Chapterd  Pilot Water Quality Monitoring

4.1 Planning for Pilot Water Quality Monitoring

The quality of water, water current and water sediment is affected by the movement of
materials between them. Weather conditions, biological processes and activities on land can
always initiate a change in water quality, such that a changed in concentration of pollutants is
identificd at times. Hydrological conditions can also lead to changes in water quality by
advection and dispersion, as evidenced by the adverse effects of these two factors in bays and
lagoons. Data on water current, on the other hand, is required in the formulation of a water
quality simutation model. The hydrological envitonment also has a bearing on the condition
of sediments. For example, in the Tampico Area fine silt and pollutants are not stable and
never accumulate at the bottom under fast current speeds. On the contrary, in closed or semi-
closed water areas such as Pueblo Viejo Lagoon and Conejo Lagoon, fine silt sediment is
found at the bottom, making it easier for pollutants to accumulate. As a result, as sediment
particle size becomes smaller, the pollutant content in the scdiment increases to higher
concentration. It is necessary to identify environmental changes in order to monitor sediment
quality because sediment quality depends on the historical changes in water quality. Since the
water area is the habitat of aquatic fauna, biological tests can provide environmental
assessment from the viewpoint of its biological impact on organisms.

Monitoring areas in Tampico cover various types of water bodies such as coastal water, river
water, brackish water and fresh waler. The following water arcas have been chosen to

represent the aforementioned four water bodies (sce Table 4.1):

Table 4.1 Pilot Water Quality Monitoring Areas

Types of Water Bodiés Monitoring Areas

Coastal water area Coastal area from the mouth of
FPanuco River to Altamira

River water area Panuco River

Brackish water area Pueblo Viejo Lagoon

Fresh water area Conejo Lagoon

Source: JICA Study Team
As stated earlier, the quality of watecr bodics is affecled by various factors, Furthermore, there
is no such thing as uniformity in various water areas; there are concentration gradicnts
horizontally and vertically. It is required that horizontal and vertical profiles be identified.
Around the mouth 6f Panucd River, which is affected by river water, monitoring stations werc

distributed radially.- In another coastal area, monitoring points are set on grid meshes.
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For water quality monitoring, in general, samples are taken from surface water. However,
vertical profile should be considercd especially in the coastal area and deep lakes. Water
samples from two layers arc proposed for the Pilot Water Quality Monitoring based on the
influence of river water and biological reaction. According to the results of the preliminary
ficld survey on February 4, 1999 conducted by the CNA and JICA Study Team, surface water
at a depth of 5 1o 6 m was affected by fresh water from Panuco River. There is an active layer
from the viewpoint of biological process called photosynthesis reaction that has an effect on
the surface layer. As a consequence, the lower layer was set at 10 m below water surface,
where it is assumed that water is not much affected by fresh water and biological processes.
However, in the shallow water area no more than 11 m in depth, water sample should be taken
1 m above the sea bottom and the riverbed, because it is possible that drifting mud may have
conlaminated water very close {o the scabed and riverbed.

The JICA Study Team has prepared a simulation model to demonstrate the process for
selection of monitoring points and evaluation of survey method, as well as the correlation
wilh pollution sources. Accordingly, a water current survey was carried out in the rainy
season at lwo lypical water bodics, the coastal area and Pueblo Viejo Lagoon.  Some
paramelers taken are utilized in the simulation model.

Intensive water quality survey has never been conducted in the Tampico Area so that a
number of parameters were analyzed during the Pilot Water Quality Monitoring. The
analyzed water quality indices included physical index, eutrophication index and pollution

index. Routine monitoring of all of these paramelers, however, was not necessary.

4.2 Water Current Survey
42.1  Method of Water Current Survey
(1} Observation Period

During the rainy season, the Water Current Survey was conducted on the following dates (sce
Table 4.2):

Table 4.2 . Schedule of Water Current Su'_Ney _

Water body _ Survey dafes ‘ - _ .
Coastal Area from July 16 to July 31 (new moon — July 12, full moon - July 28)
Pueblo Viejo Lagoon | from August 3 to August 18 (new moon —- _August 11, full moon - August 26)

Source: JICA Study Team




(2) Observation Points and Layers

The location of observation points is shown in Figure 4.1(1), Figure 4.1(2) and Table 4.3. In
the coastal area, water currents were observed at two layers: at 3.5 m and 11 m below surface.
Each observation layer was located in the middle depth of the upper or lower layer. In Pueblo
Vicjo Lagoon, water currents were observed at one laycer, 0.5 m from the bottom, because the

water depth of Pueblo Viejo Lagoon is less than 2 m.

Table 4.3 Location of Observation Points

Waler hody Point Latitude (N) Longitude (W)
CSA-1 22 17.6%' 97 46.50'

Coastal Area GSA-2 22 24.000 g7 49.00'
CSA-3 22 30.2% 97 50.25'
PLC-3 22 10.3% 97 53.77

Pueblo Viejo lagoonr | PLC-4 22 09.72 97 52.39'
PL-6* 22 06.75 97 52.50

Source: JICA Study Team
* PL-5 is also the station for water quality monitoring.

3 Method for Setting up Current Meters

The method for setting up current meters (RCM9) is shown in Figure 4.2(1) and Figure
4.2(2). RCM?9 for this Study has a water current velocity and direction sensor (Doppler
Current Sensor), a water temperature sensor and a pressure (water depth) sensor. In addition,
RCM9 can be equipped with a conductivily (salinity) sensor, a turbidity sensor and a

dissolved oxygen sensor, but these three sensors are beyond the scope of the Study.

4) Measurement Parameters

% Pertinent information about the water current survey is shown in Table 4.4

Table 4.4 Survey Brief on Water Current Measurement

ltems contenis
Survey period 15 days including spring tide and a neep tide
Measurement interval 10-minule
Measurement parameter Current direction and speed (Doppler Current
Sensor)
Water témperature
Water depth {pressure)
Salinity (conduclivity)
instrument RCM 9 {Aanderaa In¢)

Source: JICA Study Team
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Figure 4.1 (1) Location of Observation Points for Water Current Survey
in the Coastal Water Area

Figure 4.1 (2) Location of Observation Points for Water Current Survey
in Pueblo Viejo Lagoon
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4.2.2  Resulls of Water Current Survey

(1) Hydraulic Regime
In the coastal arca, characteristics of current during the water current survey are as follows:

a) Variability of current direction was small and current direction in the lower layer
(surface - 11 m) was similar to the upper layer (surface - 3.5 m) at ¢ach point.

b) At the south point (CSA-1) water current flows southward almost always, on the
other hand, at the central and north points (CSA-2 and CSA-3), water current
flows northward almost always. These phenomena are clearly scen on diagrams
of current directions shown in Figure 4.3.

¢} However, water currents in the upper and lower layer flow in opposite dircction,
Water moved southward in the upper layer at CSA-2 and CSA-3 on July 20 o 21,
but northward in the lower layer. It was supposed that these phenomena were
influcnced by the inflow of warm water mass from the open sea, because for the
period July 19 to 24 water temperatures in the upper layer had been high as
compared with the other period.

d) At each obscrvation point, the variability of currenl'speed in the upper layer had
been large, while it was small in the lower layer. The maximum current speed in
the upper layer was about 30 to 40 cm/sec, and that in the lower layer,10 to 20

cm/sec.

In Pueblo Viejo Lagoon, characteristics of water current during the survey are as follows:

| a) At cach observation point, water current has a diurnal periodicity in eurrent

direction and current speed.
b) However, at each observation point the periodicily of water current differs. At
PLC-3 the amplitude of cast-wesl velocily component was larger than that of
 north-south velocity cqmponent. At PLC4 the amplitude of 'eastr-\'ve‘sjt \;clocity ‘
component was almost equal to that of north-south velocity cornponent.’E At PL-5
the amplitude of north-south velocity component was larger than that of{cast-wesl _
velocity component. Thcrefore, it was clear that at PLC-3 eastward and westward
water currents dominate, at PLC-4 n’ortheastwar‘&.and southwestward  water -
currents dominate, and at PLC-5 northward and southward water currents -
dominate. These phenomena are clearly seen on di'égrams of current directions

shown in Figure 4.4.

¢) At each observation point, the maximum current speed was about 5 to 10 cm/sec.




@)

Data analysis

a) Coastal Arca

Autocorrelation coefficients and power spectrums are shown in Figure 4.5, Figure
4.6(1) and Figure 4.6(2). However, no spectral peak was cvident within any period
at cach observation point, so that it is supposed that the coastal area has no particular
periodicity and is an irregular current ficld.

Therefore, the mean current during the entire period of observation should be
simulated with a current model to be used in the water quality simulation in the
coastal area. Additionally, in order to calculate the diffusion coefficient, turbulent
velocities that were remaoved from the mean velocity during the entire period of

observation should be used. The diffusion coefficients are shown in Table 4.5.

Table 4.5 Diffusion Coefficients in Coastal Area for Water Quality Simulation

Point gt;:reivatson East-west component North-south component
CSA-1 3.5m 1.83x10" em’/s 4.77x10° cm’/s
fim 1.39x10° cm®/s 6.36x10° cm*/s
CSA2 3.5m 6.65x107 cm'/s 3.97x10° em’/s
im 3.71x10” em’/s 2.96x10° cm'/s
CSA3 3.5m 9.94x10° cm’/s 6.01x10° em’/s
11m 3.77x10° cm’fs 3.37x10° cm’fs

* depth below surface water.

b) Pueblo Viejo Lagoon

Autocorrelation coefficients and power spectrums are shown in Figure 4.7 and Figure
4.8 respeclively,  Particular spectral peak with a period of necar 24 hours is
recognized al each obscrvation poin, so thal it is supposed that a periodicity of about
24 hours dominates in Pueblo Vigjo Lagoon.

Therefore, the diurnal tidal current (K1, O1) and the mean current during the entire
period of observation should be simutated with a current model to be used for water
quality simulation in Pucblo Viejo Lagoon. Furthermore, in order to calculate the

diffusion coefficient, turbulent velocities removed from 25-hour running mean

velocity should be used.
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Figure 4.3 Diagram of Current Direction in the Coastal Area
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Figure 4.4 Diagram of Current Direction in Pueblo Viejo Lagoon
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Figure 4.5 Autocorrelation Coefficient of Water Current in the Coastal Area
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Figure 4.6(1)  Power Spectrum of Water Cuirent in thé Coastal Area
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Figure 4.6(2) Power Spectrum of Water Current in the Coastal Area

For reference, the sampling of water current was conducted at 10-minute intervals, so that 25

hours running mean velocity is calculated by equation (4.1).

Cuxs{n) =1/151 . X

m=n+75

m=n-

um) .
)

(4.1)

-Where 5(n) is a 25 hours running mean velocity, # and m are sequential numbers
of raw data (mean time).

The diffusion coelflicients are shown in Table 4.6.

Table 4.6 Diffusion Coefficients in Pusblo Viejo Lagoon for Water Quality Simulation

Point l(;t;:?ivatlon East-west component North-south component
PLC-3 -1.0m 2.05x10° cm/s 5.84x10° em/s
PLC-4 -1.0m 9.55x10° cm’fs 7.37x10° em’fs
PL-5 -1.0m 5.64x10° cm’/s 2.17x10° cm’/s
* distance from sea bottom
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4.3 Water Quality Monitoring
4.3.1 Mecthod
(1) Monitoring Period
As mentioned carlier, the Pilot Water Quality Monitoring was conducted during the following
iwo seasons:
Dry season (Site work 1) 1 March1,2,8and9, 1999
Rainy season (Site work II) : July 19, 20, 21 and 22, 1999

(2) Monitoring Areas and Poinls
‘The water quality samples were taken from two layers at 23 monitoring points and one layer
at 16 monitoring points, as shown in Table 4.7. The observation layers were as follows:
1-layer monitoring points  : 0.5 m below surface water
2-layer monitoring points  : 0.5 m betow surface water
10 m below surface water (If water depth is less than

11m, sample is taken 1m from the bottom.)

Table 4.7 Monitoring Areas and Points

Monitoring Areas 1 Layer 2 Layer Water & Salinity
Sampling Points | Sampling Points by STD* L
Coaslal Area 7 20 6
Panuco River 2 3
Pueblo Viejo Lagoon 5
Conejo Lagoon 2 _
Tolal 16 23 6

*The monitoring was carried oul in rainy season.

Table 4.8 and Figure 4.9 give the location of water quality monitoring points.

(3) Moniloring Parameters and Analytical Method )

The monitoring parameters and the analytical methods are shown in Table 4.9, Although a
reference material entitled “A Practical Handbook of Seawater Analysis” was used for the
basic parameters, some of the parameters have been analyzed by"a cominon J apanese method

for water analysis, the Japan Industrial Standards (JIS) K0102 for Tcsling Methods‘for

Industrial Wastewater.
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Table 4.8 Sampling Locations of Monitoring Survey

Station |GPS Name]| Latitude (N) | longitude (W) Sample
Water Quality Sediment

Basic parameter iToxic Parameter
Panuco River
PR - 1[PRt 22" 1520° | 97 48.36' @ O O
PR - 2|PR2 22° 1415 | 97 49.90' O
PR - 3|PR3 22" 1240 | 97° 51.08' © O @)
PR - 4|PR4 22° 13.61' | 97 53.84 O
PR - 5|PRS 22° 13.35' | 97" 53.98' © O O
Pueblo Viejo Lagun
PL - 1}PL1 22" 1214' | 97" 50.79' O
PL - 2lPL2 22° 11.20' | 97° 50.79' O O O
PL - 3|PL3 22° 11.15' | 97" 55.00' O
PL - 4|Pi4 22° 09.61' | 97" 53.30' O O @)
PL - 5|PL5 22° 06.75' | 97" 52.50" O O )
El Conejo Lagun
cL - t[CL{ 22" 2550' | 97" 53.05 O [@) O
CL - 2jcle 22° 2508 | 97° 52.80' O
Altamira Industrial Port
AP - 1]APi 22" 2082 | 97 5110 (@)
AP - 2|AP2 22° 2049 | 97 51.10' © o] O
AP - 3|AP3 22° 2854 | 97° 51.10' O
AP - 4|AP4 22° 29.19' | 97" 52.41" ©
AP - 5|AP5 22° 29.19' { 97" 53.11" © )] O
Coastal Sea Area
SL1 - 1]SLi1 22" 31.88° | 97 50.95' © O (8]
SLi - 2|sLi2 22° 31.88' | 97" 49.7¢" O
SL2 - 1|sL2f 22" 2919 | 97" 50.55' © O @)
SL2 - 2{si22 22° 2019' | 97" 49.29' © O O
SL3 - 1|SL3t1 22° 26.28' | 97° 50.51' ©
SL3 - 2|sL32 22° 2660 | 977 49.30" O
SL4 - 1/SL41 22° 23.64' | 97 49.85 ©) O O
SlL4 - 2|staz 22° 2395 | 97° 48.69' © O
Sls - 1|sLsi 22° 2099 | 97" 49.07' ©
SL5 - 2|s152 22° 21,28 | 97 47.95 O
Sl6 - 1[SLed 22° 18.35' | 97 47.9¢ @ O O
SL6 - 2|SLe2 22° 18.80' | 97" 46.81" @) O O
SL7 - 1|SL71 22° 15.92' | 97° 46.25' © O O
SL7 - 2|sL72 22° 16.04' | 97" 45.80' ©
SL7 - 3|SL73 22" 16.16' | 97" 45.20' © O O
SL7 - 4|SL74 22° 16.55' | 97" 43.50' O '
SL8 - 1|sL81 22° 13.03' | 97" 46.85' © O O
SL8 - 2|SL82 22° 13.13' | 97" 45.60' O
PM - 1lPMY 22° 1699 | 97° 47.05' © O O
PM - 2|PM2 22° 16.50' | 97° 46.80' ©
PM - 3|PM3 22°'1538' | 97" 46.50' ©)
PM - 4|PM4 22° 14.87' | 97° 46.60' © O O
SLA - 1[SLAt 22° 16.40' | 97° 46.09' A : ¥
SLA- 2|SLA2 22° 16.85 | 97" 45.80' A
SLA- 3|SLA3 22° 18.23' | 97" 44.7% A
SLB- 1|SLB1 22° 1552' | 97" 45.90' A
SLB- 2|SLB2 22° 1520 | 97" 45.41" A
SLB8- 3|SLB3 22° 14,28 | 97" 43.95 A

© : 2 layers sampling point
O : 1 layer sampling point

A : For only measurement using STD
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Table 4.9

List of Monitoring Parameters and Analytical Methods for Water Quality

Parameter Method Reference

Basic Parameter |Transparency _|Secchidisconboat I D _ B
Water temperature  |STD onboal I SR . _
Safinty ______{STDonboat __ —ee _
pH __ 1Glass-electrode melho-d e JISj_Qjoz 12 EPA150.1
DO Winkler-sodium azide modrhcallon PHSA1-3, JIS K 0102 32 1
cobD . ) Alkaline-iodine melhod ] o JIS K 0_1_{2_1_9"*”7777#
TOC Non purgeable organic carbon [JIS K 0102 22, EPA 4151
. imethod . _|BvTOCAnalvzer _ .. .. .
S5 —_ |Gravimetric_ melhod . KWisKo10214 o
NH4-N " |indophenol blue absorptiometry __[PHSAILS
NO2-N Naphthylethlen diamine PHSA I1-7, JIS K 0102 43.1,
R __ |absorpliometry _ |EPAS541
NO3-N Cd-Cu column reduction method PHSA -6, JISK 0102 43 2
[ _ . |EPAJS33
TN Cd-Cu column reduction method _ [JIS K 0102 45.4
POA-P Molybdenum blue absorphometrv IS K 0102 46.1, PHSA I1-2
TP “[Molybdenum blue absorptiomelry  [JIS K 0102463 _

Chlorophyil-a__
Total coliform, Fecal

Membrane filter method

" Ispecirophotomelric determination

PHSA IV-3-1
SMEWW 922A, 922D

coliform
Toxic Parameter {Hexane extracts LIQUld--quId extraclion, Gravamelnc JIS K0102 24
Phcno!s I (. = amm_cgn_ti_gyrrne absorphomelry JIS K0102 28.1. 2 i
Cyanide 4-pyridine carboxylic acid - JISK0102 38
B} . |pvraxolone_absorptiomelry e
Cr _ " |Diphenylcarbazide absorptiometry IS K 01026540
crtt Diphenylcarbazide absorptiometry  |JIS K 0102 65. 2.1, EPA7196A
Cd T |Aomic absorption spectrometry____ [JIS K 0102 55, EPA \7131A_
Pb  ____|Atomic absofption s spec!romelry__‘i JSK0102 54, EPA 7421
Cu _ lIMomic absorption spectriometry __ |JIS KOi0252, EPA 7211
Zn_  iAtomic absorplion specliometry JISKO10253, EPA7521
Ni B __|Atomic absorption spectrometry __ [JIS K 0102 59, EPA7951
As _|Atomic absorption spectrometry JIS K 0102 61.2, EPA 7062
e lusinghvdridesystemm -~ .. ) .- . .
T-Hg Atomic absorption spectromelry JIS K 0102 656.1, EPA 7470A
. jusing vapor reduction system . I
Alk)d mercury __[Gas chromatography with ECD JJ§ 59102 66.2 -
QOrgano Lhosphgr_us 5 Gas chromategraphy wilh FiD . Notification No.46™
Trichlorocthylene  |Gas chromatography with ECD JIS K0125 5.5, EPA 80218
Tetrachloroethylene Gas chromatogiaphy with ECD~ {JISK01255.5, EPA 8021B
Carbon tetrachloride | Gas chromatography with ECD - NISK01255.5, EPA 8021B
PCB Gas chromatography with ECD EPA 8082, JISK
| e | _ _lo093(Pretrealment) . B
HCB Gas chromatography with ECD EPA B081A, Tentalive Survey
N M  |Manuai® _
Aldrin Gas chromatography with ECD EPA 8081A, Tenlative Survey
___________ Manual®
Endrin Gas chromatography with ECD EPA 8081A, Tentative Survey
| I Manual® .
Dieldrin Gas chromatography with ECD EPA 8081A, Tentative Survey
PSS RS S - Manual® -
DDT Gas chromatography with ECD EPA 8081A, Tentative Survey
i —_— Manual®
Chlordane EPA 8081A, Tentative Survey

Gas chromatography with ECD

Manual®

Noles:

ST : Salinity, Temperature, Depth Measuring System
PHSA : A Practical Handbook on Seawaler Ana?ysrs
JiS 1 Japan Industrial Standard .
SMEWW : Standard Method for Exarmination of Waler and Wastewater
-~ EPA : Environmental Protection Agency
(1) Natification No. 46, 1971 of the Japanese Envrror\mental Agency
(2} Tentative Survey Manual of External Factor Endocrine Disturbance Chemrcal Substance
TOC was analyzed in dry season.
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For toxic parameters, the Laboratorio Ambiental Nuevo Tamaulipas was subcontracted for
most of the analysis of dry scason survey results. However, some analytical methods have
been changed due 1o the lack of equipment and rcagent. On the other hand, the JICA Study
Team and CNA’s Tampico Laboratory analyzed all of the parameters for the rainy season
survey. Most of the toxic parameters had been amalyzed using JIS KO0102 and the US

Environmental Protection Agency (EPA) methods.

