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Characterization of Stormwater Discharges at the Guanajibo
Industrial Park, Mayagiiez, Puerto Rico, 1997-98

By José M. Rodriguez

Abstract

Stormwater discharges from the Guanajibo
Industrial Park, Mayagiiez, Puerto Rico, were
investigated from May 1997 to May 1998 by
measuring the flow rate and collecting samples at
three outfalls. The drainage area for each outfall
was delineated. Flow rate measurements were
used to calculate the volume of the stormwater
discharges. The collected samples were analyzed
to determine the quality of the discharges.
Constituent loads and loads per area were
estimated for each drainage area. The studied
drainage subareas covered approximately 55
percent of the total area of the Guanajibo
Industrial Park. Industrial groups represented in
the study areas include manufacturers apparel,
electronics, and food products.

The concentrations of oil and grease (less
than 1 to 6 milligrams per liter), and total
phosphorous (0.22 to 0.82 milligram per liter)
from all the samples collected were less than the
U.S. Environmental Protection Agency
stormwater benchmark concentrations.
Concentrations of biochemical oxygen demand
(3.4 to 44 milligrams per liter), chemical oxygen
demand (15.1 to 122 milligrams per liter) nitrate
plus nitrite as nitrogen (0.06 to 1.6 milligrams per
liter) and total suspended solids (50 to 456
milligrams per liter) exceeded benchmark
concentrations at one or more of the studied
drainage areas. Maximum concentrations for oil

and grease, biochemical oxygen demand, and
chemical oxygen demand were detected at an area
where industrial groups that manufacture apparel
and food products are represented. Maximum
concentrations of total suspended solids, nitrate
plus nitrite, and total phosphorous were detected
at an area where apparel products manufacturing
was the sole industrial activity.

INTRODUCTION

Studies conducted on a nationwide scale have
demonstrated that runoff from urban and industrial
areas can be a significant source of surface-water
pollution (U.S. Environmental Protection Agency,
1983). Data obtained during these studies indicate that
urban and industrial runoff may contain some
pollutants in concentrations comparable to, and in
some cases greater than, concentrations in effluents
from wastewater secondary-treatment plants. Recent
investigations at selected industrial parks in Puerto
Rico (Rodriguez, 1998) detected the presence of
elevated constituent concentrations indicative of waste
in stormwater discharges in some of the studied areas.

The Federal Water Pollution Control Act, as
amended in 1987 [section 402(p)], requires the U.S.
Environmental Protection Agency (USEPA) to
establish regulations under the National Pollutant
Discharge Elimination System (NPDES) to control the
quality of the stormwater discharges associated with
industrial activities. The regulations require the
owners or operators of facilities discharging
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stormwater associated with industrial activities to
apply for a permit for those discharges and implement
measures to minimize the contact of potential
pollutants with the stormwater.

From May 1997 to May 1998, the U.S.
Geological Survey (USGS), in cooperation with the
Puerto Rico Industrial Development Company
(PRIDCO), conducted a study to characterize the
stormwater discharges at the Guanajibo Industrial
Park (GIP) in the city of Mayagiiez, which is located
in western Puerto Rico (fig. 1). The GIP is one of over
200 industrial areas located in Puerto Rico in which
PRIDCO is the owner of most of the industrial lots.

This report presents the data collected at three
drainage subareas of the GIP. Stormwater runoff was
characterized at each of the drainage subareas during
at least two storm events. Data collected include
drainage subarea characteristics; rainfall; stormwater
discharge flow rates, volumes, and quality. These data
were collected following methods required for a
NPDES stormwater permit.The information collected
during this study will improve the understanding of
the stormwater discharges and indicate areas with
constituent concentrations that exceeded
recommended levels.

DESCRIPTION OF THE STUDY AREA AND SITE
DRAINAGE

The GIP is located south of the urban center of
the city of Mayagiiez, western Puerto Rico. The
principal hydrologic surface features related to the
GIP are the Rio Hondo and a wetland area northwest
of the GIP (fig. 1). The Rio Hondo and the wetland
area receive the stormwater discharges from the GIP.
The Rio Hondo flows southwest and discharges into
the Rio Guanajibo. Two drainage channels convey part
of the stormwater runoff produced at the park and
eventually discharge into the wetland area. These
drainage channels, which originate at the northwest
boundary of the GIP have intermittent flow.

The GIP occupies an area of approximately
370,000 m?, part of which is divided into three
drainage subareas in which stormwater is conveyed by
storm sewer (fig. 2). Subareas GIP 1, GIP 2, and GIP 3
were selected for stormwater characterization based
on the feasibility of collecting stormwater flow and
quality data.The feasibility of collecting the
stormwater data depends on the site characteristics
which include accessibility, safety, and proper
conditions for equipment installation and operation.

