 ppm (skin) [(1) and (2)]

(1 ppm If 3.56 mg/m3 (l NTP (1)]; [1 ppm .. 2.99 mg/m3 (l NTP (2)]

SYNONYP'S: (1): !!,!!~imethylacetamide;CAS "27-19-5.
(2): !!.!!~imethylfonnamide; 0f1F; CAS 168-12-2.

SAMPLING ..eASUREMENT

SAMPLER: SOLID SORBENT TUBE
(silica gel, 150 mg/15 mg)

FLOW RATE: 0.01 to 1 L/min

VOL-MIN: 15 L (l 30 mg/m3

-IWC: 80 L

SHIPMENT: routine

!TE()INlQUE: GAS ()IRQf1ATOGRAPHY. F10

!AHALYTE: dimethylacetamide or dimethylfonnamide,
lDESORPTION: 1 mL methanol; 1 hI' in ultrasonic

bath

!INJECTION VOLUME: 5 pL

!TEMPERATURE-IfIJECTION: 240 °C
SAMPLE STABILITY: stable ~ 5 days (l 25°C [1] -efTECTOR: 320°C

-COLlm: 140 °C
FIELD BLANKS: 10' (~2) of samples

RANGE STUDIED: (1): 18 to 105 mg/m3 [1];
(2): 11 to 61 mg/m3 [1]

(45-L samples)

BlAS: not krom (1]

OVERALL PRECISION (sr): (1): 0.067 (1];
(2): 0.056 (1]

!CARRIER GASES: N2• 50 mL/min
!
!COLUMN: 1.5 m It 6 nm 00 glass; 10' UCON

50~B-5100, 2\ K~ on 1001120 mesh
. l Chraoosorb WHP

!CALIBRATION: analyte in methanol
!
!RANGE: 0.5 to 4 mg per sample (1.2]
!
lESTIMTEO LOO: 0.05 mg per s~le (2]

!PRECISION (sr): (1): 0.032 [1];
! (2): 0.037[1]

APPLICABILITY: The ..arking range is 10 to 80 mg/m3 of either analyte for a 50-L air satf1)le.
The lowr limit is determined by the desorption efficiency which ""st be detennined over the
range used. Silica gel has a high affinity for water; high relative hlll'lidity will adversely
affect the efficiency of analyte adsorption.
INTERFERENCES: None identified. Separation conditions (colum. terperature. etc.) !My be
changed to cirC\IIIVent problems. Alternate colums include: 60/80 mesh Chraoosorb P coated
..ith 201. UCOH L8 550X and 2\ K~; 100/120 mesh Chranosorb \ftP "lith 10\ carbowax 20P1 and 2\ KG4;
100/120 mesh Chl"Q1l)S()rb .....ith 10\ SP-2250j and 5\ FFAP.
OTHER M£THODS: This combines and replaces ~thods 5254 and 5255 [2].

5/15185 2004-1



(1) DIf1ETHYlACETMIDE and (2) DIMETHYlFORtWlIDE METI«)(): 2004

I
REAGENTS:
1. Methanol, reagent grade. '*'
2. Analyte: dimethylacetamide ,

reagent grade, or dimethylformamide,
reagent grade.'*'

3. Acetone, reagent grade. '*'
4. Desorption efficlency (DE) stock

solution, 0.05 mg/mL Prepare
solutions of dimethylacetamide or
dimethylfonnamide fresh daily in
acetone.

S. Hydrogen, prepurified.
6. Air, filtered, compressed.
7. Nitrogen, purified.

*See SPECIAL PRECAUT IONS.

EQUIPMENT:
,. Sampler: glass tube, 7 em long, 6 mm 00, 4 mm 10,

flame-sealed, with plastic caps, containing two
sect ions of 20/40 mesh si Hca gel (front = 150 mg;
back = 75 mg) separated by a 2-mn urethane foam
plug. A silylated glass wool plug precedes the
front section and a 3-mm urethane foam plug follows
the back sect ion. The pressure drop across the tube
must be less than 3.4 kPa (2.5 om Hg) at an airflow
of 1 l/min. Tubes are commercially available.