4.3.2  Results of Water Quality Survey
(L Dry Season
The results of water quality analysis in dry season are shown in Table 4.10(1), Table 4.10(2)

and Table 4.11. Summarized resulis are also given in Tables 4.12 and 4.13.

a) Basic Parameters

Transparency was lower than 1 m at all monitoring points of Panuco River, Pueblo
Viejo Lagoon, and Conejo Lagoon. .In the coaslal arca, transparency was
comparatively tow, which is probably a common characlteristic in this area.

The distribution of salinily showed a common distinctive feature at the mouth of
Panuco River. During the preliminary field survey, it was found that low saline
water bodies at upper layer had spread up to 5 km away from the viver’s mouth. On
the other hand, river water extended offshore at 1 km from the mouth of the river in
dry season. It was also observed that saline water gradually intruded into Panuco
Rivcr.at the lower layer. At the junclion of Tamesi River, a salinity of 30 was
identificd in the lower layer. Typical thermocline and salinocline can be seen in the
study area of Panuco River, from its mouth up to the junction of Tamesi River.

The spatiat changes in DO were found in the river and lagoon areas, and there was a
little change in the coastal area. Especially in Panuco River, it was comparatively
higher in the surface layer than in the lower layer. DO of monitoring points was
fairly low in Concjo Lagoon as compared with other water areas.

The distribution of suspended substances (SS) indicated a high valu§ in Pueblo Viejo
Lagoon. In Panuco River, it was comparatively high in the surfﬁcc layer, ranging
{rom 10 to 27 mg/l. For the oihers, including the coastal areé, it was generally low,
however, some of the monitoring points showed remarkably high values of SS. :
COD, which indicates organic matters, showed high conccnlr’atio'n;s" ffom 7109 mg/l
in Panuco River and Conejo Lagoon, especially at PR3, PRS,. CL—], C-L-Zf The

concenlration is also comparatively high in the coastal area, from 1 to 2 mg/l. -




Nutrient salt, such as ammonium nitrogen, nitrite nilrogen, nitrate nitrogen and
phosphate phosphorus, was observed to be at a low level. Except for a few points, it is
necessary to conduct continuous monitoring to determine the trend of change in those
parameters.

In Panuco River and Conejo Lagoon, high values of chlorophyll-a were found ranging
from 40 to 70 pg/l.

This distribution of chiorophyll-a corresponded with the presence of COD, which
indicated a correlation between COD and chlorophyll-a as depicted in Figure 4.10. It
may be derived from the figure that the high value of COD is due to the incrcase of
chlorophyll-a, or what is called inner production of phytoplankton. The intersecting
point of approximate line and Y-axis should be a posilive value, but as seen in the
figure, it had a negative value. One of the reasons for this is the method used, which is
called spectrophotomeiric determination. It is not very sensitive and the zero poini of
the spectrophotometer fairly fluctuated.

Total coliform group number was remarkably high in Panuco River, and indicated that
half of Pucblo Viejo Lagoon was contaminated with bacteria. Continuous observation
is now required in those areas. For the coastal area, total and fecal coliform in the

mouth of Panuco River was higher than in any other scctions of the coasial arca.
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Figure 4.10Relétionship between COD and Chlorophyll-a in the Monitoring Area

Chapter 4 Pilot Waler Quality Monitoring 4 - 19



Table 4.10 (1)

Results of Water Quality Analysis in Dry Season [Basic Parameters]

Forel

Poimt  Samplingj Depth |Transpare Water § Salinity pH 00 |COD mg)| SS
No, Depth {m} ncy Color No | Temperat {mg/i) } {mgh
{rm) {m) uie
()
PR-1 05 10 0.5 17 23.9 12.56 8.2 g2 2.7 7
L 227 33.83 8.0 5.9 08| 18
PR2 0.5 i2 0.7 17 237 14.09 83 | 1o Car| s
PR-3 05 95 0.7 16 24.2 6.27 85 13 7.2 21
e B8 227 b 3391} 81 | s2 | w0 4
PR-4 0.5 7.2 0.6 16 24.4 7.21 85 13 39 11
PR-5 05 9.0 08 18 25.1 3.06 86 15 7.8 25
8.0 . 228 33.31 8.0 4.2 1.0 13
PLA 05 5.8 0.6 i8 24.4 1385 83 77 30] 35
PLS 05 | i3 0.1 20 241 17.16 8.1 75 1240 130
PL3 0.5 1.0 0.3 5.6 18,82 82 [ y2 1.0 63
PL-4 05 1.2 | o2 19 256 18.60 8.2 76 23| .68
PL-5 0.5 1.1 0.4 20 26.4 16.40 8.3 1 2.2 71
AP-1 0.5 3.0 1.6 7 23.3 35.96 8.1 6.6 0.2 3
AP-2 0.5 14 6.0 3 23.7 35.64 8.1 7.4 0.5 6
10 225 36.05 8:1 6.4 05 9
AP-3 0.5 7.2 21 6 24.0 35,59 8.1 6.8 0.5 3
AP-4 05 13 5.0 & 235 35.53 8.1 849 0.5 5
10 . 226 36.08 8.1 7.5 i1 i
AP5 05 13 1.5 6 235 35.47 8.2 1.2 0.3 5
10 . 22.9 35.59 8.2 6.4 13] 2
o 05 23 0.7 16 259 1.23 8.1 58 82| 13
CL-2 0.5 0.7 0.5 17 260 i.24 8.0 3.1 B.7 22
SL1-1 0.5 it 1.5 9 23.7 36.14 8.1 6.5 09 6
10 22.9 36,22 8.1 6.2 1.2 S
5112 05 15 25 9 23.7 | 3610 8.2 70 1.0 5
SL2-1 05 13 15 10 23.7 36.15 8.2 6.7 1.t 4
. 10 23.0 36.22 8.2 59 08 9
SL2-2 05 18 26 8 238 36.14 82 65 0.8 3
10 o » 27 36,30 83 6.3 1.3 4
SL3-1 05 95 2.0 10 235 36.18 8.2 6.6 24 4
8.5 228 _36.29 8.2 6.1 1.4 14
T S - W 25 8 | 235 | 3602 | 82 6.4 1a] 78
St4-1 20 13 23.2 36.21 8.2 6.9 0.7 8
_____ 228 36.29 82 6.4 0.6 7
S514-2 2.7 8 241 36.04 8.2 6.9 0.3 45
228 36.29 82 59 0.8 26
SLs-1 290 8 23.4 36.10 82 66 15 6
27 36.28 8.2 57 06 4
si52 25 8 240 36.08 8.2 66 1.8 5
SL6-1 2.7 10 23.4 36.02 8.2 8.5 i1 5
22.7 36.28 8.2 6.0 1.5 4
SLe-2 i7 10 24.7 35.72 82 6.7 09 7
: 228 36.27 8.2 59 0.7 ic
SL7-1 1.0 i6 24.9 33.41 8.2 6.6 1.6 20
. 243 36.08 8.2 6.1 o8] 14
SLy-2 1.0 14 25.2 3341 82 7.1 1.5 22
i 24,1 3625 |- 82 6.7 130 11
S(73 24 10 243 3625 8.2 6.5 09 4
23.9 a6.27 8.3 6.8 |07 10
SL7-4 40 [3] 24.0 36.27 83 6.6 0.8 1
SLS-i 1.5 10 245 36.27 8.3 6.7 i.6 7
s 243 36.26 8.2 6.5 1.1 7
SL8-2 20 8 24.1 36.27 82 4.8 0.4 i4
PM-1 20 10 23.4 36.11 - 82 - 5.2 0.8 6
228 36.30 8.2 6.0 1.3 8
PM-2 i1 13 23.6 36.17 82 63 1.3 12
. 227 - 3829 82 6.0, 1.2 14
PM-3 1.1 16 24.7 36.22 82 6.8 4] 18
) 24.6 36.21 8.2 6.8 0.8 27
PM-4 i2 15 24.5 36.23 8.2 6.7 0.9 50
244 36.23 8.2 6.5 1.0 29
Note:

Sampling Dates;
March 1, 1939 al PR-1 lo PR-5, PL-1 10 PL-5
March 2, 1999 at AP-1 to AP-5, CL-1 o CL-2
March 8, 1999 al SL6-1 1o SL8-2, PM-1 o PM-4
March 9, 1999 at SL.1-1 lo S515-2




Table 4.10(2)  Results of Water Quality Analysis in Dry Season [Basic Parameters]

Sampling| NH-N NQ,-N NOy-N Total POP Total [Chlorophy| Total Fecal
Depth {mah) {maf) {mgN) | Nirogen | (mgl) [Phosphor f-a Cofiform | Cohform
{m) {mgh) us {mg| (g1 {(Coli100| {Cols100
ml) m}
05 <001 0. 0.07 0.i2 42 23x10° | 4.7x10%
0.01 0.17 16 ~
007 | 023 a8 49x10° | 4.0x10°
0.07 0.25 49 5.6x10° | 5.7x10'
0.02 0.21 5.0 ]
0.06 0.15 46 1.8x10° | 4.2x10'
0.08 023 73 30x10° | 3.0410°
0.10 0.12 12
007 0.11 22 1.6x10' | 16x10°
0.06 0.10 13 23x10' | 8.3x10?
0.07 0.12 15 7.0x10° ND
006 008 | 1 9.8x10° | 9.8x10°
0.05 0.08 3z 6.0x10° | 2.0x10°
002 004 2.7 15x10 | t.ox10”
0.02 0.15 0.2 4.0x10° ND
0.01 0.05 22
oo 009 1.2 | 8.0x10° | f.0x10°
0.01 0.08 29 1410 | 1.0410°
0.0t 005 06
003 0.10 07 1.ix10" { 5.0x10°
0.04 0.03 27
0.07 0.12 38 agxi0' | 29xi0'
0.15 0.17 62 1.8x10° | 3.2xi0
0.05 0.08 0.1 ND NO
0.06 .11 2.0
0.02 0.09 0.7 ND ND
0.05 0.07 18 ND ND
0.04 0.10 1.4 :
0.04 0.04 19 ND ND
0.04 0.08
0.03 0.32 16 ND ND
0.65 0.09 1.2
008 0.15 2.4 NO ND
0.02 0.07 2.4 NG ND
0.08 0.11 40
0.04 0.11 0.8 NO ND
0.05 0.11 04 -
0.04 0.05 23 ND ND
0.04 0.09 18
004 | 005 0.g 1.4x10' | 9.0x10°
0.03 0.07 1.4 5.0x10° ND
) 0.06 0.2
0.04 0.07 1.0 1.0x10° ND
0.03 0.08 0.7 ] }
0.05 0.10 05 9.1x10' | 6.7x10'
0.03 007 1 18
0.10 0.13 24 1.4x10' { 8.0x10”
0.02 0.04 0.6
0.04 0.04 03 ND ND
0.04 0.08 05
0.03 095 0.5 ND ND
0.03 0.04 05 ND ND
0.07 0.10 o6 | ~
0.03 0.12 05 ND D
0.03 0.04 28 20x10° ND
0.04 0.04 10 : -
0.04 0.20 3.7 16x10* ND
! 0.01 X 0,04 0.13 29
05 <0.0% <0.01 0.03 0.04 1.4 - -
a4 | <00t <001 G . 0.03 0.04 2.0
05 0.01 <0.01 0.1 0.30 0.04 0.06 37 ND ND
50 0.02 <0.01 <0.01 015 | 004 0.08 44
Note:
Sampling Dates:

March 1, 1999 at PR-1 lo PR-5, PL-1 lo PL-5
March 2, 1993 at AP-1 10 AP-5,CL-1 lo CL-2
March 8, 1999 at S16-1 to SL3-2, PM-11o PM-4
March 9, 1999 at SL1-1 lo 5L5-2
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Table 4.11 Results of Water Quality Analysis in Dry Season [Toxic Parameters)

Point  Sampling| Hexane [ Phencis| Cyanide]  Cr crt Cd Pb Cu n N As tg
Ne. Depth | Extract [ (ogd) | {mgM) | (oM | (mgM { (0N | (mg® | {mgM | {mgM) | (maM | (ngB | (mgh)
{m} (mgf)

PR 0.5 1.2 <0.001 | «<0.006 | <0.01 «<0.01 <0.002 .0t <0.005 0.033 <0005 | 00021 <0.001
Pit-2 05 15 . - - - - - - . - -
PR-3 05 1.4 <0001 | <0.006 | «0.01 <0.01 <0.002 | <001 <(.005 0.019 <0005 | 0.004 ]| <0.001
PR-4 0.5 1.7 - - - - - - - . - - -
PR-5 0.5 1.9 <0.001 1 <0.006 | <0.01 <0.01 <0.002 1 <0.01 <0.005 0.023 <0.005 | 0004 | <0.001
PL-2 0.5 1.3 <0.001 | <0.006 0.02 <0.01 <0.002 | <0.01 <0.005 0.049 <0.005 0.004 | <0.001
PL-4 05 1.7 <0.001 | <0.006 | <0.01 <0.01 <0002 | <0.01 <0.005 0.050 <0.005 0.002 | <0.001
PL-5 05 1.9 <0.001 | <0.006 | <0.01 <0.01 <0.002 | <0.01 <0.005 0.037 <0005 0.001 <0.001
AP-2 0.5 1.7 <0.001 { <0.006 | <001 <0.1 <0.002 | <0.01 <0.005 0.041 <0,005 | <0.001 <0.001
AP-4 0.5 20 - - - - - - - - - - -
AP-5 05 1.5 <0.001 { «<0.006 | <0.0% <D.1 <0.002 | <0.01 <(0.005 0.045 <0.005 0.002 <0.001
Ci-1 05 2.8 <Q.0M | <Q.0G6 | «0.01 <0.01 <0.002 | <0.01 <0.0063 0.023 <0.005 | <0.001 <0.001
SL1-1 05 1.0 <0.00H | <0006 | «<0.0% <0.01 <0.002 | <0.0% <0.005 0.004 0006 | <0.001 <0001
SL2-1 05 0.7 <0.001 | <0.006 | <0.01 <0.01 <0002 | <0.0}% <0.003 0.010 0.005 | <0001 <0.001
SL2.2 05 22 <0031 | <0006 | <0.01 <0.01 <0002 <001 | <0005 | 0.006 <0.005 | <0.001 | <0.001
S$E3-1 0.5 14 - - - . - - . - - - -
St441 0.5 12 <0.001 | <0006 | <0.01 <0.01 <0.002 | <0.01 <0.005 | 0.01% <0.005 | <0.001 <0.001
514-2 05 i2 «<0.001 | <0006 ] <00t <0.01 <0002 1 <001 <0005 0.010 <0.005 | <0.001 <Q.001
SL6-1 0.5 i7 <0.001 | <0.006 | <0.01 <001 <0.002 1 <0.01 <0.005 | 0.004 <0.005 | <0.001 | <Q.001
&ts-2 05 10 <0.001 | <0.006 | «0.61 <0.01 <0002 1 <0.01 <0.005 0.602 <0.005 | <0.01 <0.001
SL7-1 0.5 1.4 <0001 | «0.006 | <0.01 <0.01 <0.002{ <001 <0.005 0.016 <Q.005 | <0001 <0.001
5L7-3 0.5 08 <0.001 | <0.006 | «<0.01 <0.01 <0.002 ] <01 <0,005 0.002 <0.005 1 <0.0M1 <0.001
S18-1 05 0.7 <0.001 | <0.006 | <0.0t . <0.01 <0.002 | <01 <0(.005 0.002 0.005 | <0.001 <0.001
PM-1 0.5 06 <0.001 | <0.005 <0.0I <0.01 <0.002 | <0.01 <0.005 0.004 0.007 | <0.001 <0.001
PK-4 0.5 1.2 | <0001} <0.006 | <001 | <0.01 | <0002 | <001 | «0.005 | 0.007 | <0005 | <0.001 ] <0.001

Point  Sampling | Alyl-Hg| Organo | Trichlore] Telrachl] Carbon | PCB HCB Aldrin Endrin | Dieldrin| ©DT | Chlocdane

No. Depth | (mgf) |Phosphol ethylene| oro-  |Tetrachlon (g | {mgh) | (mg (maM | (mgM) | (mg {mg®)

{m) fous {mg/) |ethylena ide
{mgM (maM | (mgd) .

PR 05 ND ND NOD NO ND ND MND ND ND ND ND ND
PR-2 0.5 - - - - - - - - - - - -
PR-3 0.5 ND KD ND ND ND ND KD ND ND ND ND ND
PR-4 0.5 - - - - + - - - - - - -
Pit-5 0.5 ND ND ND ND ND ND ND ND ND ND ND ND
PL-2 05 ND ND ND ND ND ND ND ND ND ND ND ND
PL-4 0.5 ND ND ND ND ND ND ND ND ND ND ND ND
PL-5 0.5 ND ND ND ND ND HD ND ND HND ND ND ND
AP.2 05 RO ND ND ND ND ND NO ND ND ND ND MD
AP-4 05 - - - - - - - - - - - -
AP-5 05 ND ND ND ND ND WD ND ND NO ND ND ND
CL-1 05 HD ND ND ND ND ND ND ND RD ND ND ND
5141 05 ND ND ND ND ND NO KD ND ND ND ND ND
51249 05 ND - ND ND ND ND ND ND ND ND ND ND ND
S5t12.2 05 ND ND ND HD ND ND ND 21] ND ND - ND ND
SL3- 05 - - - - - - - - - - - -
SL4-1 a5 ND ND ND ND ND ND ND ND ND ND ND ND
SL4-2 05 ND ND ND ND ND ND ND KD ND ND ND ND
51.6-1 05 ND HD ND ND ND ND ND KD KD ND ND ND
51.6-2 05 ND ND ND ND ND ND HD ND KD ND ND ND
SL7-t 0.5 ND HD KD ND ND ND ND ND ND ND ND ND
5i7-3 05 ND ND ND ND ND ND NO ND ND ND ND ND
S5i8-1 0.5 ND. ND ND ND ND ND ND HD ND ND [xi8) ND
PM-1 05 ND ND ND ND ND ND ND ND ND ND ND ND
PM-4 0.5 ND ND ND ND ND ND ND kD ND ND ND ND
Note
Samping Dates:

March 1,1999 21 PR-1 lo PR -5, PL-2PL-4,PL-5
March 2,1992 at AP-2, AP-4, AP-5, CL
March 8,199 at SL6-1, SL6-2, SL7-1, SL7-3, SLB-1, PM-1, PAM.4
March 9,1959 at 5L1-1, SL2-1, SL2-2, SL3-1, 514-1, 5L4-2
ND means "Not Detected™. :
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b) Toxic Parameters

Nincteen out of the 25 paramcters analyzed, c.g. cyanide, hexavalent chromium,
pesticides, PCB, showed low concentrations at below minimum detection limit in all
monitoring points,

The hexane extracts of most of the monitoring points range from 1 to 2 mg/l.
Provided that water contains 0.1 to .01 mg/l of mineral oil as hexane extracts, fishes
and shellfishes should give out an oily smell in general. It is necessary to observe
this condition very carefully from now on.