Selected information was collected about the
type of industrial activity conducted by each building
tenant at the studied subareas of the GIP. The types of
industrial activities were classified using the Standard
Industrial Classification (SIC) (U.S. Executive Office
of the President, 1987). Depending on the level of
detail the SIC can use a 2- to 4-digit classification
system, in which the first two digits show the major
group, the third shows the industry group, and the
fourth shows the industry code. In this report the
2-digit classification is used.

A total of 28 industrial lots were occupied at the
GIP during the time of the study (table 1). Sampled
areas included sections of 28 occupied lots. The
principal industrial group at the GIP, classified under
SIC 23 (apparel products), occupies 20 of the 28 lots
included in the studied subareas. Other industrial
groups represented at the GIP include SIC 20 (food
and related products), SIC 34 (fabricated metal
products), SIC 36 (electronic and other electrical
equipment), and SIC 38 (measuring instruments).

GIP 1 covers about 70,500 m? (table 2) and
includes sections of 9 industrial lots (fig. 2). Industrial
groups represented at GIP 1 include SIC 23, 34, 36,
and 38. Approximately 44,700 m? of GIP 1 is covered
by pavement and buildings (table 2). The stormwater
flow pattern in GIP 1 is mainly from the individual lots
to the street (fig. 2). At the street, the stormwater flows
toward storm drains located along the street. The
storm sewer discharge eventually flows into the Rio
Hondo.
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The pressure transducer measures the height of
the water surface in the storm sewer pipe. The height
of the water surface and the configuration of the storm
sewer pipe or channel is then used to calculate the flow
rate. At each of the sampling points, the pressure
transducer was calibrated according to manufacturer
instructions and programmed to record measurements
every 5 minutes. The flow rate data were used to
determine the stormwater runoff volumes during
individual storm events and to determine the required
sample volumes during the preparation of the flow-
weighted composite samples.

Continuous rainfall data were collected with a
tipping-bucket raingage. The raingage was connected
to an automatic sampler. The automatic sampler was
programmed to begin collecting stormwater samples
when the required amount of rainfall, 2.54 mm or 0.1
inch, had accumulated. Each studied storm event was
preceded by at least 72 hours in which no storm event
of a magnitude greater than 2.54 mm or 0.1 inch of
rainfall had occurred.

Two types of stormwater samples were
collected during each of the studied storm events: grab
and discrete-grab samples. Each grab sample was
collected during the first 30 minutes of the storm
runoff. Each discrete-grab sample was collected every
20 minutes throughout the storm runoff for a
maximum period of 3 hours. The discrete-grab
samples were used to prepare a flow-weighted
composite sample from which an average constituent
concentration for the storm event was determined.

The flow-weighted composite sample was
prepared by using aliquots of the discrete-grab
samples combined in proportion to flow. The required
volume from each discrete-grab sample to prepare the
composite was calculated using the following formula
(U.S. Environmental Protection Agency, 1991):

vV = Vmax' Qn
n Q ’
max

where

V. is the volume required from discrete-grab
sample 7 to prepare the composite,

V ax 18 the volume of sample collected at the
highest flow rate,

Q, is the flow rate associated with sample n, and

0,4, 18 the highest flow rate at which a sample
was collected.

Processed samples were sent for analysis to the
USGS National Water Quality Laboratory at Arvada,
Colorado. Biochemical oxygen demand (BOD)
analyses were performed at a local laboratory to meet
the maximum holding time requirement of 24 hours
for this analysis.

CHARACTERISTICS OF STORM EVENTS

Characteristics of selected storm events studied
during this investigation are presented in table 3. The
information presented includes the dates of the storm
events, duration of each storm, the duration of each
sampling period, the total rainfall, the duration of the
dry period preceding each event, the maximum flow
rate, and the total runoff volume.

The duration of the sampling period extends
from the time the grab sample was collected to the
time the last discrete-grab sample was collected. The
discrete-grab samples were collected during the entire
runoff event.

The total runoff volumes presented in table 3
were estimated by multiplying each of the discharge
measurements by the time interval that represents the
part of the sampling-period duration associated with
the measurement (5 minutes), and then adding all such
partial volumes (U.S. Environmental Protection
Agency, 1991).

Data collected at the GIP during seven storm
events indicated that stormwater maximum flow rates
ranged from about 62 to 478 L/s in the three subareas.
Total runoff volumes ranged from about 26 to 598 m’
for all three subareas.