2. Personal sampling pump, 0.01 to 1 l/min, with
flexible connecting tubing.

3. Gas chromatograph, FlO, integrator, and column
(page 2004-1).

4. Vials, 2~l, PTFE-lined crimp cap, or automatic
sampler vials.

S. Microliter syringes, 10-~l and other convenient
sizes for making standards.

6. Pipets, 1.0 ml, delivery.
7. Volumetric flasks, 10-mt.
8. Ultrasonic bath.

SPECIAL PRECAUTIONS: Acetone and methanol are flammable and a dangerous fire and explosion
risk. They are moderately toxic by ingestion and inhalation.

Dimethylacetamide and dimethylformamioe are strong irritants to skin and tissue and moderate
fl re ri sks.

SAAPLING:
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 sample size of

15 to 80 L.
4. cap the samplers. Pack securely for shipment.

SMPlE 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 ml methanol to each vial. Attach crimp cap to each vial.
7. Agitate for 60 min in an ultrasonic bath.

CALIBRATION AND QUALITY CONTROL:
e. calibrate daily with at least five working standards over the ranges 0.05 to 4 mg

dimethylacetamide or dimethylfonnamide per sample.
a. Add known amounts of analyte (neat or diluted with methanol) to methanol in 10~l

volumetric flasks and dilute to the mark.
b. Analyze together with samples and blanks (steps 11 and 12).
c. Prepare calibration graph (peak area vs. mg analyte).

S/1S/BS 2004-2
)



(Wf • ~ - Bf - ~). 103
1C = • mg/m •

V

CALClJLATIONS:
13. Detennine the mass, mg (corrected for DE) of analyte found in the sant>le front (Wf) and

back (Wb) soroent sections, and in the avarage media blank front <Bf> and back <80>
sorbent sect ions.
NOTE: If Wb > Wf/lO, report breakthrough and possible sample loss.

14. calculate concentration, C. of analyte in the air volume sampled, V (l):

fEASUREItENT:
11. Set gas chromatograph according to manufacturer's recommendations and to conditions given

on page 2004-1. Inject ~le aliquot manually using solvent flush technique or with
autosc1fll)ler.
NOTE: If peak area is above the linear range of the ~rking standards, dilute with

methanol, reanalyze, and apply the appropriate dilution factor in calculations.
12. ~sure peak area.

Method S255 for dimethylfol"ftllWnide was evaluated over the range of 11 to 61 eng/m3 at an
atllespheric tl!q)erature and pressure of 23 °C and 761 nm Hg using a 4S-l sarple [1].
8reakthrough occurred when a test atmosphere containing 119.5 mglm3 of dimethylfonmamide ~as

saR1)led at 0.859 Llmin for 146 min. The front section of the siHca gel tube was found to holo
15 eng of dimethylform.nide under these conditions. The collection efficiency test conducted at
a concentration of 61.1 mglm3 was detennined to be 1.00. Desorption efficiency at 0.759,
1.518. and 3.04 eng per silica gel tube was 88.7. 90.4, and 92.2'1., respectively. A storage
study for five days at 1.S mg dimethylfonnamide per silica gel tube gave a recovery of 91. 7'1..
Overall sarpling and measurement precision, sr' was 0.056.

(1) DI~THYLACETMloe:and (2) DlMETHYlFORfWIlIDEfET.aJ: 2004

9. oetennine desorpt ion efficiency (DE) at least once for each lot of S1 lica gel used for
~Hng in the calibration range (step 8). Prepare three tubes at each of five levels
plus three media blanks.
a. Remove and discard back sorbent section of a media blank sampler.
b. Inject a known amount (1 to 20 llL) of pure analyte or DE stock solution directly onto

front sorbent section with a microliter syringe.
c. cap the tube. Allow to stand overnight.
d. Desorb (steps 5 through 7) and analyze together with working standards (~teps 11 and 12).
e. Prepare a graph of DE vs. mg ana1yte recovered.