Three heavy metals of chromium, copper and nickel were detected above minimum
detection limit only at one point, but they did not get beyond three times the
minimum detection limit.

Arsenic, which has a minimum detection limit of 0.001 mg/l, was detected at an
amount of 0.001-0.004 mg/l in scven monitoring points. But the amounts were
below the permissible level for marine water in coastal arcas, as established by CNA
(with a criteria of 0.04 mg/l) and the Japanese environmental criteria (0.01 mg/l).
Zinc concentrations at all points showed values above the minimum detection limit.
The concentralions in cach water area are as follows:

Pueblo Vicjo Lagoon : 0.04 - 0.05 mg/l,

Altamira Industrial Port  : 0.04 - 0.05 mg/l,
Panuco River : 0.02 - 0.03 mg/l
Coastal Area : 0.002- 0.02 mg/l.

Although CNA’s permissible value of zinc is 0.09 mg/l, a conclusive statement on the

above conditions cannot be made.

Rainy Scason

The results of water quélity analysis in raining season are shown in Table 4.14(1), Table

4.14(2) and Table 4.15. Summarized resulls are presented in Tables 4.16 and 4.17.

a) Basic Parameters

 As a whole, the results in the rainy scason, when the survey was done at ebb tide,

indicated a low level of salinity. Especially in Panuco River there was still fresh
waler at the mouth of the 'rivcr, even the bottom layer. T he high saline water. mass
found at the bottom layer in dry season had disappeared and that effect reached the
noriheast arca of Pueblo Viejo Lagoon. The level of salinity had drOpi)ed -tb below

half of the dry scason level in the large paﬁ of the lagoon.
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Table 4.14 (1)

Results of Water Quality Analysis in Rainy Season [Basic Parameters]

Point  Sampling| Depth |Transparel Forel Ywater Salinity pH [8]9] COD mg/f TOG 55
No. Depth(m) {m) ncy Colot No | Temperat {mg} )] {magh) (mg)
{m) ure
PR- 0.5 9.1 0.3 76 52 36 65 289
8.1 - 78 5.1 4.1 59 | 270
PR-2 05 55 03 1.7 52 36 32 .20
PR-3 Q.5 13 0.4 76 55 39 25 310
10 78 5.2 5.4 42 560
R4 05 69 03 7.6 19 4.4 7.5 43
PRS 0.5 9.1 76 55 4.4 65 360
{Uncollected)
PL-1 a5 5.4 0.3 15 7.1 <@ 7.0 58 1.8 23 ) 130
PL-2 05 | 1.t 05 12 27.7 <2 7.0 59 1.3 22 30
PL-3 05 1.0 05 17 289 |1060 8.0 6.0 4.3 68 21
TPL-A 05 13 05 17 | 287 | 838 83 6.0 5.2 76 55
PLS Q5 13 0.7 i9 28.7 6.96 8.0 6.4 68 10 13
__AP-1 0.5 4.1 2.6 ) 279 31,97 82 68 34 1.6 3
AP-2 03 B85 25 2 284 29.75 B2 7.4 1.0 2.3 4
. 7.5 ) 24.7 13445 80 40 10 1.7 10
AP-3 0.5 4.7 1.0 9 27.3 3251 g2 653 1.7 11
AP-4 05 11 13 9 270 |3285 g2 8.2 16 25 10
10 22.7 36.12 7.9 3.6 0.9 1.2 13
AP-5 05 13 it 21 265 3242 g2 89 48 5.1 12
’ 10 227 36.09 7.9 33 2.6 1.3 10
CL-1 0.5 2.1 04 | 12 293 | 092 73 3.1 8.2 12 24
CL-2 - 0.5 i.2 0.4 296 0.86 7.2 <0.5 8.9 13 20
MA-1 03 02 02 15 325 11331 9.0 i2 10 32 100
NMAZ 10 035 03 16 i Jiz2s 5.0 10 0 | 35 |37
MA-3 0.5 g2 03 14 N3 12.60 8.9 44 10 30
SLi 05 a1 34 8 278 3212 8.1 7.0 08 28 1
B.1 24.2 35.13 8.0 4.7 2.4 23 - 5
SL1-2 05 15 4.0 & 27.8 32.38 8.2 8.3 22 2.5 2
SL2-1 05 i1 40 8 28.0 3237 82 72 19 25 2
: 10 : 225 36.30 79 38 30 25 6
SL2-2 0.5 18 18 & 276 3247 82 71 i5 22 3
10 229 13829 80 60 0.9 1.8 1
SL3-1 0.5 94 35 8 27.0 3305 82 6.0 1.7 28 3
84 232  |o6.08 7.3 32 18 26 22
§i3.2 05 17 40 17 270 3276 82 1.4 25 2
514-1 05 96 36 B 272 32.16 8.2 20 25 2
85 233 35.98 8.0 1.7 23 3
5L4-2 0.5 17 4.6 7 270 |33.01 82 25 23 1
o 10 23.4  l3as27 81 | 1.1 17 i
5151 05 93 28 8 215 32.65 82 13 33 3
83 o 230 3647 3.1 1.7 30 5
8152 0.5 17 30 6 277 |31s 82 16 RN
SL6-1 05 12 2.1 17 278 32.57 83 ) 1.9 " 32 5
10 228 |asaes 8.1 5.6 i | 28 s
Si6-2 05 20 23 15 271 {3340 8.1 85 38 28 4
10 | 227 |3szr 8O 56 1.0 23 3
SL7-3 05 14 1.0 17 26.4 19.77 8.1 6.8 29 35 19
10 227 13631 8.0 56 17 23 3
5L7-2 05 15 1.5 14 258 33 8.1 69 3.0 34 15
1 —— 226 3631 8.1 53 07 22 -3
5L7-3 0.5 14 1.0 16 26.2 32.10 82 7.5 23 35 16
10 227 13626 | 8.1 65 vr |24 )3
5174 05 21 15 17 265 13583 8.2 86 | 1.7 32 9
SL8-1 05 57 1.2 17 268 34.69 83 8.7 2.0 34 13.
4.7 i . 26.1 - [35.25 8.1 6.8 is -23i .3
5§1.8-2 0.5 9.7 13 i5 26.8 34.94 8.2 B.1 2.0 3.1 11
PMA 05 14 1.9 14 213 3172 82 89 24 | 30 5
w Voo h 229 13624 8.1 58 26 24 5
CPM-2 058 12 25 17 269 |31.63 83 88 38 26 . 5
10 229|367 8.1 5.0 12 - 24 5
PM-3 05 5.8 10 18 26.7 30.99 5.0 53 1.8 32 22
48 N R v 260 .:|3479 8.0 .60 ]. 08 22 b7
PM-4 0.5 41 09 17 213 2645 8.1 54 2.7 3.4 31
3.1 26.5 : 13505 8.2 6.7 24 3.3 i3
Note
Boitom sample at PR-5 could notbe taken because of strong flow.
Sampling Dales:

Juiy 19, 1999 2t SL6-1 (o SL8-2, PM-1 10 PM-4
July 20, 1999 at SL1-100 5152
July 21, 1899 al PR-1 o PR-S, PL-1 to PL5, AP-1 lo AP-5
July 22, 1999 a1 CL-1 lo CL-2




Table 4.14 (2)  Resuits of Water Quality Analysis in Rainy Season [Basic Parameters)

Polnt  Sampling| NH-N NO-N NO,-N Total PQP Total |Chioraphy| Total Fecal
No. Depthim} | (mg) [mep} imgt) | Hirogen | (mg1y | Phosgchor i-a Colifaern | Coliform
{mg) vs (ma}| (a1 | (Cortoo| (Cotsroo
i} md)
PR 05 | 0007 | oot 0384 iz |ow 0.10 58 | 3s30’ | 29310
a1 loczo | oon 0.34 054 otz | o013 | 51 e
PR-2 a5 |007_ | 0007 049 064 | 010 o4l | a5 | aTne’| 2k’
PA-3 05 {<0.007 | 0007 0.44 083 | oM 031 47 PTG NI
10 _Jo008 fooos | om i {oen 0.30 7.0
PR-A 05 | o020 10007 019 037 | 0060 0086 | 18 24610 | LB
PR'S 05 | 0010 ] 0007 035 1 | oa3 0.17 PR R STOAR N
PL-1 0.5 1<0.007 | 0.007 0.61 063 | | 010 27 L1507 | 19919
L2 05 l<0007 | 0008 | 048 051 |0 0.1 37 | 1510 | 555000
PLa 05 | 0020 _|<0002 0.01 051_| 001 0067 | 12 IR N HES
PL-4 05 | 0030 | 00065 004 | 055 10048 | 00531 16 1.8310" | 7. 05“!!_._
PLS 05 |0007 | 0006 0.01 035 | 0.062 ooz | 13 s 30" | 18510"
AP 0.5 |<0.007  |<0.002 001 | 034 |0005 | oo03si 1.1 NO ND
AP-2 05 }<0.007 |<0.002 0.02 036 | 0.010 0043 | ae | & o7 2 o3d"
7.5 1 0o | o002 001 | o017 0030 | 67 ~
AP3 05 |<0.007 | 0.001 0.01 032 o022 | va | 3oane" | iesie
AP-4 05 |<0.007 | 0.002 0.0t 0.42 0037 | 47 | & 010" | zohe’
10 0.030 | 0.004 0.02 0.41 00te | 1.4 —
APS 0s | o0i0 | 0003 0.01 0.54 013 | es | 1.ane | ang
10 0.010_ | 0.007 002 0.37 003 | 13
oLt 05 <0007 <0002 0.00 017 020 | so | 68307 | 185100
cL2 0s | ooto | 0007 0.02 13 051 | 103 26510 | W
T MA 03 | 0010 | 0.004 003 | 12 ; 0.19_| 120 S )
MA2 1.0 | 0007 | 0004 0,08 91 [ 004 0.36 7160 O
MAG 05 | 0007 | 0dis 0.04 i1 oot 035 | 140 WO
$L1-1 05 [<0.007 ]<0.002 0.02 0.19 |<0.003 0024 0s o510t ND
81 Looo7 | 0002 0.03 036 |<0.003 o3| 26 |
512 05 <0007 |<0.002 001 | 032 ) 6,004 00421 08 . T
Sz 05 |<0.007  |<0.002 001 0.32 '} o007 ouxs | o5 X} N
10 0.009 o002 | oo 038 | o007 00531 60
S22 05 |<0.007  |<0.002 0.0 018 [<0.003 001 | Tr ND - N
10 <0.007 10002 0.01 022 | 0005 0.029 08
[TER 05 0007 | 0001 0.0t 028 | 0.004 0.025| 08 [T )
______ 84 [<0.007  1<0.002 0.01 0.37 . 1<0.003 0.037 6.1
8133 0.5 <0007 <0602 0,01 024 |<0.003 0027 | ha_ | TR T WD
RN 05 [<0.007 |<0002 0.02 024 [<0.003 0030] 14 IR TEHE YT
85 |<b007  |<0.002 0.01 033 l<0003 | o0 ss .
su4-2 05 [«0.007 [<0.002 0.01 029 | 0.009 0.023 25 10310 D
10 |<0007  le0002 | o0 020 | 0003 oeaof 06 | | -
St51 05 [<0007 §oo0z | o002 027 |<0003 oosa | a2 | 10307
o 83 [<0.007  l<0.002 0.0t 004 |<0.003 0055 | 73 )
S15-2 05 lwoor {<0.002 0.08 0.27 |<0.003 0041 39 3 0310 ND
SL6-1 05 1<0.007 |<0.002 0.03 035 [<0.003 0085 | 43 [ 1OH0° | wD
10 |<0.007  [|<0.002 0.04 015 0003 0055 80 | o
si62 o5 <0007 <0002 0.01 0.34 " [<0.003 003z | 55 HO HD
10 |<0007  [<0.002 0.02 022 {<0.003 0046 | 16 o
SL7-i 05 [o0e | oo 0.13 013 | o008 0035 | &5 38510' | 2 one
. 10 <0.007  [<0.002 0.02 024 {<0.003 0.055 15 |1
SL7-2 05 0030 . | 0o 0.26 037 | 0020 0076 | 75 | 483107 | 4310
S 10 <0007 . <0002 0.02 021 |<0.003 0.634 1.2 .
SL7-3 05 <0007 {<0.002 015 | 057 | 0007 0080 | 90 | ¥and [ 20m0
10, 1<0.007  1<0.002 0.02 0.23 |<0.003 0.081 0.7 —_—
SL74 05 |<0007 |eoc2 | oos | o043 | 0nos 0070 | 85 | 36310 [ z8n8
S8 05 | o010 | 0003 008 022 | 0.066 0092 | 17 20310 | 100"
4.7 _|<0.007 _|<0.002 0.02 016 <0003 | 0026} 40 ) 1 .
sLe-2 05 |<0007 | 0.003 0.13 0.15 | 0.00% 0024 | 13 1 | T
PM-1 05 [«0097 [<0.002 0.01 033 [<0.003 coza| 45 | SOHC | WD
10 lwoor to002 | 001 0.36 _|<0.008 0607 85
M2 05 lo007 [<0002 001 039 |<0.003 0.18 41 3.0518° | 3.0310°
10 <0007 l<0002 0.01 | 018 [<0003 o017 ]| 84
PM-3 05 {<0007 | 0003 0.14 053 | 0022 o024 | 21 FA T N
48 |<0007 | 0012 0.02 024 |<0.003 eo1p| s2 | .
PMA 05 |<0.007 | o003 0.04 058 | 0013 0081 | 20 2090 | no
3.1 |<0.007 | 0.002 0.03 035 | 0011 0.085 | 17
Hole
Sampling Dales:

July 19, 1993 at SL6-1 10 SL8-2, PM-1 1o PM-4

July 20, 1999 a1 SLi+1 fo §L5-2

July 21, 1593 al PR-1 lo PR-5, PL-1 10 PL-5, AP-1 [0 AP-S
July 22, 1939 at GL-1 o CL-2
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Table 4.15 Results of Water Quality Analysis in Rainy Season [Toxic Parameters)

Point  Sampling] Hexane | Phenols | Cyanidey  Cr cr Cd Fo Cu in Ni As Hg
No. Depth | Extract | (mgM) | (mgM | (Mg | (g | (maM | (mgh | (maM (mg/}y | (mgd} | (maM 1 (mgh)
{m} {(mg/ly

PR-1 0.5 <05 | <0.001 | <001 | <0003} <0.003 | <0.0005] 0.0014 | 00056] 0.0017 ] 00034 | <0.02 | <0.0003
PR-3 0.5 <05 | <000t | <00t | <0.003 § <0003 {<0.00C5]0.0045 § 0.0058 | 0.0047 | 0.0050 | <0.02 | <0.0003
PR-5 05 <Q.5 | <0.001 } <0.01 | <0.003 | <0.003 {<0.0005]| 0.0049 § 0.0034 | 0.0021 | 0.0010 | <0.02 | <0.0003
PL-2 05 <05 { <0001 § <0.01 | <0.003 | <0.003 |<0.0005| 00016 | 00043 ] 00012 | 0.0002 | <002 | <0.0003
PL-4 0.5 <0.5 | <0001 | <005 | <0.003 | <0.003 | <0.0005]| 0.0006 | 0.0036 | <0.0005 | 0.0003 | <0.02 | <0.0003
PL-5 0.5 <0.5 | <0001 | <0.01 | <0.003 | <0.003 | <0.0005| 0.0003 0.0035 | <0.0005 | 0.0003 | <002 | <0.0003
AP-2 0.5 <05 <0001 | <0.01 <0.003 | <0.003 | <0.0005} 0.0004 0.0044 | «0.0005 | 0.0001 <002 | <0.0003
AP-5 0.5 <0.5 <0001 | <0.01 <0.003 | <0.003 | <0.0005¢ 0.0004 0.0025 0.0018 | 0.0002 <002 | <0.0003
CiL-1 0.5 <0.5 <0001 | <0.01 <0.003 ! <0.003 | <0.0005] 0.0006 0.0002 0.0G13 { 0.0011 <0.02 1 <0.0003
MA-2 0.5 <0.5 <0001 | <0.01% <0.003 | «0.003 | <0.0005] 0.0003 | <0.0002 | <0.0005 { 0.0004 «0.02 | <0.0003
SL1-1 0.5 <0.5 | <0601 | <0.01 | <0.003{ <0.003 | <0.0005| 00005 | 0.0021 | <0.0005 | 0.0008 { «0.02 | <0.0003
SL2-1 05 <05 | <6001 | <0.01 | <0003 | <0.003 | <0.0005] 0.0004 | 0.0031 | 0.0011 | 00002 | <0.02 | <0.0003
SL2-2 05 <0.5 <0001 | <0.01 <0.003 | <0.003 | <0.0005] 0.0003 0.0031 0.0008 | 0.0003 <0.02 <0.0003
SL4-1 05 <05 | <0001 ]| <001 | <0.003 | <0.003 |<0.0005| 0.0003 | 0.0006 | 0.0013 [ 0.0010 | <062 | <0.0003
SL4-2 05 <0.5 § <0.001 | <0.0% | «0.003 | <0.003 [<0.0005]0.0003 { 0.0003 [ 00010} 0.0004 | <0.02 | <0.0003
SL6-1 0.5 <0.5 <0.001 | <0.01 | <0.003 | <0.003 | <0.0005] 0.0002 | <0.0002{ 00069 | 0.0018 | <0.02 | <0.0003
5L6-2 0.5 <05 | <0.001 ] <0.01 | <0.003 [ <0.003 |<0.0005] 0.0004 | <0.00021 0.0041 | 0.0007 | <0.02 } <0.0003
SL7A1 05 <05 | <0.001] <0.01 | <0.003 | <0.003 | <0.0005 0.0013 | <0.0002 | 0.0016 | 0.0020 | <0.02 | <0.0003
SL?-3 05 <05 | <0001 ] <0.01 | <0.003 ) <0.003 | <0.0005| 0.0005 { <0.0002{ 0.0017 | 0.0016 | <0.02 | <0.0003
5t8-1 05 <05 | «0.001 1 <0.01 ] <0.003 | <0.003 | <0.0005] 0.0005 | <0.0002 | <0.0005 | 0.0007 | <002 | <0.0003
PMA1 05 <0.5 <0.001 <0.01 <0.003 | <0003 | <0.0005]| 0.0003 | <0.0002 | <0.0005 | 0.0005 <002 | <0.0003
PM-4 05 <05 | <0001 ] <0.01 ] <0.003 | <0.003_| <0.0005] 0.001% | <0.0002 | 0.0020 | 0.00H | <0.02 | <0.0003

Point  Sampling| A'%yt-Hg| Organo | Trichiore] Tetrach?| Carbon PCB HCB Aldiin Endrin | Dieldrin] ODT | Chlordane