Characteristics of Storm Events 9



Table 3. Characteristics of the studied storm events at the Guanajibo Industrial Park, Mayagiiez, Puerto Rico

Duration of

. Buration of the dry Maximum Total
Duration . . . runoff
Date of sampling Total rainfall, period flow rate,
Subarea of storm, ' R . - volume,
stormevent .~ . period, in millimeters preceding in liters per . .
inminutes . . in cubic
in minutes the event, second
. meters
in hours
GIP 1 05-21-97 60 90 18.8 432 134 172
GIP1 06-17-97 30 60 284 503 478 598
GIP2 09-03-97 15 140 18.3 93 312 295
GIP 2 10-08-97 80 130 254 243 88 227
GIP 2 05-06-98 50 130 24.4 72 180 347
GIP3 11-11-97 60 105 19.3 438 176 390
GIP 3 11-19-97 15 60 7.62 165 62 26

QUALITY OF STORMWATER DISCHARGES

A total of 14 stormwater samples were collected
at the sampling points near the outfalls that drain the
subareas. As mentioned previously, grab and flow-
weighted composite samples were analyzed for each
storm event characterized. Each sample was analyzed
for BOD, chemical oxygen demand (COD), total
organic carbon (TOC), total suspended solids (TSS),
total Kjeldahl nitrogen (TKN, also known as ammonia
plus organic nitrogen), nitrate plus nitrite dissolved as
nitrogen, total phosphorous (TP), and pH. In addition
to these constituents the grab samples were analyzed
for oil and grease. The results of the laboratory
analyses are presented in table 4.

The concentration for each analyzed constituent
or property (except TKN and TOC) from samples
collected at each subarea were compared to
benchmark concentrations established by the USEPA.
The benchmark concentrations (table 5) are values
above which the USEPA has determined that a
stormwater discharge could potentially impair or
contribute to impairing water quality or affect human
health from ingestion of water or fish (U.S.

Environmental Protection Agency, 1995). For
industries under a stormwater permit, these values are
a goal to achieve by the implementation of pollution-
prevention measures. The comparison of the
concentrations with the benchmark values could be
used as an indicator of meeting stormwater quality
targets if the industries were under a permit.

Oil and grease concentrations at the three GIP
subareas ranged from less than 1 to 6 mg/L. No
concentration exceeded the benchmark concentration
for oil and grease (15 mg/L). BOD concentrations
ranged from 3.4 to 44 mg/L; the concentration in one
sample, at GIP 2, exceeded the benchmark
concentration (30 mg/L). COD concentrations for the
samples collected ranged from 15.1 to 122 mg/L; the
concentration in one sample, at GIP 2, exceeded the
benchmark concentration (120 mg/L). Concentrations
of TOC in samples collected from the three studied
subareas ranged from 6.7 to 47 mg/L. TSS
concentrations ranged from 50 to 456 mg/L;
concentrations in 9 of the 14 samples that were
collected exceeded the benchmark concentration (100
mg/L). Composite sample concentrations of TSS
exceeded the benchmark concentration at GIP 2.
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Tahle 5. Stormwater benchmark concentrations determined by the U.S.

Environmental Protection Agency (1995)
[mg/L, milligrams per liter]

Constituent or property

Benchmark concentration {mg/L)

Oil and grease

Biochemical oxygen demand (BOD)
Chemical oxygen demand (COD)
Suspended solids, total (TSS)

Nitrate plus nitrite, dissolved as nitrogen

Phosphorous, total

15

30
120
100
0.68
2.0

The TKN concentrations ranged from 0.72 to
4.4 mg/L. The nitrate plus nitrite dissolved as nitrogen
concentration ranged from 0.06 to 1.6 mg/L. The
concentration of nitrate plus nitrite in one sample,
from GIP 3, exceeded the benchmark concentration
(0.68 mg/L). Concentrations of TP, which ranged from
0.22 to 0.82 mg/L, were below the benchmark
concentration (2.0 mg/L).

Selected constituent concentrations in grab
samples collected at the three subareas of the GIP are
compared in figure 5 to the values for other industrial
parks previously studied by the USGS (Rodriguez,
1998). Mean concentrations of COD and TOC were
below the mean concentration of all the previously
studied parks.

Potential pollutants from activities conducted by
industries under SIC 20, 23, 34, 36, and 38 include
BOD, COD, oil and grease, TSS, and TKN (U.S.
Environmental Protection Agency, 1995). Maximum
concentrations of BOD, COD, TKN, oil and grease,
and TOC were detected at GIP 2 where industries of
SIC 23 and SIC 20 are represented. Maximum
concentrations of TSS, nitrate plus nitrite dissolved
as nitrogen, and phosphorus were detected at GIP 3
where industries of SIC 23 and SIC 34 are
represented.

Loads and loads per area calculated for each
constituent are presented in tables 5 and 6. To
calculate the load of each constituent present in a grab
sample, each concentration was multiplied by the flow
volume at the time of the sample collection. The loads
of the selected constituents detected in the composite
sample were calculated by multiplying each
constituent concentration by the total volume of
discharge during the sampling period. Loads and loads
per area were not calculated for concentration below
the minimum detection limit.