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

EVALUATION OF ItETHOD:
Method S2S4 for dimethylacetamide was evaluated over the range of 18 to 105 mg/m3 at an
atrll)spheric tl!q)erature and pressure of 24 °C and 760 nm Hg using a 45-l ~le [1].
Breakthrough occurred .men satpling a test atnosphere containing 105.6 mg/m3 of
dimethylacetamide at 0.876 l/min for 240 min. The front section of the silica gel tube was
found to hold 22.2 mg dimethylacetamicle uncler these conditions. The collection efficiency test
conducted at a concentration of 105.6 mg/mS was determined to be 1.00. ~rption efficiency
at 0.943. 1.886, and 3.11 mg per silica gel tube was 88.8. 93.8, and 94.9'fo, respectively. A
storage study for five days at 1.866 mg per silica gel tube gave a recovery of 93.6'. Overall
saR1)1 ing and measurement precision, sr' was 0.067.

J
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PETHOO REVISED BY: C. NNneister. NIOSHIDPSE; S2S4 and S255 originally validated under NIOSH
Contract alC-99-74-45.

REFERENCES:
[l] ~tat\onof the NIOSH VaHdaUon lests. S2S4 (Di_thyla~ide) and S2SS

(Di_thylf~de). U.S. Department of Health. Education, and WlHa,., Pub1. (NIOSH)
77-185 (977), available as GPO Stock 1017-033-00231-2 frca Superintendent of Docwnents.
WAshington. DC 20402.

[2] NIOSH Ranual of Analytical Plethods, 2nd ed•• Vol. 3. S254 and 5255, U.S. Department of
Health, Education. and welfare. Pub1. (NIOSH) 71-157-C (977).

Table 1. Pr'q)ert'es.

liquid Explosive
deMity. BP ptp VP'25·C range in

Anabte g/ml @25 ·C 1:£1. ~ .!! !!!!1J!g ..B!! a; r! ,. vlv

oimethylac:etamide 0.9366 166 -20 170 1.3 1700 1.8 to 11.5

~imethylfonmamide 0.9440 153 -60 490 3.7 4900 2.2 to 15.2

I
r---.
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I
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(1) DlPETHYLACETMlDE and (Zl DlMETHYlFORMMlDE PET1()Q: 2004
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COJIKODBALTH 01' Vl:RGZBJ:A
DepartJIut of Air Pollution Control

ZI1TRA-AGDCY IIBKOUNDUX

TO: File

I'ROK: R. o. Goetz

SUBJBCT: DUPONT, WAYNESBORO, REGISTRATION '20517

DATB: November 2, 1989

RE: STACK TEST •••••EW DMF SCRUBBERS ON ORLON FIBER DRYERS

A witnessed stack test was performed 10-31-89 on one of two
('1 scrubber, away from river) new large scrubbers for DMF (VOC)
scrubbing efficiency, inlet and outlet concentrations and pounds
per hour emission rates. The scrubber tested was fully loaded
(one-half scrubbing capacity) by full production on one-half (3)
of the six orlon fiber dryers.

Opacity appeared to be zero (0%). It was impossible to be
sure this date due to fog the first two test runs and a cloudy
background the third of three test runs.

See the attached stack test monitoring sheet and proposed test
protocol by ETS for more details.

- "Preliminary" results indicate better than 95% DMF
collection efficiency, less than 5 lbs/hr DMF emission per
scrubber.

DMF concentration in scrubber water reservoir: 3%. Plant
hopes to increase this to 9 or 10% for more efficient
recovery.
Inlet feed water: 5300 lbs/hr -- 11 gal/min.
Ran about four days before test day.
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WALLACE E. REED. CHAIRMAN
CHARLOTTESVILLE

TIMOTHY E. BARROW.
VICE CHAIRMAN

VIRGINIA BEACH

SAM C. BROWN. JR.
VIRGINIA BEACH

RICHARD L. COOK
RICHMOND

MANUEL DEESE
RICHMOND

WALLACE N. DAVIS
EXECUTIVE DIRECTOR

COMMONWEALTH of VIRGINIA
Department of Air Pollution Control
VALLEY OF VIRGINIA REGIONAL OFFICE