No.  Depth | (mgM) |Phosphojcthylene| oro- |Tetrachiorl (mg/) | (ma® | (mom | (mam | tmam | tman) | (wan)

{m) oUs {maf) | ethylene ide .
froa/My . ImaMt |} (madid B

PR-1 05 ND ND ND ND ND ND ND ND ND ND ND ND
PR-2 05 - - - - Co. - - - - - . .
PR-3 05 ND ND ND ND ND ND ND ND ND ND ND ND
PR-4 05 - - - - - - . . - - - -
PR-5 05 ND ND ND ND ND ND ND ND ND ND ND NO
PL-2 05 ND ND ND ND ND ND ND ND ND ND ND ND
PL-4 05 ND ND ND~ ND NO ND ND ND' 0.0008 ND ND ND
PLS 0.5 ND ND ND ND ND ND ND ND ND ND ND ND
AP-2 0.5 NO ND ND ND ND ND ND ND ND ND ND ND
AP-4 05 - - - - - - - - - - - -
AP-5 05 ND ND ND ND ND ND ND ND ND ND NO ND
CL-1 05 ND ND ND ND ND ND ND 0.002 ND ND ND ND
MA-2 05 ND ND ND ND ND ND ND -ND ND ND ND ND
SLi-1 0.5 ND ND ND ND ND ND ND ND NO ND ND ND
SL2-1 05 ND ND ND ND ND ND ND ND ND ND ND NO
St2-2 0.5 ND ND ND ND ND ND ND ND ND ND ND ND
SL3-1 0.5 - - - - - - - - - - - -
SL4-1 05 ND ND - ND ND ND ND ND ND ND ND ND ND
SL4-2 05 ND ND ND ND ND ND ND ND ND ND ND NO
SL6-1 05 ND ND ND ND ND ND . ND ND ND ND ND ND
SL6-2 05 ND ND ND ND ND ND ND | ND NO ND ND ND
SL7-1 05 ND ND HND ND ND ND ND ND ND ND ND ND
SL7-3 05 NOD ND ND ND ND ND ND ND NO ND ND ND
S18-1 05 ND ND ND ND ND ND ND | "ND ND ND ND ND
PM-1 0.5 ND ND ND ND ND ND ND ND ND ND ND ND
PM-4 0.5 ND ND ND ND ND ND | ND ] 9.00% ND ND | ND | ND
Note )
Sampling Datas:

July 19, 1992 at SL6-1, SLE-2, SL7-4, SL7-3, SLE-1, PM-1, PM-4
July 20, 1999 21 SL1-1, SL2-1, S5L2-2, 5t3-1, SL4-1, 81.4-2
July 24, 1993 al PR-1 to PR-5, PL-2, PL-4, PL-5, AP-2, AP-4, AP-5
July 22,1599 at CL1
ND means *Not Celected".
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In the coastal area, salinity dropped to 32-33.5 in rainy season though it had been 36-
36.3 in dry season except for somc parts of the area. Low saline water flowed into
sca from Panuco River; it then distributed 2-4 km from the river’s mouth before
finally expanding to Altamira Indusltrial Port.
Analysis of turbid conditions using parameters like transparency and SS (suspended
substance) showed contrasting results between Panuco River and the coastal arca. In
Panuco River, the increased muddiness owing to floods resulted in over 300 mg/l of
SS and cut into half the transparency of the dry season level.
By contrast, the transparency of the coastal arca increased twice as much and SS
concentration dropped to half of the dry season level, though it was secn that low
saline water had affected river water in the surface layer. It was possible that strong
winds disturbed the water, which then turned muddy.
There was low concentration of dissolved oxygen in the south arca of Concjo
Lagoon, even at the surface layer, and the central zone of Concjo Lagoon was
oxygen deficient. In the coastal area, oxygen deficient water was found (3.3-3.6
mg/l) at the bottom layer of inner Altamira Industrial Port,
The level of COD was 3.5-5.5 mg/l in Panuco River and 8-9 mg/t in Conejo Lageon.
A low concentration of 1-2 mg/l of COD was found in Pueblo Viejo, in the northeast
area ncar Panuco River, but it gradually showed high concentrations in areas from
~ north to south (4-7'mgfl). The coaslal area showed a distribution of 1-5 mg/1 but it
was higher within a 2-km area of the river mouth, At 3 km from the shorcline, COD
of the bottom layer showed about half the valuc of surface layer.
There was a very high TOC concentration of 12-13 mg/l in Conejo Lagoon and a
similar distribution of COD was rccorded for the other water areas. Figure 4.11
shows the relation between COD and TOC concentration. It can be seen that there is
a close comparative correlation between the two parameters.
Three forms of inorganic nitrogen and tolal nitrogen were analyzed. Ammonium
nitrogen was detected at 0.01-0.03 mg/l in Panuco River, Pueblo Viejo Lagoon, and a
‘point of Conejo Lagoon. The other water areas were almost below detection limit.
* In the inner part of Altamira Industrial Port where waler at the bottom layer was
oxygen de[icicnt; a high concentration of ammonium  nitrogen was detected. The
' concentralion ‘in’ the "coastal ‘area was below detection limit at almost ali of the
~ observation points, except near the river mouth where 0.01-0.03 mg/ of ammonium

nitrogen had been detected. .
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Figure 4.11Correlation between COD and TOC of Water Quality in Rainy Season

Nitrite nitrogen showed a similar distribution as ammonium nitrogen.  Nitrate
nitrogen had the highest composition ralio in inorganic nitrogen of the three forms
and a high concentration of 0.20-0.90 mg/l was detected in the northeast area of
Pueblo Vicjo Lagoon and Panuco River. The other areas showed low concentrations
0f 0.01-0.001 mg/l in almost all points.

Concentrations of total nitrogen were 0.4-1.2 mg/l in Panuco River, 0.4-0.7mg/l in
Pueblo Viejo Lagoon, 0.3-0.5 mg/l in Altamira Industrial Port, 0.8-1.3 mg/t in
Conejo Lagoon and 0.2 - 0.4 mg/l in the coaslal arca, except at the mouth of the river
(0.4-0.6 mg/i). There was no difference noted in the total nitrogen conceniration
levels belween the surface and bottom layers of Panuco River. But in the coastal
arca, the concentration at the bottom layer was lower than the surface layer 3 ki
from the shoreline; in shallow line points of 1 km away from shore ling, the boitom
layer showed a higher value than the surface layer. .
High concentrations of phosphate phosphorus were detected in Panuco River, Pueblo
Vicjo Lagoon, Conejo. Lagoon and the inner part of Altamira Industrial Port, but low
concenfrations of less than .01 mg/l were obscfvcd in almost all parts of thc coastal
area, _ _ _

Total phosphorus showed high concentrations of 0.2-0.5 mgl'l in Conejo Lagoon,
Panuco River and around its mouth. ~“The other water areas were low--below 0..01
mg/l--and no verlical difference was observed. _ _

A high concentration of chlorophyll-a (20 g/t) was found at the point of Panuco
River and Tamesi River,. Conejo Lagoon had a higher concentration at 90-100 g/l.

This trend of increased concentration of chlorophyll-a occurs from the north to the




mouth of river in the coastal arca. It may be attributed to the rapid growth of
phytoplankton caused by large amounts of nutrients from the river.

In Panuco River, total coliform group number was higher in the rainy season than in
the dry scason, in spite of large amounts of water in the rainy season. In Conejo
Lagoon and the northeast arca of Pueblo Viejo Lagoon, which affects Panuco River,
the detected level was 6.0 x 107~ 2.0 x 10° Col./100 ml. It was thought that those
waler arcas were contaminated with bacteria throughout the year. Onc of the
characteristics of rainy season is the presence of a high level of coliform (3.0 x 10°-
5.0 x 10 Col./100 ml) around the mouth of the river rather than in the river itself.
This is probably caused by runoff from floods from the mouth of the river to the sea

area.

b) Toxic Parameters

Hexane exiracts were detected in high concentrations in the dry season, as a whole,
but in the rainy scason it was below detection limit (<0.5 mg/l).

Volatile organic compounds (VOC:

trichloroethylene, tetrachlorocthylene

a0

and carbon tctiachloride), total and
alkyl mercury and  hexavalent
chromium showed concentrations
below minimum detection limit in all
monitoring points. v
Some of the pesticide parameters,

2zt
N

aldrin and endrin, were detected at

sevcral-points. Aldrin was 0.002

mg/l at CL-1 and (.001 mg/l at PM- Froves sL013 00005 ,
- . ; o001 & 5
4, while endrin was 0.0008 mg/t at 00005

Pl-4. WNone was detccted in dry

So0163 1N RiEks 100

season. Gas Chromatography (GC)

’\.‘1 5

method, which was used in this

survey, could not completely identify Unit: mgf

every compound. It is thercfore

nccessary o observe these pesticide _ ) o
Figure 4.12 Horizontal Distribution of Lead

paramelers from now on, as well as in Water Quality (Rainy Season)
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to develop another method which can completely identify every compound, for
example Gas Chromatograph —~ Mass spectrometry (GC-MS) method.

There was water conlamination by heavy metals such as copper, zinc and so on.  All
in all, the maximum concentration of heavy metals appearcd in fresh and brackish
water arcas. Especially, the average concentration of copper, nickel, and lead in river
and lagoon waters was twice the amount of the coastal area. The distribution of lead
ncar Altamira Industrial Port and the mouth of Panuco River showed high values
compared with other coastal areas, as shown in Figure 4.12. Besides, the distribution
in the northern area (P1.-2) of Pueblo Viejo lagoon was higher than that in the
south¢rn area (PL-5).

Therefore, it seems reasonable to conclude that the aforementioned pollutant sources

were mainly derived from the urban areas.

4.4 Sediment Sampling Survey

44.1  Method

(D Monitoring Period

The sediment survey was conducted on the same dates as the water quality survey, as shown
below:

Dry season (Site work 1) :March 1, 2,8 and 9, 1999
Rainy season (Site work 11) : July 19, 20, 21 and 22, 1999

(2) Monitoring Arcas and Points

Sediment samples were collecied from the 21 points where the samples for toxic parameters
of water quality were also taken. However, the Ekman-Berge Sediment Sampler and Smith-
Mcintyre Sediment Sampler could not be used to take samples from three 'poims in the coastal
area in the dry season and also from one point in the rainy scasd_n. Table 4.18 shows the -

number of monitoring points at cach water arca.




Table 4.18 Monitoring Areas and Sampling Points

Monitoring Areas Sampling Points
Dry Season Rainy Season

Coastal Area 9 11

Altamira Industrial Port 2 2

Panuco River 3 3

Pueblo Viejo Lagoon 3 3

Conejo Lagoon 1 1 o
Total 18 20

Source: JICA Study Team

(3) Monitoring Parameters and Analytical Method

The monitoring parameters and the analytical methods are shown in Table 4.19. Most of the
paramcters were analyzed using threc references: the Japanese standard “Handbook for
Botlom Sediment, 1996,” EPA 8021 and EPAI 8081A. For elution test, JIS K0102 was used,
‘Two types of test were used for scdiment analysis. One was the content test; the other was the
elution test. For the latter, 500 ml of' water and 3% of sediment were shaken for 6 hours
before the analysis.

Incidentally, the unit of the result of content test is used weight per weight of dricd sediment

sample.

442  Results of Sediment Survey
(1) Dry Season _
The results of water qualily analysis in dry season are shown in Table 4.20 (1) and Table 4.21.

Summarized results are pfesemed in Table 4.22.

a) Content Test

i) Basic Paramelers

ORP was seen to have a positive voltage at the sandy sediment points, and negative
voltage at _l"hc' muddy sediment points. In the coastal arca, ORP valuc indicated a
positive vollage at the two point"srwhérc fine silt had accumulated. Since Panuco
River and the two lagoons have accumulatéd fine silt, it showed negative voltage,
although they are nof_ as high as those seen in contaminated areas.

The disiribution of ignition loss was observed to have a similar pattern with the
detected COD, although that of Concjo Lagoon is not so high. The ignition loss of
PL-5, which is located at the southern part of Pueblo Viejo Lagoon, showed

characteristics of high valuc,
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Table 4.19 Monitoring Parameters and Analytical Methods for Sediment Survey

Parameter Method Reference
Conlent Test __|Separation method with sieve o
Basic Parameld ____|Glass-etectrode method on boat N
| Gravimetric Methed at 600 |oBSS 4
__|Alkaline-iodine method MAGWP 5.6 .
Dry decomposition - non purgeable |8y TOG Analyzes
oraanic carbon method )
Suffide Heating Distillation Method MAGWP 5.11
Toxic ParametdHexane extracts Liquid-fiquid exraction, Gravimetric  |EPA 907 1A (Use hexane),
. _|method MAGWP 5.11 .
Cyanide 4.pyridine carboxytic acid - HBSS IL14
L _.__jovraxolong_absoroliometry -
Cr Acid digestion, Diphenylcarhazide  |HBSS 1.12.1, EPA 30508,
e ____ |absOIRtiOMEY _._|3051, 3052 (Prelreatment)
Cd Acid digestion, Atomic absorption EPA 3050B (Digestion),
o |spectromelry HBSS 1.6, EPATINA
Pb Acid digestion, Atomlc absorption EPA 30508 (Digestion),
e {spectiomeliv HBSS 1.7, EPA 7421
Cu Acid digestion, Alomic absorption EPA 30508 (Digestion),
i specliomelry HBSS L8 EPATRIY.
Zn Acid digestion, Alomic absorpnon EPA 30508 (Digestion),
e _|DECUIOMENY, ___HBSS 119, EPA 7951
As Acid digestion, Alomic absorp!-on EPA 30508 (Digestion),
__ ___lsoectrometry using hydride system  {HBSS 1113
T-Hg Alomic absorption specliometry using| HBSS 115, EPA 7471A
.. . |vapor reduction syslem _____ i _
Alkyl-mercury Gas chromatography with ECD JIS K 0102 65.2,
[ [ Nolification No.127®. . __
Crganophosphorus _|Gas chromatography with FID Nolification No.46!" .
Trichloroethylene Gas chromalography with ECD MIS K 0125 5.5, EPA 60218,
o . Nolification Noag! __
Tetrachloioethilene |Gas chromatogfaphy with ECD JIS K 0125 5.5, EPA 80218,
- . _ Notification No4g™
Carbon tetrachloride [Gas chrematography with ECD JIS K 0125 5.5, EPA 80218,
S olification No.ag™
PCB Gas chromalography with ECD JIS K 0093, EPA 8082,
N . Notification No.12z% _____
HCB Gas chromalography with ECD .|EPA B081A,Tentative Survey
——— Manual®
Aldrin Gas chromalography with ECD EPA 8081A Tenlative Survey
S Y
£ndrin Gas chromalography with ECD EPA 8051A,Tentative Suwey
_ : e Maua®
Dieldrin Gas chromatography with ECI> EPA 8081A Tentative Suvey
e _ __IManvai® i_ . .
DDT Gas chromatogiaphy with ECD £PA B081A Tenlative Suvey
U [ _ [Manua®
Chlordane Gas chromatography with EGD EPA B08IA, Tentawe Survey
Manual®
Elution Test  |Hexane extracls Liquid-liquid extraction, Gravimetrie |JIS K 0102 24
method I I el
Cyanide 4-pyridine carboxylic acid - JIS K 0102 38
pyraxolong_absorotiomely i .
cr Diphenylcarbazide absorptiometry  [JIS K 0102 65.2.1, EPA
Cd . .__|Aomic absorplion speciromelry JIS K 0102 55, EPA 7131A
P Alomic absorplion spectiomelry ~ IS K 0102 54, EPA 7421
Cu Atomic absorption spectiomelry JSKO0102562 EPA 7211
Zn Alomic absorplion speciometry . {JIS K 010253, EPA 7521
As Atomic absoirplion speclromelry usinglJiS K 0102 61.2, EPA 7062
I eeeeee—_|hydride system S S U
T-Hg Alomic absorption spéctrometry using J 1S K 0102 66.1, EPA 7470A
e __ |vapor feduction system B
Allybmercury __ 1Gas chromatoqraphy with h ECD JSKoO102662
Organophosphorus _|Gas chromatography with FID Nolification o4 _
PCB Gas chromatography wnh ECD - EPAB0B2,JISK' . i
0093({Pielreatment)
 Notes: E .

HBSS : The Handbook of Botiom Sediment Survey; Japanesa Sﬁandard

HS 1 Japan Industrial Sfandard |
E£PA: Emviconmental Prolection Agency

MAGWP : The Method of Analysis Guidefine of Water Pollution

(1) Nobificaion No. 46, 1971 of the Japaness Enviconmental Agency

(2) Tentative Survey Manual of External Factor Endocrine Disturbance Chemical Substance
(3) Notification No. 127 issued tvyWater Quality Control Section, Water Protection Depaﬂment. Enviconmental Agency

TOG was analyzed in dry Season.




In Concjo Lagoon, COD concentration was high at about 28 mg/g, while that of
Panuco River ranged from 17 to 22 mg/g, and Pueblo Viejo Lagoon, from 12 to 14
mg/g. COD of the coastal area was remarkably low at less than 3 mg/g, which is
atiributable to its sandy bottom sediment, with the exception of two points where fine

silt had accumulated.

it) Toxic Parameters

All 15 out of the 21 parameters analyzed, c.g. organic compounds and cyanide,
showed low toxic content compared with minimum detection limit or instrument
detection level at all monitoring points. Hexane extracts as an indicator of oil
pollution wetre scen to be comparatively high at all monitoring points, minimum 72 -
maximum 1,400 mg/kg. At the monitoring points of Panuco River and Pueblo Viejo
Lagoon where a high mercury content was detected, oil pollution was also
remarkably high at 560 - 1,400 mg/kg. Sediments in the Panuco River and the
northeastern region of Pucblo Viejo 1.agoon have also become contaminated because
of wastes dumped thereat.

There were also five heavy metals detected: As, at 1-9 mg/kg, Cr, at 3-30 mg/kg, Cu,
al 2-26 mg/kg, Pb, at 10-35 mg/kg and Zn, at 9-150 mg/kg.

Mercury was found at 12 moniloring points at levels ranging from 0.03 -1.8 mg/kg;
high amounts abovc 0.7 mg/kg were detected at six points in Panuco River, Pucblo

Viejo Lagoon and the coastal arca,

b) Elution Test

Elution test on sediment samples was conducted for 12 parameters. Four parameters
conceming gas chromatograph, i.e., alkyl-mercury, organo-phosphorus and PCB,
were not detected at all stations, which meant that the amounts of clution from
sediment were beldw instrument detection level. The amount of clution of cadmium
and mercury were also below minimum detection limit. Results of the clution test
indicated the presence of three heavy metals, i.e. arsenic, copper and lead, at the
points of Panuco River, Altamira Industrial Port and Pueblo Vicjo Lagoon, but they
were fairly low at only 2 - 6 times higher than the detected limit. About 1 - 6 mg/kg
of zinc was detected from the sediments of Panuco River and Pueblo Viejo Lagoon.