The loads calculated for grab samples for oil
and grease ranged from 17.8 to 178 g; BOD, 74.3 to
475 g; COD, 119 to 3,750 g; TOC, 115 to 1,035 g; and
TSS, 348 to 9,830 g. Loads values calculated for grab
samples for TKN ranged from 13.1 to 70 g; nitrate
plus nitrite dissolved as nitrogen, 0.37 to 18.8 g; and
TP, 2.26 to 29.2 g. Loads for composite samples for
BOD ranged from 98.8 to 3,410 g; COD, 785 to
35,800 g; TOC, 286 to 11,400 g; and TSS, 1,300 to
53,800 g. Loads values calculated for composite
samples for TKN ranged from 24.2 to 718 g; nitrate
plus nitrite dissolved as nitrogen, 42.6 to 172 g; and
TP, 10.1 to 203 g.
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EXPLANATION

Il Maximum  SIIP- San Isidro Industrial Park, Candvanas, PR
B Minimum SIP- Sabanetas Industrial Park, Ponce, PR
7 Mean PWIP- Ponce West Industrial Park, Ponce, PR
MIP- Minillas Industrial Park, Bayamén, PR
CNIP- Caguas Norte Industrial Park, Caguas, PR
SAIP- Santana Industrial Park, Arecibo, PR
ZGIP- Zeno Gandia Industrial Park, Arecibo, PR
GIP- Guanajibo Industrial Park, Mayaguez, PR
BMK- Benchmark concentration

Figure 5. Selected mean constituents concentrations in grab samples collected at the GIP and other previously

studied industrial parks.
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The load per area values for grab samples
calculated for oil and grease ranged from 0.17 to
2.52 mg/m?; BOD, 0.73 to 4.81 mg/m?; COD,

1.17 to 53.1 mg/mz; TOC, 1.37 to 14.7 mg/m?; and
TSS, 3.41t0 205 rng/m2 (table 7). Loads per area from
grab samples computed for TKN ranged from 0.13 to
0.99 mg/mz; nitrate plus nitrite dissolved as nitrogen,
0.003 to 0.19 mg/mZ; and TP, 0.022 to 0.38 mg/mz.
The load per area for composite samples for BOD
ranged from 2.06 to 48.4 mg/mz; COD, 16.4 to 508
mg/m?; TOC, 5.96 to 161 mg/m?; and TSS, 27.1 to
763 mg/mz. Loads per area values calculated for
composite samples for TKN ranged from 0.50 to
10.2 mg/mz; nitrate plus nitrite dissolved as nitrogen,
0.89 to 3.58 mg/m?; and TP, 0.21 to 288 mg/m?.

SUMMARY

The Guanajibo Industrial Park (GIP) is located
in the municipality of Mayagiiez in western Puerto
Rico. The GIP covers about 370,000 m? of which
203,800 m? was included in three studied drainage
areas. Approximately between 52 to 63 percent of the
subareas is covered by impervious surfaces.

Five industrial groups were represented at the
studied drainage subareas of the GIP. These industries
were distributed throughout 28 industrial lots. The
main type of activity at the studied subareas is
classified under SIC 23, which groups manufacturers
of apparel products.

During seven storm events measured in this
study, stormwater discharge maximum flow rates
ranged from about to 62 to 478 L/s in the three studied
subareas. Stormwater discharge volumes for all three
subareas ranged from about 26 to 598 m?>,

The analyses of the stormwater samples
collected from the three studied subareas of the GIP,
indicated that concentrations for oil and grease ranged
from less than 1 to 6 mg/L.. BOD concentrations
ranged from 3.4 to 44 mg/L. and concentrations of
COD ranged from 15.1 to 122 mg/L.. Concentrations
of TOC and TSS ranged from 6.7 to 47 mg/L and 50 to
456 mg/L, respectively. Values for pH ranged from 7.1
to 8.1 units. The maximum concentrations of TKN,
nitrate plus nitrite dissolved as nitrogen, and TP were
4.4, 1.6, and 0.82 mg/L, respectively.

BOD, COD, and nitrate plus nitrite dissolved as
nitrogen concentrations exceeded the USEPA
benchmark concentrations at one of the studied
subareas. TSS benchmark concentrations were
exceeded in 9 of the 14 samples collected.The
benchmark concentrations are values above which
USEPA has determined that a stormwater discharge
could potentially impair or contribute to impairing
water quality or affect human health from ingestion of
water or fish.

Maximum concentrations of oil and grease,
BOD, COD, TOC, and TKN were detected at subarea
GIP 2, where industrial groups SIC 23 (apparel
products) and SIC 20 (food products) are represented.
Maximum concentrations of TSS, nitrate plus nitrite
dissolved as nitrogen, and TP were detected at GIP 3,
where industrial group SIC 23 and SIC 34 (fabricated
metal products) are represented.

Summary 15
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