SUITE 0, EXECUTIVE OFFICE PARK
5338 PETERS CREEK ROAD
ROANOKE. VIRGINIA 24019

703 857·7328
FAX 703 857·7sn
TOO 804 371-8471

October 16, 1989

DONALD L SHEPHERD
REGIONAL DIRECTOR

Mr. Ron Shifflett
E. I. duPont de Nemours and
Company, Incorporated
Waynesboro, VA 22980

Dear Mr. Shifflett:

Our review of the of DMF removal efficiency of
the and the test report you submitted has led
us to cone ude a~ I; the
capability of this ~sign to remove of
captured DMF. In conjunction with your earlier emissions
inventorying and stack testing that indicated that approximately
77% of plant DMF emissions are exhausted by the stacks now
controlled by these scrubbers, we also conclude that the 69%
overall OMF reduction target specified in condition #15 of your
July 3, 1989 permit has been met. You may therefore start-up the
new Lycra spinning equipment described by that permit.

You are reminded that you •••
.......... in order to comply with condition #5 and
with the remainder of Condition #15 of th and that
conditions #6 and #16 must still be met by April 1, 1990.

Please feel free to call if you have any questions.

Sincerely,

~;z'r~~
Donald L. Shepherd
Director, Region II

cc: ...
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WAYNESBORO PLANT

WAYNESBORO, VIRGIN'IA 22980

TEXTILE FIBERS DEPARTMENT

October 10, 1989

D.C T1 2 1989

Mr. Donald L. Shepherd
Director, Region II
Department of Air Pollution Control
Suite D, Executive Office Park
5338 Peters Creek Road
Roanoke, Virginia 24019

Dear Mr. Shepherd:

On Frid
on our
plant. The compliance sampling was performed by ErS,
Roanoke, Virginia•

. Prior to the start of this test, we were requested to provide
information about certain measurements that were to be taken during
the compliance testing. A copy of that requested information has been
sent to your office. You also requested information about the ORLON
production rates during the testing. This production information was not
included in our recent submittal due to our opinion that it is

Below is the information that you requested.

Test
No.

2

3

4

Start
Time

11:26

13:47

17:17

Finish
Time

12:26

14:47

18:17

Dryers
Operating

12, 13 &15

12, 13 & 15

11, 13 & 15

Pounds of
ORLON dried

15,928

14,845

14,981

I would request that you treat this information as confidential.
If you have additional questions call me at (703) 949-2844.

Sincerely,

~G3.~ft!
Ronald B. Shifflett
Safety, Health &Environmental
Affairs

CO"T" ..... ~ "(~. T '-T "l... .". ~ . ' .
• ,'" t·, < •.4 .. _..., ....... • ~._ ...!.. ...........
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COIDIOnBALTH OF VIRGINIA
Departaent of Air Pollution Control

INTRA-AGBNCY MBKORAHDUX

TO: File

FROX: R. o. Goetz

SUBJBCT: DUPONT, WAYNESBORO, REG. NO. 20517

DATB: October 16, 1989

RE: STACK TEST NEW DMF SCRUBBERS (ORLON)

A stack test report has been received for the October 6, 1989
stack test of the new no. 2 (near river) DMF scrubber on orIon
fiber drying. The test was witnessed by R. O. Goetz with S. K.
Barnard observing opacity (always O%).

The test report showed that this scrubber was "in compliance"
with an efficiency exceeding 90%. It averaged 96.3% efficiency for
three test runs.

The scrubber was fUlly loaded by all emissions from one-half
(3) of the dryers at capacity venting through one-half the
scrubbers (1 of 2).

This test is in J;eference to the July 3, 1989 permit for
several areas of the plant and a related consent agreement.

There will be a similar test of the other scrubber in a few
weeks.

For additional details, see the test report and 10-12-89 memo
of test observations.

~.o.~
RaYmond o. Goetz
Engineer, Region II

ROG/bh

Attachments

CC: DI£"
5,1<. BARI\AR'O