Hexane extracts and cyanide were also below minimum detection timit.
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Table 4.20 (1)  Resuilts of Sediment Analysis in Dry Season [Basic Parameters]

- Parlicle Size:| Particle Size: [ oo ot Ignition
Point No. ngg;::fgn?' Odor 75425 M |Under75 Temp:ralur g?\g Loss (gg,o )
%) o |, (%) 9
PR-1 Mud No 9 a1 23.1 -139 14 i8
PR-3 Mud No 13 87 231 -148 15 17
PR-5 Mud No 10 29 23.0 150 | 19 22
PL-2 Mud No 11 87 236 -125 15 12
PL-4 Mud No 5 294 238 -114 14 14
PL-S Mud No 4 95 23.8 -118 22 12
AP-2 Sand No 86 i3 26.5 -132 6.9 i.2
AP-5 Mud No 28 65 26.5 -137 13 7.9
GlL-1 Mud No 77 22 - 97 1.8 28
SL1-1 | (uncollected)
SL2-1 Sand No 28 69 238 79 1.4 05
Ste-2 Sand No 98 2 24.8 78 19 08
Sta-1 Sand No 88 1 24.0 110 1.5 0.6
S514-2  [{uncoliected)
SL6-1 Sand No 93 1 225 119 15 08
SL6-2  |{uncollected)
St7-1 | Muddy sand No - - 240 -7 28 3.0
SL7-3 Mud Sulfide smell 24 76 24.2 -218 1i 15
SL8-1 Sand No 100 0 244 169 22 05
PM-1 Sand No 100 0 248 111 15 05
Pht-4 Sand No 100 0 24.3 147 1.6 <05
Note
Sampling Dates:

March 1,1999 at PR-1, PR-3, PR -5, PL-2,PL-4, PL-5

March 2,1999 al AP-2, AP-5, CL-1

Mazch 8,1999 at SL6-1, SL6-2, SL7-1, SL7-3, 5181, PM-1, PM-4
March 9, 1999 at SL{-1, S12-1, 51.2-2, SL41

Table 4.20 (2)  Results of Sediment Analysis in Rainy Season [Basic Parameters]

- Particle Size:| Particle Size: [ _oco o Ignition
Point No. C;gg::f:nf' Odor | 75425 m |Under7s Te""’;”a"" &R‘Z Loss (gop) (:10?)
(%) %) A (%) se 9%

PR-1 Mud No i 99 270 86 | 14 25 13
PR3 Mud No 17 82 300 | -321 2t | 19 | 13
PR-5 Sand No a2 8 29.0 -115 17 10 o9
PL-2 Mud No 9 94 23.0 208 | 10 17 9.0
PL-4 Mud No 1" 85 29.0 231 12 1 66
PLS Mud No 6 o4 285 286 | 12 8.7 7.2
AP-2 Mud  |Sulfide smet 9 9 230 236 | 16 i8 93
AP-5 Mud No 28 67 24.0 -189 | 92 6.8 26
CL- Mud No 39 57 287 Yl 28 160 81
SL1-1 Sand No 95 3 255 5 16 07 13
sL2- Sand No 94 5 250 181 19 <05 1.3
Sta-2 Sand No 93 2 265 195 20 1.0 1.3
SL4-1 Sand No 96 4 245 131 15 08 1.3
SL4-2  |{uncoliecled) .
5L6-1 Sand No 99 1 245 105 25 1.2 13
$16-2 | SandyMud No . 53 43 230 A1 73 72 26
SL7-1 Mod No 1 99 25 189 | 15 20 13
SL7-3 Mud  |Sulfide smel 20 79 24.0 227 | 13 17 10
SL8-1 Sand No 94 2 25.5 11 24 0.6 1.0
PM-i Sand No 9% 3 24.0 102 15 06 26
PM-4 Sand No 91 5 210 111 1.7 05 26

Nole

Sampling Dates: :

" July 19, 1999 at SL6-1, SL6-2, SL7-1, 5L7-3, SL8-1, PM-1, PM-4
July 20, 1999 at SL1-1, SL2-1, 5L2-2, St4-1
July 21, 1999 at PR-1, PR-3, PR-5, PL-2, PL-4, PL-5, AP-2, AP-5
July 22 1999 at CL-1




Table 4.21 Results of Sediment Analysis in Dry Season [Toxic Parameters]

Sediment - Content Test

Station Hexane Cyanlde Cr Cd Fb Cu Zn As Hg | Allgt-Hg
Extract {mgka) (mg'g) {mgkg} |{moXa}](mgkgl|(makg) | (maky) | {(mgkel| (mgkg)
(mgke} L
A §50 <042 ao <1 21| 24 10 | 82 | 0.78 HD
Pit-3 1400 <0.12 25 <1 34| 2 150 | 90 | 10 ND
PR-S 1100 <0.12 25 <1 27| 21 126 | 58 ] o069 HD
PL2 570 <012 26 <1 34| 22 20 | 84 [ 18 HD
PL-4 970 <0.12 25 <t 34| 6 8 | 43 | o095 HD
PL5 440 <0.12 25 <t 27 11 78 | 34 |02 ND
CL1 1100 <0.12 5.2 <1 <10 ag| 25712 [ 004 HND
APZ 410 <0.12 14 <1 <10 271797 T 37 [<003 ND
AP-5 130 <0.12 25 <1 10 ggl a7 | 32 00 NO
SLi3 - - - - : - B . - :
X 72 <0.12 29 <1 <10 <256 91| 23 |<0.03 ND
S12.2 400 <0.12 65 < <10 <26 12| 22 |<003 ND
S14-1 82 <0.12 84 <1 <10 25| it i7 | 004 ND
5142 - . - - . - - - - .
SL6-1 140 <0.12 490 <t <10 26| 1 23 | 003 ND
SL6-2 - - - - - - - - - -
SL7-1 72 <012 6.0 <1 <10 41} 3o | 43 loa0 ND
5L7-3 220 <0.12 1 < i3l 17 65 | a3 {078 HD
$1.8-1 240 <012 7.8 <1 <10 48] A 20 {019 HD
M1 230 <0.12 25 < <10 @5 10 | 23 |<003 ND
FM 4 210 <0.12 25 <1 <10 26] 26 | a0 | 012 ND

Sediment - Content Test
Siation Organo Tdchloro- [ Tetrachloro-] Carbon PCB | HCB | Aldrin | Enddn [Dlelddnj DDT Chlardane
Phosphorous| ethylene ethylene | Tetrachlind | (maXg) | (mokg) | (mgkg) [ {mokg) | (makgl] (my/kg) (mgkg)

(mgkg) (mgkg} {rgkg) 8
PR-1 NO ND ND ND HD HD HD KD ND ND ND
PR3 D ND ND ND KD ND | ND ND ND KD ND
PR-5 ND ND ND HD MO ND HD HD HD ND HOD
PL-2 HD ND ND ND ND ND HO ND ND HD ND
PL-4 ND HD 'ND ND ND ND ND ND HD KD MND
PL-5 HD ND HD RD ND ND KD ND HD D HD
CL-1 HD HD ND ND HD HD ND ND ND [&] MND
AP-2 ND ND ND HD HD ND ND ND ND ] ND
AP-5 ND ND HD ND HD ND ND ND HD HD HD
SLi-1 - - - - - - - - - - -
SL2- T OND - HD ND ND ND ND ND ND ND ND MO
5L2-2 ND HD ND . ND ND ND ND ND ND ND ND
SLa-1 ND HD ND HD ND ND ND HD HD HD HD
514-2 - - - - - - - - - - -
S516-1 ND ND -ND ND HND ND ND ND NOD ND HD
SL62 - - - - . - . . . . -
SL7-1 ND ND ND ND HND ND HD ND HO ND ND
SL7-3 HD ND ND ND ND NOD HD ND HD HD HD
5L8-1 ND ND HD ND ND NO ND ND RD ND ND
M- HD ND ND ND ND HD ND ND HD ND no
PM-4 ND ND . _ND- ND ND HD NOD ND ND ND ND

Sedimenl - Elulion Test

Station Hexane |Cyanide ot Cd Pb Cu Zn As Hg |AXf-Hg| Organo PCB
Extracl  [{mgkg) (mgkg) | (moxg) |{mokal | (mokg){(mgkad | imgke) | {mokgh| (makal |Phosphorous|(maka)
(mgkg) {mgka)
FR-1 <170 <0.2 <0.1 <0.1 <03 {03 13 [XE] <0.04 ND ND ND
PR-3 <i70 <0.2 <0.1 <01 <03 | 03 1.5 0.07 <0.04 ND ND ND
PR-5 <170 «<0.2 <01 <0.1 10 107 5.7 0.27 <0.04 HD ND ND
PL-2 <170 <(.2 <01 <01 1.1 09 6.0 0.27 <0.04 ND HD ND
PL-4 <170 <0.2 <01 <0.1 <03 | 03 15 £.13 <0.04 ND ND ND
PL-5 <170 <0.2 <01 <0 1.7 | 06 57 0.01 <{.04 HD ND ND
CL-1 <170 <0.2 <01 <D <03 | 02 1.5 0.63 <0.04 ND ND HD
AP-2 <170 <0.2 <0.1 <0.1. <03 | 03 id 0.13 <0.04 ND ND HD
ApP5 <170 <Q.2 <0.1 <01 <03 | 0.2 1.3 0.03 <0.04 NOD HD ND
SLt-1 - - - - - C. - - - - - -
SL241 . <170 <02 R <01 <03 |<D.2 <01 <0.03 <0.04 ND HD ]3]
SiL2-2 <170 <02 <0 <.t <03 |02 | 04 <0.03 <{.04 ND HD HD
SL4-1 <170 <02 <01 <0.1 <03 [<0.2 <01 <0.03 <0.04 ND ND HD
5t4-2. - - - - - e - - - - - -
S16-1° <170 _ <02 <0.1] <0.4 <0.3 <Q.2 18} <0.03 <0.04 ND ND ND
5162 - - S L. - - - - - - - -
SL7-1 <{T) . <02 <0t ) <04 <03 | 0.2 <0.1 0.03 <0.04 ND HD HD
sira | <m0 | <02 <03 | <0, | <03 |02 |01 003 | <004 | nND ND HD
5181 <170 <0.2 <O <0.1 <03 l<0.2 <01 0.03 <0.04 ND ND HD
PM-1 . <110 <0.2 <Q.1 <0.1 <03 {<0.2 0.2 007 <0.04 ND ND HD
FPM-4 <170 <0.2 <01 <0.3 <02 1402 003 <004 HD ND ND HD
Hote
Sampling Dates:

March 1,1999 at PR-1, PR3, PR -5, PL-2.PL-4, PLS
March 2,1909 at AP-2, AP-5, CL-1
March B,1999 at SLE-1, SLE-2, SL7-1, SL7-3, SL8-1, PM-1, PM-4
March 9,1999 a1 SLI-1, 5L2-1, 5122, 5141
RD means "ot Dstected”.
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?)

Rainy Season

The results of water quality analysis in dry scason are shown in Table 4.20(2) and Tablc 4.23.

Summarized results are presented in Table 4.24,

a) Content Test

i) Basic Parameters

“The concentration of each index in the sediment samples was basically affected by
patticle size. The more pollutant substances arc supposcd to accumulate in the
sediment consisting of fine particles below 75 m. However, the sediment in Concjo
I.agoon, including things like wooden chips, showed remarkably high values of TOC
(84 mg/g), COD (160 mg/g) and ignition loss (28%), is considered as abnormal
sediment. In the other water areas, excluding Conejo Lagoon, high amounts of TOC
were detected at 13mg/g in Panuco River and 7-9 mg/g in Pueblo Vigjo Lagoon. In
the coastal area, including Altamira Industrial Port, the amount of TOC was in the
range of 9-13 mg/g in muddy point and 1-3 mg/g in sandy point. The distribution of
COD showed the same pattern as TOC, and a close correlation was seen with TOC.
In Panuco River and at the muddy point of the river mouth, COD concenirations
were 17-25 mgf/g.  COD concentration was low in Pueblo Vicjo Lagoon,
notwithstanding the high ratio of fine pariicles. Since a slight disparily in sampling
location could resuli in a large difference in sediment conditions, it may be a problém
to ditectly compare the results of both rainy and dry seasons. Normally, ORP value
in Panuco River and Pucblo Viejo Lagoon fairly drops in both seasons at similar
points of particle size. One reason is seasonal change; the reductional atmosphere in
scdiment causes rapid decomposiiion of organic substances with the rise in

temperature.
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Table 4.23 Results of Sediment Analysis in Rainy Season [Toxic Parameters)

Sediment « Conlent Test

Station Hexana Cyanlde Cr Cd Fb Cu In As Hg | Alkd-Hg
Extracl {mg/ke} (mgkg) | (mgkg) l{mgkg)|(makg)|(mokg)|(mgXg) |{makel| (makg)
{mg'kg)
PR-1 20 <0.1 58 0.57 5.4 B9 83 21 082 | <0.005
PR3 23 <0.1 41 0.94 62 3H 18 8 077 | <0.005
PR-5 33 <0.1 15 0.07 i6 1.7 21 6 0.14 | <0.005
PL-2 16 <01 52 045 5.7 40 5] 18 1.2 | <0.005
PL-4 18 <01 410 1.1 4.0 18 62 17 0.74 | <0.005
PLA 6.2 <0.1 56 0.13 4.6 i.7 64 12 0.21 | <0.005
AP-2 91 <0.1 57 0.27 6.4 15 67 26 0.17 | <0.005
AP-5 9.3 <0.14 28 038 1.0 7.6 a7 8 0.05 | <0.005
CL-1 220 <0.1 28 053 3.0 24 93 14 1.0 | <0.005
SLt 30 <0.1 5.1 0.01 068 04 95 [ 0.09 | <0.005
sL2-1 14 <0.1 5.9 0.02 11 656 12 0.06 | <0.005
SL2.2 7.3 <0.1 7.2 0.01% 0.81 38 13 6 | <0.05 ] <0.005
SLa-1 59 <0.1 56 0.02 0.57 23 10 9 <0.65 | <0.005
SL6-1 23 <Q.1 6.1 0.01 0.39 9 12 <0.05 | <0.005
516-2 14 <0.1 27 0.08 52 84 49 8 0.14 | <0.005
SL7 15 <0.1 33 093 48 24 87 i8 0.61 | <0.005
SL7-3 3.7 <0.1 32 0.18 4.1 39 84 7 0.60 | <0.005
SL8-1 120 <01 86 0.33 1.4 9.6 19 6 035 | <0.005
P 18 <0.1 26 0.05 073 0.2 [ 11 0.13 | <D.005
P4 70 <0.1 54 037 0.69 63 18 6 | <0.05 | <0.005
Sedimenl - Contant Tesl
Station Organo Trichioro- | Telractéorg-| Carbon PCB | HCB | Addn | Endrin [Dieldin] DDT Chiordane
Phosphorous| ethytens etiene | Telrachind | (mgka} | (mgkg) | {mgka} | (moka [ (mgkgl| (mgXg) mokg)
(mgkg) {mgkg) {mgkg) e
PR-1 ND HD ND ND ND ND ND HOD ND NO RD
PR3 HD ND ND KD NO ND NOD ND ND ND HD
PR-5 ND HND HD RD ND ND ND HD ND NO ND
PL-2 ND ND ND ND HD ND ND HD ND ND HD
PL-4 ND ND HD HOD ND NO ND ND. ND ND ND
PLS ND KD HD RD ND ND D HD ND ND ND
CL-1 ND RD HD ND ND HO - ND ND D ND HD
AP-2 HD ND ND ND KD ND ND ND D HD HD
AP-5 ND ND HD ND RD HD HD ND HD ND ND
SL11 ND ND HD RD HD ND HD HD NG ND ND
SL24 - HD HD ND MND HD HD ND HND ND NHD HD
SL2-2 ND HD ND HD ND ND HND RD NO 212 HD
SL4-1 HD RD HD HD ND ND ND "HD ND RD HD
SL4-2 ND HD HD HD HD HD ND ND ND HD KD
SLE-1 HD KD ND HO HD ~HD ND ND ND ND HD
S162 T HND - KD HD KD "ND HD KD 313 HO 212 RD-
5L7-1 MHD HD HD NO ND HD ND ND ND ND ND
Si73 | ND ND . . HD. ND HD ND ND ND ND ND KD
SLg-1 HD ND HD ND ND HD HD ND kD ND ND
PM-1 ~ ND ND HD ND ND ND NO ND HD ND . HD
Pil-4 ND - ND HO ND HD HD HD ND ND ND MO
Sedinient - Elutlon Tesi i
Station Hexana Gyanide cr* cd Pb Cu Zn As Hg | Aligf-Bg| Organo PCB
Exiracl {mgkg) (maxg) | {mgkgh |imgkg}|imgkat)(mgkgl|(miakg)|{make}| (makg} { Fhosphorous|(mgkg)
(mgkag) {mgka)
PR-1 <170 <0.1 <01 <0.02 <003 | <0.17 | «0.03 <1 <0.03 ND HD ND
PR3 <170 <1 <01 <0.02 <0.03 | <0.§7 | <0.03 <l <0.03 <0.03 ND No
Pit-5 <i70 <01 <0.1 <0.02 <0.03 | «0.i7 | <0.03 <1 <0.03 <0.03 ND HD
PL-2 <i70 <0.1 <0.1 <0.02 <0.03 | «0.17 | <0.03 <1 <0.03 <0.03 ND HO
PL-4 <i70 <0.1 <0.1 <02 <0.03 | <0.17 | <0.03 <1 <0.03 <0.03 KD HD
PL-5 <i70 <Q.1 <0.1 <(.02 <003 | <0.17 | «0.03 <1 <0.03 <0.03 ND HOD
CL-1 <170 <0.1 <f.1 <0.02 <0.03 | «0.17 | «0.03 <1 <0.03 <0.03 ND NO
AP-2 <170 <01 <01 <0.02 <0.03 | <0.17 | <0.03 <1 <0.03 <0.03 ND ND
AP-5 <170 <0.1 <0.1 <0.02 <0.03 | <0.17 | <0.03 <1 <0.03 <0.03 HD ND
SLi-4 <170 <01 <0.1 <0.02 <0.03 | <0.17 | «0.03 <f <0.03 <0.03 HD HD
SL2-4 <170 <01 <0.1 <0.02 <0.03 | <0.7 | <0.03 <1 <0.03 | <003 HD HD
5122 <170 <0.1 <0.1 <0.02 <0.03 | <0.47 | <0.03 <1 <0.03 <0.03 HD HD
SL4-1 <170 <0.1 <. <0.02 <0.03 1 <0.47 | <0.03 <1 <003 | <003 ND RD
SL4-2 - - - - - - - - - - - -
SLE-4 <170 <0.1 <0.1 <0.02 «<0.03 | <0.17 | <0.03 <1 <0.03 <0.03 ND ND
S162 <i70 <0.1 <0.1 <0.02 <0.03 | <0.17 | <0.03 <1 <0.03 | <003 HD ND
SLy-# <i70 <01 <0.% <0.02 <0.03 | <0.17 | «0.03 <1 <0.03 <0.03 NO ND
5t7-3 <i70 <01 <0.1 <002 <003 | <0.17 | <0.03 <1 <0.03 | <003 HO HD
SiB-1 <i70 <0.1 <0.3 <0.02 <0.03 | <0.17 | <0.03 <1 <0.03 <0.03 ND ND
PM-1 <170 <0.1 <0.1 <002 <003 | <017 | <0.03 <1 <0.03 <0.03 HD ND
PM-4 <170 <01 <0.1 «<0.02 <003 | <017 | <0.03 <t <0.03 | <0.03 ND HD
Note
Sanpling Dales:

July 19, 1999 at S18-1, SLS-2, SL7-1, 5L7-3, SLE1, PM-1, PM-4
July 20, 1999 a1 SLi-1, S12-1, 5L2-2, §Le-y
July 24, 1999 2t PR-1, PR-3, PR-5, PL-2, PL-4_PL.5, AP-2, AP-S
Juby 22, 1999 a1 CL

D means "Not Datestad™.
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ii) Toxic Parameters

The highest concentration of hexanc extracls was seen in Concjo Lagoon (CL-1) at
220 mg/kg. Hexane extract concentrations were higher in fresh and brackish water
arcas than in the coastal arca, and the average of fresh and brackish water arcas were
about two times of the coastal arca. Distribution of heavy metals also was quite
similar to that of hexane extracts. That is to say, the concentration of heavy metals is
higher in fresh and brackish water areas than in the coastal area. For example, the
average of mercury concentration in fresh and brackish water areas is higher by
about 5 times that of the coastal area. In addition, it was clear that concentrations in
Panuco River and the northern area of Pucblo Viejo Lagoon were higher than in
other areas. The distribution of mercury in the coastal arca is shown in Figure 4.13.
Mercury concentrations in Altamira Industrial Port and the mouth of Panuco River
were higher than in other areas. This trend was gleaned from the results of water
qualily survey. |

Similar to water qualily, it seems reasonable to conclude that pollutant loads in the
northern area of Pueblo Viejo

Lagoon, mouth of Panuco

490°

River and inside of Altamira
Industrial Port, which are near v
urban areas, are higher than in 008 '"0-‘-7:%9?0-05
the southern area of Pueblo

25

Viejo Lagoon and other coastal
areas. ot tanico
Organic  loxic compounds,
(VOC, pesticides, PCB and so

on) were not detected, similar

to the dry scason.

b
°

SAMINGS 1% METERS
b

b) Elution Test | NI K
All eight parameters that had S :

© Unit: mg/kg
been analyzed showed

concenirations  of  below . . o W
Figure 4.13 Horizontal Distribution of Mercury

minimum detection limit at all in Bottom Se diment (Rainy Season)

monitoring points.




4.5 Biological Accumulation Test

45.1 Mecthod

() Monitoring Period

In the biological accumulation survey, fishes and shells caught in the monitoring arcas on
February 27 and March 3, 4, 5 and 6 were used for analysis. Gill nets were used to catch

fishes while long wooden tongs were used for shells.

(2) Monitoring Samples and Monitoring Areas

Test samples of biological accumulation were chosen from 8 species of fishes and shells, or a
total of 36 samples, which inhabited the monitoring arcas. The spécies and samples used for
analysis arc shown in ‘lable 4.25, and the areas where they were caught arc shown in

Figure 4.14.

Table 4.25 Survey Brief on Biological Accumulation Test

Sampling Area Date of Calch Species Number of
. - Samples
Coastal Area 27-Feb. RONCO 1
27-Feb. TRUCHA 1
27-Feb. GURRUBATA 1
27-Feb. RAPNCO 1
3 27-Feb. HAUCHINANGO 1
Pueblo Viejo Lagoon 3-Mar. LEBRANCHA 7
3-Mar. GRRUBATA 1
3-Mar. OYSTER o 5
Conejo Lagoon 5-Mar. TILAPIA 6
5,6-Mar. BAGRE 2
Panuco River 6-Mar. LEBRANCHA 5
6-Mar. GURRUBATA 5
Total 36

3 Monitoring Parameters and Analytical Method

The samples werc analyzed for 11 parameters; mercury, lead, cadmium, copper, zinc, PCB,
HCB, aldrin, dieldrin, endrin and DDT, and the analytical methods are shown in Table 4.26.
Fish represented wet, eatable muscle tissue samples, while the wet meat of oysters were used
without the shell.

Incidentally, the unit of the result of content test is used weight per weight of wet sample.
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Table 4.26 Analytical Method for Biological Accumulation Test

Parameter Method Reference
Toxic ParameteiCd Atomic absorption EPA 3050B (Digestion),
o .._|speckrometey___ . . |HBSS 6. EPA7IJIA .
Pb Atomic absorption EPA 3050B (Digestion),
i _|speclrometry . _IHBSS .7, EPA 7421
Cu Atomic absorption EPA 30508 {Digestion),
e — spectrometry {HBSS .8 EPA 7211
n Alomic absorption EPA 3050B (Digestion),
_|spectiometey _______ |HBSS .9, EPA 7951 .
T-Hg Alomic absorption HBSS .5, EPA 747T1A
__.|spectrometiy using vanor e
PCB Gas chromatography with JS'K 0093, EPA 8082,
. |ECO ___|Notification No.127®
HCB Gas chromatography with EPA 8081A Tentalive Survey
U ECD Manual®
Aldrin Gas chromatography with EPA 8081A, Tentalive Survey
ECD _|Manuat™"_
Endrin Gas chromatography with EPA 8081A Tentalive Survey
ECD .|Manual®
Dieldrin Gas chromatography with EPA 8081A,Tenlative Survey
_. _.___|ecp Manual"
oDT Gas chromatography with EPA 8081A,Tenlative Suwey
ECD Manuai'" _

Note:

JIS : Japan Industrial Standard

EPA : Environmental Protéction Agency

(2) "Tertative Survey Manual of External Factor Endocrine Disturbance Chemical Substance”

(3) Netification N0.127 issued by Water Quality Control Section, Water Protection Depariment, EPA

452  Results of the Biological Accumulation Test

The resulls’ of biological accumulation an.alysis are shown in Table 4.27. All of the six
patameters of aldrin, dicldrin, cndrin, PCB, DDT, and hexachlorobenzene are mainly utilized
as agricultural chémicals; PCB was not detected, which means that aquatic lifc inhabiting the
water area around Tampico is not affected by the aforesaid toxic parameters.

On heavy inertals, zinc was detected from each sample, ranging between 1-140 mg/kg. High
concentrations of zinc (100-140 mg/kg) were found in three samples: oysters in Pucblo Viejo
Lagoon, Tiiépia'in Conejo Lagoon and Gurrubata in Panuco River, Fishes normally have zinc

content of | up to a hundred ppm. So the amounts found in thosc thrcc samples were not

regarded as high Tevels.

Many samplcs analyzcd for mercury are below minimum detection limit (0. 25 mg/kg).

However, a few samplcs Ronco in lhc coastal arca, Gurrubata in Panuco River and Pucblo
Vicjo Lagoon havc hlgh mercury contcnl rangmg from 09 1.7 mg/kg. The result of a
momlormg survcy on mcrcury c0ntammat10n in a Japanese coast revealed that many sanples

contained mercury ranging from 0.005-0.05 mg/kg, and a small number with over 0.4 mg/kg.
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Thus, it cannot really be explained why the minimum detection limit of mercury has been
comparatively high in this particular survey, but the catch arcas of fishes detected with a high
conceniration of mercury were similar areas where mercury in sediment showed high values,
It is possible that parts of the fishes are affected by environmental contamination of mercury.

The amount of Cd measured was over the minimum detection limit in three samples of oyster,
but it was not so high. Copper was detecled at 3-24 mg/kg on some oysters, This docs not
really pose any problem because Mollusca, which have copper protein in their blood, have
exhibited high concentrations of copper, in gencral. All samples measured for lead had

amounts below minimum detection limit (1.0 mg/kg).

4.6 Assessment of Environmental Conditions in the Tampico Arca
The following results of synthesized assessment concerning the characteristics of each water

arca are based on two obscrvations that have been made:

(1) Coastal Arca
a) Near the Mouth of Panuco River
The area around the mouth of the river was dircctly affected by river water causing
high turbidity and bacterial contamination in rainy season. In one part, a high

concentration of mercury was found in the sediment and Gurrubata fish.

+ North Area

Its condition was normal although water transparency was a little low.

»  Altamira Industrial Port
There was no noteworthy phenomenon found, except for the bottom water of the

inner port, which experienced oxygen deficiency in the rainy season.

(2) Panuco River
It has strong turbid condition. Contamination by bacteria and organic matter is also present.

In addition, there is high mercury content in the sediment and Gurrubata fish.

(3) Pucblo Viejo Lagoon
The Panuco River has a remarkable cffcet on the northeast area of the lagoon. That being the

case, the lagoon exhibits the same characteristics as Panuco River: high turbidity, organic and
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bacterial contamination, high concentration of mercury in sediment and accumulation of

mercury in the Gurrubata fish,

{4) Concjo Lagoon

Among the observed water arcas, Concjo Lagoon recorded the highest values for many
pollutants of basic parameters. The Lagoon has remarkable eutrophication and organic
contamination. However, Tilapia and Bagre, which arc found in the Lagoon, did not have any

abnormal accumulation of heavy metals and toxic organic compound in their system,




Chapter 5  Pollution Load Analysis and Water Quality Simulation

5.1 Pellution Load Analysis

5.1.1  Methods of Pollution Load Analysis

(1) Objectives

In general, pollution load analysis within the context of water quality monitoring is aimed at
estimating the potlution loads of four parameters, i.e. COD, BOD:s, total nitrogen, and lotal
phosphorus, in the Tampico Arca for formulation of the Coastal Water Quality Monitoring
Plan. Specifically, the analysis intends to accomplish the following:

+ to identify existing pollution sources in the Tampico Arca;
+ to estimate the existing pollution loads in the Tampico Area; and
% + to estimate the future pollution loads in the Tampico Area.

(2) Study Area

The Study Area for pollution load analysis includes the following five water bodies:

+ Coastal Water (cxtending from Altamira Industrial Port to Panuco River mouth);

* Altamira Industrial Port (including Garrapatas Stream and watcrshed);

» Conejo Lagoon and Marismas Lagoon;

« Panuco River (from the junction with Tamesi River to the mouth of Panuco

River); and
* Pueblo Viejo Lagoon (including Llave River).
(3) Calculation Flow of Pollution Load Analysis
Pollution loads have been analyied séparétély for point pollution sources and for non-point

poliution sources. The calculation flow of pollution load analysis is shown in Figure 5.1.

r Identify pollution souices

Paint Pollution Source Non-point Poilution Source

Point or Non-point

Y

identily discharge volume rate and concentration | | Identify pollution loading rates by land use
L . . s : F .
[ Calculate daily pollution joads by each point pollution source | Calcutate daily pollution loads by each non-
point pollution source

Y l
] Calculate daily pollution loads by each water body I | Calculate daily poliution loads by each water body J

Calculate daily poliution foads by each water body

Figure 5.1 Outline of Pollution Load Analysis
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$.1.2  Existing Pollution Sources
The major sources of pollutants in the Tampico Area are classified into point and non-point
sources, which are itemized in Table 5.1 and briefly described as follows:
(1) Point Pollution Sources
a) Industrial Wastewater
Petrochemical and chemical industrics independently discharge their wastewater into
the following arcas:

+ Altamira Industrial Port and Garrapatas Strcam (A in Table 5.1);
+ Concjo Lagoon (B/1 in Table 5.1);

* Panuco River (Cin Table 5.1); and

+ Coast Water of Gulf of Mexico (from D to G in Table 5.1).

b) Municipal Wastewater
Unlreated municipal wastewater from Tampico and Madero (C/4/1-5, C/5/1-4, and
C/8/1-2 listed in Table 5.1) is discharged into Panuco River. The wastewater contes

not only from domestic watcr use but also from indusirial and commercial water

uses.

2) Non-Point Pollution Sources _

Based on aerial photographs of 1995, topographical maps, and other information-on Tampico
Area from SAGAR, and the urban development plan of southern Panuco River Metropolitan
Area, the land use of Tampico Area is c_alcgorize.d into the foll@wingz

i) Low densily residential area;

ii) Medium density residential area;

iif) Commezcial arca including Tampico Commercial Port;

iv) Industrial area including Altamira Industrial Porl;

v) Recreationalfopen lands (urban);

vi) Cropland/pasture area including open land (agrlcullurc) and shrub land;

vii) Streams and lakes; and :

viii) Wetlands (including swamp, welland mixed hardwood forest, freshwater
marshes, saltwater marshes, and non-vegetated wetlands).

The estimated areas of non-point pollution sources are indicated in Table 5.2.




Table 5.1 Inventory of Pollution Sources

Poltution Name Activity Discharge
Source Number* Type
Guli of Mexico
A Altamira Industrial Port
NILS Adminislracion  Portuaria Integral del Service Point
Altamira

A Pitishurgh Plate Glass Industry Inorganic Chemical industry Point

A3 Garrapatas Stream

A3/, Policyd Polymer Synthesis industry Point

A3 Comision Fedetal de Electricidad Power Slation Point

A3f3, 1 Negromex {Solucion} Petrochemical Industry Point

A3/, R Watershed of Garrapalas Stream Non-point

8 Marismas Lagoon

B/1 Conejo Lagoon 5

Bfif1,1 BASF Mexicana Polymer Synthesis Industry Point

Bfif2,1 Grupo Primex . Polymer Synthesis Industry Point

B/1/3,1 Internacional Papeles del Golio Pulp Industry Point

B/1/4, 1 Fibras Nacionales de Acrilico Fiber Synthesis Indusiyy Point

B/1/5,§ GE Plastic (Polimar) Polymer Synthesis Industry Point

B/ife Park of Small and Medium [ndustry

BH/6(1), 1 Operadora y Comercializadora]Bottle Water Production Point

Trevi Pius

B8/1/6(2), § Johns Manville Insulant and impermeable material |Point

B//6(3), 1 Tecno Asfalto de! Golfo Asphalt Industiy Point

Bft/6(4), 1 Asfaltos y Derivados Mexicanos  [Asphalt Industry Point

B/i/6(5)-{16}, | Others Poinl

B/if7 Walershed of Conejo Lagoon Non-point

C Panuco River

cn . Panuco River Upsiream ) River

Cf2 Tarmesi River System River

Creli [Costalagoon - ' Non-point

Cfa Morelos Non-point

Ciah, i [Sea-food Processing Industries . Point

C/4 Canal la Puntifia

Cia/t, M Altavisla Water Supply Syslem Municipal Use Point

Craf2, M Carcamo No 1 Municipal Waslewater Drainage  |Point

C/4/3, M ~ |Carcamo No 2 _|Municipal Waslewater Drainage Point

Cra/4, M Carcamo No 3 Municipal Wastlewater Drainage  |Point

Cl4/5, M Planta dé Bombas No 6 Municipal Wastewatler Drainage  |Point

C/4/6,U Southwestern Pant of Tampico Urban Area Non-point

ClAfT. M - ) Tampico Solid Waste Landiil Site _ [Municipal Solid Waste -~ |Non-point

G, U : Tampico L

CiBi,M. . Plarita de Bembas No 1 Municipal Wastewater Drainage  |Point

Ci5i2, M Planta de Bombas No 7 Municipal Wastewaler Drainage  [Point

GBI, M Planta de Bombas No 8 Municipal Wastewater Drainage  [Point

Crsf4, M Sislema de Gravedad No 12 Municipal Wastewater Drainage _ [Point

C/5/5, M Southern Part of Tampico Urban Area Non-point

Ci6, U Northefn Part of Pueblo Viejo Urban Area Non-point

Ci7 C Pueblo Viejo Lagoon ] :

Ci7i. R Watérshed of Pueblo Vigjo Lagoon _ [Paslure [Non-point

Ci7i2, M [Cuauhtemoc Oxidation Pond Municipal Waslewaler Trealment _ |Point

C/s Madero Urban Area Non-point

C/8Hi. M Sistema de Gravedad No 11 Municipal Wastewater Drainags  |Point

cigf2, M Planta de Bombas No & Municipal Wastewater Drainage  |Point-

Ci8i3, U Southern Pari of Madero Urban Area Non-point

Ci9 : - Chijol Channel : Non-point

GCHO, 1 Refineria Madero Petroleum Refinery Several poinls
NN - Quirnica del Mar Inorganic Industry . Point

D Petrocel

D{1), 4 Petrocel Synthesis of terephthalicacid - {Point

D{2), | inde!pro Polymer Synthesis Industry Point

D@3 | Heicules Synthelic Fiber Industry Paoint

D4), 1 Tereflalatlos Mexicanos Synthesis of terephthalic acid Paoint

D(s5), 1 Pecten Poliesters Polymer Synthesis Industry Point

£, Novaquim Antioxidant, Antiozonant Synthesis |Point

F Negromex .

E(1), | Negromex Synthelic Rubber Industry Point

F(@). 1 Nhumo Carbon Black Production Point

G, | Dupont - Inorganic Color Gradient Industry {Point

* | Industrial, S: Service, M: Municipal, R: Rural, U: Urban, Aqua: Aquaculiure
** |as Marismas is not ditectly inter-connected with the Gulf of Mexico
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Table 5.2  Non-point Pollution Source Areas by Land Use Category

unit: ha
Pollution Source Number

Land Use Category A3 | Bz | G211 | C31 | Cl4l6 | Ciaf7 | Cisls, Ci8i3 | Ci6 | Cf7i | G/
Low density residential | 50 - 60| 150 -1 516 1278] 40| 310 90
Mediuin density residential - - - - - - 267 - -
Commercial - - - - - - . 106 -
Industrial 240 80 - - 50 - 304] 120
Recteation/open - - . - 50 - 126 - " -
Cropland/pastureland 6550f  260] 4000 - - - -] 680] 94100] 2130
Lakes and streams - -1 300 - - - 80 - - 60
Wetlands - -| 1700 . - - . 25| 4160] 370
Totat 6840 340f 6060 150; 100] 510 2161 865] 98570| 2650

Source: JICA Study Team

5.1.3  Future Pollution Sources

1) Socioeconomic Trend
a) Population projection
Although there are many unregistcred inhabitants or illegal settlers especially in
Pueblo Viejo or Tampico City, the JICA Study Teamn applicd CONAPO’s estimation
as the population projection for pollution load analysis. Table 5.3 shows the

projected population in the Tampico Area from 1995 to 2010.

Table 5.3 Population Projection in the Tampico Area

Cities/Municipalities Annual Average Projected Population

- Year _{__ Growth Ratio 1995 | 2000 2005 2010
Altamira City - 435% 111,889 142,890] 176,515 212,054
Madero City 0.94% 170,282{ 181,873| 191,793} 200,625
Tampico City 0.40% 278,364] 287,176| 292,503| 295,622
Panuco Municipality 0.97% 95,774 101,949} 106,917| 110,768
Pueblo Viejo Municipality 1.40% 49,198 53,679 57,570 60,871
Tampico Alte Municipalit 0.13% 14,009] - 14.260| 14,346} 14,297

. Total 719.616] _781,827| 839.644] 894,237

Source: CONAPO

b) Economic activities -

Table 5.4 shows the projection of chemical and petroche'm:icél. production. Tt is
projected that the production of each item will increase at an annual growth rate of
4% until 2010. |




Table 5.4 Projection of Chemical-related Production

Unit; tonsfyear

Year 1996 Year 1998 Year 2010

Company Name Products Production Production Projection
DUPONT Titanium Bioxide 95,000 110,000 176,114
HULES MEXICANOS Synthetic Rubber 70,000 84,000 134,487
NHUMO Carbon Black 106,000 120,000 192,124
" PRIMEX PVC Resins 185,000 260,000 416,268
PVC Compoundd 31,600 37,200 59,5658
Pthalic Anhydride 32,000 353,400 61,480
Diociy! Phiafate 35,000 42,000 67,243
G.E. PLASTICS ABS Resins 30,000 35,000 56,036
NOVAQUIM intermediate Rubber 9,400 7,000 11,207
PETROCEL Dimethyl Terephtalale 390,000 468,000 749,283
Terephtalic Acid 36,000 43,200 69,165
POLICYD PVC Resins 105,000 113,000 180,817
NEGROMEX Synthetic Rubber 149,000 91.000 145,694
INDELPRO Polypropylena 135,000 183,000 292,989
FINACRIL Acrylic Fibers 60,000 72,000 115,274
POLIOLES Polystyrene 20,000 24,000 38,425
BASF MEXICANA Acrylic Dispersions 26,000 33,000 52,834
Crystal Polystyrene+ 143,000 154,000 246,559
E2, Stirenic Copolymerst+ 130,000 156,000 249,761
HERCULES FIBRAS Polypropylens Shorl Fiber+ 15,000 18,000 28,819
P£PG. INDUSTRIES Precipitatéd Sitica Gels 30,000 11,000 17,611
TEMEX Terephtalic Acid+ 350,000 532,000 851,749
PECTEN POLIESTERS Polyethytene Terephtalate+ 200,000 70,000 12072
QUIMICA FLUOR Hydrogen Fluorides 67,500 81,000 129,684
PEMEX Oil refinery 125,000 150,000 240,155
TOTAL 2,674,900 2,932,800 4,695,507

&)

Source: JICA Study Team

In the Tampico Area, the future industrial structure will not change mainly due to the

characteristics of recent industrial trends, labor force demand, as well as the absence

of any specific industrial development plan in the Arca except for Altamira.

Future Pollution Load Assumptions

a) Rivers

It is assumed that the discharge volume rate and pollution loads from upstream of

Panuco River and from Tamesi River will remain at present levels.

b} Indusirial Wastewater
The following assumptions have been made:

i) Discharge volume rate of petrochemical and chemical industrial wastewater will
also increase at an annual growth rate of 4%, with increments of its industrial
production,

- ii) The concentration of three parameters (BODS, total nitrogen and total
phosphorus) is. within 70% of maximum permissible limit of wastewater
standard (NOM-001-ECOL-1996), and is expected to remain at the said level.

iii} "The concentration of one parameter exceeds 70% of maximum permissible limit,
and industries discharging at this level will reduce the concentration of said
parameter {0 within 70% of the maximum permissible limit until 2010; and,
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iv) The levels of other parameters and COD will also be reduced to the same
proportion as above.

¢) Municipal Wastewater

Municipal wastewater projcction is presented in Table 5.5. It is assumcd that a new
wastewater treatment facility would be able to treat 1.2 m/s of wastewater gencrated

by Tampico City and Madero Cily.

Table 5.5 Municipal Wastewater Projection in the Tampico Area between 1999 and 2010

Local Body |Population® Daily discharge Daily BODS load [Daily CODload  Daily total N foad [Daily total P load
; volume .
Jpercapi!a*** Per capita*** per capita*** - per capita*** per capita***
1999 2010 | 1999 (1 | Annual | 1992 (g | Annual | 1999 {g | Annual | 1999 (g | Annual | 1999 (g | Annual
{no. of (no. of | fcapita | growth | fcapita | growth | fcapita | growth | feapila | growih | /capita | growlh
persons) |persons}| fday) [rate{%)} [fday) |rate(%)] /day} |rate(%)] /day) |[rate(3%)| /day) |rale (3}
Altamira 136,333| 212,054 195 3 51 15 94 1.5 87| 16 1.04 1.5
Municipality .
Mirarnar 60,000 70,667 195 3 51 1.5 94 1.5 8.7 1.5 1.04] - 1.5
{South Part
of Altamira
Municipality) L ) _
Tampico Gity 285,765 295,622 251 4 70 2 108 2 18.7 2 235 2
13 3 ..
Madero City 179,721} 200,625 251 4 70 2 108 2 i8.7 2 2.35 2
£33
Pueblo Viejo|  52,8620] 60,871 150 3 45 1.5 . B2 1.5 7.6 15 0.91 1.6
Municipality

t Source: CONAPO except Miramar, Population of Miramar and $mall communities around Miramar: approximate value from
51,462 {only Miramar) in 1995

= Note: Including waslewater from commercial and industrial origin
= Nota: Estimation from data on municipal waslewaler

d) Non-point Pollution Source

It is assumcd that conversion of land use from pasture/cropland to low density
residential area in Altamira, Pueblo Viejo, and Panuco Municipalities will increase

following the growth in population.




5.1.4
(D

Pollution Load Analysis

Existing Pollution Load Analysis

a) Induslrial and Municipal Wastewater

Daily discharge volume, concentrations of pollutants and daily pollution loads from

industrial and municipal wastewater in the Tampico Area are shown in Table 5.6.

Table 5.6 Profile of Present Industrial and Municipal Wastewater

Pollution |Daity BODs COoD Total nitrogen Total phosphorus
Source . |[Discharge[Average |Daily Average Daily Average |Daily Average |Daily
Number |Volume [conc. Load Cone. Load cone, Load Conc. Load
(m’fday} Hmgh) |kg/day) {(ma)  |(ka/day) {{imaM) jkg/day) |(mgh) |(kg/day)
A 77 28.0r 2.1 1i8 9.1} - - - -
A2 3,010 1.2 36 17.0 51.2f - - - -
AN 1,040 17.8 18.5 395 410 2.1 2.2 0.7 0.77
Al3f2 4,770 5.2 25.0 81.0 386 05 25 1.5 7.09
AJ3f3 456] 14.8 6.7 41.4 18.9 0.7 0.3 27 1.25
B/ 718 34.0 24.4 153 110 21.0 i6.1 0.87 0.62
B/if2 3,590 512 1,840 959 3,440 29 10.4 0.46 1.64
8/1/3 296 172 52.1 400 118] - - - -
8M1/4 2,390 71.2 170 138 329 19.6 46.6 33 7.95
Bitj5 767 8.9 6.8 46.4 35.6) - - B -
Bf1/6{2) 759 26.4 02 197 1.5] - - - .
Bf1/6{3} 0.83 125] . 0.1 261 0.2] - - - -
B/if6(4) 1.20 42| 0005 30.0] 0036 - - - .
Cfaf 2501 - 110) - 2021 - - - -
Cl4f1 7,580 554 420 80 606] - - - -
Crafe 3,160 202 639 470 1,490 64 202 8 25
Crar3 4,830 188 909 400 1,930 57.2 276 7.2 35
Cldj/4 2,070 166 344 440 909 56 He 7 14
Cl4/s 3,750 599| 3,260 870 3,260 156 587 19.5 73
Ci5/i 34,880 320§ 11,200 4301 15,000 81.4 2.840 0.2 356
Cibf2 9,730 398 3,870 550 5,350 102 994 i2.8 124
C/5/3- 7,220 415 3,000 450 3,250 98.7 7i2 i2.3 89
Ci5f4 1,380 125 173 280 387 39 54 4.9L 6.8
crre - |- i - - - - . - -
Ciaf1 11,383 207 2,360 470 5,350 64.9 739 8.1 a2
- Cfsf2 11,675 205 2,390 420 4,904 61.3 716 7.7 90
CHO(1) 935 43.1 . 40 699 560 105 98 0.8i 0.75
CHo(2) 5.470H 99.7 b4hH 1,093 6,540 57 312 1.3 5.61
[7) 3,270’ 35.8 296 823 681 05 45! - -
£ 349 304 106 51 199 58 20.21 - -
F(1) 2,650 63.14 167 487 1290 21.5 57| - -
F(2) 681 51 34 100 68.1 3 2 - -
G 5,720 21 120] - - - -

Souice: CNA .

~ The following resulls arc oblained:

i) - Untreated municipal wastewater from the cities of Tampico and Madero (C/4/2-

4, C/5/1-4, and C/8/1-2) is the main pollution source (84% of total BODs load
“and 74% of total COD load from industrial and municipal wastewater) in the

Tampico Area;

ii) Refineria Madero (C/10) discharges 1.8% of BOD:s load and 12.6% of COD load
from industrial and municipal wastewater; and

iii) Grupo Primex (B/1/2) discharges 5.7% of BODs load and 6.0% of COD load
from industrial and municipal wastewater.
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b) Rivers and Non-point Pollution Sources

Tables 5.7 and 5.8 show the daily discharge volume, concentration of pollutants, and
daily pollution loads from rivers and non-point pollution sources in the dry season
and rainy season respectively. Following are the results of analysis:

i) Pollution loads are much larger in rainy season rather than in dry season;

i) The upstream of Panuco River (C/1) discharges the largest pollution loads into
Tampico Area (91% of total BODs load and 95% of total COD load in dry
season; 92% of total BODs load and 96% of total COD load in rainy scason from
rivers and non-point pollution sources); and,

iii) Tamesi River (C/2) discharges the second largest poltution loads from rivers and
non-point pollution sources.

Table 5.7  Profile of Present Non-Point Pollution Sources in Dry Season

Pollution  |Daily BOD, CObD Tota! nitrogen Tola) phosphorus
Source Discharge [Average [Poliution [|Average [Pollution |Average |Poliution |Average |Poliution
Number VoLume Conc. Load cone. Load conc. Load Conc. Load
{miday) |(mgl) {kg/day}{ (mg/T) (kg/day}(mg/) (kg/day) |(mgf) {kg/day)
AS3/4 - - 27.1] - 68.6] - i1.7] - 1.78
Bfif? - : 4.36] - 8.95] - 1.07| - 0.18
Ch 16,000,000 1.81 28,000 20.7] 332,000 0.788 12,600 0.080 1,440
Ci2 1,200,000 1.90 2,280 153 18,300 0.805 967 0.075 89
Cl2i1 - - 22.5] - &67.14) - 10.9] - - 143
Cf3 e - 1.18] - 2.24] - 0.421] - 0.054
C/4f6 - - 1.18] - 7.61] - 1.43{ - 0.18
Clalt - - - 2.42] - ) 4.569] - 0.503j - 0.078
C/5/5 - - 36.5| - 69.7] - 9.13] - 1.33
C/g/3 ' .
C/6 - - 7.85| - 16.5] - 2.22) - 0.35
crn - - 134] - 400| - 74.3 - 10.8
C/9 ) - - 8.06| - 23.4] - 4.18 - 0.58
Table 5.8 Profile of Present Non-point Poliution Sources in Rainy Season
Pollution  Daily BOD; con Total nirogen Total phosphorus
Source Discharge Average Pollution Average Pollution Average FPollulion Average Pollution
Number  Volume Cong. Load cong, Load cone. Load Cong Load
(mday) _ (mgh) (kg/day)  (mgh) (kg/day)  {mgh) (kg/day)  (mgh) _(kg/day)
Af3/4 - - 141} - 357 - . 60.9] - ' 9.3
B/A7 - - 227} - _ 47| - - 5.69] - 092
(¥} 66,600,000 1.021 68,000 24.7] 1,645,000 1.036 17,500 0.145 9,930
Ci2 3,630,000 1.18] 4,260 16.4] 59,300 0.62 2260 0073 265
Cren - - 118 - . 350f - : 56.9] - 7.4
Ci3 - - 6.14} - 11.7] - 2.19]- 0.28
C/4/6 - - 209[- 39.7f - 7.46] - . 096
Craf7 - - 12.6] - 23.9} - 262 - . ... 0.4t
Ci5/6 C/8/3 ] - - 190] - E D R D
Ci6 - R 43.5} - R a1,6} - ‘ 123]- .| . 19
CfTh - - 743} - 2,220f - 421 "~ 60
- Cf9 - - ' 44.7] - : o 130) - - 234 - 3.2




¢) Total Amount of Pollution Loads

Daily COD load from the Tampico Arca is shown in Figure 5.2. Salient findings

include the following:

In Altamira Industrial Port (A}, contamination from industrial wastewater is not
serious at present;

The existing pollution loads from industrial wastewater into Conejo Lagoon is
serious, because Concjo Lagoon is a small closed water body;

COD level upstream of Panuco River (C/1) determines the concentration of
COD in the mouth of Panuco River. On the other hand, the concentration of
BOD:s, total-nitrogen, and total-phosphorus in the mouth of Panuco River is
determined by the discharge volume rate and water quality of two pollution
sources: upstream of Panuco River and the municipal wastewater of the citics of
Tampico and Madero (C/4/2-5, C/5/1-4, and C/8/1-2); and

Panuco River is the source of almost all the COD pollution load in the coastal
waters of the Gulf of Mexico.

Legend

ﬁ Poinl Pollution Sources

Altamira Industifal Posl{A)

= m:wm;.b 575kglday {dry season)

Garrapalas 863kgfday (rainy season}

Stream

m‘} Rivar and Mix of polnt and
Non-polnt poltution Sources

Conejo
Lagoen
{B/1)

arismas Lagoen

"—_—-D Non-point Pollution Saurces

Guif of Mexico

4.040kgfday {dry season)

4080Gkg/day {rainy season) 2,240kgfaay

{dry ard rainy season}

Tamesi River{C{2)
18.300kg/day (dry season)
59,300kg/day [rainy season)

Panuco River Upstream(CH)
332,0600kg/day {dry season) i3t S
1,646,000kg/day (rainy season)  owieke

_{GmwN)

400kg/day (dry season)
T 2.220kgMay {rainy season)

Municipal Wastewater
* from Tampiko and Madero
41,800kgfday
{dry and r2Iny seasan)

Pueblo Viejo
Lagoon

Lfave River
{Tamacuit Straam}

398,000kg/day
{dry season)

1,750,600kg/day
{rainy season}

Figure 5.2 Present Pollution Load of COD in the Dry Season and Rainy Season
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(2) Futurc Pollution Load Analysis
a) Industrial and Municipal Wastewater
The daily discharge volume, concentration of pollutants and daily pollution loads
from industrial and municipal wastewater in the Tampico Arca in 2010 are shown in
Table 5.9. Resulis of analysis include the following:

i)  Pollution loads from the untreated municipal wastewater of Tampico City and
Madero City into Panuco River (C/4/2-5, C/5/1-4, C/8/1-2) will decrease (from
41,800 kg/day to 33,000 kg/day for COD load);

i) In 2010, COD load will be much lesser than present levels from Grupo Primex
(B/1/2) (from 3,440 to 588 kg/day), Internacional Papeles del Golfo (B/1/3)
(from 118 to 60.1 kg/day), Refineria Madero (C/10) (from 7,100 to 2,760
kg/day) and Novaquim (E) (from 199 to 57 kg/day); and

iii) Pollution loads from other point poltution sources will not decrease.

Table 59 Projected Industrial and Municipal Wastewater by 2010 %
Pollution [Daily BODs CcoD Tolal nitrogen Total phosphorus
Source |Discharge|Average {Daily Average {Daily Average [Daily Average {Daily
Number [Volume [Conc. Load Conc. |{load CONC. Load Cone. Load

(mday) |(mg?) |(kg/day) |(mg®) |(kg/day) limgh) |(kg/day) l(mgh) |{(kg/day)

At izl 280 3.58 118 15.1] - . - -

A2 5,010 1.2 6ol 170] 8s52}- - - -

A3fi 1,730 17.8 30.8 39.5 63.2 2.1 3.68 0.7 1.28
AJ3f2 4,710 5.2 25.0 81.0 386 05 25 i5 7.09
AS3f3 759 14.8 1.2 41.4 31.4 0.7 0.57 2.7 2.08
AJS? 4,710 52 25.0 81.0 386 0.5 2.5 1.5 7.09
BAA 1,2000 340| 406 153 183 210l 254 0.87 1.03
B2 5,975 52.5 34 98.4 588 0.3 179 0.047 0.28
B3 493 52.5 259 122 60.1] - - - -

B1/4 3973 52.5 209 o2 405 14.4 57.2 1.23 4.88
B/t/5 1280 89 4 46.4 59.3] - - - -
Bf1/6{2) 126 264 0.332 197 2.48| - - - .
B/1/6(3) 1.38 525 0073 H0 0.15] - - - -
B/1/6(4) 2.00 4.2 0.01 30.0 0.06| - - - -

20} 250] - 110} - 202 - - - -

Cl4fi 13,000 55.4 720 801 1,040]- - - -
{Ciaj2-5,| 95,000} - 21,400] - 33,000| - 5,730] - 704
C/5/1-4,

C/8/1-2) .
Co(1) 1,560 43.1 67 599 932 0.5 164 0.81 1.17
CHo2) 9,100 184 168 204] 1,830 10.5 95.6 1.73 5.61
D 13,800 35.8 494 82.3r 1,136 051 - 69- -

E 580 525 30.5 99 57 100 58| - -

F(1) 4,590 52.5 241 405] 1,860 17.9 82.2} - -

F(2) 1,130 51 57.6 100 1i3| 3 3.39} - .

G 10,700 21 224] - ' | -
Source:

* Af5: anew thermal power station in Allamira Industrial Port




b) Rivers and Non-point Pollution Sources

Pollution loads from rivers and non-point sources will not drastically change.

¢) Total Amount of Pollution Load
The daily pollution load of COD from the Tampico Area in 2010 is shown in Figure
5.3. Results of analysis poini to the following:

i) In 2010, pollution loads into Concjo Lagoon (B/1} will be reduced (from 4040 to
1310 kg/day for COD load in dry scason);

ii) On the other hand, there will be an increase in pollution loads from Altamira
Industrial Port (A) {from 575 kg/day to 1040 kg/day for COD load in dry
season) and from the industrial zone (D, E, F, and G) into coastal waters (from
2,240 to 4,220 kg/day for COD load); and

iii) Almost all of the pollution loads of COD and other paramcters (BODs, total
nitrogen and total phosphorus) into the coastal waters of Gulf of Mexico will
also be discharged from Panuco River as in the present situation,

Legend Attamira Industrial Pori{A)
. . Texenndy 1.040kgiday (dry season)
—) Paint Poltution Sources Garrapalas 1,330kg/day {1ainy seasen)
Stream
mx% River arnd Mix of point and
Hon-poinl pollution Sources fonelo Mfarismas Lageon
agaon
. B8/}
':b Nen-point Pollution Sources
Gulf of Mexico

1,310kg/day (dry season)

1,340kg/day (rainy seasonj 4.220kgfday

(D.£.F.G) (dty and rainy season)

Refineria Maagro (G/i0)
2,760kgMay
(dry and rainy seyson}

Tamesi River(C/2) Municipal W astewaler
18,300kg/day {dry season) fram Tampica and Madero
58,300kg/day (rainy s¢ason) 33.000kgfday
G {dry and rainy sgason) .\ 398.000kgiday
X (dry season)
1,750,000x9/day
{ralny season}

Panuco River Upstream(Gfi)
332,000kg/day (dry season)
1,646,000kg/day {ralny season)

Pueble Viejo
Lagoon

400kg/day {dry season)
2,220kglday {rainy season)

Lfave River
(Tamacuit Stream)

Figure 5.3 Projected Poliution Load of COD in the Dry Season and in Rainy Season by 2010
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5.2 Water Quality Simulation
5.2.1  Objective

The objective of using numerical simulation models is to compute the horizontal distribution
of key water quality paramieters to enable appropriate selection of water quality monitoring
points. The numerical simulation test can predicl various changes in water qualily caused by
future pollution loads induced by socioeconomic conditions. As a tool for such rational
environmental management planning, numerical simufation modcls are expected to simulate
hydrodynamic characteristics and water quality of coastal and lagoon water bodics. In order
to enable appropriate seleclion of water quality monitoring stations, the model should be, at

least, two-dimensional horizonially.

5.2.2  Selection of Study Arca

In this Study, water quality simulation analysis will be incorporated to seek a rational
distribution of monitoring points. The water qualily simulation test has been applied (o two
out of five water bodies in the Study Area, as follows:

+ Pueblo Viejo Lagoon, and
+ Coaslal water, exténding from the mouth of Panuco River up lo Allamira
industrial zone.

The above mentioned water bodies have. different characters; the former is a closed waler
body and the latter is a sea area open to the Guif of Mexico. The simulation model used in
this Study should be applicable to other coastal land lagoon water bodies in the United
Mexican States.  Therefore, it is considered appropriate that two water bodies of different

characlcristics are selected as case sludics for the water quality simulation test.

523 Model Description

The projection of water qualit'j' should be conducted using an appropriate model in
accordance with the set dbjcclivcs. In the projection of watcr quality for coastal waters, the
hydrodynamic equations andfor the advection-diffusion cquations are often solved
numerically using the finite difference method or the finite element method. The difi‘erence
belween numerical simulation and analytical solution is that a lot of input data are reqhired lo
execule a numerical simulation, so that much time is Icqui‘red. lo prepare data and to execute
the simulation. In addition, expérl skills are required to enable correct inlerpretatim; of the
simulation results. :

On the other hand, numerical simulations are flexible and widely applicable to any situatjon.

5-12



There are many types of simulation models, and some are listed below:

+ One-dimensional model(horizontal)
One-dimensional model(vertical)
Two-dimensional model(horizontat)
Two-dimensional model{vertical)
Three-dimensional model

Among them, the horizontal two-dimensional model is most widely used in coastal water
quality applications. This model is formulated as a depth-averaged model, which is obtained
by integrating verlically the three-dimensional equations. A typical application of the two-
dimensional model is the simulation of hydrodynamic characteristics and water quality of
coastal and/for lagoon water bodics that are relatively shallow. This depth-averaged model is
also applicable to water bodics where the water is well mixed vertically, so that the water
quatily is relatively uniforn in the veitical. There are many applications whercby the depth-
averaged (wo-dimensional model has been used for environmental impact assessments in
Japan.

The 1hrec-dimensional model is the most comprehensive version of simulation models
because it offers a three-dimensional resolution, thus there arc few consiraints in using it. For
example, the model is capable of differcntiating important factors in hydrodynamics such as
tida!, wind driven and density currents. However, the model needs many input paramelers, as
well as expert skills, in order to use it effectively. | '
Taking into account the above mentioned characteristics of each numerical simulation model,
it is considered that the horizontal two-dimensional model would be the appropriate model i‘or
Pueblo Viejo Lagoon and the coastal waters of Tampico. The two water bodies posscss a
horizonlally broad area. Pueblo Viejo Lagoon is very shallow, wilth a depth of only 1 to 2
meters. The bed slope in the coastal section is relalivély gentle; a depth contour line of 20
meters running almost parallel to the coast is located nearly 7 km offshore from the coast, and
a depth contour line of 50 meters is located nearly 30 km offshore from the coast. In the
shallow waters of Pueblo Viejo Lagoon and the coastal waler area, which opens wide to the
broad ocean, the densily stratification is expected to have a minor role in determining the
hydrodynamic characteristics and water qualily of both waler bodies. Therefore, the depth-
averaged two-dimensional model is considered lo be applicable.

One of the objcctives of using numerical simulation is to enable the appropriate selection of
waler quality monitoring points. To meet this objective, it is at least necessary that horizontal
distribution of water quality be one of the outputs of simulation. The depth-averaged two-

dimensional model meets that requirement.
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As mentioned above, the most comprehensive simulation model is the three-dimensional
model, which can be applicd to almost any situation. However, a high degree of technical
skills is required to use a three-dimensional (3-D) model, thus it is unlikely that the use of 3-D
simulation method in the context of coastal water quality monitoring program is widcspread.
In contrast, a computer program package of the depth-averaged two-dimensional modet is
relatively easy to use. Therefore, it is also recommended that the depth-averaged two-
dimensional mode!l be used until enough skills could be obtained to use 3-D simulation
models.

The MIKE21 ELP software, which was developed by the Danish Hydraulics Institute (DHI),
is onc of the two-dimensional hydrodynamic and water-quality modeling systems. This
system has been chosen as a tool to simulate the hydrodynamic characteristics and water
quality of the study area owing to its worldwide usc and relatively low-cost package that
inctudces the following:

» PP :Pre- and Post-processing Module;
+ HD : Hydrodynamic Module; and
* AD : Advection-Dispersion Module.

The fundamental equations used in the MIKE21 HD and AD are shown below. The following
cquations, with the conservation of mass and momentum integrated in the vertical, describe

the flow and water level variations.

¢)) Hydrodynamic Equations
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where:

h(x,y;) : Walter depth (m)

¢ (x,5t) : Surface clevation (m)

pg,(%Y) ¢ Flux densities in x- and y- dircctions (m*s/m) = (uh,vh) ; (u,v) =
depth averaged chocnlles in x- and y- directions

C(x,y) : Chezy resistance (m*>/s)

g . Acceleration due to gravity (in/s”)

f(v) :  Wind friction factor

V,V,Vi(x, : Wind speed and components in x- and y- directions (m/s)

VA,

2 (x,y) : Coriolis parameter, latitude de gcndent "

Pa(x,y,t) . Atmospheric pressure (kg/m/s )

P . Densily of watcr (kg/m’)

X,y . Space coordinates (m)

t : Time (s)

ToiTyoTy, © Components of effective horizontal shear stress

2 Advection-diffusion Equations
The following equation, with the conservation of mass intcgrated in the vertical, describes the

advection-dispersion process of substances including decay:

i(hC)+j"(uhC)+—9~(th)'=i(hD -‘19) J (hD E] FhC+S
at ox dy . dx

ox | dy dy
where:
C : Compound concentration (arbilrary units)
u,v : Horizontal velocily components in the x,y directions (m/s)
h : Water depth (m)
DDy : Dispersion coefficicnts in the x- and y- directions (m /s)
F - : Linear decay coefficient (1/s)
S : Q(GC)
Q : Source/sink discharge (m*/sfm?)
Cs :  Concentration of compound in the source/sink discharge

3) Limitations of the Model

There are some limitations i‘n the mode! described above with respect to the capability to
represent real processes that determine water quality. The horizontal two-dimensional model
is applicable i.n a situation where current velocity and water quality is relatively uniform in
vertical dl‘fc:(:'iibn.j Thé‘aensity stratification strongly a_ffc_c.té current velocily field and water
quaiily, so that Ihe model vsed here may not be applicable to strongly stratified water bodies.
As prevnousiy mcnuoned howcver the dcnsﬂy stratification is considered to have a minor
role in the two water bodlcs concerned. Thcrefore, there could be apphcablluy of the model

in this respect.
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The advection-diffusion mode! used here is applicable to conservative or lincar decaying
malerials. However, there are many biochemical processes that affect water quality in coastal
walcrs and lagoons. Among these processes photosynthesis by phytoplanktons is one of the
most imporfant and the decomposition of organic material by bacteria plays a major role in
the determination of water quality. ‘These processes are particulasly important in cutrophic
water bodies such as lakes and semi-enclosed bays surrounded by industrial or populated
areas. There have been many attempts to incorporate these proccsses in water quality
simulation models and high quality modeling systems have been developed by some research
organizations such as DELFT Hydraulics (the Netherlands), although these modeling systems
are generally expensive and expertise is required to effectively use them, It is very important
to recognize that biochemical processes, which are important in the determination of water
qualily under conditions mentioned above, are not incorporated in the advection-diffusion
model used herein, so that the model can be used only for rough calculation of water quality.
It could be used, however, for relative evaluation of water ﬁualily distribution under different

conditions such as changed material loads.

5.24  Hydrodynamic Modeling
In order to establish an appropriate h'ydrodyna__mic model for the relevant water bodies, it is
necessary to process the current survey data to retrieve the periodicity of the water bodies. A
stepwise procedure to retrieve periodicity and to interpret/use the analysis. résults for
cstablishing a simulation model is presented below: .

STEP 1 Calculate the autocorrelation and power'speé'fr‘um

STEP 2 Obsérvc whether or not there are particular periodicities (spectral peaks)

1) If there is a spectral peak within a period of nearly 12 hours, a periodicity of
12 hours dominates in the coastal water area.

2) If there is a spectral peak within a period of ncarly 24 hours, a periodicity of
24 hours dominates in the coastal water area,

3) If there is no speciral peak within any period, then the coastal water area has
no parucular periodicity and has an lrregular current fleld

STEP 3 Execute current simu]ali()n and calculate the diffusion coefficient : -

1) In the case of one in STEP 2, simulate the current for a 12-hour period using
a simulation model and calculate the diffusion coefficients using the current
data, which are obtained as the raw data, minus 12 hours periodic current.

2) In the case of two in STEP 2, simulate the current for a-24- hour period using
a simulation model and calculate the diffusion coefficients using the current
~ data, which are obtained as the raw data, minus 12 hours periodic current.

3) In the case of three in STEP 2, simulate the mean current during the entire
period of observation using a simulation model and calculate the diffusion




coefficicnts using the current data, which are obtained as the raw data, minus
the mean corrent.

STEP 4 Execute a water quality simulation using the simulated current and diffusion

coefficicnts, which are obtained from the above steps.

Figure 5.4 shows examples of time variations of current velocily vector, which have been

obtained from Pueblo Viejo Lagoon and the coastal water.,

Velocity vector (uppeér layer)

M N
40.0 {cafn] - 0.0

1 . 1 N 1 1 " r : 1 t 1 L
0T/1E 17 12 19 P 11 22 3 2 15 1€ T ar % ay 3o E3 o301

Figure 5.4 (1) Time Variation of Current Velocnty Vector Obtained from the Coastal Water
Note: The observation period is 16™ July to i August, 1999 and the location is about 10 kmn
south from the Altamira port and 3 km offshare from the coast, with a depth of 15 m.

Velocity vector -
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Figure 5.4 {2) Time Variation of Current Velocity Vector Obtalned from Pueblo Viejo Lagoon
Note: ~ The observation period is 31" to 18™ August, 1999 and the location is about 5 km south-
‘southwest from the exit point of Pueblo Viejo Lagoon to Panuco River, with a depth of 2

m. .
Figure 5.4 (1) shows that the variability of current direction is large during July 19 to 23,
which indicates the period of current variation at roughly half a day to one day. By contrast,
during the period after July 24, the variability of current direction is small and the current
almost conslantly flows in the N-NW direction. However, even during this period the

variability of current speed can be seen. In the current variation of Pucblo Vigjo Lagoon
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(Figure 5.1 (2)), regular variation of current direction is clearly shown, which indicates the
dominant influence of diurnal tide on the current, although the absolute velocity of Pucblo
Vicjo Lagoon is considerably smaller than that of the coastal water area,

Figure 5.5 shows the power spectrum of current velocity components obtained from the
coastal water and Pueblo Viejo Lagoon. The power spectrum of current components in the
coastal water has no remarkable spectral peak within any period indicating a monotonous
decrease of power with decrease of pertod, so that it can be seen that the coastal water arca
has no particular periodicity and has an irregular current ficld. By contrast, the power
spectrum of current components in the lagoon shows a clear peak at a period of 24 hours
indicating the dominance of current variation, which has been induced by diurnal tide,

Bascd on the above analysis, the mean current during the enlire period of observation will be
reproduced in the hydrodynamic model of the coastal water. Then the diffusion coefficients
obtained using the current data (raw dafa minus the mean cuirent) will be applied to the water
quality simulation of the coastal water. On the other hand, time variation of current velocity
with the period of 24 hours will be reproduced in the hydrodynamic model of Pueblo Vigjo
Lagoon. The diffusion coefficients in the lagoon wilt be obtained from the current data,

which is raw data minus the 24-hour periodic current.

5.2,5  Setting up Simutation Conditions

Several conditions have to be set up in order to carry out the numerical simulation, such as
simulation domain, grid system, waler depth at cach grid point, boundary conditions,
parameters required in the simulation, inflows and pollution loads from river to sca and

diffusion coefficients.

(D) Pucblo Viejo Lagoon
a) Model Area and Mode! Grid Size
Pueblo Vicjd Lagoon is a closed water body, thus the entire region has been included
in the rectangular computational arca. The open boundary is located at the

conneciion point of Pueblo Viejo Lagoon and Panuco River. A grid size of 300 m is

used. The horizontal axis (east-west direction) of the computation area is 12 km,"

divided into 40 meshes. The vertical axis (north-south direction) of the computation

area is 15 km, with more than 50 meshes. The grid size of 300 m is considered -

adequate to capture the main shoreline features and bathymelry of Pueblo Viejo

Lagoon.
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b) Boundary Conditions

The boundary conditions of the hydrodynamic model specify the driving forces of
the water movement described in the model. The model requires three diffcrent
boundary conditions, namely, water levels at the open boundarics, discharges from
surrounding lands and wind dircction and speced at the surface of water body.

The open boundary in the computational area of Pueblo Viejo Lagoon is located at
the point connecting Pueblo Viejo Lagoon and Panuco River. The point is influenced
by the tide of the sea, thus the water current in Pueblo Viejo Lagoon shows flood and
ebb current patterns. Table 5.10 shows the harmonic constants of tides in Tampico
Porl, which are listed in the tide table published by the Seccretary of Marine. This
tablc shows that the diurnal tide, Ky and O, constituents, dominates rather than the
semi-divrnal tide, M, and S,. This situation well corresponds to the dominance of
current variation with a period of 24 hours in Pueblo Viejo Lagoon. [From these data,
water surface elevation at the open boundary of the computational arca has been set.

Only the diurnal tidal force, which has an amplitude of 0.26m (K,+0y), is specified

into the model.

Table 5.10 Harmonic Constants of Tides in Tampico Port

Constituent Amplitude Meters Phase Dégree
M. 0.073 7427
S, 0.023 .75.85
N, 0.018 ' 63.31
Ks i 0.131 291.93
O, 0.130 294.25
P; 0.041 296.05

Source: The Secretary of Marine

¢) Freshwater Discharges and Pollution Loads
Freshwater discharges and pollution loads into the lagoon come from non-point

sources, as described in section 5.1. The summary is shown in Table 5.11.

Table 5.11 Freshwater Dischargés and Pollution Loads into Pueblo Viejo Lagoon

: _Dryseason. . .. 1 . . Rainyseason :

No. | Name | Discharge | COD | Total-N | Discharge | COD | Total-N
o - 1000m*/day | Kg/day | Kg/day | 1000m*/day | Kg/day | Ka/day
i South 389.0 296.0] 548 12,333.0.| 1638.0| 303.0
2 West Negligible 62.2 120| Negligible | 345.0 66.0
3 East Negligible 23.8 45| Negligible| 132.0 248
4 | Noith | Negligible| 18.0 32! Negligible| 98.0| 18.0

Total 389.0 | 400.0 74.3 2,333.0] 2214.0} 4118
Source: JICA Study Team
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d) Wind Conditions
Wind conditions strongly affect water currents in lagoons, patticularly, shallow
tagoons such as Pueblo Viejo. The vector mean of wind speed and direction during

the current survey has been set as the wind conditions.

¢) Diffusion Coellicient

It is important for the water quality simulation to distinguish the concepts of
advection and diffusion. Advection represents the transport of material dissolved in
moving fluids, the movements of which are well defined such as regular back-and-
forth currents and/or steady mean currents. On the other hand, diffusion refers to the
mixing of material induced by turbulence, which is considered to comprise currents
with irregutar variability of period less than that represented in advection.

The Study Team has modeled a water quality simulation for Pueblo Vicjo Lagoon
characterized by variable components with a period of 24 hours and mean current.
Therefore, the diffusion coefficients in the lagoon have been oblained from the
current data such that 25-hour running mcan current variations are eliminated from
the raw data. Table 5.12 shows the range of diffusion coefficients in Pueblo Viejo
Lagoon. Based on these values of diffusion coefficients, the Study Team has set the

diffusion coefficient in the simulation model as Dx=Dy=5x10 cm?s,

Table 5.12 Range of Diffusion Coéfficients in Pueblo Viejo Lagoon

East-wesl component North-south component
2.05-9.55x10° cm’fs 2.17-7.37x10° cm/s

Source: JICA Study Team

f) Initial and Boundary Concentrations

_ Initial and boundary concentrations for the water quality model have been set based

on the pilot water qualily monitoring data as shown in Table 5.13.

Table 5.13 Initial and Boundary Goncentrations for Pueblo Viejo Lagoon

Initial concentration - - Boundary concentration
| Dryseason | Rainy season | Dry season | Rainy season
COD mg/l. 20 3.0 3.0 4.0
Total-N mg/L 0.4 0.5 0.6 0.7

Source: JICA Study Team
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Coastal Water

The basic ideas of setting up the computational conditions are similar to those of the lagoon,

a) Model Area and Model Grid Size

A rectangular computational arca of coastal water is taken parallel to the coastline.
The side length is 40 km along the shore, from the mouth of Panuco River in the
south to Altamira Port in the north. The offshore extent of the area is 20 km from the
shore, so that it covers a sca area less than 30 m decp. A grid size of 500 m has been
used. Because the shoreline and bathymetry of the area are relatively simple, the
grid size of 500 m is considered adequate to represent the topographic features of the
arca. The horizontal axis (offshore direction) of the computation area is 20 km, thus
the horizontal axis is divided into 40 meshes. The vertical axis (along shore
dircction) of the computation area is about 40 km, thus the vertical axis is divided

into about 80 meshes.

b) Boundary Conditions

In the case of Pueblo Vigjo Lagoon, the boundary condition is given by forcing the
water surface elevation at the exit point of the lagoon to reproduce the dominant tidal
current observed in the current survey. On the other hand, the time variation and
power spectrum of current velocity shows that the éoastal water _areé has no
parlicular periodicity and it can be seen to be an irregular current field. Therefore the
mean currents during the entire period of observation have been reproduced in the
hydrodynamic model of the coastal water. Thus the boundary condition has been
given by forcing the steady volume transport of water at all the open boundary points

to reproduce the mean current pattern,

c) Freshwater Discharges and Pollution Loads

Freshwater discharges and pollution loads into the coastal water are summarized in
Table 5.14.

Table 5.14 Freshwater Discharges and Pollution Loads into the Coastal Water

Dry season Rainy season
No. Name : Discharge CcoD . Total-N "Discharge coD Total-N
: 1000m°/day | Kg/day ‘Ka/day | 1000m°/day Kg/day Kg/day
1 Panuco River 17,300.0 398,000.,0 | 21,200.0 70,300.00 1,750,000.0 | 27,400.0
2 Dupon 5.72 0.0 0.0 5.72 0.0 0.0
3 Negromex 3.33 1359.0 59.0 333 i359.¢ . 59.0
4 Novaquim 0.35 19%.0 202 0.35 - - 199.0 20.2
5 Petrocel 827 681.0 4.5 8.27 681.0 4.5
6 __Altamira Porl Negligible 575.0 171 Negligible 863.0 66.0 .
Tolal 17,318.0 400,814.0 | 21,3010 70,318.00 1,753,102.0 | 27 550.0

Source: JICA Study Team
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d) Wind Conditions

Wind conditions are thought to strongly affect the water current in shallow lagoons,
so that a wind condition has been imposed in the hydrodynamic medel of Pucblo
Vicjo Lagoon. In the coastal water, however, winds are considered not so important
in contributing to the variability of current velocity and the formation of mean
current pattern, which are a result of large influence of offshore sea conditions.
Therefore ne wind condition is posed in the hydrodynamic model of the coastal

water.

¢) Diffusion Coelficient

The diffusion coefficient for the coastal water has been set based on the same
concept, which has been described in the place of Pueblo Viejo Lagoon. It is thought
that the coastal waler is an irregular current field, so that its current is represented
only by the mean current. Therefore the diffusion coefficients in the coastal water
havé been obtained from the curtent data such that only the mean current is
climinated from the raw data, Table 5.15 shows the range of diffusion coefficients in
the coastal water. Based on these values of the diffusion coefficients, the Study
Team has set the diffusion coefficient in the simulation model as Dx=Dy=3x10°

cm?/s.

Table 5.15 R.ange of Diffusion Coefficients in the Coastal Water

Layer East-west component Nerth-south component
Surface-3.5m 1.83-9.94x10° cm?fs 3.97-6.01x10°cm’fs
Surface-11.0m 1.39-3,77x10° cm®/s 2.96-6.36x10° cm¥/s

“Source: JICA Study Team

) Initial and Boundary Concentrations

Initial and boundary concentrations for the water quality model have been set based

. on the pilot water qualily monitoring data as shown in Table 5.16.

Table 5.16 " Initial and Boundary Concentrations for the Coastal Water

Initial concentration _ Boundary concentration
Dry season | Rainy season | Dry season | Ralny season
. CODmg/L 1.0 - 15 1.0 15
TolalNmg/L | 0.15 0.20 0.15 0.20

 Source: JICA Study Team
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